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3axBaJIHOCT

3axBasbyjeM ce MeHTOpy joi. ap Mmiany bjemuumm w Munenn Munomesuh Ha
CTpY4YHO] HOMOhH M caBeTMMa TOKOM HM3pajie OBOT paja.

3axBajbyjeM C€ WJIaHOBHMMA CBOj€ MOPOAMLE M IMpHjaTeJbUMa Ha MPYXKEHO] HOJPUILU
TOKOM YUTaBOI' IIKOJIOBAamA.

Ha kpajy ce 3axBaspyjem Uucturyry PT-PK Ha noapuiu Tokom uspane oBor pajaa, Kao

U Ha oMoryhaBamy ycaBplllaBamba 3Hamba U3 OBE O0JIACTH.
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1.¥YBoA

YOp3anuM pa3BojeM ayTOMOOWJICKE HHIYCTpPHje Y TMOCIHEAHmOj ACHEHU]H JA0Ja3d JI0
TEXHOJIOIIKOI HAalpeTKa BO3WIa KOja Cy y MOTYhHOCTH Ja CB€ BHIIE U BEpOJOCTOjHH]jE
CIIO3HAjy BIIACTHTO OKpyKeme. OBa TexXHOJIOTHja Mpyxka oapeheHH HHUBO ayTOHOMHjE Y
OJIHOCY Ha BO3aya Kao M MOryhHOCT caMOCTaJ HOI YymnpaBjbama Bo3WIOM. Koj oBakBuX
ayToMoOuia cBe BaXXHM]y yJIOT'y A00Mjajy HanpeaHU CUCTeMH 3a noMoh Bo3zauy (eHr. ADAS —

Advanced Driver Assistance Systems) [1].

OBu cucremu cy jeaH o1 HajOpke pacTyhux cerMeHara y ayroMOOMIICKO] MHIYCTPHjH.
lognmmwy npuxonu 2016. rogune oxg ADAS texHonoruje y ayroMoOWIICKO] WHIYCTPHUJU
u3Hocuiu cy uamely $5 munmmjapnu u $8 munmjapan nonapa [2] rae ce odekyje na he ce taj
npuxon no 2025. roqunae noseharn o $90 munmmjapau nonapa [3]. [maBae Teme ADAS-a cy
JTUKTHpaHe TTOTPeOOM 3a M3TPaamhoM CUTYPHHjUX BO3WIIA, KA0 U CMAmEHEM CTpeca Bo3aua.
Jeman on mpobiiemMa KOju ce jaBJba KOJI Mpon3Bohada MPUIIMKOM pa3BHjakba OBAaKBHX CHCTEMa
jecte moTpeba 3a cMamemeM (MHAHCHJCKUX CpeicTaBa Kako Ou ce omoryhuia ymoTpeba
ADAS-a y cpelmeM M HHXKEM CJI0jy ayTOMOOWJICKOT cermMeHTa. KopucHUYKM ciydajeBu
HalpeaHUX CHCTeMa 3a MOMOh Bo3auy pacty y Opojy M CBeCcTpaHOCTH 0Oe€3 3ajeJHHYKOT
MpUCTYyNa AU3aJHUPAY U pealin3aluju nporpamcke noapuike. Kao kpajwu npousson n1o0uja
ce ADAS KOpUCHUYKH CIIy4aj KOjU je OrpaHUYEH Ha jeqHy Iu1aTdopMy 3a KOjy je pa3BHjaH.
JenHy on KJbyYyHHMX yJjiora y pelaBamby OBOI MpoOiemMa mma (GaxkTop mopTraduiaHocTH Beh

MPETXO0AHO npousBeneHux ADAS anroputama [4].

YnorpeboMm mporpamcke moiapiike cpeamer cinoja (AMV Middleware— Automotive
Machine Vision Middleware), xoja ce pa3Buja Ha VcTpaxuBauko-pa3BojHOM UHCTHTYTY PT-

PK, mopTraOMiHOCT je MOCTUTHYTa KpO3 arcTpakuujy (U3WYKE apXUTEKType YJIa3HUX U



VBon

W3JIa3HUX TapaMeTapa CHCTeMa. YJIa3HW MapaMeTpH jeHOT CUCTeMa Cy Hajuernthe kxamepe
KOje Cy IOCTaBJb€HE HM3BaH M YHyTap ayroMoOWia, 3aTHM pa3He BPCTE CEH30pa MOIYT
nacepckux gasebuHOMepa (eHr. LiDAR — Light Detection And Ranging), panuo najsuHOMEpa

(ear. RADAR — Radio Detection And Ranging) n ynTpa3By4YHUX JaJbHHOMEpA.

3agarak panga je ma ce oMoryhu TOK MpOTOYHE OOpajie OBAaKBOI CHCTEMa Pa3BHUjEHOT
Kpo3 ynorpedby AMV Middleware cpenmer cimoja. Y okBupy 3amaTka Ouhe mpencTaB/bEH
peai30BaHU TOK MPOTOYHE 00pajie Mojaraka, >KHBOTHU LHUKIYC ajJrOpuTMa, aKBU3HUIHja U
oOpama momartaka u MoryhHoct pacnopehuBama ontepehema cucTeMa Ha  BHINE

MPOLIECOPCKUX jeIMHUIIA KPO3 MPOTPaMCKy MOJIPIIKY cpelmer cinoja AMV Middleware.
Pan je opranuzoBas y neT neianHa:

1. Teopujcke ocHoBe — onuc ADAS cuctemMa ¥ POrpaMCcKe IMOJAPIIKE CPEIHET Clioja

AMYV 3ajenHo ca ciojeM arncTpakiuje pusndke apxurekrype 4ADAS nnatdopme;

2. KoHuenT pemiema — MpuKa3 peain30BaHOT TOKAa MPOTOoYHE 00pazae nmoxaraka ADAS
aluTMKaIje Koja KOPHCTH AaIUIMKalMOHY Mporpamcky cmpery (eHr. API — Application
Programming Interface) cpenmer cinoja AMV wu cioja ancrpakiyje QU3n4IKe apXUTEKType.
Onuc Anroputam (eHr. Algorithm) mMomyna cpenmer cioja ¥ MOAYyNa Cloja ancTpakiuje

AnroputamXAJl (enr. AlgorithmHAL — Algorithm Hardware Abstraction Layer);

3. Ilporpamcko pememe — peannsaiuja TOKa MPOTOYHE oOpaje MmojaTaka U MOAyJa

cpenmer cioja Algorithm u cnoja ancrpakuuje AlgorithmHAL;

4. TecTupame M pe3yJTaTH — OIUC TECTHOI OKPY)K€Ha U ONUC TECTHUX CllydajeBa
Bepu(uKaluje Toka NpoTouHe odpane u moayna Algorithm n AlgorithmHAL. PacniopehuBame
onrepeherma cucTeMa Ha BHIIE TPOLIECOPCKUX JEMHUIIA KPO3 MTPOTPAMCKY MOJIPIIKY CPEIEHET

cinoja AMV Middleware;

5. 3akibydak — IperJies 1Ta je pealn30BaHO Y OBOM PaJy U KOjU Cy MpPaBIH JaJber

pa3Boja;



Teopujcke ocHOBE

2. Teopujcke OoCHOBe

VY oBoM mornaBsby aat je onuc ADAS cucrema, mporpaMcKe MOPIIKE CPEIber ciioja
AMYV Middleware, xao u ADAS tutardopme 3a Kojy je peaTu30BaH CJI0j ancTpakiuje Gpunike

apXUTEKTYpeE.

2.1 HanpeaHu cucrtemmu 3a nomoh Bosauy — ADAS

VYyectBoBawe y caoOpahajy 3axTeBa NHaKikby CBaKOI y4YeCHHKa W Jo0ap mperyief
OKpykema. YoBeK je MojJIokKaH IpelikaMa, yclie[ yMOpa WINM HeJocTaTka KOHIIEHTpaluje,
Ka0 M CBAaKH yTHUIIQ] KOJU MOXKE OMETATH UYJIHO Pa3MaTpame CUTYyalllje TOKOM BOXHe (cinalda
BUJBMBOCT, OyKa, WTA.) JOBOJE 1O pa3HUX HEXKEJbEHUX IIOCIEANIa, Na Yak M OHHUX
¢darannux. Ha ocHOBY rio0anHe cTaTUCTHKE, CKOPO 1,3 MUIMOHA JbyIM U3TyOH KUBOT YCPE
caoOpahajue Hecpehe cBake roaune, a yak 20-50 MUIHMOHA 3aBPIIU ca 030MJFHUM MOBpeIaMa
[5].

Hanpeanu cucremu 3a nomoh Bozauy ADAS (eHr. Advanced Driver Assistance Systems)
pa3BHjajy ce ca IUJbEM Ja BOXKHIY YUHHE CUTYPHHjOM ainu U KoMpopHUujoM. ADAS cucremu
CMamYyjy YTHIaj BO3aya TaKO IITO CE CBE BHIIE OJrOBOPHOCTH IPEIyINTa pauyHapuMa KOju
Cy NOY3JaHUJU y OJTHOCY Ha MPUPOAY JbYAH U HUXOBY HecaBpiieHocT. OBakBU CHCTEMH HE
3aMemyjy Yy NOTIIYHOCTH Bo3ada Beh ciyke kao moMoh mpu ymnpaBibamkby MamuHoM [6].
OynknuoHaaHocT ADAS cucteMa 3acHUBA c€ Ha NMPUKYIUbalkhy MOJaTaka y 1aTOM TPEHYTKY
ca ypehaja koju Ccy TOCTaBJbEHHM Ca CIOJBbANIIbE M YHYTpAIIke CTpaHe Bo3wia. Ypehaju
KOjUMa j€ ONpPEeMJbEHO BO3MJIO Cy PAa3HOBPCHHU CEH30pH (Kamepe, pajapH, JIUAapH,
YATPa3BYYHU CEH30PH, CEH30pH yIJIa BOJIaHA, MTH.) KOJU Cy 3aayKEHH 3a HaJrje[arbe

LEJNOKYITHE CHUTYyalje TOKOM BOXH-e. CeH30pH Cy MOCTaB/bEHH Ha Pa3IMYUTHM MECTHMA,
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yHyTap KaOMHE M Ha CIHOJbALIKBUM MOBpPUIMHAMA BO3MJIA, & MCTO TaKO U YHYTap camMHX

KOMITIOHCHATA BO3WJIa, KAKO YIIPpaBJbauUKUM TAaKO U U3BPIIHUM.

/
S ——
\

Bl PAJIAP ayror gomera
B IuJAP
. Kamepa
I PAJIAP xkparkor u cpeamer J0MeTa
B VYarpaseyuuu cenzop

Cnuka 2.1 Ilpuka3s ceH3opa 3a IpUKYIJbamke N01aTaKa

CBaku onx ADAS cucremMa KOpPUCTH CceOM CBOJCTBEHE CEH30pe paju CIO3HaBamba

BJIACTUTOT OKpykewa. [IpuMepn TakBux cucrema cy:

1.

CucreM 3a npeno3HaBame nemaka (eHr. Pedestrian Detection) K0ju KOpUCTE pagape
KPaTKOT U CPEbET JOMETa, JInJape U KaMepe.

Cuctem 3a mperno3HaBame caoOpahajuux 3HakoBa (eHr. Traffic Sign Recognition)
KOju paau Ha 0a3u oOpaje rmojaTaka KOju MPUCTHKY CaMo ca Kamepe.

Cucrem 3a ayromMarcko mapkupame (eHr. Automatic Parking) Tne ce nopea kamepe
KOPHCTE U MOJAAIM Ca YITPa3BY4YHHUX CEH30pa O pacTojamy OKOJHUX oOjekaTta. Kop
OBOT' CHCTEMa C€ KOPHUCTH M CEH30p yIJIa BOJAaHa KOjU CIYXKH 32 TPEIUKIH]Y
TpajeKTOPHje BO3WIA y MIOKPETY.

Cucremu 3a aereknujy cynapa (eur. Collision Detection) kopucTe nuaape, Kamepe u
pamape KpaTKkor U CpeAmer JoMeTa.

Cuctem 3a Haa3op Bo3aua (eHr. Driver Monitoring) KOpUCTH UCKJBYYHBO Kamepe.
OO6panoM 10OWjeHUX CIMKA, CUCTEM CIIO3HAje M3pa3e Julla Bo3adya W aJeKBAaTHO

yI030paBa Bo3aya y CHTyalrjaMa HeMakKibe UCTOT.
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CBaku 0] OBHX CHCTEMa WMa HEKY BPCTYy NEPHHHCAHOT TOKa NPOTOYHE OO0paie
nonataka. CeH30pH BpIle aKBU3UIIM]Y MMOJATaKa BE3aHUX 32 OKOJIMHY BO3WJIA U TOTOM HX
1ajby Ha MpolecHe 0I0KoBe oOpae. ANTOPUTMH Ha OCHOBY NMPHUIONLINX MOAATaKa U lbUXOBE
MIPOIIECHE JIOTUKE YI030paBajy BO3aua WM YaK y HEKHM ClIydajeBUMa MPey3uMajy KOHTPOITY
camor Bo3mwia. OBakaB Ha4MH TOKa o0Opaje mojaraka je Beoma epukacaH KO MpoIlecupama
BUJICO caapiKaja ca Kamepa, Tlie ce Yy JeJHOj uTepalnuju Toka oopalyje cnuka (eHr. frame). Ha

Cnnnu 2.2 npukaszat je Tok npotodne oopange ADAS cucrema.

OKO/IMHA obpaaa ynosopere

BO3U/IA nojaraka WK aKumja

Cinuka 2.2 Tok npoToune oOpase nomaraka ADAS cuctema

2.2 [porpamcka noapluka cpeamer cnoja AMV

Cpenmu cioj y padyyHapCKHM CHCTEMHMa jecTe MporpaMmcka MOJIpIIKa Koja Mpyka
yCIIyTe aridKalrjaMa U3BaH OHHUX KOjH Cy JOCTYITHE U3 orepatuBHOr cucteMa. OBaj cioj je
NO3ULIMOHMPaH U3Mel)y onepaTHBHOI CHUCTEMa U aljIMKaluja, i€ Y OCHOBU (PYHKIMOHHUIIIE
Kao CKpUBEHM CJI0] MpeBohema Koju oMoryhaBa KOMyHHKAlLlM]y M YIpaBJbame MojAaluMa 3a
mucTpuOynpane arurkanyje. Kopumhemem cpeamer ciioja mporpamepy je omoryheHo aa ce
dokycupa Ha cnenupUIHy CBpXY HETOBE alUTHKAIIHje.

VYiora mporpamcke MOApPIIKE cpelmer cioja AMV jecte na NMOAPXKHU pa3BHjambe U
noptabmiHocT ADAS anroputama Ha pazIMYUTHM pauyyHAPCKUM CUCTEMHMAa Yy OKBUDY
uHTerpucador kojia (enr. SoC — System-on-Chip). I'maBHa motuBamnuja AMV cpeamer cioja
jecte ma ce peaym3yje cioj ancrtpakmnuje ¢uzuuke apxutektype (enr. HAL — Hardware
Abstraction Layer) y 1uiby yOIIITEHa MIPOrpaMcKe CIIpere U CakpuBama JieTajba IiaThopme
on mporpamepa ADAS amnukanyje. V3narameM atuiMKaluoHE MPOrPAaMCKe CIpere Cpelmer
cinoja AMV mporpamepy ce omoryhaBa yoOp3aHu pa3Boj ADAS ammmkamnuja ¥ CIMYHUX
ayTOMOOMJICKUX €JIEKTPOHCKUX KOHTpoNHUX jeaununa (enr. ECU — Electronic Control Unit)
kpo3 MoryhHoct ynorpebe Beh mperxonno pasBujeHux ADAS anropurama. Ha Cauum 2.3

NpUKa3aHa je apXUTEeKTypa cpeamer cinoja AMV.
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ADAS annukauuja

36upka
WHAMBUAYANHUX
AMYV anroputama

AMV Jesrpo

Cnoj ancrpakumje GUsHYKe apXUTeKType

Pa3BojHU NaKeT 32 GU3NUKY ApXUTEKTYPY

Crnuka 2.3 ApxXuTeKTypa mporpamcKke MOJpIIKe cpeamer cinoja AMV

[Iporpamcka moapmika cpemmer cinoja AMV (enr. Automotive Machine Vision
Middleware) moxe na ce pa3/iBOju Ha TPU IeNIUHE:

1. Jesrpo cpenmer cnoja AMV (eur. AMV Middleware Core);

2. Cnoj ancrpakiuje U3NIKe apXUTEKType Kao J1eo cpeamer cioja AMV (ear. AMV
Middleware HAL — Automotive Machine Vision Middleware Hardware Abstraction
Layer);
3. 30upka HMHAMBUAYAJHHX airopurama (YIJIIaBHOM Be3aHHX 3a Automotive
Machine Vision) Koju ce KacHHje MOTY TOHOBO KOPHCTHUTH IIPH Pa3BOjy Jpyre

ADAS amnikanmje.

2.2.1 Je3rpo cpeamer cnoja AMV
VY oBoM Jzeny cpeamer cioja AMV pa3BujeHa je aluIMKaMoHa MPOrpaMcKa CIpera Ka
KOpUCHUKY. JKMBOTHHM IUKIYC aJIrOpUTMa, OAa0up yJa3HO-MU3Ja3HHX MapaMmerapa CHCTeMa,

TOK o0Opajie mojiaTaka cy jeJJH! OJ] eneMeHaTa qeuHucanu y jesrpy AMV-a.
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Monynu jesrpa cpenmer cioja AMV cy:
e Aunropwutam (eHr. Algorithm);,
e Pen (enr. Queue);
e bBadep (enr. Buffer);
e Cucrewm (eHr. System);
e Aunoxkanuja 6okoBa ukcHe Benuuune (eHr. MemoryPool);
e JloroBame (eHr. Log);
e (Crame anroputm™ma (eHr. AlgorithmStatus);
e [lapamerpu anroputma (enr. AlgorithmCreateParams);
e Tunosu (enr. Types);
e [I'pemxa (eHr. Error),
e Jlaroreka (enr. File),
o Texuncka opujeHTtanuja 6uta (eur. Endianness);
e IIpomensbuBa crama (enr. ConditionVariable);
e MelycoOHa ucksbyuuBocT (eHr. Mutex).

Peanuzanmja Algorithm mopyna je 3ajaTtak OBOT paja M JeTajbHHMjEe je OIUCaH y
nornasbuma Konnenrt pama u Ilporpamcko pemreme. Momynm cagpXu HWMIUIEMEHTALN]y
MaTU4yHEe Kjace AJroputraMm Kojy KOpUCHUIIM Hacielyjy paam peanmzanuje cBojux ADAS
anroputama. Y OBOj KJIacH je ne(pUHUCAH KMBOTHU LIUKIYC M TOK oOpane momaraka ADAS
ITOPUTMA KOjH j€ pa3BHjeH KOopHUIIhemheM MporpaMcKe MoApIIKe cpeamer cioja AMYV.

Pen mpencraBiba Be3y aBa wim Bume AMV anropuTma, IyTeM Kora ce pasMemyjy
nojanu cMmemtenu y Buffer monyny. KopucHuk je y MmoryhHocT aa aeduHMILIE BETUYUHY
CBaKor pejaa, TO jecTe KOIM4YMHY Oadepa koju Mory naa crany y jeman pen. Ilocroju
MOTyhHOCT Kpeupama MalupaHux penoBa. To 3Ha4M Ja ce He 3ay3uMa MEMOPHUjKHU MPOCTOP
3a wm3nazHu Oadep anroputma, Beh ce ymazHu Oadep mpeBe3yje HA HETOB H3Ja3 TJIe
KOMIUIETAaH MpOIEC ajiropuTMa ce Bpiu Haa TuM Oadepom. OBuM je omoryhena ymrena
MeMmopuje u3 AepuHucaHor MeMopHjckor 6ioka 3a amukanujy. Ha Cnunu 2.4 npukasas je

pUMep pa3MeHe Mojaraka u3Mel)y anropurama.
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Anroputam 2

Anroputam 1

Anroputam 3

Cnuka 2.4 Pazmena nonataka usmehy AMV anropurama

Y Buffer monyny je uMIuieMeHTHpaHa Buffer kiaca Koja caapKy MOKa3uBay Ha TOJaTKe

Kao U cBe MH(OpMaIlHje Be3aHe 3a HCTe:

uneHtudukaronu 6poj (eur. ID - Identity) xoju je JeAMHCTBEH 3a CBaku Oadep
u y3 nomoh kojer ce Be3yjy noaauu uz MemoryPool-a 3a Taj 6adep;

BEJIMYMHA M0/IaTaKa;

TUI MeMopHjcke anokanuje (ckpuena/Heckpusena JJIP (ear. DDR — Double
data rate) memopuja JeJbeHa Ha CBMM Ipolriecopuma, ckpuBeHa JI/IP koja je
JOCTYITHA CaMO JIOKATHOM TMpPOIECcopy, CKpuBeHa/HeckpuBeHa JI2 (enr. L2 -

Level 2 cache) memopuja TOCTYITHA caMO JIOKQITHOM TMPOIIECOPY, UT/L.);
BpeMeHCKU >Kur (eHr. Timestamp) momohy kora je Mmoryhe peanuzoBatu
ITOPHUTaM 32 CHHXPOHH3AIN]y TT0/IaTaKa CUCTEMA;

JI03BOJIA YATAMka U MTUCAA;

CTAaTyCHC 3aCTaBUIIC.

MemoryPool monyn uma ynory ynpasjbamba MeMopujoM AMV amnukaruje. CBaka AMV

aryMKanuja uMa (PUKCHO Ne(UHHCAHY BEIMYUHY MEMOPH]CKOT MPOCTOpa, a 3ay3uMame U

pa3ay’KMBamke MEMOpPHje CE BpIIU IMOA KOHTpoloM kiace MemoryPool. OBUM HauymHOM

MEMOpPHJCKOT yIIpaBJbakha 3arapaHToOBaHO je na cBaka AMV annukainuja Hehe mpoOutn

TPaHMILy TIPETXOIHO NeuHICaHE BEIMYMHE MEMOPH]CKOT Osoka. CBakM alropuTam 3axTeBa

Kpeannjy cBojux Oadepa mpeko MemoryPool monyna. MemoryPool 3atuMm, YKOJTUKO CY

8
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UCIYH€HU YCJIOBH (HHjE€ TOMYHEH AchUHHUCAHH MEMOPH]CKU OJIOK), MpaBU HOBU O0jeKat
Kjace Buffer n 3ay3uMa MEMOpHjy 3a MOJAaTKe Koje MOTOM CTaBjba y Mamy. KopucHuk mpu
3axTeBY HOBOT Oadepa Mopa Jia HaBeJle MpaBa MpUcTymna kako 6u MemoryPool HOBOKpeupaHe
noaatke ybanuo y oarosapajyhy many. Kibyd mare je uaeHTudukanuonu 0poj myreM Kojer

ce Be3yjy IoJaiu 3a cBoj 6adep kao mro je mpukazano Ha Ciuiu 2.5.

Cnuka 2.5 Besa Anokanuje 6;1okoBa puKCHe BenruuHe U 6adepa anropurma

Monyn JloroBame canpxku peanusanujy kiuace Jlor (enr. Log) koja ciyxu 3a ucmuc
nopyke Ha ekpat. [locToje yeTrpu HUBOA HUCIKCa MOPYKE HA €KpaH:
1. Tlopyxka rpemke (eHr. Error Message);
2. Tlopyka yno3opema (eHr. Warning Message);
3. Tlopyke ucnpasibama (eHr. Debugging Message);
4. Hcnmc cBux nopyka (eHr. Verbose Message).

HuBo mopyke rpemke WCIUCYje HWCKJBYYMBO TMOPYKE HAMEHEHE IOTPEITHOM
yIpaBJbaky ATMKAIM]OM JIOK HUBO MOPYKE YIO30peHa, MOpe]] HCIKca TPEIKe, UCITUCY]e U
Mopyke Kojeé MOTy Ja JOBedy /0 TMOrpeliHor yhpaBibamka. HUBO wucmpaBmbama je
HAQJIIOTO/IHMJU 32 KOPUCHUKA KOJU pa3BHja ajropuraMm. Y3 mnomoh MOpyKe HUCHpaBibamba
Moryhe je poBEpHUTH pe3ynTare oOpaje WM KOHTPOJIy TOKa IojaTaka. Takohe oBaj HUBO
ucnucyje o0a MpeTXoJHO HaBeJAeHa HUBOA MOpyka. HWBO wmcmuca CBUX TMOpyKa CIYXKH 3a

KOMIUIETaH WCIHC TJie MOpe] TPU HaBeldeHa HHWBOA C€ HCIHCYje W TOPYyKE ylaza/m3naza u3

(GyHKIIMja Ka0 W BPETHOCT MapaMerapa Te G yHKIIHje.
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Monyn AlgorithmStatus Bonu padyHa Ha KOM TPOIECOPY CE€ MU3BPINAaBa Taj aIOrOpUTaM
U Yy KOM TPEHYTHOM CTamy CBOT KMBOTHOT IIMKJIyCa C€ OH HaJla3W (3ayCTaBJbEH, MMOKPEHYT,
HEHHHUILIN)AJIU30BaH).

AlgorithmCreateParams je wmonyn koju nedunHHIIe cBe mapamerpe jeaHor AMV
anroputMma. [lapamerpu anropurMma cy:

e Tporecop Ha koMme ce u3Bpiiara anropuram (ear. CPU/GPU/VPU/DSP);

e 0Opoj yJIa3HUX U U3JIa3HHUX PEIOBA aJrOPUTMA;

® CTPYKTypa H3JIa3HMX pEIOBa TA€ CE Haja3uW IOKa3WBau Ha W3JIAa3HU pel,
BEIIMYMHA pe/a, MpaBa NPUCTYIA, THII MEMOPHUjCKE ajOKalldje W BEIUYMHA
Oadepa y Tom peny. CBaku AMV anroputam aeduHuilie 1 Kpeupa cBoje U3jia3zHe
penoBe. YKOJIMKO alropuTamM HMMa yila3HE peloBe, TO 3HA4YU J1a Cy OHU Beh
NPETXOAHO eUHICAHU U KPEHPAHH Y IIPETXOJHOM alITOPUTMY;

e [IOKa3WBa4 Ha NMPETXOTHO JAe(HUHUCAHU YITa3HH PEIl;

e Marma peoBa Koju cy Ie(UHICAHU Ca OIHjOM MalHpama.

Y monynuma Error m Types, pealn3oBaHH Cy TUIIOBH TPEIIKE KOjU CE jaBJbajy IPH
MIOTPEIIHOM yIpaBibatby AMV anropuTMma U TUIOBH IOJIaTaKa KOju ce Kopucte ynyrap AMV
cpeamer cioja. Tunosu nojataka cpelnmer cioja AMV cy yBek ajanTupaHu miaatopMu Ha
K0joj ce nmokpehe AMV annukanyja.

System mMoxyn ympaBiba (yHKIHMjamMa CIENU(PUIHUM ONEPATHBHOM CHUCTEMY KOJU CE
u3BpmiaBa Ha ADAS mnatrdopmu. Heku ox mpumepa Tux (yHKIMja Cy Kpeanuja HUTH U
¢dyHKLIMja YMTamka CHCTEMCKOI BpeMeHa. YHyTap Moayha FEndianness peanu3oBaHEe Cy
dyHKIMje 3a ynpaBjbame IMOJallMMa Yy 3aBUCHOCTU Of IulaTGopMe Koja MHTEpIpeTHpa Te
Mo/IaTKe Kao BEJIUKH WK Malu eHaujaH ¢popmar (eHr. big-endian and little-endian).

Monyn File ynipaBiba GpyHKIMjaMa 3a paj HaJ AaToTekama cuctema. OyHKIMje Koje cy
peanu3oBaHe y kiacu File cy oTBapame, 3aTBapame, UMTame, MUCAlkEe U Jpyre (QyHKImje
crenuduane cuctemy natoreka (eHr. File System). Y monynuma Mutex u ConditionVariable

peain30BaHa je KOHTPOJIa KOHKYPEHTHOCTH CHCTEMA.

2.2.2 Cnoj ancrpakuuje (pm3nuke apxuTeKType Kao Aieo cpeamer cnoja
AMV
[Topen Jesrpa cpenmer cnoja AMV peanu3oBaH je M CJ0j ancTpakuuje (U3UUKe
apxurtekrype. Cioj ancrpakuuje cakpupa cnenuduune kapakrepuctuke 4ADAS matdopme ox
kopucHuka AMV cpenmwer cioja. Ha Counu 2.6 mpukasaH je apXUTEKTypa arcTpakiiuje

paznuuutux ADAS nnardopmu.

10
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Cnoj anctpakumje GUsndKe apxuTeKType

PazeojHu naker FPazeojHuM naker
nnathopme | nnatdopme I

Crnmka 2.6 Peanmu3anuja ancrpakiuje Gpusnyke apXuTeKkType

Croja arncrpakiuje ¢puszndke apxutekrype AMV cactoju ce u3 cienehux Moyna:
e HALFactory;
o AlgorithmHAL,
o  QueueHAL,
e  MemoryPoolHAL;
o  SystemHAL,

o LogHAL,

o  HdmiOutputHAL,
o FileHAL;

o  MutexHAL;

e ConditionVariableHAL.

CBaku ox oBux Mmoayna ocuM HALFactory caapXu HMIJIEMEHTAlM]y MaTU4YHe
aTnCcTpakTHE Kiace Koja 00e30elyjy jeawHCTBeHY chopery mpema pa3nudutuM ADAS
wiaropmama. [ToTomak kiace koje Haciiehyjy OBy MaTH4IHY alCTPaKTHY KJiacy, HOTPeOHO je
pa3BuTH moceOHO 3a cBaky ADAS mnnardpopMy, M OHE KopucTe crneuupuyHe (QyHKIHUje
pa3BojHOr makera Te miaatdopme. Monyn HALFactory ynpaBiba KpealnujoM CBUX OBHX
aTnCTPAaKTHUX Kjaca, TO jeCTe KpealHjoM jeJIHMHCTBEHOT IMOTOMKa Koju oxaroBapa ADAS
1aTGopMH Ha K0jOj ce W3BpIIaBa KOPUCHWYKA arumhkanuja. OBaj MOCTYIIaK WHCTAHIMPAmha
o0jekTa kiace y mporpamckom je3uky Ll++ (enr. C++) ce Ha3uBa nonumopduzam. Ha Crnuiu
2.7 je mpencTaBJbEH MPUMEP ATNICTPaKIMje MOAyJIa pella U MOyJja ajJoKaluja 0J0KoBa (GUKCHE

BCIIMYHHCE.

11
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HAL Factory

Crnuxka 2.7 Ilpumep ancrpakuuje monyna AMV Middleware-a

Kako 6ux ce nakmie pemuo mpoOjeM pa3IuYUTOCTH apXUTEKType jesrapa ADAS
wiarpopme, AMV Middleware-y je morpebna momoh pa3BojHOT Takera matGopme Koju
yIIpaBJba BHIIIE-]€3rapHOM (€HT. multi-core) apXuTeKTypoM. TakaB pa3BOjHH MaKeT Mopa OUTH
y MOryhHOCTH J1a MHTETPUIIIE XETEPOreHO U3BpIICHE KOHKYPEHTHUX 3a7araka (eHr. fask) u
Ja YKJIOHU TepeT YIpaBjbarhba MPEHOCOM IMOoJaTaka MM EKCIUIMIUTHE KOMHWje MojaTaka
u3Mel)y mporeca. TpeHyTHO Ha TPXHINTY IIOCTOJU HEKOJIHMKO pPa3BOJHUX IIaKeTa KOjH

UCITYHaBajy oBe 3axteBe AMV Middleware-a.

2.2.2.1Pa3BojHa ADAS nnat¢gopma

Ha AMV Middleware-y TpeHYTHO ce pa3BHjajy ancrpakiuje (U3MYKe apXUTEKType 3a
nse miatdopme. [Inardpopma Ha kojoj je peanusoBan oBaj pan Kyankom Cuenaperon C820A
(enr. Qualcomm Snapdragon S820A4)[7] xoja je mpukazana Ha Cnurm 2.8. Takxohe cinoj
afnicTpakIyje ce TpeHyTHO pas3Buja U 3a Anda AMV mnardopmy (enr. Alpha Automotive
Machine Vision) xoja pacnonaxe ca Tpu Tekcac MHcTpyMeHTC nHTETpHcaHa Koia (eHr. Texas
Instruments TDA2x SoC'’s).

Pa3Bojua mardhopma Qualcomm Snapdragon S820A nocemyje MHOIITBO AUTUTATHUAX U
AQHAJIOTHHX yila3a M u3ja3a. Y OKBHPY HHTETHPACOHT KOJIa Hajla3e ce TPH MpoIriecopa:

e peHtpaynnu npouecop Kpuo (enr. Kryo CPU)
e rpaduuku nporecop Aapeno (eHr. Adreno GPU)
e TIPOIIECOp 3a JUTUTATHY 00paxy curnaina XekcaroH (eHr. Hexagon DSP)

Moryhe je moBe3aTH ocaM KaMepa y HCTO BpeMe aji TPEHYTHO C€ caMo rpymna Of

YETUPHU KaMepe MOKe KOPUCTUTH y jenHO] ADAS arumikanuju.
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Cnuka 2.8 Pa3BojHa matgopma 3a ayTOMOOMIICKY UHAYCTPH]Y

Ha Crmumm 2.9 npukasan je Onok-amjarpam (u3uyke apXUTEKType ca KopHIIhemeM

YJIa3HO U3JIa3HE CIIPETC.

CAMERA INPUT Qualcomm Snapdragon S820A SoC
CAMERA INPUT Krvo CPU
Q?;dcgre Adreno 530 GPU HOMI
CQUTPUT
CAMERA INPUT |
| Hexagon 680 D5SP
CAMERA INPUT |

Crnuka 2.9 bnok-aujarpaMm Gu3ndKe apxXuTeKType

3a morpebe oBOr mpojekTa KopuilheHe cy MoryhHOCTH cBa TpW Ipoliecopa Koja ce

HaJla3e y OKBUPY HHTETPHUCAHOT KOJja.
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2.2.2.2 Pa3BojHM nakeTt Symphony

OBaj pa3BOjHM TMAKET TMpyXa AaIUIMKaTUBHY TMPOTPAMCKy CIpery, HamucaHy y
nporpaMckom je3uky C++, 3a ymnpaBibame Hapaleian3aljoM U JI0JIeJbHBamy 3agaTaka y
peanHom BpemeHy. Takohe mpyka MOryhHOCT ympaB/balkbeM MOTPOIIKE CHare, 0oaadup
aduHUTETa HA KOJeM je3rpy LEHTpajHEe MPOIECOPCKE jeAMHMIIE C€ H3BpLIaBa 3aJaTak U
KOMYHUKAIIMOHY CIIpery ca Symphony CUCTEMOM Yy peallHOM BpeMeHy (eHr. Symphony

runtime) [8]. Ha Cnun 2.10 mpukasaHa je apXuTeKTypa pa3BojHOT nakera Symphony.

Application

2

Task Power
Scheduling Management

¢

o Jor Lo [

Cmuka 2.10 ApxuTektypa pa3BojHOT makeTa Symphony

Symphony runtime CUCTeM IU3ajHHpPAH je TaKO Ja WCKOPHUCTU PA3IUYUTE H3BPIIHE
jenuHHMLE AOCTyNmHE Yy Snapdragon mporiecopiMa Kao IITO Cy BHIIEje3rapHE LEHTpaHe
MPOIIECOPCKE JeMHMIIE, TpoIecopu 3a rpaduuky oOpaay H MpoIecopu 3a ooOpaxy
TUTUTATHUX CUTHama. Symphony runtime ynpaBiba pacrnopehuBameM 3amaraka (€HT. task
scheduling), xeTeporeHUM oNakiiameM (eHT. heterogeneous offloading) M UCKOPUIITEHEM
cHare mpoiecopa (eHr. power and thermal managment). Y CYIITUHU TO j€ PYKOBOIMJIAI]
pecypcuma 3a HUTH, aIpeCHU TIPoCTop | ypehaje.

Symphony W3BpUIHU MOJAEN TIpeACTaB/ba TpadUKOH KOHKYPEHTHUX 3ajaTaka ca
AIMKJINYHOM KOHTPOJIOM 3aBHCHOCTU (€HT. control dependencies) wn3mehy mBUX WK
3aBUCHOCTH Tonartaka (eHr. data dependencies) xoje nepuHuUIE KOjU 3aJaTaK ce W3BpILIABa

KOHKYpPEHTHO. 3aJaTaKk NpeAcTaB/ba JeAHY H3BPINHY JEeAWMHHUILY IOCia Kojy je moryhe
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Teopujcke ocHOBE

M3BPUINTH HA Pa3IMUYUTUM IPOLECOPCKUM jequHHuIamMa. KOHTpoIHaA 3aBUCHOCT U 3aBUCHOCT

nojaTaka npyxajy MexaHu3aM JMHAMHYKOT Kperpama KOHKYPEHTHHX 3a/1aTaKa.

2.2.3 36mpka nHaMBuayanHux anroputama AMV cpeawer cnoja

Jenna ox HajBehe moromHocTH Koje mpyxa kopuinhewme AMV cpeamer cioja IMpH
peammzanmju ADAS annmkanuja jecte MoryhHocT ymorpebe Beh HpPEeTXOIHO pPa3BHjeHHUX
anroputama. AMV Middleware y ckiomy CBOI NpOW3BOJA HYIH, IOpEN AaIUIMKaluOHE
IpOrpaMcKe CIpere, CKyN Pean30BaHUX alroOpuUTaMa Koje jeé KOPHCHHK y MoryhHocTh na
KOPUCTH MU pa3BHjamy CBOje aruukanuje. Heku ox Tux anropurama cy:

e AnropuTam 3a YuTame rnojaraka ca kamepa (eur. Camera Algorithm);

e AnropuTtam 3a npukas Ha ekpa (eHr. Display Algorithm);

e Anropurtam ckanupama ciuke (eHr. DownScaleBy?2 Algorithm);

e AjropuraMm 3a Mapcupame Inojaraka ca ceHsopa (eHr. SensorDataParser
Algorithm);

e Aunropurtam 3a untame UDP nakera (eur. UdpRead Algorithm);

e Aunropurtam 3a ciname UDP nakera (eur. Udp Write Algorithm);

e AnropuTam 3a YHTame MPOTOKa nojaaraka (eHr. StreamRead Algorithm);

e Anropurtam 3a nMcame NpoToKa rnojataxa (eHr. StreamWrite Algorithm);,

e AnropuraM 3a HCLpTaBame TpajekTopuje Bo3wna (eHr. TrajectoryLine
Algorithm);

e AnropuraMm 3a  JgeTekuujy oOjekara y  OaM3MHM  Bo3uJa  (EH.
RearSensorAugmentation Algorithm);

e ANropuTMH 3a pasjiBajame U crnajame YUV KoMIOHEHaTa CIUKE;

e Aunropurtam 3a gobujame 1pHo-6ene ciuke (eHr. Greyscale Algorithm);

Kopucuuk AMV Middleware-a npu nepunucamy Toka o0paje nmogaraka (eHr. Pipeline)
ADAS annukanuje y moryhHoctu je na ybamm cBoj AMV anroputam usmel)y mpeTxonHo
peaJM30BaHUX alropuramMa kKao ITo je mpukazaHo Ha Cmumu 2.11. YV oBoM mnpumepy
KOPUCHHK OYEKYje IMO/IaTKe ca jeJJHe WM BHUIIIE Kamepa W MOJaTKe ca HEKOT O/ Pa3TUYUTHX
ceH3opa. Te mojaTke KOPUCTU MPU U3BPILIABAKY CBOT aJITOPUTMA M MIOTOM HX Ipocielyje Ha
Takol)e MPETXOJHO peaJM30BaH AIrOpUTaM 3a NpUKa3 Ha ekpaH. OBUM IOCTYNKOM je
eJIMMUHKCaHa 1oTpeda J1a ce pa3BHjajy MOHOBO MCTU aJTOPUTMH 32 pa3iInduTe rmiardopme u
KOPHUCHUK j€ Yy MOTYhHOCTH Ja Cc€ MakCMMaiHO (OKyCHpa Ha pa3BHjakbe aJIrOpuTMa

MOTPeOHOM 3a COTICTBEHU CITy4a].
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Ha Cmumm 2.11 moxe ce BumeTd HaywH ynoTpeOe Beh rotoBux amroputama AMV

CpeIer cioja.

SensorDataParser
Algorithm

Display Algorithm

Cnuka 2.11 IIpumep kopumhema 30MpKke HHIUBUAYATHHX anroputama AMV cpenmer cioja
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Konnent pemema

3. KoHUyenT pewemwa

Y 0oBOM MOrNaBiby JaT je KOHIIENT pellemha MOCTaB/beHOr 3aaarka. Jlat je mpukas
peal30BaHOT TOKa TMpOTOYHEe o0O0paae mnogataka ADAS amukanuje Koja KOPHCTU
ATUTHKAIIMOHY TIPOTPAaMCKY CIIpEery cpefmer ciioja AMV, 3aTuM onmuc MOAyJa CpeImer clioja

Algorithm n monyna cnoja arcrpakuuje AlgorithmHAL.

3.1 Tok npoTtouyHe o6bpaae noaataka ADAS annukauuje Koja
KOPUCTU cpeatbun cnoj AMV

AMV Middleware mopen nopTaOUIHOCTH AJrOpUTMAa Mpy’ka MOTYhHOCT yBe3HBamba
BULIE alropuramMa y jeJaH TOK NMPOTOYHE oOpaje M Kao TakaB IpeiacTaBiba jeaHy ADAS
armkanujy. Jledunucame Toka mpoTodHe oOpajze jecte mpoleaypa Koja aeduHuie
nporecHe OJ0KoBe M Be3e mogaraka usmel)y mux. CBaku anropuram IpeicTaBiba jeAaH
npolriecHu OJOK, a Be3a mojaTaka n3Melhy BUX je ocTBapeHa myTeM Monyia Pena (eHr.
Queue).

KopucHuk Moxe fa neuHUIIE TOK TPOTOYHE 00pajie moaTaka 3a YUTaBy aruiuKaIujy
r7ie je y MOryhHOCTH J1a KOPUCTH aJropuTaM KOjH je MPEeTXOAHO pa3Buo kao AMV Middleware
nojarak (eHr. plugin). Tox mporouHe obOpaae rpaguuku NpeAcTaBba Be3y MPOIECHUX
osoxoBa (Cnmka 3.1), rae cBaku OJIOK y jJeIHOJ UTEpaIlijy TOKa IMpUMa MoaaTKe (YKOJIUKO UMa
jemaH WM BUIE YJIa3HHX Iapamerapa), Mpolechpa WX aJeKBATHO JIOTHIM AITOPHTMA H
IpOCIIed pe3ysTaTe HapeIHOM MpolecHOM OJIOKy. JenHa urepairja Toka MpoTouHe obpaje
IpecTaBba TOK MOJATKA O] MOYETHOT allTOpUTMa IMa CBE J0 KPajier alropuTMa CHcTeMa.
[Ipu neduHMCcamy TOKa IPOTOYHE 00paie KOPUCHUK OHpa IMOjeTUHAYHO 32 CBAKH MPOIECHU

OJIOK Ha KOM IPOIECOpPY C€ OH U3BPIIABA.
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Konnent pemema

Processing Processing Processing
Unit Unit Unit

B cruAigorithms

. DSP Algorithms

D GPU Algorithms

Cmuxka 3.1 Tok mporoune oopane AMV annukanuje

OBakaB Ha4MH yBE3HMBama alrOpUTaMa y TOK IPOTOYHE 0Opaje je BeoMma IOrojaH 3a
o0pany Buneo noparaka. [Ipu mokperamy Ae(UHHCAHOT TOKAa MPOTOYHE 0Opaje y CBAKoj
UTEpaIMjy TPOIICCHH OJIOKOBY MPUXBATA]y U MPOIECUPA]jy TI0 jeHY CIUKY (€HT. frame) MITO
npyka BeoMa e(HKacHy ayrMeHTalWjy BHIEO canapkaja. [Ipumep neduHHCaHOT TOKa

IpOTOYHE 00pajie ca ayrMEeHTallMjOM BHJIEO casipikaja je mpukasad Ha Counu 3.2.

wheael angle
Udp Read Sensor Data Trajectory Line Display
Algorithm Parser Algarithm Algorithm

Camera Rear Sensor
= id fi =
Algorithm videntrsme Augmentation 3 cru

B s

aaueysip algo

Crnuxka 3.2 Tok mpoTouHe 00pajie ca ayrMEeHTAIljOM BHJIEO caapiKaja

ADAS annmkanmja mnpukazaHa Ha Coumu 3.2, koja je pa3BujeHa myteM AMV
Middleware-a, mpencraBiba CUCTEM 3a MOMOh Bo3ady IpH mapkupamy Bo3wia. [ledurucanm
TOK MPOTOYHE 00pajie OBE aIlUIMKAIMje CAacTOjU C€ U3 IIECT alropuTama Of KOjuX ce MeT
U3BpIIaBa Ha IEHTPAIHO] MPOIECOPCKO] jeAMHUIIM ca YETHPH je3rpa, a jeaH aaropuTaM Ha
MIPOIIECOPY 3a AUTUTAIHY 00pany curHaia. KopucHHK cpemer cioja je Ipu Kpeupamy ToKa
IPOTOYHE 00pajie TI0BE3a0 a/IeKBATHO WIIA3HE PEIOBE aITOPUTMA 3a MapCHUpame MmojiaTaka ca
CEH30pa Ha yJa3He PelloBe allfOpUTMa KOju o4eKyje oapeheHy BpCcTy mojaaraka. Airopuram
3a JeTekiujy objekara y ONM3MHHM BO3WIa MMa JepUHUCAHA JBA Yyila3HA pela TJIe OuYeKyje
MOJIaTKe OJ1 aJrOpuTMa 3a YUTamke TojlaTaka ca KkaMmepe (jeaHa cliMKa BHIEO caapikaja) U of

CEH30p Mapcep anroputam (AUCTaHIA 10 Hajommker objekra). OOpamoM yia3HUX IMoAaTakKa
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OBaj aJNTOpUTaM BpPIITM ayrMEHTAIHM]y CIWKE Ha KOjOj MPpUKa3yje KPUTHYHY JTUHU]Y KOJIU3U]jE
BO3MJIA Ca HAjONMKHUM 00jeKTOM. AJNrOpuUTaM TPajeKTOpHje OYeKyje Ha CBOM YyIJIa3HOM peay
NOJaTKe TaKBE MPETXOAHO ayrMEHTHPAaHE CIMKE TJe Yy KOMOHMHALUjU ca MOoJaluMa KOjH
NPUCTIDKY M3 aIrOpUTMa Mapcepa mojaraka ca CeH30pa JOJaTHO ayrMEHTYje CIUKY JIMHH]OM
TpajeKTopHje BO3WJAa KOja 3aBUCH O] yria BojaHa. [logaTke yriia BojlaHa W pa3labHHE
HajOJIKeT 00jeKTa TeHEPHUIITy CEH30PH KOjU WX MPUTOM IIajby Ha aJlroOpuTam 3a untamwe UDP
naketa. Kako OM KOPHUCHHMK CMamHO HCKOPHILNTEHE HEHTPAIHE IMPOLECOPCKE jETUHHIIE
neduHMCcao je y CBOM TOKY NMPOTOYHE 00pajie /1a ce alropuTaM 3a ACTeKIHjy objexara y
OJMM3MHY BO3MJIA M3BpIIABa Ha NPOIECOPY 3a IUTHTAIHY oOpaay curHaima. Ha Ciumnum 3.3

I[MpUKa3aHu Cy U3JIa3HU IMOJalH MMPETXOAHO OIMMCAHOT TOKA IMTPOTOYHE 06pane.

October 28th, 18°

13:9%

Cnuxka 3.3 AyrMeHTOBaHa CclliKa TOKa IpOTOYHE 0Opajie cucreMa 3a moMoh Bo3auy mpu

MIapKUpamy

Jomr jeman onm mpmmepa 300r dera TOK MPOTOYHE oOpaje je Beoma edukacaH HAYUH
peanmuzanyje ADAS amMkanyje jecTe arviMKanuja cKajauparma YIa3HHX BUAEO CakKaja Koju
NPUCTIKY ca 4eTHpH Kamepe. llpumep oBe amumkamyje W HBEHOT TOKa MPOYHE oOpaie

npukasas je Ha Ciuiu 3.4.
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DownScaleBy2
Algorithm

DownScaleBy2
Algorithm

Crnuxka 3.4 IlpumMep Toka mpoTOYHE 00pajie KOJI alUTHKAIlH]e CKalpama YIIa3HUX BUIEO

caapxaja

Ha Coumm 3.5 mpukasaHo je W3BpIIaBamke TOKAa NMPOTOYHE oOpaje amukaliuje 3a

CKaJTUparme yJIa3HUX BUICO calipiKaja ca YeTUPH KaMepe.

Cnuka 3.5 [puka3 armmkaiyje 3a CKaarpame BIIIEO capiKaja ca YeTHPH KaMepe

ANropuTaM 3a YhTame MoAaTaka ca KaMepe uMa YeTUPH M3Jla3Ha pejia Ha Koja ce IIaJby

CJIKE ca CBaKe O]l YeTHpH Kamepe. [ pymna of 1mo JaBe ciuKe ce make Ha MPOLecHH OJ0K KOjU
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ce W3BpIIaBa Ha TMPOIECOPY 3a AWUTHTAIHY OOpaay CHUTHaja. AJTOpUTaM 3a CKaIMPame
IpUXBaTa Te JBE CIUKE M IMPOIECHpa MX TAaKO J1a CE HAa HErOBOM H3JIA3HOM pely Hallazu
yMameHa CIIMKa KOja OJAroBapa TPaKEHO] pPe30dyluju KopucHuka. OBaj anropuraMm mpu
neduHUCamy TOKa MPOTOYHE oOpane HyIAM MOTYhHOCT CEKBEHLHJaJHOT W MapajeIHor
U3BpIlIaBakba JIOTUKE CKaJMpama 3a 00e CIIMKE TJe ce MPH MapaJIeTHOM KPEeupajy XapAaBepcKe
HHTH 32 CBaKy CJIHMKY moceOHO. KopHucHUK eduHuIIe 3a CBa YETHPH ajIropuTMa 3a MpHKas Ha
€KpaH y KOM Jielly ekpaHa he nmpuka3uBaTH MPOLECUPAHE CIIMKE U3 MPETXOAHOT AJITOPUTMA.
Tok nporoune oOpane omoryhyje nepuHucame BeoMa KOMIUIEKCHUX CHCTEMa Kao IITO
je mpukazano Ha Ciunu 3.6. OBaj CHCTEM 4YMHE ILECHASCT AIrOpUTaMa O KOjUX C€ TpHU
U3BpalllaBajy Ha MPOIECOPY 3a TUTHTATHY 00paay CHrHaia, Ba CE U3BPIIABajy HA MPOLIECOPY

3a rpaduuky o0pay U MPEOCTAIN Ha IICHTPAITHO] TIPOIIECOPCKO] jSTUMHUIIH.

Processing Processing Processing Processing
Unit Unit Unit Unit

Processing Processing Processing Processing

Unit Unit Unit Unit

Processing
Unit

Processing 0 g o g
Unit

Cnuxa 3.6 Tok npoTouHe o0paje AepuHrUCcaH HaJIMK HEYPOHCKO] MPEKHU KOja c€ KOPUCTU IPU

pa3BHUjamy BEIITAauYKe HHTEITUTCHIIH]e

3.2 Onwuc Algorithm moayna cpeamwer cnoja AMV

Monyn Algorithm mpencraBiba jeIaH MPOIECHU OJIOK M3 MPETXOTHO CIIOMEHYTOT TOKa
mpoToyHe oOpaze. YHyTap MOJIylia peajn30BaHa je MaTHYHA arliCTpakTHa kiaca Algorithm
KOjy KOPHUCHMK Cpelmer ciioja Hacielyje mpu MMIUIEMEHTAlMjU CBOj€ alropuTaMm Kiiace.
Kopuchuk je motom ayxaH Aa IPEKIJIONU CBe BUPTyalHe (€HT. virtual) METOJe OBE MaTHUHE
KJIace W Ja peajausyje CBOJy mpoliecHy yHKIH]Y Koja je neUHHCaHa Kao YMCTa BUPTyallHa

Metona (eHr. pure virtual method) y Algorithm xnacwu.
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[TocToje Tpu cTama ajaropuTMa Koja ce MEHajy TOKOM HErOBOT )KMBOTHOT LHUKIyCa, a
TO Cy:
e Heunnnujanuzosan (eHr. Uninitialized)
e Cromnupad (eHr. Stopped)
e [lokpenyr (eHr. Running)

Ha Cnumu 3.7 npukasaHa je mpoMeHa cTama allfOpUTMa MpHU MO3UBY 0roBapajyhux meroza.

create destroy start stop

processData

Cnuka 3.7 Ilpomena crawa Algorithm xnace

IIpu xpeupawy oOjekta Algorithm kiace, aaropuraMm ce IOCTaB/ba y CTame
Uninitialized n yexa Ha o3uB MeTozie create. IIpe mo3uBa MeTo/1e KOPUCHUK Je(pUHHUIIIE CBE
napamMeTpe CBOI' ajlropuTMa Kpo3 ynotpeOy moayna u knace AlgorithmCreateParams tiae
Tako nepuHUCcaHW o0jeKkaT moToM Impocielyje Kao apryMeHT MeToje create. llpuinkom
MO3MBa METOJE Create MHHIIMjAIHN3y]y CE€ MapaMeTpu 00jeKTa alroputaMm Kiiace KOju MOTOM
Mpeiasu y crame Stopped v HE Memba CTamke CBE JOK Ce He M030Be MeTofa start. [lokpeTamem
QITOPUTMA OH TIpeNa3y y cTambe Running TJie yeKa Ha MoJaTKe ca YJIa3HOT pella Uiu y cly4ajy
QITOPUTMA KOjU je MPBU AepUHUCAHU Yy TOKY IPOTOUHE 0Opane kpehe ca cBOjoM MpPOLECHOM
byHKIMjoM. ANTOpUTaM 3aycTaBiba 00pajy IMojaTaka MpU MO3MBY METOJE Stop W MOTOM Ce
MMOHOBO Haja3u y cTamy Stopped w3 xojer je moryhe HacTaBUTH ca oOpajoM WJIU MO3BaTH
merony destroy. Merona destroy Bpaha aaroputaMm y HEMHMIIMjAIU30BAaHO CTamkbe U YKIama
CBE MOAATKE BE3aHE 3a Taj aJlropuTam U3 JAe(hUHUCAHOT MEMOPH]CKOT OJI0Ka aruiMKanuje (eHr.
MemoryPool).

AnroputaM y ctamby Running u3BpIiliaBa KOHCTaHTHO (PYHKIH]y nieTsbe (eHT. loop) Koja

NPUKYIUba MPHUCTUTIIE TOJATKE Ca yJa3HOT pela U Kpeupa HOBY HTEpaldjy MpOLECHE
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GyHKIIMjE y KOjOj C€ HaJa3M YhTaBa JIOTHKA o0paae Haa TuM noaaruMa. [IporecHa dhynkmnmja
Ce M3BpIIaBa HA MPETXOJHO JAC(PUHUCAHOM MPOIECOPY 3a Taj ANropuTaM y 3aceOHOj HUTH Y
OJTHOCY Ha KOHTPOJHHM HHBO aJrOpUTMa Ha KOj€M c€ W3BpIIaBajy (YHKIHUjEe HPETXOIHO
CIIOMEHYTE BE3aHE 3a HEroBor XWMBOTHM mukiayc. Ha Cnunum 3.8 mnpukazad je HayuH

IMOKpE€Takha U3BPIITHUX 3aaaTaKa je,HHOF ajiropurma.

main task loop task process task
: loop
Algorithm > : AlgorithmHAL
function

»| create
startProcessData »| processData CPU

2 start
startDspProcessData »| processData DSP

—_— stop
> destroy startGpuProcessData # processDataGPU

Cnuxa 3.8 Iprka3 n3BpIIHUX 3a/laTaka JeJHOT alropuT™Ma

3.3 Onwuc AlgorithmHAL mopyna cnoja 3a ancrpakumjy
¢punsnuke apxurekType

VY oxBupy monyna AlgorithmHAL uMIneMeHTHpaHa je ICTOMMEHa MaTUYHa arcTPaKkTHA
KJlaca Koja ce Haciehyje y uMIUIeMeHTanuju kiace cnenuduuHe miaTGopMu Ha KOjoj ce
W3BpIlIaBa MPOIIECHA jeWHUIIA. 3a MOTpebe OBOT 3ajaTKa M arcTpakuujy pa3BojHe ADAS
mnathopme Qualcomm Snapdragon S820A4, peammzoBana je AlgorithmHALSymphony
MOTOMAaK KJjaca (eHr. child class) xoja KOPUCTH aITMKAIMOHY MPOTPAMCKY CIPETy Pa3BOjHOT
nakera Symphony.

Algorithm xnmaca cagpxu Kao wiaHuiy oOjekat AlgorithmHAL xnace myteM 4wuje
JeAMHCTBEHE aIUTMKAIIMOHE MPOTPAMCKeE CIIpere Mo3MBa METO/IE U3 MOTOMAaK Kilaca Kao IITO je
AlgorithmHALSymphony. OBo je omoryheno kpo3 monyn HALFactory cpeamer cioja AMV
KOjU Kpeupa oOjeKkaT alcTpakTHE Kiace W Mpoumpyje My JIeduHHIY]y MeToaa Kpo3s
UMIUIEMEHTHPaHy Kiacy moTtoMmak 3a oapeheny mmardopmy. OBakaB MOCTyHaK MpeacTaBiba
o0e30chuBame jeAMHCTBEHE CIIpere TMpeMa CHTHUTETHMa pPa3IuYUTHX THUIOBA H Y
porpamMckoM je3uky C++ Mmo3HaT je Kao moJuMOopQu3am.

Ha Cnunm 3.9 npencraBibeH je MPETXOAHO OMUCAHU TOCTYIMAK Kperupama arcTpaKifje

aIropuTMa.
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-

-

Crnuka 3.9 Kpeupame o0jexTa ancTpakiyje anropurama

Ha cmumm 3.10 mpukazan je YMJI (UML — Unified Modeling Language) nujarpam

knaca Algorithm u AlgorithmHAL xao M BHUXOBE Be3e Ca MPEOCTAIUM MOAYJIUMA CPEIHEr

cioja AMV.

m_input_queue

Algorithm has input queues
m_suecessor

[prass AlgorithmereateParams]

Algorithm is initialized using create params

class Algorithmtats

class Queue

Queus uses HAL Factory for create Queue HAL

Memory pool uses platiorm poal

tlass MermonPanl

1 1

class

m_hal

837, 9838
r_sutut_aueues
Algorithm has output queues
m_owner

1

ciass Akgorthrn

Algarith uses memary pool to get bufferg
|

CoreAfinity m_core;

Algorithm State m_state;
uinis2_tm_iterationumber;
uinta2_tr_number0fnputCueues;
atnv:AIGoMthHAL *ri_hal;
amv:AlgarthmCantrol m_control;
amv:Qusue “m_input_queues( 9837,
amy:Queue “m_oulput_queues| 8838];
uints2_tm_numberofoutpuiQueues;
amv:Buffer 'm_pop pedBufiers| 9837];
atnvzMapIRUIToOUt U *_rmap;

uint32_tm_isDrain[ 9837
amy:Buffer "m_ouiputBufiers[ 9838];
Permissions m_permission| 98381,

- pe m_s pel 3838];
uint32_t m_buferSize] 9838];
int (*Dspl algBuffers®, int, algBuffers®, inf) m_dspFunc;
arn m_ 10007

tlass

T | 1
HAL Fadlory creates merory pool |
1

|
HAL Factorylcreates platform memory pool

class HALFactory

Platiorm m_platiorm:
static amy:HALFactony“m facton:

HALFactory()
static amy:HALF

virtual Errar

virtual Error createQuenetamy::QueugHAL =gueusHAL, const amy:Queue iueue)
virtual Error createSysts m(amy:SystemHAL **systemHAL, amy:System “system)

1AL ™ . am

Igofithm *algorithm, vai *s dkContexts

virtual Error
virtual Platfarm getPlatiormg

oolHAL . amy:MemonPool ‘memoryPool)

Algorith ues HAL Factory to create Algorithm HAL

HAL Factory uses Algoritim to retrieve Algorith HAL

virtual Error create amy-Algorith mGreateParams *params)
vitual Error, =0

Algorithm sets the data in status object

virtual Error control(const amy: AlgorithmControl ~control)
virtual Error start)

virtual Error stap0

virtual Error destroy)

virtual Error getstatus (amy:Algarithmstatus “status)
Error getiterationNumber(uint32_t*terationNurnbery
Error getHAL (amv:AlgorithmHAL =hal) const

virtual Error waltForinputData0

virtual Error Ioap0

virtual Error calculateStatistics(uints_t "begin, uints4_t "ouferDelay, uint4_t “end) |

virtual ~Algeriimg

virtual uinta2_t getNumberOfing uttueves
virtual arni::Queue “*getinputQusussg
virtual amy. Queue ~getoupuiue Ues )
virtual uint32_t gethumber0foutoutaueues)
Ertor createF orwardAtray0

virtual Error sendStopsignal

virtual Error getDSP Function (it (*DspFun ction(zonst algBuffers*, int, algBuffers*, int) *dspFunc)

virtual Errar waitF ornputDatag)

Igorithm usks platform specifics

HAL Factrory uses Algorithm HAL

Ciass ANGOFMAAL

void *m_SDKContex;

virtual Error getSDKContetivoid ~sdkCantext)
virtual Error startalgorithmy =0
virtua.

3

virtual ~AlfgorthmHAL() =

vittual Entor startFrocessoatan
0
vittual Error startiexifteration)) =0

virtual Enror startDspProcessData(amy:Buffer “m_popped_buflers], amy:Buffer "m_output_bufiers|

=0

HAL Factory creates platform systern

T
| Agorithm uses system

tlass Systern

Class SystemHAL

System uses platiorm syster

HAL Factory creates system

m_h

Cnuxka 3.10 UML nujarpam xnaca Algorithm wn AlgorithmHAL
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4. MporpaMcKo peliemwe

Y OBOM IOTIJIaBJbY JIAT j€ OMUC peaju3allrje TOKa MPoToYHe o0paje mojaaTaka, Moaysa
cpeamer cioja Algorithm w cnoja ancrpakuuje AlgorithmHAL. 3a peanuzanujy peuiema
KopuiheH je mporpamcku jesuk C++ rie je 3a moTpede pasBujama MOIYyJa CPEIEer Clioja
kopuimhen crangapn C++98, a 3a Moayne cioja arncrpaknuje ctagaapa C++171 kako 6u 6uo

npuiaroheH cTanaapAy pa3BOjHOT MaKeTa.

4.1 Peanusaumja ToKa npoTouHe obpage nopaTtaka

Kako 61 ce yBe3anu MMIIJIEMEHTHpPAHU alrOpuTMH, Koju kopucte AMV Middleware
API, y jenny ADAS annukanujy notpe6Ho je aedunucaru Tok nporoune odpane. KopuchHuk
IpU MHCalky CBOj€ aIuIMKalMje Kperpa 00jeKTe MPETXOJHO pealn30BaHMX ajlropurama Koje
he yBe3uBatu y TOK mpoTo4yHe oOpajne. Jlepunncame Toka MpOTOYHE 00paje MPUKA3aHO je Yy
atuIMKalyju 3a momMoh Bo3ady MpHM Hapkupamy. Y cieneheM Hcedky H3BOPHOT Koja
NPUKA3aHO je Kpeupame objekara ajJropuTama Koju YUeCTBY]Y Yy peaju3alijy ariuKaimje 3a

nomoh Bo3auy Mpu napKupamy.

amv: :RearSensorAugmentationAlgorithm m_rearSensorAlgorithm;
amv: :HdmiOutputAlgorithm m_HdmiOutputAlgorithm;

amv: :CameraAlgorithm m_cameraAlgorithm;

amv: :UdpReadAlgorithm m_readDataUdp;

amv: :SensorDataParser m_sensorDataParser;

amv::TrajectoryLineAlgorithm m_trajectoryAlgorithm;

[Tpy mO3MBY KOHCTPYKTOpa OBHU allTOPUTAMU TIpeia3e y CTame HEMHHIINjATU30BaH TIC
YeKkajy Ha IO3MB METOJE create Koja he MONMyHWUTH MapaMeTpe W yBE3aTH AITOPHTaM Yy

JneUHUCAHU TOK MPOTOYHE o0Opaje. Y HapeIHOM Jey MCceyKa M3BOPHOI KOJa MpHKa3aHa je
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Kpealnuja o0jekara mapaMerapa ajaropuTma Koji ce mpociehyje Kkao apryMeHT MeToje create

npeaBuleHor anropuTMa.

amv::AlgorithmCreateParams m_rearSensorCreateParams(amv::E_CORE_DSP1);

amv: :HdmiOutputCreateParams m_HdmiOutputCreateParams(amv::E_CORE_CPU®);

amv: :CameraCreateParams m_cameraCreateParams(amv::E_CORE_CPUl);

amv: :UdpReadCreateParams m_createReadDataUdpParams(amv::E_CORE_CPU3);

amv: :SensorDataParserCreateParams m_createSensorDataParserParams(amv::E_CORE_CPU1);

amv::AlgorithmCreateParams m_trajectoryCreateParams(amv::E_CORE_CPU2);

Moske ce IpUMETHTH JIa JIBa ITOPUTMA (UITOPHUTaM 3a JIETeKIHjy objekara y OJM3uHU
BO3WJIa M aJIrOpuUTaM TPaAjeKTOPHje BO3WIA) KOPHCTE CTaHJapAHE OO0jeKTe Kiace 3a
nebunucame mnapamerapa anroputma (AlgorithmCreateParams) IOK Tmpeoctane cy
HaCJIeIWJIC Ty KJIacy | MPOIIMPHUIIC j€ aJIeKBAaTHO CBOjUM MOTpeOamMa. YKOJIUKO Cy KOPUCHUKY
NOoTpeOHM JOAATHU TapaMeTpPH 3a HErOBOT aJrOpuTMa MOTPEOHO je Ja Haclenu KIacy
AlgorithmCreateParams v IpOIIAPH j€ CBOjOM MOTOMAaK KiacoM. [Ipu mo3uBy KOHCTpyKTOpa
AlgorithmCreateParams xnace mnpocielyje ce uMe mpoiecopa Ha Kome he ce u3BplIaBaTH
ajropuTaM. Y HapeJIHOM UCEUKY KOJa MPHKa3aHo je MOIYymkaBambe IapaMmeTapa aliroputMa 3a
yutambe UDP makeTa v 1o3UB METO/IE Create KOja MHUIIM]ATU3Yje allfOpUTaM U mpeodairyje ra

Yy CTam€ CTONHPAH IIC YeKa Ha MO3UBE METOAC start.

m_createReadDataUdpParams.serverAddress = SERVER_ADDRESS;
m_createReadDataUdpParams.createSocketPortNumber = PORT_NUMBER;
m_createReadDataUdpParams.bindSocketPortNumber = UDP_BIND_PORT;
m_createReadDataUdpParams.timeoutMilliseconds = TIMEOUT_MSEC;
m_createReadDataUdpParams.buffSize = SIZE;

m_createReadDataUdpParams.m_numberOfOutputQueues = 1;
m_createReadDataUdpParams.m_outputQueue[@].m_size = 1;

m_createReadDataUdpParams.m_outputQueue[@].m_bufferSize = SIZE;

err = m_readDataUdp.create(&m_createReadDataUdpParams);

Anroputam 3a untame UDP mnakera Hema Je(UHHUCAHE yla3HEe PeoBE jep OH Mpuma
nakere ca UDP cepBepa KOju IIajbe IMOJATKEe IeHepucaHe ca ceH3opa Bosuia. OH uma
neduHUCaH jelaH W3Ja3HU peJ Ha KojeM ce Moxe Hahu camo jemanH Gadep y cBakom
TpeHyTKy. [lomTo je n3BpIaBame OBOT AIFOPUTMA BPEMEHCKHM MUHHUMAIIHO U Kpahe oJ camor
reHeprcama IojJaTaka o] CTpaHe CeH3opa Huje Omino morpebe 3a BehwM mpocTopoM Ha
W3JIa3HUM PEJOBMMA aropuT™Ma 3a yutakbe UDP mopataka M ajiroputrMa 3a mnapcupame

MoJaTaka ca ceH3opa. YKOJIMKO O 3ajeTHIYKO BPEMEHCKO M3BpIIABAEkE OBA JBa AITOPUTMA
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O6mno Behe oa camMor BpeMeHa TeHepucama IoJaTKa ca CeH30pa, MOTpeOHo Oum OmiIo
peaM30BaTH MEXaHHM3aM oj0alBamba MPUIONUINX IMaKeTa WU NPOIIMPUBAKE MPOCTOpa
WIAa3a3HUX peAoBa INTO OM JIOBENIO 10 Kallkbemha Kpajier cucreMa. MexaHu3zam
CHHXpOHHU3aIMje makeTa (ombanuBame) 60 O peanr3oBaH KPo3 HOBU aJTOPUTAMCKH OJIOK
KOju OM MOTOM IMOMONyY TOKa MpoToyHe oOpaae Ouo yBe3aH M3Mel)y aJropuTMa 3a YHTamke
UDP mnakera W ajiroputMa 3a Mapcupame Mmojaraka ca censopa. Ha cienehem wuceuky
M3BOPHOT KOJIa MPHUKA3aHO je MONymhaBame 00jeKTa ImapaMmerapa ajJropuTMa 3a Mapcupame

nogaraka ca CCH30pa Kao U IIOCTYIIaK YBC3HMBamkha JBa aJlrOPUTMa y TOK IIPOTOYHE 06pane.

m_createSensorDataParserParams.m_numberOfInputQueues = 1;

m_createSensorDataParserParams.m_inputQueues[0] =

m_createReadDataUdpParams.m_outputQueue[@].m_queue;

m_createSensorDataParserParams.m_numberOfOutputQueues = 2;
m_createSensorDataParserParams.m_outputQueue[0].m_size = 1;
m_createSensorDataParserParams.m_outputQueue[@].m_bufferSize = SIZE;
m_createSensorDataParserParams.m_datald[@] = amv::E_SENSOR_VALUES_DATA;

m_createSensorDataParserParams.m_outputQueue[1l].m_size = 1;
m_createSensorDataParserParams.m_outputQueue[1].m_bufferSize = SIZE;

m_createSensorDataParserParams.m_datald[1] = amv::E_WHEEL_ANGLE_DATA;

err = m_sensorDataParser.create(&m_createSensorDataParserParams);

AnroputaM 3a mapcupame IojiaTaka ca ceH3opa uma Je(uHUCAH jeJjaH yla3Hu pel U
JIBa M3Jla3Ha pena. Y O3HAYEHOM OKBHpPY MCeYKa M3BOPHOI KOJa MpPUKA3aH je IMOCTYMaK
yBE3WBaWka ajlropuTamMa y TOK IpoTouyHe obOpane. [lokasuBau ymnasHor peaa u3 oOjekrta
napameTpa 3a SensorDataParser anroputaM TOKa3zyje Ha W3JIa3HU pejl U3 00jeKTa mapaMerpa
Be3aHux 3a UdpRead anroputam. TakBoM Be30oM mojalM Koju ce Hal)y Ha M3JIa3HOM peny
UdpRead anroputMma cy UCTH TH MOJAIM U HA yia3HOM peny SensorDataParser anropuTtma.
OgBaj anropuTaM UMa JBa M3Ja3HA peaa OJ KOJUX jeJlaH je Be3aH 3a aJlfOpUTaM TPajeKTOPHje
BO3WJIA, a IPYTH 32 aJITOPUTAM JIETEeKIIHje o0jekaTa y OJIM3WHU BO3HIIA.

Paznuka koja Moxe Aa ce mMpUMETH IpH AeUHHUCamY MapaMeTapa M3JIa3HHUX pelloBa
jecte noJbe m_datald rae ce eKUIUTUIMTHO TPpaXke Mojaly ca oapeheHux ceHzopa. AJaropuram
3a TapcHUpame MojaTaka ca CeH30pa OueKyje CTpUKTHO jaepuHucanu UDP makeTr y Kome ce
Haja3e OpraHW30BaHM IMOJAIM ca pa3HuX ceHzopa. Cpenmu cinoj AMV canpxu eHyMepaiujy
OBHX II0/IaTaKa CHEU(PUYHUX OApe)eHOM CEH30py W THME OJIaKIllaBa KOPUCHUKY YHOpeOy
OBOT aJTrOpUTMA TJAE je€ MOBOJHHO Ja JePUHHINE KOjH TOJAIM Ca CEeH30pa ce OYeKyjy Ha

IETOBUM H37a3uMa. Y OBOM CIIy4ajy yrao ca ceH3opa BoaHa (E_WHEEL_ANGLE_DATA) U
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paznajbHa Of] HajOMKer o0jeKkTa ca yYITpa3BydyHHUX CEH30pa IMOCTABJLEHUX HA BO3HILY

(_SENSOR_VALUES_DATA). Ha Coumm 4.1 npuka3zana je neuHHIMja TOKAa MPOTOYHE 00pajae 1o

calia MpUKa3aHoT MPOrpaMCKoOr peuicma.

(7]

®
S
=]
"

SensorDataParser
Algorithm

UdpRead
Algorithm

Cnuxka 4.1 Jlepununnja Toka npotoune obpaje 10 caja MPUKa3aHOT IPOrPaMCKOT pelleha

Ha cnenehem wucedky W3BOPHOT KoJa NpUKa3zaHO je jAeduHHCame IapaMerapa

QITOPUTMA 32 JIETeKIUjy oOjexara y OJIM3MHH BO3WJIA M aJrOPUTMa 32 YUTame IMojaTaka ca

Kamepe.

m_cameraCreateParams.m_numberOfOutputQueues = 1;
m_cameraCreateParams.m_numberOfCameras = 1;

amv: :E_SURROUND_BACK;
10;

m_cameraCreateParams.m_cameras =
m_cameraCreateParams.m_outputQueue[0].m_size =
m_cameraCreateParams.m_outputQueue[@].m_bufferSize = BUFFER_SIZE;
err = m_cameraAlgorithm.create(&m_cameraCreateParams);

RV_CHECK_RETURN(err);

m_rearSensorCreateParams
m_rearSensorCreateParams
m_rearSensorCreateParams

m_rearSensorCreateParams

.m_numberOfOutputQueues = 1;
.m_numberOfInputQueues = 2;
.m_outputQueue[@].m_size = 10;

.m_outputQueue[@].m_bufferSize

= BUFFER_SIZE;

m_rearSensorCreateParams.m_inputQueues[1] =
m_createSensorDataParserParams.m_outputQueue[@].m_queue;
m_rearSensorCreateParams.m_inputQueues[@] =

m_cameraCreateParams.m_outputQueue[@].m_queue;

amv: :MapInputToOutput mapSensorAlg;
mapSensorAlg.output[@] = O;

m_rearSensorCreateParams.setMap(&mapSensorAlg);

err = m_rearSensorAlgorithm.create(&m_rearSensorCreateParams);

Kon nedunucama mapamerapa alropuTma 3a YHTamkE IMMOJaTaka ca KaMepe BaKHO je

NPUMETHTH Ja C€ HaBOAM Opoj Kamepa ca Kojux he mpucTH3aTu mojauu U y CKIagy ca TUM
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OpojeM ce mpaBe u3na3zHu penoBu. AMV Middleware TpeHyTHO ToJipKaBa yIpaBJbamkbe OcaM
pa3nuuTuX Kamepa (E_SURROUND_RIGHT, E_SURROUND_BACK, E_SURROUND_LEFT, E_SURROUND_FRONT,
E_CAMERA_MIRROR_RIGHT, E_CAMERA_MIRROR_LEFT, E_CAMERA_MIRROR_BACK, E_DRIVER_MONITOR). OBaj
ajropuTaM Hema yja3HH pei Beh moOuja ciuke Mpeko apajBepa KOju yIpaBjba KaMepama.
[Ipensuheno je ma cBaka rurargopmMa UMa CBOj JpajBep 3a yIpaBibamke Kamepama riae he ce
arnCTpaKIfja BPIIUTH YHYTap OBOT aJIFOPUTMA.

AnroputaMm 3a aerekuujy oOjekara y ONM3WHHM BO3WiIa mMma JedUHHCaHA J(Ba yia3Ha
pena ol KOjuX je NMpBH MOBE3aH ca HM3JIa3HUM PEOM ajrOpuTMa 3a YWTame IojaTaka ca
KaMmepe, a JIPYru ca MPBUM HM3JIa3HUM PEJIOM aITOPUTMA 3a MapCUpamke MmojiaTaka ca ceH30pa
I7Ie MPUCTIKY TOAANHN pa3lajbuHe 00jeKTa ca ynTpa3BydHux cenzopa. OBne ce MOXe BHIETH
U ynorpeba Mamvpama W3Ja3HOT M YJIa3HOT pella ajiropuTMa TAe je KOJ alroputMa 3a
JETeKINjy o0jekara W3Ja3HU pej MalupaH Ha MpBU Yina3HH pen airoputva. OBHM
MOCTYIKOM je yuTehena MeMopuja neuHUCaHOT MEMOPH]CKOT OJI0Ka 3a OBY arlIMKaIHjy jep
ce MpOLECUpamke BPIIM JUPEKTHO Ha NMPHUCTUTIIUM ToJanuMa (CIMKama) ca aJroOpuTMa 3a
YuTamke mojaraka ca kamepe. Ha Cnumm 4.2 je mpukasaH TOK MPOTOYHE 00paje ca JOAaTHM

aJIropuTMHUMa MpEeTXO0AHO OIIMCAHHM.

SensorDataParser
Algorithm

LAy
M
LA

(=]

UdpRead Algorithm >

" Rear Sensor

camera Camera Algorithm Augmentation

Crnuka 4.2 Tlpomupena nepuHUIM]a TOKAa TPOTOYHE 00paJie ca AITOPUTMOM 32 YNTAHE

rmojiaTaKa ca KaMepe U alTOPUTMOM 3a JICTEKIM]y 00jeKTaTa y OJIM3UHUA BO3HIIA

Moxe ce npumerutu ca Crnuke 4.2 na je mpouecHu 010k Rear Sensor Augmentation
O3Ha4YeH IPBEHOM 0O0jOM IITO TPEJACTaBJha Jla CE€ OBaj OJIOK M3BpIIaBa Ha MPOIECOPY 3a
JTUTUTAHY 00paly CUTHAJIA 33 Pa3JIUKy O] OCTAIHK MPOIECHUX OJIOKOBA KOjU C€ M3BpIIaBajy

Ha IICHTPATHOj TPOIIECOPCKO] jeTUHUITH.
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VYV cneneheMm mceuky WM3BOPHOT KOJA TPEACTaB/beHA je NedUHHIM]ja TOKAa MPOTOYHE

o0paie 3a mpeocraiia J[Ba ajJropurMma.

m_trajectoryCreateParams.m_numberOfOutputQueues = 1;
m_trajectoryCreateParams.m_numberOfInputQueues = 2;
m_trajectoryCreateParams.m_outputQueue[@].m_size = 10;

m_trajectoryCreateParams.m_outputQueue[@].m_bufferSize = BUFFER_SIZE;

m_trajectoryCreateParams.m_inputQueues[1] =
m_createSensorDataParserParams.m_outputQueue[1].m_queue;

m_trajectoryCreateParams.m_inputQueues[@] =

m_rearSensorCreateParams.m_outputQueue[@].m_queue;

amv: :MapInputToOutput mapTrajectoryAlg;
mapTrajectoryAlg.output[0] = 0;

m_trajectoryCreateParams.setMap(&mapTrajectoryAlg);

err = m_trajectoryAlgorithm.create(&m_trajectoryCreateParams);

RV_CHECK_RETURN(err);

m_HdmiOutputCreateParams.m_x = 0;

m_HdmiOutputCreateParams.m_y = 0;
m_HdmiOutputCreateParams.m_width = WIDTH;
m_HdmiOutputCreateParams.m_height = HEIGHT;
m_HdmiOutputCreateParams.m_format.m_imageFormat = E_CbYCrY_422_1I;

m_HdmiOutputCreateParams.m_numberOfInputQueues = 1;

m_HdmiOutputCreateParams.m_inputQueues[0] =

m_trajectoryCreateParams.m_outputQueue[0@].m_queue;

err = m_HdmiOutputAlgorithm.create(&m_HdmiOutputCreateParams);

AnropuTaM 3a HCIpTaBamke TPAjeKTOpHje BO3MIa MMa e UHICAaHA /IBa yJa3Ha pefa Tie
je TpBU MOBE3aH Ha W3JIa3HMU peJl afOpUTMA 3a JIETEKIUjy o0jekTa y OJIM3MHU BO3MJIA, a
JIPYTH je TIOBE3aH Ha JPYTd M3JIa3HU pej alropuTMa 3a Mapcupame MojaTaka ca CeH30pa Ha
KOjeM Ce€ HaJla3e MOoJaly Yrjia BOJIaHa KOJHU C€ KOpHCTE TpH ayrMeHTanuju ciumke. Ca
W3JIa3HOT pejla aropuTMa 3a JETEKIN]y 00jeKTa y OJM3UHMA BO3WJIA TIPUCTIKE ayrMEHTOBaHA
CIMKa Ha KOjo] je WCLUpTaHa JIMHHMja KOJIM3Mje BO3WJIAa ca HajONMMKUM O00jEKTOM.
KomOunammjom cnuke pobujene ca RearSensorAugmentation anroputMa M IOAaLUMa
CeH30pa BOJIaHA, QJITOPUTaM TPaJEeKTOpPHje TpollecHpa TMOJaTKEe aJeKBaTHO CBOjOj

(YHKIIMOHATHO] JIOTMIIM M TaKo JOJIaTHO AayrMEHTYyje CIHUKY HWCIPTaBamhEeM JIMHU]C
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TpajekTopuje Bo3wia. Kpajiu o0jekaT Ha U3JIa3HOM pEIy OBOT ajropuTMa jecre
ayrMEHTOBaHa CIIMKa OKPYXEHa BO3MIIa KOje Ce IapKupa.

3a neduHHCamE MapaMeTapa alropuTMa 3a NpPUKa3 Ha €KpaH MOTPEOHO je HaBECTH
MOYETHE KOOpIHMHATE, Pe30Nylidjy ¥ (opMaT CIMKE Koja Ce Hala3W Ha YJIa3HOM peny.
[ToBe3uBameM H3JIa3HOT pefa alropuTMa 3a HCIPTaBamke JIMHUja TPajeKTOpHje BO3HMJIA U
yJa3HOT pejJia OBOT anropuTMa oMoryhaa ce mpHKa3 Kpajie ayrMEHTOBAHE CIIMKE OKPYKEHa
Bo3uia Ha ekpad. Ha Cnumm 4.3 mpukazaH je moTmyHO JedUHUCAH TOK MPOTOYHE o0pase

aruIMKaiyje 3a nomoh Bo3auy npu napKupamy BO3UIIA.

SensorDataParser v TrajectorylLine
Algorithm Algorithm

v

nsor UdpRead Algorithm Display Algorithm

m
=

Rear Sensor
Augmentation

\
=
o
3

Camera Algorithm

Cnuka 4.3 TlormyHo neuHUCaHU TOK IPOTOYHE 00pajie moaaTaKka aruiMKaluje 3a moMoh

BO3auy IpH MapKUpamby BO3UIA

[Tpy moTnyHOj NepUHMLIMJU TOKa HMPOTOYHE OOpaje KOPUCHHUK je Yy MoryhHocTH aa
IIOKpEHE aJITOPUTME TJIE je MOXKEJHHO J]a C€ TO BPIIM PEJOCIIEAOM KOJUM Cy M HalpaBJ/beHU. Y
HapeIHOM HMCEYKY M3BOPHOT KOJa je MPUKA3aHO MOKpPETame KOMIUIETHOT CHCTeMa 3a oMoh

BO3auy MPH NapKHparmby BO3MIIA.

err = m_cameraAlgorithm.start();

RV_CHECK_RETURN(err);

err = m_readDataUdp.start();
RV_CHECK_RETURN(err);

err = m_sensorDataParser.start();

RV_CHECK_RETURN(err);

err = m_rearSensorAlgorithm.start();

RV_CHECK_RETURN(err);

err = m_trajectoryAlgorithm.start();

RV_CHECK_RETURN(err);

err = m_HdmiOutputAlgorithm.start();
RV_CHECK_RETURN(err);
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Ha Cnunu 4.4 npuka3zana je ayrMEHTOBaHa CJIWKa IPHU MOKPETamy CBUX allrOpUTaMa

KOjU YMHE CUCTEM 3a moMoh Bo3ady Mpu NapKUpamy.

October 28th, 18°

19750

Cnuxka 4.4 AyrMeHTOBaHa CIIMKa MU MOKPeTamwy TOKa MPOTOYHE 00pajie

CBH alTrOpUTMH CHCTEMa C€ M3BPILNABAjy Yy CONCTBEHHMM HHUTHUMAa HE3aBHCHO TJIaBHO]
HUTH U3 KOj€ ce BpIIM JepuHUCAmE TOKa MPOTOYHE 00pajge M Mokperame UcTHX. OBO
oMmoryhaBa orpaHuyeHy BpCTY KOHTpOJIE T€ j€ KOPUCHUK Y MOTyhHOCTHM Ja Mema Heke
napaMeTpe CHUCTEMa U Jla CTONMpa KeJbeHe anroputMe. HapenHum mceuak M3BOpPHOI Koza

IpeJICTaBJba MOTIIYHO CTONHPAkEe CHUCTEMA IPU YHOCY KOMaH/E ca TacTaType.

err = m_cameraAlgorithm.stop();

RV_CHECK_RETURN(err);

err = m_readDataUdp.stop();
RV_CHECK_RETURN(err);

err = m_sensorDataParser.stop();

RV_CHECK_RETURN(err);

err = m_rearSensorAlgorithm.stop();

RV_CHECK_RETURN(err);
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err = m_trajectoryAlgorithm.stop();
RV_CHECK_RETURN(err);

err = m_HdmiOutputAlgorithm.stop();
RV_CHECK_RETURN(err);

KopucHMK MOXe TIOHOBO Ja TMOKPEHE alroOpuTMe WIH Y CIyd4ajy MOTHYHOT
3aycTaBJbarba alUIMKalKje AyKaH je Ja I030BE METONY destroy 3a CBAaKU allTOPUTaM U3 TOKa
MPOTOYHE 00paje Kako OM ageKBaTHO OCI000AMO0 MEMOPHU]Y U3 Ae(HUHHCAHOT MEMOPH]CKOT

6noka (MemoryPool).

4.2 Peanusauuja Algorithm moayna cpeamwer cnoja AMV

Y 0BOM MOJyIy CpeImber Clioja pealr30BaHa je alcTpaKTHA MaTH4HA Kiaca Algorithm
Kojy cBu Oynyhm amroputmMu Hacielyjy ¥ mpommpyjy CBOjOM JIOTUKOM H3BpIIABamba.
JKvBOTHM TUKIIyC jeIHOT alropuTMa je neduHUCAH MeTomaMa create/start/stop/destroy
YHyTap MaTu4He Kiace Algorithm.

Heke ox BaxkHux Mmertona kiace Algorithm Koje y4ecTBYyjy HpH peanu3alju ToKa

MPOTOYHE 00paje cy:

virtual Error create(AlgorithmCreateParams *params)

o Omuc Mmerozme: MeTo#a HAMEHEHA 332 Kpeupame ylIa3sHHX U W3JIa3HHX IapaMeTapa
aIropuTMa kao M apuHUTETa Ha KOjO] MPOIECOPCKO] jJEIUHHMIM Ce€ H3BpIIaBa
aJIropuTam

o Ilapamerpu: o0jekar AlgorithmCreateParams Kjlace

virtual Error destroy()
o Omnuc Merone: MeTola HaMEHEHA 3a YHHUINTABaWke WIaHWLA Algorithm inace pamau
ociiobahama MEMOPH]CKOT TIPOCTOPA.

o Ilapamerpu: Hema

virtual Error start()

o Omnmc Meroje: MeTo/a HaMEmEHa 3a MO3MBame MoYeTHe Merone u3 AlgorithmHAL
o0jekTa paau Kpeupamwa loop 3anatka Algorithm xnace

o Ilapamerpu: Hema
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virtual Error stop()

o Omuc merome: MeTola HaMeHEHA 3a IO3MBamkbe 3ayCTaBHE METOJE M3 oO0jexTa
AlgorithmHAL xnace koja 3aycTaBjba J1aJbe KpeHpame HOBUX UTepalrja loop MeTone

o Ilapamerpu: Hema

virtual Error sendStopSignal()

o Ommc Merojie: METO/Ia HaMEHEHA 32 CHTHAIM3AIH]Y M3JIA3HOM PEely O 3ayCTaBJbamby
cucTeMa Kako O HapeaHU airoputaMm OMo 00aBeIlITEH.

o Ilapamerpu: Hema

virtual Error loop()

o Omnmc MeToze: METo/Ia Koja ce U3BpIlIaBa y 3aceOHOM 33/IaTKy OJIaKJIe Ce€ 1O MpHjeMy
nmojaTaka ca yJa3HOr peJa IMO3MBa IIOYETHA IMIPOIECHA MeTona u3 00jeKTa
AlgorithmHAL xmace. OBa MeToia ce W3BpIIaBa y BUIIC UTepaldja, IJIe je CBaka
cieneha urepainja HOBH 3aaTaKk

o Ilapamerpu: Hema

virtual Error processData() = ©

o Omnmc Meroje: afncTpakTHa METOAA KOjy KOPHUCHHUK CpeImer cioja JaeduHHIIe
a/IeKBAaTHO JIOTMIIM CBOT aJrOpUTMA.

o Ilapamerpu: HEMa

Error waitForInputData()

e Ommc MCTOAC: METO/Ja HAMCH-CHA 3a YCKAC MMogaTaKa ca yJIa3HOoTI peaa

o Ilapamerpu: HEmMa

Metona oBe knace processData je nexiapucaHa Kao MOTIYHO BUPTyaJlHa MeTo/Ja (€HT.
pure virtual method) x0jy KOPUCHUK MoOpa Ja Ae(uHuUIlIe yHyTap CBOje MOTOMAK ajJropuram
kiace. Ocrane MeToJie MOXKe JOJaTHO Jia MPOIIUMPH YKOJIHKO TO HErOB aIrOpUTaM 3aXTEBa.
[Ipu nedpuHMCamy TOKa TPOTOYHE O0Opajze, MOMyHmaBajy ce€ MmapaMeTpu oOO0ejKTa Kiace
AlgorithmCreateParams xoju ce motom mpocielyjy kKao apryMeHT metone Algorithm xnace
create.

[To3uBoM MeTonie create o0jekaT aiaropuTMa mpey3uMMa mapamerpe aeuHucaHe y
ob6jexty AlgorithmCreateParams xako OW ce W3BpIIWIa MOTpeOHA WHHUIIMjAIA3AIHja TIpe
MOKpeTama alropuT™Ma. Y HapeIHOM HCEYKY M3BOPHOT KOJla MOXXKEMO BUACTU Mpey3uMame
noTpeOHUX Mapamerapa ajJropuTMa IJie ce MHUIMjalu3yje Ha KO0joj MPOIECOPCKO] jeTUHHIIN

he ce u3BpIIaBaTH anropuTaM Kao U Opoj yIa3HUX U U3JTa3HUX PEAoBa.
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m_core = params->m_core;
m_iterationNumber = 0;
m_numberOfInputQueues = params->m_numberOfInputQueues;

m_numberOfOutputQueues = params->m_numberOfOutputQueues;

CBaku anroputaM Kpeupa CBOje HM3JIa3HE PENOBE YKOIMKO UX HMMa, TJE je HOTOM
MOTpeOHO Ja Te KpewpaHe 00jeKTe ToIIajbe y CTPYKTYPY H3JIa3HUX peloBa M3 00jeKTa
AlgorithmCreateParams. OBo omoryhapa, nipu neduHHCamy TOKa MPOTOYHE oOpaje, aa ce
ITOPUTMU TIOBE3Yjy MyTEM HHXOBHX 00jeKaTa mapaMeTpa Ie YIa3HH pell jeHOT alrfOpUTMa
MOKa3yje Ha KperpaHu 00jeKaT M3JIa3HOT pea APYror auropuTMa. YJIa3HH PEIOBU CE HUKA
He Kpeupajy Beh je To camo rmoka3uBay Ha o0jeKkaT yia3Hor pesna. OBaj mocTynak pHUKas3aH je

y cneﬂeheM HCCUKY U3BOPHOI KOAA.

m_output_queues[i] = new Queue(params->m_outputQueue[i].m_size,
params->m_outputQueue[i].m_permission,

this);
params->m_outputQueue[i].m_queue = m_output_queues[i];

YKOJIMKO anropuTaM HMMa yia3He peloBe, TMoKa3uBad JNeUHUCAH y TOKY IPOTOYHE
o0pajie Koju MoKa3yje Ha yJa3HH peJl MPETXOIHOT aJiTOPUTMA C€ Mpey3uMa Ha YIaHUIly Kiace

HapCJIHOT aJIrOpuT™Ma.
m_input_queues[i] = params->m_inputQueues[i];

// Sets Algorithm successor for input queues

m_input_queues[i]->setSuccessor(this);

Caaku o0jekTa kiace Pes 3Ha KOjU alNropuTam je HEeroB BIACHUK M KOJU alITrOPUTaM je
HETOB HaclIeMHUK. HacemHuk anroputam je Taj KOoju 0Baj 00jeKar nmocMarpa Kao yjaa3HH pejl.
Ha camom kpajy oBe merojae mo3uBa ce monayn HALFactory, IpeTXomIHO CIIOMEHYT Y
pany, koju kpeupa objexar AlgorithmHAL xnace 3a oarosapajyhy miargopmy Ha kojoj he ce
u3BpiiaBaTi anroputam. OBaj o0jexaT je wiaHuna knace Algorithm momohy kojer ce
yIpaBJba W3BPIIHUM 3a7anuMa 3a cnenuduuny miatrgopmy. Ha crenehem nceuky m3BopHOT

KOJIa IPUKa3aHa je Kpearuja oBor 00jeKTa Be3aHOT 3a aJilTOPUTaM.
HALFactory: :getInstance()->createAlgorithm(&m_hal, this, params->m_SDKContext);

AnroputraM je MOTOM cmpemaH Ja mpehe y crame cTonmupaH y KOME Cy MY CBU

napamMeTpy HHUITHjaTM3MBaHM U OJIaKJIe j€ CIIPeMaH J1a CTapTyje U3BPIIHE 3a7aTKe.
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m_state = amv::E_ALGORITHM_STOPPED;

[To3uBOM MeTOzE Start IpOBEpaBa ce CTame Y KOM CE Hala3H ajJropuTaM M aKo je OH
WHULIMJAJIM30BaH M Yy CTamy CTONUpaH TO3MBa ce Merona startAlgorithm w3 o0jexra

AlgorithmHAL xoju je peTxoaHo KpeupaH of ctpane HALFactory moayna.

// Start loop function
err = m_hal->startAlgorithm();

OBa meToia Kpeupa HOBU HM3BPIIHU 3a7aTak (eHT. fask) y kojeM ce mokpehe merona
loop u3 ob6jexra knace Algorithm. IlokperameM MeToge loop kpehe u ca MEpeHheM CTaTUCTHKE
QITOPUTMA TZIe CE Mepe MpoJia3Ha BpEeMEHa YeKama Ha MOJATKEe ca YJIa3HOI pefia, BpeMe
obpane processData MeTofe M YKYITHO BpeMe M3BpIlaBama jeJHe uTepaiuje /oop MeToje.
Anroputam yHyTtap loop MeToie uYeka Ha MOJATKE ca yJa3HOT pella CBE JOK MPEIXOIHH
QIropuTaM He mnomake Oadepe Ha CBOj HM3JIa3HW pell. YKOJIUKO AITOpUTaM HMa BHIIE
ylla3HUX pefoBa GyHKnuja waitForlnputData xoja ce mo3uBa ynytap loop meroze he dekaru
Jla ce Ha CBUM YJIa3HUM PEIOBHMA I10jaBe MOJAIH TPe HEro MITO C€ HACTABH Ca UTEPAIIH]jOM.

Yy CJ'IGI[ChGM HCCUKY M3BOPHOI' KOJda NMMPHUKA3aH je MOCTYIIaK Y€Kamka Ha IMOAAaTKE Ca YJIa3HOr

pena.
for (uint32_t i = @; i < m_numberOfInputQueues; i++)
{
m_input_queues[i]->pop(&m_input_buffers[i]);
}

I[To mpucTu3amy CBUX MOTPEOHUX MOAATAKA ca YJIa3HOI peaa, loop MeTo/la HacTaBJba ca
CBOjOM HTEpalMjoM IIe Kpeupa notpedne 6adepe 3a cBoj uznaszuu pel. Iloctynak manupama
U3Ja3HUX M YJIA3HUX peloBa ajJropuTMa, MPEeTXOJHO OMHUCaH y paay, clpeuaBa Kpeupame
HOBUX Oadepa Beh ce cBa 00pana BpiIv HaJl yinazHuM OadeprmMa ca MpeTXOAHOT alropuTMa 1
TakaB Oadep ce MOTOM Mmajke Ha W3ja3Hu pea anroputma. OBuM je omoryhena ymrena
memopuje u3 MemoryPool monyna 3a anropurMe y Kojuma je mMoryha obpana HaJl MCTUM
6adepuma. Heku anroputMu jeTHOCTaBHO 3aXTEBajy KpeHpame HOBUX U3JIa3HUX Oadepa riae

je mocTymnak Kpenpamwa nprkaszaH y ciiefieheM nceuky u3BOpHOT KoJa.

amv: :MemoryPool: :getInstance()->requestBuffer(&m_output_buffers[i],
m_bufferSize[i],
m_memoryType[i],

m_permission[i]);
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ITo 3aBpmreTky kpeanuje 6adepa mo3usa ce oaroapajyha mouerHa nporecHa QpyHKImja
u3 o0jexra kiace AlgorithmHAL. Y 3aBUCHOCTM Ha KOjOj MPOILIECOPCKO] jETUHUIM je
neduHUCAHO Ja ce UW3BpIIaBa anropuram, nmokpehe ce HOBM W3BpIIHM 3anatak (fask) ca
MporecHOM (PYHKIIMjOM Yy K0joj ce oOpal)yjy mopamu ajeKBaTHO JIOTHIM aiaroputma. Ha
cieaechem mcedky M3BOPHOT KOJIa je PUKa3aH MOCTyNaK ojadupa crapToBama oJroBapajyhe

nporecHe PYHKIIH]e aaroOpUuTMa.

if(this->m_core == E_CORE_DSP1 || this->m_core == E_CORE_DSP2)

{
// Start dsp process data function
this->m_hal->startDspProcessData(m_input_buffers, m_output_buffers);
}
else if(this->m_core == E_CORE_GPU1 || this->m_core == E_CORE_GPU2)
{
// Start gpu process data function
this->m_hal->startGpuProcessData(m_input_buffers, m_output_buffers);
}
else
{
// Start cpu process data function
this->m_hal->startProcessData();
}

[Tocne u3BpmaBama npouecHe GpyHkuuje opuily ce yinasHu 6adepu, a uznazHu 6adepu
KOjU CaJip)kKe TpollecHpaHe MOJAaTKe MIajby Ha W3Ja3HH pel. Y ciIydajy Kajga Cy MarnupaHd
yIIa3HU W W3JIA3HU PEeIOBH, M3Ja3HU Oadepu mokasyjy Ha yrnaszHe Oadepe Koju ce Taja He

6pI/II_Hy Beh ce 1aJby Ha U3JIa3HU PCA Jep OHHU CaJIpiKE NMPOUCCUPAHE ITOJAATKE aJITOPUTMA.
m_output_queues[i]->push(m_output_buffers[i]);

Ha camom 3aBpmieTky wmerone /oop TpoBepaBa ce Ja JH je TPOMEHEHO CTambe
QITOPUTMA. YKOJMKO j€ CTame ajlropuTMa OCTajo He NpoMemeHO (Running) mo3uBa ce
MeTosa u3 objexTa kiace AlgoritamHAL 3a nokpeTtame HOBe loop UTepalnyje Koja npey3numa
cinenehe mogaTke ca peaa u HacTaBjba ca oOpagoMm. OBaj MOCTyNak ce MOHABJba CBE JIOK CE
CTale aNropuT™Ma HE TNPOMEHH NpU TO3MBY METOAE Sfop TAe e Tporarupa Jajbe
3ayCTaBJbalbe M3BpILIaBamba MpolecHe QyHKIMje. Y HapeIHOM MCEUKY KOJa MOXE C€ BHICTH
MOCTYNaK MOKpeTama HOBE uTepanuje loop (QyHKUMje MIM Yy Clydajy HpPOMEHE CTama

aJIropyuTMa Cjialb€ CuIriajia 3a CTOIpamC.
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this->m_iterationNumber++;

if(this->m_state != amv::E_ALGORITHM_STOPPED)

{
// Start next iteration loop
this->m_hal->startNextIteration();
}
else
{
// Send stop signal
this->sendStopSignal();
}

4.3 Peanusauuja AlgorithmHAL mopnyna cnoja ancrpakumje
pun3nuke apxutekType

Y monyny AlgorithmHAL peanu3oBaHa je UCTOMMEHA MaTUYHA allCTpaKTHa Kjiaca Koja
ce Hacnelyje mpu UMIUIEMEHTAIMjU TOTOMakK Kjace 3a cneuuduuny niaargopmy. 3a notpede
OBOT 3ajaTka peanmsoBaHa je AlgorithmHALSymphony moromMak Kjaca Koja BpPIIA
anCTpaKIMjy W3BPIIHUX 3anataka (task-oBa) Ha Qualcomm Snapdragon S820A pa3BojHO]
wiatpopmu. HacnehuBamem wmartuuHe anctpakTHe kiace AlgorithmHAL omoryhena je
JeIMHCTBEHA MpOorpaMcKa Crpera Ka je3rpy cpeamer cioja AMV rne cBaka MOTOMakK Kiaca
pa3UUUTUX pa3BOjHUX IJIATGOPMHU JedUHMIIE arCTPAKTHE METO/JE CIOMEHYTE Y
peamuzaumju  Algorithm wonyna (startAlgorithm, startNextlteration, stopAlgorithm,
startProcessData, startDspProcessData, startGpuProcessData). Metone amncTpakTHE

MaTUYHC KJIaCce Cy:

virtual Error startAlgorithm()

o Omuc MeToie: METOIa HAMEHEHA 3a TIOKpeTame loop 3anaTka Algorithm kiace

o Ilapamerpu: Hema

virtual Error stopAlgorithm()

o Omnuc MeToie: METOIa HAMEHECHA 3a 3ayCTaBJbame loop 3anaTka Algorithm xknace

o Ilapamerpu: Hema

virtual Error startProcessData()

o Ommc MeTone: METoJ]a HAMEHEHA 332 TOKPETamke MPOIECHOT 3aJaTKa auropuTMa Ha
[EHTPATHO] IPOLIECOPCKO] jEAMHUIIN

o Ilapamerpu: Hema
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virtual Error startDspProcessData(Buffer *m_input_buffers[],

Buffer *m_output_buffers[])

o Omnmc MeToJe: METOJ]a HAaMEHEHA 3a MOKPETamke MPOILECHOT 3aJaTka alropurMa Ha
nporiecop 3a rpadguuxky oopamy
o [Ilapamerpu: Hu3 ynazHux Oadepa m_input_buffers W HHU3 U3Na3HUX Oadepa

m_output_buffers KOjU y4ECTBYjYy y Mel)ympo1ecopckoj KOMyHUKALUjU

virtual Error startGpuProcessData(Buffer *m_input_buffers[],

Buffer *m_output_buffers[])

o Omnmc MeToze: METoJa HaMEHEHA 3a MOKPETamhe MPOLECHOT 3aJaTka alropuTMa Ha
nporiecopy 3a 00pay JUrHTATHUX CHUTHAJIA
o [Ilapamerpu: Hu3 ynazHux Oadepa m_input_buffers W HH3 H3Ia3HUX Oadepa

m_output_buffers KOJH y4€CTBYjy Y Mel)ympouecopckoj KOMyHUKALUjU

virtual Error startNextIteration()

o Omuc MeTojie: METO]a HAMEHEHA 3a TTOKpeTame cienehe urepanuje loop 3agaTka

o Ilapamerpu: HEmMa

[TosuBamem create wmerone Algorithm xiace Jo0JIa3u [0 Kpeupama UIAHUIIE
AlgorithmHAL o0Cjexta y monyny HALFactory. Monyn HALFactory uma uHpOpManujy Ha
K0joj miardopMu he ce M3BpIIABAaTH ajIrOpUTaM W Ha OCHOBY TOra Kpeupa HOBM oOjekar

MOTOMAK KJiace 3a oJronapajyhy miargopmy IITO je MpuKa3aHo Ha UCEYKY U3BOPHOT KOJa.

if(m_platform == E_PLATFORM_SYMPHONY)

{
*algorithmHAL = new AlgorithmHALSymphony(algorithm);

Y KOHCTpyKTOpY moToMmak kinace AlgorithmHALSymphony KOpUCTH ce arTMKaIroHa
porpaMcKa CIpera pa3BOjJHOT MakeTa Kako O ce HampaBWIIM U3BPIIHM 3aJalu (task-0BU) U
KEepHEJ MPOCTOpH 3a u3BpIHe GpyHknuje. Ha cnenehem mcedky M3BOpPHOT KOAa MPUKAa3aHO je

Kpeupame kepHena GyHKuje loop U 3aaTKa Ha KOME Ce€ U3BpIaBa Ta QyHKIIHja.

// Create symphony cpu kernel for Algorithm::loop function
m_cpu_loop_kernel = symphony::create_cpu_kernel(std::function<int(void)>([this]()

{

return algorithm->loop();

)
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// Create task for Algorithm::loop function

m_task = symphony: :create_task(m_cpu_loop_kernel);

// Create loop iteration tasks array

m_task_next = new symphony::task_ptr<>[MAX_TASK];

// Create next loop iteration task

m_task_next[m_iteration] = symphony::create_task(m_cpu_loop_kernel);

Ca mceuyka MOXe ce BHJAETH Jla c€ Kpeupa W3BPIIHM 3ajarak /oop (yHKOUje Kao H
3ajgaTak ca cienehom urepaunjom ucre. Ilpunukom nosusa startNextlteration GyHKIH]jE yBEK
ce kpeupa Oyayha urepanuja loop GyHKIMje KOja ce CMEIITa Yy HHU3 HapeIHUX 3ajlaTaka
m_task next. Tlocme Kpewpama HM3BPIIHOT 3afaTka 3a /oop GUHKIM]Y TMpaBe ce KepHeI
IPOCTOPH 3a MPOIeCHY (DYHKIHUjY KOjH Cy CIIEHU(HUYHM 3a CBaKy MPOIECOPCKY jeauHuIly. Ha
HapeIHOM HCEYKy M3BOPHOT KOJa IpHKa3aHa je KpealHja KepHed IPOCTopa ca MpOLEeCHOM

(GYHKIIHjOM Y 3aBUCHOCTH OJI IIPOIIECOPCKE jEAMHMIIC HA KOjO] CE U3BPIIIaBa aJITOPUTAM.

// Create kernel for processData_task depending on the core affinity

if(m_AlgStatus.getCore() == E_CORE_DSP1 || m_AlgStatus.getCore() == E_CORE_DSP2)

{
algorithm->getDspFunction(&m_dspFunc);
m_dsp_kernel = symphony::create_hexagon_kernel<>(m_dspFunc);
}
else if(m_AlgStatus.getCore() == E_CORE_GPU1l || m_AlgStatus.getCore() == E_CORE_GPU2)
{
algorithm->getGpuFunction(&m_gpuString, &m_gpuFnName);
m_gpu_kernel = new symphony::gpu_kernel<symphonyBufferPtr
symphonyBufferPtr
unsigned int
unsigned int
unsigned int
unsigned int>(m_gpuString, m_gpuFnName);
}
else
{
m_cpu_kernel = symphony::create_cpu_kernel(std::function<int(void)>([this]()
{
return algorithm->processData();
1)
}
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[TokperameM anropuTMa MO3MBAa ce€ MeToma startAlgorithm w3 TOTOMak Kiace
AlgorithmHALSymphony tne ce mnokpehe mnpBHM KpewpaHW HW3BpIIHM 3adaTtak ca [oop

byukuujom u3 Algorithm xnace.

// Start first symphony task

m_task->launch();

OBako mokpeHyTa QyHKIHja [oop TOCe TpUXBaTama MoJaTaka ca YIa3HOT pela H
Kpeupama Oadepa mo3uBa MOKpeTamke U3BPIIHOT 3a7aTKa ca QyHIKUjoM processData. OBo je
oMoryheHo mo3uBoM jeHe o Tpu (GYHKIHja CTICU(PUIHIX 332 CBAKY IPOIECOPCKY jeIUHUILY
(startProcessData, startGpuProcessData, startDspProcessData). Y cnenehem uceuky
U3BOPHOI KOJia TIpUKa3aHa je Kpealuja W TOKpPETame W3BPINHOT 3aJaTKa ca KepHeI
MIPOCTOPOM y KOME ce Hayasu (yHKIUja processData KOjy je KOPUCHHK UMIUIEMEHTHPAO Y

CB0jOj alrOpUTaM IMOTOMAK KJIaCH.

//Create Symphony task with cpu kernel for processData function

m_processData_task = symphony::create_task(m_cpu_processData_kernel);

//Start symphony task
m_processData_task->launch();

m_processData_task->wait_for();

[To3uBoM wait _for metoxe 3HauM nAa he 3amatak loop (QyHKUHMje 4YeKaTH Ha Kpaj
IPOIIECHOT 3aJaTKa Kako OMX HAcTaBUO Ca CBOJUM H3BpIlIaBambeM. Kpeupame M MOKpeTame
3a/1aTaka Koju he ce u3BpIIaBaTH Ha Mpolecopy 3a rpaduuky oOpaay u oOpaay AUTUTATHUX
CUTHAJIA j€ MaJIO Ipyrayrje y OJJHOCY Ha 3a/IaTKe IEHTpaJIHE Mporiecopcke jenunuiie. Kako ou
ce Oapepu pasMemuBaIM u3Mel)y TIPOIECOPCKUX  jeAMHUIIA  HCKOpHIITEHa  je
mehymporecopcka komyHukanuja (eur. [PC — Inter Process Communication) Koja je
peayn3oBaHa ynpaBo Kpo3 ynotrpeOy Symphony 3amaTka U KepHeN mpocTopa 3a npensubeny
MIPOIIECOPCKY jeAnHUITy. Y cieneheM mcedky M3BOPHOT KOJa MPHUKA3aH j€ HaYWH Kpealje u

HOKpGTM%&SaHaTKaBaHpOHeCOpIHHMT&HHGO6P3HGCHFH&H&

// Create symhpony task with dsp kernel and pass input/output structures

m_processData_task = symphony::create_task( m_dsp_kernel,
inputBuffersArray,
m_numberOfInputQueues,
outputBuffersArray,

m_numberOfOutputQueues);
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m_processData_task->launch();

m_processData_task->wait_for();

Moxe ce MPUMETUTH Ja TOopel KEepHeNl MPOCTopa ca MPOIECHOM (YHKIHjOM Kao
apryMeHTH C€ Iajby M HH30BH YJIa3HMX W H3Ja3HUX Oadepa airoputma mpeKo KOjux je
omoryhena mehynpouecopcka komynukanuja usmel)y CPU u DSP niporiecopa.

[To 3aBpieTky cBake urepanuje loop dhyHKIM]e Mo3uBa ce startNextlteration pyHKITja
noTomMak knace AlgorithmHALSymphony xkoja xpeupa 3amatak 3a HapenHy Oyayhy loop
uTepanujy ¥ mokpehe 3amatak utepanuje (GyHKIHje loop KOjU je MpeaxojHa HTepaluja

HanpaBmia. OBo je mpuKa3aHo Ha cieneheM ncedku H3BpOHOT KOAA.

if(m_iteration < (MAX_TASK - 1))

{
//increment m_iteration number
m_iteration++;

}

else

{
//reset m_iteration number
m_iteration = 9;

}

// Create next iteration task

m_task_next[m_iteration] = symphony::create_task(m_cpu_loop_kernel);

// Launch new loop iteration task

m_task_next[getCurrentIteration()]->launch();

[TosuBoM Mmetone stop knace Algorithm moxkpehe ce ¢yHkumja stopAlgorithm wus
noTomak kinace AlgorithmHALSymphony Trie ce 4eka Ha TOCHEIbH MTOKPEHYTH 3a7aTak [oop

uTepalyje u 3aycTaBjba Kpenpamwe Oynyhux 3agaraka loop GyHKIHjE.
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5. Pe3yntatu

Y OBOM MOriaBjby JaT j€ OMHC OKPYKEHka Ha KOME je BPIIEHO TECTUPAE, OIHC
TECTHUX CIIy4ajeBa Kao W IpUKa3 pe3yirara KOoju roBope o mnepdopmaHcama MPOrpaMcKor

peliema.

5.1 Onuc okpyxema 3a TecTupame

Tectupame Toka npoTouHe obOpaje cpenamer cioja AMV wusBpuieHo je Ha Qualcomm
Snapdragon S820A pa3BojHOj TIIaTHOPMHU KOja je MPETXOHO ONUCAaHA y TorIaBjby TeopHjcke
OocHOBe. 3a moTpede TecTUpama KOPUIITEHE Cy YeTHUPU KaMmepe IOCTaBHhEeHE Ha
JEMOHCTPaTUBHOM ayToOMOOMIy Kao u cumynanuonu UDP cepBep Koju LIajbe MOAATKE ca
YATPa3BYYHHUX CEH30pa M CEH30pa BOJIAHA.

Tectupamwe u Bepudukanuja pesynrata uuraBor AMV Middleware-a BpiieHa je Kpo3
UMIUIEMEHTAIMjy MHTErPallMOHUX TecToBa (eHr. integration tests) W jeIMHMYHUX TECTOBA
(eHr. unit tests). Unit TecToBUMa BepU(]PUKYjy ce BeoMa Majle CEKIMje KoJa Kao IITO Cy
no3uBH (YHKIHMja W FHUXOBE MOBpaTHE BPETHOCTH. [IpW MMILIEMEHTAIMjH OBHX TECTOBA
BEOMa YECTO C€ KOPUCTE JAXKMPAHE BPEIHOCTH Kao apryMeHTH (DyHKIHja KOje ce TeCTUpajy
Kako Ou wu3BpmaBambe Owino mro kpahe u edukacHuje. KoJx HHTErpanmoHux TecTOBa
Bepu(UKYjy ce BEIIMKHU JEJIOBU KO/a, TJIe TO MOT'y OMTH M uuTaBe arukanyje. Koa oBor tuna
TECTHpama Cllaja Ce BHUIIE Pa3IHMYUTHX [eJI0OBa CHCTEMa, Kao INTO Cy y OBOM CIIy4ajy
pasnuunTe Kilace, W Bepu(HUKYjy ce€ HUXOBE BE3€ KAa0 M KPajHU PE3yJITaTH H3BPIIABAbA.
[TpunukoM umIuieMeHTtanuje moayna Algorithm n AlgorithmHAL peanu30BaHO jeé MHOIITBO
TecToBa 00a Tuma Kako Ou Oumina BepupuKoBaHAa (YHKIMOHATHOCT M Be3a ca JAPYrHM
monynuma AMV Middleware-a. 3a motpebe TecTHpama TOKa NPOTOYHE oOOpane mpu

MMIUIEMEHTAIMJU TECTOBAa KOPUIITEHU Cy IOpE] TECTHUX U BEOMa JeJHOCTAaBHUX aJlrOpUTama
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U aNroOpuTMHU u3 TpeTxomHo cnomeHyre AMYV Middleware 30upke WHANBUIYaTHUX
aJIropuTama.
Ha Cnumm 5.1 npukaszaH je JeMOHCTPaTHBHU ayTOMOOWJI ca pa3BOJHOM ILIAT(POPMOM

Qualcomm Snapdragon S820A Ha K0joj Cy BpllIeHa TECTUpambA.

Crnuka 5.1 JleMoHCTpaTUBHU ayTOMOOMII ca pa3BojHOM Tuiarhopmom Qualcomm Snapdragon

$8204

5.2 Onuc TeCTHUX cny4yajeBa

OcHOBHE (hYHKIIMOHAITHOCTH TOKa MpoTouHe oOpane AMV Middleware-a Tectupane cy
Kpo3 BepuHKaAIM]y pe3ynraTa unit TectoBa. IlpuinukoM u3BpIIaBama wunit TECTOBA
UMIUIEMEHTUpaH je jaBHM anroputam (eHr. Public Algorithm) koju mpencTraBiba TECTHU
o0jexat Algorithm knace mpasHe mpouecHe ¢(yHkipje. OBUM alropuTMOM TECTHPAHU CY
monyiu Algorithm n AlgorithmHAL xao u TOK pOTOYHE 00paje aBE WIJIM BUIIE Be3a OBOT
anroputMma. TectupameM je YTBpHEHO J1a Cy OBE OCHOBHE (PYHKIITMOHATHOCTU Y TOTITYHOCTH
HOJpKaHe.

Ha Cnumm 5.2 mpukasaHo je HW3BpIIaBame unif TECTOBA 3a TECTHPAmE OCHOBHUX
dbyHKIMOHATHOCTH Moayna Algorithm n AlgorithmHAL xao m Be3e jaBHUX aJlrOpUTaMa KOjH

YUHE TOK IIPOTOYHE 00pajie mojaTaKa.
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1 test from Test_AlgorithmControl (2 ms total)

11 tests from

D:System:line 9 SleepTime:

st_PublicAlgorithm.
_PublicAlgorithm.
_PublicAlgorithm.
_PublicAlgorithm.

ublicAlgorithm:1line 151

SleepTime:

PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
PublicAlgorithm.
Publchlgorlthm,
le

leep
PubLchlgorlthm

Test_PublicAlgorithm
Te PublicAlgorithm.

initialAlgorithmStatus

0 ms

initialAlgorithmStatus (1 ms)
algorithmStateuUninitialized
algorithmstateuninitialized (@ ms)
algorithmStateStopped

| .algorithmStateStopped (1 ms)
_PublicAlgorithm.

algorithmStateRunning

0 ms

algorithmStateRunning (1 ms)
algerithmInputBounds
algorithmInputBoun
algorithmInputMi
algorithmInputMi
algorithmOutputInputQue
algorithmoutputInputQueues (1 ms)
algorithmOutputBounds
algorithmOutputBounds (0 ms)
algorithmOutput ng
algorithmoutput ng (@ ms)
algorithmOutputQ s
algorithmoutputQue
nlgarltthaap

aLgorltthoop (4 ms)

11 tests from Test_PublicAlgorithm (13 ms total)

3 tests from Te
_AlgorithmH
AlgorlthmHAL

_AlgorithmHALSymphony

Symphony.createAlgorithmDependency
mphony.createAlgorithmDependency (2 ms)
mphony. twoAlgorithmConnection

.twoAlgorithmConnection (3 ms)
.threeAlgorithmConnection

mphony threeAlgorithmConnection (4 ms)
_AlgorithmHALSymphony (16 ms total)

st_AlgorithmH
3 tests from Test

Cnuka 5.2 U3BpmaBawe Unit TecTOBa 3a TecTUpame Moayna Algorithm n AlgorithmHAL xao

U TOKa NMpoTOo4HE o0pane

KommieTHa ()yHKIIMOHAITHOCT MOAYJA U TOKAa IPOTOYHE 00pajie rmoaaTaka MmpoBepeHa je
KpO3 UMILJIEMEHTAIN]y HHTETPallMOHUX TecToBa. Ko MHTErpanMoHuX TeCTOBa, IOPe]l jaBHOT
QITOPUTMA, KOPUIITEHH CY U CBHU KOMIUIEKCHH QITOPUTMU U3 30MpKE WHAWBUIYAIHU
anroputama cpeamer cinoja AMV. Unterpanmonu tect Test ComplexAlgorithmSystems jecte
jemaH o TeCTHUX ciy4ajeBa KOjU BepuU(HKyje H3BpIIABAKE€ KOMIUIEKCHHX Mpexa
anroputama JeUHUCAHOT TOKa MpoToyHe obOpaje. Tectupajy ce TOKOBU JAe(UHUCAHU Kao
MaTpulla ainroputama 3x3, Tako3BaHa bottleneck koHpUrypanuja rae u3ia3 BUIIE aIropuTama
je Be3aH 3a yia3 JeHOT aJlfOpUTMa, a BhEeroB M3Jia3 Ha Takohe Behu Opoj anropurama, 3aTuM
KOMIUIEKCHE KOH(UTYpaIije HATMK HEYPOHCKAM MpekaMma, UT]. TecThupameM je yTBpheHo aa
je oBa (GYHKIMOHAIHOCT y MOTIIYHOCTH MOJIpKaHa.

Ha Cnumm 5.3 nmpukazana je Bepu(uKanyja WHTETPALMOHUX TECTOBA KOMILJIEKCHHX
TOKOBa mpoTouHe oOpame. Takohe Ha Tabemm 1 mnpukazaHu Cy TECTHU CIy4ajeBH

Bepu(duKanyje peann3oBaHOr 3a/laTKa Kao M OMHC, THI W TpojlazHocT Tecrta. [Iporedna

BpeMeHa NpolecHuX (QYHKIMja HUCIHUTaHa je ynorpeOoMm QyHKuuje cratuctuke AMV
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Middleware-a. Moxe ce npumetutu na Test HALFactory HemMa MpOCEYHO BpPEME IMPOIIECHE

dyHKIHje jep ce Y TOM TECTy IIpoBepaBa camo Kpealyja aJlekKBaTHOT 00jeKTa arcTpaKiyje.

Running 8 tests from 2 test cases.
Global test environment set-up.
7 tests from Test_ComplexAlgorithmSystems

Tcht _ComplexAlgorithmSystems.
_ComplexAlgorithmSystem
_ComplexAlgorithmSyste
_ComplexAlgorithmSys
_ComplexAlgorithmSystem
_ComplexAlgorithmSyste
_ComplexAlgorithmsy
_ComplexAlgorithmSystem
_ComplexAlgorithmsy
_ComplexAlgorithmSys
_ComplexAlgorithmSystem
_ComplexAlgorithmSystems
_ComplexAlgorithmSyste
_ComplexAlgorithmSys

e

T
T
T
T
T
T
T
T
T
Te
T
T
7

.compl
.bottleneckSystemConfiguration
.bottleneck

ests from Test C:)mple:(Algorlthm‘»y'-tc-m'-. (239457 ms

fastToSlowAlgorithm

fastToSlowAlgorithm (40015 ms)

.slowToFastAlgorithm
.slowToFastAlgorithm
.twoFastToSlowAlgorithm
.twoFastToSlowAlgorithm (60012 ms)
.slowTo2FastAlgorithm
.slowTo2FastAlgorithm (20006 ms)

(20009 ms)

complexAlgorithmConfiguration
lgorithmConfiguration (80409 ms)

SystemConfiguration (8616 ms)
3x3MatrixAlgorithmcChain
3x3MatrixAlgorithmChain (10386
total)

ms)

Crnuxka 5.3 Bepuduxkaiyja HHTErpalluOHUX TECTOBAa KOMIUIEKCHUX TOKOBA IMPOTOYHE 00pae

ImogaTaka

TecTHu ciyuaj

Onuc

IIpoceuno
BpeMe
npouecHe
¢ynkumje

Tun
TecTa

IIponasnoct
TecTa

Test PublicAlgorithm

Tectupame MeToza Kitace
Algorithm v Toxa npoTo4He
oOpaze Be3e 1Ba anroputMa

0.2 ms TEST OK

unit

Test_AlgorithmHALSymphony

Tectupame merona
MMOTOMAK KJiace
peann3oBaHe 3a

anCTPaKIINjy pa3BojeH
matopme

unit 0.2 ms TEST OK

Test HALFactory

Tectupame MeTona 3a
Kpenpame 00jeKTa
aTcTpaKIyje

NaN TEST OK

unit

Test _SimpleWriteAlgorithm

Tectupame MeToza Ki1aca 1
TOKa NIPOTOYHE 00pajie 3a
yNUCHBame MOJaTaKa y
JIATOTEKY

unit +

. . TEST OK
integration

1 ms

Test_SimpleDSPAlgorithm

CmdHO TIPEeTXOIHOM
CIIydajy caMo alroOpUTaM 3a
MHCamke y JaTOTEKy ce
u3Bpmasa Ha DSP

unit +

. . TEST OK
integration

2 ms

Test _SimpleGPUAlgorithm

CAMYHO MPETXOIHOM
Clly4ajy caMo alropuTam 3a
MHCamke Y AATOTEKY ce
u3Bpasa Ha GPU

unit +

. . TEST OK
integration

2 ms

Test_ComplexAlgorithmSystems

TecTupame KOMIUIEKCHUJUX
BE3a AITOpPHUTaMa y TOK
npoTodHe obpase

integration 0.2 ms TEST OK

Test RearSensorAugmentation

Tectupame ToKa IPOTOUHE
obpaze cucrema 3a momMoh
BO3a4y IpH MAPKUPAY

33 ms TEST OK

integration

Tabena 1: TectHu ciyqajeBu BepuduKalyje peain30BaHOT 3a/1aTKa
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[Topen Bepudukaimje oBe 1Be BPCTE TECTOBA, TECTUPAHE j€ BPIIICHO M HA KOMIUICTHHM
aruTMKaIpjamMa Kao IITOo je CHCTeM 3a moMoh Bo3ady MpH mapkupamy Bo3wia. Bepudukammja
pe3yaTara OBe aluiMKaldje BpIICHA je KPO3 CHUMAame ayrMEHTOBAHE CIIMKE Ca €KpaHa Kao M

yOalMBame 4nuTaBe aridkanuje y jeaan uHrterpauuonu tect. Ha Cnuuum 5.4 mpukaszanu cy

pe3yNTaTH ayrMEHTOBaHE CIIMKE Ha eKpaHy.

Crnuxka 5.4 Pe3zynrtaT TecTupama aluiMKaiyje 3a noMoh Bo3auy npu napkupamy pealn3oBaHe

Kpo3 ynoTpedy arnkauone nporpamcke crpere AMV Middleware-a

[Topen TecTupama U BepuduKanyje pe3yarara, TECTUpaHa je 1 MOryhHOCT cMamHBamba
onrtepehema jeHe MPoIecOpCKe JeUHUIE TpedaluBamkeM M0jeAMHUX ajJropuTaMa Ha Jpyre.
OBo je peanu3oBaHO Tpu AehUHUCAKBY TOKAa MPOTOYHE o0Opajae, a y cienehum tabenama cy
NPUKa3aHU Pe3yNTaTH MpU Kopuhemy armiukaiuje 3a noMoh Bo3auy npu napkupamy.

Y Tabenu 2 mnpukazaHe Cy MpPOLEHTHE BPEIHOCTH HCKOPUIITEHA MPOIECOPCKUX

JeNIMHUIIA TIPM W3BpIIABaky CBU alrOpMTaMa CHCTEMa Ha IIEHTPAITHO] MPOIECOPCKO]

JETMHULIN.
[Tpomecopcka jesrpa
CPU DSP GPU
3ayzeroct (%) 32 0 0

TaGena 2: 3ay3eTOCT MPOLECOPCKHUX jeANHUIIA TPU U3BPILABAbY CBUX AJITOpUTaMa CUCTEMa

"ma CPU
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Y Tabenmu 3 mpukazaHe Cy MPOIEHTHE BPEAHOCTH HCKOPHUINTECHA IMPOIECOPCKHUX
JeAMHHUIA TIPH U3BPLIABAY AJITOPUTMA 33 UCIPTaBabE TPAJEKTOPHjE BO3UIIA HA IIPOLIECOPY 32

JUTUTATHY o0pany, a NpeocTaluX aJropuraMa CUCTeMa Ha MEHTPAIHO] IMPOLECOPCKO]

JEIMHHULIH.
[Iponecopcka jesrpa
CPU DSP GPU
3ayzeroct (%) 21 13 0

Tabena 3: 3ay3eTocT MPOLECOPCKUX jEAMHMIIA TTPH U3BPILIABALY aJTOPUTMA 33 UCI[PTABAKHE

TPajeKTOpHje BO3WIA Ha TIPOIECOPY 33 JUTUTATHY 00pay

Ha OCHOBY OBHX IIOJaTaKa MOXKE CC€ YOUHMTH OJIAKIIAbC I/ICKOpI/II_I_IhCHOCTI/I OCHTPAJIHEC

IMpoucCOPCKE je,Z[I/IHI/II_IC 3a ~10% rac ¢ oTrBapa MOFthOCT HCKOPHUIITCH:a OBOI' ITPOLCHTA 3a

HEeKy Apyry ADAS annukanmjy.
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3akibydak

6. 3aksbyuak

VY OKBHpPY paja MpEICTaB/EHO je pelllekhe TOKa MpOoTo4YHe oOpazne monmaraka ADAS
aruIMKaIyje Koja pasBHjeHa Kpo3 ynotpedy AMV Middleware annmukannoHe Mporpamcke
cnpere. Takohe je mpeacTaBbeHa peanusanuja Moayna Algorithm n AlgorithmHAL cpenmer
clioja, MyTeM KOJUX KOPUCHUIM pealiu3yjy COIICTEBHE ajropurame W Tae je omoryheHa
arcrpakuyja ¢pusnuke apxutekrype ADAS mnatdopme npu Kpeupamy U3BPIIHHUX 33aTaKa.

Hcnurane cy MoOryhHOCTH yBe3MBama pa3HHUX alropuraMma Kpo3 ynorpedy Toka
poTOYHE 00paje cpenmer cioja AMV 3a norpede pazIMUYUTUX KOPUCHUUKHX CIIydajeBa Kao
u nepdopmaHce pemiema. Pe3ynraT Ccy TOKasanu Ja je peleme 3aJaTka  OJHOCHO
kopuithewe AMV Middleware-a xao TexHOJOTHje 3a pa3BUjambe MNOPTaOMIHUX ADAS
aruIMKalyja IpUMEHJBUBO MpHU epuKacHOM M mpoduTaduiHoM pa3Bojy ADAS cucrtema 3a
Behu 6poj pasnuuutux ADAS nnatdopmu.

[Tpoctop 3a maske HagorpahuBame OBOT pElIeHa MOCTOjU KPO3 pa3BHjame JTOAaTHUX
ciojeBa amncTpaknuja 3a pasHe ADAS mmargopme mto 6M oMOryhuao J0JaTHO TPOITUPEHE
yla3HUX U W3Ja3HUX apamerapa ajaropurama Kao M MOTYhHOCT peann3oBama rpaduukor
OKpyXema Yy KojeM Ou ce mpu jAeduHucamy TOKa NPOTOYHE oOpaje crajanud rpaduyuku
0JI0KOBU KOju OM mpeacTtaBbasivd anroputMe. OBakBO rpapuuko OKpYKewme OM J0AaTHO
yop3aio pa3Bujame ADAS KOPUCHUYKHU clTydajeBa Kpo3 JehuHHCcamke TapameTapa rpaduakux
NPOILIECHUX JEIMHUIIA U FbUXOBE BE3€ ca IPYrUM IpaMukuM OJIOKOBHMA.

VYop3amem pasBoja ADAS amnukanyja koje je Moryhe wu3BpumaBaTM Ha BHILE
paznmuuuTHX TiatGopmMu 3HaTHO he ymMamuTH MoTpedHa ylarama KOMIaHHja Koje pa3BHjajy
OoBakBe cucTteme. Takohe jemaH KOPUCHWUYKM Ciy4aj KOju je Moryhe M3BpIIaBaTH Ha BUIIIE
ADAS nnatdopmMu Moke MMaTH 3HATHO OoJbe mepdopMaHce M JaBaTH 00Jbe pe3ynTare Ha
onpehenom ypehajy mpousBohaua opurunanne ompeme (eHr. OEM — Original Equipment

Manufacturer).
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