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NA3EPHbBIE TOKALIUOHHDIE
CUCTEMDI

AN NOBBIWEHUA
BE3OMNACHOCTU MNOJIETOB
BEPTOJIETOB
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B.I'pebenujuros, A.Kapeaes, I.BpoH03, K.m.H.,
K.Topbaues, I.Bopobves, PI'YII OKTE "Omeza"

B yc/10BMSIX N1I0XOM BUAMMOCTU AN BePTO/IETHbIX
KOMTIJIEKCOB NPpU HU3KOW OCBELLLEHHOCTU KaHabl
TeXHUYeCKOoro 3peHus He Bcerga obecneymsatot
6e3onacHOCTb NUAOTUPOBaHUSA. O630pHble ONTUKO-
3/IeKTPOHHbIe CUCTEMbI COCO6HbI 06HApPYXUTb

M BU3yasn3mpoBaTb OTAEe/IbHble MosBasoWwmnecs

Ha Ma/sIoBbICOTHbIX NosieTax npenarcremsa — JI3M,
MauTbl, Tpy6bl, AepeBbs. B ocHoBe pa6oThbl
Na3epHbIX TOKALMOHHbIX CUCTEM JIEXUT NPUHLMN
Has0XeHNa CUrHana oT 1a3epHoOro CKaHMpoBaHus
(3oHAMpoBaHMsA) NpocTpaHCTBA HA GpOHOBOE Tene-

M TEeMJIOBU3NOHHOE BuaeonsobpaxkeHune, nojiy4eHHoe
no Kypcy rnosieta seproJ/ieta. B ctaTbe pacCMOTpPEHbI
yCNoBUSA N cNocobbl NPUMEHEHUS 1a3epHbIX
NOKaLMOHHbIX CUCTEM B COCTaBe KOMMJ/1IeKCOB
6opTOBOro o60pyaoBaHUS BEPTO/ETOB.

OPMBI 3KCIUTyaTallUd BEPTOJIETHOM TeXHHUKHU
0bIIerpask IAHCKOTrO Y CIEeIIUaIbHOr0 Ha3Have-
HHUSI TpebyIoT obecriedeHMs 6e30M1aCHOCTH I1071e-
TOB Ha MaJIOH BbICOTE B HOUHBIX YCJIOBHSIX U B YCTIOBHSIX
IIJIOXOM BUJIMMOCTH. IIpH IloleTax Ha MAaJIOM BBICOTE
OIACHBIM IIPeISITCTBHEM [IJISl BEPTOJIETOB MOTYT CTaTh
IIPOBOJIA 1 OIIOPBI JIMHUE 371eKTpornepenad (JIOII), BbICO-
KHe JBIMOBBIe TPYObI, MauThl, OAIIHU K OTHENIBHO CTO-
siye fepeBbsi. OHU JOCTATOYHO IIJIOXO BHU3YaH3UPY-
I0TCSI B HOUHBIX YCJIOBUSIX U B YCIIOBHSIX HEJJOCTAaTOUHOHN
BUJIUMOCTH (IOKAb, CHEr, TyMaH, 3aJbIMJIEHHOCTb,
3aIIBUIGHHOCTD U T.IL.). II03TOMY B COCTaB ITHJIOTa’KHO-
HaBUTALIMOHHBIX KOMIIJIEKCOB BEPTOJIETOB JMOJISKHBI
6BITH BK/TIOYEHBI JIa3ePHO-JIOKALIUOHHEBIE (IMAAPHEIE)
CUCTEMBI, KOTOPbIe JO/IKHBL BU3YaIU3UPOBATh IIPEIIST-
CTBHUE U IIPeyIIPeAUTh SKUIIaK BEPTOIETA 0 BO3MOSKHO-
CTH OIIACHOTO ITPUOIHKEHUS K HEMY.
Jla3epHO-IOKALIMOHHBIE  CHCTeMBI  (Ja3epHBbIe
JTUAAPHI), BKIIOUEHHble B CTPYKTYPy OO30pHO-TIMIIO-
Tas>kHBIX KOMILIeKCOoB (OIIK), [103BOIST KOHTPOIHPOBATh
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LASER LOCATORS
FOR HELICOPTER FLIGHT SAFETY
IMPROVEMENT

A. Belskiy, Dr.Sc.(Eng.)N. Zhosan,

Mil Moscow Helicopter Plant, JSC;

V. Crebenschikov, A. Kargaev, D. Brondz, Cand. Sc.(Eng.),
K. Gorbachev, D. Vorobiev, Federal State Unitary
Enterprise Special Design and Technical Bureau
OMEGA

Flight safety is the necessity of rotorcraft
operations. In poor visibility by day and in low
light conditions at night optoelectronic system
synthetic vision channels not always can provide
detection and visualization of separate possible
obstacles (electric supply chains, masts, stacks,
trees etc.) on the background of television or
thermal image. To ensure safety of low altitude
flights it is possible to use the systems based on
the principles of laser scanning (sensing) of space.
Registered signal is overlaid on background
television or thermal image on helicopter course.
The article considers conditions and methods of
use of laser radar systems as a part of helicopter
avionics complexes.

light safety at low altitude and in poor
visibility is the most important requirement
of business and special rotorcraft operation.

Wires and transmission towers, high chimneys,
masts and single trees may be dangerous for low-
altitude helicopter flight, becauseitis hard to detect
such objects at night and in poor visibility (rain,
snow, fog, smoke, dust etc.). Integration of laser
locators (lidar systems) into helicopter navigation
system must ensure obstacle visualization and
crew warning to prevent dangerous approach to
the obstacles at low altitude.

Ldar system integration into surveillance and flight
system will enable low-altitude flight control and
prevention of collisions with probable obstacles. Day
and night observation of external environment in front
hemisphere with visualization of wires, transmission
towers, chimneys, masts and other high objects in
low-light conditions or in poor visibility can be referred
to as the key factor in the use of lidar systems as a part
of surveillance and flight systems.

Lidar system as a part of helicopter surveillance
and flight system must ensure:
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0JIeT BepTO/IeTa Ha MaJjIoH BBICOTe H MpelylNpesKiaTbh
CTOJIKHOBEeHMSI. KpyI/ocyTouHBbIM 0030p 3akabHHHOIo
IIPOCTPAHCTBA IepeHel IoaycPeprl ¢ BU3yalH3aluen
IIPOBOZIOB U OIIOp JIMHHH 3/IeKTpoIiepenad, IbIMOBBIX
TPyD, Ma4T U APYTHUX BBICOKHUX OOBEKTOB B YCIIOBHSIX
HU3KOM OCBeLleHHOCTH KJIK HeJOCTaTOYHOK BHJIKMO-
CTH MOKHO OTHECTH K KJIIOYEBBIM YCJIOBUSM IIpHMeHe-
HHS JIa3€PHBIX IOKALMOHHBIX CECTeM B cocTaBe OIIK.

JIasepHas noKanmoHHasi cucTema (JIJIC), MHTETpH-
pOBaHHasE B 0030PHO-TIMJIOTXKHBIN Komiaekc (OITK)
BEPTOJIETA, NOIKHA 0becriedrBaTh: 0630p 3aKabHHHOrO
[IPOCTPAHCTBA NepefHeN Moaychepsl 10 HaIlpaB/IeHHI0
moseTa BepToseTa; obHapyskeHHe M BHU3yaIH3allHIo
[IPelsITCTBUH ([IPOBOJOB K OIOp JIMHUM 37eKTpoIepe-
Iad, ABIMOBBIX TPYyD, MauT M APYIHMX BBICOKMX OOBek-
TOB) I10 HaIlpaBJIeHMIO II0jIeTa BepToseTa; GOpPMHpPOBa-
HHe BHIeOH300paskeHMsl 3aKabHMHHOTO ITPOCTPAHCTBA
IepeJHer Ionycheprl [0 HAIIPaBIEHHUIO IIOJIeTa Bep-
TOJIeTa U BBIAAYY €r0 B CHCTeMy OTOOpaskeHHsI HHPOP-
MalMK KoMIlIekca 6oproBoro obopymoBanus (KBO);
bOpMHpOBaHMe CHIHA/Ia O HAJIMYHUH MPensITCTBHI
Y JaJbHOCTH [0 HUX C BO3MOKHOCTBIO HAJIOKeHHU I JaH-
HBIX O IPeHATCTBUAX U JAJIBHOCTH [0 HHUX Ha BUEO-
n3obpaskeHHe, IONydyaeMoe OT TeJeBHU3MOHHOM HIIH
TeIJIOBU3HOHHOM KaMephl, M Ilepefady 3TOr0 M30-
Opaskerust B KBO 1151 BU3yalM3allMM e€ro Ha SKpaHe
MHOTOQYHKITHOHAIBHOTO HHAMKaTopa (M®H) B KabrHe
BepToOJIeTa.

[Ipr 3TOM [aNIbHOCTh OOHApY>KeHHUS IIPOBOMAOB
JI?II (muameTrpom 10 MM) JOMKHA COCTABISATH He
MeHee 800 M, [st 6e30IacHOro MaHeBpa BepToJeTa
M yxo#a OT IPeHsTCTBHS ILPU CKOPOCTH IIojIeTa
nopsiika 250 km/4. JIJIC momkHa "paboTaTs’ B IMIHPO-
KOM II0Jieé 3peHHS OITHKO-3JIEKTPOHHBIX KaHajIO0B
cucteM TexHUYeckoro 3peHus OIIK, mpumepHO
30x40°.

MPUHLUMN AENCTBUA NNA3EPHBIX IMAAPOB
V3BeCTHO, YTO JHJApHble CHUCTeMbI (C MMIIYJIbCHOM
7a3epHOM IIOJACBETKOM K IIPOCTPAaHCTBEHHBIM BBIJe-
neHHeM OOBEKTOB) OTHOCSTCS K aKTHBHBIM CHCTEMaM
BufeHus [l]. OHM crocobHBl O6HApPY>KUTh KU BH3Yya-
JIM30BaTh 'MHTErPAJIBHO HeBUAMMBle' 06BeKTHl (IIpo-
Boza u oropsl JISII, pr61>1, MauThl U T.I.) B YCIIOBUSX,
KOIZla CHUCTeMbl TeXHHYeCKOTro 3peHHs (TeleBH3HOH-
HBble WJIM TeIUIOBHM3HMOHHBIe KaMepbl) He MOTYT IIONIy-
YUTh H300paskeHUe YOOBIETBOPUTENIBHOIO Ka4decTBa.
[IpefHa3HauUeHUe TaKUX CUCTeM - HabmiofeHMe obbek-
TOB B HOUHBIX YCJIOBUSIX, B YCJIOBHSIX TYMaHa, 3a/bIM-
JIEHHOCTH 1 CHJIBHOM 3aIlbl/IeHHOCTH.

THUIIOBOM COCTaB JIa3epHOr0 JKapa — IepealoI i
KaHaJI (Ta3epHBIN H3/Ty4daTeb, GOPMHUPYIOIIHUEI KOPOT-
KHe HMITYJIBCBI, U OIITHYecKasi CHCTeMa) M ITPHeMHBII

i g

« Observation of external environment in the
front hemisphere on helicopter way;

e Detection and visualization of obstacles (wires,
transmission towers, chimneys, masts etc.) on
helicopter way;

« Video imaging of external environment in the
front hemisphere on helicopter avionics display
system,;

« Shaping of signal about obstacles and distance
to the obstacles, as well as the ability to overlap
this information on video image from television
or thermal imaging camera, and signal
transition to avionics complex for visualization
on helicopter multifunctional displays.

Taking this into account, to guarantee safe
maneuver and to avoid collision at the speed of
about 250 km/h, the distance of power line wires
detection (10 mm diameter) must be more than 800
meters.

Lidar system must operate in wide field of view
of surveillance and flight system synthetic vision
optoelectronic channels. That is about 300x400.

LIDAR OPERATION

It is known that lidar systems (with pulse
illumination and object spatial highlighting) are
active vision systems for object observation at
night, in fog, smoke and heavy dust. They are able
to detect and visualize "integrally invisible" objects
(e.g. wires, transmission towers, high chimneys,
masts etc.) in low light and poor visibility, in other
words, when it is impossible to get satisfactory
image by means of synthetic vision systems
(television or thermal imaging cameras).

Asarule, alidar system consists of transmitting
channel with laser emitter, and optical system,
which shapes short laser pulses, as well as high-
speed photo receiver, scanner and signal processor.
Pulse light source with shaping optics provides
pulse illumination of surrounding space.

Laser sensing is based on reflection of laser
beam from the surface of the objects on its way.
As a result, secondary wave propagates from the
object. Part of its energy returns to the point of
emission to be detected by the receiver. In this case
the time of wave propagation from the source to the
object and back to the source makes possible careful
assessment of the range from lidar to the object
(familiar principle of rangefinding) (fig.1).

It is necessary to mention the need of lidar
laser safe use. For example, as a rule, safe use
of lidar system for aerial mapping is provided by
minimum flight altitude, which can be several
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KaHaja (omTUYecKass cHCTeMa M OBICTPOHEMCTBY-
tollee GOTONPHEMHOE YCTPOMCTBO), a TakkKe CKaHEep
1 YCTPOMCTBO 06paboTKU CUTHasIa. [IpHU 3TOM MMITY/IbC-
HBIM HUCTOYHHK CBeTa C GOPMHUPYIOIIEH OITHKOM 0be-
CIleynBaeT MMIIYIbCHYIO IIOACBETKY OKPY>KAIOIEro
IIPOCTPaHCTBa.

30HAMpYIOLIHe CBOMCTBA IHapa OCHOBAHBL HA TOM,
YTO [IOBEPXHOCTb OOBEKTOB, PACIIONOKEHHBIX Ha IYTH
PacIpocTpaHeHHUs JIa3epPHOrO JIyda, OTPKAKT Maja-
Iolllee H3/TydeHHe [2]. B pesynasTare oT Takoro obpekra
HavMHaeT PacIIPOCTPAHSIThCSl BTOPHUYHAS BOJIHA, YacTb
SHEPIrHH KOTOPOH BO3BPAILAeTCsl B TOUKY H3IydUeHHUS
U GUKCUpYyeTCsl IpHeMHUKOM. IIpu 9ToM BpeMsl, 3aTpa-
YeHHOe Ha PaCIpoCcTpaHeHHe OT HCTOYHHKA K 00B-
eKTy U 00paTHO K IIPHUeMHHUKY, I103BOJIsieT OfIHO3HAYHO
OIpeZie/IMTh [AAJBHOCTh PACCTOSHHA OT JIOKaTopa
no obwvekTa (puc. 1).(M3BeCTHBIM IPUHLMUII JIA3€PHOM
JAnbHOMETPUH).

Ilpy 5TOM MpH BBIIIOJIHEHUH JIa3epHOH JIOKALIMOH-
HOM CbeMKH HeobxomrMo obecreduTb 6e30IacHOCTbH
HCII0/Ib30BaHM I JIa3epoB B COCTaBe THUAapoB. HampumMep,
IJIs. A9POCBEMOYHBIX JINJIAPOB 6e30I1acHOCTh, KaK IIpa-
BHJIO, OIIpefie/isieTCsi MUHUMA/IBHO AOIIYCTHMOM BBICO-
TOH I10J/IeTa M MO3KET COCTAB/ISTh HECKOJIBKO COT METPOB.
9To orpaHHUYeHHe CYIIEeCTBEHHO, TaK KaK JaJIbHOCTb
(BBICOTA) SABJSIETCSI OOHHUM M3 IVIABHBIX I1apaMeTpOB,
IPSIMO BJIMSIONIUX Ha JETa/JbHOCTb (IIJIOTHOCTh CKa-
HUPOBAaHUS), a TAKKe Ha TOYHOCTb U IIMPHUHY I10/I0CHI
3axBara.

Hcronp3oBaHUe JHUAAPOB ¢ pabodelr OIMHOHN
BOJIHBEI 1,5 MKM MOpPeAIOYTHUTEIbHO K3-3a HPAKTH-
YeCcKU IIOJTHOM 0e30MacHOCTH 3TOr0 M3/Iy4YeHUs.
CTeK/JI0OBHJIHOe Tejl0 4Yej0BeuecKoro I/asa IOoYTH
IIOJIHOCTBIO COCTOMT M3 BOZBI, IIO3TOMY OHO OKa3bl-
BaeTCs IIOYTH HeIIPO3pauvHBIM (TaK KaK BOZA IIOIVIO-
maeT 31eKTPOMarHUTHOe H3jydeHHe) Ha [JIHHe
BOJIHHI 1,5 MKM.

3APYBEXXHbIE BEPTOJIETHDIE

JIA3EPHbIE JIOKATOPDI

MHorue THUIIBI COBpEeMEHHBIX 3apybesKHBIX JIeTaTellb
HBIX ammaparos (JIA) (B TOM 4mc/ie BepTO/leTHAs TeX-
HMKA) OCHAIIEHBI OIITHKO-3JIeKTPOHHBIMH JIa3€PHBIMH
JIOKALIMOHHBIMHK CHCTEMaMH (JIa3epHBIMH PaJlapaMH)
(3, 4]. OTmMeTHM wH3BeCcTHbBIe 3apybesKHbIe Jia3epHBIE
JIOKALIMOHHBIE CHUCTEMBI, IIOCTPOeHHBIe Ha OINTHKO-
BOJIOKOHHBIX JIa3epax, IIPUMeHsieMble Ha BepTOIeTax
I obecriedeHMs 6e30MACHOCTH BBIIIONIHEHMUS II0JIe-
TOB Ha MaJIbIX BBICOTAaX B YC/IOBHSIX HM3KOM OCBeILEeH-
HOCTU M HEeJOCTAaTOYHOM BUIAMMOCTH (KaK OIILIMS).
910 cuctembl HELLAS-W ¢upmsl EADS (Tepmanus)
U cucTeMa LOAM ¢upmel SELEX Communications S.p.A
(Utanus) (puc.2) [5, 6).
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M3nyyartens
Emitter

MpuemMHuK

Receiver
PaccenBatoLas cpega

Scattering medium

Henpo3payHoe Teno
Opaque body

Puc. 1. MpuHyun aazepHol danbHomempuu
Fig. 1. Principle of laser rangefinding

hundred meters. This limit is essential because the
range (altitude) of the flight is one of important
characteristics, directly affecting the detail
(scanning density), as well as accuracy and capture
bandwidth.

Lidar systems with operational wavelength of
1.5 pm are preferable because of their virtually
complete safety. As vitreous body of a human
eye almost completely consists of water, it
proves to be nearly non-transparent (since water
absorbs electromagnetic radiation) at 1.5 pm
wavelength.

FOREIGN HELICOPTER LIDAR SYSTEMS

Optoelectronic laser location systems (lidar
systems) become more and more frequent
equipment for foreign aircrafts (including

helicopters) under development. Such systems are
used for detection of potential dangerous obstacles
and for early warning of the aircraft crew by
issuing a command for an obstacle avoidance
maneuver.

It is appropriate to mention well-known foreign
lidars based on fiber-optic lasers. These systems
are used on helicopters to ensure flight safety
at low altitude, in low-light conditions and in
poor visibility (as an option). These systems are
HELLAS-W by EADS (Germany) and LOAM by SELEX
Communications S.p.A. (Italy).

They use laser pulse transmitter with high
pulse repetition frequency, and optomechanical
sweeping system. Sweeping system is fiber-
optic. It forms the line consisting of 128 fibers.
Each moment laser beam is emitted from a fiber.
Reception of a laser beam, reflected from an
obstacle is also performed by means of fiber and
single element high-speed photodetector with
optomechanical sweeping system based in the
transmitter. It provides consecutive emission and
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B 3TuMX cucTeMax MCIIONb3yeTCsl Ja3epHBIH
HMIIYJIbCHBIM II€pefaTUYUK C BBICOKOKM YaCTOTOH
IIOBTOPeHUS HMIIY/IbCOB M3/IyYeHUsI U OIITHKO-MeXa-
HHUYeCKass CHCTeMa pa3BepTKU, IIOCTpOeHHas Ha
OITOBOJIOKHE. JTa cUcTeMa obecreyrBaeT GOPMHUPO-
BaHHe CTPOKH M3 128 BOJIOKOH, IPH 3TOM B KaSKABIH
MOMEHT BpeMeHH Jia3epHoe H3jyyeHHe IIOCTyIlaeT
TOJIBKO C OJHOr0 BOJIOKHA. IIprieM HMIIy/IbCa J1a3ep-
HOI'O M3/Iy4eHHs, OTPa’KeHHOI'o OT IIPeIsiTCTBHS, OCY-
IIECTB/ISIETCSL TaKyKe C MCIIO/Ib30BAHWEM OIITOBOJIOKHA
M OJHO3IEMEHTHOro OBICTPOMEHCTBYIONEero GOTOIpH-
eMHHKa. Kauarleecs 3epKasio CKAHHUPYET IIPOCTPaH-
CTBO ITI0 BepTUKAIU. TakUM 06pa3oM, OCyILeCTBISeTCS
mocjefioBaTe/IbHOe CKaHHPOBaHHe (IPOCMOTP) IIPO-
CTPAHCTBA, U I10C/Ie 06paboTKU 3X0-CHUI'HAJIOB OT IIpe-
ISITCTBUE GOPMHUPYeTCsl CHHTe3HPOBAHHOE (3/1eKTPOH-
Hoe) n306paskeHue,

MOPAAOK PABOTbI JIASEPHOW
JIOKALIMOHHOWM TENEBU3MOHHOM
CNCTEMDI

Crertpanuctel OI'YIT "OMera’ Ha OCHOBE TeXHHUYECKOTO

3agaHust OAO "MB3 um. M.JI. Muss" pa3pabaTeiBaloT

OTeYeCTBEHHYIO JIa3€PHYIO JIOKALIMOHHYIO TeJleBHU3H-

oHHyI0 cucteMy (JUITC) myst BepToneTa. PacCMOTpUM

IOPSZIOK ee PaboThl COINIACHO CTPYKTYPHO-QYHKIHO-

HajapHOM cxeMe (puc.3). IIpaKTHYecKoe BHepeHHe

JUITC B xouTyp KBO BepTojieTa IIpeArosaraercs mpHu

CO3IaHUU CIIeLIMaIbHOM MOAEPHU3HPOBAHHON BepPCHUH

Mu-171A2, tAe B eIMHON KOHCTPYKLIHH 6y/:[yT peasso-

BaHbIl U JUITC, 1 IMaHOpaMHasl KPyIJIOCyTOYHas 0630p-

Has cuctema KOC.

OcHoBHEIe 371eMeHThI JUUITC BBIIIOTHSIOT C/IeAYIOIIHe
QYHKIIMH:
e JasepHbIN Iepefatuuk (JIII) - dopMmuUpoBaHUe
MMIIY/IbCHOM JIa3epHOM IIO[CBETKH OKPY>KAIOIIEero
[IPOCTPAHCTBA;
+ 670k nuTaHwUs ynasepa (BILI) - BEIpabOTKY COOTBET-
CTBYIOIIMX HAIPsKeHMI [/ HAaKadKH JIa3epHOro
H3/1y4aTens;
» ¢dorompueMHUK (OII) - mpHeM OTPasKEHHOIO OT 06~
eKTa MMIIY/IbCa JIa3epHOTro U3/Ty4eHHUsI U ITpeobpaso-
BaHHUeE ero B 1IeKTPHUYeCKUI CUTHAJL;
* YCTPOMCTBO CKaHHUPoBaHUS (YC) - pa3sBepTKy Ja3ep-
HOTO JIy4a COBMECTHO C BXOIHBIM 3paukoM 06BeK-
THBa OJHO3/IeMEeHTHOI0 IIPHeMHHKA BHYTPH 3aJaH-
HOTO yI7Ia [10/1 3peHus;
6JI0K 31eKTPOHHOM 06paboTku (B90) BBIIIONHSET
o 06paboTKy CHMI'Ha/la OT OLHO3IeMEHTHOrO IpH-
eMHHKa,

o yIpaB/eHHe paboTol CKaHepa,

° HaJIO)KeHHe CHUIHasia, II0JIyYeHHOIO OT OfHO-
3/IeMeHTHOIO IpHeMHHKA, Ha BHEOCHUTHA

=

Puc.2. JlazepHble AokauuoHHble cucmenbl LOAM (cnesa)
u HELLAS-W (cnpasa)
Fig. 2. Lidar systems: LOAM (left) and HELLAS-W (right)

receipt of laser pulses from each of 128 components
(i.e. fibers). Elevation spatial scanning is performed
by means of tilting mirror. Thus consecutive
scanning and shaping of synthetic (electronic)
image is performed on the basis of processing of
echo signals from the obstacles.

TV LIDAR SYSTEM OPERATION

Let’s study the operation of Russian helicopter TV

lidar system (developed by Federal State Unitary

Enterprise Special Design and Technical Bureau

OMEGA according to requirements specification by

Mil Moscow Helicopter Plant). Its structural and

functional scheme is given on Figure 3.

Main components of TV lidar system perform

the following functions:

e Laser transmitter (LT) provides pulse laser
illumination of the environment;

« Laser power unit (LPU) produces corresponding
voltage to pump laser emitter;

» Photo receiver (PR) receives the laser pulse reflected
from an obstacle and transforms it to electric
signal;

+ Scanning device (SD) sweeps space with the beam
together with the entrance pupil of single-element
receiver lens in preset angle of field of view;

 Electronic processor (EP):

o Processes the signal from single-element
receiver;

o Controls scanner operation;

o Overlays the signal from single-element
receiver on video signal from TV camera and
delivers the signal to avionics complex;

« TV camera shapes spatial monochrome video signal
with field of view angle, which falls together with
scanner FOV angle.

Observation of external environment in the

front hemisphere on helicopter course is performed

by TV lidar system.
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Puc.3. CmpykmypHo-pYHKULOHAALHAS CXeMd Ad3epHOLl A0KAULUOHHOL menesu3uoHHol cucmembl (JITTC): O35 — onmuKo-3AeKmpoH-
Hbili 6n0K; TBK — menegu3suoHHas kamepa; J11 - aazepHbil nepedamyuk; GINJ1- 6aok numaxus Aasepa; @Y — ¢omonpuemHoe
ycmpoticmeo; @I - pomonpuemHuk; 530 - 6A0K 3nekmpoHHoL 06pabomiu; YC - y3en ckaHuposaHusi; K5O — komnaekc 60pmogozo
06opydosaHus; MO — MHO20QyHKULOHAAbHBIU UHOUKamop; Y — nyabm ynpaeneHus; bBC - 6opmosast 8bl4uCcALMeAbHAs cucmema
Fig. 3. Structural and functional scheme of lidar TV system ( LTVS): OEU - optoelectronic unit; TVC - TV camera; LT - laser
transmitter; LPU - laser power unit; PRU - photo receiver unit; PR - photo receiver; EP - electronic processor; SA - scanning
assembly; AS — avionics system; MFD - multifunctional display; CP - control panel; AC - airborne computer

OT TeJIeBU3HOHHOM KaMephbl U Bbljady JaHHOIO
curHazna B KBO;

e TeleBu3HOHHas kamepa (TBK) - dopMmupoBaHme
yepHO-6e/10ro CUrHajaa BUIEOH300paskeHHUs IIpo-
CTPaHCTBA C yIVIOM IIOJISl 3peHUs], COBIIAJAIOUUM
C yIJIOM IO 3peHHs], obecliedrBaeMbIM CKaHe-
poM.
0630p 3aKabHMHHOrO ITPOCTPAHCTBA IepefHeH II0y-

chepsl 0 HaIpaBJIeHHUIO II0JIeTa BepTo/leTa IMPOH3BO-

OUTCS Ja3ePHOM JIOKALIMOHHOM Te/IeBU3HOHHOM CHUCTe-

Mo (JIITC).

Pabora JUITC IpPOMCXOMUT CleAyIOIUM obpasom:
repefalom MK KaHal (MK Ta3epHBIN ITepefaTduk (JIIT)
bopMupyeT KOPOTKHe HMMIIYJIbCHl Ja3epHOr0 H3yde-
HHs. YCTPOHCTBO cKaHHpoBaHUs (YC) pa3BepThIBaeT
7a3epHBIM Jyd B NPOCTPAHCTBe B 33aJaHHOM IIOJe
3peHHUs AJIsI CO3JAHUS MMITY/IbCHOM IIOACBETKHU OKPY-
>KaloIlero IpocTpaHcTBa. doTonmpueMHBIM YCTPOH-
cTBoM - O®OIIY (3T0 MOXKeT OBITh OLHO3IeMEHTHBIN
dortorrpueMHUK (DII) m3mIyUeHHUsT ¢ 06BEKTUBOM) IIPHU-
HHUMaeTCsl OTPasKeHHBIM 0T 0bBeKTa HMMITYJIbC Ja3ep-
HOT'O H3J1y4eHHUs],KOTOPBIH ITpeobpa3oBBIBAETCS B 37IEK-
TPHUYeCKUU CUTHA.
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Tv lidar system works as follows: transmitting
channel (or laser transmitter (LP)) shapes short
laser pulses. Scanning device (SD) sweeps the
space with the beam in the preset field of view to
illuminate the space with laser pulses.

Photo receiver (PR) receives the laser pulse,
reflected from an obstacle, and transforms the
pulse into electric signal. It can be single-element
photo receiver with lens.

By successive emission of laser pulses and
receipt of reflected pulses, the TV lidar system
gets the series of range signals and measures the
range to each object, which has reflected the beam.
Further, processor unit processes the signal and
creates synthetic image of the objects which have
reflected laser beams.

TV camera images the surrounding space
(monochrome image is preferred). It is desirable
that the camera field of view falls together with
scan space.

Electronic processor overlays the synthetic
image on the image from TV camera. Resulted
video is sent into avionics system which processes
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I[locnemoBaTeNbHO H3/1ydas Jia3epHble HMITY/IbChI
M IPUHHMAasi OTBeTHble MMIIY/IbChl, OTPasKEeHHBIE
OT TeJl OKpysKamwmen cpenbl, JUITC monydaeT psifi CUT-
HaJIOB II0 JAJBHOCTH [0 KaskOoro "obbekrta', oTpas-
MBIIEro Ja3epHBIM Jyd. [anee 670K 371eKTPOHHOM
06paboTKK BCeX MPUHSTBHIX CUTHATIOB GOPMUPYET CHH-
Te3UPOBaHHOe H300paskeHHe 00BEKTOB, OTPA3HBIIHX
nasepHbIil 1y4d. TeleBU3HOHHAs KaMepa C IIOJeM 3pe-
HUSI (Ke/IaTeJbHO COBIIAJAIONIUM C II07IeM CKaHHPO-
BaHMUSI) GpopMHpyeT H306paskeHHe OKPYSKAIOLIero IIpo-
CTpaHCTBa (Tyulre yepHO-6es1oe). B 6510Ke 371eKTPOHHOM
06paboTKK CHHTe3UpOBaHHOe H300paskeHHe ¢ UHPOp-
Manuer o6 obbeKTax W JAJIbHOCTH OO0 HHUX "HaK/Ia-
ObIBaeTCsl' Ha BHUAEOM300paskeHHe OT TesleBH3HOHHOM
KaMepsl. [lonydeHHOe BHIEOH300pasKeHHe IIOCTyIaeT
u obpabateiBaetcs B ycTporicTBax KBO U oTobpaskaeTcs
Ha MHOTOQYHKIIMOHAJIBHBIX HHJAMKATOpax B KabuHe
BepToJIeTa.

[ITaHUPYeTCs. BBECTH LIBETOBYIO OKPACKy CHHTe3U-
POBAaHHOIrO M300pa’keHUs IIPEeISTCTBHE HAa HHAMKA-
TOpe, HampuMep, Hauboree 6IH3KO PacIIONOKEHHBIX
"06beKkTOB" (T.e. Hanbosee OIIACHBIX) - B KPACHBIH LIBET,
a He MpeJCTaB/SIOMHUX OMACHOCTh (PACIIONIOKEHHBIX
Jarblile) - B 3eleHbIH. Takasl BU3ya/lu3aliys ONACHO-
CTH IIPUOIMIKEHHUS K IIPesITCTBUSIM IIOBBICUT be3orac-
HOCTb KPYIJIOCYTOYHOT'O K BCEIIOTOZHOIO BBIIIOTHEHUS

i g

Puc.4. BHewHu sud de¢paexkmopa JI/ITC
Fig. 4. TV-lidar system deflector

the image and outputs it into the cockpit
multifunctional displays.

If the obstacles which are the closest to the
helicopter (i.e. the most dangerous) are coloured
red, and more distant obstacles (less dangerous)
are coloured green, the crew will have visual
information about close dangerous obstacles, and,
consequently, the safety of flight at any time of
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II0JIETOB BepTojeTa Ha MaJjIoH BBICOTE B HOYHBIX YCJIO-
BHSIX U B YCJIOBHSIX OTPAaHHUYEeHHOM BUJHUMOCTH (IO,
CHET, TYMaH).

OT/INMUTEJIbHbIE OCOBEHHOCTU
NNA3EPHOW JTIOKALIMOHHOM
TEJIEBU3NOHHON CUCTEMDbI

OcHoBHasi mpobsieMa IpH CO3JAHHUM JIa3epPHOJIOKALIU-
OHHBIX CHCTeM - ITPOTHBOpeYHe MeXAy TpeboBaHHeM
HICIIONIB30BaTh OOJIBIIYIO AIIePTYPY B ABYXKOOPAMHATHOM
CKaHUPYIOIIeM y3/Ie B IIPHEMHOM KaHale U TpeboBa-
HUeM obecriedyrTh 6OMBIIYI0 CKOPOCTh Pa3BepTKU (bortee
IBYX KaJIpoB B CeKyH/y). IMeHHO BbIOOp MeTofla CKaHU-
POBaHMS IIPOCTPAHCTBA OylmeT oIpefieNiTh MpPaKTHYe-
CKHe BO3MOKHOCTH MCIIO/Ib3yeMBIX JIUJAPOB [7, 8].

ITpy KCIO/TIb30BaHUHU K/IACCHUYeCKOM CXeMBI INAapa
C OPTOTOHAJIBHOM Pa3BePTKOM II0 CTPOKe M KaApy IIpH
paspenieHnH 50-100 IIKKCeIOB U yITIe CKAaHHUPOBaHHUS 30
YacTOTa CTPOYHOM Pa3BePTKU HO/KHA OBITh He MeHee
120 T'y mpu 2 kagpa B ceKyHAy H 600 Ity ripu 10 kagpax
B CEKYH[IY, YTO IIPEBHIIIAET BO3MOKHOCTH COBPeMEeH-
HBIX OITHKO-MeXaHHYeCKHX CKaHepoB. Kpome 3Toro,
CTPOYHOE CKAaHHPOBaHME BO3MOMKHO TOJIBKO IIO0 FapMO-
HHUYeCKOMY 3aKOHY, UTO IIPUBOAUT K TOPMOKEHHIO Jed-
JIeKTOpa CKaHepa Ha KOHIIAX CTPOKH, M 3HAYMTEIbHO
OrpaHHUYMBaeT 3HepreTudeckun KIIJI crcTeMbl BBUIY
He3pPeKTHUBHOIO pacrpeleeHus 3HEPruu JIa3epHOro
M3/IyYeHHS B CKAHUPYeMOM IIPOCTPaHCTBe.

B onucaHHoM Bbllle cucteMe HELLAS-W s pea-
JH3aLKMKU BBICOKOM YacTOTbl CTPOYHOH pa3BepTKU
HCIIONb3YyeTCsl ONTHYeCKHMH KIWH C OTpa’kamlleHr
[IOBEPXHOCTBIO. AHJIOTUYHBIN K/IHMH PacIlofojkeH Ha
IIPOTHBOIIOJIOKHOM KOHIIe POTOpa. Pa3BepTKa Ipu ¢pop-
MUPOBAHUH TPAEKTOPHUH CKAHMPOBAHMUS ITPOMCXOIUT
II0 OKPY>KHOCTH (IVIafKOM KpHBOM). IIpeobpa3oBaHue
OKPY>KHOCTH B JIMHHUIO IIPOMCXOAUT IIOCPEACTBOM IIPO-
CTPAaHCTBEHHON OpHeHTalluu Ilelida CBETOBOIOB.
CBepTKa JHMHENHOI0 CKAaHHUPOBAaHUS B TOUKy oTo-
IIprieMa OCYIIEeCTB/SIeTCsS aHAJOTHYHBIM I10 CTPYKTYpe
KaHaJoOM. PeaJH30BaHHBIM MeTO[, IO3BO/SET 3a CYeT
GOBIION YACTOTBI BpallleHUs ABUrartens (okoyno 6000
000pOTOB B MMHYTY) 00eCIeYuTbh YacTOTy KaJpPOBOK
PasBepTKH 2 Kafpa B CEKYHY IIPU pa3pelleHUuH CTPOKHU
U Kagpa okoso 50 meKcesnoB. HemocTaTOK TAaKOro perie-
HUS - 607bllIMe SHepreTHUYeckue MMOTepH MHPOpMalU-
OHHOTO CBeTOBOI'O II0TOKA, CBSI3aHHbIE C OTPAaHHYeHHOU
IUIOIIANBI0 €IHHHYHOIO CBETOBOAA, a TaKKe CJIOK-
HOCTBIO KOHCTPYKLIMK OITHKO-MeXaHH4YecKoro 61oka
CKaHHPOBAaHHUS.

B JUITC cucTemMa CKaHHPOBAaHHS IIOCTPOEHA Ha
IIPUHIIMIIEe CKAHUPOBaHUS H300paskeHH 110 TJIaJKUM
KPUBBIM. JTO [JaeT SHepreTuyecKkye IIPerMMYyINecTBa
Y II03BOJIsIeT 06eCIIeYH Th ITpHeMIeMoe ObICTPOIeICTBHE.

72  ®OTOHMKA N25/41/2013

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
m OMTO3/IEKTPOHHbLIE YCTPOUCTBA I
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

Puc.5. CuHme3suposaHHoe u306paxceHue 0m Ad3epHol AoKa-
ULOHHOU menegu3uoHHOU cucmemsbl
Fig.5. Synthetic image from TV lidar system

day in any weather conditions at low altitude in
low light and poor visibility conditions (rain, snow,
mist etc.) will be improved.

TV LIDAR SYSTEM DISTINCTIVE
CHARACTERISTICS

The choice of sweeping method is one of crucial
operational capabilities of lidar system, and it
is the main problem of laser location system
development.

The problem is the controversy between
requirements to the large aperture of 2D scanning
assembly in the receiving channel and the need of
high speed of scanning (no less than 2 frames per
second).

Using classical scheme of lidar with orthogonal
line-by-line sweeping and frame sweeping with
resolution 50-100 pixels and scanning angle 30°,
the frequency of line scanning must be more
than 120 Hz at 2 frames per second, and 600
Hz at 10 frames per second. Such characteristics
exceed the capabilities of modern optomechanical
scanners.

Besides, line scanning is possible only by
harmonic law. It leads to deceleration of scanner
deflector at both ends of line and substantially
limits energy efficiency factor because of
inefficient distribution of laser energy in the
scanned space.

The described above HELLAS-W uses optical
wedge with reflecting surface to ensure high speed
of line scanning. Similar wedge is on the opposite
end of rotor. The system creates circular pattern for
scanning (smooth curve). Conversion of circle into
line is performed by change of lightguide spatial
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CkaHMpPOBaHME IIPOM3BOJMTCS METONOM CMeEIEHHBIX
TPaeKTOPHH 10 ITIaJJKOH IIPOrpecCHpYIoler K, BO BTO-
POM ILIMKJIe, perpecCHpylolleHd ABYXMEPHOM KPHBOH,
B KadecTBe KOTOPOM MOXKeT OBITh BBIOpaHa KpHUBas
ApxuMena. Peanmmsanus 3TOro MeTopa obecriedrBaer
CKaHHPOBaHHe IT0/Is1 128x128 ToYeKk B OOHOM LIHKIIE.
Takol mopxof, MO3BO/SIET HCII0/Nb30BaTh BCIO LIMPHHY
AMIUIMTYAHO-YaCTOTHOH XapaKTePHUCTHKH CHCTeMBI
CKaHHUPOBaHHUS M 00ecrieurBaTh Pa3BepTKY Ja3epHOIo
JIy4a COBMECTHO C BXOZHBIM 3PadukoM 00BeKTHBA GOTO-
IIpHeMHUKA B yIJle o7 3peHUs 30x30° 3a BpeMs, He
npesbimatonmee 200 mMc. CoOTBETCTBEHHO, YacTOTa
06HOB/IeHHSI MHQOPMAIIMU O IPersITCTBUSAX IIOTyda-
eTcs He MeHee 5 I'11, B oT/iuuHe oT cucteMbl HELLAS-W,
VMeEIOIIYI0 YacTOTy 06HOB/IeHH I MHopMalliu 2 I'11.
CrneniuanpHO pa3paboTaHHasi KOHCTPYKLMS Mar-
HUTOIIPOBONOB C KaTyIIKaMH M JAaTYUKOM YIJIOBOIO
IIOJIOSKEHH S, 0beCIIeUMBAIONIUM 3aMKHYTYIO CHUCTEMY
yIpaBieHHs AednekTopoM (puc.4), orpenensieT BbI6op
Heo6X0ILIMOZ I10710ChI PAabOY X YaCTOT AedekTopa (400-
500 I'1) Tpy1 MasIbIX aMILUIUTYAAaX CKAHHPOBAHHS.
IIpriMeHeHHe PacCMOTPEHHOM CHUCTeMEI CKAaHHPOBa-
HUSI TI03BOTUT CO3[AaTh JIeKTPOHHO-OIITHYECKHUI 610K
JUITC ¢ yMeHBIIEHHBIMH IO CPaBHEHHUIO C 3apybesk-
HBIMH aHAJIOTAMH MaccorabapUTHBIMU ITapaMeTpaMU
IpH Jydllel ee QyHKIHOHAAbHOCTH. Kpome ToOTO,

Puc.6. CuHme3uposaHHoe U306pakeHuUe om Aa3epHoL A0Ka-
UUOHHOU MenAosu3UuoHHOL cucmemel
Fig. 6. Synthetic image from TV lidar system

orientation. Folding of line scanning into the
point of light receipt is performed by the channel
with similar structure. Such method enables to
ensure vertical frequency 2 frames per second with
line and frame resolution about 50 pixels by means
of high engine speed (about 6000 RPM).

The disadvantage of this solution is heavy loss of
information-carrying light energy. The reasons of
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6rnaromapst HebonbInok BeicoTe JIJITC MOSKHO pa3MelIlaTh
Ha BHeIIHeN IIOfBECKe BepTOJeTa KJIM 'BCTPAHUBATh'
B pro3e/IsK BepTo/ieTa, B OT/IMUHe OT 6o/1ee rabapUTHBIX
cuctem HELLAS-W u LOAM, KOTOpBIe MOTYT pacIiojia-
raThCs TOJIBKO Ha BHEIHEH I0jBecKe BepToJieTa.

BaskHO OTMETUTb TOT GAKT, UTO CHHTE3UPOBAHHOE
n3obpaskeHue, IIOTy4YeHHOe OT JIa3epHOro JIOKATOPa,
MaJIOMHOOPMATUBHO, M HOCTATOYHO TPYLHO HIEHTU-
duLMpyeT OKpysKaIOIIy0 o6CTaHOBKY. Ilostomy JIJITC
IIapasUlesIbHO C JIa3epHBIM 'CKAaHHPOBAHHBIM' H300pa-
SKeHHeM IpHMeHseTcsi obmiedpoHoBoe H306paskeHHe
CLIeHBl Hab/mofleHUsl OT TeleBHU3HOHHOM MM TeIlo-
BU3HMOHHOK KaMepsl C II0JIeM 3PeHHsI, PaBHBIM IIOTIO
"IMpocMOTpa” JIa3epHOM CHUCTeMBI. B 3TOM ciy4ae CHH-
Te3UPOBaHHOe H300paskeHMe, IONyUeHHOEe OT Jia3ep-
HOTO JIOKAaTOpa, HaK/IaAbIBAeTCS Ha H300paskeHHe
OT TeJIeBU3HOHHOM M/IH TeIJIOBU3HOHHOM KaMepbl, UTO
I103BOJISIET JIETYMKY OPHEHTHUPOBATLCS B IIPOCTPAHCTBE
M OJHOBPeMEHHO BHJETb Ha H300paskeHHH OKpysKalo-
IIer0 ITPOCTPAHCTBA IIPEISTCTBUS, IpelCTaBIsIoe
OIIACHOCTb JIJISl BepToJIeTa.

IIprMepsl BU/IEOCIOKETOB (PHC.5, 6) 0TOOpaskaroT
Ha MHJMKaToOpe HaJIOKeHHble M300pakeHUs 3aKabUH-
HOTO IIPOCTPAHCTBA OT TeJIeBU3HMOHHOM HJIM TeIlJIOBU-
3MOHHOIM KaMepbl U CHHTe3UPOBAHHbIE HM300pasKeHUs
OT JIa3€PHOM JIOKAIITUOHHOM CHCTEMBI.

3AKJ/TIOMEHUE
TakuM 06pa3oM, BHeIpeHHe B 0630pHO-TIMJIOTa KHBII
KOHTYp KBO BepTo/IeTOB la3epHBIX Tesle(TeIlI0)BU3HOH-
HBIX CHCTeM 00eCIeurT eMy IIHPOKHe QyHKIIHOHA/Ib-
Hble BO3MOKHOCTH. Bo-TiepBhIX, 0630p 3aKabHMHHOIO
[IPOCTPAHCTBA MepeiHer MoaycPephl [0 HAIIPaB/IeHH IO
IosieTa BepTo/leTa. Bo-BTOpPBIX, OOHapyskeHHe M BU3Y-
AIM3aLMI0 IPelsSTCTBUH (IIPoBoJa KU OIOPHl JIMHUM
3JIeKTpoIlepesiad, JbIMOBBIX TPYD, MauT U APYTUX BBICO-
KUX 006BeKTOB) II0 HaIlpaBJIeHMIO II0JIeTa BepToseTa
B YC/IOBHSX C1abor BUAMMOCTH. B-TpeTbuX, GOpMHUPO-
BaHHe BH/Ie0N300pasKeHH I 3aKabHHHOr0 ITPOCTPAaHCTBA
nepefHeN nonycepsl 10 HAIIPaBJIeHHIO I0/IeTa BEpTO-
JIeTa U BBIAAYY €ro B CUCTeMY O0ToOpaskeHUsI HHPOpMa-
uuu (Ha MOU B xabuHe Bepronera). U, B-4eTBEpPTHIX,
bopMHpOBaHMe CUIHA/la O HAJIMYHUH MPensTCTBUI
M JATBbHOCTH [0 HHX C BO3MOKHOCTBIO €r0 HajIbHeL-
IIero Ha/IO’KeHHsI Ha BUJIeon306paskeHHe, IoydaemMoe
OT TeJIeBU3HMOHHOM (TETIJIOBH3UOHHO) KaMepBI.
Brtouenue JUITC B cocTaB KOMILIeKca 60pToBoro 06o-
pyzoBaHus (KBO) BepTo/IeToB B I'PaskJAHCKOM U rocyaap-
CTBEHHOH aBHALIMM CYILECTBEHHO IOBBICUT BO3MOYKHO-
CTH 6e30I1aCHOro ITHMI0THPOBAHK S BEPTONIETOB Ha MaJIbIX
BBICOTAX M B YC/IOBHSIX IIIOXOM BHIMMOCTH. CHCTeMa
3a6/71aroBpeMeHHO ITpelyIIPeIUT SKUIIaK O BO3SMOKHOCTH
CTOJIKHOBEHHSI C IIPeIISITCTBUSMU Ha Iy TH KX II0JIeTa.
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energy loss are the limited area of single lightguide
and complex structure of optomechanical scanning
unit.

Scanning system of Russian TV lidar system
is built on the basis of image scanning along
smooth curves. Such approach is the reason of
energy benefits and acceptable operation speed.
Scanning is carried out by method of offset
path along smooth progress and (in the second
cycle) regress 2D curve. Archimedes curve can
be chosen as such curve. This method provides
scanning area of 128x128 points per cycle. The
approach allows to use all width of scanning
system frequency-gain characteristic and provide
the sweeping of space with laser beam together
with photodetector lens entrance pupil in FOV
angle 300x300, spending less than 200 ms. So
the obstacle information refreshment rate is
more than 5 Hz, opposed to HELLAS-W with the
refreshment rate of 2 Hz.

Special structure of magnetic conductor with
coils and angular position sensor was developed to
provide the frequency band of 400-500 Hz, which is
necessary for deflector operation at low sweeping
amplitude. Angular position sensor makes possible
the use of self-contained deflector control system
(figure 4).

Mass and dimension parameters of TV lidar
optoelectronic system, developed with scanning
system described above, are lower than those of
foreign lidar systems, while the functionality of
Russian system is better. In addition, low height
dimension of the system makes possible to place
it on sling or integrate into helicopter fuselage,
unlike HELLAS-W and LOAM, which are bigger
and can be placed on sling only.

It is important that synthetic image from lidar
system gives little information and it is hard to
identify the image with external environment.
Therefore TV lidar system outputs background
image of the scene under observation from TV or
thermal imaging camera simultaneously with the
image from laser scanning system. Fields of view
of TV or thermal imaging camera and from laser
scanning system are equal. In this case synthetic
image from laser locator is overlaid on the image
from TV camera or thermal imager. It helps the
pilot to orientate the aircraft and at the same time
to see all the obstacles which are dangerous for the
helicopter flight.

Examples of video displayed in the cockpit are
given on figures 5 and 6. The pictures show the
external environment and are the images from
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TV camera and thermal imager with overlaid
synthetic image from TV lidar system.

CONCLUSIONS

Thus, integration of TV/thermal imaging lidar

systems into avionics system will guarantee:

« Viewing of external environment in the front
hemisphere on helicopter course;

« Detection and visualization of obstacles
(power line wires, transmission towers,
chimneys, masts and other high objects) on
helicopter course in poor visibility;

« Video imaging of external environment in
the front hemisphere on helicopter course,
and image transfer to the display system
(output on multifunctional displays in the
cockpit);

« Shaping of the information signal about
obstacles and obstacle range with further
overlay of the signal on the video from TV
camera/thermal imager.

Integration of lidar TV system into civil
and special helicopter avionics system will
substantiallyimprove flightsafetyatlowaltitude
and in poor visibility, and prevent possible
collisions with obstacles on helicopter course. =
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