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Abstract—The use of the created toolkit using the Matlab interface for determining the influence of
factors on the monitoring of light-signal fires of the civil aviation aerodrome is proposed. The tools are
used for defining visual information for the spatial orientation of the aircraft. It covers the difference in
informing pilots about the visibility conditions and the ones really overcame by the pilot in the search for
landmarks. Underestimation of reported visibility leads to a violation of the flight regularity, while the
overestimation of information on visibility leads to more severe consequences — reducing landing safety.
The investigation of the process of aerodrome fires recognition on the decline glide path in complicated
meteorological conditions is of particular importance since it allows to obtain information for a pilot
about the orientation of the aircraft relative to the earth’s surface in the coordinate system of the
observer. The process of recognizing the set of far light sources is currently the least studied area of
atmospheric physics and physiological optics. The metric of the pilot's visual sensations during the
approach in difficult meteorological conditions remains a topical problem. Therefore, it is possible to
simulate a light-signal picture in the Matlab interface for the convenient use of tools for determining the
visual search of aerodrome fires at civil aviation aerodromes, taking into account coordinates of the

observer approach during the landing approach and atmospheric transparency.

Index Terms—Observation; visual search; acrodrome fires recognition.

I. INTRODUCTION

The determination of the effectiveness of the
visual search of aerodrome fires of the light-
signaling equipment during the approach, taking into
account the glide planning angle, the individual
characteristics of the observer, and complicated
meteorological conditions is of great importance.
Various methods were used to solve the problem:
theoretical calculations, experiments, flight checks.
At present, more attention is paid to the estimation
of the visual search effectiveness using simulation
tools with the reduction of the full-scale experiment.
Recognition of aerodrome fires of light-signal
systems affects 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] give
recommendations for the determination of the
limiting illumination values on the retina of the eye
and the law on determining the visibility range
taking into accounts the complex meteorological
conditions.

The circular ICAO [2] contains instructions on
the practice of observing the range of visibility on

the runway and the transmission of information
about it with specified unresolved questions
regarding the total effect of a set of lights caused by
their fusion through the intervals and angles under
which they are observed by the pilot.

III. PROBLEM STATEMENT OF AIDED
CLASSIFICATION

To reduce the financial cost, it is proposed to use
simulation during the evaluation of visibility of
aerodrome fires of light-signal systems.

The brightness mode of aerodrome fires
substantially affects safety during approach of
aircraft in difficult meteorological conditions. The
visual observation depends on the range of visibility
and the clear perception of the aerodrome light-
signal picture. To establish the light-signal picture, it
is necessary to determine the optimal value of light
intensity and color of the fires at any time of the day
in all ranges of meteorological visibility range.

In accordance with [1], the visibility of the fires
depends on the limiting illumination on the retina of
the eye, which is determined by Alar's law:

E=(I/R)T, €))

where E is the illumination created by the lighting
device at a distance R; t is specific transmittance
coefficient of the atmosphere (transmittance of
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atmospheric layer thickness of unit length); R is the
distance between the light-signal device and the
observer.

If the illumination of the retina of the eye is equal
to the limiting illumination (it is the minimum
illumination which causes the visual sensation), then
the studied fire can be seen and the distance R is the
visual range of the visibility of this fire. The value of
the minimum illumination used to determine the
visual range of the visibility of light signals depends
on the brightness of the background against which a
light signal is observed.

According to the current normative documents,
the criterion of aerodrome fire failure of the light-
signal system is a reduction of light intensity by
more than 50%, which for different subsystems of
aerodrome fires will be 10000 to 1250 cd (for
categorical light-signal landing systems) and 100 to
50 cd (for non-categorical systems). At the same
time, the values of light intensity, calculated by the
expression (1) for the worst, but admissible
observation conditions for this category of landing
system will be lower. This means that light signals
will be observed at the distance exceeding the
distance of the required visual contact. It is clear that
the excess of light intensity of fires beyond the limit
value is explained by the desire to increase the safety
of flights.

It is considered that the visual system gives a
person up to 90% of all accepted information.
Obtaining information about the outside world with
the help of vision can always be considered as a
sequential or simultaneous solution of the problem.
Such problems may be related to search and location
of the object. Under certain conditions, the eye
cannot recognize the object. In this case, it is said
that the object is below the threshold of visual
perception

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
eye apple of the observer, which in our case is the
pilot of the aircraft.

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

It is known that the visual perception of the point
light sources, which include aerodrome fires of the
light-signal system, is determined by their shine. The
location of the aerodrome fire is most often known if
the aerodrome fire is located in some line of sight.
To find the object related with its search, the shine
of the point object should be greater than the

threshold value of Eg,,=2:10% Ix at a brightness Ly
of the background of 10 cd/m’, and the more the
probability of its finding, the less search time.

Dependence of threshold illumination Ey,, from
the brightness of the background is a continuous
function approximated by the expression:

log Egy = 0.05(l0og Lug.)” + 0.5710g L. — 6.66, (2)

where Ey, is threshold illumination, IX; Lpg is the
brightness of the background, cd/m”.

It is believed that at the stage of visual piloting,
for a sure visual contact of a pilot with a light-signal
system, aerodrome fires should create in the plane of
the eye apple the illumination which is not lower
than the threshold. The distance to the fires 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 radio-lighting
landing equipment. The influence of the factors of
atmosphere transparency is taken into account by the
value of the specific transmittance, which varies
from 0.9 to 107,

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

It is clear that there is an area which can have a
certain confidence degree for the correct solution of
the visual problem. The main factors determining
the visibility of aerodrome fires in their visual search
in the atmosphere are:

— contrast of the object of observation with the
background;

— light power of the fire;

— angular field of overview;

— search time; transparency of the atmosphere;

— object speed; probability of detection;

— state of observer adaptation.

Presence of other objects in the line of sight also
affects the detection of the considered object etc.

It should be noted that the brightness of the
atmospheric layer depends on the number of lights
located according to the configuration of the light-
signal system, and the brightness of the
environment. The effect of light scattering, which is
determined by the structure of the atmospheric layer,
is also significantly affected.

IV. PROPOSED ALGORITHM OF AIDED
CLASSIFICATION OF GROUND OBJECTS

A toolkit was created using the Matlab interface
[3], [4] to determine the visual search for individual
and aerodrome firewall groups of aerial light signal
systems, depending on entering the input field data

(Fig. 1):
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1) coordinates (X, Y, Z) and angles (¥, G) of the
location of light signal aerodromes on the runway;

2) photometric data of aerodrome light-emitting
diode lights by retrieving ies-files of corresponding
lights [5];

3) the position of the observer in relation to the
light-signal pattern for determining the length of the
trajectory between the light emitter and the receiver;

4) parameters characterizing the complexity of
meteorological conditions indicating the background
luminance (L;, atmospheric transparency and
meteorological range of visibility (MDV) allow you
to get:

— illumination, taking into account the cosine
dependence created by aerodrome lights on the pupil
of the observer (Ey);

— illumination in compliance with Allard’s law,
created by aerodrome lights at the observer's pupil
(Ea);

— total illumination created by aerodrome lights
at the pupil of the observer (F) with the definition of
minimum, average and maximum value;

— probability of observation of aerodrome lights
(R);

— the threshold value of illumination, which
allows to estimate the visibility of aecrodrome lights,
depending on adverse weather conditions;

— displaying a graphic illumination image from
each individual aerodrome fire;

— graphic image output of radiation direction of
aerodrome lights.
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Fig. 1. Instruments for determining the visual recognition of light-signal systems elements of aecrodromes, depending
on the glide path angle of piloting, individual characteristics of the observer, transparency of the atmosphere

Thus, in order to simulate the illumination on the
pilot’s retina, it is necessary to determine the
brightness of the background on which the
recognition of individual aerodrome fires or their
groups is carried out in accordance with their
location in the light-signal systems and to determine
their photometric characteristics.

The created graphic image of the targeting of
individual fire (Fig. 2) or a group of fires with
corresponding light intensity at the observer allows
to make the respective conclusions with respect to
their contribution into the overall picture of visual
perception by the pilot.
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Fig. 2. The created graphic image of contribution of targeting individual fire with corresponding light intensity
at the observer
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FO. M. KBau. MopeaoBaHHsd BIUIMBY ()aKTOpPiB Ha CHOCTepe:KeHHS CBITJIOCMIHAJLHHUX BOTHIB aepoapomy
nuBLUILHOI aBianii B cepenoumi Matlab

3anporoHOBaHO peaTi3allifo CTBOPCHOrO IHCTPYMEHTApil0 3 BHKOPUCTAHHAM iHTepdelicy Matlab mns BU3HAUCHHS
(akTOpiB, IO BIUIMBAIOTh HA CIIOCTEPEKEHHS 3a CBITIIOCUTHAJILHMMHU BOTHSIMH aepolIpoMy IIMBIJIbHOI aBiail.
Po3risiHyTo BUKOpHCTaHHS IHCTPYMEHTapilo JUIsl BU3HAYEHHs Bi3yaibHOI iH(opMalii B MpOCTOPOBOMY Opi€HTYBaHHI
MOBITpsiHOrO Kopabist. Yacro BinOyBaeThest po30iKHICTH 1H(OPMALIT 0OAepKyBaHOI ITIOTaMH PO YMOBH BUIUMOCTI 1
TaKuX, 10 pealbHO MOXKYTh 3/I0JIaTH MUJIOTH B MOIIYKY HA36MHHUX OpieHTUPIB. Pi3HuI B OiK 3aHMKESHHS MOBIJOMIICHOT
BUAMMOCTI IIPU3BOIUTH JIO0 MOPYIIEHHS PEryJspHOCTI MOJIBOTIB, a po30iKHICTh y Oik 3aBuieHHS iH(opMmamii mpo
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BHIMMICTh TPU3BOIUTH MO IIE OULTBII TSHKKUX HACHIAKIB — 3HIKCHHS Oe3mekd mocamok. JlocmimkeHo mporec
PpO3ITi3HABaHHS aepOIPOMHUX BOTHIB 3 TJICaJM 3HI)KEHHS B CKJIAJHUX METEOYMOBAaX, SIKMH Ma€ OCOOJIMBE 3HAYEHHS,
OCKIJIbKH JTO3BOJISIE OTPUMATH 1H(OpPMaLilo ISl MJIOTa PO KOOPJMHATH MOBITPSHOTO KOpalIis 1010 3eMHOI ITOBEPXHI
B CHCTEMI KOOpIUHAT crioctepiraya. [Iporiec po3mizHaBaHHs CYKYITHOCTI BiAJalieHUX JpKEpes CBIiTiIa B JaHWH Yac Majio
BUBYEHHH B raiy3i (izuku atmocdepu i dizionoriunoi onTrku. MeTprka 30pOBUX BiAYYTTIB MiJOTa I Yac 3aX01y Ha
MOCa/IKy B CKJIAJHUX METEOYMOBaX 3alIMIIAETHCA aKTyaslbHOIO. [IpencTaBieHa MoJeib CBITIIOCHTHAILHOI KAPTUHH B
inTepdeiici Matlab anst 3pyd4HOro BHMKOpPHCTAHHS IHCTPYMEHTapil0 y pa3i BH3HAYEHHS Bi3yaJIbHOTO IOUIYKY
aepoJpOMHHX BOTHIB Ha aepoipoMax IMBUIBHOI aBiallii 3 ypaxyBaHHAM KOOPJHMHAT 3aXO0/y Ha MOCaKy Crocrepiraya i
MPO30pocTi aTMOC(hepH.

Karou4ogi ciioBa: crioctepesxeHHs1; Bi3yallbHUH ITOIIYK; PO3Ii3HABAHHS aepOAPOMHUX BOTHIB.
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0. H. KBau. MoaeaupoBanue BIUsIHMS (PAaKTOPOB Ha HAa0JI0JeHMEe CBETOCHTHAJIBHBIX OTHeil aj’poapoMa
rpa:kgaHckoil apuanuu B cpeae Matlab

Ipemioxkena peanusanys CO3JaHHOIO MHCTPYMEHTapHsa ¢ HCIONIb30BaHMEM HHTepdeiica Matlab s onpenenenus
(akTOpOB BIUSIONIMX Ha HAONIOAEHHE 33 CBETOCHIHAJIBHBIMU OTHSAMH a’pojIpOMa TPAXKJAHCKOW —aBHAIIHH.
PaccMoTpeHO MCroOnb30BaHUE MHCTPYMEHTApUs ISl ONpEeNeeHUs] BU3yalbHOW HMH(QOpMAalMu B IPOCTPAHCTBEHHOMH
OPUEHTHPOBKE BO3AYIIHOrO Kopabid. YacTo HPOMCXOOUT pacXxokaeHue MH(GOpPMAIMU IONy4aeMOH HHMIoTaMH 00
YCIOBUAX BUAMMOCTH U peaIbHO IPEOoJ0JeBaeMbIX MHUJIOTOM B IOMCKE HA3eMHBIX OpHUEHTUPOB. Pa3HMIIA B CTOpOHY
3aHW)KEHUS! COOOLIEHHON BHIMMOCTH NPUBOIAMT K HAPYIICHUIO PEryISPHOCTU TOJETOB, a PACXOXKIEHUE B CTOPOHY
3aBBIIICHUS] HH(QOPMALMK O BUIMMOCTH MPUBOAMT K ellle Ooiee TSHKENBIM TOCIENCTBUSM — CHIDKEHHIO 0€3011acHOCTH
nocaziok. lccimemoBaH IIpoliecC pacloO3HAaBaHUs a’pOAPOMHBIX OFHEH C TIHcCaibl CHWKEHHS B CIIOXKHBIX
METEOYCIIOBHSIX, KOTOPbIH MMeeT 0co0oe 3HaueHHe, ITOCKOJIBKY IMO3BOJISET MONYYUTh WHPOPMALUIO IS MHIOTa O
KOOpAMHATAaX BO3IYIIHOTO KOpaOJii OTHOCHUTEIBHO 3€MHOIl NOBEPXHOCTU B KOOPAMHATHOI cucTeMe HaOIrogaTess.
[pouecc pacnozHaBaHUsI COBOKYITHOCTH YIAJCHHBIX UCTOYHHKOB CBETAa B HACTOSIIEE BpEMs Mallo U3y4deH B 00JacTh
¢u3ukn aTMochepbl U (QU3HOIOTHIECKON ONTHKH. MeTpuKa 3pUTEIbHBIX ONIYIIEHHH MHIOTa BO BpeMs 3axoja Ha
MOCaJKy B CIIOXHBIX METEOYCIOBUSIX OCTaeTcs akTyalbHOW. IlpeactaBieHa Mopenb CBETOCHUTHAJIBHOW KapTUHBI B
uHtepdeiice Matlab s ymoOHOro HCHONB30BaHUSI WHCTPYMEHTapHsi IIPH OIPEAEICHUH BHU3YaJIILHOI'O ITOHCKA
a’pOPOMHBIX OTHEW Ha a’3poJpoMax IpakJaHCKOH aBHAllUHU C YYETOM KOOPIHMHAT 3aX0/ia Ha MOCaJKy HabIrogaTess U
IPO3PAaYHOCTU ATMOCHEPBI.
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