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Abstract—The use of the created tools using the MatLab interface to determine the visual search of non-
point (extended) static objects on the runway, depending on the transparency of the atmosphere is
proposed. The use of tools for determining the effective search for prolonged static objects at civil
aviation aerodromes taking into account the boundary value of contrast adopted by the normative
documents of ICAO allows to obtain of a graphic representation of dependencies: the probability of
observation from meteorological conditions, the estimation of the contrast, the angular size of a static
non-point object at observation from different distances, distance of visibility of aerodrome fire from
meteorological conditions. The model contains a sufficient number of input parameters to minimize the
time to base the decision on the visual search of non-point (extended) static objects on the runway of the

civil aviation aerodrome.

Index Terms—Nonpoint objects; visual search; probability.

I. INTRODUCTION

Determining the effectiveness of the visual
search of the prolonged static objects in complex
weather conditions during approach is important.
Various methods were used to solve the problem:
theoretical calculations, experiments, flight checks.
At present, more attention is shared to the
effectiveness of the visual search using simulations
with the reduction of the actual experiment. In order
to reduce the financial cost, it is proposed to use
simulation during evaluation of a visual image
created by static nonpoint objects at civil aviation
aerodromes. The probability of finding an extended
static object influences on the formation of a visual
picture that can be determined by simulation in the
MatLab environment.

II. OVERVIEW OF EXISTING CLASSIFICATION

SYSTEMS
Current normative documents [1] provide
recommendations for the determination of the

limiting values of lighting on the retina of the eye and
the law of determining the visibility distance taking
into account the complex meteorological conditions.
The author in [2] outlined the laws of visual
observation of objects, depending on the conditions
of observation and characteristics of the object itself.

III. PROBLEM STATEMENT OF AIDED
CLASSIFICATION

The brightness mode of the extended objects of
the runway significantly influences on the safety
during the approach of aircraft in complex

meteorological conditions, and the visual observation
itself depends on the visibility distance and the clear
perception of the contrast picture of the aerodrome.
To set a visual contact, it is necessary to determine
the contrast of the brightness of the objects on the
runway at any time of day in all ranges of
meteorological distance visibility.

In accordance with ICAO Doc 9328-AN / 908
"Guidance on the Practice of Tracking Visibility and
Reporting of RVs" [1], visibility of markers is
determined by the limit contrast sensitivity of the eye,
when the object can be distinguished from the
background defined by the law of Koshmider:

C,=C,T"=C,e™, (1)

where C, is the coefficient of its own brightness of
the object, T is transparency of the atmosphere; o is
Absorption rate by atmosphere.

The black object has its own brightness equaled
to zero, but when it is observed at a distance, it has a
visible brightness caused by light scattering due to
the influence of the atmosphere. Thus, its own
brightness contrast is equal to one, and therefore
equation (1) takes the following form:

CX =T% = e—csx' (2)

When the object is removed from the observer,
the object remains visible until the visible contrast
(C,) of the brightness quantitatively equaled to (g),
the threshold of contrast sensitivity of the eye
therefore:

e=T"=e", 3)

at a distance (x).
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To privide the safety of landing and take-off of
aircraft, pilot must determine the position in space
with respect to the runway. As a general rule, flight
safety is achieved by visual observation of the runway
and approaches to it and is characterized by the term
"visibility" (visibility in the atmosphere). The
visibility of objects depends on many factors, the
main of which is the contrast between the object and
its surrounding background, weakening the light by
the atmosphere and the angular size of the object. The
greater the contrast of the object with the background,
the more visible the object is on this background.

It is believed that the visual system gives a
person up to 90% of all received information.
Obtaining information about the outside world with
the help of vision can always be considered as a
successive or simultaneous solution of tasks. Tasks
may be related to search and finding an object.
Under certain conditions, the eye can not distinguich
the object. In this case, it is said that the object is
below the threshold of visual perception, the
probability of observation is zero. Under other
conditions, the eye instantly, clearly recognizes the
object - in this case, the probability of observation is
100%. It is clear that there is an area after which one
can speak about one or another degree of probability
of the visual task correct solution.

Researches carried out in a number of states in
the field of the visibility of objects, have shown that
the threshold of contrast sensitivity of the eye varies
depending on the size of the subject. For
approximately square objects with angular
dimensions greater than 0.5 degrees ), the threshold
of contrast sensitivity of the eye is € = 0.02, and ( for
objects with angular dimensions less than 0.15
degrees this volue is 0.05. Experimental results of
field observations carried out with black marker
plates in a wide range of visibility conditions,
including fog, confirmed the wvalidity of the
Koshmider law and showed the expediency of using
the threshold of contrast sensitivity of the eye,
approximately equal to 0.05. The International Civil
Aviation Organization (ICAO) and the World
Meteorological Organization (WMO) believe that a
value of 0.05 is acceptable for visual observations.
Taking into account this value the equation takes the
following form:

e =0.05. 4)

That is, the solution of the visual problem is
possible in cases when the conditions of visibility
exceed the threshold values of illumination on the
pupil of the eye of the observer, in our case, we
consider the pilot of the aircraft.

The term "visibility" of the object has a broad
interpretation and is associated with meteorological
conditions, in particular with atmospheric optics,
light engineering, physiological optics, and others.

It is known that the visual perception of extended
objects, which include markers on the artificial
covering of the runway, is determined by their
brightness.

The location of nonpoint objects is most often
known if the placement of markers falls into some
field of view. To find the object associated with its
search, the contrast of the brightness of the nonpoint
object with the background should be greater the
threshold value equaled € = 0.05 and the limiting
illumination on retina of the eye should be greater
than E, = 2-10°Ix at a brightness of the
background equaled is 10° cd/m® and the greater
the probability of its finding, the smaller the search
time.

Dependence of threshold illumination £y epop
from the brightness of the background L, is a
continuous function that is approximated by the
expression:

logE, =0.05(log L, )2 +0.57logL, —6.66, (5)

where E, is the threshold illumination, 1x; L, is the
brightness of the background, cd/m”.

It is believed that at the stage of visual piloting,
for a steady visual contact of a pilot with a nonpoint
object, the brightness of the extended objects should
create in the plane of the pupil of the eye the
illumination which must be is not lower than the
threshold. The distance to an extended object at the
beginning of visual piloting depends on many
factors, but the number of these values is reduced to
four depending on the category of landing. The
influence of the factors of of the atmosphere
transparency is taken into account by the value of
the specific transmittance, which varies from 0.9
to 1077,

The obtained information through the view can
be considered as a number of problems of search and
finding an object, recognizing it by means of a
number of features (form, color, presence of details,
etc.), that is, visual tasks.

It is clear that there is an area for which one can
speak about one or another degree of reliability of
the correct solution of the visual task. For the visual
search of extended objects, the main factors that
determine their visibility by eye in the environment
of the signal propagation (the atmosphere) is:

— contrast of the observation object with the
background;

— angular dimension of view field;
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— search time; transparency of the atmosphere;

— object speed; probability of detection;

— observer adaptation state.

The presence of other objects in the field of
vision, influences on the detection of an object as
well. The probability of detecting extended objects
is determined by the expression [2]:

P=1- exp(—(csszO'}t)/(ZB)z ) (6)

where P is probability of detection; ¢ is coefficient
characterizing the individual characteristics of the
observer. From the experiment for binocular vision
¢ = 16deg’ (cd/m’)’ Ix* ¢, & is contrast of
brightness with respect to the background; t is search
time, c; 2B is the angular size of the search field,
degree; L is background brightness, cd/m’ n is a
coefficient that depends on the brightness of the
background and is calculated by the empirical
formula:

n=0.6+0.1"1g L, 7
within brightness changes:
10° cd/m? < L < 30 cd/m?,

if L > 30 cd/m’ then n = 0.75;
if 10° cd/m’ < L <107 cd/m’ then n = 0.3.

If we set certain values of factors, then we can
determine the required illumination in the plane of
the pupil of the eye. Besides taking into account the
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law of inverse squares we may calculate the
observation distance of the object on which the
object will be detected with probability P.

IV. PROPOSED ALGORITHM OF AIDED
CLASSIFICATION OF GROUND OBJECTS

Using the MatLab interface, tools were created to
determine the effective search for extended static
objects on the runway, depending on the
transparency of the atmosphere (Fig. 1). Using the
developed tool with such input parameters:

— length and width of the extended static object;

— the brightness of the object and the brightness
of the background on which the object is considered;

— parameters of the object's fixation by
observer's, namely: angle of view sield of the
observer, distance from the object to the eye of the
pilot, observation time;

— data of Meteorological range of visibility.

When entering the input parameters, the model of
an effective object search provides a graphical

representation of the dependencies of each
parameter individually:
— probability of observation from

meteorological conditions;

— contrast estimation;

— angular size of static nonpoint object at
observation from different distances;

— the range of visibility of aerodrome fire from
meteorological conditions.
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Fig. 1. Graphical interface of MatLab environment for effective visual search of nonpoint static objects
and providing estimation of element's visibility on the runway

V. CONCLUSIONS

Use of the created tool in the MatLab environment
for the visual search of nonpoint objects on the
runway, taking into account the meteorological range

of visibility, allows to reduces the time to determine
the suitability of elements on the surface of the
runway, depending on the conditions of observation,
at the same time, it is possible to assess the visibility
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FO. M. Kpau. MogenoBaHHA e()eKTHBHOCTi Bi3yaJbHOI0 NOLIYKY HETOYKOBHX CTATMYHHUX OO0’€KTiB B
cepenoBuii MatLab

3anpornoHoBaHO BUKOPHUCTAHHS CTBOPEHOT'O 1HCTPYMEHTApil0 3 BUKOPUCTAHHsM iHTepdeiicy MatLab s BusHaueHHs
Bi3yaJIbHOI'O MOITYKY HETOYKOBUX (IIOJOBXKCHUX) CTATUYHUX 00 €KTIB Ha 3JIITHO-TIOCAIKOBIN CMY3i B 3aJIC)KHOCTI BiJ
npo3opocti  arMocepr. BUKOpPHCTaHHS IHCTPYMEHTApil0 10 BH3HAYEHHIO €(QEKTUBHOTO IOUIYKY MOIOBXKEHHX
CTaTUYHHUX 00 €KTIB Ha aepoApoMax LUBUIBHOI aBiallii BUXOASYH 3 TPAHUYHOIO 3HAYEHHS KOHTPACTy, L0 HPHUHHSTO
HopMaTUBHUMH JokyMeHTamMu ICAO no3Bonsie BUBeNeHHs IpadidHOro 300pakeHHs 3aJeKHOCTEH: IMOBIpHICTBH
CIIOCTEPE)KEHHS BiJI METEOPOJIOTIYHMX YMOB, OLIHKY KOHTPACTHOCTi, KyTOBHH pO3MIp CTaTHYHOI'O HETOYKOBOTO
00’€KTy TIpH CIIOCTEPEKEHHI 3 PI3HUX BiJCTaHEH, MadbHICTh BUIAMMOCTI aepOIPOMHOIO BOTHIO BiJl METCOPOJIOTIYHUX
yMOB. Mofiesib MiCTHTh JIOCTATHIO KiJIBKICTh BX1THHX MapaMeTpiB, IO J03BOJISIE MiHIMI3yBaTH 4ac Ha OOTPYHTYBaHHS
NPUAHATTA PIMIEHHS IIOA0 Bi3yaJIbHOTO ITOUIYKY HE TOYKOBHUX CTaTHYHHX OO’€KTIB Ha 3JIITHO-TIOCAIKOBIH CMYy3i
aeponpoMy ITUBIIBHOI aBiallii.

Karo4ogi ciioBa: HETOYKOBI 00’ €KTH; Bi3yalIbHHI TOIIYK; HMOBIPHICTD CIIOCTEPEIKEHHSI.
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IO. H. KBau. MogeaupoBanne 3(p)GpeKTHBHOCTH BH3YAJbHOI0 NMOHCKA HETOUEYHBIX CTATHYECKHX O00HEKTOB B
cpeae MatLab

[pennoxxeHo UCIIOIB30BaHKE CO3AaHHOTO HHCTPYMEHTAPHS C HCIoNb30BaHneM uHrepgeiica MatLab mis onpenenenus
BH3YaJIbHOI'O TIOMCKA HETOUYCYHBIX (MPOJOJITrOBAaThIX) CTATHUYECKUX OOBEKTOB HA B3JICTHO-IIOCAJOYHOU IMOJOCE B
3aBHCUMOCTH OT TPO3payHOCTH aTMochepsl. lcmonap3oBaHWe HMHCTPYMEHTApUs IO OmpeneicHuo 3(deKTuBHOro
MOMCKA MPOJOJITOBATHIX CTATHYECKUX OOBEKTOB Ha a’poJpoMax TPakIAaHCKOH aBHALMM HMCXOAS W3 IPENeIbHOTO
3HAYCHUSA KOHTpPACTa, MPUHATOrO0 HOPMATUBHBIMU NokyMeHTamMu MKAO mo3BosSeT IEMOHCTPHPOBATH IpadhUuecKue
M300paKeHHs 3aBUCUMOCTEH: BEPOSATHOCTh HAOJIOJCHUS OT METEOPOJOTHUCCKUX YCIOBHM, OIEHKY KOHTPACTHOCTH,
YIJIOBOW pa3Mep CTaTHYECKOTO HETOUCYHBIH OOBEKTa IpU HAOMIOACHUM C Pa3IHYHBIX PACCTOSHHN, aTbHOCTh
BUAUMOCTH a3pOJPOMHOTIO OTHS OT METEOpOJIOTMYECKUX YCIOBUH. MoIenb COAEPKUT OCTATOYHOE KOJIUYECTBO
BXOJIHBIX ITAPaMETPOB, MO3BOJISICT MUHUMHU3HPOBATh BpeMs Ha 000CHOBaHUE IIPUHATHS PEIICHHUS O BU3yaTbHOM ITOMCKE
HETOYEYHBIX CTATHYECKUX OOBEKTOB Ha B3JIETHO-IIOCAIOYHOH I10JI0CE a3pOIpoMa I'paskAaHCKOM aBUAIIUH.
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KBau FOnus HukonaeBna. Kannuaatr rexauueckux HayK. JIONEeHT.

Kadenpa KkOMIBIOTEpPU3OBAHHBIX DJEKTPOTEXHHUECKHMX CHCTEM M TEXHOJNOIMH Y4eOHO-HAy4YHBIH HHCTHTYT
nH(pOpMaIMOHHO-TMATHOCTUUECKHUX chcTeM, HanmoHanbHbIi aBUaMOHHBIN YHHBepcuTeT, Kues, YkpauHa.
O0pasoBanue: HarmonansHbIi aBUalMOHHBIA yHUBEpCUTET, KueB, Ykpaunna, (2004).

Hanpagienue HaygyHOI A€ATENBHOCTH: MaTeMaTUYECKOE MOJICIUPOBAHIE U MOHUTOPUHT BU3YaJIbHBIX CPEICTB.
Konugectro my6nukanuii: 0omnee 40.

E-mail: juli_k74@ukr.net



