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3aXBaJIHOCT

3axBaJIHOCT

3axBasbyjem ce np Kesbky Jlykauy m Mwienn MuomeBuh Ha CTpydHHM caBeTUMA y
TOKY peaiu3anuje oBor pana. 3axBajbyjem ce u HMucturyry PT-PK Ha mompmimu Tokom
u3pajie OBOT paja U Ha omoryhaBamy ycaBplllaBama 3Hamba U3 OBE 00JIaCTH, Kao U Jap AJEKCH
3ejaky, KOju M€ je YIIyTHO Ha 0Baj CMEp M UCKPEHO CE PaJioBa0 MOM HAIPETKY.

Takole, >xeauM Ja ce 3axXBajluM CBHMa KOjU Cy OMOTYhIIM J1a MOje IIKOJOBamke Oynie
MHUPHO U JIAarOAHO, Ja MU JeTuHU TpoOiemu Oyay 3amany Ha dakynrery. [Ipe cBera mucium
Ha CBOj€ POJMTEIbE, KOJU CY y3 IYHO OJIpUlIaka YBEK OUJIM Ty Aa NMpey3My cBe Moje Opure, U
CBOJy cecTpy, Koja Me je u fnodekana y Hoom Cany u ca KOjoM caM >KHMBeO 3 TOAMHE, ald U
OCTaJIe WIAHOBE MOj€ MOPOJUIE KOJU Cy YBEK MoMaraiu, kKako (PMHAHCHU]CKH, TaKO U CBOJOM
BEJTMKOM TOJPIIKOM KOjy caM yBek ocehao. [ToceOHO OMX M371BOjMO M HaHy, aHy U Jefy, ca
KOjUMa Cy Pa3roBOPH YBEK HEILITO CIIELHjaIHO 32 MEHE.

3axBanno OuX ce U CBOjUM MpHjaTesbUMa, KAKO OHUM CTapuM, TaKO M HOBOCTEUCHUM,
KOJH Cy MOj€ CTYJCHTCKE JJaHe YHHHWIIH JISTTUM U He3a00paBHUM.

Ha xpajy, )kenum 11a ce 3aXBaJIMM M CBOJHM KoOJIeTaMa ca Tmocyia u (akynrera, KOju Ccy

MU YBEK HeCeOMUHO MOMaraiy y paay, 4 ca KojuMa je 3aJJ0BOJbCTBO capal)uBaTH.
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1.¥YBoA

YoBek je Kpo3 UCTOPHjy CTATHO TEXKHO HOBOM HAuMHY MOBe3uBama. Kao npymTBeHO
6uhe, o1 movyeTka HUBUIM3ALIM]E, YOBEK C€ YAPYKUBAO Yy 3ajeIHUIIE, Y MOYETKY PaJH JIAKIIer
ONCTaHKa, a KacHUje W paaud mnosehama KBaJUTETa CBOT JXMBOTAa. Tako ce O MPBHUX
IUIEMEHCKHUX 3ajeJJHHIIa CTHIJIO J0 NPBHUX Cella W rpajoBa. Y HHMa je YOBEK CXBAaTao J1a
YKOJIMKO MHTEparyje ca OCTaJIUM JbYAMMA, IOCTUXKE IIYHO O0Jbe pe3ynTare 3a 3ajeHULy Y
KO0jOj >KMBH, anu U 3a cebe. [locTeneHo ce AOIIIO 10 HEBEPOBATHOI HANpETKa y JPYIITBY

npaTehH OBaj CHUCTEM, TAaKO Ja YOBCK M AaJb€ TCXKH A4 CC HOBe3y_je H yCaBpIlllaBa CBOj JKHBOT.

To moBe3uBame ce y JaHalImkeM 100y CBOJM Ha pa3BOj WHTepakiuje mehy Jbymauma,
KaKo Y)KHBO, TaKO W TPEKO MIOOATHUX Mpeka. AyTOMOOWIIM Cy OJ CBOT HACTaHKA MMAaJIH
(GyHKIM]y Aa OJaKIajy YOBEKY HUBOT, J]a LITO Ipe MOXE Jja MOCTHXKE JINYHE IIHJbeBe. Tako
ce 0J1 MPBOOUTHUX ayTOMOOMIIA CTIKE /10 JIAaHAIKBUX, KOjU Cy y nopehemy ca mpBOOUTHUM
MHOT0 Op’KH, ali U MHOTO curypHuju. Mnak, caMuM THUM LITO j€ ayTOMOOMJI MOCTao jako
Ba)KaH JI€0 YOBEKOBOT YKMBOTA, JOIILJIO j€ ¥ IO HEBEpOBAaTHE MaCOBHOCTH, KOja ca COOOM HOCH

Y OHE HETaTHBHE CTpPaHe, IIITO j& CBakako 0e30eqHOCT CBUX y4ecHUKa y caobpahajy.

be3benHoct kao TakBa mocTaje jenHo oA HajBehux wH3a30Ba y ayTOMOOHIICKO]
unayctpuju. IloBehame cBux apyrux nepdopmancu ayromoOuia, Kao IITO je Op3uHa, caja
MOCTaje JUPEKTHO 3aBUCHO o1 moBehama 6e30emnocTu. CTora U He YyId IITO YOBEK TEXKH J1a
ce 0ci000M jeJIHE O] HAMETHYTHX CTBapHu 300T KOje U HHje U3MHILJBEH ayTOMOOWI, a TO je
BOKma. Kao mro je Beh peueHo, mpuMmapHa yiora ayroMoOHia jecTe Ja IMOBEXe JbyAe U
OJIaKIIa XMBOT YOBEKY, a BOXKHa MOXKE caMO HETaTWBHO Ja yTude Ha yoBeka. Cana kaja ce
KOHA4YHO JIOUUIO A0 JOBOJBHOT TEXHHYKOT HANpeTKa, Moryhe je OTKIOHUTH M Ty HETaTHBHY
0coOMHYy ayToMOOHIIa, KOjJOM C€ JI0 CKOPO HUKO HHje 0aBHO jep je cMaTpaHa 3a HEIITO IITO je

[0JIpa3yMeBaHo.
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Wneja jecte ma ayToMOOMII IOCTaHE CPEJCTBO, a HE ITUJb YOBEKOBUX MOTpeda. 3amro ou
YOBEK TPOIIHO CBOj€ BpEMe U KOHIIEHTPAIIM]y Ha BOKIY, KaJa TO BpeMe MOXKe J1a YCMEpH Ha
HEITO KopucHHje 3a cebe. Tako ayromMoOWIM W TIOCTajy MallMHE Koje he 3aMeHUTH IBe

CTBapu, aYTOMO6I/IJ'I u Bo3ada. To ce Ha3uBa dYTOHOMHA BOXKIbA.

AyTOHOMHA BOXKHba j€ M JTaJb€ y Pa3BOjy, © MHOIITBO MHXKEHEPA Ha CBETY ce 0aBu J1a TO
nocraHe cBakogHeBHMIA. [loueno ce ca jenHoctaBHUjUM cuctemuma, nonyT ADAS-a (eHr.
Advanced Driver-Assistance Systems) mTO je CHUCTeM 3a MOMOh BoO3auyy, KOju oOyxBara
MHOIIITBO aJIFOpUTaMa KOje BOXY unHE pacrepehmaujom. Crnenehu kopak je moiy-

daYTOHOMHA BOXXHA, a4 3aTUM CC CTUKC U 0 IIOTIITYHO ayTOHOMHEC, Tj. HC3aBHUCHEC BOXKILC.

Tema oBor pama 6mhe moiyayTOHOMHA BOXHa, Ipo0ieMu Koju ce cycpehy, HaunH Ha
KOjU ce MOry mpeBa3uhil Kao W MpHUKa3 apXUTEKType jeAHOT oBakBOr cucremMa Ha ALPHA

ILIOYH.
Pan je opranusuBaHn y 5 1envHa:

1. Teopujcke ocHoBe — Ommc mnpobiemMa IMOJIyayTOHOMHE BOXIE, IPEriie]]

w1aT(hOpMH 32 ayTOHOMHY BOXKIbY

2. Konnenr pemewa — Onuc ALPHA nnatdopme, meHe NpeIHOCTH U MPHUKa3

APXUTCKTYPC CUCTEMA

3. Tlporpamcko peliemhe — MpaBJbekhe CHUMKA ca 3 KaMepe U CIIame MPEKO MPEKe,

penpoAyKIiMja TOT BUJea Ha IPUjEMHO] CTPaHU

4. Tectupame u pesynratu — [IpukazuBame 10 caga oxpalheHor, BUaeo Toka ca 3

KaMepe, 6p3I/IHe CHKOIOBama U IIpUKa3 HOCTOjaHOCTI/I cucreMa

5. 3akJpydak.
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2. Teopujcke oCHOBe

[TomyayToHOMHa BOXMWa o0OyxBaTa jeJaH MPHIMYHO BHUCOK CTENEH Yy pas3Bojy
ayTOMOOWJICKE WHAyCTpUje. 300r KOMIUIGKCHOCTH Tpo0JieMa, Kao H HEONXOIHOCTH
TECTUpama 3apaja motTpedHe 0e30eTHOCTH, U3Y3ETHO je& TeIIKO MOCTUNY TaKaB HAYWH BOXKHHC Y
peanHoM caobpahajy. Jom jenan o mpobiema je cBakako M IpaBHAa CTpaHa, HEOIXOJHO je
JIOHETH TaKBe Mpomuce 1a Ou ce TakaB ayTOMOOMII MOrao MycTUTH y caoOpahaj. Mneja oBor
pana jecTe JAa MpeACTaBUd MPUHIUI TOJyayTOHOMHE BOXXH-€ Ha MOJENy BO3MWJIA, HpHU
KOHTPOJIMCAaHUM YCJIOBHMa Koju he OUTH 1ITO MpUOIMKHUJU pEalHUM yCJIOBHMA. AKIEHAT
pana he Outu Ha mpeacTaBibakby IpodiemMa yrpaBibamba Ha JaJbUHY, JOK he ayToMaTCcKu A€o

OWTH NMPUKA3aH Kao jelaH HEeU30CTaBaH OJIOK.

2.1 HwuBOM ayTOMATCKOr ynpas/bara

Jla Ou ce cxBaTMO NPUHLHII yIpaBjbaka BO3UJIA, HEONMXOAHO j€ HAjupe BHUICTH IITa
KEJNW Jla Ce HamlpaBH, W TOJ KOjy KaTeropwjy TO CHaja, Kako OW KacHHje MOTJIO Jia Ce
peryiuie Ha npaBHM HauuH. [IpBy mozjeny Ha HUBOE CIOXKEHOCTH BOXKIE MO KPUTEPH)jyMy
ayTOMAaTCKOT yrpaBibama J1a0 je SAE International (enr. Society of Automotive Engineers) y

cBoM ctaugapay J3016 [1]. ITo oBoj moaenu, mprCYTHO je 6 HUBOA ayTOMATCKOT YIIPaBJbamba:

Hugo 0. be3 ayromarckor ymnpaBibamba — Bo3zad mMopa cBe BpeMe na yIpaBiba

BO3UJIOM, YaK ¥ KaJia je T0OO0JbIIIaH CUCTEM YII030peHha

Hugo 1. Cucremu 3a momoh Bo3auy — M3BpiaBame cucreMa 3a momoh Bo3auy,

Omno kao cucreM yOp3ama/ycriopema, WM Kao NpuKa3 uHdopmaiuja o
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okpyxkemy. CBe mpeocTaie acrekTe BOKEE Mopa Ja M3BpIlaBa Bo3ad. Y OBaj

HUBO cnanajy u ADAS anropurmu

Hugo 2. JlenuMHYHO ayTOMaTcKo yrpaBjbame — V3BpimaBame crenuduyHor
HauMHa BOXH-€ IMOMONY jeAHOT WMJIM BMILIE CHCTEMa 3a YIpaBbame, yOp3ame U
ycnopewe KopulthemeM HHPOpMaLija u3 OKpYyXKerba, ca OUEKUBABEM Jja BO3ay

00aBJba OCTaJIe aCIIEKTE BOXKILE

Hugo 3. VYcnoBHO ayTOMaTcKO ymopaBibamkhe — [3BpmiaBame CBHX acnekara
BOKIb€ ayTOMATCKH, &Il j€ U JlaJb€ HEOIXOJHO NMPHUCYCTBO BO3aya, Kako Ou

pcaroBao Ha CBaKH 3aXTCB O CTPAHE CUCTEMaA YIIpaBJbakba

Hugo 4. Bucok crenen ayroMarckor yrnpabibamkba — CKOpO MOTITYHO ayTOMAaTCKO
yIpaBJbame, alld ce U JlaJbe OYeKyje Ja je Bo3ad IMpUCyTaH. Y KOJIMKO BO3ay HE
oJlpearyje Ha 3aXTEB 32 HHTCPBEHIIH]Y, CUCTEM he U3reHeprcaTH CBOj OJrOBOP U

BOXH-a he ce HacTaBUTHU

Huso 5. ITotnyHo ayromarcko ynpasibame — IIOTIyHO ayTOMarcka BOXma y

peaTHIM yCIIOBHMA, TMOTITYHO jeIHAKa JbYJCKO] BOXKIbH.

OBux 6 HHUBOA je CBAaKaKO 3HAUajHO, MAKO HE TMOCTOjH MOTIIYHO jacHa TMOJeNa M0 CBUM
kputepujymuma. I[lpBa 3 HuBoa (HyATH, IPBH U APYTU) Clajajy y HIDKE HHBOE, II€ YOBEK
npaTu OKpyXkKeme Boxmbe. OcTtasia 3 HMBOa cnajajy y BUIIE W HaNpeIHU]e HUBOE, TIE ]
CHCTEM 3ayKeH 3a npaheme OKpPYKema BOXKHE, TOK j€ BO3ad Ty caMO 300T MHTEPBEHIIH]E

KOJy CHCTEM 3aXTEeBa.

2.2 HanpeaHu anroputmu 3a nomoh Bo3auy — ADAS

[Ipena3ak Ha HajBUIIM HHBO AyTOHOMHE BOXH-€ MOJpPAa3yMeBa Ja C€ MPETXOJHHUX 5
HUBOA ayTOMATCKE BOXKEHE MIOKA3aJI0 Ka0 U3y3€eTHO Mnoy3aaHo. [IpBu kopauu y 10cTu3amy TOr
1UJba NPEeCTaBIbajy pa3Boj HAPEAHUX AIropuTama 3a nomoh Bo3zauy.

[TocmaTtpajyhn m wum3ydaBajyhu caoOpahajue Hesroze, cxBaheHo je na je jemHa on
HajBehux omacHocTH To Oe30emHocT y caoOpahajy 3ampaBo Jbyjacka rpemika. Ta Jpyncka
rpelika jecTe IMOCHeNnla MamKa KOHIEHTpalMje M OAMOpPa, TPEHYTKAa HeMaXme, JIOIMINX
yCIIOBa 3a BOXKIbY, CMambCeHE BHIJPMBOCTH M CIMYHUX Tpobiema. HapaBHO, cBe OBO mie
00HMYHO 3aje/THO, TE je TaKo jako Temko pehu na je camo jeman ox oBux ¢akTopa OMo 3ampaBo
KJbYUHH 32 HE3roJIe.

Kako 0u ce cBe TO cripedusio, Y40BEK je MICKOPUCTHUO pa3Boj BHUILE YMHUIIAIA, KAO ILTO Cy

XapABEpCKe KOMIIOHEHTE — KaMmepe W CeH3opu (pamapu, JuAapd U CJ.), 3aTUM Pa3Boj
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nporecopa u nosehame mpoiecopcke Mohu, pa3Boj alrOpUTMHUKE, U CBE TO je TMOBE3ao Ja

HaIpaBy IITO BUIIIE CUTYPHHUJUX CUCTEMA.

Heku ox ocHoBHEX ADAS cucrema jecy:

[Tpuka3 okpyxema Bo3uia (eHr. Surround view)

Herexnuja u npahemwe caodpahajue Tpake (eHr. Line detection/departure)
Jereknuja nemaxa (eHr. Pedestrian detection)

Jlereknuja octanux ayromobuna y caoOpahajy (eHr. Vehicle detection)
Herexnuja cemadopa (enr. Traffic light detection)

Cuctem 3a npahemwe Bo3aua (eHr. Driver monotoring system)

Cucrem 3a HOhHY BOX®Y (eHT. Night vision), UTH.

CBaku O OBUX ajiropuTamMa y3numMa camo jenaH ACIICKT BOXILEC, U o0oJbIIIABA Ta. I[a ou

cBe OBO Omio moryhe, HEONXOAHO je MOCTOjame€ OAroBapajyhux ceHzopa Ha ayTOMOOHITY,

koju he Outn pacnopehenu ca pa3sHuX cTpaHa ayromoOmna. Ha cnmumm 1 cy matm Heku of

CEH30pa 3a MPUKYIUbakbe HHPOPMAIIKja O CIIOJBAIIEOCTH BO3HIIA.

i ]
V. |

B PAJIAP ovror oMera

B JMIAP

. Kamepe

B PAIAP kpatkor u cpegmser 10MeTa
B Yarpaseyunu censop

Cnuxa 1. [Ipuka3 ceHzopa 3a NpuKyIbamke HHOpMaIija O CrIoJballllbOCTH BO3UIA

Kao mTo ce Buam Ha CiauIyM, MOCTOJU YWMTAaB HHU3 TakBUX ypehaja, koju mmajy cBoje

3amaTke. Jako peTka je cuTyamuja Ja caMo jenaH ypehaj Moke MpaTUTH YHWTaB jeIaH

KOMIUIETaH CHCTeM 3a moMoh Bo3ady, a moceOHO He cBe moryhe cucreme. 300r Tora je

HOTpe6HO HanpaBHUTH TaKaB CUCTCM KOjI/I he cBe oBe IoaaTKe Mohu Ja KOPpHUCTHU UCTOBPEMCHO,

nobujajyhu o1 BbUX CBE HEOITXOIHE TTOJATKE.
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Hapasno, Hujenan on oBux ypehaja Huje O6e3rpeman, Te ce Tpeda jako J00pO OCBpHYTH
Ha TO JIa IITO BUILE MojaTaka J00HjaMo ca BHIIE CTpaHa O] CBHX ceH3opa. Tako Ha mpumep

HOJIAlK ca KaMepa MOTY Jia He MPHKa3yjy peallHe MoJaTKe YKOJIUKO je ¢1ad0 OCBETIhECHC.

NpHKYN/bake dysmja : obpaga AOHOWEHe npeysumarse
nogaraKa |::> nogaraka nogaTaka |:|l> ognyke rl: akumje

Crnuka 2. OnmTH npukas Toka ojaTaka ca ceH3opa

Ha crmumm 2 je mart ommTu mpuKa3 TOKa IoJaTaka ca CeH30pa, MOYEBIIM O MPHXBaTa

perucTpoBaHuX MHQOPMaIIH]ja, Tla CBE JI0 Mpey3uMamba aKIfje KOjy paaul CUCTEM.

2.3 TMpernep nnatgdopMmu 3a pa3niMumTe HUBOE ayTOHOMHE
BOXHbe

Haxo je mpena3 Ha ayTOHOMHY BOXKIbY PEJIaTHBHO HOB KOHLENT, Beh ce mojaBuo u
BelNMKU Opoj miuatdopMu 3a ayTOHOMHY BOXmbY. CBaka of TuUX IIaTGopMu uUMa CBOje
NPEJHOCTH U MaHe, M YaK MaKo Cy HeKe IuiaTdopMe J0cTa HallpeJHHje 011 APYTHX, HUjEIHA OJ1
IbUX HHJE CACBHUM KOMIUIETHA Ja OMOTyhH CcBe MOTPEeOHO 3a ayTOHOMHY BOXKHbY. 3aTO j€ JaKo
OuTHO cXBaTUTU Na he OMTHM BeoMa TEIIKO Ja C€ JIECH Ja camo jeHa OJf KOMIaHHuja 3a
NPOM3BO/IbY IJIOYA Mpey3Me MpUMar y ayromMoomickoj uHayctpuju. CranHo he to 6utn
capa/ima JIBe WIM BUIlle KOMIaHuja koje he ce melycobHo nonymasatu. bopOa 3a Tpxkumire
he 6uTH OrpoMHa, a 3aXTE€BU 32 ayTOMAaTCKOM BOXKHOM CBe BehH, Kao U BpeMe /10 HajaB/beHUX
MOJIelia, ¥ 3aT0 je jako OMTHO J1a koMianuje melyycoOHo capalyyjy.

VY tebenu 1 cy npukazane miardopme [2]. Kao mTo ce Buam, HEKe Cy camo 32 OCHOBHE
ADAS anroputme, I0K Jpyre MOAp)KaBajy M BHUIIE CTENEHE AayTOHOMHE BOXHE. 3a
KOHKpETaH Ipo0JieM je HEeOoNmXOoAHO u3abparu ojaromapajyhy miatdopMmy Koja Moxe J1a
3aJI0BOJbH KOHKPETHE YCJIOBE ca KojuMa ce cucteM cyouana. [lotpe6Ho je jacHo nedunucatu
CUCTEM, 3aTHM YBHJIETH KOje CBe IIaTdhopMe MOTYy OUTHU OJf KOPUCTU CUCTEMY, U Ha Kpajy,

OCMUCIIUTH apXUTEKTYPY CHCTEMa 3a KOHKPETHY IIaT(opmy.
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Hugo 1-2 Hugo 3-5
Komnanuja Hasus mnatdopme
ayTOHOMHE BOXKIbE AyTOHOMHE BOXHE

Audi zFAS *
Nvidia DrivePX2 *
TTTech TTA Drive * *
Renesas HADP *
Mentor DRS360 * *
Bosch Al Car Computer *
NXP Blue Box * *

TI/RT-RK ALPHA platform *
Delphi CSLP Platform * *
ZF ZF PRO Al *
Intel GO AV Platform *

Tabena 1. Ilpuka3 miatdopMu 1 HIBOA ayTOHOMHE BOXKH-€ KOJU MOJIp KaBa

2.4 TMonyayTOHOMHa BOXXHba

[Ipema HMBOMMA ayTOMAaTCKOT YIpaBJbama, MOJyayTOHOMHA BOXKHA jECTE jelaH Of
npeasHuxX pelema u3Mel)y BoXmbe KOjy U3BOJIM YOBEK U KOjy M3Boau cucteM. Hanasu ce Ha
npenacky HUBOA 2 W HUBOa 3, MoceOHO cTaBibajyhM akileHaT Ha HHUBO 3 ayTOMAaTCKOT
yIpaBJbamba.

[Toncehama pamu, HUBO 3 jecTe HUBO TJ€ CUCTEM 00aBJba BOXIbY, Al je BO3ay
NPUCYTaH JIa pearyje KaJa CHCTEM caM He MOXKE Jla OTyYd O JaJbM KOpaluMa y BOXKEbH.
Teopercku, Bo3au He Mopa J1a OyJie MPUCYTaH y BOXKIbU JOK HEMa 3aXTeBa 3a PEaKIijoM, CBE
JIOK ce TPBU MYT HE M3reHepHule norpeda 3a peakuujoM. Mmak, yKoiauko je BOXKHa peajHa,
YOBEK CBAKaKO MOpa OMTH Ha MECTYy BO3aya, ¥ MPUTOM He OW Tpebaso ja myiTa BOJIaH WU
MOJIYDKE HOT'E ca MaIy4yuIla 3a Tac ¥ KOYHHILY.

[TomyayToOHOMHA BOXE»a CE€ CACTOJH OJI ayTOMATCKOT Jiefia, U JieTia Koju 00aBjba BO3ad.

AYTOMaTCKI/I J€0 CC 3aCHHMBA Ha 06paI[I/I BCJIMKC KOJIMUYMHC IIOJIaTaKa Ca KaMCpa U CCH30pa, Yy
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peaTHOM BpEMEHY, a Ha TPUHIIMITY HEYPOHCKUX Mpexa. HeomxoaHa je BemuKa mporecopcka
Moh 3a o0pany mojgaraka, anu u J100po M30aTaHCHpaH CUCTEM [0 MUTamy 00paae TUX
nonaraka. CBaka MWJIMCEKYHJAa BHUIIE y 0Opaau MpencTaB/ba KOpaK YHa3aJ 1O IMUTAkY
e(hMKaCHOCTH OBaKBE BPCTE BOXKHE, YKIbYUyjyhu u 0e30€qHOCT Kao jeHy OJ HajBaXKHHjUX
craBku. Kanma ycien HEIOBOJBHO TOJaTaka CHUCTEM HE MOXe Ja u3reHepuine cienchy
KOMaH/1y, OH MPEMYIITa yIIPaBJbakhe BO3auy.

Curyanmja xaja je ycieq Mambka nHpopmaimja, HeIOBOJbHE CUTYPHOCTH MOJaTaKa Uiu
jeaHOCTaBHO HeMOTyhHOCTH TeHepucama cienehe KoMaHae CUCTeM y OJIoOKaIu W 4eKa Ha

BO3aya ce Ha3uBa ,,KOH(IMKTHA CUTyalnuja®.

ayTOHOMHA npebaymearse Ha

BOM(H:A |:D> KOHGMKT E:)‘ BO3a4a

it v

pelasake
<1;| <;1:| npobnema 1 <1.1:| <:|
spahare Ha

AYTOHOMHY BOMHY

Cnuka 3. [IpuHIMI 10JIyayTOHOMHE BOKEE

PemaBame KOH(PIUKTHE cuTyaruje jecte npodieM Koju he OUTH puKas3aH y paay, Kako

na ce o0e30e/e cBU MOTPEOHM YCIOBH Kako OM BO3ay MOTao Jia pearyje.



Konuent pemema

3. KoHUyenT pewemwa

VY oBoM nornasiby he OuTH npukazaH npobdieM Koju ce Tpeda PeluTH, a To je mpodieM
MOJIyayTOHOMHE BOXKEbE, 3aTHM he OWTH W3JI0KEHU CBU 3aXTEBU KOje cHCTeM Hamehe, W Ha

Kpajy he OuTH npukasaH npuka3 apxuTeKType Ha oarosapajyhoj miardopmu.

3.1 [Mpo6bnem nonyayrToHOMHE BOXHe BO3WJa

Wneja oBor paja jecte Ja MpHKake MOJTyayTOHOMHY BOXKHY Ha MOZENy BO3WIA, Tj. Ha
IPOTOTHILY ayTOMOOMIJIa, Y KOHTPOJHMCAHUM YCIOBUMa Koju he CKOpo cacBUM OJroBapaTu
CTBapHUM YyCIIOBUMA BOXIe. Bo3miio he ce kperatu 6p3unom no 50km/h, mopahe na 3na na
caMo KOHTpoJuIe Op3uHy, /1a nomTyje caoopahajue nponuce u Oyae 0e30€1HO 32 OKOJIUHY.

[TomrTo ce cBe paau Ha Mojeny ayTromMoOuia, Bo3ad Hehe Mohu OGUTH npuCyTaH y TOKY
came BOXme, Beh he OuTH Ha Hekoj (GU3NUKO] pa3falbUHU, T3B. yJIaJbeHH oreparep (EHT.
Remote operator). Y ciyuajy KOH(IUKTHE CHUTyalllje, HEOMXOAHO je YAaJbeHOM omepaTepy
oMoryhuTH yBHU y OKOJIMHY BO3WJIA TAKO J1a BO3a4 OOYUYEH 3a yIpaBJhamke MOXKE Jla pearyje y
peasiHoM BpemeHy. CBe 0BO JOHOCH ca cOOOM MHOTO orpaHuy4aBajyhux ¢axrtopa, HOMyT jako
KpaTKor' BpeMeHa o0paje M IpeHoca CHrHajla J0 ynaabeHor omeparepa. Ocum Tora,
HEOIXO/HO jeé UMATH U 11€0 CUCTEM Kamepa M ceH3opa Koju he oMoryhutu kako ayTOHOMHY
BOXIbY, TaKO W TPUKaA3 yaaJbeHOM omepartopy. Omiyke Mopajy Outu Oe30emaHe 3a CBe

yuecHuKe y caobpahajy, Te crora He cMe OUTH rpelaka.

3.2 CucreM 3a NoJs1IyayTOHOMHY BOXXHY - KOHLUenT

Kako 6ucMo Mornm pemmuTd mpobiieM MOoJyayTOHOMHE BOXHE-€, HEONMXOJaH je jacHO

neuHucad cucteM. Ha ciamiy je npuka3aH CUCTEM KOjU Ce KETH HAaIlPaBUTH.
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Kl

" 5G Yaa/beHu

= -—
K2 ﬁ oneparep
' Bosuno

K10

Crnuxka 4. Bo3uio ca 10 kamepa koje KOHTPOJIHIIE YAa/beHH oneparep nocpeactsom SG

Mpexe

Kao mTo je mpuka3zano Ha ciumm 4, Bo3wio he OuTH moBe3aHo ca uiatrGopmMoM Koja
omoryhyje mo 10 kamepa 3a npuka3 okoJrHe Bo3wia. Takole, mao4a u yaamenu onepatep he

KOMYHULIUPATH NpeKo 5G Mpexe.

3.3 5G Mmpexa

[ToctaBsba ce jeAHO JOTUYHO MUTaKE, 3alTo je Oam omabpana 5G Mmpexa, U Koje Cy
HBEHE MpeJHOCTH U MaHe. 5G je HOB MPUHIMUN Y pa3Bojy komyHuKauuja [3]. bynyhu na je jom
y pa3Bojy, KoHauaH ctaHaapj Ouhe noBpmieH Tek oko 2020-e romuue. IIpBu pesynratu
roBope y npuiior 5G mpexu. Haume, Op3rHa mpeHoca nojaraka je mosehana y BeITUKOj MEpH,
uae dak u 10 20Gbps npeMa MpBUM MepemHMa, a Kallllbehe j€ BEOMa CMambeHO, CaMO OKO
Ims. [Topehema paau, 4G mMpexa uma Kammeme o1 oko S0ms. Kana ce cBe craBu Ha mamnup,
pauynuiia je jacHa. Kammemem oa S0ms ayromoOun koju ce kpehe Opsunom ox 100km/h
npehu he 1,4m nox He moune na koun. Ca 5G mpexom, MpU UCTOj Op3uHU, ayTomMoOmI he
pearoBaTH 3a camo 2,8cm, mTo je y panry ABS (eur. Anti-Lock Braking System) KOYHOHOT
cucreMa [4]. OBMm je moTBpheno na je 5SG mpexa, koja umrementupa URLLC(enr. Ultra-
reliable Low-Latency Communications), HEM30CTaBaH JI€0 pEIICHa MOCTaBBEHOT Tpodiema

IMMOJIYyayTOHOMHC BOXKILC.

3.4 OrpaHuyera v npeasior KOMNOHEeHTU cMcTeMa

Kako je yrBpheno na je URLLC 5G HeusocTaBaH €0 CHUCTEMa 3a IOJyayTOHOMHY
BOXKIbY KOJy JKEJIMMO Ja HMMIUJIEMEHTHpaMO, TO TOCTaje jedaH Of 3axTeBa INpH H300py
oaroapajyhe mmardpopme. Heonmxomuno je nma mmarpopma mma oaroBapajyhu HauuH 3a
noBesuBame ca 5G mpexoMm. Crospalimke IMOBE3WBAKE J€CTE jaKo BakaH 10 u3bopa

iatgopme.
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Jeman ox mpenyiora kako Ou cucteM Tpebdaso 1a u3rieaa jecte u 6poj M moJiokaj Kamepa
Ha Bo3WiIy. Hamme, KOHIIEITOM CHCTEMA je OCMHIIIJBEHO J1a CE MPETJIe]] OKOJIMHE BO3UJIa BPILIU
ca 10 kamepa. To je mocTaBibeHO M3 BHILE pa3jora. Jeaan o THX pasjiora jecTe IITO BUIIE
KaMepa JOHOCH 00Jby IMPErJeHOCT W BHILE OIIKja 32 BOXKHbY, 00JbY MOY3JAaHOCT CHUCTEMA
YOIITe, a JIPYrH, MOXJa U BaXKHUJU pasjor jecte wmTo he cucTeMOM Yy KOHQMIMKTHUM
CHTYyallljaMa yIpaBJbaTh yIPaBo yAaJbEHH onepaTep. YKOIUKO OH HEMa YBHJI y MPABO CTAbE
CTBapu y OKOJIMHH BO3WJIA, 110 CHUCTEM I'yOu cmmcao, U Hehe ce Mohu WUME yIpaBJbaTH.
[IpennioxxeHo je na ce ca cTpaHe yaabeHor onepartepa ¢popmupa 13B. Virtual Cockpit, Tj. na ce
nomMohy BUpPTYyelHe peanHocTd (opMHpa CHMMak KojuM he omepartep, momepajyhu cBojy
rJ1aBy, MOhHM J1a TocMaTpa CUTyanujy y caodpahajy kao Ja je mpucyraH.

[ToBehame kamepa JOBOAM W /O HEKHX HEraTUBHUX CTBApPH, TO je YIPaBO MIPEHOC
nojaTaka 10 yJaJbeHOr omepaTepa. Buie kamepa 3HauM W BuUIIE MojaTaka Koje Tpeba
nperetd. Ctora je BeoMa Ba)KHO HANpPaBUTH KOMIIPOMHUC H3Mel)y OBUX KOHTPaTUKTOPHUX
3axTeBa. Y NpEeAIory KOMIIOHEHTH cucTeMa je aaro fa 10 kamepa Tpeba ga uMa pe3onynujy
ox 1280x720, jep je Ta pe3oiaylrja JOBOJFHO KBAIMTETHA JIa yIaJbeH! OlepaTep uMa IMoTIyHy
KOHTPOJIY HaJl BO3HIIOM, a ca Jpyre cTpaHe, moBehaBameM pe30Iylije CIMKE MOXKe ce JIohu y
CUTYyallMjy /a ce U3ryde Mojaly y peaJlHoM BpeMEHY, Te Jla c€ HeMa JI0OBOJbHO BpeMEHa 3a
pearoBame.

Jom jeman on mpobieMa jecTe Kako paclopeuTH KamMepe Ha ayToMOoOWIly Kako Ou
yJlaJbeHH OIepaTop MMao ITO OOJbM YBUJA Y OKOJNMHY. JeHa o7 Mjeja jecTe Ja ce KaMmepa
IIOCTaBH ca Mpe/ilkbe CTpaHe BO3MWJIAa U J1a UMa yrao cHuMama oj 180°. Mnak, ykonuko Ou ce
HaIpaBUO OBAKaB CUCTEM, Ha JOBOJFHO BEJIMKOj pa3a/bHHNA HE OM MOTJIO Ja Ce YIpaBJiba JIEHo
ayTOMOOWJIOM yIpaBO 300r MpeBEIMKE YAaJbeHOCTH M HemoryhHocTu Jga kaMmepa a00po
MOKpUBA Ty JAaJbUHY. 3aTO je MOCTaBJbEH MPEAJIOT 1a KaMepe umajy 45°, anu jacHuje ,,BUAHO
noJbe.

Cnenehe mTo je pazmatpano jecre na au he ceux 10 xkamepa ga okpyxyje 360° oko
Bo3wiIa, WM he ce akmeHar ctaBibath Ha mnpeamux 180°, mok he ce mpeocrane kamepe
KOPUCTHUTHU y IpyTe CBpXe, Kao MITO je HIIp. MapKUHT ayToMoOuia. Y mpBoM ciy4ajy, cBux 10
KaMmepa Ou oHIa mMane yrao cHumama of 450°, mro je Bume ox 360°. Mehyrum, Tpeba
UMaTH y BHIy JAa 300r ¢opMmMupama BHPTYETHOT KOKMHTa Tpeba uMMaTH oarosapajyhe
MIpeKJIaname JeJIoBa ciuke Koje he Outu uckopumheHo 3a cacTaBibarmke CIIUKE 32 YIIPaBJhakhe.

Jpyra omnmmja jecte na ce 6 Kamepa KOPHCTH 32 CHHUMame Jeja OKOJMHE OMTHUX 3a
ynpaBibame - npeamux 180°, u To 5 kamepa ca mpedme CTpaHe, jelHa LEHTpaiHa u 4
nomohHe, n jenHa koja he cHuMarm neo okoinuHe m3a Boswina. Ocrtane 4 kamepe Owuhe

nonyhene kao momoh mpu napkupamy, y CUCTEMY 3a IIPErJie]l OKOJUHE BO3MIIA.
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Kako Oum ce 1meo cHCTeM IMOJlyayTOHOMHE BOXKE,E peali30Ba0, HEOMXOIHO je
3aJJ0BOJBUTH OJroBapajyha BpeMeHCKa OorpaHuyerma. Tako je M3padyyHaTo Ja 3a KpeTame
Bo3mia o oko 50km/h meo myt oOpane curnama, HOYEBIIM OJf KaMepa, MPEKO €HKOJI0Bamba
BHUJICa 3a ClIakbe MIPEKO MPEKEe U KOHAYHO TpHjeMa Ha CTPaHM YAaJbeHOT oreparepa Tpeda na
oyne on 30-50ms. Kommpecuja Buaea ca kamepa Mopa Ja O0yze u3y3eTHo eukacHa, U cTora
j€ HEeOIXOHO MPHUCYCTBO Beoma Op30T eHkojiepa Ha miatdopmu. [Iporec eHkoqoBama BUACO
cHuUMKa Tpeba na Oyae mo 10ms. Ako Ou ce ciiane cBe Kamepe OJjeJHOM IPEeKo Mpexe, 6e3
NPETXOJHOT CHKO/IOBakha, H3ryOnia Ou ce KOMyHUKaIija y peaTHOM BPEMEHY, CAMHM THM U
yrpaBsbambe Bo3wia. CTora je HEONMXOJHO HAlpaBHTH J00ap KOHIENT KaKO IMOCIATH BUIIC
CHUMakKa ojjeTHoM. JIoBOJbHO MOOPO pelieHke jecTe Aa ce maby 3 CHHUMKaA OJjeIHOM, Te he
Ce jelHa KaMepa ClaTH Y IIyHO] pe30IyIHjH, a IPYTe IBE Y CMAmbEHO).

H3y3eTHO je OUTHO HANPaBUTH TakaB CUCTeM Koju he omoryhutu Op30 nmpedanuBame ca
kaMmepe Ha kamepy. To Op3o mpebaiuBame mojpa3yMeBa J1a Kamepa Koja je 10 Tajaa Ouna y
MyHO] pe30oiIylHju caja npehe y HIKy, jep BUIIE HHje aKIEHAT Ha TOM I0JbY CHUMama, a Ja

KaMmepa Koja je 70 Taja Ouiia y CMambeHOj Pe30JyIHjH cajla ITOCTaje IIaBHA U Tpesia3u y IMyHy

pesonyiujy. OBaj KOHIENT je npuKa3aH Ha cieaehoj ciuiy.

i\

A
© 6 o e
2 © © ©

cam6
cam 6

Crnuxka 5. [IpebanmBame HEHTPAIHOT 110Jba CHUMalka KaMepe ca IiaBHe KaMepe Ha TOMOhHY

[Ipuka3 ca ciuke 5 HaM TOBOPH Ja j€ BO3ad HajIpe UMao MoTpedy aa riaeaa mpema aeny
UCIIPEe]l BO3MJIA, @ OHJIA JIa Ce Ca JIECHE CTpaHe M0jaBUJIO HEIITO IITO MOXKIA IIPaBH MPoOIIeM.

Cagna he ueHTpasHu €0 CHUMama Kamepe OUTH YCMEpeH Ipema JIeCHO, Tj. IJIaBHA KaMmepa
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(upBenHa 60ja Ha CITUIIN) TTOCTaje Kamepa 3, oK he o] Be CyceHe Kamepe OUTH y CMambeHO]
pe3onynuju ()KyToM 00jOM Ha CIHIIH).

Beh je nanmomenyto na He najy camo kamepe MH(pOpMaIMje O CIOJbALIHOCTH BO3MIIA,
Beh nma To paje W pasHe BpcTe CeH3opa W pajgapa. Heku o ceH3opa KOju ce KOpUCTE Cy
YITpa3By4YHU CEH30pH, KOjU CYy MOCEOHO KOPUCHU IPU MapKupamy, re Op3uHa HUje BEIUKa,
a 00yxBarajy mpocTop y HajOIMK0j OKOJIMHU Bo3wmia. Takohe, Ty Cy joIn W pajapu Major,
CPEIbET M BEJTUKOT JOMETa KOjU CIyXe 3a OApKaBame Op3uHE BO3WIIA U IETEKIIH]Y TpenpeKa
Ha IyTy, 3aTUM Jujapu U ci. CBaky oBy HH(pOpPMAIH]y j€ HEOIXOAHO JaCHO 0OpaJuTH, TaKO
Jla je pe3ysaraT obpane, OWilo a ujae npemMa ayrToHOMHOM JIely WM IpeMa Bo3ady U3Yy3eTHO

jacaH ¥ HEJJBOCMHUCIICH.

3.5 ALPHA nnartdopma

ALPHA mmardopma je pasBujena Ha wumHCTUTYTY RT-RK[5]. ITlocemyje 3 Texas

Instrumensts TDA2x SoC-a (enr. System on a chip).

Cnuka 6. ALPHA AMV mnardopma

Cgaku o1 3 SoC-a na ALPHA mmargopmu nma cBojy mHameny. [Ipsu SoC je moBesan ca
6 Kamepa, npyru ca 4, oK je Tpehu 3amyxeH 3a mpolecupame nojaaraka ca ceHzopa. Takole,
tpehu SoC ciyxu 3a pemiaBambe NPOTHBPEYHUX CHTYyallMja ca MpBa J(Ba YHIA, OJHOCHO 3a

KOHTPOJIY LCJIOT CUCTCMA.
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OmniVision

omniVision

Front View Camera
Near Angle
Stereascopic View

HOMI
0v450 VIN 1

0v490 VIN 2 TDAZX

0480

0v450

HOMI
DSS0UBS14A

DSI0UBE14A VIN 2
‘ TDAZX
DDR3 1 0B

VIN 3 DDR3 5 MB +

Crnuxka 7. Cxematcku npuka3z ALPHA mnatdopme
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HOMI

Beoma je 6utHO mpumetntH na cy npeu u apyru SoC mose3anu PClexpress-om (eHT.

KOMIIOHEHTH, 1 oMoryhaBa pa3meHy nojaraka usmely asa SoC-a.

TDA2x Superset

MPU DSP

IVAHD BB2D
1080p Video (GC320 2D)
Co-Processor

(2x ARM (2x CB6x
Cortex—A15) Co-Processors)

IPU 1 ;
GPU (Dual Cortex-M4) Display Subsystem
L LE) IPU 2 Overlay
(Dual Cortex-M4) 1x GFX Pi

Vision AccelerationPac
4x EVE Analytic Processors

High-Speed Interconnect

System Connectivity

Program/Data Storage

Serial Interfaces MMC / SD x4 SATA

Cnuka 8. Cxemarcku nmpuka3 Texas Instruments TDA2x SoC-a

Peripheral Component Interconnect Express). To je wu3y3eTrHo Op3a Be3a wu3mehy
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Kao mro je mpukazaHo Ha CIUIM, Y MHUTaky j€ BUIICjE3rapHU CUCTEM KOjU TOCEIyje
BUIIIE PA3IMYUTHX TUIOBA npouecopa. Haume, Ha jeqnom SoC-y ce nanaze 2 ARM Cortex-a
A15, ca osaakom MPU, 2 Dual Cortex-a M4, ca o3nakom [PU, 4 EVE mporiecopa HaMemEHIX
3a o0paay CIuMKe Ha HUCKOM M cpenmeM HuBOy M 2 Texas Instruments C66xX mporecopa 3a
o0pany AUTMTAIHMX CUTHAJA Ha BUIIEM HUBOY, o3Hake DSP. Takolhe, Ha muioun cy npuctyHa
u 2 Ethernet mpukspyuka, 3apaj KOMYHUKalMje ca ApyruM cuctemuma. OcuM Mporecopa,
npucytHa je 1 VPE (Video Processing Engine) KOMIOHEHTa 3a 00paay BHUIEO caapikaja,
yOp3aHy KommoHeHTama (GU3NYKe apXUTEeKType. 3a KOMYHHUKAllMjy ca jeIMHUIIaMa 3a
Jecepyjain3anyjy mojaTtaka JONPEMJbEHHX Ca Kamepa KOPHCTH ce I’C (Inter-Integrated
Circuit) cripera.

Pa3BojHO OKpy)eme Koje ce kopuctu jecte VisionSDK, Bep3uja 02.12.01.01. V okBupy
nakera ce kopuctu RTOS omneparuuu cucrem (enr. Real Time Operating System) 3a pan 'y
peasHoM BpeMeHy. AIUIMKalgje ce MUIly Kao ciydajeBu Kopuiuhewa (eHr. Use cases), u
cacTaBJb€HE Cy O] TOKOBa Iojaraka. [ eHepucame jeqHOr ciydaja Kopuinhema BpIIU ce
nomohy amara koju ce HasuBa UseCase Generator. Hajupe ce y TEKCTyaaHO] OaTOTEIU
HaIUIIe KakaB TOK IMOJaTaka >KeJIMMO Jla M3TeHEPUIIEMO, a 3aTHUM C€ M030Be oAroBapajyhu
anart, koju he mogecutu onarorapajyhe maroreke 3a mojemiaBarkby U KOMYHHUKAIHjy uszmely

onrosapajyhux 0J0K0Ba, Ka0o U MOKPETawky MOjeJUHAYHUX OJIOKOBA.

3.6 Onuc apxuTekType 3a NoJIlyaTyHOMHY BOXXibYy Ha ALPHA
naatcgopmm

[Tpu npaBbery jeAHOT OBAKBOT CHCTEMA 3a M0JIyayTOHOMHY BOXHbY, OJ1 CYLITHHCKOT je
3HaYaja pa3ABOJUTH oJroBapajyhe IenrHe U CXOAHO HHMa, PACIOPeIUTH UX Ha TiaThopmy
Tako J1a He Oyzae mpeonrtepeheHa, Beh aa pememe Oyae Op30, MOY3aHO U TIPE CBETa CUTYPHO.
['py0o mocmatpajyhu, cucteMm MnoixyaTyTOHOMHE BOXXKHE C€ MOXKE pa3/IBOJUTH Ha 3 BeNuKa
nena:

1. Jleo 3a ayTOHOMHY BOXHbY
2. [Jleo 3a 00Opaxy moaaraka ca Kamepa u npociehuBame ka yiaJbeHOM ornepaTepy
3. Jleo 3a KOHTpOITY yIpaBJbamkba U MPUKYIUbAE TTOaTaka ca CeH30pa BO3HIIA.

CBaku 0]l OBHX JI€JOBa jecTe MOTIYHO paBHONpaBaH, W 0e3 OWJIO KOI' O HUX je
HeMoryhe KOHTPOJIMCATH 1I€0 CHUCTEM, Tj. OACYCTBO OMJIO KOr he yYMHHUTH MOIyayTOHOMHY
BOXHKBY Hemoryhom. HM3y3erHo OWTHO je CXBaTUTH Ja C€ OBa 3 Jelia HW3BPIIABajy
ucroBpemeHo. Hanme, kaga Ou ce y BpeMEeHy H3BpIIaBao caMo jellaH Of OBUX JIEJIOBA, CUCTEM
He Oum O6uo moctojaH. 300T cBera oBora HEOMXOJHO j€ YBHJIETH Ja je MOTpeOHa H3y3eTHa

npolecopcka Moh, anM U Biafame TeXHUKE pacrnopehuBama 3amaraka Ha oaronapajyhoj
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maThopMH 3a BOXKBY. Y OBOM pajy, akieHaT je CTaB/beH Ha Apyru U Tpehwm OJoK, u Ha
npobieme ca Kojuma ce Tpeda CyouuTH MpHu npedalrBamy BOXKIE ca ayTOHOMHOT Jiefia Ha

yIaJbEHOT oreparepa.

YaarmeHu
oneparep

5G

/4

ALPHA
nnatdopma

GPS

Boswuno ca
moryhHowhy
ynpas/bara

Cnuka 9. KoHuenr pemiema noiayayroHoMHe Boxkikbe Ha ALPHA margopmu

@DyYHKIMOHATHOCT MpPBOI 0JIoKa, OJIOKa 3a ayTOHOMHY BOXIbY, C€ CBOJM Ha TO Ja
BO3WJIO MOX€ HEOMETaHO Jla Uje Kaja MMa NpWIMYHO J00pe yCJIOBE Y CBOjOj OKOJIMHH, Tj.
KaJa CUCTeM HE BUIM IMOTEHUHUjaJIHy KOHQIMKTHY cuTyanujy. basupa ce Ha BemTaukoj
WHTEJUTCHIIN] U, TAYHU]€ HA CUCTEMY 3a JYOOKO yuewme (eHr. Deep learning system), koju he
oMOryhuTH N1a Ha OCHOBY IpPETXOJHHX HCKyCTaBa, Tj. CHUMaka koju cy Beh oOpahenu, u
TPEHYTHUX MOJIaTaka ca Kamepa U CEH30pa CHCTEM CaM H3payyHa HEroBO J1aJbe KpeTame.
Ogaj 070K HHUje O CYIITHHCKOI 3Hadaja 3a oBaj pajl, Te Hehe OUTH MpeaMmer JeTajbHHjer
n3yJaBama.

Hpyru 6110k, 6510k 32 00paay BHIEO CUTHAIA, 3aCHUBA C€ Ha JBe KoMroHeHTe. [IpBa on
BUX je 00paja CHUMaka ca KaMepa Ha BO3MIIy, a pyra ce 0aBu mpeHocoM npeko 5SG Mpexe.
OObpana cHuMaka ca kamepe oOyxBara mpuxBaT ca kamepa npeko 12C cmpere (eHr. Inter
Integrated Circuit), ka0 ¥ €HKOJOBame ojroapajyhux Bujeo cHumaka. HeomxomHo je
00e30eauTH 1a oAroBapajyhu ¢opmar BHI€O CHUMKA CTHTHE JI0 TIPUjEeMHE CTpaHe, e he ox
TUX JeloBa ciuke OuTh HampaBbeH VR (eHr. Virtual reality) cHUMak 3a ynasbeHOT
oneparepa. Oty uneja 3a VR? Haume, VR je moctao nako nocrymnas, mokasao ce Kao Beoma

edukacaH W jemaH O JIOTMYHMX KOpaka jecTe na Hahe CBoje MEeCTO M Yy ayTOMOOHIICKO]
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uaayctpuju. Jom cy 2000. romuae M.A. Kunr u I'.JI. TlanepeBcku mateHTHpanu uaejy na
BO3WJIO KOj€ MJIE y TEIIKHM YCIIOBUMAa MOXK€ OMTH HaBOEHO M3 aJbUHE, TAKO IITO CE BO3auy
na onpehenu 3D nornen [6]. Mneja kojy cy OHE UMK jecTe jako CIUYHA OBOj, C TUM IITO je
KOHIICTIT KOjJH C€ OBJIC KOPHCTH JIaleKo eprKacHUjU. J[pyra KOMIIOHEHTA jeCTe caMo Cllakbe Ha
mpexy. IIpeko 5G URLLC-a ce mase oxaroapajyhu BHI€O CHHMaK Ka yIaJbeHOM
oreparopy. Beoma mMano kammeme oMoryhasa 1a Bo3ad aKTUBHO YUYECTBYj€ Y BOXKIbH, Kao J1a
je TpHUCyTaH, MaKo Cce Hala3u Ha MECTY ca KOT He Moxke (pu3uuku Buaetu Bo3mwio. [logcehama
panu, oBaj Ieo JIe0 Mopa Jia ce opaju 3a oko S0ms Kako OM cucTeM OMO (PYHKIIMOHAJIAH.
Tpehu Benuku 650K MpeacTaB/ba KOHTPOIY Bokibe. OOyxBaTa Tpu Mama OJoKa, jeqaH
je oOpaja moaTaka ca CeH30pa, a Jpyrd KOMYHHUKAIHja ca BO3WIOM Koje uma cBoj API (eHr.
Application Programming Interface). Ilomohy mera je peann3oBaHa KOHTpOJa BO3HIIA,
Ta4yHUje KOMaHJIEe KOje BO3HWJIO W3BpINaBa, Kao IITO Cy CKpETame, yOp3ame U YCIOpCHE.
Tpehu Omox camo reHepuiie oarosapajyhe mopyke ka BO3uWiy, KOjUM he Ha Taj Ha4yMH
ynpasspatu. Tpehu neo y okBupy OBOT OJIOKa jecTe HajBaXXHHjH 3aj1aTak oBor Osoka. To je
OJUTYyYHBamke Ja JIM j€ ayTOMAaTCKU JE0 caM y CTamy Ja KOHTPOJHMIIE BO3WIO Wiu he ce
yIpaBJbarme NpedaluT Ha yIa/beHOT oreparepa.
Konxkpernu mponecopu Ha ALPHA nnatdopmu koju ce KopucTe cy NpuKazaHu Ha cienehoj

CJIMIIN:
- AYyTOHOMHA BOXHa
- Obpapa ca Kamepa

B - KonTtpona Boxme

2xA15
1xIPU
2xDSP
4xXEVE

TDA2x

TDA2x

Cnuka 10. ApxuTekTypa 3a moryayToHoOMHY BOkiby Ha ALPHA mmargopmu

Kao mro ce Buam, 010K 32 ayTOHOMHY BOXKIbY 3ay3uMa HajBulle pecypca. OH 3ay3uma

rotoBo 1ieo apyru TDA2x SoC, ca u3yzerkom jeqHor Cortex M4 — IPU npouecopa. Takohe,
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OH 3ay3MMa M 3HaudajaH JIeo pecypca ca MpBOT 4YuIa, Tako MTo nojaTke poouja momohy PCle.
To je cBe HEOMXOMHO 3a cUCTeM Jaybokor yudema. OBaj OJIOK HHje O/ 3HAYaja 3a paf,
3ay3€TOCT OBUX IPOIECOPA j€ caMO HAllOMEHA 3a MpeocTalie MpoIecope KOju ce KOPUCTE 3a
IpeocTalia JBa Belika 0J0ka 00pajie HeOomXoAHa 3a MOJIyayTOHOMHY BOXKIbY.

Ha npBoM yuny u jegHUM JEJIOM Ha JIPyroM, a )yToM 00joM Ha CIIMIIH, 0OENIekeH je
npyru 0510k 3a oOpany mogaraka. OH oOyxBara 2 Cortex M4 je3rpa, koja he umatu ynory y
NpUXBATy ca KaMepa, ajli CMamkeby Pe30IyliMje U eHKOJOoBamy Buaeo cuuMaka. Cortex M4
ca npBor yumna he ce KOPUCTUTH 3a MPUXBAT 6 Kamepa Koje cy oBe3aHe Ha MPBH YU, 0K he
UCTH mporecop Ha aApyrom SoC-y 6utu kopuirheH 3a mpuxBatr mpeoctane 4 kamepe Koje cy
npukadeHe Ha apyrd TDA2x uum Ha mioun. [Ipomecop AlS5 he cimyxutn 3a KOMYHUKALN]Y
u3Mel)y 2 yuma (koHTposry kKomyHukamuje npeko PCle), anmu u cname Ha Mpexy, IpeKo Koje
he komyHuUIIpaTH ca yaasbeHuM oneparepoM nocpeactsom URLLC 5G mpexe.

Tpehu uun he Outu 3agyxeH 3a Tpehu 010k MoayayToHOMHE BOXKE-e. Ha memy he ce
MPHUKYIJbATH TOJANN Ca CEH30pa, 00aBJhaTH HUXOBO Mporecupame. Takohe, Tpehu TDA2x
SoC he nmaTu 3amatak na Ha ocHOBY garor API-ja renepuie KomaH/e 3a BO3HUIIO KOjUM ce
ynpaBba. OcuM Tora, Kaja NpBH M JAPYrd 4um oOpage cBoje mojaTke, nahe ux Ha
oJuTydrBame TpeheMm uuny koju he mocie obpazie U CBOjUX MMoJlaTaKa ca CEH30pPa, 3aKJbYUUTH

Jla JI1 je CUCTEM caM y CTamy Jia YIpaBjba BO3SHIIOM.
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4. MporpaMcKo peLwiewe

[Tporpamcko permieme mpoOiema je aaro y mporpamckom jesuky C, Vision SDK
OKpYXemYy, oAroBapajyhum ciydajeBuma kopunihewa. Haume, cBaku oa 610Kk0oBa MMa CBOj
ciyuaj kopumhemwa (usecase). IlpBencTBeno he 0T nmpukazaHu W3a30BU KOju ce cycpehy y
o0Opaau apyror 0JI0Ka, KOjU MPECTaBba MPOOJIEM 3a IMOTyayTOHOMHY BOXHY KOjoM ce OaBu
oBaj pax. Ilpmka3zaHo je Kako ce BUAEO CHHUMAakK ca 6 kamepa J00aBjba M cCMambyje My ce
pe3onyiuja, 10K ce octane 4 kamepe nobaBibajy ca apyror TDA2x SoC-a mpeko PCle,
OJIpa i Ce€ CHUHXPOHHU3allMja CBMX KaMmepa, 3aTMM C€ H3BPIIM CMambUBalbEe pPE30NIyLHje,
€HKO/Y]y ce MOTpeOHM KaHaJld Kako OM ce CHMMAakK JIaKIlIe MOociIao MPeKo MpExe U Ha Kpajy

cienu ciame Ha Mpexy. L{eo oBaj mporiec je mpukaszaH Ha ciefehoj ciauimy.

PUL 0
AlS

Alg PCIRecv

l

IPCOUt_ALS_0_IPUL 0_0

!

Capture IPCIn IPU1 0 _Al5 0_0

74

Merge

!

Sync

!

VPE

!

Encode

!

IPCOut TPUL_0_Al15 0 0

!

TPCIn_Al5_0_TPUL_0_0

!

Null

Crnuka 11. Cnydaj kopumihema npBor yumna — 6JI0K 3a 00paay BUIEO TOKOBA
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Capture 610K Ha CIHMIIM CITY’KH 3a NMPUXBAT MoJjaTaka ca 6 Kamepa 3aKkauyeHHX Ha MPBU
yur. Ca apyre crpane, npeko PCle, ctixy Ham cHuMiu ca 4 kamepe. Komynukanuja nzmely
IBa je3rpa Ha ciunu ce BpmM Tako mro Use Case Generation Tool cam W3reHepuiie
notpedHe Be3e — IPC (ewr. Inter Process Communication) u omoryhu mporpamepy na He
MUCJIH Ha TO, Beh /a ce ToHama Kao Jia je cBe Ha jeqHoM mpoiecopy. OBO y BEIHUKO] MEpH
OJIaKIlIaBa IporpaMupame, 1 jeana je oa Benukux npeanoctu Vision SDK. JIlunkoBu Merge u
Sync HaMm ciy)ke Ja J00MjeMO HMCTOBPEMEHHM CHHMak ca cBux 10 kamepa, Tj. ypaau ce
CHUHXpOHH3aIM]ja. 300T crieu(UIHOr HAYMHA CJlalka BHJICO CHUMKA Ka oreparepy, HoTpeOHO
je JBe Kamepe IociiaTi Kao TOMOhHe, y cMameHo] pe3onyiuju. CMamuBame pe3onynuje he
ypaautu VPE nuuk. Hamme, y meMy ce jacCHO MOTY MOJECHTH OAroBapajyhm mapamerpu o
BCJIMYMHHM W3J1a3HE ciuke. Takohe, y OBOM JMHKY CE€ MOXE YpPaJHWTH HCEIAmE CIHUKE,
CKaJIMPame U CJIMYHE OIEpalldje Ha/l CJIMKOM, a CBE je TO YOp3aHO (PH3UYKOM apXHTEKTYPOM.
[TporpaMcku KO/ TIOCTaBJbakba BEIMIMHE U3JIa3HE CIIMKE Ha OAroBapajyhy pe3onyiujy je nat

y HAaCTaBKy.

pPrm->chParams[chId].outParams[@].width
= 1280;

pPrm->chParams[chId].outParams[@].height
=720;

[IpocTtoM H3MEHOM OBHUX MapamMeTapa MOKEMO OJroBapajyhy CIWKy CMamUTH Ha
pe3onyunjy Koja je onrosapajyha. Hrmp., 3a cinydaj mpeHoca jBe moMmohHe KaMmepe mapaMmeTpu
Cy MOCTaBJHEHH Ha clie/ichu HAUKH:

pPrm->chParams[chId].outParams[@].width
= 640;

pPrm->chParams[chId].outParams[@].height
=360;

Kao mro ce mMoxke mpuMeTWTH, pe30Jiyllija jeé CMameHa 2 myTa 1Mo o0e THUMEH3H]je,
BHUCHHU Y IIAPHHH.

[lIto ce Tuve eHKOAOBama BUACO CHUMKaA, Vision SDK Hymu wmmpox wu3bop
noJielaBama BUJICO CHUMKA, Ia Ce TaKO MOXe yOp3aTu €HKOJOBame Ha padyyH KBAIHUTETA,

anu ce Takohe MoOXKe ,UyBaTU™ KBaJIMTET, WIM TPAXUTH pPaBHOTEkKa u3Mel)y oBa jaBa
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KOHTpaguKTOpHa (aktopa. Heke ox ommmja xoje cy moryhe 3a H264 enkomep cy npare

cienehum komom:

pLinkChPrm->format = SYSTEM_IVIDEO_H264HP;
pLinkChPrm->profile = 100;

pLinkChPrm->datalLayout = VENC_FIELD_SEPARATED;
pLinkChPrm->fieldMergeEncodeEnable = FALSE;
pLinkChPrm->enableAnalyticinfo = 0;

pLinkChPrm->enableWaterMarking = 0;

pLinkChPrm->maxBitRate = -1;

pLinkChPrm->encodingPreset = SYSTEM_XDM_MED_SPEED_HIGH_QUALITY;
pLinkChPrm->rateControlPreset = SYSTEM_IVIDEO_LOW_DELAY;
pLinkChPrm->enableHighSpeed = FALSE;

pLinkChPrm->enableSVCExtensionFlag = FALSE;
pLinkChPrm->numTemporallLayer = 0;

pLinkChPrm->overrideInputScanFormat= 0;

pLinkChPrm->fieldPicEncode = 0;
pLinkDynPrm->intraFrameInterval = 30;
pLinkDynPrm->targetBitRate = 10*1000*1000;
pLinkDynPrm->interFrameInterval = 1;

pLinkDynPrm->mvAccuracy =

SYSTEM_IVIDENC2_MOTIONVECTOR_QUARTERPEL;

pLinkDynPrm->inputFrameRate = 30;
pLinkDynPrm->rcAlg = 0;
pLinkDynPrm->gpMin = 0;
pLinkDynPrm->gpMax = 51;
pLinkDynPrm->gpInit = 25;
pLinkDynPrm->vbrDuration = 8;
pLinkDynPrm->vbrSensitivity = 0;

Kao mro ce BUAM M3 NMPHIOKEHOT, MOCTOJU MHOIITBO Pa3sHHUX OIMIHMja, TAKBHX Jla Ce
MOTy TIOJECUTH Ja OJroBapajy BehumHU cucTemMa KOju 3axTeBajy €HKoJOBame. Benuka
MPEIHOCT jecTe WTO je BpeMme eHkoaoBawa Ha ALPHA mnatgopmu kpatko, ¥ 1ITO c€ MOXKeE
HCTOBPEMEHO €HKOJ/IOBaTH BHUIIIE KaHaja, Tj. BUILE CHUMaka ca kamepa. Heka ox mojemaBama
KOja cy OMTHa jecy mojenaBame Bit rate-a, 3aTUM MojielIaBame KBaJIUTETa HKOJO0BAbA, ILITO
je mpencraBibeHo moJbeM encodingPresent. Heku on monyhenux omnuuja cy BHCOK HHMBO
KBAJIMTETa, Cpeama Op3wHa (Kao y KOOy HW3HAMA), 3aTUM BHCOKa Op3WHA, HU3aK HHUBO
KBAJIUTETA, 3a IITA j€ JOII HEeOMXOoaHO moaecutu ommujy enableHighSpeed mocrasmajyhu To
10Jb€ CTPYKTYpE Ha |, Ka0 1 MHOIITBO CIMYHUX KOMOMHAIMja KBaTUTETa U Op3HHE.

Cnyuaj xopuinhema apyror yumna y OJIOKy 3a oOpaay BHAEO CHTHaja W clame Ha 5G

MpEXY JaT je ciienehoM CIMKOM:
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IPUL O Capture

Alg PCISend

Cnuka 12. Cnydaj kopumihema 4 kamepe ca Ipyror 4ura

Kao mTo ce Buam ca cinuke, y MUTamy je MPWIMYHO jeAHOCTaBa Clydaj Kopuiihema.
Hanwme, Capture nuHk ypaau mpuxBaT CHUMKA ca KaMepa, a 3aTHM JIMHK 3a ciame npeko PCle
nomrajse mojgarke koje je yxsatuo Capture ITUHK, U T€ TIOAATKE 3aTUM MPHUXBATH TPBU YHII,
kao mTo je Beh nmpukazano Ha ciuiy 11, momohy nunka Alg PCIRecv.

WutepecantHo je mpumetuTH na Capture JTUHK KOPUCTHMO M y CIIydajy IMpHUXBaTa
CHHMMakKa ca Kamepa M ca IpBOT H ca japyror yuna. To Ham omoryhasa Vision SDK, jenuna
paznuka he Outu y oaroBapajyhum mojemiaBarbuMa HAuyMHA KOMYHHUKAIMje 33 CBaKy
MojeIMHAYHY KaMepy.

VY namenu omneparep Tpeba ga uma MoryhHocT fa npebaityje kamepe MpH HOKpeTy IiiaBe
Kako OM mMao OoJbM TOIJIEA Ha OKOJMHY. 3a Op30 mpedaluBame ca Kamepe Ha Kamepy

KOpHUCTH CC CJ'IC,[[ehI/I Kon:

DisplayLink_SwitchChannelParams displayPrm;

pObj->displayActiveChId++;
*(volatile unsigned int*)(@x580010D8) = 0x501;
if(pObj->displayActiveChId >= (pObj->numLvdsCh+1))

{
pObj->displayActiveChId = ©;
*(volatile unsigned int*)(©x580010D8) = 0Ox1;

displayPrm.activeChId = pObj->displayActiveChId;

System_linkControl(pObj->ucObj.Display_videolLinkID,
DISPLAY_LINK_CMD_SWITCH CH,
&displayPrm,
sizeof(displayPrm),
TRUE);

Kao mTo ce Buan u3 kona, npedanuBame ce BPIIU MacKupameM ojipel)eHux perucrapa.
Haume, npomeHJbrBa displayActiveChId caap)ku MHGOpMalKje O TPEHYTHO TJIaBHO) KaMepH.
VY kopy je mpuKa3aH NPUHITKIT TpedanrBama Ha cienehy kamepy ca JecHe CTpaHe, a aHaJIOTHO

TOME CE€ MOXKE pealn30BaTH IMpedalrBame W Ha JApyre Kamepe, y 3aBHCHOCTH OJ ToTpeoe.
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3aTuM ce moiajbe KOMaHaa System_linkControl Koja he 3ampaBo ypaauTu caMmy IPOMEHY Ha
eKpaHy.

3a cname mojaraka mpexo mpexe ce kopuctu Network tools, amat y okBupy VSDK
nporpamckor nakera. O omoryhaBa na ce momohy Network Tx amiukanuje BHIIEO TOK
npebanu Ha nmIibany I[P anpecy, kao m ma ce Ha apyroj crpanu, momohy Network Rx

aruIMKalyje, IpuxBaTh Taj CHUMaK.
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Pesynraru

5. Pe3yntatu

VY pany je mpuka3aH HauMH Ha KOjH je Moryhe peann3oBaTu MOJIYayTOHOMHY BOXIbY,
Ta4yHUje €0 OKO (hopMupama M clama BUACO TOKA. AKIEHAT je CTaBJbEH Ha IPABIHEHHC
apXUTEKTYpEe CUCTEMA, MabU JIE0 Ha pealn3aiyjy.

Peanuzanuja je wu3Bpmena Ha ALPHA AMV mnargopmu, Ha Kojoj cy Oune
NpUKJbyYEHE CBE KaMmepe, Kao W MPBHU YHII KOjU je OMo mpuBe3aH Ha Mpexy. [Ipeko mera je

1ocjaT CHUMakK ca 3 Kkamepe, Koje ce Ha NPHjeMHO] CTPaHU MOT'Y IIPUXBATUTH.
a

2

,«\

Cnuxka 13. Ilpuka3s ca 3 kamepe Ha eKpaHy
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Pesynraru

Kao mTo je mpukazaHo Ha IPETXOAHO] CIIUIIM, 3 KaMepe ce Halas3e je/lHa Mopea Apyre y
npocrtopy. [Ipuka3 Ha 0BOj CIIUIM je OpUTHHANAH ca KaMepa, Tj. Ipe cKianama ciuke. Kamepa
y CpeOuHH je TJaBHA, JOK Cy Jpyre ABe MomMohHe. Y OBOM mpuMepy HHje CMameHa
pe3oiylrja Apyre IBe KaMmepe, Beh cBe kaMepe MMajy UCTY Pe30Iylidjy. Y ciaydajy aa TJlaBHa
KaMmepa HHje y CTamy Ja UCIpaTH Heke jaorahaje, paaud ce jeHOCTaBHO MpedaluBame ca
KaMmepe Ha kamepy (eHr. Switching), Te momohHa mocTaje TiaBHA, JOK TIJIABHA TOCTaje
nomohna. Tako je moryhe paautu 3a cBe kamepe. CHUMIIM ca kamepa he ce Ha MpujeMHO]
CTpaHH MOCIOXHUTH, mpoHahu he ce ucTe Tauke y TPOCTOpPY, YPAaUTH W3jeAHAYABAE
OCBeTJbeHa U OHJIa popmupahe ce MHOTO mupa cimka 3a VR. Bo3zau he nmpoctum nmomepamem
rmaBe Mohu ma paam mpabanuBame ca Kamepe Ha KaMepy, y 3aBHCHOCTH OJ TOTpeda.
W3mepeHo je Bpeme mpedanuBama ca kamepe Ha kamepy. OHO je Mame ol Ty)KHHE Tpajama
jenHor ¢pejma, Tj. kpahe je ox 33ms, mto oMoryhasa na Bo3au He MPUMETH HUKAKBY Pa3iUKy
Y TOKY BOXKIbE.

Takolhe, u3amepeHna cy BpeMeHa eHKojoBama ciuka 3a H264 enkomoBame Ha ALPHA

wiatdopmu. Pesynratu cy natu y Tabenu UCIo.

Bpoj 1 kamepa 1 kamepa 3 kamepe 1 kamepa 1280x720,
Kamepa/pesorynuja 1280x720 640x360 1280x720 2 xamepe 640x360
Bpewme
7,3 ms 2,6 ms 18,3 ms 9,9ms
(y MmmucekyHIaMa)

Tabena 2. Bpeme eHkof0Bama 3a pa3IuuuT Opoj Kamepa U pa3IuiuTe pe3oyluje

Kao mro je mpukazano y tabenu, pa3IUyuTO je BPeME €HKOJOBama y 3aBUCHOCTU O]
Opoja kamepa u pezonynuje. Mnak, Tpedba mpuMeTUTH Ja Kajaa ce mpeHoce 3 kamepe, IITo je
3aXTEB y pajy, To Bpeme ce kpehe ox 18,3ms, KonuKko je MakcuMaliHa TyKHHa 00paje, ma 10
9,9ms, kaga ce KopucTe 1Be TOMOhHE KaMepe ca 2 myTa HIKOM pe3onynujoM. M3 Tabene ce
Ja 3aKJbYYHTH Ja TO BpeMe HHje MPOCT 30Mp BpeMeHa €HKOJOBama ca jeJHe kamepe, Beh je
JI0OIaTHO yOP3aHo, jep ce CHUMIIH ca 3 Kamepe NMprudaBbajy UCTOBPEMEHO.

[To 3axTeBHMa KOjU Cy MOCTAaBJbEHHU, J1a OM CHCTEM MOTa0 HOPMaJIHO Ja (YHKIIMOHHIIIE,
BpeMe eHKoJoBama Tpeba ma je pena BenmuuuHe 10ms. IloTBpheHo je ma cuctem moxe na
UCIyHU T€ 3aXTEBE.

3ay3eTocT mporecopa y OJIOKy 3a Clialke BHACO TOKA je MpukazaHa cienehom tabemom

(omHOCH ce Ha npBH u npyru Tda2x SoC):
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Pesynraru

[Mpouecopcka jesrpa

Al5 IPUL 0

3ayzeroct (%) 74,3 65,2

Tabena 3. 3ayzeroct nporecopa Ha mpBoM Tda2x SoC-y npu kopumhemy 10 kamepa

[Ipouecopcka jesrpa

IPUIL 0

3ayzetoct (%) 45,7

Tabena 4. 3aysetoct nponecopa Ha gpyrom Tda2x SoC-y

Kao mro ce Buau M3 MpUIIOKEHUX Ta0ela, MPOLECOPCKH PECYPCH HUCY Y TOTIYHOCTH
uckopuinhenu, T1j. Hehe 1OBeCTH [0 yrpokaBamka CTAOMIHOCTH CHCTEMa. 3ay3eTOCT
nporecopa Al5 Hajuie nonasu oj kopumihewma PCle, mamu 10 011 cllamkba BUIEO TOKA, TOK
ca Jipyre cTpaHe, 3ay3eTocT npouecopa [PU HajBulile 3aBUCH 0]1 eHKO/I0Bamka BUIEO TOKA.

Kana ce xopuctu camo 6 xkamepa ca MmpBoOr uuIa, 0e3 AojaTHe 4 ca Ipyror, Ipyrd Yum
yoIiTe HUje motpedan 3a 0Baj aeo oOpazae, Beh ce kopuctu camo npBu uuil. Kako je camum
tum PCle Ban ymotpebe, cuctem je momatHo pactepeheH. 3ay3eTocT mpoliecopa Ha TMPBOM

YUITy €a/1a U3IJIela Kao y HapeHoj Tabemnu:

IIponecopcka jesrpa

Al5 IPU1 0

3ayzeroct (%) 24,3 53,2

Tabena 5. 3ay3etoct nporiecopa Ha mpBoM Tda2x SoC-y npu kopumthemy 6 kamepa

VYnopehyjyhu pesynrare, mpumeTHo je 3HaTHO pactepeheme mporecopa AlS. Cana ce
Taj TIPOLIECOP KOPUCTHU CaMo 3a cliamke mojaraka mpeko SG mpexe. OBo he Outu n Hajuenthu
cinydaj kopuinhema, jep ce JoJaTHe KaMepe KOpPUCTe Kao MOMOoh Mpu MapKHpamy BO3HIIA.
CamuM THM, 3aKJby4aK je Jla ce€ 3a KOMIUIEKCHE oOlepaiyje KOPHCTH BeoMa Mayo

npouecopckux pecypca Ha ALPHA moun.
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3axspydax

6. 3aksbyuak

Y 0oBOM paiy MpHKazaHa je apXUTEKTypa CHUCTeMa 3a IIOJIyayTOHOMHY BOXHIbY Ha
ALPHA mnardopmu. IlpukazaHo je Kako ce MOTy HCKOPHUCTHTH PECypCH KOjU Cy Ha
pacronaramy, U Kako UX Tpeba pacropeauTd Aa OM IIe0 CHCTEM Morao ()yHKIIMOHHCATH.
dopmupaH je BUIEO TOK ca 3 KaMepe, Koje ce 3aTUM CKJIarajy Ha MPUjeMHO] CTPaHU U O] BbHX
ce popmupa VR ciuka.

VYnorpebom ALPHA mardopme omoryheHo je 6p30 eHKO/IOBame BUIEO TOKA U CIIae
Ha MpPEXYy, IITO je O] CYIITHHCKOT 3Havaja 3a 0e30eAHOCT moyayToHOMHE Boxmke. ALPHA
mwiardopma je oMoryhusna u a ce CUCTEM MaKCHUMAJIHO IOjeIHOCTaBH, 1a C€ TakKo 3a pa3He
BpcTe 00pajia KOPUCTH caMo jeaHa miaatdopmMa, yMecTO BEpOBATHO BUILE HUX KOje Ou Morie
y MOTIYHOCTH Ja 3ameHe (yHknuoHanmHocT ALPHA mnardopme. dopmupanu BUIEO TOK,
3ajeJHO ca TPUJEeMHOM CTpPaHOM U CKJAMameM Ciuke, Tpeba na omoryhu ynabeHoM
oreparepy Ja HEOMETaHO YIpaBjba BO3WIOM. [lOTeHIMjaTHO, OBAaKBO DEIICHE CE MOXKE
KOPUCTHTH Yy CHUTyalfjamMa y KOjUMa j€ OIacHO YIpaBibaTH (PU3UYKH, Beh je HeomxoiHa
¢u3nuKa ynaseHOCT Bo3uia U oreparepa. VR omoryhasa cjajHe yciioBe mperiieia OKOJIMHE
BO3WJIa 32 yJaJbEHOT Olleparepa, Tako Ja OH 3ancTa W HeMa motpedy ma Oyme Qu3uuku
NIPUCYTaH.

VY Oynyhem pany Mmoxke aohum 10 3aBplIaBama CHCTEMa I0JIyayTOHOMHE BOXKIbE,
¢dokycupajyhu ce u Ha nenoBe koju HHUCYy oOyxBaheHun oBuM panom. Takohe, moryhe je
JIOJTATHO WMCKOPUCTUTH MPEKHE KalaluTeTe M yOp3aTh I1e0 CUCTEM, Tako jJa Oyae jorm
poOycHHju Ha moTeHmMjaiHe Tpemike. CBe OBO MOXKE JOBECTH 10 MoBehama yKyIHE
6e30eqHoCcTH y caoOpahajy, u momohu 1a ce KoHa4HO Tpel)e Ha MOTHYHO ayTOHOMHHU CHUCTEM

BOXIbC.
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