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Introduction

In the frame of the federal target programs, the advanced automated systems
(AASs) with aviation control centers are developed and deployed in different
regions of the country. For example, in the Moscow region a center is being
developed with the area of responsibility covering several hundred aircraft that need
to be controlled for takeoff, landing onto four international aerodromes and flights
along the airways. At the same time, abroad as well as in our country the fleet of
general aviation (GA) is growing, and that is also controlled through an automated
system. Currently, in the USA only the GA fleet has already reached 200 thousand
aircraft. This learning guide (that will undoubtedly be available for students,
post-graduate students, and professionals) at a high professional and scientific level
discusses issues such as planning of airspace use, providing of air traffic services,
personnel actions in the event of emergency situations, methods that increase the
efficiency of automated traffic control systems, algorithms and programs that mit-
igate conflict situations, methods of air traffic controller simulator training, and
functioning and capabilities of automated simulator workstations.

This learning guide also includes the following topics: principles of operation of
all radiotechnical systems, their characteristics, and procedure of their use in
automated aviation control systems—all to the extent required for students, grad-
uate students, and professionals.

This learning guide will be useful to a wide range of post-graduate students
whose scientific research covers the solution to problems and the development of
proposals to improve the efficiency of existing radiotechnical systems and
radiotechnical systems under the development, as well as structures of general
purpose including special fields such as automated systems of information pro-
cessing and management, navigation and air traffic control, radio-electronic sys-
tems, system analysis of data management and processing, radio engineering, radar,
and radio navigation.

The creation of domestic ATC AS addresses the task of the government for the
development of innovative economy in the country and creation of 25 million new
job positions. As practice shows, the commissioning of just one ATC-integrated
AAS center allows creating of hundreds of new job positions with a high degree of
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automation of all production processes. Only highly qualified professionals will be
employed for these job positions whose training is targeted by dedicated univer-
sities of the country.

This learning guide includes 11 chapters covering all aspects of the development
and operation of ATC AS. The authors of this learning guide are highly qualified
professionals who are engaged in the development and implementation of AAS.

viii Introduction
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Chapter 1
Management of the Airspace Use
Planning in the Russian Federation

1.1 General Considerations

The management of airspace use planning covers the following items:

– collecting and processing by the centers of the Unified Air Traffic Management
System (Unified ATM System) of information related to airspace use plans, real-
ization of the said plans, as well as of other information related to issuing of
permissions and information messages on the airspace use;

– procedures for strategic, pre-tactical, and tactical (current) planning of the airspace
use; coordinating of the airspace use with the aim of its allocation by coordinates,
time and altitudes between all airspace users (AUs), as well as provision of the air
traffic flow management (ATFM);

– cooperation between different centers of the Unified ATM System, and with the
ATS (flight supervision) units of different AUs, and with air defense units subject
to the monitoring of compliance with the Federal Regulations’ requirements.

Head center of the Unified ATM System coordinates the activities of the area
centers of the Unified ATM System.

An area center of theUnifiedATMSystem is responsible for strategic, pre-tactical,
and tactical planning and coordinating of the airspace use, as well as coordinating of
the ATS (flight supervision) units’ activities within the Unified ATM System related
to the airspace use management.

A regional center of the Unified ATM System, when authorized to develop plans
on the airspace use as per the list of the Unified ATM System areas and regions,
is responsible for pre-tactical and tactical planning and coordinating of the airspace
use, as well as coordinating of activities related to the airspace use management of
the following units:

– regional centers and subcenters of the Unified ATM System within its region of
responsibility;

– ATS (flight supervision) units of different AUs when they are authorized to work
as the state aviation subsidiary ATC units;

© Springer Nature Singapore Pte Ltd. 2020
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2 1 Management of the Airspace Use Planning in the Russian Federation

– ATS units that provide flight information services (FISs);
– ATS units that provide services for aerodromes and landing sites within its region
of responsibility.

Strategic, pre-tactical, and tactical planning of the airspace use, as well as its
coordinating shall be provided based on the following information:

– messages on the plan (schedule) of the airspace use, including information on
international and domestic flight plans along the routes with the ATS provision or
without the ATS provision and on the use of the flow constrained areas (FCA);

– authorizations (issued by the corresponding federal aviation authorities) for inter-
national flights and revocations of the said authorizations;

– prohibitions and restrictions on the airspace use;
– authorizations on the airspace use in prohibited and restricted areas issued by the
persons whose interest is supported by setting of the said prohibited or restricted
areas, and revocations of the said authorizations;

– messages on the aircraft MVT in the airspace;
– messages on starting and ending of the activity related to the airspace use other
than flight operations.

In order to support the airspace use planning, a ground aeronautical telecommu-
nication network, public telephone network, limited access telephone and/or tele-
graphic network, and Internet network are deployed across the centers of the Unified
ATM System, as well as receiving of information messages in print format including
fax messages is provided.

The airspace use planning in the centers of the Unified ATM System equipped
with the dedicated AS shall be provided through the said AS.

The ATS (flight supervision) units of different AUs, legal entities, and individuals
whomanage and use the airspace shall provide all information related to their activity
on the airspace use to the centers of Unified ATM System in full and timely manner.

Coordinating of the airspace use ensures its flexible use and includes the following:

– providing the safety of the airspace use on change of air, weather, and navigation
environment via the implementation of the centers of the Unified ATM System
authorization for the airspace reallocation with respect to the state priorities;

– providing the timely introduction and removal of prohibitions and restrictions
inside the optimal airspace volumes when the said prohibitions and restrictions
are related to the temporary effective or local regulations, and to the short-term
restrictions;

– providing the possibility to use the flight restricted areas of airspace when these
areas are time-limited.

In course of planning of the airspace use, the ATFM service shall be implemented
along the routes with the ATC provision and in terminal areas of civil aerodromes
including joint civil and military aerodromes.

For the AFTM service provision, the informative and administrative measures
shall be taken in the following cases:



1.1 General Considerations 3

– if the traffic flow volume reaches the limit of the capacity declared by theATS units
that provide area traffic service, approach control service and aerodrome control
service, or exceeds the said limit;

– if the airspace capacity decreases as the result of restrictions introduced because
of the state priorities realization or weather variations or development of other
factors that affect the flight safety.

The informative and administrative measures’ implementation is intended for the
safe and well-disposed air traffic flow maintenance as well as for the ATS units’
capacity control.

Strategic, pre-tactical, and tactical planning of the airspace use, as well as coor-
dinating of the airspace use shall be provided by the aviation personnel of the head,
area, and regional centers of the Unified ATM System on a 24-h basis; the UTC shall
be used.

The airspace within the Russian Federation (RF) as well as outside of the RF, but
where the ATM provision is under the RF responsibility, can be classified as follows:

(a) Class A. IFR flights only are permitted; all flights are provided with air traffic
control service and are separated from each other. No speed limitations are
applicable. A continuous two-way radio communication is required. All flights
are performed subject to the ATC clearance, excluding the cases stipulated in
FP IVP, item 114 [1];

(b) ClassC. IFRandVFRflights are permitted; all flights are providedwith air traffic
control service. IFR flights are separated from other IFR flights and from VFR
flights. VFRflights are separated from IFRflights and receive traffic information
in respect of otherVFRflights.No speed limitations are applicable.Acontinuous
two-way radio communication is required. All flights are performed subject to
the ATC clearance, excluding the cases stipulated in FP IVP, item 114 [1];

(c) Class G. IFR andVFRflights are permitted. No flight separation is provided. All
flights receive flight information if requested. The speed limitation is 450 km/h
below 3000 m. A continuous two-way radio communication is required for IFR
flights. There is no requirement for a continuous two-way radio communication
for VFR flights. The ATC clearance is not required for any flights (see FP IVP
[1]).

1.2 Organization of Strategic Planning of Airspace Use

Airspace use strategic planning (strategic planning) shall be carried out by the head
and area centers of the Unified ATM System two or more days before the date of
the airspace use with the aim of coordinating the issues related to the airspace use
management during the following operations:

– international and domestic flights along the ATS routes in accordance with the
schedules of regular passengers’ and/or cargo transportations provided by the
operators that have the necessary licenses (air service schedule);
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– flights along the routes without the ATS provision or the airspace use other than
flight operations, when the permissions for or restrictions of the airspace use are
required.

The Responsibilities of the Head Center of the Unified ATM System
At the stage of strategic planning, the head center of the Unified ATM System is
responsible for the following:

– coordinating of the airspace use management in relation to the air service sched-
ules, therefore, gaining and generalizing of the necessary information which can
be found in repetitive flight plan (RPL) messages for international and domestic
flights along the ATS routes and in their respective modifications;

– receiving and generalizing of the information which can be found in the aircraft’s
filed flight plan (FPL) messages and other plans for the airspace use other than
flight operations, and checking it against the specified airspace structure and the
formalization requirements;

– making forecast of the airspace demands for air traffic provision for every forth-
coming day for which strategic planning is done, and defining relations between
the air traffic demands and the capacity declared by the ATS units;

– developing, coordinating, and implementing of the strategic measures on ATFM
in line with the declared air traffic demands and capacity of the ATS units, as well
as the prohibitions and restrictions that affect the air traffic flows;

– in conjunction with area centers of the Unified ATM System developing and con-
ducting of the preliminary coordination of the conditions for the airspace use for
the state aviation and experimental flights along the routes without ATS provision;

– receiving of permissions on flight operations, permissions on activities other than
flight operations, and distributing of the said permissions to the area centers of the
Unified ATM System as far as they are concerned, as well as other information
related to the airspace use management and flight safety.

The Responsibilities of the Area Center of the Unified ATM System
At the stage of strategic planning, the area center of the Unified ATM System is
responsible for the following:

– participating in processes of coordination of the airspace use issues related to the
passenger and (or) cargo transportation schedules within its area of responsibility;

– receiving and generalizing of the information which can be found in the aircraft
FPLmessages and other plans for the airspace use other than flight operations, and
checking it against the specified airspace structure and the formalization require-
ments;

– developing and conducting of the preliminary coordination of conditions for the
airspace use for the state aviation and experimental flights along the routes without
ATSprovision in cooperationwith regional centerswithin its area of responsibility;

– participating in the implementation of strategic ATFM measures in line with the
declared air traffic demands and capacity of the ATS (flight supervision) units, as
well as the prohibitions and restrictions that may affect the air traffic flows;
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– gaining and generalizing of the information that can be found in plans (schedules)
of the airspace restricted areaswhen the period of the restriction validity is provided
through NOTAM, as well as information on the use of flight routes in vicinity of
aerodromes (hubs), and forwarding of the appropriate reports required forNOTAM
issuing to the aeronautical information office;

– receiving from the head center and providing to the regional centers (within its area
of responsibility) of permissions on flight operations, on activities other than flight
operations, as well as other information related to the airspace use management
and flight safety.

For strategic planning of international and domestic flights which are conducted
along the ATS routes and in accordance with air service schedules, aircraft operators
shall submit RPL or FPL messages to the head center of the Unified ATM System.

RPL Message
RPL messages can be used by the Russian aircraft operators in case when the flight
scheduled in the air service schedule for the same day(s) during at least ten successive
weeks or every day during at least a ten-day period. Moreover, the intended flight
shall be operated in accordance with IFR and along the ATS routes.

The RPL message elements shall have a high degree of stability, which means
that the following items must remain unchangeable: validity period of the flight plan,
days of operation, aircraft identification, aircraft type and wake turbulence category,
RVSM approval, departure aerodrome, off-block time, cruising speed(s), cruising
level(s), route to be followed and RF border corridor(s) to cross, and destination
aerodrome.

RPL message can be used by foreign operators in cases stipulated in FAR for the
Organization of Airspace Use Planning in the Russian Federation (FAR OPIVP)
[2], item 17.1, provided that the above procedure is set by the bilateral international
agreement.

If it is necessary, RPLs can be arranged in appropriate listing form by operator.
The information, which contains in the RPL listing form and the procedure of its
submitting to the head center of the Unified ATM System, shall correspond with the
table of the RF MVT requirements; the said Table shall be appropriately approved.

Modifications to RPL listings related to the new flight as well as excluding or
modification of the elements that were already included in previous RPL listings
shall be implemented after the message about the modification is provided to the
head center of the Unified ATM System in the approved format of RPL listings.

FPL Message
Scheduled air service FPLmessage shall be sent two ormore days before the intended
flight (as deemed appropriate by the operator) to the head center of the Unified ATM
System in the following cases:

– if the frequency and conditions of flights do not meet the criteria of FAP OPIVP
[2], item 17.1;

– if the international flight is conducted by a foreign operator with whose state the
RF does not have an international agreement on the RPL procedures;
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– if it is known that the international flight will be conducted in the RF airspace with
modifications against the RPL data.

Additionally, for strategic planningof the international flightswhich are conducted
along theATS routes and in accordancewith the air service schedules, the head center
of theUnifiedATMSystem shall use the information received fromFATA at the stage
of coordination and issuing of permissions.

Strategic Planning of International Flights
Strategic planning of international flights makes allowance for the following condi-
tions:

– the head center of the Unified ATM System has at its disposal FPL and one of the
following documents: RF international agreement, permissions for international
transportations issued by the RF Government, Ministry of Foreign Affairs of the
RF,Ministry of Industry and Trade of the RF, or General Staff of the Armed Forces
of the RF;

– FATA shall issue the permission for international transportations in case for the
international flight of a foreign aircraft it is required to use the RF airspace out of
the ATS routes or the routes that are closed for international operations, or to use
the aerodromes that are closed for international operations for take-offs/landings.

Strategic Planning of Flights Out of the ATS Routes
Strategic planning of flights out of the ATS routes excluding international flights and
activities related to the airspace use other than flight operations is intended for:

– institution of early measures for providing safety use of other users’ airspace;
– preliminary agreement on ATM issues.

Organization of Ferry Flights
When organizing a ferry or off-aerodrome flight of combat or combat-training state
aircraft and experimental aircraft designed for the state aviation use, ferry (off-
aerodrome) flight routes and the ATS procedures are subject to preliminary coor-
dination with the head or area center of the Unified ATM System.

For the ferry (off-aerodrome) flights’ coordination, the operational agencies of
the Unified ATM System shall have information on the entire route where for each
stage, the distance, the time, and altitude envelopes (flight levels), and landing and
alternate aerodromes shall be specified.

When conducting ferry (off-aerodrome) flights in the airspace of three or more
adjacent areas of the UnifiedATMSystem, the data given in item 21.1 of FAPOPIVP
and the request for these data coordination shall be submitted to the head center of
the Unified ATM System.

When conducting a ferry (off-aerodrome) flight in the airspace of one or two
adjacent areas of the Unified ATM System, the data given in item 21.1 of FAP
OPIVP and the request for these data coordination shall be submitted to the area
center of the Unified ATM System where the departure aerodrome is located.



1.2 Organization of Strategic Planning of Airspace Use 7

The dates of the ferry (off-aerodrome) flights’ data submitting to the head or area
center of the Unified ATM System shall be determined as deemed appropriate by
the party who organizes the intended ferry (off-aerodrome) flight; however, the said
dates shall remain in frames of strategic period of airspace planning.

The item 21.4 of FAP OPIVP does not cover the cases when a ferry (off-
aerodrome) flight route or its portions lay in class G airspace and the expected speeds
are over 450 km/h.

In this case, the ferry (off-aerodrome) flight’s data shall be submitted to the head
or area center of the Unified ATM System at least five days in advance of the flight
for timely issuing of NOTAMwarning on the prohibitions and restrictions inside the
uncontrolled airspace that are related to the intended ferry (off-aerodrome) flights.

With regard to ferry (off-aerodrome) flights conducted in the airspace of three or
more adjacent areas of the Unified ATM System, the head center of the Unified ATM
System in conjunction with the area centers concerned shall analyze the declared
route and assess the possibilities of its use, as well as the procedures of air traffic
services (operational control) including the radiotelephony primary and secondary
frequencies and the ATC transfer points.

With regard to ferry (off-aerodrome) flights conducted in the airspace of one or
two adjacent areas of the Unified ATM System, the area center of the Unified ATM
System in conjunction with the regional centers concerned shall analyze the declared
route and assess the possibilities of its use, as well as the ATS procedures including
the radiotelephony primary and secondary frequencies and the ATC transfer points.

The head center of the Unified ATMSystem shall send the coordinated data of the
ferry (off-aerodrome) flight and procedures of air traffic services (operational control)
to the ferry (off-aerodrome) flight administrator within two days after receiving of
the request.

The area center of the Unified ATM System shall send the coordinated data on
the ferry (off-aerodrome) flight and the ATS procedures to the ferry (off-aerodrome)
flight administrator within one day after receiving of the request.

Procedures for Restricted Areas Use
At the stage of strategic planning, the procedures of use of restricted areas shall
be coordinated, if the restriction validity is specified in NOTAM or published in
aeronautical information publications.

In case it is necessary to use a temporary segregated area (TSA) as a gunnery
range for target practices, missile firing, bombing, airdrop missions, antihail rockets’
firing, working with weapon at their storage facilities, conducting research studies
inside the atmosphere, blasting operations, flights inside special zones outside of the
aerodromes (helidromes) areas, and unmanned aircraft operations, AUs shall send
the TSA use schedule (plan) to the area center of the Unified ATM System at least
five days in advance of the intended use.

In the TSA use schedule (plan), the TSA number, the date and time of its airspace
use shall be specified.

The TSA use schedule (plan) can be sent with indication of one or more dates of
the TSA use, but not more than one month in advance.
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In case of use for operations outside of terminal areas of aerodromes in the TSA
use schedule (plan), the data related to the air routes to be used shall be additionally
specified.

After the TSA use schedule (plan) is received, the area center of the Unified ATM
System shall send a request for NOTAM publishing to the aeronautical information
office, publish the information on the TSA activation together with the related restric-
tions set on the ATS routes on the Internet, and inform the head and area centers of
the Unified ATM System concerned.

During the pre-tactical period of airspace use planning, it is possible tomake some
amendments to the TSA activation time in line with the airspace use plan inside of
the earlier declared dates.

Coordination of Unmanned Free Balloons’ Launch
At the stageof strategic planning, launches of unmanned free balloons (rocket-probes,
rawinsonde balloons, pilot balloons, and other material objects) shall be coordinated.

Coordination of the unmanned free balloons’ launch if they are launched dur-
ing the internationally agreed dates with the aim to obtain the weather data on the
atmospheric conditions shall be done on base of schedules (extracts of the annual
plans).

The Federal Service for Hydrometeorology and Environmental Monitoring
regional offices shall send the schedules (extracts of the annual plans) to the area
centers of the Unified ATM System and to the Air Force and Air Defense headquar-
ters every year before December 15.

Information on any changes in the launch schedule shall be passed at least 15 days
before the estimated date of launch.

Coordination of single launches shall be done based on the airspace use plan
which shall be submitted to the area center of the Unified ATM System concerned
at least 3 days before the estimated date of launch.

In the meantime, the area centers of the Unified ATM System shall:

– provide launch schedules (extracts of the annual plans) and single launch plans to
the appropriate regional centers of the Unified ATM System;

– determine the prohibitions and restrictions for the ATS routes, flight routes in
vicinity of the aerodromes for the ATFM provision.

Forecast of the Airspace Use Demands
Based on the received FPL messages and messages of the airspace use other than
flight operations, information on the set airspace prohibitions and restrictions, and
statistics on the previous air traffic intensity, the head center of the Unified ATM
System shall develop the forecast of the airspace demands for the air traffic provision
for every forthcoming day.

For the said demand forecast development, the airport technical capacity shall be
considered.

Based on the airspace demand forecast for the air traffic provision for every forth-
coming day, the head center of the Unified ATM System shall define the relationship
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between the air traffic demands and the capacity declared by the ATS (flight super-
vision) units.

In case the demands exceed the available capacity of the ATS (flight supervision)
units, the head center of the UnifiedATMSystem in cooperation with the area centers
shall develop, coordinate, and implement strategicmeasures for theATFMprovision,
such as:

– informing the ATS (flight supervision) units to let them develop the means to
increase their capacity;

– preparing of new recommendations on the airspace management;
– correcting of the spatial and time characteristics of the route declared by an AU
and intended to be used in the RF in accordance with the RF state priorities and
with consideration of the capacity declared by the ATS (flight supervision) units.

1.3 Organization of Pre-tactical Planning of Airspace Use

Pre-tactical planning of the airspace use is conducted by the head, area, and regional
centers of the Unified ATM System one day before the date of the intended airspace
use with the aim of allocating the airspace use by the position, time, and altitude
(airspace allocation), including allocation of the ATS routes’ airspace between the
aircraft within the air traffic flow.

The airspace allocation is a process in course of which the centers of the Unified
ATM System develop conditions of the airspace use for the forthcoming day based
on the received FPL messages related to the flights in classes A and C airspaces,
unmanned aircraft operations, plans on the airspace use other than flight operations,
as well as the prohibitions and restrictions aimed for the safety of the airspace use.

Based on the pre-tactical planning, the daily plan of the airspace use shall be devel-
oped and distributed to ATS (flight supervision) units and the AUs whose activity is
not connected with flight operations.

The daily plan contains permissions for and conditions of the airspace use based on
which the ATS (flight supervision) unit shall provide the air traffic control clearance
(the clearance) upon the PIC’s request.

For conducting any activity other than flight operations, permissions and condi-
tions for the airspace use issued by the center of the Unified ATM System concerned
act as the basic documents.

Daily Plans of the Airspace Use
The daily plan issued by the head center of the Unified ATM System is a block of
information related to the aircraft flight plans, including international and domestic
scheduled flights, and permissions for their airspace use for the forthcoming day.

The information on flight plans of international and domestic scheduled flights
where strategic planning has been carried out on base of the RPL messages shall be
included into the daily plan issued by the head center of the Unified ATM System
and distributed to the area centers concerned in the FPL format.
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The distribution of the said FPLs shall be completed by the head center of the
Unified ATM System not later than 20 h before the estimated aircraft departure time.

The daily plan issued by the area center of the Unified ATM System is a block of
information comprising the following items:

– aircraft and unmanned aircraft flight plans;
– plans on the airspace use other than flight operations if conducted within the
Unified ATM System coverage (only for the area centers of the Unified ATM
System working where no regional centers are established);

– permissions for the airspace use for the forthcoming day in frame of operations
and activities stated in the subitem above;

– flight plans and associated permissions for the airspace use issued by the head
center of the Unified ATM System as far as the Unified ATM System airspace is
concerned.

The daily plan issued by the regional center of the Unified ATM System is a block
of information comprising the following items:

– aircraft and unmanned aircraft flight plans, as well as plans on the airspace use
other than flight operations, and the associated permissions for the airspace use in
accordance with the RF Federal Regulations;

– aircraft and unmanned aircraft flight plans, and the associated permissions for the
airspace use issued by the area center of the Unified ATM System as far as the
Unified ATM System airspace is concerned.

Tasks of the Head Center of the Unified ATM System
At the stage of tactical planning, the head center of the Unified ATM System is
responsible for the following:

– receiving of plans for the airspace use for the forthcoming day and checking them
against the specified airspace structure and the formalization requirements;

– developing, analyzing, and coordinating of the airspace use plan for the forthcom-
ing day (daily plan);

– issuing of permissions on the airspace use in accordance with the RF Federal
Regulations;

– informing the area centers of the Unified ATM System and the responsible air
defense units about the daily plan, the prohibitions for and restrictions of the
airspace use issued for the forthcoming day;

– developing, coordinating, and implementing of the pre-tactical ATFM measures
in line with the declared air traffic demands and capacity of the ATS (flight super-
vision) units, as well as the prohibitions and restrictions that affect the air traffic
flows.

The Tasks of the Area Center of the Unified ATM System
At the stage of tactical planning, the area center of the Unified ATM System is
responsible for the following:
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– receiving of plans for the airspace use for the forthcoming day and checking them
against the specified airspace structure and the formalization requirements;

– publishing of information about all prohibitions and restrictions issued for the
forthcoming day in relation to the airspace classified as “G” use on the Internet;

– developing, analyzing, and coordinating of the daily plan incorporating into it the
airspace use plans issued by the head center the Unified ATM System and the
adjoining area centers;

– distributing the extracts of the daily plan to the regional centers the Unified ATM
System as far as they are concerned;

– issuing of permissions on the airspace use in accordance with the RF Federal
Regulations;

– informing the responsible air defense unit about the daily plan of the airspace use
issued for the forthcoming day;

– developing, coordinating, and implementing of the pre-tactical ATFM measures
in line with the declared air traffic demands and capacity of the ATS (flight super-
vision) units, as well as the prohibitions and restrictions that affect the air traffic
flows.

The Tasks of the Regional Center of the Unified ATM System
At the stage of tactical planning, the regional center of the Unified ATM System is
responsible for the following:

– receiving from the area center of the Unified ATM System of the daily plan infor-
mation related to the use of the appropriate area of the airspace within the Unified
ATM System;

– developing of the conditions of use of the appropriate area of the airspace where
aircraft are operated out of ATS routes, and unmanned aircraft are operated in
classesA,C, andGairspace, aswell as for the activities other thanflight operations;

– issuing of permissions on the airspace use in accordance with the RF Federal
Regulations and upon the request;

– making provisions for implementation of the pre-tactical ATFM measures devel-
oped by the head and area centers of the Unified ATMSystem as far as the capacity
of the appropriate ATS (flight supervision) units is concerned;

– monitoring of the capacity of the ATS (flight supervision) units concerned, cal-
culating the rate changes of the capacity, informing the area center of the Unified
ATM System concerned about the said rate changes.

Pre-tactical ATFM Activity
In course of pre-tactical planning, the operational units of the Unified ATM System
shall provide the following pre-tactical ATFM for the forthcoming day along the
ATS routes:

– defining of the air traffic flow which considers RPL data regarding the forthcom-
ing day, as well as the FPL messages submitted for the forthcoming day to the
operational units of the Unified ATMSystem in course of strategic and pre-tactical
planning;
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– based on the air traffic flow spatial and time parameters checking of the air traffic
flow against the capacity declared by the ATS units; by that, the given prohibitions
and restrictions must be considered when they may affect the air traffic flows and
civil aerodromes’ areas.

Allocating the airspace along the ATS routes in course of the air traffic flow
planning for the forthcoming day shall be done with respect to the state priorities.

Each FPL message related to the international flight or domestic flight operated
within more than one area of the Unified ATM System and submitted to the head
center of the Unified ATMSystem, in case the said flights are intended to be operated
along the ATS routes, shall be analyzed against its influence on the ATS units’
workload.

The influence of domestic flights on the ATS units’ workload, when the flight
is intended to be operated within one area of the Unified ATM System, shall be
analyzed by the area center of the Unified ATM System.

In case it becomes clear that the air traffic demands exceed the capacity declared
by the ATS (flight supervision) units, the head or area center of the Unified ATM
System shall develop the pre-tactical measures and implement/customize the said
measures (based on agreement with the concerned ATS (flight supervision) units) by
the following way:

– by informing of the ATS (flight supervision) unit about the necessity of developing
the measures aimed to increase the declared capacity for the forthcoming day;

– by defining in conjunction with the AU concerned of possible changing of the
declared flight conditions including the modifying of the route or its time param-
eters (time of departure or landing).

In course of implementing of the pre-tactical ATFM procedures, the centers of
the Unified ATM System and ATS (flight supervision) units shall use formalized
messages related to ATS and specified in the table of the RF MVT.

If the pre-tactical ATFM measures are implemented in relation to the intended
flight, AU or his designated representative shall take the following steps through the
ATS (flight supervision) unit of departure aerodrome:

– cancel the aircraft FPL which was submitted to the head or area center of the
Unified ATM System;

– submit a new FPL to the head or area center of the UnifiedATMSystem specifying
new aircraft flight conditions which were coordinated with the concerned center
of the Unified ATM System.

Regulative measures in course of pre-tactical ATFM planning shall not be applied
to the following types of flights:

– flights with “A,” “K,” and “PK” status;
– search-and-rescue or rescue operations;
– natural and man-made emergency flights, flights for medical, and other humani-
tarian purposes;

– flights under special conditions;
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– abnormal operations;
– flights that were subjected to unlawful interventions;
– state aviation and experimental flights performed from the aerodromes where the
procedures and rules defined for civil aerodromes are not applicable.

Pre-tactical Planning of Out of the ATM Routes
In relation to the flights intended to be conducted out of the ATS routes, pre-tactical
planning shall be implemented in the following cases:

– for state aviation and experimental flights when the use of restricted airspace areas
is intended;

– for ferry and off-aerodrome flights of combat or combat-training state aircraft and
experimental aircraft designed for the state aviation use;

– aerial works in the frontier areas;
– aerial works and parachute jumps, as well as demonstration missions above the
inhabited areas.

In all cases stated in FAP OPIVP, item 40, AUs shall submit the FPL messages
in such a manner that the appropriate authority receives them one day before the
intended flight, and they are received:

– by the head center of the Unified ATM System before 14:00 (Moscow time) if the
flight is intended to be operated within more than two areas of the Unified ATM
System airspace;

– by the area center of the Unified ATM System before 16:00 (local time) if the
flight is intended to be operated within one or two adjoining areas of the Unified
ATM System airspace.

In case the area center of the Unified ATM System receives the FPL for the state
aviation and experimental flights when the use of restricted airspace areas and off-
aerodrome area routes is intended, the said FPL data shall be checked against the
earlier published appropriate NOTAM.

If it is necessary to correct the data related to the restricted areas and off-aerodrome
area routes, AU shall coordinate the said data with the area center of the Unified
ATM System responsible for submitting the request for NOTAM publishing to the
aeronautical information office.

Issuing of NOTAM related to the restricted area activation time and to the time
of the off-aerodrome routes’ use can be done within the dates of intended flights.

FPL for the aerodrome traffic shall be included into the daily plan issued by the
area center of the Unified ATM System and distributed to the regional center of the
Unified ATM System which is responsible for the aerodrome concerned.

Moreover, FPL for the aerodrome traffic shall be distributed to another regional
center of the Unified ATMSystem if the restricted area or off-aerodrome route enters
the airspace area which is under the responsibility of that regional center.

Permissions for the airspace use for aerodrome traffic, if it is intended to use
the restricted areas or off-aerodrome routes, shall be issued by the regional center
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of the Unified ATM System and may be distributed to the aerodrome ATS (flight
supervision) unit the day before the intended flight.

FPLs for combat or combat-training state aircraft and experimental aircraft
designed for the state aviation use, intended for ferry flights out of the ATS routes,
at the stage of pre-tactical planning shall be submitted to the head or area center of
the Unified ATM System the day before the intended ferry flight.

Data related to the ferry flight routes and ATS procedures to be used specified in
the related flight plans shall meet the data agreed at the stage of strategic planning.

In case when the aircraft FPL allows for the subsequent changes of the flight
conditions in relation to the earlier agreed air route and ATS procedures, the head or
area center of the Unified ATM System shall define and correct the conditions of the
airspace use if required.

Permissions for and Conditions of the Airspace Use
Permissions for and conditions of the airspace use for ferry flights of combat or
combat-training state aircraft and experimental aircraft designed for the state aviation
use shall be distributed by the area centers of theUnifiedATMSystem to the following
authorities:

– regional centers of the Unified ATM System and ATS (flight supervision) units
who will directly control the ferry flight;

– ATS (flight supervision) units of the departure, destination, and alternate aero-
dromes along the route.

Permissions for and conditions of the airspace use for aerial works in the frontier
areas shall be issued by the appropriate centers of the Unified ATM System at the
stage of strategic planning based onFPLandon the permissions issued by the regional
body of the Federal Security Service of the RF (FSB).

AU shall submit the copy of the FSB regional body permission to the area center
of the Unified ATM System.

Permissions for and conditions of the airspace use for aerial works and parachute
jumps as well as demonstration flights above the inhabited areas shall be issued by
the operational unit of the Unified ATM System based on the provided FPL which
has to be submitted at the stage of pre-tactical planning and based on the permission
issued by the appropriate local authority.

AU shall submit the copy of the local authority permission to the area center of
the Unified ATM System.

Permissions for and conditions of the airspace use for unmanned aircraft oper-
ations shall be developed at the stage of pre-tactical planning based on the FPL
message submitted to the area center of the Unified ATM System the day before the
intended use excluding the cases when the unmanned aircraft operations are intended
to be conducted in classes A or C airspace in accordance with item 114 of the RF
Federal Regulations.

By that, FPL for unmanned aircraft operations shall be included into the daily
plan issued by the area or regional center of the Unified ATM System at the stage of
pre-tactical planning in case if:
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– temporary or local procedures are implemented for the said flight;
– the flight is intended to be operated within class A or C airspace where TSAs
will be set, and it that would be a defense, governmental, or public security flight,
as well as a search-and-rescue flight or relief flight conducted during the natural
catastrophes or emergency situations.

Pre-tactical planning in relation to target practices,missile firing, bombing, airdrop
missions, antihail rockets’ firing, working with weapon at their storage facilities,
conducting research studies inside the atmosphere, blasting operations, and activities
other that flight operations shall be done based on the plans for the said activities
or in accordance with the schedules (annual plans), and only when restricted flight
areas or danger areas over high seas are set beforehand.

Pre-tactical planning in relation to airship or lighter-than-air aircraft operations
within classes A or C airspace shall be done based on the provided FPL.

At the stage of pre-tactical planning, the operational units of the Unified ATM
System shall define information related to antihail rockets’ firing, restrictions to be
set on the ATS routes, procedures of communication with the operational teamwhich
conducts the said firing.

1.4 Organization of Tactical (Current) Planning
of the Airspace Use

Tactical (current) planning of the airspace use (tactical planning) is conducted by the
head, area, and regional centers of the Unified ATM System in course of the daily
plan implementation bymeans of airspace allocation over position, time, and altitude
(airspace allocation) with the aim of ensuring the safety of the planned activity and
the activity, the plans for which are submitted during the current day.

The Functions of the Head Center of the Unified ATM System
At the stage of pre-tactical planning, the head center of the Unified ATM System
shall cover the following functions:

– receiving of plans for the airspace use for the current day and checking them
against the specified airspace structure and the formalization requirements;

– implementing the plan for the current day (current daily plan) and coordinating it
with the current air, weather, navigation situation and with consideration of state
priorities;

– issuing of permissions on the airspace use in accordance with the RF Federal
Regulations;

– informing the responsible air defense unit about the changes and additions to the
current daily plan, the prohibitions and restrictions of the airspace use issued for
the current day, and coordinating with the responsible air defense unit of the issues
related to crossing of the RF state border and to monitoring of compliance with
the Federal Regulations;
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– implementing and coordinating of the tactical ATFM measures in line with the
declared air traffic demands and capacity of the ATS (flight supervision) units, as
well as the prohibitions and restrictions that affect the air traffic flows, and the
current air, weather, navigation situation.

The Functions of the Area Center of the Unified ATM System
At the stage of pre-tactical planning, the area center of the Unified ATMSystem shall
cover the following functions:

– implementing the plan for the current day (current daily plan) and coordinating it
with the current air, weather, navigation situation and with consideration of state
priorities;

– receiving of plans for the airspace use for the current day and checking them
against the specified airspace structure and the formalization requirements;

– if necessary, updating the information related to the prohibitions and restrictions
available for the class G airspace concerned published on the Internet;

– issuing of permissions on the airspace use in accordance with the RF Federal
Regulations;

– receiving and distributing to the ATS (flight supervision) units, which provide FIS
in the class G airspace, and to the responsible air defense units the appropriate
messages on the airspace use;

– implementing of the tactical ATFM measures;
– informing the responsible air defense unit about the changes and additions to the
current daily plan, the prohibitions and restrictions of the airspace use issued for
the current day, and coordinating with the responsible air defense unit on the issues
related to monitoring of compliance with the Federal Regulations;

– developing, coordinating, and implementing of the tactical ATFMmeasures in line
with the declared air traffic demands and capacity of the ATS (flight supervision)
units, as well as the prohibitions and restrictions that affect the air traffic flows,
and the current air, weather, navigation situation.

If no regional center is established within the appropriate area of the Unified ATM
System, the area center of the Unified ATM System in addition shall cover the main
tasks on the management of airspace use planning prescribed for the regional center
of the Unified ATM System.

The Functions of the Regional Center of the Unified ATM System
At the stage of tactical planning, the regional center of the Unified ATMSystem shall
cover the following functions:

– receiving from the area center of the Unified ATM System of the extract from the
daily plan and the current daily plan changes (within its region of responsibility);

– developing of the conditions of use of the appropriate area of the airspace where
aircraft are operated out of ATS routes, and unmanned aircraft are operated in
classesA,C, andGairspace, aswell as for the activities other thanflight operations;

– issuing of permissions on the airspace use in accordance with the RF Federal
Regulations;
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– implementing of the tactical and pre-tactical ATFM measures;
– monitoring the ATS (flight supervision) units’ activities when they are implement-
ing the tactical ATFM measures and reporting the results to the area center of the
Unified ATM System concerned;

– making provisions for implementations of the pre-tactical ATFMmeasures devel-
oped by the head and area centers of the Unified ATMSystem as far as the capacity
of the appropriate ATS (flight supervision) units is concerned.

Tactical ATFM Activity
At the stage of pre-tactical planning, the provisions for tactical ATFM planning
within the ATS routes are based on the daily plan data and on the FPL messages
received by the head or area center of the Unified ATM System in relation to the
following operations:

– scheduled international and domestic flights;
– international and domestic flights with deviations from the scheduled flights;
– international flights along the ATS routes;
– unscheduled domestic flights along the ATS routes.

FPL Message
Scheduled international and domestic flights’ FPL messages shall be received by the
head center of the Unified ATM System at least one hour in advance of the intended
departure in the following cases:

– if RPL procedure was not applied;
– if the FPL message was not submitted before the tactical planning stage.

The FPL messages about international and domestic flights with deviations from
the scheduled flights and the FPL message about a single international flight along
the ATS route shall be received by the head center of the Unified ATM System at
least three hours in advance of the intended departure.

The following events shall be taken as deviations from the scheduled flights:

– if the flight has departed more than 30 min later against the time specified in the
air service schedule;

– if the aircraft identification, aircraft type, and wake turbulence category, RVSM
approval, departure aerodrome, off-block time, route to be followed and RF border
corridor(s) to be crossed or if the destination aerodrome was changed.

The FPL message for the unscheduled domestic flights along the ATS routes if
intended to be operated within more than one area of the Unified ATM System shall
be received by the head center of the Unified ATM System at least three hours in
advance of the intended departure.

The FPL message for the unscheduled domestic flights along the ATS routes, if
intended to be operated within one area of the UnifiedATMSystem, shall be received
by the head center of the Unified ATM System at least one hour in advance of the
intended departure.
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Tactical ATFM Activity
Tactical ATFM activity is provided based on the analysis of the air traffic flows along
the ATS routes in accordance with the daily plan and its changes, capacity declared
by the ATS (flight supervision) units with consideration to the related prohibitions
and restrictions, as well as the current air, weather, navigation situation.

When the head and area centers of the Unified ATM System receive the FPL
message, they shall analyze how the said flight affects the ATS (flight supervision)
units’ workload and identify the units, whose declared capacity can be exceeded.

If it is expected that the declared capacity will be exceeded, the head center of
the Unified ATM System shall develop and implement the following ATFM tactical
measures:

– informing of the ATS (flight supervision) units about the expected exceedance of
the airspace demand against the capacity declared by the ATS units and developing
of the appropriatemeasures aimed to increase the said capacity in cooperationwith
the ATS (flight supervision) unit;

– providing AU with suggestions to modify the flight conditions declared in the
aircraft FPL (such as position, time, altitude).

The information of the tactical ATFM measures shall be distributed to the opera-
tional units of the Unified ATM System in the areas of whose responsibility the said
measures shall be implemented and to the aerodrome ATS (flight supervision) units
in a form of a formalized message in accordance with the approved table of the RF
MVT.

If the ATFM tactical measures are implemented subject to the planned flight, the
AU shall take the following steps:

– cancel the aircraft FPL, for which a related message was submitted to the head or
area center of the Unified ATM System;

– submit a new FPL message specifying the airspace use conditions which were
coordinated with a center of the Unified ATM System;

– ensure that the flight is conducted in accordance with the airspace use conditions
(such as position, time, altitude) issued by the head or area center of the Unified
ATM System.

Permission for the Airspace Use
Permission for the airspace use for the flight operations along the ATS routes shall be
distributed by the head center of the Unified ATM System to the ATS units provid-
ing the aerodrome control service, approach control service, serving the departure,
destination and alternate aerodromes, and providing ATS along the route.

Permission for the airspace use shall be transmitted to the ATS (flight supervision)
units serving the aerodrome in a form of a formalized message by the head or area
center of the Unified ATM System through the ground aeronautical telecommunica-
tion network in accordance with the approved table of the RF MVT.

If the ground aeronautical telecommunication network is not available at the
aerodrome, permissions for the airspace use shall be transmitted to the aerodrome
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ATS (flight supervision) units by the appropriate head center of the Unified ATM
System through the public telephone network.

The rules stipulated in the current subitem shall be used for provision of the state
aviation operations along the ATS routes considering that the communication with
the units serving the aerodromes used by the state aviation related to departures and
landings shall be done in accordance with the regulations established for the state
aviation.

Tactical Planning of the Operations Out of the ATM Routes
Tactical planning of the operations out of the ATS routes as well as of the activities
other than flight operations shall include:

– specifying, amending, and correcting of the current daily plan in order to ensure
provision of the planned activity and of the activity, the plans for which are sub-
mitted during the current day;

– issuing of permissions for the airspace use;
– monitoring of the airspace use plans’ realization;
– receiving of notifications on the flight and transmitting the said notifications to the
ATS units providing FIS and alerting service in class G airspace.

The head center of the Unified ATM System shall supplement its daily plan when
it receives:

– at least 6 h in advance of the departure—the FPL message for the flight out of the
ATS route if it is an IFR flight (excluding ferry flights out of the ATS routes, as
well as following off-aerodrome operations: flights of combat or combat-training
state aircraft and experimental aircraft designed for the state aviation use) within
three or more airspace areas of the Unified ATM System;

– at least 3 h in advance of the departure—the FPL message for the flight out of the
ATS route if it is the VFR flight within three or more airspace areas of the Unified
ATM System.

The area center of the Unified ATM System shall supplement its daily plan when
it receives:

– at least 3 h in advance of the departure—the FPL message for the flight out of the
ATS route if it is an IFR flight (excluding ferry flights out of the ATS routes, as
well as following off-aerodrome operations: flights of combat or combat-training
state aircraft and experimental aircraft designed for the state aviation use) within
one or two airspace areas of the Unified ATM System;

– at least 1 h in advance of the departure—the FPL message for the flight out of the
ATS route if it is a VFR flight within one or two airspace areas of the Unified ATM
System.

The regional center of the Unified ATM System shall supplement its daily plan
when it receives:

– at least 3 h in advance of the departure—the FPL message for the flight out of the
ATS route if it is an IFR flight (excluding ferry flights out of the ATS routes, as
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well as following off-aerodrome operations: flights of combat or combat-training
state aircraft and experimental aircraft designed for the state aviation use) within
one or two airspace areas of the Unified ATM System;

– at least 1 h in advance of the departure—the FPL message for the flight out of the
ATS route if it is a VFR flight within the Unified ATM System airspace or two
adjoining airspace regions of one area of the Unified ATM System;

– at least 1 h before the beginning of the aerodrome flights—the FPL message
for the said flights subject to the declared operating procedures of the concerned
aerodrome (landing site);

– at least 3 h in advance of the unmanned aircraft operations including: defense,
governmental or public security flights, as well as search-and-rescue operations,
and relief flights conducted during natural catastrophes or emergency situations.

The aircraft FPLs defined in this subitem shall be passed by the area center to the
regional centers of the Unified ATM System.

Permission for the airspace use for the flight operations out of the ATS routes shall
be distributed to the ATS (flight supervision) units providing the aerodrome control
service, approach control service, serving the departure, destination and alternate
aerodromes, and providing ATS along the route.

Permission for the airspace use shall be distributed by the head center of the
Unified ATM System to the ATS (flight supervision) unit serving the aerodrome in
form of a message transmitted through the ground aeronautical telecommunication
network in accordance with the approved table of the RF MVT.

If the ground aeronautical telecommunication network is not available at the
aerodrome or landing site, permissions for the airspace use shall be transmitted to
the ATS (flight supervision) units serving the aerodrome by the head center of the
Unified ATM System concerned through the public telephone network.

If the aircraft departure is intended from the aerodrome or landing site where no
control serving is provided, the regional center of theUnifiedATMSystem shall issue
the permission for the airspace use to PIC upon his/her request before the departure.

The ATS unit serving the aerodrome shall inform the center of the Unified ATM
System at least:

– 5 min before the commencement of the planned activity: about its actual com-
mencement, delay, shifting, or cancelation;

– 10 min after the completion of the activity: about its completion, about intervals
in aerodrome flights of more than 1 h;

– immediately after expiration of the estimated aircraft landing time or in case the
aircraft did not arrive to the destination airport and no information related to its
location is available.

AUs shall commence their activity within 30 min from the planned time for the
commencement or the time specified by the head center of the Unified ATM System.

If AU failed to initiate its activity during the above period, it shall inform the
operational unit of the Unified ATM System and receive corrected conditions of the
airspace use or cancel the declared plan on the airspace use.



1.4 Organization of Tactical (Current) Planning of the Airspace Use 21

The ATS unit serving the aerodrome for the state or experimental aviation, if the
aerodrome will be used for the intermediate stop, at least 20 min after receiving
of the request, shall inform the regional center of the Unified ATM System about
the decision of the chief aerodrome flight operations director taken on the aircraft
intermediate stop.

Tactical Planning of the Airspace Use Other than the Flight Operations
Tactical planning of the airspace use other than the flight operations shall be con-
ducted based on the daily plan data.

Pilot balloons launch unit shall request permission from the regional center of the
Unified ATM System not earlier than 4 h in advance of the planned launch but not
later than 2 h in advance.

In case the request for the airspace use or the notification of the launch time
shifting was not submitted to the regional center of the Unified ATM System in the
specified time, the launch operation shall be prohibited.

The regional center of the Unified ATM System issued to the launch unit the
permission for launch at least 1 h in advance of the balloon single launch.

In case the pilot balloon launch is delayed for more than 5 min, the launch may
be done only after the additional permission is received from the regional center of
the Unified ATM System.

After the launch is conducted, the launch unit shall report to the regional center of
the Unified ATM System the actual commencement time, and in addition upon the
request the following data: its flight altitude, azimuth, and distance from the launch
unit location, as well as the estimated [flight path] deviation.

All operations related to the firing, missile launching, bombing, blasting opera-
tions, and other works associated with electromagnetic and other type of emissions,
as well as other similar activity shall be conducted in accordance with the daily plan
for the restricted flight areas use in order to ensure the safety of the airspace use.

For this type of activity, the regional center of the Unified ATMSystem shall issue
the permission for the airspace use at least 1 h in advance of the commencement of
firing, missile, or blasting operations.

Based on forecast and actual hail process developing, the plan for the antihail
firing, missile, and blasting operations shall be submitted to the regional center of
the Unified ATM System at least 2 h in advance of the estimated time of the com-
mencement of the antihail firing.

When the plan for the firing, missile, and blasting operations is received, the
regional center of the Unified ATM System shall develop (or update the existing)
short-term restrictions and distribute them to the concerned authorities at least 1 h in
advance of the antihail operations.

In case the antihail operation is canceled or the time of its commencement (com-
pletion) is shifted the officer-in-charge shall inform the regional center of the Unified
ATM System immediately and report the new time of its commencement and com-
pletion.
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In case of the immediate need for the antihail operations, the officer-in-charge
shall request permission for the operations without submitting the firing, missile,
and blasting operations’ plan.

In this case, the regional center of the Unified ATMSystem (with consideration to
the current air situation) shall immediately set the short-term restrictions and after the
withdrawal of all aircraft from the region of antihail operations issue the permission
for the antihail operations.

The antihail operations are prohibited in the following cases:

– flight operations and other activities with the purposes of the military and opera-
tional tasks aimed to protection of national interests;

– flight operations andother activitieswith the purposes of spacecraft crewmembers’
searching and evacuation, search-and-rescue operations, and relief flights being
conducted during natural catastrophes, accidents, or other emergency situations.

When the decision is taken to conduct the lighter-than-air aircraft operations,
the responsible authority shall request from the regional center of the Unified ATM
System the permission for the airspace use not earlier than 4 h in advance of the planed
operation but not later than 2 h in advance of the launching of the lighter-than-air
aircraft along the routes based on the amended weather forecast.

The regional center of the Unified ATMSystem issues permission for the airspace
use not later than 1 h in advance of the planned or corrected flight commencement
time.

In adverse weather conditions, the responsible authority shall inform the regional
center of the Unified ATM System that its launch (lifting) time is changed at least
30 min in advance of its planned launch (lifting) time.

1.5 Cooperation in Course of the Airspace Use Planning
and Coordinating

Cooperation between the head, area, and regional centers of the UnifiedATMSystem
shall be maintained in accordance with the standard operating procedures for the
executive officers and duty shifts.

Cooperation of the head, area, and regional centers of the Unified ATM System
with the ATS (flight supervision) units serving the aerodromes shall be provided by
the special structural divisions including the air traffic planning subdivisions which
are responsible for the following tasks:

– submitting the FPLs to the operational units of the Unified ATM System, as well
as other information related to the aircraft MVT in the aerodrome terminal areas
in accordance with the approved table of the RF MVT;

– developing of the daily plan of the air traffic in aerodrome terminal areas, its coor-
dinating with and approving by the centers of the Unified ATM System, including
the ATFM issues;
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– providing the information on the permissions issued for the airspace use, prohi-
bitions and restrictions of the use of the aerodrome terminal areas and conjoined
areas and regions where theATS service is provided to the ATS (flight supervision)
unit;

– coordinating of the air traffic issues with units provided the aerodrome control and
crew pre-flight information service (briefing).

Cooperation of the head, area, and regional centers of the Unified ATM Sys-
tem with the search-and-rescue divisions shall be maintained with the aim of the
emergency notification.

Planning and coordinating of the airspace use for search-and-rescue operations
shall be conducted in accordance with the state priorities.

Exchanging by the latest information on the aircraft in flight emergencies and other
emergency situations occurred within the airspace shall be maintained in accordance
with the table “Submission of a flight plan.”

Cooperation of the head, area, and regional centers of the Unified ATM System
with the air defense authorities shall be maintained with the aim of monitoring of
compliance with requirements of Part 7 of the Federal Regulations.

The head, area, and regional centers of the Unified ATM System shall inform
the air defense authorities about the plans (schedules) on the airspace use, as well
as about the aircraft MVT through the information technologies provided by the
Federal System for the RF airspace reconnaissance and monitoring.

Section Review

1. Tasks of the head center of the Unified ATM System.
2. Tasks of the area center of the Unified ATM System.
3. Tasks of the regional center of the Unified ATM System.
4. What authority is responsible for issuing the permission for the airspace use?
5. What are the procedures (sequences) of the restricted areas’ use?
6. What planning shall be used for the airspace use?
7. What airspace classes are the follows: class A, class C, and class G?
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Chapter 2
Advanced Automated ATC Systems

2.1 General Information on New-Generation Automated
ATC Systems

Over the recent decades, modern automated ATC systems have undergone consider-
able changes. New functions (TP, SYSCO,MTCD,MONA) have appeared, resulting
in new opportunities for theATC controllers, whichwere previously unavailable. The
most significant change affecting the automatedATCsystemswas,most probably, the
appearance of such option as trajectory prediction (TP). This function allows to pro-
vide the calculation of the so-called 4D trajectory, i.e., the forecast four-dimensional
trajectory of the movement for each aircraft, the three dimensions being the special
position (latitude, longitude, and height) and time being the fourth dimension. The
4D trajectory is described as an aggregate of 4D points and determines the A/C
movement though space and time. The appearance of the 4D trajectories has made
it possible to develop the function of medium-term conflict detection (MTCD), i.e.,
detecting the medium-term conflict situations on the projection horizon of 0–60 min
and, in necessary, on a bigger range. Besides, the 4D trajectory allows automated
ATC systems to be used for the automated monitoring on maintaining the trajec-
tory, set by the ATC controller. The monitoring is realized by the MONA function
(monitoring aids), which provides conformity monitoring and reminding. The main
purpose of the MTCD function is to schedule the non-conflict movement, i.e., to
schedule the non-conflict 4D trajectories of the A/C movement. The main purpose
of the MONA function is to provide the automated monitoring on maintaining the
scheduled 4D trajectories and to remind the ATC controllers of conducting certain
actions. The MTCD and MONA functions provide absolutely new possibilities for
the ATC controller, which have not been available with the automated ACT systems
of the previous generations, and significantly change the concept of air traffic control.
Now, the ATC controller is not only able to determine the conflict situations several
minutes before they may occur, and to eliminate them, as it was already realized in
the automated ATC systems of the previous generations. Now the ATC controller
is able to reveal the possible conflicts considerably in advance and to schedule a
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non-conflict trajectory, while the automated ATC system monitors the flight crew on
following this non-conflict schedule.

The new functions demand the ATC controller to enter additional data inputs into
the automated ATC system, such as entering the specified altitude and the altitude of
transferring control from one ATC control area to the adjacent. However, despite the
additional data inputs, these new functions extend the ATC controller’s capabilities,
thus increasing the airspace capacities of the control sectors and improving the air
traffic safety.

The system-supported coordination (SYSCO) function, i.e., the coordination of
the A/C movement, allows the automation of the coordination process and of the
A/C control transfer from one ATC unit to the next, as well as the automation of the
procedures for coordinating the conditions of AC transfer to adjacent control unit
and for the accepting the control over the A/C from the adjacent control unit. With
high intensity of air traffic, this function allows to decrease the ATC controller’s
work load, caused by existing routine manual tasks, thus contributing to the increase
of the air traffic control capability of the ATC controller and to the increase of the
air traffic safety.

According to the EUROCONTROL estimation, the introduction of such functions
as TP, MTCD, MONA, and SYSCO contributes to the increase of the air traffic
capacities of the control sectors by 15% in the upper control area and by 10% in the
lower control area as well as provides a two-times increase of the air traffic safety.

The modern automated ATC systems normally include as follows:

(1) ATC ISC;
(2) airspace use planning ISC;
(3) aerodrome control tower ISC (A/D TWR ISC);
(4) technical management and monitoring subsystem;
(5) voice communication subsystem;
(6) data transmission ISC;
(7) ISC of meteorological information provision (ISC “METEO”);
(8) reference information ISC;
(9) integrated systems simulator (ISS);
(10) universal time aids;
(11) a set of system operational manuals.

In the ATC ISC, the following processes shall be automated:

(1) receiving, processing, and displaying the information on the air traffic situation
(the information on the observed conditions);

(2) receiving, processing, displaying, and distributing the information on the infor-
mation on ATFM planning;

(3) receiving and processing of the meteorological information;
(4) analyzing the information on the current and forecast air traffic situation, based

on the information on the observed conditions and on flight plan information.
Automated process of detecting medium-term conflicts;
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(5) displaying the information on the current and forecast air traffic situation,
flight plan information, meteorological information, and the information on
the airspace limitations;

(6) backup processing and displaying the information (in the “bypass” mode);
(7) recording and displaying the information, processed by the complex, including

manual data input from the air traffic controllers’ workstations;
(8) the information support for the calculation of the charges for air traffic services;
(9) the interaction between the airspace use planning ISC and A/D TWR ISC;
(10) the interface with the adjacent automated ATC system (in accordance with the

OLDI protocol);
(11) the interface with the ministerial ISCs and automated management systems;
(12) the automated arrival and departure management (AMAN/DMAN) for the

purpose of optimizing the sequence of aircraft takeoffs and landings;
(13) the technical management and control of the technical and software aids of the

ATC ISC.

In the airspace use planning ISC, the followingmain processes shall be automated:

(1) collecting, processing, storing, and recording of the aeronautical and reference
information, required for solving tasks related to planning the use of airspace;

(2) collecting/receiving, processing, storing, and recording of flight plans of sched-
uled flights, provided by the airline operators and by theHeadCenter ofUnified
ATM System;

(3) collecting, processing, storing, and recording of flight plans of unscheduled
flights:

• ATS-route flights, provided by the Head Center of Unified ATM System;
• flight, performed partially or fully off the ATS routes, local flights, plans for
use of airspace for other kinds of operations, involving the use of airspace,
provided by the users of airspace and the interfacing ATS units.

(4) generating and recording the plan of airspace use of the Unified ATM System
area;

(5) generating, transferring, and synchronizing the aerodrome map/chart for the
aerodrome control tower and for the mobile ATS unit;

(6) collecting/receiving andprocessingof the informationon the progress of fulfill-
ing the plan of airspace use, providing the information on the plan amendments
as well as the messages related to tactical planning of the airspace use to the
ATM units and the airspace users of the Unified ATM System area;

(7) recording and displaying the information, processed by the ISC;
(8) the interface with the ATC ISC concerning the planned and aeronautical infor-

mation, the information related to the limitations of airspace use as well as the
information on actual fulfillment of the flight plans (use of airspace);

(9) the interface with the ATC ISC concerning the receiving of the current infor-
mation on the observed conditions;

(10) the interface with the concerning the air defense units, the ministerial ISCs and
automated management systems, the system of receiving ATFM plan data via
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the Internet of the related ATM area concerning the ATFM plan, aeronautical
and reference information;

(11) technical management and control of the operation of the complex.

In the A/D TWR ISC, the following main processes shall be automated:

(1) receiving, processing, and displaying the information on the observed condi-
tions from the ATC ISC and from the aerodrome systems, means, and aids;

(2) receiving, processing, storing, displaying, and distributing theATFMplan data;
(3) receiving, processing, and displaying of the meteorological information from

the aerodrome automated information systems and the ISC “METEO”;
(4) analyzing the information on the current and forecast air traffic situation;
(5) displaying the information on the current and forecast air traffic situation, flight

plan information, meteorological information, and information on the airspace
limitations;

(6) collecting, processing, and displaying the reference information;
(7) technical management and control of the operation;
(8) recording and displaying the information, processed by the ISC, including the

input of the information from the air traffic controllers’ and system engineer’s
workstations;

(9) the interaction with the adjacent aerodrome and airport automated systems,
complexes, and aids;

(10) safety management of performing takeoffs and landings.

In the technical management and monitoring subsystem, the following main pro-
cesses shall be automated:

(1) constant monitoring of the operational modes and technical conditions of the
automated ATC system elements (means, aids, sources of information, data
transmission channels, etc.);

(2) management of the operationalmodes, technical conditions, and configurations
of the automated ATC system elements (means, aids, sources of information,
etc.);

(3) generating and displaying the information on the functional control in the
agreed form of displaying;

(4) data recording in the system log;
(5) diagnostic analyzing and testing of the automated ATC system aids in the

automated mode;
(6) recording and displaying the information, processed by the technical manage-

ment and monitoring subsystem, including the inputs from the workstations
of the operating (engineering and technical maintenance) personnel;

(7) displaying the information on the air traffic situation;
(8) the option of selecting (switching on and off) the sources of radar information,

incorporated into the system;
(9) the option of correcting (blanking) the processing areas of the radar fields

depending on the sources of radar information and airway configurations;
(10) the provision of the unified time for the automated ATC system;
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(11) administration, including database administration, and generation of reports;
(12) the option of exporting the technical management and control data to the exter-

nal users;
(13) provision of reference information (in case of absence of automated reference

information aids).

The voice communication subsystem shall provide the following:

(1) two-way communication in the very high frequencies (VHR) and ultra-high fre-
quencies (UHF) ranges between the air traffic controllers of the units equipped
with the ATC ISC and the flight crews in the telephone and loudspeaker modes,
the two-way “ground-to-ground” communication in the VHR and high frequen-
cies (HF) range with the moving objects as well as the option of listening to
the “VOLMET” and “ATIS” radio channels at the workstations of air traffic
controllers;

(2) internal operational telephone communication for the air traffic controllers and
the system engineering and technical maintenance personnel;

(3) external operational telephone communication for the air traffic controllers and
the engineering and technical maintenance personnel with the other aerodrome
personnel;

(4) external operational telephone communication with the remote objects of inter-
face with the automated ATC system (adjacent area control units, approach
control units, airports and aerodromes of the control area, etc.);

(5) the option of the recordkeeping output of the voice information for the option
of recording the information on the long-term storing unit.

The data transmission ISC must provide the exchange of voice and tele-code
information (data) between the automated ATM system units with its peripheral
objects, with external systems and integrated systems of ATC complexes, planning
of airspace use/visual flight rules (VFR), automated information systems, etc. In the
“METEO” ISC, the following processes shall be automated:

(1) receiving meteorological information, provided by the automated information
systems—for example—from the “METEO SERVER” automated information
system;

(2) generating and issuing the meteorological reports for the airspace use planning
ISC, ATC ISC, and the A/D TWR ISC;

(3) displaying meteorological information on the autonomous displaying aids for
the ATC personnel;

(4) generating notices on actual or forecast hazardous weather conditions which
may affect the safety of flight operations.

In the reference information ISC, the processes of information input, storage,
correction, and display of reference information for the needs of the operational
personnel (air traffic controllers and the engineering and technical maintenance per-
sonnel) of the automated ATC system shall be automated.

In the integrated systems simulator (ISS), the algorithms for solving the following
main tasks shall be automated:
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(1) the simulation of performing the main technological processes of planning the
use of airspace and the air traffic control, applied at the workstations of the area
control center, aerodrome control unit, and aerodrome control tower;

(2) provision of the training of the engineering and technicalmaintenance personnel
for the awareness of the operational procedures for the use of technical aids of
the automated ATC systems.

2.2 Basic Functions of the Air Traffic Control
in the Automated ATC Area Control and Aerodrome
Control Systems

2.2.1 Purpose of ATC ISC

The general purpose of the implementation of the ATC ISC is the provision of assis-
tance for the ATC personnel for performing their air traffic control and management
tasks in order to achieve the following aims:

• the provision of efficient, safe, and quality services to the users of the airspace
in the control areas within the responsibility of the ATC control area and in the
airline hub control area within the responsibility of the consolidated control area
of the Unified ATM System;

• the increase of the ATC capacity of the main aerodromes of the airline hub control
area and the elements of the airspace;

• the implementation of modern ATC procedures;
• the automated informational interface between the ATM units and the users of
airspace and the air defense units of the relevant Unified ATM System area.

In order to fulfill these functions, the ATC ISC shall provide the automation of
the current planning of the airspace use and the automated air traffic control in the
area within the responsibility of the ATC area control unit and the aerodrome area,
including the following:

• automated collecting, processing, merging, and displaying the information from
the primary and secondary radars (aerodrome and airways radars), from the auto-
matic direction finders and theADS for the display of the current air traffic situation
to the air traffic controllers;

• automated collecting, distribution, and presentation of the FPL data, including
the data exchange between the adjacent Unified ATM System units and the units
responsible for the airspace use planning;

• collecting, distribution, and presentation of the aeronautical and meteorological
information;

• recordkeeping and storing the data with the option of data displaying;
• provision of training for the ATC personnel.
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2.2.2 Main Functions of the Information Processing
for the ATC Provision

The implementation of the main (basic) functional tasks by means of the ATC ISC
in relation to sectors of the area control units, aerodrome control units, and local
control units includes the following:

• processing of the information and the option of solving the functional tasks of
current ATFM planning and air traffic control;

• receiving and processing of the formalized reports in accordance with the ICAO
Standards and the special formalized reports on ATC;

• automatic aircraft monitoring in accordance with the information on the observed
conditions;

• continuousmonitoring of the aircraft trajectorywithin the radar andADS coverage
area;

• processing of the flight plans (active and passive);
• receiving, processing, and displaying the information, obtained from the condi-
tions observing aids, including primary surveillance radar (PSR) and/or secondary
surveillance radar (SSR), automatic direction finder (ADF) (combined with radar
and autonomous ones) and the ADS;

• the interface with the airspace use planning ISC as part of the automated ATM
system providing the ATFMplan and aeronautical information, the information on
the airspace use limitations as well as the information on the actual performance
of the flight plans;

• the interface with the ISC “METEO” of the automated ATM system;
• the interface with the unified time aids of the automated ATM system;
• the interface with the adjacent automated ATC systems (in accordance with the
OLDI protocol), the adjacent area control units of the Unified ATM System, the
Head Center of Unified ATM System, the ministerial ISCs and automated man-
agement systems, the switching center of aerodrome ground-based system of data
transmission and telegraph communication, the integrated system of the software
and technical aids of the information technical interaction system, Russian Fed-
eration air traffic information collecting system, and the ADS-B aids (Technol-
ogy 1090ES and VDL 4).

Processing of the information on the observed conditions of the current and
forecast air traffic situation includes:

• receiving, processing, and displaying the information on the observed conditions
of the current and air traffic situation from the PSR, SSR (includingMode S), SSR
(with additional radar information on the aircraft state registration identification
system, if available), the ADS (1090ES and VDL 4), including the following:

– combining (tertiary processing) the information on the observed conditions from
all the information sources;
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– automatic filtering of the combined information on the observed conditions in
respect to the information sources: independent and dependent surveillance;

– automatic input of the aircraft coordination points (plots) into the aircraft moni-
toring (trajectory filter), generating the smoothed estimates of the aircraft coor-
dinated position (tracks);

– automatic linking of the information on the current flight plan to the track for the
aircraft, equipped with ATC transponders and/or ADS-B, in case of the aircraft
entering a certain airspace area;

– manual linking of the information on the current flight plan to the track for the
aircraft, not equipped with the ATC transponders;

– performing the trajectory calculations concerning the aircraft movement param-
eters (ground speed, ground track angle, vertical speed, vector of the aircraft
extrapolated position);

– automatic conversion of the aircraft flight radio altitude, obtained from the air-
craft into the aerodrome runway elevation (QFE) or to themean sea level (QNH).

• automatic discharge of the automatic aircraft monitoring and the aircraft release
from the control in case the aircraft leaves the control area;

• automatic notification of the air traffic controllers on gaps and/or non-receiving
of the coordination and/or additional information from the radar complex and/or
ADS-B. In case of non-receiving the information on the aircraft from the radar
complex during theN-number [varied system parameter (VSP)] of observations in
succession, the automatic transfer of the last-received information on the aircraft
into the loss list and the switching to the aircraft monitoring in accordance with
the flight plan with the option of manual correction of the aircraft track position.

• automatic recovery of the automatic monitoring and displaying the monitoring log
of the aircraft, provided with the flight plan and equipped with ATC transponders,
manual recovery of the automatic monitoring of the aircraft from the loss list in
case of obtaining the information on the aircraft from the radar complex.

• displaying the following information concerning all the aircraft, located in the area
of responsibility of the ATC ISC and in the buffer area, on the ASD for all the
ATC personnel:

– current and previous (in accordance with the observation cycles) coordinates of
the aircraft position;

– additional information obtained from the aircraft, equipped with the ATC
transponders (ATC transponder code, current altitude, and other parameters,
obtained from the aircraft systems).

– Automatic finding, based on the information, obtained from the observed condi-
tions and from the air traffic controllers, and the displaying of the notifications:

– on forecast of the separation minima transgression;
– on the separation minima transgression;
– on the forecast and the fact of the aircraft descent below the minimum safe
altitude (MSA);

– on special flight situations in case of receiving the emergency SSR codes and
the code of 2000 by the complex.
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Processing of direction-finding radio bearing information from ADF includes:

• receiving, generating, and displaying up to three radio bearing lines of the adjacent
ADFs on the air situation display (ASD) of the air traffic controllers’ workstations
and the ensuring these ADFs’ operation on the same frequency channel;

• the option to provide aircraft radio bearing on the tree frequency channels;
• displaying radio bearing lines of the adjacent ADFs no longer than 1 s after the
aircraft contact on the ASD of the air traffic controllers’ workstations and the
termination of displaying the radio bearing no longer than 1 s after the contact has
been finished.

Processing of ATFM information includes:

• receiving the daily plans of airspace use from the airspace use planning ISC,
printing the daily plans of airspace use arranged by different criteria (on the traffic
controllers’ requests);

• processing and displaying the lists of repetitive flight plans (RPLs) and filed flight
plans (FPLs);

• automatic (obtained from OLDI notifications) and manual activation of flight
plans;

• automatic correction of ATFM plan information obtained from automatic moni-
toring from the surveillance system;

• correction of ATFM information in accordance with the received and/or manually
entered ATC notifications;

• automatic calculation of the 4-D trajectories of the aircraft flight based on the
data from the flight plan, corrected in accordance with the observation system
data depending on the flight type, airspace structure, and flight management with
regard to aircraft performance parameters and, the wind and the temperature of
the airspace in the area, serviced by the ATC ISC;

• automatic calculation and displaying of the planned route with the turning way-
points, ETO and flight level, and—for the starting and final enroute points—the
aircraft call sign on the ASD on request;

• displaying minute intervals of the flight time by flags along the flight route based
on the flight plan information;

• automatic monitoring over the turning waypoints passage and the control transfer
points;

• manual switching to the automatic monitoring for the tracks, chosen by the air
traffic controller for the aircraft based on the performed calculation of the 4-D
flight trajectories in case of loss of the radar/coordinate information or beyond the
area of radar coverage (“track by plan”);

• automatic and manual distribution of ATFM information among the air traffic
controllers’ workstations equipped with the complex of aids of ATC automation
in accordance with the calculated aircraft flight trajectory;

• linking of the ATFM plan information to the information on the observed condi-
tions based on the code number of the secondary radar (SSR code) and the ICAO
24-bit aircraft code (for the ADS-B information);
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• solving the tasks related to the system flight plan correction, including the assign-
ment of a new call sign;

• solving the tasks related to assigning codes of the ATC transponders (SSR codes):

– automatic monitoring over the use of the SSR codes in the RBS mode, over the
presence of SSR binary codes in the in the RBS mode and the displaying of the
respective annunciation for the air traffic controllers;

– storing of one or several specified SSR codes;
– automatic protection of the SSR codes from the possibility of the reuse;
– analyzing the presence of the conflict codes, supertransit codes, codes which
are forbidden for use;

– automatic provision of the unoccupied code from the database in case of the
plan activation by the entry points where the code change shall be performed;

– automaticmonitoring and displaying ofmemomessages related to the SSR code
change.

• solving the tasks related to coordination and control transferring/accepting inter-
face between the adjacent ATS units:

– automated process of control transferring/accepting interface between the adja-
cent sectors of the system of aerodrome control units, area control units, remote
sectors, and the airline hub control units;

– manual transferring/accepting of the aircraft control;
– manual releasing of the aircraft from control.

• automatic monitoring and message generation:

– on control transfer;
– on control acceptance;
– on the point of ACT transfer to the adjacent control unit, which is not equipped
with the instrumental interaction with the ISC in accordance with the OLDI
standard.

• automatic monitoring:

– in case the aircraft is approved for the RVSM flights (in case of RVSM mode
implementation);

– in case the aircraft is approved for the RNAV flights (in case of RNAV routes
implementation);

– in case for the approval for flights with the 8.33 kHz frequency grid.

Processing of the formalized ATC messages includes:

• receiving, logical and semantic processing, and displaying the formalized ATC
messages in accordance with the document entitled “Table of messages for aircraft
movement in the Russian Federation”;

• automatic or manual correction of the flight plans based on the received messages;



2.2 Basic Functions of the Air Traffic Control in the Automated … 35

• generating (automatic and manual) of the formalized ATC messages, their input
and transfer via the aerodrome ground-based system of data transmission and
telegraph communication from the air traffic controllers’ workstations;

• automatic and manual forwarding of the received formalized ATC messages
between the sectors within the Unified ATM System control area;

• recordkeeping of the incoming and outgoing messages;
• recordkeeping of all the correction messages concerning the exact flight plan and
all the corrections (automatic andmanually entered) related to the exact flight plan,
both active and passive;

• ATCmessage distribution in accordancewith the document entitled “Table of Civil
Aviation messages” and the ICAO Standards.

Processing of meteorological information includes:

• receiving, processing, and displaying the meteorological information, including:

– routine and special meteorological reports on actual weather, including the trend
forecast, in the METAR/SPECI format for the aerodromes of the Unified ATM
System control area, the aerodromes of arrival, and alternate aerodromes;

– current data on aerodrome pressure and for other points of the Unified ATM
System control area;

– forecasts with the amendments in the TAF format for the aerodromes of the
Unified ATMSystem control area, the aerodromes of arrival, and alternate aero-
dromes;

– the forecasts for takeoff and landings;
– local routine and special meteorological reports, including the trend forecast,
in the MET REPORT/SPECIAL format for the main aerodromes of the airline
hub;

– actual runway condition information for the main aerodromes of the airline hub;
– warnings for the main aerodromes of the airline hub;
– wind shear warnings and alerts main aerodromes of the airline hub;
– radar meteorological information on hazardous weather phenomena which may
affect the aviation safety, types of clouds, clouds direction and speed, precipita-
tion intensity, visibility, etc., for the Unified ATM System control area and the
adjacent Unified ATM System control areas;

– integration of the radar, satellite, radio bearing information and the observation
data obtained from themeteorological offices on hazardous weather phenomena
which may affect the aviation safety, related to cloud situation;

– information on actual and/or expected enrouteweather condition in the SIGMET
and AIRMET code format for the airspace of the Unified ATM System control
area and the adjacent Unified ATM System control areas;

– area forecasts with amendments in the GAMET code format;
– special reports from the aircraft onboard systems for the consolidated control
area;
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– data on the atmospheric layers in a regular grid for the airline hubs of the regular
operations grid in the digital format for flight levels (to perform the calculations
for flights planning and re-planning), including:

– forecasts for upper winds, upper-air temperature, and humidity;
– direction, speed, and flight level of maximum wind;
– flight level of tropopause;
– temperature of tropopause and geopotential altitude of flight levels;
– flight level forecasts of significantweather phenomena (turbulence, squall, icing,
jet streams, cumulonimbus clouds associated with thunderstorms, etc.);

– enroute weather forecasts;
– wind data for altitudes of 30–100 m and for the circle altitude for the main
aerodromes;

– ATIS information index for the main aerodromes of the serviced control area;
– information on launching, current position, and estimated shift of the radiosonde
balloons for the atmosphere vertical sensing stations;

– advisory information on pre-eruption volcanic activity and/or a volcanic erup-
tion;

– information on volcanic ash cloud and its trajectory for which the SIGMET
information has not been issued;

– information on release of radioactive materials into the atmosphere;
– information on current and forecast weather for the state aviation aerodromes
(on its receiving);

– on request: any meteorological information to meet the requirements of the
airborne aircraft.

• receiving, distributing, and displaying (both on request and in a mandatory mode)
the meteorological information on the workstations of air traffic controllers and
the top management stuff;

• taking into account the meteorological data when solving tasks related to flight
planning and re-planning as well as other system ATC tasks;

• mandatory displaying of the alerts/warnings on the workstations of air traffic con-
trollers and the top management stuff in case the ATC ISC receives the associated
meteorological information;

• automatic updating of the meteorological information on the workstations of air
traffic controllers and the top management stuff in case the ATC ISC receives the
associated meteorological information;

• automatic monitoring over the actual weather conditions to meet the requirements
established for each type of the departing and arriving aircraft and for the respective
PICs;

• automatic detection of the possibility for the aircraft to enter the area of hazardous
weather phenomena, based on the observation information and the meteorological
information, and generation of warnings for the air traffic controllers.
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Processing of the information on airspace use limitations includes:

• displaying (on air traffic controllers’ requests), amending, cancelling, storing,
copying, and printing of the plans of airspace use, stored in the ATC ISC;

• generating and displaying the areas of airspace limitations on the ASD of the
workstations of air traffic controllers;

• automatic and/or manual activation of the airspace limitations;
• automatic detection of the possibility for the aircraft to enter the area of airspace
limitations, based on the observation information, and generation of the respective
warning.

Alongside the above-mentioned functions, the ATC ISC can perform other basic
functions:

– related to the special features of the ATC sector, located beyond the airways;
– backup processing and displaying of the observation information (“bypass”mode);
– recordkeeping and displaying of the information, processed by the ATC ISC
including the input of the information from the air traffic controllers’ worksta-
tions;

– interface with the A/D TWR ISC;
– interface with the adjacent automated ATC systems (in accordance with the OLDI
protocol);

– interface with the ministerial ISCs and automated management systems;
– entering, storing, andupdating the information on the conditions of communication
aids, and radio communication equipment, aerodromes, reference information,
information on aeronautical infrastructure of the controlled airspace and the ATC
capacity of the elements of the ATM system;

– informational support for calculating the aeronautical services charges.

Additional functions of the ATC automation include:

• additional analysis of the information on current and forecast air traffic situation,
based on the observation information and on the flight plans, including:

– automatic monitoring of the values of the deviations from the designated flight
trajectories;

– recording of the deviations from the designated flight trajectories, including the
recording of the aircraft flight number;

• monitoring over the trajectory maintaining and the generation of the warnings and
memo messages (MONA function:
Warnings:

– on the deviations of the aircraft position from the current flight plan (regarding
the longitudinal, vertical and lateral position);

– on the deviations of the performed maneuvering from the designated;
– on failure to meet the required control acceptance/transfer conditions;
– on failure to maintain the climb/descent mode;
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Memo messages:

– on changing the frequency, required for the control sector;
– on the necessity to switch to the manual amendment;
– on the planned maneuvering;
– on reaching the designated waypoints points.

• detecting the “medium-term” (within the time forecast period of 0–20 min) con-
flicts between two aircraft, detecting the forecast transgression into the special-use
airspace, detecting the forecast descent below the lowest allowedflight level. These
tasks shall be solved taking into account the data on the calculated 4-D aircraft
trajectory, and shall be accompanied by displaying the associated warning and
additional information on the conflict (in form of special windows for the detailed
analysis of potential conflicts) for the air traffic controller;

• automated interface with the adjacent area control units and aerodrome control
tower units for the purpose of coordinating the control acceptance/transfer condi-
tions;

• automated ATFM of the approaching and departing aircraft in order to optimize
the arrivals (the “AMAN” function) and departures (the “DMAN” function) for
the main aerodromes of the airline hubs;

• automated estimation of the aircraft trajectory, ensuring the transition from the
standard route to the alternate route as well as the backward transition to the
standard route alongside with fulfilling the following instruction:

– elastic vector;
– direct route (the “DIRECT” function);
– offset route (the “OFFSET” function);
– instructing on heading alongside with instructing on the time period for main-
taining this heading;

– flight in the holding areas alongside with instructing on time for starting the
approach.

• transferring of the radar surveillance information to the integrated ADS-B system
for further transfer of this information on board the aircraft (the “TIS-B” function);

• collecting the statistic data on deviations from the advised flight trajectories;
• option of forming the information archives for the data related to the trajectory
deviations in the established formats in order to transfer these data further to the
external systems for further processing.

2.2.3 Displaying the Information on Air Traffic Controllers’
Workstations

Structure of Human–Machine Interface (HMI)

This section dwells on the principles of organizing the interface in the automatedATC
system as well as its functions, on the possibilities of its application, implemented
in the JSC “VNIIRA” newly developed facilities.
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Main Principles of Organizing the HMI

The implementation of the HMI in the Russian-built automated ATC systems is
provided on the basis of the EUROCONTROL recommendations, aimed to ensure
the safe, orderly air traffic flow of high intensity for the EU states while maintaining
(and, possibly, increasing) the flight safety alongside with decreasing the workload
on the air traffic controllers, taking into the account the specific technologies of the
air traffic flow management in the Russian Federation, where the Cyrillic alphabet
letters are used instead of the Latin alphabets.

The accepted approach allows to:

– decrease the workload on the air traffic controller’s running memory and to use
the ASD with the utmost efficiency;

– individually choose the system’s interactive functions available;
– inform the air traffic controller on the results of the control panel inputs and
ensuring the protection frommaking the wrong inputs (by generating the so-called
diagnostic messages);

– individually adjust the displaying parameters at each workstation (such as the size
of the dialog boxes, digits, linking lines, etc.) in accordance with the individual
needs, thus improving the information perception and inputs management.

Technical Aids and Forms of HMI Organization

Based on the experience obtainedwhile using the automated systems’ and “SINTEZ”
ATC aids’ unified newly developed facilities, solid experience has been obtained in
developing HMI system, which has been practically assessed and gained positive
feedback from the air traffic controllers and which is designed on the basis of using
the multi-window graphic interface for displaying the air traffic on the raster format
display unit in form of coordinate symbols of aircraft, aircraft monitoring logs,
various table-arranged lists, context menus, and dialog boxes with the option of
their direct application for the purpose of performing the function calls or obtaining
reference information.

2.2.4 Aids of Information Input

The main devices for providing the interface with the system and receiving access
to all the functions, initialized through the objects identified on the screen and pre-
senting the data, are currently a mouse and a keyboard. Each key of the mouse has
a corresponding special type of input. The left key is for data input, the middle key
(the scroll wheel) is for special functions (mainly graphical) with the scroll wheel
function used for scrolling the lists, changing the image scale, and the right key is
for calling out additional information and context menus. The keyboard is used for
prompt entering of alphanumerical data into the system. In some cases, it can be
used instead of the mouse to address the objects on the screen and to perform control
operations.
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It is recommended to have several means available to address the same function,
including:

– the mouse;
– the keyboard functional keys;
– the keyboard hot keys (combinations of two or more keys).

2.2.5 Contents and Form of Displaying the Information
on the Controller’s Automated ATC System
Workstations

On the indicator screen, there is the main window named the ASD with subsidiary
windows in front—different dialog windows called out by addressing the control
elements in the main window and independent windows called out while launching
independent applications of the operation system by clicking on the window menu
on the pop-up panel at the bottom of the screen. The ASDwindow is the most signifi-
cant means of receiving operational information on the current and forecast airspace
configuration, providing the display of all the related static and dynamic informa-
tion on the background of the mapping information. Secondary basic windows can
be continuously displayed on the ASD window, those including system data win-
dow, display control window, meteorological window, window of runway state and
working mode, etc.

When addressing the control elements in thosewindows, different dialogwindows
can be displayed (user forms) which can be located in the appropriate area of the
screen and are reset after finishing the interface. Here and below are the examples of
human–machine interface elements implemented by VNIIRA in the automated ATC
system “SINTEZ.”

Figure 2.1 shows an example of displaying the information on the workstation of
the area automated ATC system controller of Khabarovsk ATC regional center.

System Data In the system data window (see Fig. 2.2), the most significant data are
presented: current date, time, designation, and operating mode of the workstation
and other data in accordance with the Customer’s request.

Mapping data The mapping data are static and represent a map of a given scale
with elements of airspace structure and control area shown on it. The mapping data
include:

– borders of the aerodrome area and highlighted control area;
– aerodrome approach/exit corridors;
– areas of constant limitations of airspace use;
– designated reporting points, waypoints, and radio fixes.
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Fig. 2.1 Example of displaying the data on the workstation of an ATC controller. Note For detailed
information on the contents and forms of displaying information in each particular system, it is
recommended to use the related systems’ manuals provided for ATC staff

Fig. 2.2 Example of the
system data window

Other elements of cartography related to the aerodrome—aerodrome reference
points (ARP) and their designations (of the relevant aerodrome and the airline hub,
diverting and other relevant aerodromes), characteristic terrain points, turning points,
boundaries of control acceptance/transfer, designation of artificial and natural obsta-
cles, etc.—are chosen individually out of the set of mapping elements in accordance
with the functions of the workstation. The exact contents of cartography are defined
when forming a technical specification for the system. There is an option of input
and display of individual maps at each workstation.

For map storage, the system database is used. There is an option of generating
the maps individually (by the system administrator) with the help of Cartography
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Editor. Operational control of switching on/off the display of the mapping elements
and airspace structure is performed in the window shown in Fig. 2.3, which is called
out from the display control window.

Prohibited Areas and Restrictions of Airspace Use

The data on the current restrictions of airspace use are shown in the ASD window as
areas, in which airspace use is prohibited or restricted, as well as lines representing
routes closed for flights. The areas of limitations of aerodromeuse have a background,
which is different in color from the common window background which does not
cover the mapping elements and data on the aircraft movement. The limitations of
aerodrome use are marked with a log, which displays the limitations parameters:

– indication of limitations of aerodrome use;
– altitude range in tens of meters;
– period of validity of limitations of aerodrome use.

Fig. 2.3 Display control
window for mapping
elements
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Fig. 2.4 Examples of displaying limitations of aerodrome use

The form of limitations of aerodrome use is displayed when placing the cursor
onto the area of limitations of aerodrome use. Examples of displaying limitations of
aerodrome use are shown in Fig. 2.4 (a—without a cursor pointing, b—with a cursor
pointing).

Input of borders and parameters of temporary limitations is performed manually
from the workstation of the flight dispatch supervisor.

Weather Hazards

Information on the weather hazards is displayed as areas whose borders are defined
by the data entering from the system of meteorological support or entered manually.
The weather hazards are displayed as colored polygonal contours. When placing the
cursor onto the area of the weather hazard, the form of weather hazards with the
characteristics of the hazard center is displayed. For getting attention, indication of
urgent incoming meteorological messages on adverse weather conditions as well as
warnings with further familiarization with the incoming message can appear in an
individual window in the ASD window.

Examples of weather hazard areas are shown in Fig. 2.5.

Aircraft Coordinates Data The current coordinates’ data on the aircraft, which is
positioned within the visual range of the surveillance aids, are displayed as:

• coordinate symbols after the primary processing of the radar information (“plots”);
• symbols of the monitored aircraft (“tracks”) of various shapes, depending on the
used surveillance aids, for example:

– when providing support in accordance with data from the PSR only

– when providing support in accordance with data from the SSR only

– when providing support in accordance with combined data from the PSR and SSR

(continued)
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(continued)

– when providing support in accordance with extrapolated radar information (after stop
of input of the radar information until the transfer of data from the aircraft monitoring
log into the list of losses during 3–5 surveillance cycles, VSP)

– when providing support in accordance with the route data provided in the system flight
plan

– when monitoring a formation flight (multi-target monitoring)

– when generating warnings on possible flight safety hazards

– when pointing on the track symbol or aircraft monitoring log with a cursor

The form of a track symbol can also show the characteristics of aircraft state
registration. The coordinates’ information of the automatic dependent surveillance
system, transferred from the aircraft, which are equipped with the associated equip-
ment, is displayed in an individual window. When a cursor is pointed on the track
symbol or on the aircraft monitoring log, the track points turn green. The history of
the aircraft track is displayed as a combination of points showing the positions of the
track of the previous radar observations. The number of history points can be chosen
when required. When the radar information ceases to be provided, the process of
aircraft monitoring is maintained “out of memory” and, within a certain number of
seconds, the number of points automatically decreases with each surveillance cycles
until the displaying is stopped. Then the track symbol disappears, and the flight infor-
mation transfers to the list of losses, in case the flight plan is unavailable. In case
coordinate radar information disappears after “n” seconds, there are the following
options (or a combination of them) for the aircraft in the area of the system operation:

Fig. 2.5 Examples of weather hazard areas
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– the aircraft track symbol is displayed continuously in the point of the last location
with the characteristics of lost monitoring;

– in case the flight plan is available—automatic transfer of the track to themonitoring
in accordance with the plan, with identification of the flight route, with an option
of manual amendment of the aircraft position in accordance with the messages,
received from the aircraft;

– in case the flight plan is unavailable—manual input of the trackmovement with the
latest data on the flight bearing and speed, with an option of manual amendment of
the aircraft position in accordance with the messages, received from the aircraft;

– automatic transfer of the last-received and planned (designated) aircraft data into
the list of losses.

Radio Bearing Line Data from the automatic radio direction finder is to present
azimuth to/from the aircraft and allow to find aircraft position and report magnetic
bearing to the aerodrome control tower to the aircraft. These data are displayed as
a radio bearing line and the values of direct and return azimuths for the aircraft in
the middle of the line. Only one radio bearing line can be displayed at a time on the
selected frequency. The bearing on the emergency frequency is always displayed by
a red line, irrespective of whether the bearing is displayed or not. The values of the
bearings are displayed according to the magnetic north. The bearing line is displayed
during radio communication session with the aircraft crew.

Measuring Vector The purpose of the controller’s tool “measuring vector” is to
provide the option of monitoring the dynamics of the air traffic situation for the
moving selected aircraft bymeans ofmeasuring the azimuth and the distance between
two points (geographical points or tracks in different combinations). The measuring
vector is a line connecting one given point (or track) and another given point (or
track). If the start and the end of the measuring vector are linked to the track symbol,
such vector is called a “tracker.” The data in the tracker log become dynamic and
keep changing every time the radar data are updated. Together with the line, the
tracker log is displayed with the information depending on the use of the measuring
vector:

– The vector starting point is at a geographical point; however, the vector end points
are linked to geographical points, so the azimuth to the second of the selected
points and the distance between the two points shall be shown in the tracker log.

– The vector starting point is at a geographical point, and the vector end is at the
tracker symbol; the tracker log shows the azimuth to the aircraft and the distance
to it (in kilometers).

– The vector starting point is set at the tracker symbol, and the vector end is at a
geographical point; the tracker log shows the azimuth to the point, the distance to
it and the time of arrival at the given point, irrelevant of the aircraft heading, with
estimation based on the current speed and the vector length.

– The vector starting point is set at the tracker symbol, and the vector end is at the
other tracker symbol; the tracker log displays the azimuth to the second tracker
and the distance to it.
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Fig. 2.6 Examples of displaying measuring vector and trackers

Examples of displaying the measuring vector and the trackers are shown in
Fig. 2.6.

Any necessary number of measuring vectors and trackers can be selected and
displayed at the same time in the ASD window. For these operations, only the mouth
is used without any dialog windows. The forecast coordinates’ data on the aircraft
in the observation area are presented using extrapolated data of radar tracking in
accordance with the selected parameter:

– after covering the prescribed distance (distance vector);
– after n-minutes of flight (speed vector).

The purpose of the distance vector is to evaluate the conditions of following the
separation requirements and is an extrapolated leg of the aircraft track. The vector
end shows the estimated position of the aircraft after covering the prescribed distance
with the current speed and the current track angle, which are determined by the data
of radar tracking.

The speed vector is an extrapolated leg of the aircraft track, where the vector end
shows the estimated position of the aircraft after prescribed minutes of flight time
with the current speed and the current track angle, which are determined by the data
of radar tracking. The vector line contains index marks, which correspond to every
minute of flight.

The displaying of the distance vector and the speed vector is alternate, i.e., select-
ing one vector type inhibits the displaying the other.

Displaying vectors for all the controlled aircraft in the sector provides an opportu-
nity to estimate the forecastmutual aircraft positions. There is an option of operational
selection of vector length values both for all the aircraft simultaneously (in the dis-
play control window) and individually for any controlled aircraft from the aircraft
monitoring log (by addressing the associated field in the log).

For conflicting aircraft (with a near-collision tendency), the speed vectors (red)
can turn on automatically with the value of 1 min (VSP).
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The purpose of the aircraft monitoring logs is to present the main current data
from the surveillance aids and the ATFM plan data used while controlling the flights.
Besides, aircraft monitoring logs are used for system inputs in the automated ATC
system, for example, for entering the prescribed altitude, heading, etc.

When the aircraft gets into the coverage area of the surveillance aids, the aircraft
track is assumed to monitoring and is provided with an aircraft monitoring log.

The A/C monitoring log is connected to the track symbol by a link line. By
default, the link line is at an angle of 135° to the A/C track angle. There is an option
of switching on/off of the mode of automatic separation of the A/C monitoring logs
in case of their overlap, an option of selecting the length of the link line in all A/C
monitoring logs. Besides, the controller determines the angular position of all or of
any selected A/C monitoring logs relative to the track line and places the selected
aircraft monitoring log in an unspecified position on the screen. If the mode of
automatic separation is on, the standard A/C monitoring logs go apart in case of
overlap.

Types of the A/C Monitoring Logs’ Displaying The A/C monitoring logs can be
displayed in the following way: standard aircraft monitoring log, highlighted aircraft
monitoring log, and extended aircraft monitoring log. Standard and highlighted air-
craft monitoring logs are different in the contents for departing and transit aircraft
and for aircraft performing landing at the aerodrome. Using the modern interface
aids, the controller can perform control operations by addressing the necessary fields
of a selected or extended aircraft monitoring log directly—for the most operational
functions, or by a context menu called out by the right mouse key (RMK) (without
pointing the cursor on any field of any parameter of the aircraft monitoring log).

The system has capabilities of operational control of the contents, forms, and
elements of the information displayed in the A/C monitoring log. The number of
aircraft monitoring logs displayed on the ASD screen shall correspond to the number
of tracks. In case there is anA/Cmonitoring logwith amessage on a conflict condition
and/or a distress code outside the screen, such information shall be displayed on a
specific area of the screen.

Standard A/C Monitoring Log The purpose of the standard A/Cmonitoring log is
to display theminimumnecessary portion of information on all theA/C, positioned in
the selected altitude layer (scheduled and non-scheduled). Standard A/C monitoring
log allows the air traffic controller to present the most significant information contin-
uously, and primarily—to estimate the A/C flight mode using the A/Cmonitoring log
(entering/exiting the sector, instructed or not, approaching or departing, etc.). When
the aircraft enters the area of radar coverage, the A/C track is assumed to monitoring
and is provided with a standard A/C monitoring log. The standard A/C monitoring
log also appears in case of manual linking of the A/C track to the input elements
of the flight plan. The size of the log is determined by the flight configuration, i.e.,
whether there is a necessity to perform any commands (flight level change, etc.).
The standard A/C monitoring log is semi-transparent and moves together with the
track. Basically, the contents of the standard A/C monitoring log depend on whether
the aircraft is equipped with a transponder or not. If the A/C is equipped with a
transponder, the log contains the SSR code and the current altitude. If the aircraft
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is not equipped with a transponder (IFF or RBS), the log contains a special code
(e.g., A0000) instead of the A/C call sign (an A/C identification). According to the
recommendations of EUROCONTROL (and those implemented in VNIIRA ATC),
the ASDwindow shows standard A/Cmonitoring logs in different colors, depending
on the A/C flight “status” which determines the air traffic control capabilities for the
A/C:

• “non-related aircraft”—the A/C has not yet entered or already left the control
area, or the A/C monitoring log contains no FPL and has not been assumed to
monitoring, the A/C monitoring log for such A/C is displayed in gray symbols;

• “activated aircraft”—after the FPL activation. TheA/Cmonitoring log is displayed
in dark blue symbols until the A/C is assumed to monitoring;

• “assumed aircraft”—the A/C (with or without an FPL) has been assumed to mon-
itoring, i.e., has established radio communication with the air traffic controller of
the sector; the A/C monitoring log is displayed in black symbols;

• “related aircraft”—the A/C is still in the sector, but has already been transferred to
the ATC of the next sector, the A/C monitoring log is displayed in brown symbols
(Fig. 2.7).

When describing aircraft monitoring logs, the following abbreviations are used:

ACID aircraft identification;
AFL actual flight level;
NS next sector;
CFL cleared flight level;
PEL planned entry level;
TFL transfer flight level.

When the A/C exits the observation area, the aircraft monitoring log stops being
displayed.

The modern ATC systems also provide the capability for the controller to deter-
mine the contents of the standard and highlighted aircraft monitoring logs to some
extent, depending on the current needs (except for the aircraft identification field).

Contents of Standard Aircraft Monitoring Log for Departing and Transit A/C

The standard A/C monitoring log contains the maximum of four information lines
and an additional zero (upper) line and allows the controller to promptly estimate
the aircraft flight mode.

Non-related AC Activated AC Assumed AC Related AC
Fig. 2.7 Aircraft monitoring logs with different aircraft statuses.NoteThe specified colors are used
in case of the gray background of the window
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• Zero line:
This line is used to display messages when coordinating and to display reminder
messages and warnings/alerts.

• First line:
• If the plan elements have not been linked to the track:

– SSR code (if there is no SSR code, A0000 is displayed).

• If the plan elements have been linked to the track, the aircraft identification is
displayed:

• radiotelephony call sign of the aircraft commander (formation commander)
consisting of five digits (for state aviation aircraft when performing inner flights
within the territory of the Russian Federation);

• flight number (maximum seven symbols)—for civil aviation aircraft (when per-
forming all types of flights); for state aviation aircraft when performing inter-
national flights.

Then goes the sector designation—for the aircraft entering the sector this desig-
nation shows the previous sector, for the monitored A/C this designation shows the
next sector (after sending the ACT message of activation). If the sector number is
not entered, the special symbol is shown instead.

• Second line:

– aircraft current flight level, AFL, in tens of meters, coming from the aircraft
through the SSR channel. When the aircraft, equipped with a transponder, sends
the altitude mode not as standard pressure (QNE), the letter “A” is displayed
(preceding the altitude value if it is less than 10,000m, and following the altitude
value if it is more than 10,000 m). When monitoring an A/C by the PSR, the
actual geometrical height measured by the radar (if the radar provides such
capability) is displayed—as the letter “G” and digits indicating the height. If the
height data are not updated, the altitude field shows dots. If there are no height
data, the height field is empty;

– arrow of the height change tendency (climb or descent) or an empty field when
the system finds no tendency;

– planned entry level, PEL (before entering the sector and being accepted into
monitoring); in case there were no commands for level change before entering
the sector, PEL becomes cleared flight level, CFL. CFL is not displayed if CFL
= AFL ± 60 m (VSP);

– ground speed if it is included for displaying by means of the display control
window.

• Third line:

– transfer flight level, TFL (is displayed after receiving the aircraft for monitoring
only if it is different from the CFL), or requested flight level, RFL, if the A/C is
in climb after takeoff;
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– exit point if it is needed and included for displaying by means of the display
control window.

• Fourth line contains fields which are displayed only in cases the A/C is instructed:

– flight heading (in accordance with the ADS-B data) or prescribed heading if
entered by the controller;

– current airspeed (in accordance with the ADS-B data) or recommended speed
if entered by the controller (in km/h, Mach number or knots);

– current vertical speed (in accordance with the ADS-B data) or recommended
vertical speed of climb or descent (in m/s or ft/min);

– instead of these data, one can choose to display temporarily the aircraft geo-
graphical coordinates.

Figure 2.8 shows the fields contained in a standard aircraft monitoring log for
departing and transit A/C.

Figure 2.9 shows an example of a standard aircraft monitoring log.
When describing a standard aircraft monitoring log, the following abbreviations

are used:

ACID aircraft identification;
CODE SSR code;

Medium-term conflict detection (MTCD);
M/V/N status: military (M), or flight letter (A, B, V), or quantity of A/C in a

formation during a formation flight (N);
NS designation of the current or next sector;

After ACT receiving After ACT receiving

(With equal AFL, CFL, XFL; heading, 
speed, vertical speed not entered)

(With not equal AFL, CFL, XFL; 
heading, speed, vertical speed entered)

Before A/C enters sector and ABI 
message is received

After the plan is linked to track

Fig. 2.8 Fields in standard aircraft monitoring log for departing and transit A/C

Fig. 2.9 Example of
standard aircraft monitoring
log
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AFL↑ actual flight level (Mode C) and symbol of climb/descent;
CFL cleared flight level (or planned entry level—PEL);
XFL exit flight level (or transfer flight level—TFL);
hdg prescribed heading or radar point;
spd prescribed speed;
vrc prescribed vertical speed of climb/descent.

Contents of a Standard A/C Monitoring Log on the ASD for Arriving Aircraft
Figure 2.10 shows an example of a standard A/C monitoring log for arriving A/C.

The standard aircraft monitoring log on the ASD for arriving aircraft includes:

• Zero line: the same as described above.
• First line:

– aircraft identification suffix;
– aircraft wake turbulence category (is entered by control panel operation);
– sector designation (previous—before the start of monitoring, current—after the
start of monitoring) or (for monitored aircraft) landing RWY (is entered by
control panel operation).

• Second line:

– actual flight level with datum level and change tendency;
– cleared flight level, CFL, or selected type of approach—instead of “CFL” when
type of approach is entered;

– ground speed;
– recommended landing time and delay time (with AMAN function engaged);
– A/C type.

• Third line:

– flight heading (in accordance with the ADS-B data) or prescribed heading if
entered by the controller. This field can display not only the heading value,
but also the abbreviated designation of the current element of the approach
procedure;

– indicated airspeed (in accordance with the ADS-B data) or recommended speed
if entered by the controller.

Highlighted Aircraft Monitoring Log When placing the mouse cursor onto the
standard aircraft monitoring log field, the track symbol, history track, extrapolated
vector (if there is any), and link line turn green, and the log becomes highlighted.

Fig. 2.10 Example of
standard A/C monitoring log
for arriving aircraft
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The purpose of the highlighted aircraft monitoring log is to display additional
information and to address its fields to perform control operations.

Contents of a Highlighted Aircraft Monitoring Log for Departing and Transit
Aircraft and Available Functions
The highlighted aircraft monitoring log contains all the fields of the standard log, i.e.,
AFL, CFL and TFL, even if their values are equal, airspeed, as well as the following
data:

• in line 3—delay time (time aircraft shall be put on hold, calculated by AMAN);
• in line 4:

– field designation, or flight heading (in accordance with the ADS-B data) or
prescribed heading if entered by the controller;

– field designation, or current airspeed (in accordance with the ADS-B data) or
recommended speed if entered by the controller;

– field designation, or current vertical speed of climb or descent (in accordance
with theADS-Bdata) or recommendedvertical speed if entered by the controller.

Figure 2.11 shows the contents of the fields of a highlighted aircraft monitoring
log, and Fig. 2.12 provides an example of a highlighted aircraft monitoring log.

When describing a highlighted aircraft monitoring log in addition to a standard
log, the following abbreviations are used:

W ground speed calculated by the system;
XPT sector exit point (three symbols);
TYPE aircraft type (in the ICAO format).

When using a highlighted aircraft monitoring log, the following operational func-
tions are available:

– entering the prescribed flight level;
– entering the prescribed heading for a random geographical point from the current
aircraft position (including the final turn);

Fig. 2.11 Contents of fields
of highlighted aircraft
monitoring log

Fig. 2.12 Example of
highlighted aircraft
monitoring log
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– entering the recommended airspeed;
– entering the vertical speed of climb/descent;
– entering/resetting the vector of predicted aircraft position;
– displaying the aircraft geographical coordinates;
– for arriving aircraft—calling out/removing the azimuth and distance to the THR.

Extended Aircraft Monitoring Log Extended aircraft monitoring log is called out
by the controller to receive more information from the aircraft flight plan without
calling out the flight plan itself or searching for the information in the lists. In opera-
tional conditions, the extended aircraft monitoring log can be used to send the ACT
message to the next sector to activate the flight plan. The extended aircraft monitor-
ing log can be placed near the highlighted aircraft monitoring log or in any available
area of the screen.

Displaying of the Results of Automatic Air Traffic Situation Analysis To dis-
play a short-term conflict alert (STCA), the aircraft identification, track symbol, and
history track points are highlighted (in yellow—for reaching the separation limits,
in red—for near-collision, flying below minimum safe altitude, flying in areas of
airspace use limitations or hazardous weather conditions).

Additionally, red speed vectors can be displayed automatically for conflicting
aircraft after 1 min of flight.

Figure 2.13 shows the example of displaying STCA.
Figure 2.14 shows an example of an alert window.
The alert window always has the highest priority of displaying, i.e., it is always

displayed above all the other windows, cannot be minimized, changed in size, or
cleared from the screen. It can be operationally moved on the screen and placed
in any convenient area. When the alert condition is gone, the corresponding line in
the window is automatically removed from view. When there is no information for
displaying, the window is automatically removed from view.

Fig. 2.13 Example of
displaying STCA
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Fig. 2.14 Example of an alert window

Displaying Weather Information, RWY Condition, and Operational Mode
The window “RWY METEO” on the controller’s workstation shows the actual
meteorological data on the chosen RWY, the RWY condition, and the technical
condition of the radio navigation means for the RWY. The window can have a
smaller or a maximum size and display the minimum necessary or the whole
contents of information by the operational choice. The window can be moved to any
area of the screen. Figure 2.15 shows an example of actual weather conditions on
an aerodrome RWY.

Displaying of an Air Traffic Situation Fragment (Zoom Window) The zoom
window shows an ASD window fragment around a point on the ASD, selected by
the controller, to monitor the selected air traffic situation (e.g., a potential conflict
situation, a helicopter approach to a landing ground). The zoomwindow displays the
selected area of the ASD completely, including cartography, areas with limitations,

Fig. 2.15 Example of actual weather conditions on aerodrome RWY
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areas of hazardous weather conditions, and aircraft monitoring logs. The window
size can be changed both horizontally and vertically. The window can be removed
from view.

Figure 2.16 shows an example of a zoom window for a random ASD window
fragment.

Displaying of the Flight Plan During flights, displaying of ATFM plan data in lists
and aircraft monitoring logs is performed based on the activated flight plans from
the daily plan. The complete flight plan includes all the field in a single unified form
recommended by ICAO for making flight plans, as well as specific additional fields
based on the Customer’s needs. For operational flight monitoring in a specific ATC
segment and landing area, it is enough to use the plan elements in a simplified form
including only the fields necessary for controlling the flights in these areas. The plan
in a simplified form is called out by addressing the highlighted aircraftmonitoring log.

Figure 2.17 shows an example of a flight plan window.
The flight plan window provides:

– operational entering of the flight plan elements data into the system and automatic
linking of the flight plan data to the radar information when an aircraft monitoring
log with the SSR code appears on the ASD;

– modification of the already entered plan;
– search of a plan using the aircraft identification from the previously entered flight
plans;

– removal of the plan from the system.

Fig. 2.16 Example of zoom window
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Fig. 2.17 Example of a flight plan window

Activation of flight plans can be performed after receiving a relevantmessage from
an adjacent control unit through digital communication in an established protocol or
manually using voice communication or radiotelephony communication.

Entry List (SIL LIST) The purpose of the entry list is to present data on the arriving
and transit aircraft with forecast for the established time period in advance. This is for
the aircraft, which are to enter the sector and allow forecasting of air traffic situation
and estimating the sector load. Figure 2.18 shows an example of an entry list.

The information fields in the list lines are determined by the Customer based on
their needs and ATFM plan data available. The lines are sorted by time of entry into
the sector in relation to actual time (with the first aircraft to enter the sector displayed
at the top of the list).

List of Controlled Aircraft The purpose of the list of controlled A/C (CON-
TROLLED AIRCRAFT) is to present additional aircraft data after it is taken under

Fig. 2.18 Example of entry list
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Fig. 2.19 Example of controlled aircraft list

control and to coordinate the conditions of transfer to the next adjacent sector.
Figure 2.19 shows an example of a controlled aircraft list.

The list displays departing, transit, and arriving aircraft taken under control.

Hold List The purpose of the hold list window (HOLD LIST) is to present infor-
mation on the aircraft sent to the holding area and is displayed in case there are such
aircraft as a list where each line refers to a certain aircraft. Figure 2.20 shows an
example of a hold list.

Coast List The purpose of a coast list (COAST LIST) is to save data on controlled
aircraft in the sector in case the aircraft is lost from monitoring or in case there have
been no linking of the plan to the track.

The contents of the list fields are determined by the Customer (e.g., the aircraft
call sign (flight number), SSR code (registration number), aircraft type and weight
category, current altitude and cleared flight level, point, altitude, and time of exit
from the control area). Figure 2.21 shows an example of a coast list.

Transfer of an aircraft to the coast list is performed automatically. In case the
radar data from aircraft with transponders start being received again, the data move
from the coast list to the aircraft monitoring log automatically.

Control of the SSR Code Setting for Correctness

The system shall control the setting of SSR codes for correctness and generate a
message on the necessity to change the SSR code in the following conditions:

Fig. 2.20 Example of hold list

Fig. 2.21 Example of coast list
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– The code is prohibited for use if the controller has entered an incorrect code by
mistake.

– Vacant codes are currently unavailable.
– The system has two identical codes.
– If the ACT message contains an SSR code which cannot be used in the current
area, the system offers a vacant code which will be displayed in the zero line of
the controller’s aircraft monitoring log to send to the aircraft.

– In case the aircraft sends the code 2000 (i.e., the code is not assigned).

These messages are displayed in the zero line of the aircraft monitoring log.

Transfer/Acceptance of Control (Without Transmitting Messages Through
DDL)

When the aircraft comes to the transfer boundary (during a prescribed time before
the estimated time of reaching the coordination point, usually 2 min), the system
automatically switches on the mode of transfer/acceptance and generates a reminder
message on the aircraft control transfer/assuming (on the change of the control sector
frequency) to the controlling sector, in case the control transfer/acceptance procedure
has not been initiated. The reminder messages are displayed in the zero line of the
aircraftmonitoring log prescribed time prior to reaching the control transfer boundary
(the default value is 8 min, VSP). The message is removed after the established time
interval of 30 s (VSP) after the boundary passing. The transferring controller shall
instruct the aircraft to transfer to the adjacent ATC unit’s controller by voice and
then perform transfer operation on the control panel (by pressing the left mouse
key (LKM) onto the sector designation in the aircraft monitoring log). Then a menu
comes out (Fig. 2.22) with the highlighted TRANSFER function.

After transferring the communication and in case the transferred aircraft is still
in the transferring sector of ATS, the aircraft monitoring log changes the aircraft
color to “related” (amber). After the aircraft passes the sector boundary, the aircraft
monitoring log becomes “non-related” (gray), which means the control has been
transferred. When the aircraft leaves the controlled area and the plan is removed, the
aircraft monitoring log displays in Fig. 2.23.

In case the transferring controller has not performed the TRANSFER operation
before the aircraft passes the boundary of the area of ATFM plan data processing, the
system automatically reminds the controller on the necessity to transfer the control
by displaying the TRANSFER annunciation in the zero line (Fig. 2.24).

The message on the control transfer/acceptance is removed after entering the fre-
quency change, or accepting the aircraft for communication, or when the message-

Fig. 2.22 Transfer of
control by TRANSFER
function
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Fig. 2.23 View of aircraft
monitoring log after A/C
leaves control area

Fig. 2.24 Message on
necessity to transfer control
in zero line of aircraft
monitoring log

generation conditions are gone. In case the transferring controller chooses to transfer
the aircraft before the automatic transfer/acceptance boundary, the controller, having
previously coordinated the transfer conditions through the voice communication sys-
tem, instructs the aircraft to contact the next controller and addresses the sector field
of the aircraft monitoring log, then selects the HANDOVER function and performs
the above given procedure.

Assuming/Accepting Control When the aircraft contacts the accepting controller,
the accepting controller shall address the sector field by the LMK. The menu with
the selected ASSUME function comes out.

Figure 2.25 shows the aircraft monitoring log of the accepting controller when
control is being accepting (the ASSUME function).

The controller addresses the ASSUME function by clicking the LMK, after that:

– the menu is cleared;
– the aircraft monitoring log becomes “controlled” and the log symbols become
black;

– the sector designation changes for the sector to which the aircraft will be next
transferred (for the next planned sector);

– the planned entry level PEL becomes the cleared level CFL;
– the TFL field shows the sector exit level in case it is different from the CFL;
– the line is cleared from the entry list;
– in the daily plan and planning lists, the line moves to the controlled aircraft list.

Fig. 2.25 Assuming control
with ASSUME function
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Display Control of the ASD

The display control of the ASD is provided by a special window, which is a set
of control elements combined by their functions and providing prompt access to
modifying the data display and location in the air data window. Figure 2.26 shows
an example of a display control window.

When expanding the window, the set display parameters are indicated, including:

– the sector flight level range outside which tracks and aircraft monitoring logs
of “non-related” aircraft are not displayed (“altitude filter”); in case the system
restarts, the altitude filter sets at the maximum visibility automatically;

– the set scale of displaying;
– the set parameter of displaying extrapolated vectors for a prescribed number of
flight minutes or for distance (for all the monitored controlled aircraft, including
“turned-off” condition);

– the condition of turning on/off of displaying radio bearing lines, ADF frequency;

Fig. 2.26 Example of
display control window
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– the view of displayed data on the current altitude in the aircraft monitoring log (in
feet or meters).

Addressing the control elements in the window, one can call out the related dia-
log windows and set the new parameters of displaying the above-mentioned data.
Besides, one can call out the following dialog windows (menus):

– for choosing the number of dots in the track history, length of link lines, turning
on/off the automatic clearing of aircraft monitoring logs, location of the aircraft
monitoring log relative to track headings (in case the automatic clearing is off),
turning on/off of distance marks relative to the selected point on the screen and
their values;

– for selecting the cartography elements in the air data indicator window;
– for displaying the parameters of the set areas of limitations of airspace use (in case
such function is available);

– for looking at the radio frequencies of the adjacent ATS sectors.

The display control window can be moved to any area of the screen, minimized to
an icon, and expanded again. The settings can be saved as individual for the current
user or set as default being optimal for the workstation. In the minimized view, the
window stays on the screen and can be located the most appropriately. It can display
the minimum necessary contents of data, e.g., limits of altitude filter, values of direct
and reverse radio bearing during a communication session, etc.

Displaying Additional and Reference Data

These windows include windows which are called out and cleared by the user by
addressing the related icon on the special panel (the same as the task bar in Windows
OS). The contents of such windows depend on the purpose of the workstation and
the tasks performed. They include the following examples:

• window of status and work modes of the data sources (radar, ADS-B, ADF), RWY
condition;

• METEO window with meteorological data (hazardous weather conditions,
METAR/TAF, SIGMET, AIRMET, GAMET, WIND, radioprobes’ trajectory);

• window with data of coordination with adjacent automated planning means and
ATC;

• window of input/clearing of data on obstacles on the RWY. It allows to input
the data on the presence/absence of obstacles on the RWY according to their
types (A/C movement, aerodrome means, etc.) which allows to control the RWY
occupancy and automatically provide the related indication to ATC workstations;

• TLG window which contains a form to display incoming telegrams, a form to
complete and to send telegrams;

• window of limitations of airspace use which provides displaying the current lim-
itations of airspace use with indication of time of validity and flight level range.
From the workstation, one can also perform amendment of limitations, input of
new ones, and cancellation of existing ones;

• window to display and print out the statistics;
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• window of reference data. While working in this window, one can operatively
get reference data on the issue concerned, e.g., catalog of aviation equipment in
different countries, tolerances of crosswind component and friction coefficient for
A/C types, sunrise and sunset time bymonth, approach patterns and exit from con-
trol area, specific flight operations, abnormal operations guidelines, etc. From this
window, one can also display operations manuals. The contents of the necessary
data are determined by the Customer;

• system log with search and selection functions;
• other windows.

The functional windows of applications for special functions of ATC automation
which are described next (such as MTCD, AMAN, DMAN) have specific significant
purposes.

2.3 New Functions of the Modern ATC AS (TP, MONA,
SYSCO, MTCD, AMAN, DMAN)

2.3.1 Prediction of 4-D Trajectory

General The term “trajectory” stands for plotting the aircraft movement in horizon-
tal and vertical planes in the course of time. The term “trajectory prediction” (“TP”)
stands for the calculation of the 4-D trajectory, taking into account:

• tactical (current) flight plan;
• weather information;
• aircraft operational performance parameters;
• radar data on the aircraft movement;
• as well as the air traffic controllers’ clearances.

The automatic calculation of the 4-D trajectories of the aircraft flights is conducted
on the basis of the flight plan data, amended in accordance with the actual observa-
tion system data, airspace structure, and the ATFM, taking into account the aircraft
operational performance parameters, the wind and temperature airspace, controlled
by means of the automated ATC systems. The planned and tactical trajectories can
be distinguished. The planned trajectory is a mid-term (from several hours prior to
the beginning of the flight to one or two minutes prior to the current time) represen-
tation of the flight trajectory with the indication of the flight intent, described in the
flight plan, taking into the account the limitations, defined by the ATC procedures.
The planned trajectory is the basis, upon which the flight data are to be distributed
item-by-item through the sectors, the aircraft is to intersect during the flight, the
coordination among the sectors and among the ATC units is to be performed, the
planning of the sector is performed, the mid-term conflicts are to detected as well as
the deviations from the planned flight intent are to be checked. Immediately after the
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flight is started, the trajectory may be modified in accordance with the instructions of
tactical planning and monitoring. The tactical trajectory ensures the short-term tra-
jectory plotting in accordance with the most recent air traffic controller’s clearances,
issued for the aircraft without any speculation on the further air traffic controller’s
clearances to be provided. The tactical trajectory allows to reveal conflicts, which
may have occurred if no further tactical instructions have been provided; as if the air-
craft continued their flights with the current air traffic controller’s clearances. This is
useful for the relatively short-term prediction (e.g., of 5–10 min), after which further
relevant tactical instructions are expected to be provided.

Interaction of TP function with the other functions

The interaction of the TP with other functions is shown in Fig. 2.27 and is described
as follows [1]:

– flight data distribution (FDD)—the flight data are distributed among the worksta-
tions of the air traffic controllers in relation to the associated control sectors in
accordance with the list of the sectors through which the trajectory runs;

– initial flight plan processing (IFPP)—at the stage of the flight planning, the tra-
jectories are plotted and amended in accordance with the messages, received from
the integrated system of airspace use planning automation and the flight data,
manually entered by the system operators;

– SSR code assignment—the Mode A code is assigned on the basis of the planned
route and the code distribution plan;

– flight data updating (FDU)—as soon as the flight plan is activated, the trajectory is
amended in accordance with the tactical limitations (air traffic controllers’ clear-
ances and the instruction on sector planning), entered by the air traffic controllers;

Fig. 2.27 TP function correlation with other functions
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– correlation—the flight data are correlated with the associated system track based
on the Mode A SSR code and the planned route;

– system-supported coordination—the coordination, which is performed automati-
cally among the sectors and the external ATM units in accordance with the cross-
sector control transfer conditions, contained in the trajectory; the trajectory is also
amended in accordance with the cross-sector control transfer conditions received
from the external ATM units;

– environment data distribution—information, related to the aeronautical elements
(e.g., navigation aids, and ATS routes marking), which are mentioned in the flight
plan messages. These data are used to open the planned route; aircraft operational
performance parameters are amended in accordance with the weather forecast;
the trajectory is modified with the limitations in accordance with the standard
ATC procedures and agreements; the trajectory intersections with certain airspace
elements (such as the special-use airspace and sectors) are determined;

– monitoring aids (MONA)—warnings on deviations and automatic memo mes-
sages. They are provided to the air traffic controller, based on the data on the route
in the horizontal plane and the estimates of time, required for passing certain route
waypoints, defined accordingly by the trajectory; as the actual flight proceeds, the
trajectory is renewed in relation to the longitudinal and vertical measurements,
which are determined on the basis of the correlated system track data;

– medium-term conflict detection (MTCD)—for planning and tactical support, air-
craft conflicts are detected, where the calculated separation between the two air-
craft, obtained from their positions on the trajectories in a certain moment of time
is beyond certain limitations; similarly, aircraft conflicts with airspace and aircraft
conflicts terrain are detectedwhen certain criteria of the aircraft position go beyond
the limits in relation to the airspace affected with the airspace use limitations or
between the aircraft and the terrain obstacles;

– arrival management (AMAN)—the optimized sequence of arriving aircraft is gen-
erated together with the advisory information on additional time, required for the
aircraft to spend in order to avoid the accumulation of traffic in the flow of arriving
aircraft. Actually, the AMAN function can be also used for the arrival runway
designation;

– departure management (DMAN)—the optimized sequence of the departing air-
craft, also used for the departure runway designation.

2.3.2 Automatic Monitoring Over Prescribed Trajectory
Maintaining and Reminder Messaging (MONA)

General Information on MONA Themonitoring aids (MONA) are the instrumen-
tal aids, additional to the trajectory prediction, which assist the air traffic controller in
monitoring all the controlled aircraft in order to detect deviations from the prescribed
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movement parameters in the system trajectories, to trigger the subsequent annunci-
ation for the air traffic controller and to initiate the trajectory re-calculation [2].

The MONA includes:

• correlation monitoring: The MONA compares the current flight data with the
system trajectory. In case any deviation is detected, MONA:

– either automatically initiates the process of the trajectory re-calculation;
– or generates the data to warn the air traffic controller.

• reminder messages: The MONA generates the memo messages in order to remind
the air traffic controller of the actions which shall be performed.

As soon as the correlation monitoring aids detect the deviations of the actual
aircraft position from the expected, depending on the type of the deviation detected,
either the trajectory is to be automatically re-calculated or a “non-conformance”
warning (NCW) is to be automatically displayed.

The “non-conformance” warnings (NCWs) shall have a lower priority than the
SNET (the software aids for monitoring the flight safety) warnings; in other words,
the NCWs shall not be displayed if the SNET warning is displayed. The NCWs shall
be displayed for all the aircraft, including the state and experimental aviation aircraft.
The memo messages are displayed in order to remind the air traffic controller about
the actions related to the aircraft flight, which shall be performed. When the aircraft
passes a certain “reminder” waypoint on its trajectory, the system shall trigger the
displaying of the associatedmemomessage. The “reminder waypoint” can be created
automatically or as a result of a manual input.

Thememomessages are displayed for the sector, with respect to which the aircraft
can have one of the following statuses: activated, accepted, and relevant. TheMONA
receives system trajectory data, which provide the 4-D trajectories, plotted by means
of the TP function.

Moreover, the MONA receives data on the current aircraft position and on its
movement parameters (heading, speed, altitude, vertical speed, and their change
trend). In order to provide high-quality functioning of theMONA, the radio coverage
in the ATC area shall meet the EUROCONTROL requirements.

In the automated aerodrome ATC system of the Khabarovsk ACC, the following
warnings can be generated:

– aircraft lateral deviation from the system trajectory;
– aircraft deviation from the designated flight level in cruise flight.

Additionally, in the automated ATC system of the Moscow consolidated control
area, the following warnings are generated:

– on speed deviations;
– aircraft failure to reach the designated flight level due to incorrect vertical speed
(flight level failure);

– on potential flight beyond the prescribed flight level.
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In the automated aerodrome ATC system of the Khabarovsk ACC, the following
reminder messages can be generated:

– on the necessity to initiate the control transfer/acceptance procedure;
– on the necessity to transmitting the ACT message to the adjacent control center;
– on the necessity to verify the correctness of setting the SSR code.

Additionally, in the automated ATC system of the Moscow consolidated control
area, the following reminder messages are generated:

– on failure to fulfill the control acceptance/transfer conditions;
– on the necessity to switch to the manual flight coordination;
– on the planned maneuver;
– on the start-of-descent point
– reminder messages, specified by the air traffic controller (on reaching the desig-
nated waypoints).

The reminder message can be displayed in the automatic mode if it is relevant
to the expected ATC event and can be monitored—for example, the aircraft control
transfer when reaching a certain waypoint. The NCWs and the reminder messages
are displayed in the zero line of the aircraft monitoring log in yellow digits on the
screen background. Figure 2.28 provides the example of the MONA warnings, and
Fig. 2.29 shows the MONA reminder messages [2].

Monitoring over the Lateral Correlation to the Current Flight Plan

Themonitoring over the lateral correlation provides detection of the aircraft deviation
from the planned or prescribed route, heading or ground track angle. If the working
procedure requires the air traffic controller to enter all the amendments to the planned
route and the relevant clearances (including the direct route, prescribed heading and
ground track angle) into the system, the system assumes that any detected deviation
from the may be regarded as the aircraft deviation from the air traffic controller’s
clearance (instruction), and consequently, generates the associated warning for the
air traffic controller. In this case, the air traffic controller shall repeat the clearance
(instruction) and enter the new aircraft movement into the system.

The MONA warns the air traffic controller on the aircraft deviations from the
prescribed route, heading and ground track angle:

Fig. 2.28 Example of
MONA warning display
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Fig. 2.29 Example MONA
reminder display

– for the sector of the aircraft flight control, the warning on the lateral deviation is
generated if the lateral deviation of the aircraft flight from the prescribed route is
beyond the pre-established allowable limits;

– for the aircraft with the prescribed heading and ground track angle, the warning
generated for the sector of the aircraft control if the heading or the ground track
angle in the track vector deviates from the prescribed heading and ground track
angle for more than the pre-established limits allow;

– additionally, if the aircraft deviation from the prescribed route, heading and ground
track angle is detected, the system shall (in EUROCONTROL procedures can be
generated) generate a tactical trajectory of the deviation, based on the track vector
of the track condition;

– in case the aircraft flies with the lateral deviation, when the air traffic controller
enters a new prescribed route, heading and ground track angle, which correlate
with the system track; the lateral deviation warning shall be removed;

– if for the aircraft with the previously revealed lateral deviation, no deviation from
the prescribed route, heading and ground track angle is detected; the lateral devi-
ation warning shall be removed.

Monitoring over the Longitudinal Correlation to the Current Flight Plan

The purpose of monitoring over the longitudinal correlation is to provide a more
precise time estimation for the planned and tactical trajectories and to warn the air
traffic controller in case considerable deviations from the original estimated time
require the flight re-coordination. The system shall also warn the air traffic controller
on the relative deviation of the aircraft speed from the prescribed. The system shall
provide a more precise longitudinal estimation of the trajectory in accordance with
the actual aircraft movement. The system shall monitor the longitudinal deviation
for every correlated flight from its planned trajectory with the rate of at least 1 time
per 60 s. Additionally, the system can check the longitudinal deviation of the aircraft
flight position from its tactical trajectory for every update of the system track data.
If the deviation of the longitudinal aircraft position, determined on the basis of the
track vector from the expected longitudinal position, determined on the basis of the
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planned or tactical trajectory is above the allowable limit pre-prescribed for this class
of trajectory, the system shall re-calculate the trajectory, using the track vector. The
automatic re-calculation of the trajectory, without displaying the associated warning
for the air traffic controller, shall be initiated if the detected longitudinal aircraft
position deviates for more than 2 km (VSP) from the expected position.

Monitoring over the Vertical Correlation to the Current Flight Plan

The system monitors the aircraft movement in the vertical plane in order to warn the
air traffic controller on a deviation from the prescribed flight level and to providemore
precise calculation of the planned and tactical trajectories. If the aircraft deviates from
the designated flight level, the system shall warn the air traffic controller accordingly
(the prescribed flight level has not been reached). The system shall generate awarning
for the sector of the aircraft flight control, if the actual flight level (AFL), shown by
the track vector, verified at every update of the system track, is within the allowable
limits from the cleared flight level (CFL) while the indicated vertical speed is above
the allowable limit. The system shall generate the warning on the deviation from the
flight level to the sector of the aircraft control, if the time period after the monitoring
the aircraft on theCFL is above the prescribed allowable limit,with that theAFL in the
track state vector deviates from the CFL for more than the prescribed allowable limit
and the indicated vertical speed equals zero. The system shall generate the warning
on the deviation from the CFL if the aircraft continues to perform the maneuver
after reaching the prescribed flight level. If the air traffic controller has entered the
new CFL for the aircraft, which has developed a deviation from the prescribed flight
level or which has flown beyond the prescribed flight level, and the system track has
become correlated, the associated warnings shall be removed. If the aircraft flight,
for which the deviations from the CFLwere present, no longer shows any deviations,
the associated warnings shall be removed.

The Reminding Message for the Initiation of the Aircraft Control Accep-
tance/Transfer Procedure

The system shall generate a reminding message on the aircraft control accep-
tance/transfer (on the change of the control sector frequency) for the sector of the
aircraft control at the prescribed time prior to the calculated time of reaching the
coordination point if such a control acceptance/transfer procedure has not been ini-
tiated.

The reminding on the aircraft control acceptance/transfer procedure shall be
removed when the frequency change has been entered or when the aircraft con-
trol has been accepted within the link instructions, or when the conditions for the
generation of such a reminder no longer exist.

Reminding Message for the ACT Transfer to the Adjacent Control Unit

The system shall generate a reminding message for the transferring ATC unit on the
ACT transfer to the adjacent control unit (by means of loudspeaker communication),
which is not equipped with the instrumental OLDI interface with the system. The
reminding message shall be displayed in the zero line of the aircraft monitoring log
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and in the control acceptance/transfer menu at a prescribed time prior to reaching
the control transfer point (the suggested default value is 8 min, VSP). The reminding
message is cleared from the screen at the designated time of 30 s (VSP) after the
control transfer point has been reached.

Monitoring over the Correct Designation of the SSR Code

The system shall check the correctness of the SSR codes’ designation and generate
a reminding message in case the SSR code must be changed due to the following
circumstances:

– the code is forbidden for input, the air traffic controller has entered the incorrect
SSR code by mistake;

– no vacant codes are available at the moment;
– the two identical codes are present in the system;
– if the ACT message contains the SSR code, which cannot be used in this control
area, the system suggests a vacant code, which is displayed for the air traffic
controller in the zero line of the aircraft monitoring log for its further transmission
to the aircraft;

– in case the system receives Code 2000 from the aircraft (i.e., no code has been
designated).

2.3.3 Medium-Term Conflicts Detection (MTCD)

General Information on MTCD The MTCD is an aid for planning non-conflict
trajectories for the air traffic controller of the radar control unit (RCU) and the air
traffic controller of the procedural control unit (PCU) with the common time of
detection within the range of 0–20 min. The areas of responsibility of the RCU and
PCU are divided. The RCU resolves the conflicts if there remain no more than 8 min
prior to the conflicts occurrence, when the aircraft is within their control sector. The
PCU solves the similar tasks when the aircraft enters their control sector or when the
aircraft has not entered the control sector of their responsibility within the prediction
time period of 8–20 min (VSP). The purpose of the MTCD is to inform the air traffic
controller on the conflicts which occur in the middle-term period and which may
require to amend the aircraft flight plan or to issue another clearance. The warning
on the conflict within the range of 0–2 min is provided by the STCA function. The
MTCD includes the following three functions:

(a) detecting and informing of the air traffic controller on the possible loss of the
prescribed separation between the two aircraft. With that it is also important
to take into account that the conflict is a probable phenomenon, an accidental
event. The ambiguousness of the conflict occurrence increases with the increase
of the time period for which the prediction is made;

(b) detecting and informing the air traffic controller on the aircraft which is inter-
secting into the isolated or by any other ways restricted airspace;
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(c) detecting and displaying the closing-in movement of the two aircraft for the air
traffic controller, when each of the aircraft is blocking the airspace which may
be used by the other aircraft, though the prescribed flight level separation will
be reached, for example, in case of the pilot’s request on the alternate flight level
or in case of the conflict resolution, affecting one of the aircraft. In other words,
the MTCD ensures the air traffic controller is informed on the airspace areas,
where aircraft block other aircraft’s movement.

The MTCD function detects:

– aircraft conflicts: the shrinkage of the separation between the probable positions of
the two aircraft, based on the system trajectories, taking into account the ambigu-
ousness of the prediction;

– context conflicts;
– transgression into the special-use airspace: non-compliance with the distance
requirements between the probable aircraft positions and the limited-use airspace.
The detection range is 0–20 min;

– descent below the lowest allowable flight level: probable aircraft positions in the
airspace below the lowest usable flight level within this airspace. The detection
range is 0–20 min.

MTCD Display For the display of the MTCD, a set of aids, providing the graphi-
cal representation of the actual and forecast air traffic situation, potential problems
and airspace problems, are used. These aids, both for horizontal and vertical repre-
sentation, based on the data from the current flight plan, updated by the air traffic
controllers and/or by the system, include:

1. potential problem display (PPD).
2. vertical assistance window (VAW).
3. horizontal projection of the trajectory, shown in the air traffic situation window.
4. symptom of the detected problem in the aircraft monitoring log and in the

“PLANNING LIST” of the MTCD lists.

The PPD and VAW are called out on the ASD by means of the associated keys of
the icon window.

Potential Problem Display (PPD). Purpose and characteristics of the PPD

The PPD is an aid for graphical and list representation of the potential problems and
the airspace problems, related to the given sector and the certain buffer area around
the sector (VSP) within the range of the successive 20 min (VSP). The example of
the PPD is provided in Fig. 2.30.

The PPD is dynamically updated every time when the information is updated or
due to the air traffic controller’s inputs.

The PPD contains the following elements:

– list of the potential problems representation;
– graphical representation of potential problems;
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Fig. 2.30 PPD window

– elements for the display control.

The PPD has the following characteristic features:

– non-transparent, with the frame and the title;
– can be shifted;
– can be modified in size with the control element which is located in the right
lower corner (press any mouse pushbutton and, holding it pressed, shift it upward,
downward, to the right or to the left);

– can be iconized if it contains no information. If a problem occurs, the display
expands automatically;

– on default when the control panel is switched on:
– the widow is opened on the ASD;
– the detected conflicts and risks of conflicts in the control sector as well as the
problems which occur 2 min prior to the aircraft entry into the sector and within
the 2 min after the aircraft leaves the sector;

– the window is provided in the graphical format.

The PPD displays conflicts and risks of conflicts. The problems are classified as
follows:

– as “conflict” if the problem occurs between the actual flight level (AFL) and the
cleared flight level (CFL) (or on the entry flight level if the aircraft has not entered
the sector);
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– as “risk of conflict” if the problem occurs beyond the CFL (in the altitude layer
from the CFL to the transition flight level (TFL).

The upper part of the window contains the “RISK,” “LIST/GRAF” keys, .
The “ABI” key (“Advanced Boundary Information”) is used to display the flights,

for which the ABI message is received. The “RISK” key is used to recall/clear the
information in the PPDwindowon the aircraft, forwhich the risk of conflicts is graph-
ically present. The “LIST/GRAF” key is used to switch the form of the information
representation in the PPD window. When the window displays the information as
a list, the key title runs “GRAF”; when the window displays the information in a
graphical form, the key title runs “LIST.” The keys are used to clear the conflict
symbols in the in the PPD window as follows: for aircraft on reciprocal tracks,

for crossing tracks, for tail-chasing (same) tracks. If the key is displayed as
released, the given type of conflict is not displayed in the PPD window.

List Form of Presenting the Information

When the “LIST” key is pressed with the left mouse key (LMK) in the PPD window,
the list of potential problems is displayed. The example of the list representation of
the information is shown in Fig. 2.31.

The window contains the following data:

– the time scale tailored for up to 20 min (VSP) of the information display;
– potential problem symbol;
– problem log, if recalled (the description id provided below);
– amber triangle on the time axis for limiting the airspace area, if the problem occurs
in this area, the associated point is automatically recorded in the aircraftmonitoring
log.

Graphical Form of the Information Representation

When the “GRAF” key is pressedwith the left mouse key (LMK) in the PPDwindow,
the potential problems and the airspace problems are displayed in the graphical form.
The example of the graphical representation of the information is shown in Fig. 2.32.

The area of responsibility of the RCU air traffic controller (from 0 to 8 min) is
highlighted in light gray.

In the graphical form of the information representation in the PPD window, the
coordinate axes are used for the following purposes:

The X-axis shows the minimum separation distance, presenting the distance in a
kilometer range of 0 up to 100 km (VSP). The scale has a grade of 5 km.

– The range of the minimum distance presentation can be changed as follows: Press
the LMK on the X-axis and, holding it pressed, change the range by moving
the mouse to the right or to the left. The zoom-out or zoom-in of the displayed
minimum range expands or shrinks the area of the displayed potential problems;

– The Y-axis shows the time of reaching the designated waypoints, displayed in
minute intervals of 0–20 min (VSP) with the marking of each minute. The time
scale can be changed similarly as described for the X-axis.
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Fig. 2.31 List representation
in PPD window

The given coordinates show the symbols of potential problems. The symbol and
its characteristics are similar to the symbols in the list-form representation of the
information. The positions of the symbols are updated every 30 s (VSP) or by the air
traffic controller’s inputs.

In the graphical form, the symbols shift downward in the direction of the decrease
of time, remaining for reaching the minimum separation distance between the two
aircraft. If the flight plans of the conflicting aircraft are not amended, the symbols
move vertically downward with every updating. If a change, affecting the minimum
separation distance between the two aircraft, is detected, the symbols also shift hor-
izontally. The problem symbol can be displayed in the form of a square, a diamond,
or a circle. The potential problem is displayed with a square or a diamond with the
black frames in the X-axis coordinate, related to the predicted minimum separation
distance between the two conflicting aircraft in kilometers, and in the Y-axis coordi-
nate, related to time in minutes, remaining before the conflict (the lower frame). The
square is changed for a circle, when the potential problem enters the tactical airspace
of the RCU and the time remaining before the problem is less than 8 min (VSP).
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Fig. 2.32 Graphical form of
information display in PPD
window

The airspace problem is displayed as a diamond in the X-axis coordinate, related
to the predicted minimum separation distance in kilometers, and in the Y-axis coordi-
nate, related to time, remaining before reaching this point (in minutes). The airspace
problems shift subsequently in the PPD window with every updating.

The risk of conflict is displayed in a brown frame.
The amber triangles on the time and distance axes are used to limit the airspace

area where the entered problem will automatically trigger the problem character (the
red dot) in the aircraft monitoring log. The position of the triangles on the axes is
modified by the air traffic controller. To perform it, press the right mouse key (RMC)
and shift the mouse, holding it at the triangle. With that, the dynamically changing
value of the changed parameter is displayed below the triangle. If the problem symbol
is positioned below the amber triangle on the time axis and to the left of the amber
triangle on the minimum separation axis, the red dot is displayed in the aircraft
monitoring log, which stands for a medium-term conflict and attracts the air traffic
controller’s attention. The amber triangle can be set for any value.

If the minimum separation distance is less than the standard separation, a line,
parallel to the time axis, is displayed above every potential problem. The line starts
at the upper part of the potential problem symbol, as shown in Fig. 2.33, and ends
in the point, associated on the Y-axis with the time, remaining before reaching the
minimum separation distance.
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Fig. 2.33 Potential problem
symbols in PPD window

When the mouse curser is pointed in the problem symbol, the color of aircraft
monitoring log symbols of the conflicting aircraft changes on the ASD and in the
Zoom window. When the LMK is pressed on the problem symbol, the trajectories of
the conflicting aircraft are displayed on the ASD. The symbol color and frame shape
indicate as follows:

– The problem has been either observed or not (thick or thin frame respectfully);
– If the problem has a high probability of occurrence (more than 0.95, i.e., more
than 95%), the problem is shown in yellow ;

– If the problem has a low probability of occurrence (less than 0.0001, i.e., less than
0.01%), the problem is shown in gray ;

– In other cases (the probability of occurrence is from 0.01% to 95%), the problem
is shown in blue ;

– If the problem has an STCA status, it is shown in red .

For the air traffic controller, it means the following:

– the yellow color: A decision on the interference into the aircraft movement shall be
made in order to resolve the conflict (the conflict occurrence probability is high);

– the gray color: Less attention may be spent on the potential conflict (there is a high
probability that no conflict will occur);

– blue color:wait, as the conflict can resolve by itself (additional attention is required;
there is an ambiguity of the conflict occurrence).

The problem is displayed as observed, when the air traffic controller observes it
and presses the LMK or the RMK on the symbol of this potential problem in the
PPD or VAW window.

For example,

– the problem has not been observed: thick black (or brown—for the risk of conflict)
frame ;

– the problem has been observed: thin frame .

In case the STCA annunciation has been switched on for the potential problem,
the symbol shall be displayed in the field of the ALERT color. This displaying shall
have a priority over any other indications.
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Fig. 2.34 Problem log

Description and the Control Panel Operations with the Problem Log

When the mouse curser is shifted on the symbol of the problem or the airspace
problem in the PPD window, a framed box temporarily opens near the problem
symbol—a problem log with the text lines of the associated information.

An example of the problem log is provided in Fig. 2.34.
Simultaneously, the color of the aircraft monitoring log symbols on the ADS is

changed for red.
The problem log contains as follows:
The first line: the aircraft call signs (flight numbers); predicted minimum separa-

tion distance between the two aircraft in the intersection point (in kilometers); the
probability of the problem occurrence (in percentage).

The second line for each aircraft: the aircraft type; the aircraft weight category
in accordance with the vortex wake turbulence; trend of altitude change; prescribed
flight level; type of conflict in the form of a symbol (same (tail-chasing) tracks, cross-
ing tracks, reciprocal tracks, etc.); the symbol for the point of conflict, if available.

The conflict symbol can be as follows:
same (tail-chasing) track;
reciprocal tracks;
crossing tracks;
merging tracks (not mandatory to be displayed).

If the conflict (risk of conflict) is related to the problem between the aircraft and
the limited-use airspace area, the second log in the problem area contains:

– the indication of the limited-use airspace area (in the first line);
– the lower and upper flight levels of the limited-use airspace area (in the second
line).

When the LMK is pressed on the problem symbol in the PPD window, or in the
problem log or on the conflict symbol in the aircraft monitoring log on the ASD, the
routes of the conflicting aircraft are displayed in greenwith the indicated route turning
waypoints, as it happens when the planned route is recalled, with the colored areas
of the route from the start to the end of the separation transgress. If the conflicting
aircraft are chosen, these areas are colored in red. If the air traffic controller chooses
the aircraft, for which the risk of conflict is detected, the color is amber. When the
LMK is pressed on the problem log, the log is displayed in the continuous mode.
When the LMK is pressed on the log for the second time, it is removed from the
screen. When the mouse cursor is placed on the field with the aircraft call sign, the
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aircraft monitoring log for this aircraft is illuminated in the problem log on the ASD.
Simultaneously, the aircraft monitoring logs for the involved aircraft are illuminated.

Vertical Assistance Window (VAW)

The vertical assistance window (VAW) is a graphical aid, showing the vertical profile
of the planned trajectory of the selected aircraft via the sector, starting with its
actual position up to 2 min (VSP) after the aircraft leaves the sector. In case a
potential problem, related to the selected aircraft, is detected, the VAW also shows
other aircraft, conflicting with the selected aircraft. This window assists air traffic
controllers in their analysis of the predicted air traffic situation. The selected aircraft
(in the VAW context) is an aircraft, selected for the analysis in the VAW. The selected
aircraft’s call sign is displayed in the upper part of the VAW.

The conflicting aircraft are the aircraft, which, according to the prediction, will be
conflicting with the selected aircraft. The context (limiting) aircraft are the aircraft,
which provide the limitations for the selected aircraft’s maneuvering. The context
aircraft may be hazardous in case the trajectory of the selected aircraft is changed.
The area of the context aircraft of the area of a potential conflict, the area of the
airspace which is blocked by the context aircraft for the movement during a certain
predicted moment of time. The VAW displays the air traffic situation in regard to the
selected aircraft. The example of the VAW is shown in Fig. 2.35.

Fig. 2.35 VAW
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The VAW has the following characteristic features: non-transparent, with a frame
and a title; shiftable, its size can be changed by means of control elements which are
positioned in the right lower corner (press any mouse key and, holding it pressed,
shift it upward, downward, to the right or to the left); it can be recalled from the icon
window and iconized by pressing the associated icon key with the LMK.

When the VAW opens, it is automatically updated by the information received
from the MTCD, or as a result of the air traffic controllers’ inputs (in case of their
reference to problems).When theVAW is closed, it shall come out automatically onto
the ASD in case the problem occurs to the climbing or descending aircraft as well
as when the mouse cursor is pointed onto the problem symbol in the PPD window.
The VAW can be called out not depending on whether a problem exists or not. The
VAW shows context aircraft (vertical profile).

The VAW contains the following elements:

– the title with the name of the window and the call sign of the aircraft, for which
the VAW has been called out;

– the aircraft call sign box for selecting the aircraft;
– the VAW upper part elements, linked to the time scale by thin vertical lines;
– theY-axis: two altitude axeswith the shownflight levels on each side of thewindow,
the flight levels on the left side stand for the CFLs, the flight levels on the right side
are the TFLs. The aircraft flight levels are shown as thin single horizontal lines.

The currently selected CFL and TFL are highlighted. The eastward and westward
flight levels are highlighted with lighter and darker shades, respectively;

– the “METERS” keys below the time scale for switching the flight level values
from hundreds of feet to tens of meters and backward;

– the selected aircraft position symbol with the aircraft monitoring log, speed vector,
and flight trajectory;

– the areas of the limited airspace for the aircraft, conflicting with the selected
aircraft.

The call-out of the information on the selected aircraft in the VAW is performed
by pressing and holding the RMK on the field of the aircraft call sign in the PPD
window or by the aircraft call sign field in the upper part of the VAW. The air traffic
controller shall press the key below the window title with the LMK, the key will
split in two: The left part will show the pop-down sliding menu, which contains a
list of all the conflicting aircraft; the right part will display a box for manual entry
of the aircraft call sign by means of a keyboard. The double pressing on the selected
call sign from the list with an LMK will lead to the display of the information on
associated aircraft. The air traffic controller can enter a new CFL or TFL by pressing
the LMK on the selected flight level field. With that, the background color of the
pressed key will change from gray to green, and the number digits will be displayed
in white. There is an option of controlling the X-axis scale for scale changing within
the range of the displayed minimum andmaximum possible values. For this purpose,
the LMK must be pressed and shift to the left or to the right when held. To the left
of the CFL column, there is a slider with two moving indexes, which stand for the
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displayed current upper and lower flight levels for changing the flight level scale
within the range from minimum to maximum flight levels. The selected limits are
shown on the left side of the respective moving index. The upper and the lower
limiting flight levels of the airspace of the control sector are displayed at the ends of
the sliders. The area between the twomoving indexes stands for the displayed current
flight level and is displayed in a darker shade than the slider. Moving upward and
downward along this area allows viewing all the flight levels within the limits of the
airspace area with the fixed flight level scale. The selected aircraft position, indicated
in the vertical profile of the flight by means of the associated symbol, is dynamically
updated. Near the symbol, the aircraft monitoring log, containing the aircraft call sign
and the current flight level, is displayed. The speed vector is displayed in accordance
with the currently selected parameters in the display management window. The flight
trajectory of the selected aircraft is displayed in the VAW by means of a green line
throughout the entire sector; its starting end is marked by the symbol of the current
aircraft position.

The vertical profile of the aircraft flight is marked with the intersection points of
the selected aircraft with the conflicting aircraft in form of areas of the limitations
of the airspace, marked with the call signs and highlighted in color. The color of the
limitations of the airspace depends on the conflict probability and correlates with the
colors of the symbols in the PPD window.

Conflict-Oriented Horizontal Trajectory Projection

The call-out of the conflict-oriented horizontal trajectory projection is used for view-
ing the air traffic situation in case of a problem in order to make a decision on the
conflict resolution. The horizontal projection is displayed in the radar window and
provides a graphical representation of the selected aircraft’s trajectory throughout
the entire route of its flight (throughout and beyond the sector). The horizontal tra-
jectory projection is called out on the ASD by pressing the LMK on the problem
symbol in the PPD window or in the VAW, or by pressing the LMK on the red dot
in the aircraft monitoring log. The display of the conflict-oriented horizontal trajec-
tory projection can be provided in the time-view mode (by pressing and holding the
LMK on the problem symbol in the PPD window or in the VAW). Conflict-oriented
horizontal trajectory projections contain the flight routes of the conflicting aircraft
starting from the current aircraft positions and throughout the entire length of the
sector. The trajectories for the both conflicting aircraft are displayed in green contin-
uous (unbroken) lines starting from the current aircraft positions and running to the
of the maximum closing point with the indicated route turning waypoints as well as
with the information on time and flight levels of their passage. In case the minimum
distance between the aircraft is below the standard separation minima, the parts of
the trajectories, running from the start of conflict to the maximum closing point, are
displayed in red. In case the minimum distance between the aircraft is above the
standard separation minima, no red trajectory parts are present. The example of the
conflict-oriented horizontal trajectory projection is provided in Fig. 2.36.
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Fig. 2.36 Conflict-oriented horizontal trajectory projection

2.3.4 Automated Coordination and Control Transfer

General As long as the aircraft flight proceeds, the ATS units transmit the necessary
information on the aircraft flight plan from one unit to the other well in advance, in
order to ensure that the accepting ATS unit will be able to obtain the data, analyze
them, and perform the necessary actions coordination. In order to minimize the coor-
dination by means of voice communication, the ATS units establish and use standard
rules of coordination and flight management, which are enshrined in the Letter of
Agreement (LoA) or in the local instructions (within the FIR). The responsibility for
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the aircraft control is usually transferred when the aircraft crosses the control area
boundary, but the can also be transferred in any other point close to the boundary or
at any other time prior to the boundary crossing, which shall be agreed in-between
the two ATS units. Note: There is a difference between the terms “communication
transfer” and “control transfer.” The latter case, in spite of the established communi-
cation between the aircraft and the accepting air traffic controller, the responsibility
for the control is not taken over until the aircraft crosses the control area boundary
or any other point of control transfer, agreed in the LoA between the two ATS units.
Further, for the sake of facilitation, the term “control transfer” will be used if there
is no intension to mention specifically the communication transfer. Depending on
the circumstances, such LoAs and instructions can include, among the others, the
following elements [3]:

– designation of the areas of responsibility and mutual interests, of the airspace
structure and classification;

– the rules for the flight plans and air traffic control data exchange, including the
use of coordination messages, transmitted by means of automated and/or voice
communication aids;

– communication aids;
– main points, flight levels, and time of control transfer;
– main points, flight levels, and time of communication transfer;
– control transfer and acceptance conditions, such as established altitudes/flight lev-
els, the exact values of minima or separation intervals for the control transfer, the
use of automated aids;

– the rules which shall be applied in case of unforeseen conditions.

The process of coordination and control transfer officially consists of the following
stages:

– notification on the aircraft flight for the purpose of ensuring the readiness of the
coordination if necessary;

– the coordination of the control transfer from the transferring ATS unit;
– the coordination (if necessary) and the acceptance of the control transfer conditions
by the accepting ATS unit;

– the control transfer to the accepting ATS unit;
– control acceptance.

The conventional process of coordination with the application of the radio com-
munication in-between the two ATS units includes a notification, communication,
and reaching the agreement. In standard conditions, it can be confined to a simple
notification on the entry conditions with the simple acknowledgment, while in other
cases the agreement is reached by means of negotiating. General provisions on the
coordination and control transfer are established by the ICAO and are provided in
ICAO Doc 4444 (PANS-ATM), Chap. 8, 8.7.4, Chap. 10, 10.1.2, and Chap. 11,
11.3.7, Air Traffic Management: Procedures for Air Navigation Services [3].

The ICAODoc 4444 [3] prescribes the standard phraseologies and types of coordi-
nation for use in different situations. During the voice coordination by means of the
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loudspeaker communication, several coordination elements are usually embraced;
with that, there may be no precise segregation of the separate elements, which belong
to different stages of coordination, mentioned above. Within the FIR of one ATM
unit, the control transfer between the two adjacent control sectors may be provided
(and usually is provided) without the preliminary coordination, if all the conditions
below are fulfilled:

– standard conditions of control transfer, i.e., the compliance with local instructions;
– the aircraft positions are displayed on the ASD in accordance with the data from
the SSR (and/or form the ADS-B) with the provided aircraft monitoring logs;

– prior to the control transfer, the aircraft is identified on the ASD by the accepting
air traffic controller;

– the air traffic controllers are provided with the constant two-way direct voice
communication aids, which allow them to literally immediately establish a com-
munication link with each other.

SYSCO Concept and Levels The process of coordination and control transfer
between the two ATS units is significantly facilitated if there is an established set
of standard messages, for the transmission of which the digital data transmission
links are used [4, 5]. In the year of 1997, the EUROCONTROL have developed a
concept of the automated message exchange, which was entitled “system-supported
coordination,” or “SYSCO.”

The main principle of the SYSCO concept is to establish the so-called area of
common interest, or “ACI,” in which for the both ATM units, the information on
all the air traffic from both sides of the common control area boundary of the FIR
is available, similarly to the process which is run within FIR, i.e., at both sides of
the control area boundary the information on the aircraft position with the aircraft
monitoring logs, including the ATFM plan information elements, is available. The
type of the air aircraft monitoring log indicates the status of the aircraft control and
management. Simultaneously, the aircraft trajectories are calculated, viewed, and
controlled for the consecutive n-number of minutes (up to 20 min) of flight (the TP
andMONAfunctions), and theMTCDfunction can detect the aircraft conflictswithin
the boundaries of another ATM unit sector much prior to the time, when the aircraft
enter this sector. This allows the preliminary coordination of such conditions of the
aircraft leaving of the control area and its control transfer to the next sector that these
conflicts could be avoided. These tasks are solved in the modern automated ATC
systems and are usually laid on the planning controller (PC),1 working together with
the tactical controller (TC).2 Thus, the SYSCO determines the operational concept,
based on the improved automated ATS aids, which provide as follows:

1In the automated ATC systems of the Russian Federation, the similar function is laid on the air
traffic controller of the procedural control unit (PCU).
2In the automated ATC systems of the Russian Federation, the position corresponds to the position
of the air traffic controller of the radar control unit (RCU).
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– processing of the observation information (radar and ADS data);
– processing of flight (FM plan) information;
– displaying the air traffic situation at high resolution and the color-based coding of
the flight control status;

– processing the data on presence or absence of the standard control transfer condi-
tions;

– improved data storing;
– precise prediction of an aircraft trajectory for 20 min in advance;
– high-speed data exchange between the ATS units for the purpose of automated
exchange of standard messages in form of a dialog.

More precise messages, based on the actual system information on the flight tra-
jectory, specified by the observation data, ensure the air traffic controllers obtainmore
reliable information on conditions of the aircraft entry into the controlled airspace,
which leads to the decrease of the workload when performing the coordination and
control transfer tasks. At the same time, the improved accuracy and integrity of the
data allows the application of theRVSMwhile ensuring the same level of flight safety.
The SYSCO concept implies the gradual transition from the initial-stage functional
capabilities to their full-scale implementation. Every stage of implementation oper-
ates with a certain set of functional capabilities, which is gradually improved, while
the main coordination and control transfer events remain the same throughout every
stage and on all levels. In fact, every level of SYSCO implementation is determined
by the minimum capabilities of the coordination partner’s system. This approach is
clarified in Fig. 2.37. The basic level of the Pre-SYSCO provides the basic automa-
tion of the coordination process, thus considerably decreasing the workload of the
air traffic controller and providing the option of transmitting the coordination infor-
mation in form of flight plan data and aircraft control transfer conditions by means
of the electronic equipment. All the data transmissions are confirmed upon reception
by the corresponding ATS unit, where these data shall be applied, and as for the
data, they are generated and transmitted automatically on the basis of the pre-defined
parameters, agreed by the two sides.

The Pre-SYSCO is a method of transmitting the data “in one direction” (i.e., there
are no aids for supporting the dialog exchange); it has a limited number of aids for
system-supported air traffic controller interface and does not provide full amount of
information for the air traffic controller and the support system. For the Pre-SYSCO
level implementation, the data input aids, the aids for viewing the received data and
the associated warnings, the basic system of flight plan processing and automatic
generation of data for transmitting as well as the aids for the message exchange are
required. The SYSCO 1 level provides the intermediate stage of automated coor-
dination and aircraft transfer aids, its aim purpose is to implement the significant
operational and technical aspects of the full-scale SYSCO concept, thus ensuring
further improvement of the airspace use and decreasing the air traffic controller’s
workload.

SYSCO 1 is more complex than the Pre-SYSCO level concerning the provision
of far more options for the air traffic controller’s interface, supported by the system,
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The aim is decreasing the workload and 
increasing the efficiency of the airspace use:

SYSCO implementation stages

Basic level

(Pre-SYSCO)

SYSCO 1 SYSCO 2 SYSCO 3

The aircraft is part of the automated 
coordination with the use of the "AIR-
GROUND" digital data links (DDL)

Controllers are provided with additional 
information and decision-making support at 
different stages of the coordination and 
control transfer (CORA).

Almost complete automation of ground 
coordination and control transfer: 

improved observation and flight plan 
processing; 

implementation of the area of common 
interest (ACI);

improved flight trajectory prediction (TP);

improved conflict detection (MONA).

Intermediate stage of automated coordination 
and aircraft control transfer:

further decrease of verbal coordination; 

control transfer functions; 

basic flight trajectory prediction (TP);

detection (filtering) of compliance/non-
compliance with the Agreement conditions; 

basic observation. 

Basic automation of the coordination in form 
of automatic flight plan data and aircraft 
control transfer conditions transmission with 
the confirmation of receiving (ABI, PAC, 
ACT, REV, MAC, LAM messages; see 
below). 

Fig. 2.37 SYSCO implementation stages—automated coordination and aircraft control transfer

thus further reducing the verbal coordination and providing a technical basis for a
more complete automated support; however, this level still does not provide a full-
scale information for the air traffic controller’s support. To reach the SYSCO 1 level,
the ATS units shall implement all the minimum functional capabilities of the Pre-
SYSCO level + basic observation for the purpose of providing the systems with the
information on aircraft position, dialog-supporting aids, for the purpose of decreasing
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the number of the remaining events of verbal coordination and control transfer, basic
trajectory prediction and control transfer functions.

The SYSCO 2 level provides complete SYSCO automation, contributing the
utmost for the improvement of the airspace use and for the decrease of the air traffic
controller’s workload. This level is more complex than SYSCO 1, as it provides
the full-scale capability of air traffic controller’s system-supported interface, thus
decreasing the verbal coordination to itsminimum. This level also provides full infor-
mation for the air traffic controllers’ and systems’ support, significantly decreasing
the workload and providing more efficient use of the available airspace. To reach
the SYSCO 2 level, the air traffic controllers shall fully implement the functional
capabilities of SYSCO 1 as well as:

– display of the area of common interest (ACI) and full-scale implementation of the
option of data processing in the flight operations conditions;

– improved observation and flight plan data processing as well as functions of tra-
jectory prediction and conflict detection;

– system-initiated function of aircraft control transfer.

SYSCO 3 provides still more improved functionality. This level implies further
improvement in airspace use and in decreasing the air traffic controller’s workload.
The SYSCO 3 level implies the development of such technical aids as aids for pro-
viding the air traffic controllers with additional information and support in decision-
making process at different stages of the coordination and control transfer (CORA),
the “ground–air” DDL in order to involve the final partner of the coordination, i.e.,
the pilot, into the automated coordination process, thus decreasing the common coor-
dination workload. The “ground–air” DDL can also improve the preciseness of the
keeping the common database which will contribute to the further improvement of
the airspace use.

OLDI Standard of EUROCONTROL

The all-Europe implementation of the multi-level SYSCO concept is realized by the
OLDI3 Standard, which was developed in 1992 by EUROCONTROL for establish-
ing the principles of message exchange among the ATS units in order to provide
automated coordination and control transfer from one ATS unit to the next [6]. In
order to reach this aim, the OLDI establishes standard procedures when the move-
ment of each aircraft through the control area boundaries is coordinated in advance,
while the aircraft control transfer occurs at crossing the above-mentioned boundary
or in its vicinity. The EU states started to apply to this Standard in the early 1990s,
mainly among the ATM units. Basically, the OLDI Standard ensures the merging of
the flight data processing systems (FDPSs) of different area control units. In order
to contribute to the SYSCO implementation [5], common rules and formats of mes-
sages were developed. Later on, the OLDI Standard has been constantly developing,
embracing higher and higher levels of ATS units’ dialog automation. The currently
used version is SPEC 4.2 (of 2012), which includes:

3On-Line Data Interchange.



86 2 Advanced Automated ATC Systems

• basic type of messages:

– basic procedure messages [ABI, ACT, REV, MAC, PAC, and logical acknowl-
edgment messages (LAM)];

– messages on the air traffic situation in the vicinity of the boundaries of the given
ATS control areas (two types of messages);

– messages on coordination among the ground-based civil aviation and military
aviation units related to the organization of passing the associated airspace
(seven types of messages);

– messages for communication transfer procedure (two types of messages);
– messages for maintaining the established communication with the aircraft via
the DDL (two types of messages);

• additional messages:

– for the basic procedure;
– for the communication transfer procedure;
– pre-flight coordination messages;
– dialog coordination messages;
– information messages for third parties;
– messages for the coordination among in-between the oceanic ATS units and
area control units.

The OLDI Version 4.2 provides the total of 31 message types (not including
the replies), but it does not mean that all of them are currently used. In 2011, the
EUROCONTROL issued the document, entitled “SYSCO Concept Implementation
Manual,” which provides a list of 21 types of messages, which are included into the
European Commission’s EC Regulation No. 1032/2006 on the implementation of
the OLDI Standard came into force on December 31, 2012. The EUROCONTROL’s
SESAR program, the ICAO’s Global Operational ATM Concept (ICAO Doc 9854)
[9], implies an even wider implementation. The information exchange is based on
the presence of associated and correlated communication protocols, which provide
their reliable interoperability. For message exchange, the EUROCONTROL suggest
to use the ATS Data Exchange Presentation (ADEXP) format, which establishes the
formatting principles, grammar rules, etc. The abbreviated format, defined in the
ICAODoc 4444 [3], is also allowed for use. At present, the OLDI Standard is widely
used for notification and initial coordination of all the ACCs of the European Union
(EU) for communication with the adjacent ACCs, as well as between the ACCs
and the aerodrome control units. The OLDI implementation is maintained by the
application of the control acceptance/transfer messaging and the dialog procedures
for tactical amendments implementation (speed, heading, flight level, vertical speed).
In theATMof the Russian Federation, the basic level of theOLDI Standard is applied
for the communication among the consolidated ATM centers, and the EU, Ukraine,
and Belarus ATM centers.
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Initial Coordination and Basic Level of OLDI

The exchange of the estimated data by means of the OLDI, while all the other
coordination is performed in voice, is known as the “basic OLDI level.” According
to ICAO Doc 4444, the successive ATS unit, according to the flight route, shall be
provided with a notification on the flight, and as a result of the coordination process,
an operational agreement on the transfer conditions shall be obtained. In order to
decrease the demand for coordination, ICAO Doc 4444 recommends the ATS units
to establish LoAs and to apply the standard procedures on coordination and control
transfer. Typically, the standard routes and flight levels are applied. In such situations,
the initial coordination for every flight with respect to such conditions will confine to
simple transmission of the estimated data (or “estimates”) and the confirmation upon
their receipt. In case of using the telephone communication, the initial coordination
is provided approximately 30 min prior to the estimated time of the aircraft boundary
crossing of the FIR boundary. First the notification message (ABI) is transmitted,
followed by the more precise information in the activation message (ACT). These
messages are transmitted automatically at a time, specified in advance by the LoA,
prior to the boundary crossing of the FIR. As for the ACT message, it is normally
10–15 min prior. The air traffic controllers of the ATS units, which are higher in
position, normally have an opportunity to initiate the data transmission even earlier,
if they have an intension to do so, and if they do not envisage any evidence for
amending the transfer conditions (route and flight level). In case some problems
occur concerning the transfer, the basic OLDI Standard shall be supported by the
loudspeaker communication, when, for example, no LAM confirmation is received.
The voice coordination is also applied, when the air traffic controllers of the lower
sector are not able to assume the aircraft control on the suggested transfer conditions,
or every time when they need to apply the non-standard conditions for the aircraft
control transfer. Below, in the section, entitled “Basic types of messages for the basic
procedure,” the information on the basic procedure messages, i.e., messages which
do not require and coordination, is provided.

Control Transfer Functions

Conventionally, and as described in the ICAO Doc 4444 [3], after the initial coor-
dination, the aircraft control transfer implies the transmission of the aircraft (radar)
identification index, the communication transfer, and the transfer of control. With
the use of the modern observation systems, the aircraft identification index rarely
requires coordination. The communication/control transfer also rarely requires coor-
dination if the airspace is well-organized and the mutual agreements are obtained.
With the SYSCO implementation, there are functions, indicating the air traffic con-
trollers not only for the sectors of their control, but also for the other control sectors
of other ATS units, when the aircraft flight crew receive an instruction for contacting
the consequent air traffic controller at the associated frequency as well as when this
contact has been established. Other messages provide the detailed information on
the updates, resulting from the actions of control, which, probably, may affect the
control transfer process. There are also messages for earlier control transferring, or
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for the aircraft control transfer on the suggested conditions. Many of the present ATS
systems use the simple “ASSUME” input for the purpose of highlighting the aircraft,
accepted in “their” sector, i.e., the aircraft which have switched to the frequency
of the control sector of their responsibility and are under this sector’s control. In
the automated ATC systems of the Russian Federation, the automated procedures of
communication/control transfer among the control units with the use of the OLDI
messages are not applied, i.e., the associated message exchange is performed via
the voice communication system. The system monitors the flight performance, and
at the points of control transfer/acceptance, generates the associated reminder mes-
sages for the air traffic controller. As a result, the air traffic controller, by system
inputs, confirms the agreed and performed actions on control transfer/acceptance,
which affects the information in the aircraft monitoring log and in the list of aircraft
flights.

Other Functions

The OLDI specification also includes the messages for coordination of the amend-
ments to the individual elements of the flight plan, such as flight level change, non-
standard flight level or route, direct route, speed or vertical speed limitations, the
civil/military interceptions of airspace of the other ministry, the requirements for
holding or maintaining the speed in order to ensure the right arrival sequence, etc.
Some messages provide certain flexibility in their application, and there are several
alternative messages for coordination of certain conditions. The SYSCO implemen-
tation requires the two-party coordination of the applied functions and messages.
With the adequate choice of messages and methods of their applications, it is possi-
ble to automate almost every aspect of coordination.

Note: In the automated ATS systems of the Russian Federation, the functions
of the automated message exchange among the adjacent ATS units have not been
implemented so far.

Main Types of Messages for the Basic Procedure

Table 2.1 provides the abbreviations of the message types, mentioned above, as well
as the sequence of their application.

All these messages deal with the amendments in the active flight plan. Table 2.2
presents the flight plan field numbers, which are affected by the above-mentioned
messages.

Logical Acknowledgment Message (LAM)

A LAM is a message, used by the receiving control unit confirms to the transmitting
control unit, that the transmitted message has been received, checked to contain no
errors, stored, and can be displayed at the air traffic controller’s workstation. The
LAM is automatically generated and transmitted immediately with no inputs from
the air traffic controller, not depending on whether the flight plan, relevant to this
message, has been found or not. If the transmitting control unit does not receive the
LAM within a certain time period (timeout), a “NO LAM” warning is displayed
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Table 2.1 Message decryption

Message type Abbreviation OLDI message specification

Advance boundary information
message

ABI Used for preliminary notification on
the conditions of boundary crossing

Activation message ACT Used for activation in standard
conditions

Logical acknowledgment message LAM Used for logical acknowledgment of
received message

Preliminary activation message PAC Used for preliminary activation in
standard conditions

Revision message REV Used for specification of transmitted
conditions

Message for the abrogation of
coordination

MAC Used for cancelling the previously
sent coordination messages

for the air traffic controller, who has transmitted the original message (the only
exclusions are the sent ABI messages).

Note: The LAM does not preclude the requirement for transmitting the technical
messages on the integrity of the received data.

ABI Message

According to the OLDI Standard, a notification message is required to be sent to
the successive ATS unit. The required notification is an ABI message. Note: When
the period between the aircraft departure and the time of the aircraft’s reaching
the coordination point (COP) is short, a preliminary activation message (PAC) is
transmitted instead of the ABI message. ABI messages allow as follows:

– to obtain the information on the condition of crossing the FIR boundary of the
successiveATS unit by providing the preceding information on boundary crossing;

– to update and obtain the flight plan data, to amend the flight plan in the database;
– to provide the correlation between the track and the flight plan in advance;
– to assess the expected medium-term workload on the air traffic controller of the
receiving sector;

– to request the change of the SSR code if necessary.

When amending the estimates, it is allowed to transmit the recurrent ABI mes-
sage. The ABI message is received automatically, without any actions from the air
traffic controller no later than 30 min prior to the aircraft entry into the area of the air
traffic controller’s responsibility. The time value for the ABI message transmission
is established in the two-party agreement individually for every entry point. Then a
LAM is transmitted. The received ABI message is automatically associated with the
relevant flight plan. If the relevant flight plan is not found, the message is automat-
ically queued for viewing, estimating, and creating a plan on the basis of this ABI
message. For further amendments, the activation messages (ACT, PAC) are used.
The ABI transmission is always prior to the transmission of the activation messages.
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The transmission of the ABU shall be interrupted if the activationmessages are being
transmitted. The ABI message is generated and transmitted to the adjacent control
unit automatically if the time remaining before the aircraft leaves the control area is
less than the designated (VSP) for transit flights, and for the departing flights—when
the actual time of departure (ATD) is entered. Figure 2.38 presents schematics for
transmission and receipt of the ABI message. If the flight plan is found in the system
(or re-entered) and shows no contradictions with the data, contained in theABI, when
the aircraft enters into the observation aids’ coverage area no earlier than 30min prior
to the aircraft’s entry into the control area, an aircraft monitoring log is displayed
with the flight number of the associated message with the digits in gray.

With that, the “ABI SENT” annunciation is displayed in the “STATUS” field
of the daily plan list, of the planning list and the controlled aircraft list. When the
response LAM is received, the “LAAMABI” annunciation is displayed in the above-
mentioned lists (i.e., the ABI receipt is confirmed). In case no LAM is received from
the adjacent control unit, the “ABI NOLAM”warning is displayed in the “STATUS”
field of the daily plan list. Prior to the activation message transmission, the recurrent
ABI messages may be sent or some amendments may be made to the following types
of data:

– the flight route if the entry point has been changed;
– the aerodrome of departure;
– aircraft type;
– boundary-crossing flight level;
– SSR code in the transfer control point;
– estimated time of passing the entry point is more than the time, established by the
agreement;

– any other data, established by the two-party agreement.

Fig. 2.38 Transmission and receipt of an ABI message
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In case the system contains the flight plan, associated with the received ABI
message, but the ABI message contains an error, or there are data discrepancies in-
between the ABI message and the associated flight plan, the “ABI CORR” warning
is displayed in the “STATUS” field of the associated plan in the daily plan list.

ACT and PAC Messages

The activation message provides the main information on the aircraft control trans-
fer in-between the two ATS units in standard conditions. In case there are ATS
units equipped with the instrument communication facilities, the activation message
is generated and transmitted automatically within the time period, stabled by the
agreement [no less than 10 min prior to the ETO of the entry point crossing (VSP)].
The activation procedure can be performed by transmitting either an ACT or a PAC
message. 10 min (VSP) prior to the boundary crossing, the system of the transferring
sector automatically generates a message, containing the actual data on the condi-
tions of the aircraft’s entry into the airspace of the successive control sector along
the route with the amendments, entered by the air traffic controller of the transferring
sector in relation to the given aircraft. With that:

1. The system shall generate a reminder message for the transferring ATS unit on
the required transmission of the associated ACT message to the adjacent control
unit by means of the voice communication system), if there is no instrumental
interface with the system in accordance with the OLDI Standard.

2. In case there is no instrumental communication, the data on the conditions of
the aircraft entry/leave of the control area are transmitted in voice, based on the
data, called out manually from the system by means of the control panel inputs.

3. In case the flight is conducted on the non-standard flight level or along a non-
standard route, the OLDI allows the air traffic controller of the upper ATS unit
to manually transmit the activation message to the lower ATS unit, then this
message is called a “Referred Activation Proposal” (RAP) message and is sent
instead of the ATC message. If defined by the agreement conditions, the RAP
may be also sent in standard conditions of the control transfer of a certain special
flight.

The purpose and the aims of the activation message are as follows:

– substitution of the voice communication for transmitting the estimated conditions
of crossing the FIR boundary by means of the automatic transmission of the flight
data from one ATS unit to the successive unit 10 min (VSP) prior to the control
transfer;

– updating the main flight plan data at the receiving ATS unit with the latest infor-
mation, available 10 min prior to aircraft’s passing of the entry point;

– option of correlating the amendments to the conditions of crossing the sector
boundary of the adjacent FIR.

Note: If the communication link is inoperative, the ACT and PAC messages are
transmitted via the voice communication system.
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ACT Message

The system automatically generates and transmits the ACT message, if the transmit-
ted data correspond to the conditions of the agreement on the entry point (standard
conditions). Only one message is transmitted. ACT messages are generated and
transmitted automatically no less than the established time period (VSP) prior to the
aircraft entry to the adjacent automated ATS unit, no associated actions are required
from the air traffic controller. If the adjacent control unit is not automated, the ACT
message data transmission is performed via the voice communication system.

Displaying the Data at the Transferring ATC Unit

When the ACT message is sent, the “ACT SENT” annunciation is displayed in
the “STATUS” field of the daily plan list and of the planning list. The LAM shall
be received from adjacent ATS unit. With that, the “LAM ACT” annunciation is
displayed in the above-mentioned lists. As soon as the LAM is received in the trans-
ferring ATS unit, the ACT message data shall become mandatory for the both ATS
units. When the established time period is over, but the LAM has not been received,
the “ACT NO LAM” annunciation is displayed. The recurrent ACT message may
be sent for the same flight, if the previous messages have been cancelled by the
MAC message (see below). During the time period, established by the agreement in
between every adjacent ATS unit:

– in the first line of the aircraft monitoring log, the ACT is displayed in yellow digits
on the screen background;

– In the “STATUS” field of the daily plan and the plan lists, the ACT reminder
message is displayed, requiring that the information shall be sent to the adjacent
ATS unit via the voice communication system.

Displaying the Data at the Accepting ATC Unit

When the ACT message is received automatically, the associated line is transferred
to the active aircraft section (purple background) of the daily plan list, the “ACT
RECV” annunciation is displayed in the “STATUS” field (standing for the received
ACT).

The line of the associated flight is displayed in the planning list, and the “ACT
RECV” annunciation is displayed in its “STATUS” field, standing for the receipt
of the ACT message. In the entry list, the line with the information on the entering
aircraft is displayed. The aircraft monitoring log digits turn blue (i.e., the aircraft
entry is being planned). For the transferring sector: the symbol of the successive
sector (NS—“next sector”) is displayed in the aircraft monitoring log, and for the
accepting sector, the associated line is displayed in the entry list within the established
time period.

The aircraft monitoring log of the accepting air traffic controller after the receipt
of the ACT message is provided in Fig. 2.39.
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Fig. 2.39 Aircraft
monitoring log of accepting
controller after ACT
message receipt

PAC Message

The system automatically generates a PAC activationmessage, if the transmitted data
correlate with the conditions of the agreement on the entry point (standard condi-
tions); however, the time period from the aircraft’s takeoff to its passing of the entry
point is shorter than the parameter, established for the ACT message transmission.

An agreement is required to include the requested SSR code or route into the PAC
message. Prior to the aircraft’s departure, an additional PAC message is transmitted,
if there are some amendments to the information, contained in the latest sent PAC.
As a result, the “PAC SENT” annunciation is displayed in the “STATUS” fields of
the daily plan list and the planning list. When the PAC message is received, the data
are displayed in the same way as described above for the ACT message receipt.

REV Messages for Specifying the Aircraft Entry Conditions

REV messages are used by the transferring ATS unit for specifying the coordination
data, transmitted previously in the associated ACT or PAC message if the accepting
ATS unit has remained the same after modifying the flight data. The REV message
amends the field values, which have been transmitted earlier in the ACT or PAC
messages, if the time, remaining before the aircraft crosses the coordination point,
is more than 3 min (VSP); otherwise, the coordination is conducted via the voice
communication. The REV message is automatically generated only if the accepting
ATS unit has remained the same after the conduct of the latest coordination; in the
other case, theMACmessagegeneration and transmission is required, followedby the
initiated coordination with the newATS unit. When the REVmessage is transmitted,
the “REV SENT” annunciation is displayed in the “STATUS” fields of the daily plan
list and planning list. The REVmessage is sent when the amendments are within the
standard conditions requirements, established by the agreement. The REV message
contains the same information fields as theACTmessage. Several REVmessages can
be sent to the accepting control unit. The REV message is automatically transmitted
immediately, when the system of the transferring control unit detects the changes in
the entry/release conditions, which have been agreed in advance, which appeared due
to the amendments, either entered by the transferring air traffic controller or any other
changes, affecting the entry/release conditions. The REV messages are transmitted
due to the following changes of the flight performance parameters: estimated time of
passing the coordination point (ETO); the change of the coordination point (COP)
while the sector remains the same; the transfer flight level (TFL); the SSR code;
aircraft equipment operational parameters (only in regard to W and X).

The receivedREVmessage is associatedwith the relevant flight plan in the accept-
ing control unit. The flight plan fields are accordingly amended, and the associated
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annunciation is generated for the air traffic controller, indicating the changes and the
causes of these changes (the same cause is indicated in the MAC message):

– “TFL”—if the transfer flight level has been changed;
– “RTE”—if the route has been changed;
– “CSN”—if the call sign has been changed;
– “CAN”—if the plan has been cancelled;
– “DLY”—if the cause is a delay;
– “HLD”—if the aircraft has been instructed to hold;
– “OTH”—any other cause or if the cause is not defined.

If the agreement requires the indication of the cause to be transmitted, the cause is
transmitted via the voice communication system. The REV message can be sent on
condition that the aircraft has reached the time and distance values before the coor-
dination point, established in the agreement for every COP, when the PAC message
can still be transmitted. If the conditions are standard and the agreement requires
no acknowledgment of the amended parameter, the changed fields in the entry list
of the aircraft monitoring log turn white for 15 s and then turn to be displayed in
their standard way. The system of the accepting control unit confirms the receipt of
the REV message by transmitting the LAM, if the changed are within the standard
conditions. When the accepting controller receives an ACT, PAC, or REV message,
but does not agree with the sector entry conditions, provides the satisfactory sector
entry conditions via the voice communication system.

The schematics of the REV message transmission/receipt are provided in
Fig. 2.40.

Massage of Abrogation of Coordination (MAC)

Fig. 2.40 REV message transmission/receipt schematics
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The MAC message is used to inform the accepting control unit on the abrogation of
the previously performed coordination or notification. This message does not delete
the basic flight plan data. The MAC cannot be used to cancel the flight plan.

MAC Transmission

The MAC is automatically transmitted in order to abrogate the flight activation,
performed upon the receipt of the ACT or PAC message, in the flowing cases;

– The transferring control unit has received the MAC on the given flight from the
adjacent higher-located control center.

– The flight level, at which the boundary crossing is expected, has been changed,
causing the change of the originally agreed successive sector for the aircraft accep-
tance.

– The flight route has changed causing the change of the originally agreed successive
sector for the aircraft acceptance.

– The flight plan has been cancelled at the transferring control unit, so further coor-
dination is not required.

TheMAC shall also be transmitted, when the coordination on the departing flight,
for which the PAC message has been received, is amended.

If the MAC is sent, the notification, activation, and coordination on the flight
shall be performed anew with the newly designated control unit. If prescribed in
the two-party agreement, the MAC shall contain the reference to the ABI, PAC, or
ACT messages for the given flight, which have been sent and acknowledged earlier.
The new coordination point (COP) shall be provided, for which the new crossing
of the boundary in-between the two adjacent sectors is to be performed. When the
MAC is transmitted, the associated line of the daily plan list shifts to the “green”
area, and the “MAC SENT” annunciation is displayed in the “STATUS” field of the
aircraft list. When the associated LAM is received, the “LAM MAC” annunciation
is displayed in the above-mentioned lists and the aircraft monitoring log. In the other
case, the “MACNOLAM” annunciation is displayed. IF according to the agreement,
the cause of the specifications is required to be announced, the cause is announced
by means of the voice communication system.

MAC Receipt

The LAM message is required to be sent in case there are no discrepancies, which
may affect the processing. If the message cannot be associated with a flight plan or
some discrepancies, preventing the processing, have been found, the LAM shall not
be transmitted and the associated warning shall be displayed. At the accepting sector
control unit, when theMAC is received, the abrogation of the preformed coordination
which is in the line of the entry list (SIL LIST) is displayed.

Typical Responses for Messages

The OLDI Standard provides several types of responses for various messages. For
some messages, only an acknowledgment is required, some require acceptance or
declining responses, for others there is a dialog option, when the reply can provide the
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alternative suggestion, for which, in its turn, there is also an option of either accep-
tance or declining response. When the system receives the message, it automatically
transmits an acknowledgment for every message, which requires an acknowledg-
ment only. Other requests or suggestions can require a response from the accepting
ATS unit. The items of such messages, which require coordination, are displayed for
the air traffic controller for acceptance, decline or, in some cases, alternative sugges-
tion. When the alternative suggestion is provided as a response, the former air traffic
controller, in their turn, shall also responds either with a consent or a decline.

The ICAO AIDC Standard

In the mid-1990s, the ICAO have developed Doc 9694, entitled “Manual of Air
Traffic Services Data Link Applications,” where, among other issues, the application
of the use of the data links (DL) among the ATS units is described under the name
of “ATS Interfacility Data Communication” (AIDC). As the OLDI Standard, the
AIDC Standard requires transmission of the notification on the aircraft, approaching
the FIR boundary, the coordination of the boundary-crossing conditions as well as
the communication/control transfer by means of the digital exchange of the ATS
messages in a dialog form of notification, coordination, and transfer. As for the basic
procedures, the AIDC messages are very similar to the OLDI messages (although
their names are different). The description of the message types and their contents
are provided in ICAO Doc 4444 Appendix 6 (Revision of 2007). Contrasting to
the OLDI, the AIDC provides no additional messages, such as, the messages for
coordination of military and civil aviation flights. The AIDC Standard is applied
in China, India, North Atlantic and Asian-Pacific areas, Australia, New Zealand,
Indonesia, and many other countries. In the Russian Federation, the AIDC Standard
is not applied so far, although there are agreements between the Russian Federation
and the countries of the associated area, which contribute to its application in the
Far-Eastern regions of the Russian Federation.

2.3.5 Task of Organization of Arriving Traffic
Flows—AMAN

The term arrival management (organization of arrival flows) is known in the world
experience (including Europe). This general term includes the process of safe and
economically efficient organizationof arrivingA/C inorder to regulate and streamline
the flow of the A/C arriving at a specified destination aerodrome. The process of
planning the arrivingA/C flow is amulti-level process and is connectedwith different
elements and stages of ATM functioning. This includes organization of airspace use,
arrival and departure route schemes, ATS procedures, planning and coordination of
airspace use, ATS automationmeans, organization of air traffic flows, etc. The task of
organization of arrival flows starts already on the stage of organization, planning and
coordination of airspace use, continueswhile organizing air traffic flows on the stages
of strategical, pre-tactical, and tactical planning of airspace use, and is completed
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and implemented during ATC process. Thus, the organization and planning of arrival
flows is a continuous interstage process of multi-level planning aimed at the stage
of ATC (and thus considering limitations and conditions of the actual air situation).
Figure 2.41 shows a generalized concept of implementing the task of organization
of A/C flow.

Purpose, Tasks, and Types of AMAN There is a wide range of procedures and
auxiliary means, different in their complexity, which are used in AMAN. Today, the
most completed are the special means (software) which provide not only automatic
organization of arriving A/C according to their arrival sequence and optimization of
the process, but also information (or recommendations) for air traffic controllers on
the organization and regulation of this sequence. Such specialized means of automa-
tion are called Arrival Manager (AMAN) [7, 8]. So, the AMANmeans (or function)
is a means of automation of controller’s decisions on organization and regulation of
arrival flows.

The purpose of AMAN is to increase efficiency of airspace use and increasing
the capacity of the aerodrome area as a result of automation of the processes of
organization and regulation of arrival flows which converge into specified (control)
points (RWY THR or tracks contingency).

The main tasks of AMAN are: optimal use of RWY by organization of arriving
A/C sequence and/or regulation (streamlining) of the A/C flow incoming into the
TMA airspace to provide predictability of air situation; decreasing delays, minimal
use of orbital delay procedures and vectoring, minimization of negative impact on
the environment. The tasks performed by AMAN include the following:

1. organization of arriving A/C sequence for one RWY (in case several RWYs are
used—for each RWY individually);

2. estimation of planned time of arrival (ETA) or overflight (ETO) for fixed control
points on the arrival route (approach pattern);

3. measurement of arrival A/C flow load for each RWY (in case several indepen-
dent RWYs are used), aerodrome (for dependent RWYs) or characteristic point
which has limitations of capacity (in order to control the arrival intensity/arrival
intervals);

4. estimation and implementation of mainly linear delays providing optimal flight
path profiles and minimization of orbital holding;

5. organization and regulation of arrival sequence based on specific criteria and
limitations concerning delays of arriving A/C in each responsibility zone of
area and aerodrome control towers;

6. determining arrival intervals to organize a sequence in accordance with the
limitations of the control point capacity;

7. displaying of arrival sequence as well as values of necessary A/C delays (accel-
eration) through human–machine interface on each workstation in area and
aerodrome control towers;

8. organization and regulation of arrival sequence considering RWY limitations
as well as departure slots;
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9. providing control capability for additional criteria when organizing a controlled
arrival sequence (minimization of an average delay, increasing the number of
the AC controlled, economical efficiency, etc.);

10. providing capability of inputting theplanned changes ofRWYworkingdirection
and their accounting during a specified forecast time interval (VSP), at the
beginning of which the previous sequence is stopped so that the latest previous
AC can approach before the RWY change, and all the following A/C form a
new sequence for the new RWY direction;

11. automated data acquisition on the actual time intervals for individual flight
phases of arriving A/C (AMAN statistics acquisition module);

12. reforming arrival sequence in case of manual sequence change or inserting
an AC, changing the RWY, inserting departing slots and closing the RWY,
prioritizing A/C control;

13. providing capability of servicing all the aerodromes which are included in the
AMAN working area with one or several RWYs;

14. providing capability of manual deleting and inserting A/C into the arriving
sequence being formed;

15. providing capability of adjusting configuration of functions depending on the
parameters chosen and corrected manually through human–machine interface;

16. integration with other automation means for organization of flows (DMAN);
17. as a rule, the use of AMAN is performed by a specified person (e.g., a coordi-

nating controller), and the related information is distributed to the workstations
of approach controllers and aerodrome control tower controllers of involved
area tower sectors.

In the context of operational procedures, the use of AMAN means is necessary
for proper organization of arrival sequence and approach priority in order to increase
RWY capacity, considering such factors as separation intervals depending on A/C
category of wake turbulence intensity, local limitations and conditions, and RWY
occupation for landing. In relation to human–machine interface, arrival sequence is
an organized list of A/C passing a fixed controlled point where each A/C has a pre-
scribed (planned) moment of overflight (Target/Required Time Over—RTO/TTO).
As a means of automation of controller’s decisions, the AMAN means allows:

• to decrease controller’s workload;
• to increase economical efficiency of flights by decreasing delays of arriving A/C
(primarily in hold areas);

• to rationally use availableATCsystem resources (RWYconstruction, control tower
organization, aerodrome scheme, etc.);

• to increase the available aerodrome capacity by decreasing A/C intervals;
• to increase RWY capacity when used in arrival mode and mixed mode
(arrival/departure);

• to provide the required air traffic safety system by mitigating controllers’ peak
workload.
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The AMAN means can be divided into three main categories:

1. non-specialized regulation tools based on main functions of the flight data pro-
cessing system (FDPS);

2. specialized means—AMAN basic version;
3. specialized means—AMAN prospective versions (being designed and purposed

for future use).

The minimum set of functions of the AMAN basic version is the following:
organization of arrival sequence for one chosen control point; organization of an
optimal sequence; providing a completed sequence.

Organization of arrival sequence usually starts on the planning stage when the
AC position is not fixed yet, and it can move in the sequence within a specified time
interval. The following stages of the sequence are more fixed when less change in
sequence position allowable or possible. Final completion of the sequence means it
is completely fixed when no changes are possible. Forming an optimized sequence is
usually performed using a number of criteria which can vary depending on local con-
ditions: even distribution of delays, A/C categories, RWY capacity and limitations,
etc. An optimized arrival sequence, as the main result of AMAN functioning, can be
provided for the following control points: point of control transfer threshold (point of
sector entry); points set to streamline and regulate A/C flows; initial approach fixes
(IAF); point of RWY edge overflight; any other prescribed trajectory points.

To implement the formed sequence, it is presented by the human–machine inter-
face with a link to the time axis, data on the planned target time of overflight of the
control point and recommendations on the required delay (or acceleration): vector-
ing, route lengthening, speed change, procedure of delay schemes. In some cases, the
AMAN means can generate special recommendations related to the speed values or
commands of fine regulation maneuvers in the related approach pattern areas (e.g.,
using the Point Merge System pattern).

It is significant that, in accordance with the world experience of developing and
introducing AMAN, it is NOT a means of:

– full trajectory control;
– locating and eliminating conflicts;
– an intellectual control replacing a controller;
– making final decisions in ATM system whose following is mandatorily required.

EAT can be considered as target time used for A/C control whichmust necessarily
be observed, e.g., by onboard FMS. It can be provided for the area control tower
controller as a prescribed condition of entry into the approach area sector of the
aerodrome control tower to be implemented by different procedures available (route
change, hold, vectoring, speed change).

The sequence number can be determined based on the EAT and ETA.
The outer border of theAMANprocedure functioning is determined by the time of

initial ETA available, which is acquired by trajectory calculations. The inner border
of the AMAN procedure functioning is determined by the time of the arriving A/C
landing.
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Operational Concept of AMAN Functioning

Operational concept of AMAN functioning provides the following general scenario
(Figs. 2.42 and 2.43):

1. At the distance of 250–400 km from the RWY edge of the destination aerodrome,
the aircraft is assumed for monitoring and starts being serviced by the AMAN
means (horizon or threshold of AMAN functioning).

2. The AMAN means estimates the preferable A/C arrival time (without limita-
tions).

3. Based on the preferable arrival time and criteria of forming (optimizing) the
sequence, the A/C position in the arrival sequence is determined.

4. By using the human–machine interface, AMAN displays the data (warnings
and recommendations) which are used by the controller to choose the control
commands for A/C regulation and forming the intervals between the A/C in the
arrival flow by means or radiotelephony communication.

5. The AC crew follows the controller’s commands.

The AMAN input data include: planned data, radar data, regulations and limita-
tions of airspace use, regulations and limitations of flight operations, A/C categories
and technical characteristics, meteorological data, data of active (manual) input by
human–machine interface fromworkstations (RWY capacity, separation minimums,
intensity of RWY arrivals, intervals of RWY blockage), optimization criteria.

Fig. 2.42 Operational concept of AMAN functioning
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Fig. 2.43 Operational concept of AMAN functioning

The limitations and considered factors include:

– A/C longitudinal separation minimums during controller’s approach servicing and
aerodrome control servicing;

– RWY arrival intervals;
– separation intervals depending on A/C category of wake turbulence intensity;
– norms of RWY capacity;
– local limitations;
– ATM;
– ATS procedures used;
– RWY limitations and modes of use;
– limitations connected with departure slots when the RWY is used in a mixed mode
(arrival/departure).

As a result of AMAN functioning, the following data are displayed on the work-
stations of ATS system by human–machine interface:

• optimized A/C arrival sequence;
• data presented in the aircraft monitoring log: A/C identification (flight num-
ber), sector entry point (direction), category of wake turbulence, necessary
delay/acceleration time, priority of servicing, other data (RWY change, aerodrome
flights, necessity of hold, etc.);

• target arrival/overflight time;
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• recommendations for delay/acceleration time, speed, start time of prescribed
maneuvering (when using fine regulation procedures), point and/or time of ini-
tial approach fix (IAF);

• results of AMAN functioning can be displayed on the workstations of aerodrome
and area control towers and airport services for information and coordination.

The process of forming a sequence byAMAN in the general view can be presented
as follows (Fig. 2.44):

Figure 2.45 shows the system elements of providing the AMAN functions.

Organization of AMAN Human–Machine Interface

Organization of AMAN human–machine interface must provide the following dis-
play functions:

1. display of estimated time of overflight (ETO) of RWY control point on the time
axis of actual arrival sequence linked to the log of every arriving A/C;

2. indication of the RWY for which arrival sequence is formed;
3. display of the actual arrival sequence for the chosen RWY (vertical time axis,

arriving A/C logs listed in the order of the formed overflight sequence for the
RWY control point and linked to the specified moments of overflight);

4. display of the formed AMAN arrival sequence (uncontrolled/controlled) for
the chosen RWY (vertical time axis, arriving A/C logs listed in the order of
the formed overflight sequence for the RWY control point and linked to the
specified moments of overflight);

5. display of the required time of overflight (RTO) for the RWY control point on
the time axis of the formed AMAN arrival sequence linked to the log of every
arriving A/C;

Fig. 2.44 Process of forming a sequence by AMAN
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6. display of criteria of optimizing the formed AMAN arrival sequence;
7. display of the necessary delays/acceleration (difference between ETO and RTO

for the RWY control point) in the log of every arriving AC/the AMAN win-
dow/the window of arrival lists/the radar logs;

8. display of the actual number of arriving A/C for the chosen time period in the
AMAN window;

9. display of the allowable number of arriving A/C (intensity of arrival/intervals
of arrival) for the chosen time period in the AMAN window;

10. display/selection of the fixed/unchanged part of arrival sequence;
11. display of RWY occupation intervals by every arriving A/C of the fixed part of

arrival sequence;
12. display of separation intervals between all or specified A/C in the AMAN win-

dow/arrival list window;
13. display of the list of added/excluded A/C;
14. color coding of the displayed necessary time of delay in the log of every arriving

A/C for the most probable way of its implementation;
15. color coding of the log frameof arrivingA/C in theAMANwindow for approach

direction (entry point into approach area);
16. display of the log of arriving A/C in the AMAN window: A/C identification,

WCT, necessary delay time, additional data;
17. display of arrival list window;
18. display of window for arriving A/C separation;
19. display of window of change of A/C position in arrival sequence;
20. AC warning (blinking) which needs manual positioning in the arrival sequence

in case of recurrent approach in the fixed part of the sequence;
21. warning for A/C, which are impossible to add into the fixed part of the sequence

without its re-estimation;
22. display of the necessary time of overflight of the control point (merge point,

IAF, load dosing point) for the chosen arriving;
23. display of time interval of RWY blocking;
24. display of the number in the approach sequence in aircraft monitoring logs for

A/C included in the fixed part of the arrival sequence.

The human–machine interface of theAMANmeansmust implement the following
functions of active (manual) data input:

1. choice and display of the chosen RWY control point (outer marker light, inner
marker light, RWY edge);

2. choice of the fixed point (merge point, IAF, load dosing point) and display of
the RTO for each overflying A/C;

3. choice of RWY for which arriving sequence is formed;
4. choice of optimization criteria for the formed AMAN arrival sequence;
5. choice of allowable number of arriving A/C (intensity of arrival) for the chosen

time period in the AMAN window;
6. choice of time interval for RWY blocking;
7. entering priorities for specified arriving A/C;
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8. entering additional A/C into the AMAN arrival window (from the list of
added/excluded A/C);

9. excluding arriving A/C from the AMAN arrival A/C (adding to the excluded
AC list);

10. entering and display of separation intervals between all or specified arriving
A/C in the AMAN window/arrival list window;

11. manual correction of the formed arrival sequence by moving the aircraft moni-
toring log in the AMAN window.

The list of AMAN forms can include the following main elements: AMAN win-
dow for approach controller, AMANwindow for area controller, AMANwindow for
coordinating controller, elements of displaying AMAN data in radar monitoring logs
at approach controller’s workstation, elements of displaying AMAN data in radar
monitoring logs at area controller’s workstation.

Below is the description of a version of implementing the main HMI AMAN
element—the AMAN approach controller’s window.

The approach controller’s AMAN window (Fig. 2.46) consists of the top panel,
sequence field, warnings text field, and settings and functions bar.
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Fig. 2.46 Approach controller’s AMAN window with settings and functions panel expanded
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The AMAN window top panel has a title line and the line for designation of
workplace and RWY control point. In the title line, there are the following buttons:
Minimize, Expand, and Close. The line for designation of workplace and RWY
control point, there are the buttons: View, Excluded list, and Tools.

The sequence field of the AMAN approach window is a two-sided vertical time
scale which allows to display the arrival sequence considering separation intervals
for two parallel RWYs.

Positioning of arrivingA/C logs depends on the planned landingRWY (left/right),
time of overflight of the RWY control point for this A/C, as well as sequence of
arriving A/C for final approach. The right top area of the sequence field has working
RWY designation, value of arrival intensity and transfer flight levels in each entry
point, RWY use intensity, range of time scale displayed. The bottom part of the time
scale has the current time field below the horizontal red line.

The tool bar is to choose the working RWY (RWY button), control point (con-
trol point button), time scale range (range), optimization criteria (optimization),
entry flight level for the aerodrome area for arriving AC in each entry point (flight
levels), default approach patterns for all and specified AC (trajectories), values of
arrival intensity (intensity), minimum separation intervals (intervals), moving the log
from one parallel RWY to another (right/left), inserting or cancelling the slot (insert
slot/cancel slot), moving the logs along the time axis without change (move), and
with sequence change (change), prioritizing (priority), start or update of sequence
estimation (AMAN), stop of AMAN (STOP), as well as the buttons Cancel and
Apply.

The AMAN warning text field is immediately below the sequence field. In case
there are nowarnings, the field isminimized; in case there is a warning indication, the
field expands and its left area displays the warning sign which precedes the warning
text.

The log for each arriving A/C contains (Fig. 2.47) the A/C identification, WTC,
prescribed transfer flight level in assuming control (dosing) point, indicator and value
of required delay/acceleration in minutes.

2.3.6 Aid for Managing Departing Aircraft Flow, DMAN

Purpose, Aims, and Tasks of DMAN

The Departure Manager (DMAN) is a planning aid, which allows increasing the
efficiency ofmanaging and planning the flowof departing aircraft in order to optimize
the use of the airport resources and available ATC capacity [12]. The purpose of the
DMAN functioning is to plan the order of departing aircraft in order to provide
the optimum runway traffic capacity (effectivity), to decrease the aircraft queuing
before lineup, and to provide the necessary information for the concerned parties
(airline companies, aircraft flight crews, airport services; ground support services,
ATS units).
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Fig. 2.47 Departing aircraft monitoring log

By means of the HMI, the sequence of departing aircraft is displayed as a list of
departing flights in the DMAN planning horizon with the indication of the calcu-
lated values of the target take-off time (TTOT), target engine star-up time (TSAT),
and the relevant estimated time of wheel chocks removal (TOBT—Target Block-Off
Time). The above-mentioned information is displayed at the workstations of the spe-
cially assigned personnel of the apronmanagement support department (if available),
departure dispatch management station (“Delivery”), the taxing control unit (TCU),
the line-up control unit (LCU), as well as at the workstations of the aerodrome flight
dispatch supervisor (AFDS) and the coordinating controller (CC). The main func-
tioning task of the DMAN is to determine the TTOT, the corresponding TSAT or the
TOBT, taking into account various constrains and preferences.

The functional tasks, which are solved by the DMAN, are as follows:

• automatic calculation of the time intervals, available for planning take-off opera-
tions;

• automatic calculation of the time intervals, restricting the performance of take-off
operations due to turbulence conditions and separation requirements;

• calculation of the time, required for aircraft delay at takeoff;
• calculation of the recommended time for engine start;
• optimization of the departure sequence, based on the following criteria:

– maximizing the runway capacity;
– minimizing taxiing delays (delays in standby areas and during taxiing);
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– maximizing the number of departures (in accordancewith the airline companies’
preferences and in order to improve the traffic management in regard to slot
times).

• automatic calculation of the allowed time (distance) between flights in the
landing–take-off and take-off–take-off modes;

• automatic message exchange, based on the information slow of interrelation
between the automated ATC systems and automated system of technological pro-
cess management;

• automatic calculation of time of aircraft transfer to the ATS unit control;
• calculation of the recommended take-off time;
• automatic calculation of time intervals, available for planning the take-off opera-
tions;

• automatic calculation of time intervals, limiting the take-off operations, both due
to turbulence conditions and for compliance with the established longitudinal and
vertical separation limitations;

• automatic re-calculation of the departure sequence, based on the following events:
runway change, change of the parking stand (or passenger boarding apron), failure
or delay when performing the air traffic controllers’ instructions; blocked runway
(RWY), designated departure priority;

• distribution of the recommended time intervals among the control units;
• statistical data acquisition (taxiing time, RWY occupation time, time for lineup,
etc.).

DMAN Operational Concept

The functionality of the DMAN is based on the planning and optimization, which is
dependent of the events. The events mainly include the instructions and clearances,
issued by air traffic controllers. Such sequence of the events and the associated time
intervals in-between these events are the basis for the departing aircraft movement
model, created by the DMAN. The established types of ATS units’/ground support
services’ instructions include:

– clearance for chocks removal;
– clearance for towing/pushback;
– clearance for engine start-up;
– clearance for taxiing;
– clearance for lineup;
– clearance for takeoff.

The established time intervals in-between the above-mentioned events correspond
to the following transition steps in-between the events: towing/pushback, engine start-
up; taxiing to lineup; taxiing to the RWY. The de-icing period is taken into account
by extending the time interval for taxiing.

When forming the departure sequence, the events, which may trigger its re-
calculation, also include:
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– operational change of the take-off RWY;
– change of parking stand/apron;
– failure or delay when performing the controller’s instructions;
– blocked (closed) RWY;
– deviations from the calculated (model) values of transition time in-between the
events;

– request for de-icing;
– establishing the departure servicing priority.

When forming the departure sequence, the following strict limitations shall be
taken into account:

– take-off intervals, depending on the intensity of the vortexwake turbulence (WTC);
– departing aircraft’s RWY occupation time;
– longitudinal separation in-between the departing aircraft after takeoffs, established
for the aerodrome control servicing;

– RWY’s positions and the operational models of their use;
– time intervals when the RWY are closed (blocked);
– arrival time for landing aircraft;
– RWY capacity values;
– meteorological conditions;
– de-icing procedures;
– aircraft inflight speed categories;
– SIDs.

The process of forming departure sequence by means of DMAN is based on the
following information:

– the operational ATS situation at the aerodrome (the presence of the arriving air-
craft, RWY use limitations and RWY condition, RWY capacity, meteorological
conditions);

– limitations of the designated slot-time intervals (if there is a procedure for their
use);

– aircraft distribution among the parking stands;
– taxiing charts and associated time intervals;
– local constraints, specific for each individual aerodrome.

When planning a natural departure sequence (taking into account only strict lim-
itations), the ATFM plan information and calculated (on the basis of the taking-
off aircraft movement model) time values—takeoff, engine start-up, start of tow-
ing/pushback; taxiing—are taken as a basis.

If there are procedures for slot-time intervals’ use (the airport slot times) and
there are requests for preferable departure time slots from airline companies, the
DMAN takes these data into account when calculating the departure sequence as
“soft” limitations, i.e., they are complied with only when the strict limitations have
been complied with. The DMAN algorithm of calculating the optimized departure
sequence is based on such criteria as maximum use of the RWY capacity, minimum



112 2 Advanced Automated ATC Systems

number of delays during taxiing and prior take-off holding point; maximum corre-
spondence to the target take-off time, provided by the airline companies or ATFM
units (correlation to slot-time intervals).

Besides the requirement for minimization of the departure sequence amendments
in order tominimize the controller’sworkload andother criteria are taken into account
as well as the option of the air traffic controller’s manual override of the DMAN pro-
cess of generating the departure sequence is ensured. Part of the departure sequence,
comprising the aircraft flights, which have already started the taxiing to the take-off
holding point, is fixed by the DMAN; and the events, which trigger the departure
sequence re-calculation, can include only the active inputs from the relevant worksta-
tions of the ATS unit, which provides the aerodromeATC service. Another important
function of the DMAN is the generation of the departure sequence with the mode
of the RWY mixed-use mode, which takes into account the time intervals when the
RWY is occupied by the arriving aircraft and automatically coordinates the departure
slot-time intervals within the mixed traffic flow, when integrated with the AMAN.

The most efficient use of the DMAN and its integration with the other systems
are provided by the system of Airport Collaborative DecisionMaking (A-CDM) [10,
11].

The algorithm of DMAN interaction with the external systems is provided in
Fig. 2.48.

All the incoming data, required for the correct operation of the DMAN, are clas-
sified in accordance with the following information:

– steps of derating aircraft servicing (cargo loading/passenger boarding, doors’ lock-
ing, towing/pushback, taxiing, take-off holding, lineup, takeoff);

– FM plan values and calculated values of transition from one of the above-
mentioned servicing steps to the other;

– data on the aircraft positions at the aerodrome operational area;
– information on the arrival and departure slot-time intervals as well as/or on the
other constraints for takeoff.

Themain source of the data for the DMANoperation are the flight data processing
system (FDPS) and the airport automated system of technological process manage-
ment. The A-SMGCS system can also provide additional information on the aircraft
trajectory for the purpose of amending the departure sequence in accordance with
the actual aircraft movement.

The required data for the DMAN operation include:

– aircraft call sign;
– flight plan index (identification number, used for the correlation of with the track
data);

– aircraft type in accordance with the CAO and IATA ratings;
– aircraft category with regard to the vortex wake turbulence (WTC);
– aircraft category with regard to speed;
– used SID routes;
– TOBT;
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Fig. 2.48 Algorithm of DAMN interaction with external systems
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– actual time of chocks removal;
– estimated take-off time;
– applicable time intervals in-between takeoffs and separations in the aerodrome
area;

– established taxi routes for the departing aircraft;
– estimated taxiing time in accordance with the routes and aircraft types;
– used direction of the RWY for takeoff;
– actual and forecast meteorological information, data on the take-off RWY condi-
tion;

– estimated landing time and the time intervals when the RWY is occupied by the
arriving aircraft;

– flight performance parameters of the departing aircraft;
– designated departure slot-time intervals (if available);
– aircraft parking positions;
– RWYs assigned for takeoffs;
– actual time of engine start-ups;
– active amendments to the departure sequence, entered from the controllers’ work-
stations;

– information on controllers’ issued clearances and instructions;
– information on the aircraft’s reaching of the designated point (holding point, de-
icing area, etc.);

– actual aircraft take-off time;
– information the aircraft blocking;
– value for the chosen take-off rate (departing traffic flow capacity).

A generalized algorithm of the DMAN functionality is provided in Fig. 2.49.

DMAN HMI Architecture

The DMAN HMI architecture provides the following functionality:

• indication of the information on the aircraft readiness for takeoff; active (manual)
inputting of the data on designated events of the steps;

• servicing planning (issuing of the controllers’ clearances, control transfer, reaching
the designated points at the area ofmaneuvering, servicing priority, start of taxiing,
start of de-icing, etc.);

• active amendments to the departure sequence, made by the responsible persons of
the ATS unit;

• active inputting and operational amending of the hard constraints: take-off inter-
vals, aircraft flight speed categories and take-off routes (SIDs), time of the RWY
occupancy, RWY configuration and modes of use, separation intervals, meteoro-
logical conditions (minima, required de-icing), intervals of RWY blocking; ser-
vicing priority;

• displaying and annunciation of the monitored planned scenario of the departing
aircraft servicing;
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Fig. 2.50 Example of information, displayed in coordinating controller’s window for planning
arrival and departure sequence

• displaying the departure sequence within the range of the operational horizon of
the DMAN planning, including the display of the information on the arriving
aircraft.

The main displayed forms of the DMAN HMI include:

– aerodrome charts;
– windows with lists (for departure, holding, etc.);
– window with departure sequence (in form of aircraft monitoring logs, linked to
the time scale);

– window for planning the arrival and departure sequence for the coordinating con-
troller.

Figure 2.50 presents the example of the information, displayed in the window for
planning the arrival and departure sequence of the coordinating controller.

2.3.7 AMAN/DMAN Integration

The AMAN and DMAN aids can be merged into one integrated functional
AMAN/DMAN unit. In case the RWY is used in the mixed arrival/departure mode,
the AMAN operational use requires taking into account the established constraints
of the RWY use at the aerodrome, serviced with the help of the AMAN aid, and on
the departure slot-time intervals. The DMAN operational use requires taking into
account the arrival slot-time intervals and the time intervals, available for departures.
The following functional tasks of the interaction of the DMAN and AMAN aids can
be distinguished:

– the data transmission from AMAN to DMAN on the designated constraints of the
RWY use due to its occupancy with the arriving aircraft;
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– arrival’s rate coordination and the coordination of intervals for departures between
the AMAN and DMAN.

The departures, which are planned for the same RWY, which is used for arrivals,
can be taken into account in the arrival sequence in form of departure slot-time
intervals.

In case DMAN is used as a module, merged with AMAN, when the optimal
target take-off time is assigned for the RWY, used for the mixed mode operations
(arrival/departure mode), the following issues shall be provided:

– use of the intervals in-between the arriving aircraft in the arriving traffic flow in
order to improve the efficiency of the RWY use with the minimum delays for the
arriving aircraft;

– calculation of the TTOT, taking into account the time for lineup in order to ensure
the preciseness of the correlation with the available time intervals in-between the
arrivals;

– taking into account the arrival slot-time intervals, provided by airline companies
or the ATM unit;

– combining the departures in order to maximize the departing traffic flow capacity
(the so-called flexible rate);

– managing and optimization of the TTOT for the departing aircraft in case AMAN
provides the updated (specified) data on the arriving aircraft’s arrival times;

– mutual display of the arrival/departure sequence at the involved workstations;
– taking into account the intervals,when theRWYisoccupiedby the arriving aircraft,
and the constraints, associated with the possible go-around in order to provide a
non-conflict departure sequence;

– TTOT re-calculation in case the departure sequence has been changed manually
or automatically due to the updated arrival sequence.

The standard procedure of including the departing aircraft into the arriving traffic
flow implied the extension of the arrival time interval.

The alternative method is the use of departure slot-time intervals.
The departure slot time for the given RWY can be fixed in relation to the exact

aircraft in the arrival sequence (i.e., prior to it and after it) or by means of setting
the start time of the time slot interval. The slot value is provided by the separation
in-between the departing aircraft and both the two arriving aircraft prior to it and
after it.

The available options also include the manual slot-time cancelling and slot-time
intervals’ duration. The start of the slot-time interval of the RWY closing can also
be changed.
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2.4 Evaluation of Time, Spent by ATC Controller
on Defining Values of Minimum Intervals
for the Horizontal Separation by Means of Automated
ATC Systems

The key objective of the air traffic control services is to prevent the aircraft collision.
The main method of its achievement by the ATC controller is the separation, which
means the vertical, longitudinal, and lateral distribution of aircraft in the airspace
at the required intervals. With that, an important part of the process of decision
making and choosing the ATC actions is the minimum separation values and the
controller is responsible for maintaining these values, which are the main monitored
factor ensuring the safety of air traffic operations. The minimum separation intervals
values in the airspace of the Russian Federation depend on multiple factors: the
type of air traffic services, the altitude layer of the airspace, the availability and
type of available observation systems, the flight direction, the relative positions and
trajectories of the aircraft, and even the information on which ministry the aircraft
belong to. The determination of the minimum separation values by ATC controllers
is the most important part of their activities. The controllers solve this task with
the help of the received information on the positions, relative positions movement
parameters of the aircraft. Further, on the basis of the evaluation and analysis of
this information, the controller shall choose the relevant minimum separation type
values (longitudinal, lateral, vertical), none of these values shall be violated. Quick
and precise determination of these values is especially important, when the ATC
controller decides on the actions to resolve the conflict. It is evident that under the
condition of time deficiency, the quicker the controllers decide on the relevant types
and values of the minimum separation, the more time is left for their own decision
making and acting on the conflict resolution, which leads to the risk mitigation of
performing erroneous actions and which is important from the viewpoint of STCA
occurrence, when the time remaining before the possible violation of the established
requirements—minimum separation values—is less than 80–120 s. The controller’s
actions are characterized by the speed of reaction and reliability. The main criterion
of the speed of reaction when resolving the conflict is the time, spent on solving
the ATC tasks, i.e., in this case, the time span from the moment of the controller’s
reacting on the incoming signal about the conflict occurrence till the time when
the conflicting aircraft reach such airspace positions, which prevents their mutual
approach for less distance than the established separation minima. Let us evaluate
this τon time on the basis of information theory approaches. From the viewpoint of
the information theory, this time is in direct ratio to the amount of the processed
information. It is important to take into account that different types of information
are processed at the different speed. Consequently, the expression for the estimation
can be written in the following way [13]:
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τon = α +
k∑

i=1

Hi
/

ϑi (2.1),)

where Hi is the amount of the information of the i type, processed by the operator, ϑi

is the speed of the i-type information processing, the usual speed for the information
processing is 2–4 bits per second; α is the lag phase time, i.e., the time interval
from the moment of the signal occurrence to the time of the operator’s reaction, α =
0.2–0.6 s.

The amount of information, according to Shannon’s formula [14], is:

H = −
n∑

i=1

pi log2 pi

where H is the information amount; n is the number of the possible events; pi
probabilities of occurrences of individual events;

For the events with the same probability of occurrence, Hartley’s formula is
applied [14]:

H = log2 n, (2.2)

In the case under study, the information, processed by the controller when deter-
mining the horizontal (longitudinal and lateral) separation requirements with the use
of the observation ATS system and the time, required by the controller to solve this
task are considered. Provided that the horizontal separation requirements have the
same probability of occurrence, the amount of the information, processed by the
controller, Hcontr, when determining the horizontal separation limits with the help of
the ATS observation system (ATS SS) in accordance with (3.2), is:

Hcontr = log2 n, (2.3)

where n is the number of the probable horizontal separation limits with the use of
the ATS SS.

The time, required by the controller to determine the horizontal separation limits
with the use of the ATS SS, τcontr is defined as:

τcontr = α + Hcontr
/

ϑ. (2.4)

When determining the τcontr, let us consider the two extreme cases, when the time
of determining the separation requirements is either the maximum or the minimum:

– when the lag phase time is the minimum of α = 0.2 s and the speed of the infor-
mation processing is the maximum of ϑ = 4 bit per second;

– when the lag phase time is the maximum of α = 0.6 s and the speed of the
information processing is the minimum of ϑ = 2 bit per second.

https://doi.org/10.1007/978-981-13-9386-0_3
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Let us determine the time, required by the controller for the determine the hori-
zontal separation requirements with the use of the ATS SS, applied in the airspace
of the Russian Federation in case of by the reginal control servicing (RCS) and the
approach control servicing (ACS) [15].

In order to evaluate the information, processed by the controller when determining
the horizontal separation standards with the use of the ATS SS, we can write the
following formula:

HRUS = log2 nRUS, (2.5)

where nRUS stands for the number of values of the horizontal separation standards
with the use of the ATS SS in the airspace of the Russian Federation (Tables 2.3 and
2.4) [15].

Where ATS SS is the ATS observation system; the automated ATC system is
the automated air traffic control system; RCS is the regional control servicing; ACS
is the approach control servicing; ADS-B is the automatic dependent surveillance
broadcast; IFR is instrument flight rules, VFR is visual flight rules; SFL stands
for “same flight level”; SDC of POFL is same direction-crossing of the flight level
previously occupied by another aircraft; CC of POFL is the counter-crossing of the
flight level previously occupied by another aircraft; CR stands for crossing routes;
SDR stands for same direction routes; V vert stands for aircraft vertical speed.

The horizontal separation limits for the airspace of the Russian Federation are
defined as all the possible combinations of the longitudinal and lateral separation

Table 2.3 Characteristics of the separation

IFR/IFR and IFR/VFR

SFL CC of POFL SDC of POFL

SDR CR

ATS routes State aviation aircraft flight routes

Vvert < 10 mps Vvert ≥ 10 mps

RCS ATS SS +
automated ATC
sys-
tem/integrated
automation
system/ADS-B
(km)

20 25 30 60 30 10

ATS SS (km) 30 40 30 20

ACS ATS SS +
automated ATC
sys-
tem/integrated
automation
system/ADS-B
(km)

10 20 20 10

ATS SS (km) 20 30 30 20
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Table 2.4 Separation standards

Ground Air

IFR/IFR and IFR/VFR

CC of POFL SDC of POFL

RCS ATS SS + automated ATC system/integrated
automation system/ADS-B (km)

10 10

ATS SS (km) 10 10

ACS ATS SS + automated ATC system/integrated
automation system/ADS-B (km)

10 6

ATS SS (km) 10 10

limits and are provided in Table 2.4. To evaluate the time, required by the air traffic
controller for determining the horizontal separation limits with the use of the ATS
SS, we can write the following formula:

τRUS = α + HRUS
/

ϑ = α + log2 nRUS
ϑ

, (2.6)

The benchmark data and the resulting evaluations are provided in Table 2.5.
To compare, let us determine the time, required by the controller to determine the

radar-aided horizontal separation limits (i.e., with the use of the ATS SS), described
in ICAO Doc 4444 [3].

The amount of the information, processed by the controller, when determining
the radar-aided horizontal separation limitation H ICAO in accordance with ICAO
Doc 4444 is as follows:

HICAO = log2 nICAO, (2.7)

where nICAO stands for the number of radar-aided horizontal separation limits in
accordance with ICAO Doc 4444.

Table 2.5 Source data for the transfer of information

RCS ACS RCS + ACS

nRUS 12 8 20

HRUS 3.58 bits 3 bits 4.3 bits

τRUS
with α = 0.2 s;
ϑ = 4 bits per second

1.1 s 0.95 s 1.28 s

τRUS
with α = 0.6 s;
ϑ = 2 bits per second

2.39 s 2.1 s 2.75 s
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As in accordance with the item 8.7.3.4 and item 8.7.3.2 (a) [3], nICAO = 2, then
H ICAO = 1 bit. And the τICAO time, required by the controller to determine the radar-
aided horizontal separation limits accordance with ICAO Doc 4444, determined by
the expression:

τICAO = α + HICAO
/

ϑ = α + log2 nICAO
ϑ

, (2.8)

has the following values:
τICAO = 0.45 s with a = 0.2 s, ϑ = 4 bits per second; τIC AO = 1.1 s with a =

0.6 s, ϑ = 2 bits per second.
Let uswrite down the expression for comparing the time, required by the controller

for determining the horizontal separation limits with the use of the ATS SS, applied
in the airspace of the Russian Federation, and the radar-aided horizontal separation
limits in accordance with ICAO Doc 4444:

τRUS

τICAO
= α + HRUS

/
ϑ

α + HICAO
/

ϑ
= α ∗ ϑ + log2 nRUS

α ∗ ϑ + log2 nICAO
, (2.9)

The results of the comparison are provided in Table 2.6.
Time, required by the air traffic controller for determination of the radar-aided

horizontal separation limits in accordancewith ICAODoc 4444 [3], is approximately
two times smaller than the time required by the controller for determining the hor-
izontal separation limits with the use of the ATS SS, applied in the airspace of the
Russian Federation. Thus, it is deemed possible to mitigate the number of the possi-
ble variants of the situations, for which the associated values of minimum separation
intervals are established. For example, the horizontal separation limits in accordance
with the ICAO Doc 4444 [3] can be applied, which will decrease the time, spent by
the ATC controller on the conflict resolution, and will increase the flight safety.

Section Review

1. The difference between the modern automated ATC systems and the automated
ATC systems of the previous generation.

2. What integrated complexes and subsystems comprise the modern automated
ATC systems?

3. Which basic processes shall be automated in the ATC ISC?
4. Purpose of the ATC ISC.

Table 2.6 The results of the comparison

RCS ACS RCS + ACS
τRUS
τICAO
with a = 0.2 s; ϑ = 4 bits per second

2.4 2.1 2.84

τRUS
τICAO
with a = 0.6 s; ϑ = 2 bits per second

2.17 1.9 2.5
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5. Basic functions of information processing for the ATC needs, realized in the
automated ATC ISC.

6. Which types of information are displayed at the automated workstation of the
automated ATC systems for the controller?

7. Purpose of aircraft monitoring logs on the air situation display of the ATC ISC.
8. Types of displaying the aircraft monitoring logs on the air situation display of

the ATC ISC.
9. What is 4-D trajectory?
10. On the basis of which data the 4-D trajectory is calculated?
11. Name several functions, with which the TP function interacts?
12. Purpose of the MONA function.
13. Which data are required for the MONA function operation?
14. Which warnings are generated by the MONA function?
15. Which reminder messages are generated by the MONA function?
16. Purpose of the MTCD function.
17. Purpose of the PPD window of the MTCD function.
18. Purpose of the VAW of the MTCD function.
19. Purpose of the OLDI Standard of EUROCONTROL.
20. Purpose, aims, and tasks of AMAN.
21. Purpose, aims, and tasks of DMAN.
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Chapter 3
Purpose and Comparative Study
of the Controllers of ATC Automated
System Simulators

3.1 Main Directions and Trends of the Simulation Training
Devices (STD) Development

One of the topical tasks within the air traffic management system is to improve the
working efficiency of the controllers of the air traffic control automated system (ATC
AS) as the most important integral part of the flight management system [1]. One of
themost important factors of the controllers’ working efficiency improvement is their
level of professional training, which is inseparable from the use of the Simulation
Training Devices (STDs). The process of the professional training assumes receiving
of knowledge, building up of practical experience, and transforming of these elements
into skills [1]. The relevance of the efficient ATC controllers training is defined by the
character of their functional responsibilities during the flight control activities. The
integral assessment of the ATC controllers’ activities depends on the gained practical
experience and skills, on the decision speed and precision that are realized by the
controller through the commands and specialized step-by-step technology aimed at
the flight safety provision during the air traffic control activities. The responsible
actions of the controller in abnormal conditions, emergencies, assistance to the flight
crew in in-flight emergencies shall be very well practiced and require very little time
for the relevant decision making. The combination of the qualities, which define the
current eligibility of the controller to be able to efficiently perform his/her duties
[2], shall be continuously improved and monitored with the help of the specialized
training aids for the controllers training. The set of requirements [3] to the theoretical
knowledge and practical abilities define the methodology of an integral approach to
the buildup and organization of the controllers’ training aids.

The main components of the training aids are the automated training system
(AutoTS) for theoretical training and Simulation Training Devices (STDs) for prac-
tical training of the controllers. The particular requirements to the theoretical knowl-
edge and practical abilities of the ATC controllers are the main base that defines the
philosophy of the AutoTS and practical training of STDs’ buildup.
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The main tasks of the AutoTS are the following:

– theoretical training and preparatory practical simulation training of the controllers
following the yearly training plans for the simulators flight control trainings;

– self-study with the automated control including a set of AutoTS software for the
specific aerodrome;

– assessment of the level of theoretical training of the controllers;
– registering of the results’ training-level assessment.

The STDs of the ATC AS controllers are designed for theoretical training, practi-
cal training, and conversion training of the ATC AS controllers in order to maintain
the professional skills, arrange the training on the in-flight emergencies and abnor-
mal situations, practice technological procedures including those connected to the
change in the airspace structure and the implementation of newmethods for airspace
management, as well as new methods for air traffic management. The STDs of the
ATC AS controllers shall provide the simulation of execution of the main techno-
logical processes of planning of the airspace use and air traffic control [3] that are
realized at the controllers’ workstations at the area centers, aerodrome centers, and
aerodrome control towers of the specific aerodromes.

With the help of the STDs of the ATC AS controllers, the following main tasks
are solved:

– practicing of the procedures for the flight control within a specific aerodrome or
ATC center;

– building up of the skills to work with the radio-technical flight control aids, ATC
AS, communication means;

– training in defining current and potential conflicts and providing flight safety;
– practicing of skills required for cooperation between the controllers of adjacent
control sectors;

– practicing of emergency actions and actions following in-flight emergencies;
– practicing of actions during the aerodrome emergencies;
– practicing of skills to conduct monitoring after visual detection of the aircraft on
the glide slope,monitoring of the direction to the runway, flight altitude, position of
the landing gear extended, leveling and level maintaining heights, landing, braking
and vacating processes, as well as entering of the runway by the aircraft for takeoff;

– practicing the skills to manage the lighting equipment of the specific aerodrome;
– practicing of skills to solve the issues of aircraft breaking down on the runway or
runway excursion;

– practicing the skills to monitor the meteorological and ornithological conditions
at the aerodrome and within the control sectors.

The main components of the ATC AS controllers training technical aids are
AutoTSs for training and retention of theoretical knowledge and normative documen-
tation, and STDs to allow for practical training of the controllers. The main trends
of the STDs development can be generalized to the following provisions [4, 5].
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1. The principles of the STD buildup are based on the use of the real workstations
of the ATC automated systems under development or already implemented as a
students’ workstations with the human–machine interface of a real ATC system.

2. The STDs are designed based on the open architecture principles (the number of
the workstations can vary depending on the structure of the simulated airspace).

3. The leading national and foreign companies implement the synthesis and voice
information detection software in order to provide automation for the mainte-
nance staff functions. At that, the operator pilots are not excluded from the team
(when complex exercises are played with emergencies and high level of the air
traffic intensity, their functional capabilities are fully used). Finally, this allows
reducing (but not functionally excluding) the manpower of the operator pilots.

4. A significant advance in terms of ergonomics of presenting the simulated infor-
mation and improving the cooperation interfaceswith the personal computer (PC)
at the AWS of the operator pilots; and because of this, the number of the aircraft
under control of one operator pilot significantly increases—up to 24 aircraft.

5. The human–machine interfaces are mainly based on the use of the multiple
window technology with the possibility to simultaneously open several windows
with “attachments”.

6. For the STDs’ buildup, the universal equipment of general use is utilized (but of
a high technology level).

7. As means for the radiocommunication simulation (the communication and con-
trol panel at the AWS of the training controllers and of the maintenance staff),
the following is used:

– panel PCs with a set of multimedia technologies;
– touch screens with the PC.

At that, the radio voice communication and intercom means are based on the
dedicated LAN.

8. Much attention is given to providing for simulation of a vast set of emergencies,
in-flight emergencies, and traffic conflicts.

3.2 Controllers STDs Characteristics

3.2.1 Integral System Simulator

Based on the multiple years of experience an Integral System Simulator (ISS) has
been developed and put into operation. This ISS is successfully used for the practical
training of the controllers [6]. The ISS is designed for theoretical training, practical
training, and conversion training of the controllers of aerodrome and area ATC sys-
temswith different level of automatization. The ISS allows for a high-quality training
of the ATC controllers in accordance with the stipulated operating procedures at the
workstations of the ATC units: on route and off the track, in aerodrome areas and
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aerodrome terminal areas. It provides for building up, improving, and mastering
of professionally important qualities, skills, and abilities, which serve for higher
decision-making speed in normal, conflict, emergency, and in-flight emergency sit-
uations.

The ISS solves the tasks of the training of the ATC controller of area and terminal
zones, and adjusts itself to the relevant zones and sectors (area, approach, circuit,
landing/runway, taxiing). The ISS is based on the modular design principle, which
implements the open information system architecture, that allows for:

– structural flexibility of each functional module (area, approach, circuit, land-
ing/runway, taxiing);

– depending on the Customer’s requests, expanding of the system for an optional
number of functional modules;

– invariant nature of the configuration of functional modules (of one type and up to
an optional combination of the volume of the requested number of modules).

The ISS is configuredwith the number of the universal simulationmodules (USM)
(defined by the Customer) realized on the distributed computer aids structure joined
into a single unit by means of LAN.

The USM includes:

– the automated workstation of the controller–trainee (AWS-C);
– the automated workstation of the operator pilot/instructor (AWS-OP).

AWS-Cs can be included into the ISS in different design options: starting from the
option with low-automation ATC system functions and up to the options with high-
automation ATC system functions, which comply with ICAO and EUROCONTROL
requirements. At that, theAWS-C of the area center, approach, and circuit centers can
include either one section of the radar surveillance controller or two sections: the radar
surveillance controller and procedure monitoring controller (planning controller).

The AWS-OPs include the simulation aids, air situation data processing and dis-
play aids; radiocommunication and intercom.

The ISS “Syntez-TC” (“Cintez-TC”) allows for:

– airspace simulation up to 2500 × 2500 km and up to the height of 25 km;
– traffic simulation of an optional number of manned and unmanned aircraft;
– accomplishment of up to 200 flight plans within one exercise, when the duration
of the exercise is up to 120 min;

– air situation simulation in real-time and fast-time scale both within the visibility
range of the simulated radar aids (taking into account the terrain) and outside of the
visibility range, with the possibility to simulate conflict, emergency, and in-flight
emergency situations;

– current planned data simulation required for subsequent passing from the operator
pilot to the controller–trainee;

– radar data simulation taking into account the visibility ranges of the simulated
radar aids, and special signals of secondary surveillance radars (SSRs);

– direction finding equipment data simulation in order to display the bearing at the
combined air situation display (ASD) of the controller–trainee;
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– visual controlled ground situation simulation including the runway, taxiways, air-
craft parking places, facilities, all lighting equipment, as well as moving objects
(aircraft, tow cars, etc.) taking into account the position of the viewer;

– aerodrome lighting conditions change simulation in accordance with the input
time of the day;

– runway emergencies simulation (aircraft collision, aircraft fire, complex ornitho-
logical conditions, etc.);

– complication of the aerodrome situation surveillance through simulation of fog
with adjustable intensity and color, changing of the time of the day, presence of
weather hazards;

– automatic registering of the air situation parameters and trainees’ actions based
on the main flight safety provision criteria within the ATC systems;

– possibility for instructors to intervene into the exercise (addition and removal of
restrictions, introduction of new targets, change of the meteorological conditions,
exercise pause and playback, etc.) in coordination with the training supervisor;

– meteorological conditions simulation including weather hazards and actual
weather on the runway;

– radiocommunication and intercom simulation with the possibility to connect per-
sonal headsets;

– automated assessment of the controller–trainees activities parameters;
– record with subsequent simultaneous playback of the radar and voice data;
– record and pause of the exercise with information storage and subsequent contin-
uation of the exercise;

– software control for the collaborating ATC areas subject to taking over/passing of
the aircraft control during entering/exiting the area of responsibility.

3.2.2 Controller’s STD

The modular integral controller’s STD allows for simulation of the operation of ATC
AS of any standard or type. The STD software allows for simulation of the modern
display systems of the ATC AS systems in accordance with ICAO and EUROCON-
TROL recommendations. The STD is configured to include the workstations of the
controllers and workstations of operator pilots. The work of the controller–trainees
is monitored by the instructors of the training center. The controller’s STD allows
for solving of the following main tasks—aircraft and ground vehicles movement
simulation with the possibility to provide control from the parking place and take-
off up to the exit from the current ATC area or even further (up to the landing and
parking). The maximum number of objects is up to 500 per 1 module. The auto-
mated buildup of the ATC area with the description of up to 1000 radar beacons, 500
routes, 32 areas of responsibility, indefinite number of samples of user graphics, up
to 10 layers of terrain data per each declination, setting of several radars, descrip-
tion of the terrain for each preset radar—automated maintenance and editing of up
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to 300 aircraft types—automated processing and editing of the weather databases
with optional changes of the time and with the maximum intensity of up to 300
wind layers and 100 thunderstorm cells—ASD at the scale from 500 meters up to
5000 km—switching of scales (up to the display of the taxiing area) at any worksta-
tion—simulation of the taxiing–runway (TOWER) with the display of the runways,
taxiways, parking places, facilities, and aircraft in 3D mode at the ASD—image
scaling up to 4:1 order—smooth scaling with optional move—the multi-windows
radar data display function is implemented. The function of operation of adjacent
ATC areas with the radar data window is implemented. The operation of the mod-
ules of adjacent ATC areas in a complex mode is implemented with the operation
simulation in different ATC areas at the same time. The aircraft database with graph-
ical processing of the movements parameters, and visual display of the aircraft—the
movement parameters include speeds within the taxiing/runway areas, accelerator of
the speed change. Different configurations of the aircraft work windows—change of
the aircraft movement parameters with the help of the keyboard or with the mouse
pointing device—at the discretion of the user. There are four alternative methods
for the aircraft control commands input: through the context menu, with the help of
the short cuts, manual input of the parameters in the additional request window, or
through the aircraft window. Input of standard commands for the aircraft movement
parameters control—possibility to change the routes with the help of the prepared
in advance standard routes within the ATC areas—standardized display of the radar
beacons following the ICAO and EUROCONTROL standards—preparation of stan-
dard routes up to the taxiing/runway area—switching of the display by magnetic
or true declination—layer-by-layer display of data (closed areas, restricted areas,
etc.)—possibility to display the number of the radar beacons and their name—possi-
bility to switch on/off and choose the content of the flight following log—possibility
to restrict the display of the logs by layers—possibility to choose the form of the air-
craft symbol (four options)with amarking on clearance to flywithin the airspacewith
defined separation minima—synchronization of aircraft displacement with the scan-
ning beamof the radar—automatic calculation of approaches to landing referenced to
a specific runway and approach direction—entering the holding area at any point of
the track or above the radar beacon—possibility for the instructor to restrict functional
capabilities of the controller’s display equipment—simulation of the direction finder
grid at the point of time of aircraft communication at the controller’s display—simu-
lation of meteorological conditions within the ATC areas that are simulated with the
STD subject to the influence on the aircraft movement—simulation of thunderstorm
cells with different flash intensity (not less than 8 grades)—possibility to display the
flight planning data for the workstation at the controller’s display with differentiation
between arriving and departing aircraft—possibility to print out the flight plans—-
possibility to display the exercise at theworkstation of the instructor of the flight plan.
The software package includes the flight plan editing and viewing (in ICAO format)
software. Viewing and editing of the flight plans is also supported by the pilot’s and
controller’s software. Automatic transfer of all changes and additions to all PCs con-
nected into the STD network. Automatic re-calculation of all databases after input
of additional radar beacons regardless of the place of their registry. Choice of the
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display option for the range rings starting from one and up to 100 depending of the
scale—possibility to display 5-, 10-, 30-grade azimuth lines—possibility to display
the geographic coordinate grid—possibility to change the display of the tunnel routes
(axil lines, tunnels of different width)—change of thickness of the track depiction
lines—software that allows changing color, brightness, and contrast of the image—-
possibility to display geographic maps (up to ten layers). The terrain, which is taken
into account during the display of radar data, is processed (visibility of aircraft sym-
bols at the controller’s display and altitude alerts). Referencing of the radar beacons
(track method of the ATC areas buildup)—possibility to display the workstations’
areas of responsibility and the radar coverage at the screens—automatic recording
of the exercise with the possibility for a playback of the whole training with the syn-
chronized playing of the sound sessions, as well as multiple replay of the exercise
from any point of time for subsequent training—possibility to create the radar bea-
con and air tunnel database for the whole world—possibility to provide separation
in accordance with the RVSM standards—software simulation of the radio commu-
nications and controllers’ intercom without any additional equipment—just through
the computer network capabilities—software or manual switching of the radio com-
munication channels—possibility of quick re-configuration of the STD depending
on its tasks and availability of instructors and trainees—possibility of quick call for
assistance (reference information on the STD) at any time and at any place—possi-
bility to create new areas, change, and supplement the databases by the user without
approaching the developer—possibility to switch between the Russian and English
interface of the STD without exiting the software—aircraft movement parameters
input in different measuring systems—network view and preparation of the archive
of recorded training sessions through any module of the STD and simultaneous play-
back of the exercise log at chosen computers of the STD—quick change of the STD
operation parameters by the Customer (separation rules, conflicts, aircraft technical
parameters, ATC areas composition, user schedule). Free configuration of the STD
allows for establishing of either one connected subsystem of several independent
simulation systems.

3.3 ATC STDs’ Classification

3.3.1 ATC Controllers’ STD Classification

Analysis of the methodology of the ATC controllers’ practical training arrangement
allows outlining the following main classes of the ATC controllers’ STDs.

1. STDs of high quality (of high precision) for group training. These STDs usually
have precise replicas of the workstations of the respective ATC AS controllers
including all equipment and software required for presenting full list of tasks
within the control sectors or at the tower and their environment. For the work-
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stations of the runway and taxiing controllers, it includes the model of the visual
aerodrome situation (view from the tower).

2. Individual training STD. These STDs simulate for the trainee the most impor-
tant characteristics (features) of the real situation and reconstruct operational
conditions, which allow for practicing of tasks in real time.

3. Procedure STD. These STDs are the training devices (personal Electronic Com-
puting Machine (ECM)), which allows the trainee to practice some operational
(work) functions separately from other functions, which are not represented over
there, although they are always connected to the first ones during the real oper-
ation.

4. Other training devices are the computer-aided software, which provide the trainee
with some operational (work) functions under unrealistic operation of the operat-
ing devices. As a rule, these are generating computers or workstations (connected
into a network or independent) which are designed for the use of one trainee or
a small group. At that the commonly used equipment (hardware and software)
is used rather than equipment, which is highly modified for the ATC needs.

3.3.2 Methodology of Establishing the Training Process
for the Controllers

Establishment of the training process, which provides (at first) accumulation of
knowledge (abilities), and then certain practicing of specific tasks and after that
simulation (training) and final stage of the training—practicing of the whole set of
functional tasks at the ISS in group mode, allows for optimization of the training
process efficiency.

Expansion of the requirements toward the resources during the establishment of
the training is resolved in the following manner: The resources are provided as and
when necessary; accumulation of abilities (knowledge) is realized at a generating
device, specific tasks are practiced at the procedure STD, and (in the course of the
tasks, strategies, and judgments’ integration) the training is shifted to the realistic
simulation of ATC processes at the STD of high precision. In Table 3.1, a methodol-
ogy of use of different training aids during realization of the task of the controllers’
professional training is shown.

3.3.3 Characteristics of the Training Aids Used Within
the EUROCONTROL States

The study of the current practice is required to explain the concepts and directions
of the development of the software and hardware aids of the ATC controllers’ STDs.
The all-round study of the implementation options subject to the country allows
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Table 3.1 Use of equipment of simulators

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

Accumulation of
knowledge
(skills)

Best use Not required Not required Not required

Specific tasks
practicing

Not enough Best use Best use Not required

Individual
simulation

Not enough Not enough Best use Best use

Command
simulation

Not enough Not enough Best use Best use

Group
simulation

Not enough Not enough Best use Best use

highlighting the most advanced trends in the STDs development and use. In the
summary of Table 3.2, you can see the countries that are part of the EUROCONTROL
and that have achieved significant success in the use of different technical aids in
order to provide for the relevant controllers training.

In what follows, in Tables 3.3, 3.4, 3.5, 3.6, 3.7, 3.8 and 3.9, you can find the
characteristics of different technical aids in more detail and their scope of application
subject to solving the tasks of the controllers training within themain training centers
of the EUROCONTROL states.

The comparative study of the ATC controllers’ simulators that are developed and
implemented by the Russian manufacturers and by the leading foreign companies
allows making the following conclusions.

For the controllers’ training, a fairly broad number of technical training aids is
developed and used; these are: universal sets of technical aids, procedure STDs,
STDs for individual training, and integral STDs of high precision.

For different training stages: theoretical training, functions practicing, practical
training, conversion training—the economic efficiency of the use of different tech-
nical aids for controllers training is defined.

Section Review

1. Tasks solved by the ATC controllers’ STDs and their influence on the flight
safety-level provision.

2. Trends in the development of the ATC controllers’ STDs hardware/software aids.
3. Comparative study of the samples of the controllers training aids.
4. Classification of the training aids.
5. Main characteristics of the ATC controllers’ STDs.
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Table 3.2 Contingent of EUROCONTROL simulators

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

1 2 3 4 5

Accumulation of
knowledge (skills)

Denmark
EUROCONTROL
Germany
Italy
The Netherlands

EUROCONTROL
France
Italy
Spain

Denmark
Ireland

France

Controlled
accumulation of
knowledge (skills)

Spain Germany Ireland

Specific tasks
practicing

Germany
Great Britain
Belgium

France
Ireland
Czech Republic

Not required

Controlled specific
tasks practicing

Germany

Individual
simulation

Germany EUROCONTROL
France
Germany
Great Britain
Ireland
Denmark
Czech Republic

France
Italy
Great Britain

Command
simulation

Belgium
Czech Republic
EUROCONTROL
Spain
Ireland
Italy

Italy
Spain
The Netherlands

Group simulation EUROCONTROL
Spain
Ireland
Czech Republic
Belgium

France
Germany
Italy
Spain
Great Britain

Digital training EUROCONTROL
France
Germany
Spain
Great Britain
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Table 3.3 Institute of Air Navigation Services (Luxembourg)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

1 2 3 4 5

Accumulation
of knowledge
(skills)

Computer
classroom:
WS: 20
St/WS: 1
OP/WS: 0
St/Instr: 12

First Twr 2d:
WS: 2
St/WS: 1
OP/WS: 1
St/Instr: 1

Controlled
accumulation of
knowledge
(skills)

Specific tasks
practicing

Controlled
specific tasks
practicing

Individual
simulation

First: 6
WS: 6
St/WS: 1
OP/WS: 1
St/Instr: 1

Command
simulation

First: 6
WS: 3
St/WS: 2
OP/WS: 1
St/Instr: 1

Group
simulation

First: 6
WS: 6
St/WS: 1
OP/WS: 1
St/Instr: 1

Controlled
simulation

Digital training Computer
classroom:
WS: 20
St/WS: 1
OP/WS: 0
St/Instr: 12

Note First line—the name of the STD and the number of simultaneously trained students
WS—the number of the workstations
St/WS—the number of the students per one workstation
OP/WS—the number of the operator pilots per one workstation
St/Instr—the number of the students per one instructor
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Table 3.4 Ecole Nationale de l’Aviation Civil (ENAC) (Toulouse, France)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

1 2 3 4 5

Accumulation
of knowledge
(skills)

Aer./Sim.: 8
WS: 4
St/WS: 2
OP/WS: 1
St/Instr: 2

Controlled
accumulation of
knowledge
(skills)

PTT: 16
WS: 16
St/WS: 1
OP/WS: 0
St/Instr: 8

Specific tasks
practicing

Scanor: 16
WS: 8
St/WS: 2
OP/WS: 1
St/Instr: 2
————
Scanrad: 16
WS: 8
St/WS: 2
OP/WS: 1
St/Instr: 2

Individual
simulation

Scanor: 8
WS: 8
St/WS: 1
OP/WS: 1
St/Instr: 2

Aer./Sim.: 8
WS: 4
St/WS: 2
OP/WS: 1
St/Instr: 2
————
Electra: WS: 16
St/WS: 2
OP/WS: 1
St/Instr: 2

Group
simulation

Electra: 32
WS: 16
Ct/WS: 2
OP/WS: 3
St/Instr: 2

(continued)
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Table 3.4 (continued)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

Digital training Computer
classroom:
WS: 32
Ct/WS: 1
OP/WS: 0
St/Instr: 32

Note First line—the name of the STD and the number of simultaneously trained students
WS—the number of the workstations
St/WS—the number of the students per one workstation
OP/WS—the number of the operator pilots per one workstation
St/Instr—the number of the students per one instructor

Table 3.5 DFS academy (Langen, Germany)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

1 2 3 4 5

Accumulation
of knowledge
(skills)

Computer
classroom:
WS: 16
St/WS: 1
OP/WS: 0
St/Instr: 16

Controlled
accumulation of
knowledge
(skills)

Basim: 16
WS: 16
St/WS: 1
OP/WS: 0
St/Instr: 1

Specific tasks
practicing

Basim: 16
WS: 16
St/WS: 1
OP/WS: 0
St/Instr: 1

Controlled
specific tasks
practicing

Basim: 16
WS: 16
St/WS: 1
OP/WS: 0
St/Instr: 1

Individual
simulation

Basim: 16
WS: 16
St/WS: 1
OP/WS: 0
St/Instr: 1

Basim: 16
WS: 16
St/WS: 1
OP/WS: 0
St/Instr: 1

(continued)
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Table 3.5 (continued)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

Group
simulation

Asim: 64
WS: 32
St/WS: 2
OP/WS: 4
St/Instr: 2
————
Tosim: 9
WS: 3
St/WS: 3
OP/WS: 4
St/Instr: 3

Digital training WS: 32
OP/WS: 0
Instr: 0

Note First line—the name of the STD and the number of simultaneously trained students
WS—the number of the workstations
St/WS—the number of the students per one workstation
OP/WS—the number of the operator pilots per one workstation
St/Instr—the number of the students per one instructor

Table 3.6 ENAV (Rome, Italy)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs
of high
precision

1 2 3 4 5

Accumulation
of knowledge
(skills)

Computer
classroom:
WS: 10
St/WS: 1
OP/WS: 0
St/Instr: 10

PcTwr
pre-trainer:
WS: 10
St/WS: 1
OP/WS: 0
St/Instr: 0

Controlled
accumulation of
knowledge
(skills)

(continued)
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Table 3.6 (continued)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs
of high
precision

Specific tasks
practicing

PcTwr trainer:
WS: 10
St/WS: 1
OP/WS: 0
St/Instr: 0

Controlled
specific tasks
practicing

Individual
simulation

Alenia-Atres:
WS: 4
St/WS: 1
OP/WS: 1
St/Instr: 1

Command
simulation

Twr 2d visual:
WS: 4
St/WS: 2
OP/WS: 2
St/Instr: 2
————
Sim App: 8
WS: 4
St/WS: 2
OP/WS: 2
St/Instr: 2

Alenia-Atres:
WS: 4
St/WS: 2
OP/WS: 1
St/Instr: 2

Group
simulation

Alenia-Atres:
WS: 4
St/WS: 2
OP/WS: 1
St/Instr: 2

Controlled
simulation

Digital training

Note First line—the name of the STD and the number of simultaneously trained students
WS—the number of the workstations
St/WS—the number of the students per one workstation
OP/WS—the number of the operator pilots per one workstation
St/Instr—the number of the students per one instructor
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Table 3.7 Nordic ATS academy (Malmö, Sweden)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs
of high
precision

1 2 3 4 5

Accumulation
of knowledge
(skills)

Computer
classroom:
WS: 15
St/WS: 1
OP/WS: 0
St/Instr: 15

Twr:
WS: 1(4)
St/WS: 1(4)
OP/WS: 3(12)
St/Instr: 1(4)

Pro T:
WS: 1(6)
St/WS: 1(6)
OP/WS: 1(6)
St/Instr: 1(6)

Controlled
accumulation of
knowledge
(skills)

Specific tasks
practicing

Individual
simulation

BaRT/BERT:
WS: 23
St/WS: 1
OP/WS: 1–2
St/Instr: 1

SMART:
WS: 14
St/WS: 1
OP/WS: 1–2
St/Instr: 1

Command
simulation

Twr:
WS: 1(4)
St/WS: 1
OP/WS: 3
St/Instr: 1

BERT:
WS: 3
St/WS: 2
OP/WS: 1
St/Instr: 1

SMART:
WS: 8
St/WS: 1
OP/WS: 2
St/Instr: 1

Group
simulation

BERT: 1–2
WS: 16
St/WS: 1
OP/WS: 2
St/Instr: 1

SMART:
WS: 8
St/WS: 1
OP/WS: 2
St/Instr: 1

Controlled
simulation

Digital training Computer
classroom:
15 WS: 14
St/WS: 1
OP/WS: 16
St/Instr: 12

Computer
classrooms:
Twr: 4
ProT: 6
Bart: 7
Rad/14pil
Bert2:8 rad/16pil
Smart: 28 works

Note First line—the name of the STD and the number of simultaneously trained students
WS—the number of the workstations
St/WS—the number of the students per one workstation
OP/WS—the number of the operator pilots per one workstation
St/Instr—the number of the students per one instructor
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Table 3.8 IVAO (Zurich, Switzerland)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

1 2 3 4 5

Accumulation
of knowledge
(skills)

Computer
classroom:
WS: 12
St/WS: 1
OP/WS: 0
St/Instr: 12

Controlled
accumulation of
knowledge
(skills)

BASIM: 6
WS: 6
St/WS: 1
OP/WS: 2
St/Instr: 1

BASIM: 6
WS: 6
St/WS: 1
OP/WS: 2
St/Instr: 1

Specific tasks
practicing

BASIM: 6
WS: 6
St/WS: 1
OP/WS: 2
St/Instr: 1

BASIM: 6
WS: 6
St/WS: 1
OP/WS: 2
St/Instr: 1

Controlled
specific tasks
practicing

BASIM: 6
WS: 6
St/WS: 1
OP/WS: 2
St/Instr: 1

BASIM: 6
WS: 6
St/WS: 1
OP/WS: 2
St/Instr: 1

Individual
simulation

BASIM: 6
WS: 6
St/WS: 1
OP/WS: 2
St/Instr: 1

BASIM: 6
WS: 6
St/WS: 1
OP/WS: 2
St/Instr: 1

INTRAS ZH: 12
WS: 6
St/WS: 2
OP/WS: 2.5
St/Instr: 2
————
INTRAS GE: 8
WS: 4
St/WS: 2
OP/WS: 2.5
St/Instr: 2

(continued)
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Table 3.8 (continued)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

Command
simulation

BASIM: 12
WS: 12
St/WS: 2
OP/WS: 2
St/Instr: 2

BASIM: 12
WS: 12
St/WS: 2
OP/WS: 2
St/Instr: 2

INTRAS ZH: 12
WS: 12
St/WS: 1
OP/WS: 1.25
St/Instr: 2
————
INTRAS GE: 8
WS: 8
St/WS: 1
OP/WS: 1.25
————
St/Instr: 2
TOSIM ZH: 3
WS: 3
St/WS: 1
OP/WS: 1.33
St/Instr: 3

Group
simulation

INTRAS ZH: 12
WS: 12
St/WS: 1
OP/WS: 1.25
St/Instr: 2
————
INTRAS GE: 8
WS: 8
St/WS: 1
OP/WS: 1.25
St/Instr: 2

Note First line—the name of the STD and the number of simultaneously trained students
WS—the number of the workstations
St/WS—the number of the students per one workstation
OP/WS—the number of the operator pilots per one workstation
St/Instr—the number of the students per one instructor
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Table 3.9 Civil school of air traffic control (Great Britain, Bournemouth)

Tasks Technical aids

Training devices Procedure STDs Individual STDs Integral STDs of
high precision

1 2 3 4 5

Accumulation
of knowledge
(skills)

Controlled
accumulation of
knowledge
(skills)

Specific tasks
practicing

SIMTAC: 16
WS: 16
St/WS: 1
OP/WS: 2
St/Instr: 1

Individual
simulation

SIMTAC: 16
WS: 16
St/WS: 1
OP/WS: 2
St/Instr: 1
————
Skywatch: 9
WS: 9
St/WS: 1
OP/WS: 3
St/Instr: 1

First: 20
WS: 20
St/WS: 1
OP/WS: 2
St/Instr: 1

Command
simulation

Skywatch: 6
WS: 3
St/WS: 2
OP/WS: 3
St/Instr: 1

Group
simulation

First: 20
WS: 20
St/WS: 1
OP/WS: 2
St/Instr: 1

Digital training Computer
classroom:
WS: 6
St/WS: 1
OP/WS: 0
St/Instr: 6

Note First line—the name of the STD and the number of simultaneously trained students
WS—the number of the workstations
St/WS—the number of the students per one workstation
OP/WS—the number of the operator pilots per one workstation
St/Instr—the number of the students per one instructor
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Chapter 4
Technical Requirements to the ATC
Automation System Simulators
for Controllers

Designation requirements The ISS shall provide for the simulation of the main
technological processes of the airspace use planning and air traffic control, which
are realized at the workstation of the area control center (ACC), aerodrome centers
and aerodrome control towers (ACT) of specified aerodromes. The ISS shall provide
for the possibility to train the controllers of the following ACCs and ATM aerodrome
centers: circuit control unit (CCunit), approach control, Local ATC Unit, area center
(AC) of the Unified ATM System (on route and off-the-track sectors), as well as the
aerodrome (Area) flight operations director (AeroFOD, AreaFOD). The ISS shall
provide the possibility to train the controllers of the following ACTs: taxiing super-
visory unit (TSU), start control unit (SCU), landing control tower (LCT). The ISS
shall provide the possibility to train the flight planning controllers of the aerodrome
centers and area centers [1, 2].

Tactical requirements Within the ISS, the following main tactical requirements
shall be implemented:

– simulation of movements of different aircraft types following the commands of
the controllers both on the ground and in the air in accordance with their technical
and aerodynamic characteristics, taking into account the weather conditions, and
following the stipulated flight plans;

– simulation of the functioning of the flight support radiotechnical aids;
– simulation of the flight support planning system;
– simulation of different changes of the airspace structurewithin the aerodrome area;
– simulation of the influence of different weather conditions (rain, snow, snowstorm,
fog, ceiling, runway visibility, wind direction and speed, etc.);

– simulation of different times of the day (day, night, twilight) and of the year
(summer–winter);

– possibility to train the controllers either independently by the control units (indi-
vidually) or in an integrated manner: simultaneously in a connected group of the
controllers of the stipulated units;

– simulation and display of the weather information;
– simulation and display of information on the current and forecasted air situation;
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– simulation and display of the information restrictions of the airspace;
– simulation and display of the simulated special signals coming from the aircraft;
– simulation and display of the warnings of aircraft entering the hazardous weather
conditions, closed or dangerous zones, aircraft deviation from the flight track,
aircraft descent below the safe height;

– simulation and display of the formalized messages (by ICAO, EUROCONTROL
standards) and of the special ATS messages;

– simulation of the voice information (“controller-aircraft,” “controller-controller,”
“intercom”);

– simulation of the movements of the automobile vehicles and special-purpose vehi-
cles on the ramp, taxiways, main taxiways, and runway;

– simulation and display of the ATIS information;
– simulation of the aerodrome lighting equipment;
– simulation of the enclosing terrain with detailed relief, natural and artificial refer-
ence points, which are seen from the observation point (mountain, hill, mast, pipe,
panoramic view of the populated area, power transmission lines, etc.);

– simulation of different MTCD criteria;
– simulation of conflicts and in-flight emergencies.

Within the ISS, the requirement for the possibility to solve the functional tasks of
the ACC controllers shall be implemented:

– clearing for engine start, line up and hold subject to the flight plan, air and ground
situation;

– safe aircraft separation for takeoff and landing;
– clearing for aircraft takeoff and landing subject to the weather conditions, airfield
conditions, operability of aerodrome radiotechnical and lighting equipment;

– clearing for ground activities conducted by the aerodrome services within some
parts of the airfield and monitoring of timely and complete vacancy of these parts
by vehicles and people;

– monitoring the absence of obstacles on the runway, parts of the airfield and aero-
drome when clearing the aircraft for taxiing, takeoff and landing, as well as pre-
venting emergency situations due to inadvertent or unauthorized movements of
different objects (aircraft, vehicles, people, animals, etc.);

– monitoring the aircraft external view during visual monitoring in order to practice
the detection of malfunctions on the aircraft (fire, non-extension, partial extension,
or non-retraction of the landing gear, etc.);

– practicing of actions in the event of weather conditions changes, which influence
aircraft takeoff and landing clearances, aswell as of actions to counteract hazardous
(for aviation) weather conditions;

– practicing of actions in the event of emergencies and in-flight emergencies with
aircraft or ground objects;

– request for display (following the command of the controller) of the airspace use
plans, which are stored in the ISS, their editing, canceling, saving, copying, and
printing;
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– correcting of the planned information on the follow-me vehicle with the help of
the surveillance system (simulation);

– correcting of the planned information on the manually input messages;
– forming of the planned lists based on the data from the current exercises, and their
provision to the controllers;

– display of the meteorological information: at the aerodromes and within the area
of responsibility;

– controllers’ shift handover procedure practicing;
– forming of the time sequence for arriving and departing aircraft;
– landing time assignment following the adjacent sector entrance clearance;
– coordination of the conditions of entering the adjacent sector;
– defining the time windows free for takeoff and landing planning;
– defining the time windows restricting the landing operations due to the turbulence
and separation minima;

– alerting on violation of the acceptable time separation between the aircraft per-
forming landing/takeoff during the operational planning;

– display of the recommended landing time by the controllers’ stations;
– defining the duration of the required aircraft delay during takeoff/landing;
– defining the duration of the required aircraft delay by its current coordinates and
weather conditions;

– allocation of the duration of the required arriving aircraft delay by theworkstations;
– defining the acceptable separation (distance) between the aircraft at landing;
– defining the recommended aircraft landing time;
– gathering information on aircraft flight preparation accomplishment;
– defining the estimated time of the aircraft transfer to the ATS control;
– defining the recommended take-off time;
– defining the time windows free for take-off planning;
– defining the time windows restricting the takeoff both due to the turbulence and
in order to provide the vertical and horizontal separation minima;

– defining the recommended take-off time by the controllers’ stations;
– coordinating the times of takeoff with the times of landing;
– allocation of the duration of the required departing aircraft delay by the worksta-
tions.

Within the ISS, the requirement for the possibility to solve the functional tasks of
the TWR, ACC, and Local ATC units’ controllers shall be implemented:

– based on the surveillance information on the current and forecasted air situation,
detection of potential conflicts and warning of the controllers on potential near
misses;

– based on the surveillance information, detection and warning of the controllers on
reaching of the limit values;

– based on the surveillance information on the current and forecasted air situation,
detection andwarning of the controllers on the aircraft descent below theminimum
safe height;



148 4 Technical Requirements to the ATC Automation …

– detection of the “medium-term” aircraft conflicts, which is provided based on the
calculation of the space-temporal aircraft trajectories (at the second stage of the
current planning), and display of the respective warning to the controller together
with additional information on the conflict (by means of special windows for
detailed analysis of the potential conflicts);

– monitoring of the trajectory maintaining and alerting (MONA);
– medium-term conflict detection (MTCD);
– maintaining of the assigned flight level andwarning of the controller on deviations;
– detection of the aircraft deviation from the planned flight track (in the horizontal
plane) and warning of the controller;

– control of arriving and departing aircraft with the definition of the sequence of
approach and departure for the aerodromes within the Moscow airspace;

– medium-term conflict resolution advisory (CORA);
– trajectory forecasting with the transition from standard route to alternative and
back to the standard;

– calculation and registration of theminimum separation between the aircraft, which
was followed by the potential near-miss detection;

– based on the surveillance information (simulated) on the current and forecasted
air situation, detection and warning of the controllers on the possibility for the
aircraft to enter the zone with the restricted airspace use;

– based on the surveillance information (simulated) on the current and forecasted
air situation, detection and warning of the controllers on the possibility for the
aircraft to enter hazardous weather conditions.

Within the ISS, the requirement for the possibility to solve the functional tasks of
the TWR and ACC airspace use planning controllers shall be implemented:

– flight plans and ATC messages data handling;
– weather data handling;
– air navigation and airspace use restrictions data handling;
– reference and support data handling;
– daily flight plan formation and maintaining;
– outgoingmessages via Civil Aviation Terrestrial Data Transmission and Telegraph
Communication (TDTTC) network formation and simulation;

– simulation of the TDTTC incoming messages flow;
– output forms formation;
– messages and output forms printing;
– monitoring of availability of flight permission;
– calculation of the forecasted traffic within the ATC sectors and area;
– calculation and presentation in visual form of the planned flight routes;
– preparation, analysis, and maintaining of the daily flight plan;
– preparation and submission of standardmessages on the airspace use in accordance
with the messages table;

– monitoring and analysis of the incoming messages on the airspace use;
– monitoring and analysis of the weather situation at his/her and alternate aero-
dromes, as well as along the tracks and within the flight areas;



4 Technical Requirements to the ATC Automation … 149

– monitoring and analysis of the air navigation information on the aerodrome,
radiotechnical aids and air routes condition;

– cooperation with the adjacent control units and airport services.

Technical Requirements Within the ISS, the following main technical require-
ments shall be implemented. Simulation of the aircraft radar tracking by the pri-
mary radar, secondary radar, primary + secondary radar shall be provided within
the ground speeds range from 0 to 3500 km/h, as well as the aircraft movement
extrapolation. The maximum number of the simultaneously simulated targets at the
air situation display—no limits.

The maximum number of the flight plans shall be: standard (repeated)—in accor-
dance with the exercise scenario; passive—no limits, active—in accordance with the
exercise scenario.

The maximum number of the generated control sectors: within the aerodrome
area—in accordance with the ISS structure; along the routes—in accordance with
the ISS structure and the exercise scenario; off track—in accordance with the ISS
structure and the exercise scenario; at Local ATC Unit—in accordance with the ISS
structure and the exercise scenario.

The response time for the panel operation shall not exceed 0.5 s.
Display of the objects’ movement parameters shall be provided: in the main mod-

e—in accordance with the SI system; in supplement mode—in accordance with the
imperial system (feet, knots, etc.).

The ASD’s interface of the radar control controller shall be unified with the AWS
of the controllers of the simulated ATC AS to the fullest extent possible. The basis
for the simulation of the air situation shall be preliminary prepared aircraft flight
plan sets, which form the exercises, during the operational control of the aircraft
movements following the ATC controller commands. The simulation of the airspace
shall be provided within the range of not less than 2300 × 2500 km in distance and
25 km in height with the simulation of the air situation in real-time and fast-time
scale.

In order to control the aircraft through the ISS, the following functions shall be
considered: control transfer between the operator pilots; setting of the altitude (flight
level) both in meters and in feet; setting of the vertical climb/descent rate; setting of
the altitude (flight level) to the specified point; setting of the lateral displacement;
setting of the heading; setting of the turn with a specific angle; setting of the bank
angle during the turn; setting of the turn direction; setting of the new squawk; sim-
ulation of the squawk modes; flight to the specified point; flight toward the holding
area and operation within this area; change of the flight track; aircraft operation by
the trajectories.

Within the ISS, the simulation of the weather data shall be provided: actual
weather at the runway; wind parameters by the heights; hazardous weather con-
ditions; weather conditions changes at the aerodrome. Within the ISS, the software
control for the cooperating ATC areas shall be provided in terms of notification, acti-
vation, and acceptance/transfer of the aircraft control during entering/exiting (from)
the area of the responsibility.
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Within the ISS, the simulation of the aircraft radar tracking within the speed range
from 0 to 3000 km/h and monitoring of the transport vehicles ground movements
within the speed range from 0 to 300 km/h shall be provided. Within the ISS, the
simulation of the following emergencies and in-flight emergencies shall be provided:
aircraft fire; engine shutdown; cabin depressurization; entering thehazardousweather
conditions (thunderstorm cells, turbulence, icing, etc.); radiocommunication loss;
attack on the flight crew; loss of spatial orientation.

During the simulation of the emergencies and in-flight emergencies within the
exercise scenario and instructor’s (exercise trainer’s) panel operations, the relevant
flight crew actions and reports shall be introduced. During the simulation of the
emergencies within the ISS, the following scenarios of emergencies and in-flight
emergencies shall be realized: aircraft landingwith landing gear up; tire burst; landing
gear break below during takeoff or landing; aircraft in-flight fire and smoke; aircraft
collision with the ground or ground obstacles; aircraft excursion from the airfields
during takeoff, landing and taxiing; aircraft collision on the ground, during takeoff
or landing; aircraft collision with the ground transport; possibility to simulate the
movements of the emergency services in all the above-mentioned cases.

Training requirements Within the ISS, the following training requirements shall
be implemented.

The ISS shall provide for recording of the whole exercise during the training,
including the dynamic air situation, planning data, weather data, voice data.

The recording aids shall provide for registry of the information given in the sce-
nario and createdwithin the course of the exercise up to themoment of its completion;
search, view, and playback in real-time and in a fast-time scale (by user’s choice) of
the recorded information starting from any point of time (by user’s choice); simul-
taneous playback of the recorded information in real time.

The following information is subject to recording: air situation data, registered
data on the STD technical condition, violation of the standards and rules of the
flight management or ATS (potential conflicts, conflicts due to clearances to use the
occupied airfield or flight through hazardous or closed areas, safe heights violation,
etc.), trainee data, controllers’ mistakes logbook and any other information required
for the subsequent analysis of the training results. The following shall be archived:
information databases; created ATS areas; prepared exercise scenarios; exercises
performed in each module; training results; lists of instructors and trainees.

Within the ISS, the possibility for the following shall be provided:

– realization of an unlimited number of the flight plans within one exercise in accor-
dance with the tactical target of the exercise considering the required duration of
the exercise;

– pausing the exercise with preserving the information on the screens with subse-
quent continuation or restarting of the exercise from the beginning;

– software control for the cooperatingATC areas in terms of notifications, activation,
and acceptance/transfer of the aircraft control during entering/exiting (from) the
area of the responsibility;
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– input of the aircraft control commands;
– input of the commands, which facilitate or complicate the air situation (weather
conditions change, introduction of additional aircraft, introduction of the emer-
gencies).

During the exercise preparation, the possibility for the following shall be provided:

– user-friendly data input and editing of these data in the “menu” mode;
– exercise formation in terms of the area (zone) structure (trajectory points, holding
areas, typical references, compulsory reporting points, etc.), flight plans, aircraft
types, and mapping data;

– speed play of the created exercise;
– exercise speed up.

Within the ISS during the exercises preparation, the possibility for the advanced
setting of the following shall be provided: exercise scope; plan-scenario of the exer-
cise; weather conditions data and changing; messages forwarded to the controller;
planned and flight data.

Information contained within the exercises database shall include definition of the
aerodrome characteristics; setting anddescription of aircraft and groundvehicle types
and characteristics; description of the static and dynamic graphical objects for the
generation of the visual images; description of the geographic points; description of
the holding routes; description of the air routes; description of the weather conditions
including the visual objects visibility data; description of the navigation fields, radars,
and radio direction finder characteristics; description of the flight routes; description
of the standard SID/STAR trajectories.

Within the ISS, the following shall be implemented: dynamic change of the exer-
cise parameters and monitoring of the exercise process (start, stop, pause, continue);
simulation of the radar, ADS receivers, GNSS, direction finder, and communica-
tion malfunctions/failures following the instructor’s commands; the possibility for
the instructor to command for simulation of emergencies and in-flight emergencies.
Within the ISS, measurement and record of certain parameters shall be provided
during the exercise with their display on the instructor’s screen. After the completion
of the exercise, an integral assessment of the work of each controller–trainee shall
be generated automatically.

Architecture and Administration Requirements The ISS architecture shall be
based on the open modular system with the distributed structure and data processing
based on the LAN, which means that it shall be composed of a number of work-
stations, work pairs, which are built around the LAN, and it shall provide for the
possibility to increase the number and further modify not only the tasks to be solved
by the STD, but also the data display aids.During the ISS development, the possibility
to increase the level of automatization, changing of the efficiency and tool capacity
of the ISS, the possibility to connect new data sources, modernization or substitu-
tion of the technical aids and software components with mode advanced equivalents.
Within the STD, the possibility to provide the exercise configuration based on the
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STD modules shall be provided: single module, which operates all workstations of
the LAN; several modules, which are each operating by its own scenario.

The STD module is a network segment, which operates independently by a sep-
arate training scenario.

Within the ISS, the possibility to configure the STD modules shall be provided.
The configuring functions shall be provided through software from the workstation
of the administrator or training supervisor.

The modules shall be configured in the following manner: the modules shall
consist of the AWSs of controllers and AWSs of operator pilots/instructors; the
minimum composition of the module: one AWS of operator pilot/instructor and one
AWS of the trainee (controller); within a module, the number of the workstations
shall be increased one by one, at that the combination of the numbers of the AWSs
of controllers and instructors shall be optional.

The operation of separate modules shall be independent and have no influence
on the operation of other modules. During the modules configuring access to the
database server shall be arranged in order to create the exercise scenario or to choose
from the list of previously created exercise scenarios.During themodules configuring
the functions of each workstation, control area sectors shall be defined, as well as the
respective voice communication. All data created within the module, the process of
the performed exercise and its results shall be recorded and archived in accordance
with the respective requirements for one of the AWSs of the training supervisor or
instructor within themodule, as well as subsequently stored in the common databases
of the STD.

The training supervisor and system engineer/administrator shall have the possi-
bility to connect to any STD module in order to monitor the exercise performance
without any preliminary request and confirmation, but having no influence on the
module operation.

Section Review

1. Main designation requirements set for the STD of the ATC AS controllers.
2. Main tactical requirements set for the STD of the ATC AS controllers.
3. Main technical requirements set for the STD of the ATC AS controllers.
4. Training requirements set for the STD of the ATC AS controllers.
5. Architecture and administration requirements set for the STD of the ATC AS

controllers.
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Chapter 5
Architecture and Composition of ATC
Automation System Simulators
for Controllers

5.1 Structural Scheme and Composition of Integrated
System Simulator (ISS)

The structure of an ISS must strictly correspond with the organizational structure of
the simulatedATS region, and in accordancewith the Federal Aviation Rules (FARs),
the number of ATC sectors and ATC controller workstations in an ATS unit structure
is defined based on the provision of the acceptable level of flight safety in an ATS
airspace [1, 2]. The architecture of the advance ISS is composed of open modular
information systems that are based on the local area network and with distributed
data processing structure.

The structure of modern ISS is based on the following main technical and organi-
zational principles [3]:modularity; openness of the architecture; structural versatility;
expandability of the structure subject to the user’s demands; invariance of the con-
figuration; possibility of changing the functional purpose of the modules; high level
of adequacy of simulation of the air situation and radio and technical aids; high level
of automatization of the functions of operating/support staff.

Functionally, the ISS consists of two main subsystems: training subsystem and
simulation and assessment subsystem. The ISS architecture is shown in Fig. 5.1. The
training subsystem is comprised of four groups of universal automated workstations
of the trainee–controllers (AWS-C):

– AWS-C for radar monitoring 1…N;
– AWS-C for procedural monitoring 1…M;
– AWS-C for planning 1…L;
– AWS-C for visual monitoring 1…K (runway supervisor, taxiing supervisor).

The simulation and assessment subsystem comprises:

– AWS-OP 1…K;
– AWS-TS;

© Springer Nature Singapore Pte Ltd. 2020
Bestugin A.R. et al., Air Traffic Control Automated Systems,
Springer Aerospace Technology, https://doi.org/10.1007/978-981-13-9386-0_5

155

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-9386-0_5&domain=pdf
https://doi.org/10.1007/978-981-13-9386-0_5


156 5 Architecture and Composition of ATC Automation …

АСО

АРМ-Д РЛК

АРМ-СА/ТУК
АРМ-ПО

моделирования и оценки

1

АРМ-Д ПАРМ-Д ПК

СОРПИ СГВО

АРМ-Д АКДП

АРМ-РТ
N

L

11

KM

1

Подсистема

КЛВС ЛВС

КАО

N

1

Подсистема обученияTraining subsystem 

Simulation and 
assessment subsystem 

AWS-C RF AWS-C PC AWS-C
ACT

AWS-C P 

LAN 
S/B

LAN

AWS-OP

AWS-TS
AWS-
SA/TMM

ASGS RPIPS

Fig. 5.1 Structure and composition of the complex system simulator

– AWS-SA/TMM (it is possible to arrange combined or separate AWS for the sys-
tem administrator and technical management and monitoring—depending on the
complexity of the ISS composition).

All AWSs of the ISS are connected through a local area network switchboard
(LAN S/B) into a single local area network (LAN). The qualitative composition
of ARW-Cs is defined by a set of design specifications of a specific simulator’s
modification. The quantitative composition of ARWs (N, M, L, K) is defined by the
structure of the simulated airspace and by the ISS functional tasks.

With the help of AWS-TS, the automated training system (AutoTS) is launched,
and the display of the results of the automated assessment unit (AAU) operation is
provided. The ISS presented as a general structure in Fig. 5.1 can function in the
following main modes: preparatory; operating; concluding.

In the preparatory mode, the operating/support staff conducts preparation checks
on the exercises that will be played in real time in the operating mode. The required
structure of the airspace area connected to the simulated aerodrome is selected from
the structure library (if needed, a new model of a preset structure of the airspace area
is created). The prepared exercise is tested in a fast-time scale. The exercises are
prepared in accordance with the controllers training plan. In the operating mode, the
exercises chosen from the exercise library are played in real time in accordance with
the training sessions plan. During the training, the trained controllers’ automated
assessment unit is operating. In the concluding mode, the training debriefing takes
place. The grading table with the grades received by each trainee is displayed; also,
individual grading tables with incorrect or inadequate actions of a certain trainee can
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be displayed. At the same time, if required, some parts of the exercise can be played
starting from any chosen point of time; the playback can be stopped or restarted.
During the playback, correct commands can be given instead of the incorrect, and
the consequences of their input can be studied.

5.2 Configuring of the STD Modules

In the ISS structure presented in Fig. 5.1, it is possible to configure the STDmodules
that consist of AWS-C and AWS-OP. The total number of the workstations and the
number of AWS-C/AWS-OP combinations in each module shall be optional. The
STD module is a segment of the network that works independently by a certain
training scenario, and at the same time provides the playback of an independent
exercise. Themodules are configured to match the structure of the simulated airspace
in a manner described below. AWS-C and AWS-OP are included into modules; the
minimum module composition is one AWS-OP and one AWS-C. Within a module,
the number of the workstations can be increased one by one, in that the combination
of the AWS-C/AWS-OP numbers is optional. Thus, the configurations are arranged
in such a way to allow one AWS-C to function with several AWS-OPs when difficult
exercised are played, and vice versa, to allow several AWS-Cs to function with one
AWS-OP when simple exercises are played. In that simultaneous training, several
groups of trainees are arranged in a separate group trainings mode.

At that, each separate module works independently following its training sce-
nario and does not influence the operation of other modules. If this requirement is
fulfilled, it significantly broadens the training capacity of the ISS. When such con-
figuring function is available, it allows training the controllers of area control centers
and aerodrome control towers (area, approach, circuit, landing, runway, taxiing) with
the possibility to arrange both individual controllers’ training by sectors and inte-
grated training—simultaneously for a connected combination of the controllers of
the said ATC sectors. Initiation and configuring of the STD modules are provided
through AWS-TS with the help of special dialog panels: “Launch” and “Configure.”
During the module initiation, the system addresses the database of previously pre-
pared exercise scenarios. The training supervisor chooses the required scenario and
assigns control sectors and workstation types for each workstation that is included
into this module.

After the end of the initiation and configuring process, the module switches to the
operating mode. During the whole time of operation of the STD module, the super-
vision information on the condition of the workstations is displayed at the training
supervisor’s display. The training supervisor can choose to display the current con-
dition of the ASD (ground situation display at the aerodrome in the plan), the current
condition of the phraseologywindows, and the coordinationwith the adjacent centers
of any instructor that participates in the training process. The training supervisor can
also display the following information windows: meteorological condition window,
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lists of active and buffer aircraft, and current aircraft parameters. When several STD
modules are launched, the information is displayed in several dialog windows.

The training supervisor can see the required information by his/her choice in order
to monitor the training process within each launched exercise.

The configuring and control interface provides for:

– choosing the exercise from the exercise library for training, where each exercise
is required for specific training purposes and describes the specific airspace area
with the indication of the planned flight table;

– choosing the control area, in that the list of the control areas (areas of responsibility)
is displayed, where this list was prepared during the description of the airspace
area; this possibility is used when the prepared exercise is fine-tuned;

– choosing the options that allow adjusting the STD operation parameters:
– AWS-OP display color settings: choosing the colors for the display of the menu,
reports, notifications, current parameters, aircraft under control and located in the
adjacent area, etc.;

– choosing the control modes: allows choosing manual (to control each aircraft) or
automated (used to fine-tune a newly created exercise, where each aircraft follows
the flight path described in the plan) mode;

– choosing the additional control mode to allow for the inputs from the absent
adjacent control area (where the aircraft appears some time before reaching the
control area border), or lack of such additional control mode;

– launching the simulator;
– requesting the report: allows receiving information on the work of the software
(simulator launching, ways to input the control commands);

– exit: stops the operation of the simulator.

Section Review

1. Structure and composition of the integrated system simulator for the controllers
of the ATC AS.

2. Modes of operation of the integrated system simulator for the controllers of the
ATC AS.

3. Configuring the workstations of the integrated system simulator for the con-
trollers of the ATC AS.

4. Composition and functions of the STDmodule of the controllers of the ATC AS.
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Chapter 6
ISS Automated Workstations

6.1 Training Supervisor’s Automated Workstation

The (ISS) integrated system simulator includes an automatedworkstation of the train-
ing supervisor (AWS-TS) that enables accomplishment of functional tasks regarding
management, monitoring, and subsequent analysis of the training process [1].

The structure of the training supervisor’s automated workstation (AWS-TS) con-
sists of two sections: the AWS-OP section and the AWS-C RF section.

The AWS-TS structure is shown in Fig. 6.1. The AWS-TS AWS-OP section inter-
face provides access to the information necessary for setting up, configuring, and
operating the simulator. It provides the capability to enter and edit the database of
the simulated airspace structure and exercise scenarios. When an exercise scenario
is prepared, one can view the progress of the exercise in the “fast-forward” mode
(or in real time) at this workstation automatically. Viewing the progress of the exer-
cise makes it possible to more accurately simulate the temporal parameters of the
air situation scenario to solve specific training tasks. The AWS-TS AWS-OP section
interface enables configuration of a single trainingmodule or several individual train-
ing modules, selection of the necessary exercise scenario, and launch of the training
process. During the training, one can enter commands to complicate or simplify
the air traffic situation, enter adverse weather conditions, enter additional simulated
airplanes, set special in-flight cases, and create conflict situations.

To monitor the progress of each exercise launched, a window is displayed on
the screen of the AWS-OP section that contains current information on the status
of the workstations included in a specific training module. On the screen of their
workstation, the training supervisor can display the necessary information windows
and the ASD window provided for in the AWS-OP interface. From the AWS-OP
section, the training supervisor can interrupt (stop) the training process, continue the
training, and complete the training. The automated training system (AutoTS) can be
launched from the AWS-TS. At their workstation, the training supervisor can call the
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Fig. 6.1 Structure of the
automated place of the head
of the training

results of the automated evaluation complex performance, request error recording
tables of the trainees to analyze the training process. The display and control means
of the AWS-C RF section provide the training supervisor with an appropriate model
of the air situation similar to the AWS-C RF of the training subsystem.

The training supervisor can address the database of the documentation and replay
complex, select the desired recording, and start the replay process of the previously
completed exercise. The exercise will be played on those AWSs of instructors and
controllers that were included in the training module during the recording process.
The AWS-TS provides the display and implements the human–machine interface of
a given workstation of the air traffic controller that is simulated in the ISS.

6.2 System Operator/Pilot’s Automated Workstation
(AWS-OP)

The AWS-OP is built on the basis of a workstation with a liquid-crystal display,
standard input controls, and a touch screen for displaying a simulated control panel
for ground-to-air voice communication channels and service loud-speaking commu-
nication. The AWS-OP is designed to organize the management of the air traffic
situation and control over the actions of air traffic controllers. The main functional
task of the AWS-OP is to simulate actions of the crews of aircraft that are under
control in the corresponding ATC area. The AWS-OP provides issuance of neces-
sary messages to the AWS-C in the training process and exercise of the controller’s
commands to control the aircraft in the control zone over a given simulated radio
channel. During the exercise, the following is provided:

– simulation of a controlled air traffic situation and transmission of relevant infor-
mation to all workstations of air traffic controllers being trained;



6.2 System Operator/Pilot’s Automated Workstation (AWS-OP) 163

– controllers trained control the movement of the simulated aircraft by issuing com-
mands using standard radio phraseology;

– all the information about the actions of air traffic controllers trained is recorded;
– development of individual indicators of automated evaluation of the actions of the
controllers trained based on the main criteria and parameters for ensuring flight
safety in ATC systems;

– the instructor can intervene in the course of the exercise (enter (PCSs) potential
conflict situations, enter additional aircraft, changemeteorological conditions, stop
and start exercises, etc.);

– simulation of meteorological data including hazardous weather conditions and
runway weather.

The following functions are provided to control aircraft from the AWS-OP:

– transfer of control between AWS-OPs;
– taxiing and stopping the aircraft moving on the aerodrome maneuvering area
according to commands and routes appointed by the air traffic controller, as well
as during exercises involving evacuation of aircraft from the airfield;

– control of arriving and departing aircraft according to commands and routes
assigned by the air traffic controller;

– setting an altitude (flight level);
– setting the vertical rate of climb/descent;
– setting an altitude (flight level) to a specified point;
– setting parallel displacement;
– setting a heading;
– setting a turn at a certain angle;
– setting a bank angle when turning;
– setting the direction of the turn;
– setting a new code of the transponder;
– simulation of the transponder modes;
– flying to a specified point;
– flying to the holding area and flight in the holding area;
– changing the flight route;
– dispatching aircraft following SID/STAR procedures.

TheAWS-OP structure is shown in Fig. 6.2 and includes themeans of simulated radio
communications (MSRC),means of simulated service loud-speaking communication
(MSLC), and AWS-OP (AOP) display with information processing means.

TheAWS-OP screen displays the information control field (Fig. 6.3) implemented
on the basis of the standard window interface.

The main elements of the AOP information field are the air situation display
(ASD) window and a set of windows and panels to set conditions and enter control
commands [1]. There arewindows provided for selecting the trainingmode, adjusting
the colors, adjusting the fonts, adjusting the display parameters, and selecting the
zone patterns.
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Fig. 6.2 Structure of system
operator pilot’s automated
workstation

The training mode can be manual and automatic. It is possible to set or reject
the planned flights. The color settings menu allows customization of the background
color for the operator pilot, instructor, AWS-OP ASD screens, and their elements
(reports, messages, etc.) or selection of one of the three previously defined color solu-
tions taking into account the ICAO ergonomic requirements and recommendations.
The display settings menu allows customization of the display parameters defining
the image displayed on the ASD.

The zone pattern selection menu makes it possible to add a picture from the list
of available patterns or delete a picture from the ASD window.

At the upper part of theAOP, below the heading string, amenubar is displayedwith
a list of operator pilot and training supervisor’s functions. To switch the menu from
themainmode of the operator pilot’s workstation to the training instructor/supervisor
mode and back, one can use an icon on the right part of the screen, “I”. Icons “K” and
“S” are designed to display prompt messages on the key assignment and selection
of setting items, respectively.

The left part of the screen constantly displays awindowwith lists of flight (aircraft)
numbers.

When an aircraft is activated, the screen displays windows of the current aircraft
parameters, the flight level panel, and the digital dialing unit to the right of the list of
flight numbers. The lower part of the screen constantly displays lines for the reports
from the aircraft under control and the aircraft from the buffer zone.

The AWS-OP is multi-purpose and can be used for training the controllers of all
the sectors:

– area;
– approach;
– circle;
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– runway (landing)/start;
– taxiing,

It can also be used in certain ISS configurations to:

– provide instructor’s functions;
– “team-up” for other (adjacent) control centers;
– perform the flight planner’s functions.

6.3 Radar Facilities Controller’s Automated Workstation
(AWS-C RF)

The radar facilities controller’s automated workstations are implemented in the ISS
on the basis of a remote control unit with built-in hardware. The main functional
components of the AWS-C RF are a synthetic air situation display (ASD) with infor-
mation processing equipment; reference data display (RDD) with information pro-
cessing equipment; means of simulated ground-to-air voice radio communication
(MSRC); means of simulated service loud-speaking communication (MSLC).

The AWS-C RF structure is shown in Fig. 6.4.
Sources of information that is displayed on the ISS RF controller’s synthetic

air situation display and used as the basis of air traffic monitoring and control are
primary surveillance radar; secondary surveillance radar; automatic radio direction
finder; integrated radar data (IRD); ADS-B and ADS-C information; controller–pilot
data link (CPDLC); data transmission links; planning information; meteorological
information.

Fig. 6.4 Structure of radar
facility controller’s
automated workstation
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The air situation display shows the result of processing from the information
sources, in accordancewith the capabilities of the simulatedATC system. The trained
controller’s interface for managing the information displayed on the air situation dis-
play fully corresponds to the functionality of the simulated ATC system. As a rule,
the ISS uses an application software package of a given ATC system to ensure the
proper functioning of the AWS-C RF. In the air situation generator server (ASGS)
(Fig. 6.1), information sources are simulated that are used in the ATC system sim-
ulated in the ISS. The radar, navigation and planning information processing server
(RPIPS) (Fig. 6.1) operating on the basis of the application software package of the
simulated ATC system provides information for the synthetic air situation displays
in the ISS AWS-C RF. The reference data display shows current information, both
constant and variable, on the aeronautical situation, meteorological situation, air
traffic flow management planning, the state of technical facilities, and information
sources to support flight control. The list of information displayed on the reference
data display and the control interface corresponds to the simulated ATC system.
Storage and issuance of reference data in real time are provided by means of the
ASGS databases generated during the ISS preparatory mode of operation. Means of
simulated ground-to-air voice radio communication include the control and ground-
to-air radio communication channel switching panel, which is implemented on the
basis of a touch screen display, and a set of terminal devices (remote control PTT
switch, foot PTT switch,microphone, and handset).Means of simulated service loud-
speaking communication include a panel for selecting subscribers for loud-speaking
communication on the basis of a touch screen display and terminal devices for voice
loud-speaking communication.

6.4 Procedural Air Traffic Controller’s Automated
Workstation (AWS-C Pro)

Procedural air traffic controller’s automated workstations are included in the ISS
structure for configurations implementing simulation of the Unified ATM System
ACs and LSUs. ISS AWS-C Pros are implemented on the basis of a remote control
unit with built-in hardware. The main functional components of the ISS AWS-C Pro
hardware are

– synthetic air situation display (ASD) with information processing equipment;
– reference data display (RDD) with processing equipment;
– means of simulated service loud-speaking communication (MSLC).

The AWS-C Pro structure is shown in Fig. 6.5.
The main elements of the AWS-C Pro are the air situation display (ASD), the

reference data display (RDD), and means of simulated service loud-speaking com-
munication (MSLC).
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Fig. 6.5 Structure of the
procedural air traffic
controller’s automated
workstation

Sources of information shown on the synthetic air situation display for the ISS Pro
controller provide information that are used by the procedural air traffic controller
who performs their functions as an RF controller’s assistant.

The air situation display outputs the result of processing from the information
sources, in accordance with the capabilities of the simulated ATC system. The air
situation display shows aircraft routes.

Ways to display information about the location of simulated airplanes, creation
of the controller’s schedule of the aircraft routes, displaying the vertical movement
profile, displaying information about compulsory reporting points with time and
altitude of their overflight, displaying auxiliary information (icons confirming the
arrangement to leave theATS area, hazardousweather, prohibitions, restrictions, etc.)
shall correspond to the information support of the automated ATC system modeled
in the ISS.

The trained controller’s interface formanaging the informationdisplayedon the air
situation display fully corresponds to the functionality of the simulated ATC system.
As a rule, the ISS uses an application software package of a real ATC system to
ensure the proper functioning of the AWS-C Pro. In the ASGS (Fig. 6.1), information
sources are simulated that are used in the ATC system simulated in the ISS. The
RPIPS (Fig. 6.1) operating on the basis of the application software package of the
simulated ATC system provides information for the synthetic air situation displays
in the AWS-C Pro.

The reference data display shows current information, both constant and variable,
on the conditions of flight operations in a given ATC area. The list of information
displayed on the AWS-C Pro reference data display and the control interface corre-
sponds to the simulated ATC system and is identic to the AWS-C RF information
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support. Storage and issuance of reference data in real time are provided by means
of the ASGS databases generated in the preparatory mode of ISS operation.

6.5 Planning Controller’s Automated Workstation
(AWS-C P)

Planning controller’s automated workstations (AWS-C P) are included in the ISS
structure for configurations implementing simulation of the full process cycle of air
traffic management and control. AWS-C Ps are realized on the basis of a univer-
sal remote control unit with built-in hardware. The main functional components of
the AWS-C P hardware are planning information display (PID) with information
processing equipment; reference data display (RDD) with information processing
equipment; means of simulated service loud-speaking communication.

The AWS-C P structure is shown in Fig. 6.6.
The ISS functionality provides for the simulation of all information messages, the

formation and maintenance of special service information to ensure the implemen-
tation of the AWS-C P operational functions for the simulated ATC system exercises
involving their procedures, including the following:

– information on flight plans and ATC messages;
– meteorological information;
– aeronautical information and information on restrictions on the airspace use;
– reference and auxiliary information;
– formation and maintenance of the daily flight plan;

Fig. 6.6 Structure of
planning controller’s
automated workstation
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– formation and simulation of outgoing messages over the Civil Aviation Terrestrial
Data Transmission and Telegraph Communication (TDTTC) network;

– information flow of incoming TDTTC network messages;
– formation of output forms;
– printing messages and output forms;
– control of the availability of licenses for flight operations;
– calculation of the projected load of ATC sectors and areas;
– calculation and visualization of the planned flight routes;
– drawing up, analyzing, and maintaining the daily flight plan;
– generation and issuance of standard airspace use messages in accordance with the
message table;

– monitoring and analysis of incoming airspace use messages;
– monitoring and analysis of the meteorological situation at the associated and alter-
nate aerodromes, as well as on the routes and in the areas of flight operations;

– monitoring and analysis of aeronautical information on the status of aerodromes,
RTF, and air routes;

– interaction with adjacent control centers and airport services.

The reference data display shows the current and future planning information.
The planning data display provides the formation, input, and monitoring of current
messages regarding the planning controller’s operations technology. The planning
controller’s interface of the operations procedures corresponds to the procedures of
the simulated ATC system. Preparation, creation (in accordance with the exercise
plan) of the planning information generated during the ISS preparatory mode of
operation, its storage, and real-time issuance during the exercise are provided by
means of the ASGS databases.

6.6 Aerodrome Control Tower (ACT) Controllers’
Automated Workstations

6.6.1 Final Controller’s Automated Workstation (AWS-C F)

The final controller’s automated workstation is included in the ISS structure for
configurations implementing simulation of the ACT responsibility areas. The main
functional components of the AWS-C F equipment are as follows:

– synthetic air situation display (ASD) with information processing equipment;
– landing radar simulator display (LRSD) with information processing equipment;
– airfield control radar simulator display (ACRSD) with information processing
equipment;

– simulated lighting equipment control panel (SLECP) screen with information pro-
cessing equipment;

– means of simulated “ground-to-air” voice radio communication (MSRC);
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Fig. 6.7 Structure of the
final controller’s automated
workstation

– means of simulated loud-speaking communication (MSLC).

The AWS-C F structure is shown in Fig. 6.7.
Sources of information that is displayed on the ISS controller’s synthetic air

situation display and used as the basis of air trafficmonitoring and control are models
of radar equipment listed in this section.

Sources of information displayed on the LRSD and ACRSD that are the basis
of the final controller work procedures are landing radar and airfield control radar
models. The air situation displays, as well as the landing radar and the airfield control
radar displays, output the results of processing from information source models, in
accordance with the capabilities of the simulated ATC system landing area.

The trained final controller’s interface to manage the information displayed on
the ASD, LRSD, and ACRSD fully corresponds with the functional simulated radar
systems in accordance with the capabilities of the simulated ATC system.

In the air situation generator server (ASGS) (Fig. 5.1), information sources are
simulated that are used in the ATC system simulated in the ISS.

The radar, navigation and planning information processing server (RPIPS)
(Fig. 5.1) operating on the basis of the application software package of the sim-
ulated ATC system provides information for the ASD, LRSD, and ACRSD. The
simulated lighting equipment control panel screen is implemented on the basis of a
touch LCD display. The mnemonic scheme and the control interface correspond to
the lighting equipment of the simulated aerodrome.

https://doi.org/10.1007/978-981-13-9386-0_5
https://doi.org/10.1007/978-981-13-9386-0_5
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6.6.2 Runway and Taxiing Controller’s Automated
Workstations

Aerodrome control tower (ACT) controllers’ automated workstations, runway super-
visory unit (RSU), and taxiing supervisory unit (TSU) are included in the ISS struc-
ture for configurations implementing simulation of ACT responsibility areas. The
main functional components of the AWS-C F hardware are ASD; ACRSD; PDD;
simulator of the visual airfield conditions (SVAC); MSRC; MSLC. The AWS-C
RSU (STU) structure is shown in Fig. 6.8. The hardware included in the AWS-C
RSU (STU) is incorporated into a local area network. The ISS SVAC provides mod-
eling and simulation of AWS-C RSU (STU) visual environment in the area of the
simulated aerodrome. Air and ground situations aremodeled in three dimensions (3D
modeling) and displayed on specified display media (plasma panels, liquid-crystal
displays, projection systems) in the form similar to the view from the controller’s
workstation located on the tower of a particular aerodrome, and also in specified
points in the territory of the airfield. The basis for the creation and operation of
the visual aerodrome conditions model are maps, charts, photographic images, and
other similar sources (space and aerial photographic images) that make it possible to
model an aerodrome, its surrounding area and ground facilities with sufficient detail
to create the required panorama.

The coverage of the territory to be modeled for visualization shall correspond to
the minimum angle of view from the modeled ACT controller’s observation point,
and to the distance up to 15 km.A digital model of the terrain of amodeled aerodrome
is created based on the use of a stereo pair of satellite images or using large-scale
geographical maps with a horizontal increment of 20 m maximum. Fixed objects at

Fig. 6.8 AWS-C RSU
(STU) structure
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the airport are modeled on the basis of data from large-scale schemes, plans, and
aerial photos of the relevant territories on the basis of relevant documents. Moving
objects are implemented in the form of models with a given degree of detail. It is
possible to useboth libraries ofmodels createdby the simulator (visualization system)
manufacturer, and libraries of other developers if they meet the requirements of this
document. The main static objects of modeling are

– the surrounding area with terrain detailing, reference natural and artificial land-
marks visible from the observation point (mountains, hills, masts, pipes, panorama
of settlements, power transmission line poles, etc.);

– the territory of the airport with one or more runways (1–3);
– aprons, parking (aircraft stands), taxiways, landing areas;
– buildings and constructions;
– equipment (facilities) of radiotechnical flight support (RTS),meteorological equip-
ment;

– other objects typical of the simulated aerodrome.

The main dynamic objects of modeling are

– aircraft (in accordance with the requirements of the simulated aerodrome, but not
less than 25 types);

– surface transport, special equipment, and apron mechanization facilities operated
at civil airports (in accordance with the capabilities of the simulated aerodrome,
but not less than ten types);

– people (single persons, group);
– animals (single animals, herd);
– birds (flocks);
– other objects that are typical of the simulated aerodrome.

The SVAC software package enables real-time synthesis and reproduction of
the visual situation in the entire field of view (with a refresh rate of at least
20 frames per second). A special library of programs as part of the SVAC provides
management of the following parameters of the visual environment. Light control:
the visual environment is displayed taking into account changes in the time of day
(the current time set), as well as the seasons (winter, summer); control of the position
of stars and celestial bodies in accordance with the set current time.

Management of meteorological phenomena: setting the place and intensity of
clouds with the ability to control their movement depending on the direction and
magnitude of the specified wind (up to three layers); a general change in the visibility
range from 0 to 15 km; fog (general, local, surface); precipitation (rain, snow) with
several degrees of intensity.

Management of dynamic objects: movement of airplanes and helicopters in the
air in the takeoff and landing areas; movement of airplanes, helicopters, and surface
transport in the territory of the aerodrome including aircraft following-up and towing;
simulation of ailerons, flaps, airplane propellers, and helicopter main rotor systems.

Management of special effects of the visual environment: simulation of the aero-
drome lighting equipment and aircraft lights; explosions; fire of varying intensity;
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smoke of varying intensity with shifts depending on the direction and magnitude of
the specified wind.

When simulating the route of moving dynamic objects at the aerodrome, the rules
and regulations established by the governing documents at the aerodrome (norma-
tive speed, request for departure to the airfield, compulsory communication sessions,
reports on clearing the airfield, etc.) shall be observed. For a detailed view of indi-
vidual sections of the aerodrome and airspace, the SVAC provides views with at least
tenfold magnification (the binoculars function). Thus, at ISS ACT AWS-Cs (TSU,
RSU, F), the following main functional tasks shall be solved:

– displaying the results of the simulation of multi-radar processing of radar data and
ADF information;

– modeling and displaying radar and visual information on the movement of aircraft
and airfield equipment on the maneuvering area, the final approach track of a
particular aerodrome and its airside;

– processing of planning information at the stages of preliminary and current plan-
ning and management;

– modeling of the planning information management process;
– predicting the air situation on the basis of planning information;
– analysis of the predicted and current air situation on the basis of planning and radar
information regarding the absence of conflicts and detection of the following;

– achievement of the limits of the separation standards;
– potential near-midair collisions;
– PCSs with airspace use restrictions and hazardous meteorological phenomena;
– aircraft non-compliance with the meteorological landing conditions (the degree
of automation in solutions for these problems is determined by the capabilities of
the simulated ATC system);

– automatic generation of warnings regarding extreme deviations from the heading
and the glide path on the final approach track;

– combined display of information on the air situation and planning data;
– displaying information on the runway state;
– displaying and control of the artificial runway simulation: “FREE-OCCUPIED”;
– displaying information on the RTS equipment;
– processing and combined display of meteorological information;
– control of runway lights and taxiway lights from the final controller’s workstation.

Section review

1. Configuration and main functions of the training supervisor’s automated work-
station.

2. Configuration and main functions of the operator pilot’s automated workstation.
3. Configuration and main functions of the radar facilities controller’s automated

workstation.
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4. Configuration and main functions of the procedural air traffic controller’s auto-
mated workstation.

5. Configuration and main functions of the planning controller’s automated work-
station.

6. Configuration andmain functions of the final controller’s automatedworkstation.
7. Configuration and main functions of the runway and taxiing controller’s auto-

mated workstation.

Reference

1. Filin AD, Suleymanov RN et al (2003) Upgrade of the ATC system trainingmodule “Spectr-M”.
Explanatory note for the technical project. SPb.: VNIIRA, p 131



Chapter 7
Organization of Simulated
“Ground–Air” Radio Communication
and Service Loud-Speaking
Communication

Means of simulated voice communication (MSVC) are intended to simulate two-way
radio communication between the AWS-C andAWSs of operating personnel through
one of the selected radio channels, aswell as for loud-speaking communication (LSC)
between any ISS AWSs. To implement the ISS functionality, the MSRC and MSSC
must provide the following:

– communication management using a touch screen displaying the control panel;
– capability to quickly select the operational mode;
– establishment of communication in any mode;
– voice communication in the microtelephone and loud-speaking modes;
– capability to select several channels for simultaneous listening with separate vol-
ume control;

– visual indication of operationalmodes and current connections on the touch screen;
– initiation of simulated bearing when conducting radio communication;
– two-way simplex radio communication between the ARM-C and the ARM-OP;
– capability to select any of the simulated radio channels to control;
– LSC between any workplaces with visual and audible indication of a subscriber’s
call.

For the organization of simulated voice communication in the ISS, themost prefer-
able method is that based on the representation of MSVC as subscribers of a local
computer network. This method is the most preferred, since it is based on the use of
modern principles of information technology. The structure of the voice communi-
cation organization in the ISS presented in Fig. 7.1 is homogeneous and with open
architecture.

Means of simulated voice communication (MSVC) are implemented on the use
of sound cards in MSRC (MSSC) PCs at FSS AWSs. Quantitative values N and M
are determined by the composition and configuration of the modeled ATC system
structure. Analog information of voice traffic coming from AWS microphones is
converted by the ADC into digital code transmissions to the corresponding LAN
subscribers. In MSRC (MSSC) PCs of the receiving subscribers, the reverse DAC of
the received digital transmissions takes place producing analog voice traffic signals

© Springer Nature Singapore Pte Ltd. 2020
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Fig. 7.1 Structure of simulated voice communication in the ISS

with subsequent output to the loudspeakers. The ARM MSVC equipment contains
the following:workstation; touch screen;microphone; loudspeakers; handset/headset
(H/H); connection panel. At workstations, network and sound cards are used.

The voice data of the selected source are divided into fragments of 20ms in length,
which are placed in voice information packets and sent to the LAN. Multimedia data
are quite voluminous by their nature; therefore, to reduce the amount of documented
voice information, two main mechanisms are used: audio data compression by a
voice codec and exclusion (elimination) of pauses (speech-offs) using a voice activity
detector.

Operator’s commands (e.g., to establish a connection with a given subscriber) are
converted into control IP packets and transmitted over the same network as voice
ones. The structure of the MSVC software is presented in Fig. 7.2.

The MSVCworkstations software contains the following units: control panel dis-
play module (PDM); control command processing module (CCPM); channel mem-
ory module (CMM); DAC-ADC conversion module (ConvM); compression module
(CompM); database documentation and replay module (DDM); TCP/IP exchange
organization module.

For transmission, a switched Ethernet network (1000 Base-TX) can be used; the
network configuration is determined by the ISS configuration.

For the normal functioning of the ISS, the following voice communication modes
are implemented. Duplex communication: two-way communication, when both sub-
scribers can simultaneously transmit and receive signals. A communication session
is established and terminated once at the initiative of any subscriber (service loud-
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Fig. 7.2 The structure of the
MSVC software

speaking communication). Simplex communication: one-way communication, when
one subscriber transmits signals and the other one accepts them. A communication
session is established and terminated at each transmission at the initiative of the trans-
mitting subscriber (imitation of ground-to-air radio communication). Half-duplex
communication: two-way communication, when subscribers can transmit signals
in turn. A communication session is established and terminated once at the initia-
tive of any subscriber. Example: communication via selective subscriber call (SSC)
channels. Call forwarding: switching of the established connection or incoming call
by one of the subscribers to another subscriber. Permanent forwarding: a mode in
which all calls coming to this workstation are automatically transferred to another
predefined workstation. Circular: communication, when one participant can speak
(initiator of the conference), and the others can hear only him/her. Conference: con-
nection of several subscribers, when all conference participants have the capability
to simultaneously talk and hear each other. Holdup: a mode, in which a subscriber
is temporarily “disconnected” without breaking the connection with the possibility
of a subsequent re-connection. Intrusion: entering into communication with a sub-
scriber engaged in another connection. Call pickup: an answer to a call coming to
another workstation. Direct online access: the connection is established immediately
after pressing the address key of the subscriber. The call is made by voice. Direct
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access: the subscriber receives a call signal when pressing the address key. Com-
munication is possible only after the subscriber answers. Direct online access and
direct access types from a particular workstation are available only for subscribers
for whom address keys are provided. Radio channel taking for control: switching on
the radio channel in the “control” mode. Radio transmission is possible in this mode
only. The listening channel is a radio channel that only receives signals. There are
listening channels over which transmissions are not impossible in principle. Also, a
standard radio channel released from control becomes a listening channel. An avail-
able radio channel is a radio channel that can be monitored and controlled from this
workstation. The number of available radio channels may exceed the number of radio
communication keys on the touch screen. The user can assign a free key for any of
the available radio channels.

The view of the MSVC control panel displayed on the touch screen is shown in
Fig. 7.3.

The panel is divided into three main zones: on the left, there is a zone of func-
tion keys designed to activate various operational modes; in the center, there is a
loud-speaking communication zone consisting of one or several address key panels;
buttons in the upper part of the zone are intended for switching between panels; on the
right, there is a radio zone consisting of one or more panels of radio communication
keys.

Fig. 7.3 MSVC control panel window
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At the bottom of the screen, there are (from left to right): the clear-back button,
the call panel, and the radio press-to-talk key—PTT. In the upper part of the function
key zone, there is a system clock, a field displaying the name of the workstation
(AWS-OP3 in the figure), and mode indicators. The absence of the figure means
the ATIS module works offline. In the middle part of the function key zone of the
panel, there are keys designed to activate various operational modes for the ATIS.
The loud-speaking communication zone is represented as a panel of direct access
to subscribers, which contains address keys, each of which displays the subscriber’s
name (The loud-speaking communication zonemay have several direct access panels
that are switched by means of buttons located in its upper part.). The current state
of the subscriber is indicated by a change in the appearance (color) of the address
key. Communication with the direct access subscriber is established by pressing the
address key. The call panel is located at the bottom of the screen. The call bar buttons
show incoming calls. The number of call panel keys is set by the administrator when
configuring the workstation screen. In the absence of calls and connections, all the
keys of the call panel are empty and painted gray. If there is a call, the key displays the
subscriber’s name and their internal number. The color of the key corresponds to the
state of the call (communication), as well as for the address key in the loud-speaking
communication panel.

If there is one call, the leftmost key of the call panel will be activated; if the second
call comes, the next one is activated, etc. The radio communication zone contains
one or several panels of radio communication keys and the press-to-talk key (PTT).
Switching between panels is carried out using the keys (“P1”, “P2”) at the top of the
panel.

The assignment of individual key fields and the appearance of radio communica-
tion keys assigned to the radio channel are shown in Fig. 7.4. The name for each radio
channel is set by the system administrator during configuration. The number of the
audio speaker indicates which of the speakers reproduces the signal from this group.
If no radio channel is assigned to the key, the key is free. Free radio communication
keys do not contain information.

The state of the radio channel is indicated by the key color or its individual
elements (see Table 7.1).

The PTT key enables transmissions from all radio stations under control.
Setting the basic parameters of the system, such as setting up available loud-

speaking communication subscribers and groups of radio stations, is performed by
the system administrator and is not available at a particular workstation. Settings
panels appear in the loud-speaking communication zone when buttons Settings,
Radio, or LSC are pressed in the function key zone.

The general settings panel of a workstation is opened by pressing the “Settings”
function key on the control panel (Fig. 7.3) in the loud-speaking communication
zone of this control panel. The general settings panel is shown in Fig. 7.5.

The panel is designed to configure common control functions. The controls of the
panel enable the following: turn on/off and restart the workstation software; adjust
the replay volume. The “LSC” panel is opened by pressing the “LSC” button on the
control panel (Fig. 7.3). The “LSC” panel is designed to control the loud-speaking
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Fig. 7.4 Assigning radio communication key fields

Table 7.1 Key color or its individual elements

Key color Channel operational mode State of the radio channel or
the monitored channel

Green Control is ON, reception is
ON

Free radio channel

Red Control is ON, reception is
ON

Occupied radio channel, the
other subscriber transmits
signals

Blue Control is ON, reception is
ON

Signal (carrier) present

Gray, text color is white Control is OFF, reception is
ON

Channel is off

Gray, text color is red Control is OFF, reception is
OFF

Channel is not available

Gray or yellow, frequency
field is blue

Control is OFF, reception is
not essential

Signal (carrier) present

Green or yellow, special
functions string is blue

Control is ON, reception is
not essential

The receiver of this channel
is defined as the best in the
group

communication, as well as to select the call signal. The controls of the panel provide
the following features:

– selection of audio speakers for listening to loud-speaking calls;
– adjustment of the volume when listening to calls;
– selection and adjustment of the call signal volume.

The basic radio communication settings panel (Fig. 7.6) is activated by pressing
the “Radio” function key on the control panel shown in Fig. 7.3.

The basic radio communication settings panel is shown in Fig. 7.6.
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Fig. 7.5 General settings panel

Fig. 7.6 Basic radio communication settings panel



184 7 Organization of Simulated “Ground–Air” Radio Communication …

The panel contains several groups of function keys. Each group is designed to
configure the radio channel, the key of which is located to the right of the group in
the radio communication zone.

The controls of the panels enable the following: turn on/off the radio channels for
listening and/or control; select a primary or standby receiver/transmitter; activate the
advanced radio communication settings panel for each channel.

The MSVC provide recording and replay of voice information for a given work-
station. Recording and replay are performed synchronously by time stamps with the
documentation on air and ground situation, which is performed in the server of the
air situation generator. Voice data and air situation data recorded are stored at each
workstation, for each exercise performed.

Section Review

1. Method and principles in ground–air–ground radio communication simulation
means in the integrated system simulator for ATS AC controllers.

2. Method and principles in service loud-speaking communication simulation
means in the integrated system simulator for ATS AC controllers.

3. Functional capabilities of voice communication simulation means in the inte-
grated system simulator for ATS AC controllers.

4. Functions of the control panel for voice communication simulation means in the
integrated system simulator for ATS AC controllers.



Chapter 8
Automated Training Aids for the Remote
ATC Specialists Proficiency Maintaining
System

8.1 Automated ATC Specialists Training and Assessment
System

Nowadays, organization of theoretical training for air traffic controllers involves
integrated automated training aids more and more widely; these aids operate in
conjunction with remote proficiency maintaining systems (RPMS) built on the basis
of modern PCs.

Consider one of the possible ways of assessing controllers’ knowledge and skills
using automated training aids, which is useful in the training of ATC specialists.

The functional diagram of the knowledge and skills assessment process in auto-
mated training aids is shown in Fig. 8.1. Here, the data files contain variants of tasks,
arrays of initial data, parameters of the air situation, and corresponding standard
performance models (standard values of monitored parameters). According to the
assessment results, files are formed that are then used to analyze the training process.
Criteria for assessing the level of practical skills are selected based on the type of
actions performed by trainees. The selection of criteria determines the assessment
algorithm, which is reduced to checking whether the monitored parameters belong
to the area of acceptable (successful) solutions or actions.

Figure 8.2 shows the main tasks implemented by RPMS integrated automated
training aidsmethodological support and software for ATC specialists. These include
building a knowledge domainmodel (knowledge base); determining a list of advance-
ment questions (tests, tasks); defining knowledge assessment criteria; selecting an
assessment mode (number of test tasks presented); determining the level of require-
ments for the trainee in the assessment process; determining weights for questions
that have appropriate evaluation criteria; implementing a knowledge assessment pro-
gram on PCs (using various modes); developing an indicator to assess the level of the
controller’s knowledge; final assessment of the specialist’s proficiency level (binary,
N-points); viewing wrong answers of the trained controller; assessing the reliability
of the assessment results; making decisions on the further organization of assessment
(change of strategy or assessment tactics, termination of the assessment); drafting a
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Fig. 8.1 Functional diagram of the knowledge and skills assessment process
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Fig. 8.2 Air traffic controllers’ knowledge assessment using automated training aids



188 8 Automated Training Aids for the Remote ATC Specialists …

form of the final knowledge assessment protocol; archiving and printing the assess-
ment results.

The automated training aids knowledge base is a set of logically combined and
systematized portions of educational material connected by a single structure, con-
sisting of test questions, reference answers, and comments on the trainees’ actions.
The knowledge base shall contain educational material that corresponds to the pro-
gram of a particular discipline (subject) and meets the requirements of specialists’
professional knowledge certification.

The basic operationalmodes of the automatedATC specialists training and assess-
ment system are knowledge assessment, unsupervised work, section edition, help,
archiving, and completion of work.

The mode is selected with a computer mouse. After that, the system switches to
the appropriate operational mode.

Let us consider the knowledge assessmentmode inmore detail. Thismode is basic
and is designed to implement the functions of automated knowledge assessment.
To do this, select the “Knowledge Assessment” function in the main menu of the
system. Then, the controller to be trained (assessed) is registered, i.e., their personal
and other data are entered. Next, the system is “tuned,” i.e., the necessary parameters
and assessment mode are selected. These are selected sequentially in the appropriate
program menus using the mouse.

Assessment Parameters and Type Rating
Specify the type of rating for the controller to be tested: aerodrome controller;
approach controller; radar-based approach final controller; Unified ATM System
area controller.

Supervisory Unit A supervisory unit is selected, where the controller is authorized
to perform their ATC functions. The aerodrome controller is authorized to work on at
least oneof the followingATCunits:ASU,TSU,RSU,ARSU,ATC tower, localRSU,
local control tower, local CC, and their combinations (in a prescribed manner); the
final controller—FSU (LSSU); the approach controller—ASU, CSU, control tower;
the UATM system area controller—UATM systemACs, UATM system remote ACs,
local SU (LSU), RLSU.

Position The position of the tested specialist is selected: Auxiliary ATS personnel
(assistant controller, informant controller, operator controller, etc.)—operator (O);
controller (C); radar assistance controller; graphic (procedural) air traffic controller
(GAC); aerodrome ATC instructor (AeroAI); area ATC instructor (AreaAI); senior
SU controller (SSUC); senior aerodrome shift controller (SAeroSC); senior area shift
controller (SAreaSC); aerodrome flight operations director (AeroFOD); area flight
operations director (AreaFOD).

Assessment Type The appropriate assessment type is selected: Approval for unsu-
pervised work; authorization for international flights ATS in English; renewal of the
certificate; promotion; preparation for operations in the danger flight zone (DFZ);
interruption in ATC operations (more than three months); by decision of the flight
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director (senior official); on the personal initiative of a specialist. The assessment
type determines the assessment mode selected.

Assessment Mode The assessment mode has a set of relevant assessment param-
eters. These include the number of test questions (tests), the level of requirements,
the presence (or absence) of feedback (“correct,” “wrong”), prompts for the correct
answers, the use of a timer, the time limit for preparing an answer (specific numeri-
cal values), the way of entering the answer, etc. Depending on the type and purpose
of the knowledge test, the teacher (instructor) can select the necessary assessment
mode: “flexible” or “strict.” (see Fig. 8.3)

In the first case, a “flexible setting” of the system is possible, i.e., an arbitrary
selection of assessment parameters, which makes it possible for the examiner to
organize an assessment program at their own discretion. The “strict” mode has a
fixed set of assessment parameters that define the appropriate assessment type, for
example, “Assessment 1,” “Assessment 2,” “Assessment 3,” etc. The strict mode is
more preferable since itmakes the trainees equal in testing conditions and implements
the same assessment program and level of requirements. In addition, this mode is
more convenient when organizing an archive, since it enables the presentation of the
assessment results in a strictly defined form.

Level of Requirements
This parameter defines the requirements for the level of knowledge of ATC special-
ists. Each test question in the knowledge base of the ASKM has its own assessment
criterion for the corresponding specialist category (controllers of certain supervisory
units). As evaluation criteria, it is proposed to use solid knowledge (SK), proficient
knowledge (PK), and general concepts (GC) (the description of these criteria is pro-
vided in the methodology for knowledge assessment.).

At the first stage, when assessing the knowledge of ATC specialists in the field
of regulatory legal documents and special subjects (aeronautical meteorology, fun-
damental aerodynamics and aircraft performances, air navigation and navigational
flight support, etc.), the above criteria are used when determining the requirements
for the knowledge of the relevant test question for controllers having the appropriate
rating (see the presentation form). The importance or significance of each of the
questions included in the ASKM knowledge base is determined by their weighting
factors in accordance with the evaluation criteria and is taken into account in the
future when calculating the indicator of the trainee’s level of training.

In assessing the controllers’ knowledge of procedures, radio rules and phrase-
ology, more stringent requirements apply for their level of training. The teacher
(instructor) can select one of the three levels of requirements: minimum-allowable;
medium; high—according to the assessment type.

The level of requirements is defined by the percentage ratio of the number of test
questions with the corresponding evaluation criteria (“SK,” “PK,” and “GC”).

The Number of Test Questions
The number of test questions (tests) in the test program can be arbitrary or fixed.
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Fig. 8.3 Assessment mode features
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When using the “flexible” control mode, the number of questions is set by the teacher
(instructor) or is chosen by the trainee. The “strict” mode involves the selection of a
certain number of test questions (10, 20, or 30).

Evaluation System
The instructor, depending on the assessment type and purpose, shall select the
required system of knowledge evaluation: binary (“pass–fail”); or five-point grading
system.

Examples of calculating the indicator of the trainee’s level of training and the
methods of grading (evaluation) are described in detail in the “Methodology for
assessing the level of knowledge.”

Assessment Section
Select the necessary section for knowledge assessment. The teacher (trainee) shall
select a subject, topic or section from the database to be used in the assessment.
In accordance with the “Guidelines for the Training of Civil Aviation Air Traffic
Services Personnel,” the ATSs databases include the following subjects: regulatory
documents (Air Laws Regulations, Federal airspace regulations, Federal Aviation
Regulations “Flights in the airspace of the Russian Federation,” FAR “Planning and
performing flights in civil aviation of the Russian Federation,” table of reports on
aircraft movement in the Russian Federation, etc.); work procedures, radio rules,
and phraseology; aeronautical meteorology; fundamental aerodynamics and aircraft
performances; air navigation and navigational flight support; radio engineering and
lighting engineering support of flights and aeronautical telecommunications; English
(for personnel performing ATS functions on international airways and in areas of
international airports). The section “Work procedures, radio rules and phraseolo-
gy” includes a list of test questions relating to flight rules, work procedures, radio
phraseology for controllers who have appropriate ratings and approvals to work at
certain supervisory units. The “English Language” section contains terminology,
definitions, grammatical forms, procedures, radio rules, and phraseology in English,
the knowledge of which is necessary for air traffic services on international airways
and in areas of international airports. If necessary, or at the request of the system user,
each of the test sections can be modified or supplemented with questions reflecting
the specific work of controllers in a particular airport service. After selecting and
entering the above parameters, the system switches to the knowledge assessment
mode according to the established program.

Knowledge Assessment
In accordance with a given assessment mode, test questions of various types are
randomly selected from the knowledge base and presented to the trainee.

The tested controller shall answer the questions selecting (forming) the correct
answer from the suggested options and enter it into the system using a mouse or
keyboard. For example, when using “select from the menu” answers, the trainee
shall select the correct answer from the suggested alternative answers or enter the
answer “yes,” “no,” or “I do not know”; when performing “direct answer input”
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tasks, enter specific numerical data, when solving problems of building an algorithm
(sequence) of actions, select and consistently enter the necessary actions (operations)
to form an answer. Available types of answers are contained in a special form of the
ATSs test questions.

Output of the Assessment Results
At the end of the assessment cycle, the following “menu” is displayed on the computer
screen: PRINT PROTOCOL; SUMMARY OF ANSWERS; MAIN MENU. This
mode is designed to display the protocol of the assessment results on the screen or
to print it for a particular ATC specialist tested by the relevant test program.

Summary of Answers
This mode is intended for reviewing test questions that were answered incorrectly. In
this mode, the following information is displayed: the number of incorrect answers,
the wording of the question, the trainee’s answer, the correct answer, and the source
(article or paragraph of the regulatory document or paragraph or page of the reference
material used) where the question is considered.

Main Menu
This mode is intended to enter the main menu of the system.

8.2 RPMS Integrated Automated Training Aids Database
Organization

The RPMS integrated automated training aids knowledge base has a hierarchical
structure and includes the aboveknowledgedomains (subjects).Below is the structure
of the knowledge base for the “Unsupervised work” and “Knowledge Assessment”
modes.

Structure of the RPMS integrated automated training aids knowledge base (“Un-
supervised work” mode).

Whole Database. S 1. Regulatory Documents:
P 1. Air laws regulations of the Russian Federation (RF ALR);
P 2. Federal airspace regulations of the Russian Federation (RF FAirR);
P 3. Federal aviation regulations “Flights in the airspace of the Russian Federation”
(FAR FARF);
P 4. FAR “Planning and performing flights in civil aviation of the Russian Federa-
tion”;
P 5. Table of reports on aircraft movement in the Russian Federation (TS-95);
S 2. Controller Work Procedures, Radiotelephony (Radio) Rules and Phraseol-
ogy:
P 1. Air traffic controller work procedures (CWP):
T 1. Methodical instructions;
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T 2. Aerodrome controller work procedures: T 2.1 ACU CWP (Local ACU); T 2.2
TSU CWP; T 2.3 SSU CWP (Local SSU); T 2.4 ASSU CWP; T 2.5 Local ACT
CWP; T 2.6 Local CSU CWP.
T 3. Final controller work procedures: T 3.1 FSU CWP (LSSU).
T 4. Technologies of work of approach controllers: T 4.1 CC (LSSU) CWP; T 4.2
ApC (GApC) CWP; T 4.3 Tower CWP.
T 5. Area controller work procedures: T 5.1 UATM System AC (Remote AC) CWP;
T 5.2 LSU (RLSU) CWP.
T 6. Methods of air situation registration by the approach controller.
T 7. Symbols for the designation of the air and the meteorological situation in the
control room traffic schedule.
T 8. Methods of air situation registration on the UATMAC (RAC) controller’s tablet.
T 9. Table of the required minimum distance to perform a maneuver when crossing
an occupied flight level (Appendix 4).
T 10. Calculation of the required minimum time interval at the point of entry into
the area when the “Mach Number Method” is applied.
T 11. Methods of air situation registration by the LSU controller using a tablet.
P 2. Radio rules and phraseology during flight operations and ATC communications
(RRP):
T 1. General provisions;
T 2. Terms and conventions;
T 3. General radio rules;
T 4. General radio phraseology;
T 5. Aircraft identification and separation and the use of secondary radars (SSRs);
T 6. Standard radio phraseology of air traffic controllers with aircraft crews: T 6.1
Taxiing supervisory unit; T 6.2 Runway supervisory unit; T 6.3 Circuit control; T
6.4 Landing (final) supervisory unit; T 6.5 Approach supervisory unit; T 6.6 ATM
Area supervisory unit.
T 7. Radio communication rules in emergency and urgent situations.
T 8. Radio communication with vehicles and aerodrome facilities.
T 9. Exchange of information between controllers in the ATC process and radio
phraseology.
S 3. Aeronautical Meteorology and Meteorological Support for ATC Units: P 1.
Aeronautical meteorology; P 2. Meteorological support for ATS units.
S 4. Fundamental Aerodynamics and Aircraft Performances: P 1. Fundamental
aerodynamics; P 2. Aerodynamics and flight dynamics; P 3. Aircraft performances.
S 5. Air Navigation and Navigational Flight Support: P 1. Air navigation; P 2.
Air navigation flight support.
S 6. Radio Engineering, Lighting Engineering Support of Flights and Aeronau-
tical Telecommunication: P 1. Radio engineering support of flights; P 2. Electric
lighting support of flights; R 3. Aeronautical telecommunications.
S 7. English: P 1. Aviation English; P 2. Radio phraseology in ATC in English.
Structure of the RPMS integrated automated training aids knowledge base (“Knowl-
edge assessment” mode)
S 1. Regulatory Documents
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The database structure for this section is similar to the corresponding section of the
“Unsupervised work” mode.
S 2. Controller Work Procedures, Radio Rules and Phraseology:
P 1. Rating—aerodrome controller:
T 1. Aerodrome supervisory unit (ASU, Local ASU);
T 2. Taxiing supervisory unit (TSU);
T 3. Runway supervisory unit (RSU, local RSU);
P 2. Rating—final controller:
T 1. Final supervisory unit (FSU);
R 3. Rating—approach controller:
T 1. Circuit control (CC, LSSU);
T 2. Approach supervisory unit (ASU, GASU);
P 4. Rating—area controller:
T 1. ATM area control center (AC (RAC));
T 2. Local supervisory unit (LSU, RLSU).
S 3. Aviation Meteorology and Meteorological Support for ATS Units
The database structure for this section is similar to the corresponding section of the
“Unsupervised work” mode.
S 4. Fundamental aerodynamics and aircraft performances:
R 1. Fundamental aerodynamics;
P 2. Flight dynamics and aircraft performances.
For subjects S5, S6, S7, the database of the “Unsupervised work” mode is used.

8.3 Organization of the Knowledge Base for Subject
“Controller Work Procedures and Radio Rules
and Phraseology”

As an example, consider the organization of the knowledge base for subject “Con-
troller work procedures and radio rules and phraseology.” First of all, it is necessary
to determine the requirements for air traffic controllers’ level of knowledge. It is
advisable to use the following evaluation criteria:

– solid knowledge (SK)—accurate (literal) knowledge and deep understanding of
a clause, rule or article of regulatory documents regulating the controller’s work
(flight rules, work procedures, radio rules, and phraseology, etc.);

– proficient knowledge (PK)—the level of knowledge of special and applied sub-
jects and work procedures that is necessary to solve ATC tasks correctly in each
particular case;

– general concepts (GC)—the level of knowledge that provides a general under-
standing of the issues included in the list of special and applied subjects.

Each test question in the RPMS integrated automated training aids knowledge
base shall have its own evaluation criterion for the corresponding specialist category
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(supervisory unit or workstation). For example, the analysis of tasks solved by air
traffic controllers in various areas makes it possible to determine the relationship
between the controllers’ level of knowledge for the relevant supervisory units (see
Table 8.1).

8.4 Organization of Remote Training for ATC Specialists

Remote training for ATC specialists is implemented on the basis of web technologies
and provides the following features:

(1) Multi-user mode. The web technology provides a centralized ATSs databases
and knowledge bases on a secure server. All clients wishing to connect to the
system pass an authorization procedure that is mandatory. The password system
provides various access rights for various groups of ATSs users;

(2) Centralization of databases that makes it possible to accumulate and store the
results of ATSs users’ training on the server, to form and output various reports
on the training results;

(3) The accessibility of the system via the Internet, which includes https encryption.
At the same time, it is possible to organize access for ATC specialists both to
training materials and to training results;

(4) Embeddability. If necessary, it is possible to embed web pages into any other
ATSs systems using the standard “web browser” component.

The system is based on the client–server principle, thus making it possible to:
implement a centralized database with a multi-user mode; access the knowledge
base/database and training results via the Internet, including encryption; use other
technologies to extend the functionality (Flash, Java, Silverlight, etc.) or create and
use own client application if the functionality of the standard browser is not sufficient.

Server part The knowledge base/database is located on the server and managed
by the administrator. The administrator monitors the health of the knowledge
base/database, edits it, and distributes users into groups with different access rights.

Client part All clients wishing to connect to the system pass the mandatory autho-
rization procedure. Depending on the group of users, the client can access various
training materials, tests, reports on training results and fill in/edit the knowledge
base/database.

Section Review

1. Main tasks and method of organizing the automated training system for air traffic
control specialists.

2. Block diagram of the air traffic controllers’ knowledge assessment process in the
automated training system.
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3. Operational modes of the automated training system for ATC specialists and their
features.

4. Organization of the database of the automated training system for air traffic
controllers.

5. Organization of remote training using the automated system for training air traffic
controllers.



Chapter 9
ISS Special Software

ISS special software (SSW) can be divided into two main complexes: training sub-
system SSW; modeling and evaluation subsystem SSW.

The principle of construction of the training subsystem is based on the use of
hardware and software of the simulated automated air traffic control system. This
ensures the full adequacy of the implementation of air traffic control processes in the
ISS. The modeling and evaluation subsystem SSW is intended to solve the following
main tasks:

– configuring workstations for several training modules;
– maintaining the same exercise time for all facilities of one training module;
– simulation of the movement of various types of aircraft in accordance with their
tactical, technical, and aerodynamic performances;

– simulation of special cases and emergency situations;
– generating data of multi-radar information processing of simulated radars and
transmitting it to the RPIPS;

– simulation of information on the bearing;
– simulation ofmeteorological data and the issuance of this information to the AWS-
C instruments;

– generation, amendment and transmission of planning information to the trained
controller;

– implementation of the air situation window on the OP (instructor) workstation
software with an interface similar to the interface of the trained controller;

– recording, replaying, and restoring the exercise progress synchronously with the
OP and the trained controller’s speech information;

– registration of the ATC parameters providing the means of recording the con-
trollers’ actions during the training process;

– ensuring the operation of themodeling and evaluationSSWin real and fast-forward
time with possible short stops;

– preparing any given airspace structure and creating, correcting, and storing the
planning information used in the exercise;
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– implementation and storage of the library for exercises, backup, and recovery
capabilities.

The input to the script process is as follows:

– information base of exercises on the basis of the training scenario;
– commands entered from OPs (instructors)’ consoles;
– messages received over the local network from AWS-C, the training supervisor
and the system administrator.

The information base of exercises refers to the collection of data on the structure of
the airspace and ground tactical situation, scheduled tasks for the simulated aircraft,
meteorological conditions, aircraft parameters, radar parameters, and elements of
the graphic information. Each exercise has its own name, and an exercise library is
created from the pre-defined exercises.

The modeling and evaluation subsystem SSW includes: air and ground situation
models; models of radio and lighting means of flight operations support; a planning
information simulator; management and configuration software; documentation and
replay package; a set of training exercises; and an automated assessment package.

The air situation model contains: a model of the aircraft movement; an emergency
model; a model of weather conditions; software package for automatic formation
of trajectories for moving objects on the airfield; model of the visual aerodrome
environment; and radio-technical equipment (RTE) failure model.

The exercise preparation package contains: a zone structure creation block; an
exercise formation block; a creation and adjustment block for flight plans.

The automated assessment package includes the software for the following: col-
lecting and evaluating information in the training process; aircraft conflict definitions;
processing and documenting the exercise results.

9.1 Aircraft Movement Model

The movement of various types of aircraft, both on the ground and in the airspace is
modeled in accordance with their tactical, technical, and aerodynamic performances
in real time. When simulating the aircraft movement, the effect of the wind is taken
into account. The range of changes in aerodynamic performances is set based on
actual flight conditions. It is advisable to simulate the aircraft movement in the
ISS by imposing two methods: a method for modeling movement along specified
trajectories through given points and a method for movement modeling based on
dynamic Euler equations. In addition, the trajectory of the aircraft movement in
the ISS is a function of the altitude-heading commands sent by the controller. The
aircraft movement along specified trajectories is built using points. The trajectory of
the aircraft movement is represented by a set of points. A point is a certain given
condition of the aircraft movement; upon fulfillment of this condition, a transition to
the next point occurs, which is selected by specially defined rules. With this set of
points, one can specify any trajectory.
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The position of the aircraft is determined at discrete instants of time. The coordi-
nates of the aircraft are calculated not only discretely—once per cycle of calculation,
but also after the event has occurred; the time interval is a floating value. An event is
the achievement of any given parameter (speed, altitude, heading, time, etc.) obtained
as a result of the controller’s control command entered from the instructor’s console,
or reaching a certain point.

The model of the aircraft movement between points or after the controller’s com-
mand is built on the basis of the aircraft aerodynamic performances. The model is
based on the system of dynamic Euler equations in a related coordinate system. The
moments acting on the aircraft are assumed to be balanced by the corresponding
deviations of the controls. It is considered that all the forces acting on the aircraft are
applied to its center of mass.

The movement of an aircraft under the action of aerodynamic and thrust forces in
a related coordinate system is described by a system of Eqs. (9.1). The engine thrust
is directed along the longitudinal axis of the aircraft, and the sideslip angle is small
and can be neglected. All calculations are performed in the Cartesian coordinate
system, relative to some conditional point; the X-axis is directed to the north.

dv

dt
= g · P · cos(α) − X

Q − sin(θ)

dθ

dt
= g

V
· Y · cos(γ ) + P · sin(α)

Q − cos(θ)

dϕ

dt
= − g

V · cos(θ)
· Y

Q · sin(γ )
, (9.1)

where g is the downward acceleration (acceleration of gravity); θ is the angle of
trajectory inclination in the vertical plane; γ is the roll angle; ϕ is the heading; V is
the true speed; P is the aircraft thrust; Y is the lifting force; X is the drag force; Q is
the force of gravity (aircraft weight); α is the attack angle.

All forces are considered to be applied to the aircraft center of mass. The range of
selected aerodynamic performances is determined by using graphical dependencies
of aerodynamic performances for each given type of aircraft and flight mode; thus,
to take into account the drag force, a graphic dependence on the flight speed and
aircraft type is used for the zero lifting force.

The speeds are selected from the range of operational speeds and altitudes of a
given type of aircraft. The graphs of the lifting force coefficient versus the induced
drag coefficient at various flight speeds are used.

Also, graphic dependences of the allowable value of the lifting force coefficient
on the speed are used.

The system (9.1) is the main one for calculating the parameters of the air-
craft movement, and to calculate the aircraft coordinates, the system of kinematic
Eqs. (9.2–9.4) is used.

dx

dt
= V · cos(θ) · cos(ϕ)



202 9 ISS Special Software

dy

dt
= dh

dt
= V · sin(θ)

dz

dt
= −V · cos(θ) · sin(ϕ) (9.2)

v[i + 1] = v[i] + dv[i + 1]

dt
· �t

ϕ[i + 1] = ϕ[i] + dϕ[i + 1]

dt
· �t

θ [i + 1] = θ [i] + dθ [i + 1]

dt
· �t (9.3)

x[i + 1] = x[i] + dx

dt
· �t

z[i + 1] = z[i] + dz

dt
· �t

h[i + 1] = h[i] + dy

dt
· �t (9.4)

The systems of Eqs. (9.1–9.4) fully describe the aircraft movement in space, make
it possible to calculate all the parameters of its movement and their change over time,
if the engine operational mode and thrust and aerodynamic performances of a given
aircraft type are set.

The value of ground speed and ground angle is determined by the following
formulas (9.5–9.7).

W =
√
V 2 +U 2 + 2 · V ·U · cos(ψ) (9.5)

ϕc = arcsin

(
U · sin(ψ)

W 2

)
(9.6)

ϕ∗ = ϕ + ϕc, (9.7)

where ϕ is the initial heading; V is the true speed; U is the wind speed; W is the
ground speed; ψ is the heading angle between the V and U vectors; ϕc is the crab
angle; and ϕ∗ is the ground heading.

The advantages of the presented method of modeling the aircraft movement in
training systems are that it allows significant increasing in the similarity of the sim-
ulated flight to a real one. It takes into account the relationship of longitudinal and
transverse movement, the dependence of speed on the altitude, weight, and maneu-
vers performedby the aircraft. The simulation of themovement dynamics thismethod
takes into account awide range of changes in the speeds and altitudes ofmodern types
of aircraft, as well as performances of the aircraft under the engine limit conditions.
External control actions are as follows: the exercise of the controller’s commands is
performed by inputting control commands from the AWS-OP functional keyboard.
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In order to control the aircraft, the following basic functions are implemented by the
controller’s commands when modeling the ground and air situations:

– taxiing and stopping the aircraft moving on the aerodrome maneuvering area;
– control of arriving and departing aircraft;
– setting an altitude (flight level) both in meters and feet;
– setting the vertical rate of climb/descent;
– setting an altitude (flight level) to a specified point;
– setting parallel displacement;
– setting a heading;
– setting a turn at a certain angle;
– setting a bank angle when turning;
– setting the direction of the turn;
– setting flight speeds, both in km/h and in knots;
– setting the Mach number;
– disabling/enabling “A” and “C” modes of the transponder;
– setting a new code of the transponder;
– simulation of the operational modes of the transponder;
– flying to a specified point;
– flying to the holding area and staying within the holding area;
– changing the flight route;
– dispatching aircraft following SID/STAR trajectories;
– commands that simplify or complicate the air situation (changes in weather con-
ditions, introduction of additional aircraft, and introduction of special cases).

9.2 Automatic Generation of Movement Trajectories
for Vehicles on the Airfield

The current coordinates of the aircraft position on the airfield are based on the use
of the kinematic equations of motion for its center of mass. The coordinates are
calculated in accordance with a given calculation cycle or according to events (when
the controller gives commands or when the parameters set for a given point are
achieved). The aircraft movement along the specified trajectories presents point-
to-point movement, and the trajectory is a sequence of points. A point is a certain
condition of the aircraft movement, after which the transition to the next point occurs.
The task of finding the shortest path from graph theory is used to automatically
generate the trajectories of vehicles moving on the airfield. To do this, at the stage of
preparation of exercises, a database of taxiways, aprons, and parking places is created.
Data on taxiways consist of a set of points in the Cartesian coordinate system with a
corresponding report, if a radio exchange with the start/taxiing controller is required
at this point, and with a radius, if a turn of a certain radius is required at this point.
Aprons are parking places with unique names and the same taxi routes. They indicate
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taxi routes in the form of taxiway names for taking off and landing regarding each
of the runways at the airport. A parking place (PP) is a coordinate with the heading
belonging to the aerodrome and apron indicated in it, and indicating the exit and
entry points (with or without a towbar). The taxiways form a closed graph, which
creates a matrix of connections. The method of automatic formation of movement
trajectories for vehicles on the airfield consists in selecting the shortest path in this
graph along the specified route: from the PP to the take-off point or from the landing
point to the PP, along the route indicated for the apron on which the PP is located;
from the current position of the vehicle to the specified PP when landing or to the
take-off point during takeoffs if taxiing commands are given.

The taxiing command indicates the taxiways to be used to drive along, an apron,
a PP and a free PP, if necessary, through which one can enter or leave the PP. Thus,
the information support of the automatic generation of the movement trajectories
for vehicles on the airfield is a variable set of matrices and graphs, the quantitative
composition and completion of which are determined and completedwhen themodel
is adapted to a specific aerodrome.

9.3 Simulation of Radio Technical Facilities for Flight
Operations Support

In the ISS, models of radiotechnical facilities for flight operations support (RTF
FS) provide for the simulation of information from the following information chan-
nels: primary surveillance radar; secondary surveillance radar; landing radar; airfield
surveillance radar; automatic direction finder; IRD information; ADS-B and ADS-C
information; and CPDLC data transmission links.

Since the software package for modeling the air situation with a given calculation
cycle constantly provides coordinate information and the results of secondary, tertiary
and multi-radar processing of information, it does not make sense to simulate analog
signals of the RTF FS in the ATC simulators. The task of simulating the functioning
of information channels (Chi) in ATC simulators is reduced to imposing resulting
errors [1] corresponding to each simulated channel (δƒ(Chi)) on the information
(IMP) simulated by the air situation modeling package. The structure of the RTF
FS modeling organization is presented in Fig. 9.1. Considering the high level of
information processing at the output of various RTF FS packages and in ATC control
systems themselves, the task is reduced to modeling the mean values of errors with
a normal (Gaussian) distribution law and zero expectation. Mathematical models for
an omnirange radar shall also take into account such characteristics as visibility areas
and radiation patterns. The radar information is formed taking into account the radar
rate of surveillance.

The input information on all radars is located in the exercise database. Based on
the input information from the air situation modeling package, the probability of
detecting a target in the radar visual field can be calculated. The radar visual areas of
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Fig. 9.1 Structure of the
RTF FS modeling
organization

the primary and secondary channels are set by the piecewise linear approximation
method taking into account the locations of the radars. If the aircraft is in the radar
visual field (in its sight), then the range of confident detection is determined, which
is given by the intersection points of the aircraft azimuth and one of the lines that
approximate the line of sight. If the current range at the corresponding azimuth does
not correspond to the confident detection range, then the detection probability is
zero. Directly in the area of confident detection, the probability of detection shall
be calculated from the signal-to-noise ratio. Considering the high level of signal
processing in modern RTF FS and information processing in modern automated
ATC systems, the probability of detection in the confident detection area is usually
taken as 1 (one). False targets can be simulated as follows.

The number of false targets for the exercise period is a random value with an upper
limit (depends on the type of equipment and is set in the database). The coordinates of
false targets are generated as randomvariableswith a uniformdistribution in the radar
visual field. In accordance with the rate of surveillance of the simulated radars, an
array of radar information is generated regarding all aircrafts within the visual fields
of all locators installed in the simulated space. The generated array is transmitted over
the LAN to the radar and planning information processing server (RPIPS). Arrays
of radar information are usually of the ASTERIX format. To increase the reliability,
it is possible to operate the RPIPS simultaneously in the system mode and in the
BY-PASS mode, i.e. an additional array of radar information is generated in the
same ASTERIX format. The information on the air situation obtained from ADS-B,
ADS-C, ADF and CPDLC is modeled and generated in a similar way: by imposing
errors with probabilistic characteristics inherent in the type of airborne and ground
equipment on the true information obtained from the air situation modeling package.
At the output, an array in the universal ASTERIX format is generated. Information is



206 9 ISS Special Software

given to the RPIPS at a speed that corresponds to the functioning of the simulated real
navigation aids. A direction finder is simulated by transmitting information on the
detected aircraft at the time of receiving a one-time command of direction finding
from AWS-CD or in automatic mode during a radio communication of a trained
controller with the operator-pilot playing for the detected aircraft. The information
is transmitted to the RPIPS over the LAN in the ASTERIX format. In this case, the
AWS-C displays the bearing line in accordance with the received information. At the
end of radio transmission, the bearing line is erased. When calling another aircraft,
the bearing line changes.

9.4 Organization of RTF FS Faults Simulation in the ISS

Testing the skills of air traffic controllers in emergency situations: in case of failure
of some RTF FSs, the ISS implements the functionality of simulating failures of
one or several information channels simultaneously simulated by the TS. A failure is
simulated in the following sequence. On the information field of the AWS-TS screen,
an “RTF FS fault” window is provided with an extension table for all information
channels modeled in the ISS. The training supervisor can specify a set of faults in
any combination. A fault means prohibition on the issuance of information for given
aids. After “recovering,” information starts to come in again. So, when modeling the
failure of the radar secondary channel, only information on aircraft coming through
the primary channel is transmitted via the LAN to the RPIPS, and the tagging form
(tag) is no longer displayed on the AWS-C ASD. When the “Recovery” command
is sent, the issue of information over the specified channel is activated and the tags
are restored. When a failure of an ADS receiver is simulated over the LAN, the
transmission of information that simulates an ADS channel stops. If a radio direction
finder fails, information on the bearing is not transmitted to the AWS-C. Changes in
the display of information on the AWS-C ADS screens when certain commands of
the RTF FS are sent depend on the functionality of a specific ATC control system,
the software of which is installed in the ISS. When simulating failures of radio
channels, it is prohibited in the ISS to issue information on the bearing. Partial
or total radio communication failure can be simulated. In the event of a partial
radio communication failure, the aircraft continues to move along the predetermined
trajectory and follows the air traffic controller’s instructions, but does not report on
the accomplishment of these instructions; the corresponding reports are not displayed
on the AWS-OP screen. On the AWS-C ADS screen a flag of the database appears
in the tag data. In case of a complete failure of the radio communication, the aircraft
continues to move along a predetermined trajectory, does not follow the air traffic
controller’s instructions and does not report on the accomplishment of his/her actions.
The corresponding reports are not displayed on the ARS-OP screen. Aircraft taking
off within the circle center return to their airfield. On the ARM-S ADS screen, a flag
of the database appears in the tag.
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9.5 Simulation of Meteorological Conditions

Meteorological conditions in the ISS are simulated to solve the following tasks:
considering the meteorological conditions in the air and ground situation models
specified in the exercise; organization of issuance of data on weather conditions in
the controller’s area of responsibility to the AWS-C in the process of exercising.

The meteorological conditions for each exercise are set in the database for each
control area in the form of the “Meteodata” table. The formation of a database of
weather conditions using a tabular window technology is shown in Fig. 9.2.

The data from the “Meteodata” table of elements describe the meteorological sit-
uation of the selected area. In the “Meteodata” table, the parameters characterizing
each altitude layer are set: the upper boundary of the layer, wind speed, meteorolog-
ical wind direction, meteorological phenomena; meteorological conditions on the
runway: temperature, pressure, visibility on the runway, strip coating, friction coef-
ficient on the runway, and humidity. The wind characteristic is set: direction, speed
by layers, and weather phenomena.

Fig. 9.2 Generation of the meteorological information database
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In models of air and ground situation, when modeling the aircraft movement, the
aircraft speed vector takes into account the wind speed vector component.

Wind speed and direction change when the aircraft moves from one altitude layer
to another. The model of the visual situation in the aerodrome area also takes into
account the wind speed, visibility range, and the base of clouds on the runway; com-
mands of simulation of snow, rain, and fog can be given. These data are also initially
set when preparing the exercise by setting the initial data in the “Meteorological data”
table. Clutters from the clouds are simulated, with the possible setting of clouds dur-
ing the preparation of the exercise and the rapid setting and removal of clouds with
an indication of the location. The movement of clouds is simulated in accordance
with the wind direction and speed. The model of the air situation provides for the
practicing the trained controller’s command for avoiding a thunderstorm with the
subsequent return of the aircraft to the set flight trajectory.

In the course of training, one can quickly change the meteorological data. When
changing meteorological data, operational data are entered into the “Meteorological
data” table, which will be used in the airspace modeling software package and trans-
mitted over the LAN to AWS-C at a given speed for displaying weather data on the
ADS screen.

9.6 Emergency Simulation

The possibility of practicing the skills and abilities of air traffic controllers in the
event of special cases and emergencies during the flight is a unique ISS functional
characteristic. The simulation of emergency situations or special cases can be ini-
tialized as follows: when creating an exercise in the preparatory phase, with each
special case implemented after some time specified in the flight plan; when practic-
ing a special control command sent in the process of the exercise as decided by the
training supervisor.

When exercising a special case, an alertmessage from the aircraft crew is displayed
in the AS line for the controller. On the AWS-C ASD screen, a flag of the database
is displayed in the tag as a signal informing of the need for assistance.

The following main simulated messages on special cases and emergencies are
displayed for practicing emergency situations on the AWS-C ASD: on-board fire;
engine failure; cabin decompression; loss of radio communication; aircraft hijacking;
and disorientation.

Here, it is possible to cancel a special case, and in some cases, the continuation
of the aircraft flight. Consider the principles of simulating the listed messages.

On-Board Fire It is possible to simulate on-board fire on the ground and in the air.
In this case, the appearance of a database flag is simulated on the ASD in the tag. The
AWS-OP displays a special case report. When the aircraft fires before reaching the
lift-off speed, in the aircraft movement model, the aircraft stops the run, decelerates,
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turns off the engines, and initiates the command to simulate a fire vehicle call; after
extinguishing the fire, it simulates the aircraft towing to a given parking place.

If a fire occurs during the takeoff, the aircraft has lifted off from the runway and is
climbing, a turn is modeled for a heading opposite to the landing one, and landing
on the runway is simulated. The aircraft brakes, turns off the engines, and waits for
the fire vehicle; after extinguishing the fire, the aircraft is towed to a given parking
place. In case of fire in the circling area, a maneuver is simulated to stop the flight
along the route followed by an approach to the nearest airfield. When the aircraft
fires in areas after the circling area, the aircraft simulates an emergency descent to
the circling height, the fuel is drained and then the landing is simulated, depending
on the situation: either on the nearest airfield or outside the airfield. In case of fire
on-board an arriving aircraft, it lands on the runway and decelerates, turns off the
engines and waits for the fire vehicle. After extinguishing the fire, the aircraft towing
to a given parking place is simulated.

Engine Failure In case of failure of all engines, the gliding distance is calculated at
the current altitude of the aircraft using the following formula:

LGL = C[(Hcurr − Hend) + (VcurrVcurr − VendVend)/2g] (9.8)

where C is the coefficient of aerodynamic quality of the aircraft; Hcurr and V curr are
height and velocity at the start of gliding; and Hend and V end are height and velocity
at the end of gliding.

An aircraft landing at the nearest airfield is simulated, if the calculated gliding
distance can ensure landing of the aircraft, otherwise landing at any suitable site is
performed.

If the aircraft simulates a failure of fewer than all engines, then landing is either
at the destination aerodrome or at the alternate aerodrome, depending on the aircraft
position. When simulating (an) engine failure(s) at the airfield during takeoff or
landing, the aircraft is towed to a given parking place. The AWS-C ASD displays a
database flag in the tag. The AWS-OP displays reports on the failed engines indicated
and the aircraft landing.

Cabin Decompression The AWS-C ASD displays a database flag in the tag. The
AWS-OP displays a special case report. In case of cabin decompression, depending
on the flight height, the following actions are simulated:

(a) if the current value of the flight height does not exceed the value allowable for
human physiology, the aircraft continues to move along the given route. The
AWS-C ASD displays a database flag in the tag;

(b) if the current value of the flight height is more than the allowable value, the
aircraft departs from the assigned track, performs an emergency descent to the
value of the height physiologically acceptable and continues the flight along the
assigned route. The ASD displays a database flag in the tag.
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Complete Failure of the Radio Communication When simulating a complete
failure of the radio communication, the aircraft movement along a previously defined
trajectory is modeled, and the aircraft does not follow the air traffic controller’s
instructions and does not report on its actions. No reports are displayed on the
AWS-OP screen. Simulated departing aircraft located in the circling area perform a
maneuver to return to their airfield. The ASD displays a database flag in the tag. The
AWS-OP displays a special case report.

Aircraft Hijacking In case an aircraft hijacking is simulated, the movement along
a given route is simulated. The AWS-C ASD displays a database flag in the tag. The
AWS-OP displays a special case report.

Disorientation When simulating disorientation, the aircraft deviates from the flight
path and continues to move along a parallel path until it receives instructions from
the air traffic controller. The ASD displays a database flag in the tag. The AWS-OP
displays a special case report.

When simulating emergency situations at the aerodrome, the following incidents
are simulated: aircraft landing with the landing gear retracted; destruction of tires,
gear breakage during takeoff and landing; on-board fire and smoke; aircraft runoff
outside the airfield during takeoff, landing, and taxiing; collision of an aircraft with
the ground or ground obstacles; collision between an aircraft and surface transport.

Aircraft Landing with the Landing Gear Retracted On the runway, when an air-
craft landing with the landing gear retracted is simulated, the aircraft lands on the
fuselage, decelerates and, in case of fire, the subsequent actions are similar to those
described below in the “On-board fire and smoke” part. The radar displays a database
flag in the tag. The AWS-OP displays a special case report.

Destruction of Tires, Gear Breakage During TakeOff and Landing In case a
gear breakage is simulated, the aircraft decelerates to a stop, turns off the engines,
and waits for the transport to tow it to a parking place. The radar displays a database
flag in the tag. The AWS-OP displays a special case report. The visual part of the
simulation scenarios of these two cases will look as follows: when simulating an
aircraft landing with the landing gear retracted, destruction of tires and gear break-
age, the shape, location, and color of the corresponding aircraft structural elements
(landing gear, tires, and lower part of the fuselage) change.

Onboard Fire and Smoke When an onboard fire on the runway is simulated, the
aircraft stops the run before reaching the lift-off speed, stops, turns off the engines,
and waits for the fire vehicle; after the fire is extinguished, the aircraft is towed to a
given parking place.When a fire on-board an arriving aircraft is simulated, it lands on
the runway, where it stops, turns off the engines, and waits for the fire vehicle; after
the fire is extinguished, the aircraft is towed to a given parking place. The AWS-C
ASD displays a database flag in the tag. The AWS-OP displays a special case report.
In this case, the visual part of the scenario will look as follows. In case of onboard
fire and smoke, a visual model of fire and smoke is created in the area of the aircraft
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body where the engines are located. The surfaces of the aircraft in the fire area are
darkened.

Aircraft Runoff Outside the Airfield During Takeoff, Landing and Taxiing
When an aircraft runoff outside the airfield is simulated, the aircraft stops, turns off
the engines and waits for the transport to tow it to a parking place. The AWS-OP
screen displays an accident report, and a distress flag lights up. When an aircraft
runoff outside the airfield during takeoff or landing is simulated, the aircraft
decelerates, stops, and turns off the engines. If there is no fire, it waits for the
transport to tow it. In case of fire, the actions are similar to the case of “On-board
fire and smoke.” The AWS-OP screen displays an accident report, and a distress flag
lights up. The model of the visual part will look as follows. When an aircraft runoff
outside the airfield is simulated, an image of a banked aircraft with wheels stuck in
the ground is displayed.

Collision of an Aircraft with the Ground or Ground Obstacles If the landing
mode is incorrectly selected, it may cause a collision of the aircraft with the ground
or ground obstacles. When a collision with the ground or ground obstacles is simu-
lated, the aircraft breaks up. The ASD stops displaying the tag data and the aircraft
symbol.

Collision Between an Aircraft and Surface Transport Whena collisionwith sur-
face transport is simulated, the aircraft stops moving, turns off the engines, and waits
for the transport to tow it to a parking place. The AWS-OP screen displays an acci-
dent report, and a distress flag lights up. The visual part of the scenario for these two
cases will look as follows. When an aircraft collides with the ground, other aircraft,
special vehicles, and a model of a destroyed aircraft or vehicle is displayed with an
image of construction fragments scattered on the ground or the airfield.

9.7 Documentation and Replay Package

The documentation and replay package for training exercises is designed to recreate
situations that occurred during the exercise, to control the trainees’ actions and to
analyze and correct theirmistakes. Thedocumentation and replaypackage records the
training process, including dynamic air situation (radar and navigation information),
meteorological information, planning information, voice information, the state of
the current information display windows, and command texts with all parameters
entered from the service personnel AWSs (AWS-OP and ARM-TS).

The required mode of operation of the documentation and replay package is
selected and adjusted in the Run and Configuration dialog box of the training system
at the preparatory phase. In the process of starting the training, one of the training
modes is selected: “No recording,” “Recording.” The “No recording” replay mode
is used for debugging and verification of a newly created exercise. In this mode,
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no records are made. In this mode, it is possible to accelerate the time scale by a
specified number. When selecting the “Recording” mode, the documentation tools
will ensure that all necessary information is recorded on the hard disk for subsequent
replay of the exercise progress. The record of each exercise is identified by the name
of the current scenario, the date and time of the exercise. At the time of starting, the
user can also enter any symbolic name to further identify the current record. The
recorded information includes a list of parameters necessary for the replay of the
exercise: parameters of all simulated aircraft; current meteorological information;
current planning information; commands sent from the AWS-OP and AWS-TS; and
voice information of simulated radio communication channels.

In the “Recording” mode, a file is created containing a list of the names of the
recorded exercises and the time they were created. In this mode, an accelerated time
scale is not possible. If the “Replay” mode is selected in the Run and Configuration
dialog box, the documentation and replay package makes it possible to find the nec-
essary training process and then replay it. The following replay modes are provided:
simultaneous replay of all recorded information in real time; fast replay; and fast
recovery of the module state at a specified time followed by replaying the exercise.

From the methodological point of view, the user shall be provided with the capa-
bility to consequently replay selected fragments of the training exercise, setting the
start time and stopping the replay at the right time, and skip intermediate time inter-
vals. When the module is in the “Replay” mode, the user can pause the replay,
continue it, change the time scale, and stop the replay. From the “Replay” mode, it
is possible to switch to the training mode (“No recording”, and “Recording”). This
allows consideration of several various options for the development of a particular
situation that has evolved at some time point in the airspace. In addition, this feature
allows quick recovery of the module in the event of a failure, and continuation of the
training from the moment when the failure occurred.

9.8 Simulation of the Visual Airfield Environment

The model of the visual airfield environment (MVAE) ensures the creation of the
visual and sound environment on the Tower ARM-C that is adequate to real external
environment of the Tower controllers in the process of aircraft crewmanagement and
aerodrome special equipment management. The MVAE shall reproduce the audio-
visual sensations that ensure the full and correct transfer of the actual flight control
process to the appropriate Tower AWS-C and help form the necessary professional
skills.

When reproducing the virtual scene MVAE observed with the Tower AWS-C, the
following similarity conditions shall be observed: spatial similarity determined by
the adequacy of the geometric dimensions of the scene elements, their color, and the
texture of thematerials; dynamic similarity ensured by the authenticity of the illusion
of moving objects’ movement (airplanes, helicopters, towing vehicles, birds, etc.);
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adequacy of the characteristics of the environment in which the objects of the scene
are located—illumination, brightness, contrast, chromaticity. and transparency.

The structure of the visual airfield environment simulation is presented in Fig. 9.3.
The most important MVAE function is the generation of a three-dimensional

image of the real situation, taking into account the observer’s position. The MVAE
simulates the airfield environment, including the following: runways, taxiways, air-
craft parking areas, buildings, high intensity lights, and lighting equipment, as well
as mobile objects: airplanes, tugs, and towing vehicles.

The airfield environment visually observed from the Tower workstation tends to
be constantly changing. Firstly, due to changes in the angle of observation (turning
the head, using binoculars). Secondly, due to changes in the position of aircraft and
surface vehicles. To track the dynamics of this changing environment, its model is
recalculated with a certain frequency, ensuring real-time operation. At each cycle of
the calculation, a projection of a three-dimensional situation model is created on the
screen, and a frame is generated that is displayed on the screen. TheMVAE functions
in the local area network of the package and exchanges information with the ASGS.
In order to ensure the ASGS MVAE functioning, the following is provided:

Fig. 9.3 Structure of visual airfield environment simulation
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– coordinates for all aircraft and surface mobile objects are calculated and transmit-
ted to the MVAE;

– messages are generated through the AWS-OP or AWS-TS that initiate changes in
the visual environment on the trainee’s console;

– commands of the training supervisor are generated and transmitted to the MVAE
that complicate the conditions of observation for the trainee by introducing clouds,
fog, rain, snow, or a flock of birds along the predetermined path into the scene;

– trained Tower controllers’ commands are transmitted to the MVAE through the
AWS-OP to control surface vehicles and aircraft after landing or before takeoff.
The MVAE functions include simulation of the following characteristics of the air
environment: sky; scene illumination; cloudiness; fog of variable intensity; and
precipitation in the form of snow and rain.

The characteristics of the environment depend on the following parameters: time
of day (determines the level of light and the color of the sky); wind speed (determines
the speed of the clouds); the height of the cloud base (determines the visual position
of the cloud on the display device); and fog intensity (changes visibility range).

These parameters are set in the description of the initial state of the visual scene,
but can be changed on the AWS-TS and transmitted over the LAN to the MVAE
to change the characteristics of the visual environment for the training. The MVAE
provides simulation of mobile objects: airplanes, helicopters, special vehicles (tugs,
towing vehicles, and tankers), and flocks of birds. Three-dimensional models of
visual images of objects take into account the geometric dimensions, the signal
equipment, shape and color characteristic of all specified types of aircraft, and special
vehicles. The trainee can control the image on the screen through manipulations with
an imaginary camera pointed at the airfield from the observer’s position. The camera
can be rotated around the vertical and horizontal axes using the computer mouse.
When positioning the mouse cursor to any point of the scene and double-clicking
the left mouse button, one can zoom in on the image, that is, simulate the “binocular
mode.”

TheMVAEoperates on a PC and is implemented as an application in theWindows
XP OS (or another operating system with DirectX or OPEN GL features) in C++
and uses standard OS tools:

– basic OS functions: memory and external devices management, multitasking,
queues and window messages servicing;

– graphical user interface supported by gdi32.lib, comdlg.lib, user.lib libraries.
– DirectX multimedia package providing the operation of two-and three-
dimensional graphics and data transmission over a local network.

It is advisable to use the ninth version of DirectX in the MVAE, which has improved
performance compared with previous versions. It is also advisable to use additional
features of the hardware performance for graphic operations using shaders—that
is, fragments of the program text written in a special language like an assembler
language. This package provides access to two programmable pipelines embedded in
the graphics processor of the video adapter for processing vertex and pixel shaders.
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This significantly improves the MVAE performance and expands the possibilities
of saturating the visual scene with additional elements. When creating images of
surfaces, it is possible to use volumetric textures and textures on a transparent (with
varying degrees of transparency) background. Thus, the realism of the image of
such elements of the scene as vegetation, clouds, and various kinds of buildings
and structures significantly increases. Realistic display of objects on the screen in
Direct3D is provided with functions simulating material and light. The material
in Direct3D is the surface properties of the drawn primitive. With the help of the
material, it is possible to determine how light will be reflected from the surface of a
3D object. The surface properties of the object are defined in the D3DMATERIAL9
structure, where they are specified.

The package includes functions that implement the so-called morphism, i.e., the
formation of periodically and smoothly changing geometric shapes and surface prop-
erties of objects in the scene. This propertymakes it possible to create a realistic image
of the sea surface. Work with graphics in Direct3D 9 is based on matrix operations.
There are three main matrices defined in Direct3D: the world matrix (WorldMatrix),
the view matrix (View Matrix), and the projection matrix (Projection Matrix). The
world matrix allows rotation, transformation and scaling of an object, and also pro-
vides each of its objects with its own local coordinate system. The view matrix
sets the position and direction of viewing the scene. The projection matrix creates
a projection of a three-dimensional object on a two-dimensional plane screen. With
its help, the object is transformed, and the origin of coordinates is transferred to
the front of the object being drawn; and the front and rear clipping planes are also
determined. Sequential assignment of values for each of the matrices creates a three-
dimensional scene in which it is possible to move, rotate, zoom in, delete objects
of the visual scene, and perform other operations with them. When working with
matrices in Direct3D, the vertex can be specified with four numbers X, Y, Z, and W
in the form of a matrix, whereW is not equal to 0. W is the coefficient of perspective
necessary for working in three-dimensional space. In this case, the coordinates of
the vertices will be equal to X/W, Y /W, and Z/W and are represented as an ordinary
4 × 4 matrix. The package uses the separation of data describing the elements of
the external environment, and the program that provides their processing and visu-
alization. The implementation of this principle leads to the following technology for
preparing and processing data in the package: the graphic database (GDB) of the
package is created using the three-dimensional graphic editor 3Dstudio MAX; GDB
files are converted to x-files format available for reading by functions included in
DirectX, using a converter program; when started for execution, the package loads
all GDB elements into the memory and then renders (visualizes) the specified GDB
fragment.

Below is a list of the main tasks solved by the package for modeling 3D images.
Initialization is the registration of classes of created windows, initial installation of
global variables and GDB catalogs (directories), and loading of all GDB files. Recal-
culation of the coordinates of moving objects, which are calculated in the ASGSwith
a resolution equal to the calculation cycle (usually 1 s). To simulate the smoothness
of movement, it is necessary to calculate the position of objects and display them on
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the screen with a frame rate of at least 25 fps. Such a discrepancy leads to the need to
approximate and smooth the coordinates of the points for the movement trajectory of
objects. Calculation of the visual scene at a certain angle with regard to the change
in the camera position—displacement or rotation around one of the three coordinate
axes. Rendering—calculation, projection, and generation of the visual environment
frame to be displayed on the screen. Changing the angle—displaying the displaced
or rotated graphic image of the object. Hint—display of the brief help window and
help—access to the package help and reference system. To recreate sound effects
(noise of aircraft engines), a library of sound effects is created, from which files cor-
responding to the simulated aircraft types are selected in the process of take-off or
landing simulation. The main MVAE hardware components are personal computers
(PCs) with integrated video adapters and multimedia tools. PCs provide user inter-
face support, geometric calculations, interactionwith theASGS over a local network,
and transmission of graphic data to display devices (DD). 3D graphics functions are
implemented in hardware in a specialized graphics processor–accelerator built into
the video adapter, which provides hardware implementation of the DirectX 9 library
functions, including support for vertex and pixel shaders of version 3.0 or higher.
The selected type of display device for the MVAE may be projection systems with
high-resolution projectors, plasma panels, or liquid-crystal displays. The required
horizontal viewing angle is ensured by arranging the required number of screens
of display devices along an arc centered at the trainee’s location. When selecting a
particular image tool, the following main factors are taken into account: resolution;
size and shape; brightness, contrast, and chromaticity; viewing angles—horizontal
and vertical; life time.

This selection depends on the functional responsibilities of the Tower controllers,
the need to monitor all stages of the aircraft movement: taxiing, take-off, landing,
go-around, exercising special cases, as well as the need to monitor the movement of
airfield special vehicles.

9.9 Exercise Preparation Package

The software exercise preparation package (EPP) is designed to set the characteristics
of all elements of the exercise and the generation of exercises for subsequent execu-
tion. An exercise is understood as a set of data on the structure of the airspace and
the airfield, aircraft parameters, meteorological conditions, landing parameters and
radar, graphic information elements, etc. These data constitute the ISS information
base.

The main EPP functional purpose:

– in the interactive mode: introduction and correction of data using the standards of
the graphical user interface used in MS Windows;

– selection of one of several exercises, work with several exercises simultaneously;
– saving exercises in the database;
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– implementation of syntactic and semantic checks when entering exercise param-
eters and generating the internal representation;

– output of the exercise elements and messages to the operator in the diagnostics
window or to a file for subsequent printing;

– generation of exercises in the internal representation and ensuring the ISS func-
tioning in real time.

An exercise consists of elements represented in the form of various tables united
in a hierarchical structure. Each specific element of the database is assigned a tabular
menu, the characteristics of which are set using a submenu via dialog boxes.

The entire database is divided into a common part (general for all exercises) and
an individual part for a specific area. The database has a hierarchical structure: all
tables are grouped into folders by the logical similarity of information. The structure
of the exercise is a set of structures of all elements of the exercise.

The information base of the EPP software consists of two main parts: universal
and individual. The elements included in the universal part of the database describe
the tactical, technical, and flight performances of aircraft, radar stations and various
mobile objects, the text templates of most of the report tables, and various tables
of symbolic names. This part of the information base does not depend on a spe-
cific area and is general (common) for various areas. The individual part consists of
tables describing the characteristics of a specific air area, and exercise tables contain-
ing the structure of the simulated air situation. Area characteristics include data on
aerodromes, runways, radio technical and radar locating equipment, control sectors,
etc. Elements—trajectories, trajectory points, reports, and flight plans—describe the
structure of the simulated air situation.

“Parameters” menu. The “Parameters” menu contains the following submenus:

1. aircraft parameters;
2. area parameters;
3. radar parameters;
4. safety intervals;
5. CDO, locals, and restricted areas;
6. mobile objects.
1. Aircraft Parameters The “Aircraft parameters” submenu contains the main

characteristics of the aircraft necessary for the functioning of the aircraft move-
ment model: data on fuel consumption in various flight modes, speed character-
istics of the aircraft selected according to the diagrams of velocities and altitudes
for various flight modes, and aircraft aerodynamic characteristics. In addition,
the “Aircraft parameters” submenu contains the following aircraft characteris-
tics necessary for air situationmodeling: aircraft type, aircraft weight, wing-body
geometry, roll parameters for landing, en-route and lift-off, maximum vertical
speed, afterburner acceleration height, optimum afterburner pitch angle with a
height greater (lower) than the afterburner acceleration height, height of the pitch
angle change when climbing at top speed, optimum and maximum pitch angles
above and below this height, optimum and maximum values of the angles of
attack and pitch angles during descent, and characteristics of approach from the
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critical point. In addition, additional data are used to simulate the aircraft move-
ment on the ground: minimum turning radius on the ground, gear height, aircraft
landing roll, aircraft run-up during takeoff in the “maximum” and “afterburn-
er” modes, and others. Part of the data are placed in tables “Speed,” “Fuel,”
“Aerodynamics,” “Aircraft lights,” and “Screw positioning”.

The “Aircraft classes” element is a table of correspondence between the aircraft type
and the class number. Class numbers are used when describing the approach and
approach flight path fixes. The aircraft class table, in contrast to the other tables of
aircraft characteristics, is located in the individual base of a specific area.

2. AreaParametersThe “Area parameters” submenu contains the exercise parame-
ters and the aerodrome parameters. The exercise parameters consist of the initial
parameters of the control sectors and control unit call signs. The aerodrome
parameters consist of runways, radio beacons, glide paths, landing systems,
marker names, and data on arresting systems.

Area parameters are one of the basic elements of the exercise. This element specifies
the geographical coordinates of the area center and radius. The geographic coordi-
nates of the area center are used as the default point of reference in cases where the
reference point is not explicitly specified.

The “aerodromes” element contains the names, coordinates of the airfields, mag-
netic declinations, transition heights, and transition levels.

Depending on the description of the aerodrome area and the adjacent regional
control centers, various sectors of the controllers’ responsibility (control sector)
may be assigned in the exercise: Landing; CIRCLING; APPROACH; AC; LSU;
TAXIING; and START.

A control sector is characterized by the following parameters: control sector name,
control sector type, aerodrome number, radio channel frequency, bearing channel
number, code and channel number for OLDI, radar, for which the namemust be spec-
ified, and scale. For each control sector, a control sector call sign must be assigned.
The call sign is used to simulate the radio communication between the controller
and the pilot and includes the following: name, type of sectors (Landing, Circling,
Approach, AC, LSU, Taxiing, and Start), category (civil, military, and transport),
and flight type (departure, arrival, transit, and training). The initial information for
the “runway” element is the aerodrome characteristics. If there are several runways
in the area created, there must be available information about each of them. For each
runway, the following is specified: aerodrome name, cardinal and reverse headings,
coordinates of the runway center relative to the aerodrome, runway length, width,
heading values, and a number of other parameters. The “Runway operation parame-
ters” element contains signs of the runway takeoff and landing performance for each
runway. Information about radio beacons and glide paths for each magnetic course is
used to display the aircraft symbol on the glide path and heading indicators. Informa-
tion on radio beacons is taken from the documentation for a specific aerodrome. The
number of radio beacons depends on the number of runways and terrain in the aero-
drome area. The “Radio beacons” element contains information on the location of
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the inner and outer markers, localizer and glide path beacons, and SRRNS regarding
the runway. If the aircraft lands not from the final (landing) course or must perform
a maneuver to take into account the individual characteristics of the aerodrome, it is
necessary to set the race track direction. Information on radio beacons is set for each
takeoff and landing course. The parameters of the aerodrome shall contain infor-
mation about the landing systems specified in the “Landing systems” element and
selected from the technical documentation individually for each aerodrome. These
parameters are: system name, decision height, and minimum visual range.

For the convenience of the user, the names of the markers and the name of the
runway end and center are entered in the terminology adopted at the aerodrome. The
following glide path parameters shall be present in the “Glide path” element: heading
code, height above the runway end, allowable deviation over the outer marker for
the heading and glide path, allowable deviation over the inner marker for the head-
ing and glide path, glide path angle, the glide path interception angle for director
and automatic modes, and the distance between the lines of allowable deviations for
the heading and glide path. The group of “Taxiways,” “Parking places,” and “Taxi
routes” elements is used to build aircraft taxi routes on the aerodrome. The “Taxi-
ways” element contains the following: way name, way type (runway (RWY), main
lines, taxiway (TWY), and centerlines for vehicles), name of the airfield, information
on crossings with runways, coordinates of taxiway points, signs of the report, signs of
helicopter gates, marking radius, information about the taxiway width to determine
the possibility of a turn in place, and the speed of the object on the taxiway. The
“Parking places” (PP) element contains: the name of the parking place, the name of
the airfield, type of driving in the parking place, type of the parking place, belonging
to the apron, coordinates of the PP center, PP heading (direction of the aircraft nose
of the at the PP), names of the taxiways with an exit from a specific PP, the radius
of exit marking to these taxiways, signs of a tug call for departure or arrival at the
PP, technical ways (ways for towbars), and additional parameters (they indicate the
PPs through which, in the cases provided, the aircraft leaves or arrives at its PP).
The “Taxi routes” element is a combination of PPs with unique names combined by
the same taxi routes, used to send taxiing commands to the PP if there are several
aprons at the aerodrome. It contains the following objects: route name, aerodrome
name, taxi routes indicated for each runway and each takeoff and landing heading
codes, consisting of taxiways leading to the runway and the main line. For the fur-
ther development of the graphic image of the aerodrome, the following parameters
are included in the “Area parameters”: “High intensity lights”, “Floodlights,” and
“Aerodrome marking”.

3. Radar Parameters In the “Radar parameters” submenu, two groups of elements
are defined: “Radars” of the common database and “Radars on the ground” of the
database of a specific area. The common base includes tables “Control radar,”
“Surveillance radar,” and “Landing radar.” The base of the specific area includes
expandable tables: “Radar setting” and “Radar closure angles.” These elements
contain data on the altitude and coordinates of the localizer, the surveillance
period, the parameters of the visual field, the resolution of the indicator associated
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with the radar in azimuth and range, and other data necessary to simulate radar
information.

4. Safety Intervals The “Safety intervals” submenu contains elements of horizon-
tal and vertical separation. In the horizontal separation element, the following is
entered: safe longitudinal and lateral intervals for aircraft following the routes;
safe longitudinal intervals when crossing flight levels (lateral intervals are the
same as whenmoving along routes); hazardous proximity; full flight safety inter-
vals; and forecast time. To assess flight safety, the longitudinal interval is taken
into account before crossing routes, and the lateral interval—after crossing. In
the vertical separation element, safe altitude differences are established.

5. CDO, Locals, Restricted Areas In the “CDO” (cloud data object) table, the
following is set: the geometric shape of clouds (the shape that will be displayed
on the localizer screen), the initial position of the center of this cloud, the shape,
the distance, and the upper and lower boundaries of the cloud. If cloudiness is
less than six points, then it is not displayed on the localizer. Weather avoiding is
simulated in the ISS only when setting towering cumulus clouds. The “Locals”
table presents local items (locals) that can hinder the movement of the aircraft.
Characteristics describing locals contains their names, coordinates describing
the form of a local, its maximum height. The “Restricted areas” table describes
parts of the space in which aircraft operations are prohibited. The table contains
their names, coordinates, and heights of the lower and upper bounds.

6. Moving Objects The “Moving objects” table group submenu is used to simulate
various objects, such as flocks of birds, obstacles, special vehicles, etc. The group
includes tables “Types of moving objects” (in the common database) and “Plans
of moving objects (in specific exercises). Mobile objects “flocks of birds” are
used to visually simulate the ornithological situation on the controller’s station.
For a more complete visual simulation of the ground situation of the aerodrome
area, moving objects of types “cow,” “dog,” and “human” are used, as well as
various vehicles (fire vehicle, ambulance car, accompanying vehicle, cleaning
machine, inspection machine, truck, tractor, etc.). Each moving object has an
activation time, symbolic name, type, and trajectory of movement.

“Trajectory Points” Menu The trajectory of the aircraft movement in space is
described by trajectory points of various types. The “Trajectory points” menu con-
tains the following composition of the submenus for trajectory point types: direct
“Follow to” points; elevation points; turning points; coordinate points; transition
points; approach points; and points of reporting.

The direct “Follow to” points, turning and coordinate points describe the projec-
tion of the aircraft trajectory on the plane. The elevation point determines the position
of the aircraft in space. Approach points are used only in landing paths and set the
position of the aircraft in space.

1. Direct “Follow to” Points The direct “Follow to” points describe a straight line
segment of the aircraft movement along the trajectory. These points indicate that
the aircraft flies following a previously occupied heading until reaching one of
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the following parameters: the distance specified at the point; the set time at a
given speed; the heading set.

2. Elevation Points Elevation points define a trajectory segment characterized by
altitude and (or) velocity. The points are given the values of the achieved altitude,
flight speed or flight speed mode (minimum, maximum, and optimal), vertical
speed or path inclination angle, engine operating mode, angle of attack, and
overload.

3. TurningPointsTurningpoints are used to specify the turn areawhen the direction
of the aircraft changes. At these points, the value of the heading to be achieved,
the direction of the turn, and the banking angle or radius of the turn are set.

4. Coordinate Points Coordinate points define the coordinates the aircraft shall
reach when moving from the previous point along the trajectory. A reference
point (airfield) is selected, relative to which coordinates are given.

5. TransitionPointsTransitionpoints define a segment of the trajectory by referring
to another segment of this or another trajectory; they also indicate the control
area taking over the aircraft movement control.

6. Approach Points Approach points are used only in landing paths and depend
on the class and heading of the trajectory. Approach points characterize the
beginning of turns in each of the landing paths (smaller box pattern and greater
box pattern).

7. Points of Reporting These are the points where reports of a single aircraft, a
group of aircraft, reports of a repeat request from a single aircraft, and a group
of aircraft are made. A report is made for a single aircraft or a group of aircraft
depending on whether the aircraft are grouped.

“Trajectories” Menu The structure of the exercise includes the trajectories of the
routes, takeoff, arrival, and landing. Flight trajectories are built on the basis of the
document describing the aerodrome area and the adjacent territory. A trajectory is a
sequence of points and reports. Seven types of points provided in the EPP make it
possible to describe any type of trajectory. A trajectory usually ends with a transition
point. If there is no transition point, then the aircraft flies following the heading. The
“Trajectories” menu contains the following submenus: route trajectories; take-off
and arrival trajectories; landing paths; and track trajectories.

1. Route Trajectories Route trajectories are used for arriving or transit aircraft
crossing the control sector. They contain the name of the trajectory with a list
of points and reports. The route trajectories indicate that they belong to standard
route trajectories or that the route belongs to flocks of birds. The trajectories
do not depend on the airfield heading and on the classes. The route trajectories
shall begin with an indication of the aircraft location in the aerodrome area. The
trajectory is a sequence of segments of the path and ends with a transition point.
For aircraft for which no approach is planned, the route trajectory ends with an
indication of the aircraft leaving the aerodrome area and a transition point with
a sign of the aircraft symbol removal.

2. Take-Off and Arrival Trajectories These are used for take-off and training
flights, do not depend on the aircraft class, but depend on the runway heading
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directions. They contain the name of the trajectory, the heading and the list of
points and reports, and provide the possibility of taking off from the alternate
aerodrome.

3. Landing Paths These are used for standard approaches. They depend on the
landing heading of the runway and on the aircraft class. They contain the name
of the trajectory, the heading, the class, and list of points. Landing paths can be
used either for training or for arriving aircraft.

4. Track Trajectories These are used to set a smaller box pattern (SBP) and a
greater box pattern (GBP).

“Flight Plans” Menu Flight plans are included in the mandatory part of the infor-
mation database of the training exercise preparation package and contain complete
information for aircraft involved in this exercise. To set a flight plan, the following
information is entered in the menu table: tail number, aircraft type, flight type, flight
rules, number of aircraft, equipment, wake turbulence category, route, cruising speed,
arrival flight level, departure aerodrome and departure time, destination aerodrome
and estimated travel time, alternate aerodromes, and other information. The listed
fields in the “Flight Plan” are filled in accordance with ICAO requirements. Chang-
ing individual fields in the “Flight plans” menu enables creation of a practically new
exercise.

“Reports” Menu In the process of creating a new exercise by the user, at certain
definedpoints of the route, signs are provided indicatingwhen reports of the simulated
crew shall be given to the controller. In addition, reports shall be provided by the
simulated crew at the controller’s request. To implement these functions, a report
database is created in the EPP. All reports are divided into groups: users; flight plans;
current parameters; current landing parameters; current weather conditions; buffer;
maneuvers; approach maneuvers; start and taxiing on the airfield; entry to the area;
special cases; and entry of additional targets.

Reports of each group differ in the text and the list of report variables. The current
information on the list of report variables is entered in the appropriate report fields
during the exercise practicing. Groups of reports are divided into several subgroups.
Subgroup of user reports: any changes, additions, and deletions are possible when
forming reports of this subgroup. A set of user reports may reflect the specifics
of flight control of a specific control area or aerodrome. The subgroup of reports
on flight plans is created to ensure the issuance of reports on flight plans in the
process of exercise practicing. The subgroup of reports on current parameters (current
parameters, current landing parameters, and current weather conditions) enables
simulation of crew reports both during flight operations along the routes and at
controllers’ requests. The subgroup of buffer reports enables simulation of reports
from crews of arriving and transit aircraft from adjacent control sectors to simulate
interaction with adjacent control sectors. Buffer reports contain information about
the next point of mandatory reporting, the time of departure from it, indicate the
line of entry into a given control sector and the time of passage of this line. The
subgroup ofmessage reports (maneuvers, landingmaneuvers, start and taxiing on the
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airfield, entry to the area, special cases, and entry of additional targets) are available
for changes only to the texts of the reports, but not their meaning and order. Each
report is provided in a certain situation during the exercise and in a certain sequence,
therefore any change in their order will result in issuing a completely different report
at the right time. All reports are ordered by name, so a change of name can lead to a
rearrangement of reports.

When preparing the exercises, the user opens themenu of the corresponding group
and interactively adjusts the database of reports for the specific exercise.

“Weather Data” Menu The group of METEO elements characterizes the meteo-
rological situation of this area. In the “Meteorological data” table, the parameters
are set that characterize each upper-air layer, the upper boundary of the layer, wind
parameters (speed and direction), weather phenomena, meteorological conditions
on the runway (temperature, pressure, runway visibility, runway surface, runway
friction coefficient, and humidity).

“Files” Menu The “Files” menu consists of a group of submenus that provide the
user with additional functions: selecting a specific exercise from the list; performing
the procedure of generating internal presentation files for later replaying in the ISS;
exercises printing; test area printing; planning tables printing; color settings; data
validation; and exiting the package.

“Help” Menu The “Help”menu provides on-line help to the EPP user in the process
of preparing new exercises, and the user can be provided with full information on
working with the EPP using the dialog box-based interface.

9.10 Planning Information Simulation Package

The planning information simulation package (PISP) is designed to ensure the prepa-
ration, adjustment, processing, and storage of planning information in the ISS. The
PISP organization is based on the preparation of a set of flight plans with the sub-
sequent formation of a planning table, on the basis of which the aircraft simulation
is activated in real time. Flight plans are prepared in the preparatory phase of the
ISS using the methods of the exercise preparation package (EPP). Each flight plan
contains the following basic service information: identification index; transponder
code; rules and type of flight; aircraft type; aircraft equipment; airfield and time
of departure; cruising speed and flight level; route; destination aerodrome and total
estimated time; and alternate airfields.

The prepared flight plans are transmitted to the RPIPS for organizing the sim-
ulation of daily planning with the subsequent issuance of planning information to
the AWS-C. In the process of training, the planning information can be corrected in
terms of changes in the time of entry (takeoff), the flight number, the transponder
code, and the addition or cancelation of a flight. The corrected information is also
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processed and generated at the RPIPS. Flight plans are included in the mandatory
part of the information base of the exercise preparation package software. The flight
plan contains comprehensive information for a specific flight. The necessary infor-
mation for specifying the flight plan is the following: time, flight (tail) number (five
or seven characters), aircraft type, aerodrome number, take-off and landing runway
number, flight type, ground trajectory, take-off trajectory, arrival trajectory, landing
trajectory, depending on the flight type, fuel availability, and cleared flight level. In
Fig. 9.4, a flight plan table is presented in the form of a dialog panel implemented
using the dialog box technology with drop-down menus. As shown in Fig. 9.4, there
is a set of “Select” keys that facilitate filling in the flight plan fields. For example,
when the route “Select” key is pressed, it highlights all the trajectories of the routes
created in this exercise. Flight plans are created, as a rule, at the final stage of the
information base generation, since themain part of the base elements is used to create
them, and it is convenient to use the entire service offered by the training package to
enter them.

The tabular form of the flight plan (Fig. 9.4) shows the fields of the ICAOFLIGHT
PLAN.

At the same time, without changing other elements, and by changing only indi-
vidual flight plans or some fields in them, a practically new exercise can be obtained.

Thesefields are filled in accordancewith ICAOrequirements. Tofill in the “Route”
field, the “Insert” key of the element menu can be used: take-off trajectories, route
trajectories, arrival trajectories, and coordinate points; it is also possible to enter the
route parameters from the keyboard. To fill this field, the trajectories of the routes
can be used in full or partially. In this case, it is necessary to enter points of entry into
the trajectory segment and points of exit. If the point is the intersection point of two
trajectories, it is entered once. The parameters of the route field enable changing the
speed and cruising level of the aircraft when it reaches a specific point in the aircraft
position.

Cruising level and speed are set by ICAO rules. The aircraft position is set by
the coordinate point from the menu, or by setting the azimuth and range from the
keyboard.

For departing aircraft, the route begins with the name of the take-off trajectory per
ICAO (regardless of the take-off and landing heading) corresponding to the name of
the specific take-off trajectory. For arriving aircraft, the route field endswith the name
of the standard ICAO arrival trajectory (regardless of the heading) corresponding to
the name of the specific arrival trajectory. When practicing the exercise in real time,
the current heading may be changed.

For transit and arriving aircraft, the route description begins with a route trajectory
with entry and exit points. When a route name is selected from the menu or is typed
in the window, the name itself is selected without underlining. Trajectory names
with underlining are used to indicate that the trajectory has a paired trajectory in
the opposite direction. During the exercise, the air situation model automatically
determines the direction of the trajectory from the entry and exit points. The data
on the planning information are stored in the file of the external presentation of the
database with the name “Planning table” presented in Fig. 9.5.
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Fig. 9.4 Flight plan table as dialog panel (in Russian)
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Fig. 9.5 Planning table display (in Russian)

The option “Print the planning table” provides preparation of a table containing a
list of aircraft in a specific control area, an entry point and time of entry into this area,
arrival or departure trajectories, and arrival–departure aerodromes. Before running
the exercise in real time, information from flight plans is transmitted over the local
network to the flight plan database of the RPIPS. It is possible to implement at least
200 flight plans in one complex exercise. The duration of the exercise in the RTE
(real-time environment) can be arbitrary. From the methodological point of view, it
is advisable to limit the duration of the exercise to 180 min with a corresponding
set of flight plans, where the time of the exercise start is indicated. Routes (route
trajectories) in flight plans are built in such a way that symbols of simulated aircraft
are displayed no less than 5 min before the passage of the point of entry to the
simulated control area. After the aircraft leaves the simulated air traffic control area,
the aircraft symbol shall disappear not earlier than in 5 min after the passage of the
exit point, unless it has been previously removed by the operator pilot (instructor).
After a certain predetermined time (e.g., 5 min), upon completing the practicing of
the last flight plan, this exercise is re-run in accordance with the planning table.

9.11 Automated Evaluation System

9.11.1 Information Collection and Evaluation
in the Training Process

The structure of the automated evaluation system (AES) organization in modern
simulators for air traffic controllers is based on the development of the current base of
monitored parameters [1, 2] in the course of the training with subsequent comparing
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of them with standard parameters from the prepared base of standard parameters.
The structure of the AES is presented in Fig. 9.6.

The current database of monitored parameters is implemented on an open basis
of a constantly evolving structure. Considering the versatility and complexity of the
functional tasks solved by air traffic controllers, in the ranking of skills, convolu-
tions of the composition ofmonitored parameters are used taking into account various
restrictions. The main stages in professional skills ranking are their specialization by
control sectors and functional tasks methodologically divided into groups of activity
parameters: interaction with adjacent control centers; graphic control; aircraft iden-
tification and positioning; observance of the rules of radio communication and radio
phraseology; compliance with the ATC transmit-to-receive lines; decision making
on aircraft movement control; compliance with established routes of aircraft; obser-
vance of separation intervals; hazardous proximity of aircraft (near midair collision);
controller’s actions under special conditions; and special flight situations.

For each group of activity parameters, a set of monitored parameters is created,
each of which shall be characterized by physical, quantitative values, or represented
by a certain algorithm of its description. The monitored parameters used in the

Fig. 9.6 AES organization structure
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simulators for air traffic controllers shall meet a number of requirements, the main
of which are:

– completeness—all basic skills shall be controlled, i.e., a formalizable relationship
shall be established between the main skills from their list and the parameters to
be monitored;

– reliability—they shall adequately reflect the corresponding parameter using the
obtained evaluations;

– accuracy—the monitored parameters shall be measurable and evaluated with rea-
sonable accuracy;

– purposefulness—the requirements of the adequacy of the skills being practiced
shall be observed;

– scalability—standard values of monitored parameters shall be defined in such a
way that they correspondwith the real activity of the controller, i.e., that the require-
ment of adequacy of the applied standards to real indicators of the controller’swork
is observed;

– feasibility—measurements and calculations of monitored parameters shall not
cause fundamental difficultieswhen using standard tools ofmodern training equip-
ment;

– simplicity—the number of monitored parameters shall be minimal and optimal
provided that the previous requirements are met.

When creating and developing the AES, it is necessary to organize and improve
the database of standard parameters differentiated by control sectors and by groups
of skills practiced during the exercise on ATC simulators. Standard parameters are
defined and substantiated: by the use of guidance documents for the preparation of
air traffic controllers; by statistical processing of data obtained during the repeated
execution of confirmatory exercises by various groups of trainees; by the method of
expert evaluation. Comparison of the current monitored parameters with the relevant
standard parameters for a given ATC sector makes it possible to obtain a set of
particular indicators characterizing the controller’s level of training according to
various criteria.

To obtain the total values for the complex criterion of the level of training, it is
necessary to apply weight coefficients to each particular indicator that characterize
the measure of the significance of each indicator.

The basic values of the weight coefficients of significance for particular indicators
are determined by expertise and can be changed by the administrator of the simulator
depending on the objectives of training at various stages of training.

Thus, the calculation of evaluations for the controller’s level of training during
the confirming exercise k can be represented as follows (9.8):

Uk =
S∑

n=1

Wk
n In, (9.8)
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where Wk
n are weight coefficients characterizing the measure of the significance

of the nth particular indicator during the kth exercise, k = 1,m; In are particular
indicators that determine the controller’s level of training.

Here, the following conditions are always observed:

S∑

n=1

Wk
n = 1, Wk

n ≥ 0. (9.9)

The resulting level of training will be determined by the sum of evaluations for
the training course, consisting of m confirming exercises:

Uo =
k=m∑

k=1

Uk . (9.10)

For clarity, the controllers’ level of training can be presented using the normalizing
of particular indicators relative to some limit values of particular indicators I pn :

,  with and   ,
p
nn

н
n II I/= n

p
n II ≥ 10 ≤≤ p

nI (9.11)

where н
nI is the normalized value of the particular indicator.

The number of particular indicators used in determining the level of training of
the control staff can be supplemented and improved in the process of methodological
support during the operation of training packages.

9.11.2 Aircraft Conflicts

Training systems are a unique tool for practicing skills to resolve conflict situations. In
the preparatory phase of the ISS functioning, in accordance with the methodological
decisions of the training supervisor and based on the use of the exercise preparation
package, training exercises can be created, in which conflict situations occur during
the process of training.At the same time, one exercise can include an arbitrary number
of conflicts of various kinds:

– hazardous proximity of aircraft (near midair collisions);
– violation of the separation standards;
– violation of the lateral separation intervals when following the same route;
– violation of the vertical separation interval between aircraft flying on the same
flight level;

– violation of the longitudinal separation interval and the lateral separation interval
when overtaking;

– violation of rules and standards when crossing an opposite traffic flight level;
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– violation of rules and standards when crossing an in-trail traffic flight level;
– violation of rules and standards when aircraft fly along intersecting routes;
– violation of rules and regulations of aircraft movement at the aerodrome.

Thepresence for conflict situations is checked at each cycle of the calculation in the
air and ground situationmodel, after calculating the current coordinates of the aircraft
{xC ; yC ;HC}, the heading vector �ϕ and the velocity vector

−→
V . Comparing, for exam-

ple, the current coordinates of the aircraft with the coordinates of the nearest points
lying on the planes of the boundaries of the vertical (top, bottom)

{
xTC ; yTC ; HT

C

}
,{

x B
C ; yBC ; HB

C

}
and horizontal (right, left)

{
x R
C ; yRC ; HR

C

}
,
{
x L
C ; yLC ; HL

C

}
separation

makes it possible to obtain the values of deviations from the separation boundaries
RC . When RT

C ≥ 0 or RB
C ≤ 0, violation of height separation is registered. When

RR
C ≥ 0 or RL

C ≤ 0, violation of horizontal separation is registered. To detect indi-
vidual conflicts, standard parameters shall be used that are stored in the database.
For example, when registering a conflict when overtaking, it is necessary to take
into account such a standard parameter as compliance with the lateral interval (not
less than 10 km), if the minimum standard longitudinal interval is not maintained. A
detailed analysis of one or a group of conflicting aircraft makes it possible to display
the following data: conflict time, cause of the conflict, tail numbers of the conflicting
aircraft, azimuth, range, coordinates of the conflicting aircraft, flight heights, head-
ings, ground and vertical speeds, distance between the aircraft, time-to-collision and
closing speed. It is possible to print this information and to display a graphic image
of conflicting aircraft.

9.11.3 Processing and Documenting the Training Results

The automated evaluation system (AES) provides for the collection of specific infor-
mation in the course of the exercise, identifies, and records the conflict situations
that have arisen due to the controller’s fault, as well as the processing and evaluation
of the trained controller’s results. In the course of the training, all the necessary data
are collected and recorded on the hard disk. The record of each exercise is identified
by the name of the current scenario, the date, and time of the exercise. At the time
of starting, the user also can enter any symbolic name to further identify the current
record. The recorded information is transmitted from the ISSworkstations and stored
in a database on group equipment. When starting the AES, the user can select the
record of the results of the desired exercise. For each control sector involved in the
selected record, the user can obtain information about the monitored parameters. To
analyze the results of exercises, the user is provided with a call for detailed informa-
tion on incorrect actions, for example, violations of the rules and standards of flight
operations: violations of safe intervals between aircraft, flight through danger and
restricted areas, violations of safe flight heights, etc. For each case, the following
is displayed: time of violation, type of violation, flight (tail) number, and current
aircraft parameters. For a group of conflicting aircraft, some parameters are also



9.11 Automated Evaluation System 231

displayed: time of the conflict, cause of the conflict, tail numbers of the conflicting
aircraft, coordinates of the conflicting aircraft, flight height, heading, ground and
vertical speed, distance between the aircraft, time-to-collision, and closing speed. It
is possible to print the necessary information on the printer. For a detailed analysis of
conflict situations, it is possible to examine video fragments in a window simulating
the air situation display that shows the aircraft flight paths. For visual presentation of
information in methodological support of the simulators, uniform forms of control
and reporting documentation (tables, protocols, and reports) are developed, which
contain information about the results of the exercise: number of aircraft serviced;
time the aircraft spent in the sector; data on aircraft that have run out of fuel during
the flight; data about the aircraft performing a missed approach without the relevant
command; list of aircraft that flewbeyond the radar visual field; information about the
commands entered by the instructor for this aircraft; texts of reports of the selected
aircraft; unanswered aircraft requests; and time interval between the request and the
response in the case when it exceeds the acceptable value.

The AES package includes functions of accumulation and archiving of training
results with the possibility of printing the results for individual trainees and various
groups of trainees. The tasks of archiving also include systematization of the training
(control) results by various criteria (by age, by work experience, by the number of
approvals at control centers, etc.) in order to further improve the methodology for
training the control personnel.

9.12 Future Prospects

The human factor is the cause of 70–80% of all accidents in civil and military avi-
ation. The most important player, which largely determines the reliability of the air
traffic control system functioning as a complex human–machine system, is the air
traffic control system controller [2]. The general trend of increasing the reliability
of the air traffic controller as the most important element of the ATC system is a
wider introduction and use of practical simulator training to improve their profes-
sional level. In this regard, the development and improvement of air traffic controller
simulators is a very topical issue, which largely determines the flight safety [3, 4].

Analysis of the developments of leading companies in the development and imple-
mentation of air traffic controller simulators reveals the following main trends and
directions in the development of air traffic controller training systems:

1. Implementation of the modular flexible architecture of the simulator according
to the principle of an open information system ensuring the invariance of the
configuration of functional modules from combinations of the same type to an
arbitrary combination depending on the structure of the simulated ATC area and
the composition of the control sectors. Information models of the training system
subsystem (AWS-C) shall correspond to a specific type of a simulated ATC
system. The modeling subsystem is built according to the universal principle and
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provides for the modeling and generation of information on the air situation from
all types of radar stations, ADS, ARs, OLDI channels, CPDLC data transmission
links, and planning and meteorological information, regardless of information
sources.

2. The increasing level of performance of technical means of information tech-
nology allows increasing the adequacy of modeling air and ground situations,
especially under unusual situations: in special cases, special conditions and emer-
gency situations.

3. Further development and implementation of operational objectivemonitoring for
the actions of the trained controllers and automated planning of training based
on an individual professional evaluation of the trainees with the definition of
requirements for training exercises (and their automated initialization). Intro-
duction of automated control system software is to assess the quality level of the
controllers’ handling competence by the training results.

4. Improving the efficiency of controller simulators by automating the functions of
operating personnel (gradual exclusion of operator-pilots from the control circuit
of the ATC system model) through the introduction of modern technologies in
the field of speech synthesis and recognition.

5. Development and improvement of the adequacy of modeling the visual aero-
drome environment with control of aircraft on the airfield through the introduc-
tion of the latest applications in the field of creating 3D images using 3D Studio
Max editor with dynamic libraries OPEN GL, DirectX API based on the latest
computer technologies.

6. The accumulated experience allows synthesizing air traffic controllers simulator
as expert systems in the future. Figure 9.7 shows the structure of the air traffic
controllers simulator implemented on the principle of an expert adaptive system
with the means ensuring understanding the natural professional language of the
air traffic controller and speech synthesis, which has a database and knowledge
base,with an automatic evaluation system for the controllers’ level of professional
training and an adaptive planning system to adjust the complexity of exercises.

Consistent implementation of these areas in the field of creation and implementa-
tion of training systems ensures more efficient training of air traffic controllers and
is one of the most important ways to improve flight safety.

Section Review

1. The structure and configuration of the special software of the integrated system
simulator for air traffic controllers.

2. Methods for modeling the aircraft movement, automatic generation of the move-
ment trajectories for moving objects in the integrated system simulator for air
traffic controllers.

3. Modeling radio-technical means of flight operations support in the integrated
system simulator for air traffic controllers.

4. Simulation of RTF FS faults in simulators for air traffic controllers.
5. Principles of meteorological modeling in simulators for air traffic controllers.
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Fig. 9.7 ISS structure as an expert-adaptive system

6. Simulation of the visual aerodrome environment in simulators for air traffic con-
trollers.

7. Organization of the exercise preparation package database.
8. Organization of planning information modeling in simulators for air traffic con-

trollers.
9. The automated evaluation system to assess the level of handling competence in

simulators for air traffic controllers.
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Chapter 10
ATC Radiotechnical Aids

10.1 ATC Radars

In order to perform the ATC procedures, the controller requires data on actual aircraft
location within the area of responsibility. The main source of such data is radars. At
different movement stages, different radars are used: when at the aerodrome sur-
face—the airfield surveillance radars; when flying within the aerodrome area—aero-
drome surveillance radars; and when on route—route surveillance radars. The ATC
radars use two coordinates: They determine the aircraft azimuth and slant distance so
that after the radar data processing the controller receives horizontal coordinates of
the aircraft [1]. For ATC tasks, both primary and secondary radars are used. Primary
radars measure the coordinates based on the signals reflected by the aircraft fuselage.
They are fully self-contained as they do not require any onboard or other additional
equipment. Secondary radars (radars with active response) require cooperation with
the onboard transponders, but they provide more data on the object under surveil-
lance. They are used both independently and jointly with secondary radars; in this
case, the combination of the primary and secondary radars is called integrated system
complex (ISC). The ISC can also include the primary processing equipment, radio
communications equipment, automated direction finder (usually, as standby means).
Antenna system, primary processing equipment and other equipment can be the joint
for the primary and secondary ISC channels [2].

Depending on the ATC radar coverage, they are classified as on route and aero-
drome.

The airport surveillance radar (ASR) is used to get the air situation data in order
to provide the ATC within the aerodrome area and to bring the aircraft into the
landing aids coverage. The ASR coverage by distance depending on the class is
150, 80, and 46 km. The azimuth is used to provide the round-looking scan, and the
elevation is used to provide the scanning with the angle range from 0.3° to 45°. In
order to provide such coverage area, an antenna with directional pattern rotating in
horizontal plane is used; this directional pattern is narrow in azimuth (about 1.5°)
and wide in elevation (in elevation plane, the directional pattern has the form of a
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cosecant). The scanning rate is 10–15 rpm. The resolution by azimuth is 1.5°–2°,
and by distance—400 m. The precision of the coordinates’ measurement by azimuth
is 12′, and by distance—300 m. The ASRs work in within the range of 3, 7, 10, 12,
20 cm [3]. In order to fight the passive interference (reflections from fixed objects),
the moving target indication (MTI) mode is used, which is based on the frequency
filtering of the incoming signals (signals reflected from the aircraft are shifted by
frequency due to themultiple reflections from the fixed objects caused by theDoppler
effect). In order to reduce the influence that hydrometeors have on the radar operation,
a change of the type of the emitted signal polarization is used (from linear to elliptic).

The enroute surveillance radars are designed to provide the radar control of the
airspace outside the aerodrome area and on the routes, as well as to get the weather
data. The enroute surveillance radars are subdivided into two classes: with the range
of about 400 and 250 km. The minimum aircraft detection distance is from 5 to
15 km, and the altitude—20 to 30 km. The coverage area by azimuth is round with
the scanning rate not less than 5 rpm, and by elevation—from 0.3°–0.5° to 35°–45°.
The resolution of the radar by distance is 1 km, and by azimuth—about 1.5°. The
precision of the distance measurement is about 0.5 km, and by azimuth—about 0.5°
[4].

Secondary radars are using the active answer principle: The ground ATC radar
is emitting the interrogation signal; the onboard equipment is receiving it and is
re-emitting the feedback signal in the required format. Thus, the required coverage
area can be ensured with the equipment of less power potential. Besides this, in the
feedback signals the aircraft are passing the identification data and other information
required for the air traffic management. By range, the secondary radars can also be
subdivided into aerodrome (100–200 km) and on route (up to 400 km). Theminimum
range is not more than 2 km, and the scanning within the elevation plane is from 0.5°
to 45°. The interrogation signals are emitted through a narrow rotating directional
pattern (about 3°–4°) by azimuth and wide in the elevation plane. Antenna system
of the onboard transponders has the directional pattern, which is omnidirectional in
horizontal plane and low directive in the vertical plane. Within the secondary radar
systems, the data transfer is realized by pulse coding. In request codes (uplink) the
interval-time dual-pulse coding, which means that each value is corresponding with
the specific coding interval. The response codes (downlink) are formed by position
coding method: Each symbol is transmitted by the absence or the presence of a pulse
at a specific point of time [2].

The secondary radar systems can function in “ATC” mode (national systems) and
“RBS” mode (the systems answering the international standards). They differ in the
operating frequencies of interrogation (837 MHz in “ATC” mode and 1030 MHz in
“RBS” mode) and response (740 MHz in “ATC” mode and 1090 MHz in “RBS”
mode) signals, as well as in the message coding format. The interrogation signals are
mostly the identification interrogation (coding range of 8 µs for “RBS” “A” mode,
17 µs for the “RBS” “B” mode, and 9.4 µs for the “ATC” mode), and interrogations
on the aircraft movement parameters (coding range of 21 µs for “RBS” “C” mode
and 14 µs for the “ATC” mode) [5]. Within the “RBS” mode in the response codes,
the altitude is passed, and in the “ATC” mode—the altitude, the remaining fuel,
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possibly the heading, the aircraft speed, and the event signals. In order to serve the
aircraft with transponders in either mode with only one radar, interrogation codes of
a combined mode are generated.

Besides this, in order to free the frequency band,which is designed or international
standards of communication equipment (which includes the operating frequencies
of the secondary radar in “ATC” mode), the measurements for full or partial trans-
lation of the interrogation and feedback frequencies of secondary radars, which are
operating based on national standards.

In order to avoid mistakes in azimuth determination (due to the signal passing the
minor lobes), specific preventive measures are introduced. Besides the main dual-
pulse interrogation coding, emitted through the main antenna, in the pause between
the pulses a third pulse is emitted through the compensation antenna. The directional
pattern of the compensation antenna is low directive; it has a minimum toward the
maximum of the directional pattern of the main antenna and exceeds its level in the
area of the minor lobes of the directional pattern of the main antenna.

Thus, when comparing the amplitude pulses received by the onboard equipment,
the decision is taken by which lobe the coded transmission is passed. If the transmis-
sion was done through the minor lobes, the transponder is generating the feedback
transmission. This is the principle of the on-demand suppression of the minor lobes
(see Fig. 10.1). When receiving the feedback signal, the secondary radar also imple-
ments the principle of the on-demand feedback suppression of theminor lobes:When
analyzing the ratio of the signals in the main and compensation directional patterns,
the decision is taken on either to count the received feedback or to ignore it (taking
it as a false one passing the minor lobe).

The feedback code “RBS” consists of two framing pulses separated by 20.3 µs
and 12 positions, evenly distributed at every 1.45 µs. The pulses are emitted at the
required positions, thus passing the four-digit octal number, which characterizes
the registration number or altitude depending on the received interrogation. Besides
this, following the uplink radar interrogation (and by pressing a button) a special
identification pulse is emitted after 4.35 µs after the second framing pulse.

The registration numbers are assigned by the controller’s command when the air-
craft enters his/her area of responsibility. The aircraft, which do not have an assigned
code, the 20008 number code is assigned. Besides this, by means of transferring
some singled out combinations of four-digit octal numbers, the service signals are
forwarded, for example, “loss of contact,” “emergency,” and “unauthorized aircraft
use”. Within the “RBS” mode, the altitude is coded in increments of 100 feet up to
the value of 126,700 feet.

The feedback “ATC” codes contain the following parts: coordinate, key, and infor-
mation.The coordinate code is dual pulse and is designed to get the symbol at the radar
display. The key code is triple pulse; it defines the feature of the data that is passed
forward: registration number (key 110) or current information (key 000)—altitude,
residual fuel, and event signals. The key and the data are transferred by the position
method with the active pause. The active pause method entails that both “1” and “0”
are transferred with a pulse, and for “1” and “0” different time positions are assigned
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Fig. 10.1 Suppression of the minor lobes of the secondary radar

(each digit corresponds to two time positions). Such a method gives better results in
terms of the interference resistance.

The registration number is transferred as five dual quadruples, which is a five-
digit decimal number (aircraft registration number is assigned once when the aircraft
enters into service). The current information is transferred as follows. The altitude
is coded by three full quadruples and two digits of the fourth quadruple (the altitude
value is transferred to a precision of 10 m within a range from 500 m to 30,000 m).

The fourth digit of the fourth quadruple of the binary units is assigned to the
pressure feature, which shows “1” in case if the reference pressure on the pressure
altimeter is set to 760 mm Hg (by default), and “0” when the reference pressure is
set same as the pressure at the destination airport.

The fifth digit of the fourth quadruple of the binary units is assigned to the “emer-
gency” feature. The fifth quadruple of the binary units characterizes the residual fuel
in the fuel tanks as percent of their full capacity. In Figs. 10.2 and 10.3, the structures
of the interrogation and feedback codes of the secondary radar in different modes
are shown.
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Fig. 10.2 Schematic view of the secondary radar interrogation codes

10.2 ADS System

The conventional air traffic control system assumes that the main source of the
navigation data is ground radars, at that the aircraft position can be known to the
controller to a more precision than to the flight crew of this aircraft. Such disposition
changes with the development of the second generation of the satellite navigation.
When the global satellite system aids are used on board of the aircraft, it gives the
opportunity to define the coordinates to a tolerance of about 30 m and frequency of
about 1 Hz, which means that the precision of the positioning is significantly higher
than the precision of the position determination with the help of the ground radio
navigation and radar aids. Besides this, when the ground and satellite additions to
the global system are functioning, in the differential mode of the satellite navigation
the precision of the positioning goes up to ones and even fractions of meter. Also,
the modern aircraft provide for complexing of information, which is received from
different probes, within the integrated flight and navigation system [6]. Within the
integrated flight and navigation system the information from the ground radio navi-
gation systems, self-contained aids and satellite navigation system (a rough structure
of the integrated flight and navigation system is shown in Fig. 10.4).

The air data computer (ADC) system calculates the aircraft speed vector; the
inertial navigation system (INS) calculates the aircraft coordinates with the help of
independent aids (by the data received from gyros and accelerometers); the pressure
altimeter calculates the altitude referenced to a preset constant pressure surface; the
Doppler system calculates the speed and the drift angle by radar methods (based on
the shifting of frequencies of the signals reflected from the ground surface); the low-
altitude and the high-altitude radio altimeters measure the heights to the relief of the
underlying surface by radar means; the marker receiver (MKR) defines the time of
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Fig. 10.3 Structure of the feedback signals of the secondary radar

passing of the marker beacon; the aircraft transponder is part of the secondary radar
system; the VHF transceiver serves for acquisition of the differential corrections of
the satellite navigation system and data exchange within the ADS system; automatic
direction finder (ADF) shows the relative bearing of communication radio and locator
beacons; the short-range radio navigation system equipment defines the azimuth by
the navigation field of ground beacons; the distance measuring equipment (DME)
performs the function of an interrogator of the ground radio relay station; the glide
slope receiver (GS REC) and the localizer receiver (LOC) define deviations from
the glide slope in two planes using the instrument landing system (ILS); the receiver
of the satellite navigation system (SNS) receives the signals from the navigation
satellites and calculates the geographic coordinates of the aircraft; the flight digital
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Fig. 10.4 Structure of the integrated flight and navigation system

computer performs complexing of all received data and processes it in accordance
with the preset algorithms.

Following such approach allows filtering of navigation measurements and avoid-
ing abnormal (serious) errors. The reliability of the received data significantly
increases due to the uncorrelatedness of the errors of the measurers of a differ-
ent nature. Besides this, between the measurements it is possible to use corrected
indications of the inertial system (by the satellite signals), which means that finally
the integrated flight and navigation system output sufficiently precise coordinates
almost continuously. Thus, quite consistently a trend appeared to transfer the pre-
cise coordinates, which are calculated on board, to the ATC controllers. In order
to implement such broadcasting, a digital radio communication system is required.
The concept of the automated downlink and uplink radio communications (taking
into account that not only the coordinates, but all other required information can be
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transferred) was considered to be an advanced ATC provision aid. Such an approach
was taken as a basis for the automatic dependent surveillance (ADS) system [7].
Currently, there are two types of ADS systems: contract and broadcast.

The ADS-contract (ADS-C) system offers the data exchange only between the
traffic participants that have signed an agreement on data receiving. The message
parameters are then defined by the agreement. The ADS-C system is in a certain way
similar to the secondary radar, but its operation is performed not to the omnidirec-
tional antenna, and the interrogations are addressed in order to allow for differenti-
ating the feedback from different aircraft. By the uplink, the formalized messages,
which substitute the controller’s voice commands, can be transferred.

The ADS-broadcast (ADS-B) system offers the addressless transfer of data from
the aircraft, which means that the data are broadcasted to all concerned traffic partic-
ipants via the VHF data link. All transceivers are tuned to one frequency that is why
the principle “everyone sees everyone” is realized. The differentiation of message
from multiple aircraft is done by the principle of time. The possibility to ensure
the channel differentiation by time is simplified by the presence of universal time
reference within each ADS transceiver (because of the use of satellite receiving mea-
surers). The whole time resource is divided into quanta. By analyzing the broadcast
content, each new communications participant defines those quanta, which he can
occupy without creating any conflicts. Thus, the principle of time differentiation is
similar to the principles used in mobile communications, but at the same time this
channel is self-organized due to the presence of the precise time reference at each air-
craft, which means that it does not require general management or synchronization.
In this respect, the ADS base station is functionally similar to the ADS transceivers
located on board. The ADS system operation principle is shown in Fig. 10.5.

Besides the control commands, weather data, and satellite navigation system dif-
ferential corrections, via downlink channel the data on the coordinates of aircraft are
not equipped with the ADS transceivers and are detected by the ground radars. Thus,
on board of each aircraft the air situation data almost identical to the controller’s data
can be received.

10.3 The Short-Range Radio Navigation Systems

The short-range radio navigation aids are designed to guide the aircraft to the aero-
drome area and to define the horizontal coordinates of the aircraft on route. The
aircraft coordinate measurement is conducted by joint operation of the onboard
equipment and ground beacons, which have a certain known-to-everyone position
(each ground beacon is assigned to its own operating frequency and the identification
code). The onboard equipment measures the azimuth and slant distance to the ground
short-range navigation system position, and by the results of such measurements the
integrated flight and navigation system can calculate the aircraft geographic coordi-
nates. The coverage of a standard short-range navigation system is 400 km.
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Fig. 10.5 ADS system
functioning principle

10.3.1 VOR/DME System

The international short-range radar navigation is provided by a combination of two
systems: VOR and DME. The very-high-frequency omnidirectional radio beacon
(VOR) system is utilizing the azimuth channel, and the distancemeasuring equipment
(DME) system provides the distance measurement.

The very-high-frequency omnidirectional radio beacons operate in 108–118MHz
frequencies (with intervals of 100 kHz between the frequencies) with horizontally
polarized emission. The VOR operation principle consists in the following: The
ground beacon emits two radio signals: a reference and an azimuth signal. The refer-
ence signal is emitted through the omnidirectional antenna (with a round directional
pattern in horizontal plane).

The reference signal (or a “constant phase” signal) is generated due to an amplitude
modulation of a high-frequency oscillation by a signal with the frequency of 9960Hz,
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which in its turn is modulated by a frequency of 30 Hz. Besides this, the reference
signal provides the identification function: The data on the number and coordinates
of the beacon are generated by a manipulation with an audio frequency of 1020 Hz
(the Morse code is used).

The azimuth signal (a “variable phase” signal) is emitted through a directive
antenna with a directional pattern in a horizontal plane in the form of a cardioid,
which is turning clockwise at a rate of 30 rps.

The antenna of the rotating field consists of two crossed dipoles, which are fed
by signals with a phase difference in a frequency of 30 Hz equal to 90°.

Thus, at the receiving point the signal emitted by a directive antenna looks like
an amplitude-modulated oscillation with the modulation frequency of 30 Hz, whose
phase depends on the azimuth, where the receiver is located.

By comparing the phases of two first channels in a phase detector, the azimuth
value is defined, and the third channel gives information on the beacon identification
parameters. The azimuth measurement precision is about 4°–5°. The VOR system
operating principle is shown in Fig. 10.6.

The reference and azimuth signals are received by the onboard equipment and are
subjected to an amplitude detection; after this, a separate processing in three filters
with the frequencies of 30, 9960 Hz (within the channel with a bandwidth frequency
of 9960 Hz, the amplitude restriction and frequency detection are also provided in
order to differentiate the “reference phase” signal), and 1020 Hz is provided.

In order tomake the azimuth determinationmore precise, theVORDoppler system
is used. As the rotating field antenna, a ring-phased antenna array is used with the
radius of about 10 m with the directional pattern rotating rate of 30 rps. Through
it, the azimuth signal (a “variable phase” signal) is transmitted in the form of an
amplitude-modulated carrier with a frequency of 9960 Hz, which is modulated by
frequency with a 30 Hz oscillation with a deviation ratio of 16.

Which means, that from the user’s point of view the reference and azimuth signals
of a regular and Doppler VOR are switched. Due to the fact that the Doppler VOR
adds the data into the azimuth signalwith the help of a frequency and not an amplitude
modulation, the system ismore protected fromdistortion due to the reflection from the
local objects. When performing an amplitude, and then also the frequency detection
of the received azimuth signal within the onboard equipment, by its phase relative
to the reference signal one can also calculate the azimuth of the aircraft. Thus, the
precision of the azimuth determination is 0.5°–1° [8].

The DME system operates within the frequency range from 962 to 1023MHz and
assigns frequencies to the specific ground radio relay stations every 1MHz. The radar
signal polarization is vertical. The downlink and uplink frequencies are spaced with
63 MHz. The onboard transmitter and the ground equipment receiver are operating
within the frequency range from 1025 to 1150 MHz, and the ground equipment
transmitter and the onboard receiver—within the full range. The directional pattern
in the azimuth plane is omnidirectional.

The distance is measured by the onboard DME system as follows. The onboard
interrogator emits the “distance interrogation” signal—a pair of pulses of a bell
form (with the duration at the level of half amplitude of 3.5 µs) with a preset coding
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Fig. 10.6 VOR system operating principle
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Fig. 10.7 DME system distance measurement principle

distance (12 or 36µs). The ground radio relay station receives the interrogation signal
and (in case the pulse pair decoding is correct) prepares a “distance feedback” signal
with a fixed instrument delay. After receiving the feedback signal, within the onboard
equipment the time from themoment of half level of thefirst signal of the interrogation
pair is analyzed up to the moment of half level of the first signal of the feedback
pair, which finally defines the required distance. Besides the “distance feedback”
signals, the ground radio relay station receives the identification signals coded with
the Morse alphabet at an audio frequency of 1350 pulse pairs per second, as well as
the signals of a chaotic pulse sequence (when there are no “distance interrogation”
signals for not less than 700 pulse pairs per second). Initially, the onboard equipment
is set to search mode (at that, up to 150 pulse pair per second can be emitted). When
it finds the position of the strobes of a receiver (time intervals when “own” signal
receiving is expected), which corresponds to the true distance, the system switches
to the tracking mode with the interrogation frequency of not more than 30 Hz. The
interrogation pulse pairs are wobbled by the emission lifetime in order to avoid
simultaneous mutual interference with other aircraft within the coverage area of the
radio relay station. The distance measurement principle is shown in Fig. 10.7.

The system provides the onboard distance measurement precision of not less than
200 m. The DME system capacity is limited due to the time principle of signal
differentiation. One ground radio relay station can serve up to 100 aircraft. In case
this number is exceeded, the most distant from the radio relay station aircraft are
excluded from the service (by raising the interrogation signal threshold, to which the
feedback must be sent) in order to provide other navigation data users with a required
quality of service. Thus, the system flexibility feature is realized [5].

In order to perform the distancemeasurement during aircraft landing, the precision
option of the DME system is used, which allows for a precision of up to 20 m. The
DME precision system differs from the above system by pulse form (asymmetrical
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bell pulse with a steeper edge), processing type (distance measurement performed
not by the level of the pulse’s half amplitude, but by the initial gradient distance—in
order to avoid the multiple reflection influences), and availability of measurement
filtering.

10.3.2 National Short-Range Radio Navigation System

The national short-range radio navigation system provides distance and azimuth
measurements by one single piece of equipment and within one radio channel. The
radio signals of horizontal polarization are formed at frequencies within the range
of 726–813 MHz (via downlink) and 837.6–1000.5 MHz (via uplink).

The distance measurement channel operating principle is similar to the operat-
ing principle of the DEM system except that the pulses have rectangular form and
are coded in triples for downlink interrogations and in pairs for uplink feedback.
The distance measurement signals are received and emitted via the omnidirectional
antenna. In order to measure the azimuth, a set of signals is formed: “35”, “36”, and
“azimuth signal”.

The azimuth signal is a continuous oscillation emitted through a bidirectional
pattern (in azimuth plane), which rotates at a rate of 100 rpm. The “35” and “36”
signals are coded pairs of pulses, emitted through the omnidirectional antenna at
regular time intervals, 35 and 36 times, respectively, per one rotation of a directive
antenna. The “35” and “36” signals’ position coincides once per rotation of the
directive antenna when passing the gap between its directional lobes toward the
north and forms the “northern coincidence” signal.

Thus, after the onboard equipment receives the reference “35”, “36”, and azimuth
signals, it is possible to define the azimuth of the aircraft by the delay of the azimuth
signal gap relative to the “northern coincidence” signal. The precision of the distance
measurement performed by the short-range radio navigation system goes up to 50 m,
and the azimuth measurement precision—0.4°.

Besides the main function of the azimuth and distance measurement (on board),
the short-range radio navigation system performs aircraft coordinates on board by
means of the radio communications “ground indication interrogation” and “ground
indication feedback” following the principle of the secondary radar. The azimuth
measurement principle within the short-range radio navigation system is shown in
Fig. 10.8 [8].

Currently, the most advanced mode of operation of the short-range radio naviga-
tion system is being developed. In this mode, the azimuth signal is non-coded pulse
emitted every 0.25° of antenna rotation. The distance measurement signals, “35”,
“36”, and “ground indication interrogation,” signals are emitted through the direc-
tive antenna. This allows simplifying the antenna feeder system of the beacon and
the transceiver thanks to reversion from the omnidirectional antennas and emittance
of continuous signals.
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Fig. 10.8 Azimuth measurement by the short-range radio navigation equipment
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Besides this, currently activities are performed to transfer the downlink chan-
nel from the 700-MHz range to the international navigation frequency range
960–1215 MHz in order to free the frequency band for mobile and digital televi-
sion systems.

10.4 Global Navigation Satellite Systems

The global navigation satellite systems (GNSSs) are designed for defining the coor-
dinates of fixed objects on the surface of the Earth. GNSS is a combination of ground
and space pieces of equipment, which provides radio navigation field and user equip-
ment. The space segment is the artificial satellite system, which moves along the pre-
set trajectory and functions as radio navigation reference points. The satellites move
along certain orbits; their number (not less than 24 items) is defined by the need to
provide the navigation coverage of the required territory (assuming that each user
shall see four satellites as minimum at the moment of coordinate determination). The
ground segment consists of the equipment of the command and measurement com-
plex. Its functions are as follows: measurement of the satellite motion parameters,
artificial satellite uplink transfer of the required data, as well as management of their
equipment operation. The users’ equipment consists of the medium frequency (MF)
signal receiver and computer, which means that the measurements are conducted
in passive (non-interrogative) mode. In order to perform non-interrogative distance
measurements, all pieces of equipment (command and measurement complex, arti-
ficial satellite system, and users’ receivers) contain the universal time system. By
the signals of four or more artificial satellite systems, the users’ equipment measures
the set of the pseudoranges, which differ from the true distances to the satellites
because of the difference of the universal time system clock on board of the artificial
satellites and within the aircraft onboard equipment, as well as because of the wave
propagation error. In order to calculate the geographic coordinates of the aircraft, a
system of four equations is solved (10.1):

Ri =
√

(xart.sat.i − xA/C)2 + (yart.sat.i − yA/C)2 + (zart.sat.i − zA/C)2 + δP + δFS,

i = 1 . . . 4, (10.1)

where Ri are the measured pseudoranges; xart.sat.i, yart.sat.i, zart.sat.i are the coordinates
of the ith artificial satellite; xA/C, yA/C, zA/C are the coordinates of the aircraft; δP is the
wave propagation error; δFS is the error of the users’ and space segment equipment
frequency standard difference.

The GNSS peculiarity is the moveability of the radio navigation stations. In order
to account for this, the artificial satellite system transmits the ephemerides—the data
on its orbit parameters corrected by the data received from the command and mea-
surement complex. Thus, after calculating the artificial satellite system coordinates
at a given point of time, four unknowns remain in the system of four equations: three
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aircraft coordinates and the sum of systematic errors. As a result, when four satel-
lites are observed, it guarantees the definition of all aircraft coordinates. The radio
navigation signals are the phase-shift-keyed pseudorandom sequences, which allow
for acceptable precision at limited signal level [9].

The advantages of the satellite navigation systems are as follows: a vast area cov-
erage (almost thewhole Earth surface), highmeasurement precision, infinite capacity
(because of the passivemeasurement principle), lowdependency from the noise inter-
ference caused by the propagation anomalies and multiple reflections, terrain relief
influence, etc. Several satellite navigation systems exist. The first-generation sys-
tems did not have the global and operational efficiency features of the measurements
that is why they gave place to the second-generation systems, the most dominant
of which are the USA-built Global Positioning System (GPS) and the Russian-built
global navigation satellite system (GLONASS).

The GPS system (or NAVSTAR) was developed and is in operation in the USA.
Currently, 31 artificial satellite systems are used as intended. The altitude of the cir-
cular orbits of the artificial satellite system is 20,200 km, and the orbit revolution
period is 11 h and 58min. The satellites orbit around the Earth in six different planes.
The radio signals are emitted at the frequency of 1575.42MHz. There are two codes:
civil and special. In order to avoid the ionospheric error of the navigation measure-
ments, double-frequency measurements are performed, for which the frequency of
1227.6 MHz is used. Since recently, the frequency of 1176.45 MHz is also used. The
measurement precision reaches 5 m. In the longer term, the navigation precision can
go up 0.6–1.0 m [10].

The GLONASSwas developed and initially put into implementation in the Soviet
Union; it is now in operation in RF. The space segment includes 24 satellites located
in three circular orbits shifted by 120° along the equator (8 artificial satellite systems
per each orbit). The orbit altitude is 19,100 km, and the orbit revolution period is 11 h
15min. The segregation of the signals from different satellites is frequency-type. The
system occupies two frequency sub-ranges: 1602–1616 and 1246–1257 MHz [11].

10.5 Instrument and Radio Beacon Landing System

During the approach to landing, the pilot in command (PIC) shall ensure the aircraft
movement along the set trajectory with specific tolerances in lateral and vertical
directions. Thus, there are two aircraft control tasks: to lateral guidance and glide
slope guidance. In order to solve the guidance tasks, it is necessary to have infor-
mation on aircraft deviations from the set glide slope in two planes. In order to get
such information (regardless of the weather conditions), the radiotechnical aids are
widely used. There are two approaches to the navigation service provision during
landing. In the first case (the radio beacon landing system used), the definition of
the aircraft coordinates relative to the runway and the calculation of the deviations
from the heading and the glide slope are performed on ground, and the control com-
mands to the flight crew are passed through the radio channel (usually, these are
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voice commands). In the second case (use of the radio beacon landing system and
the instrument landing system), the current aircraft position is defined on board rel-
ative to the required trajectory based on the processing of the signals from the radio
navigation field created by the ground radio beacons. The use of two systems with
different operating principles increases the reliability of landing operations [12].

10.5.1 Approach Radar System

The approach radar system consists of the dispatch surveillance radar equipment
(SRE) and precision approach radar (PAR), as well the direction finder and radio
communications aids. The dispatch SRE is functionally similar to the ATC SREs and
serves for aircraft guidance up to the border of the PAR coverage area. The direction
finder serves as a redundancy or standby aid. The main element of the approach radar
system is PAR, which provides vertical and lateral aircraft deviations from the set
glide slope and distance from the aircraft to the runway threshold (it can be used in a
stand-alone mode—without other radio beacon landing system aids). The measured
deviations are read by the operator and passed through the uplink channel via the
radio communication aids. The advantage of such system is that in this manner the
landing information service provision can be arranged for any aircraft regardless of
its equipment (only the radio communication equipment is required). The landing
direction finders are, as a rule, operating in the three-centimeter wave band (oper-
ation frequency of 9000–1000 MHz), which allows creating antennas with narrow
directional patterns and getting good resolution and precision of measurements. The
main channel of PAR is primary, which means that it operates by signals reflected
from the aircraft. In order to measure the directional coordinates, two channels are
used: localized and glide slope channels. The measurements are conducted by means
of scanning of the beam directional patterns. The directional pattern of the localizer
antenna is narrow in the horizontal plane (about 0.8°) and wide in the vertical plane
(about 6°). The directional pattern of the glide slope antenna is wide in the hori-
zontal plane (about 20°) and narrow in the vertical plane (about 0.6°). The PAR is
conducting the beam swinging (digital in case of phased arrays, and mechanical if
the reflector-type antenna) with the frequency of 0.5–1 Hz in sectors up to 35° by
azimuth and up to 9° by elevation. The range of a standard landing radar is 20–30 km.
The landing radar and service sector orientation are shown in Fig. 10.9 [13].

The errors of the directional coordinates’ definition (re-calculated into the linear
deviations from the glide slope) do not exceed the sum of the tenth of the linear devia-
tion from the glide slope by the measured parameter and half percent of the distance.
The error of the distance measurement does not exceed 30 m, which is ensured by
the use of short main pulses (about 0.5 µs). Within the landing radar either one set
of transceiver and processing equipment (then it is commutated between the local-
izer and glide slope antennas), or two sets—each for its own channel. The standard
position of the landing radar is close to the runway, at a distance of 120–185 m from
it, and further to the runway center—7000 to 1200 m from the aircraft touchdown
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Fig. 10.9 Location and coverage area of the landing radar

point. Depending on the specific installation point, the angular position of the radar
is chosen—in such a manner that one touchdown point is within the field of cov-
erage and approximately equivalent coverage areas to the right and to the left from
the heading plane are ensured. In order to increase the coverage area, the secondary
radar principle is used, which means that the aircraft equipped with the transponders
are forming the active feedback signal.

In order to counteract the passive interference, MTI and radio signal polariza-
tion inversion are used. At the workstation of the landing operator, the heading
and glide slope indicators are available, at which the images in “angle–distance”
or “deviation–distance” coordinates are formed. The display scan by the directional
coordinates is linear, and by the distance—logarithmic. The indicator view is shown
in Fig. 10.10.

10.5.2 Reduced Landing Systems

The reduced landing system is designed as a combination of markers located at the
extension of the runway centerline with certain spacing intervals.

In our country, 1 km from the runway threshold the middle locator and locator
middle marker (LMM) are set, and 4 km from the runway threshold the outer locator
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Fig. 10.10 Landing radar indicator

and locator outer marker (LOM) are set. In accordance with the international stan-
dards, the LMMs are set at a distance of 1 km from the runway threshold, and the
LOMs are a distance of 7 km (besides this, in some cases the locator inner marker is
set at a distance of 400 m from the runway threshold).

The locator beacons are emitting continuous oscillations at the frequencies of
190–1750 kHz. On board, these signals are received by the antenna of the automatic
direction finder (ADF), which defines the direction of the incoming radio wave
front, i.e., the relative bearing (RB) of radio station. The RB value is indicated on
the dial-and-pointer indicator. By comparing the directional angles of the middle
and outer locators, the pilot can define the deviation from the runway heading. In
order to identify the locator beacons, the manipulation emitted with the Morse code
oscillations with the audio frequencies of 1020 or 400 Hz. These guidance stages are
shown in Fig. 10.11.

In order to provide the aircraft with the glide slope guidance, themarkers are used.
The markers emit a continuous carrier with a frequency of 75 Hz, which is modu-
lated with the audio frequencies of 3000, 1300, or 400 Hz. The audio frequency’s
manipulation code and its value depend on the location of the marker. The direc-
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Fig. 10.11 Maneuvering in horizontal plane at landing
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Fig. 10.12 Position of the markers

tional pattern of the marker is directed upward. It is narrow in the vertical plane (that
passes along the runway) and wide in the vertical plane (that is perpendicular to the
runway). Thus, when flying along the heading and passing above the locator marker,
the marker receiver on board receives its signal, and the pilot checks the distance to
the runway threshold at this point of time (the marker’s position is known). The use
of the reduced approach system is shown in Figs. 10.11 and 10.12 [14].

10.5.3 Radio Beacon Landing Systems

The radio beacon landing systems consist of two radio beacons, whose emission
creates a signal field; when receiving these signals, it is possible to define deviation
from the heading plane and glide slope plane of the landing trajectory. There are
radio beacon landing systems of meter, decimeter, and centimeter wave bands. The
most widely used systems are the meter (instrument landing system (ILS), regulated
by the international standards) and the decimeter (radio beacon landing group, which
is used in our aviation) bands.

The LOC is positioned at the extension of the runway centerline past the outer
runway threshold; the glide slope beacon is positioned to the side of the runway at
the level of the inner runway threshold. The distance within the ILS is defined with
the additionally installed radio relay station of the DME (positioned at the location
of the localizer) or markers located in a manner described in item 10.5.2.
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The distance within the radio beacon landing group system is defined by the
radio relay station of the distance measuring equipment, which is operating at the
frequency and following the principles of the distance measurement channel of the
short-range radio navigation system (positioned jointly with the localizer). The radio
beacon landing systems are assigned with categories.

The Cat. I systems allow for automatic approach to landing up to the height of
60 m with the runway visibility of not less than 800 m; the Cat. II systems—up to
the height of 30 m and runway visibility of not less than 400 m; and the Cat. III
systems—up to the height of 15 m and runway visibility of not less than 200 m (Cat.
IIIA), up to the touchdown and runway visibility of not less than 50 m (Cat. IIIB),
and up to the full stop, including the taxiing, with zero runway visibility (Cat. IIIC).

The ILS localizer creates a horizontally polarized field at the frequencies of
108–111.975 MHz (with the carrier frequency separation of 5–14 kHz) amplitude-
modulated with the frequencies of 90 and 150 Hz. During approach to landing, from
the right-hand side from the heading plane the high-frequency carrier modulation
with the tonal signal of 150 Hz prevails, and from the left-hand side—of 90 Hz.
Thus, within the heading plane the equisignal direction is created, and with the help
of the difference in factors of modulation of the received signal with the frequencies
of 90 and 150 Hz, the track angle error (from the heading plane) can be defined.
Besides the main function—aircraft heading guidance—the localizer performs the
identification function, which is done by a manipulation of the carrier by the Morse
code with the note frequency of 1020 Hz. The localizer coverage is 45 km within the
±10° sector from the heading, 30 km within the ±35° sector, and 18 km outside the
above-mentioned sectors. The localizer operation is shown in Fig. 10.13.

Fig. 10.13 Operating principle of the localizer
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The ILS glide slope marker creates a horizontally polarized emission at the fre-
quencies of 328.6–335.4 MHz (with the spacing of 4–32 kHz) amplitude-modulated
with the frequencies of 90 and 150 Hz. Above the glide slope plane, the modulation
with the frequency of 90 Hz prevails, and below the glide slope plane—with the
frequency of 150 Hz. Similar to the heading guidance, after the signal processing by
the onboard glide slope receiver, the track angle error (from the glide slope plane)
is defined. The glide slope marker coverage area is equal to ±8° within the azimuth
sector, from 0.45θ to 1.75θ within the elevation sector (θ is the glide slope angle;
usually, it is equal to 3°), and about 18 km in distance. The most critical aspect is the
formation of the directional pattern of the glide slope marker in the vertical plane.

The difficulty is that the form of the pattern significantly depends on the ambient
terrain relief: The direct signal (toward the aircraft) and the signal reflected from
the ground interfere, the resulting directional pattern becomes multi-lobed, and the
higher the antenna is elevated, the more unevenly the directional pattern is shaped.
As it is very difficult to form a directional pattern with a steep lower front in order to
avoid the reflections from the ground, the antenna system of the glide slope beacon
is calculated subject to the influence of the ground surface. Antennas are located in
such a way to form the equisignal direction at a required glide slope angle which is
formed due to the interaction of the first interference lobes of the upper and lower
antennas. The negative aspect of such choice is that a thorough care for the surface
located before the beacon antenna system is required, as the change of its condition
(plant formation, snow, etc.) will lead to the glide slope change [15]. The glide slope
beacon operating principle is shown in Fig. 10.14.

The higher is the landing system category, the higher are the requirements to the
radio navigation field parameter provision precision, as well as to the reliability and
uninterrupted provision of data to the aircraft.

Besides this,within theCat. III systems additionalmeasures shall be implemented:
The glide slope leveling beacon (aircraft movement support below the height of 15 m
(when the aircraft is above the runway threshold) and up to the touchdown), the glide
slope beacon and localizer of return direction (in order to ensure navigation service
of the go-around), as well as the localizer and the glide slope beacon shall have a
clearance channel. The clearance channel is designed to create a radio navigation
field in order to inform the pilot on the direction of aircraft deviation from the sector
of proportional guidance (of the localizer or the glide slope beacon).

The radio beacon landing group system also consists of the localizer and the glide
slope beacon positioned similar to the ILS. The radio beacons also create the horizon-
tally polarized emission with the amplitude modulation of different frequencies to
the different sides of the glide slope and heading planes. The localizer emits signals
within the frequency range of 939.6–966.9 MHz, and the glide slope beacon emits
radio signals within the range of 905.1–932.4 MHz. The difference from the ILS is
that the equisignal direction is formed not by the constant emission of the signals
with different modulation parameters, but by means of switching the antennas with
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Fig. 10.14 Operating principle of the glide slope beacon

equal time intervals (the right and the left one for the localizer, and the upper and the
lower one for the glide slope beacon); besides this, the modulation is performed not
as a continuous signal, but by rectangular pulses with the frequency of 2100 Hz for
one antenna and 1300 Hz for the other antenna [16].

10.5.4 Landing Procedure Using the Satellite Navigation
Systems

The characteristics of the standard satellite navigation system modes (see item 10.4)
cannot ensure the precision required for the aircraft landing. In order to increase the
precision of the coordinates’ determination with the help of the satellite navigation
systems, the differential mode is used; this mode is implemented by adding correc-
tions to the data on the navigation satellites’ ephemerides. The corrections are formed
by a specialized ground equipment (monitoring and correcting station) and passed
on board through a one-way VHF radio line. The differential mode principle is as
follows: On ground, at the point with the coordinates known with high precision, a
receiving computer of the satellite navigation system is located. In the simplest case,
the coordinates measured with this receiving computer are compared to the known
(true) coordinates and the measured difference is passed through the radio channel
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to all users concerned. But it is finally possible that within the user’s receiving com-
puter a different working constellation (combination of navigation satellites, whose
signals are used for the measurement) will be chosen. At that, the systematic posi-
tioning error can differ from the value measured by the monitoring and correcting
station, and the compensation procedure becomes non-precise. In order to avoid such
situation, another method for the differential mode implementation is used: when the
monitoring and correcting station passes the corrections to the measurement of the
pseudoranges of each satellite. Such correction method is invariant to the satellite
choice.

In order to perform the precision approach to landing with the help of the onboard
satellite system, it is necessary to have a correction receiving channel and navigation
data processing algorithms (subject to these corrections) [17].

Concluding the study of the radiotechnical air traffic support aids, we will list the
sequence of their use subject to the stages of the flight.

During taxiing and rolling, the controller uses the airport surveillance radar (if
available), and the PIC uses the visual references.

During rolling and takeoff, the pilot uses the self-sustained navigation aids (radio
altimeter and pressure altimeter), visual references, and (when the radio beacon
landing systems are designed with the return direction) readings of the respective
instruments. At this stage, the controller uses the airport surveillance radar (pri-
mary, secondary, or the integrated system complex, which includes the primary and
secondary channels) or surveillance radar of the radar landing system. During the
enroute stage (at the preset level), for the positioning the flight crew uses either the
short-range navigation systems or satellite systems or (as a standby navigation aid)
the orientation by the beacons with the help of the direction finder. Where in case of
utilization of the VOR system jointly with the DME or the short-range radio naviga-
tion system, the flight along an arbitrary path is possible, and in case of utilization
of the VOR system only or one beacon, the flight is performed to the beacon or from
the beacon, i.e., between the reference navigation points. At this flight stage, the
controllers use the enroute surveillance radars. The altitude is defined on board by
the self-sustained aids; the controllers receive it in the feedbacks from the secondary
radar.

During flight outside of the radar or short-range navigation system coverage, the
flight crew determines the aircraft position based on the wide-ranging or satellite
navigation aids. When there is no possibility to interact with the outer navigation
systems, the flight is performed based on the data received from the self-sustained
systems (the speed—from the air data computer system; the altitude—form the pres-
sure altimeter and radio altimeter; the drift angle—from the radar indicator; and
the geographic coordinates—from the inertial system). When signals from a more
precise navigation system appear, correction of the self-sustained data is performed
or switching to this navigation system is preformed provided the radio contact is
stable. Thus, the inertial system or the wide-ranging navigation system can guide the
aircraft to the short-range navigation system or the ATC radar coverage area. Using
the short-range navigation systems or following the controller’s commands (based
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on the data from the surveillance radars), the flight crew can guide the aircraft to the
airport surveillance radars and landing system coverage area.

Depending on the airport equipment, the landing is performed based on the
microwave landing system (MLS), ILS, or radio beacon landing group (when on
board, the localizer and the glide slope beacon receivers are used, as well as the air-
craft distancemeasurement equipment ormarker receiver).When there are nomarker
aids, the landing is performed with the use of the markers following a reduced pat-
tern (the use of the marker receiver on board, automatic direction finder, and radio
altimeter). In case of the on board equipment failure, the approach to landing with the
instrument and reduced landing systems is performed with the help of the guidance
commands received from the radar landing system operator (on board, only the voice
radio communication system shall be serviceable).

During the biggest part of the flight, the systems, which define the coordinates of
the aircraft on ground (precision approach radar, airport surveillance radar, enroute
surveillance radar, automatic direction finder), complement and to a certain degree
duplicate or provide redundancy to the aids that help performing positioning on
board (short-range radio navigation system, self-sustained aids, landing systems)
increasing the reliability and flight safety.

LOM—locator outer marker, OM—outer marker, LMM—locator middle
marker, MM—middle marker, IM—inner marker, GS beacon—glide slope beacon,
LOC—localizer, azimuth–DME—azimuth–DME ground beacon of the short-range
radio navigation system, RWY—runway, START—start air traffic control unit, VHF
radio—very-high-frequency radio, RADAR—radar landing system, ADF—auto-
matic direction finder, METEO—weather radar, ASR—airport surveillance radar,
A/D SR—aerodrome surveillance radar, TOWER—ATC tower, enroute SR—en-
route surveillance radar.

A particular place is given to the satellite navigation systems. In case of a reliable
radio contact with the required number of navigation satellites, the precision of the
coordinate measurement, as a rule, exceeds the precision provided by other systems,
which is true for almost all stages of the flight. Thus, the use of the satellite sys-
tems usually has the highest priority. The controller himself/herself uses the satellite
navigation system data rather indirectly: When on ground and on board, the ADS
system is available, which functionally and to a large extent dominates other ground
surveillance systems [6].

The standard positioning of the radiotechnical flight support aids is shown in
Fig. 10.15.

Section Review

1. Tactical and technical characteristics of aerodrome and route surveillance
radars.

2. Differences of national and international modes of secondary radars.
3. Key points of the automatic dependent surveillance concept.
4. Key features of the VOR/DME system.
5. The structure of the signals of national short-range radar navigation system.
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Fig. 10.15 Positioning of the radiotechnical aids within the A/D area

6. Basics of the global satellite navigation systems.
7. Precision approach radar operating principle.
8. Approach to landing principles with the help of the locator markers.
9. Basics of the aircraft marker landing systems.
10. Location of the ground radar, navigation, and landing system aids. Match the

use of the specific radiotechnical systems with the aircraft movement stages.
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Chapter 11
Economics at ATC Automation Systems’
Implementation

11.1 Economics at Passenger and Cargo Transportation

Within the civil aviation transportation system, the end-users of the air transport
(passengers or cargo forwarders and consignees) purchase the specific services from
the airlines—organizations that operate the aircraft. But in the frame of the aviation
transportation, infrastructure significant expenses are also attributed to the airports
and air navigation services, which are usually provided by other organizations. In
order to compensate expenses due to the air trafficmanagement and services, charges
are applied. Thus, the financial chain is looped: Air traffic services’ users pay for
the flight itself, and the airlines pay the charges to the ground service providers.
And depending on the form of ownership of the air traffic service companies, the
payments can be both direct and indirect (e.g., through the state) [1].

ICAO has developed a specific policy on interaction between the airlines, airport
and air navigation services, and public sector subject to setting and payment of
charges. Provisions of this policy are stipulated in a number of officially published
documents [2–4]. Key aspects regulated by ICAO in the field of financial cooperation
between the organizations participating in the air services provision are aimed to
ensure:

– priority of the flight safety requirements—principle of independency of the flight
safety from financial aspects;

– possibility to control expenses of the organizations providing airport and air nav-
igation services—principle of transparency of setting the charges;

– commitment to prevent monopolization of air traffic services provision and thus,
raising the charges—principle of reasonable profit formation (as a rule, connected
to the absence of the free competition);

– avoidance of price discrimination subject to charging the airlines by a certain
criterion—principle of equality.

In order to implement the above-mentioned principles, an adequate state moni-
toring is encouraged.

© Springer Nature Singapore Pte Ltd. 2020
Bestugin A.R. et al., Air Traffic Control Automated Systems,
Springer Aerospace Technology, https://doi.org/10.1007/978-981-13-9386-0_11

263

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-9386-0_11&domain=pdf
https://doi.org/10.1007/978-981-13-9386-0_11


264 11 Economics at ATC Automation Systems’ Implementation

The cost basis for the charges is set either proportionally to the number of landings
(e.g., approach control charges), or proportionally to the weight of the aircraft (land-
ing charges), or proportionally to the distance flown within the air navigation service
area (air navigation charges), or based on a more complicated dependency. In any
case, during setting charges the principle of justice is applied—amount of charges of
each organization is dependent on the volume of transportation or on the expenses,
to which the charges lead, from the side of the operator of the ground services.

Out of the numerous charges that the airline shall pay, the following can be outlined
as they are directly connected to air traffic management and services:

– landing charges (including the lighting aids and control charges);
– aerodrome control charges;
– approach control charges;
– route air navigation service charges;
– flight planning and flight information service (FIS) charges;
– communication aids charges (ground and/or satellite-based facilities supporting
aeronautical fixed service (AFS), aeronautical mobile service (AMS), and aero-
nautical broadcast service);

– navigation charges (ground-based radio and visual aids to navigation, global navi-
gation satellite system (GNSS) and its associated augmentation systems in support
of all phases of flight);

– surveillance charges (primary/secondary surveillance radars and other
ground/satellite-based facilities supporting the automatic dependent surveil-
lance (ADS) and/or ADS-broadcast (ADS-B));

– meteorological charges.

It shall be noted that in every situation, different options for the cooperation
between the stakeholders are possible. The charges can be paid separately by each
item or the charges can be combined so that some charges are included into other
charges. Besides this, air navigation service providers and airports can use reciprocal
payments subject to charges (if it is mutually convenient). In other words, specific
details can be defined with a certain level of freedom.

In Fig. 11.1, a schematic procedure of setting air navigation charges and airlines
charging is provided.

It is remarkable that when the scopes of work of the airlines, airports, and air nav-
igation service providers are separated, no tendency to conservativism is observed
(unwillingness to implement new systems or expand the service provision due to the
associated significant expenses). The reason is that the coverage area and the quality
of the air traffic service provision define the main criterion of the “product” of the
ground services—traffic capacity. Thus, the expenses associated with the commis-
sioning of advanced technologies and expansion of the scope of work of the flight
service systems are compensated with the possibility to raise the charges paid by the
air carriers that will get certain benefits, for example:
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Fig. 11.1 Schematic procedure of setting air navigation charges and charging
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Fig. 11.2 Use of cost performance and target products’ figures for cost-effectiveness assessment

– possibility to choose the routes for the flights;
– reduction of the number of delays in flight due to the optimal air traffic manage-
ment;

– reduction of the number of delays due to consideration of the meteorological
conditions;

These benefits lead to direct financial results, and thus, the financial chain is looped
again. In Fig. 11.2, a structure for assessing the cost effectiveness with the help of
the cost performance indicators is provided.

– possibility to perform flights in more complicated meteorological conditions;
– increase of the flight safety level.

11.2 Cost Effectiveness Associated with the Use
of the Simulators

Implementation of simulators (Simulation Training Devices (STDs)) into the ATC
controllers’ training and re-training process plays increasingly larger role as they
turned out to be a cost-effective means for providing the controllers with the most
vital element of the training process—the experience. The main option to provide a
high-quality training of an ATC controller is to let him/her gain practical experience.
Such experience can be gained in three ways: during air traffic control provision
in real operation environment under supervision of an instructor; during use of real
aircraft control equipment (provided for practical training of the ATC controllers
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only); with the help of STDs that allow working out the skills without real air traffic
control provision. The first way can be associated with different types of the flight
safety risk and other issues due to the difficulties to work out the tasks in abnormal
operations. The second way is extremely expensive and far from the most effective.
From the financial and safety points of view, the use of ATC controllers’ STDs is the
most effective option for the ATC controllers’ practical training.

Analysis of the experience gained at ATC controllers’ STDs development and
implementation allows distinguishing several groups of parameters that are appro-
priate to be used for the STDs’ cost-effectiveness assessment.

A. The group of the parameters that characterize the controllers’ level of training.

1. performance of certain operations (detection, distinction, etc.), adoption of
decisions (tracing, framing of commands, etc.), performance of functional
tasks (calculation, physical motor operations, use of the keyboard or of the
manipulator, etc.);

2. performance of integral operations, i.e., of certain elements of exercises
and tasks that require the adoption of decision on the sequence of actions
(including stated above), and different simple operations;

3. performance of complex operations (functions) that require ability to com-
bine chosen sequences of simple operations;

4. performance of complex functions in abnormal situations (prohibitions,
restrictions, abnormal conditions, etc.);

5. performance of complex functions in in-flight emergencies (when the con-
troller is subject to stress).

B. The group of the parameters that characterize the STDs’ functional abilities.

1. number of students to train simultaneously;
2. time (duration of the play) of the exercise;
3. number of simultaneous exercises;
4. time of use (available time) of the STD within a certain period of time;
5. total number of the STD-trained specialists within a certain period of time;
6. correspondence of the simulated tasks with the real operating environment

of the controller;
7. number of simultaneously simulated aircraft, and their types;
8. ATC areas simulated with the STD;
9. types of displayed information and its correspondence with the reality;
10. possibility of joint and separate operation of the STD modules.

C. Economic parameters.

1. price of the STD;
2. area required for its allocation;
3. number of maintenance staff;
4. use of additional equipment during adjustment and alignment at the stage of

software development and testing;
5. maintenance and operation expenses during controller’s training.
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D. The group of the parameters that characterize the controllers’ training efficiency.

1. availability of the computer-aided monitoring of the training process;
2. availability of the adaptive control of the training process;
3. the rate of growth of the controller’s level of training within a certain period

of training time;
4. duration of the on-the-job training prior to the unsupervised work after the

STD training.

The planned efficiency is the main factor for adoption of decision on the purchase
and integration of the ATC controller’s STDs. When using a technical aid, beside the
parameters that characterize the controllers’ level of training (groupA) and the STDs’
functional abilities (group B), the associated financial expenses (group C) must be
considered in order to minimize such expenses. The below method of efficiency
comparison for different options of STDs implementation directly and indirectly
takes into account the parameters of the groups A, B, C, and D, except for the item
7 of the group B. In order to conduct comparative assessment of the expenses, it is
reasonable to introduce the notion of the price of the trainingwhen using the technical
aid. It is obvious that the price of the training Ptr will be higher if the operation costs
of the technical aid are higher (taking into account its life):

Ptr = Py hour · Ttr, (11.1)

where Py hour is the price of use of the specific STD per one hour;
Ttr is the time needed for solving of a certain round of tasks (exercising of certain

practical skills and abilities for which the specific STD is used).
The time of the training can be considered as a sum of the tNi (defined by a certain

training program) needed for exercising the tasks given in items 1, 2, 3, and 4 of the
group A:

Ttr =
∑

tNi , (11.2)

where tNi is the time needed for the development of a skill or an ability and marked
with a sequential number.

The price of the use of an STD of a certain time per one hour is comprised of
operational expensesPop and capital costsPcap associatedwith the facilities provision
purchase of the equipment taken relative to the time of the potential use till the end
of life T l:

Py hour = Pop + Pcap/Tl. (11.3)

The operational expenses reduced to the unit of time include:

– price of electrical power;
– labor expenses for the operational and maintenance staff;
– payments for the facilities taking into account the depreciation costs;
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– price for the scheduled maintenance and repair.

The above method of training expenses assessment can be realized if the STD is
constantly in use during the whole period of training without the down time.

However, in practice the STD is used at intervals, and the full training price will
be defined as:

Ptr full = Ptr + Pdown, (11.4)

where Pdown is the price for the STD down time.
If the price for the down time per hour is Py down/hour, then the full down time price

will be:

Pdown = Py down/hour.Tdown. (11.5)

The down time can be expressed as the difference between the time of the potential
use of the STD T pot and the time of the real use of the STD Tw defined by the
instructional program of the training process:

Tdown = Tpot − Tw. (11.6)

In order to assess the amplitude of the efficiency of the STDuse, a usage coefficient
can be introduced:

K = Tw/Tpot. (11.7)

Then, the down time of the STD can be expressed as:

Pdown = Py down/hour(1− K )Tw/K . (11.8)

The full price of the STD training will be:

Ptr = Py hourTw + Pydown/hour
1− K

K
Tw. (11.9)

In order to compare the price of the training process when using the STDs of
different capacity (different number of workstations for the students to train simul-
taneously), it is necessary to perform calculations in accordance with the present
methodology reduced to one student. Thus, it is reasonable to introduce the notion
of the price of the training and the price of the STD down time for one hour per one
student:

Py use = Py hour

n
and Py down = Py down/hour

n
, (11.10)

where Py use is the price of the full STD use for one hour reduced to one student;
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Py down is the price of the STD down time for one hour reduced to one student;
n is the number of students that are training with this STD simultaneously.

In this case, the price of the training for one student on a specific STD (taking
into account the possible down time) will be defined as:

Ptr = Pyuse

∑
tNi + Pydown

1− K

K

∑
tN j . (11.11)

If in accordance with the required training program several STDs must be used,
the overall training expenses can be considered as a sum of expenses calculated with
the Formula (11.11) for each STD separately and taking into account the amount of
time that will be spent at each STD; finally, we will get the following formula:

P =
m∑

y=1

Pyuse

ny∑

j=1

tNyj +
m∑

y=1

Pydown

(
1− Ky

Ky

) ny∑

j=1

tNyj , (11.12)

where C is the price for the full training by N skills (abilities) with the use ofm types
of STD modules reduced to one student;

Pyuse is the price of the use of one type of an STD module for one hour reduced to
one student;
Pydown is the price of one type of an STD module down time for one hour reduced to
one student;
tNyj is the time required to develop a skill or an ability Nj when training on an STD
module y;

Ky = Tyw

Typot

where Tyw is the time required to develop skills and abilities trained at an STDmodule
type y;

Typot is the time of maximum possible use of an STD module type y;
m is the number of STD module types;
ny is the number of the skills and abilities that are developed with an STDmodule

type y
Thus, the parameters that characterize the STDs’ functional abilities subject to

the financial efficiency (group B) except for items 5 and 7 are reflected in formula
(11.12) as follows.

Item 1 in the sense of n;
2 in the sense of tNyj ;
3 in the sense of m;
4 in the sense of Tw;
6 in the sense of m;
8 in the sense of m;
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9 in the sense of m;
10 in the sense of m.

Economic parameters of the group C are reflected as follows.

Item 1 in the sense of Pcap;
2 in the sense of Pcap;
3 in the sense of Pop;
4 in the sense of Tw;
5 in the sense of Pop.

The parameters that characterize the controllers’ training efficiency (group D) are
reflected as follows.

Item 1 in the sense of tNyj ;
2 in the sense of tNyj ;
3 in the sense of T pot;
4 in the sense of Tw.

This methodology allows for assessing the price of different training processes
based on the use of different types of STDs with the STD training times as per the
instructional programs. The higher the precision of the input parameters (price of
operation and down time for each STD type; time of use and down time within the
training process; time required to develop skills and abilities in accordance with the
instructional program) is, the more precise the performed assessment will be. In this
respect, it is reasonable to introduce and use integral STDs built by modules that
allow for configuring a number of universal STD modules. At this, the universal
STD modules can simulate different ATC sectors and play independent exercises
of a preset complexity level. The number of the universal STD modules within
one integral STD is defined by the capacity of the controller training center and its
instructional programs. If required in accordance with the instructional programs the
universal STD modules can be configured into one single system and provide for
simulation of the ATC within a preset interconnected combination of sectors.

Finally, these are economic parameters that characterize the overall STD imple-
mentation efficiency (upon condition of providing for the development of all required
skills and abilities by the ATC controllers during their practical training at STDs)
[1].

References

1. Velkovich MA, Shatrakov AY et al (2011) Financial safety and stability of enterprises, Eco-
nomics, Moscow, p 376

2. ICAO’s policies on charges for airports and air navigation services. Doc 9082 ICAO
3. Manual on air navigation services economics. Doc 9161 ICAO
4. Airport economics manual. Doc 9562 ICAO


	Reviewers
	Introduction
	Contents
	Abbreviations
	1 Management of the Airspace Use Planning in the Russian Federation
	1.1 General Considerations
	1.2 Organization of Strategic Planning of Airspace Use
	1.3 Organization of Pre-tactical Planning of Airspace Use
	1.4 Organization of Tactical (Current) Planning of the Airspace Use
	1.5 Cooperation in Course of the Airspace Use Planning and Coordinating
	References

	2 Advanced Automated ATC Systems
	2.1 General Information on New-Generation Automated ATC Systems
	2.2 Basic Functions of the Air Traffic Control in the Automated ATC Area Control and Aerodrome Control Systems
	2.2.1 Purpose of ATC ISC
	2.2.2 Main Functions of the Information Processing for the ATC Provision
	2.2.3 Displaying the Information on Air Traffic Controllers’ Workstations
	2.2.4 Aids of Information Input
	2.2.5 Contents and Form of Displaying the Information on the Controller’s Automated ATC System Workstations

	2.3 New Functions of the Modern ATC AS (TP, MONA, SYSCO, MTCD, AMAN, DMAN)
	2.3.1 Prediction of 4-D Trajectory
	2.3.2 Automatic Monitoring Over Prescribed Trajectory Maintaining and Reminder Messaging (MONA)
	2.3.3 Medium-Term Conflicts Detection (MTCD)
	2.3.4 Automated Coordination and Control Transfer
	2.3.5 Task of Organization of Arriving Traffic Flows—AMAN
	2.3.6 Aid for Managing Departing Aircraft Flow, DMAN
	2.3.7 AMAN/DMAN Integration

	2.4 Evaluation of Time, Spent by ATC Controller on Defining Values of Minimum Intervals for the Horizontal Separation by Means of Automated ATC Systems
	References

	3 Purpose and Comparative Study of the Controllers of ATC Automated System Simulators
	3.1 Main Directions and Trends of the Simulation Training Devices (STD) Development
	3.2 Controllers STDs Characteristics
	3.2.1 Integral System Simulator
	3.2.2 Controller’s STD

	3.3 ATC STDs’ Classification
	3.3.1 ATC Controllers’ STD Classification
	3.3.2 Methodology of Establishing the Training Process for the Controllers
	3.3.3 Characteristics of the Training Aids Used Within the EUROCONTROL States

	References

	4 Technical Requirements to the ATC Automation System Simulators for Controllers
	References

	5 Architecture and Composition of ATC Automation System Simulators for Controllers
	5.1 Structural Scheme and Composition of Integrated System Simulator (ISS)
	5.2 Configuring of the STD Modules
	References

	6 ISS Automated Workstations
	6.1 Training Supervisor’s Automated Workstation
	6.2 System Operator/Pilot’s Automated Workstation (AWS-OP)
	6.3 Radar Facilities Controller’s Automated Workstation (AWS-C RF)
	6.4 Procedural Air Traffic Controller’s Automated Workstation (AWS-C Pro)
	6.5 Planning Controller’s Automated Workstation (AWS-C P)
	6.6 Aerodrome Control Tower (ACT) Controllers’ Automated Workstations
	6.6.1 Final Controller’s Automated Workstation (AWS-C F)
	6.6.2 Runway and Taxiing Controller’s Automated Workstations

	Reference

	7 Organization of Simulated “Ground–Air” Radio Communication and Service Loud-Speaking Communication
	8 Automated Training Aids for the Remote ATC Specialists Proficiency Maintaining System
	8.1 Automated ATC Specialists Training and Assessment System
	8.2 RPMS Integrated Automated Training Aids Database Organization
	8.3 Organization of the Knowledge Base for Subject “Controller Work Procedures and Radio Rules and Phraseology”
	8.4 Organization of Remote Training for ATC Specialists

	9 ISS Special Software
	9.1 Aircraft Movement Model
	9.2 Automatic Generation of Movement Trajectories for Vehicles on the Airfield
	9.3 Simulation of Radio Technical Facilities for Flight Operations Support
	9.4 Organization of RTF FS Faults Simulation in the ISS
	9.5 Simulation of Meteorological Conditions
	9.6 Emergency Simulation
	9.7 Documentation and Replay Package
	9.8 Simulation of the Visual Airfield Environment
	9.9 Exercise Preparation Package
	9.10 Planning Information Simulation Package
	9.11 Automated Evaluation System
	9.11.1 Information Collection and Evaluation in the Training Process
	9.11.2 Aircraft Conflicts
	9.11.3 Processing and Documenting the Training Results

	9.12 Future Prospects
	References

	10 ATC Radiotechnical Aids
	10.1 ATC Radars
	10.2 ADS System
	10.3 The Short-Range Radio Navigation Systems
	10.3.1 VOR/DME System
	10.3.2 National Short-Range Radio Navigation System

	10.4 Global Navigation Satellite Systems
	10.5 Instrument and Radio Beacon Landing System
	10.5.1 Approach Radar System
	10.5.2 Reduced Landing Systems
	10.5.3 Radio Beacon Landing Systems
	10.5.4 Landing Procedure Using the Satellite Navigation Systems

	References

	11 Economics at ATC Automation Systems’ Implementation
	11.1 Economics at Passenger and Cargo Transportation
	11.2 Cost Effectiveness Associated with the Use of the Simulators
	References




