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Memoou i cucmemu onmuino-e1eKmpoOHHOI ma yupoeoi 00podKu cuznaie

iHIeKC CKJIaJHOCTI ONTHYHOT CXeMH i Jieski eBpUCTHUHI npaBwmia (opMmaiizaiii nepexoay Bill BUMOT TEXHIYHOTO
3aBaHHs 10 BUOOPY eneMeHTHOT 0a3u ONMTHYHOT CHCTEMU.

TakuM 4nHOM, NOKa3aHa aKTyalbHiCTh opmanizauii npolecy NpoeKTyBaHHS ONTUYHUX CHCTEM, OCHOBAMH SIKOT €
NUTaHHs Kiacudikanil i karanorizaiii B 3B's13Ky 3 BEJIMKUMHU apXiBaMH PO3paXOBaHUX ONTHYHUX cucTeM. [1pu 1po-
My KiacuikamiifHA{ migxig 10 KaTaloriB ONTHYHUX CUCTEM MOXe OyTH OCHOBHUM ()aKTOPOM CKOPOUEHHSI TepMi-
HiB HOBUX po3pobok. Takwii minxin Moke BHKOPHCTOBYBATHCS Uil PO3YMiHHS HEOOXiTHOCTI CTBOpPEHHS apXiBiB
po3pobok i knacudikarii miel inpopmarii.

KumrouoBi cioBa: xinacudikaiisi, kKatanaor, ONTOTEXHiKa, PO3paXyHOK ONTHYHMX CXEM, ONTHMi3allisl, BilIOMOCTi Ipo
OCHOBHI ITapaMeTpH CUCTEMH, SIKICTh 300paKeHHs.
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CLASSIFICATION APPROACHES FOR THE SOLUTION OF THE TASK OF THE CHOICE
OF BASIC MODEL OF OPTICAL SYSTEMS

The article shows the urgency of creating libraries of computer programs that are designed for modeling and
technological adaptation of optical systems of any class, taking into account the specifics of design developments,
the features of technological processes for manufacturing optical parts, and assembling ready units and devices. This
is due to the need to computerize the design and processing of measurement results for optical system parameters.
One of the trends in computational optics is the constant search for new circuits with improved characteristics.

Thus, the main objective of the work is to create a classification approach to the choice of the initial system (the
starting point of the OS design).

Classification bases of synthesis of optical systems are presented: a classification of optical schemes, modules, ele-
ments; their types; a cataloguing optical systems; the method of formalization of knowledge by means of decisions
tables; an index of complexity of the optical scheme and some heuristic rules of formalization of transition from
requirements of the preliminary specification to a choice of the element base of optical systems.

Thus, the relevance of the formalization of the OS design process is shown, the bases of which are classification and
cataloging issues in connection with large archives of calculated OS. At the same time, the classification approach to
the catalogs of optical systems may be the main factor in reducing the time for new developments. This approach
can be used to understand the need to create development archives and classify this information.

Keywords: classification, catalog, optics engineering, calculation of optical schemes, optimization, report of key
parameters of system, quality of the image.
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B oannou pabome paccmompersl  RPOAHATUSUPOBAHbI CYWECMEYIoUjUe KOHCIMPYKYUYU ONMUKO-21€KMPOHHBIX
cucmem aKkmueHoU 6e30nACHOCHIY, NOMOWU B0XHCOCHUID, OCHOBHbIe npuduHbl 6o3HUKHoseHus JITII, konyenyuu as-
MOHOMHO20 60COCHUS, NPEONONCEHA PA3PAbOMKA COBCMEEHHO20 YHUBEPCANLHO20 ONMUKO-3]IEKMPOHHO20 npubopa
ons 6cex munog asmomobuneti. OCHOGHBLM HEOOCMAMKOM MAKUX CUCHIEM SGNAemCs OMCYmMcmeue MoOUIbHOCMU.
Ananuz cywecmeylowux cucmem aKmMueHou 0e30NnAcHOCMU GblAGUN PAO OECCHOPHbIX NPEUMYUjecme OnmuKo-
INEKMPOHHBIX CUCIEM, d MAKHCE OOKA3AN 3P PeKMUBHOCMb UX NPUMEHEHUSL.

Kniouesvie cnosa: ADAS, Autonomous Driving Car, SLAM, LIDAR, SAE, obpabomka uz06paxceruil.
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Brenenne

B Hacrosimee BpeMsi KOMITBIOTEPHU3AIIUS B aBTOMO-
OusecTpoeHrH pa3BUBAETCsl OBICTPBIMM TEMIIAMU U WI'-
paeT OrpOMHYI0 poJib B 0€30MaCHOCTH JIOPOMKHOTO JIBU-
skeHHst. [Ipy NOMOIIM KOMITBIOTEPHBIX TEXHOJIOTHH aB-
TOMATH3UPYETCs IIMPOKUI KpyT MPOIECCOB, KOTOpPbIE B
HEJIaJIeKOM TTPOLIIIOM BO3JIaraiuch Ha YelloBeKa.

Pemenue npoOiemsl pacno3HaBanus 1 00padoT-
KW M300paxeHui 1, Kak ClieICTBUE, MPENOTBpalLEeHnE
aBapUHHON CHUTYallMW SBISIETCS JIOBOJBHO BaXKHBIM
acriekToM 0e30T1aCHOCTH M KOHTPOJIS JOPOKHOM CH-
Tyauuu. CUCTeMbl aKTUBHOHW 0€30MaCHOCTH M03BOJIsI-
0T KOPPEKTUPOBATH OMIMOOUHBIE ASHCTBUSI BOIUTENS,
u30eratb SKCTPEHHbBIX CUTYallMi, MOBBICUTH Oe3omnac-
HOCTb JIOPOKHOTO JIBH)KEHHSI.

AKTyaslbHOH, BOCTPeOOBAaHHOW M MHTEPECHOH
TEMOW ITOTr0 MCCJIENOBAHUS SIBISIETCS aHAIU3 U pas-
paboTka cOOCTBEHHOTO YHHBEpCaJILHOTO Mpudopa
«koHcyJpTanuny Boautedst (ADAS) B Bompoce ak-
TUBHOW 06€30MacHOCTH.

Jlannsie uccnenoanuss (NMVCCS) [1] nmoka3sa-

I, 9TO OKOJO 95% IOpOXKHO-TPAaHCHOPTHBIX MPOHC-

mectBuit (JITI1) ObliM BBI3BaHBI OMIMOKOW BOJUTEIS.

N3 nux:

» 27,7% JTII Gbliay BbI3BaHbI J€HCTBHSIMH BOJIUTE-
151 (HampuMmep, OTCYTCTBHE KOHTPOJIS Harpasiie-
HUSI, TPEBBIIIEHHE CKOPOCTHOTO PeXHUMa);

» 25,4% JITII BbI3BaHbl OIIMOOYHLIMH JIE€HCTBUAMM
BOJIUTENII B JKCTPEHHOW CHUTyaluu (HarmpuMmep,
pe3Koe TOPMOXKEHHE Ha CKOJIB3KOU JI0pore);

» 22,5% JITIT BbI3BaHBI KPUTHYECKUM COCTOSIHUEM
BOJIMTEIS] (COHJIMBOCTD, (PU3NUECKHE HAPYILICHHS);

» 19,8% MOTII BbI3BaHBI HEBHUMATEILHOCTHIO BOJIH-
Tens (HampuMmep, OTBIeueHHe Ha TeneOoHHbIH
3BOHOK).

JlanHasg Tema ABIAETCS AKTYaJbHOH, IOCKOJIBKY
6onee 40% ATII mpoucxonuT u3-3a HEBHUMATEIBHO-
cti BoguTenst (puc. 1), a dJIEKTPOHHBIE ACCHCTEHTHI
CBOJIST 3TOT MPOIEHT K MUHUMYMY [2].
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Puc. 1. lnarpamma npuunn Bo3uukHoBenus A TII [1]

CymiecTByomuye ONTHYECKHE CHCTEMbI aK-
THBHOH 6e30macHOCTH

Ha ceroausiiHuii AeHb OONBIIMHCTBO aBTONPO-
I/ISBO)I[VITCJ'Ieﬁ MPUMEHSOT ONNTUYCCKUC aKTUBHBIC CHUC-
TeMbl 0€30MacHOCTH, kak Hanbosee HHHOPMaTHBHEIE.
B mape ¢ ontuueckumMH NMpPUMEHSIIOTCS CUCTEMBI, I10-
CTPOEHHBIE Ha YJIbTPa3BYKOBBIX JaTYMKaX, OJHAKO
OJIMHOYHOE TPUMEHEHHE JAHHBIX CHCTEM Mayio 3¢-
¢dexTrBHO. B pamMkax JIaHHOTO HCCIIEOBaHUs pac-
CMOTPEHBI ONTUYCCKUE CHUCTEMBI aKTUBHOM Oe3omac-
HocTH [3].

B cBoeii 0OCHOBE JJaHHbIE CUCTEMbI COZEpKaT OIl-
THYECKUH NPUEMHUK H3aydeHHust (B OOJBLIMHCTBE
ciydaeB, BHAEOKamepa), MUKPOTPOLIECCOPHBIN OJI0K,
yCTpPOHMCTBO BbIBOJIa MH(popMauuun/Bo3aeicTBus Ha
opranbl ynpasienus. TpeboBaHusI K TaKUM NPHUEMHU-
Kam: rpuemiieMoe n300paxxeHue B JIHEBHBIX U HOYHBIX
YCIIOBUSIX, MUHMMAaJIbHasi WHEPIIMOHHOCTh, OOJIBIION
yroJ 00630pa, MUHUMaJIbHbIE abeppalnu, Majias Macca
1 TabapuThHl.

Bce cucrembl akTUBHOW 0€30MacHOCTH MOXHO
pasnenuTs Ha ABe Oosblive rpynnel: ADAS wu
Autonomous Driving Car (puc. 2).

Konuenuusa ADAS

Pacmmpennasi cucteMa TOMOINM — BOIUTEIIO
(«Advanced driver assistance systems», ADAS) - sTo
CHUCTEMbI, KOTOpPbIE MOMOTAIOT BOIMTENIO B IpOIecce
nBukeHns. OHW JIOJDKHBI MOBBICHTH 0O€30MacHOCTD
yTpaBJeHus aBTOMOOMIEM U, B IeIoM, 6€30MacHOCTb
JIOPOXKHOTO JIBUKCHHUS.

Bce mepeuncnennbie Bblllle CHCTEMbI OTHOCSTCS K
PaCIIUPEHHOMN CUCTEeME MTOMOIIM BOJMTEIIO, XOTS MOTYT
UCTIOB30BATHCS JIsl aBTOHOMHOTO BOXIEHUSI (pHC. 3).

JlaHHas TeXHOJIOTHS 00eCIeUnBaEeT JUIh «KOH-
CyJbTHPOBAHUE)» BOJMUTES] O CUTyallid Ha J0pore.
B3siTh MOJIHBIA KOHTPOJIL CHTyallud Ha ce0s oHa He
MoxeT. [loaToMy BomUTENIO HEJb3sl MOJaraThCsl Ha
JJIEKTPOHHBIX ACCUCTEHTOB [4].

PaccmotpumM cuctemsbl-coctasisiomue ADAS.
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Puc. 3. CxematnuHoe npeacrasienne aBTomoomns ¢ ADAS

ABTONUI0THPYEMbIE ABTOMOOWIN
Takoke B Haile BpeMsi HHTEHCHBHO Pa3BHBAIOTCS

aBTONMJIOTHpYEMble aBToMOOMWIM. B ofiem, Bce re-
pEUUCIIEHHBIE BBIIIE CHCTEMBI IUIABHO MOJBOJAAT K
ujee 0o OECHUJIOTHOM TPAHCIOPTHOM cpexactBe. B
CBOEW KOHCTPYKIMH OHH COJEPKAT KAMEPBI BBICOKOTO
pa3peleHus, MHOKECTBO JIaTUMKOB (JIMAApbI, YIAbTpa-
3BYKOBBI€), BRICOKOTOUHBIH GPS-ipuémuuk.

B n1aHHBIM MOMEHT aBTONUJIOTHPYEMbIE ABTOMO-
OMJIM HE B COCTOSIHUM OOECTEeUYUTh MOJHYI0 aBTOHOM-

HOCTb JIBUKEHHUS, XOTh B HEKOTOPBIX CHTYAIIUsIX BCE
ke He0OXOJMMO BMELIATeIbCTBO BOJUTEIISL.

Autonomous Driving (Autonomous car)

ABTOHOMHBIM aBTOMOOHJIb - OECHUIOTHOE Ha-
3eMHOE TPAHCIOPTHOE CPEACTBO, NPEACTaBIsIET cO00it
TPAHCIIOPTHOE CPEACTBO, KOTOPOE CIOCOOHO K OIIy-
IIEHUIO €r0 OKPY)KEHHS W HaBUrauuu Oe3 yqacTHsl
YeJoBeKa.

ABTOHOMHbIC aBTOMOOMIIM MCIIOJIBb3YIOT MHOMKE-
CTBO METOJIOB JUIsi OOHAPYKEHHUSI UX OKPYIKECHHS, Ta-
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KUX Kak panap, jasepublid syd, GPS, ogomerpus u
KOMITBIOTEPHOE ~ 3peHHe. PacIIMpeHHbIe CHCTEMBI
yHpaBJ/ieHUs MHTEPHPETUPYIOT HH(OpMaluio, MoJy-
YEHHYI0 C JaTYUKOB JJISi OIpEJeNIeHUs] COOTBETCT-
BYIOLIMX IMyTeH HaBUTALMM, & TAKXke MPernsTCTBUH U
COOTBETCTBYIOIIMX 0003HaYeHUil. ABTOHOMHBIE aB-
TOMOOWIIH JTOJDKHBI UIMETh CUCTEMBI YIPaBJIEHHs, KO-
TOpblE CHOCOOHBI Pa3jinyarh Jpyrue aBTOMOOWIIM U
NPENsTCTBUS Ha JA0pore.

B coBpeMeHHBIX OECHUJIOTHBIX aBTOMOOHIISX
UCIIOJIBL3YIOTCSl alrOPUTMBI Ha OCHOBe baliecoBckoro
METOJIa OJIHOBPEMEHHOM JIOKAIM3AlMU U MOCTPOCHHUS
kapt (SLAM, simultaneous localization and mapping).
CyTb paboThl QJITOPUTMOB COCTOUT B KOMOMHHPOBa-
HUW JIaHHBIX C JIaTYUKOB aBTOMOOWIS (real-time) u
nanHbIX Kapt (offline). SLAM u Meton oOHapyxeHUs
M OTCIEXHUBaHUS JBHXKYHIHXCS 00BbekToB (DATMO,
detection and tracking of moving objects) pa3paboTa-
HBI ¥ ipuMensitoTes B Google [6], [7].

OOBIYHO yCTaHABIMBAEMbIE JATUNKH:

— LIDAR — jaibHOMEp ONTHYECKOTO PAClO3HaBa-

HHUS;

— Cucrema crepeo3peHus;
— Cucrema  rio0ajbHOrO

(GPS, I'nonacc);

— T'upocrabunuzarop.

[Tporpammuoe oOecrieueHne OECNUIOTHOIO aB-
TOMOOWJISI MOXET BKJIOYaTh MAalIMHHOE 3peHHe WU
Heitpoceru [8].

B cBoeli ocHOBEe aBTOHOMHbIE aBTOMOOMIIHM CO-
nepkat Bce cuctembl ADAS [9].

TMO3UTITUOHUPOBAHUS

CpaBHUTeJbHBIH AHAJHM3 CHCTEM AKTHBHOM
0e30MmacHOCTH

W3 npuBeneHHoi Hke Tabauubl [8] BUIHO, YTO
Haubosiee BOCTPEOOBAHHBIM YCTPOMCTBOM Ipuéma
uH(pOpMaLKU SBISIOTCS BHICOKAaMepPbl U JIPyTHE OIl-
THYEeCcKHe NMpUEMHUKN n3inydeHus. Haubosee nudop-
MaTHBHOM SIBJsIeTCs KOHIenuss Autonomos Driving
Car, 110cK0JbKy 00J1aJ1aeT MOJIHBIM CIEKTPOM HHGOP-
Mallii C pa3HbIX YCTPOWCTB W JATUYUKOB, KOTOpBIE
MOTYT 3amelarhb Jpyr japyra. Hanpumep, B yciaoBusx
HEJI0CTaTOYHON BHAMMOCTH Kamepa, padoTaiomias B
BUJIMMOM JIMANa3oHe, SIBIsieTCss Malo WHGopmaTuB-
HOW — B 9TOM Cllydyae KOMIIbIOTep OyAeT MOoJy4aTh
uH(pOpPMAIHUIO C APYTUX JaTYUKOB.

Pe3yabTarthl HceliefoBaHUA

B pamMkax JaHHOTO MccienoBaHus Obla pa3pado-
TaH ONTHUKO-DJIEKTPOHHBIH TPUOOpP — JETEeKTOp J0-
POXHOH pasMETKH, KOTOPBIH 3BYKOBBIM CHUTHAJIOM H
CBETOBOM MHAMKALUMEH MNpEeaynpeKaaeT BOAMUTEIS O
CXO0/1€ CO CBOEH MO0JIOCHI IBUXKCHHUSL.

Henocratkom pemieHui, MpeaocTaBIseMbIX Ha
aBTOPBIHKE, SIBISIETCS OTCYTCTBHE YHHUBEPCAIHHOCTH,
JIOPOTOBH3HA, CIIOKHOCTh YCTAaHOBKH, OTCYTCTBHE
BO3MOKHOCTH BMeUIareiabcTBa B paboTy npubopa.
Cucrema, pazpaboTaHHasi KOHLIEPHOM IOJl OJMH aB-
TOMOOWIIb, HE TOAOKUAET IJIs1 aBTOMOOWISI JPYroro
koHIepHa. Kak mpaBuiio, CHCTEMBI MOAOOHOTO THIA
HEBO3MOXHO MOJIU(ULUPOBATL — OHU OOJIANAIOT 3a-
KPBITBIM UCXOJHBIM KOJIOM.

Tabnuna. CpaBHeHHe 000pYHOBaHUS CUCTEM aKTUBHOM Ge3onacHocTH [8]

ObopyaoBanue Kamepa Kamepa | Kaxepsr no | JlasepHere Cuetema -
» Py 2 Pagapsr o . =5 WIK-aaTuaukn | MK-xamepa |LIDAR| GPS T'mpocTadbummsaTop
CrcTeMBl 6e30macHOCTIT dporTaTBEHAT 3ATHAL | NEPHMETPY | JaTHHKH CTEPEO3PEHHA
CreTeMa oOHApy:KeHHA
Lesy + + = x z + + 3 = z 2
TISMEX0I0B
CreTeMa IpeTyIPEAICHHA © 5y i + s _ _ _ _ _ _ _
BEIOCHIICAHCTAX
CreTema 00HAPYKECHHA KPYITHBIX + 3
SKHBOTHEIX
CreTema KpyroBoro obsopa + - & E E E - E = E E
CHCTeMA IOMOIIH ABIDKSHHIO 10 . "
ToI0ce - - - - - -
ABTOMOOHIBHAR CHCTEMA
+ - - - - - + - - - -
HOYHOIO BHICHHA
CHcTeMa pacIiosHABAHIA %
JIOPOKHBIX 3HAKOB
Autonomous Driving Car + + + + + + + + + + +

[locne aHanM3a HEJOCTATKOB PHIHOYHBIX pelle-
HUIl OBUT MpensiokKeH BapuaHT ONTHKO-3JIEKTPOHHOTO
JIETEKTOpa TIOPOKHOW pasMeTKH, B KOTOPOM OTCYTCT-
BYIOT Mepeuuc/ieHHbIe BblllIe HeqocTarku. [Ipenmy-
IecTBa MPeJIOKEHHOTO JIeTEKTOpa Pa3METKH BbITe-
KalOT M3 HEJOCTATKOB PHIHOYHBIX PEIIEHHH, a UMEH-
HO: JIelIeBU3HA, MPOCTOTa YCTAaHOBKM M IOCTHPOBKH,
OTKPBITHIL MCXOAHBIA KO/, YTO JAET BO3MOXKHOCTH
BHOCHUTBH U3MEHEHHUS B CHCTEMY.

3a ocHOBYy Jnerektopa B3sita ruiata Orange Pi
Zero 1oJ YNpPaBJICHUEM ONEPALUOHHOM CHCTEeMON

34

Ubuntu (Linux). /lanHas miara o0JagaeT HeBbICOKOM
CTOUMOCTBIO, KOMIAKTHBIM KOPIYCOM, BCTPOEHHBIM
rpadMyecKuM sIpOM, alnapaTHOW MOAJEP)KKON BH-
neokaMmepbl. Kak mokaszany WcrbITaHus, JJis MOCTaB-
JIEHHOH 3a/1au¥ MOIIHOCTH 3Toro onxHommatHoro 1K
XBA4TaeT.

bazosas dyHkMoHaIBHAS cxeMa mpubopa

OyHknoHupoBanue pazpaboranHoro mpubdopa
¥ QIrOpUTMa 3aKJII0YAETCs B CIICAYIOLIEM Tpoliecce.

O6bekTuB Gopmupyet Ha poronpueémuuke (DIT)
n3zobpaxkenue ydactka noporu. @Il mpesparraer na-
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JNAOLIMKA MOTOK U3JIy4YEHMs B DJICKTPUUECKHUI CUTHAI,
KOTOpPBI TPOXOAMT YCHJIEHHE, aHaJoro-uugpoBoe
npeoOpa3oBaHue, TPEABAPUTEIBHYI0  00paboTKYy,
GuUIBTpannIo U 3amuchIBaeTes B OydepHoe onepaTuB-
HOe 3anomuHatouiee ycrpoiicrso (O3Y), peructpupys
UH(pOpMalKIO O pa3MeTKe Y4acTka JIOPOTH U TMOJI0XKe-
HUE aBTOMOOWJISI OTHOCHTEJILHO OTOH pa3MeTKH.
JlanpHeitmass o0paboTka B Mpolieccope HCKII0YaeT
HeMH(POPMATHBHBIE YYACTKH, YMEHBIIAET IIYMBI, BbI-
NOJIHSAET (QUABTPALMIO H300paXKeHUs, NETEKTHPYET
PasMETKy MU MOJIOKCHUEC TPAHCIIOPTHOTO CPEACTBA U, B
3aBUCUMOCTU OT Z[OpO)KHOFI CUTyalluu, BBIAACT IIpe-
JLyTIpexICHHE.
B coctaB nerekropa pa3MeTKd BXOAAT (pHc. 4):
—  OOBEeKTHB ONTHYECKOTO YCTPOHCTBA;
—  ®OTOYYBCTBUTEIBHBIH MPUOOP € NEPEHOCOM 3a-
psina (OIIII3);
— b0k »1ekTpoHHbIi;
— IIporpammuoe obecnieueHue;

—  KOMIJIeKT MOHTaXHBIX YacTeH.
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Puc. 5. OcHoBHbIE (byHKHI/IOHaJII)HLIC CBs3U MCXKAY MOAYJISIMU U DJIEKTPOHHBIMH OJI0KaMK

Moayiib 00BeKTHBa BKIJIIOHAET B ce0sl IIMPOKO-
YroJIbHbI 00BEKTHB, KOTOPbIH crocoOeH obecneunTsh
BBICOKOE€ KaueCTBO M300pak€HUs] ¢ MUHUMAIbHBIMU
reOMETPUUECKUMHU UCKAKECHUSIMHU.

[Tpubop BIIOUaET B ceOsi HECKOJIBKO (PyHKIIHO-
HaIILHBIX TPAKTOB, KpaTKas XapakTEePUCTHKA KOTOPHIX
npuBeaeHa Huxe (puc. 5):

— Bugeorpaxr.

Conepxut o0bekTHB U (oTonpuéMHuk. Buneo-
TpakT obecreuuBaeT MOJyuYE€HHE BbICOKOKAYECTBEH-
HOTO M300paXKeHus yuacTKa JOpOTH.

—  Ananoro-undpoBoi TpakT.

CocToUT W3 BUJEOYCWIHTENsS,  aHaJoro-
undposoro npeodpasosatens (ALIT), moporosoro
ycrpoiictBa ¥ Oy¢epHOro orepaTMBHOIO 3aloOMH-
Hatoutero ycrpoiictea (O3VY). Tpakr obecrneunBaer
YCHJICHHE aHaJOrOBOI0 BHIEOCHTHANa ¢ OTONPUEM-
HUKa, peBpaieHie B nudpoBoit 12-pa3psyiHblidi Ko
Y TIEPBUYHYI0 00paboTKy BUICONH(POPMAIIHH C 1IEITHI0

cXKaThs ee JUIs NajbHelIeld BTOpHIHONH 00paboTKH B
BBIYMCIIUTENILHOM TPAKTe.
—  BpruncnurenbHell TPAKT.

TpakT obecrneunBaer 00paGOTKy BUaEOUHPOP-
MallMi, YIpaBJIeHUE BCEM BbIUMCIUTEIbHBIM IPOLEC-
COM, HaxO0XJIEHHE JOPOXKHON pa3sMEeTKH M OLEHKY MO-
JIO)KEHUsI aBTOMOOWJIS 110 OTHOIIEHHIO K pa3MeTke
[10].

—  VYerpoicTBO popMHUPOBAHUS IPEAYTPEKIACHUS.
VYnpasisiercs nporeccopom. ObecreunBaer GopmMu-
pOBaHUE MPEAYIPEKAECHUE JJISI BOIAUTEISL.

Peaynuzauus ajJropurma

Pabota npubopa nocTpoeHa Ha aHaIU3e U30-
OpaxkeHUsl — KOMIIbIOTEDP HILET Ha CHUMKE JUIMHHbIE
BBITSHYTbIE OOBEKTHI (Pa3MeTKy) M0 MOPOTOBOMY JKC-
LIEHTpUCUTETY U noMeuaeT ux (Puc. 6).

Pa3paboTka M OTJajka ajJropuT™Ma OCYLIECTBJIS-
nack B cpene MatLab ¢ mpumenennem Image Processing
Toolbox 1 nanbHEHIINM NOPTUPOBAHUEM B si3bIK C.
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Puc. 6. [Ipumep paboThl aJIrOPUTMa HAXOXKACHUS JOPOIKHON pa3sMETKH

BeiBoab1

AHau3 CyLIECTBYIOLIMX CHUCTEM aKTHBHOH 0e30-
MacHOCTM BBISBHIT  Psil  OECCTOPHBIX MPEHMYIIIECTB
«DJIEKTPOHHBIX aCCHCTEHTOBY, a TaKoke jJokasal dddex-
TUBHOCTb MX INpUMeHeHust. OHaKko OblL1 BbISBJIEH PsiJl
HEJIOCTAaTKOB, OCHOBHBIM M3 KOTOPBIX SIBIISIETCSI OTCYTCT-
BHE YHMBEPCAJILHOCTH, MOOWIbHOCTH. Ka/plid aBTo-
MPOU3BOJUTENL pa3pabarbiBaeT TaKHE CHCTEMbl MOJ
CBOM HYIbl, HE TOBOPsl 00 YCTapeBIIMX aBTOMOOHIISIX.
Taioke anroput™ paboThl JaHHBIX CUCTEM HE SIBIISIETCSI
JIOCKOHAJILHBIM - HAOJIIO/1AI0TCS JIOXKHBIE cpabaThIBaHMSI.

Cucrembl aKTUBHOW 0€30MaCHOCTH — 2TO Kaue-
CTBEHHBIH 1Iar K MPUOJIMKEHHIO aBTOHOMHOTO BOX-
JIEHHs] U TOBBIIICHUIO 0€30MacHOCTH Ha Jloporax o00-
uiero noJsb3oBaHus. VX nanbHeiiliee pasButue siBiis-
eTcs 00s3aTelIbHbIM, MOCKOJIbKY OHH Y€ KOHTPOJIH-
PYIOT CUTyallMI0 Ha jopore ¥ odecreuuBaroT 0e30-
nacHoe nepejBikeHue. JlaHHble cuCTeMbl paboTaoT
KpaliHe He3aMeTHO [l BOJIUTEJNsl, HO BHOCAT JOIOJI-
HUTEJIbHYIO SICHOCTh B BOYKIEHHH.

ABTOTIPOU3BOJUTENSIM  Y1aJI0Ch pazpaboTrarh U
BHE/JIPUTb KAuyeCTBEHHbIE CHCTEMbl aKTHBHOM 0e30-
nacHoct ADAS. Ceiiuac HEBO3MOXKHO MPEJCTaBUTH
COBPEMEHHOE TPAHCIIOPTHOE CPEJICTBO 0e3  «3JIeK-
TPOHHBIX aCCUCTEHTOB». Ha 3TOM aBTOMOOWJIbHBIC
THI'aHThl HE OCTAHOBWJIMCH U aKTHBHO BHEIPSIOT aB-
TOHOMHbBIE TPAHCHOPTHBIE CpeacTBa. B naHHbId MO-
MEHT BpeMeHu Autonomous Driving cucteMbl Haxo-
JIATCA Ha 3 3Tare aBTOHOMHOCTH, NPEJOCTaBIISIONINe
ABTOHOMHOCTbH B IpeJckasyeMoM TpaduKe JBHKEHHUS,
HO TIOKa 3TH CHCTEMBI HE CMOCOOHBI B3SITh Ha cels
MOJIHYI0 aBTOHOMHOCTb BOXJICHHS, OCOOCHHO B CJIOK-
HBIX JIOPOKHBIX YCIIOBUSX.

Haubounee mepcriekTuBHOW M Ge30mMacHON cuuTa-
ercst Autonomous Driving Car, MOCKOJbKY COAEPKUT
Bce cucTeMbl U aatunkd ADAS u ynporaer mpoiecc
nepeBUKEHUS.

B pesynbrate ncciaenoBanus OblT MPENIOKEH U
paspabotan MmpuOOp — JIETEKTOp TOJIOCH JBHKEHHUS,
KOTOPBIH JTOJOKEH MOBBICUTH 0€30MacHOCTb JOPOXKHO-
ro JBW)XEHHUA. JIaHHBIH NEeTEKTOp JUILEH HEIOCTATKOB
PBIHOYHBIX pEIIEHUH, MOCKOIbKY HET MPHUBS3KH MOJ
KOHKPETHBI aBTOMOOWIL. JlanmbHelilee pa3BUTHE

JACETEKTOpa — aJalTalus Mon aBTOHOMHBIA aBTOMO-
OWJIb ¥ BO3MOJKHOCTH yhpaBJICHUA aBTOMOOHJIEM npu
TIOMOIIH BJICKTPOHUKH.

Jlureparypa

1. C. Liu and T. Ye, Run-Off-Road Crashes: An On-
Scene Perspective (DOT HS 811 500), National
Highway Traffic Safety Administration (2011)
p-125-128.

2. C. F. Lin and 4. G. Ulsoy, “Time to Lane Crossing
Calculation and Characterization of Its Associated
Uncertainty,” ITS Journal, vol. 3, no. 2 (1996), 85-
98. DOI: 10.1080/10248079608903710

3. http://systemsauto.ru/active/active.html

4. "US: Mobileye intros smartphone connected driver
assistance (ADAS) technology". Telematics News.
2012-01-12. Retrieved 2012-01-12.

5. Thrun, Sebastian (2010). "Toward Robotic Cars".
Communications of the ACM. 53 (4): 99-106.
DOI:10.1145/1721654.1721679.

6. Davies, Alex. Google’s Lawsuit Against Uber Re-
volves Around Frickin’ Lasers, WIRED.

7. RT Staff. Google Cartographer SLAM Library Now
Open-Source - Robotics Trends.

8. Autonomous Car Development Platform from
NVIDIA DRIVE PX2

9. "U.S. DOT Proposes Rear View Visibility Rule to
Protect Kids and the Elderly | National Highway
Traffic Safety =~ Administration = (NHTSA)".
Nhtsa.gov. 2010-12-03. Archived from the original
on 2014-07-14. Retrieved 2014-07-15.

10. European Roadmap Smart Systems for Automated
Driving, European Technology Platform on Smart
Systems Integration (EPoSS), 2015.

11. "NHTSA Announces Final Rule Requiring Rear
Visibility Technology | National Highway Traffic
Safety Administration (NHTSA)". Nhtsa.gov. 2014-
03-31. Retrieved 2014-07-15.

12. Lee E. S., Lee D. G., Lee S. H. Opto-mechanical
design and analysis of the MSC on the KOMPSAT-
2 20th Congress of the International Commission for
Optics. — Changchun, China, 2005.

36 Bichuk HTYY “KIII”. Cepia IIPHJIA/IOBY/]YBAHHA. — 2018. — Bun. 55(1)



ISSN 0201-744X, ISSN 0321-2211
Memoou i cucmemu onmuino-e1eKmpoOHHOI ma yupoeoi 00podKu cuznaie

VK 621: 681.7

B. C. Craaniuyk, . 1O. KonapaTtenko

Hayionanvnuit mexnivnuii ynieepcumem Yxpainu “Kuiecokutt noaimexuiunutl incmumym imMeHi
leopa Cixopcvroeo”, Kuie, Yrpaina

OINTUKO-EJIEKTPOHHMM JETEKTOP LIJISIXOBOI PO3MITKH

V naniii po6oti po3risiHyTi i poaHaizoBaHi ocHOBHI puuuaK BuHUKHEeHHs JI TTI, koHIemniT aBTOHOMHOTO BOJIiH-
Hsl, iCHYIOUi KOHCTPYKIIT ONTHKO-CJIEKTPOHHUX CHCTEM aKTHBHOIT O€3MeKH, JONOMOTH BOJIHHIO, 3aIPOTIOHOBAHO
PO3pOOKY BJIACHOTO YHiBEPCAJIBLHOTO ONTHKO-EJIEKTPOHHOTO TPHIALY AJIsl BCIX THITB aBTOMOOiNIB. OCHOBHUM He-
JIOJTIKOM TaKUX CHCTEM € BiJICyTHICTb MOOIILHOCTI. AHaJII3 iCHYIOUMX CHCTEM aKTHBHOT Oe3MeKH BUSBMB psij Oesme-
PEUHUX INepeBar ONTUKO-EICKTPOHHUX CUCTEM, & TAKOXK JIOBiB e()EeKTUBHICTb TX 3aCTOCYBAHHSI.

Pimennst mpoGiiemu po3mnizHaBaHHs i 00poOkK 300paxeHs i, Ik HACJi0K, 3aro0iranHs aBapiiHoT cuTyailii € JOCUTh
BQKJIMBHM aCMEKTOM Oe3MeKH i KOHTPOIIO IOPOKHBOT cuTyalil. CHCTeMH aKTUBHOT O€3IEeKH J03BOJISIIOTh KOPHUTY-
BaTH MOMMJIKOBI Jii BOJisl, YHUKATH €KCTPEHHUX CHUTYAallil, MiABUIINTH OE3MEKy JOPOKHBOTO PYXY. AKTYyallbHOMO,
3arpe0yBaHOl 1 1iKaBOW TEMOI LbOro JIOCHIPKEHHs € aHasi3 i po3poOka BJaCHOrO YHIBEpCalbHOTO MpPUIIaay
«koHcyJpTamii» Bonis (ADAS) B nutanHi akTuBHOT Oe3neku. PoboTta npuiaay noOyjoBaHa Ha aHalli3i 300paxeHHs
- KOMI'IOTEp HIyKa€ Ha 3HIMKY JIOBTi BUTSTHYTi 00'€KTH (PO3MITKY) MO MOPOTOBOMY €KCIEHTPUCHUTETY i IIO3HAYAE 1X.
O06'extB popmye Ha doronpuiimMaui (PIT) 300paxeHHs nijasHKK gopord. OIT nepeTBOprOE Majawvuil NOTiK BU-
NPOMiHIOBAHHS B €JCKTPUYHUI CUTHAJ, SIKUM MPOXOJAUTH TMOCHJICHHS, aHANOro-1udpoBe NepeTBOPEHHs, nonepe-
JHIO 00po0OKy, dinbTpalito i 3anucyerbest B Oydepuuii oneparuBHuii npuctpiit (O3VY), peectpytoun indopmariiro
PO PO3MITKY JUISHKY JIOPOTH i TIOJI0KEHHsI aBTOMOOIIISI 00 Ti€T pO3MITKH.

OO6pobka B mporecopi BUKIOUAE HeiHDOPMATHBHI AiNSHKH, 3MEHILIYE LIyMH, BUKOHYE (inbTpauito 300paxeHHs,
JIETEKTUPYET PO3MITKY i MOJIOKEHHSI TPAHCIIOPTHOTO 3ac00Y i, B 3aJICKHOCTI BiJl JOPOXKHBOI CUTYallii, BUaae nomne-
pemkeHHs. JlaHui JeTeKTop mo30aBlIeHui HeTOMiKiB PUHKOBUX PillleHb, OCKIJIbKH HeMae TPHB'SI3KH MiJl KOHKpeT-
HUit aBToMOOib. [loganbinuit po3BUTOK JieTekTopa - ajanTallis IiJi aBTOHOMHHUI aBTOMOO1UIb i MOXIIUBICTh Kepy-
BaHHS aBTOMOO1JIeM 32 JOTIOMOTOI0 €JIEKTPOHIKH.

Kmouosi ciioBa: ADAS, Autonomous Driving Car, SLAM, LIDAR, SAE, aBromninotoBani aBToM00iJi, Bijeoka-
Mepa, cTepeosip, cucTeMa aKTUBHOT Oe3IeKH.

V. S. Stadnichuk, D. Y. Kondratenko

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv,
Ukraine

OPTICAL-ELECTRONIC DETECTOR OF ROAD MARKING

In this work, we examined and analyzed the existing designs of opto-electronic active safety systems, driving assis-
tance, the main causes of the accident, the concept of autonomous driving, proposed the development of its own
universal optoelectronic device for all types of cars. Analysis of statistical data showed that in most cases, the cause
of an accident is the drivers' mistakes, and as a result, leaving their lane. Especially dangerous is the departure to the
oncoming lane. In this regard, for 10 years now, developments have been carried out in the field of detection of road
marking. Automobile manufacturers offer ready-made Embedded systems, built in behind the interior mirror of the
rear view and connected to the on-board computer of the car, which carries out further control of the car in a critical
situation. The main disadvantage of ready systems of this class is the lack of mobility and low photosensitivity. As a
result of this work, a lane detector was developed and debugged. This device is universal (it can be used with any
car), compact, lightweight, durable. Power consumption does not exceed 20 Watt. The detector installing on the
windshield behind the rearview mirror with the help of a special lock. A number of shortcomings, such as a weak
aperture of the lens, were also revealed. The value of the aperture is directly related to the minimum illumination of
the road, which is accessible for registration in a visual way. In connection with this, a proprietary high-aperture lens
was proposed and developed, ensuring correct operation of the device even in the dark time of the day and allowing
observation at large distances. The analysis of existing active safety systems revealed a number of indisputable ad-
vantages of opto-electronic systems, and also proved the effectiveness of their application.

Based on the classification of ADAS systems, an analysis was made of their advantages and disadvantages.
Keywords: ADAS, Autonomous Driving Car, SLAM, LIDAR, SAE, autopilot cars, video camera, stereo vision,
active safety system, image processing, optics.
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