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INPUJIAAY OIITUYHOTI'O JIOKATOPA

A. 1 Jlenix, B. B. Aluxo, B. I. Canmoniu

Anorauis. [IpoBeneHo anamiz mpoOjaeMaTuku B crienuigHIi 001acTi ONTHKO-EJIEKTPOHHOTO
npwianoOyayBaHHs. OmucaHo po3poOiieHHi ONTHYHUN TIpHial, SKUAN 3a0e3redye giarpamy
CHpsIMOBaHOCTI onTuyHOro Jiokaropa (OJI), 3a HOro BUKOpHUCTAaHHSAM, BTPHUI IIWPIIE, HDK B pasi
3aCTOCYBaHHS CTaHIAPTHOI JTiH3H. ONMUCAHO TEXHOJIOTIIO HOTO PO3POOKH B IPOTPAMHOMY CEPEIOBHII
3D monemtoBanHs. OmmcaHa CYTHICTB 1 IJIb KOMI'FOTEPHOTO TPAacyBaHHS MPOMEHIB B aCIEKTi
MOCTaBJICHOTO 3aBAaHHs, 00pOOKa 1 OIlIHKAa OTPUMAHUX JIaHUX.
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COMPUTER SYNTHESIS AND ANALYSIS OF WIDE-WIDE OPTICAL LOCAL
RECEIVER

Ya. I. Lepikh, V. V. Yanko, V. I. Santoniy

Abstract. The analysis of problems in the specific area of optoelectronic instrumentation is
conducted. Describes the developed optical device, which provides the radiation pattern of the optical
locator (OL), using it, three times wider than in the case of using a standard lens. The technology of
its development in the 3D modeling software environment is described. The essence and purpose
of computer ray tracing in the aspect of the task, processing and evaluation of the received data are
described.

Keywords: optical location, 3D modeling, ray tracing, lens

KOMITIBIOTEPHBIN CUHTE3 U AHAJIU3 IIUPOKOYT' OJIBHOI'O TIPUEMHOI'O
IMPUBOPA OIITHYECKOI'O JIOKATOPA

A U Jlenux, B. B. AInxo, B. U. Canmonuti

Annotaums. [IpoBesieH aHamu3 mpoOiIeMaTHKe B crielin(hUIeckoii 001acTH ONTHKO-EJIEKTPOHHO-
ro npudopoctpoeHus. Onucad pa3paboTaHHBIA ONTUYESCKHA MPUOOP, KOTOPBIN 00eCTIeUnBaeT qra-
rpaMMy HarpaBJICHHOCTH onTudeckoro Jiokaropa (OJI), ¢ ero ucnonab3oBaHUEM, BTPOE LIUPE, YEM B
cllyyae TIPUMEHEHHUSI CTaHIAPTHOM JuH3bL. ONucaHa TEXHOJIOTHUS €ro pa3paboTKU B MPOTrPaMMHOM
cpene 3d mozenupoBanus. OnucaHa CyUIHOCTb U L€JIb KOMITBIOTEPHOM TPACCUPOBKH JIyueil B acek-
TE MMOCTABJICHHOTO 3a/1aHKs1, 00Pa0OTKA M OIIEHKA MOTYYEHHBIX TAHHBIX.

KaioueBble ciioBa: ontuueckas jokanus, 3d MoJenpoBaHne, TPaCCUPOBKaA Jy4eH, JTMH3a

Beryn : .
Hi Ha BX1JIHY OIITHKY 1 BEAC O0 11 YCKIaJIHCHHS.

PimmenHs mpoOneMu CeKTOpyBaHHSM JiarpaMu
(3actocyBaHHs OUTBIIOT KITBKOCTI (HOTOMIOIIB)
BUKIIMKA€ TIPOOJIEMH CIIONTYYCHHSI CEKTOPIB Ta
iABHUILEHHS [[IHU IPHCTPOIO.

Jliis GaraTboX MpakTUYHUX 3aBIaHb IOTPiOHE
mmpoke nosne 3opy OJI. [leski 3 Hux:

*  BU3HAUYCHHS LUICH;

*  OXOpOHA NEPUMETPIB;

*  KOHTpOJIb 3aBa/l.

JocuTe yacto He MOTPIOHO HAaBITh BU3-
HAYeHHsS HANpsAMKYy Ha 3aBajy, a Ba)XJIMBUH
e caMm Qakt ioro nosisu. B npomy Bumasn-
Ky NpUHHATHHA ONTUYHMHA CHUTHAN MoOXe OyTh
c(OKyCOBaHUI Ha YyTJIUBY MOBEPXHIO OIHOIO
¢orornpuiiManbHOro neperBoproBaya. CyuacHi
MIBUAKOAIF0Y1 (DOTOAIONM (HATIPHUKITA]l TABUHHI)
MaroTh Yy TIMBY IOBEPXHIO, 1110 HE IEPEBUIILYE B
miametpi 1 mm. Lle Haknagae 3HaYHI OOMEKEH-

IMocTanoBka 3aaui

Sxmo mime  (00°€KT) ONTHYHOT  JIOKAITii
MOXe€ 3’SIBUTHCS 3 BHIIQJJKOBOTO a3MMYTaJIbHO-
r0 HaIpsMKY, JOIIIBHO JOMaraTucs BisUIOBOT
JiarpaMy CIpSIMOBAHOCTI JJISl TPUHMAabHOTO
Ta BUIPOMIHIOBAJLHOTO ONTUYHHUX CIIEMEHTIB.
JIns nmpuiiManbHOrO ONTUYHOIO €JIEMEHTa 3a-
BIQHHS 3BOJHUTHCS JIO MOXJIHMBOCTI (hOKyCY-
BaHHS JIyTW IO CBITUTBCS, 3 KyTOM PIBHUM
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HeoOxiHOMY KyTKy 30py OJI, B rutory uyTinuBoi
MOBEPXHI OINTOEJIEKTPOHHOTO MEPEeTBOPIOBaYa
IpU BiANOBITHOMY IOCTUpPYBaHHI. Po3risHemo
3aCTOCYBAHHS 3BUYAHOI CepUIHOT JTIH3H A
MIOCTaBJICHOTO 3aBJAHHS.

/% oTonpuimay
d<Tmm

\ #

/( {”  onTuuHa sice

Z’/ (Z

Puc. 1. OnTnyHa cxemMa 3acTtocyBaHHs chepuuHoi
Jin3u B OJ 3 INPOKOKYTHHM 10JIeM 30PY.

Ly w L2 — Bincrani Big ninsu 1o ayru o
CBITHUTBCS 1 11 300paKeHHS;

d — niameTp 4y TIMBOTO MOBEPXHI (poTompHii-
Maya,

H| wn H, rabaputHi po3mipu ayru i ii 300pa-
KESHHS;

S — peanbauii Kyt 30py OJI;

o, — HeoOxiaHu# KyT 30py OJI.

Jns  migBUIEHHS YYTIMBOCTI JIOKaropa
HE0OX1HO 301IBIITYBaTH BXIHY aniepTypy MpH-
HMaJIbHOTO ONITHYHOTO MPHJIAJY, B HAILIOMY BH-
najKy aiameTp JiH3u - D. 3 Pucynka 1 st ToH-
KHX JIIH3 CIIPaBETUBO

Hy Li, (1)

Ha Bigcrans L , MOKHA HaKJIaCTH OOMEKEHHS

TOMY IIIO JliaMeTp JIiH3U HE MOXe OyTH MEHIIe
cBoe€i (hokycHoi Binctani — F . Toxi

Hy2D-sin(3) 5

Jns kyta 30py Jiokatopa — 60° 1 BXinmHiit
areptypi — 50 mm (3) raGapuTHa JOBXKHHA
300paxXeHHsT Iyru ckjiaae Ourbmie 25mm. bes

JOJTATKOBOI  ONTHYHOT OOpOoOKM  (CKIamHui
00’ €KTHUB 3 BEJIMKOIO KIJTbKICTIO JIIH3 1 T.11.) TIO0Y-
JlyBaTU TAKUU JIOKATOP HE € MOXJIUBUM. SIKIIO
BUKOPHCTOBY€ETHCS OUH (POTOAI0/, Uy TJIMBA IO~
BEPXHSI SIKOTO Ma€ JiaMeTpoM lmm, TO KyT 30py
OJI 3 ToHKO1 cepuuHOi JIiH30I0 Oy/ne MEHIIe
2,3°. Ha mpakTuili OTpUMaTH KyT 30py Oijiblie
1,6° nocutp ckmagHo. HeoOxigHO po3poOuTH
ONTUYHUN TpUIIaa, 10 JO03BOJISIE MOOYIyBaTH
OJI 3 MakCUMaNbHO HIMPOKUM PEATTLHUM KyTOM

30py.

Metoa po3B’si3aHHA 3a1a4i

Texnonozia po3pooKu ONMUYHO20 NPUNAOY
oz wupokozo kyma OJ1

[Tpunan po3poOIsBCS METOIOM ITEPATHBHOT
kopekuii #oro 3D Momem 3 IOCHIIKSHHIM
ONTUYHUX BJIACTHBOCTEH KOMIT IOTEPHUM Tpa-
CYBaHHSM IPOMEHIB Ha KOXKHOMY Iukmi. Tpa-
CyBaHHS TPOMEHIB TPOBOIWIACH METOJOM
1HBEpCHOT'O TPacyBaHHs, KOJIH JKEPEJIOM CBITIa
CTa€ ONPOMIHEHUH 00’€KT. Y HaloMy BUIAIKY
e JyTra [0 CBITHTHCS 3 KyTOBHM po3Mipom 60°.
3D cueHa cka1aeThes 3 IBOX 00’ €KTIB: AYTH IO
CBITUTBCS JOBXKHUHOIO 10 M 1 qOCIHIiIKyBaHOTO
ONTUYHOTO TPUIALy. 3AIACHIOETHCA IOCTHPY-
BaHHS CUCTEMH 3MIILIEHHSIM 1 TOBOPOTOM IpHUIIa-
Iy TAKUM YHHOM 11100 300paskeHHs AyTH TOTpa-
WJIO Ha ClelianbHy MOBEpXHIO. OIHIOETHCS
rabapuTHUi po3Mip 1 C(QOKYyCOBaHICTb 30-
OpakeHHs. OCKUIBKM B JaHOMY BHUMAJKYy
JOCTIKY€EThCSL KYT JAlarpaMu CIPSIMOBAHOCTI,
TO MM HE OILIHIOEMO €HEPreTHYHi IHTEeTrpasbHi
napaMeTpy MPUHHATOTO ONTUYHOTO CUTHAITY.

OnTuyHui NpUJIaJa 3 pO3MMPEHOIO Tiarpa-
MO0 CIIPSIMOBAHOCTI

Amnani3 BapiaHTIB 0a30BUX THIIIB ONTHYHHX
npuiIaiB MoKas3as, 10 JJs TOCTABJICHOI 3a/a-
4l ONTUMAJIBHOIO € TPU3Ma 31 CKJIAJHOIO A3ep-
KaJbHOIO TIOBEPXHEIO BHYTPILIHHOTO BiOUTTS.
BxinHOIO MMOBEpXHEIO € KPYTOBUIM CErMEHT M-
JHApPA, 10 OAHOYACHO € BUMOTOI0 KOHCTPYKIIIT
JIOKaTopa 1 CIYXHUTh PO3UIMPEHHIO iarpamu.
Jns Bubopy ¢opmu MOBEpXHi, L0 BiIOHMBaE
Oynu BUBYEHI PILICHHS JJIS 13epKAIbHUX aHTCH
HBUY nianazony. MakcuMaabHO MIUPOKHIA OIS
Ma€e TOpOigabHO-apaboiuyHIi pedIIeKTop.

53



4. 1. JIenix, B. B. fIuko, B. 1. CanTonii

Bin yTBOprOo€ThCS 00EpPTaHHSM YTBOPIOO-
4oi, 10 € BiJPi3KOM Tapabou, HABKOJIO BICi,
0 MEepHeHAUKYIsIpHa Bici adciuc mapadomu.
Touka ¢okycy mnapabomu mpu Takomy o0ep-
TaHHI YTBOPIOE «(POKAIBHY JIYTY», Y3IOBXK SKOi
PO3TaIIOBYIOThCS MepeTBopioBaui. Takuil ped-
JIGKTOp TOEIHY€E BIACTHBOCTI MapaboOIivyHOro
1 chepuuHoro n3epkan. BukopucranHs Topoi-
JATbHO-TIApa0OIIYHOTO peduiekTopa T03BOIISE
OpraHi3yBaTd IpUIMaHHS B IIUPOKOMY CEKTOPI
(«By371i CKaHYBaHHS») Y3I0BX (OKAJIBHOI TyTH
6e3 momiTHOrO po3dokycyBanHs. Buxopucto-
BY€ThCsl opceTHUI BUpi3 cermMeHTa 6a30Boi (i-
Typd, MPUYOMY TaKUM YHHOM, IIO0 IUIOIIMHA

[To6ynoBa mapadonu oOepTaHHsa Ha 6a30BOMY
2

. X
ecKi3i 3a GopMyJIoI: ¥ = 1 F ne F - hokycHa

BiJCTaHb

| |
®opMyBaHHS BEPTHKAIBHOTO KyTa AiarpaMu
CHPSIMOBaHOCTI
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BISTOBOI JliarpaMy CHPSIMOBAHOCTI JISTNa T
KyToM 45° 1o Bici obGepranus (Puc. 2). [ToBepx-
HS TIPU3MH, 1[0 BUKOHYE POJIb TOPOiNaIbHO-TIa-
paboMIYHOTO A3epKaia TMOKPUBAETHCS TOHKUM
mrapoM Metany. [cHye neKisibka TeXHOIOTIN i€l
npoueaypu. JoOpuit pe3ynbrar gae HaMUICHHS
y BaKyyMi, HallpUKJIaa, aimominiro. [Ipuzma po3-
paxoByBajiach JJIsl BUTOTOBJICHHS 3 ONTHYHUX
Mapok ckia. Ta i maboparopHuii BapiaHT 3 op-
raHivYHOTO CKJIA MOKa3aB MPAKTUYHO PO3pPaxXyH-
KOBI ONTHYHI XapaKTEPUCTUKU. YCi MOBEPXHI,
He 3aisH1 y popMyBaHH1 300paxeHHs, O0axaHo
3pOOUTH MAaTOBUMH 1 TIOKPUTH CBITJIO MOTJIMHA-
I0YUM ILIAPOM.

Ha Bizminy Bix napadomnoiga oOepTaHHs, TOPOiL.-

rapabomnivyHe A3epKano OyAyeThCcs 00epTaHHIM
mapaboJii HaBKOJIO Bici IapaieNbHil Bici x Ha
BifcTaHb [ - k, 1e k - BapilioBaHUI napameTp

®dopmyBaHHs Kpyrooi aneptypu. OdcerHuil BUpi3

3abe3neuye GoKyCcyBaHHS Ha CIIEIialIbHY
MOBEPXHIO Y BEpXHIN YaCTHHI puIiay
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®opmyBanHa BuXigHoi noBepxHi. Ha el
(hOKyCyeThCs 300paXKeHHS IyTH M0 CBITUTHCS

dopMmyBaHHS IIMITIHAPUIHOI TTOBEPXHI BXiTHOT
aneptypu. Lle momaTkoBO po3mmproe miarpamy
CHPSIMOBaHOCTI

®dopMyBaHHS OTBOPY JUIsl BCTAHOBJICHHS
BUIIPOMiHIOBaya. L{eif exeMeHT noBHHEH
MIiHIMaIIbHO 3aTiHIOBATH BXiJIHY aniepTypy

Pe3ynbTryroue 300paskeHHS IpUIIaLy

Puc. 2. locainoBHicTh moGynoBu 3D Moze1i ONTHYHOTO MPHIATY.

Ha puc. 2 HaBeseHa mociiOBHICTh CHHTE3Y
ONITUYHOTO MPUIIAY 3 PO3LIIUPEHOIO A1arpaMoro
CIPSIMOBAHOCTI Y MPOrpaMHOMY CEPEIOBHIIL
Autodesk Inventor. IIpu xoxuiit kopekuii 3D
MOJIeJli TIPOBOAMIIOCS TPAaCyBaHHS MPOMEHIB B
MporpamMi aHajizy ONTUYHUX 00’ €KTIB KOMIaHil
Lambda Research Corporation - TracePro.
Ha pucynky 3 HajaHi CKPIHIIOTH TaKOTO
JOCTIDKeHHS. 3aBIsSKN aHali3y XO1y MPOMEHIB
BIQJIOCS BUOpaTH HANOUIBII ONTHMAIBHE IIO-
JIOKEHHSI OTBOPY JJIsl BCTAHOBJICHHS J1a3epHOTO
BUIIPOMIHIOBaYA.

Bich mumiHAPUYHOTO OTBOpY MapayielbHa
NPOMEHSIM, 3aJOMJICHUM BXIJHOIO MOBEPX-
HEIo, Mo 3a0e3redye MiHIMaJIbHE 3aTiHECHHS.
Kpim Toro, 1ieit oTBip po3TanmioBaHUi B MicIli 3
MIHIMaJHHOO MIUTBHICTIO TIPOMEHIB IO MPOX0-
JISITh.

[Ticns xoxxkHOT Mommdikarii 3D Momeni on-
TUYHOTO TIPUJIaLy MPOBOIUBCS €KCIOPT (haiiimy
MozleNli 'y mporpamHe cepepoBuine TracePro.
[ToTiM BUKOHYETBCS ii TIO3UITIOHYBaHHS, yTOU-
HEHHS TIapaMeTpiB JKEepeIl CBITIa, TPpacyBaHHS
MIPOMEHIB 1 aHaJli3 OTPUMAHUX PE3YJIbTaTIB.
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P e I

Puc. 3. TpacyBaHHsi IpPOMEHIB 1110 BUXOAATH 3 IyTH IO

CBiTHTBHCA.

Puc. 4. a) giiicHe 300paxeHHs1 Ayr'd IO CBITUTbCH Y
60° Ha BMXiIHili MOBepXHi ONTHYHOrO MpuJiaaxy; 0)

¢doro iioro peanizauii 3 oprekia.

Ha pucynky 3 a) HaBeJieH CKpiHILIOT TPOTpaMu
TracePro 3 iHTErpajgbHOIO OIIIHKOIO TPACyBaHHS
npoMeHiB. KoxeH npomiHe, 1110 IpONIIOB yepe3
BUXIJIHY ITOBEPXHIO 3aJIMIIIAE€ KPAIIKY, SICKPaBiCTh
SIKOT 3aJIEXKUTH B/l CHEPTeTUYHUX XapPAKTEPUCTUK
npoMeHst. PaKTUYHO 1€ KOMIT IOTepHAa MOJEIb
JICHOTO 300pa’keHHs JyTH 110 CBITUTHCS B 60°
Ha BUXIJHIA TMOBEpXHI ONTUYHOTO mpuiany. ['a-
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OapuTHHUI po3Mip 300paskeHHs JOpiBHIOE 12 MM.
Sxmo B OJI BUKOPHCTOBYETHCS OIUH (OTOMION,
SIKUI Ma€ 4y TIIUBY TIOBEPXHIO 1mm?, TO KyT 30py
OJI 13 3acToCyBaHHSIM 3aIIPOIIOHOBAHOTO TPHJIA-
oy cknane 5°. Lle maiixke BTpuui Oijblie, HIX B
pa3i ToHKOi chepuunoi JiH3u. OnHAK IIOTO HE
nocratHbo st modynou OJI 3 kyramu 30py B
JIECSTKU TPATyCiB

3akioueHHs

IcHytOTH IEBHI BUpIIIICHHS ITi€1 3a/1a4i. AJie B
Oy/b-sSIKOMY BUMAJIKy, PO3pOOJIeHUN HAMU TPH-
Jaj CyTTEBO CHPOILYE L PillIEeHHs, Ma€e Kpaiii
TEXHIYHI XapaKTePUCTUKU 1 MEHIITY BapTiCTb.
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Summary

The analysis of the problems in a specific field of optoelectronic instrumentation, namely: the
field of application and means of achieving a wide-angle field of view has been made. A comparative
calculation of the use of a spherical flat lens for the formation of a wide-angle directional diagram
is presented. The technology for the development of optical instruments using computer simulation
in Autodesk Inventor 3d synthesis software environment and the Lambda Research Corporation -
TracePro program for analyzing optical objects by ray tracing is described. The searching by the
classification features of an optical device that is synthesized, by analogy to the microwave range
of reflector antennas has been substantiated. The developed optical device is described, which is a
prism with a complex mirror surface of internal reflection, which provides the directional diagram
of an optical locator (OL) when it is attracted three times wider than in the standard lens case using.
Skin windows of program windows are given that explain the sequence of actions with geometric
objects during the optical device construction. The essence and purpose of computer ray tracing in
the aspect of the task, the processing and evaluation of the data are described.

Keywords: optical location, 3d modeling, ray tracing, lens
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Pegepar

[TpoBeneHo anami3 npobIeMaTHKH B crieludiuHiid 001acTi ONTUKO-EIEKTPOHHOTO MpHiIano0y-
JyBaHHS, a caMe: c(epu 3aCTOCYBaHHS Ta 3aCO0M JIOCATHEHHS IIMPOKOKYTHOTO 1oJis 30py. HaBo-
JTUTHCS TIOPIBHSUIBHUI PO3paxyHOK 3aCTOCYBaHHS c(PepUUHOI IIIOCKOT JIH3H 3311 (HhOpMyBaHHS
IIMPOKOKYTHOI BisSUTOBOi JiarpaMu cripsiMoBaHOCTi. OTMHMCAaHO TEXHOJIOTII0 PO3POOKH ONTUYHUX
IpUJIaJIiB 3a JTOMIOMOTOI0 KOMIT FOTEPHOTO MOZIEIIOBAHHS B IPOrpaMHOMY cepezoBuilli 3D cunresy
Autodesk Inventor Ta B mporpami aHaiizy ONTHYHHX 00’ €KTiB TpacyBaHHSM npomeHiB Lambda
Research Corporation - TracePro. OOrpyHTOBY€TbCA MOIIYK 32 KiacH(pikamiiHUMHU O3HAKaMH OII-
TUYHOTO MpPUJIALy, II0 CHHTE3Y€EThCS, 3a aHANoTriel0 a3epkanbHux anteH HBY nmiamasony. Omu-
CaHO po3poOJIeHUI ONTUYHMUN MPHIIAJ IO € MPU3MOIO 31 CKIATHOIO J3EPKAJIbHOIO IMOBEPXHEIO
BHYTPIIIHBOTO BiAOUTTS, KM 3a0e3neuye aiarpaMmy CHpsSMOBAaHOCTI onTu4HOro Jokaropa (OJI),
3a WOro 3aJlydueHHsIM, BTPHUI LIMpIIE, HDK B pa3i 3aCTOCYBaHHS cTaHmapTHOI JiH3u. HaBoasThb-
Csl CKUHILIIOTH BIKOH IPOTpaMm siKi MOSCHIOIOTh MOCTIIOBHICTD Jilf 3 TEOMETPUUYHUMH 00’ €KTaMH
mig yac noOyIoBH ONTUYHOTO mpuianxy. OnucaHi CyTHICTh 1 IiJIb KOMIT IOTEPHOTO TPaCyBaHHS
IIPOMEHIB B aCMEKTi OCTABJICHOTO 3aBIaHHs, 00OpOOKa 1 OI[iHKa OTPUMAHUX JaHHX.

Karouosi cioBa: ontuyHa nokauis, 3D MozentoBaHHs, TpaCyBaHHs IPOMEHIB, JTiH3a
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