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considered here provides the magnification 4-16* and the angular field of view in the object space from 5.15° to 1.32°.
It has the entrance pupil diameter of 42 mm, the exit pupil distance within 85...90 mm, and the maximum system length
of 325 mm. The riflescope contains 14 lenses in 9 components made of glasses from the CDGM catalog. In all zoom
configurations of the optical system, any ray vignetting is absent. To achieve the high image quality, the parametric
synthesis of the riflescope has been carried out simultaneously for five intermediate configurations, corresponding to
magnifications 16, 13%, 10%, 7* and 4. By using the developed specialized software, an experimental examination of
the operability of this approach has been performed on the example of automated design of the optical system having
the parameters similar those found in commercially available samples. The performed simulation showed that the time
interval required for direct automated design of the riflescope’s optical system is about 25 hours. The total number of
unknown parameters (variables) was up to 90. The root-mean-square values of the angular aberrations of the axial
beams in all (five) configurations of the synthesized zoom system do not exceed 1 arc minute in the whole spectral
range. The obtained results indicate that the design algorithm implemented in the computer program can be considered
an effective tool capable to perform automated parametric synthesis of complex zoom optical systems with high image
quality. The algorithm enables to establish the prescription data of optical systems, taking into account the technical
requirements and restrictions specified by the designer.

Keywords: automated optical design; zoom optical system; riflescope; global optimization; aberrations; parametric
synthesis.
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Ipoonemamuka. Ananiz cmamucmuyHux OaHUX NOKA3YE, WO 3 POKY 8 PIK a8MOMObLII6 HA 00PO2aX 3A2aNbHO20
KOPUCMYBAHH CMAHOBUMbCS 8ce Oinbule, i, 8i0n06ioHo, 30invuyemocs Kinokicmo JTII ma niosuwyemuvcs pusux 0is
KOJICHO20 YHACHUKA O0POJICHbO20 pYXy. 3aons 3abe3neuenns 6e3neku O00PONCHLO2O pPYXY ABMOSUPOOHUKAMU
BRPOBAOICYIOMbCSL CUCHEMU OONOMO2U B00IE€6I MA ABMOMODIN 3 eleMeHmamu asmoHOMHO20 KepygamHs. Taxi
cucmemu 30amHi AHAIZY8AMU HABKOJIUWHE cepedosuuje ma y 6UnAaoKy Hebesnexku Kopekmyeamu Oii 600is abo bpamu
KepYBaHHs MPAHCNOPMHUM 3ACO000M Ha cebe. 3azeuuail maxi cucmemu npayiorms 3a O0ONOMO2010 MENeGi3ilHUX
cucmem, OOHIEI 3 BUMO2 00 AKUX € WUpoKull Kym nons 30py. OOHAK OCHOBHUM HEOONIKOM WUPOKOKYIMHUX CUCTHEM €
6eUKA OUCMOPCIst, MOOMO 2eoMempuyHe CHOMEOPEHHSI NOOOOU MIdHC 00’ EKMOM Ma 11020 300PANCEHHSAM.

Mema docnidcenns: po3podbumu RPOCmMuLl Memoo 3MeHUIeHHsl OUCMOPCIT 8 ABMOMODIILHOMY 8i0eopeecmpamopi
3 GEUKUM KYMOBUM ROTIEM 30PY 3a 00NOMO2010 YUPP0602o Kanibpy8aHHs Kamepu.

Memoouxa peanizayii. Excnepumenmanbhe 00CHiONHCEHHA MeNesi3iiHOT cucmemu KepysanHs agmomooinem ma ii
Kaniopysamms.

Pesynomamu oocnioxcenns. Po3podneno npocmuii memoo 3MeHulenHs Oucmopcii gideopeccmpamopa npu
BUSIBNIEHHI  OOPOJICHUX — 3HAKI6 — HACAIOOK — BUKOPUCMAHHS — Yu@poeoco  Kanibpyeauns kamepu. Ilposedeno
eKcnepuMenmanbie NOPIGHAHHSA OUCMOPCIT  WUPOKOKYMHOI ma 36UdAUHOI  menesiziinoi  cucmem, GUKOHAHO
KaniopyeauHs KOJHCHOI ma npo8eodeHo aHANi3 3HAXOONCEHHA OOPOICHUX 3HAKIE KONCHOIO CUCIEMOIO.

Bucnoexu. 3anpononosano npocmuii mMemoo 3MeHuieHHs OUCMOpIi 68 a8mMoMOOILIbHOMY Gideopeccmpamopi 3
BEUKUM KYMOBUM NOAEM 30pY 3d O0NOMO20I0 Yupposozo kaniopysanus kamepu. JJosedeno, wo oas yinei KepyeauHs
ABMOMOOLIEM MONCTUBE BUKOPUCIIAHHS WUPOKOKYIMHUX MENeGIZIHUX CUCMEM I3 NOOATbUUM IX KANIOpYBAHHAM 34075
no30a6IeHHs 2e0MEMPUYHO20 CNOMBOPEHHSL MIdIC 06’ EKMOM Ma 11020 300PANCEHHSM.

Knwowuoei cnosa: TenesiziiiHa cucreMa KepyBaHHS aBTOMOOLIEM; KYT IOJII 30py; AMCTOPCIS; KajuiOpyBaHHS;
ADAS; IoU.
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Beryn

Hapasi aBroMaTu3aiiis gocsria 3HAYHUX YCIIiXiB
3aCTOCYBaHHS B YCiX cdepax Hamoro kutts. Tak, B
ABTOMOOUIBHII MPOMMCIIOBOCTI 3 HO4aTKy 21 CTOMITTS
BizOynacsi 1m¢poBa PEBOIIOLIS: aBTOMOOUI crTain
oOmagHyBaTHCA OOPTOBUMH  KOMIT IOT€PaMH, IO
JIO3BOJMJIO OLTBII THYYKO HAJAIITOBYBATH IBHUTYH, a
i3 pO3BUTKOM MOOITBPHUX TEXHOJIOTiH  aBTiBKH
KOMIUTEKTYIOTBECS  PI3HOMAaHITHUMH  JOMTOMIKHUMH
CHCTEMaMH.

Enexrponni cucremu nonomoru Bogito (ADAS —
Advanced Driver Assistant System) 3a CBOE€IO
KOHIICTIIIIEI0 JINIIE «KOHCYIBTYIOTh» BOMisI Ta B
KPUTHYHUX BHIIAJKAX KOPETYIOTh HAMPSAM PYyXy
aBToMoOuts [1]. 3aramom 1i cucreMu 0a3yrOThCs Ha
PI3HOMAaHITHHX JaTYUKaX, Cepell SKHUX TeJeBi3iiiHi
cuctemu (kamepm), LIDAR, indpadepBoHi ceHcopH,
pamapu Ta yIBTpPa3BYKOBiI jgarunkd. Haifwacrime
ABTOBUPOOHMKH CYMIIIAIOTh IIi JATYUKH Y €IUHY
CHCTEMY, aJKe KOXKEH 13 TaTYMKIB Ma€ CBOi IepeBaru
Ta HeOOoNmiKhn. Ane 0e3 TeNeBI3IMHUX CHCTEM
KepyBaHHS HE OOXOIHWTBHCS JKOMHA CydacHa aBTiBKa,
aJDKE TaKi CHCTEMH JTAIOTh IIUPOKUHN CIIEKTP KOPUCHOT
iHpopMmamii: Big HAsBHOCTI MEPEIIKOIM  TIepen
aBTOMOOLIEM 10 PO3MIpiB NEPEUIKOAN Ta TPAEKTOPIT 1
pyxy. beaymoBHO, kaMepu MaroTh 1 HEJOMIKH, TaKi sK
HENpale3aTHICTh NP TyMaHi Ta  3HIKCHHSA
JAIBHOCTI  pO3MI3HABaHHA 33 YMOB OOMEXEHOI
BUAMMOCTI, ajie Ili HEOOJIKH € HEeCyTTEBHUMH, Ta 3a
HEOOXiTHOCTI  KaMepH  3aMillylOThCS  IHIINMH
CEHCOpaMH, HAIIPUKJIIAl, TETUIOBI30paMH.

B ocrannix mocmimkeHHAX [2, 3] TeneBi3iMHUX
CHUCTEM KaJTiOpyBaHHS TIPOBOTUTHCS B
ABTOMATHYHOMY PEKUMIi a00 HE MPOBOIUTHCS B3aralli.
Bes  npoBenmeHHs ~— KamiOpyBaHHS — HOPYIIYETHCS
reoMeTpuyHa momoba MK 00’e€kToM Ta  HOro
300paKeHHSM, SK HACHIJOK, aJrOPUTMH KEpyBaHHS
aBTOMOOLIEeM mpalpTe 3 noxubkow [4, 5]. B
IHIIOMY BHIAJKy, IPY aBTOMaTHYHOMY KaJliOpyBaHHI,
MOXXJIMBHM € HEIpPaBWIbHE BH3HAYCHHS MapaMeTpiB
KaMepy Ta TaKWW MiAXiJ € ITOBOJI CKIaaHuM [6, 7].
ToMy B mii CTaTTi MPONOHYETHCS MPOCTUH METOJ
3MEHILEHHS JUCTOPil B aBTOMOOLTEHOMY
BiZIeOpEeCTpaTOpPi 3 BEIIMKAM KYTOBHM IIOJIEM 30Dy 3a
JOTIOMOT0I0 IH(POBOTO CTATHYHOTO KaliOpyBaHHS
KaMepH.

Takox ciijJi 3a3HAYUTH, IO 10 MOIIOHUX Kamep
BUCYBAlOTBCS ~ OKpPEMi  BHMOTH  HIOAO  SIKOCTI
300paxenns [8 - 10], a came: BuCOKa pO3AiJbHA
3/aTHICTh, LIMPOKWI KyT MOJs 30py, MiHIMajbHa
JUCTOpCiS TpH MaKCUMalIbHOMY KyTi HOJS 30py.
Sxmo 3Ha4eHHs AucTopcii Oyae 3aHaaTO BEIHKHM, TO
KaJTiOpyBaHHS MOYKE B3arajli He MOKPAIIATH pe3yabTaT
[11]. Tomy 3HauHy yBary Cciig HOpUAIIATH caMe
BHOOPY KaMepHW, a/pke Bil HbOoro Oyae 3ayiexard
KIHIIEBUH pe3yNbTaT.

IlocTanoBka 3amaui

MeTa JAOCHIDKEHHS TOJSTa€ B TOMY, MO0
pPO3pOOUTH TPOCTUI METOJ 3MCHIICHHS IHCTOPii B
aBTOMOOIJIBHOMY  BiJIEOpEECTpaTopi 3  BEIMKUM
KyTOBUM TIOJIEM 30py 3a JOMOMOTOK IH(pPOBOro
KaJiOpyBaHHS KaMepH.

Bumorn bi (o) Kamep B aBTOMOOIIBHIA
MIPOMHMCIIOBOCTI JOBOJI crienuidHi: BOHU TOBHHHI
MaTH IIMPOKHHA KyT MOJSA 30pYy Ta, MPH LBbOMY, HE
MOPYITYBaTH TEOMETPHUYHY 1mox00y MK 00’€KTOM Ta
Horo 300pa)KCHHSM, MaTH BHCOKY PO3AUIBHY
3MIaTHICTh Ta BHCOKHMHA JUHAMIYHHMHA miama3oH. s
3a0e3neueHHsI IUPOKOT0 KyTa IOJsl 30py B KaMepy
CICIiaJbHO BBOJUTHCS AUCTOPCI.

3acTrocyBanHs qucropcii

Juctopcis — e abepailis ONTUIHUX CUCTEM, ITPH
SIKiH JTiHIAHE 301IpIICHHS 3MIHIOETBCS TIO0 TIOJIO 30pY,
MOPYIIYIOYN TOHIOHICTF MK 00'€ekTOM Ta #Horo
300pakeHHs M [1].

«[TomymkononiOHa»  AMCTOPCiSE BHHUKAE y
BHMIA/IKy, KOJIM JIiHiIHHE 30UIBIIEHHSA 3pocTae 3
BiJUIaJICHHSAM E€JICMEHTIB 300pa)KCHHS Bil ONTHYHOI
oci. Slkmo JmiHiliHe 30UIBIIEHHS 3MEHIIYETHCS 3
BiJUIaJICHHSAM €JICMCHTIB 300pa)XCHHS Bil ONTHYHOI
0Ci, TO BUHHKA€E «00UYKOomoaiOHa» nuctopeis [1].

Jucropcist BUnpaBisieTbess MmigbopoM JH3 Ta
IHIIMX €JIEMEHTIB ONTHYHOI CUCTEMH TIpH 11 po3pooii,
y mudpoBoMy 300pakeHHI MOke OyTH BHIIpaBIICHA
nporpamHo [1].

Jesxi kamepn BHOCSTH 3HAYHy MAWCTOPCII0 B
300pakeHHs, a B KaMmMeph aBTOMOOUISI BOHA
3aJIMIIAETHCS 3HAYHOKO CIIEIIAIIFHO 3311 301JIBIIIEHHS
KyTa 1mossi 30py. JlBoMa OCHOBHHUMH BHIaMU
JUCTOPCIT € palliaibHA Ta TAHTCHIIATbHA.

PanianpHa mucTopcis MPHU3BOJAWTH 1O TOTO, IIO
IpsiMi JTiHIT BUTJIAAAOTH BUKPHUBICHUMH. PanianbHa
JMUCTOpCisA CcTae OUIBIIOK, YHMM Jalli BiJl UCHTPY
300pakeHHS pPO3TalllOBaHi Toukw. Hampukiax, Ha
pucynky | wmoxxHa moOauwTH, 0 JiHIl OymiBimi
BIZIXHJISIFOTBCSL Bl HPSMOro HampsiMKy. YepBoHHMHU
JHISIMHA BKa3aHO MPSIMUK HANIPSIM JIHIA y peaJbHOMY
mpocropi [2].

esneraon sanas

Puc. 1. Ilpuxian paniansHOi aucTopeii Ha Kamepi
BiJicopeecTpaTopa
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PanianpHa qucTopcis MoXke OyTH MpeacTaBieHa
HACTYIHUM BUpa3oM [2]:
Xaistorted = X(1+kiatkars+ksre);
Yaistorted = Y(L+kiratkoratksrs). (D
AHaJOriYHO, TaHTEHIliaJbHa AUCTOPCIS BUHUKAE
gepe3 Te, 0 00’ €KTUB, KU PopMye 300pakeHHsI, HE
pO3TAIIOBAaHUI  ilealbHO  TAapajieIbHO  TUTOIIHHI
300paxenHs. Tomy neski AUISHKKM 300paXkKeHHS
MOXYTh BUTIISIATH OJIDKYMMHU, HDK OYIKYBaJOCS.
MareMaTHYHO TaHIeHIaJbHa TUCTOPCIS MOXe OyTh
npeacrasieHa sk [2]:

Xdistorted = X + [2p1 [Xy + pr(ry+2x3)];
Vdistorted = Y + [pl |17’2+2y2) + 2p [Qx.))] (2)
Omxe, 3arajgoM Uil KajdiOpyBaHHS HEOOXiTHO
3HAWTH T'ATh TapaMeTpiB, BIIOMHUX SK KOEPIIiEHTH
qucropcii [2]:
Distortioncoefficients = (ky, ka, p1, p2, k3).  (3)

BusHauyeHHs1 KyTa MoJisl 30py

Sk 3a3Havanmocs padimie, aBTOMOOUTbHI KaMepu
PO3POOIIAIOTECS 3 BEIMKUM KyTOM IOJIS 30py, ajie Ipu
LIOMY CIIOTBOPIOETHCSI TEOMETPHYHA Nomoda Mik
npeaMeTamMu Ta iX 300paxeHHsMu. Clig 3a3HAYNTH,
IO U1l aBTOMOOLIIB JOCUTh BRXKJIMBUN KYyT MOJS 30-
Py, ajke BiJl TOrO M0 «0auyuTh» KaMepa 3aJekKHUTh
Oesrnieka Ha J0po3i. Inest wi€el crarTi mossirae y BHKO-
pPHCTaHHI IIMPOKOKYTHOI KaMepu Ul 3HAaXOPKCHHS
JIOPOKHUX 3HAKiB, aJie i3 BUKOPHCTAaHHSAM KaliOpy-
BaHHS JJIs TiJBUIIEHHS TOYHOCTI iX 3HAXOIKCHHS.
JIst mpOTO TOPIBHSEMO TOYHICTH JETEKTYBaHHS i3
3BUYAHOIO KaMeporo MobOimsHOTO Tenedony OnePlus
6t, skl BUKOpHCTOBYE Moaynb Sony IMX519 [3]. B
SIKOCTI IIMPOKOKYTHOT KaMepu BHKOPHUCTOBYEMO Bij-
eopeectparop Aspiring Proof 1 i3 nmpuiimadem Bunpo-
mintoBaHHs GC2363 [4].

Jnst noyatky BU3HAYMMO KYT IOJISL 30pYy KOXKHOT
KaMepH 3a JO0TIOMOTOI0 PO3/IPYKOBaHHUX Mip KyTiB [5].
BumiproBanHs mokasany, mo kamepa TeiaedoHy mae
KYyT HOJIS 30pYy 110 ropu3oHTalti 6nm3bko 60°(puc. 2).

Jani Oynu npoBeneHi aHAJIOTiIYHI BUMIipIOBaHHS
i3 IMAPOKOKYTHOIO KaMeporo BimeopeectpaTtopa. s
Hel KyT TMONA 30py 10 TOPH3OHTANl CKIIAAae
npubsmsno 150°. Cmig 3a3HauuTH, MO aOCOJIOTHO
KOXKHEe 13 300pakeHb HE MiAmaBajocs >KOIHIH
006po0OIIi.

0,,"‘ = o
FITI i

.2.0.." Ko g iR i

Puc. 2. BusHaueHHs KyTa Toisi 30py HU(POBOL
KaMepu MOOUIEHOTO Tele(pOoHy

KaniopyBanus kamepu

IMotpiOHi 1moHaiiMeHme 10 TecTOBHX IIa0JIOHIB
JUI KaliOpyBaHHSA KaMepH. BaxIMBUMHU NaHWMU, He-
OOXITHUMM JUIs1 KaTiOpyBaHHS KaMepH, € Halip TpHUBH-
MIPHHUX TOYOK PEaJbHOTO CBITY Ta BIAIOBIHI JBOBUMI-
PHI KOOPJIMHATH [IUX TOYOK Ha 300paxkeHHi [1].

BizepyHkn m1axoBOoi IOIIKH YiTKi, X JIETKO BH-
SBUTH Ha 300pakeHHi. KyTm kBajpaTiB Ha IaxoBiit
IO 1€abHO MIAXOMATH IS 1X JIOKari3ali, OCKi-
JILKA MAOTh Pi3Ki TPaTi€HTH B ABOX HampsMKax. Kpim
TOTO, Il KyTH ITOB’SI3aHi III€ ¥ THM, III0 BOHU 3HAaXO-
JEIThCS HA MEpeTHHI maxoBux JiHiM. Bei mi daktu
BUKOPUCTOBYIOTBCS ISl HAAIHHOTO pPO3TAllyBaHHS
KyTiB KBajpariB y 1axoBomy nopsaky [2]. [lpukian
1m1abJI0Hy 300pakeHo Ha pHc. 3.

Puc. 3. Ilpuknan kaniOpyBanHs kamepu [2]

Ha xoxeH 3 mpucTpoiB BUKOHYEMO JAeKinbka (o-
TO IIaXOBOI JOIIKH, IMicCIs IIbOTO KOMIT IOTEpHUHN aj-
roput™ Ha ocHOBi 6i0miotexn OpenCV [1] Bu3Havae
TIOJIO’KEHHST OTIOPHUX TOYOK Ha 300pa’keHHI Ta 1X BH-
KpUBJIEHHs 3rigHo mabnony. Jlami Ha OCHOBI mi€i iH-
(dhopmarrii 0OpaxoBYeThCS TaK 3BaHA «MATPHIIT KaMe-
py» Ta 3aCTOCOBYETHCS IO BHXIIHOTO 300pa’kCHHS.
[Micns mux MaHIMyJsIMid OTPUMYEMO CKOPEKTOBaHE
Big nuctopcii 300paxenns. KaniObpyBaHHs 3a 101moMo-
TOK IIAXOBOI JIOIIKH BUKOHYETHCS TUIBKH OJIUH pa3
JUIL BU3HAYCHHS MATPHIN KaMepH, Hajii 300paKCHHS
ABTOMATHYHO MEpeOyIOBYEThCSA BIIIOBITHO 1O i€l
Matpuii. [Iporec kanmiOpyBaHHS KaMepH peecTparopa
MOKa3aHW{ Ha PUCYHKY 4.

Puc. 4. Ilpouec kaniOpyBaHHS MIMPOKOKYTHOI KaMepu
BileopeecTparopa
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Ha mpoMy erami 3acTOCOBYEThCSA II€pepaxyHOK
CIIOTBOPEHOT'0 300pa)KEHHSI 33 JOIIOMOT'0I0 aJITOPUTMY
OpenCV. Ilicnsg nepepaxyHKy OTPUMYEMO HOBE BH-
MpaBJieHe 300pa)KeHHsL.

3acrocyeMo KaliOpyBaHHS IO 300pa)KeHb 3 Ka-
Mepu Bifeopeectparopa. Ha puc. 5 HaBexeHi 300pa-
JKEHHSI 3 KaMEepH BijieopeecTparopa JIo Ta Miciisl Kaio-

pyBaHHS.

0)
Puc. 5. 3o00paxeHHs 3 KaMepH BimeopeecTpaTopa 1o
Ta micis KaniopyBaHHS [4]

Ha nux 300pakeHHSX MOYKHA MOOAYUTH, IO JH-
cTopcig aiiicHo crama MeHmon. Ha kpasx momns 3opy
300paxkeHHs oci BuKpuBieHe. Lle moB’s3ano 3 0co0-
JIMBOCTSIMH KOHKPETHOI MOJIENI KaMEepH.

bynu nposeneHi BuMiproBaHHS qucTopcii mud-
poBOi KamepH BiJeopeecTpaTopa 3TifHO CTaHAAPTY
«ISO 9039-2008». Pe3ynpTaTé BHMipIOBaHb IOKa3a-
JM, 110 JMCTOPCIst KaMepH /10 KayliOpyBaHHS CTaHOBH-
na 10 %, a micns xaniOpyBanag — 2 %.

Jlokanizauis 10poxHix 3HAKIB

Tenep MoxHa TOPIBHATH €(EKTUBHICTH AETCK-
TYBaHHS JTOPO’KHIX 3HAKiB Ha BiIKaTiOpOBaHMX Kame-
pax. [l IbOro CKOpHCTaeEMOCS MiIXOAOM 1O 3HAXO-
JUKEHHSI JIOPOJKHIX 3HAKIB, SIKUH PO3IJISIHYTO B CTAaTTi
[5]. EdbexTrBHICTh 3HAXOMKCHHS 3HAKIB JIOPOKHBOTO
pyXy OLiHIOBaTUMEMO 3a jornomoroo Merpiku IoU -
Intersection over Union (nepeTuH HaJ CIOIyYEHHSIM)
[6]. MeTpuka noBepTae 3HaueHH B Aiana3oHi [0..1] Ta
XapaKTepu3ye TOYHICTH JIoKasi3auii o0’ekra Ha 30-
OopaxenHi. Ynm Bummuii loU, TiM TouHIIIE 3HAWICHO
00’ €KT.

3acToCyeEMO aITOPUTM 3HAXOKEHHS JOPOXKHIX
3HAKIB JI0 ABOX THIIIB KaMep Micis iX KaniopyBanas [7].

Anroput™M moOynoOBaHMK Ha OCHOBI 3TOPTKOBOI
HEWPOHHOT Mepexi, Ky HEOOXiJJHO HaBYaTH 3a JOIO-
MOro jaracery (Habopy 300paxens). st nporo Ha-
BYaHHS JlaHOi Mepexi OyB BHKOPHUCTaHHWI jpaTacer
LISA Traffic Sign Dataset [8 - 12]. Pe3ynsTatu gocii-
JUKEHB MIPEICTaBJICHI Ha PUCYHKax 61 7.

Puc. 6 3HaiineHnii nOpOXHIH 3HaK 3a JONOMOTOIO
kamepu MoOuteHOTO Tenedony (IoU = 0.98)

Puc. 7 3HaiimeHuii HOpOXXKHIH 3HAK 3a JOITIOMOTOIO
kxamepu BigeopeectpaTtopa (IoU = 0.99)

Sk mMoxHa mobaunTH i3 HaBeneHUX (oTorpadiii,
JIOPOKHIH 3HaK OyB 3HAWICHUN HABITh HA KParo IO
30py KaMepH BijeopeecTparopa Micis KaliOpyBaHHS.
Kamepa Tenedony Bke 1aBHO «He 0auuTh» LeH 3HAK Y
TAaKOMY IIOJIOKEHHI aBTOMOOLISI 4epe3 OOMeXeHHH
KYT HOJIS 30pY 110 TOPU30HTAJII.

IoU 3naiineHoro 3Haky 3a JONOMOTOK KaMmepu
ckimamae 0,98, a w1 xkamepu Bimeopeectparopa loU
nopisaroe 0,99.

BucnoBku

Po3pobreHo npocTrii MeTo ] 3SMEHIICHHS AUCTOPIT
B aBTOMOOLTEHOMY BiZI€OpPEeCTpaTopi 3 BEIMKUM KyTO-
BUM TIOJIEM 30py 3a JOIOMOTOI0 IM(POBOro Kamiopy-
BaHHS KamepH. JIOCIiDKEHHS IbOro METOY 3 BUKOPH-
CTaHHSAM LUQPOBOI Kamepu MoOLIBHOTrO TenedoHy i
BijieopericTpaTopa nokasajo, 1o

1. Jlna migBuiieHHs e(EeKTHBHOCTI KepyBaHHS
aBTOMOOIJIEM JIOLIBHO BUKOPHCTAHHS HIMPOKOKYT-
HUX KaMmep 3 OUCTopciero 0e3 BTpaTH TOYHOCTI Ta
TEOMETPUYHOI MOJO0M MK  300pakeHHSAM Ta
o6’extom. [licma xamiOpyBaHHS LUPPOBOI Kamepu
BieopeecTpaTopa mucropcis 3menmmiacek 3 10 % mo
2 %.
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2. MouBe BUKOPHUCTAHHS IMIHNPOKOKYTHUX Te-
JIEBI3IMHUX CHUCTEM KEpyBaHHS aBTOMOOLIEM 3 BEIH-
KAM 3Ha4eHHsIM aucTopcii micist i kamiOpyBaHHS.
JlocuimKkeHHs TToKa3aliy, o Ipu boMy MeTpuka loU
Ha IIMPOKOKYTHIH Kamepi Maibke Taka cama, SIK 1 Ha
3BHYAlHIA Kamepi, a JOpOXHIH 3HaK OyB 3HaiIeHMI
HaBITh Ha Kpalo I10JIs 30Py.

3. 3acTocyBaHHS TPHU EKCIIEPUMEHTaxX po3poodie-
HOTO METONy KamiOpyBaHHS IMHPOKOKYTHUX Kamep
30epirae reoMeTpuIHy MoJA00y Mik 00’ €KTOM Ta Horo
300paKEeHHSAM TIPH 3HAYHO OINBIIOMY KYTi MOJIA 30py
B Takii kamepi. Yac oOpoOKku 300pa’keHHs He3HAY-
HHUH, OCKUIBKH Cy4YacHHH pIBEHb IOTY)KHOCTI OOYHC-
JIIOBAJIbHOT TEXHIKM [IO3BOJISIE ONPAlbOBYBATH TakKi
orepartlii B pe)XuMi peabHOTo 4acy.

4. JlocnmiukeHHS B IIbOMY HalpsIMKY € HaJ3BU-
YaiiHO aKTyaJbHUMH, aJ[)Ke aBTOMOOLIIB cTae Bce Oi-
JbIe Ta Hajani HEOOXiJHO IOKpAIlyBaTH SKICTh Je-
TEKTYBaHHS TaKMX KPUTHYHHX E€JIEMEHTIB OPOKHBOI
iHOPACTPYKTYPH, K JTOPOXKHI 3HAKU Ta TOPOKHS PO3-
MiTKa. Bce 11e € OCHOBOIO ISl CTBOPEHHS TOBHICTIO
aBTOMIJIOTOBAHOTO aBTOMOOIIIL.
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National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
IMPROVING THE TRAFFIC SIGNS ACCURACY DETECTION WITH DIGITAL
CALIBRATION OF WIDE-ANGLE CAMERA

Problems. The analysis of statistical data shows that from year to year there are more and more vehicles on public
roads, as result, the number of accidents increases and the risk for each road user increases. To ensure road safety,
automakers are implementing driver assistance systems and cars with autonomous control elements. Such systems are
capable of analyzing the environment and in the dangerous situations can correct the driver's actions or taking control of
the vehicle. Typically, such systems work with the television systems help, one of the requirements for which is a wide
angle of view. However, the main disadvantage of wide-angle systems is the large distortion, ie the geometric distortion
of the similarity between the object and its image.

Objective. Develop an approach and algorithm for calibration of wide-angle cameras for autonomous driving.
Methods. Analysis and modeling of television car control system and its calibration.

Results. A comparison of wide-angle and conventional television systems was performed, each was calibrated and the
analysis of the location of road signs of each of the systems was performed.
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Conclusions. It has been shown that for the purposes of driving a car, it is possible to use wide-angle television systems
with their subsequent calibration to eliminate geometric distortion between the object and its image. It is possible to use
wide-angle television car control systems with a large value of distortion after its calibration. Studies have shown that
the IoU metric on a wide-angle camera is almost the same as on a conventional camera, and the road sign was found
even at the edge of the field of view.

The application of the developed method of calibration of wide-angle cameras in experiments preserves the geometric
similarity between the object and its image at a much larger angle of view in such a camera. Image processing time is
insignificant, because the current level of computer power allows you to process such operations in real time.
Keywords: television car control system; camera; distortion; calibration; camera; ADAS; field of view angle; IoU.
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