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METHOD DEVELOPMENT OF THE INFORMATION MODELS' DESIGN AND
SYNTHESIS FOR INFOCOMMUNICATION SYSTEMS OF AIR TRAFFIC CONTROL

Abstract. The present article describes research of information models' design and synthesis as a necessary
component of the information provision system for decision-makers in infocommunication air traffic control systems. It
gives analysis of possible information models' construction and suggests linear or hierarchical structure for relatively
simple situations. We use combined information model that permits to take into account possible changes in any
situation, which lead to a significant increase of displayed information. The present study shows interrelations that give
an opportunity to evaluate the characteristics of information models at the stage of their ergonomic design and to
determine the number of information elements in a single displayed program, considering the minimization of search
time of the specified element. It suggests possible variants of common use for different ways of information display of

an individual as well as group and collective usage.
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Introduction

Problem statement. Infocommunication Systems
of Air Traffic Control (ICS ATC) usually use complex
information display means (IDM) which include display
devices of collective, group and individual usage. Use
of a wide range of IDM of collective and individual
usage provides a unified basis for assessing the main
properties of the air situation (AS), contributes to
determination of the degree of emerging situations'
criticality and timely resolution of partial tasks by all
operators involved in the preparation process of decision.
This ensures the implementation of a single goal principle
by all links of the system, as well as effective
performance of management tasks [1, 4, 9-12].

Qualitative and efficient tasks' solution by
operators of ICS ATC directly depends on the state of
information security system (ISS). One of the basic
directions of ISS improvement is the necessity of
adapting the system of information models (IM) to the
activity conditions and the tasks' specifics.

Research publications. There is a number of
works [2, 3, 5-8, 13-22] describing improvement of
information support for problems' solving in
infocommunication complexes and systems' operation.
The authors substantiated design methods of individual
elements of the IM system for a considered class and
made recommendations for their ergonomic qualities'
improvement. However, a number of fundamental
points specific to the operators' tasks as well as
specificity of functional tasks in the formation of AS
information models are not sufficiently considered.

In addition, the cited works are focused only on the
IM design characterized by a change in the state of
controlled objects; IM formation doesn't consider
possibility of AS changes; composition, number of IM
information elements and their placement can vary in a
wide range. In our study, we are dealing with the IM,

which is characterized not only by the change in a wide
range of possible states of controlled objects, but also in
the total number of displays.

The research aims and objectives. In practice IM
AS, which is formed in the area of responsibility of the
relevant management body, can be considered as
distributed among different IDM. So it sets a problem of
the distribution of AS information characteristics
between means of information display to ensure the
maximum effectiveness of situation assessment by the
decision-maker (DM).

The structure of the distributed information model
of the situation should ensure a prompt, reliable and
adequate perception of the situation; operators of
Infocommunication Systems of Air Traffic Control
should have a coherent perception of the situation.

The purpose of the study is to develop a method
of the information models' design and synthesis for
informational decision support in ICS ATC, which,
unlike existing ones, should take into account the stages
of activity and the specifics of the tasks solved by the
operators in order to improve the ISS quality of DM
activities.

Research bases

It is appropriate to use a linear or hierarchical
structure of the IM to solve relatively simple tasks of air
traffic control. Its advantages are realized by explicit
linear connections between elements of controlled objects
and the process of assessing their condition. Also, the
linear structure is often used to construct the IM of
constituent elements' technical condition and complex
technical systems in general.

Number of generalization levels (K) of such
structure depends on the total number of information
elements (the amount of data output that characterizes the
operator's tasks) and the number of characters represented
in a single IM display program (4), that is
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K=f(N,4,M). )

N — total number of information elements; M —
number of display programs.

The number of information elements (IE) in one
display program is calculated by:

A=%/N. )
The number of display programs in this case can be
defined as follows:

ko
M= 4" 3)
i=1

These correlations provide an opportunity to
evaluate the characteristics of the IM structure at the
stage of its ergonomic design and determine the number
of information elements in a single display program,
taking into account the minimization of the specified
elements' search time.

The structure of such IM corresponds to the a priori
known display programs. But situation instability limits
the usage scope of such structures.

In a difficult situation, when there may be several
relatively independent AS evaluation tasks for DM, we
may need additional information displayed in different

IM fragments. In this case, it is advisable to use the
functional structure of the IM.

Usually in practice the linear and functional
structures of the IM are used jointly for the satisfactory
conditions of the AS [9 — 12]. We can use elements of a
linear structure to detail the IM fragments.

It is appropriate to use the IM combined structure to
take into account possible changes in situations that result
in the need for a significant increase in the amount of
information to be displayed. The suggested variant of the
IM combined structure is shown in Fig,. 1.

The IM system structuring ensures the
implementation of the necessary diversity principle in
organizing rational access to detailed information.

Advantages of the IM combined structure can be
realized only with application of the appropriate IDM and
their structure. Each information display mean can have
its own IM structure in accordance with suggested variant
of the IM structure.

Large screens and board of aircrafts' characteristics,
weather maps, etc. are commonly used as a collective
display device. Individual IDM is a part of the automated
workplaces of Infocommunication Systems of Air Traffic
Control. The main variants of their application are given
in Table 1.

General IM of situation

—

IM ™M ™M
fragment 1 AS fragment 2 AS fragment NAS
IM separate
. IM separate IM separate IM separate
PS Properties property 1 property 2 property N

Fig. 1. IM combined structure option

Table I — Options for using individual-usage IDM

Working place option

Usage options for the info field of the display tool

1. One IDM

1. General AS display
2. AS fragments display

2. One IDM - polyscreen

1. The main part of the screen — general AS display
2. Free parts of the screen — IM fragments display

3. Two IDMs: the main — IDM,,
additional — IDM,

IDM,, — general IM display (partially the 1% working place option)
IDM, — IM fragments and details display

It should be noted that more than 50 years of
ergonomic development of using workplaces with two or
more IDM for the AS analysis and evaluation confirms
the suitability of implementing such a variant of
distributed IM. Inclusion of the tasks preparation
complex and decision-making support to the special
software and mathematical provision of ICS ATC leads
to the necessity of revision for IE formation approaches,
which make up the IM AS. So it is necessary to consider
issues related to the formation of conceptual models in
minds of operators. Those models should be closely
related to the type of thinking of operators and
information interaction between Infocommunication
Systems of Air Traffic Control and DM.

Speed and efficiency of operator's decisions depend
on the way he perceives information from
Infocommunication Systems of Air Traffic Control.

Therefore, when substantiating the forms for
submitting AS evaluation results, we should consider the
following: information elements should correspond to the
AS assessment stages and the ergonomic principles of the
IM development; convergence of structure and content of
information with conceptual models will reduce the
number of transcoding operations for the transition to the
conceptual model; information submission forms should
correspond to the operator's experience, knowledge and
intuition; information submission forms should consider
the DM thinking characteristics.
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Operational thinking is proper to decision-maker
when situation is changing and data is unknown [10 —
12]. This thinking is mainly figurative — often DM mental
activity is closely linked with images of objects of the
situation (operational images).

They are formed as a result of comparison between
current information about objects and ones stored in DM
memory. Thus, an operational image is a certain set of
information about objects of situations, reflected in DM
mind and actively interacting with the information
displayed in the IM, taking into account the dynamics of
its change.

IM consists of many coherent information elements
for better operator perception. Each IE reflects an abstract
concept or a set of abstract concepts. Conceptual images
that later form conceptual model are made in operator
operational image with help of IE. But in order to create
one conceptual image operator has to process, analyse
and generalize several IE.

The complexity of the IE leads to an increase in its
processing time. A set of IE in the MI overloads the
operator's memory and causes errors in operational
thinking. Inaccuracies in conceptual model's formation
lead to ineffective decision making and increase time of
solving problems. That's why task of IE development is
one of the most difficult in IM design.

It is necessary to take into account a significant
number of factors that collectively make up decision-
making conceptual model in the process of operators'
guiding. So there is a contradiction — IE must represent as
many abstract concepts as possible and at the same time
be simple.

IE should also support the process of operator's
conceptual model formation with a minimum number of
transcoding operations. It makes us setting a number of
requirements for the IE. It should be: informative; simple;
suitable for rapid perception and analysis by the operator;
open for rapid formation of a conceptual model;
correspond to ergonomic standards.

These requirements allow formalizing the process of
IE development and meeting requirements of simplicity
and informativity.

To reduce the IE processing time it is necessary to
present them in the form of images reflecting connection
between parameters and characteristics of objects and
processes occurring in the analysed subject area.

Ideally, an IE image must display a large amount of
information with relatively simple coding (form, size,
flicker). This allows creating informative IM, effectively
transformed into a conceptual model by operator for a
relatively small number of IE. Ability to regulate
parameters of IE images permits to compile and manage
their display, which will create MI maximally adapted to
the requirements of operators and the importance of their
tasks.

Let's illustrate the process of developing IE form
requirements. For example we will present "workload of
ICS ATC operators in relation to the total volume of AS"
in the IE form. The process of development should be the
following: making requirements for an information
element; analysis of the existing IM for compliance with
the established requirements; development of IE options;

study of suggested IE use effectiveness; analysis of
results; introduction of information element in the
information model.

Order and structure of the process of optimal
content definition and development of IE structure are
shown in Fig. 2.

Obtaining a task and
defining IE requirements

l |

Analysis of existing IM Development
for the presence of of IE samples
necessarv [E to studv

| l

Identification IE study for meeting
of defects requirements and
inIE perception quality

| |

Determining need
for IE development

characteristics

Consideration of possible Received IE
IEch anges and verification for meeting
evaluation of new requirements

l

IE study for meeting
requirements

|

Results' analysis to
determine the best IE

. |

-
Results' Report on
approval results

Fig. 2. Content and operations' order
in IE process development

In our study we created different variants of
representation for "workload of ICS ATC operators in
relation to the total volume of AS" in the form of IE.
Images of this IE are represented in Fig. 3.

a b C

Fig. 3. Images of an information element
(a—"float" type, b — "sector circle" type, ¢ — "sector ring" type)

The proposed simple images allow: reflecting the
total amount of AS in the area of ICS ATC; showing
workload of each operator; presenting the summarized
characteristics of the situation; providing dynamic IE
correction. The choice of circle is explained by the
simplicity of this figure that effectively reflects concept
of correlation.

The present IE can also be placed in the IM
providing additional information. Other IE parameters
such as size, colour, brightness, sign parts' position are
developed in accordance to existing ergonomic
requirements [10].

The available IE options were investigated in the IM
of Infocommunication Systems of Air Traffic Control
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usage in accordance with the IE development procedure.
We developed an experimental installation with general
interface shown in Fig. 4.

We conducted an experiment that helped to choose
the IE in order to assess the compliance of suggested IE
with the tasks.

The experiment involved 44 operators investigating
318 tasks.

As a result, we received assessments of the
mathematical expectation for processing time and the
probability of correct IE interpretation as a part of IM.
The results are shown in the Table 2.
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Fig. 4. Example of laboratory installation to study IE quality

Table 2 — Experiment results

Estimated parameters Type of information element
"float" ""sector circle" ""sector ring"
Mathematical expectation of processing time, ms 5,439 4,960 5,928
Correct answer probability 0,50 0,78 0,52
Error probability 0,5 0,22 0,48

According to the results of IE evaluation we suggest
that the best IE is a "sectoral circle" and it should be used
to reflect the concept of "workload of
Infocommunication Systems of Air Traffic Control
operators in relation to the total volume of AS "

|E synthesis method

The obtained results allow us to represent the
structure of the method of information models' design and
synthesis to support decision-making in the
Infocommunication Systems of Air Traffic Control with
dynamically changing conditions (Fig. 5).

IM implementation

Determination of information characteristics

Analysis of the process of situation assessment

to assess the situation

to choose a correct IE

v

v

Structure development of IM situation assessment

Determination of IM changes according

to the stage of DM activity

v

v

Justification of IM structure for ICS ATC operators

v

v

Justification of requirements for the form of submitted

Development of the form of submitted information

information about the result of AS assessment

about the result of AS

v
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Implementation of IM structure in the IDM system
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Fig. 5. Method of information models' design and synthesis structure for information decision support of situation assessment
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The method of information models' design and
synthesis for informational decision support in the ICS
ATC, unlike existing ones, takes into account stages and
specifics of the tasks solved by the operators. It permits
to improve the quality of the information support system
of the DM.

corresponds to the intellectual activity of DM in
assessment of air situation.

The developed structure of information features'
display is adequate to the stages of operators decision-
making and provides high adaptive properties of the
synthesized MI to the dynamics of air situation changes.

Further research should consider the effect of
information models overload on the operators'
efficiency of Infocommunication Systems of Air Traffic
Control.

Conclusions

The suggested structure of the Infocommunication
Systems of Air Traffic Control images display
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Pa3spaGoTrka MeTOna IPOEKTUPOBAHUA M CHHTE3a HH(POPMALIMOHHBIX MoJeJIei
JJIst l/lHq)OKOMMyHPlKaul/IOHHI)IX CHCTEM YNPABJICHUA BO3AYIIHBIM ABUKECHUEM

. A. boposeren, O. H. [imutpues, M. I'. Mensanuayk, M. A. ITaBnenxo, I'. B. Illep6ak, C. I'. Illnno

AHHoTanusi. B crarbe M3JIOKEHBI Pe3yNbTaThl MCCIEIOBAHMI, IOCBAIICHHBIX BONPOCAM MPOEKTUPOBAHHMSA M CHHTE3a
MH(POPMALOHHBIX MOJENCH, SBILIOIMXCS HEOOXOIUMOH COCTABIISIOIIEH CHCTEMbl HMH(OPMALIOHHOTO OOECHCUCHHs JIULL,
NPUHUMAIOIINX pELIeHUs B MH()OKOMMYHHKAIIMOHHBIX CHUCTEMaxX YIPABJICHHUS BO3MYIIHbIM JABIKeHHeM. [IpuBeneH anamm3
BO3MOXHBIX CTPYKTYP IIOCTPOCHHS MH(OPMALIMOHHBIX MOJIEIICH U NPEIOKEHO JUIsl CPABHUTEIIBHO MIPOCTHIX YCIOBHI 00OCTaHOBKH
HCIOJIBb30BATh JIMHEHHYIO WIIM UEPAPXUUYECKYI0 CTPYKTYpY. I ydera BO3MOXKHBIX M3MEHEHHH cHUTyaluii 0OCTaHOBKH, KOTOpbIE
MPHUBOJAT K CYIIECTBEHHOMY POCTY 00beMa MH(OPMALMK I OTOOPaKEeHHMS, LeIeco00pa3sHO UCHOIBb30BaTh KOMOMHUPOBAHHYIO
CTpykTYpy uH(pOpMmarmonHOH Moxenu. IIpuBopsTCA CIpYKTypa, COAEp)KaHME M IIOCIEAOBATEIBHOCTh ITalloB  METoa
MPOCKTUPOBAaHUsI M CHHTE3a MH(OPMALMOHHBIX Mozeneil Juii MH()OPMAlMOHHON MOANEP)KKM INPHHATHS PEIICHHH 110 OLEHKEe
00CTaHOBKH. B omindme OT CyIeCTBYIOUIMX, IPEIUIOKEHHBIH METOJ YYMTBIBAeT 3Tallbl JCATENBHOCTH U crelupuKy 3ajad,
pelaeMbIX orepaTopaMy B MHQOKOMMYHHKALMOHHBIX CUCTEMAX YIPABJICHHS BO3/IYIIHBIM JIBHKCHHEM.

KawueBbie caoBa: HMHPOpMANMOHHAS MOJENb; CHTyalusl 0OCTaHOBKH; WH(OPMALOHHBIN 3JIEMEHT; 0TOOpaKeHuE;
JIeSITEJIbHOCTD OIIEPaTOpPOB; YIPABICHUE BO3AYIIHBIM JIBH)KCHUEM.

Po3podka merony npoekTyBaHHs i cuHTe3y iH(popManiiiHux Moae et
7151 iH(OKOMYHIKANIHUX CHCTEM yNIPABJIiHHSA MOBITPSAHAM PyXOM

I. O. boposerenp, O. M. [imitpies, M. I'. Mensanuyk, M. A. IlaBnerko, I'. B. lllep6ax, C. I'. Iluo

AHoTanisi. SIkicHe Ta epeKTHUBHE BHUpINIEHHSA 3aBJaHb ONEPaTOpaMH iH(QOKOMYHIKaUiHHUX CHUCTEM YIpPaBIiHHA
MOBITPSIHAM PyXOM HalpsiMy 3aJ€XKHTh BiJ CcTaHy cucTeMu iHdopmariiiHoro 3abesnedeHHs. OqHuM 3 0a30BHX HAIPSMKIB
YIOCKOHaJeHHs iH(opManiiiHOro 3a0e3NeueHHs CHCTE€M YIpaBIiHHA MOBITPIHMM pYXOM € HEOOXiJHICTh ajanTanii
iHpopMaLiifHUX Mozeneil 10 YMOB IisUTBHOCTI Ta crelu(iKu 3aB/aHb, M0 CTOATH Mepes 0codaMHu, sIKi IPUHMAaIOTh pilleHHs. B
CTaTTi BUKJIAJICHO PE3yJIbTAaTU JOCIi/KEHb, IPUCBIUCHUX IUTaHHAM IPOEKTYBAaHH: Ta CHHTE3Y iH(OpMalLiiHUX MozeneH, o €
HEOOXIi/IHOI CKJIAJIOBOIO cHCTeMM iH(poOpMaliiHoro 3a0esrnedeHHs oci0, fKi NPUHMAIOTh pillleHHS B 1H(OKOMYHiKaIliHHHX
CHCTeMax YIpAaBIiHHA NOBITPIHUM pyxoM. HaBeneHo aHami3 MOMJUIMBHX CTPYKTYp MoOyHOBHM iH(oOpMauiHMX Mojened Ta
3aIPOIIOHOBAHO IJIs IOPIBHAHO IPOCTHX YMOB OOCTAaHOBKM BHMKOPHCTOBYBAaTH JIiHiMHY a0o iepapxXiuHy cTpykTypH. [lis
BpaxyBaHHs MOMJIMBUX 3MiH CHTYallili 00CTaHOBKH, ILI0 NPU3BOITH 10 HEOOXIIHOCTI CYTTEBOrO 3pocTaHHs o0csry iHdopmanii
JUISL BiTOOpaKeHHsI, JIOLIIbHO BUKOPUCTOBYBATH KOMOIHOBaHY CTPYKTYPY iH(opMaliiinoi mozneni. HaBeneHO criBBifHOLIEHHS,
SKI HaJaloTh MOXJIMBICTH OLIHWUTH XapaKTepPUCTHKU CTPYKTypH iHQopmMauiiiHux Mozeneidl Ha erami iX €proHOMIYHOro
MPOEKTYBAHHS 1 BUSHAYMUTHU KUIBKICTh 1HOpPMALiHHUX €IEMEHTIB B OJHIN Iporpami BioOpa)XeHHS 3 ypaXyBaHHAM MiHiMizawii
4acy IOLIYKY 3a/laHuX eJIeMeHTiB. HaBesieHO MOXIIMBI BapiaHTH CIUIBHOrO BUKOPHCTAHHS 3ac00iB BinoOpaxeHHs iHpopmarii,
K 1HIMBIyaqbHOTrO, TaK 1 IPYIOBOrO Ta KOJEKTMBHOIO KOPUCTYBaHHS. 3alPOIIOHOBAHO CTPYKTYpPY HPOLECY Ta IOCIiIOBHICTD 1
3MICT omepamii npu po3podii BuMmor 1o ¢opmu iHpopMalidiHMX enemMeHTiB. HaBomsrecs HoCTiKeHHS e(QeKTHBHOCTI
BUKOPHUCTaHHs pi3HuX (opM nofaHHs iHGopMaLiiiHuX eneMeHTIiB. B mifcyMKy HaBOISTBHCSA CTPYKTYpa, 3MICT Ta IOCIiIOBHICTH
€TaliB METO/ly NPOCKTYBAaHHS i CHHTe3y iHpopMauiiHuX Mozeneil 1t iHpOopMaIliiHOI MIATPUMKM NPUHHATTS pIllIeHb 3 OLiHKK
00CTaHOBKY, SIKMH Ha BiJIMiHY BiJl iCHYIOUMX BPAaXOBY€ €Taly HisIbHOCTI Ta crelugiky 3a/1a4, 0 BUPILIyOTbCS OIEepaToOpaMu B
iH(poKOMyHIKaLIFIHUX cHCTEeMaX yHPaBIIiHHS MOBITPSIHUM PyXOM.

KawuyoBi caoBa: inpopmaniliHa MOzeIb; CUTYaIlisl 0OCTaHOBKY; iH(OpMaLiiHHI eJIeMEHT; BiJOOpaKeHHs; AisUIbHICTh
OIIepaTOpiB; YNPaBIIiHHS HOBITPSHUM PYXOM.
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