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- HanpeHu crctemu 3a nmomoh Bo3auy (enr. Advanced Driver
Assistance Systems
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Development Platform)
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- 00jeIMmbEeHO UHTErPHCaHo Koo (eHr. System-on-Chip)
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1.¥YBoA

Y BOo3WwIMMa JaHANIBHIE CBE BAXKHU]Y YJIOTY WIpajy HalpeIHH CHCTEMHU 3a MoMoh
Bo3auy AJIAC (enr. ADAS - Advanced Driver Assistance Systems). JlocTynmHOCT pa3HUX
BpCTa ceH3opa nomyrt jacepckux nabuHomepa (enr. LIDAR - Light Detection And Ranging),
panro nasbuHomepa (ear. RADAR - Radio Detection And Ranging), yarpa3By4HHX
JaJbHHOMEpa M KaMepa, HAMCHCKHUX PauyHAPCKUX CUCTEMa U aliropuTama, 1o leHaMa HUCKUM
y OJHOCY Ha BpETHOCT BO3WIa, oMoryhaBa MacoBHY NpPUMEHY HOBHUX TEXHOJOTHja Y
ayToMoOmickoj uHIycTpuju [1]. ¥V oBakBHM crcTeMuMa JI0 M3paxkaja Joja3e Kamepe Kao
CEH30pH Ca Hajpa3HOBPCHUjoM TpuMeHOM. CaBpeMEHH CHUCTEMH C€ HE OCliamajy camo Ha
jenHy Kamepy ca 3a/ie CTpaHe BO3MJja 3a moMoh mpu mapkupamy Kao Hekaj, Beh KopucTe
HajMame YETHPH Kamepe CIoJba M Yak IMoceayjy Kamepe yHytap Bodwia. OOpahenu BuIeo

TOKOBU Hauemrhe Cy IpUKa3aH! Ha CKpaHMMa HAMCILCHUM BO3avy.

AJIAC mnatrdopme Hajuemrhe TMOCeAyjy BHUIINE pa3IWYUTUX Iporecopa. Jeman on
HajBehux M3a30Ba je u3pajaa aaropurama Koju paBHOMepHO pacnopelyjy ontepeheme Ha cBe

IPOLIECOPCKE jeTUHHMIIE.

3amarak pana je ma ce omoryhu monpika 3a uspany AJJAC anropurama Koju KOPUCTE
kamepe, Ha noctojehoj AJIAC mnardopmu. Y okBupy 3amaTka Ouhe m3pah)eH jemHOCTaBaH
ITOpUTaM 3a Tperje]l OKpykKema BO3uia KopumhemeMm Kamepa, HAalmMCaH HpOTrpaMCKUM
jesukom lle++ (enr. C++). Llwpb je na ce omoryhm pax cuctema yXuBO Kpo3 Kopuirheme

yOp3ama y pa3IMuyuTUM XapJIBEpPCKUM OJIOKOBUMA TJE TOJ je TO Moryhe.

OBaj paj je caunmeH O] ce/laM IOoTJIaBJba.
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Jpyro moriaBibe OMHCYje INTa Cy HaNpeaHH CHUCTEeMH 3a Tomoh Bo3ady, Koje Cy

Hajuenrhe MpUMeHe U J1aje ’bUXOBY apXUTEKTYPY.

VY tpehem mornasiby nat je onuc codTBepa 3a Kamepe, IpoOHOT alTOPUTMA U KaKo ce

cucTeM Ipuiarolasa npema mojaoxkajy kamepa.

I‘IeTBpTO IMOTJIaBJbE CAAPIKHU OIIUC I/I3pal')eHI/IX IIporpaMCcKux Moayjia, a 1me€To IOorjaaBJbe

OTKCYje HAUYMH MCIIUTHBAaMba COPTBEPA.

[lecro nornasibe cafp Ky KpaTak ONUC IITa je ypal)eHO y OBOM pajay U KOjU Cy IpaBLU

JaJbeT pa3Boja.
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2. Teopujcke oCHOBe

Kopucrehu pasHe Bpcre ceH3opa, CUCTeMH 3a MOMOh BO3auy HENPEKHIHO HAI3HPY
OKpY)KEH¢ BO3WIIA U MOHAIIAkE BO3aya y IMJbY PAHOT OTKpHBama MOTyhux omacHocTH. Y
M3pa3UTO ONMACHUM CHUTYyalMjaMa OBAaKBH CHCTEMH YII030paBajy BO3aya Ha OMACHOCT U
MOMaXKy My Jia je u30erne uim aa yonaxu nocienuie. AKo je oapehena omacHOCT moTBpheHa
kopuithemeM JiBa WJIM BHIIE CEH30pa, HANpPEIHH CUCTEMU HMMajy MoryhHocT ma omainyde
YMECTO BO3a4a M yCIOPE BO3UIIO OJHOCHO MPOMEHE HEroBy myTamy [2].

On 1999. romune kama je Mepreaec y CepHjCKy MPOU3BOJBY YBEO ayTOMAaTCKO
oJIpJKaBarbe¢ Op3MHE U OJICTOjama y3 moMoh pamapa [3] TexHosI0THja je 3HaYajHO Hampea0Baa.
[Ipema I'yrmoBom (enr. Google) mecednoM m3BelTajy o camoBo3ehem ayromoOuiy 3a Maj
2016. [4], wuxoBa Bo3wia cy ox mouerka mpojekra 2009. no cama npenuta Beh 2 646 009
KAJIOMETapa y CaMOCTAITHOM PEXKUMY Y KOM padyHap BO3W ayTOMOOWII yMECTO BO3aua.

OcuM 11€He, joIll YBEK HEJOBOJHHO DAa3BUjEHE TEXHOJIOTHjE€ U HEMOTIIYHE IPOBEpe
peliema, 01 MacoBHE ymoTpebe caMOCTaIHUX BO3WJIA JieJie Hac W MpPaBHU MPOIMUCH KOJU Y
CBera HEKOJIMKO JIp’KaBa J103BOJbaBajy ynorpeOy OBakBHX Bo3uia. To ocTaBjba MpOCTOp 3a
pa3Boj CHUCTEMa KOjH HE TpEey3uMajy YIpaB/bamkbe y TOTIIYHOCTH Beh MOMaxky dYOBEKYy

npyxajyhu My nadopmarmje ca ceH3opa, yKbyqyjyhu u mpeyior 3a JeI0Bame.

2.1 TMpumMmepu ynotpebe cucrema 3a nomoh Bosauy

Ha Tpxumrty moctoju MHOIITBO Pa3IHYUTUX CHCTEMa 3a TOMON BO3ady a MOXEMO UX
rpy0o MOJETUTH Ha OHE KOjH YI030paBajy Bo3aya Aa Tpeba HEIlTo Aa ypaau WU MOBPEMEHO
npuiarohaBajy ocoOMHe BO3WJIa KaKO OW OJaKIIAIH BOKIY M Ha OHE KOJU C€ YKIbYUY]Y TEK

KaJZia BO3a4 BUIIC HEC MOXEC Ja YTUUC Ha KPETakC BO3UJIA.
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AyTOoMaTCKO oIlp)KaBame Op3WHE, MPHUJIaroIJbHBa CBETIA, IOMON MpH BOXKEM HU30PI0
WIH TIPY TIOJIACKY Y30p/10, YIIO30pEHE Ha BO3MIIA Y MPTBOM YTy MPH MPECTPOjaBamy, TOMOh
IpU M3JaCKy Ha HEMperyieJaH MyT M MPUKa3 OKPYKEHa BO3WIA MOTY CE CBPCTAaTH Yy INPBY
rpymy cucrema. Y JIpyry rpyny cChajaajy ayroMaTCKO WJIM I10jadaHO KOYCHe y Clydajy
moryher cynmapa, 3are3ame IojaceBa TNpea Cylaap, ayroMaTcKo 3alip)KaBambe BO3WIA Y
caoOpahajHoj Tpay u CIMYHU.

CBU cucTeMU OcCJamajy ce Ha Mmojarke no0ujeHe ol ceH3opa, a mehy muma kamepa je
CEH30p KOju MPEHOCH HajBUINE mojataka. Hajpehw mocao je pa3za3HaT miTa ce Hajga3u Ha
CJIMIM IITO Hajuenrhe YMHHU BO3a4 a Y3 JOBOJBHO J100ap copTBEp TO MOXKE U padyHap.

[Mpumep ymorpebe kamepa 3a mpuKa3 Moriieaa U3 NTHYHje nepcrektuse [5] koju je u

peIMET OBOT pajia nmpukasaH je Ha Commm 2.1.

|

Cnuxa 2.1 Ilpumep ynompebe xamepa 3a noened u3z nmuyuje nepcnekmuse

2.2 ApxuTekTtypa cucrtema 3a noMmoh Bosauy

CacraBHU JeNOBM CHUCTeMa 3a MOMOh BO3auy Cy CEH30pH, XapaBep u codreep. Y

TaGenu 2.1 nat je mperien ceH30pa U HEKUX CUCTeMa Y KOjUMa ce OHU KOPHUCTE.
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BO3UJIa Y MPTBOM

yroy

PAJTAP
PAJIAP
KpaTKor U VaTpa3zByuHu
JyTor JInJIAP | Kamepa
Cpelmer CEH30p
JloMeTa
Jl0OMeTa
AyTomaTcko N
OJIpXKaBame Op3UHE
[Ipeno3naBame
+ + +
neraka
AyTOMATCKO KOYEHE + + +
H3beraBame cynapa + + +
[Ipeno3naBame
caobpahajHux +
3HAKOBa
IIpeno3HaBame
+
caoOpahajHux Tpaka
[Tomoh mipu uznacky
+ +
Ha HemperjieaaH nyT
[Tomoh mpu
+ +
napKupamy
Yno3opewe Ha
+ +

Tabena 2.1 Cenzopu u cucmemu y KOjuma ce OHU Kopucme

Mehy pa3nuuuTUM BpcTama CEH30pa M3/[Bajajy ce KaMepe Koje MOry Ja ce KOpUCTE Y

HajBUILE CHUCTEMA: Mperno3HaBame caoOpahajHMX 3HAKOBa, IMperno3HaBame caoOpahajHUX

Tpaka, momoh mpu mapkupamy, Hperyie]] OKpykema Bo3mia... OCHOBa 3a pa3BOj CIOKEHUX

CUCTeMa je KopHIlheme Mojaraka ca BUIIE CEH30pa U BUXOBO 00jeIMH-EHO TyMaueHwe (EHT.

sensor fusion). Ha Cinumu 2.2 mpukasaH pacrope] ceH30pa Ha BO3WIINMA.
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()}

M PAJIAP ayror nomera
B JIuJIAP
Kamepa
B PAJIAP kparkor u cpeamer JoMera
B Yarpassyunu ceHsop

Cnuka 2.2 Pacnopeo cenzopa na 6o3unuma

2.2.1 XapaBep y cuctremmma 3a nomoh Bosauy

Y pauyHapcKMM CHCTEeMHMa 3a MOMONh BO3ady TPUCYTHU Cy pa3HH TNPOIECOpPH ca
NPUMETHOM TEXHOM Ka 00je/inibaBarby yjiora y ITo MamH O0poj ¢u3nykux jeauHuia [6].
OOpana ciuke n00HMjeHe ca Kamepe je 3axTeBHa M Hajuemhe ce BpIIM Ha rpaduykoM
npouecopy (enr. GPU — Graphical Processing Unit) win Ha mporuecopy 3a AWTHTaIHE
curnanie (ear. DSP — Digital Signal Processor). Buire oBakBux mporiecopa 3ajeHo ca
IIEHTPATHUM IIPOIIECOPOM 00jeINaBajy ce y jeHO WHTerpucano koo (enr. SOC — System-
on-Chip). Heke ox xapaBepckux miaarpopMu AOCTYIHHUX Ha TPXKHUINTY 3aCHOBaHE Cy Ha
EuBuaua Terpa (enr. Nvidia Tegra) [7] u Tekcac Uuctpymentc T/IAukc (eHr. Texas
Instruments TDAX) [8] unterpucanum xomuma. Ha Cruru 2.3 mpukasana je AJIAC mioua
HaMmemeHa 3a Buaeo oOpaxy [9] koja kopucTH TpH 00jenHibeHAa HMHTETPHCaHA KoOJia
npousBohaua Texkcac Muctpymentc a Ha Cinuimm 2.4 1ar je yomNIUTeHHM XapJBEpCKU OJIOK-

Jjarpam.
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Cauxa 2.3 AIJAC nioua 3a sudeo oopady

| ~| HDMI
CAMERA —— | outPuT
INPUT ) TDAZx SaC
x6 <:
CONMNECTION
UNIT
@ HDMI
] OUTPUT
CAMERA <: :>
INPUT 3 TDAZx SaC O
x4 LN
—

TDAZx SoC

:> HDMI
OUTPUT

Cnuxa 2.4 Xaposepcku onok-oujacpam AJJAC nioue 3a eudeo obpady

3a motpebe oBor pama kKopuiiheHa je pa3BojHa IMIargopma 3a ayTOMOOWICKY
uaaycrpujy (ear. ADP - Automotive Development Platform) ca Kyankom Cremnagperox

C820A o6jenumennm uHTErprcanuM kooM (err. Qualcomm Snapdragon S820A SoC) [10].
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CacraBau faenoBH oBor koma cy Kpwo mentpannum mpomecop (enr. Kryo CPU), Anpeno
rpapuuku npormecop (enr. Adreno GPU) u Xekcaron mnpoiiecop 3a JAMTHUTAIHY o0Opamy
curHana (enr. Hexagon DSP).

3a uckopumnrthaBambe MOTYhHOCTH XapIBepcKor yOp3ama H3BpIIaBama IMporpama Ha
HAKOM Oj Tporecopa Hajuemthe ce KOpUCTe OMOIMOTEKE OTBOPEHE MPOrpamMepcKe CIpere
(enr. APl — Application Programming Interface) npunarohene onpehenoj mmardopmu u
ONEpPaTUBHOM CHCTEMY Koje jaoctaBiba mpomsBohau. Ty cy nHa npumep OnenCuEn (eHr.
OpenCL) u OnenlIuEn (enr. OpenGL) 3a mpucTyn rpaduaxkomM mporecopy.

bubnuotexe monyr OnenCuBu (enr. OpenCV) kopucte ce kako 6u ce yop3ao pas3Boj
cucTemMa Koju kopucre kamepe. OHe Ha mpumep omoryhaBajy nperno3HaBame OO0JUKa Ha
cunm. [locroje u Gubimoteke npmiiarohene 3a oapehene nporecope kao mro je GacrCuBu
(enr. FastCV) xkoju je mpumarohen 3a pam Ha Kyamkom CHenaperon o0jeanmbeHUM

HHTCIPHUCAHUM KOJIMMaA.

2.2.2 CodTBep y cucremmuMma 3a nomoh Bosauy

Anroputmu 3a moMoh Bo3auy cy Hajuenrthe m3pahenm kao codrBep mpuiaroheH 3a
onpeheny Bpcty mporecopa. [lo mpaBuiy cy cTporo dyBaHa TajHa M TEIIKO je mpoHahm
npuMepe AOCTYIHE JaBHOCTHU. JenaH o]l jaBHO AOCTynmHHX npumepa je Tekcac MHcTpymeHTC
BikH pa3Bojuu maket (enr. Texas Instruments Vision SDK) [11] koju ce cacToju 0] TOTOBHX
OubnmoTeka mnpuiaroeHUX Jga pajge caMO Ha MpOIEcOpUMa Koje Mpou3Boau Tekcac
Unctpymentc. M3mena tux 6ubnuoreka Huje Moryha. Moryhe je camo muxoBo kopuinheme
u noBe3uBame. Kommanuja Mob6wuiaj (err. Mobileye) nyau rotosa periema 3a 00paay cimke
ca kamepe u3paheHa y OOJHMKY O0jeMIEHOr HWHTErpHcaHoOr Koia ca codreepom [12].
3ajeHMYKHU pa3Boj coPTBEpa M XapJBepa y OBOM CIIy4ajy Jao je BPXYHCKHU MPOU3BOJ] KOJU CE€
yrpaljyje y ayromoOuiie mo3HaTHX CBETCKUX Mpou3Bolaya.

AYTOCAP (enr. AUTOSAR - AUTomotive Open System ARchitecture) [13] je jenan
O]l CcTaHjaapja y ayToMOOWJICKOj MHAYCTPHjU NPUMEH-EH O] CTpaHe MHOIMX INpou3Bohaua
eJIeKTpOHHKE 3a ayTomoousie. OH onucyje oCHOBHE cOPTBEPCKE MOyIIe, Ne(hUHHIIIE CIIPETE U
3ajeTHIYKY METOO0JIOTH]Y Pa3Boja.

Ty je u Ayromorus I'peja Jlunyke (enr. Automotive Grade Linux) [14]. To je npojekat
JIlunykc donnanyje yuju UKWk je Aa ojlakiia U yop3a pa3Boj copTBepa y HEKUM oOiacTUMa
ayromobmicke wuHayctpuje. MHpo-3a0aBHu (enr. Infotainment) cucremm y Bo3mimma,

WHCTPYMEHT TabJie, HABUTAIIMOHU W KOMYHUKAITHOHH CUCTeMH y OyayhHOCTH KOpucTHhe 0Baj
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omnepatuBHU cucteM u 6uhe Mmoryha pazmena coprepa mehy mpousBohaunma 6e3 motpede 3a
NOCEeOHUM TpuIarolaBameMm.

Jeman on n3azoBa nmpuiIuKoM paszBoja coprepa 3a AJIAC cucreme je ontummzanuja. Ha
NpUMepy Tperno3HaBamka BO3MJIA Ha CIWIM IO0Ka3aHO je Ja Kopumtheme OMOIMOTEKA
npuiaroheHUX 3a pal Ha BHIIC pa3IHMYUTHX IUIATGOPMU WMa BEIUKMA YTHIA] Ha
ontumuzaiujy AJIAC anropurama a moroaHo je 3a uspamy [15]. Ca apyre crpame,
Kopuitheme BuIeje3rapHux MOryhHOCTH 3a pacriopehuBame aCHHXPOHHUX 3a7aTaka BE3aHUX
3a opeheHn xapBep BeoMa je TEIIKO 3a M3pajy U HUje MPUMEHJBUBO Ha IPYTHM CUCTEMUMA

IITO 3HA4YajHO MOCKYIJbYj€ Pa3Boj.



Konuent pemema

3. KoHUyenT pewemwa

3a uspanay copreepa kopuiiher je Yoyury Jlunykc 14.04 (enr. Ubuntu Linux 14.04)
orepaTuBHU cucreM, g0k ce Lle++ kom mpeBomu 3a Anapoun 6.0 (emr. Android 6.0)
OTICpaTUBHU CHCTEM W H3BpIIaBa ce Ha KyamkoM pa3BojHOj ruiatrgopmu 3a ayTOMOOHIICKY
unayctpujy. Mako je Annpoun cinabo 3aCTyIUbeH Y ayTOMOOMIICKO) UHIYCTPHjH, 3aCHOBAH je
Ha Jlunykc onepartuBHOM cucteMy. Pa3Boj JIuHykc cucrema mpuiiaroeHor ayToMOOWICKUM
CTaHJapIyMa 3a OBY IUIaT(GOPMY jOII YBEK je Y TOKY M OYEKyje ce Mpesia3ak Ha Hera 4uM
noctaHe goctynat. [{usb je omoryhutu oOpaay ciuke ca MIMPOKOYTraoHe KaMepe U IpHKa3 Ha
eKpaHy YXKHBO. Y OBOM CIIy4ajy o0paay YnHE UCIIPaBIhamkhe 3aKPUBIbEHA N3a3BAHOT COUMBOM
U mpoMmeHa nepcrektuBe. CrajaleM 4YeTHpH OBaKBE CIIMKE MOXE Ja ce Jo0Mje mpuKa3s

OKPYKC€Hkha BO3WJIa Ka0 U3 HTI/I‘II/Ije TNICPCIICKTUBC.

3.1 [pobHu anropuTtam 3a npernen oKpyxemwa

U3zpahen je npotounu codTBep Koju rpydo MOKEMO MOAEIUTH Ha TPH JAena. YJa3 ca
Kamepe mnpociiehyje ce Ha oOpaay a u3na3 u3 o0pajne make ce Ha eKpaH WIN Ce 3alucyje y
npuBpeMeny Memopujy (eHr. buffer) onakme ce moxe 3anucaTu y 1aToTexy.

Kopumrhene cy yernpu mmpokoyraone kamepe RDACM23 [16] 3a nperien okpyxema
BO3WiIa. Yia3 ca kamepe jgoomja ce og B4JI2 (enr. V4L2 — Video4dLinux2) pykoBaoma y
dopmaty YUV422 pezonyrmje 1280x720 mukcemna ca 0ko 26 cluKa y CeKYH/IH.

O6pana ce Bpuu Ha rpaduukom npouecopy nomohy OnenlIluEn UEc 2 (enr. OpenGL
ES 2) 6ubnmmoreke. Cnuka ca kamepe JIenH ce Kao MOBpIIMHA (eHT. texture) Ha Mpexy Tadaka
(enr. mesh). Tauke (eHr. VertexX) Ha MpeXu Cy paBHOMEpPHO pacriopeljeHe anu MOCTOjU

nomatHa uHpopMalja koja oapehyje mpeciukaBame OJHOCHO KOJU JI€0 CIMKE CE Be3yje 3a

10
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KOJy TauKy Ha MpeXH. PauyHame BpeTHOCTH MHKCENa, MecTa U 0oje, 00aBiba ce y MoceOHO]
BPCTHU Iporpama 1iejaepy (eHr. shader) koju ce usBpiinaBa Ha rpa@UIKOM MPOIEcopy. Y OBOM
CIIy4ajy mocTtoje nBa Kopaka oopaze. [Ipsu je mpomena dopmara cnuke uz YUV422 y RGB
OJTHOCHO TIPETBapame IMoJIaTaka O OCBETJHEHOCTH U OOjU y BPEIHOCTH 3a I[PBEHY, 3€JICHY U
mIaBy 00jy 3a CBakM IMHKCEN INTO je TOTOJHH]E 3a OBY BpCTy oOpane. Jpyrm Kopak je
JICTJbEHE CIIMKE Ha MPEXKY Tadaka.

3a u37a3 Ha €KpaH KopuliheHe cy AHIPOUIOBE CIpere HUCKOI HMBOA a 3a 3aluc Y
JATOTEKy CTaHIap/Ha yaa3HO U3ja3Ha OMOIHOTEKa.

CodtBep je w3pahen wm3 gaBa Mopayma. Armmkanumja CameraProcessing kopuctu
oubmmoteky libCameraProcessing koja kouTposwuine pan kamepa. Ha Cruiu 3.1 npukasas je

YMUJI nujarpam pemnociena mo3usa GyHkIMja u3mel)y mporpaMcKux MoIyJa.

libCameraProcessing CameraProcessing
| |
:1—camera_0pen—:
|

:*l—cam era_set_framedone_ch—;

IL-I—camera_sh ow_on_screen——

:1—: amera_start

:—cam era_framedo ne_cb—IrJl
| |
|

L camera framedo ne_ch—

|
4———camera_close——
| |

Cnuxa 3.1 YMJI oujacpam pedocreda nozusa usmehy npoepamckux mooyia

3.2 [MopewaBare cUCTEMa NpeMa nosioxkajy kamepa

3a nobujame Mpexe Tayaka kopuurher je rpaduuku anar 3/[eeC MAKC (3DS MAX).
Kawmepa ce mocraBu Ha peIBUl)EHO MECTO a HCTIpeNl KaMepe MOCTaBH Ce M0JbE Ca KBajpaTnMa

TaKO J1a MOKpHUBA OHO LITO KCJIMMO Ja IMPUKAKEMO, Kao Ha CJ'II/IIII/I 3.2.

11
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Cnuxa 3.2 Ilowe ca keadpamuma ucnpeo Kkamepe

Cnuka ca kaMepe yBe3e ce y alaT ¥ Ha OCHOBY b€ IPaBH C€ Mperka Tayaka TaKo IITO Ce
KpEeHEe O] YeTHPH TauKe KOje MOKPUBAjJy Kpajike hoIIKoBe MoJba BUJBMBOI HA CIUIM. 3aTHUM
ce MOCTENEeHO J10/1ajy TauKe Ha CIOjeBe KBajpaTa U Tako ce A00Mja CBe Mpelu3Huja odbpaja.
Kana ce oBako pacnopehene tauke pa3ByKy Ha jeJHAaKe YAaJbeHOCTH TaKO Ja C€ KBajpaTu
HCIIpaBe, HICTOBPEMEHO CE€ HUCIPaBIba]y 3aKPUBJHEHH-EC COUMBA M MEPCIIEKTHBA U OfCEIa Ce JI€0
clMKe Koju Huje motpedban. Ha cnuim 3.3 npukazaHa je Mpeka Tauaka HaMemeHa IPEeHho)

KaMepu HarpaBJbeHa y rpadMuKoM ajary.

Fle Ede Seect Took Mipping Options Daplsy View

Edit UVWs. - - olEl

Cnuxa 3.3 Mpesica mauaxa 3a npeorby kamepy

OBako J00WjeHH MOJEN HM3BO3M Ce y JaToTeKy y .0bj dopmaty kojy je moryhe
HCKOPUCTHUTH Yy CHCTEMY 3a XHBY oOpamy cimke. [IpeTxoqHO ce KOOpIAMHATHH ITOYETaK
MIOCTaBH y CPEMHY MOJIela 1 TO/IECH ce pa3Mepa a MpHu W3BO3y ojadepe ce OIuja 3a 3armc

Mozesa moMohy TpoyriioBa mTo oaroBapa HaunHy paaa OnenlluEn 6ubmuoreke. [latoreka je

12
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y TEKCTyalHoM (hopMaTy M y 0] CE yodaBajy TPH BpCTe Iojaraka o3HaucHe ca V,Vt u T
O3HakoM V (eHr. Vertex) mouumy JIMHUjE KOje callpiKe MPOCTOPHE KOOPIUHATE TaYKe MOJIENa
3a Tpu quMensuje. O3HakoM Vi (eHr. vertex texture) nmouniy JMHUjE KOje CaapKe KOOPAUHATE
Tayke ca cimke y aBe auMensuje. O3nakom f (enr. face) mouunmy JuHHjE KOje HOCE HHACKCE V
u Vi TMHMja Koje YMHE jeJaH TPOYTrao.

VYuuTaBame Mojena y MmporpaM BpLIM MOAYJ KOjU Tymayd 3amuc .0Obj marorexe u
NOIyHkhaBa HU30BE Y MEMOPHjU KOjU C€ KACHUje KOPUCTE NpU 00paau CIUKEe y TpaduukoM
nporuecopy. 3a mpoBepy OBOT MOJYyJla Ha payyHapy, KOpUIINeH je M0jeTHOCTAaBIbEeH Iporpam

KOju 00pajly BpIIK HAa CaMO J€THO] CITUIIH.

3.3 ApxuTekTypa npo6HOr anropMTMa 3a npersep okpy)xema

Pa3Bojua mmardopma mpukazana Ha Chumu 3.4 mocedyje MHOINTBO JAWTUTATHHX U

AHAJIOTHHUX YyJia3a U r3Jjia3da Kao U BUIIC BpCTa IIpouccopa.

Cnuxa 3.4 Pazeojna niamgopma 3a aymomooOuncky uHoycmpujy

Ha Cnuu 3.5 npukasas je 6J0K-aujarpaM xapaBepa ca KOpUImheH!uM yila3HO U3J1a3HUM

crperama.

13
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CAMERA INPUT | | Qualcomm Snapdragon S820A SoC

CAMERA INPUT Kryo CPU Adreno 530 GPU

Quadcore HDMI

OUTPUT

CAMERA INPUT

| Hexagon 680 DSP
CAMERA INPUT |

Cnuxa 3.5 Brok-oujacpam xaposepa

3a moTtpebe oBor npojekra kopuirheHe cy MoryhHocTd 1eHTpayHOT Tpornecopa Kpuo (eHr.
Kryo CPU) u rpaduukor nporecopa Aapero (edr. Adreno GPU). TIpomecop 3a aururainy
oOpany curnana (enr. Hexagon DSP) morao 6m Outu uckopuinhen y cienehem kopaky
pa3Boja 3a Ha IPUMEP YjeIHAYaBakE OCBET/HCHOCTH CIIMKA Ca PA3IMYUTUX KaMepa.

Codtsep je uzpahen u3 nse nenune. biaok-gujarpam codtBepa npukaszal je Ha Caunu

3.6.

CameraProcessing

libCameraProcessing vaL2 objLoader

Android/Linux OpenGLES 2

Cnuka 3.6 bBrok-oujacpam cogpmeepa

bubmuoreka libCameraProcessing o6yxBara cBe MOJIyJIe KOjH BpIiie J00aBbambe CIIUKE, HeHY
obpany u wu3na3. Ammukarnuja CameraProcessing ympasiba pajgoM OHONIHOTEKE W WMa
MoryhHocT mpey3umama oOpaleHe clMKe M HEHOT 3amMca y JaToreky. bubmmorteka ce 3a
nobaBsbame ciuke ociama Ha B4JI2 pykoBaona a Ha OnenlluEn MEc 2 6ubamnotexy 3a
chpery ca rpa¢puukuM mporecopoM. Tymaueme naToTeka Koje caapke MoJen 3a o0pamy
ciuke Takohe je neo 6mbnuorexke. bubnnoreka u amnukanuja U3BpIIaBajy ce Ha AHJIPOU]

OINIEpaTUBHOM CHCTEMY.
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4. MporpaMcKo peliemwe

Y 0BOM IMOrjaBJby OMHCAHU Cy H3pal)eHH MPOrpaMCcKu MOIYIW M AaT je TMperien

(GyHKIIM]a amIMKaTHBHE IPOTPAMCKE CIIpere.

4.1 TMpernen nporpaMckux Moayna

CodtBep ce cactoju w3 aBa moayia. Ammukarnuja CameraProcessing mpejacraBiba
npumep ynotpebe Oubnmoreke libCameraProcessing ong koje mobuja oOpahene cnuke.
bubnuoreka o0yxBaTa TpH LIEJIMHE: TyMaueHke MOJIelia MPECIuKaBama, CIIpery ca kamepama u

crpery ca rpaduukom oubmmorexkom. [Ipernen mporpamckux moayna aat je y Tabenu 4.1.

Monyn JlaToTeke n3BOpHOr KoJ1a

CameraProcessing CameraProcessing.h

main.cpp

libCameraProcessing CameraProcessing.h
main.cpp
objLoader.h
objLoader.cpp
v4l2.h
val2.cpp
openGLutils.h
openGLutils.cpp

Tabena 4.1 Ilpeened mooyna y Kooy
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4.2 Onuc nporpaMcKux Mmoayna

Amnukanuja CameraProcessing myrem moBpatHor mo3uBa ¢ynkuuje (enr. callback)
no0uja CIIMKYy ca KamMepe YhM IOCTaHe JOCTymHAa. AKO jé TO KOPHCHHK 3aXT€Bao CBaka
TpujeceTa ciauka ouhe 3amucana y narotreky y RGB ¢opmary 6e3 3arnaBipa y pe3onaynuju y
K0joj nmona3u ca kamepe Tj. 1280x720 nukcena. Takohe kopucHUK MOxe 1a omabepe na Ha
eKpaHy OyJe MpHuKa3aHa XKHBa CIHKa ca Kamepe.

bubnuoteka libCameraProcessing nob6assba ciiuky ca kamepe, oopalyje je u mpociehyje

arukanuju. Jujarpam Toka o6pane npukasas je Ha Ciunu 4.1.

Frame
START .
available
Camera image
acquisition
¥ k4 OpenGL calls:
Calibration glBindFramebuffer
surface |GEdU[] > Buffer glFr_amehufferTextureED
gliewport
gluniformM atrixdfy
h 4 Drraww
glFinish
ConvertYUVtoRGB
Load OpeniL calls:
fisheye.ohj— 305 max glBindFrame buffer
export 3 glFrame bufferTexture 20
gliewport
OpeniL calls: Buffer glactiveTexture
glGenBuffers glBindTexture
glBindBuffer gluniformii
glBufferData gluniformi atrixdfv
glBindBuffer X Draw
glGenTextures glBindFramehbuffer
Frame process glFinish
Frame
done

Cnuxa 4.1 Jlujacpam moka obpade
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W3 natoteke ce yumrtaBa mojuen 3a obpany ciuke u momohy OmnenlluEn EC 2 GuGnumorexe
CHHUMa ce y MNpHUBpeMeHy MeMopHjy rpaduukor npomecopa. Kopucrehu B4JI2 cmpery
nobaBjba ce CIMKa ca KaMepe a 3aTHM C€ Y rpadUYKoM MPOLECOPY CIMKA JIH HAa MPEXY
Tayaka mojesna 3a oOpaay. M3na3Ha ciuka Konupa ce y NpuBpeMEeHY MEMOpPH]Y LIEHTPATHOT
npouecopa U mpociel)yje KOpUCHHYKO] aruiKalMju MyTeM HOBpPAaTHOT TO3MBa a MOXE U
oJIMax Ja ce MPHUKaXe Ha eKpaHy.

AmnnukatuBHa mporpamcka cmpera (enr. APl) caapxana je y garorenu

CameraProcessing.h a mucra ¢pynkuuja nprukasana je y Tabemnu 4.2.

camera_handle_t camera_open(camera_t cam, camera_channel_t chan);

int qcarcam_close(qcarcam_handle_t hndl);

int camera_map_buf(camera_handle_t hndl, ANativeWindowBuffer* buf);

int camera_unmap_buf(camera_handle_t hndl, ANativeWindowBuffer* buf);

int camera_queue_buf(camera_handle_t hndl, ANativeWindowBuffer* buf);

int camera_dequeue_buf(camera_handle_t hndl, gcarcam_frame_t *buf);

int camera_start(camera_handle_t hndl);

int camera_stop(camera_handle_t hndl);

int camera_set_framedone_cb(frame_done_cb_t frame_done_cb);

int camera_show_on_screen(void);

Tab6ena 4.2 Jlucma gpynxkyuja aniuxamusHe npocpamcke cnpeze
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5. Pe3yntatu

3a ucnuTUBamkEe KOpUIITNEHO je MoJbe ca KBaJpaTuMa CTpaHula 4 1M MOIMYT IIaXOBCKE
tabne. Yernpu kamepe MOCTaB/bEHE Cy HAa BUCHUHY OJf OKO 251M moj yriioM onx oko 30
CTETIEHHU O] BOJOPAaBHE PaBHU MpeMa IOAY U MPECTaBIbajy KaMepe IMOCTaBJbeHE Ha YeTUPU
CTpaHe OKO Bo3wia. JKuBa ciiMka ca Kamepe MpuKasyje ce Ha €KpaHy MOBE3aHOM Ha Pa3BOjHY
wioyy. KoHTpona u3BpmiaBama U Mepeme Bpiu ce momohy pauynapa. Ha Cnumu 5.1

IIpUKa3aHa je OoIIp€Ma 3a UCIIMTUBAILEC.

Cauxa 5.1 Onpema 3a ucnumugaroe
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5.1 MWMcnutuBame Ucnpas/batba C/INKE

Ha Cnumu 5.2 npukasana je u3BOpHA CIIHKa ca Mpeame kamepe, a Ha Cruiu 5.3 Bunu ce
CJIMKa WCIpaB/beHa Ha padyHapy y nporpamckom anaty 3/leeC MAKS (eng. 3DS MAX)
KopuirhemeM MojeNia UCIpaBibalkba 3a mnpedmy kamepy. Ciuka 5.4 mpukasyje CIMKY ca

peiibe KaMepe UCIIPaB/beHYy Ha Pa3BOJHO] TIOYH.

Cnuxa 5.4 Ilpeowa ciuxa ucnpassena Ha pazeojHOj NI0YU
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Ha Caunu 5.5 mpukaszane cy ciauke UCIpaB/beHE HA Pa3BOJHO] TUIOYH, Ca CBE YETHPH
CTpaHe BO3WJIa, MceueHe W MpHOMmKHO mopehane y rpaduukom anaty Tako Ja y LEITHHH
NpEeCTaB/bajy TMOTJE] Ha OKPYXKEHhE BO3WIA M3 NTHYHje NEepCHeKTHBE. Y CpenuIlTe je
MOCTaBJbEHA CIIMKA ayTOMOOMIIa KOja OJlaKlIaBa OpPUjEHTAlU]y U Y UCTO BpeMe MpPEeKpuBa €0
TJIa 3aKJIOKEHOT BO3UJIOM. CllMKe HUCY NMOTIIYHO YKJIOIUbEHE Kao INTO j€ 3aMHILIBEHO. Ay,
NaKJbUBUJUM M300pOM yIiia MOJ KOJUM C€ MOCTaBJbajy KaMepe, TaKo J1a )KEeJbEHHU JIe0 CIIHKE
Oyae CHMMJbEH JIeJIOM COYMBA Ca HAjMambUM 3aKPUBJHEHEM, U IIOHOBHOM H3PaJOM

Mpeuu3HUjer Mojiena MorJio Ou ce noctuhu Mame 3amyheme 1 00Jbe yKiIaname.

o

P

*

o S D—.

Cnuka 5.5 Okpyorcerve 803una uz nmuduje nepcnekmuse
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5.2 WcnutmuBamwe 6p3uHe usBpLiaBama

HcnutuBama Cy BpIICHA TaKO IITO j€ CUCTEM MyIITaH Ja paaud oko 60 cexyHau y3
Ta4YHO MEPEHE CHCTEMCKOT BpeMeHa U Opojame UCIPTaHUX CIUKa. 3a TO Bpeme mpaheHo je
NPOICHTYaTHO onTepeheme MEeHTPaTHOr W TpagHuyKor NpoIecopa OBHM IPOTPAMOM.
[IpoceuHo Bpeme UCIpTaBama jeTHE CIUKE J00Hja Ce IeJbeHhEM YKYITHOT MTPOTEKIIOT BpEMEHa
ca OpojeM HCHpPTaHUX CIUKA. JleJbeleM jellHe CEeKyHJEe ca TPOCEYHUM BPEMEHOM 3a
UCIPTaBamke jeHE CIMKE J00Mja ce mpocedaH Opoj UCHPTAHMX CIIMKA y cekyHau. Y Tabemu
5.1 npukazaHu Cy pe3y/ITaTH Mepema 3a ClIydaj KaJla ce Ha eKpaH UCIpTaBa U3BOpHA CIIMKA U

KaJla C€ ucupraBa 06paljeHa OJIHOCHO HCIIPpaBJbCHA CJIMKA.

Hentpamuu | I'paduuku | bpoj ucupranux Bpoj moryhux

Impouccop Impouccop CJIMKa y CCKYHIU 06paﬂa Y CCKyHIU

N3BopHa ciuka 30% 12% 26 61,8

HcnpasibeHa cinuka 30% 12% 26 60,7

Tab6ena 5.1 Pezynmamu mepersa

CucreM paau y>KUBO M Ha €KpaHy UCIpTaBa 26 ciuKa y CeKyHIH. 3a UCIPTaBabe CIIUKE
npocevHo je morpedro 0,038 cexynmu. Cama obpana cimuke npocedro tpaje 0,016 cexyHmu
omHocHO Moryhe je obOaButu mpeko 60 obpanma y cexynau. Hajcmopuja xapuka y OBOM
CIIy4ajy je Kamepa OJHOCHO MpPUIIPEMame CIMKE 3a 00pajy IITO OrpaHHWYaBa PACIONOKHBU
Opoj cnMka 3a 00pay y CeKyHIu.

Bpeme motpebHO 3a 00pamy ciHKe je yCTa/b€HO M HeMa MPEBEIMKUX OJICTYyMama O/
MIPOCEUHUX BPEAHOCTU. 32 00paly U3BOpPHE CIMKE TpoceyHo je moTpedbHo 0,0162 cekyHau a
3a o0pany wuchpasbeHe 0,0164 cexkynau. IloBehame croxkeHoctu oOpaae ciuke

3aHeMapJbUBO MaJIo YTHUYE Ha BpeMe NoTpeOHO 3a o0Opaiy.

5.3 [Auckycuja pesynrtaTa

Cnmka ca kamepe ce HWCIpaBjba Kao INTO je o4YeKuBaHo. IlocToje HemocTamu MoImyT
3amyhema y Jely CIMKe KOju KaMmepa He MOKpPWBAa ajldi OHW OWM MOTJIM OWUTH HCIPaBJbEHH
MIPOMEHOM yTJIa KaMepe ¥ TOHOBHOM HM3PaJIOM MOJENa.

Mepema Op3rHe U3BpIlIaBaka YKa3yjy Ha TO Ja HU LEHTPAIHU HU TpapuuKy IPOIEcop
HUCY TpeonTepeheHn OBUM 3a/1aTKOM. AKO TIPETIIOCTaBUMO J1a OM ce 3a UCTOBpEeMeHy o0pary

CUTHAJIa Ca YETUPH KamMepe KOPUCTHIIO YETHPH IyTa BUIIEC BpeMeHa TpauuKor mporecopa
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Pesynraru

MOXKEMO J1a 3aKJbYIMMO J1a Ou meroBo 3ay3ehe O6mmo oko 50%. IIpobnem mobaBibama KHBE
CIIMKE ca CBE YETUPU Kamepe oHeMmoryhaBa Hac Ja TayHO 3aKJby4UMO Kako OW ce CHUCTEM
MOHAIIA0 Y TOM ciiy4ajy. Ha ocHOBY Mepema MOKEeMO Ja MPETIOCTaBUMO Ja j& Y CUCTEMY
PacIoJI0KUBO CACBUM JIOBOJHHO MPOIIECOPCKOT BpeMeHa 3a 00paay YeTHUPH KHBE CIIMKE U J1a
OM W TMmopex Tora OCTajlo IMPOCTOpa 3a YCIOXKIbaBamke 00paje WIM HM3BPIIABAKE JAPYTHUX

3ajgaraka.
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3akibydak

6. 3aksbyuak

3anatak je OMo pa3Boj MOJPIIKE aJrOpUTMUMA 3a BUAEO 00paay a kao mpumep uspahen
je TpoOHW anropuTaM 3a HUCIPABbAIEC 3aKPUBJbEHA CIMKE H3a3BAaHOI COYMBOM Kao M
NEPCIEKTHBE KOJU pajid y’KUBO. JelaH o/ INJbeBa je U KOpUIIheme XapABepCKor yop3ama Ha
Pa3IMYUTUM MPOLIECOPUMA HITO je yuumbeHo kopuiheweMm OnenlIuEn MEc oubnuoreke.

Ha ocHOBy Mepema MOXeMO Ja 3aK/by4MMO Jia je XapJBepcka IutaTgopMa JOBOJHHO
Op3a na Moxe Ja M3BpUIM Oap joml TpU OBakBe oOpajie HMCTOBpEMEHO a Ja He Oyne
npeontepehena.

Jabu pa3Boj ykjbyunBao 0u 100aBsbambe KHUBE CIMKE Ca YETHUPU KaMepe HCTOBPEMEHO,
u3jeJHaYaBambe OCBET/bEHa KOopHIIhemeM Iporecopa 3a o0paly AWTMTAIHUX CUTHaa,
cnajame yetupu oOpaheHe cnuke y jenHy oOpahajyhu maxmy Ha Npekianambe BHIOKpYyTra

KaMmepa Kao U u3pajay MoryhHocTu mpoMeHe MepCreKTUBE y TOKY U3BpIlaBama Iporpama.
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