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HNPOI'PAMMHOE OBECHEYEHHUE JIJA CO3JAHUA
CUHTE3UPOBAHHBIX JAHHBIX U CUMYJATOP
C OBPATHOM CBA3BIO JJIsI TECTUPOBAHUSI
AJITOPUTMOB MAHIMHHOI'O OBYYEHUA

B Hacrosiieli paboTe NpeiCcTaBiIeHO MPOrpaMMHOE O0eCIeueHue, MO3BOJISIONIeE CO3/1aBaTh HOBBIC JAHHBIC LIS
00yYEeHUS ¥ IPOBEPSITH YXKE UMEIOIIHUECS aITOPUTMBI B PSKUME CUMYJISIIUU. PazpaboTanHas mporpaMMa mo3BOJIseT
MPOM3BOAUTH HAOOPHI CBSI3aHHBIX JAHHBIX, B TOM YHCJIE€ COBMECTHBIE HAOOPHI JAHHBIX BUAUMOIO U HH(PAKPACHOTO
JIMAINa30HOB, MOJYYEHHBIX C MMOMOIIBI0 OJHOW KaMephbl WM CTEPEOIapsbl, IOMOIHUTENbHON WHPOPMAIIUU B BUIE
JIMAAPHBIX MTaHHBIX W KapThbl FJ'[y6I/IHBI, CeFMeHTaHHOHHOﬁ KapTHUHBI, JaHHBIX O PACIIOJOKCHUHN UHTCPECYIOINX
00BeKTOB Ha (OTO- WK BUACOM300pakeHnH. CTpyKTypa pa3pabOTaHHOIO MPOrPAMMHOI0 00SCIICUCHHS TIO3BOJISET
OCYIIECTBIIATh JANbHEHIee yCOBEPIICHCTBOBAHIE MMOJXOM0B W BO3MOXHOCTEH J0pabOTKH MOTYYHBIIETOCS KOH-

Beiiepa 1o/ pa3HbIe 1eNU 1 3a1a4H.

Kn. ca.: MammmaHOE 00yueHue, oOy4aromue BhIOOpKH, 00ydeHHe HeHPOCETEeBbIX alrOPUTMOB, TECTUPOBAHHE

aNrOPUTMOB, CUMYJISITOP

BBEJEHUE

Pa3zpaboTunku anroputmMoB 00ydeHHsT HelpoceTeit
paHO WM MO3JHO CTaJKHBAIOTCSI C KPU3HCOM, BBI-
3BaHHBIM OTCYTCTBHEM JIOCTaTOYHOTO KOJUYECTBA
pa3MeUueHHBIX BU3yallbHbIX NaHHbIX [1]. Kak npaBuio,
HU OJIHO HCCJIC/IOBaHUE B MAIIUHHOM OOYYEeHUH He
00xoauTcs 0e3 9KCTIEPIMEHTOB Ha PEaTbHBIX UM MO-
JENbHBIX JTaHHBIX, HOATBEPXKAAIOUINX MPAKTUUYECKYIO
paboTtocriocobHOCTh MeToa. CyIecTBYIOT pa3indHbIe
METO/BbI PEeIIeHHus 3TOH MpOoOJIEMBbl, OAHAKO YHHBEp-
CaJIbHbIE METO/Ibl HA TaHHBIM MOMEHT HEe OOHAPYXKEHbI
[2—4]. Kpome Toro, mpu pa3paboTKe aIropuTMOB
Ba)KHOE 3HAUCHHUE MMEET BO3MOXKHOCTb OCYILECTBIIE-
HUS UX TecTupoBaHus [5]. B HacTodAlel cTaThe pedb
MOWJET O CHEUATU3UPOBAHHOM IPOTPaMMHOM KOM-
IUIEKCE, KOTOPBII IO3BOJSIET OJHOBPEMEHHO CO37a-
BaTh HOBBIE JaHHBIC AJISI OOYyYEHHs U MPOBEPATH YXKe
WMEIOIINECs aJTOPUTMBI B pekuMe cuMyssanuu. He-
00X0AUMOCTh Pa3pabOTKH TAKOro0 IMPOrpaMMHOIO
obecrieueHusi 00ycoBiIeHa TPeOOBAaHMEM ITOJTyUCHHS
CBSI3aHHBIX JAHHBIX ISl PELICHUS HEKOTOPBIX 3aaad.
Peub naer o coBMecTHBIX Ha0Opax JaHHBIX BUAMMOTO
1 WHPAKpaCHOTO IHAMa30HOB, MOJYYEHHBIX C TIO-
MOIIBI0 OJJHOM KaMephl MM CTEPEONaphl, U TONOIHH-
TETbHON MHPOPMAINH B BUAE TUAAPHBIX JaHHBIX WIIH
MPOCTO KapThl INIyOUHBI, CETMEHTALIMOHHON KapTHHBI,
JAHHBIX O PACTOJIOKEHUH WHTEPECYIOIUX O0BEKTOB
Ha (oTo- win BUAeou3o0paxeHuH. JleTanbHbll aHa-
JIU3 Pa3NUYHBIX OTKPBITHIX MCTOYHHMKOB ITOKAa3al, YTO
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MOoJ00HBIX HAOOPOB JAHHBIX HA TEKYIIUA MOMEHT
He cymecTByeT [6]. B pesymbraTe paboThl co3maHo
nmporpaMmHoe obeclieueHue, MO3BOJSIONIEEe CHHTE3HU-
pOBaTh JAaHHBIC I TEHEpAMH OOYyYaroluX BBIOO-
pok. Pa3zpaboraHHbie onucaHus BHYTPEHHEH CTPYKTY-
pBl TAHHOTO MPOTPAMMHOTO OOECTICUCHUS MTO3BOJISIOT
OCYILIECTBJISATh JajbHEHIEe YCOBEPLUICHCTBOBAHUE
MOJIXOJIOB U BO3MOXHOCTEH JOPa0OTKU MOTY4YHBIIIE-
rocsi KOHBeiepa 1Mo/ pa3HbIe el 1 3a/1a4H.

OIINCAHME PABOTHBI CUMYJISAATOPA

PaspaboTanHbIil CUMYJIATOp NIpeHA3HAYCH JIJIS pe-
IIEHHsT TIPOOJIeM, CBSI3aHHBIX C OOyYeHHEM U TEeCTH-
pOBaHHEM JBIKEHHsI OECIMIOTHOTO POOOTH3MPOBaH-
HOTO TPaHCHOPTHOTO cpencTBa. OCHOBHbBIE (PyHKIINU
CUMYJISTOpa:

— TIpoBenieHue software-in-the-loop n hardware-in-

the-loop TecTHpOBaHMH aJIrOPUTMOB, HCIIOIB3YIO-
IIMXCS B ammaparype poOOTEeXHHYECKHX KOMILIEKCOB
(PTK) B pexume '"3aMeIUIEHHOTO pEaJILHOTO BpeMe-
HI/I";
— ¢opMHUpOBaHHE U300pAKEHUN CIIEHBI B BUIUMOM
¥ MHQPAaKpacHOM AMana3oHaX BMECTE C JTAJOHHOM
pasMeTKoM IS pa3paboTKu M OOyYeHHS HEeHUpoceTe-
BBIX aJTOPUTMOB PacHo3HaBaHHs OOBEKTOB M CeMaH-
TUYECKON CETMEHTAIIN! CIICHEI;

— OTJIaJIKa AITOPUTMOB CTEPEOPEKOHCTPYKIINH, BU-
3yanbHOI ogomeTpuu 1 SLAM.
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CuMyJISITOp UMHTHPYET TaKH€ MCTOYHUKU BBIXO-
HBIX JJAHHBIX CEHCOPOB, BKIItOYas 3((EKThI UX HECO-
BEpLICHCTBA, Kak: TeneBusnoHHsle (TB) m tenmnosu-
3opubie (TIIB) kamepsl, muaapsl, CIyTHUKOBBIE HaBH-
TallMOHHBIE  CUCTEMBI, HWHEPIMAIbHbIE CHUCTEMEI
(MHC), xonecHast ogoMeTpHus Ha3eMHOTO KOJECHOTO
pPOOOTOTEXHUYECKOTO  TPAHCIOPTHOTO  CpEJACTBa
(PTK), natuuk yria noBopora xonec PTK.

IIpencraBieHHBIN IPOrpaMMHBINA KOMIIOHEHT I10J-
JePKUBAET HECKOJIBKO CLIEHapUEB PadOTHI.

Pesrcum zenepamopa 103BOJSIET CI€HEPUPOBATH
Ha6op1,1 CBA3aHHBIX JAaHHBIX IJIsA 06y‘-ICHI/I}I AJIropuT-
MOB. JlaHHBIE T'€HEPUPYIOTCS MNapaljeIbHO Ha He-
ckonbknx GPU kmactepa M COXpaHSIOTCS B MaMSTH
KJacrepa.

Tecmoegulii pexcum TIO3BOJISET TECTUPOBATH OT-
JenpHble (hparMeHThl Habopa JaHHBIX B PEKUME pe-
aJHLHOTO BPEMEHHM C MTOMOIIBI0 BeO-nHTEpdetica.

Pexcum nonuzona npencTapisieTr coOOM TECTOBBIN
MOJINTOH, IO KOTOPOMY MOXKET JIBUTaThCs HEKOTOpas
¢u3ngeckas Mojenb, HampuMep OecTIMIIOTHBIN JeTa-
TENBHBIN amnmapaT Wid aBTOMOOWIs. B 3TOM pexume
IIAKJT 3aMBIKAeTCI OOpaTHOM CBS3BIO, MO3BOJISS TIPO-
TECTHPOBATh AITOPUTMBI B YCIIOBHUSX, ONHM3KUX K pe-
aJlbHBIM, 0€3 MOCJICACTBHM il (PU3NUECKON peayin3a-
UH.

A.T.JIATTYIIKUH, 1. A. TABPUJIOB, O. A. IIOTK1H

Pyunoii pexcum TI03BOJISET MTEPEXBATHIBATH YIIPAB-
neHne (U3NIECKONH MOJIEIBbI0 OIEepaTOpOM C IEIBI0
KOPPEKTUPOBKU BO Bpemsi ucnbiTaHuil. [Iporpamma
CUMYJIAPYET TIOCIEAOBATEILHBIN BUICOPSAI U TIEpe-
JIacT C IIOMOIIBIO CETEBBIX COKCTOB JAaHHBLIC AajbIIIC
Ha JICMOHCTPAIIMOHHBIN KOMITBIOTEp C 000pYyIOBaHU-
€M, a TakKe B APYrod KiacTep, KOTOPBIM 3aHUMAaeTCs
pacro3HaBaHUEM CHMYJIHPOBAaHHBIX H300paKeHUN
1 obecrieunBaeT 0OpaTHyo CBsi3b. [Ipu 3TOM BO Bpems
TECTUPOBAaHMS OECIMIOTHOTO TPAHCIIOPTHOTO CPEJCT-
Ba HET HEOOXOJMMOCTH IMPHUBJICKATh YEIOBEKa-OIe-
paTopa I TOTOJHUTEIHHOTO KOHTPOJISI 32 TIPOUCXO-
JISIIIIAM, TaK Y4TO OTCYTCTBYET OMAaCHOCTh (PU3MUECKOTO
BozfeiicTBus [7, 8], Oomee Toro, mss OBICTPON TMpoO-
BEpPKH THUIOTE3 BO3MOXKEH 3aITyCK HECKOJBKUX CIICHA-
pHUEB OTHOBPEMEHHO.

Cxema cuMyIsiTOpa MpejicTaBieHa Ha puc. 1.

PazpaboTanHoe nmporpaMMHOE OOECIICUCHHE TPEI-
CTaBJsIeT cO00 YHUBEPCAIBHYIO peaU3alio CHMY-
nsTOpa-reHepaTopa. BHyTpeHHe — 3T0 Habop Moje-
JIed, IEHAEPHBIX IPOrpaMM U CKPHUIITOB, CBSI3aHHBIX
MeXIy Cco0OH B €IMHOEe NpeCTaBlieHHe. Pexumbl
MPOrpaMMHOT0 KOMITJIEKCA U BHYTPEHHEE COCTOSHUE
CIICH BBICTABIISIOTCS C IIOMOIIBIO KOH(HUTYpaImOHHO-
ro json-¢aiina.

CHMynHpoBaHHble faHHble

Knactep ¢ nporpammHbiM obecnieyeHnem
CO30aHNA CMHTE3WPOBaHHbBIX GaHHbIX

KnacTep ¢ nporpammHbim obecnedeHuem,
peannayownum anropuTmMbl ynpasneHua

CurHans! ynpaeneHHA CO CTEHAOBOro KOMNbOTEPa
1

O6parHan CBA3b Yepe3 cneuranuanpoBaHHbIi NpoToKon

CTeHAOBLIA KOMNbIOTEP

Aucnned, oro6pameHue

Puc. 1. Cxema cumymsitopa

HAVYYHOE ITPUBOPOCTPOEHMUE, 2023, Tom 33, Ne 1
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B TectoBOoM pexmume B KOHPHUTyparyui COXpaHs-
I0TCs JIBE€ JIOKQJIbHbIE IANKU. B 1epBoil HaxoxsTcs
omnucaHus KaapoB B opmare json, BO BTOPYIO MOCTY-
Mar0T CreHePUPOBAHHBIE MO0 3TUM ONHUCAHUSAM (DaiIIbL.
bnaromapst TecToBOMYy PEKUMY CTaHOBHUTCS BO3MOXK-
HBIM TIPEANPOCMOTP KPYIIHBIX CIIEH O€3 TpaThl Bpe-
MEHH Ha Co3JlaHHe OOIUpPHON COOpKH.

PexxuMm reHeparopa MO3BOJISET MOJTYYHTH OOIIHp-
HYIO CIy4aiiHyl0 BBIOODKY C MOMOIIBIO PaHIOMH3a-
IIUU TIOJIO’KEHUS KaMepbl U 00bekToB. Onucanue cle-
HBI TaKke uMmeer ¢opmar json. OmnucaHue nonagaet
B NPOTpaMMHOE OOEcleyeHHe 4Yepe3 CIerHaaIu3upo-
BaHHYIO ouepenb. [IpoucxonuT OTpuCOBKa BU3Yyallb-
HOW KapTUHKH, MAacKH pacrojOoXeHUs OOBEKTOB
WHTepeca U OTJENIbHO OMHCAaHKE Kajpa ¢ HAaMMEHOBa-
HUSIMU OOBEKTOB M UX TIO3UIHH B MUKCENBHBIX KOOP-
nuHatax. [‘eHepupoBaHWe OONBIIOTO KOJWYECTBA
JAHHBIX MOJKET 3aHMMAaTh JOCTAaTOYHO JIOJITO€ BpeMs,
OJIHAKO BO3MOJKHO paclapajulenuBaHue 3anad. Ha
knacrepe umerotcest 8 GPU, xaxplii M3 KOTOPBIX 3a-
JIECTBOBaH B TEHEPUPOBAHWUU OOJBIION BBEIOOPKH.
Jnsi ynpaBnieHHsT TEHEpaTOpPOM HCIONb3yeTcs: BeO-
npuiIokeHne. B HeM MOXHO copMUpOBaTh 3aJaHue,
ykazaTh kosmdecTBO GPU, xoTopwie HOMKHBI OBITH
3ajelicTBoBaHbl. CTaTyc T€HEpUPOBaHHS BHIOOPKH,
KaXIIplid 1Iar TeHepalnuy OTHPaBISCTCS B BeO-TIpH-
noxenue. Ilocne 3aBepuieHus: mporecca T'€Hepanuu
C TOMOMIBI0 BEO-TPUIIOKEHHUS BO3MOXHO IOJTYYHUThH
CreHEepHpOBAaHHbIE JAaHHBIE MO MpsiMON cchlike. Cxe-
Ma reHeparopa MnpejcTaBieHa Ha puc. 2.

BUPTYAJIBHASA OIITUKODJIEKTPOHHASA
CUCTEMA 1JIAA DKCHEPUMEHTOB
C AITOPUTMAMU

OnTukosnekTporHas cucrema (O9C), nucmonb3ye-
Masi U IPOBEIEHHSI SKCIIEPUMEHTOB C aJrOpUTMaMH,
IpeacTaBiIseT CoO0H UrealbHO KECTKYI0 cOOpKy u3 4
crepeonap. OnTudyeckue OcH Kamep Jie)XaT B OIHOM
IUIOCKOCTH. YTJIBI a3UMYyTa OIITHYECKHX OCEH CTepeo-
nap cocrasisoT 0, 90, 180, 270°. 'opuzoHTaTBEHOE
moJie 3peHus KaXIoi crepeonapbl — 94°, uto obec-
MeYHBAET MepeceyeHne mojel 3peHns. 31ech CleayeT
3aMETUTh, YTO JaHHOE 3HAYCHUE SIBJISCTCS] TUITMYHBIM.
B 1mensix KOHKpETHBIX 3KCIIEPUMEHTOB JaHHOE 3Hade-
HHUE MOXET OBITh U3MEHEHO (Hampumep, ¢ Leblo OIl-
THMU3AIUN pabOTHl adropuTMoB). BepTukansHoe m0-
Jie 3peHue Kaxaou crepeonapsl — 70° (Taxke sBIS-
eTCsl TUITMYHBIM M MOXKET BapbupoBaThcs). Paccros-
HUE MEXAy ONTHUYECKHUMH OCSIMH Kamep, BXOJISIINX
B cTepeonapy (6aza), — 1 M (MOXXET BapbHUpOBATHCS).
ONTHKO3JEKTPOHHAs CHUCTEMA TO3BOJIAET W3MEHATh
MapaMeTphl CIEHBl C TOMOINBIO BXOJHBIX ITapameT-
poB. PaccTosiHue Mexay KaMepaMH W mapaMeTphl Ka-
Mep, Takue Kak (JOKyCHOE paccTOSHHUE, Pa3Mep OINTH-
YEeCKOT0 CEHCOpPa, PETYIUPYIOTCS C TIOMOIIBbI0 KOHDH-
rypanuoHHoro Qaina.

dopmMar BBIXOAHBIX JTaHHBIX MPEJICTABISIET COOOH BO-
CeMb M300pakeHHil ¢ Kamep, KOOPAMHATHI MECTOIOJIO-
JKEHHS! [IEHTpa aBTOMOOWIISA, €r0 MOBOPOT B TI00AIBEHOM

\

Knactep ¢ nporpaMmmMmHbim
obecnederunem "HWHrennexr"

3apanwA

Puc. 2. Cxema reneparopa

HAVYYHOE [NPUBOPOCTPOEHMUE, 2023, Tom 33, Ne 1
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cUCTeMe KOoOpAuHAT. Takke W3BECTHBI ITOJIOKCHUS
Y TTOBOPOTHI KaMep B JIOKAJILHOM MPOCTPAHCTBE aBTO-
MOOHIIsi. BBIXOHBIC JaHHBIC MPECTABISIFOTCS B BUJIC
CTPYKTYPBHI I1aII0K, B KOTOPBIE ITOMENIAKOTCS OIUCAHUS
CIICHBI B popMaTe json U N300paKeHUS ¢ KaMep.

OIMUCAHUE ®OPMATA KOHOUT'YPAIIMOHHBIX
JAHHBIX JJIS TEHEPATOPA

CTpyKTypa 1aHHBIX AJ5 reHepaTopa

I'eneparop AOIDKEH IOYYUTH HCUYEPITHIBAIOILYIO
nHGOPMAIIMIO O THUIIAX OOBEKTOB B KaJpe, pacrojo-
KEHUU O0OBEKTOB, yTIIaX OCBEMICHHSI, HEOOXOIUMOCTH
3aHECCHHMs] 0OBEKTOB B OINMMCAHUE CIICHBI M T.1I. JlaH-
HBIC OTIIPABJISAIOTCS B TNPOrpaMMHOE obecreucHue
B (hopMaTe json U UMEIOT CISAYIOUIYIO CTPYKTYPY:

"Count": 1.
"Comment " :

"Test_Track_000O01".
[-1-

"Foreground Objects": [-]

[-1

"Images" : [=]

III{a.p n :
"BackgroundObjects":

"Cameras":

"Environment":
"NOPlacements™:
"DOPlacements™:

[-1]

-1
[-1]
[-1]

"Sensors":

Onucanme noJieil Count, Comment, Map,
BackgroundObjects, Foreground Ob-
jects B IaHHBIX IreHepaTopa

— Ilone Count XpaHUT KOJIMYECTBO KaJPOB, KOTO-
pbie HeOOXOAMMO OyIeT CaeNaTh TeHEepaTopy.

— Ilone Comment MOXeT cofiepKaTh MOSCHSIOMIE-
ro XapakTepa KOMMEHTapHii K KaJpy / Habopy KaJpoB.

—Ilone Map XpaHWT CTPOKY, COBIIAJAIOMIYIO
M0 HA3BAaHUIO C OJIHOM M3 CTAaTUYECKUX KapT, 3apaHee
MOJATOTOBJICHHBIX M HACTPOCHHBIX IS HMCIIOJIb30Ba-
HUSL.

—Ilone BackgroundObjects xpaHUT maccus
3aKaJIPOBbIX HEIMOJBUKHBIX OOBEKTOB, I KOTOPBIX
HE TUIAHUPYETCS MEHSTh TO3WIIMIO, OJHAKO C IOMO-
b0 KOTOPBIX MOYKHO MPUBHECTH B CIIEHY HEKOTOPHIC
OTIIUYHSL.

—Ilone Foreground Objects 310 maccus
CTPOK ¢ MMEHaMH TaK Ha3bIBAEMbBIX OOBEKTOB MEPe/i-
Hero IuiaHa. Takue OOBEKTHI SBISIFOTCS "IEHCTBYIO-
ITUMU JTUTaMu" CIICHBI, OOBIYHO Ha HUX YCTaHOBJICHBI
KaMepbl. DTO MOXET ObITh aBTOMOOWIIb CO BCEMH €TI0
JTATYNKAMHU, HO KPOME aBTOMOOWIISI 3TO MOXET ObITh
CHUMAIOIINH aBTOMOOWIIb CBEPXY KBaJPOKONTEp WIIN
JIpyroi HHOM OeCHHIIOTHHK.

Onucanue nousi Images B IaHHbIX FeHepaTopa

ITone Images COIEPKUT INEPEUUCICHUE KAJPOB,
KOTOpble HEOOXOOUMO clieslaTb BCEM  KaMmepam
Ha cueHe. OObIYHO 3TO CHUMOK B BUAMMOM CIEKTpE,
WHPPAKPaCHOM U CHUMOK CErMEHTAIIMOHHOW KaMephl,
MO3BOJIAIONIEH 3arledaTiieTh OOBEKTHl Ha CLICHE B BUAE
OJHOTOHHBIX IIATCH.

IIpumepHslii BUJ conepxanus nojis Images:

"Images": [

{
"Tag": "image".
"ImageType": "Visible",
"Camera": 0

}-

{
"Tag": "mask".
"ImageType": "Mask".
"Camera": 0

}

Onucanue nojga Environment
B JIJAaHHBIX TeHepaTopa

[lone Environment comepxur B cede CTPyKTY-
Py,  OIpeneNsionyl0  IapamMeTphl  OCBEUICHHSA
Ha cueHe. CTpyKTypa ONHMCHIBACT IOBEACHUE HalpaB-
JIEHHOTO MCTOYHHKA OCBEIEHHUS. DTO HE 3HAYUT, YTO
CIIeHa HE MOXXET COJepXaTb APYTMX THUIIOB OCBELle-
HUS, OAHAKO A00aBJIATh WX HYXHO 3apaHee B CTaTH-
YEeCKYIO COCTABIISIONIYIO CIIEHBI.

CrpykTypa cueHsl B nosie Environment:

"Environment": {
"LightIntensity": 1,
"AmbientIntensity": 1.,
"ShadowPitch": 49,
"ShadowRoll": -4,
"ShadowIntensity": 1.

"ShadowEnabled": true

¥-

Ilons onmcaHus CLEHBI ONPENEISIIOT HapaMmeTphbl
OCBEILICHHS] HA CLICHE.

—Ilone LightIntensity oTrBeuaeTr 3a HHTEH-
CUBHOCTb HAIPaBJICHHOTO UCTOYHUKA OCBELICHMUSI.

—Ilone AmbientIntensity 103BOJIIET BHI-
OpaTb HMHTEHCHBHOCTH PACCESIHHOTO OKPYXKaIOIIEero
CBeTa.

— VIl HampaBJIICHHOTO MCTOYHMKA OCBELICHUS
3a7alTcs ¢ nomoupr nojeil  ShadowPitch
1 ShadowRoll.

—Ilone ShadowIntensity wmensercs ot 0.0
b1 (o) 1.0 wm  ompenmemser  SPKOCTh  TEHH.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2023, Tom 33, Ne 1
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Ha stoT mapameTp Takke MOXKET BIMITH YPE3MEPHBIN
AmbientIntensity.

—ITone ShadowEnabled no3BoJsSeT BKIOYATh
U OTKJIIOYATh TEHU OT HANPABJICHHOIO UCTOYHMKA OC-
BCIICHUS.

Onucanue nojiga NOPlacements
B IaHHBIX reHepaTopa

[Tone NOPlacements mpeacTaBiseT co00i mac-
CHUB CTPYKTYp OIUCAHHSA JBIKYIIUXCA OOBEKTOB
HAa CLCHE.

Conepxanue oyt NOPlacements:

"HOPlacements": [
{
"Id": "fgO".
"ObjectPlacement”: {
"PlacementType " :
"ParentId":
"Paosition": {
"X": 14223.819710696813.
"¥": -3410.0956920878875.
"Z": 100,
"Yaw": 90,
"Pitch": 0O,
"Roll": DO

"absolute",

null,

}-

"Scale": {
"ScaleX": 1.
"Scale¥": 1.
"ScaleZ": 1

}-

"Model": {}

— Ctpykrypa nmeet none Id, ciyskariee IceBJo-
HUMOM JIJIs1 YKa3aHHOTO OOBEKTa.

—Ilone ObjectPlacement COIEpPKUT CTPYKTY-
Py, OTIMCHIBAIOMIYIO PACCTAHOBKY TWHAMHYECKHUX 00B-
€KTOB.

—Ilone PlacementType ONUCHIBa€T CHOCO0
paccTaHoBKH. JTO MOXeET ObITh absolute, T.e. yKa-
3BIBAETCS TO3UIMSI O0BEKTa B TIIOOANBHOW CHCTEME
koopauHar. Ilone PlacementType, BbICTABICHHOE
B relative, n03BOJISIET BBICTABIATH OOBEKTEI OTHO-
CUTENTFHO YKa3aHHOTO 00OBEKTa.

—Ilone ParentId no3BousieT BBICTABUTh JUISL Te-
KyIIETo 00BEeKTa POJUTENBCKUN 00BEKT, OTHOCHUTEIb-
HO KOTOPOTO OYyJeT OTCUMTHIBATHCA MO3MLMUS ISl pe-
)KuMma relative.

—Ilone Position mpexacraBnsieT coboil CTPyK-
TYpY, ONHKCHIBAIOIIYIO TO3UIMIO PACCTAHOBKH OOBEK-
Ta. B 1aHHOHN CTpYyKType 3amaHbl MapaMeTphbl I03H-
IIUH, YKa3aHHBIC C ITIOMOIIBIO none X, ¥, Z, U TaKxKe
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MOBOPOT OOBEKTa 3aIHMCHIBACTCS B DMIECPOBBIX KOOP-
JUHATax ¢ IOMoIIpI0 mojed Yaw, Pitch, Roll,
YKa3bIBaEMBIX B IPaycCax.

—Ilone Scale coaepX UT CTPYKTYpy, KOTOpas
ONKCHIBACT MACIITa0 JAUHAMUYECKOro OOBEKTa I10
TpeEM OCSM C TIOMOIIBI0 TIapaMeTpoB ScaleX,
ScaleY, ScaleZ.

— Iose Model conepkKUT CTPYKTypYy, KOTOpas 1o-
3BOJISIET SIBHO YKa3aTh, KAKyK MOJIENb JIBVKCHUSA
JIOJDKEH U30paTh OOBEKT B TUHAMUKE.

Onucanue nojg Cameras
B IaHHBIX F'eHepaTopa

[lone Cameras mnpeicraBiseT co0Oi Maccus,
B KOTOPOM COZEpKaTCsi OOBEKTHI HACTPOHKN KaKION
KaMephl Ha CLIEHE 10 OTAEIBHOCTH.
BrewHuii BUJT HACTPOUKH KaMEPBI:

"Cameras": [

{
"PizelSizeX":
"PizelSize¥": 3.45e-06,
"FocalLength": 0.01875,
"MatrizW": 6144.
"MatrizH": 6144,
"CameraMainOffset":
"CameraCrossOf fset™:

J.45e-06.

0.0.
0.0,
"CameraAzisAngle": 0.0,
"png".

"FgO",
"forward_cam_ 0",

"ImageFormat":
"ObjectId":
"Camerald":
"IsOrtho": false.

"OrthoSize": 200
"ImageEnhancementParameters™: {
"CalibrationRulerOn": false.

0.0,

false.

"CalibrationRulerDistance®:
"DownScaleSimulationOn":
"FrameScaleX": 0.0,
"FrameScaleY": 0.0.
"CameraShakingOn": false,

0.0.

false

"ExPositionTimeSeconds ™ :
"NonIdealEffectsOn":
}-

1.

—B nomix PixelSizeX u PixelSizeY Bbl-
CTaBJIAIOT pasMep NHKCENs B BUPTYalIbHOHW KaMmepe,
B JAHHOM CJy4yae BBICTAaBJIEH CTaHJApTHBIA pa3Mmep
nukcensa 3.45 MKM, COOTBETCTBYIOIIMN peajbHOM Ka-
Mepe, YCTaHOBJICHHOW Ha aBTOMOOMIIE.

—Ilone FocalLength oTHOCHTCS K (OKYyCHOMY
pacCcTOSTHUIO KaMephl, peallbHasi BETMYMHA COOTBETCT-
ByeT 0.01875 m.



100

—Ilona MatrixW u MatrixH ycTaHaBIUBaIOT
pasMep BBIXOJIHOTO H300paKEHUsI B TUKCEISX.

—Ilons CameraMainOffset, CameraCross-
Offset n CameraAxisAngle no3BOJSIIOT 33JaTh
CMEILEHUsT KaMepbl B METpax OTHOCHUTEJIBHO LEHTpa
CBEMKH, a TAK)KE IIOBOPOT.

—Ilone ImageFormat no3BOJSET NOJYUYHUTh KE-
JaeMblid OPMAT CHUMKA.

—ITone ObjectId no3BoOJIAET 3aKPENUTh KaMepy
3a HA3HAYEHHBIM OOBEKTOM.

— Iose CameraId no3BoJsieT NPUCBOUTh KaMepe
YHUKAIBHBIA UICHTH(PHUKATOD, TI0 YKa3aHHOMY B 5TOM
noJje UASHTH(HUKATOPY K KaMepe MOKHO 00paIiaThes
B JaJILHEHIITIEM.

—Ilone IsOrtho No3BONISET NEPEKIIOYUTH KaMe-
Py B OPTOHOPMUPOBAHHBIN PEXKUM, HPU BKIIOYECHUU
3TOTO TIOJIS TAKKe HEOOXOMMMO yKa3aTh HACTPOHKHU Op-
TOHOPMHUPOBAaHHOIO BUja, Hampumep OrthoSize —
pa3mMep OpTOHOPMHPOBAHHOW 00aCTH.

— Ione ImageEnhancementParameters
XpPaHUT CTPYKTYpPYy, MO3BOJIIOIIYIO OIKCAaTh IIOCT-
MIPOIIECCHHT Kajpa. B kaap MoxxHO 100aBUTH Kammo-
POBOUHYIO CETKYy C IIOMOIUBIO AKTUBALUU II0JIA
CalibrationRulerOn u, B cily4ac BKJIIOYCHUSA
SerDe, MOXHO yKa3aTh PACCTOSIHUE OT KaMepbl B MOJIE
CalibrationRulerDistance.

—Ilosne DownScaleSimulationOn BkIHOYaeT
PEXKUM pEHIEPHUHIa KaJapa BBICOKOIO pa3pelieHus
C MOCJIEAYIONINM MacIITa0UPOBAHUEM JI0 YKa3aHHBIX
B noyisix MatrixW u MatrixH pa3sMepoB C UCIOJb-
30BaHUEM 3apPaHEe OrOBOPEHHOTO AJITOPUTMA CHKATHUS.

— Cxarue TaxKe MOXKET OBITh 33/1aHO0 BPYUYHYIO
¢ nomoulsko rnosieii FrameScaleX u FrameScaleY.

—Ilone CameraShakingOn BKIIOYAET pPEXUM
CcMa3blBaHHS M300paKeHHsl MpU Tpsicke. B atom pe-
JKHME PUCYIOTCA Cpa3y HECKOJIBKO KaJIpOB, KOTOPBIE

S
~
.
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CYMMUPYIOTCSI IO HEKOTOPOMY, 3apaHEe OrOBOPEHHO-
My anroputmy. s aToro pexxuMa Takke HeoOxXou-
MO 3aJaTb BpEMs OHKCIO3ULHMUA C MOMOIIbK MOJS
ExPositionTimeSeconds.

—Ilone NonIdealEffectsOn BkiOYaeT pe-
KHUM TIOCTOOPabOTKH, KOTOPHIN JOOaBISIEeT B Kaap Je-
(eKTBI, XapaKTepHbIe TOH WM MHOHM Kamepe, ¢ OMO-
IIBI0 3apaHee BEIOPAHHOTO aJITOPUTMA.

OnucaHue nojs Sensors
B IaHHBIX reHepaTopa

[lore Sensors CciayXuT s TPEAOCTABICHUS
WHPOPMAIMH O JOTOJHUTEIBHBIX TECTUPYIOMINX YCT-
poiictBax. Onmcanue, peaau3amis 1 B3auMo/IeiiCTBHE
YCTpOWCTBA BapbUPYIOTCS B 3aBUCUMOCTH OT peayu-
3alMu  reHepaTtopa. [Ipum BKIIOYEHMH B CIIHCOK
Sensors TeCTHPYIOLIETO 00OPYIOBAHUS, €CIIA TAKOE
€CTh B HaJM4YWU, T€HEPATOp IOMNMCHIBAET B COMPOBO-
TUTENPHYI0 HMH(QOPMANHI0 JUISI CTEHEPHPOBAHHOTO
Habopa JaHHBIX JAOTOJHUTEIbHBIE JaHHBIC C CEHCOpa.
B peanmzanuu reneparopa uisi 6€CHHIOTHOTO aBTO-
MOOWJISI TNPHUCYTCTBYIOT CEHCOPHI JHAapa, 3aaHUX
U TepeHUX paZapoB, AATUMK OJOMETPHH KOJIEC, TH-
POCKONMYECKUIN TaTUUK U aKCEIEPOMETD.

PEXUM CUMYJIAIIUN JAHHBIX

I'eneparop wucmonbp3yeTcs IS €IUHOBPEMEHHOTO
B paMKax KaxJIOTO HCCieloBaHus (HOpMHUPOBaHUS
Habopa JaHHBIX, KOTOpOe TpeOyeT OTHOCHTEIHHO
MPOAOJIKUTEILHOTO BpeMeHU. B nanbHelem B pam-
KaxX JTaHHOTO HCCJIEIOBaHUA 3aIllyCK I'eHepaTropa Mo-
KeT He TTOTPeOOoBaThCS.

B xadectBe creHBl JUisl SKCHEPUMEHTOB C ajro-
pUTMaMHU HUCIOJIb3YETCS BUPTYAIBHBIA TOPOI C MPH-
JIETAIOIIEeH CeJIbCKOH MECTHOCTHIO.

Puc. 3. Ilpumep n3zoOpaxkeHHs ropos-
CKOMl  cpempl,  CreHEPUPOBAHHOTO
C TOMOIIBI pa3paboraHHOro (GoTo-
PEANTHCTHYHOTO CUMYJISITOPa

HAVYYHOE ITPUBOPOCTPOEHMUE, 2023, Tom 33, Ne 1
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Puc. 4. [Ipumep naHOPaMHOTO CHUMKa

CrieHa COCTOMT M3 HECKOJIBKHUX ECITKOB 3IaHMI
pasHoOil 3Ta)KHOCTH, BMeCTe 00pa3yIOMIUX TOPOJICKON
KBapTajl, ¥ NPWIErarouieil cenbCKOil MECTHOCTH C 3e-
JICHBIMU HacakaeHUsIMH. [IpHucyTCTBYIOT mepekpecT-
KM, Y4aCTKH C KPYT'OBbBIM JABUIKXCHUEM, ICIICXOIHBIC
Nepexo/ibl, 3HAKU IOPOXKHOTO JIBMXKEHHS, MeECTa IS
MAapKOBKH, PEMOHTHUPYIOIIMECS YYacTKU JIOPOTH.
B roposae ocyuiecTBisieTca JABUXKEHUE MAIIUH U Tie-
nrexonoB. Ilpumep m300pa)keHUs] TOPOACKOH Cpenbl,
CTCHEPUPOBAHHOTO C TIOMOINBIO pa3padoTaHHOTO (o-
TOPEATUCTUYHOTO CUMYJISITOPA, MPEACTaBIEH Ha pHC. 3.
B 10 Xe BpeMsi CUMYJISTOp IOJIKEH ObITh pacCUUTaH
Ha 4acTO€ MCIIOJIb30BaHHUE, IIO3TOMY B PEXHME CUMY-
JIATOpa NPEABABIAIOTCA NOBLIIICHHBIC TpC6OBaHI/I$I KO
BpeMeHH (opmupoBanus kagpa. CueHsl, NpeaHa3Ha-
YEeHHBIE JJIsI CUMYJISITOpA, JOJDKHBI OBITH ONTHUMM3H-
pOBaHBI, a MOCTOOPabOTKA KaIpOB COKpAIeHA O MHU-
HUMyMa. ONTHMHU3alMA KacaeTcs B TOM YHCIE JaH-
HBIX JAaTYHUKOB.

J11s1 OLIEHKH TOYHOCTH PabOThI AITOPUTMOB PACUET
MCTPUKU MOKET OCYHICCTBIIATHCA IO CCIMCHTAIlMOH-
HOH MackKe, OJIHAKO '€HEPUPOBAHME MACKH 4acTo He-
1enecoo0pasHo uig cuMyssiuud. [ OLeHOYHBIX
METPHK HCIONB3YIOTCS MEHee 3aTpaTHBIC 1O TPOU3-
BOJIUTEIBHOCTU CIOCOOBI, HapUMep T'eHepUpPOBaHUE
PasMETKH C MOMOMIBIO MPOCKIMKU OrPpaHUYNBAIOIICTO
npsiMoyronsHUKa (bounding box).

Kpome makcumManbHON ONITHUMH3AIUHN CIICHBI U MO-
Jeneil Takke HeoOXOOUMO ONTHMHU3UPOBATh HPOTO-
Ko oOMeHa. B pa3pabGoraHHOM mporpaMMHOM obec-
MIEYCHUH TSI COXpaHEHUS OOJBINEH MPOITYCKHON CTI0-
COOHOCTH CETEBBIX KaHAJIOB NPHUHATO PEIICHUE IO-
BEpraTb CxaTuro I/I306pa)KeHI/ISI, TCHEPUPOBAHHBIC CHU-
MyJsiTopoM. bornbiias yacTh mHpOpManUM HaKariu-
BaeTCs C MOMOIIBIO KaMep, PacToNOKEHHBIX Ha KpbI-
mie aBromoOwis. Ilpeamosaraercsa ucmosib30BaHUE
BOCbMH KaM€p, BBICTABJICHHBIX TaKUM 06pa30M, qTO-
OBl KaMephl 3aXBaThIBAJIM 00JACTH BUAUMOCTH CBOMX
coceneil. Takoe mocTpoeHHE BBHIOpaHO I MOCHE-
JYIOLIETO YKOMIUIEKTOBAaHUSI M300pakeHHH B TIAHO-
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pamy. Kpome Toro, cumymsatop obnanaer GpyHKIHOHA-
JIOM, TIO3BOJISIFOIIMM TIOJIy4aTh TOTOBBIM [TaHOPaMHBIN
CHUMOK ISl TATbHEHIIe o0paboTKku HEHPOCETEBEIMHU
anroputMamu. [IpuMep maHOpamMHOTO CHUMKA TIPe-
CTaBJIcH Ha puc. 4.

3AK/IIOYEHUE

[IpencraBieno omuicaHue NPOrpaMMHOrO obecre-
YeHUSl JUIA CO3JaHWSl CHHTE3MPOBAaHHBIX JIAHHBIX
U CUMYJIATOP C OOpaTHOH CBSI3bIO AJISI TECTUPOBAHUS
AITOPUTMOB MalIMHHOTO 0OydeHus. PazpaboTaHHBIH
CUMYJIATOP TpelHa3HayeH JUIsd pelieHus mpoliem,
CBSI3aHHBIX C O0YYEHHUEM U TECTUPOBAHUEM JBHKCHUS
0eCIMIOTHOTO POOOTH3UPOBAHHOTO TPAHCIIOPTHOTO
CpeACTBa, U MOJACPKUBACT PEXHUMBI pabOThl reHepa-
TOpa JTaHHBIX, TECTOBBIH PEXKHUM, PEKUM TECTOBOTO
MOJIMTOHA U Py4HOU pexxuM. OmucaHa CTpyKTypa pas-
paboOTaHHOTO MPOTrPAMMHOTO 00CCIICUCHHMS.

[IpencraBienHoe mporpaMmMHoe oOecriedeHHe Io-
3BOJISIET OCYIICCTBIISITH TECTHPOBaHHE OECHHIOTHOTO
TPAHCIIOPTHOTO CpeicTBA 0€3 MPUBIICUCHHUS YeIOBEKa-
orepaTopa, T.€. OTCYTCTBYET OMACHOCTb (PU3MUECKOTO
Bo3sieicTBHs. C ero TOMOIIBI0 BO3MOXKCEH 3aIyCK He-
CKOJIbKHX CLIEHApHEB OIHOBPEMEHHO MJIsl YCKOPEHUS
MPOBEPKHU THUTIOTES.

Paboma evinonnena ¢ pamxax odocosopa Ne 70-2021-
00138 om 1 mosabpa 2021 e. ¢ AHO "Aunanumuueckuii
yeump npu Ilpasumenvcmee Poccuiickoti @edepayuu”
HA peanu3ayuio Npoepammsl UCCLe008amMeNbCKO20 YeHMpA

8 chepe UCKYCCMBEHHO20 uHmenneKma, HI'K
00000D730321P500002.
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SYNTHESIZED DATA CREATION SOFTWARE
AND FEEDBACK SIMULATOR FOR TESTING
MACHINE LEARNING ALGORITHMS

A. G. Lapushkin', D. A. Gavrilov', O. A. Potkin’

'Moscow Institute of Physics and Technology (National Research University), Dolgoprudny, Russia

2Sher Automotive Te echnologies, Moscow, Russia

This paper presents software that allows the creation of new training data and tests existing algorithms in si-
mulation mode. The developed program allows obtaining related data sets, including combined sets of the visi-
ble and infrared ranges using a single camera or stereo pair, additional information in the form of lidar data or
a depth map, a segmentation pattern, and data on the location of objects of interest in a photo or video image.
The structure of the developed software allows for further improvement of the approaches and possibilities for
finalizing the resulting pipeline for different purposes and tasks.

Keywords: machine learning, training sets, training of neural network algorithms, algorithm testing, simulator

INTRODUCTION

Developers of neural network training algorithms
sooner or later face a crisis caused by the lack of suf-
ficient marked-up visual data [1]. As a rule, no study
in machine learning is complete without experiments
on real or model data confirming the practical perfor-
mance of the method. There are various methods for
solving this problem, but universal methods have not
been found at the moment [2—4]. In addition, in the
development of algorithms, the possibility of testing
them is important [5]. This article will focus on a spe-
cialized software package that makes it possible to
simultaneously create new data for training and test
existing algorithms in simulation mode. The need to
develop such software is due to the requirement to
obtain related data for some tasks. We are discussing
combined data sets of visible and infrared ranges ob-
tained with a single camera or stereo pair, and addi-
tional information in the form of lidar data or simply
a depth map, a segmentation picture, or data on the
location of objects of interest in a photo or video im-
age. A detailed analysis of various open sources
showed that there are currently no such datasets [6].
The effort led to the creation of software that enables
data synthesis to produce training examples. The de-
veloped descriptions of the internal structure of this
software enable further improvement of the approach-
es and the possibility of modifying the resulting pipe-
line for different goals and objectives.

SIMULATOR OPERATION DESCRIPTION

The developed simulator is designed to solve prob-
lems associated with training and testing the move-
ment of an unmanned robotic vehicle. The main func-

tions of the simulator are:

— carrying out software-in-the-loop and hardware-
in-the-loop testing of algorithms used in the equip-
ment of robotic technical complexes (RTC) in "scaled
real time" mode;

— generation of visible and infrared images of the
scene, as well as reference markup, for the develop-
ment and training of neural network algorithms for
object recognition and semantic segmentation of the
scene;

— debugging algorithms of stereo reconstruction,
visual odometry and SLAM.

The simulator mimics such sources of sensor out-
put data, including the effects of their imperfection, as
television (TV) and thermal imaging (IR) cameras,
lidars, satellite navigation systems, inertial systems
(INS), wheel odometry of a ground wheeled robotic
vehicle (WRYV), sensor of the angle of rotation of the
WRYV wheels.

The presented software component supports sever-
al scenarios of operation.

Generator mode allows generating sets of related
data to train algorithms. On a number of cluster
GPUs, data is generated in parallel and saved in the
cluster memory.

Test mode allows you to test individual pieces of
a dataset in real time using a web interface.

The field test mode is a testing ground over which
some physical model, such as an unmanned aerial ve-
hicle or a car, can move. In this mode, the loop is
closed by feedback, allowing you to test algorithms in
conditions close to real, without the consequences of
physical implementation.

Manual mode allows you to intercept the control
of the physical model by the operator in order to make
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corrections during tests. A program simulates a se-
quential video sequence and transfers data using net-
work sockets to a demo computer with equipment, as
well as to another cluster that recognizes simulated
images and provides feedback. During testing of an
unmanned vehicle, it is not necessary to involve
a human operator for additional control over what is
happening, since there is no danger of physical impact
[7, 8], moreover, several scenarios can be launched
simultaneously for quick hypothesis testing.

A diagram of the simulator is shown in Fig. 1.

The developed software is a universal implementa-
tion of the simulator-generator. The internal structure
is a set of models, shader programs, and scripts that
are interconnected into a single representation. The
configuration json file is used to configure the modes
of the software complex and the internal state of the
scenes.

Fig. 1. Simulator diagram

In test mode, two local folders are kept in the con-
figuration. The first contains the descriptions of
frames in json format, and the second receives the
files generated from these descriptions. Thanks to the
test mode, it becomes possible to pre-view large
scenes without wasting time on creating an extensive
assembly.

The generator mode allows for extensive random
sampling by randomizing the camera position and ob-
jects. The scene description is also in json format. De-
scription is delivered to the software via a dedicated
queue. Then a visual picture and mask for the location
of objects of interest are drawn. Also, a description is
made of a separate frame with the names of objects
and their positions in pixel coordinates. Generating
a large amount of data can take quite a while, but it is
possible to parallelize tasks. There are 8 GPUs on the
cluster, each of which is involved in generating a large
sample. A web application is used to control the gene-
rator. In it, you can form a job, specify the number of
GPUs to be involved. Sampling generation status,
each generation step is sent to the web application.
After completion of the generation process using the
web application, it is possible to obtain the generated
data via a direct link. The generator diagram is shown
in Fig. 2.

Fig. 2. Generator diagram

A.T.JIATTYIIKUH, 1. A. TABPUJIOB, O. A. IIOTK1H

A VIRTUAL OPTOELECTRONIC SYSTEM
FOR EXPERIMENTS WITH ALGORITHMS

The optical electronic system (OES), used to con-
duct experiments with algorithms, is an ideally rigid
assembly of 4 stereo pairs. The optical axes of cam-
eras lie in the same plane. The azimuth angles of the
optical axes of stereopairs are 0, 90, 180, 270°. The
horizontal field of view of each stereo pair is 94°,
which ensures the intersection of the fields of view.
Note here that this value is typical. For the purpose of
specific experiments, this value can be changed (for
example, in order to optimize the algorithms). The
vertical field of vision of each stereo pair is 70° (also
typical but can vary). The distance between the optical
axes of cameras that comprise stereo pair (base) is 1 m
(may vary). The optoelectronic system lets you
change scene parameters using input parameters.
Camera spacing and camera parameters, such as focal
length, optical sensor size, are adjusted using a confi-
guration file.

The output format is eight images from cameras,
location coordinates for the center of the car, and its
rotation in the global coordinate system. The positions
and rotations of the cameras in the local space of the
car are also known. The output data is presented in the
form of a folder structure containing scene descrip-
tions in json format and images from cameras.

DESCRIPTION OF THE CONFIGURATION
DATA FORMAT FOR THE GENERATOR

Data structure for the generator

The generator should obtain comprehensive infor-
mation about the types of objects in the frame, the
location of objects, lighting angles, the need to enter
objects in the scene description, etc. Data is sent to the
software in json format and has the following struc-
ture.

"Count": 1.

"Comment™: "",_

"Test_Track_00001".

[-1-
[-1

"Map":
"BackgroundObjects":
"Foreground Objects™:
[-1
[-1

"Environment" :
"NOPlacements"™:

"DOPlacements™:

[-1

"Cameras":
"Images" :
{-1
[-1
[-1

"Sensors":
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Description of Count, Comment, Map,
BackgroundObjects, Foreground Objects
fields in generator data

— The Count field stores the number of frames
that the generator will need to make.

— The Comment field can include an explanation
for the frame/set of frames.

— The Map field stores a string that corresponds by
name to one of the static cards that were previously
prepared and configured for use.

— The BackgroundObjects ficld stores an ar-
ray of off-screen stationary objects which positions
are nor intended to change, but can be used to alter the
scene.

— Foreground Objects field is an array of
strings with the names of the so-called foreground
objects. Such objects are the "actors" of the scene, and
usually cameras are installed on them. It can be a car
with all its sensors, but in addition to a car, it can be
a quadcopter or other drone filming a car from above.

Description of the Images field
in the generator data

The Images field lists the frames that all cameras
need to make on stage. This is usually a snapshot in
the visible spectrum, infrared, and a snapshot of
a segmentation camera that allows you to capture ob-
jects on the stage in the form of solid spots.

An example of the content of the Images field

"Images": [

{
"Tag": "image".
"ImageType": "Visible".
"Camera": 0O

}-

{
"Tag": "mask".
"ImageType": "Mask".
"Camera": 0

}

Description of the Environment field
in generator data

The Environment field contains a structure that
defines the lighting parameters on stage. The structure
describes the behavior of the directional light. This
does not mean that the scene cannot contain other
types of lighting, but you need to add them in advance
to the static component of the scene.
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Scene structure in the Environment field

"Environment": {
"LightIntensity": 1.
"AmbientIntensity": 1,
"ShadowPitch": 49,
"ShadowRoll": -4,
"ShadowIntensity": 1.

"ShadowEnabled": true

}-

Scene description fields define the lighting settings
for the scene.

— The LightIntensity field is responsible for
the intensity of the directional light.

— The AmbientIntensity field allows you to
select the intensity of scattered ambient light.

— Directional light angles are set using Shadow-
Pitch fields and ShadowRol1l.

— ShadowIntensity field ranges from 0.0 up
to 1.0 and controls the brightness of the shadow. This
setting can also be affected by excessive Ambien-
tIntensity.

— ShadowEnabled ficld allows you to enable
and turn off shadows from the directional light.

Description of the NOPlacements field
in generator data

The NOPlacements field is an array of struc-
tures describing moving objects on the scene.
Content of the NOPlacements field:

"NOPlacements": [
{
"Id": "fgO".
"ObjectPlacement": {
"PlacementType": "absolute".
"ParentId": null,
"Position": {

"X": 14223.819710696813.
"¥": -3410.0956920878875.
"Z": 100,
"Yaw": 90.
"Pitch": D,
"Roll": O
}-
"Scale": {
"ScaleX": 1.
"Scale¥Y": 1.
"ScaleZ": 1
}-
"Model": {}
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— The structure has an Id field that serves as an
alias for the specified object.

— The ObjectPlacement field contains a struc-
ture describing the placement of dynamic objects.

— The PlacementType ficld describes the
placement method. It can be absolute, i.c., the po-
sition of the object in the global coordinate system is
specified. The PlacementType field, set to rela-
tive, allows you to place objects relative to the spe-
cified object.

— The ParentId field allows you to set the par-
ent object for the current object, the position in the
relative mode will be calculated relative to the
first one.

— The Position field is a structure that describes
the position of the object. In this structure, the posi-
tion parameters specified by the X, ¥, Z fields are spe-
cified, and the rotation of the object is also recorded in
Euler coordinates using the Yaw, Pitch, Rol1l fields
specified in degrees.

— The Scale field contains a structure that de-
scribes the scale of a dynamic object along three axes
using the ScaleX, ScaleY, ScaleZ parameters.

— The Model field contains a structure that allows
you to specify which motion model an object should
use in dynamics.

Description of the Cameras field
in generator data

The Cameras field is an array that contains ob-
jects for setting each camera on the scene separately.
Camera setup appearance:

"Cameras": [

{
"PizelSizeX": 3.45e-06.
"PizxelSize¥": 3.45e-06.,
"FocalLength": 0.01875.
"MatrizW": 6144,
"MatrizH": 6144,

"CameraMainOffset": 0.0
"CameraCrossOffset": 0.
"CameraAxisAngle": 0.0,
"ImageFormat": “"png".
"ObjectId": “fg0".
"Camerald"”: "forward_cam_0".,
"IsOrtho": false.
"OrthoSize": 200
"ImageEnhancementParameters": {
"CalibrationRulerOn": false.

0.

"CalibrationRulerDistance": 0.0,
"DownScaleSimulationOn": false.
“"FrameScaleX": 0.0.
"FrameScale¥Y": 0.0.
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"CameraShakingOn": false.,
"ExPositionTimeSeconds" :
"NonIdealEffectsOn":

}-

0.0.

false

— In the PixelSizeX and PixelSizeY ficlds,
set the pixel size in the virtual camera. In this case the
standard pixel size of 3.45 pm, which corresponds to
the real camera installed on the car, is set.

— The Focallength field refers to the focal
length of the camera, the real value corresponds to
0.01875 m.

— The MatrixW and MatrixH fields set the size
of the output image in pixels.

— CameraMainOffset, CameraCrossOff-
set and CameraAxisAngle fields allow you to
specify camera offsets in meters relative to the shoot-
ing center, as well as rotation.

— The ImageFormat field allows you to get the
desired image format.

— The ObjectId ficld allows you to pin the cam-
era to an assigned object.

— The CameraId field allows you to assign
a unique identifier to the camera, in the future, you
can access the camera with the identifier specified in
this field.

— The IsOrtho field allows you to switch the
camera to orthonormal mode, when this field is turned
on, you also need to specify the settings for the ortho-
normal view, for example OrthoSize — the size of
the orthonormal area.

— The ImageEnhancementParameters field
stores a structure that allows you to describe the post-
processing of a frame. You can add a calibration grid
to a frame by activating the CalibrationRuler-
On field and, if SerDe is enabled, you can specify the
distance from the camera in the CalibrationRu-
lerDistance field.

— DownScaleSimulationOn field enables
high-resolution frame rendering mode and scaling to
the dimensions specified in the MatrixW and Ma-
trixH fields using a pre-specified compression algo-
rithm.

— Compression can also be set manually using the
FrameScaleX and FrameScaleY fields.

— The CameraShakingOn field activates the im-
age blur mode when camera is shaking. In this mode,
several frames are drawn at once, which are summed
up according to some predetermined algorithm. For
this mode, you also need to set the exposure time us-
ing the ExPositionTimeSeconds field.
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— The NonIdealEffectsOn field includes
a post-processing mode that uses a pre-selected algo-
rithm to add camera-specific defects to the frame.

Sensors field description
in generator data

The Sensors field is used to provide information
about additional testing devices. The description, im-
plementation, and interaction of the device vary de-
pending on the implementation of the generator.
When testing equipment is included in the Sensors
list and is available, the generator incorporates sensor
data into the accompanying information for the gener-
ated data set. In the implementation of the generator
for an unmanned vehicle, there are lidar sensors, rear
and front radar sensors, a wheel odometry sensor, a
gyroscopic sensor, and an accelerometer.

DATA SIMULATION MODE

The generator is used to create a data set within
each study at a time, which takes a relatively long
time. In the future, as part of this study, the start of the
generator may not be required.

As a stage for experiments with algorithms, a vir-
tual city with the surrounding countryside is used. The
stage consists of several dozen buildings of different
heights, together forming a city block, and an adjacent
rural area with green spaces. There are intersections,
roundabouts, pedestrian crossings, traffic signs, park-
ing spaces, and road sections under repair. The city is
subject to the movement of cars and pedestrians. An
example of the urban environment image generated
using the developed photorealistic simulator is shown
in Fig. 3.

Fig. 3. An example of an image of an urban environ-
ment generated using the developed photo-realistic
simulator

At the same time, the simulator should be designed
for frequent use, so the simulator mode imposes in-
creased requirements on the frame generation time.
Scenes intended for the simulator should be opti-
mized, and post-processing of frames should be re-
duced to a minimum. Optimization also concerns sen-
sor data.

To assess the accuracy of the algorithms, the me-
tric can be calculated using a segmentation mask, but
mask generation is often not advisable for simulation.
For evaluation metrics, less expensive methods are
used, for example, generating markup using a bound-
ing box projection.

In addition to the maximum optimization of the
scene and models, it is also necessary to optimize the
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exchange protocol. In the developed software, in order
to save more bandwidth on network channels, it was
decided to compress the images generated by the si-
mulator. Most of the information is collected using
cameras located on the roof of the car. Eight cameras
are supposed to be used, set up in such a way that the
cameras capture the field of view of their neighbors.
Such a construction was chosen for the subsequent
stacking of images into a panorama. In addition, the
simulator has functionality to get a finished panoramic
image for further processing by neural network algo-
rithms. An example of a panoramic image is shown in
Fig. 4.

Fig. 4. An example of a panoramic shot

CONCLUSION

A description of software for creating synthesized
data and a feedback simulator for testing machine
learning algorithms are presented. The developed si-
mulator is designed to solve problems associated with
training and testing the movement of an unmanned
robotic vehicle, and supports data generator operation
modes, test mode, field test mode, and manual mode.
The structure of the developed software is described.

The presented software allows testing an un-
manned vehicle without the involvement of a human
operator, i.e., there is no danger of physical impact. It
is possible to run several scenarios at the same time to
speed up the testing of hypotheses.
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