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BBEAEHUE
TeXHOJIOTHH OTC/IeKUBAHUS HAIIPAaBIeHUs B3IJISAA
yemoBeka (BHUAeooKysIorpadusi, eye-tracking)

KCIIO/IB3YIOTCSA B Pa3/IMYHBIX CHCTeMaX IIPOeKTH-
POBaHMUSI KOMIIBIOTepHBIX HHTepdericoB [Tobii Eye,
MICROSOFT’S EYE CONTROL]. BpeMmsi purcanuu
Ij1a3a W IJIOTHOCTh TPA@KTOPHHM II03BOJISAIOT [e/l1aTh
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Existing gaze tracking systems use 3-point or more
calibration. This article discusses the algorithm for
calibrating an eyetracker by only one point on the
monitor. Similar system allows you to start work-
ing in a few seconds. The presented system can
also be used in the military sphere: in aviation and
ground vehicles with controlled sighting systems.
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INTRODUCTION
Technologies for tracking the direction of a person’s gaze
(video oculography, eye-tracking) are used in various
systems for designing computer interfaces [Tobii Eye,
Microsoft’s Eye Control]. The fixation time of the eye
and the density of the trajectory allow one to draw con-
clusions about which elements of the object or image
under consideration are given the most attention.

The main part of information about the world around
a person perceives with the help of sight. The elements
of the visual system (the eye, the nerve and the visual
analyzer of the brain) are closely interconnected, there-
fore, the study of the trajectory of the eyeball movement
allows one to draw conclusions about the process of
recognizing visual images and the thought processes
of a person as a whole. Tracking the gaze direction also
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BBIBOABI O TOM, KaKHM 3JeMeHTaM pacCMaTpUBa-
eMoro obbpeKkTa HIM HU300paskeHHUsS YyAenseTcss Hau-
Gosplllee BHUMaHUe,

OCHOBHYIO YacTb HHPOpMALUU 06 OKpysKalo-
IeM MHpe 4Yel0BeK BOCIIPUHHMAET C IIOMOUIBIO
3peHHs. DJIeMEeHTHl 3PUTEIbHON CUCTeMBI - I71a3,
HepB U 3PUTEIbHbIN aHAJIM3aTOP FOJIOBHOTO MO3Ta -
TECHO CBSI3aHBl MeXZAy co00M, II03TOMY H3y4YeHHUe
TPAaeKTOPHUM [BHKEHHUS Ia3HOro si610Ka I103BO-
NseT JenaTh BBIBOJBI O IPOIlecCe pPacIlO3HABAHMUS
3PUTENBHBIX 06Pa30B U MBICJIUTEIBHBIX IIPOLIECCAX
4yesoBeKa B LieioM. OTCIeXHUBAHHE HaIlpaBlIeHUS
B3I/ISIIa TaKKe 1aeT BO3MOXKHOCTb CTPOUTH IIPHUH-
LIMIIHQIBHO HOBble MHTEPPerChl B3aHMOJEHCTBHUS
MEXIY YeJI0BeKOM M TeXHUYECKHUMH CPeACTBAMHU.
OTO I103BOJISeT B 3HAYUTEJIbHOM CTeIIeHHU IIOBBICUTD
yao6CcTBO PaboOTBl C BBIYMCIHUTENIBHOM TEXHHUKOHU
(mepcoHANbHBIM KOMIIBIOTEPOM, KOMMYHHKATO-
pOM, IIAHIIETOM, 3JeKTPOHHOM KHHUTOM, CMapT-
doHOM, a Takke HABUTAaTOPOM B COBPEMEHHOM
aBTOMObGMIIE U T.[.), yIpoLIas U YCKOPSIS ITepexos
II0 CCBUIKAM M paboTy c mpuaokeHUsIMU. Takue
CHUCTEeMBl MO3BOISAIOT CAenaTh Oonee 3ProHOMHUY-
HBIM B3aKMMOZEHCTBHE [10/Ib30BaTe/I C MHOTOOKOH-
HBIMH IIPHJIOXEHUSIMHU. lIporpaMmHOe obecIie-
YyeHHe MOKeT OBITh afalTHUPOBaHO Iox 6osblioe
KOJIMYeCTBO IIPUKIAAHBIX 3a1a4. KpynHyo ob1acTh
IIPUMEeHEHHUS TeXHOJOTHM IIPeACTABISIOT HHTe-
PaKTHBHBIE CHCTEMBI, II03BOJISIONINE OCYIIeCT-
BISTH YIIpaBlieHHe Pa3TUYHBIMH YCTPOMCTBAMHU
C IIOMOIIBIO IJ1a3 [1-3].

CyliecTByeT HECKOJBKO CII0COOOB oIlpeseneHHsI
HaIlpaBJIeHHUs B3IJISIAA 10 ABHKEHUIO IJ1a3, HAIIPH-
Mep H3MepeHHe 3IeKTPHUUYEeCKOro II0TeHI[Hala
B IJIa3HBIX MYCKyJIaX IIPU IIOMOIIM PACIIONIOXKeH-
HBIX BOKPYT IJIa3a 97eKTPOJOB MM HCIIOTb30BaHHE
CIIeLMabHBIX KOHTAKTHBIX JIMH3, YIIPOIIAMIINX
IpoLenypy ciaexxeHus. OmHako Haubosee IIpHeM-
JeMBIM CII0COGOM B HACToOsillee BpeMs SIBIISeTCS
nHpaKpacHoe CKaHHUpPOBaHHe Iya3. IIpu 3TOM
criocobe HCITONB3yeTCsl M3/IydaTenb B BHIE HHOPaA-
KPacCHOTO CBeTOAMOAA U IPUEMHUK B BUIe UHOPa-
KPAaCHOM BHJEOKAMepbl H/IH MHOI03JeMEeHTHOIO
doronmpuemHuKa [4,5]. M u3ny4daTenb, U IpUEM-
HHUK YCTAaHAaBIMBAIOT B Ipefenax MPsSMON BUIU-
MOCTH JHIA orepaTtopa. CBeT, HCIyCKaeMBIN CBe-
TOAMOAOM, OTPaskaeTcs OT IJIa3 M Y/IaBIHBAETCS
doTompueMHUKOM. IlockonbKy HHPpaKpacHoe
H3JlydyeHHe IPaKTUYeCKU HeBUIUMO ISl YeJloBeKa,
OHO He MellaeT HOPMAaJbHOMY 3PHTEIbHOMY IIpO-
neccy. OMHUM K3 BapHUAaHTOB B3aMMHOTO PacIio-
JIOKeHHUSI U3JIy4daTels U IPUeMHHUKA SBISETCS KX
pa3MelieHHe Ha PA3TUYHBIX OCSIX Ha HEKOTOPOM

Syl 4

makes it possible to build fundamentally new interfaces
of interaction between humans and technical means.
This allows you to significantly improve the convenience
of working with computing equipment (personal com-
puter, communicator, tablet, e-book, smartphone, as
well as a navigator in a modern car, etc.), simplifying
and speeding up the following links and working with
applications. Such systems allow for more ergonomic
user interaction with multi-window applications. The
software can be adapted for a large number of applica-
tions. A large area of application of the technology is
represented by interactive systems that allow control-
ling various devices using the eyes [1-3].

There are several ways to determine the gaze direc-
tion from eye movement, e. g., measuring the electrical
potential in the eye muscles using electrodes around
the eye or using special contact lenses to simplify the
tracking procedure. However, infrared eye scanning
is currently the most acceptable method. This method
uses an emitter in the form of an infrared LED and
a receiver in the form of an infrared video camera or
multi-element photodetector [4, 5]. Both the emitter
and the receiver are installed within the line of sight
of the operator’s face. The light emitted by the LED is
reflected from the eyes and captured by the photode-
tector. Since infrared radiation is virtually invisible to
humans, it does not interfere with normal vision. One
of the options for the relative position of the emitter
and the receiver is their placement on different axes
at some distance from each other (Fig. 1), as a result of
which the pupil on the receiver will have a dark shade.
From the point of view of physics, the pupil is an almost
absolutely black body, i.e. the ratio of the reflected
and absorbed light flux is close to zero. This provides
a strong contrast between the pupil and iris regions in
the frame.

The position of the gaze can be judged by the relative
position of the rays of directional infrared illumina-
tion reflected from different parts of the eyeball - the
so-called Purkinje method of images. However, this
requires special equipment and laboratory conditions.
In this regard, the task of creating a system for track-
ing the gaze direction that does not require them is
urgent.

IMAGE PROCESSING

AND RECOGNITION ALGORITHMS

For an accurate assessment of the gaze, it is necessary
to accurately detect the position of the pupils in the
image [1-3, 5-7]. Research has shown that pupil detec-
tion algorithms are unstable on low-resolution cam-
eras. A significant improvement in the quality of pupil
detection occurs when using infrared illumination
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200-400 MM
200-400 mm

HK-CReTOauON
IR LED

HK-CBeTOOHON
IRLED

Eye-tracker

TB-raMepa UK-guamnasoHa
IR TV camera

Puc. 1. Memod onpedeneHus HanpasneHus 832A50a No ABUXKEHU 2Ad3: ) — CXeMd pacnoAoXKeHuUs alimpekepa; b) pacnonoxexue
KOMNOHeHmMos alimpexepa u cucmem KoopouHam TB-Kamepbl, MOHUMopa
Fig. 1. Method for determining the gaze direction by eye movement: a) - layout of the eye tracker; b) location of the eye tracker

components and coordinate systems of the TV camera, monitor

PacCTOSTHUM ApYyr oT apyra (puc. 1), B pe3ynbrarte
Yero 3payvok Ha IIpUeMHHUKe OygeT MMeTb TeMHBIH
OTTeHOK. C TOUKM 3peHHsI PU3UKHU 3PavyoK Ipen-
cTaBisieT cobofl moYTH abCOMIOTHO YepHOe Teso,
T.€. OTHOIIIeHHE OTPa’KeHHOI'0 U IIOTJIOLmIeHHOIO
CBETOBBIX IIOTOKOB O/IM3KO K HYNIO. JTO obecreun-
BaeT CHJIBHBIM KOHTPACT MeXKAy 06IacTsIMU 3payuka
U pafy>kHOM 000JI0UKHU B Kafpe.

O MONOXKEHUHU B3IIAJa MOKHO CyOUTh IO B3a-
MMHOMY PAaCIIOJIOKEHHIO JIyueH HaIlpaBIeHHOI0
MHO)PAKPACHOTO OCBEIeHHsI, OTPasKeHHOro OT pas-
JIUYHBIX YacTed I7a3HOTO si670Ka - TaK Ha3bIBa-
eMBIH MeTof, u3obpakeHuUil IlypkuHbe. OJHAKO
IUIsT peaM3aliiM 3TOT0 HEeoOXOOHUMO CIIeLIHaIbHOe
obopymoBaHHe M abOpaTOpHEIE YCJIOBHS. B CBSA3HU
C 3THUM aKTYyaJIbHOM SIBJISETCS 3aZada CO3[aHHUS
CHUCTEMBI OTCIIESKMBAHU S HAIIpaBJIEHU B3IVIA44d, UX
He TpebyIolex.

AJITOPUTMbI OBPABOTKHA

N3OBPAXXEHUA U PACITO3HABAHNA

I TOYHOM OLIEHKM B3IUIALA HeoOXOOHMO TOYHO
IeTeKTUPOBATh IIO3UIIMI0 3PAadyKoB Ha H300paske-
HUu [1-3, 5-7]. CorsacHO MpOBeleHHBIM HKCCIeNO0-
BaHUAM aJTOPUTMBI [JeTeKTHPOBAHHUSA 3PauKoB
HeyCTOMYMBO PaboTaoT Ha KaMepax C HU3KHUM pas-
pemrenueM. CyliecTBeHHOe Yay4dllleHHe KadecTBa
IeTeKTUPOBAHMS 3PayKOB IIPOUCXOAUT IIPH IIpHMe-
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and a pupil resolution of at least 15 pixels in diameter.
Image processing allows you to highlight the reflection
from the cornea (flare) and the pupil. Based on the rela-
tive position, you can calculate the direction of sight.
Flare is the starting point (reference point) of the pupil
position in the sensor plane.

Algorithms for image processing and recognition
are not easy, since they must take into account many
factors:

« lightlevel and pupil size can vary greatly;

« daylight and infrared radiation of various natures

create perceptible interference;

it is necessary to ignore various insignificant fac-
tors, e.g., blinking and involuntary jumps of the
pupil in all directions inherent in the process of
visual fixation.

The developed algorithm consists of the following

steps:

1. A black-and-white image coming from an infra-
red camera is binarized with a certain threshold
so that areas darker than the threshold are con-
sidered as possible candidates for a pupil.

2. Connectivity components are highlighted on the
resulting binarized image.

3. Some of the components are eliminated in accor-
dance with the following rules:

« components touching the image border are
removed;
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HeHHUU UHQPAKPACHOM IIOACBETKH U PpaspelleHHH
3pauka He MeHee 15 muKcener B guaMeTpe. Ob6pa-
60TKa H306paskeHHs II03BOJISIET BBILEIHUTH OTPasKe-
HHe OT PoroBUIlbl (6/1IMK) K 3padok. IIo B3aMHOMY
PACIIONOKEHHUIO MOSKHO BBIYHCIHUTBH HAIlpaBlIeHHe
B3r/Isga. BIMK SBIsSeTCI MCXOLHOM TOYKOM (ToU-
KOM OTCYeTa) IOJIOXKEeHMUs 3pauKa B IIJIOCKOCTH
ceHcopa.

Anroputmel 06paboTku H300paskeHUS U Ppac-
I0O3HABAHMS II0JyYAIOTCS HEIPOCTBIMH, TaK KakK
JOJDKHBL YU THIBATE MHOTO GaKTOPOB:

* YpOBEHb OCBEIleHHOCTH 1 pa3Mep 3pauKa MOTLYT

CUJIPHO M3MEHSIThCS;

e [JHeBHON CBeT U HHOPaKpacHoe H3/IydeHHe
pPa3sJIMYHON MPUPOABl CO3JAIOT OILyTHMBbIE
IIOMeXH;

* HY)XHO HTHOPHUPOBATh pa3JIHMYHble Hecylle-
CTBEHHBble GAKTOPhI, HAIPHMep MOpraHHe
M HeIIPOM3BOJIbHBIe CKAaYKHU 3padka BO BCe CTO-
POHBI, IIPUCYIIHe IIPOLecCy 3PUTENbHOM QK-
CaluH.

Pa3paboTaHHBIN AJITOPUTM COCTOMUT H3 CIIeNYIo-

IIMX IIaTrOB:

1. YepHo-6enoe wu306paskeHHe, IIOCTyIaloIlee
¢ HUHOPAKpacHOM KaMepsl, OHHapH3yeTCs
C HeKOTOPBIM IIOPOrOM TaK, YTO 06/IacTH, TeM-
Hee IIOPOra, PacCMATPHUBAIOTCS KaK BO3MOXK-
Hble KaHJU/IAThl B KauecTBe 3paykKa.

2. Ha nony4eHHOM 6MHapH30BaHHOM H300paske-
HUU BBIIESIOTCS KOMIIOHEHTHI CBSI3HOCTH.

3. YacTh KOMIIOHEHT OTCEHBAETCsl B COOTBETCTBHUU
CO C/IeAYIOIMMHU ITPaBHJIAMHU:

* YOAISIOTCd KOMIIOHEHTHI, Kacalomliyecsl Tpa-
HUIIBI H300paskeHHUS;
*  YAISIOTCS KOMIIOHEHTHI, IIIOMIafb KOTOPBIX
BBIILIE MJTH HHKe 3a[JaHHBIX [IOPOTOB;
Ecnu mocie QUIBPTpPALIMKU OCTanoCch Oosee
OIHOM KOMIIOHEHTHI, TO BBIOMPAeTCsl Ta, KOTO-
past 6111Ke K LIEHTPY U300paskeHU .

4. OT KpaMHHUX TodeK (CBepXy, CHH3y, CIIpaBa,
C/1eBa) HaM/IeHHOM KOMITOHEHTHI Ha HeCKOJIBKO
TOYeK BHYTPb BBIAENSIOTCS 4YeThIpe MacCHBa,
IIPOM3BOJUTCS IIPOBEPKA, YTOOBL UHCIIO TOUEK
B IIPOTHBOIIOJIOKHBIX MacCHUBaX He OT/IHYa-
noch 6osbllle 3alaHHOM BeIHYHHBI (3aIlKTa
OT MOPraHHsI). 3a KOOPAUHATY X LIeHTPa 3padkKa
IIPUHKUMAeTCsl LIeHTP MacC JIEBOIO M IIPaBOTO
KOMIIOHEHTa, 3a KOOPAHUHATY y - BEPXHEro
Y HUDKHETO.

LleHTp 67MKa MOXKHO HAHTH IO aHAJIOTUYHOMY
ITOPUTMY, U3MEHHUB B II€PBOM IIyHKTe, 4TO 0b6sa-
CTH, CBeTJiee OIIpelle/IeHHOro IIOpora, pacCcMaTpH-
BAIOTCSl B Ka4ecTBe BO3MOKHBIX KaHAHUAATOB O/IHKa.

il 4

+ components are removed, the area of which is
above or below the specified thresholds;

If after filtering there is more than one compo-
nent left, then the one that is closer to the centre
of the image is selected.

4. From the extreme points (top, bottom, right, left)
of the found component, four arrays are selected
by several points inward, a check is made that
the number of points in opposite arrays does not
differ by more than a specified value (protection
from blinking). The centre of mass of the left and
right components is taken as the x coordinate of
the centre of the pupil, and the centre of mass of
the left and right components is taken as the y
coordinate of the upper and lower.

The centre of the flare can be found using a similar
algorithm, changing in the first paragraph that areas
brighter than a certain threshold are considered as pos-
sible candidates for the flare. Figure 2 illustrates the
image quality of the eye, glare and the result of calcu-
lating the centre of the pupil.

To switch from the camera coordinate system to the
screen coordinate system, which the operator is looking
at, it is necessary to use a regression polynomial:

_ 31002
S, =00 +AX+0,X3 +d5)
§y=bo +bx+byy +bsxy,

where x, y are the coordinates of the centre of the pupil
relative to the IR flare in the plane of the photodetec-

LleHTp 3pauka
Centre of the pupil

Binuk UK-11ogcBeTKU
IR glare

Puc. 2. V1306paxkeHue 2Ad3d u pe3yabmam ebl4UCAeHUS! UeH-
mpa 3payka u bauka

Fig. 2. Eye image and the result of calculating the centre of
the pupil and flare
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PUCYHOK 2 HJUIIOCTPUPYeT KaueCTBO H300paskeHMUSs
rnasa, OJIMKOB K pe3yabTaT BBIUKCIEHHUS LIeHTpa
3padka.

15l mepexofa K3 CHCTeMbl KOOPAMHAT KaMepsl
B CUCTeMy KOOPAKHAT 3KpaHa, Ha KOTOPBIE CMOTPUT
omepaTtop HeobXOOHUMO HCIIOIB30BATh PerpecCHOH-
HBIH [IOJIMHOM

Sy=0g+aX+ %3 +a5)?
s,=bo+bx+byy +byxyy,

IZie X, Y — KOOpOUHATHL LIeHTPa 3pauka OTHOCUTEIBHO
HK-611Ka B IVIOCKOCTH QOTOIIPUEMHHUKA; S,, S, ~ Koop-
JUHATBl LIeHTpa 3payka B IIJIOCKOCTH D3KpaHa
oreparopa.

Takum obpasom, Lo Hauvana PaboTHl CHUCTEMBI
HeobxonmMa KaJubpoBKa JIs1 BRIYHC/IEHHUS KOIbU-
LIMeHTOB a;, b;, roe i=0...3.

HccnenoBaHMs U OIBITHBIE SKCIIEPHMEHTHI ITIOKA~
3414, YTO CyIIeCTBEHHOE BIMSIHHE IIPH «“IIPHUBI3KE»
rjaasa K MOHHUTOPY OKa3bIBaIOT KOIPPUIIMEHTHI a;
U b,, OCTATBHBIMHU KO3bOUIIMEHTAMH MOXKHO IIpe-
Hebpeub, HECMOTPSI Ha M3MeHUBIIeecs pacCTOsIHHe
MEKIy OIlepaTOPOM U MOHHTOPOM.

Y4YuTBEIBasi BBIIIECKa3aHHOE perpecCHOHHBIN
IIOIMHOM MOSHO IIpeo6pa3oBaTh K JTHHEHHOMY
BUIY

Se=kp (xp=x,) + W/2

Sy=ky (yr=y) +H/2,

rae X;, Y, - KOOPAHHATHI LIeHTpa 3padka OTHOCH-
TenpHO HK-6/1MKa B IIJIOCKOCTH (OTONPHEMHHKA
IIpH B3IVIsile, HAIIPAaBJI€HHOM B TEKYILIYI0 TOYKY;
Xy, Yy ~ KOOPAMHATEI IIeHTPa 3payKa OTHOCHTETIbHO
HK-61MKa B IUIOCKOCTH (OTONPHEMHHKA, COOT-
BETCTBYIOIIME IIeHTPy 3KpaHa MoOHHUTOpa; k., k, -
rnepefaTouyHble KO3QPUIIHMEHThl II10 TOPHU30HTAIU
M BepPTHUKA/IM, 3aBUCSLIME OT PACCTOSHUS IJIasa
JI0 KaMepsl; Sy, S, ~ KOOPAHMHATBHI LIEHTPa 3padka
B IUIOCKOCTH 3KpaHa orepatopa; WxH - pa3pelieHue
3KpaHa MOHUTOPA.

TakuM obpaszom, masi KaTHOpPOBKHM M Hadaua
paboThl CcHCTEeMBl alTpeKepa Heob6XOLHMMO Hampa-
BUTH B3I/IS[ Ha TOUKy B LIEHTpe 3KpaHa BCEro Ha
HEeCKOJIBKO CeKYHJ[I, YTO CYILeCTBeHHO ObICTpee IIpy-
TUX CHUCTEM, Yy KOTOPBIX KaJHOPOBKA OCYIIECTBIIS-
eTcs 1o TpeM U bojiee ToUKaM, BpeMs KalaHOpPOBKHU
IIpU 3TOM COCTaBjIseT He MeHee 9 c. IIpu H3MeHe-
HHUHU PACCTOSIHUSI MeKy OIIePaTOPOM KM MOHHTOPOM,

104 ®POTOHMKA TOM 15 N1 2021

tor; s,, s, are the coordinates of the centre of the pupil
in the plane of the operator’s screen. Thus, before
starting the system, calibration is required to calcu-
late the coefficients g;, b;, wherei=0..3.

Studies and experimental experiments have shown
that the coefficients a, and b, have a significant effect
when the eye is “tied” to the monitor, the rest of the
coefficients can be neglected, despite the changed dis-
tance between the operator and the monitor.

Considering the above, the regression polynomial
can be converted to linear form:

Se=ke (X =x ) +W/2
S,=ky (y,-y,) +H/2,

where x,, y, are the coordinates of the centre of the
pupil relative to the IR flare in the plane of the pho-
todetector when looking at the current point; x,, y,
are the coordinates of the centre of the pupil relative
to the IR flare in the plane of the photodetector, cor-
responding to the centre of the monitor screen; ki, k,
are the horizontal and vertical transfer coefficients,
depending on the distance of the eye to the camera; s,,
s, are the coordinates of the centre of the pupil in the
plane of the operator’s screen; WxH - monitor screen
resolution.

Thus, to calibrate and start the eye tracker system,
it is only necessary to look at a point in the centre of
the screen for a few seconds, which is much faster

Puc. 3. HawanemHas cucmema ueneykasanus «Cypa»
Fig. 3. Helmet target designation system «Sura»




OMTUYECKME YCTPONCTBA U CUCTEMbI I

Ko3buLmeHTH! k., k, aBTOMAaTHYeCKH IepeCcuUTHI-
BAaIOTCs, 3HayeHHe KO3QPUIIMEHTOB BapbHPYeTCs
oT 10 mo 12, B 3aBUCMMOCTH OT THIIA IJIa3a U pac-
CTOSIHUS [0 MOHHUTOpPA. IIpM yBeJIMYeHHH PacCTo-
SHWUS 0O MOHHUTOpa 3Ha4YeHHe KOIPOUIIHMEeHTOB
yBeIUYMBALTCS.

OBJIACTb MPUMEHEHWUA

B BOeHHOMN TeXHHKe TaKHe CHCTeMBbl IPHUMEHSOTCS
IIPaKTHYeCKH TOJIBKO B aBHauuu (puc. 3). H3o-
OpaskeHHe ITPOELIUMPyeTCs Ha IIPO3PAuHBIN 3KpaH,
HaXOJISIIIUICS Mepef I71a3aMU ITHIOTA U 3aKpellieH-
HBIM Ha ero nuieme. ITOCKO/NIBKY 3KpaH IpO3paueH,
IIHJIOT MOSKET OLHOBPeMeHHO HabIoaTh BHEIIHIO0
06CTaHOBKY M MHIUIIUPyeMYI0 HUHbopMaruoo. H3o-
OpaskeHHe KOUTMMHUPYeTCsI B OeCKOHEYHOCTh, TeM
CaMbIM MCK/IIOYAETCS HeoOX0AMMOCTh aKKOMOSALIMH
riaas.

B Hacrosimee BpeMs 00acTh IIPUMEHEHUS 3THX
CHCTeM OrpaHHYeHa OOeBBIMHM CaMoOJIeTaMH H Bep-
TOJIeTAMH, Te OHH II03BOJISIIOT OCYIIeCTB/ISTH KOH-
TPOJIb I10JIeTA U IIPHULIeIMBAHUE, He OIyCKas B3IISL
Ha HHAUKATOPbl B KabuHe, T.e. He OTBIEKAsCh
OT OKpYy)Kalollel OO6CTaHOBKH, YTO O4YeHb BAsKHO
B YCIOBHUSX 60€BBIX NEHMCTBHM U Ha HAIIPSIKEHHBIX
dazax moseTa.

Sl g

than other systems in which calibration is carried
out at three or more points, the calibration time is
at least 9 s. When the distance between the operator
and the monitor changes, the coefficients k., k, are
automatically recalculated, the value of the coetfi-
cients varies from 10 to 12, depending on the type of
eye and the distance to the monitor. As the distance
to the monitor increases, the value of the coefficients
increases.

SCOPE OF APPLICATION

In military technology, such systems are used practi-
cally only in aviation (Fig. 3). The image is projected
onto a transparent screen in front of the pilot’s eyes
and attached to his helmet. Since the screen is trans-
parent, the pilot can simultaneously observe the envi-
ronment and the displayed information. The image is
collimated to infinity, thereby eliminating the need
for eye accommodation.

Currently, the field of application of these systems
is limited to combat aircraft and helicopters, where
they allow for flight control and aiming without look-
ing down at the indicators in the cockpit, i.e. without
being distracted from the environment, which is very
important in combat conditions and during intense
flight phases.
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3AKNOYEHUE

PaspaboTaHHasi CHCTeMa HMeeT IIHpOYalIlKe BO3-
MOSKHOCTH [Isl IIPUMEHEHHSI B BBIYMC/IMTETBHOU
TeXHHKe, POoDOTOTeXHHKe, MeJHLIMHe U IIPaKTHYe-
CKH 110601 chepe esTeNbHOCTH, B KOTOPOK HCIIO0Jb-
3YIOTCSL JBHUTATe/lM U OHCIUIEH, YCKOPSS IIPOLLeCChI
Iepefayud KOMaH/, Ha UCIIOJIHHUTe/IbHbIe YCTPOMCTBA.
B oTiMuyMe OT aHAJIOTMYHBIX CUCTeM, braromaps
YIIPOIEHHOMY M OGBICTPOMY ITPOLiecCy KaJIHOPOBKH,
II03BOJISIIONEMY HadaTh paboTaTh depe3 HECKOTBKO
CeKyHJ,, IIPefCTaBJIeHHas CHCTeMa MOKeT HCII0/Ib30-
BaTbC M B BOGHHOH cdepe - B aBUALIUH U Ha3eMHOU
TexHHKe, HMeWIIer yIpaBisieMble IpHIe/IbHEIe
KOMII/I@KCHI.
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CONCLUSION

The developed system has the broadest possibilities
for application in computing, robotics, medicine and
practically any field of activity in which motors and
displays are used, accelerating the processes of trans-
mitting commands to actuators. Also, unlike similar
systems, thanks to a simplified and quick calibration
process that allows you to start working in a few sec-
onds, the presented system can also be used in the
military sphere: in aviation and ground vehicles with
controlled sighting systems.
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