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THE COLOR CODING ALGORITHM OF COMPLEX AIR TRAFFIC INFORMATION
MODEL FOR OPERATOR’S EFFICIENCY

The present article studies formation of complex air traffic information model in the operative thinking of
operators of the automated air traffic control system. It shows interaction of operators with the color model of the
air traffic; characterizes existing models of color spectrum; analyses their disadvantages. The article suggests an
algorithm for finding the optimal color spectrum of information model elements; develops and investigates the color
component of the information element of a complex air traffic working information model. It analyzes relationship
between the quality of information model formation and the efficiency of operators' activity.
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Introduction

Problem statement. The main peculiarity in opera-
tor of automated system of air traffic control’s work is a
permanent interaction with information model, which
shows information of a controlled object and the progress
of control. If the information model (IM) is built up cor-
rectly, the information display facilities structure will be
also well developed and data elements will be correctly
distributed between them. Usually while developing IM
general attention is paid to the structure of display facili-
ties and selection (forming) of data elements coding al-
phabet [1-3]. Choice of information color-coding is
bounded with estimation of contrast and color brightness
of data elements.

The analysis of recent researches and publica-
tions. Along with the development of technical capabili-
ties of information display facilities, problem of color
coding of data elements, quantity of which exceeds doz-
ens of units, became critical [4-7]. We also have proofs
of influence of color on both information perception and
psychological state of the operator of automated system
of air traffic control that should be also taken into account
while developing IM [6].

In everyday life with no damage at all people pay no
attention to colors nature and nobody think of it as a re-
flected light. The problem is in different lighting that can
also change colors of objects. The relative stability of
surrounding lighting makes it possible to select and
match colors quite well in different life conditions. In
computer graphics, with monitor and images on the
screen as sources of light, human’s previous experience

and conception about colors are useless. Computer differ-
entiates only the formal color performance. That is why
software developers while forming the IM should take
into account such factors as: purpose of IM; structure and
characteristics of tasks executed by the operator; tensity
of work; surrounding light; defined requirements to in-
formation display. It is also necessary to define base
model of information element (IE) color forming as well
as algorithm of color choice to code this elements, taking
into account the fact that colors at developing IM can be
mathematically described as a ratio of base components.

Objective of the article. Objective of the present
article is to show the results of IE color coding alphabet
formation algorithm’s development while developing IM
in automated system of air traffic control.

Exposition of basic material

To develop IE color-range formation algorithm for
IM in automated system of air traffic control it is neces-
sary to define the terms, used in the theory of color.

Color hue: this term describes the main characteris-
tic of color, which differentiates red colors from yellow
and blue ones [7].

Chromaticity: High-chromaticity colors contain the
maximum of own color and minimum or zero admixture
of white, black and grey one. In other words, the level of
other colors admixture absence in specific color charac-
terizes its chromaticity [6].

Value: depends on quantity of light, beamed by col-
ors. More light is in color, brighter it will become. For
example, purple has less value, than light-blue, because it
deems less light [7].
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Contrast is a measure of induction. There are the
followings types of contrast: by value, by saturation and
by color tone [6].

Value contrast is a relation of dots brightness differ-
ence to higher value.

Saturation (intensity) is color intensity, which de-
scribes level of color brightness (value). In other words
color saturation means its difference from grey at a cer-
tain brightness of illumination [6].

The followings color tones are distinguished [7—12]:

— Warm colors;

— Cold colors;

— Dark colors;

— Rich or saturated colors;

— Dull colors.

The parameters of colors can be expressed with help
of a few color models. Let’s consider the basic ones:

RGB model. While a human eye perceives the color,
we can see three colors — red, green, dark blue. Other
colors appear at mixing these three basic ones [1]. The
RGB color model is based on these colors (by the first
letters of Red, Green, Blue).

RGB is a three-channel color model. This model is
presented as a three-dimensional coordinate system.
Every coordinate reflects the contribution of every con-
stituent in resulting colors (within a range from zero to
the maximal value). All of colors, forming color space,
are “situated” inside the received cube [1].

CMYK model. CMYK is a four-channel color model.
C is Cyan (blue), M is Magenta (purple), Y is Yellow and
K is Black. Everything that does not beam its own light is
painted with colors of CMYK model. Painted non-light
objects absorb some parts of white light spectrum that ex-
poses them. Depending on that part of light spectrum in
which light is absorbed, objects will be painted in different
colors. Colors, that do not beam light themselves, but use
white light taking from it certain colors, are named subtrac-
tive [1]. Resulting colors become darker (absorb more
light), while mixing two subtractive constituents.

L*a*b model. L*a*b is a three channel color model.
It was created with the purpose to overcome substantial
lacks of RGB, CMYK, HSB models, in particular, it is
aimed to become a device-independent model and deter-
mine colors without looking at features of device (moni-
tor, printer, printing press etc.).

Any colors of the present model are determined by
light level (L) and by two chromatic components: pa-
rameter “a”, that changes in a range from green to red;
parameter “b”, that changes in a range from dark blue to
yellow [7].

As we can see form the above stated information
on color models, there is a considerable variety of color
processing and presentation. The majority of informa-
tion, needed for operator, is displayed on the screen and
just a little part is displayed with help of printing or
multimedia projectors.

A screen of a monitor (like all other light non-
beaming object) is dark. Its initial color is black. All other
colors on it are created by means of tree colors combina-
tion, which in their mix must produce white colors. We
have here an RGB model. Black color in the scheme is
absent, because it is the screen’s own color [3].

That is why it is better to use RGB model and its
features for a subsequent analysis and choice of colors
developing IM elements color coding algorithm.

As it was indicated above, color has plenty of pa-
rameters, which to a certain degree influence the human
perception of information. The present work examines
co-operation of an operator and a color model and its
influence at information perception. Therefore, among all
existing parameters of color it is necessary to choose the
foremost ones, such as:

1. Constituents of color (R — an amount of red
color; G — an amount of green color; B — an amount of
dark blue color);

2. Color value;

3. Color contrast;

4. Value contrast.

Actions for determination of colors basic parameters

(Fig. 1):

Automatic
transfer of input
data to RGB
procedure

RGB

Color contrast background
determination parameters
indication

| !

Point value
determination

.

Fig. 1. A sequence of actions for determination
of colors’ basic parameters

Value contrast
determination

With help of defined algorithm and defined ratios
we will get the certain characters of color resolution for
analyzed IM.

We found the following weaknesses as a result of
basic parameters calculation of used colors in an existing
IM in automated system of air traffic control (Fig. 2):

A background color of Ukraine map and other
countries is identical. It requires displaying of such IE, as
a state border. Countries’ borders are displayed by RGB
color (255, 85, 170).

Color contrast of state border and map background
is 0,34, and value contrast is 0,30. Such contrast between
background and object colors identifies as weak contrast
and can not be considered as satisfactory.
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Fig. 2. Analyzed information model development

To solve this problem we can change the brightness
of displayed state border, or display the territory of
Ukraine with chosen base background colors, and territo-
ries of other states with colors that are 10-15% different
from the base one.

Meanwhile, 8% color contrast will be insignificant,
but will allow to distinguish states’ territories due to large
areas, which are displayed by these colors. In this way,
the state border can be shown as a difference between
colors of territories.

Let’s consider such data element as differentiation
areas (Fig. 3). Here it should be noted, that RGB of pre-
sent element is (128, 0, 0). With more detailed considera-
tion this element is perceived as black (0, 0, 0). This fea-
ture of information display conflicts with the operators’
activities experience. In this case color contrast consti-
tutes 0,28, and value contrast is 0,05. Color contrast of
such level is perceived by the operator as different colors,
and allows to interpret these lines as different IE. Their
combination within the framework of one IE requires
knowledge and efforts of operator, that complicates and
increases amount of processed data.
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Fig. 3. Operational and tactical directions

To solve the present problem we can display this IE
with one color, for example (0, 0, 255). But this will not
be correct, because other IE are displayed by the same

colors. Meanwhile, IE in information model is displayed
with the lines of different thickness (3 pixels and 2 pix-
els). A little difference in the numerical values of lines
thickness results in occurrence of two different data ele-
ments. These elements are perceived separately and re-
quire certain decoding efforts of this information and
concordance of it in a single IE. In such a way the dis-
playing of this element is done using three elements of
code alphabet: color, lines thickness, lines type. Mean-
while, these elements of alphabet are not accorded and
can reduce the efficiency of their perception by the opera-
tor. We can suggest the following solution to deal with
this contradiction of the displayed IE.

The borders on the maps are indicated with brown-
orange colors (249, 157, 56). Let’s apply these colors to
display responsibility areas’ information. We will use the
same thickness to represent the lines. Studied IM has
some more similar weaknesses related to the absence of
IE color code concordance as well as: coincidence of
colors; very low value and color contrast; colors of other
states territories do not reflect the traffic load. Thus, it is
necessary to develop the algorithm, which will allow to
analyze and find color range of IM in order to get color
code of any data element in this model.

Algorithm structure as a sequence of actions to
search optimal color code of information model elements
is shown at the Fig. 4. The present algorithm suggests
research of existing information model, detection of
weaknesses and lack of coordination in it as well as fix-
ing these disadvantages. Let’s consider the following
attributes — color, value, value contrast and color contrast
— as the base indexes. First we check coordination with
the background for every IE (basic part of IM) and then
the coordination within itself.
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Fig. 4. Structure of developed algorithm

The optimum color coding of elements can be ob-
tained by means of implementation of some successive
iteration in the IE concordance. Certainly, the present
suggestion is only an option of color coding which can be
taken as a basis in IM development.

Conclusion

The IM color resolution is very important due to the
features of the operator’s work with the information
model. It is necessary for the operator to percept any in-
formation adequately, so information models should be
developed in accordance with ergonomic requirements.

The present paper studies the basic models, principles and
general characteristics of colors representation.

RGB color model was taken as a basis due to the
possibility of formalized work with a color model and
degree of its prevalence. This color model helped to esti-
mate the basic parameters of color. Obtained information
gave us the opportunity to analyze disadvantages of exist-
ing IM. We also found the alternative colors of IE coding
while applying the suggested algorithm of data elements’
color coding search. Therefore, execution of all steps of
suggested algorithm will allow getting the optimal ratio
of colors in information model.
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AJIFTOPUTM KONMIPHOIO KOAYBAHHS IHOOPMALIMHOT MOAENI
OnA niABUWEHHA EQEKTUBHOCTI POBOTU ONEPATOPA B CUCTEMI YINPABIIHHA
NOBITPAHUM PYXOM

O.M. [ImitpieB, M.I'. Menpanuyk, O.1. Tumouko, A.O. Pomantok

B pobomi docnidaceno npobnemy gopmyearnts iHghopmayitinoi Mooeni CKIaoHOI NOSIMPAHOT 06CMAHOBKU 8 ONePAMUBHOMY
MUCTeHHI Onepamopis, wo 6x00Ams 00 CKAA0Y 4epeo8oi 3MiHU A6MOMAMUZ08AHOI cUCmeMU YNPAGIiHHA NOGIMPAHUM DYXOM.
Posensanymo numarnna 63aemodii onepamopis i3 Ko1b0po8oio MOOELO NOSIMPAHOT 06CMAHOBKU NiO 4AC CYNPOBOJY NOGIMPAHUX
CyOeH 3a 00NOMO02010 8i3yanbHux 3acobis 8idobpaicenus. OxXapakmepuzo8aHo icHyoui Mooeni npedCmasients KoIboposoi eamu
iHpopmayitiHux mooenell, NPOAHANIZ08AHO X NOSUMUSHI MA HE2AMUBHI 6IACMUBOCTI. 3ANPONOHOBAHO ANCOPUMM HOULYKY ON-
MUMATILHOIL KOTbOPOBOI 2amu eremenmie iHghopmayitinoi moodeni 8idobpascenus nogimpanoi obcmanosku. Pospobneno ma oo-
CIOICEHO KOMIPHY CKAA008Y IHopmayitinoeo eremennmy pobouoi inghopmayitinoi Mooeni cKiadHOi nogimpsHoi 06CmaHosKuU.
Ipoananizoeano 36’130k Mmidc AKicmro opmysaris iHgopmayitinoi modeni ma eghpekmugricmio OSLILHOCHI ONEPamopie 8 Cuc-
memi YnpasainHa NOGIMPAHUM pyXom. Posenanymo oony 3 2on0sHux ocobausocmeti pobomu onepamopa agmomamu306anol cu-
cmemu YRpasninHa NOGIMPAHUM PYXOM, MAKY, K NOCMILHA 63A€EMO0Is 3 iHPOPMAYIIHOI0 MOOENIO, AKA NOKA3YE IHopmayiio
Keposanozo 06'ekma ma xio ynpaeninus. Axuo ingpopmayitina mooenv (IM) nobyoosana npasunsro, cmpykmypa 3aco6ig i0o-
6padicennst ingpopmayii maxooic 6yoe 0obpe posgunena i enemeHmu 0anux 0yoynsv NPaAGUILHO Po3noOiNeHi mixe Humu. 3azeuyail
npu po3pobyi 3aeanvroi inpopmayii 3aeanrvHa yeaea npudiiaemvcsa cCmpykmypi 3acobie ¢ioodpasicenns ma eubopy (ghopmysan-
Hs) eleMeHmie Oanux, wo Kooyroms aigasim. I[lpoananizoeano eubip KoaipHo2o KOOY8aHHs iHpopmayii, akuti 0OMedxtceHutl OYin-
K010 KOHMPACMHOCMI Ma SCKPABOCMI KOIbOpie enemenmie 0anux. 3's1co6ano, wo nopso 3 po3eUmKOM mMexHiuHUX MOJHCIUBOCHel
3ac00i8 8i000padicents tHpopmayii, npodiema KpUMuUUHo20 KOOY8AHHS OAHUX eNeMeHmI6, KiIbKICMb SKUX NePesUUyE OeCImKY
00uHUYb, cmae npobaemamuunoio. Posensnymo ooxasu niugy Koabopy sAK HaA CRpuliHAmms inghopmayii, max i Ha nCUxon02iuHul
Cmawn onepamopa AeMoMamu308aHol CUCMeMU YRPAGIIHHS NOGIMPIHUM PYXOM, SKI MAKOMC CNi0 8paxoeysamu npu po3pooyi
inghopmayitinoi’ mooeni.

Kniouosi cnosa: ingopmayiiina moodens, inpopmayiiinuii eremenm, 8i0odpasicents, OSIbHICMb 0Nepamopie, YNpagiiHHs
ROBIMPAHUM PYXOM.

ANrOPUTM LIBETOBOIO KOAUPOBAHUA UHO®OPMALIMOHHOW MOLENU
OnA NOBbILWWEHNA 3®PEKTUBHOCTU PABOTbI ONEPATOPA B CUCTEME YNPABJIEHUA
BO3AYLWHbIM ABUXEHUEM

O.H. Imutpues, M.I'. Menpaunuyk, A.W. Tumouko, A.A. Pomaniok

Hccneoosana npobnema gopmuposanus uH@oOpmMayuoHHOU MOOenU CLOICHOU BO30YWHOU 0OCMAHOBKU 8 ONepaAmuEHOM
MbLUTIEHUY ONePAmopo8 a8MOMAmMUu3UPOSAHHOU CUCEMbl YIPAGLEHUs. B030YWHbIM OsudicenueM. Paccmompenst éonpocwl 63au-
MOOEUCmBUsL ONepamopos8 ¢ Y8emogou MOOEbI0 8030YUIHOU 0OCMAHOBKU 80 8PEMSL CONPOBONCOCHUST 8030VUIHbIX cy008. Oxa-
PaKmepuso6anvl Cyuwjecmeyiowue Mooeau npeocmasienus Yeemogol 2ammbl Mooeiel, NPOaHaIUsUposanbl Ux HeoOCMamxi.
TIpeonoscen aneopumm noucka ONMUMAIbHOU YEEMOoBol 2amMMbl I1eMeHMO08 UHPOpMayuorHou mooenu. Paspabomana u uccne-
006aHa Y8emMoBAsl COCMABNAIOUAS. UHPOPMAYUOHHO20 ITeMenma paboyei uHMOPMaYUOHHOU MOOENU COICHOU 8030VUIHOU 06-
cmarnogku. Ilpoananu3uposana ceéasb mexicoy Kavecmeom opmuposanus uHGOPpMayuoHHo mooeau u 3¢hdexmueHocmoio Oes-
MeNbHOCHIU ONEPAmopos.

Knrouesvie cnosa: unpopmayuonnas mooensb, UHPOPMAYUOHHBII deMenm, omodpajicenue, 0esmeabHOCHb Onepamopos,
Ynpasnenue 8030VIHbIM OBUNCEHUEM.
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