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METHOD OF ADAPTIVE CONTROL OF THE INFORMATION MODEL'S DISPLAY
PARAMETERS DEPENDING ON THE COMPLEXITY OF THE AIR SITUATION

Abstract. The present article represents structure, content and sequence of steps of the method of adaptive control of the
information model's display parameters of the air situation. The problem describes complexity of the particular air situation
in automated air traffic control system. The method assumes that the degree of complexity of the situation is recognized on
the basis of heterogeneous data received from the sources. According to the results of experimental studies, we show the
dependence of the average time of perception and the probability of error-free perception of the information model of the
air situation by the operator on the coefficient of the overlapping forms.
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Introduction

Problem statement. The high dynamics of events
that characterize the processes of air traffic organization,
large flows of information that have to be operated by
decision-makers (DM) in the automated air traffic
management systems (AATMS), as well as the
responsibility of the tasks they solve, led to wide
introduction of modern automation and computer
technology into the practice of the operating system [1].
The considerable technical capabilities of these tools
make it possible to significantly improve the overall
efficiency of use of the air traffic management
information support system.

However, it should be noted that the effectiveness of
automation and computer technology is largely
determined by the function and place of operators in the
control system. Ignoring the capabilities of an air traffic
controller to receive and process information while
performing his / her duties can lead to an aviation
accident. For example, international statistics show that
up to 50% of aviation accidents occur by the operator's
fault [1-3]. According to the National Bureau of
Investigation of Aviation Events and Incidents, over the
last 3 years in Ukraine the accident rate for events with
high-level consequences (catastrophe, accident and
serious incident) has varied from 1.24 to 1.7 events per
100 thousand flight hours [4—6].

Therefore, the problem of rational synthesis of
"man-machine" systems in the AATMS is one of the
most urgent. One of the important points in this case is
the resolution of issues related to the provision of the
operator with the necessary information about the air
situation (AS), as this is to a large extent ensures the
timeliness and correctness of management decisions.

As the conditions of the system functioning and
the individual features of DM vary widely, such
interaction should be adaptive [3]. This involves taking

into account the design and operation of the means of
displaying information (MDI) about the AS of those
functions performed by the human operator, as well as
his/her current psycho-physiological state in the course
of performing his/her functional duties. In this case, the
structure and characteristics of the information model
(IM) in the means of displaying the information of the
AATMS must change depending on the AS status in
order to achieve the highest efficiency of the air traffic
control point manager's performance of their functional
duties [7, 8]. Large amounts of information and the
random nature of its distribution in the area of the
information model on the screen of the display device
cause the effect of information overlap [7]. Therefore,
the synthesis of IM should be carried out taking into
account the impact of the negative effects of the
specified effect on the activities of the operator.

Research publications. One of the main functional
elements of the AATMS in the organization of air traffic
is an observation system that provides relevant
information, which is continuously updated in real time.
The MDI for displaying AS information supporting the
operations of the AATMS controller, as a minimum,
display aircraft location information, mapping
information required for surveillance based air traffic,
and, where appropriate, identification and flight level
information of aircraft flights [7, 9].

An aircraft displayed on AS display screen by the
radar tag has a so-called support form next to it, which
contains the desired current flight information for the
operator [7, 10-17].

All information on support forms is represented in
a Detailed or Untagged (Tagged) forms [7]. Forms are
mapped to the appropriate mapping of the aircraft's
location so as to prevent the air traffic operator from
misidentifying the object.

Analysis of a number of papers and guidelines
[7, 18, 19] shows that a detailed support form for an
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aircraft in most modern AATMSs has up to 14
information elements (dot-matrix fields). These
include: call sign, sector identifier, aircraft type,

current altitude (flight level), entry/exit point of the
sector, speed, destination aerodrome, preset altitude
(flight level), etc. (Fig. 1).
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Fig. 1. Information representation in the detailed form of the aircraft support

The content of the information elements of the
aircraft support form allows the AATMS operator to
obtain any information about an individual aircraft that is
required in the performance of functional duties. But at
the same time while displaying several forms there is
such a negative effect as the overlap of information,
which in turn significantly complicates the perception of
the current air situation by air traffic operator.

The research aims and objectives. At present, the
tasks of adaptive control of displaying the information
model parameters in the centers of air traffic organization
are carried out in a non-automated mode. Moreover, the
operator uses only two methods: moving the desired
aircraft form in the free zone of IM and choosing another
display mode, which leads to a reduction in the number of
dot-matrix fields in the form. This increases the time of
air traffic management and decreases the likelihood of a
true AS evaluation. Therefore, the urgent task is to
develop a method of adaptive control of the information
model's display parameters, depending on the complexity
of the situation in the area of responsibility of air traffic
control center, which should provide the proper
conditions for prompt and reliable assessment by the
AATMS operators of each of the possible air situations.

Research bases

The situations of aircraft support forms' overlapping
often arise in the activities of air traffic control centers at
the workplace of air traffic operators [9]. The more forms
are used, the more difficult are the conditions for their
perception.

The aircraft support forms' overlapping is
characterized by the size of their intersection area. To
quantify this property, we use a generic indicator — the
overlap ratio of forms — K, , that characterizes the
average overlap of all intersecting forms. This indicator is
defined as [20]:

K, =S,/NSy,0<K, <1, )

where S, =ZiSHj’ i=1,N — the total area of the
sections of overlapping forms; SHI, — the area of the i-th

form (F;) that intersects with at least one of the forms;
S s —area of one form, provided

Sr =5y, ="'=Sfi’ szSﬁ.

If the areas are not the same, we have:

szzisfi/N' 2

Such indicator gives only an overall average
estimation of the overlap. With relatively small K,

values, overlaps of aircraft support forms may contain
those that are not identifiable at all or require a great deal
of time. This leads to a significant reduction in the
likelihood of error-free perception of situation
information (SI), which is inadmissible.

In the presence of information on the degree of
distortion of specific forms, we can take measures to
reduce the negative impact of form overlap in the
dynamics of AS evaluation. Therefore, it is advisable to
use an indicator that characterizes the degree of
intersection of each support form with all others. This
metric may be the overlap ratio F; :

Sy

K”i =S_fi’ "

>0, 3)

where S, — total intersection area of the i-th form with

all others.

The degree of distortion of the dot-matrix fields of
the maintenance form, as well as the time of perception of
AS information (¢, ) and the probability of its error-free
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perception ( P, ) depends on the value KHI, . According

to results of theoretical-experimental researches [13, 20]
the probability of error-free interpretation of information
by the operator and the average time of its perception is
described by the equations:

Py =1-aK}}, 4)
t, =b+cK3; %)

where a, b, ¢ — smoothing coefficients that significantly
depend on the operator's qualification are defined as
follows: a=0.14; b= 0.64; ¢ = 1.83.

The analysis of these dependencies shows that due
to the overlap effect, the average time of perception of the
aircraft support form increases approximately 2 times.
There are also cases of such distortion of the form signs,
when their interpretation is completely impossible. The
average probability of error-free perception of aircraft
information may decrease 1.8 times, depending on the
K, . Two types of information models were used in the

experimental studies. The first type of IM reproduced the
situation with overlapping forms of aircraft support, the
second type of IM showed the presentation of the same
situation without forms' overlapping. The variants of the
investigated IM are shown in Fig. 2. Comparative
analysis of these information models was made under the
same SI conditions. According to the procedures
approved in [18], the operators had a task to determine
the type, height and speed of aircrafts while displaying 20
— 30 aircraft support forms. The main results of the
experiment are given in table 1.
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Fig. 2. Optlons of the investigated IM (a) with overlapping
aircraft forms (b) without overlapping

Table I — Results of experimental studies

Type of task f.,sec Py,

Single overlap 28.90 0.796
Double overlap 81.93 0.523
Without overlap 13.63 0.932

The obtained indicators show that:

- for single overlap of aircraft forms IIC 17,
increases no less than 2 times;

- for double overlap of aircraft forms IIC 7,
increases no less than 6 times;

- for single overlap of aircraft forms IIC, the P,

probability is reduced by 1.2, and for double overlap —
by 1.8.

The above values allow us to evaluate the
promptness and reliability of the decision made by the
AATMS operators.

By increasing the volume of AS display to 100
aircraft forms it is possible to expect with a high degree
of probability that 7, will increase at least 7 times with

a significant Py, decrease.

Thus, the overlap of aircraft support forms
suggests that one should expect a large amount of time
to search and perceive critical aircraft forms, which can
significantly affect the quality of DM operational work.

It should be noted that in practice, in such
situations, the air traffic controller is forced to call on
other persons of the next shift to obtain information
which he cannot perceive because of the overlap of
aircraft support forms. The time of receiving this
information may be the same as the time of AS
perception as a whole, meaning that the performance of
the overall AS evaluation by the operator will be further
reduced.

Let's analyze the existing methods of reducing the
negative impact of the aircraft support forms'
overlapping on the activities of the air traffic operator.
First of all, you need to consider the factors that overlap
depends on. The analysis of equations (4, 5) shows that
the main factors are the number of aircraft forms
displayed ( NV ); form area (S  ); and display scale (M ).

The effect of the overlap will be as big as the
volume of display of the aircraft support forms. For
example, in [20] it is shown that when changing N
from 100 to 20, the overlap coefficient decreases by 2 —
2.5 times. The number of forms displayed depends on
the AS and on the grouping of the aircraft. As shown
earlier, value N can vary widely. For example, up to
250 forms may be displayed in some AATMS [11].

Value N can be reduced by selection of aircraft
according to certain features. However, in this case, AS
that is not adequate to the actual one is displayed. And
this, in turn, can distort the assessment of the overall
situation.

It should be noted that, due to the uneven
distribution of aircraft support forms on the monitor
screen, a decrease of N indicator may have a negligible
effect on the manifestation of the overlap effect.

At a fixed scale of IM reflection, the effect of
overlay manifests itself as strong as the linear
dimensions of acquaintances and their number in the
form, because these values characterize the S r values.

The size of the characters on the screen of the monitor
significantly affects the conditions of their perception.
Ergonomic requirements set the optimal size of
characters that do not change when scaling them.
Taking into account these requirements we obtain for 5-
digit form — S, =29.3 mm?, and for 25-digit, complete

form — Sf= 94.2 mm®.
Therefore, the use of short aircraft forms can

reduce the value K, by about 3.5 times. In this case,

the informative nature of the forms significantly
reduces, and the operator needs to spend additional time
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to change the way the form is displayed to obtain
additional information.

The linear dimensions of the aircraft support form,
based on the scale of the display, can be represented as
follows:

I =AM, 1, =AyM, (6)

where Ax, Ay — linear dimensions of the form

horizontally and vertically, (cm); M — scale of IM
display (number of kilometers in one centimeter).

Provision of the operator's workplace equipment
with an additional display device will allow to expand
the IM field of view and ensure the adequacy of
displayed AS information.

The advantage of this method of display is the
large scale of the view field that allows the optimum
perception of information by the air traffic controller.
The disadvantage is the time spent on "switching" the
operator's sight between the screens of the monitor,
followed by the mandatory identification of the aircraft.

The use of new information technology now
eliminates the mentioned disadvantages through the use
of AS tools that allow the creation of a "poly screen" in
the IM information field, or zoom in on the selected
area (magnifying glass effect) to display the forms of
support for the aircraft that should be separated.

The advantage of the method of displaying
information with the use of multi-screen means is to
reduce the time spent on transferring the gaze of DM,
which in turn leads to a decrease in the time of
information search. The disadvantage is that the display
device's information field is heavy.

Using the magnifier mode allows you to view any
area of the IM on a larger scale.

Thus, changing the scale of the mapping can
significantly reduce the negative impact of the overlap
of aircraft forms on DM activities.

Given the above, let us consider the basic
processes that are associated with the recognition of
information overlap in terms of AS evaluation. The [21
— 23] analyzed the recognition methods that can be used
to solve the problem.

These methods are used when a large amount of
information needs to be processed to make decisions in
the context of uncertainty and redundancy. In this case
there was a need to develop a simpler and, nevertheless,
sufficiently more reliable method of recognition.

The use of any of the considered methods of
displaying AS information is inevitably linked to the
following operations:

- detection of the aircraft support forms
overlapping, that is, the actual recognition of the forms
overlapping;

- determining the priorities for servicing (scaling)
the aircraft support forms overlapping;

- implementation of control effects on the AS
modules of the information model display system.

If there are multiple scaling options available to
the DM (optional display device, multi-screen,
magnifier), he may choose the one that he prefers in the
particular situation.

In relatively simple AS (with 3 — 4 form overlaps),
the air traffic operator can perform these operations
quite easily. In this case, there will be inevitable
additional time spent on establishing the priority of
overlaps and manipulation by the control elements. This
situation may be eligible if there is no hard time deficit.

It should be noted that even in a simple situation, it
may be difficult to set the priority of the overlap service.
These difficulties are caused by distortions in the
familiarity of the forms that characterize the importance
of individual aircraft.

In complex AS, when there is a large amount of
overlaps and acute shortage of situation assessment and
decision making, it is advisable to use adaptive
automated scaling of the displayed information. Such
management will reduce the time spent on assessing the
situation in the area of responsibility of the AATMS
command unit by about 10 ... 15%.

Here are some basic assumptions used in
developing one of the adaptive scaling controls for
displaying information about the air situation.

As noted earlier, the more the aircrafts forms are
overlapped, the more difficult will be the conditions of
their perception by the operator. There can be 2, 3 or
more times form overlapping, even with relatively small

K, values. This fact should be taken into account in
order to process overlaps with a large number of forms
under the same conditions.

Therefore, we introduce the sign of the aircraft

support forms' overlap: T, = 0 — there is no overlap on
the F; form; m, >0 —there is an overlap of other forms

on the F; form, the number of which characterizes this

value. For example, m, =1 — there are two forms in one
overlap (F; form overlaps F; form), T, = 2 —there are

three forms in one overlap (two forms overlap F;
form), etc.

Recognizing the overlap of aircraft support forms
is in fact identifying those forms that intersect with F;
form. After the overlap effect is detected, it is necessary
to determine the value K, for this overlap. As a result,

indices K,
support form displayed on the monitor screen.

Thus, to establish the fact of overlapping F; form

and 7, are determined for each aircraft
1

on the F; form, it is sufficient to compare the coordinate
differences of the corresponding aircrafts ((x;, y;) and
(xi, ¥i)), Axi = X; — X;, and Ay; = y; — y; with the
dimensions of the form with respect to the scale used (I,
and I, respectively), that is, in this case, the strobbing of
forms.

A form that has hit the strobe is considered to be
overlapping with the F; form. It should be noted that

m,, #0 will be if [Ay| </, .

To simplify the overlap search procedure, we
introduce an array of aircrafts displayed on the screen of
the AATMS monitor, in which they are placed in
descending order z=(X;, y;, W;) at X; =Xy > ... 2> Xy;
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i=1, 2, ..., N, where w; is the importance of the i-th

suggest the structure, content and sequence of stages for

aircraft. The analysis of the stated provisions and development of the adaptive control method of the IM

considerations of practical feasibility allow us to

AS display (Fig. 3).
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Fig. 3. Structural diagram of the method of adaptive control
of the information model's display of the air situation

The method allows to establish, in practice, the fact
of overlapping and to determine the number of aircraft
support forms' overlapping with F; .

Value SHI, is defined for each aircraft support form.

The implementation of the proposed method of
adaptive control of AS display allows formation of an
array of Z, overlapping forms. Its elements are x;, yi, W;

together with SHI, and T, - Thus, the preparatory stage

of adaptive IM control displayed on the monitor is to
form an array Z,, .

The next step is to set the priority of processing the
aircraft trajectories' overlapping. For this purpose you can
use w;, S, and m, .

Therefore, we suggest a possible implementation
of the control of overlapping aircraft support forms'
display.

First of all, it is necessary to ensure a quick error-
free perception of the most important aircrafts by the air
traffic operator.

Therefore, in order to exclude the influence of the
aircraft support forms' overlapping effect on the
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perception of Z, information, we should first of all
choose F; with maximum value of w;.

The priority is then given to the overlapping forms
with maximum value of K, (or m, ).

Establishing rules for managing the display of AS
information with overlapping forms of aircraft support
requires additional special research.

We should take into account the specifics of
displaying IM of the air situation and solving the
problems of air traffic control by the AATMS operators
in a difficult situation. These studies are expected to be
completed in the near future.

Conclusions

The proposed method of adaptive control of the
information model's display on the MDI of the automated
air traffic management systems, in contrast to the known
ones, provides: possibility of establishing the fact of the
aircraft support forms' overlapping and determining the
number of overlapping forms; use of new information
technologies that allow to adapt to the complexity of the
air situation to establish the necessary modes for
displaying aircraft support forms to be separated,
prioritizing the processing (scaling) of aircraft support
forms' overlapping.
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Meron aganTHBHOIO YNIPABJIiHHS IapaMeTpaMu Bigo0pakenHs indgopmaniitnoi mogeni
B 3aJIe;KHOCTI Bijl CKJIAJHOCTI CHTYyanii B MOBITPAHOMY NpPOCTOpi

O. M. [lmirpies, I'. B. Illepbax, 1. O. Bopozenerns, C. I'. Illuno, M. I'. Menpanayk, M. O. I'epamenko

AHotanisi. YV po0oTi NPONOHYEThCS CTPYKTYpa, 3MICT Ta IIOCIIJIOBHICTH €TaliB METOMY aJalTHBHOIO YIPaBIiHHS
rapamMeTpaMH BioOpakeHHs iH(OpMALiHHOI MOJel MOBITPSHOI OOCTAaHOBKM B 3aJI©KHOCTI BiJ CKJIAIHOCTI CUTYallii B 30HI
Bi/INOBIIaIbHOCT] aBTOMAaTH30BAHOI CUCTEMH YIPABIIiHHS HOBITPSHUM PyXoM. MeTooM repei0adaeTsbes, o Ha OCHOBI OTPUMAHUX
PI3HOPIJIHUX [IaHUX BiJ JKEpeN PO3Mi3HAETHCS CTYHNEHb CKIAJIHOCTI cuTyalii oOcraHoBKH. POpMYIOThCS NMapaMerpu O3HAK Ul
BioOparkeHHs iHpOpMaLifiHOI MOz UIIXOM BU3HAYEHHs CKiIaty iH(opMallii, KOJIbOPOBOro KOIYBaHHS, BU3HAUEHHS HEOOXiIHOI
KUIBKOCTI O3HAaK Ta MacIraOyBaHHsA HeoOXinHMX iH(opMmaniiinux enemenTiB. Lle no3sonse momudikyBaru 6a3oBy iHopmariiiHy
MOZielIb Ta PO3HOAUIMTH i MDK BiIOBigHMMM 3acobaMu BinmoOpakeHHs iHdopmanii. B mincymky ¢opmyerscs HeoOxinHa
iH(popMaLliliHa MOJeNb Ul HIATPUMKHU IPUHHATTS pilleHHA. TakoX JOCIIDKEHO MOXJIMBOCTI BPaXyBaHHS €(EKTy HaKIaJeHHS
(bopMyIIspiB CYNpOBOLY NMOBITPSHUX CyzeH HpH (OpMyBaHHI iHPOpMALiHOI MOJeN MOBITPSAHOI 0OCTAaHOBKHU. 3a pe3yiIbTaTaMu
€KCIEPHMEHTAIbHUX JIOCII/PKEHb OTPUMAHO 3aJIeKHOCTI CEpPEIHbOr0 4Yacy CHPHUHHATTS Ta HMOBIPHOCTI OE3MOMMIKOBOrO
crpuiHATTS iHpOopMaLifHOT MozIeIi MOBITPSHOI 00CTAaHOBKH ONEPaToOpOM BiJl Koe(ilieHTY HakIaeHHs (OpMyIIspiB.

Kaw4yoBi caoBa: ynpaBiiHHS HNOBITPSHUM pyXoM; iHTepdeic iHhopMaiiHOrO cepenoBHIa; GOPMYISIp CyIPOBOLY
HOBITPSHOTO CyJIHA; MiATPUMKA NPUIHATTA pillIeHHS; NisUIbHICTB aBiaaucneTyepa; inpopmaniiina Mogesb.

Merox aganTHBHOIO YNIPABJICHHS IAPAMETPAMH 0TO0pazkeHHs1 HH()OPMALNOHHOH MOJe/IH
B 3aBHCHMOCTH OT CJIO)KHOCTH CHTYallii B BO3IyIIHOM IIPOCTPAHCTBE

O. H. Imurpues, I'. B. Llepobak, 1. A. Bopozenern, C. I'. Illmio, M. I'. Mensanayk, M. A. T'eparenko

AHHoTanus. B pabore mpemnaraercst crpykTypa, coiepkaHue M IOCHIEOBATEIBHOCTh 3TAllOB METOJA aJalTUBHOI'O
YIIpaBICHHS NapaMeTpaMyu OToOpa)keHHs MH(GOPMALMOHHOH MOJENIHM BO3IYLIHOH OOCTAaHOBKM B 3aBUCHMOCTH OT CIIO)KHOCTH
CUTyallud B 30HE OTBETCTBEHHOCTHM AaBTOMATHU3HPOBAHHOW CHCTEMBI YNPAaBJIEHHS BO3AYIIHBIM JIBIKEHHEM. MeTon
MPEAINONATaeT, YTO Ha OCHOBE MOJy4EHHBIX Pa3HOPOAHBIX JAHHBIX OT HCTOYHUKOB PACIIO3HAETCS CTENEHD CIIOXKHOCTH CUTYAIN
obcraHoBKH. DOPMUPYIOTCSI TAPAMETPbI IPU3HAKOB I OTOOpaXKeHUs! MHPOPMALMOHHOH MOJIENIH IIyTeM OIIPEe/IeNICHHs COCTaBa
nH(GOPMALMY, IIBETHOIO KOAMPOBAHMS, ONPEIEICHHUS HEOOXOIMMOro KOJIMYECTBA IPU3HAKOB M YBEIMYEHUS HEOOXOIMMBIX
MH(POPMALMOHHBIX JIEMEHTOB. JTO I103BOJIACT MoAU(UIMpPOBaTH 0a30BYyI0 MH(OPMALMOHHYIO MOZENb M PACIpPENeNIUTh ce
MEX]y COOTBETCTBYIOIMMH CpelcTBaMU OToOpaxxeHus nHpopmaimu. B urore dopmupyercs Heodxomumas MHPOpMaLMOHHAS
MOZIeNb [UIsl MOJUICPIKKH HPHMHATHSA pelleHHs. Takke HCCIelOBaHbl BO3MOXKHOCTH ydeTa 3(dexra HajsoxeHHs (GopMyIspoB
COIIPOBOXIEHHS BO3AYIIHBIX CYAOB IIPU ()OPMUPOBAHMN UHGOPMALIMOHHON MOJEIN BO3AYLIHON o0cTaHOBKU. [lo pe3ynpraTam
9KCIEPUMEHTAIIBHBIX MCCIICIOBAHUI MOJIy4€Hbl 3aBUCUMOCTH CPEIHEr0 BPEMEHH BOCHPHATUS U BEPOATHOCTH 0€30IIHO0YHOrO
BOCIIPUATHS MH)OPMALMOHHON MOZIEJIN BO3AYIIHOM 00CTaHOBKH OnepaTopoM oT koddduuueHra HanoxeHus HopMysIpoB.

KawueBble cJyioBa: ynpapieHHE BO3IYIIHBIM JBIDKEHHEM; HHTepeldc HHPOPMALMOHHOW cpenpl; (opMyIsp
CONPOBOXKACHMUSI BO3/YIITHOI'O Cy/IHA; TOAEPIKKA MPUHSTHUS PELISHNST; IeITeNbHOCTh aBUaucIieTdepa; NHGOpMAIHOHHAS MOJIETb.
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