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1.¥YBoA

Opn camor mocraHka YOBEYaHCTBA TEKWIO ce yOp3amy Ipoleca peBo3a JbyIu U pode
ca yAaJbeHuX MecTa. HIycTpHjcKOM peBOJIYLIMjOM U MTPOHAIACKOM MapHEe MaIllluHe, TPEBO3 U
npyMmcku caoOpahaj moxuBipaBajy mpomsar. JpymMcku caoOpahaj m0KMB/haBa BEIMKU Pa3BOj
U pa3BMja ce MapajieslHo ca TexHojorujoM. Oxa yBohema NOKPETHHX Tpaka y Hpolec
POM3BO/I-E, AyTOMOOWJICKA M Lela HMHIYCTpHUja IMOYMIbY Ja C€ pa3BHjajy OTPOMHOM
Op3UHOM.

AyTOMOOUIM Cy BpPEMEHOM ToCTajayin CBe yHoOHMju U Opku. bpoj ayromoOuna Ha
yIuiaMma je mocrajao ce Behu, a rpeike npuinKoM BoxKme cBe yuectanuje. Kako Ou ce Tome
CTaJIO Ha MYT y BO3WJIA Cy MOYenH Ja ce yrpal)yjy CUCTeMH Kao MOJPIIKa MPUIUKOM BOXKHbE.
OBakBu cuctemu ce HasuBajy ADAS cucremu (enr. ADAS — Advanced Driver Assistane
Systems). CUCTEMU 3aCHOBAaHU Ha payyHapy MOCTa]y JI€0 HAIlle CBAKOJHEBHUIIE U YKJbYUCHHU
Cy Y CKOpO CBaKH acIleKT Halller >KMBOTa (CaMUM TUM U y Hallle ayToMo0uie) u HeMoryhe je
3aMUCIIUTH KUBOT 0€3 BbUX. Y MMOYETKY Cy TO OMIIM A0CTA JeJHOCTABHU]U CUCTEMHU Ca MambUM
MoryhHOCTHMa 3a MOJAPIIKY y BOXH-H. buiio je moTpeOHO BpeMeHa Ja ce OBaKBU CHUCTEMHU
pa3BHjy W Ja MOCTaHy HE3aMEHJBMBH JIEO CBAKOT MOJEPHOr ayromoOmia. PeamHocT je nma
NPOIIECOpPY Ha CBAaKMX OCaMHAECT MECEIM TOCTajy MyIUIO jadyd W Ja je Op3uHa HHXOBOT
pa3Boja OTPOMHA, CAMUM THM OHHM CY y CTamYy Jla U3BPILIAaBajy U HEKe 3aXTeBHE MHCTPYKIIH]e.

ADAS nnardopme KopucTe CliokeHy (PU3NYKY apXUTEeKTypy. CBaka 0]l KOMIIOHEHTH
uMa HeKy (pyHKIM]y y TNpUKyIUbaky M oOpaau HHPOpMaIlHja Koje cy MNPHUKYIJbEHE W3
CHOJBAIIOCTH WM YHYTPAIIKOCTH ayTOMOOMIa M uMa (QYHKLUH]Yy Y HOAPUILM MPUIUKOM
BOXKIe. M3 Tor pasmora, cBaka O]l THX KOMIIOHEHaTa Mopa OWTH Bepu(UKOBaHA U

(G yHKIIMOHATHA.
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VY oBom pany Ouhe mpencTaBibeHO peIIeHhe Kako ce y3 momoh codTBepa mporiec
TECTHpama MOXXE ayTOMAaTH30BaTH M TPOILEHAT TPEIIKe MPUIMKOM TECTHpama CBECTH Ha
muHEMyM. Llrp kopunthema codTBepa y TecTupamy KOMIIOHEHaTa uiatgopme je nosehame
MOY31aHOCTH.

Pan ce cactoju on cnenehux nenuna:

Teopujcke ocHOBe — y oBoM jneny naTt je omuc ADAS cucrtema, mperien
¢u3nuke apxuTekType miardopme kKoja je kopuiiheHa, KpaTak mperjes pa3BojHOT OKPYKemba
KOj€ je KOpUIINEeHO 1 yBOJI y MPOOJIeM.

Konnent pemema — mnpeacTaB/beHa je Haeja Kopuiihewma codrBepa y
TeCTHpamy MmIaT(opMe u ’EeHUX KOMIIOHEHATA.

[TporpaMcko pemieme - Mpersie] TeCTOBa KOjU Cy HMMIUIEMEHTHpAHH, OIHC
npolieca TeCTUPAmbA.

Tectupame 1 pe3ysTaTi — OIHUC TPoIIeca TECTHPamba caMor coPTBepa, Mperiie]
pe3yaTara TecTupama miaTgopme.

3akjpydak — YCIENIHOCT pajga codTBepa, HACje 3a Jajby ayTOMATHU3AIH]Y

[mpoucca TeCTupamba.



Teopujcke ocHOBE

2. Teopujcke oCHOBe

VY oBOM rmornaBby Oulie yKpaTKO ONMHCAHU HAMpEIHH CHUCTEMH 3a rmoMoh Bo3auy
ADAS, xao u miatrdopma Koja je KopuimmheHa y peanu3aliju pajaa, BEHE OCHOBHE

KOMITOHCHTE U FbHXOBa (PYHKIIH]a.

2.1 HanpeaHu cucrtemmu 3a nomoh Bosauy — ADAS

VY nanamme BpeMe, caBpeMEHHM YOBEK MPOBOJM CBE BHILE BpeMeHa Ha myTy. Tpajame
caMmor IyTOBama ce KOHCTaHTHO noBehasa, a ca mosehameM JyXKHHE MTyTOBamba y CKIaLy ca
YOBEKOBOM TPUPOIOM, J0Ja3d 0 3amapama Bo3aya M Moryher maga KOHIEHTpalmje
MIPUWIMKOM BOXHb-€. M3 TOT pasnora, ga 6u ce moBehasia CUTYpHOCT YOBEKa Y BOXKIbU U J1a OU
ce HAJOMECTHO €BEHTYaJHM HEJOCTaTaK MaXmhe y HEKOM TPEHYTKY, y ayToMoOuie ce
yrpal)yjy HalpeaHU CUCTEMH Kao MOJPIIKa MPHUIUKOM BOXIHE.

Bosuna ce onpemMajy HajcaBpeMEHHjUM CEH30pUMa KOju IPUKYIUbajy HH(popMaIuje u3
CIOJhAIIE CPEIMHE U Y3 TToMoh padyHapa mojaly NpUKYIJbeHH U3 CeH30pa ce oOpahyjy u
y 3aBHCHOCTH O] CUTYaIlfje, padyHap WX YOBEK Mpeay3uMajy onapehene paame. Cenzopu
Koju ce kopucre y ADAS cuctemuma cy pajapu MamuX, CpeImbHX U JaleKuX JIOMETa,
JUApU, KaMmepe, yATpa3ByuyHH ceH30opu HMTA. CBU OHM MOpajy OMTH BepU(PUKOBAHU O]
CTpaHe Ipou3Bohaya ¥ y CBaKOM TPEHYTKY MOpajy OUTH Mpeuu3HH U noy3aaHu. CBaka oJl
OBHX KOMITOHEHTH 3ay3WMa 3HauajHy yJOory MPWJIMKOM IOJPIIKE y BOKEKU M oMoryhasa
BO3auy Ja ce oceha CUrypHuje MPUIMKOM BOXKHHE.

KommoHeHTa kKao MITO je Juaap HIp. MOXKE Ja AETEKTYyje BO3WIO WIIH MPENpeKy Koja
ce Haja3u HUCHpea U y3 NOMOh pauyHapa M HMMIUIEMEHTHpPAHMX ajJropurama MoOxXe Ja

MIPOIICHH YJaJbEHOCT 00jeKTa UCIIPE U J1a MIPOIICHH Ja JIM BO3a4 MOXeE Ja pearyje. YKOJIUKO
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CHCTEM TIPOIICHU J]a BO3a4d HE CTBapa JIOBOJHHO BEJIMKH MPUTHUCAK HA KOYHUILY U aa he mohu
JI0 Cy/apa 1moJji OBaKBUM OKOJTHOCTHMA, CHCTEM WHUIMPA jade Kouewwe, Mpeay3umMa onpehene
Mepe Kako 6u ce uzberao cyaap. pyru ceH3opu, Kao HITO Cy PELUMO KaMepe MOCTaBIJbajy
Ce Ha pa3Ha MecTa Kako OM ce Mao KOMILIETaH MPErJie/l OKOJIIMHE BO3MJIa KaKO CII0Jba, TAKO

U U3HYTpa.

3

-

K

B PAJIAP nyror fomeTa
N maap
Kamepe
B PAJIAP kpatkor n cpeker 10Meta
B Yarpazsyuim cemsop

Cnuka 1: Ilpukas ceH3opa y HapeJHUM CUCTEMHUMa 3a MOMoh Bo3auy

[TorognocTu xoje Ham 00e30ehyjy oBu cuctemu cy orpomHe. To je perumMo neTekiuja
muna. Kamepa je mocraBjbeHa HCIpe]l BO3aua M MOXKE Jla JIETEKTYyje CKJIOIJbEHE OYH.
Wndopmanmja ce masbe Jajbe 10 padyHapa KOjU yIo3opaBa Bo3aua Ha TAaKBO CTambe.
Takohe, 3HauajHe ¢GyHKIM]E Cy W MPEMO3HABAKE TEIIaka W pa3HUX MpEenpeKa Ha MyTy,
neTeknuja caodpahajHux Tpaka, caodpahajHuX 3HaKoBa, cemadopa, IITO y 3HauajHO] MepU
OJIaKIIIaBa BO3auy BOXKIbY U UYMHU je 0€30eIHHjOM U 110 Bo3aya U MO OKOJIMHY.

OnroBapajyha (pyHKIIMOHATHOCT YMTABOT CHCTEMa je O] BelHnKe BaxxHOCTH. Kako Ou
ce 06e30ea110 ONTUMAIHO (GYHKIMOHUCAkE U Op3 pa3Boj, Bepudukanuja ADAS cucrema u
JIOTTYHCKUX TIOJICUCTEMA KOj€ OH KOPUCTH, MOpa OWTH IMapajellHa ca HhUXOBUM pPa3BOjeM.
CBe oBe KOMIOHEHaTe (PU3NUYKE apXUTEKType Cy YCTBapH ,J 1aHI mMehycoOHO moBe3aHu

Kako OM W3rpajiiidi CUTYPHOCHH cHcTeM Bosuina. llpukymieajy wuHpOpMaIuje wu3
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CIIOJBAITLOCTH HE3aBUCHO JEIHU OJl JAPYTrux, amu MehycoOHO cy moBe3aHH Tako [a

(YHKIMOHMITY KA0 jeaH CHCTEM CAaCcTaBJbEH OJ1 BUIIEC MAmbHX CHCTEMA.

2.2 ADAS nnatcdopmMa — npernen apxurekrtype

ADAS mardopma kopumrheHa npu u3pagad OBOT paja je pa3BHjeHa Ha UCTUTYTYy PT-

PK u 30Be ce ALPHA mnatdopwma.

DE T AK| ON| RS / > A NI
SYS BOOT
SWITCH
- " T
o |

SD CARD

< [TDA2x #1]

TDA2x #3
[FUS]

|- TDA2x #1
[sC]

ALPHA AMV - R002
SERIAL NUMBER

POWER i A o] SWITCH
SUPPLY | S jen H

POWER
SUPPLY

SD CARD
[TDA2x #2]

Cnuka 2: ALPHA AMV mnardopma

[Tnardopma je ompemsbeHa ca Tpu cucrema Ha uyuny (eHr. SoC — System on Chip)
TDA2xx. Y OKkBUpY CBakor yuIla Haja3u ce Buuenpouecopcku cucreM. Caku TDA2xx
caapxu aBa ARM Cortex AlS5 jesrpa u nBa M4 Cortex jesrpa. OBoO cy mpoIecopu OIIITe
HamMmeHe. 3atuMm, Ty cy jour aBa DSP (enr. Digial Signal Processor) mpoliecopa — mpoIrecopu
3a AUruTaigHy odpany curnana u yetupu EVE npouecopa (eur. Embedded Vision Engine) —
nporecopa 3a oOpany Bumeo caapxkaja. ALPHA mnardgopma kao mro je pedeHo pasiukyje
Tpu cuctema Ha yuny. [IpBu cucrem, Ha3BaH jour u SC SoC (enr. Surround Camera System
on Chip) moBe3aH je Ha mecT Bujaeo kaHaia. Kamepe cimyxe ma Ou ce m100OHMO LETOKYITHH

NpUKa3 OKpYyXKema BO3WIA, Koja Takohe yKibydyje M JBE Kamepe IIOCTaBJbeHE Ha
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perpoBu3ope. Jpyru cucrem Ha uuny, Ha3BaH FFN (enr. Front view camera near angle
stereoscopic view, Front View camera wide angle, Night vision camera) KOpUCTH ce
NPUIMKOM CHUMama myTa ucnpen Bo3wia. Tpehu cucrem Ha umnmy, FUSION je TDA2xx
ARM npouecop BUCOKUX Nep(opMaHCH U OCHOBHA (yHKLHja MY je JOHOILEHE OAIyKa y
LIUJbY MOCTH3aba CUTYPHOCTH Ha OCHOBY pe3yJsTaTa J0OMjeHUX pajoM IIpBa J1Ba YuIa.

[ITo ce MemopHje TUYE, CBAKM CUCTEM Ha YHUITY je OIPEMJIbEH ca:

e DDR3 SDRAM (enr. Double Data Rate type three of Synchronous Dynamic
RAM) memopujoM 1mTo je ckpaheHuna 3a 1ymiao Op>Ku IPEeHOC THIA TPU CHHXPOHO
JMHAMUYKe MEMOpHje ca AUPEKTHUM NpuctynoM. OBO je MOAepaH THII MEMOpHUje
ca gupekTHuUM mnpuctynoM. 1Gb memopuje je koHekTtoBaH Ha EMIF2 DDR
MEMOPHjCKH KOHTPOJIEP 32 CBaKM CHCTEM Ha uyuimy, a 5S12Mb je KOHEeKTOBaHO Ha
EMIF1 + 128Mb ECC (enr. Error-Correcting Code) MmeMopHjy, Takohe 3a CBakd
CHCTEM Ha YHMITY.

e QSPI (enr. Quad-SPI) je memopuja Benuke Op3WMHE W OBa] HHTEpdE]C
KOPUCTHMO 3a TOKpETamke PA3JIMYUTUX ajropuTama Ha miaTgopmu, Takohe ux
UMaMo TpH.

e [2C EEPROM (enr. Electrically Erasable Programmable Read-Only
Memory) npencTaBba BpCTy CTalHe MeMmopuje. Moxe Ja CKIQAUIITH Maily
KOJIMYMHY 10/IaTaKka U 4yBa UX KaJia HECTaHEe HaIlOHA.

Kao Heke on HajBaXHHMjUX KOMIIOHEHaTa MOXEMO Ja HaOpojuMoO cepHjaiajzep,
Jecepyjanaj3ep ¥ Ipolecop 3a KOHBEp3Wjy ¢opmata monataka (eHr. ISP — Image Signal
Processor). Y nameMm TekcTy he Outu objanrmeHa (yHKIHja OBUX KOMIIOHEHATA.

Kao ocrane xoMnoHeHTe Ba)KHO je CIIOMEHYTH ceH30p 3a temmneparypy, UART (eHr.
Universal Asynchronous Receiver/Transmitter) K0ju ce KOPUCTH 3a CEPUJCKY KOMYHUKAIH]Y,
ca 1ojiecuBoM Op3uHOM IpeHoca nojaataka, HDMI untepdejc 3a npuka3s ciinke Ha MOHUTODY,
Ethernet cipery u JTAG konektop, kao u PCle cabupuuny usmely SC u FFN cucrema Ha

YUITY.



Teopujcke ocHOBE

HOMI
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Cnuka 3: biok aujarpam ALPHA AMV matdgopme

2.3 Pa3BojHO okpyxeme Vision SDK

Vision SDK (enr. Vision Software Development Kit) je pa3BojHO OKpYXEHe KOje HaM
omoryhagra J1a kpeupamo pasnuunte amumkanuje 3a ADAS cucreme. Kpenpame pa3mmauTux
aruukanyja y oksupy VSDK okpyskema 0a3zupa ce Ha cacTaBjbarby TOKOBA M0JlaTaKa, KOjUu Cy
cactaBjbeHU o1 HUTH. [lonanu ce 100aBsbajy Mpeko KOMIIOHEHaTa (pU3MUYKE apXUTEKType U
najbe ce 00pal)yjy Ha pa3IMIUuTHM je3rpuMa Iporiecopa.

VSDK MoxeMo moaenuTd Ha aBe menuHe. [IpBa menwHa Cy ,,HIDKH CJIOjEeBH Y KOje
CIa/iajy pyKoOBaoIu (EHr. drivers) 3adyeHH 3a JUPEKTHY KOMYHHUKAIH]y ca KOMIOHEHTaMa
¢usnuke apxurekrype. To cy StarterWare, BSP (enr. BIOS Support Package) n EDMA.
StarterWare je makeT Koju TpyXa MOAPIIKY IIaTGopMu Oe3 ONEepaTHBHOT CHUCTEMa 3a
pasIUYHMTe CHCTEMEe Ha 4Yumy y Koju cmaga u3Mehy ocramux m TDA2xx SoC koju mwm
kopuctumo Ha ALPHA mnouama. Takohe, canpxku Oubmuoreke U mpuMepe KOjU MOKazyjy
moryhaoctu nepudepuja Ha TDA2xx SoC-y. V BSP makery ce Hamasze pykoBaouu 3a
wiatgopmy U pykosaouu 3a SoC. 3atum y oBoM ciojy Hanaze ce 1 RTOS (enr. Real Time
Operating System) ONEpaTUBHU CUCTEM 3a pajl y PeaJHOM BpEeMEHY, IMPEBOJMOLHN Iporpama

KaO 1 YBE3HMBa4u MPEBCACHOI KOJA Y U3BPIIHEC JATOTCKC.
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Hpyry nemuny uymnu makeT vision sdk. OBa mennHa 3acHHMBa ce Ha OKBHpPY (€HT.
framework) xoju ce Ha3uBa ,,Be3¢ U JaHUU" (eHT. Links and Chains) n OKBHpY KOjH ce Ha3MBa
Link API (API — Application Programming Interface). Link API ce xopucTtu 3a Kpeupame

JaHala Be3a, Koju (hopMupa TOKOBE IoJlaTaka WiId KOPUCHHUUKE ,,clIydajeBe (eHT. use-case).

Cnuxka 4: Bese u nanum — KII kytuja ca nopykama (Message Box), IPC — unrepronecopcka

komyHuKanuja (Inter Processor Comunication)

Besa npezacraBiba HajOCHOBHHM]M KOpak y TOKY MojaTaka KoJ Buaeo obpanae. Caka
BE€3a YCTBapH je MOKPEeHyTa Kao MOjeJMHaYHa HUT, IITO 3HAUH J1a Be3€ MOTY Jla c€ U3BPILABajy
napajneHo 1 He3aBHCcHO jeqHa of apyrux. KII na Ciaunu 4 npesacraBsbajy KyTHje ca mopykama
U oMoryhaBajy KOpMCHHYKO] alUTMKANWjU U IPYTHM Be3ama Ja KOMyHHIHPajy ca oapeheHom
Be3oM. Besa maje cnenuduuan maTepdejc Koju omoryhaBa apyruM Be3ama Ja JAMPEKTHO
pasmemyjy Buneo ¢pejmone. Link API no3BosbaBa kopucHuKy na melycoOHO cmaja Bese.
Wntepno Link API xopuctu untepmponecopcky xomyHukanujy (IPC na crnumm) kako Ou
KOHTPOJIMCA0 BE3€ Ha Pa3IMUUTHUM Tpoiiecopuma. Bese cy melycoOHO crojeHe maHImma u
OHM Ccy Kpeupanu Ha nporecopy M4 [PU1 0. ¥V npumepy ca ciuke kaja je Bujaeo npuxsaheH
Ha yJna3y, OoH ce Aajbe malbe Ha o0pany y VPE (enr. Video Processing Engine) u TaMO CTHXe
y YUV422 I popmary ca pezonyuujom 720x480 nukcena. Ty ce ciamka ckanupa U 10J1a3u J10
KoHBep3uje dopmara u3z YUV422 [y YUV422 SP, a pezonyumja ciuke mocraje 720x240
nuckena. [lasbe oH mporasu kpo3 IPC mTo 3Haum ma Moxe Aa nohe 1o kopuirhema Ipyrux
nporecopa y koMmyHukauuju. Konayno, monasu g0 obpane ciuke Ha DSP, cimka omer
npona3u kpo3 [PU camo ckanmupana Ha 1920x1080 nukcena y uctom gopmary y KoM je Ouia

y MpOILIOM OJIOKY U KOHAYHY CIIMKY MOKEMO J1a BUUMO MPUKA3aHy Ha EKpaHy.
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2.3 BaXHOCT ayTOMaTu3aLMje npoleca Tectupama

Jenna ADAS mnatdopma, xao mro je ALPHA y namem ciydajy uMa H3y3€THO
XeTeporeny (u3MuKy apxurekrypy. CBaka 0] KOMIIOHEHaTa je 3aceOHa LeNuHa, ald je
Mel)ycoOHO ToBe3aHa ca JPYrMM KOMIIOHEHTama M YWTaB TOK MojlaTaka He Ou Omo moryh
YKOJIMKO jeIHa 0J1 KOMIIOHEHTA O] KOje TOK 3aBHCH HHUje ¢yHKIMoHamHa. [IpuiamkomM pas3Boja
IUI0YE U MPHJIMKOM TECTHpama ajlropurama Moxe aa rolhe 10 kBapoBa Ha MmiIaTGOPMH, a OHH
Mopajy Op30 OUTH OTKIOHKEHU. AYTOMOOWJICKA MHIYCTPHja jé Yy KOHCTAaHTHOM YCIIOHY, a

ADAS cuctemu BenmukoM Op3WHOM 3ay3MMajy CBOj€ MECTO y ayTOMOOUIINMA.

60000
50000
40000
30000
20000
10000

O Pact npoussoatbe y
MUANOHUMA

2014 2015 2016 2017 2018 2019

Cmuxka 5: Cryoudact npuka3 npousBoame ADAS cucrema o roguHama

KoHncTanTan pacT mpou3BOAWmE W Yrpagmhe CHUCTeMa Yy BO3WJIA 3aXTeBa M BEIHKY
Op3uHy y TecTupamy cuctema. [IpunnkoM TecTupama 3axTeBa ce BellMKa KOHIICHTpaIja jep
rpemike HUCY 103BoJbeHe. Kako OM ce 4yoBek pacTepeTro, MOTYhHOCT 3a Tpelike cMamuia, a
caM TIpoIleC TeCTHpama yOp3ao, mpuberaBa ce MOJACPHHU]EM HAUYMHY TECTHpama, a TO je€

ynotpeba codrBepa.
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3. KoHuyenT pewemwa

VY oBoM nornaBspy Ouhe mpejncTaB/beHa HJi€ja KAKO UCKOPUCTHUTH OCOOMHE pa3BOjHOT
OKpYyXema M merobe MoryhHoctu y Bepudukanuju ¢usuuke apxutekrype ADAS cucrema.
Taxolhe, 6uhe neraspHO O0jamImbeHA Meja TECTHpamba CBaKe KOMIIOHEHTE W Ouhe m3IoxeHa

Mel'_)y38,BI/ICHOCT KOMIIOHCHATa 1 BaXXHOCT q)YHI(I_II/IOHI/IcaHJa CBaKeC OJ1 lbHuX.

3.1 Kpartak onuc paga annaukauyuje

Arnunkanyja ce cacToju U3 J1Ba OCHOBHA JieNna:

TEST APP MAIN

VSDK WRAPPER
VSDK

Crnuka 6: TecTHa aruiMkaiuja ca leHUM CJI0jeBUMa

[IpBu neo je cama aruMkaiyja, 0JBOjeHA OJ Pa3BOJHOT OKPY)KEHa, IITO 3HAYW Ja uMa
CBOj CHCTEM 3a npeBoleme u npeBoau ce HezaBucHO o VSDK. Jlaske, Taj 1eo JemuMo Ha joI

nBa nena: riaBHU jaeo arumkanuje (enr. TEST APP MAIN) w3 kor mo3uBamo (yHKIH]jE

10
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UMIIEMEHTHpaHe y IPYyrUM [elOBHMa, a Jpyrd Ae0 je [e0 alulnKaluje y KoMe Cy
UMILIEMEHTHpaHe (PYHKIIM]E 32 TECTHPAEE CBAKOT CUCTEMA Ha YUITY TOCEOHO.

Jpyru neo annukaiuje je Be3a 3a pa3BOjHHM OKPYKCHEM U IyTeM TE€ Be3e C€ BPIIU
KOMYHHUIIM]a Cca Pa3BOJHUM OKPYXHeM IiaTdopme mpyxkajyhu MoryhHOCT MCKOpHUINTaBamba
CBHX ITOTOJTHOCTH Koje TaTdopma U OKpYKeHmhe IpyKajy.

[TpunrkoM NOKpeTama ariuKaiyje, 1001Mja ce UCIUC CBUX TECTOBA KOjU CE€ Haja3e Ha
10j, IOTOM C€ BPIIIK TeCTHPame, 00pajia mojaaraka u UCIKIC Pe3yJiTara CBAKOT O] H3JIMCTaHUX
tectoBa. OBaj MpoLeC je MOHOBJBUB U HAa IPYTUM IUTaThopMama.

Anumkanuja Hyu /1Ba peliema KO UCIHca pe3yiraTta. JeQHo je UCIUC Ha TepMUHal,
KOje je NMPUBPEMEHO W pEe3yNTaTH ce OpHWIly HCKJbYYHBAaEkEM TepMHUHANa, JIOK je JIpPYyro
pelemke yuce y TeKCTyaaHu (ajil 1 pe3ysiTaTH Ce CMEINTAjy Y BHhera, CToje Ty JOK HX TeCTep
He oOpuIle WM JOK HE MNpPENHIle MPEeKO HHX HOBE PE3yNTare MOHOBHUM IIOKPETamEM

aruIMKaryje.

3.2 Tectupame SoC-a

[MpunukoM TecTupama (YHIIMOHATHOCTH HEKHMX KOMIIOHEHTH, IPOBEpaBa ce HHXOBO
npucyctBo Ha [2C maructpanu. HeonxoaHo je mpe Tora ykJbYy4uTH CO(TBEPCKUM ITyTEM
(yronmuko To Beh HUje oapal)eHO XapABEpPCKH) CBaKy OJ] OBUX KOMIIOHEHaTa jep MHade Hehe
6utu BuasbuBH Ha [12C mMaructpanu, a 3aTUM IIPOBEPUTH Ja JIM CYy KOMIIOHEHTE MTpUKaueHe Ha
MarucTpany. YKOJIMKO HUCY BHJUBMBE, a YKJbYy4EHE Cy, 3HAuM Ja je JOLUIO A0 KBapa Ha
onpehenoj komnonentu. LlITo ce ocTasux KOMIIOHEHTH, KOje C€ HE TECTUPA]y OBUM IIyTEM

TUYe, y JaJbeM TeKCTy he OUTH M3J10KEH HaYNH HBUXOBE Bepudukarmje.

3.3 Ms3nucraBawe ypehaja Ha I12C marucrpanu

[Tpunukom ummiemenTanyje recta 38 EEPROM npumeheno je uynno nonamame. Kaga
roJi Ou TecT O6MO MOKPEHYT, UCIHUC je OMo mo3uTHBaH. YucTo aa Ou ce mMpoBEepUsIo Ja JIU TeCT
o06aBspa cBOjy (pyHKIH]Y, XapJaBepcku je mpomemeHa agpeca EEPROM-a, a pesynraT Tecra
OleT UCTH, mposiazaH. M3 Top pasznmora MMILIEMEHTHpaHa je joul jenHa (yHKIMja koja he
NOKa3MBaTH Koja ajpeca je cio0oiHa, a Koja 3ay3era Ha 12C.

Kama je ¢ynkmuja wummiuemeHTHpaHa, W KaJa je H3JMCTaHA CBaka ajapeca Ha
Maructpainu, npuMmeheHo je ma Ha aapecama koje cy owmie npeasuhene 3a EEPROM, unako je
OMo mpeMelITeH Ha Apyry ajapecy, Hemrto Beh mocrtoju. [locie mMano myOJsber ucTpakxuBama

3aKJbYYEHO je J1a ce Ty HaJla3M Yl 32 Hamajame uako je Owino npeasuheHo aa oH Oyzae Ha

11
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npyrum agpecama. EEPROM je tama momepen Ha apyry aapecy, u tect 32 EEPROM ce
noka3ao ucrnpaBHuM. Dynkiymja 3a uznucraBame [2C ypehaja ucnucyje uMmena ypehaja Ha
ajjpecaMa Ha KOjUMa C€ OHHM Haja3e, JIOK Ha ajgpecamMa Ha KOjUMa HMMa HEITo, a HHje
npeaBuhenn ypehaj, ucnmcyje ce 0, a Ha agpecama Ha KojuMa HE MOCTOJH HHMIITA, UCITHC j€

»—. OBa (QYHKIIMja MOKE J]a c€ IPUMEHH Ha CBA TPU CUCTEMa Ha YUITY.

3.4 Tok nopataka oa kamepe Ao SC SoC-a y npouyecy nobujama
cnuke n MmehycobHa 3aBUCHOCT KOMMOHEHaTa Koje y4yecTByjy y

npouecy

Buneo cenzopu koju ce kopucrte 3a oBaj cucreM Ha yuiy cy OV10640 u Ha muma ce
no6ujajy RAW nogauu koju ce jour Ha3uBajy npumapHu nojanu. TDA2xXx nHaye He MOXe Ja
npuMu RAW nonaTke IMpeKTHO ca Kamepe, HEero je moTpeOHO Ja ce U3BPILIM KOHBEp3uja y
dopMmat koju oarosapa mpoiecopy, a To je YUV. Konsepsujy ¢popmara Bpmu ISP OV490
(enr. Image Signal Processor) npouecop. OV10640 y3uma oamepak CBETIIOCTH U IpEeTBapa
ra y aurutanHu obmuk. Cepujanajzep y3uma Te JUTHTAJHE IOJAaTKE KOjU IPENCTaBibajy
BPEIHOCT MUKCEJIa U CMEIITa UX Y CEepUjCKU HHU3. 3aTUM Ce€ HM3 IPEHOCH Ha APYry CTpaHy
IITO j€ Y OBOM ciyuajy Hamia rioda. Ca apyre ctpaHe Hanasu ce jaecepujanajzep UB964 koju
j€ ca cepujanaj3epoM IOBE3aH MPEKO KOAKCHUJjaIHOT Kablia U OH CIYXH Ja ,,pacnakyje’ Te
cepujcke monaatke. Jlecepujanajzep uma asa CSI-2 (enr. Camera Serial Interface) nznazna
nposaza (eHr. port). Ilyrem 12C0 untepdejca necepujanajzep je koHekToBaH Ha TDA2XX u
jenan ISP OV490 u nyrem 12C1 na apyru ISP OV490. UB964 u ISP OV490 cy nose3anu
nyrem CSI-2 u [2C. U3zna3zuu Buaeo noxamu ca ISP OV490 cy noBezanu Ha BUACO yiia3 Ha
TDA2xx. Opne ce nooujajy 8-6utau noxaru mryc HSYNC u VSYNC. ISP naje koOuHoBany
CIIUKY ca JiBe Kamepe y pesonyuuju 2560x720 koja ce mojenu Ha JBE PA3IUUUTE CIIUKE

pesonynuje 1280x720. OBakBa koHuUTryparrja npeHocHu 30 cuKa y CeKyH/IH.

12



Konuent pemema

i

12C5witch ]

L

SPIFLASH

J
”&

cs DVP x8
12C
0OV450 ISP
GPIO 12C Switch 12¢

D5S90UB964

2 Cameras (1280x800, 30fps) i ; ;Mad' csl-2 X8
e-senalizer

H

DVP

0Ov4g0 Isp
GFIO -

SPIFLASH

SPIFLASH

b

|

Synchronization 12C Switch
signal

J

i

k2 DVP x8

0V490 ISP 12c
GPIO 12C Switch|
4 Cameras {12B0xB00, 30 fps) DS90UB964

0, Quad csi-2

%8
1 FPO-Linklll | De-Serializer 12e BvP

FPD-Linklll EEIO

poc | FPO-Linkll

Bucks POCFilter Filters
— [ SPIFLASH
0V10640 UB913A

Imager | myp”| Serializer

Cnuxka 7: bnok nqujarpam toka noaaraka o kamepe 10 TDA2xx SC SoC-a

VY ommcaHoMm mpuMepy MoOke Ja ce MpuMeTu Mely3aBUCHOCT ofpeh)eHUX KOMIIOHEHTH.
3naum na 6u ce npeko HDMI cnpere nobuia cinka ca kamepe Ha MOHUTOPY, HEOMIXOIHO je

Jla Cy CBE rope HaOpojaHe KOMIOHEHTE (GyHKIIMOHATHE.

3.4.1 Tectupame cepujanajsepa, ISP O0V490, necepmjanajsepa n HDMI
cnpere 3a SC

CBaka o1 OBUX KOMIIOHEHaTa UMa ojipeheHy GyHKIM]y y GopMupamy CIUKe U BEHOM
NpHUKa3MBawy Ha u3sazy. HajjeqHocTaBHUjM HAYMH J1a ce YTBPJHU Jla OBaj je/laH Malld CUCTEM
(GYHKIIMOHUIIE jeCTe TOKPETamke HEKOT OCHOBHOT KOPHUCHUYKOT ,,Citydaja‘ (eHT. use-case).
[Tpexko KOHEKTOpa ce MpUKa4yM CBUX IiecT kamepa, Koauko SC SoC u 103BosbaBa, U OKPEHE
ce KOPHCHUYKH CIly4yaj 3a CBE Kamepe. YKOJIMKO je pe3ysTaT Tora eKpaH IO/eJbeH Ha IIecT
JIeNIOBa M CBAaKM O] BHHX TpPUKa3yje BUAEO ca KaMmepe, 3Ha4YM J1a CBE OBE KOMIIOHEHTE Pae.
MehyTum, yKoIMKO ce AecH Aa HeMa CIMKE Ha €KpaHy, MOJK€ Ce MOHOBUTH IOCTYMAaK ca
4eTUpH, T1a ako Tpebda U ca JBe KaMmepe, a ako HU TaJla HeMa HHIITa, cienaehu kopak 6u 61mo aa
ce Hahe kBap Ha muatgopmu. ArHkanyja koja je pasujena Ha PT-PK unctutyry ynpaso u

Mpe/CTaB/ba HajjeJHOCTaBHHU]E peliewme 3a To. [lyreM me, yKbydyjy ce cBe Kamepe, o0a
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Konuent pemema

necepujanajzepa UB964 Ha oBoM cuctemy Ha ummy, cBa detupu ISP OV490 mponecopa u
mpoBepaBa ce HBUXOBO mpucyctBo Ha [2C marumctpanu. YHOCOM oapeheHHX KOMaHIU 3a
UCIIUC pe3ynTara, J0o0Hjajy ce pe3yiaTaTH paja CBake O] KOMIIOHEHATa, OJHOCHO Ja JIn

MpoJIa3y WK He TpoJiazu TecT (eHr. PASS, FAIL).

3.5 Tok noaataka o kamepe o FFN SoC-a y npouecy

no6bujara cnmke n MehycobHa 3aBMCHOCT KOMINOHEHaTa Koje

yuyecTByjy Yy npouecy

Buneo censopu kopunthenn Ha oBoMm SoC-y cy OV10635 koju y cebu umajy ISP u kao
W3JIa3 Ha BUJEO ceH3opuma nobujajy ce mogamu y YUV dopmary. CeH30pu cy KOHEKTOBAaHU
Ha cepujanajzep UB913, a cepujanajzep je mnpexko KoakCHjaJHOI Kalja CIOjeH Ha
necepujanajsep. Ilomro Ha OBOM cHucTeMy Ha YHUIy cajla MOCTOje€ YETHPHU JAecepHjaij3epa,
CBaKM 3a MO jeAHYy KaMepy HHUje TMOTPEOHO KOPUCTHUTH MYNITHIUIEKCEPE U MPOIYIITaTH
CUTHaJE jemaH 3a ApyruM. Jlecepujanaj3ep moOHja Ha CBOM yiia3y CHUTHAII ca jeHe KaMmepe,
pacnakyje ImojaTKe Koje je cepujaiasep CIakoBao U Iajbe uX Ha Bujaeo yna3 TDA2xx unna u

Tamo ce 1o6ujajy 8-6utHu nogaiu 1 y3 To HSYNC, VSYNC u PCKL.

1 Camera (1280x720, 30fps) — P
. GFIC
r " PoC
Bucks . 12C
|. ](— FPD-Linkm | DS90UBSIA oo
( DV
OV10635 }J UBS13A
|k L% ]
1 Camera (1280x720, 30f ps) e
GPIO
12C
Bucks DS90UB914
l - k F'“H FPD-Link 11 DVE
| omnsasJM uagm
TDA2xx
1 Camera (1280x720, 30f ps) ' T
GPIO
| M(— DS90UB914 126
FPD-Link 1N
| mmasM uaguA N
1 Camera (1280x720, 30f ps) '
GPIO
( [~ FoC 2C
Bucks . DS90UB914
|. T rilter ; Y EPD-Link Il CWVE
( oV ] PoC }—L ]
ovioe3s UBS13A - .
(ovaoeas |28 - |

Cnuka 8: biok nujarpam toka nojaaraka o kamepe 10 TDA2xx FFN SoC-a
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3.5.1 Tectupamwe cepujanajsepa, gecepujanajzepa un HDMI cnpere 3a FFN

[IpBu HaumH TeCTHpama OBHUX KOMIIOHEHaTa je WCTH Kao U koj SC, OIHOCHO
MOKpEeTambeM HEeKOT KOPUCHUYKOT CTy4aja 3a JIBE MJIM YeTUPHU Kamepe (EHT. use-case) MOKEMO
IPOBEPHUTH MCIPABHOCT rOpe MOMEHYTUX KOMIIOHEHaTa. AKO je CIMKa ca KaMepe BHJJbHBA Ha
eKpaHy, 3Haud Ja je CBaka KOMIIOHEHTa (yHKIMOHAlIHA M HeMa NOoTpede 3a ajbuMm
TECUTPAEM OBUX KOMIIOHEHATa jep CHUTHAJ MPOJIa3u KPO3 CBAKY KOMIIOHEHTY I0jE€AMHAYHO.
HapaBHo, ykonmmMko ciuka HHje BHUIJBMBA Ha EKpaHy, MOTPEOHO je& HCTPAKUTH Koja
KOMIIOHEHTa He 00aBJba CBOj 1mocao. Mcro ce y3 momoh oBor codpTBepa mpoBepaBa BUAJEUBOCT
ypehaja na 12C maructpanu.

3a pasznuky ox SC cucrema Ha umiy, aecepujanajzepu Ha FFN He Mopajy ma ce
YKJBY4yjy copTBEepCcKH, Beh Ccy yHaIpen XapIBepCcKH yKJbYYEeHHU, TaKO Jla OJMax MOXKE Jia ce
poBEpU HUXOBO NpucycTBo. CepHjanajzep ce yKJbydyje W HPUMEmYje C€ UCTH IMOCTYIaK
KOjU je MpUMEmEeH Ko necepujaiaj3epa. Jlo6aBibajy ce BUXOBE aJipece Ha MarucTpaiud U y3
nomoh yrpahenux ¢QyHKIMja Koje pa3BOjHO OKpPYXKEHE Jaje, TeCTHpa Cce€ pal OBHX

KOMIIOHCHATAa.

3.6 Tectupawe EEPROM-a un I12C Switch-a

EEPROM npencraBsba BpCTy CTaJIHE MEMOpPHj€ W CBAaKH OJf TPU YHIIA MUMa IO jefaH
EEPROM koju uma cBojy aapecy Ha [12C maructpanu. IToctynak tectupama je UCTH Kao U
KOJ cepujajajzepa U Jecepujaiaj3epa, IITO 3HAUYM MPOBEPaBaMO HETOBY BUAJBUBOCT HA
Mmaructpainu. Kopuctu ce yrpahena ¢pyHkimja pa3BojHOT OKpYKemba.

12C Switch je moBe3an Ha SC SoC u pemaBa npobseM kKopuithema KOMIIOHEHATa KOje
umajy ucty 12C anpecy Tako mro ux npecrnoju Ha apyru 12C xanai. 3a BeroBoO TECTHpPAE ce

nprUMemYje UCTH TOCTYNaK Kao u koJl Tectupara EEPROM-a.

3.7 Tectupamwe QSPI meMmopuje

C o63upom nma ce ca QSPI memopuje nokpehy aJropuTMHu KOju CIyX e BO3ady Kao
MOJIPIITKA Y BOXKEGH, HEOIXOIHO j€ MPENCIUTATH MOTYNHOCT yIUCHBama W YUTama M3 OBE
memopuje. HeonxoaHo je mpe ynuca npBo oOpucaTu CBe IITO ce Hala3u Ha (ielry, jep Moxe
Jla ce JIeCH Jla HEIITO MOCTOjU Ha HEeMY, I1a HeMa MPOCTopa 3a YIUC joll Heuera. 3aTUM ce
ynucyje $aji, u uimuuTaBa. AKO je TO ycmemHo ojpaheHo, nqobuhe ce wcmuc na je Tect

npoiao ycrenrHo. OBa MeMOpHja ce HaJla3l Ha CBa TPU CHCTEMa Ha YHITy.
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4. NMporpaMcko

peLuemwe

VY oBoM mornaBby Oumhe ommcaHO NPOrpaMCKO pPELICHE 3a pellaBame MpodiaeMa
JoaaBama oapeh)eHnx KOMHoHeHTH Ha ¢u3MuKy apxuTekryp Ha npumepy FFN cucrema nHa
yuny 3a tpehy peBusujy ALPHA mnardopme 3a motpebe TecTHpama, OKpyXewme Koje je
KOpUIITNEHO 3a YHTame CXEMATCKOr INpHKas3a IulaTdopme, Ka0 M MPOrpaMCKO pelIeHe 3a

TECTUPAKC KOMIIOHCHATAa HAa OCTAJIMM CUCTCMHUMA Ha YUITY.

4.1 Pa3nuka namehy apyre u tpehe pesusnje ALPHA
nnartcdopme

Hpyra pesusnja ALPHA mode umaa je nBa necepujanazepa Ha FFN cucremy Ha unmy
U 1pobJieM je OMO IITO CBAaKM Jecepujanaj3ep MpuMa M3JIa3HU CUTHAJ ca JBe Kamepe, a caMo
jenan je morao jaa mpohe Ha u3na3z u3 naecepujanajzepa. Ilpobiem je pemieH ymoTpedom
MYJITHIUIEKCEpa. 3a pa3JIuKy O] Apyre peBusuje, Tpeha peBusnja nMa 4eTUpH Jecepujaiajzepa
Ha FFN u cBaku je crmojeH Ha 1o jeHy KaMepy, Tako Ja je Ouio moTpeObHo yHetn oapehene

IIPOMEHE Ha HUBOY pykoBanana y VSDK.

4.2 Okpyxeme 3a yntame cxeme ALPHA nnatcgopme

Kao okpyxkeme 3a yMTame KOMIUIETHOT cxemarckor mpukaza ALPHA mmardopme

kopurthen je Altium Designer. OBO pa3BOjHO OKpPYKEHE Jajeé KOMIUIETHY CIUKY CBUX
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KOMITOHEHATa Ha IJI0YH, Kao M YJIa3He U U3JIa3He CUTHaJe U3 oJpeleHe KOMIIOHEHTE, YNMe ce
no0uja KoMIUIeTHA clinka Mel)ycoOHe ToBe3aHOCTH KOMIIOHEHATA.

Y3 momoh oBOT OKpykema MOoXxe Ja ce noouje komruietHa ciuka ALPHA mmardopwme.
Hama je Ousio moTpebHO /1a Ha OCHOBY CXEMAaTCKOT MPHUKa3a BUJIMMO Ha KOJU Jecepujaliaj3ep
j€ TIOBE3aH CHTHAJ ca Koje Kamepe, 3aTUM KakKo je KOju IMHH Ha JecepHjayiaj3epy CIOjeH Ha
nud Ha FFN TDA2xx mporiecopy U Ja Ha OCHOBY TOra M JOKYMEHTalHje JIOOHjeHe 3a

TDA2xx pemmmMo mpodiiemM u 1001jeMo H3I1a3Hy CIUKY Ha MOHUTOPY.

4.3 MopewaBame nyTawe curHana ca FFN kamepa 3a notpebe
Tectupawa ALPHA nnatdopme

[TpunukoM moemaBama MyTamba CUTHAJIa O CEH30pa 10 CUCTeMa Ha YHITy, HEOITXOTHO
je yHeTH Benuku Opoj m3MeHa. M3MmeHe ce Thuy mojeliaBamba BUIJBUBOCTH kKamepa Ha [2C
MarucTpaiv, KoH(Urypaluja aecepujaiajzepa, cepujaiajzepa, IMOJACUIaBAkE CHUTHAJIA ca

Kamepe Ha oarosapajyhu Buaeo mpomas.

4.3.1 Nopewasare BUA/BUBOCTU KaMepa Ha I2C Mmarucrtpanu n

KoHdUrypaumja cepmjanajsepa n pecepujanajsepa

Cpaka kamepa ce cacTOju U3 CEH30pa U cepujanajzepa Koju umajy oapeheny aapecy Ha
[2C maructpamu u ajgpece cy 3a cBaky kamepy. Kako Ou ce u30ernm KOHQIMKTH Ha
MarucTpajyd U CUTHAJI YCTEITHO MPEBEO O] CepHjaiaj3epa 10 ojapeheHor aecepujanajzepa Ha
KOJU je Kamepa CIlojeHa yBOJE ce ,,Macke* aapeca Ha maructpanu. CBaKkd CEH30p M CBAaKH
cepujasajzep 100HMjajy TaKO3BaHy MacKy M Ha Taj HAUMH Ce YCIIEIIHO pa3juKyjy U uzberasa ce
npekianame ajgpeca 1 Moryhu konduaukre Ha [2C maructpanu.

Macke gepuHICcaHe y cepujanaj3epy:

#define AMV_SER UB913 1 ALIAS ADDR (0x740)
#define AMV SER UB913 2 ALIAS ADDR (0x750)
#define AMV SER UB913 3 ALIAS ADDR (0x760)
#define AMV_SER UB913 4 ALIAS ADDR (0x770)

butHa cTBap Ha KOjy Tpeba 00OpaTUTH MaXXmky KOJ KOHPUTYpalllje cepujanajzepa jecte
Jla ce TaKO3BaHe ,,MacKe'* Ha cepHjaliaj3epy U Jecepujaiajzepy MoKjanajy, 1a He Ou JOouio 10
MOTyhux rpemraka MpUIMKOM TpeHoca curHana. [IpunmukoMm KoHQUTypaluje, KOpUCTH ce

CTPYKTYypa ca TpH 1moJba. [IpBo mosbe mpeacTaBiba aipecy KOPUIINEHOT perucTpa, APYyro moJbe
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j€ BPEIHOCT KOjy YIHCYJeMO y Hera, a Tpehe mojbe je Kallkbeme KOje C€ YHOCH MPHIMKOM

IporpaMuparma 0BE€ KOMIIOHEHTE.

BspUtils Ub913I2cParams ub913 config ser[] = {

{ 0x01U, 0x33U, OxFFFFU},
{ 0x03U, 0xChU, 0x00U},
{ 0x0DU, 0x99U, 0x00U}

}s

Jasbe y KoHGUTypaImju KOpUCTH ce pyHKIHja 1001jeHa Y pa3BOJHOM OKPYXKEHY

VSDK, a o je:

BspUtils Ub913 config(UInt8 serId, BspUtils Ub913I2cParams*

configParams, UInt32 numParams) ;

VY npBom mapamerpy ¢yHKIMje nedUHUIIE ce cepujaiaj3ep KOju ce KOH(PUTYpHUIIE.

Hpyru mapamerap npeacTaBiba napamerpe koju he ce ynucatu y onpehene peructpe, mro je

ypaheHo mpeko rope o0jaiimene CTpyKType, a Tpehu mapamerap je 6poj mapamerapa koju he

ce ynucaty, Takohe ce 100Mja U3 CTpyKType Kao Opoj leHUX elleMeHara.

Macke neguHucaHe y fecepujanajzepy:

#define
#define
#define
#define
#define
#define
#define
#define

AMV_UB914 PORT SER1 ALIAS
AMV_UB914 PORT SER2 ALIAS
AMV_UB914 PORT SER3 ALIAS
AMV_UB914 PORT SER4 ALIAS
AMV_UB914 PORT SENSOR1 ALIAS
AMV_UB914 PORT SENSOR2 ALIAS
AMV_UB914 PORT SENSOR3 ALIAS
AMV_UB914 PORT SENSOR4 ALIAS

(0x740)
(0x750)
(0x760U)
(0x770)
(0x300)
(0x310)
(0x320)
(0x330)

[ITo ce koH(pUTypalKja 3a Aecepujaiaj3epe THUE, MPOLEAYPa je CIMYHA OHOj Kao U KO

cepujanajzepa. Hunujanuzanyja perucTpa ce BpLIM MOMONY UMIUIEMEHTHPAaHE CTPYKTYpe

Koja y cebu campxku Tpu moska. [IpBO moJbe mpencraBiba aapecy perucrpa, Ipyro mojbe je

KeJbeHa BPEIHOCT KOja ce YIHCYje y perucrap, a Tpehe mosbe je Kalimeme Koje ce YHOCH

HAKOH MPOTpaMupama PerucTpa.

BspUtils Ub914I2cParams ub914 config deserl][]
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{ 0x01U, 0x04U, 0x00U},
{ 0x03U, OxECU, 0x00U},
{ 0x06U, (AMV_UB914 PORT SER _ADDR << 1U), 0x00U},
{ 0x08U, (AMV_UB914 PORT SENSOR ADDR << 1U), 0x00U},
{ 0x07U, (AMV_UB914 PORT SER1 ALIAS << 1U), 0x00U},
{ 0x10U, (AMV UB914 PORT SENSOR1 ALIAS << 1U), 0x00U},
{ 0x1FU, 0x11U, 0x00U}
}i

Ha agpecama 0x06, 0x07, 0x08 u 0x10, kao apyru mapamerap a00ujajy ce ,,Macke™ Koje
cy OuTHe kKako OW ce 3HaAJO ca KOr cepujanajzepa ce nobujajy momauu. Llto ce Tuue
noMepama BPEIHOCTHU 3a jejaH OUT YJIeBO, Pa3yior je jep >KeIUMO Ja YIHUIIEMO CeIMOOUTHY
aZipecy Ha IpBUX cenaMm OuTa Behe TexuHe.

Peructpu koju cy kopunihenu koj KoHpHUTypaIiyje aecepujaiajzepa cy cneachu:

Ha azapecu O0x01 wnamajame u pecer, Ha azapecu 0x03 peructap 3a TeHepalHy
koHpurypaunjy, 0x06 ID necepujanajzepa, 0x07 ,,macka® 3a mecepujanajzep (eHr. Alias),
0x08 Slave ID, 0x10 perucrap 3a koutpony Ha [2C u 0x1F je pesepBucan perucrap.

[TocTymak mpuKkasaH rope ce MOHOBJbA 32 CBAa YETHPH JecepHjaliajzepa ca pa3iIuKoM y

,MacCIIi‘* Koja ce MPUMEYje 32 CEH30p U CepHjaaj3ep.
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4.3.2 Nopewasarwe NMHOBA Aecepujanajsepa

MODE

VDDCML1
VDDIO1

GPIO[O]

GPIO[3]

132 |RINT+
kYl

597

CcMLOUTP [73

CMLOUTN [735

vDDCMLo | 40

RINO+ [ 41

RINO- [ 742

RES J 43

DS90UB914A-Q1
Deserializer

RES [ 44

voopLL |4

SEL [ 4

pass [ 4

Lock |4

i 28

"% GPio2)

i 25

1 ROUTIO)
1 rouT

1 rouUT[Z]

] ROUT[3]

.........

] vopioz

i | ROUT[4]

1 rouTp
"1 voop
] ROUT[E]

15 | ROUT[]

] rouT(8]

ROUT[9]

0SS_SEL
OEN
BISTEN
VDDIO3
PCLK
VSYNC
HSYNC

Cnuka 9: [Ipuka3 necepujanajzepa UB914

Ha Cnuum 9 ce Buau npukas n3na3HuX MUHOBA Ha jaecepujanajzepy UB914. Caku nuH
uMa cBOjy QyHKIH]Y U crojeH je Ha nuHoBe Ha FFN TDA2xx cuctem Ha uuny. [IuHOBH Koju
Cy MOTpeOHM y JajbeM MOJIeIIaBalky 3a BUJEO NPUKa3 Ha ekpaHy ko1 Tpehe pesusnje ALPHA
mwioue cy LOCK, PASS, BISTEN (enr. Built In Self Test) u OSS_SEL (enr. Qutput State
Select).

VY Altium Designer-y Ha JecepujajiajzepuMa ce MpoHala3e rope HaBEJACHU IMHUHOBH.
O3Haue ce Tako J1a MOKe Ja ce BUIU MHMH Ha KOjU cy OHU cnojeHn Ha TDA2xxX cucremy Ha
YHITy U OJIaTJie Ce WIIYUTa HHXOBO MMe. Ha OCHOBY MMEHa, y TOKYMEHTAIHj! JTOCTaBIbEHO]
ca YyMIIOM, MOTY Jla ce BUie crienrduKalyje niHa 1 HAYMHU Ha KOjH OH MOJKE J1a C€ KOPHCTH.

[TonemmaBame ce BpIM ynorpedbom GyHKIHje:

Int32 Bsp platformSetPinmuxRegs (UInt32 mode index,
UInt32 offset,
UInt32 pupd info);

Kao mro moxe na ce Buau, pyHkuuja npuma TpH napamrepa. Kpo3 npsu nmapamerap Mu

n3abepeMo HAUYMH Ha KOJU KEJIMMO Ja KOPUCTUMO ojpeheHn mTuH yHOcoM 32-OuTHE
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BpPEIHOCTH KOja je JlaTa y JOKYMEHTAIlMju W 3a CBaKHW >KCJbEHW HAYWMH KOopuIlhema MHuHa,
3a/aje ce apyraddja BpemHOCT. J[pyru mapamerap je orcer Kopuiihema yla3HO/U3a3HOT
nuHa, a Kpo3 Tpehu mapamerap 6upa ce Aa M KEeTUMO Ja IPUMaMO HEIlITO Ha yJia3zy MHHa.

[Tonemabame LOCK nuHa 3a npBu Aecepujanajzep:

Bsp platformSetPinmuxRegs (CTRL, CORE_PAD MCASP1 AXR2 MCASP1 AXR2
MUXMODE_DRIVEROFF OXF, CTRL_CORE_PAD MCASP1 AXR2, 0);

[TonemaBame PASS nunHa 3a mpBu gecepujanajzep:

Bsp platformSetPinmuxRegs (CTRL CORE PAD MCASP1 AXR3 MCASP1 AXR3
MUXMODE_DRIVEROFF_OXF, CTRL_CORE_PAD_MCASPl_AXR3, 0);

[Tonemasame BISTEN nuHa 3a npBu necepujaiaj3ep:

Bsp platformSetPinmuxRegs (CTRL CORE PAD MCASP1 AXR4 MCASP1 AXR4
MUXMODE GPIO5 6 14, CTRL CORE PAD MCASP1 AXR4, 0);

[TonemaBame OSS SEL nuna 3a npBu ecepujaiajzep:

Bsp platformSetPinmuxRegs (CTRL CORE PAD MCASP1 AXR5 MCASP1 AXRS5
MUXMODE_GPIO5 7 14, CTRL CORE_PAD MCASP1 AXR5, 0);

Hctu mocTymak ce mpuMemyje 3a CBa YETHPHU JiecepHjaiaj3epa.
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4.3.3 Y/byunBame kamepa

TDA2x FFN GPMC.SchDoc

GPMC

.
FENPRSTOUIRY | TN RSTOUTH

CAM EN 78 [ CAM EN 7 8

CAM _EN 9 10 [} CAM EN 9 10
DESER4 CNTRL < < DESER4 CNIRL
DESER3 CNTRL < " DESER3_CNIRL

Crnuka 10: Hamajame kamepa

Ha ocoBy ciuke Moxe J1a ce BUIM Jla Cy KaMepe Ha Hallajame CIojeHe y napoBuma 7 u
8, u 9 u 10. Kaga ce masio ny6spe yhe y oBy apXUTEKTypy MOXEMO TayHO Ja BUJM MHUH Ha

KOJU Cy KOHEKTOBAHE.

CAM EN 7 -
o E: - 2 CAM FN 18 -
e TAMENFI0 -
uilD
CPMC_WATT( OTMC AD fBase
- GEMC A1 a2 CAM_EN 9 10
- e g CAM EN 7 3
GPMC_ADOVING D) GEMC A2 |[=tis
GEMC ADL GEMC A3

Crnuxa 11: Be3a kamepa ca mMHOM 32 Harnajame

GPMC_Al u GPMC_A2 na Ciumu 11 npezacraBibajy MMEHa TMHOBA 32 Halajame Ha
Koje cy Kamepe moBe3aHe. Ha ocHOBy Tora ce go0uja I0OBOJbHO HMH(pOpManuja U U3
NpUJIokKeHe NOoKyMeHTauuje jJako Moxe aa ce umuuta GPIO (enr. General Purpose Input
Output) Ha KOjU ce KaMepe MOBe3yjy M HeroBa BPEIHOCT. 3aTUM, HEOMXOAHO je TOJIECUTH

IIUH, UCTO Kao IITO je ypal)eHo u KoA Jecepujaiajzepa, ynorpedboM GpyHKuuje:
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Bsp platformSetPinmuxRegs (CTRL CORE PAD GPMC Al GPMC Al MUXMODE GPIO
7 4 14, CTRL _CORE_PAD GPMC Al, 0);

Kox na3zuBa npBor mapametpa suaumo aa je To GPIO7, merosa BpenHocT je 4, a 6poj
14 3naum na je u3abpaH Taj HAYMH paga nuHa, oqHocHo GPIO7.

Jlaspe peaoM mo3uBaMo QyHKIIH]E:

GPIOModuleEnable (gpio base address);

OmoryhaBame pajia oBOT MOJa je MpBa CTBAp KOjy Tpeda YIMHHUTH Ipe JTajbe KoH(pHrypamje.

Kao mapamerap npocnehyje ce aapeca nuna.

GPIODirModeSet (gpio base address, gpio pin, gPinDirection);

®Oynkuuja nomohy Koje ce MUH KOH(GUTYpHIIEe Kao YJIa3HU WM W3JIa3HHU, Y 3aBUCHOCTH O]
OHOra IiTa MH NpOCIeaUMO Kao mapamerap. [IpBu mnapamerap je aapeca muHa, JPYTH
napamerap je 6poj nuHa y GPIO uncranuy, a Tpehu je u36op aa nu he ce nuH noHamaTu Kao

YJIa3HH WA U3JIa3HU.

GPIOPinWrite(gpio_base address, gpio_pin, command);

@dyHKIMja KOja M3J1a3 MUHA CTaBJba Ha CTame JIOTMUKE jeJAMHHULIE WU Joruuke Hyse. [lpsu
napaMerap npeacTaBiba ajgpecy MUHa, IpyrHu je Opoj WHCTaHIe, a Kpo3 Tpehu mapamerap ce
MoJIelIaBa CTake WIN Kao JIOTHUKE JeTUHHIIC UITH TIOTUYKE HYJIE.

Kana je cBe oBO oapaheno, uCTu mocTymnak ce nmpuMemyje u koa kamepa 9 u 10, ca

TUM Ja cy oHe crojeHe Ha apyru GPIO.

4.3.4 lNoee3uBawe BUAea ca KaMmepa ca ysia3HUM nponasom Ha TDA2xx

Va3 ca kamepa ujae MpeKko cepujaiajzepa, 10 Aecepujanajsepa, na gamke 10 TDA2xx
cuctemMa Ha uyuny. PaHHWje je cmoMeHyTo Ja cajga cBaka Kamepa wujae Ha ojpehen
necepujanajzep. Kamepa Opoj cemam mae Ha jgecepujanazep 1Ba, kamepa Opoj ocam Ha
Jecepujanajzep TpH, Kamepa Opoj JeBeT Ha 4YETBPTH, M Kamepa Opoj neceT Ha TpPBHU
necepujanajsep. Jame, gecepujanajzepu cy MOBE3aHU HA BUACO yiasHH mpojas (eHr. Video

Input Port - VIP) Ha TDA2xX.
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Cnuxka 12: Buneo ynasnu nponaszu Ha TDA2xx

Kao mro moxe na ce Bunu Ha cimuu, TDA2xX cuctem Ha yuny nojapskasa Tpu VIP-a.
VY okBHpY CBakor Mpojaza MMajy JiBa HE3aBHCHA Cliajca 3a MPHUXBaTamke BHJEA M CBAKHU O]l
IUX TOJprKaBa JiBa ynasa 3a Buzeo. [Iponasz A u nponasz B, rae nponas A moxe f1a npuxsara
24-6utHe, 16-6utHe U §-OuTHE MojaTke, a mpona3 B je pukcupan kao §8-6utHu ynaz. Taxohe,
Ty je u VPDMA (enr. Video Port Direct Memory Access) BUEO Npoia3 ca TUPEKTHUM
MEMOPHJCKUM TMPHUCTYIIOM KOjU MOXE Ja CKIaAUIITH Jonazehe Buaee y pa3inuuuTUM

dopmaTuma.
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Cnuka 13: M3na3 Buzea Ha necepujanajzepuma 1 u 2, yna3 y Buseo nponia3 Ha TDA2xx

Ha mpunoxeHoj cnuiu Moke J1a ce BUIU Ja U3Jla3u ca Jecepujanajzepa 1 u 2 uay Ha
VINIA u VIN2A Buneo ynase (enr. Video Input), onHocHO cnuka ca kamepa 7 u 10 une Ha
VIPI1.

::HéDil DESER3 ROUT9
{]écﬁl DESER3 ROUTE
ﬂéﬂ? DESER3 ROUTY
ﬂéﬂﬁ DESER3 ROUT6
DESER3 ROUTS

MMC3_CLE/VINSA D7
MMC3_CMD/VINSA D6
MMC3_DATONINSA_ DS
MMC3_DATINVINSA D4

MMC3 DAT2/VINSA D3 —<iaco

C3 _DESER3 ROUTA
MMC3_ DAT3/VINSA D2 =¥ L
VIN C8 __ DESER3 ROUT3
MMC3_DAT4/VINSA_DI LE
: 6 DESER3 ROUT2
MMC3_DATS/VINSA DO =¥ 2
VIN 8  HSYNC DESER3
MMC3 _DAT6/VINSA HS e
MMC3 DATT/VINSA VS =it

Cnuxa 14: Uzna3 Buzea Ha aecepujanajzepy 3, ynas y Buzeo npoia3 Ha TDA2xx
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Cnuxa 15: U3zna3 Buzea Ha aecepujanajsepy 4, ynas y Bujeo npoia3 Ha TDA2xx

Ha cnukama moxe a ce BUIU J1a u3ia3u ca aecepujanajzepa 3 u 4 uny Ha VINSA u

VING6A Buzeo ynase, OAHOCHO ciMKa ca kamepa 8 u 9 une Ha VIP3.

4.3.5 MopewaBawe BUAEO Nposiasa Ha NpuMepy aecepujanajsepa 6poj

yeTupm

/IVINSA PCLK/H/V
*(volatile UInt32 *) (0x4A003774) = 0x40009;
*(volatile UInt32 *) (0x4A00379C) = 0x40009;
*(volatile UInt32 *) (0x4A0037A0) = 0x40009;

//IVINSA Dx
*(volatile UInt32 *) (0x4A003798) = 0x40009;
*(volatile UInt32 *) (0x4A003794) = 0x40009;
*(volatile UInt32 *) (0x4A003790) = 0x40009;

*(volatile UInt32 *) (0x4A00378C) = 0x40009;
*(volatile UInt32 *) (0x4A003788) = 0x40009;
*(volatile UInt32 *) (0x4A003784) = 0x40009;
*(volatile UInt32 *) (0x4A003780) = 0x40009;
*(volatile UInt32 *) (0x4A00377C) = 0x40009;

VY npwpKeHOM KOAy BUIMMO YIUCHBamkE€ BPEAHOCTHM Ha ajJpece Ha KojuMa cy

peructpu 3a PCLK, HSYNC, VSYNC u 8-6utHe nonatke. Peructpu cy 32-OuTHHM U Ha CBaKu
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perucTap je ocrmoco0s/peH Ja MOXKeE Ja IpuMa mojaatke Ha 18. OuTy, a Ha mpBa YeTupu OuTa ce

NOJIeIIaBa HAYMH HA KOJU C€ PUTUCTAp MOHAIIA, OTHOCHO Y OBOM CIIy4ajy Kao vinda .

if (FFN_VIDEO SENSOR 3 == sensorId)

{
pInstPrm->vipInstId = SYSTEM CAPTURE INST VIP3 SLICE2 PORTA;

OBpie ce nakie BUAU KaKoO Ce Ha OCHOBY MICHTH(UKAII]e CEH30Pa BErOBY M10allU

npociel)yjy Ha JeJbeHU cllajc U BUAEO Ipoias.

4.4 TecTunpame curHana ca kamepa Ha FFN cucremy Ha umny

[TpunukoMm TecTupama kamepa Ha FFN kopumiheH je Hajje ITHOCTaBHUJU allTOPUTAM

KOjU MOJKE JIa IPUXBATH BUIIIC Kamepa Ha yiasy.

IPU1 O Capture GrpxSrc

Dup Dizplay  Gipx

Qo
Q1

VPE

/

sSync

'

Alg DmaSwhiIs

Q0 /o,

Merge

!

Dizplay_video
Cnuka 16: lnjarpam Toka noaaraka 3a sume FFN kamepa Ha ynazy
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Ha Ciuniz 16 MoxeMo BUAETH IUjarpaM TOKa MoJaTaka 3a BHIIE KaMepa Ha ylazy O
npey3rMama BHJIEO ToJaTaka ca Kamepe /10 CIMKe BUAJbMBE Ha MOHUTOPY. CBaku OJIOK y
JjarpaMy TOKa IojIaTaka MpeCcTaBiba jeIHy HHUT, KOja c€ HE3aBUCHO M3BpIIaBa O] OCTANINX,
a CTpeJuIle 03HaUaBajy pa3MeHy IojaTaka Melhy HUTUMa.

[TpBu 610k, Capture, 3aayXeH je 3a IpUXBaTambEe CIMKA ca BUJEA ca BUICO Mpojia3a u
cvemra nx y DDR memopujy. Crneaehu kopak je mo6aBipame MH(MOpMANHja O CIHIHA U
nymapamwe 6adepa. baok DUP takohe Opoju u ciuke ca ynaza. Kama npuxkynu oapeheHu
6poj, mpociehyje ux cieaehoj ,,se3u’. Caapxaj npuxsaheH ca kamepe npocielhyje ce y tpehy
HUT, KOja YATa BUJCO CIIMKE M3 MEMOpH]jE, CKalupa WX, BPIIH KOHBEP3Hjy 00ja W MOHOBO
yrmucyje y DDR Memopujy. @yHkuuja HUTH Sync je CHHXPOHM3alWja ClIMKa JOOHMjeHHX ca
yla3HUX KaHajla. 3aTUM Ce BpIIM YuTame ciimka u3 DDR Memopuje ca Buille KaHaIa U CITUKE
ce ypehyjy y memopuju. [Ipe camor npukasa Ha eKpaHy HEOIXO/HO j& CIIOJUTH CIIUKE Ca BUIIIC
W3BOpa y HCTY ,,Be3y" M HAKOH TOTa ce J00Hja MpUKa3 ClIMKe ca Kamepa. Jlpyra rpaHa ciyxu
camo 3a mpoMeHy kaHama. Caja Ha W3ja3y MOCTOjU MET KaHaia, jellaH TJIe je CIIMKa ca CBE
YeTUPU KaMepe MPHUKa3aHa y jeJIHOj CIIMIU ¥ YeTHPH KaHajla IJIe je PUKa3aHa CIIMKa ca CBaKe

Kamepe MoceOHo.

4.5 TecTupame curHasa ca kamepa Ha SC cucremMy Ha umny

[Ipunukom Tectupama curHaia ca kamepa Ha SC cucrteMy Ha 4uIy, TMPUHIUI je
CIIMYaH Kao W NpUIMKOM Tectupama FFN kamepa. Y3uma ce MMIITIEMEHTHPaHU aIropuTaM 3a
IIPHMKAa3 CIIMKE ca HIECT KaMepa Ha yJasy.

3Hauu, IPBO ce MPUXBATajy CIHKe ca kamepa. [Ipukynibenu caapxkaj ce npocuehyje y
HapeaHy HUT Split mpeko Koje ce y ciay4ajy Ja MMamMo CUTHAJl ca BHILIE KaMmepa Jeiau Ha
3aceOHe kanane. Cneau ayrmpame 6adepa 3a nHbopmaiuje 7001jeHe U3 MPETXOTHE ,,Be3e*.
Canpxaj ce mperocu y VPE rae BpmnMo ckanupame ciMke 1 KOHBep3Hujy 00ja. 3aTum cienu
CUHXPOHM3AIIH]ja, U CIIajabe Y jelaH MO3auK U KOHAYHO MMaMo BHJIEO Ha €KpaHy. 3a pa3iiuKy
ox mperxoxHor ciydaja ca FFN kamepa cama mmamo cefgam KaHajda W YHOCOM ojpeheHe
KOMaH/ie Oupamo KOjH KeJIUMO Ha NMpUKaKkeMo Ha ekpaHy. [IpBu npencTaBsba CIMKY ca CBUX

eCT KaMepa Ha yJiady, 10K APpyru Hpe,Z[CTaBJ'bajy BHUJICO Ca CBAKC KaMEpe HOjC,[II/IHa‘{HO.
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IPLT1 O Caphwe GrpxSrc
Split Display Grpx
Dup
QO
1
WPE
Sync

'

Alg DinaSwhis

20

Merse

'

Dizplay_ wvideo
Cnuka 17: dQujarpam Toka rogaTaka 3a puiie SC kamepa Ha yna3y

4.6 TecTupare KOMMNOHeHaTa nyTeM npucycrea Ha I12C
Marucrpanam

3a motpebe TecTupama oJpeleHMX KOMIIOHEHTH IOBOJHHO j€ MPOBEPUTH HHXOBY
BUUbMBOCT Ha [2C maructpanu. Y Tom ciy4ajy ce Kopuctu yrpahena GyHKIH]y pa3BOjHOT

okpyxema VSDK.
Bsp devicelZ2cProbeDevice (BSP DEVICE I2C INST ID 0, slaveAddr);

OyHKIMja npuMa ABa napamerpa. [IpBu mapamerap je HHCTaHLIA U OH CE€ HE MEa, a
Ipyru je aapeca ypehaja Ha maructpanu. @yHkuuja nposepaBa 12C maructpany 3a gary
anpecy u Bpaha BpeqHocT () YKOJIMKO HEIITO MOCTOJH Ha TO] aApecH, OJJHOCHO -1 YKOIHKO
HUIITAa HUje mpoHalleHo. VYmpaBo Ta TMOBpaTHa BPEIHOCT c€ KOPUCTH Jjaa Ou ce

UMILIEMEHTHpaja Ipyra GyHKIIMja Koja Kao mapaMeTrap mpuma caMo ajapecy ypeheja.

Int32 amvBoard deviceIZcProbeDevice (UInt8 slaveAddr);
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DyHKIH]ja MOXKE Ja C€ KOPUCTH 3a TeCTHpame, TepManHor cea3opa, EEPROM-a, ISP
OV490, necepujanajzepa u cepujanajzepa Ha o0a CHUCTEMa HA YHWITy, KAO M 32 TECTHPAHE

BHJICO CCH30pa HAa KaMEpama.
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5. Pe3yntatu

Y oBoM moriaBspy Ouhe ykpaTko MpeAcTaBJbeH PaHHjU HAYUH TECTHUPamba, BPEME Koje
je 6mo moTpebHO 3a TAaKBO TECTUPAE U HANPEJaK KOjH je OCTBapeH ynorpedoM codTrepa y
TECTUpamwy XapaBepckux komnoHeHTd ALPHA.

Panuju HauuH TeCcTUpama 3aXTEeBAO j€ TO03HABAE PA3BOJHOT OKPYKEHA. Y KOJIHKO OU
ce JIOroJIMJIo Ja HeKa KOMIIOHEHTa He pajii, OMIIO je Majlo TeKe OTKPUTH Y KOjOj KOMIIOHEHTH
je mpobisiem, ma cy ce nmoMohy OKpyKema YHOCHJIE KOMaHJie U TeCTHpasla ce ajpeca CBake
KOMIIOHEHTE I0jeIMHAaYHO U OTKpHUBaja HeNokjanamwa Ui KoHQIukTH Ha 12C Marucrpanu.
TakaB HauWH TECTHpama j€ 3aXTEBA0O Ja JHIE KOje TEeCTHpa CUCTEM II03HAje Pa3BOJHO
KOPY)KEHhE, a CaMO TECTUPALE j€ 3aXTEeBAJIO Iyro BpeMeHa. 3a TECTUPAE CBAKE KOMIIOHEHTE
noctoju onpeheHa mpoiieaypa Koja 3axTeBa yHOC BelUKor Opoja komanau. C o03upoM aa
YOBEK HHje caBplieHO Ouhe Benuke cy MoryhHoctu na gohe mo rpemiaka TPHIMKOM
TecTipama. Koj HaumHa Ha KOJU Ce€ CHUCTEM cajla TeCTHpa, JeAMHH 3ajJaTak TecTepa je na

ozla6ape MCCTO HCIIUCA PE3yJiTaTa, OAHOCHO [a JIK KCJIN UCIIUC Ha TCPMUHAII WU Y (I)ajJ] Ha

SD kaprtuumu.
Bpewme y cek. ISP OV490 UB964 UB914 UB913 12C Switch
Panuju HaunH 300 240 320 400 120
AyTomMaTH30BaHU 3a cBe oBe TecToBe 3ajeHo Tpeda oko 30 cexyHu

TabGena 1: Bpemena motpeOHa 3a TeCTUpamke KOMIIOHEHATa PAaHUjUM HAYMHOM H

AyTOMATU30BaAHUM HAYMHOM
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Cnuka 18: ITpuka3 ciavke Ha MOHUTOpPY npuxBaheH ca kamepa Ha FFN cuctemy Ha unmy

Hakon onpahenux noxemasama Ha FFN cucreMmy Ha uynmy Ha U3Jasy je T10O0HjeHa CIuKa
ca xamepa Ha ekpany. [IpuIMKOM MOKyIIaja TOKpeTama CIMKE ca CBE YETHPH Kamepe,
Jonaswio je no oxapeheHmx rpemaka u no0Hjaiga ce ClMKa caMo ca jaBe kKamepe. Jlamum
uctpaxuBameM mnpumeheHo je na cnmmka ca apyre um Tpehe kamepe Huje WmLIa Ha
onrosapajyhu VIP u kana je Ta rpemka OTKIOHkEeHa, a CIIMKa ca CBE YETHPH KaMepe MOrJa je

Jla ce BUJIU Ha €KpaHy.

-

.‘

1ed - 'S
_ i
a— e

Cnuka 19: IIpukas cianke Ha MOHUTOPY npuxBaheH ca kamepa Ha SC cucreMy Ha YHITy
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Ja Ou ycnemHo OMo TecTHpaH MpoJia3ak CUTHAJNA U paJl KOMIIOHEHATa KOje YUeCTBY]Y Y
IpEeHOCy CiMKe ca Kamepa 1o ekpana Ha SC cucremy Ha uuny Ha ALPHA mnardopmu
IeHepHCaH je JeJHOCTaBaH KOPUCHUYKOB CIIy4aj KOJU Ha M3/1a3y I10Ka3yje CIMKY Ca CBUX LIECT

KaM€pa KOHCKTOBAHUX Ha ILIOYY, 110 YCJIOBOM Ja Cy CBC KOMIIOHCHTC UCIIPAaBHE.

Probing for Thermal sensaor : PASS

Probing for I2C switch : PASS

Powering on the Deserializer UBS64 ID1 : PASS
Probing for Deserializer UB964 ID1 : PASS
Powering on the Deserializer UBS64 ID2 : PASS
Probing for Deserializer UBS64 ID2Z : PASS
Configuring the Deserializer UBS&4 ID1 : PASS
Configuring the Deserializer UBS&4 ID2 : PASS
Powering on the WVideo Sensor ID1 & ID2 : PASS
Probing for the WVideo Sensor ID1 : FAIL
Probing for the WVideo Sensor IDZ : FAIL
Powering on the WVideo Sensor ID3 & ID4 : PASS
Probing for the WVideo Sensor ID3 : FAIL
Probing for the WVideo Sensor ID4 : FAIL
Powering on the WVideo Sensor IDS & ID& : PASS
Probing for the WVideo Sensor IDS5 : FAIL
Probing for the Video Sensor ID&6 : FAIL
Probing for the Serializer ID1 : FAIL
Probing for the Serializer ID2 : FAIL
Probing for the Serializer ID3 : FAIL
Probing for the Serializer ID4 : PASS
Probing for the Serializer IDS : FAIL
Probing for the Serializer ID6&6 : PASS
Powering on the ISP OV480 ID1 : PASS
Powering on the ISP OV480 ID2 : PASS
Powering on the ISP OV4%0 ID3 : PASS
Powering on the ISP OV4S%0 ID4 : PASS
Probing for the ISF CV4920 ID1 : PASS
Probing for the ISP CV4920 IDZ : PASS
Probing for the ISF COV420 ID3 : PASS
Probing for the ISF COV420 ID4 : PASS
Probking for Flash : PASS

Probking for EEPRCM : PASS

Cnuxka 20: ITpuka3 pana komnonenata ALPHA nmnardopme ynorpeGom codraepa

VKoIMKO ce mak BUAM Ja CIMKE Ha €KpaHy HeMa, HEONXOJHO je mpoHahu mpobiem.
HajjeqnocTBHUjM HauuH je ynorpedba copTBepa Koju je npeacTaBbeH y oBoM paay. Codreep
U3JIMCTaBa CBE KOMIIOHEHTE KOje YUeCTBYjy Y (popMHpamy CIUKE Ha €KpaHy, YKJbyuyjyhu u
CEH30p U cepujajaj3ep Ha KaMmepH, necepujanajzepe, kao 1 EEPROM, 12C Switch u Tepmanuu
cernsop. Pan cBake komononeHTe he OMTH TeCTUPaH U Pe3yJITaTH TECTa MO H300py KOPHCHUKA

Ouhe ucnricaHW Ha TEPMUHAJ WIH Y TEKCTYaJTHH (aji.

PHU_F

PHU_I
PHU_Tr inning
PHU_OTP

. EEP

Cnuka 21: U3nucraBame ypehaja va 12C maructpanu
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Tect monpskaBa u u3nucraBame ypehaja na 12C maructpamu. MoryhHOCT u3nucTaBama
je mojaTta y TecT, W3 pasliora jep MOXe Ja ce JeCH Jla Ha MpeaBUuleHoj aJpece MMaMo HEKY
KOMITOHGHTY KOja HHje 3a TO MpeaBuheHa mTo je u OMO ciaydaj NMPUIMKOM pas3Boja

maTdopme.
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6. 3aksbyuak

Y OokBUpPY paja MpeICTaB/bEH j€ KOHILENT ayToMaTH3aldje Ipoleca TeCTHpamba
xapJBepckux koMroHeHTH ADAS cucremMa M MOCTUTHTH Hampenak KopuimhemeM coPpTBepa.
[ToGospmama Koja cy mocTHrHyTa cy Beha Moy3maHOCT NPWIMKOM TeCTHpama W Op3uHa
U3BpIlIaBamka TECTOBA. Y MOIVIEAY HOY3AaHOCTU OBO je OMTHO jep IuiardopMme Koje KopHucTe
ADAS cucremu IUPEKTHO c€ TUYY CUTYPHOCTH JbyNU y caoOpahajy. O63upoM Ha O6p3 mpoiop
ADAS cucrema y ayToMOOMIICKO] MHIYCTPHUjHU, BEOMa j€ BaXKHO U CKPATUTH BpEME TECTUPamba
cucrema.

TecToBu ce M3BpIIABajy jeJlaH 3a IPYTUM U TECTUPA CE HU3 XapJBEPCKUX KOMIOHEHTH
MIOBE3aHUX Ha CHCTEM Ha 4uIy. TecTep y OBOM Cilydajy HE MOpa Jia OyJe CTpY4HO JIHIE Koje
OJUTMYHO TI03HAj€ Pa3BOjHO OKPYKEHE y KOMe je cOPTBep pa3BUjeH.

CodtBep mpencTaBbeH y OBOM pajJy Ha HCTU HA4YWH C€ TIOHAlla Ha CBUM
iatopMama IMTO 3HAYM J1a pe3yaTaTd Hehe 3aBHCHUTH O]l 3Hama W CIIOCOOHOCTH TeCTepa.
Panuju HauMH TecTHpama 3aXTEBA0 j€ MO3HaBamke Pa3BOJHOT OKPY)KEHa U KOMILTUKOBAHU]Y
npolelypy IpUCTyIa CBaKoj KOMIIOHEHTH Ta caMUM TuM, Oumia je Beha moryhHocT na nohe
10 TPEIIKE.

[lmanoBw 3a majbu paja THYY ce MPONIMPHBAFma paja Ha ayTOMAaTH3alWjd Ipolieca
tectupaba DDR3 memopuje, PCle maructpane (enr. Peripheral Component Interconnect
Express) u CAN (enr. Controller Area Network). VImmnemeHTanuja TecTOBa 3a OBE

KOMITOHEHTE HUje oApaleHa y gocananimeM paay 300T mpodiiemMa ca XapIBepoM.
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