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Kagenpa koHCTpYIOBaHHS €JIE€KTPOHHO-00UNCIIOBAIILHOT arlapaTypu

HauionaneHuii TeXHIYHUHN yHIBEpCcUTET Y KpaiHu

"KuiBcbkuil mosiTexHigHuil iHCTUTYT iMeHi Iropst Cikopcebkoro"

Kwuis, Ykpaina

Anomauyia—B po6oTi BUpIIY€ThCA 3a]a4a CTBOPEHH:A 0JIOKY Bio0paskeHHs JAaHUX, AKi HAIXOAATH 3 HH(PPOBOI Bigeo-
kamepu. B skocti Bineokamepu odpano Bineomoayiabs OV7670, o6rpyHTOBaHO BUOIp dopmaTy KaapiB Ta iX KOAYBaHHS.
PosrusinyTa MoxauBicTh peasnizanii 0/10xy BiToOpaskeHHsI JaHUX 3 BUKOPUCTAHHAM IUIaTH HanaroxxeHHsa STM32F429Z1
Ta 3allPONIOHOBAHA CTPYKTYPHa cxema npuctporo. s Bizyanizauii Bizeonanux y npororuni npucrporo Bukopucrano LCD
AWCILIell Ta 3alPONOHOBAHO J0AABAHHA [0 CTPYKTYPH NpPHCTPOI0 MikpokoHTposaepa 3 Wi-Fi npuiiomo-nepenaBauem
ESP8266, m10 103B0.1MTHL peasi3yBaTH MOXK/IHBICTh BiIfiIeHOr0 MiK/JIIOYEHHS 10 BileokaMepu Ta apxXiByBaHHH Bigeomo-

TOKY /ISl eperJisiay y OyAb-siKuii yac.

Knruogi cnosa — sideokamepa; mikpokonmponep; nepeoaua oanux; 12C; DMA; 306pasxcenns.

I. BcTvin

Jlnst BupitnenHs 3amaq oOpoOku 300pakeHb y pi3HO-
MaHITHUX cdepax 3acTocyBaHHsS (BiJ HaWMpPOCTIIINX
CHCTEM BiIEOCIIOCTEPEKEHHS A0 CKJIAJHUX CUCTEMH PO3-
Mi3HABaHHS 00’ €KTIB Ta KECTiB) HEOOX1THO, MIEPII 32 BCE,
OTPUMATH BiJICOTIOTIK 3 Bi/IMOBITHUX anapaTHUX 3acO0iB.
Jist hopMyBaHHS BiJICONIOTOKY Ta Hepenadi Horo s
MO/IaJIBIII0T 0OPOOKHM YM Bi3yanizallii iCHye BeJMKa KiJlb-
KICTh aHAJIOTOBUX Ta IM(ppoBUX Bimeokamep. CywacHi
uudpoBi kamepH 3a3BHYail MaOTh NPUHOMO-TiepeiaBay
JUTA TAKITIOYCHHS IO Mepex nepenadi nanux (3 ado 4G,
Wi-Fi, Ethernet) [1], miaTpuMyrOTh CTEK IPOTOKOIIB
TCP/IP, 3a mo otpumanu Ha3By IP-Bineokamep. [lepeBa-
ramu [P-Bineokamep € BHCOKa SIKICTh BIATBOPIOBAHOTO
300pakeHHS, KOMIAKTHICTh, MiATPUMKA BiJJAICHOTO
MIAKJIFOYEHHS JUTS NepPerJisiAy BiIEONOTOKY HIJISIXOM pea-
mizamii B iX mporpamHii yactuHi BeO-cepsepy. [Ipore
JlaHi KaMepH MaroTh 1 psi/i HEJOJIKIB — BUCOKA I[iHA, ara-
paTHe 3aBHCaHHA. YacTWHHM IUX HENOJIKIiB 1M030aBICHI
JIOCTAaTHBO MPOCTI aHAJIOTOBI Biieokamepu. Ajie iX GpyHK-
IiOHAT JTOCUTh OOMEKeHWH (3a3BHYaii, 3a0e3MeUyIOTh
TUIBKH TIepeady BileOoCHUTHAY). B3sBIIM 3a MpHUKIAL
omuc poOOTH AaHAIOTIYHOI CHCTEMH, PO3IIITHYTHH
y ctatTi [2], Ie mpecTaBlicHa METOIMKA HAJIAIITYBaAHHS
Ta BIIPOBA/KCHHS L€l CHCTEMH B poOOTYy, MOKHA cop-
MYBaTH METy poboTH. MeToto 1aHoi poOOTH € CTBOPEHHS
OIIOKyY BimOOpaXeHHS MaHWX 3 HU(PPOBOI KaMepH, SIKHA
JIO3BOJIUTH peaiizyBaTu (hYHKI[IOHAJ, XapakTepHUH IUIs
[P-Bimeoxamep.

II.  BUBIP CKJIAIOBUX JIJIs1 PEAJIIBALI BJIOKY
BIJOBPAXXEHHS JAHUX

[Tpu moOya0BH HAUTIPOCTIIIMX CHCTEM BiZCOCIIOCTE-
PEeKEHHS Ha MEPIIUHA TUIAaH BUXOIUTh MUTAHHS BapTOCTI
KOMITOHEHTIB, 5IKi OylyTh BUKOPHUCTaHi B CUCTEMI. Y KO-
CTI BiJIcOKaMep y TAKHX CUCTEMAaX MOXYTb OyTH BUKOPH-
cTaHi MUQPPOBI KaMepH, MiAKIIOUEHI 10 OJIOKYy BimoOpa-

JKEHHS TaHUX, KU Oyje BUKOHYBaTH (YHKIIIO TepeT-
BOPEHHS aHAJIOTOBOT'O BiZieOCHTHAITY Y IU(POBY hopmy
Ta MOJIANIBIITY HOTO Bizyaui3allito abo mepeaady Ha Bijaa-
neHuit By30i1. Ha puHKy icHye BeiMKa KijgbKicTh IHPPO-
BHUX BiJfleOMOnymiB. J[ng CTBOPEHHA NPOTOTHITY TPH-
CTpOIO Oy/IeMO BUKOPHCTOBYBATH BigeoMoxyis OV7670
Ta peanizyemo OJ0K BioOpakeHHS JaHUX 3 BUKOPUCTAH-
HSIM 11aTH HajtaropkeHHss STM32F42971.

III.  OCOBJMBOCTI BIZEOMOAYJISI OV7670

Bineomomyms OV7670 [3] minTpumye AeKinbka
PEXUMIB POOOTH Ta s HaNamTyBaHb. Hampukian, mMo-
JKHA BUKOPHUCTATH Pi3Hi PopmaTm kaapis, Taki sk: VGA
(640%480 mikceniB), QVGA (320x240 mikcenis), CIF
(352%240 mikcenis), QCIF (176x144 mixcenis). Bigno-
BiJTHO, pi3Hi pO3MUIBHI 34aTHOCTI 300pakeHHS BUMAaraTH-
MYTb 1 Pi3HOI BHUAKOCTI Tepeaadi Bifeokaapis. B naniii
poboTi Bukopucrano gopmar kaapy VGA 3 Makcumaib-
HOIO PO3AUTHHOIO 3aTHICTIO 640 X 480 mikcemniB, 1Is sIKO1
JOLITPHO BUKOPUCTATH MIBUIKICTH mepenadi 30 kampis
B cexyHay [4]. Bupobuukom moxyns OV7670 nepenba-
YeHa MOJMJIMBICTh MOTO ITiTKIFOYCHHS 10 MiKPOKOHTPO-
nepa mo iHtepgeiicy I2C. Ilpu3HadeHHS KOHTAKTIiB
pO3’eMy IUTS 3B’ SI3KY 3 MiKPOKOHTPOJICPOM 300pakeHO Ha
Puc. 1.

Monyiib BUKOPHUCTOBYE CHHXPOIMITYJIBCH IO Kaapax
VSYNC, no psakax HREF ta no nmikcensix PCLK (tak-
TOBHH iMIyJIbCc BUAAYi OaiiTa 3 mapanensHoro mopty D7-
DO0). [laHi KOXHOTO 3 MIKCEMIB, SKi ABISIIOTH CO0010 iH(DO-
pMalrito Ipo HOro KoJIip MepeAaroThesl 0 BOCEMHUPO3PSI-
JTHOMY mapaniesnibHoro iHtepdeiicy D7-DO0, sxuil mpu
oMy TaktyeThes o PCLK. VDD — BifnoBinae 3a xuB-
nernas Mmoxayisi, GND — 3a 3emumto. SDIOC — BXin TakTo-
BOr'O CHT'HAIIY IMOCiZIoBHOTo iHTepdericy 12C kepyBanHs
kameporo. SDIOD — Bxin/Buxin iHGOpPMAIiHHOTO CHT-
Hany mociigoBHoro iHtepdeiicy 12C kepyBaHHS Kame-
poro. [l KepyBaHHSA TeHepaTOPOM BHYTPIIIHIX 1 30BHi-
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[THIX CHTHAIB MPH 3aXOIUICHH] BiZICOMTOTOKY BUKOPUCTO-
ByeThes curHan XCLK. Iurepdeiic 12C no3Boinsie 3unty-
BaTHU Ta 3aNKMCYBATH JaHi TUIBKH 3 PETICTPiB yNpaBIiHHS
1 KoHTpoo. 1le BrIMBae He TLNBKK Ha 3aXOIUICHHS Kaj-
piB, ane 1 Ha [esiKi mapameTpu 300paxkeHHs. SICKpaBiCTh,
HalpHKJIIaJ, IpH aBTOIIICTPOIOBaHHI Oyl 3MIHIOBATHCS
3 KOXKHUM KaJIpOM 1, SIKIIO KaJ{pu OyAyTh 3UUTyBaTUCS HA
mBuakocti 0,2 fps, To HOpMaNbHUI piBEHb SCKPABOCTI
BCTaHOBUTHCS TUTLKH Yepe3 NeKUTbKa XBUIIHH [5].

Bapto 3a3HaunTH, M0 PO3MIp OJHOTO MIKCEISI MOXKE
BapirOBaTHCS 3aJIC)KHO BiJl KOIYBAaHHS — JUIS KOJXyBaHHS
RGB paHni npo mikcenb 30epiraroTbes y IBOX OaiTax, s
koayBaHHs YCbCr — KiJIbKicTh OaiiT 3aJI€KUTh BiJ KOIY-
BanHsI RGB, amke ams mporo gopmary xoayBaHHS Oyzae
BinOyBaTucsi neperBopeHHs RGB B YCbCR. Lle moxe
MPUBECTH 1O TIOMHIIOK, TOMY Ieli (opMaT Kpaiie He
BUKOPHCTOBYBATH.

KonmyBanus RGB npencraBneHe y Tppox BapiaHTax —
RGB565, RGB555, RGB444. [{udpu 03Ha4ar0Th Kijib-
KicTh OiT, BUAIJICHUX Ha YCSPBOHUH, CHHIN Ta 3€IICHIH KO-
mopu. [Ipu mepenadi oHOTO MiKCENs Yepe3 BOCBMUPO3-
psaaHui nmapanensHu nopt D7-D0 po3cTaHOBKa KOMO-
BuX OiTiB Oyzme HactymHOIO — Puc. 2, Puc. 3, Puc. 4. JInsa
MOJIAIBIIOT  pealtizallii MPOTOTHITY MPUCTPOIO OyaemMo
BUKOPHUCTOBYBaTH KOJbOpOBY Mojenb RGB565 ta po3-
bRy 31aTHICTh 320 x 240 mikceniB (QVGA).

IV. CTPYKTYPHA CXEMA BJIOKY BIJOBPAXXEHHSI
JAHHX 3 BIIEOKAMEPH

Sk Oyyio 3a3HadeHO BUIIE, B SKOCTI MiKPOKOHTPO-
nepa, sIKUi OyJie KepyBaTH BiIeOMOIyIeM OyIeMO BHKO-
puctoByBatn STM32F429Z1 [6]. Lle mmara Hamaro-
moxerHs 3 niHiiiku STM32 NUCLEO-144 Ha 0CHOBI Mik-
pokontpoepa 3 siipoMm ARM Cortex-M4F 3 miarpumkoro
Arduino, ST Zio i Morpho.

[TnaTa HanaroKeHHs Ma€ HACTYIIHI XapaKTEPUCTHKU
Ta GYHKIIOHAT:

®  BCTaHOBJICHO MIKpDOKOHTpOJIEP
STM32F429ZI1T6 B 144-BuBimHOMY KOpITYyCi;

e sapo ARM Cortex-M4, poboua wyacrora 10
180 MI'11, MOIy/1b OOYHCIICHD 3 [UIABAIOYOIO TO-
YKOIO;

e |6-xanansHH DMA KOHTpOIIED;

e Flash-mam'sate 2 merabaiir, O3V 256 kinoba¥r;
e  KOHTpOJIEP 30BHIIIHBOI AM'ATI;

e  BOynosanwmii koutponep LCD-TFT,

e mapanensHuil iHTepdeiic mia migkmodenas PK
JICTIIICS,

e Tpu GaraTokaHanpHUX 12-po3psaaux AL,
e 5Ba 12-pospsnnux HAIIL

e xowmyHikaniiiHi iHTepdeiicn: 3x12C, 4xUSART,
6xSPI, 2x128S, SAI;

e 2xCAN, USB 2.0, 10/100 Ethernet MAC;

e iHTep(eiic mIKIFOYeHHS KaMepH;

®  MOXJIHMBICTh TMiJKIIOYCHHS IUIAT PO3LIMPEHHS
Arduino, ST Morpho, ST Zio;
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STM32F429ZIT6
Memo SPI
Ly LCD
DMA
D[p.7]
DCM ‘ PCLK
MREF
VEYNC
- OV7670
scca sio0
MCO1 Sk

Puc. 5 Cxema nifiKIIFO4eHHs: KaMepH Ta JUCIUICIO IO MiKPOKOHTpoJIepa

e  BOynosanwmii nporpamarop ST-LINK / V2;
e inTepdetic i mopt Ethernet (IEEE-802.3-2002);
e nporpamHi 0ibmioTexkn Ta incTpymentn HAL;

e miarpumka cepenoBwuil po3podku IAR EWARM,
KEI MDK-ARM, GCC, AC6 SW4STM32,
Atollic TrueStudio.

CTpyKTypHa cXeMa MiIKITIOYCHHS MOIYJIS KaMEpH JI0
MIKpOKOHTpOJIepa HaBeleHa Ha Puc. 5.

KepyBanust pobororo kamepu BinOyBaeTbcs yepe3
intepdeiic 12C [7] (SDIOC Ta SDIOD), TakTyBaHHS BiJl-
OyBaeTbes 3a qormomororo curaany XCLK. BiamosinHo,
nmaHi OyayTh TepenaBaTHCS Ha MIKPOKOHTpPOJIEp depes
BocbMupo3psiHy muHy D[0..7], sixka 00’exnye D7-DO.
Kpim mporo, s cuHXpoHI3alii mo kaapax Ta 1Mo psaKax
B MIKpOKOHTpoJiep OyIyThb NepelnaBaTHCS CHTHAJIN
VSYNC, HREF. Curnan HREF sBnse coboro ropusoH-
TalbHYy PaMKOBY CHHXPOHI3aIlifo, Ji¢ JIOTIYHUH PIBCHb
(H) uporo curnany siBiisic co0010 piBHO OJIHY JIiHIIO Bijic-
KaHOBaHOTO 300paxkeHHs, a curHanm VSYNC sBise
c000F0 BEPTUKAIbHY CHHXPOHI3AI[I0 KaIpy, A€ JOTIIHHH
HyIb (L) sBIsie coboro nmie oanH Kaap.

Came 300pakeHHSI 0OpOOISETHCS aHAJOTOBUM TPO-
LECOPOM 1 MTPOXOAUTH PSJI IEPETBOPEHB IS ITOAATBIIOTO
Npe/ICTaBICHHS Y BUTIIsLII I poBUX 3HaueHb. [Ticis miel
00pOoOKHM BOHO HAaIXOAWTH Ha BUXIJ MapajeIbHOTO iHTe-
poeiicy. Takum YuHOM, 3aXOIUICHHS KajpiB BinOyBa-
€ThCSA BECh Yac, IOKU IOJAETHCS TAKTOBHH CHTHAI
XCLK. Yum ioro yactota OyJie BHIIOI, THM LIBUJIIC
OymyTh 3aXOILTIOBATHCS 1 00POOIIATHCS KaIpy.

[lnaa DCMI [8] 3a6e3nedye nepenady TaHUX B KOH-
tposiep DMA. [lani TOBXHHOI B OJUH PSIOK 3alHUCy-
10ThCs B Oydep. Sk Tineku Oydep Oyme 3armoBHEHO (OTPH-
MaHO PSJIOK JaHuX) naHi 3 0ydepa yepes muny SPI oynae
nepenano Ha LCD nmucmmedt msa ix Bizyamizarii. Komm
TakToBUM curHan nojpaetbes Ha XCLK, kamepa HeraitHo
reepye curHamu cuaxponizanii PCLK, HREF Ta
VSYNC ra curnanu ganux D7-DO.

Jns peamizamii nepepadi ganux depe3 mmay DCMI
HeoOxitHo 3a1aTH HaOip mapamerpiB. OCHOBHUMHU Tapa-
MeTpaMH TaKoi KoHQiryparii Oy IyTs BHOIp IpaBUIEHOTO
kaHaimy DMA, BCTaHOBIEGHHS peXHMY Mepeaadi Mix
nepudepielo Ta MaM'ATTIO, ajpeca IpKepeda MOTOKY

nanux (perictp nanux DCMI), kinneBa agpeca mam'siTi,
Jie MaroTh OyTH AaHi. TakoK MOXKHA CKOPHCTATHCS TaKOIO
KOpHCHOI0 (yHKITi€r0 KoHTpoliepa DMA, sk aBTOMATH-
YHe TIEPEeTBOPEeHHs MK TunamMu panmx (Word,
HalfWord, Byte). Y namoMy Bunaiaxy mu OyaeMo BUKO-
PHUCTOBYBATH MEPETBOPEHHS NaHi 3 32-0iTHOTO pericTpy
DCMI B mpoctip mam'sti 16-0iT (BiamoBigHO 10 00pa-
Horo ¢opmaty RGB565).

3 MIKpOKOHTpoJjepa 300pakeHHsT Ha AWCIUIEH Oyne
nepenasatucs 3a gornomororo muHu SPI [9].

s mmHa 3’eqnana 3 mwiatorw 1L19341, ska i Oynme
Buctynatu B posti LCD ekpany [10]. Irimianizamis gucn-
JICEO 3 TUIATOIO Pealli3oBaHa 3aBISKU MoaupikaiisM odi-
nitaux 6i6aiorek STMicroelectronics.

V. BUBEJEHHS TA BI3YAII3ZALLS JAHUX

Bizyauizamiro moToKy JaHUX MOKHA peai3yBaTH pi3-
HUMHJ METOJIaMH, 3aJIeXKHO Bij mocraBiieHol 3axaui. s
CTBOPEHHS MpoToTumy Oyno BuOpano LCD mucruieit.
V Takiif koHpiryparii MoxHa peaizyBaTH 00K BinoOpa-
JKCHHS JTaHWX 3 BileOKaMepH y pearbHOMY Jaci 3 MiHiMa-
JHHOI0 3aTPUMKOIO y BIATBOpEHHI 0e€3 3acTOCyBaHHA
JIOJTATKOBHX TPHUCTPOIB Bizyamizamii (MOHITOp, cMmapT-
¢oH, HOyTOYK, Tomo). st moBHOWIHHOT peanizanii [P —
BileOKaMepH MO’KHA BHKOPHCTAaTH HAsABHUI Ha IUIATi
HanarokeHHs inTepdeiic Ethernet, abo momaTtu 1o cTpy-
ktypu mpuctpoto Wi-Fi npuitomo-nepemasay [11].
B saxocti Wi-Fi Momyns MoXHa BHKOPUCTATH IyXKe
norysipHAi 111 podotu 3 Wi-Fi mpuitomo-nieperaBauem
Mikpokoutpoaep ESP8266 [12]. [auuii momyns Oyme
OTPUMYBATH JIaHi 3 MIKPOKOHTpoJepa depe3 iHTepdeiic
UART [13], micnst 4oro BiJcHiIaTHME MAaKeTH BiJEOINO-
ToKy uepe3 Wi-Fi Mepexy Ha BiIIiJICHII BY30J1, Y IKOCTI
SIKOTO MO BHCTYIATH OyJb-SKUI MepCOHAJIbHUI TPH-
cTpiit (cMapTdoH, HOYTOYK) a00 cepBep BiACOTPAHCIIALII.
Takuiit miaxix K03BOJISIE peani3yBaTH MOXKIJIMBICTh BiJi-
JICHOTO MIiJKJIIOYEHHS 10 BiZlcOKaMEpH Ta apXiByBaHHS
BiZIGONOTOKY JUIS IEPETIIsiAy y OyAb-sIKHiA dac.

BUCHOBKH

[TokazaHa MOXJIMBICTH amapaTHOi peaiizamii OJIOKy
BiIOOpakeHHSI TAaHUX 3 MOIYJS MUPPOBOI BieokaMepu
OV7670 Ha 6a3i mikpokontposepa STM32F429ZI. Po3z-
JITHYTO OCOOMMBOCTI MIAKITIOYEHHS MOIYJS Bileoka-
MepH, 1i CHHXpOHI3alii Ta mepenadi BilleOgaHUX yepe3
mmHy DCMI. BusnaueHo mnapameTpw mis Tepenadi
JITaHWX 3 BUKOpUCTAaHHSIM pexxuMmy DMA. [lns Bizyaiiza-
il Bi/le0 Yy MPOTOTHUII MPUCTPOIO 3aIIPONOHOBAHO BHUKO-
pucranasg LCD gucroiero, miaKIFOYEHOTO 10 MiKPOKOHT-
porepa 3a ornomororo inrepdeiicy SPI.

Jlyist noBHOWIHHOT peanizauii (GyHKIIOHaIy, XapaKTe-
puoro nmns IP — Bimeokamep, HEOOXiAHO 1O amapaTHOl
YaCTUHHW JOJATH BIONOBITHI  MpHAOMO-TIepenaBadi
(mampuknax, Wi-Fi) ta po3pobutn momatkoBe mporpa-
MHe 3a0e3MeUeHHs, IKe OyIe MATPUMYBATH CTEK IPOTO-
xoiiB TCP/IP ta peanizoByBatu BOy0oBaHHl BeO-cepBep.
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Abstract—Video camera module are one of the most important components in designing and implementing image/video
processing systems. Such kind of systems are widely used all over the world for a long period of time. Due to using in
surveillance and guard, they have to have very small size. The aim of this article are following: present method for designing
working prototype of a system, that displays data, that is transmitted from digital video camera module; solve the problems
and issue, that shows up during projection. In the first chapter explains the reasons of creating video camera data display
unit. In the second chapter you can see the process of choosing components, needed for creating prototype, such as micro-
controller (STM32F429ZI) and video camera module (OV7670). This module provides visual information, captioned and
transmitted to user interface. There are few interesting challenges about choosing OV7670 settings, like frame format and
RGB coding. They were questioned and chosen in order to create working and functional prototype. In chapter three are
listed detailed theoretical information about features of chosen video camera module, such as purpose of every contact from
module, bits placement for RGB coding, and why that is so important in project. In the fourth chapter described block
diagram of device, which is projected. Principle of work of projecting system also is given here. You can read there explain-
ing the need for using such communication protocols as 12C, SPI and DCMI bus, that is used very often with video camera
modules. Explained reasons of using DMA in the system and short instructions for configuring parameters of DMA. In
chapter five described possibility of using different interfaces for transmitting output data to the user — such as Wi-Fi trans-
mitting-receiving technology, based on TCP/IP protocol. It can help in improving projected system to an independent prod-
uct, which can replicate full-fledged IP camera. Literary data analysis is carried out. It contains examples of similar systems
and their detailed descriptions. Some of these details were used in creating both article and prototype. In conclusion, this
article shows opportunities for hardware realization of video camera data display unit, based on OV7670 module and
STM32F429Z1 microcontroller. The features of connecting the video camera module, its synchronization and data trans-
mission via the DCMI bus are considered. The parameters for data transmission, using DMA mode are defined. To visualize
the video in the device prototype, was suggested LCD display, connected via the SPI bus. For full designed IP camera, it is
necessary to add transceivers (like Wi-Fi) to the hardware and develop software to support the TCP / IP protocol, needed
for embedded Web-server realization. Designed hardware and software of video camera data display unit gives a clear
representation of all main steps, needed to implement this system.

Keywords — video camera module; microcontroller; data transmission; 12C; DMA; picture.
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