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MO PAU

1. Pit van dé

Hé thong xtr Iy anh s6 dung vi diéu khién c6 nhiéu tmg dung trong thuc té
& hau hét cac linh vuc nhu truyén hinh, nhan dang chi viét, van tay, y hoc, vién
thdm, quan sy, nghién ctru khoa hoc... Xay dung mot hé théng xur ly anh s6 doi
hoi mot pham vi rong cac kién thirc vé phan ctmg, phan mém. Cung véi su phat
trién cua khoa hoc k¥ thuét, cong nghé xir Iy anh ngdy cang duoc phat trién ca
vé thiét bi phan ctng va cac giai phap phan mém.

Cung v6i sy phat trién cia cong nghé vi dién tir, cac vi diéu khién di co
nhiéu cai tién vé ciu trac, thiét ké hé théng, kha nang xu 1y, tai 1ap trinh hé
thong gitp giam chi phi san xuat, rat ngin thoi gian cai tién, nang cip, san xuét
hé thong.

CAu trac vi xtr Iy ARM (viét tit tir tén gbc 1a Advanced RISC Machine) 1a
mdt loai cau trac vi xir Iy 32 bit va 64 bit kiéu RISC duoc sir dung rong rai trong
cac thiét ké hé théng nhung. Do c6 dac diém tiét ki€ém nang lugng, cac bd vi xtr
Iy ARM chiém wu thé trong cac san pham dién tr di dong, ma véi cac san pham
nay viéc tiéu thu cong sudt thap 1a mot muc tiéu thiét ké quan trong hang dau.

Ngay nay, hon 75% CPU nhung 32-bit 13 thuéc ho ARM, diéu nay khién
ARM tr¢ thanh cdu trac 32-bit dugc san xudt nhiéu nhat trén thé gii. Giai phap
hé thong trén chip (System-On-Chip) dya trén bd vi xir Iy nhung ARM duoc
mg dung vao rat nhiéu thi truong khac nhau bao gém céac mg dung doanh
nghiép, cac hé thong 6 t6, mang gia dinh va cong nghé mang khong day. Nhiéu
thiét bi xtr Iy anh chuyén dung da duoc thiét ké sir dung vi diéu khién ARM.

Dong vi xir Iy ARM Cortex dua trén mét kién trac chuan du dé dap tng
hau hét cac yéu ciu vé hiéu niang 1am viéc trong tat ca cac linh vyc trén. Thém
vao d6 1a viéc lap trinh duoc don gian hoa dang ké gitip kién tric ARM tro
thanh mot liwa chon tt cho ngay ca nhitng tmg dung don gian nht.

Nhitng dic diém ndi troi caa dong ARM Cortex dd thu hut cac nha san
xuat IC, hon 240 dong vi diéu khién dya vao nhan Cortex di dugc gi6i thiéu.
Khéng nam ngoai xu hudng d6, hang san xuat chip ST Microelectronic di nhanh
chong dua ra dong STM32 14 vi diéu khién dua trén nén tang 16i ARM Cortex®-
M thé hé méi do hing ARM thiét ké.

Kha ning két hop trong thiét ké hé thong vi didu khién STM32 va cac giai
thuat phan mém cho phép xay dung mot hé thong xir 1y ludng anh video thoi
gian thuc dép tmg yéu cau cu thé can thiét ké.
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2. Noi dung ciia dé tai, cac van dé cin giai quyét:

Can clr vao cic nhan xét ké trén, luan vin dé ra muyc tiéu tong quat 1a:
Nghién ctru, thiét ké va phat trién mot hé théng thu thap va xir 1y anh video theo
thot gian thyce trén Kit STM32.

Dé dat dugc muc tiéu nay, cac van dé chinh sau day da duoc giai quyét:

- Thiét ké l4p rap hé théng bat anh gdm Camera OV7670 voi Kit vi diéu
khién STM32F4 Discovery hién thi trén man hinh tinh thé léng LCD 3,2

- Phat trién phan mém nhung cho phép ciu hinh hé thdng va bat cac
khung anh ctia luéng video.

- Hién thi hinh anh theo thoi gian thuc ra man hinh LCD 3,2”.

- Truyén dir 1iéu anh vé may tinh.
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CHUONG I: TONG QUAN VE HE THONG THU THAP VA XU LY ANH
DUNG VI PIEU KHIEN STM32

1.1. Giéi thigu

Mot hé thdng thu thap va xur Iy anh dung vi diéu khién c6 so do khdi dién

, s Min hinh lrn]
56 |léu hinh anh _)Hlvlal THININI |._\..|.)I
Camera Mach \ Vi diéu ] PC
anh sé ghép ndi khién l -

N

hinh nhu sau:

Cac tin hiéu dong bd Wifi

Hinh 1.1: So d6 khéi hé théng thu thap xi 1y anh

H¢ gdébm c6 cac thanh phan sau:

- Camera anh s6: 1a cdm bién bién doi cac pixel diém anh (mau hoac xam)
ra thanh céac tur sO li¢u. Téc dd bién doi phai du nhanh dé dap img voi yéu cau xir
1y theo thoi gian thuec.

- Mach ghép ndi: lam tuwong thich giita camera va vi diéu khién.

- Vi diéu khién: c6 nhiém vu chinh tao xung nhip co ban dé dong bd cac
tin hi€u (manh VSYNC va dong HYSNC) cho camera, thu thap cac dit li€u hinh
anh dua vao bd nhé dém ra man hinh (hoac truyén ra cac kénh thdéng tin, VD:
cong USART cua PC, ra kénh Wifi-TCP/IP, v.v...).

- Man hinh: ¢6 nhiém vy hién thi hinh anh. Néu 14 ludng video thi c6 thé
cho cac téc d6 dén 30fps.

Trong ludn van nay, vi diéu khién duoc st dung 1a loai STM32F407VG
Discovey thudc dong vi xir Iy ARM hién rat théng dung cho cac thiét bi di dong.
Cé4c tinh nang wu viét cua nd s¢ dugc trinh bay ngay duoi day.

1.1.1 Khai niém vé vi diéu khién

Vi diéu khién 1a mot hé théng duoc tich hop trén mot chip, bao gém mot
vi xtr 1y ¢6 hiéu sudt da dung va gia thanh thap két hop véi cac khéi ngoai vi
nhu bd nhd, cac md dun vao/ra, cic mod dun bién ddi ADC/DAC, bd dinh thoi...
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1.1.2 Giéi thiéu dong vi diéu khién STM32 [1]

STM32 1a vi diéu khién do hang ST Microelectronic san xuit dua trén nén
tang 1561 vi xtr Iy ARM Cortex®-M. La mot dong san pham vi xir diéu khién 32
bit két hop cac uu diém vé hiéu suat cao, kha nang xr Iy thoi gian thuc, xir 1y tin
hiéu sb, tiéu thy it ning luong, hoat dong dién ap thap, trong khi duy tri kha
nang tich hop day du va dé dang phat trién Gng dung.

Vi diéu khién STM32 dya trén mot 13i tiéu chuan cong nghiép, co thé sir
dung nhiéu coéng cu va phan mém dé phat trién Gng dung. Piéu nay lam cho
dong STM32 1a su lya chon 1y tuéng d6i voi cac du an nho hodc cho thiét ké
nén tang.

ST d4 dua ra thi truong 4 dong vi diéu khién dya trén ARM7 va
ARMY, nhung STM32 1a médt budc tién quan trong trén duong cong
chi phi va hiéu suét (price/performance), gia chi gan 1 Euro voi sb
luong 16n, STM32 1a sy thach thire that su véi cac vi diéu khién 8 va
16 bit truyén théng. STM32 dau tién gém 14 bién thé khac nhau, duoc
phan thanh hai dong: dong Performance c6 tan s6 hoat dong ciia CPU
l1én té1 72 Mhz va dong Access c6 tan sb hoat dong 1én té1 36 Mhz.
Céac bién thé STM32 trong hai nhém nay twong thich hoan toan vé
cach bd tri chan (pin) va phan mém, dong thoi kich thudc bd nhd
FLASH ROM c6 thé 1én t6i 512K va 64K SRAM. [1]

{ axpsizkn NN Rowe: SUbply — 32KB-512kB PR Pover Supply
deg 18V X - - g 1 Y
& i ForFORFVD | : [ﬂm!"'"mm Bl rorFoRPVD

BkB-45kE SRAM

j| 208 Backup Regs &' o

External Memory b
Interface

RTC/AWY

Hinh 1.2: Kién triic cia STM32 nhanh Performance va Access [1]
1.2.1 Su tinh vi
Thoat nhin thi cac ngoai vi cia STM32 ciing giéng nhu nhiing
vi diéu khién khac, nhu hai bd chuyén ddi ADC, timer, 12C, SPI,
CAN, USB va RTC. Tuy nhién mdi ngoai vi trén déu co rat nhiéu dic
diém tha vi. Vi du nhu bd ADC 12 bit ¢6 tich hop mdt cam bién nhiét
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d6 dé tu dong hiéu chinh khi nhiét d6 thay doi va hd tro nhiéu ché do
chuyén d6i. Mdi bo dinh thoi c6 4 khdi capture compare (dung dé bat
su kién véi tinh nang input capture va tao dang song ¢ ngd ra véi
output compare), mdi khdi dinh thoi co thé lién két voi cac khdi dinh
thoi khac dé tao ra mot mang cac dinh thoi chinh xac hon. Mgt bo
dinh thoi chuyén hd tro diéu khién dong co véi 6 dau ra tin hiéu diéu
bién do rong xung PWM voi dead time (khoang thoi gian dugc chén
vao giita hai dau tin hiéu xudt PWM bu nhau trong diéu khién mach
cau H) lap trinh duoc va mot duong break input (khi phat hién diéu
kién dung khén cép) s€ budc tin hicu PWM sang moét trang thai an
toan da duoc cai sin. Ngoai vi ndi tiép SPI c6 mot khéi kiém tong
(CRC) bang phan cimg cho 8 va 16 word hd trg tich cuc cho giao tiép
thé nhé SD hoac MMC.

STM32 c¢6 hd trg thém tdi da 12 kénh DMA (Direct Memory
Access). Mdi kénh c6 thé duge dung dé truyén dit liéu dén cac thanh
ghi ngoai vi hodc tir cac thanh ghi ngoai vi véi kich thudc tir (word)
dir liéu truyén di c6 thé 1a 8/16 hodc 32 bit. Mdi ngoai vi c6 thé c6 mot
bo diéu khién DMA (DMA controller) di kém dung dé giri hodc truy
van dit liéu nhu yéu cau. Mot bd phan xtr bus noi (bus arbiter) va ma
tran bus (bus matrix) t6i thiéu hoa sy tranh chap bus gifta truy cap dit
liéu thong qua CPU (CPU data access) va cac kénh DMA. Piéu d6
cho phép cac don vi DMA hoat dong linh hoat, dé dung va tu dong
diéu khién cac ludng dir liéu bén trong vi diéu khién.

STM32 1a mét vi diéu khién tiéu thu ning luong thap va dat
hiéu suét cao. N6 co thé hoat dong & di¢én ap 2V, chay ¢ tan sb 72
MHz va dong tiéu thu chi c6 36mA voi tat ca cac khdi bén trong vi
diéu khién déu duoc hoat dong. Két hop véi cac ché d6 tiét kiém nang
luong ciia Cortex, STM32 chi tiéu thu 2uA khi ¢ ché do Standby. Mot
bd dao dong ndi RC 8 MHz cho phép chip nhanh chong thoat khoi ché
do tiét kiém nang luong trong khi bo dao dong ngoai dang khoi dong.
Kha nang nhanh di vao va thoat khoi cac ché do tiét kiém nang luong
lam giam nhiéu sy tiéu thu ning luong tong thé.

1.2.2. Kha ndang an toan

Ngay nay cic tng dung hién dai thuong phai hoat dong trong
moi trudng khat khe, doi hoi tinh an toan cao, ciing nhu doi hoi stc
manh xtr 1y va cang nhiéu thiét bi ngoai vi. Pé dap mg cic yéu cau
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khat khe d6, STM32 cung cdp mét sb tinh niang phan ctmg hd trg cac
g dung mot cach tot nhat. Chiing bao gdm mot b phat hién dién ap
thép, mot hé théng bao vé€ xung Clock va hai bo Watchdogs. B dau
tién 1a mot Watchdog ctra sé (windowed watchdog). Watchdog nay
phai dugc 1am tuoi trong mot khung thoi gian xac dinh. Néu nhan n6
quéa som, hodc qua mudn, thi Watchdog s€ kich hoat. Bo thtr hai 1a
mot Watchdog doc 13p (independent watchdog), c6 bo dao dong bén
ngoai tach biét véi xung nhip hé théng chinh. Hé théng bao vé xung
nhip c6 thé phat hién 16i ctiia bd dao dong chinh bén ngoai (thuong la
thach anh) va tw dong chuyén sang dung bo dao dong ndi RC 8 MHz.

1.2.3 Tinh bdo mdt

Mot trong nhitng yéu cau khat khe khac cua thiét ké hién dai 1a
nhu ciu bao mat md chuong trinh dé ngin chin sao chép trai phép
phan mém. Bo nh¢ Flash caa STM32 c6 thé dugc khoa dé chong truy
cap doc Flash thong qua cong gd 16i (Debug). Khi tinh ning bao vé
doc duoc kich hoat, bd nhé Flash cling dugc bao vé chéng ghi dé ngan
chin méd khéng tin ciy dugc chén vao bang vector ngit. Hon nita bao
vé ghi c6 thé dugc cho phép trong phan con lai cia bo nhé Flash.
STM32 ciing c6 mdt dong hod thoi gian thyc va mot khu vuc nho dir
liéu trén SRAM duoc nudi nho nguén pin. Khu vuc nay c6 mdt dau
vao chéng gid mao (anti-tamper input), co thé kich hoat mot su kién
ngat khi co su thay d6i trang thai & dau vao nay. Ngoai ra mot su kién
chéng gid mao s€ tu dong xoda dir li¢u dugc luu trir trén SRAM duoc
nudi bang ngudn pin.

1.2.4 Phat trién phan mém

Cac cong cu phat trién cho ARM hién c6 da duogc hd tro tap
lénh Thumb-2 va dong Cortex. Ngoai ra ST ciing cung cap mot thu
vién diéu khién thiét bi ngoai vi, mot bo thu vién phat trién USB nhu
la mot thu vién ANSI C va ma nguén tuong thich vdi cac thu vién
trude d6 duoc cong bd cho vi didu khién STR7 va STR9. C6 rat nhiéu
hé diéu hanh thoi gian thuc RTOS (Real Time Operating System) ma
ngudn mé va thuong mai va middleware (TCP/IP, hé théng tap tin,
v.v.) ho trg cho ho Cortex. Dong Cortex-M3 cling di kem véi mot hé
thong g& 15i hoan toan mdi goi 1a CoreSight. Truy cap vao hé thng
CoreSight thong qua cong truy cip g& 16i (Debug Access Port), cong
nay hd tro két néi chuan JTAG hoic giao dién 2 day (serial wire-2
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Pin), cling nhu cung cip trinh diéu khién chay g& 15i, hé thong
CoreSight trén STM32 cung cép hé thong diém truy cép (data
watchpoint) va mét cong cu theo doi (instrumentation trace). Cong cu
nay co thé gui thong tin vé Gmg dung duoc lya chon dén cong cu g&
16i. Pidu nay c6 thé cung cip thém cac thong tin g& 18i va ciing ¢ thé
duoc sir dung trong qua trinh thir nghiém phan mém.

STM32 c6 san mot bo thu vién ngoai vi chuin va mau, vi du hd tro lap
trinh ma khong can kién thirc chuyén sau hay hiéu rd datasheet cua chip, gitp
nhanh chong tap trung vao viéc viét chuong trinh, tiét kiém thoi gian phat trién
san pham.

1.1.3 Giéi thi¢u kit STM32F4 Discovery

Lu4n vin st dung Kit STM32F407VG Discovery cho bit anh qua Camera
OV7670.

rss | Q| re?
VB4 | D O] rES

Hinh 1.3: Kit STM32F407VG Discovery

Bo kit STM32F4-DISCOVERY v6i vi diéu khién hiéu sudt cao
STM32F407VGT6, cho phép nguoi dung dé dang phat trién cac tmg dung xir 1y
tin hiéu s6 (hinh anh, video...). N6 bao gdm mdt cong cu ST-LINK tich hop sin
trén bang mach giup nap chuong trinh, g& 15i nhanh chéng.
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Cac tinh nang chinh

- Vi diéu khién 32-bit ARM Cortex®-M4 STM32F407VGT6 véi 16i FPU
hd trg xir 1y tinh todn du phay dong, 1-MB bo nhé Flash, 192 Kbyte RAM.

- On-board ST-LINK/V2 trén STM32F4-DISCOVERY gitp nap chuong
trinh, g& 16i.

- Ngudn dién cung cip cho bang mach: thong qua cong USB hoic tir mot
ngudn cung cip dién ap 5V bén ngoai.

- Tir bang mach, c6 thé cap ngudn 3,3 V va 5 V cho cac tng dung.

- Cam bién chuyén dong LIS302DL, ST MEMS 3 truc gia tdc.

- Cam bién Am thanh MP45DT02 ST-MEMS, mic cam bién 4m thanh vo
huéng k¥ thuat sd.

- B6 chuyén d6i DAC 4m thanh CS431.22.
- Tam dén LED:

+LDI1 (46 / xanh 14 cay) dé giao tiép USB
+ LD2 (mau d6) bao hiéu ngudn 3,3 V on

+ Bén dén LED mau: LD3 (mau cam), LD4 (mau xanh 14 cdy), LD5 (mau
do) va LD6 (mau xanh duong).

+ Hai USB OTG LED LD7 (mau xanh 14 cay) VBUS va LD8 (mau do).

- Hai ntit bam (nat bAm User mau xanh, nat bAm Reset mau den).

- OTG FS USB véi cong ndi micro-AB.

- Header mé rong cho tat ca LQFP100 I/O.

- Phan mém mién phi bao gém mot loat cac vi duy, st dung thu vién chuin
cua ST.

1.2. Gidi thi€éu Camera OV7670

Luan van st dung Camera OV7670 no FIFO (First In, First Out) 1a loai

camera gia ré nhung c6 tinh ning du cao dé str dung trong thi nghiém.

1.2.1. Gi6i thiéu chung

OV7670 1a mot cam bién anh két hop voi xir 1y tin hiéu sb (DSP), cho d6
phan gidi VGA 640x480, toc d6 khung hinh 1én téi 30 fps. Hinh anh thu nhan
duoc c6 thé duoc tién xir 1y boi khdi DSP trude khi duge truyén di. Viée cAu
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hinh ché d6 hoat dong ciaa OV7670 duogc cu hinh qua Bus diéu khién camera
tuan tu SCCB (Serial Camera Control Bus).

Hinh 1.4: Hinh anh Camera OV7670 no FIFO

Chirc nang cac chan tin hiéu Camera OV7670 no FIFO trong hinh 1.4
duogc mo ta trong Bang 1.1 dudi day:

Béang 1.1: Chure nang céc chan tin hi¢u cia Camera OV7670

Chéan Loai Mo ta
VDD Ngudn Nguén 3,3V
GND Ngudn Ground
SDIOC Pau vao Tin hiéu xung clock SCCB
SDIOD Dau vao Tin hiéu SCCB data
VSYNC Pau ra Xung dong bo manh
HREF Pau ra Xung dong bo dong
PCLK Pau ra Tan s6 Pixel clock
XCLK Pau ra Tén sb cép cho Camera hoat dong
D0-D7 Pau ra Tin hi€u video ra song song 8 bit
RESET Péu vao Tin hiéu Reset (tich cyc mirc thap)
PWDN DPiu vio Tat nguoén Power down (tich cuc
muc cao)
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1.2.2 Tin hi¢u hinh dnh ciia Camera OV7670 [11]

Trude khi di vao mé ta tin hiéu cia Camera OV7670, can tim
hiéu khai niém video va hinh anh duoc biéu dién ¢ dinh dang k¥ thuat
s6. [11]

Mot doan video 13 mot chudi cac khung hinh, mot khung hinh
(frame) 12 mot hinh anh tinh chup tai mot thoi diém nhét dinh. Mot
khung hinh dugc chia lam cac dong (line), mdi dong dugc chia thanh
cac diém anh (pixel). Mot diém anh 1a mot phan nhé ctia mot hinh anh
ky thuat s6, va n6 trong giéng nhu mot dau cham mau.

PO P1 P2 |P3 |P4

o | |||
o | || |
| | |
L3 ..
L4 .

Hinh 1.5: Anh 5x5 pixel

Vi du, hinh 1.5 [11] ¢6 5 dong, mdi dong co 5 pixel. Didu nay
c6 nghia 13 hinh anh c6 d6 phén giai diém anh 5x5. Pay la anh don sic
(da mirc xam), ngoai ra cling c¢6 nhitng &nh mau. Cac mau cia hinh
anh c6 thé dugc mi hoa trong cac dinh dang khac nhau nhu RGB,
YUV.

1.2.2.1 Dinh dang anh da mvrc xam (Monochrome)

Trong 4nh da mirc xam, mdi diém anh dugc luu trit boi 8 bit sb
liéu, dai dién cho murc d§ xam trong dai tir 0 dén 255. Gia tri 0 12 mau
den, 255 1a mau tring va cac gia tri trung gian 13 mau xam.

1.2.2.2 Dinh dang anh RGB

Trong thuc té, mau bat ky cé thé duoc tao boi su két hop cua ba
ngudn anh sang do (Red), xanh 14 cdy (Green) va mau xanh duong
(Blue) v6i nhitng cuong do khac nhau. Céch tiép can nay dugc goi 1a
mo hinh mau RGB. Sir dung mé hinh nay, mdi diém anh phai luu trit
ba gia tri cuong do cua anh sang do, xanh la cay va xanh duong.

Céc dinh dang pho bién nhét 1a RGB888, ¢ dinh dang nay mdi
diém anh duogc luu trit trong 24 bit, mdi kénh mau do, xanh 14 cay va



18

mau xanh duong dugc luu trit trong 8 bit. Cudng dd cia moi anh sang
thanh phan c6 thé trong dai tir 0 dén 255, trong d6 0 1a khong ¢ 4nh
sang, va 255 1a cudng do sang tdi da.

Hinh 1.6: M6 hinh mau RGB (hinh &nh tir wikipedia).

Cac dinh dang RGB duogc st dung bdi OV7670 1a RGB565,
RGB555 va RGB444. Sy khac biét véi dinh dang RGB8S8S 1a s6 bit
dugc gan cho mdi kénh. Vi du, trong dinh dang RGB565, kénh mau
do duoc luu trir voi 5 bit, kénh mau xanh 14 cay 1a 6 bit va kénh mau
xanh duong la 5 bit. Cac dinh dang RGB565, RGB555 va RGB444
tén it bd nhd khi luu trit nhung 1am giam sé luong mau sic so véi
dinh dang RGB&8S.

1.2.2.3 Dinh dang dnh YCbCr

Original Image Y Component

O O
CO GO

Ch Cormponent Cr Component

Hinh 1.7: Phan giai cia mot hinh anh thanh cac thanh phan Y, Cb va Cr
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YCbCr 1la mét dinh dang trong d6 mot mau RGB c¢o thé duoc
ma héa. Y hodc do sang thanh phan 1a luong anh sang tring ctia mot
mau sédc, va Cb va Cr 1a nhitng thanh phan chroma, trong Gtmg ma hoa
cac cAp d6 mau xanh va mau d6 twong ddi so véi cac thanh phan do
sang.

Hinh 1.7 thé hién hinh anh phén giai anh mau gdc YcbCr thanh
cach thanh phan Y, Cb, Cr. C6 thé thiy kénh Y ma hoa cac muc do
mau xam cua hinh anh. Vi vdy, cach dé& nhat dé c¢6 dugc mot hinh anh
da muc xam tir OV7670 1a trich xuat kénh Y cta dinh dang YCbCr.

Giéng nhu dinh dang RGB, dinh dang YCbCr cling luu trit mdi
kénh 13 8 bit (0-255), c6 thé chuyén doi tir YCbCr sang RGB sir dung
cac biéu thirc sau day:

R=Y + 1,402 (Cr—128)

G=Y-0,34414 (Cb -128) — 0,71414 (Cr —128)

B=Y +1,772 (Cb — 128)

Camera OV7670 str dung dinh dang YCbCr422, dinh dang nay
duoc luu trir thanh cac tir theo Bang 1.2

Bang 1.2: Dt li€éu anh dugc luu trir thanh tir (4 byte)

Byte 0 |Byte 1 |Byte 2 |Byte 3

Word 0 || Cb0O YO Cr0 Y1

Word 1 || Cb2 Y2 Cr2 Y3

Word 2 || Cb4 Y4 Cr4 Y5

Hodc tuong duong, cac dit li¢u dén theo thir tu trong Bang 1.3:

Bang 1.3: Thir tu dit liéu dén dang YCbCr422

Thu tu Byte
Ist Cb0
2nd YO0
3rd Cr0
4th Y1
5th Cb2




20

6th Y2
7th Cr2
8th Y3

Bang 1.4: Cac diém anh YCbCr422

Pixel 0 [[YO CbO Cr0

Pixel 1 [Y1 CbO Cr0

Pixel 2 [Y2 Cb2 Cr2

Pixel 3 |[Y3 Cb2 Cr2

Pixel 4 | Y4 Cb4 Cr4

Pixel 5 |Y5 Cb4 Cr4

Cac diém anh thyc té nhu Bang 1.4, mdi diém anh goém 3 byte
(vi du pixel 0 gébm 3 byte YO0, Cb0 va Cr0) nhu trong cac dinh dang
RGB. Nhung trong dinh dang YCbCr422, cac kénh Cb va Cr duoc
chia sé gitta hai diém anh lién tiép (vi du pixel 0 va 1 dung chung
phan Cb0 va Cr0). Do d6 hai diém anh duoc "nén" thanh 4 byte hoic
32 bit, diéu nay c6 nghia 13 trung binh mdi diém anh dugc luu trir nhu
1a 2 byte hodc 16 bit. Twr vi du trén, 3 tir (12 byte) luu trit 6 pixel.

Uu diém cua dinh dang YCbCr 14 kénh Y 13 hinh 4nh da murc
xam, trong khi & dinh dang RGB sé can léy trung binh cua 3 kénh dé
¢6 duoc hinh anh da mirc xam.

1.2.2.4 Tin hiéu video cua Camera OV7670

Truéce hét, dé cho Camera OV7670 hoat dong, can cép mot tin
hiéu xung clock dén chan XCLK. Theo datasheet, xung clock nay phai
c6 tan sb trong dai tir 10 + 48 MHz.

Néu vi diéu khién c6 dau ra timer hodc dao dong, co thé st
dung dé cap xung clock cho OV7670. Néu vi diéu khién khong c6 kha
ning tao ra xung clock thich hop, c6 thé sir dung mot ngudn dao dong
ngoai cip cho OV7670.
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Sau khi c6 tin hiéu xung clock dén chan XCLK, Camera
OV7670 s& diéu khién xung dong bd VSYN, HREF, PCLK va gui dir
liéu DO+D7 dang song song 8 bit. Gian d6 thoi gian cac tin hiéu xung
clock ddng b dong dwge mé ta trong hinh 1.8. [5]

e avavatavtavavavs

to ™ B
B
HREF (Row Data)
[ — -

-t fe—

= Yo

D[7:0] XLast Byte{ First Byte X Xi XLasI ByteX

] 3

tPD\n'

Hinh 1.8: Dong bo dong

Piéu dau tién can cha y, dit 1iéu DO+D7 phai duoc léy mau tai
suon 1én cua tin hiéu PCLK. Thit hai, DO~D7 phai dugc 1y miu chi
khi HREF & murc cao. Ngoai ra, suon I1én cua tin hiéu HREF bao hi¢u
su bat dau ciia mot dong, suon xuéng cua tin hiéu HREF bao hiéu két
thiic ciia mot dong.

Tat ca cac byte DO+D7 duoc lay mau khi HREF ¢ muc cao,
tuong Gmg v6i cac diém anh trong mot dong. Luu ¥ rang mot byte
khong phai 1a mot diém anh, no phu thuoc vao dinh dang lya chon.
Theo cai dat mac dinh cia Camera OV7670, dinh dang hinh anh la
YCbCr422, diéu nay c6 nghia 13 trung binh hai byte twong tng véi
mot diém anh (16 bit/pixel).

Theo Hinh 1.9 [5], suon xudng cua tin hiéu VSYNC bt dau
mot frame, suon 1én cia tin hiéu VSYNC két thuc mot frame.

Khi tin hiéu HSYNC & mirc cao, khéi thu nhan 640 pixel, trong
ung mot dong, 480 dong tuong g mot frame dugc thu nhan khi tin
hiéu VSYNC & mirc thap.
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Hinh 1.9: M6 ta tin hiéu mdt frame anh VGA (640x480)

Trén day d3 mo ta toan bd qua trinh 1ay mot khung hinh (frame). Theo
mac dinh, tin hi¢u PCLK s€ c6 cung mdt tan sb voi XCLK, tuy nhién b:fmg cach
sit dung SCCB dé c4u hinh ti 18 chia tan s6 prescalers va vong khoa pha PLL,
chung ta co thé tao ra tin hiéu PCLK c6 tan s khac nhau.

Théng thudng, mot tin hiéu PCLK 24 MHz s& cho tdc d6 khung hinh 30
fps, tin hiéu PCLK 12 MHz cho téc d6 khung hinh 1a 15 fps. Diéu nay doc lap
voi dinh dang hinh anh (VGA, CIF, QCIF, ...).

1.2.3. Bus diéu khién camera tuin tw SCCB

Bus diéu khién camera tun tu SCCB do hing OmniVision Technologies
phat trién dé diéu khién cac chtic ning cia dong cam bién camera OmniVision,
12 mot chuan bus tuan ty 3 day, co su twong thich véi giao thirc 12C (Inter-
Integrated Circuit). [8]

SCCEE
= [l

master device P = slave device

- slave device

- slave device
F

SCCE_AP_DO1

Hinh 1.10: So d6 khéi chirc ning SCCB tong quat sir dung 3 day
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Trong cac Gmg dung master chi lam viéc v6i mot slave, SCCB c6 thé hoat
dong v6i hai day tin hiéu, diéu nay giap giam sd chan linh kién (bo chan
SCCB_E)

v

(

...
o
(@]

L2 4

Far Aavsi~a
Master device

P
-

v
0
W}

Hinh 1.11: So d khéi chirc ning SCCB tong quat sir dung 2 day

1.2.3.1 Chirc nang cua cdc chan tin hiéu trong SCCB

Tin hiéu SCCB_E

La tin hiéu mét chiéu, kich hoat & muc thép, diéu khién boi master. Bao
hiéu bit dau hoic ngimg truyén dir licu.

Mirc thay ddi tin hiéu tir cao xudng thip bao hiéu bat dau truyén dir liéu.
Mirc thay dbi tin hiéu tir thap 1én cao bao hiéu ngimg truyén dit liéu.

SCCB_E phai giit mirc thap trong sudt qué trinh truyén dit liéu. SCCB_E
& mirc logic 1 khi hé thong & trang thai ide.

Tin hiéu SIO_C

La tin hiéu mot chiéu, tich cuc & muc cao, diéu khién boi master. Bao
hiéu mdi khi truyén mét bit. Truyén dir liéu bat dau khi SIO_C & muc logic 0.

Mirc logic 1 cua SIO_C trong qua trinh truyén dir liéu bao hiéu 1 bit da
truyén xong. Vi vdy, tin hiéu SIO D chi c6 thé truyén khi SIO C & muc 0.
Master dat SIO_C & mre logic 1 khi bus ¢ trang thai ide.

Chu ky truyén 1 bit théng thuong khoang 10us => tan s6 100 KHz.

Tin hi¢u SIO_D

La tin hiéu dit liéu hai chiéu, co thé duoc diéu khién bsi master hodc
slave. Mot bit truyén duoc nhén biét bang mot murc logic 1 caa SIO_C.

1.2.3.2 Bdo higu truyén dit ligu trong SCCB

Thi tuc truyén dit liéu trong giao thirc SCCB gdm 03 budc:

1- B4o hiéu bit dau truyén dir lidu.

2- Truyén dir liéu.

3- Bao hiéu két thuc truyén dit liéu.

Gian dd thoi gian cua qua trinh truyén dit liéu cia SCCB 3 day tong quat
thé hién trong hinh 1.12. [8]
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Start of transmission Stop of transmission
I [
I |
SCCB_E

i |
| |
| 1
S10_C PN O VY Y Y Y Y N /NS
]
1
I
]
]
1
|
]

s10_b— TN\ A BT e s xR R R X R N TN D —
Hinh 1.12: Qué trinh truyén dir liéu cua SCCB 3 day
Trong ludn vin st dung truyén dit liéu qua SCCB 2 day, sau day s& tap
trung mo ta giao thirc truyén SCCB 2 day.
Bdo higu biit ddu truyén tin hiéu (Start):
Mic tin hiéu SIO D, SIO_C & mirc logic 1 dé nhan biét trang thai duong
truyén.

start of
transmission

Hinh 1.13: Tin hi€u bao hiéu Start

Start: Sau khi muc tin hiéu SIO D chuyén trang thai tir 1 xubng 0, tin
hiéu SIO_C chuyén trang thai tir 1 xudng 0 dé bao hiéu bt dau truyén.

Bdo hi¢u ngirng truyén dir ligu (Stop):

Sau khi murc tin hiéu SIO C chuyén trang thai tir 0 1én 1, tin hiéu SIO_D
chuyén trang thai tir 0 1én 1 dé bao hiéu nging truyén dir liéu.

stop of
transmission

Hinh 1.14: Tin hiéu bao hi¢u Stop

Stop: Tin hi¢u SIO D tir muc logic 0 1én 1 khi tin hi¢u SIO_C & muc
logic 1
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So sdnh vdi tin hi¢u bdo hiéu bdt dau va két thiic truyén div liéu ciia 12C

START sSTOP

%3]
]
>
2]
O
>

w
O
~
(%)
O
-

Hinh 1.15: Tin hi€u bdo hi¢u Start/Stop cua [12C
Start: Tin hiéu SDA tir mtrc logic 1 xudng 0 khi tin hiéu SCL & mirc logic 1
Stop: Tin hi€u SDA tir mtrc logic 0 1én 1 khi tin hi¢u SCL ¢ mtrc logic 1
So sanh cho thay tin hiéu bao hiéu truyén ciia SCCB gibng 12C.
Tin hi¢u SIO_C tuong duong véi tin hiéu SCL
Tin hi¢u SIO_D tuong duong véi tin hiéu SDA
1.2.3.3 Chu ky truyén dit liéu trong SCCB
Don vi truyén dir liéu co ban trong SCCB duoc goi 1a pha, mot pha truyén
dir liéu gdm c6 9 bit: 8 bit dir liéu truyén tudn ty, bit thir 9 13 Don’t Care bit hoic
NA bit phu thudc vao vi¢c truyén dir liéu 1a doc hay ghi ditr liéu. Muc dich cua
bit thir 9 12 dé nhan biét truyén dir liéu thanh cong. Bit ¢ trong sd cao MSB
ludn duoc truyén dau tién.
| | |
—7lels 43 2 o[ 7 els 4 3 2 [ofx]|7]6]5] 43|21 | o]X

l phase 1 phase 2 l phase 3 l

- o S -

Hinh 1.16: Pha truyén di liéu trong SCCB

Duéi ddy s& mé ta 3 loai truyén dir liéu. [8]

- Chu ky ghi dit li€u 3 pha.

- Chu ky ghi dir li€u 2 pha.

- Chu ky doc dit liéu 2 pha.

1.2.3.4 Chu ky ghi dir liéu 3 pha

La mot chu ky ghi dir li¢u déy du, master thuc hién ghi mdt byte dir licu
1én thanh ghi cua slave.
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| | |
IP address [ X sub-address [ X write data [ X
phase 1

phase 2

- -

phase 3

A

Y

- —

Hinh 1.17: Chu ky ghi dit liéu 3 pha trong SCCB

Pha 1: IP address => truyén dia chi slave.

Pha 2: sub address => truyén dia chi thanh ghi cua slave.

Pha 3: write data => ghi dix liéu 8 bit vao thanh ghi cua slave.
Bit thtr 9 trong ca 3 pha la Don’t Care bit.

1.2.3.5 Chu ky ghi dit ligu 2 pha

| | |
—A IP address ])( sub-address X—

phase 1 phase 2

| | |

| | -
- >l -

I | I

Hinh 1.18: Chu ky ghi dir liéu 2 pha trong SCCB

Chu ky ghi dir li€u 2 pha phai theo sau bd1 mot chu ky doc dir li¢u 2 pha.
Muc dich cta chu ky ghi dir liéu 2 pha la x4c dinh thanh ghi cua slave dé master
doc trong chu ky doc 2 pha tiép theo.

Pha 1: IP address => truyén dia chi slave.

Pha 2: sub address => truyén dia chi thanh ghi cua slave.

Bit thtr 9 trong ca 2 pha la Don’t Care bit.

1.2.3.6 Chu ky doc dit liéu 2 pha

Ban than chu ky doc 2 pha khong thé nhén biét duoc dia chi thanh ghi cua

slave. Do do, trude khi thuc hién chu ky doc dit li¢u 2 pha, phai ¢c6 mot chu ky

ghi dif liéu 3 pha hoic 2 pha dé slave nhan biét dia chi thanh ghi can doc dit liéu.
I I |

— IP address | X read data |N

l phase 1 l phase 2 l
1o - >

Hinh 1.19: Chu ky doc dit liéu 2 pha trong SCCB
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Pha 1: IP address => truyén dia chi slave. Bit thi 9 trong pha 1 1a Don’t
Care bit.

Pha 2: read data => doc dir li€u tur slave. Bit thir 9 trong pha 2 cta chu ky
doc la NA bit. Master phai kéo tin hi¢u NA bit 1én mtrc 1.

So sanh bit thir 9 trong giao thire 12C voi SCCB: déu dung dé dé bao hiéu
truyén dir liéu thanh cong. Trong giao thirc 12C, bit thir 9 14 bit ACK ludn & mirc
logic 0; trong giao thirc SCCB khi master truyén dit liéu, bit th 9 1a Don’t care
bit co6 murc logic 0, khi master doc dir li€u, bit thir 9 1a NA bit ¢ muc logic 1.

1.2.3.7 Ghi dir liéu vao thanh ghi OV7670

Pé ghi dir liéu vao thanh ghi ciia Camera OV7670 theo giao thirc SCCB,
st dung chu ky truyén dit liéu 3 pha. So d6 thuét toan nhu hinh 1.20:

SCCB START
TRUYEN DIA CHi GHI DI LIEU CAMERA (0x42)
TRUYEN DIA CHi THANH GHI
TRUYEN D LIEU THANH GHI

SCCB STOP

Hinh 1.20: Ghi dit li¢u vao thanh ghi OV7670
1.2.3.8 Doc dit liéu vao thanh ghi OV7670.

Dé doc dir liéu thanh ghi cia Camera OV7670 theo giao thirc SCCB, sir
dung hai chu ky truyén di liéu:

- Chu ky ghi dit liéu 2 pha
- Chu ky doc dit liéu 2 pha
So dd thuat toan nhu hinh 1.21:
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SCCB START (BAT DAU CHU KY GHI 2 PHA)
TRUYEN PIA CHi POC DF LIEU CAMERA (0x43)
TRUYEN DIA CHi THANH GHI CAN DQC DU LiEU

SCCB STOP (KET THUC CHU KY GHI 2 PHA )

SCCB START (BAT DAU CHU KY DQC 2 PHA)
TRUYEN DIA CHi BOC DIF LIEU CAMERA (0x43)

DOC DI LIEU THANH GHI TU’ CAMERA

SCCB STOP (KET THUC BQC DU LIEU)
Hinh 1.21: Poc dir li¢u thanh ghi OV7670

1.2.4 Céu hinh hoat dong ciia Camera OV7670

Camera OV7670 c¢6 nhiéu thanh ghi cho phép cau hinh ché d¢ hoat dong
nhu lira chon dinh dang hinh anh, d6 phan giai, toc d6 khung hinh, tién xu ly
anh, can bang tring. .. Duéi ddy s& mo ta mot sd thanh ghi quan trong trong viéc
cAu hinh ché dd hoat dong cuia Camera OV7670.

1.2.4.1 Cai dit tan sé dao dong ni cho Camera OV7670 hoat dong

Pé Camera OV7670 hoat dong, can cap xung clock tir bén ngoai dén chan
XCLK, dau tién tin hiéu clock nay dugc qua vong khoa pha PLL dé nhan tan sd,
sau d6 qua bo chia dé tao ra xung clock dé Camera OV7670 lam viéc.

B6 nhan PLL dugc diéu khién bai thanh ghi DBLV ¢6 dia chi 0x6B.
B chia dugc didu khién bsi thanh ghi CLKRC ¢6 dia chi 0x11.

Bang 1.5: Cac thanh ghi cai dat tin s6 dao dong ndi Camera

Gia tri

Thanh ghi | Dia chi R
mac dinh

Mo ta

Bit[6] = 0: cho phép dit ty 1¢ chia tAn sd
Bit[6] = 1: st dung xung clock ngoai

CLKRC 0x11 0x80 | Bit[5:0]: hé sd chia tan s, trong dai tir
[0 0000] dén [1 1111], tinh theo cong thirc

2*#(CLKRC[5:0]+1)
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Bit[7:6]: Piéu khién PLL dé nhan tan s
00: Bypass PLL, giit nguyén tan s6
DBLV 0x6B 0x0A | 01: Input clock x 4

10: Input clock x 6

11: Input clock x 8

Tan s6 1am viéc ctia Camera duoc tinh nhu sau:

fint cLk = ferk * PLL Multiplier / 2* (CLKRC[5:0]+1)

Vi du: tan sb 16 MHz bén ngoai cép cho Camera & chan XCLK, dé nhan
duoc tan s6 dao dong ndi 24 MHz cap cho Camera hoat dong, can cau hinh nhu
sau:

Dit Bit[6] thanh ghi CLKRC vé 0 dé cho phép chia ty 1.

Dit Bit[5:0] thanh ghi CLKRC bang 1 (00001) dé thuc hién chia 4.

Dit Bit[7:6] thanh ghi DBLV vé 10 dé PLL nhén 6.

// Tan so STM32F4 cap cho camera 16MHz

SCCB_write reg(0x6B,0x80); // nhan tan so voi 6

SCCB_write reg(0x1l, 0x01);// chia tan so cho 2(1+1)

// Tan so lam viec cua camera = 16MHz*6/2(1l+1l) = 24MHz
fint etk = ferk X PLL. Multiplier / (CLKRC[5:0]+1)
=16 MHz x 6/4 =24 MHz
Thong thudng, tan sb pixel clock ra tai chan PCLK Camera OV7670 c6

cung tan sd voi tan sd finr CLK- Bé“mg cach cai dat mot sb thanh ghi, chung ta cé
thé thay doi tan s6 PCLK qua d6 thay d6i tbc do khung hinh/giay.

1.2.4.2 Dinh dang hinh dnh

Camera OV7670 hd trg 4 dinh dang hinh anh: YCbCr, RGB565/RGBS555,
Bayer raw RGB va Processed raw RGB. Dinh dang hinh anh ra c6 thé duoc ciu
hinh bing cach thiét 14p thanh ghi cac bit cta hai thanh ghi COM?7 (dia chi
0x12) va thanh ghi COM15 (dia chi 0x40) theo Bang 1.6 [6]
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Bang 1.6: Thiét 1ap dinh dang anh cho Camera OV7670

Pinh dang Pixel Data Cai dat thanh ghi
hinh 4nh Output COM7[2] | COM7[0] | COM15[5] | COM15[4]
Raw Bayer 8-bit R or 8-bit G 0 1 X 0
RGB or 8-bit B
Processed 8-bit R or 8-bit G 1 1 X 0
BayerRGB or 8-bit B
YUV/YCbCr | 8-bitY, 8-bit U or 0 0 X 0
4:2:2 8-bit Y, 8-bit V
GRB 4:2:2 8-bit G, 8-bit R or 1 0 X 0
8-bit G, 8-bit B
RGBS565 5-bit R, 6-bit G, | 0 0 |
5-bit B
RGBS555 5-bit R, 5-bit G, | 0 | |
5-bit B

Cin cur tai liéu Camera OV7670 [6], ¢ thé dat gia tri mot s6 thanh ghi dé
c6 dinh dang hinh 4anh RGB565 va YUV422 nhu sau:

Pinh dang hinh anh RGB565:

SCCB_write_reg(0x12,
SCCB_write_reg(0x40,
SCCB_write_reg(0x04,
SCCB_write reg(0x8C,

0x04); // COM7, RGB format
0xDO0) ; // COM15, RGB565
0x0) ;

0x0); // disable RGB444

Pinh dang hinh anh YUV422:

SCCB_write_reg(0x12,
SCCB_write reg(0x40,
SCCB_write_reg(0x04,
SCCB_write reg(0x8C,

0x0) ; // COM7, YUV mode

0x0) ; // coM15

0x0); // COM1, disable CCIR656
0x0) ; // disable RGB444

// COM1l, disable CCIR656

Véi dinh dang YUV, mac dinh thir tu tin hi€u ra 1a YUYV, néu can thay
ddi thir ty tin hiéu ra, thay doi gia tri cac bit thanh ghi COM13[1] dia chi 0x3D
va thanh ghi TSLBJ[3] dia chi 0x3A theo Bang 1.7
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Bang 1.7: Thtr tu tin hiéu YUV

Bit TSLB|[3] (0x3A) Bit COM13[1] (0x3D) Thur tw
0 0 YUYV
0 1 YVYU
1 0 UuYVvy
1 1 VYUY

1.2.4.3 Cai dat do phén gidi hinh anh

Camera OV7670 c6 d0 phan giai mac dinh 1a VGA (640x480), trong
thanh ghi COM7 (0x12) c6 mét sé d6 phan giai da dinh nghia trude nhu QVGA,
CIF va QCIF. B¢ lya chon cac do phan giai nay, cai dt cac bit thanh ghi COM7
nhu Bang 1.8 [6]

Bang 1.8: Thiét 1ap d6 phan giai QVGA, CIF, QCIF

Cai dat thanh ghi

Do phan giai hinh anh

COM7[5] | COMT7[4] | COM7[3]
QVGA (320x240) 0 1 0
CIF (352x288) 1 0 0
QCIF (176x144) 0 0 1

Can cir vao Bang 1.7, 1.8, c6 thé thiét 1ap cac gia tri khac nhau cua thanh
ghi COM7 dé chon do phan giai va dinh dang anh:

SCCB_write reg(0x12, 0x0 ); // VGA, YUV

SCCB write reg(0x12, 0x4 ); // VGA, RGB

SCCB_write reg(0x12, 0x14); // QVGA, RGB

SCCB_write_reg(0x12, 0x10); // QVGA, YUV

SCCB write reg(0x12, 0x8 ); // QCIF, YUV

SCCB_write reg(0x12, 0x0C); // QCIF, RGB

Cac do phan giai nay da dugc dinh nghia trudc trong Camera OV7670.
Trong ciu hinh hoat dong cua Camera, dé dam bao d6 phan giai ra dang yéu
cau, c6 thé thay ddi cac cac thanh ghi:

Dit cAc bit ciia thanh ghi COM14[3], va SCALING PCLK_DELAY[7].

Dit bit 0 cua thanh ghi TSLB[0] (0x3Ah) v& 0 va thay dbi gia tri cac
thanh ghi diéu khién ctra s6 theo Bang 1.9. [6]



32

Bang 1.9: Céc thanh ghi thiét 1ap cira sb

Chirc nang Thanh ghi Dia chi thanh ghi
Cot bat dau HSTART[7:0], HREF[2:0] 0x17, 0x32
Cot két thuc HSTOP[7:0], HREF[5:3] 0x18, 0x32
Dong bit dau VSTRT[7:0], VREF[2:0] 0x19. 0x03
Dong két thuc VSTOP[7:0], VREF[5:3] 0x1A, 0x03

Selected
4— Frame Data —» Row Data #240

(240:Rows) /" (320 Columns)

Hrer [ [ 1[] [1]
| 1 4
Selected
Columns
Selected | gelected Frame 480 Rows
Rows

<+——— 640 Columns - >

NOTE: The default output window is 640 x 480.

Hinh 1.22: Vi du vé ctra s6 320x240

Hinh 1.22 [6] cho thdy mot vi du vé ctra s6 frame. Sau khi cai dit cac
thanh ghi trong Bang 1.9 véi gid tri thich hgp, tin hi€u ra c6 do phan giai la
320x240.

1.2.4.4 Tin higu dong by

Camera OV7670 co6 hai tin hiéu d@)ng bo VSYNC va HREF. Tin hiéu
VSYNC Ia tin hi€u lién tuc, tin hi€u HREF chi c¢6 gia tri khi c6 dit li€u ra, néu
khong c6 dir li€u ra, tin hi¢u HREF gitr murc thép hoac cao phu thudc vao cuc
tinh cua tin hiéu.

Cuc tinh cua tin hiéu VSYNC, HREF dugc cai dat twong trng bdi cac bit
cua thanh ghi COM10 (dia chi 0x15). Thong thuong, mg dung st dung suon 1én
cta tin hiéu PCLK dé 1y dir liéu khi HREF & muc cao. Tin hiéu PCLK chay tu
do theo mic dinh, c6 thé dit bit 5 cia thanh ghi COM10[5] ¢ muc cao dé tin
hi¢u PCLK chi chay khi c6 tin hi¢u HREF.
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Bang 1.10: Thanh ghi diéu khién tin hiéu dong bd cia Camera

Gi4 tri

Thanh ghi |Dia chi o .
) mac dinh

Mo ta

Bit[6]: HREF thay di theo tin hiéu HSYNC
Bit[5] =0: PCLK luén dao dong

Bit[5] =1: PCLK khong dao dong trong khoang
horizontal bank

COMIO 0x15 00 Bit[4]=0: dit liéu ra & sudn xudng PCLK
Bit[4]=1: d{t li¢u ra & suon 1én PCLK
Bit[3]=0: HREF cuyc tinh duong

Bit[3]=0: HREF cuc tinh am

1.2.4.5 Ty 1¢ hinh anh

Camera OV7670 cho phép cai dit dé hinh anh ra c6 do phan giai khac
nhau duoc 1y ty 18 tir &6 phan giai VGA.

Mach diéu khién ty 1& hinh anh gdm hai khéi, 14y mau xubng (Down
Sampling) va co dan anh s6 (Digital Zoom Out) dugc mé ta trong hinh 1.23. [6]

Khéi Down Sampling lam giam kich thudc hinh anh VGA theo ty 18 1/2,
1/4, 1/8. Khéi Digital Zoom Out cho phép co gidn anh theo hai chiéu ngang doc
doc lap.

b

1
- A 1 - N i ~
!::>__---.l,»‘, Down Sampling$ __, | [----5.-iDigital Zoom Out:l_---., ':.'.':.':.,:J:D

: 1/2 | - i From 1x to 1/2x !}
: 1/4 ' | i
: 1/8 i : ]
1 1 I 1
j . i :

Hinh 1.23: Mach diéu khién ty 1& hinh anh

Vi du: dé 14y hinh anh c6 d6 phan giai 256x128. Pau tién, hinh anh VGA
qua khbi Down Sampling xudng do phan giai 320x240 véi ty 18 1/2 trén ca hai
chiéu ngang, doc. Sau d6 khdi Digital Zoom Out lay ti 18 tir 320x240 xudng
256x128 bang cach dit ty 1 0,8 chiéu ngang, 0,53 chiéu doc.
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Béang 1.11: Céc thanh ghi cai dat ty I¢ hinh anh [6]

Register

Funchion Register Address Description
igi i 0: Bypass
Digital Zoom Enable Bit COM3[3) ox0C G Bkl
Down Sampling Enable Bit COM3([2] axoc |9 Disable
e 1 Enable
Down Sampling Related Control SCALING_DCWGTR(7:0] 0x72 | See Table 6.2

Pixel Clock Divider

SCALING_PCLK_DIV[3:0]

0x73

DSP Output Clock Divider

Bit [3]:
0: Bypass
1: Enable
Bit [2:0]:
000: Divider =1
001: Divider =2
010: Divider = 4
011: Divider=8
100: Divider = 16
101: Divider = 32
110: Divider = 64
111: Divider = Not allowed

Horizontal Scaling Ratio

REG74[6:0]

0x74

From 1x (0x20) to 0.5x (0x40)

Horizontal Scaling Ratio =
0x20 / (REGT4[6:0])

Vertical Scaling Ratio

REG75[6:0]

0x75

From 1x (0x20) to 0.5x (0x40)

Vertical Scaling Ratio =
0x20 / (REGT5[6:0])

Pixel Clock Delay

SCALING_PCLK_ DELAY[3:0]

OxAZ

Original H size /
Pixel clock divider - New H size

Bang 1.12: Thanh ghi diéu khién co gian anh [6]
Function Register Address Description
Option fpr Vertical Average SCALING_DCWCTR(7] Ox72 U Vertical lrunca:ticm
Calculation 1:  Vertical rounding
’ : : 0: Vertical truncation
Option for Vertical Down Sampling | SCALING_DCWCTR[6] ox72 1: Vertical rounding
00: No vertical down sampling
Vertical Down Sampling Rate SCALING_DCWCTR[5:4] | ox7z |01 Vertical down sample by 2
= ; 10: Vertical down sample by 4
11: Vertical down sample by 8
Option f?r Horizontal Average SCALING_DCWCTR(3] Ox72 0: Hoﬁzcntal tmncgllcn
Calculation = 1: Horizontal rounding
Dptionl for Horizontal Down SCALING_DCWCTR(2] OxT72 G Hoﬁzontal truncqimn
Sampling 1: Horizontal rounding
00: No herizontal down sampling
. . . 01: Horizontal down sample by 2
Horizontal Down Sampling Rate SCALING_DCWCTR[1:0] 0x72 10: Horizontal down sample by 4
11: Horizontal down sample by 8

1.2.4.6 Loc dai

Cuong do anh sang trong phong thuong thay ddi theo tan sé ngudn AC.

Vi nguén AC ¢6 tan sb 50Hz, c6 thé thiét lap c4u hinh bo loc nhu sau:

SCCB_write reg(0x13, Oxe7); //banding filter enable
SCCB_write reg(0x9d, Oxa5); //50Hz banding filter
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SCCB_write reg(0xa5, 0x02); //3 step for 50hz
SCCB_write_reg(0x3b, 0x0a); //Select 50Hz banding filter

1.3. Module man hinh LCD 3,2” ILI19341

P —
. - o |
Py
arwcq 2 22 D—ppy o |
K93 B O g ; =
wid 4 24 O—yppy —
ﬁc 3 23 O—pps = °
pEx 9 © 26 O—ppg =
peg g ! 2 O—ppy =
DY 8 28 O— 1k =
g ® 2 O—r¢s =
perrq 10 30 O—ppy =
merd I 31 o— =
mBad 2 32 Py our =
pEsq B 3 O—rrg — -
s 91 H¥O0—g o —
g 2 3B D—pax -
resTq 6 36 O—ppy
ned 7 37 P—gpcs
LEpd 18 38 0— 5 2 |, .
T 19 39 p— . =
=g 40 p— e _4
—

Hinh 1.24: So d6 chén giao tiép man hinh LCD 3,2” IL19341
1.3.1 Pic diém ky thuat
bién &p hoat dong: 3,3V.
D0 phan giai 240 c6t x 320 hang voi 262K mau
Chuan giao tiép 2 ché do 8 bit va 16 bit.
HO tro cam ung di¢n tro, khe cam thé nhé SD.
IC diéu khién 1a ILI9341.

Chtrc ning cac chan giao tiép cia man hinh LCD 3,2” ILI9341 véi vi diéu
khién duwgc mé ta trong Bang 1.12.

Bang 1.12: Cac chan giao tiép man hinh LCD 3,2” ILI9341

S6 chan Tén chan Chirc nang
1 GND Noi dat nguén
2 vCC Néi ngudn 3,3V
4 RS RS=0 ghi I¢nh Ién LCD

RS=1 ghi data Ién LCD

5 WR Ghi dir li€u, suon 1én ctia xung trén chan WR s&
ghi data lén LCD
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6 RD Doc dir 1iéu, suon 1én cta xung trén chan RD doc
trang thai LCD
7-14 DB8-DB15 8 bit cao data
15 CS Chip select, tich cuc mirc thap
17 REST Reset LCD, tich cuc muc thép
19 LED A Chan Anot dén nén
21-28 DB7-DB0 8 bit thap data

Man hinh c6 thé giao tiép v6i vi diéu khién & ché do song song 8 bit hodc
16 bit dit liéu. Ludn vin sir dung giao tiép man hinh & ché d6 song song 16 bit
dir lidu.

Hinh 1.25 [9] duéi ddy mé ta giao tiép 16 bit giita vi diéu khién véi
IL19341. Vi diéu khién sir dung 4 tin hiéu diéu khién CSX, D/CX (chan RS),
WRX, RDX va 16 duong dir liéu dé giao tiép vdi man hinh LCD.

CSX
D/CX

WRX
v IL1 9341

- | D[15:0]

/7|7— D[17:16]

Hinh 1.25: Giao tiép 16 bit voi ILI9341

MPU

YYYY

1.3.2 RESET man hinh

Reset is accepted

Hinh 1.26: Tin hiéu Reset

Tin hiéu RESET ché do hoat dong cua man hinh thyuc hién béng cach kéo
chan RESET tr mirc cao xudng thép, giit t6i thiéu 10us, sau d6 kéo chén
RESET 1én murc cao, gitt khoang 120ms dé dit lai cac gia tri mac dinh.

1.3.3 Ghi dir li¢u vao thanh ghi 11.19341

Hinh 1.27 mé ta chu ky ghi dit liéu véi ILI9341 [9]. Chan WRX diéu
khién ghi tin hiéu, ¢ suon xudng khi tin hiéu WRX xubng muc thap, vi xtr Iy
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chdt dit liéu trén bus data, & suon 1én khi tin hiéu WRX kéo 1én muc cao,
IL19341 doc dir liéu trén bus data.

WRX / \ / \ { \

] |
D[7:0], D[8:0] o !. |I L I| li ‘
D[15:0], D[17:0] -. \ | l'u ]

—
\_/ \_/ \_/

The host asserts D[17:0], ILI9341 reads D[17:0], The host negates D[17:0],
D{15:0], O{8:0] or D[7:0] lines D[15:0], D{8:0] or D[7:0] D[15:0], D[8:0] or D{7:0]
when there is falling edge of lines when there is rising lines.

WRX edge of WRX

Hinh 1.27: Chu ky ghi dit liéu vé1 ILI9341

IL19341 c6 hai ché d6 ghi dir liéu: ghi 1énh va ghi dit liéu dugc diéu khién
bang chan RS. Néu RS = 0: ghi 1énh, néu RS = 1: ghi dit liéu.

| csX | \ / X
| RESX | X
g | L oex | ./ A
o
L N N X
| RDX | \<
| o | ol |

Hi-Z

o
3 —[ [ DI17:0] (LCD to Host) |
=

1] 3 | Command Command
E_[ [ DI17:0] Host to LCD | D

Hinh 1.28: Qua trinh ghi di¥ li¢u v6i ILI9341

Hinh 1.28 [9] 14 gian dd thoi gian qua trinh ghi dit liéu vao thanh ghi cua
IL19341 gdm hai budec:

+ Ghi Iénh: gt dia chi thanh ghi

+ Ghi dir liéu: gui dir li¢u thanh ghi
Qua trinh ghi lénh

Chan CS tir mirc cao xudng mirc thap.

Chan RESX (RESET) gilt mtrc cao.
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Chéan D/CX (RS) tir mirc cao xudéng muc thip.

Chan WRX (WR) tir mtc cao xudng mtrc thép.

Chét dia chi 1énh trén bus dit ligu D[15:0].

Chan WRX (WR) tir mirc thap 1én mirc cao dé ghi 1énh vao LCD.
Chan D/CX (RS) tir mirc thap 1én mirc cao dé két thuc ghi Iénh.
Qua trinh ghi dir liéu

Chén CS tir mirc cao xudng mirc thip

Chan RESX (RESET) git mirc cao.

Chan D/CX (RS) gilt muc cao.

Chan WRX (WR) tir mirc cao xuéng mirc thap

Chét data trén bus dit ligu D[15:0].

Chan WRX (WR) tir mirc thap 1én murc cao dé ghi dit liéu vao LCD.

Trong qua trinh giao tiép véi LCD, can chu y dam bao theo gian do thoi
gian trong datasheet 1L19341 [9].

|
D/CX X X
tast iy t&hl
I:c:hw € > 4 ts E: g ] t::hw
CSX N g t
cs
WRX « twe
\‘_ twrl __z‘ X
* M T N
% tdst > L tdm >
D[17:0]
(Write) )‘ K
> tagt = o taht s
. trcsftrcsfm > - e
. trcftn:fm .;|
RDX e tedi / Ledifm /e "jl
— trdn 7 trdnm
rat / Lratfm
<> , trodn )
D[17:0]
(Read) ){ K

Hinh 1.29: Gian db thoi gian tin hiéu cua ILI9341
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Signal Syr:\ho Parameter min max | Unit Description
DCX tast Address setup time 0 - ns
taht Address hold time (Write/Read) 0 ns
tchw CSX “H" pulse width 0 - ns
tcs Chip Select setup time (Write) 15 - ns
CSX trcs Chip Select setup time (Read ID) 45 - ns
tresfm Chip Select setup time (Read FM) 355 - ns
tcsf Chip Select Wait time (Write/Read) 10 - ns
twe Write cycle 66 - ns
WRX twrh Write Control pulse H duration 15 - ns
twrl Write Control pulse L duration 15 - ns
trcfm Read Cycle (FM) 450 - ns
RDX (FM) trdhfm [ Read Control H duration (FM) 90 - ns
trdifm | Read Control L duration (FM) 355 - ns
trc Read cycle (ID) 160 - ns
RDX (ID) trdh Read Control pulse H duration 90 - ns
trdl Read Control pulse L duration 45 - ns
D[17:0] tdst Write data setup time 10 - ns
D[17:10]&D[8:1], ttr::: ‘:ergz Zzizz'sn:':e 10 m :Z For maximum CL=30pF
D[17:10], - For minimum CL=8pF
D[17:9] tratfm | Read access time - 340 ns
trod Read output disable time 20 80 ns

Hinh 1.30: Tham s6 thoi gian tin hiéu ctia IL19341

Theo tham s thoi gian trong hinh 1.30 [9]. Thoi gian tin hiéu WRX &
mirc thip (twrl) tdi thiéu 1a 15ns, can ¢ vao thoi gian ndy c6 thé diéu chinh do
tré thich hop dbi voi hé théng co tdc do cao khi giao tiép vai LCD. Péi véi
STM32F407VG, tan sb clock 1én t6i 168MHz, c6 chu ky khoang 6ns, can thuc
hién ham delay mot ) xung clock nhét dinh dé dam bao dinh thoi nhu trong tai
liéu datasheet 1L19341.

1.3.4 Bing cac thanh ghi Iénh cua 1L19341

IC ILI9341 c6 rat nhiéu thanh ghi dé cai dat ché d6 hoat dong cho man
hinh, dué6i day chi dé cap t6i mot sb thanh ghi thudng dung.

Bang 1.13: Mot s thanh ghi cua ILI9341

Tén 1¢nh 1@2%13 (;';ix) Mé t

Enter Sleep Mode 10h bat man hh}h vao ché d¢ tiéu thu nang
lugng t61 thiéu

Sleep Out 11h Tat man hinh

Normal Display Mode ON 13h Man hinh hién thi & ché d6 binh thuong

Display Inversion OFF 20h Khong thay d6i noi dung hinh anh hién thi

Display Inversion ON 21h P4o mau 4m ban ndi dung hinh anh hién
thi
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Display OFF 28h Hinh anh tir bd nhd khong duge hién thi
trén man hinh

Display ON 2%h Cho phép hinh anh tir b nhé dugc hién
thi trén man hinh

Column Address Set 2Ah bat gioi han toa do hién thi theo chiéu
ngang tor cdt x1 dén x2 (s6 cdt tinh bang
pixel)

Page Address Set 2Bh bat gioi han toa do hién thi theo chiéu doc
tr hang y1 dén y2

Memory Write 2Ch Lénh truyén dr li¢u ra man hinh

Memory Access Control 36h Diéu khién chiéu quét hinh anh tir trai

sang phai, tir trén xudng dudi va nguoc lai
C6 thé l1at guong, xoay ngang/doc man
hinh tur thiét 1ap trén thanh ghi nay

COLMOD: Pixel Format 3Ah Thiét 1ap dinh dang pixel 16 bit hodc 18
Set bit

Write Display Brightness 51h Thiét 1ap d6 sang man hinh

Write Content Adaptive 55h Thiét 1ap d6 twong phan hinh anh
Brightness Control

1.3.5 CAu hinh dén nén LED A

Module man hinh st dung dén nén LED A dé diéu khién cuong d6 sang
man hinh. Dén nén LED A c6 dong khoang 15 mA. Trong luan van 1ap trinh
v6i kit STM32F407-Discovery, str dung tin hiéu diéu bién do rong xung PWM
dé diéu chinh dong lam viéc cua dén nén LED A trong khoang 0+15 mA qua dé
diéu chinh d6 sang nén man hinh.

Tin hiéu mirc cao lam ting dong LED, tin hiéu mirc thap lam giam dong
LED. Chu ky xung tin hiéu diéu bién d6 rong xung PWM ¢ mirc cao tuong
duong dong LED ¢ murc cao. Tan sé diéu ché tin hiéu PWM 1y tudng nén dat
trong khoang 5+10 kHz.

1.3.6 Hién thi dir liéu ra LCD

Dé hién thi dir liéu ra LCD, can ghi dit liéu vao ving nhd GRAM cua
LCD. Ving nhé GRAM c6 kich thudc 172.800 bytes v6i hinh anh do phan giai
cao nhat 240x320, 18 bit/pixel. O ché d6 16 bit/pixel, dir liéu hién thi trén LCD
theo dinh dang RGB565.
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Qua trinh hién thi hinh anh ra LCD dugc thé hién trén hinh 1.31:

/ 7\
. y
}\ a | Dat gid tri thanh ghi 2Ah (Column Address Set)
Eﬁ!}nfgzgf’ e D3t gia trj thanh ghi 2Bh (Page Address Set)
_divligu y
\\t\‘\ /{/ )
\\\///
Patiénh | * Pat [énh ghi dir liéu ra GRAM: LCD_Writelndex(0x2C)
ghi d liéu
_ra GRAM J
N\ S
\‘\\\ //” )
\\‘\///
Truydh de| © Truyén dit liéu ra man hinh: LCD_WriteData(data)
liéu ra man
hinh J

Hinh 1.31: Qua trinh hién thj hinh anh ra LCD

O ché do binh thuong, mot frame anh trong by nh¢ duogc truyén ra man
hinh theo hudng tir trai qua phai, tir trén xudéng dudi nhu hinh 1.32 [9]

B] —==>
‘—--_‘——_I-
--'"
e
—
"..
T ILITEK
w——-—-—-‘
d-""-.

Hinh 1.32: Hudng quét dit liéu ra man hinh

IL19341 c6 mot thanh ghi diéu khién “Memory Data Access Control” (dia
chi 0x36) cho phép xoay ngang/doc hinh anh, 14t gwong hinh anh theo hai chiéu
ngang/doc. Dé 1am diéu nay, thuc hién cai dit 3 bit 5 (MV), bit 6 (MX), bit 7
(MY) cta thanh ghi. Bang 1.14 md ta chi tiét cai dat ché do hién thi hinh anh.

Bang 1.14: CAu hinh hién thj hinh anh tir bd nhé ra man hinh

Tham s6

Hién thi i Hinh anh t

. 1env } |thanh ghi 36h m im ’rong Hinh anh trén man hinh
hinh anh b6 nho

MV [MX (MY

i ._-I—__.._.:.. Memory(0.0} '—) B —
glln}l 0 10 10 e = e

one < === =7}

—————— > r=: ————— E
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Y -Mirror =1 T N E—
=== :E:'
[ comern) | [FF—————"=%]
X_Mirror Memory(0.0) '—) —— — IE] 4—! Counter(0.0)
—E-] [ ______
X-Mirror I g 1 S —
Y -Mirror :g—ﬁ‘
4—-:"—;["3‘ ‘_! Counter{0.0)
X-Y Memor(0,0) l—b _J'
= = i1 1|
Exchange == nntarannn
= Counter(D0) i IR(R AL}
—_—1 >
= A A A vy E
X-Y T : E
= VN B
Exchange == il Vv
=Eehuhont e asnonn
U R B ey - 111 1|
Y -Mirror — -
ounter(D,0) I—P B
X_Y '_1|—______‘, Memory(0.0) '—» B <—i Counter(0,0)
= V[ | i
Exchange % [V i
=Eehuhont Ay
X-Mirror e— I Elv vy
X_Y '_1|—__.._.;. Memory(0.0% '—-» E[A A
= = ool o of of L o) o] 1
Exchange = nnnaEaean
=== i 1
X'Y — .I - B (—‘ Counter(0,0) |
Mirror

Vi du thiét 1ap gia tri thanh ghi 36h dé dinh huéng man hinh hién thi theo
chiéu doc (240 cot x 320 hang) hoic chiéu ngang (320 cot x 240 hang):

LCD_WriteData(0x88); // man hinh doc 240x320

LCD_WriteData(0x28); // man hinh ngang 320x240
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CHUONG II: THU'C NGHIEM GHEP NOI HE THONG
2.1. Ghép ndi STM32F4 — OV7670
2.1.1 So' @b ghép ndi
So db ghép ndi OV7670 v6i STM32F407VG nhu hinh 2.1

4 \ / ~
OV7670 STM32F407 )
sioc | 12C2_SCL-PB10
SIOD »{ 12€2_SDA - PB11
XCLK [« MCO1 - PA8
VSYNC »| PE3
HREF -~ lPR2
PCLK PE1
D0:D7 | PCO:PC7

\ J . J

Hinh 2.1: So dd ghép ndi chan tin hiéu OV7670 voi STM32F407VG

Pé thuc hién giao tiép vo1 Camera OV7670, ludn van xay dung mdt $6
ham sau:

Ham MCOI1_init, tao xung clock 16 MHz & chan PA8 dua dén chan
XCLK cua OV7670.

Ham SCCB init, khai bao chan ndi SCCB (chan PB10, PB11), khéi tao
ché d6 hoat dong cua khédi 12C2.

Ham SCCB_write reg, SCCB_read reg dé ghi/doc dir liéu thanh ghi
Camera OV7670.

Ham OV7670 pin_config, cdu hinh ché d6 hoat dong cac chan thu tin
hiéu tir Camera OV7670 & ché do input: bus dir liéu 8 bit PCO+PC7, tin hi¢u
ddng bo PE1 (PCLK), PE2 (HREF), PE3 (VSYNC).

Ham Capturelmage, chup mdt khung hinh tr Camera.
2.1.2 Tao xung clock dén chan XCLK ciia OV7670

Pé Camera OV7670 hoat dong, can cép mot xung clock dén chan XCLK
ctia OV7670, tan sb xung clock tir 1048 MHz theo datasheet.

CAu hinh chian PA8 (MCOIl) dé tao dao dong 16MHz v6i ham
MCO1 _init nhu sau:
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void MCOl_init(void)

{
GPIO_InitTypeDef GPIO_ InitStructure;
RCC_ClockSecuritySystemCmd (ENABLE) ;
RCC_AHBlPeriphClockCmd (RCC_AHBlPeriph GPIOA, ENABLE) ;
// GPIO config
GPIO_InitStructure.GPIO Pin = GPIO_Pin 8; //PA8 -> XCLK
GPIO_InitStructure.GPIO_Speed= GPIO_Speed 100MHZz;
GPIO_InitStructure.GPIO Mode = GPIO Mode AF;
GPIO_InitStructure.GPIO_Otype= GPIO_OType_ PP;
GPIO_InitStructure.GPIO_PuPd= GPIO_PuPd UP;
GPIO_Init (GPIOA, &GPIO_InitStructure);
// GPIO AF config, noi PA8 voi khoi MCO
GPIO_PinAFConfig (GPIOA, GPIO_PinSource8, GPIO_AF MCO) ;
// Nguon clock cho MCOl, HSI clock = 16MHz
RCC_MCOlConfig (RCC_MCOlSource HSI, RCC_MCOlDiv_1); //16 MHz

2.1.2 Lap trinh SCCB qua 12C

Ché d6 hoat dong cho Camera OV7670 duoc cau hinh bang cach thiét 1ap
gia tri thanh ghi vi gié tri thich hop qua giao thue SCCB, giao thirc nay c6 su
tuong thich véi giao thirc 12C. Trong luan van sir dung khdi 12C2 giao tiép véi
Camera OV7670.

bau tién, phai khai bao chan noi, cau hinh hoat dong cia khoi 12C2 cho
phu hgp vé1 ham SCCB _init.
void SCCB_init(void)
{
GPIO_InitTypeDef GPIO_InitStructure;

I2C_InitTypeDef I2C_InitStructure;
RCC_APBlPeriphClockCmd (RCC_APBlPeriph I2C2, ENABLE);
RCC_AHBlPeriphClockCmd (RCC_AHBlPeriph GPIOB, ENABLE) ;
// GPIO config.

GPIO_InitStructure.GPIO_Pin = GPIO_Pin 10|GPIO_Pin 11;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode AF;
GPIO_InitStructure.GPIO_Speed
GPIO_InitStructure.GPIO_OType

GPIO_Speed 2MHz;
GPIO_OType OD;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd UP;

GPIO_Init (GPIOB, &GPIO_InitStructure);
// GPIO AF config, Khai bao noi chan I2C2: PB10, PBll
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GPIO_PinAFConfig (GPIOB, GPIO_PinSourcelO, GPIO_AF I2C2);
GPIO_PinAFConfig (GPIOB, GPIO_PinSourcell, GPIO_AF I2C2);
// Cau hinh che do hoat dong cua I2C2

I2C_DeInit(I2C2);

I2C_InitStructure.I2C_Mode = I2C Mode I2C;
I2C_InitStructure.I2C_DutyCycle = I2C_DutyCycle 2;

//50% duty cycle

I2C_InitStructure.I2C_OwnAddressl = 0x00;

// dia chi I2C master tuy y

I2C_InitStructure.I2C_Ack = I2C_Ack Enable;
I2C_InitStructure.I2C_AcknowledgedAddress =
I2C_AcknowledgedAddress 7bit;
I2C_InitStructure.I2C_ClockSpeed = 100000; // tan so 100Khz
I2C ITConfig(I2C2, I2C_IT ERR, ENABLE);
I2C_Init(I2C2,&I2C_InitStructure);

I2C Cmd(I2C2, ENABLE);

1.2.1 Lap trinh ghi dit liéu vao thanh ghi OV7670

Dé ghi dir liéu vao thanh ghi cua Camera OV7670 theo giao thic SCCB
can sir dung chu ky truyén dit liéu 3 pha. Luu d6 thuat toan nhu hinh 2.2

12C2 KIEM TRA BU'ONG DAY ROI
I2C START
DOl START, STM32F4 O CHE DO MASTER
TRUYEN DIA CHi GHI DY LIEU CAMERA (0x42)
KIEM TRA TRUYEN DIA CHi CAMERA THANH CONG
TRUYEN DJA CHi THANH GHI
KIEM TRA TRUYEN DIA CHi THANH GHI THANH CONG
TRUYEN DY LIEU THANH GHI
KIEM TRA TRUYEN GIA TRI THANH GHI THANH CONG
I2C STOP

Hinh 2.2: Luu d6 thuat toan ghi dit liéu thanh ghi camera OV7670
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Chuong trinh ghi dit li¢u vao thanh ghi Camera OV7670 [4]

void SCCB_write_reg(uint8_t reg addr, uint8_t data)

{

// Kiem tra trang thai duong day.

while (I2C_GetFlagStatus(I2C2, I2C_FLAG BUSY)){};

// I2C2 START

I2C_GenerateSTART (I2C2, ENABLE) ;

// Kiem tra STM32F4 o che do master

while (!I2C_CheckEvent (I2C2, I2C_EVENT MASTER MODE_SELECT)){};
// Pha 1: Gui dia chi cua Camera.

I2C_Send7bitAddress (I2C2, OV7670_WRITE ADDR,
I2C_Direction Transmitter);

// Doi den khi Camera xac nhan bang Don't Care bit

while (!'I2C_CheckEvent (I2C2,
I2C_EVENT_MASTER_TRANSMITTER;MODE_SELECTED)){};

// Pha 2: Gui dia chi thanh ghi cua Camera
I2C_sendData(I2C2, reg addr); //
// Kiem tra truyen dia chi thanh ghi thanh cong

while (!'I2C_CheckEvent (I2C2,
I2C_EVENT_MASTER_BYTE_IRANSMITTED)){};

// Pha 3: Truyen gia tri moi cua thanh ghi

I2C_SendData(I2C2, data);

// Kiem tra truyen gia tri thanh ghi thanh cong

while (!I2C_CheckEvent (I2C2, I2C_EVENT MASTER BYTE TRANSMITTED)) ;
// Ket thuc truyen

I2C_GenerateSTOP(I2C2, ENABLE) ;

1.2.1 Lap trinh doc dir liéu thanh ghi OV7670
Dé doc dir liéu thanh ghi cua Camera OV7670 theo giao thirc SCCB cén

str dung hai chu ky truyén di liéu:

- Chu ky ghi dit liéu 2 pha.
- Chu ky doc dir liéu 2 pha.
Luu dd thuat toan nhu hinh 2.3
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12C2 KIEM TRA BUONG DAY ROI

I2C START (BAT BPAU CHU KY GHI 2 PHA)
TRUYEN BIA CHi DOC DI LIEU CAMERA (0x43)
TRUYEN BJA CHi THANH GHI CAN POC DU LiEU

12C STOP (KET THUC CHU KY GHI 2 PHA )

I2C START (BAT DAU CHU KY POC 2 PHA)
TRUYEN DIA CHi POC DI LIEU CAMERA (0x43)

TAT BAO HIEU ACK
DOC DI LIEU THANH GHI TU’ CAMERA

I2C STOP (KET THUC POC D(¥ LIEV)

Hinh 2.3: Luu d6 thuat toan doc dit liéu thanh ghi camera OV7670
Chuong trinh doc dir liéu thanh ghi OV7670 xem trong phu luc 1.

2.1.3 Bit anh tir Camera

Pé thu nhan anh tr Camera, phai cAu hinh chan thp tin hiéu déng bo
VSYNC, HREF, PCLK, bus dit li¢u DO+D7 tir Camera ¢ ché do input.

void OV7670_pin_config(void)
{

GPIO_InitTypeDef GPIO_InitStructure;

RCC_AHBlPeriphClockCmd (RCC_AHBlPeriph GPIOA,6 ENABLE) ;
RCC_AHBlPeriphClockCmd (RCC_AHBlPeriph GPIOC, ENABLE) ;
RCC_AHBlPeriphClockCmd (RCC_AHBlPeriph GPIOE, ENABLE) ;
//PCO-PC7: DO:D7, input floating
GPIO_InitStructure.GPIO_Pin = GPIO_Pin 0 |GPIO_Pin_1 |GPIO_Pin 2
IGPIO_Pin 3 |GPIO_Pin 4 |GPIO_Pin 5 |GPIO_Pin 6 |GPIO_Pin 7;
GPIO_InitStructure.GPIO_Mode = GPIO_Mode IN;
GPIO_InitStructure.GPIO_PuPd GPIO_PuPd NOPULL;
GPIO_InitStructure.GPIO_Speed = GPIO_Speed 100MHz;
GPIO_Init(GPIOC, &GPIO_InitStructure);

// PE3 -> VSYNC, PE2 -> HREF, PEl -> PCLK
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GPIO_ InitStructure.GPIO Pin = GPIO_Pin 1|GPIO_Pin_ 2|GPIO_Pin_3;
GPIO_InitStructure.GPIO_Mode

GPIO_Mode IN;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd NOPULL;
GPIO_InitStructure.GPIO_Speed = GPIO_Speed 100MHz;
GPIO_Init(GPIOE, &GPIO_InitStructure);

2.1.3.1 Bit anh mau RGB565 luu vao bj nhé dém

avavatatiavat

- " Lo

tPML
HREF (Row Data)
e S—

el b f—

Y

4=t

D[7:0] I Last Byte{ First Byte X Xj XLast ByheX
!Pﬁ\‘_-'

o

First Byte Second Byte
o X G, |pm
Die]| R, & D[6]
os]| - G, | D]
D[4] x B, | DM
D[3] . ¥ D[3]
D[2]| Ry 1 D[2]
opl| G, . D[1]
D[o]_Gs B, | D[o]

Hinh 2.4: Gian d6 thoi gian tin hiéu RGB565

Anh RGB565 gom 16 bit/pixel, theo gian do thoi gian hinh 2.4 [5]. Vi xir
Iy can 1ay mau dir liéu trong 2 xung clock PCLK dé thu dugc mot pixel.

Chuong trinh bat anh dugc viét nhu sau [12]:

#define VSYNC ((GPIOE->IDR & 0x8) >> 3) //doc trang thai chan PE3
#define HREF ((GPIOE->IDR & 0x4) >> 2) //doc trang thai chan PE2
#define PCLK ((GPIOE->IDR & 0x2) >> 1) //doc trang thai chan PEl
void captureImage (uintl6é_t cot, uintlé_t hang)
{
i=20;
uintlé_t x,y,z;
while (!'VSYNC); //-> tin hieu VSYNC cao, ket thuc mot frame
while (VSYNC); //-> tin hieu VSYNC xuong thap, bat dau frame
y= hang; // so line
while (y--)
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{
x=cot; // so pixel tren mot line

while ('HREF); // tin hieu HREF len muc cao, bat dau mot line
while (x--)

{
while (PCLK); // doi tin hieu PCLK xuong thap

z =(GPIOC->IDR& 0x00FF)<< 8; // bytel

while ('PCLK); // doi tin hieu PCLK len cao

while (PCLK); // doi tin hieu PCLK xuong thap

// luu pixel vao bo nho demframe buffer

frame buffer[i]=(GPIOC->IDR & 0x00FF) |z; // byte 2
while ('PCLK) ;//doi tin hieu PCLK len cao

i++;

}

Chuong trinh s& thu timg diém anh va luu vao frame_ buffer dang ma
trdn, mdi phan tr cia frame buffer 1a mot bién 16 bit twong dwong mot diém
anh.

Anh duoc luu trong b0 nhé dém c6 dinh dang RGB565, cé thé duoc hién
thi truc tiép ra man hinh LCD do man hinh hd trg hién thi RGB565.

2.1.3.2 Bit anh da mivc xdm lwu vao bg nhé dém

Mac dinh tin hiéu YUV422 do Camera OV7670 truyén dén vi diéu khién
theo thir tw YUYV, ldy trung binh 1a 2 byte/pixel. Man hinh LCD khong hién thi
tryc tiép dinh dang YUV do khong hd trg dinh dang nay, dé hién thi hinh anh
YUV thu dugc can chuyén d6i dinh dang YUV sang RGB565.

Do dic diém tin hiéu chéi Y trong dinh dang YUV chinh 1a anh da mirc
xam, khi Camera truyén dwr liéu dinh dang YUV, chi can léy tin hiéu Y 1a da co
duoc hinh anh da marc xam.

Chuong trinh bat anh da mirc xam twong tu nhu chuong trinh bat 4nh mau

RGB3565, chi khiac ¢ chd trong qua trinh 1dy miu dir liéu trong 2 xung clock
PCLK, vi xtt Iy chi 14y mot byte & xung clock dau tién (thu tin hiéu Y). [12]

void captureVGA (uintl6é_t cot, uintlé_t hang) //
{
i=0;

uintlé_t x,y;
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while (!'VSYNC); //-> tin hieu VSYNC cao
while (VSYNC); //-> tin hieu VSYNC xuong thap, bat dau frame
y= hang; // so line
while (y--)
{
x=cot; // so pixel tren mot line
while ('HREF); // tin hieu HREF len muc cao, bat dau mot line
while (x--)
{
while (PCLK); // doi tin hieu PCLK xuong thap
frame buffer[i]= GPIOC->IDR &0x00FF;//byte 1, tin hieu Y
while ('PCLK); // doi tin hieu PCLK len cao
while (PCLK); // doi tin hieu PCLK xuong thap
while ('PCLK) ;//doi tin hieu PCLK len cao
i++;
}

Anh da mic xam duoc luu vao frame buffer dang ma tran, mdi phan tir

cua frame buffer 1a mot bién 8 bit twong duong mot diém anh.

Anh da muc xam (8 bit/pixel) lam giam kich thudc bd nhé mot nira so véi

anh mau RGB565 (16 bit/pixel) trong cung do phan giai, phu hop vt vi xur Iy ¢
bd nhé dém han ché.

2.1.4 CAu hinh hoat dong Camera OV7670
RESET CAMERA
CAI DAT DINH DANG VIDEO (PO PHAN GIAI, MAU...)
CAI DAT TAN SO DAO BONG NQI CHO CAMERA
CAI BAT CAC THANH GHI Ti LE HINH ANH

CAI BAT THANH GHI CIPA SO PHU HQP VO'I BO PHAN GiAl

CAI BAT CHE DO HINH ANH NANG CAO
(CAN BANG TRANG, GAMMA, AGC, GIAM NHIEU, LQC DAL...)

Hinh 2.5: Luu dd cAu hinh ché d6 hoat dong ctia Camera OV7670
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Hinh 2.5 mé ta cac budc co ban khi cdu hinh ché d6 hoat dong cua
Camera OV7670, trong qua trinh thuc nghiém c6 thé thay doi gia tri thanh ghi
CLKRC (dia chi 0x11) dé diéu chinh tan s6 PCLK cho dén khi hé théng bat anh
thanh cong.

Trong luan van, thyc nghiém cdu hinh Camera OV7670 hoat dong voi ba
ché do:

1- Ché do QQVGA, RGB565 [7, 12, 16, 17] ( xem phu luc 2)
2- Ché d6 QVGA, RGB565 [7, 17, 20] (xem phu luc 3)
3- Ché d6 QVGA, YUV [7, 12, 13, 17] (xem phu luc 4)

2.2. Ghép ndi STM32F4 — LCD 3,2” TLI9341
2.2.1 So' @b ghép ndi

So dd ghép ndi STM32F407VG vé6i man hinh LCD 3,2” ILI9341 nhu
hinh 2.6

7 T~
V4 o N\
LCD 3.2” \ (STM32F4U7
s K PE7
s | PES
wR It 1 pPE9
D | PE10
RST |« PE11
LEDA |« PBO
D0:D15 |G| PDO:PD15

— o - ,

Hinh 2.6: So dd ghép ndi STM32F4 — LCD 3,2” ILI9341

; ””

""l..

Theo hinh 2.6, cai dit tai vi diéu khién nhu sau:

Chén PBO tao xung PWM dén LED A trén LCD d diéu khién d6 sang
nén man hinh LCD.

Céc chan PE7, PE8, PE9, PE10, PE11 diéu khién doc/ghi véi man hinh.

Cong D st dung 1am bus dit liéu 16 bit giao tiép véi man hinh.
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2.2.2 Lap trinh RESET man hinh

RESET hoat dong ctia man hinh dugc thuc hi¢n br:flng cach kéo chan
RESET tir miic cao xudng thap, gitr toi thiéu 10us, sau d6 kéo chan RESET lén
mtrc cao, gitt khoang 120 ms dé dat lai cac gia tri mac dinh.

#define RST GPIO SetBits(GPIOE,GPIO Pin 11); // PE1l =1
#define RSTN GPIO_ResetBits (GPIOE,GPIO Pin 11); // PEl1ll = 0
void LCD_Reset (void)

{
RSTN // PEl11l =1
delay us(100);
RST // PE1ll1l = 0
delay ms(120) ;

2.2.3 Piéu khién d9 sang man hinh bang PWM

Lu4n van thue hién 14p trinh khdi TIMER 3, ché do PWM, xuit tin hiéu ra
chan PBO dua dén chan LED A ctia man hinh LCD dé diéu khién do sang nén
man hinh. Chuong trinh xem trong phu luc 5.

2.2.4 Lap trinh ghi dit liéu véi LCD 3.2” ILI9341

DAu tién, dinh nghia hoat dong cua cac chan diéu khién LCD

#define CS GPIO_ SetBits (GPIOE,GPIO Pin 7); // PE7 =1
#define CSN GPIO ResetBits(GPIOE,GPIO Pin 7); // PE7 =0
#define RS GPIO_SetBits (GPIOE,GPIO Pin 8); // PE8 =1
#define RSN GPIO ResetBits (GPIOE,GPIO Pin 8); // PE8 =0
#define WR GPIO_SetBits (GPIOE,GPIO Pin 9); // PE9 =1
#define WRN GPIO ResetBits (GPIOE,GPIO Pin 9); // PE9 =0
#define RD GPIO_ SetBits (GPIOE,GPIO Pin 10) ; // PE10 = 1
#define RDN GPIO_ResetBits (GPIOE,GPIO Pin 10); // PE10 = 0

Duya theo phan tich qua trinh ghi 1énh, ghi dit liéu tai Chuong 1, c6 thé
viét hai ham ghi 1énh va ghi di liéu nhu sau:

Ham ghi lenh LCD_WriteIndex
/***************************************************************

Function Name : LCD WriteReg

Noi Dung : Ghi lenh vao TFT 3.2 Inch.
Tham Bien : index : Ma lenh can ghi.
Tra Ve : Khong.

***************************************************************/
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static __inline void LCD_WriteIndex(uintl6_t index)

{

RSN // RS=0, ghi lenh

CSN

RD // RD=1, WR=0

WRN //

GPIO_Write (GPIOD,index);// Chot du lieu

delay (1) ;

WR // Ghi du lieu len LCD
delay (1) ;

cs //

Ham ghi dit lieu LCD WriteData

/*******************************************************

Function Name : LCD WriteData

Noi Dung : Ghi du lieu vao TFT 3.2 Inch.
Tham Bien : Data: Du lieu can ghi.

Tra Ve : Khong.

****************************************************/
static __ _inline void LCD_WriteData(uintlé_t data)

RS // RS=0, ghi lenh

CSN //

RD // RD=1, WR=0

WRN //

GPIO_Write (GPIOD,data); // Chot du lieu

delay (1) ;

WR // Ghi du lieu len LCD
delay (1) ;

Cs //

Str dung hai ham co ban nay cé thé cAu hinh toan bd hoat dong cua LCD
theo cac yéu cau cu thé.

2.2.5 Xuét hinh anh ra LCD
2.5.1 Khéi dpng LCD

Dé hién thi hinh anh trén LCD, dau tién phai khoi tao ché do hoat dong
cua LCD. Chuong trinh khoi dong LCD xem trong phu luc 6.
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2.5.2 Mét s6 ham do hoa co bin

* Xdc dinh viing hién thi anh trén man hinh

Dé hién thi mot anh, dau tién can dat vung ghi dir liéu. Ham
LCD_SetCursorPosition xac dinh khu vyc hinh anh hién thj trén man hinh, toa
d6 duoc cung cap boi gia tri hai thanh ghi 0x2A, 0x2B. [15]
/***************************************************************
Function Name : LCD_SetCursorPosition
Noi Dung : Cau hinh dia chi cho man hinh.
Xac dinh vung ghi pixel gioi han boi hinh chu nhat
Tham Bien : Toa do goc tren ben trai: (x1, yl)

Toa do goc duoi ben phai: (x2, y2)

Neu x1=x2, yl=y2 => toa do diem anh (x,y)

****************************************************************/

void LCD_SetCursorPosition(uintlé_t x1, uintl6é_t yl, uintlé_t x2,
uintlé_t y2)

// xac dinh vi tri cot tu x1 - x2
LCD_WriteIndex (ILI9341 COLUMN_ADDR) ;
LCD_WriteData ((x1>>8) &0xFF) ;
LCD_WriteData((x1l & OxFF)) ;
LCD_WriteData (x2>>8) ;
LCD_WriteData(x2 & OxFF);

// xac dinh vi tri hang tu yl - y2
LCD_WriteIndex(ILI9341 PAGE_ADDR) ;
LCD_WriteData ( (y1>>8) &0xFF) ;

LCD WriteData((yl & OxFF)) ;
LCD_WriteData ( (y2>>8) &0xFF) ;

LCD_WriteData(y2 & OxFF);

* Vé mgt hinh chir nhat

Ham LCD_REC _Fill vé mot hinh chir nhat theo 3 budc sau:

- Xac dinh toa do pixel béng ham LCD_SetCursorPosition

- bat 1€nh ghi dir liéu ra GRAM: LCD_WriteIndex(ILI9341 GRAM)
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- Ghi dir li¢u mau cho pixel trong hinh chit nhat: LCD_WriteData(color)

Chuong trinh cy thé nhu sau [15]:
/**************************************************************
Function Name : LCD REC Fill
* To mau hinh chu nhat gioi han boi hai toa do
* Toa do goc tren ben trai: (x0, yO)

* Toa do goc duoi ben phai: (x1, yl)

*************************************************************/

void LCD_REC_Fill(uintl6é_t x0, uintl6é_t yO0, uintlé_t x1,
uintlé_t yl, uintl6é_t color)

uint32_t pixels count;
uint32_t count =0;
/* Set cursor position */
LCD_SetCursorPosition(x0, y0, x1, yl); // toa do hinh chu nhat
/* Set command for GRAM data */
LCD_WriteIndex (ILI9341 GRAM) ;
/* Tinh so pixel trong hinh chu nhat */
pixels count = (x1 - x0 + 1) * (yl1 - y0 + 1);
for (count=0; count < pixels count; count++)

{

LCD WriteData(color); // dat mau cho pixel

2.5.3 Hién thi anh RGB565 ra LCD
* Hién thi dnh tir by nhé dém ra man hinh

Sau khi mdt khung hinh dugc luu vao bd nhd dém thanh mot ma tran vaoi
cac phan tir 16 bit (twong Gtng mot pixel). Gia st anh thu dugc véi do phan giai
QQVGA (160x120), dinh dang RGB565, ham hién thi hinh anh 1én man hinh
LCD nhu sau:
void LCD DisplayImage (uintl6_t img[IMG_PIXEL])

{
uint32_t n;
LCD_SetCursorPosition(0, 0, 159, 119);
LCD_WriteIndex (ILI9341 GRAM) ;
for(n = 0; n < IMG_PIXEL; n++)
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LCD_WriteData(img[n]) ;

* Hién thi dnh trwc tiép ra man hinh, khong lwu vao b nhé dém

Man hinh mau st dung trong ludn van c6 do phan giai 320x240, dinh
dang RGB565 tuong tng 16 bit/pixel. Kich thudc hinh dnh toan man hinh la:

320 x 240 x 16 bit = 1.228.800 bit

Kich thudc nay 16n hon by nhé cua STM32F407VG (1Mb bd nhé flash),
do d6 khong thé luu hinh d4nh mau RGB565 v6i do phan giai 320x240 vao bo
nhé dém rdi hién thi ra man hinh. Dé hién thi anh mau toan man hinh LCD, sir
dung k¥ thuét duong dng (pipe line), mdi khi thu dugc mot diém anh thi hién thi

ngay trén man hinh.

Chuong trinh bat anh va hién thi trén man hinh twong ty nhu chuong trinh
bat anh mau RGB565 luu vao bd nhé dém, chi khac ¢ chd ngay sau khi thu dugc
mot diém anh, thay vi luu vao bo nhé dém, diém anh duoc ghi ra man hinh:

void QVGA RGB565 display(void) // QVGA(320,240)
{
LCD_SetCursorPosition(0,0,319,239);
LCD gram(); // LCD WriteIndex(ILI9341 GRAM) ;
i=20;
uintlé_t x,y,temp,pixel;
while ('VSYNC); //doi tin hieu VSYNC cao, ket thuc mot frame
while (VSYNC); //doi tin hieu VSYNC xuong thap, bat dau mot frame
y= 240; // so line
while (y--)
{
x=320; // so pixel tren mot line
while ('HREF) ; //doi tin hieu HREF len muc cao, bat dau mot line
while (x--)
{
while (PCLK); // doi tin hieu PCLK xuong thap

temp= (GPIOC->IDR & Ox00FF) << 8;
// (GPIO_ReadInputData (GPIOC) & Ox00FF) << 8

while (!PCLK); // doi tin hieu PCLK len cao
while(PCLK); // doi tin hieu PCLK xuong thap
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pixel = (GPIOC->IDR & OxOOFF) |temp;
//GPIO_ReadInputData(GPIOC)) & OxOO0FF
while ('PCLK) ;//doi tin hieu PCLK len cao
// ghi pixel len man hinh
LCD_data(pixel) ;//LCD_WriteData (pixel);
i++;

2.5.4 Hién thi hinh dnh da mirc xdm ra LCD

Anh da mirc xam duoc luu vao bo nhé dém dang ma trén, moi phﬁn to la
mot bién 8 bit trong dwong mot diém anh. Dé hién thi dung anh da mic xam,
can chuyén doi dit liéu anh 8 bit (gia tri Y) sang dang 16 bit (gia tri RGB) tuong
thich v&1 man hinh LCD.

Do mbi diém anh da muc xam twong dwong voi mot diém anh mau RGB
trong d6 cac gia tri R, G, B béng nhau. Véi dinh dang RGB565, thuc hién
chuyén d6i nhu sau:

Gia tri R bang 5 bit cao ctia gia tri Y.
Gia tri G bang 6 bit cao clia gia tri Y.
Gia tri B bang 5 bit cao cua gia tri Y.

Thyc hi¢n thudt toan dich bit va OR cac gid tri RGB s€ thu dugc anh
RGB3565 hién thi diing mau sic ctia anh da mirc xdm. Chuong trinh nhu sau:

void DisplayQVGAgray (uint8_ t img[76800])
{
uint32_t n;
uintlé_t graypixel=0;
LCD_SetCursorPosition(0, 0, 319, 239);
LCD_WriteIndex (ILI9341 GRAM) ;
for (n = 0; n < 76800; n++)
{

// R = (img[n]&248)<<8; // 5 bit cao cua Y
// G = (img[n]&252)<<3; // 6 bit cao cua Y
// B = (img[n]&248)>>3; // 5 bit cao cua Y

graypixel=((img[n] &248)<<8) | ((img[n] &252)<<3) | ((img[n] &248)>>3) ;
LCD_WriteData (graypixel) ;
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2.3. Ghép ndi STM32F4 — May tinh
So dd ghép ndi STM32F407VG véi mdy tinh nhu hinh 2.7

f PC ) ( STM32F407
RX____ 1 PB6-TX
UsB USBtocom | TX »| PB7-RX
GND
\____ \___/

Hinh 2.7: So d6 ghép ndi PC - STM32F4
Sau khi STM32F4 bét anh tr Camera OV7670, anh duoc luu trong bo
nhd dém co thé truyén vé mdy tinh dé xir Iy. Trong luan van s dung khdi
USART (Universal Synchronous Asynchronous Receiver Transmitter - truyén
nhan ndi tiép dong bd va khong dong bo) dé truyén dit liéu anh vé& may tinh.

2.3.1 CAu hinh hoat djng khéi USART

Thue hién cdu hinh khéi USART! dung hai chan PB6 (USART1-TX) va
PB7 (USART1-RX) vo1 ham USART Configuration (xem phu luc 7).

2.3.2 Truyén dit liéu vé may tinh qua USART

Dit liéu anh truyén vé may tinh & ché do ndi tiép, lan luot timg byte tuong
mg v6i mot diém anh, ham truyén mot byte qua USART nhu sau [20]:
void USART1_send byte(uint8 t *val) // ham gui mot byte

{
while (USART_ GetFlagStatus (USART1, USART FLAG TXE) == RESET) ;

// Wait for Empty
USART SendData (USART1, *val);

Truyén mot frame danh vé mdy tinh

Trong truong hop hé thdng bit anh da mirc xam do phan giai QVGA
(240x320) luu trong bo nhé dém qvga _frame. Chuong trinh giri dit ligu anh vé
may tinh st dung ngat cia USART1 hoat dong nhu sau: mdi khi nhan ky tu B tir
may tinh thi STM32F4 s& truyén dit liéu anh vé& may tinh theo timg byte, mdi
byte twong itrng mot pixel.
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void USART1_ IRQHandler (void)
{

char c;
if (USART GetITStatus (USART1, USART IT RXNE)==SET)

{
c=USART ReceiveData (USART1); //nhan duoc 1 ky tu
if ((c&0xff)=='B') // neu ky tu la B, gui anh ve may tinh
{
for (i = 0; i < 76800; i++)

{
USART1_ send byte (&qvga_frame[i]) ;

}
USART ClearFlag (USART1, USART FLAG RXNE) ;

2.3.3 Nhén dir liéu bang Matlab

Matlab 1a mot cong cu toan hoc manh mé, dugc ting dung nhiéu trong
nghién ctu khoa hoc, tinh toan trong k¥ thuat, dac biét 1a cac bai toan vé ma
tran. Matlab con cung cip cac Toolbox chuyén dung dé giai quyét cac van dé cu
thé nhu xir 1y anh, xur 1y s6 tin hiéu, md phong... Trong pham vi luan vin, chi sir
dung Matlab dé 1ap trinh thu dir li€u qua céng COM, hién thj hinh anh 1én man
hinh. Chuong trinh nhu sau:

clear all
s = serial('COM4'); % tao doi tuong giao tiep voi cong COM4
1000000; % truyen voi toc do 1Mbps

s.Baudrate

s.DataBits = 8;
s.StopBits = 1;
s.Parity = 'none';

s.Timeout = 10; % 10 giay

s.InputBufferSize = 76800; % buffer luu anh QVGA 240x320
fopen(s); % ket noi COM4

% gui ky tu B den kit, yeu cau gui anh ve PC
fprintf(s,'B');

% doc du lieu STM32F4 truyen ve qua USART1

out = fgetl(s);

A = double(out); % tra ket qua ve dang ma tran A 1x76800
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% chuyen doi du lieu ve thanh ma tran anh 240x320
image = zeros(240,320); % khoi tao bo dem anh
row =1; col = 1;

for i = 1:76800;

image (row,col) = A(i);
if mod(i,320) == 0
row=row+l;
col = 0;
end
col=col+l;
end

% chuyen doi thanh kieu du lieu 8 bit, anh da muc xam
x=uint8 (image) ;

imshow(x); % xem anh

fclose(s); % ngat ket noi

delete(s); % xoa doi tuong

clear all;
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CHUONG III: KET QUA THU'C NGHIEM
3.1. Anh chup toan bj hé thong

)
a
a
s

o)

28 Al

2l ]

e
Y D
[ 2]

Hinh 3.1: Hinh anh hé théng ghép ndi

Hé théng ghép ndi bao gom:

- 01 Kit STM32F407VG Discovery

- 01 Camera OV7670 no FIFO

- 01 man hinh LCD 3,2” (IC diéu khién ILI9341)
- 01 module chuyén dbi USB to COM FT232

3.2. Lap trinh thanh ghi Camera

St dung ham ghi dit liéu vao mot sb thanh ghi Camera OV7670, sau d6
doc lai gia tri thanh ghi vira thay doi gia tri. Dung phan mém STMStudio dé
quan sat gia tri doc dugc cua thanh ghi c6 ding véi gia tri ghi vao Camera.

Hinh 3.2 thé hién két qua doc mot sé thanh ghi thiét 1ap ctra sd cua
Camera OV7670.
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il STM Studio Mew config®

File Run Views Options Help

Mame Expression Tvoe Color
Mame AcaVar Function Scope Color
Mame Function Type Description  Caolor
Viewers settings
General Display ) ~
Point Viewer  VarViewerlas Table [
varViewerl  peyadecimal
List of Variables
href ~
hstart
hstop
wref
wstart
wstop »
[ Delete || Deletal | .

=B B [sukswe || B0
Show workspace | == =
= VarViewerl
Display Variables i i
Gl Wole Vanaies Variable Mame AddressExpression Read Value
Display Variables settings href 0x20000002 0x80
P Addicss i Color hstart 0x20000003 0x17
i s - hstop 0x20000004 0x5
0x20000003 Lunsigned 8-bit ‘”‘: - Exﬁggggg: g"‘:

. 0x20000004 Lunsigned 8-bit “Sm' 0sz000001 0"?3
Wogvref 0%20000005 Lnsigned 8-bit b x i
Wk vstart 0x 20000006 unsigned S-bit
Wk vstop 0x 20000001 unsigned 8-bit

Hinh 3.2: Str dung STMStudio quan sat gia tri doc tir thanh ghi OV7670

3.3. Po tin s6 xung clock XCLK céip cho Camera OV7670

Hinh 3.3 cho thdy tan s xung clock do tai PA8 dua dén chan XCLK cua
OV76701al6 MHz.

TriCH1 5 AC
£(Tr)115.8983MHz
ratX(CH1):0.196

- il :
N W W Waw W ow
¥ V ¥ 'IE v

alt CH2:SmU=

Hinh 3.3: Xung clock XCLK cép cho Camera

——_—

.ﬂJ\,
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3.4. Camera OV7670 hoat déng & ché 40 QQVGA, RGB565
Do tin hiéu PCLK

A:280ns TriCHi S AC
£ITr)1L50187MHz
ratX(CH1)18.418

F

CH1I2U~ alt CH2:SmU=
Hinh 3.4: Tin hiéu PCLK ¢ ché 36 QQVGA
Hinh 3.4 cho thiy tin hiéu PCLK c6 tan s6 1,5 MHz
Do tin higu dong bp HREF

TriCH1 J AC
£(Tr):956.54Hz
ratX(CH1):0.413

CH1:2U~ chp CH2:2U=

Hinh 3.5: Tin hiéu HREF & ché 46 QQVGA

Hinh 3.5 cho thy tin hiéu HREF c6 tan s6 956 Hz
Mot frame c6 120 dong, nhu vay tdc do khung hinh khoang 71ps.

Dé quan sat rd tin hiéu dong bd dong HREF tir Camera OV7670 va tin
hiéu PCLK, cai dat gia tri thanh ghi COM10 (dja chi 0x15) vé& gid tri 0x32 dé tat

dao dong PCLK khi tin hiéu HREF ¢ muc thép bﬁng Iénh:

SCCB_write_reg(0x15, 0x32);
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AISB0ps Tti0s TriCHL S AC
106HSa f(CHR2)1948H=z
At(CH2):14.85ms
Tin hiéu HREF

- rfr
CHi:2U~ CH2:2V=

Hinh 3.6: Tin hiéu déng bo HREF va PCLK ¢ ché d6 QQVGA

Hinh 3.6 thé hién tin hiéu dong bo dong HREF va tin hiéu pixel clock
PCLK. Khi tin hiéu HREF & muc thap, khong c6 tin hiéu ra (PCLK tat), vi diéu
khién khong thu dir liéu. Khi HREF ¢ muc cao, c6 xung PCLK, vi diéu khién
léy mau tin hiéu DO+D7 & suon xuéng cua xung PCLK, Iuu vao by nhé dém.

3.5. Camera OV7670 hoat dong & ché 49 QVGA, RGB565
Do tin hiéu PCLK
A200ns TriCHL S AC

£(Tr)1).88653NH=2
ratX(CH1):0.418

CH1:2U~ alt CH2:SmU=

Hinh 3.7: Tin hiéu PCLK & ché 46 QVGA, RGB565

Hinh 3.7 cho thay tan s tin hiéu PCLK 1a 1,336 MHz
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Do tin hi¢u dong by HREF

A1500ps TriCH1 S AC
£(Tr)i1850.860Hz
ratX(CH1):0.418

H

i

CH1:2U~ chp CH2:SmU=
Hinh 3.8: Tin hiéu HREF & ché d6 QVGA, RGB565

Hinh 3.8 cho thay tan s6 tin hiéu HREF 1a 850Hz.
Mot frame c6 240 dong, téc d6 khung hinh khoang 3fps.
AtS00us Ttios TriCHL J AC
106HSa fICH2N1?
. At(CH2):4.22ms '
ROV R NN W Tin hiéu HREF

clit
- - f

Tin hiéu PCLK

rfr 1
CHis2VUs= CH2:2Vs=

Hinh 3.9: Tin hiéu HREF va PCLK & ché d6 QVGA, RGB565
Hinh 3.9 thé hién tin hiéu dong bo dong HREF va tin hiéu pixel clock
PCLK khi Camera OV7670 & ché 40 QVGA, RGB565.

Khi tin hiéu HREF & muc thip, khong c6 tin hiéu ra (PCLK tit). Khi
HREF ¢ mtrc cao, c6 xung PCLK.
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Hién thi hinh dnh mau RGB565 Ién man hinh LCD

-':T.I. : ;.-T,.I l'..\ ’ EJLF N‘ ) :::.Elj

Hinh 3.10: Hién thi &nh mau RGB 1én man hinh LCD 3,2”

3.6. Camera OV7670 hoat déng & ché d6 QVGA, YUV422
Khi Camera OV7670 phat tin hiéu video dinh dang YUV, vi diéu khién
thyc hién thu tin hi€u ch61 Y (dnh da mirc xam) luu vao by nh¢ dém, sau do hién

thi anh da mirc xam ra man hinh.

Do tin hiéu PCLK

TriCH1 S AC
£(Tr):1.82602MH2
ratX(CH1):0.418

Hinh 3.11: Tin hiéu PCLK & ché d6 QVGA, YUV
Hinh 3.11 cho thiy tin hiéu PCLK c6 tan s 1,325 MHz
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Do tin hi¢u dong by HREF

TriCH1 J AC
£(Tr):845.08Hz
ratX(CH1):0.418

— ———
A

—— e cm— e—

chp CH2:SmU=

e ] o — -

Hinh 3.12: Tin hiéu HREF & ché 46 QVGA, YUV

Hinh 3.12 cho thay tin hiéu HREF c6 tan s6 845Hz. Mot khung hinh c6
240 dong, toc do khung hinh khoang 3fps.

AIS00ps  TH50.0us TriCH1 S AC
108NMSa f(CH2n?
At(CH2):4,85ms

| ma.) i iy ) B Tin hiéu PCLK
Chi1

A4
R |

: Tin hiéu HREF

cr:;a

CHLt2U~ CHa:gVs=
Hinh 3.13: Tin hiéu HREF va PCLK & ché do QVGA, YUV

Hinh 3.12 thé hién tin hiéu dong bd dong HREF va tin hiéu pixel clock
PCLK khi Camera OV7670 & ché 46 QVGA, YUV.
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Hién thi hinh énh da mikc xdm 1én man hinh LCD

Hinh 3.14: Hinh anh da mtc xdm & ché do QVGA, YUV

3.7. Truyén hinh anh vé may tinh qua USART

Dit liéu hinh anh truyén vé may tinh thanh céng voi tc do 1Mbit/s

Hinh 3.15: Truyén dit liéu anh vé mdy tinh qua USART
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KET LUAN

Cin ctr vao két qua dat duoc, luan van da dat dugc muc tiéu dé ra. Qua
thoi gian lam luan vin, em d3 c6 dip di sau vao nghién ctru tim hiéu chi tiét cac
qua trinh phat mot anh mau va ludng video. Tir d6 da thiét ké 1ap rap va phat
trién mot hé théng thu thap va xtr Iy anh video theo thoi gian thuc dya trén Kit
Vi diéu khién STM32 thanh cong.

Céc van dé chinh sau day da duoc giai quyét trong luan vin:

- Thiét ké lap rap hé théng bat anh gdm Camera OV7670 voi Kit vi diéu
khién STM32F4 Discovery hién thi trén man hinh tinh thé léng LCD 3,2

- Phét trién phan mém nhtng cho phép cau hinh hé théng va bat cac
khung anh cta lung video.

- Hién thi hinh anh theo thoi gian thuc ra man hinh LCD 3,2”.

- Truyén dit liéu anh vé may tinh qua USART véi toc do 1én tdi 1Mbit/s.

Hé thdng c6 thé dap Gmg yéu cau thoi gian thuc trong mot s hé théng

giam sat, canh bao c6 toc d§ cham, khong yéu cau xir Iy nhanh.

Nhitng két qua nay hy vong s& 1a tién dé& cho nhig Gng dung hitu ich
trong twong lai v&i nhiém vu k§ thuat gidm sat hién truong tai co quan ma em
dang cong tac.
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Phu luc 1: Chuong trinh dgc gia tri thanh ghi Camera OV7670 [4]

uint8_t SCCB_read reg(uint8 t read regq)
{
// Chu ky ghi du lieu (2 pha)
// Kiem tra trang thai duong day
// Doi den khi trang thai duong day roi
while (I2C_GetFlagStatus (I2C2, I2C_FLAG BUSY));
// I2C2 START
I2C_GenerateSTART (I2C2, ENABLE) ;
// Kiem tra trang thai duong day
while (! IZC_CheckEvent (I2C2, I2C_EVENT_MASTER_MODE_SELECT) ) {
bi
// Pha 1: Gui dia chi doc du lieu cua Camera
// Master o che do truyen du lieu.

I2C_Send7bitAddress (I2C2, OV7670_READ ADDR,
I2C_Direction Transmitter) ;

// Doi den khi Camera xac nhan bang Don't Care bit

while (!I2C_CheckEvent (I2C2,
I2C_EVENT_MASTER_TRANSMITTER_MODE_SELECTED));

// Pha 2: Gui dia chi thanh ghi Camera can doc du lieu
I2C_SendData(I2C2, read regq);

// Kiem tra, doi den khi truyen dia chi thanh ghi thanh cong
while (!I2C_CheckEvent (I2C2, I2C_EVENT MASTER BYTE TRANSMITTED)) {
bi

I2C_GenerateSTOP(I2C2, ENABLE) ;

// Ket thuc chu ky ghi du lieu 2 pha

// Chu ky doc du lieu thanh ghi (2 pha)

I2C_GenerateSTART (I2C2, ENABLE) ;

// Kiem tra trang thai duong day

while (!'I2C_CheckEvent (I2C2, I2C_EVENT MASTER MODE SELECT)){ };
// Pha 1: Gui dia chi cua Camera, Master o che do nhan du lieu.

I2C_Send7bitAddress (I2C2, OV7670_READ ADDR,
I2C _Direction_Receiver);

// Kiem tra slave da nhan biet che do truyen

while (!I2C_CheckEvent (I2C2,
I2C_EVENT MASTER RECEIVER MODE SELECTED)) {};

// Pha 2: doc du lieu thanh ghi
// Tat ACK tu master de nhan biet NA bit khi ket thuc truyen
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I2C_AcknowledgeConfig (I2C2, DISABLE) ;

// Kiem tra master da nhan duoc gia tri thanh ghi

while (!I2C_CheckEvent (I2C2, I2C_EVENT MASTER BYTE RECEIVED)) ;
// Doc du lieu tu thanh ghi OV7670, tra ve dang byte du lieu
value reg OV7670 = I2C_ReceiveData (I2C2);
I2C_GenerateSTOP (I2C2, ENABLE) ;

// Ket thuc chu ky doc du lieu 2 pha

return value _reg OV7670; // tra ve ket qua du lieu thanh ghi
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Phu luc 2: Cau hinh ché 40 QQVGA, RGB565 [7, 12, 16, 17]

void OV7670 QQVGA RGB565 init(void) //
{
SCCB_write reg(0x12, 0x80); //COM7, RESET camera
delay ms(500) ;
//Video format RGB565
SCCB write reg( 0x12, 0x04); // COM7, output format RGB
SCCB_write reg( 0x40, 0xD0O); // COM15, output format RGB565
SCCB write reg( 0x8C, 0x00); // disable RGB444
SCCB_write reg( 0x04, 0x0 ); // COMl, disable CCIR656
//Tan so dao dong noi camrea
SCCB_write reg( 0x6B, 0x80); //nhan tan so voi 6
SCCB_write reg( 0x1l, 0x07); //chia tan so 16 => Fin = 6MHz
// scalling windows
SCCB write reg( 0x0C, 0x04 ); // COM3, DCW enable
SCCB_write reg( Ox3E, Ox1A ); // COM14, chia tan so PCLK: chia 4
SCCB write reg( 0x70, Ox3A ); // SCALLING_ XSC
SCCB write reg( 0x71, 0x35 ); // SCALLING YSC
SCCB_write reg( 0x72, 0x22 ); // downsample VGA by 4 -> QQVGA
SCCB_write_reg( 0x73, 0x£f2 ); //
SCCB_write reg( Ox1E, 0x0 ); // MVFP, Mirror/Flip hinh anh

//SCCB write reg( 0x15, 0x32 ); // COM10, tat tin hieu PCLK khi
HREF bank

// Hardware window QQVGA

SCCB write reg( 0x3A, 0x04 ); // TSLB, cho phep thay doi tham so
hardware windows

SCCB_write_reg( 0x17, 0x16 ); // REG_HSTART
SCCB_write_reg( 0x18, 0x04 ); // REG_HSTOP
SCCB_write reg( 0x32, 0x24 ); // REG_HREF
SCCB_write reg( 0x19, 0x02 ); // REG_VSTART
SCCB write reg( OxlA, 0x7a ); // REG_VSTOP
SCCB_write reg( 0x03, 0x0a ); // REG_VREF
// Matrix coefficients, saturation = 0,
SCCB_write reg( Ox4f, 0x80 ); // MTX1
SCCB_write reg( 0x50, 0x80 ); // MTX2
SCCB_write reg( 0x51, 0x0 ); // MTX3
SCCB_write reg( 0x52, 0x22 ); // MTX4
SCCB_write reg( 0x53, 0x5e ); // MTX5
SCCB_write reg( 0x54, 0x80 ); // MTX6



SCCB_write_ reg(
// Gamma

SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write reg(
//While balance,

SCCB_write_ reg(
| AGC on | AEC on

SCCB_write reg(
SCCB_write reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write reg(

SCCB_write_ reg(
> simple AWB

SCCB_write_ reg(
SCCB_write_ reg(

0x58, 0x%e

0x7a, 0x20
0x7b, 0x10
0x7c, Oxle
0x7d, 0x35
0x7e, 0x5a
0x7f, 0x69
0x80, 0x76
0x81, 0x80
0x82, 0x88
0x83, 0x8f
0x84, 0x96
0x85, Oxa3
0x86, Oxaf
0x87, Oxc4
0x88, 0xd7
0x89, Oxe8

)
)

//

//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//

can bang trang

0x13, O0xA7 );

0x43, 0x0a
0x44, 0xfO0
0x45, 0x34
0x46, 0x58
0x47, 0x28
0x48, 0x3a
0x59, 0x88
0x5a, 0x88
0x5b, 0x44
0x5c, 0x67
0x5d, 0x49
0x5e, OxOe
0x6c, 0xO0a
0x6d, 0x55
Ox6e, O0x11
O0x6f, O0x9f

Ox6a, 0x40
0x01, O0x40

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)

)
);

//

//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//

//
//
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MTXS

SLOP
GAM1
GAM2
GAM3
GAM4
GAMS
GAM6
GAM7
GAMS
GAM9
GAM10
GAM11
GAM12
GAM13
GAM14
GAM15

COM8, AWB on | FASTAEC | AECSTEP

AWBC1
AWBC2
AWBC3
AWBC4
AWBCS
AWBC6
AWBC7
AWBCS
AWBCY
AWBC10
AWBC11
AWBC12
AWBCTR3
AWBCTR2
AWBCTR1
AWBCTRO, 9e -> advance AWB, 9f -

G chanel gain

B chanel gain
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SCCB_write reg( 0x02, 0x40 ); // R chanel gain
SCCB write reg( 0x14, 0x68 ); // REG_COM9

// Bright, do sang hinh anh
SCCB_write reg( 0x55, 0x00 ); // Bright =0

//SCCB_write_ reg( 0x55,
//SCCB _write reg( 0x55,
//SCCB_write_reg( 0x55,
//SCCB_write_reg( 0x55,

0x18 ); // Bright =1
0x30 ); // Bright =2
0x98 ); // Bright =-1
0xb0 ); // Bright =-2

// Contrast, do tuong phan hinh anh
SCCB write reg( 0x56, 0x40 ); // contrast =0

//SCCB_write_reg( 0x56,
//SCCB _write reg( 0x56,
//SCCB _write reg( 0x56,
//SCCB _write reg( 0x56,

// Hieu ung: normal

SCCB_write reg(
SCCB_write_ reg(

0x67, O0xcO0 );
0x68, 0x80 );

// Banding filter 50Hz
SCCB write reg( Ox3B, O0xOA ); // COM1ll, chon bo loc 50Hz

SCCB_write_ reg(

0x9d, O0x4c

0x50 ) ;
0x60 ) ;
0x38 ) ;
0x40 ) ;

)

// contrast =1
// contrast =2
// contrast =-1
// contrast =-2

// BD50ST, 50Hz banding filter

value, active khi COM8[5] high, COM11[3] high

SCCB_write reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(

SCCB_write_ reg(
control

SCCB_write reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(

0xA5, 0x05 );
0x0E, 0Ox61 );
0x0F, Ox4b ) ;
0x16, 0x02 );
0x21, 0x02 );
0x22, 0x91 );
0x29, 0x07 );
0x33, 0x0b );
0x35, 0x0b );
0x37, 0x1d );
0x38, O0x71

0x39, O0x2a );
0x4d, 0x40 );
Ox4e, 0x20 );
0x8d, Ox4f );
0x8e, 0x0 );
0x8f, 0x0 );
0x90, O0x0 ) ;

//
//
//
//
//
//
//
//
//
//

);

//
//
//
//
//
//
//

BD50MAX, max banding filter step
COM5
COM6

ADCCTR1
ADCCTR2
RSVD
CHLF

ADC control
// ADC and Analog Common mode

ADC Offset control

DM Pos, dummy row position
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SCCB_write reg( 0x91, 0x0 ); //
SCCB_write reg( 0x96, 0x0 ); //
SCCB _write reg( 0x9a, 0x0 ); //
SCCB_write reg( 0xb0, 0x84 ); // No document

SCCB_write reg( 0Oxbl, O0xOc ); // ABLCl, 1100, enable ABLC
function

SCCB_write reg( 0xb2, 0x0e ); //

SCCB write reg( Oxb3, 0x82 ); // ABLC target

SCCB write reg( 0xb8, 0x0a ); //

SCCB_write reg( O0x3F, 0x0 ); // REG_EDGE Enhancement Adjustment

SCCB write reg( 0x74, 0x10 ); // REG74 0001 0000, digital gain
manual control bypass.

SCCB write reg( 0x75, 0x05 ); // REG75, Edge enhancement lower
limit

SCCB write reg( 0x76, Oxel ); // REG76, 1110 0001, [6:5]enable
black/white pixel correct, [4:0]Edge enhancement higher limit

SCCB_write reg( 0x77, 0x01 ); // REG77, de-noise range control

SCCB_write reg( Ox4c, 0x0 ); // De-noise strength

SCCB write reg( Ox4b, 0x09 ); // UV average enable

SCCB_write reg( O0xc9, 0x60 ); // Saturation control, bao hoa

SCCB_write reg( 0x34, 0x1l ); // Array reference control
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Phu luc 3: C4u hinh ché d) QVGA, RGB565 [7, 17, 20]

void OV7670 QVGA RGB565 init(void) //

{

SCCB_write reg(0x12, 0x80); //COM7, RESET camera

delay ms(500) ;

//Video format RGB565

SCCB_write reg( 0x12, 0x04 ); // COM7, output format RGB
SCCB_write reg( 0x40, 0xDO ); // COM15, output format RGB565

SCCB write reg( 0x8C, 0x00 ); // disable RGB444

SCCB_write reg( 0x04, 0x0 ); // COMl, disable CCIR656

//Tan so dao dong noi camrea

SCCB_write reg( 0x6B, 0x0 ); // bypass PLL

SCCB_write reg( 0x11l, 0x05 ); // chia tan so 12 => Fin = PCLK =

1.325MHz

SCCB write reg( Ox3a, 0x04 ); // TSLB, cho phep hardware window
SCCB write reg( 0x32, 0x80 ); // HREF

SCCB_write reg( 0x17, 0x16 ); // HSTART

SCCB write reg( 0x18, 0x04 ); // HSTOP

SCCB_write reg( 0x19, 0x02 ); // VSTART

SCCB write reg( Oxla, 0x7b ); // VSTOP

SCCB_write reg( 0x03, 0x06 ); // VREF

SCCB_write reg( O0x0Oc, 0x0 ); // COM3, VGA

SCCB write reg( Ox3e, 0x0O ); // cCoMl4,

SCCB write reg( 0x70, 0x0 ); // SCALLING XSC

SCCB_write reg( 0x71, 0x0 ); // SCALLING YSC

SCCB_write reg( 0x72, 0x1l ); // SCALLING DCWCTR, downsample 2
SCCB_write_reg( 0x73, 0x0 ); // SCALLING PCLK DIV, bypass
SCCB_write reg( Oxa2, 0x02 ); // SCALLING PCLK DELAY
//SCCB_write reg(0x15, 0x32); // tat dao dong PCLK khi HREF bannk
[¥———m— Color setting -—------—-———————————————- */

// Matrix coefficients, saturation = 0,

SCCB write reg( Ox4f, 0x80 ); // MTX1

SCCB_write reg( 0x50, 0x80 ); // MTX2

SCCB_write reg( 0x51, 0x0 ); // MTX3

SCCB_write reg( 0x52, 0x22 ); // MTX4

SCCB_write_reg( 0x53, Ox5e ); // MTX5



SCCB_write_ reg(
SCCB_write_ reg(
// Gamma

SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write reg(
SCCB_write reg(
//While balance,

SCCB_write reg(
| AGC on | AEC on

SCCB_write reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write reg(
SCCB_write_ reg(

SCCB_write reg(
> simple AWB

SCCB_write_ reg(

0x54,
0x58,

Ox7a,
0x7b,
0x7c,
0x7d,
Ox7e,
ox7f£,
0x80,
0x81,
0x82,
0x83,
0x84,
0x85,
0x86,
0x87,
0x88,
0x89,

0x80
0x9%e

0x20
0x10
Oxle
0x35
0x5a
0x69
0x76
0x80
0x88
0x8f
0x96
Oxa3
Oxaf
Oxc4
0xd7
Oxe8

)
)

//
//

//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//

can bang trang

0x13,

0x43,
0x44,
0x45,
0x46,
0x47,
0x48,
0x59,
0x5a,
0x5b,
0x5¢c,
0x5d,
0x5e,
Oxé6c,
0xé6d,
Ox6e,
0x6f,

Ox6a,

0xA7 ) ;

0x0a
0xf0
0x34
0x58
0x28
0x3a
0x88
0x88
0x44
0x67
0x49
0x0e
0x0a
0x55
0x11
0x9f

0x20

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)

)

//

//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//

//
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MTX6
MTXS

SLOP
GAM1
GAM2
GAM3
GAM4
GAMS
GAM6
GAM7
GAMS
GAM9
GAM10
GAM11
GAM12
GAM13
GAM14
GAM15

COM8, AWB on | FASTAEC | AECSTEP

AWBC1
AWBC2
AWBC3
AWBC4
AWBCS
AWBC6
AWBC7
AWBCS8
AWBCY
AWBC10
AWBC11
AWBC12
AWBCTR3
AWBCTR2
AWBCTR1
AWBCTRO, 9e -> advance AWB, 9f -

G chanel gain
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SCCB_write reg( 0x01, 0x20 ); // B chanel gain
SCCB_write reg( 0x02, 0x20 ); // R chanel gain
SCCB write reg( 0x14, 0x48 ); // REG_COM9

// Bright, do sang hinh anh

SCCB_write reg( 0x55, 0x00 ); // Bright =0
//SCCB write reg( 0x55, 0x18 ); // Bright =1
//SCCB_write_reg( 0x55, 0x30 ); // Bright =2
//SCCB_write reg( 0x55, 0x98 ); // Bright =-1
//SCCB_write reg( 0x55, 0xb0 ); // Bright =-2
// Contrast, do tuong phan hinh anh

SCCB_write reg( 0x56, 0x40 ); // contrast =0
//SCCB write reg( 0x56, 0x50 ); // contrast =1
//SCCB write reg( 0x56, 0x60 ); // contrast =2
//SCCB write reg( 0x56, 0x38 ); // contrast =-1
//SCCB_write reg( 0x56, 0x40 ); // contrast =-2
// Hieu ung: normal

SCCB_write reg( 0x67, 0xcO );

SCCB_write reg( 0x68, 0x80 );

// Banding filter 50Hz

SCCB_write reg( 0x3B, 0xO0A ); // COM1l, chon bo loc 50Hz

SCCB_write reg( 0x9d, Ox4c ); // BD50ST, 50Hz banding filter
value, active khi COM8[5] high, COM11[3] high

SCCB_write reg( OxA5, 0x05 ); // BD50MAX, max banding filter step
SCCB write reg( OxOE, 0x6l ); // REG_COM5

SCCB_write reg( OxOF, 0x4b ); // REG_COM6

SCCB_write reg( 0x16, 0x02 ); //

SCCB_write reg( 0x21, 0x02 ); // ADCCTR1

SCCB_write_reg( 0x22, 0x91 ); // ADCCTR2

SCCB_write reg( 0x29, 0x07 ); // RSVD

SCCB write reg( 0x33, 0x0b ); // CHLF

SCCB write reg( 0x35, 0x0b ); //

SCCB_write reg( 0x37, 0xld ); // ADC control

SCCB_write reg( 0x38, 0x71 ); //

SCCB_write reg( 0x39, O0x2a ); // ADC Offset control
SCCB_write reg( Ox4d, 0x40 ); // DM Pos, dummy row position
SCCB_write reg( Ox4e, 0x20 ); //

SCCB_write_reg( 0x8d, O0x4f ); //

SCCB_write reg( Ox8e, 0x0 ); //

SCCB_write reg( 0x8f, 0x0 ); //

SCCB_write reg( 0x90, 0x0 ); //
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SCCB_write_reg( 0x91, 0x0 //
//

//

)
SCCB_write reg( 0x96, 0x0 );
SCCB_write reg( 0x%a, 0x0 );
SCCB_write reg( 0xb0, 0x84 ); // No document
SCCB_write reg( Oxbl, 0xOc ); // ABLCl, enable ABLC function
SCCB_write reg( 0xb2, 0x0e ); //
); // ABLC target
): //
SCCB_write reg( Ox3F, 0x0 ); // REG_EDGE Enhancement Adjustment

SCCB write reg( 0x74, 0x10 ); // REG74 0001 0000, digital gain
manual control bypass.

SCCB_write reg( 0x75, 0x05 ); // REG75, Edge enhancement lower
limit

SCCB write reg( 0x76, Oxel ); // REG76, 1110 0001, [6:5]enable
black/white pixel correct, [4:0]Edge enhancement higher limit

SCCB _write reg( 0xb3, 0x82
SCCB _write reg( 0xb8, 0x0Oa

SCCB_write reg( 0x77, 0x01 ); // REG77, de-noise range control
SCCB write reg( Ox4c, 0x0 ); // De-noise strength

SCCB write reg( Ox4b, 0x09 ); // UV average enable

SCCB_write reg( 0x34, 0x1l ); // Array reference control

SCCB write reg( 0x3D, 0x40 ); // COM13, UV saturation auto, gia
tri luu tai thanh ghi 0xC9

SCCB_write reg( O0xc9, 0x60 ); // Saturation control, bao hoa
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Phu luc 4: Cau hinh ché @0 QVGA, YUV [7, 12,13, 17]

void OV7670_QVGA YUV422 init(void) // PCLK= 1.324MHz, HREF= 845Hz
{
SCCB_write reg(0x12, 0x80); //COM7, RESET camera
delay ms(500) ;
//Video format YUV422
SCCB_write reg( 0x12, 0x0 ); // COM7, output format YUV
//SCCB_write_ reg( 0x40, 0xDO ); // COM15, output format RGB565
SCCB write reg( 0x8C, 0x00 ); // disable RGB444
SCCB_write reg( 0x04, 0x0 ); // COMl, disable CCIR656
//Tan so dao dong noi camrea
//SCCB_write reg( 0x6B, 0x80 ); // bypass PLL
SCCB_write reg( 0x11l, 0x02 ); // chia tan so

SCCB write reg( Ox3a, 0x04 ); // TSLB, cho phep hardware window
SCCB_write reg( 0x32, 0xA4 ); // HREF

SCCB_write_reg( 0x17, 0x16 ); // HSTART

SCCB write reg( 0x18, 0x04 ); // HSTOP

SCCB_write reg( 0x19, 0x02 ); // VSTART

SCCB_write reg( Oxla, Ox7a ); // VSTOP

SCCB_write reg( 0x03, 0xOA ); // VREF

SCCB_write reg( 0xOc, 0x04 ); // COM3, VGA

SCCB write reg( Ox3e, 0x19 ); // COM14,

SCCB_write reg( 0x70, 0x0 ); // SCALLING XSC

SCCB_write reg( 0x71, 0x0 ); // SCALLING YSC

SCCB_write_reg( 0x72, 0x1l ); // SCALLING DCWCTR, downsample 2
SCCB_write_reg( 0x73, O0xfl ); // SCALLING PCLK DIV, bypass
//SCCB_write reg( Oxa2, 0x02 ); // SCALLING PCLK DELAY
SCCB_write reg(0x15, 0x32); // tat dao dong PCLK khi HREF bannk
[¥———————————— Color setting -—-—-----—-———————————————- */

// Matrix coefficients, saturation = 0,

SCCB_write reg( Ox4f, 0x80 ); // MTX1

SCCB_write reg( 0x50, 0x80 ); // MTX2

SCCB_write reg( 0x51, 0x0 ); // MTX3

SCCB_write reg( 0x52, 0x22 ); // MTX4

SCCB_write_reg( 0x53, Ox5e ); // MTX5

SCCB_write reg( 0x54, 0x80 ); // MTX6
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SCCB_write reg( 0x58, 0x%e ); // MTXS
// Gamma
SCCB_write _reg( Ox7a, 0x20 ); // SLOP
SCCB_write reg( 0x7b, 0x10 ); // GAM1
SCCB_write reg( Ox7c, Oxle ); // GAM2
SCCB write reg( 0x7d, 0x35 ); // GAM3
SCCB_write reg( Ox7e, 0x5a ); // GAM4
SCCB_write reg( 0x7f, 0x69 ); // GAM5
SCCB_write reg( 0x80, 0x76 ); // GAM6
SCCB write reg( 0x81, 0x80 ); // GAM7
); // GAMS8
SCCB write reg( 0x83, 0x8f ); // GAM9

SCCB write reg( 0x82, 0x88

SCCB _write reg( 0x84, 0x96 ); // GAM1O
SCCB_write reg( 0x85, 0xa3 ); // GAM11
SCCB_write reg( 0x86, Oxaf ); // GAM12
SCCB write reg( 0x87, Oxc4 ); // GAM13
SCCB_write reg( 0x88, 0xd7 ); // GAM14
SCCB_write reg( 0x89, 0Oxe8 ); // GAM15
//While balance, can bang trang

SCCB write reg( 0x13, 0xA7 ); // CcoM8, 1010 0111, AWB on |
FASTAEC | AECSTEP | AGC on | AEC on

SCCB write reg( 0x43, 0x0a ); // AWBCl
SCCB_write reg( 0x44, 0x£f0 ); // AWBC2
SCCB write reg( 0x45, 0x34 ); // AWBC3
SCCB_write reg( 0x46, 0x58 ); // AWBC4
SCCB_write reg( 0x47, 0x28 ); // AWBC5
SCCB_write reg( 0x48, 0x3a ); // AWBC6
SCCB_write reg( 0x59, 0x88 ); // AWBC7
SCCB_write reg( Ox5a, 0x88 ); // AWBC8
SCCB write reg( Ox5b, 0x44 ); // AWBCO
SCCB write reg( Ox5c, 0x67 ); // AWBC1O
SCCB_write reg( 0x5d, 0x49 ); // AWBC1ll1l
SCCB_write reg( Ox5e, 0x0Oe ); // AWBC12
SCCB_write_ reg( Ox6c, 0x0a ); // AWBCTR3
SCCB_write_reg( O0xé6d, 0x55 ); // AWBCTR2
SCCB_write reg( Ox6e, 0x1l ); // AWBCTR1

SCCB write reg( Ox6f, 0x9%e ); // AWBCTRO, 9e -> advance AWB, 9f -
> simple AWB

SCCB_write reg( Ox6a, 0x20 ); // G chanel gain
SCCB_write reg( 0x01, 0x20 ); // B chanel gain
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SCCB_write reg( 0x02, 0x20 ); // R chanel gain

SCCB_write reg( 0x14, 0x28 ); // REG_COM9, automatic gain max 8x

+ magic rsvd bit

// Bright, do sang hinh anh

SCCB_write reg( 0x55, 0x00 ); // Bright =0

//SCCB_write_reg( 0x55,
//SCCB _write reg( 0x55,
//SCCB write reg( 0x55,
//SCCB write reg( 0x55,

0x18 ); // Bright =1
0x30 ); // Bright =2
0x98 ); // Bright =-1
0xb0 ); // Bright =-2

// Contrast, do tuong phan hinh anh

SCCB write reg( 0x56, 0x40 ); // contrast =0

//SCCB_write_ reg( 0x56,
//SCCB_write_ reg( 0x56,
//SCCB_write_ reg( 0x56,
//SCCB write reg( 0x56,

// Hieu ung: normal

//SCCB write reg( 0x3a,

SCCB_write reg( 0x68, 0x80 );
// Banding filter 50Hz
SCCB write reg( Ox3B, 0xOA ); // COM1l, 0000 1010, chon bo loc

0x50 ) ;
0x60 ) ;
0x38 ) ;
0x40 ) ;

0x04 ) ;
SCCB_write reg( 0x67, 0xcO );

// contrast =1
// contrast =2
// contrast =-1
// contrast =-2

50Hz: BD50ST (0x9D), exposure timmingc < limit

SCCB write reg( 0x9d, Ox4c ); // BD50ST, 50Hz banding filter

SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(

control

SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write_ reg(
SCCB_write reg(

0xA5, 0x05
0x0E, O0x61
0x0F, 0x4b
0xl6, 0x02
0x21, 0x02
0x22, 0x91
0x29, 0x07
0x33, 0xO0b
0x35, 0xO0b
0x37, 0Ox1ld
0x38, 0x71

0x39, 0x2a
0x4d, 0x40
Ox4e, 0x20
0x8d, Ox4f
0x8e, 0x0

)
)
)
)
)
)
)
)
)
)
)

)
)
)
)
)

//
//
//
//
//
//
//
//
//
//
//

//
//
//
//
//

value, active khi COM8[5] high, COM11[3] high

BD50MAX, max banding filter step
REG_COM5
REG_COM6

ADCCTR1
ADCCTR2
RSVD
CHLF

ADC control
ADC and Analog Common mode

ADC Offset control

DM Pos, dummy row position



SCCB_write reg( 0x8f, 0x0
SCCB_write reg( 0x90, 0x0
SCCB_write reg( 0x91, 0x0
SCCB _write reg( 0x96, 0x0
SCCB _write reg( 0x9a, 0x0
SCCB write reg( 0xb0, 0x84

SCCB_write reg( Oxbl, 0xOc
function

SCCB _write reg( 0xb2, 0xOe
SCCB _write reg( 0xb3, 0x82
SCCB _write reg( 0xb8, 0x0Oa
SCCB_write reg( 0x3F, 0x0

SCCB write reg( 0x74, 0x10
manual control bypass.

SCCB_write_ reg( 0x75, 0x05
limit

SCCB write reg( 0x76, Oxel
black/white pixel correct, [4

SCCB _write reg( 0x77, 0x01

SCCB_write reg( Ox4c, 0x0

SCCB write reg( Ox4b, 0x09

SCCB write reg( 0x34, 0x11

SCCB write reg( 0x3D, 0x40
tri luu tai thanh ghi 0xC9

SCCB_write reg( 0xc9, 0x60

)
)
)
)
)
)
)

)

//
//
//
//
//
//
//

//
//
//
//
//

//

//

84

No document

ABLC1, 1100, enable ABLC

ABLC target

REG_EDGE Enhancement Adjustment
REG74 0001 0000, digital gain

REG75, Edge enhancement lower

REG76, 1110 0001, [6:5]enable

:0]Edge enhancement higher limit

)
)
)
)
)

)

//
//
//
//
//

//

REG77, de-noise range control
De-noise strength

UV average enable

Array reference control

COM13, UV saturation auto, gia

Saturation control, bao hoa
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Phu luc 5: Cau hinh den nén LED_A
/******************************************************

Cau hinh den nen LED_A
Noi chan: LED A -> PBO
Cau hinh khoi TIMER3 che do xung PWM -> chan PBO, Tan so: 4.9 kHz
*******************************************************/
void configBacklightPWM (void)
{GPIO_InitTypeDef GPIO_InitStructure;
TIM TimeBaselInitTypeDef TIM TimeBaseStructure;
TIM OCInitTypeDef TIM OCInitStructure;
RCC_APBlPeriphClockCmd (RCC_APBlPeriph TIM3,ENABLE) ;//TIM3 Clock
RCC_AHBlPeriphClockCmd (RCC_AHBlPeriph GPIOB,ENABLE) ;//GPIOB Clock
GPIO_InitStructure.GPIO Pin = GPIO Pin 0; //TIM3 CH3 -> PBO
GPIO_InitStructure.GPIO_Mode = GPIO_Mode AF;
GPIO_InitStructure.GPIO_Speed = GPIO_Speed 25MHz;
GPIO_InitStructure.GPIO OType = GPIO_OType PP;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd UP;
GPIO_Init(GPIOB, &GPIO_InitStructure);
GPIO_PinAFConfig (GPIOB, GPIO_PinSource0O, GPIO AF TIM3);
/* PWM Setup */
TIM TimeBaseStructure.TIM Prescaler = 10;
TIM TimeBaseStructure.TIM Period = 499;
TIM TimeBaseStructure.TIM ClockDivision = 0;
TIM TimeBaseStructure.TIM CounterMode = TIM CounterMode Up;
TIM TimeBaseInit (TIM3, &TIM TimeBaseStructure);
/* PWM2 Mode configuration: Channel 3 */
TIM OCInitStructure.TIM OCMode = TIM OCMode PWM2;
TIM OCInitStructure.TIM OutputState = TIM OutputState_Enable;
TIM OCInitStructure.TIM Pulse = 50; //
TIM OCInitStructure.TIM OCPolarity = TIM OCPolarity High;
TIM OC3Init(TIM3, &TIM OCInitStructure);
TIM OC3PreloadConfig(TIM3, TIM OCPreload Enable);
TIM ARRPreloadConfig(TIM3, ENABLE) ;
TIM Cmd(TIM3, ENABLE);
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Phu luc 6: Chwong trinh khéi dong LCD [9, 10, 15].

void LCD_Initializtion(void)

{
delay ms(10) ;LCD_WriteIndex (ILI9341_ POWERA) ;
LCD_WriteData (0x39) ;
LCD_WriteData (0x2C) ;
LCD_WriteData (0x00) ;
LCD_WriteData (0x34);
LCD_WriteData (0x02) ;
LCD_WriteIndex(ILI9341 POWERB) ;
LCD_WriteData (0x00) ;
LCD_WriteData (0xCl) ;
LCD_WriteData (0x30) ;
LCD_WriteIndex(ILI9341 DTCA) ;
LCD_WriteData (0x85) ;
LCD_WriteData (0x00) ;
LCD_WriteData (0x78) ;
LCD_WriteIndex(ILI9341 DTCB) ;
LCD_WriteData (0x00) ;
LCD_WriteData (0x00) ;
LCD_WriteIndex (ILI9341_ POWER SEQ) ;
LCD_WriteData (0x64) ;
LCD_WriteData (0x03) ;
LCD_WriteData (0x12) ;
LCD_WriteData (0x81) ;
LCD_WriteIndex(ILIS9341 PRC);
LCD_WriteData (0x20) ;
LCD_WriteIndex (ILI9341 POWER1) ;
LCD_WriteData (0x23) ;
LCD_WriteIndex(ILI9341 POWER2) ;
LCD_WriteData (0x10) ;
LCD_WriteIndex(ILI9341 VCOM1) ;//Contrast control
LCD_WriteData (0x3E) ;
LCD_WriteData (0x28) ;//28
LCD_WriteIndex (ILI9341 _WDB) ;//Bright control
LCD_WriteData (OxFF) ;
LCD_WriteIndex (ILI9341 WCD) ;//Bright CTRL control
LCD_WriteData (0x2C) ;//24
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LCD_WriteIndex (ILI9341_ VCOM2) ;
LCD_WriteData (0x86) ;

LCD WriteIndex(ILI9341 MAC); // Memory Access Control
//LCD_WriteData(0x88); // orgin 240 cot x 320 hang
LCD_WriteData(0x28); // 320 cot x 240 hang
LCD WriteIndex(ILI9341 PIXEL FORMAT); // 1l6bit/pixel
LCD_WriteData (0x55) ;
LCD_WriteIndex(ILIS9341 FRC);

LCD_WriteData (0x00) ;

LCD_WriteData (0x18) ;
LCD_WriteIndex(ILIS9341 DFC);

LCD_WriteData (0x08) ;

LCD_WriteData (0x82) ;

LCD_WriteData (0x27) ;

LCD_WriteIndex (ILI9341 3GAMMA EN) ;
LCD_WriteData (0x00) ;

LCD_WriteIndex (ILI9341 COLUMN_ADDR) ;
LCD_WriteData (0x00) ;

LCD_WriteData (0x00) ;

LCD_WriteData (0x00) ;

LCD_WriteData (0xEF) ;

LCD_WriteIndex (ILI9341_ PAGE_ADDR) ;
LCD_WriteData (0x00) ;

LCD_WriteData (0x00) ;

LCD_WriteData (0x01) ;

LCD_WriteData (0x3F) ;

LCD_WriteIndex (ILI9341 GAMMA) ;
LCD_WriteData (0x01) ;

LCD_WriteIndex (ILI9341 PGAMMA) ;
LCD_WriteData (0xOF) ;

LCD_WriteData (0x31);

LCD_WriteData (0x2B) ;

LCD_WriteData (0x0C) ;

LCD_WriteData (0xO0E) ;

LCD_WriteData (0x08) ;

LCD_WriteData (0x4E) ;

LCD_WriteData (0xF1) ;

LCD_WriteData (0x37) ;

LCD_WriteData (0x07) ;
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LCD_WriteData (0x10);
LCD_WriteData (0x03) ;
LCD_WriteData (0xOE) ;
LCD_WriteData (0x09) ;
LCD_WriteData (0x00) ;
LCD_WriteIndex(ILI9341 NGAMMA) ;
LCD_WriteData (0x00) ;
LCD_WriteData (0xOE) ;
LCD_WriteData (0x14) ;
LCD_WriteData (0x03) ;
LCD_WriteData (0x11) ;
LCD_WriteData (0x07) ;
LCD_WriteData (0x31) ;
LCD_WriteData (0xCl) ;
LCD_WriteData (0x48) ;
LCD_WriteData (0x08) ;
LCD_WriteData (0xOF) ;
LCD_WriteData (0x0C) ;
LCD_WriteData (0x31) ;
LCD_WriteData (0x36) ;
LCD_WriteData (0xOF) ;
LCD_WriteIndex(ILIS9341 SLEEP OUT);
delay ms(100) ;
LCD_WriteIndex(ILI9341 DISPLAY ON) ;
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Phu luc 7: Cau hinh ché d9 hoat dong khoi USART1

void USART Configuration(unsigned int BaudRate)//

{

USART InitTypeDef USART InitStructure;
GPIO_InitTypeDef GPIO_InitStructure;

NVIC InitTypeDef NVIC InitStruct;
RCC_APB2PeriphClockCmd (RCC_APB2Periph USART1, ENABLE) ;
RCC_AHBlPeriphClockCmd (RCC_AHBlPeriph GPIOB, ENABLE) ;
/* Configure USART Tx as alternate function */
GPIO_InitStructure.GPIO _OType = GPIO_OType PP;
GPIO_InitStructure.GPIO_PuPd

GPIO_PuPd _UP;

GPIO_InitStructure.GPIO_Mode GPIO_Mode AF;
GPIO_InitStructure.GPIO_Pin = GPIO_Pin 6;
GPIO_InitStructure.GPIO_Speed = GPIO_Speed 100MHz;
GPIO_Init(GPIOB, &GPIO_InitStructure);

/* Configure USART Rx as alternate function */
GPIO_InitStructure.GPIO_Mode = GPIO_Mode AF;
GPIO_InitStructure.GPIO_Pin = GPIO_Pin 7;
GPIO_Init(GPIOB, &GPIO_InitStructure);

USART InitStructure.USART BaudRate = BaudRate;

USART InitStructure.USART WordLength = USART WordLength 8b;
USART InitStructure.USART StopBits = USART StopBits 1;
USART InitStructure.USART Parity = USART Parity No;

USART InitStructure.USART HardwareFlowControl =
USART HardwareFlowControl None;

USART InitStructure.USART Mode = USART Mode Rx | USART Mode Tx;
USART Init (USART1, &USART InitStructure);

GPIO_PinAFConfig (GPIOB,GPIO_PinSource6,GPIO_AF USART1) ;
GPIO_PinAFConfig (GPIOB,GPIO_PinSource7,GPIO_AF USART1) ;

USART ITConfig (USART1, USART_ IT RXNE, ENABLE) ;

NVIC InitStruct.NVIC_ IRQChannel = USART1_IRQn;

NVIC InitStruct.NVIC_ IRQChannelCmd = ENABLE;

NVIC InitStruct.NVIC IRQChannelPreemptionPriority = 0;
NVIC InitStruct.NVIC IRQChannelSubPriority = 0;

NVIC Init(&NVIC_InitStruct);

USART Cmd (USART1, ENABLE) ;
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