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TOM TAT

V&i sy phét trién va tng dung rong rdi cua hé thdng nhung, no di dugc nghién ctu ang
dung trong thu thap va xir Iy hinh anh. Tuy nhién do cau tric thiét ké cua hé thdng nhing
han ché vé tc do xir Iy anh hwong téi chdt keong hinh anh thu dwoc, bai dix liéu video co
kich thugc 16n, vi vay viéc thuc hién anh thoi gian thuc véi do tin cay cao trén hé thdng
nhang 1a kho thuc hién. Bi véi hé thdng thu thap hinh anh téc d6 cao véi qué trinh thoi
gian thuc, y8u cau toc do xir Iy cao vi mot sé lwong 16n dix liéu hinh anh can dwoc xa ly.
Hé théng thu thap hinh anh duoc sir dung rong réi trong céng nghiép, quan su, y té, an
ninh, vidu nhu: trong dién thoai video, hdi nghi truyén hinh, hé thong giam sat, diéu khién
trong cong nghiép, gidm sat tir xa.

Su phét trién nhanh chéng cta FPGA cung cdp mot giai phap méi cho hé thdng thu
thap va xir ly hinh anh. Bai luan vin dua ra mot phuong an vé thiét ké, thuc hién hé thdng
thu thap va hién thi hinh anh voi qué trinh thoi gian thuc trén FPGA, véi noi dung trinh
bay Vé cac tng dung, tinh trang nghién ctu cua hé thdng thu thap hinh anh, so sanh uu
diém va nhuoc diém cua DSP, ASIC va FPGA trong hé théng thu thap va xir Iy hinh anh,
dé xuat thiét ké va thuc hién hé thong thu thap hinh anh trén FPGA. Trong thiét ké he
thdng duoc chia thainh nim module chirc ning chinh, module thu thap hinh anh, module
lru trir hinh anh, module hién thi hinh anh, module xu Iy FPGA va module ngoai vi. Dé
thue hién hé thong, tc gia da dua ra su lya chon chip va thiét ké mach phan cirng cho cac
khéi bao gom: Mach thu thap anh, mach giao dién SDRAM, mach giao dién VGA, Chip
diéu khién logic va giao dién thiét bi ngoai vi. Trong d6 khdi FPGA diéu khién camera,
nhan va xi ly thé dix liéu hinh anh thu dugc tir camera, dir li¢u dugc Iru tam thoi vao
SDRAM sau dé doc dir liéu hinh anh tr SDRAM giri ra cong VGA hién thi IEn man hinh
LCD. Hé théng duoc thuc hién boi FPGA thudc dong Cyclonell cia Altera.

Bai luan vin thao luan vé két qua md phong cac module trén phan mém Quartus 11 va
thue nghiém trén Kit DEL cua hing Altera, két qua d6 da ching minh tinh dung din va
tinh kha thi cua qué trinh thiét ké. Cac module chinh bao gom: Module camera CMOS,
module kiém soat doc ghi SDRAM va module xir Iy FPGA. Hé thong duoc thiét ké theo
hudng nghién ciru trén da dat duoc hiéu qua mong doi bing phuong phap thir nghiém xac

minh.

Tir khoa: Thu thap hinh anh; B6 cam bién hinh anh CMOS; Thai gian thuc; FPGA
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Abstract

Because of the development and wide application of embedded systems, they have
been studied and applied in image acquisition and processing system. However, as the
structural design of embedded systems is limited in term of processing speed, affecting the
quality of the large size video image data, so the implementation of real-time image on the
embedded systems is difficult. For the system which collects images at high speed in real
time, requirement for high-speed processing is needed. The image acquition system is
widely applied in industrial, military, medical and security purposes such as in the video
phone, image recognition, video conferencing, monitoring system, industry control, remote
monitoring.

Rapid development of FPGA provides a new solution to the system of collecting and
processing image. This paper provides a solution for the high-speed acquisition and real-
time processes of image data based on FPGA, with contents to present about the
applications and research of image acquisition system, compare advantages and
disadvantages of DSP, ASIC and FPGA in image acquisition and processing system,
proposed a FPGA-based image acquisition and processing system. The whole system is
divided into five major functional modules: image acquisition module, image storage
module, image display module, FPGA core processing module and peripheral module. To
complet the system design, the author selects chips and designs the hardware circuit
including image acquisition circuit, SDRAM interface circuit, VGA interface circuit, the
chip’s logical control, peripheral interface logical control. FPGA is incharge of controlling
camera, receiving and processing of raw data collected from the camera, the data is
temporarily saved in SDRAM and then read image data from SDRAM to send out VGA
display on the LCD screen. The system is implemented by FPGA under the Altera's
Cyclorell.

The dissertation discusses results of simulation by the Quartus 11 software modules and

the experimentation on Kit DEL, simulation results prove the correctness and feasibility of

the design system. These modules mainly includes: CMOS camera module, SDRAM
literacy control module and image preprocessing module. The system designed by the
above way achieves a satisfying effect by experimental verification.

Keywords: Image Acquisition; CMOS Image Sensor; Real-time; FPGA.
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MO DAU

1. Ly do chon deé tai

V6i sy phéat trién cua cong nghé xir Iy anh, hé théng thu va xu Iy anh dugc tng
dung ngay cang nhiéu. Trong thi truong cam bién hinh anh hién nay cam bién
CMOS duoc ttng dung nhiéu do c6 nhiéu tién ich va hon nita gia thanh thap. Trong
nhiéu ang dung caia hé théng thu va xir Iy anh sir dung DSP dé diéu khién cam bién
anh va nhan dix liéu hinh anh, sau d6 truyén téi PC qua cong USB [4], trong hé
thdng nay, dit liéu hinh anh duoc doc bang phan mém, do d6 khong dap ung duoc
yéu cau thu anh thoi gian thuc.

Déi woi hé théng thu thap hinh anh tdc d6 cao voi qua trinh xt Iy thoi gian thuec,
y&u cau toc do xu Iy cao vi mot sd luogng lon dix liéu hinh anh can duoc xu ly. Vi
vay, cong nghé xu ly song song la dac biét quan trong. Viéc nghién ctru ing dung
san pham coéng nghé xir Iy song song vao hé thdng thu thap hinh anh thoi gian thyuc
la can thiét va day ciing chinh 1 1y do em lya chon lam dé tai nghién ctu “Thiét ké
va thyc hién hé thong thu va hién thj anh trén nén FPGA”.

2. Lich swnghién ciu

Quaé trinh nghién ctru trong va ngoai nuéc cho céc hé thong thu thap va hién thi
hinh anh hién nay da c6 rat nhiéu huéng nghién ciu khéc nhau va c6 nhirng két qua
duoc cong bd trén céc trang bao nhu: “Design of a DSP-based CMOS Imaging
System for Embedded Computer Vision” [4], “Design of an Imaging System based
on FPGA Technology and CMOS Imager” [8], “Design of CMOS Image
Acquisition System Based on FPGA” [1], FPGA — Based CMOS Image Acquisition
System” [2], va mot s6 két qua nghién ctru khac.

bac biét véi cac chip xu ly DSP, FPGA duogc st dung lam phuong phap thu thap
hinh anh va da tré thanh mdt xu hudng trong linh vyc thu thap hinh anh thoi gian
thuc. So V6i trong nudc, cac nudc phét trién trong linh vuc Vé viéc thu thap hinh
anh va hé théng xu 1y, véi sy phét trién nhanh chong cac san pham c6 d6 bén, do tin
cay cao, pham vi sir dung rong, nhung can chi phi cao cho viéc thuc hién hé théng.

cac san pham trong nudc c6 gia thap hon, voi do tin cay va tinh chinh xéc thap. Vi
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vay, viéc cai thién chat luong thu thap hinh anh hién cé va phét trién cong nghé xu
ly anh 12 mot nhu cau can thiét.
3. Muc dich nghién ciru, ddi twong va pham vi nghién ciru ciia dé tai

Muc dich chinh cua dé tai 1a thiét ké, thuc hién hé théng thu va hién thi anh téc
do cao v6i qué trinh thoi gian thuc caa dir liéu hinh anh dua trén FPGA [2]. Dua
vao két qua nghién cau co thé phét trién hé théng ang dung vao céc thiét bi ghi
hinh, an ninh, gidm sét va tu dong diéu khién,...

Dbi tugng nghién ctru cua dé tai 1a hé théng thu anh tir cam bién hinh anh sir
dung céng nghé CMOS v6i bd xixr ly FPGA, dir liéu anh duoc luu tam thoi vao
SDRAM va hién thi anh trén giao dién VGA [2]. Trong d6 viéc doc dir lidu diém
anh tir cam bién hinh anh luu vao SDRAM va hién thi anh Ién man hinh VGA duoc
dién ra lién tuc. Dé tai d3 tinh toan tdi te do doc ghi dit lidu, chat lugng hinh anh
thu duwoc va thiét 1ap ché do doc anh tir cam bién.

Nghién ctu nguyén ly 1am viéc cua cam bién hinh anh OV9650 thudc hang
OmniVision va phuong phap ma héa tin hiéu diém anh véi ngd ra caa cam bién.

Nghién cau & viéc doc ghi dir lieu SDRAM va phuong phap hién thi anh trén
giao dién VGA.

Nghién ctru céc phuong phép tao ma chwong trinh cau hinh phan ciang FPGA.

4. Phuwong phap nghién ctiru

Dé giai quyét vin dé néu trén cé thé nhiéu phuong phap nghién ctiru khac nhau
nhu:

e Phuong phap nghién ctru tai li¢u va céc bai bao
e Thiét ké va md phong két qua trén may tinh
e Phuong phap nghién ctru thir nghiém xac minh

Trong noi dung duoc trinh bay luan van, tac gia da duara lya chon phuong phap
nghién ctru thir nghiém xé&c minh, viéc phan tich tong quan thiét ké hé théng thu va
hién thi hinh anh dya trén nguyén 1y quét diém anh.

Tim hiéu vé& phuong phap doc, ghi dit liéu véi SDRAM va doc dit liéu diém anh
tir cam bién OV9650. Tir d6 lya chon giai phap thuc hién thiét ké va tao ma chuong
trinh cho hé thng.
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Ung dung phuong phap quét xen dong va xir Iy tin hiéu mau nham tang téc do
thu va giam thoi gian hién thi hinh anh.

5. Tom tit ¢6 dong cac luin diém co ban va déng gép méi caa tac gia

Viéc nghién ctru tng dung cam bién hinh anh sir dung céng nghé CMOS, bo
nhé SDRAM va bo xtr Iy FPGA ciing nhu viéc str dung phan mém Quartus 11 da
mang lai hiéu qua trong viéc thiét ké, thuc hién hé thdng thu va hién thi hinh anh
trén nén FPGA. Viéc ung dung FPGA va cam bién hinh anh OV9650 trong hé
thong thu anh 1a gia tri khoa hoc cua dé tai.

Trong linh vuc nghién ctru khoa hoc, két qua nghién ctu cua dé tai duoc s
dung 1am co s& nghién ciu va phét trién cac hé thdng thu thap hinh anh c6 do phuc
tap va c6 ¥ nghia to 16n trong viéc tng dung cho céc hé thong camera giam sat, hoi
nghi truyén hinh,...

DPbi v6i thyuc tién, hé thong cd thé duoc (tng dung trong nhitng hé thong gidm
sét, chup hinh véi yéu cau do chinh xac thap. Ngoai ra bai ludn van nay ciing 1a mot
tai liéu cho viéc thiét ké, thuc hién nhitng hé théng trén FPGA.

Viéc thuc hién thanh cong mé hinh hé théng thu va hién thi anh trén nén FPGA
da dap wng yéu cau cho nhirng hé théng thu va hién thi anh tdc d6 cao v6i qué trinh
thoi gian thuc va nhitng hé thdng khéng can téi sy hd tro cia may tinh. Két qua
nghién ctru nay ciing 12 mot thanh cong dé tao hudng nghién ciu phét trién vé sau
cho nhirng hé théng thu va hién thi anh.

6. Noi dung trinh bay luan van

Do thoi gian nghién ctu, thuc hién dé tai han hep, vai kién thac va viéc tim hiéu
vé hé thong con han ché, luan vin nay thuc hién trong pham vi “Thiét ké va thyc
hién hé thong thu va hién thi anh trén nén FPGA” duoc thyc hién gdm cac phan
sau:

MO PAU: Trong phan m¢ dau téc gia trinh bay tinh 1y do chon dé tai, lich sir
nghién ctu, muc dich, déi twgng va pham vi nghién cau, tom tit c6 dong cac luan
diém co ban va dong gop méi cua tac gia.

Chuong 1: TONG QUAN: Néu tinh thoi su cua dé tai, phan tich danh gia cac
cong trinh nghién ctu di co6 lién quan dén dé tai va nhiing van dé can tap trung
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nghién cau giai quyét. Trinh bay ngan gon V@ chiic ning cac khdi trong hé thdng
thu thap va hién thi hinh anh trén nén FPGA.

Chuong 2: PHAN TICH LUA CHON HE THONG: Trong chwong phan tich va
lua chon cac thiét bi cho thiét ké mach phan ctng cho céc khdi trong d6 c6 chip
FPGA va cam bié hinh anh, bd nhé luu trit dit liéu tam thdi SDRAM va giao di¢n
hién thi hinh 4anh VGA.

Chuong 3: THIET KE HE THONG THU THAP HINH ANH: Chuong nay tap
trung vao thiét ké so d6 khdi chirc nang hé thdng thu thap hinh anh tc do cao. Thiét
ké mach phan cting va thiét ké ma chuong trinh diéu khién cuia mdi khéi chirc ning,
bao gom: khdi thu thap hinh anh, bé nhd luu dit liéu hinh anh SDRAM, man hinh
hién thi hinh anh VGA va phan clrng ngoai vi.

Chuong 4: MO PHONG VA THUC HIEN HE THONG TREN FPGA: trinh bay
vé cac két qua mo phong trén phan mém Quatus II va qua trinh thuc hién hé théng
thu hinh dnh véi cic module chinh bao gdm: module cam bién anh CMOS, module
diéu khién SDRAM doc va viét dit liéu hinh anh, module diéu khién hién thj anh.

KET LUAN VA KIEN NGHI: Pua ra cac nhan xét, danh gia vé hé thdng,
nhitng diém dat duoc V& nhiing han ché, diém chua dat duoc cua dé tai. Néu kién
nghi ban than va cac dé xuat hoan thién hé thong ciing nhu hudng phét trién cua dé

tai.
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Chuong 1: TONG QUAN

1.1 Tinhthoi swciaa d@ tai

Nhin lai sy phat trién may ghi hinh cach ddy gan 40 nam, tic 13 vao thang 12
nam 1975, mdt thg chup anh tén Steven Sasson da khai sinh ra ky nguyén may anh
ki thuat sé bang tAm hinh dau tién chup tai phong ki thuat cta cong ty Kodak [25].
Tuy nhién, cling phai doi cho dén dau thap nién 90 mai that sy phat trién va dugc
Umg dung rong rii. Ngay nay trong rat nhiéu cac hé théng, thiét bi st dung hang
ngay gan thiét bi ghi hinh nhu trén may anh, dién thoai, may tinh, thiét bi giam
sét... ngoai ra thiét bj ghi hinh dugc ung dung trong mot s6 linh vuc nghién ciru
cong nghé cao nhu ché tao Robot, thiét bi do duong, ... voi sy phat trién khoa hoc
cong nghé trong nudc va ngoadi nudc trong viéc ung dung thiét bi ghi lai hinh anh
thi cong nghé xtr 1y ctia camera ciing can phai duoc thay d6i dé phat trién cung véi
céac nganh khoa hoc khéc.

Su phat trién cta cac nganh khoa hoc cong nghé yéu cau khong chi cong nghé
ché tao cac chip camera ngay cang nang cao ma con doi hoi cong nghé xir 1y dir liéu
hinh anh vé chét luong ciing nhu téc d6 ghi hinh ciing can dugc cai tién dé dap tmg
trong nhitng hé théng nhu: Camera giam sat, hé thong ty dong diéu khién,... ddi véi
nhimg yéu cau cta cam bién hinh anh khong nhirng chi vé d6 trung thuc caa hinh
anh thu dugc ma téc d6 ghi hinh va thoi gian xu 1y anh ciing can duogc dap ung
nhanh dé hé théng c6 nhitng diéu khién phu hop. Chinh vi vy, viéc thu va hién thi
hinh anh téc do cao v6i qua trinh thoi gian thuc 1a rat can thiét.

Hién nay trén thi truong da ang dung chip DSP cho viéc tich hop, tinh toan téc
do da duogc cai thién dang ké, chi phi giam dang ké [4]. DSP trg thanh xu huéng
chinh cua céc hé théng ghi va xir ly hinh anh.

Viéc st dung may tinh cho céng nghé xt 1y hinh anh ki thuat sé ¢ y nghia thay
d6i huong di cho cong nghé xu |y luu trit truyén thdng tuong tu trong thong tin ki
thuat s6. Thay vi s6 hda, cong nghé ghi lai hinh anh va xir Iy dan chuyén sang
hudng ki thuat s6. Véi su phét trién caa cong nghé vi dién tir, cdng nghé xt 1y anh

duoc st dung trong cac linh vuc khac nhau cua thiét ké dién ta, cong nghé xir ly
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hinh anh ky thuat sé da dat duoc nhitng tién bo mang tinh dot pha. Hé théng thu
thap hinh anh thoi gian thuc dong moét vai tro cuc ky quan trong trong cdng nghé da
phuong tién. Ngay nay, hau hét cac hé théng thu thap hinh anh véi toc do thoi gian
thuc va da dugc st dung rong réi trong cac dién thoai di dong, PDA, diéu khién
cong nghiép, thi gidc may, giam séat thoi gian thuc va cac linh vuc khac. Trong thap
ky qua, sy phat trién nhanh chéng cua FPGA (Field Programmable Gate Array) da
tao ra hudng nghién ciru, thiét ké wng dung vao viéc thu thap hinh anh thoi gian
thuc.

Hé thdng thu thap va hién thi hinh anh duogc thuc hién theo nguyén 1y quét diém
anh tir cam bién hinh anh va xua Iy tin hiéu rdi luu tam thoi vao SDRAM, sau d6 doc
dit liéu tor SDRAM xuét ra man hinh. Qua trinh doc, ghi di liéu cia SDRAM duoc
dién ralién tuc va hién thi 1én man hinh VGA tao thanh nhitng video lién tuc.

Dé thuc hién dugc hé thdng thu va hién thi anh trén nén FPGA can tim hiéu va
xay dung, thiét ké céc khdi sau:

— Khéi xir ly trung tam, str dung chip xi Iy FPGA dé thuc hién céc Iénh diéu
khién doc tin hiéu tir cam bién hinh anh, doc, ghi dit liéu vao SDRAM va diéu khién
hién hinh hinh anh Ién VGA.

— Khéi thu thap dit liéu hinh anh, chinh 1a khdi cam bién hinh anh. Khéi nay c6
chirc ning quét cac diém anh thdng qua 6ng kinh va ma hoa tin hiéu, gui khung di
liéu diém anh téi khéi xu 1y trung tam.

—  Khéi luu trit dit liéu tam thoi, khdi nay cé nhiém vu luu lai nhimg diém anh
thu dwoc tir b cam bién anh, trong treong hop nay ta sir dung bé nhé SDRAM dé
luwu lai tam thoi nhitng dit liéu anh thu duoc.

— Khéi hién thi hinh anh, khdi nay chi c6 nhiém vu hién thi lai nhitng hinh anh
thu dugc tir cam bién, hinh anh duogc hién thi véi kich thudge khung hinh theo chuan
VGA 480x640 pixel.

Ngoai viéc xay dung, thiét ké céc khdi thuc hién chirc nang cho hé thdng thu va
hién thi anh can tim hiéu vé& phan mém I4p trinh cho phan cing FPGA, Quartus |1

cua hang Altera.
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1.2 Hwéng nghién ciru ciia dé tai

Hién nay di c6 mot sb hang thiét ké chip xtr 1y da hd tro ki thuat diéu khién
thiét bi bén ngoai bang céch sir dung céc ngudn tai nguyén phan cing FPGA, do do
gilip giam su phuc tap phan cteng trong thiét ké s6. Hon nita, FPGA hd tro thuc hién
xir Iy tin hiéu ky thuat s6. Cac tinh ning quan trong nhat cia FPGA 14 hiéu suat téc
do cao, kiém soét toc d6 hoat dong va hoat dong caa cac hé théng phan mém theo
cach thuc rd rang. FPGA xu ly tin hiéu ki thuat s 12 mot giai phap tét cho xu Iy sé
lwong 16n dit liéu vai te do cao. FPGA cho tinh ning cau hinh, tao thanh hé thong
DSP d& dang dé kiém tra va sira d6i. Ngay nay, viéc s dung FPGA thay thé cho hé
thdng DSP d3 dugc phét trién phd bién cho céc hé thong ky thuat sb, xir Iy véi cong
nghé maoi phét trién dugc thé hién nhu.

(1) Hiéu qua: nha san xuét thiét bi chinh tiép tuc bd sung céc thu vién cét 16i.
Thiét ké c6 thé tan dung loi thé cua viéc thu nghiém va téi vu hoa dé dam bao tinh
chinh xac cua hé thdng. Day 1a giai phap cho hoan thanh thiét ké cac hé thong phuc
tap trén chip, dé cai thién tinh chinh xé&c va hiéu qua cua viéc thiét ké.

(2) Muc tiéu thy dién nang thap: tng dung phat trién san pham di dong, thiét bi
lap trinh yéu cau tiéu thu dién nang thap. Viéc thiét ké Chip dang chuyén theo
hudng phét trién cong suét thap

(3) Hé thdng on-chip: sy phét trién cua cong nghé 1am cho cac hé théng co thé
dugc tich hop trén chip.

1.3 Téng quan vé hé¢ thong thu va hién thj anh
1.3.1 Téng quan veé céac thiét bi logic lap trinh

Ngay nay khoa hoc k¥ thuat trén thé gigi lién tuc phat trién, ma linh vuc dién tir
luon chiém vi tri hang dau. Budc khoi ddu mang mot y nghia quan trong, d6 1a sy ra
doi cta linh kién chat ban dan chinh 1a tién dé cho huéng phat trién cong nghé dién
tur.

Véi xu hudng phat trién d6 thi viéc tich hop linh kién ban dan trong mot don thé
(IC) ngay cang dugc chi trong, nham dap (ng sy phat trién ngay cang cao ciia khoa

hoc k¥ thuat, cling nhu nhirng rng dung thuc té.
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Khi xudt xudng, cac IC thuong duoc tich hop sin voi nhitng chtic ning riéng
biét, khi d6 ngudi sir dung phai chon lya linh kién sao cho viéc thiét ké mach hiéu
qua nhét. Nhung do d¢ tich hop cta IC ciing c6 gidi han, va dé linh hoat hon trong
vi€c thyc hi¢n nhiing chiric nang cua nguoi thiét ké, cling nhu mbi quan h¢ mat thiét
giita nha san xuat va nguoi st dung, cu thé 13 tdi uvu hoa kha ning ng dung cua IC,
nha san xuit dd cho ra mot loai linh kién dic biét ma chirc ning ctia né s& duge
ngudi thiét ké quy dinh chir khong phai 13 nha san xuat. Linh kién d6 dugc goi
chung 1a PLD (Programmable Logic Device - Thiét bj logic 1ap trinh dugc).

Chung ta s& khao sat linh kién PLD qua cac IC cu thé nhu PAL (Programmable
Array Logic devices), GAL (Generic Array Logic devices) ... Cac IC PAL, GAL
v6i d6 tich hop rat cao nén ¢ thé thay thé hau hét cac loai IC TTL. Diéu quan trong
trong nhitng IC nay la chitc nang ctia né s€ dugc nguoi thiét ké quy dinh cho chinh
nhimg tng dung sao cho kinh té va hiéu qua nht.

Pé thyc hién duoc viéc thiét ké nhimg tng dung trén IC PAL GAL... doi hoi
ngudi st dung can phai két hop kién thirc ca vé k¥ thuat s6 1an cac ngdn ngir 1ap
trinh cho thiét bi.

PLD thudc ho bd nhé ham (Funtion Memory). PLD c6 dung lugng tuong ddi
16n, c6 két cau don gian nhét trong cac linh kién logic. Thong thuong PLD cho phép
ngudi thiét ké tao cho nd nhitng chirc ning riéng biét, boi khi xuat xudng nha san
xuét chua tao cho nd mot ung dung nao.

Céu trac mach bén trong cia mot PLD thudng 1a mot chudi hinh chir nhat gdm
nhiing phan tir giéng nhau (ldentical Cell -  nhé dong dang). Hai mang AND - OR
c6 thé lap trinh dugc nho tap hop ngiu nhién cic cong logic va phan tor nhd
(OLMC-Output Logic Macro Cell).

PLD la mach tich hgp cua “SSI and MSI’ nén tinh nang hoat dong cua PLD linh
hoat, dé st dung, dé thiét ké va dién tich mach giam dang ké so voi viéc thiét ké
mach bang cac IC roi chira cac cong logic.

Khi dung PLD viéc thiét ké dé dang nhanh chong nhd né c6 nhirng phan mém
chuyén dung dam nhiém, 1am cho cong viéc thiét ké logic don gian hon. Ta ciing d&
dang sira 16i chuong trinh, bd sung, thay ddi cdu hinh thiét ké bén trong dé thuc hién
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mdt chirc ning img dung khac. Cong nghé linh kién PLD san xudt bang EECMOS
(Electrically Erasable CMOS) tao kha ning lap trinh lai nhiéu lan véi toc do cao,
cOng sudt tiéu tan thap, phuong phap 1ap trinh don gian, gia thanh thdp hon mach
01 tuong duong.

1.3.2 FPGA va cac wu, nhwoc diém

1.3.2.1 So luge vé FPGA

Field Programmable Gate Array (FPGA) [7], [10], [11] 1a vi mach dung c4u
tric mang phan tir logic ma ngudi dung c6 thé 1ap trinh duoc. Vi mach FPGA duoc
cu thanh tir cac bd phan:

e Céc khdi logic co ban lap trinh duoc (logic block)

e Hé théng mach lién két 4p trinh duoc

e Khdi vao/ra (10 Pads)

e Phan tir thiét ké sdn khac nhu DSP slice, RAM, ROM, nhan vi xtr 1y...

FPGA ciing dugc xem nhu mot loai vi mach ban dan chuyén dung ASIC [11],
nhung néu so sanh FPGA vé6i nhitng ASIC thi FPGA khong dat dugc muirc do tdi uu
nhu nhitng loai nay, va han ché trong kha nang thuc hién nhitng tac vu dac biét
phtrc tap, tuy vAy FPGA wu viét hon ¢ chd co thé tai cdu truc lai khi dang sir dung,
cong doan thiét ké don gian do vy chi phi giam, rat ngan thoi gian dua san pham
vao sur dung.

Con néu so sanh véi céc dang vi mach ban dan lap trinh duoc dung cu trac
mang phﬁn tr logic nhu PLA, PAL, CPLD thi FPGA uu viét hon, thé hién & cac dac
diém: tac vu tai lap trinh ctia FPGA thuc hién don gian hon, kha nang lap trinh linh
dong hon, va khac biét quan trong nhat 1a kién trac ctia FPGA cho phép né c6 kha
ning chira khdi luong 16n cong logic (logic gate), so v&i cac vi mach ban din lap
trinh duoc trudc nod.

Thiét ké hay 14p trinh cho FPGA duoc thyc hién chu yéu bang cac ngdn ngit mo
ta phan cimg nhu HDL, VHDL, Verilog, AHDL [9], [13] c4c hing san xuit FPGA
16n nhu Xilinx, Altera thudng cung cép cac goéi phan mém va thiét bj phu trg cho
qua trinh thiét ké, ciing c6 mot s cac hang khac cung cap cac goi phan mém kiéu
nay nhu Synopsys [22], Synplify [23], [24]... C4c gobi phan mém nay c6 kha ning
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thyc hién tit ca cac bude cia toan bd quy trinh thiét ké IC chuan, véi dau vao 1a ma
thiét ké trén HDL (cOn goi 1a ma RTL).

Ung dung ctua FPGA bao gom: xir 1y tin hiéu sé DSP, cac hé thong hang khong,
vil tru, qudc phong, tién thiét ké miu ASIC (ASIC prototyping), cac hé thong diéu
khién truc quan, phan tich nhan dang anh, nhén dang tiéng né1, mat ma hoc, mod
hinh phan cting may tinh... Do tinh linh ddng cao trong qua trinh thiét ké cho phép
FPGA giai quyét 16p nhitng bai toan phirc tap ma trude kia chi thyc hién nhd phan
mém may tinh, ngoai ra nhd mat do cong logic 16n FPGA duogc ung dung cho
nhimg bai toan doi hoi khdi lwong tinh toan 16n va dung trong cac hé thdng 1am viéc
theo thoi gian thuc.
1.3.2.2 Sosanh FPGA/CPLD va ASIC[11]

FPGA (field programmable gate array) 1a mot phan quan trong cua céng nghé
dién tir, su phét trién nhanh chong cua cong nghé dién tir khong thé thiéu no. Trong
thuc trang hién nay tng dung mach k¥ thuat sé nhiéu hon va rong rai hon, mutc do
phtc tap ciling cao hon, yéu cau chung Vé tich hop vi mach sb Ion hon dan dén su
gia ting cua khéi luong cua hé théng cham lai, 6 tin cay 1a kho duge dam bao.
Ngoai ra, cac san pham k¥ thuat s voi thoi gian san xuét ngan, c6 thé thiét ké mach
khac nhau dé thuc hién bat ky thay d6i nao trong mot thoi gian ngan dé dap (ng yéu
cau chiic ning méi, st dung mot IC ¢6 ¥ nghia cho sy can thiét viéc thiét ké lai va
tai di day. Vi vay, cac nha thiét ké co thé thiét ké mot chip vi mach tich hop chuyén
dung (ASIC) cho nhitng tng dung riéng, véi chu trinh thiét ké cang ngin cang tét,
va tinh linh hoat. Trong truong hop nay, linh vuc thiét bi logic |ap trinh da duogc ra
doi. Trong sé do, viéc str dung cac mang cong lap trinh (FPGA) va thiét bi logic lap
trinh phuc tap (CPLD) dugc sir dung rong réi nhat.

Trong nganh cong nghiép dién tir, vGi cac yéu cau vé chi phi caa san pham, hiéu
suat va thoi gian san xuat dé quyét dinh xem c6 dap ung nhu cau thi truong, dé dat
duoc thi phan 16n véi nhiéu ngudi dung hon. Bé phét trién tiém nang cua FPGA va
ASIC ta can phan tich cac khia canh trén.

1) Chuac nang san pham: FPGA vai loi thé c6 cac dic tinh thiét yéu trong hoi
nhap va tinh linh hoat. Ngay nay, cac nha san xuét sir dung cong nghé ASIC phai
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xem xét cac van dé kha ning nang cép twong thich ctia san pham, viéc sir dung
FPGA cho giai quyét van dé nay khéng con 1a méi quan tm cho céc san pham.

2) Chi phi: Trén thi truong hién nay dé c6 mot ASIC 0.18mm can chi phi tur
100-300USD. Trong khi cac FPGA c6 gia thanh thap hon rat nhiéu so véi mot
ASIC.

3) Hiéu suat: FPGA trong viéc thuc hién, phéat trién nhanh chong FPGA c6 thé
dap tng hau hét céc yéu cau thiét ké, & mot sé tng dung da duoc thay thé bai ASIC.

4) Quatrinh phét trién: dé ASIC phét trién mot chip mat khoang thoi gian 12 —
18 thang, so voi FPGA qué trinh phét trién san pham thuong 13 3 — 6 thang.
1.3.2.3 FPGAva CPLD

FPGA va CPLD thiét bi lap trinh ASIC, chiing c6 rat nhiéu diém chung, nhung
cling c¢6 nhitng ddc diém riéng vi su khéac biét vé cau tric:

1) FPGA s dung SRAM dé cau hinh chitc ning, cé thé duoc 1ap trinh lai, dit
lieu SRAM sé& bi mat, sy cau hinh lai 1a can thiét. Bé luu lai dit liéu cAu hinh FPGA
can c6 EPROM dé ghi dir liéu. Cac CPLD st dung cong nghé EEPROM, hé thong
duoc hd tro luu dit liéu, dir liéu sé khdng bi mat, va ap dung cho cac dir lidu duoc
bao mat.

2) FPGA c6 ciu tao tir cac logic-cell. V& co ban mot logic-cell gdm mét bang
tra (LUT), mot Flip-Flop va mot mux 2 sang 1 (c6 thé bo qua Flip-Flop néu muén).
Mot LUT giéng nhu mét RAM nhoé c6 thé thuc thi mot chic ning logic nao d6 va
LUT c6 cac ngd vao (input). Cac logic-cell dugc két ndi véi nhau thong qua cac “tai
nguyén lién két”, 1a cac day ndi va mux dugc dat xung quanh logic-cell. Mdi logic-
cell c6 thé nhé nhung c6 rat nhiéu cac két ndi dén chung dé co thé tao ra céc chuc
nang l6gic phuc tap.

3) Bén canh cac két ndi thong thuong thi cac “tai nguyén két ndi da nang” ciing
duoc thém vao. Trong FPGA, céc logic-cell lién ké nhau c6 cac duong két ndi
nhanh chuyén dung (fast dedicated lines). Loai dudng nhanh chuy@n dung pho bién
nhét 1a “chudi nhé” (carry chains). Chudi nhé cho phép tao cac chirc nang toan hoc

(nhu bd dém va bo cong) rat hidu qua vai tai nguyén logic thip va tée do xu Iy cao.
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V6i céc cong nghé thap hon nhu PAL hay CPLD thi khong cé céac “chudi nho™
Vi vay téc do bi gidi han khi cac xt Iy toan hoc duoc yéu cau.
1.3.2.4 Kiéntric FPGA
Cau truc tong thé cua FPGA bao gom [7]:
— Céc khbi Logic
— Hé thdng lién két mach

— Céc phanturtich hop san

Interconnection
Logic Block Resources

/O Cell

b
CACAErT
LdLJdLJL

Hinh 1.1: Cau trdc tong thé FPGA

M3i nha san xuat FPGA c6 cau trdc riéng, nhung nhin chung cu truc duoc thé
hién giéng nhu trong hinh bén trén. Cau tric FPGA bao géom c6 configuration logic
blocks (CLBs), configurable I/O blocks (IOB), va programmable interconnect. Va
tat nhién, chiing c6 mach clock dé truyén tin hiéu clock tsi céac logic block, va thém
vao d6 co cac logic resources nhu ALUs, memory va c6 thé c6 ca decoders. Cac
phan ta l4p trinh duoc cua FPGA ¢6 2 dang co ban 1a cac RAM tinh (Static RAM)
va anti-fuses.

Configurable Logic Blocks:

Configurable Logic Blocks (CLBs) bao géom céac Look-Up Tables (LUTs) rat
linh dong c6 chirc nang thyc thi cac logic va céc phan tir nhé dung nhu 1a cac flip-
flop hodc cac chét (latch). CLB thuc hién phan Ién cac chirc ning logic nhu 14 luu

tri dir liéu,. ..
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Multiplexer
4-input s 5 out
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Hinh 1.2 Khdi Logic FPGA

FPGA chita trong né rat nhiéu khdi logic ¢ thé tai cdu hinh CLB Configurable
Logic Blocks) duoc lién két v6i nhau bang céc lién két kha trinh (Programmable
Interconnect). Cac khdi vao ra dugc phan bd xung quanh chip tao thanh cac lién két
vGi bén ngoai. Bén trong khdi logic CLB cé bang LUT (Look — Up Table) va céc
phan tr nhé (Flip Flop hodc bd chdt). LUT (Look up table) 1a khéi logic c6 thé
thuc hién bat ki ham logic nao tir 4 dau vao, két qua ctiia ham nay tuy vao muc dich
ma g ra ngoai khéi logic truc tiép hay thong qua phan ti nhé flip — flop.

Configurable I/0 Blocks:

Input/Output Blocks (IOBs) diéu khién dong dir liéu gitra cac chan vao ra I/O va
cac logic bén trong cua FPGA. N6 bao gom c6 cac bo dém vao va ra vai 3 trang
thai va diéu khién ngd ra dang open collector. Phan 16n 14 c6 dién tro kéo 18n & ngd
ra va thinh thoang lai cé tré kéo xudng. 10Bs hd tro ludng dix liéu 2 chiéu
(bidirectional data flow) va hoat déng logic 3 trang théi (3 state). H3 trg phan 16n
cac chuan tin hiéu, bao gébm mot Vai chuan tbc do cao, nhu Double Data-Rate
(DDR).
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Hinh 1.3: Khdi Configurable Logic FPGA

Programmable Interconnect:

Interconnect & FPGA khac so véi & CPLD, tuy nhién lai gidng véi gate array
ASIC. C6 mét line dai duoc dung dé ndi cac CLBs quan trong ma ching lai ¢ cach
xa nhau ma khdng gay ra qué nhiéu trd. Ching c6 thé dugc dung nhu 13 cac bus ¢
trong chip. C6 céc line ngan duoc dung dé lién két cac CLBs riéng ré nhung dit gan
nhau. Va ciing thudng c6 vai ma tran chuyén doi (switch matrices), giéng nhu trong
CPLD, néi giira cac line dai va ngin lai voi nhau theo mot sé cach dic biét. Cac
chuyén doi lap trinh duoc (Programmable switches) bén trong chip cho phép két ndi
gitra CLBs tgi céc interconnect line va gitta interconnect line vai céc line khac va
Vi switch matrix. Cac bo dém 3 trang thai dugc dung dé két ndi phan 16n cac CLBs
vai céc line dai (long line), tao nén cac bus. Cac long line dac biét, goi la cac line
clock toan cuc (global clock lines), duoc thiét ké dac biét cho tré khang thip va nho
d6 ma thoi gian lan truyén nhanh hon. Chiang duoc két ndi véi cac bo dém clock va
vGi mdi phan tir duoc clock trong mdi CLB. D6 1a cach ma clock ¢6 thé phan phbi
bén trong FPGA.
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Hinh 1.4: Programmable Interconnect

Mach d@ong hé (Clock Circuitry):

Céc khéi vao ra vsi bo dém clock high drive goi 1a céc clock driver, nam rai rac
xung quanh chip. Céc bo dém nay duoc ndi véi cac chan clock vao va lai céc tin
hiéu clock vao cac duong clock toan cuc (global clock line) nhu mo6 ta & bén trén.
Céac duodng clock dugc thiét ké sao cho thoi gian thoi gian léch nho nhéat va thoi
gian lan truyén nhanh. Thiét ké dong bo 1a yéu cau bat buoc véi FPGA, tir khi do
léch tuyét ddi va tré khong dugc bao dam. Chi khi ding céc tin hiéu clock tir cac bo
dém clock thi thoi gian tré trong déi va thoi gian 1éch méi duge dam bao.

1.3.3 Kién triic cam bién thu thap hinh édnh

Pay 1a bd cam bién 4anh sang nam trong may anh k¥ thuat sb cé tic dung
chuyén anh sang thu nhan tr moi truong bén ngoai sang tin hiéu dién. CCD
(Charged Couple Device) [5] bao gom hang triéu té bao quang dién, mdi té bao co
tac dung thu nhan thong tin vé timg diém anh (Pixel).

Pé c6 thé thu dwoc mau séc, may anh ky thuat sb stur dung bd loc mau (color
filter) trén moi té bao quang dién. Cac tin hiéu dién tr thu duoc trén moi té bao
quang dién s& dugc chuyén d6i thanh tin hiéu k¥ thuat sé nho bd chuyén d6i ADC

(Analog to digital converter). Vao thoi diém hién tai c6 hai loai bd cam bién 4anh
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sang: CCD (Charged Coupled Device) va CMOS (Complimentary Metal Oxide
Semiconductor) [6].

Ca hai bo phan cam bién hinh anh dung céng nghé CCD va CMOS cling c6
nhiém vu chuyén doi tin hiéu &nh sang sang tin hiéu dién. Mot diéu don gian c6 thé
hiéu dung trong may anh ky thuat s6 14 c6 mot mang 2D géom hang nghin, hang
triéu nhitng té bao nang lwong mat troi, méi mot té bao c6 nhiém vu chuyén anh
séng tir mot phan trén bac anh thanh tin hiéu dién
\
/

(
o
AL
L

Hinh 1.5: So @b tong quan cam bién hinh anh CCD
Budc tiép theo 1a doc gia tri tin hi¢u dién tai mdi t& bao quang dién trong hinh
anh. Trong thiét bji CCD, dién &p nap trén thuc té duoc qua mot chip va dugce doc &
goc ctia mot mang. Bo chuyén ddi ADC (Analog — to — Digital Converter) s& bién

gia tri mdi Pixel thanh gié tri s6 twong ung [5].
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Charged Coupling Device Camera Circuit Board

proton to elecron

Hinh 1.6: So 6 khdi cam bién hinh anh CCD
Trong hau hét nhitng thiét bi CMOS c6 vai Transitor cho mdi mot Pixel [6] va
duoc khuéch dai va chuyén tin hiéu téi mach nap truyén théng. CMOS dat duoc

nhiéu sy linh hoat boi vi mdi Pixel duoc doc giétri riéng biét.

Camera
Circuit Board

Proton to electron conversion (photosite)
Electron to voltage coneversion (Transistor)

Hinh 1.7: So &6 khdi cam bién hinh anh CMOS
Gi4 thanh san xuat CCD thudng dat hon so voi CMOS, nguyén nhan chi yéu 1a
do CCD doi hoi phai c6 day chuyén san xuét riéng trong khi c6 thé sir dung day
chuyén san xuét chip, bang mach thong thuong dé san xuiat CMOS.
Nhitng CCD dugc ché tao dic biét dé co thé chuyén tin hiéu nap téi chip ma
khong bi méo tin hiéu. Su xur Iy nay dé san xuat nhitng cam bién véi chat luong cao
V61 d6 tin cay cao va do nhay sang cao.
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Nhu mdt may anh binh thudng, mot may anh sé c6 mot thau kinh va mot cira
trap cho phép anh sang di qua. Nhung c¢6 mot diém khac 1a anh sang tic dung 1én
mot mang ctia nhimg té bao quang dién hoic nhitng 6 cam quang thay cho phim.
Mang té bao quang dién 1a mot chip khoang 6 - 11mm chiéu ngang. Mdi bd cam
bién hinh anh 1a mot thiét bi tich dién (Chargd Couple Device — CCD), n6 chuyén
d6i anh sang thanh dién tich. Su tich dién duoc luu dudi dang thong tin twong tu roi
dugc sd hoa boi mot thiét bi khac goi 1a bd bién doi twong tu - s6 (Analog to Digital
Conwerter - ADC).

M&i phan tir quang dién trong mang ctia hang ngan phan tir, tao ra mot pixel va
mdi pixel chira mot vai thong tin duoc luu gitt. Mot sé may anh sé sir dung bd cam
bién hinh anh bang chip CMOS (Complementary Metal Oxide Semiconductor).
Cong ngh¢ CMOS lién quan téi qua trinh thiét ké bd cam bién. Qua trinh nay cling
gidng qua trinh san xuat hang loai DRAM va nhitng bd vi xir Iy nén bd cam bién
CMOS ré hon va d& lam hon nhiéu so v&i bo cam bién CCD.

Nhing loi thé khac cua bd cam bién CMOS la chung tiéu thu it dién hon va co
thé két hop nhirng mach khac trén cing chip. Nhitng tinh ning bd sung cia loai
chip nay c6 thé bao gom bd chuyén doi tuong tu — sd, tinh nang diéu khién camera,
nén hinh anh hay chéng rung.

Tuy nhién, nhitng mach bd sung nay st dung khong gian binh thuong duogc sir
dung cho thiét bi do sang. Diéu nay lam cho by cam bién kém nhdy sang hon, tao ra
nhimg birc anh chat lwong thap hon khi chup ¢ trong nha hoic trong nhirng diéu
kién thiéu sang khac.

Nhitng CMOS ndi mot cach khac dugc san xuat xu Iy mot cach truyén thong,
cing phuwong phap xtr Iy san xuét cac bd vi xtr ly. BSi vi qué trinh san xuat khac
nhau nén nhirng cam bién CCD va CMOS ciing c6 mot s6 van dé khac nhau:

e Nhiing cam bién CCD, nhu d3 d& cap ¢ trén duoc san xuat voi chét luong
cao dé dat dugc d6 nhidu thap nhit. Nhirng cam bién CMOS duoc san xuat bang
phuong phap truyén théng cho chat lugng hinh anh thip do bi anh huéng nhiéu cao.

e Boi Vi mdi Pixel trong cam bién CMOS c6 vai Transistor do d6 d¢o nhay sang
ctia chip CMOS thap hon.
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e Cam bién hinh anh CMOS tiéu thu ning lwong thap.

e Nhiing cam bién CCD tiéu thy nhiéu ning luong trong qua trinh xt i, cam

bién CCD téu thy dién gap 100 lan so voi cam bién CMOS tuong duong.

Dva trén nhiing su khic nhau d6 ma cé thé xem nhu bd cam bién CCD trong
may anh ky thuat sé cho chat lugng hinh anh cao véi nhiéu Pixel v6i do nhay séng
cao. Nhirng cam bién dung cdng nghé CMOS tiéu thu ning lwong thip hon, d6 phan
giai thap hon va d6 nhay sang kém nhung bén canh d6 né ding duoc Pin lau hon Vi
tiéu thu nang luong thap. Ngay nay nhitng may anh k¥ thuat sé dung cong nghé
CMOS di dugc cai tién va chat lwong gan dat dugc so Vi CCD.

1.4  CAutric tong quan hé thong
1.4.1 Y twéng thiét ké hé thong

Nbi dung nghién ctru nham muc dich thiét ké hé théng thu thap hinh anh thoi
gian thyc trén nén FPGA. St dung mot chip FPGA d¢é thiét ké h¢ thdng diéu khién
thu thép hinh anh.

Su phat trién FPGA lam cho cong ngh¢ chup anh dugc cai thién, bai luan van
nay s& xdy dung trén ciu tric co ban ctia hé thong thu thap hinh anh va thyc hién
phan cting ctia cac khéi chirc ning khac nhau dya trén nén FPGA. Noéi chung, qua
trinh thiét ké hé thong trén nén FPGA nhu sau:

(1) Pinh nghia chirc nang hé thdng va phan chia khdi chirc ning logic, bao gdm

viéc xem xét dinh nghia cong va tai str dung hé thong.

(2) Thiét ké so bo hé thong.

(3) Thiét ké so bd so d6 thoi gian, bao gdm xung nhip va cu trdc duong truyén,

(4) Lua chon chip

(5) Phan chia c4c khdi chirc nang logic véi dinh nghia giao dién cho timg khdi.
(6) Thiét ké phai tudn theo qua trinh thiét ké cau triic hoan chinh FPGA.

(7) Tong hop cac khdi va mod phong thir nghiém, bao gdm ca thoi gian mod phong

va thir nghiém chirc ning ctia toan bd hé théng.
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1.4.2 Céu tric tdng quan hé thong

Bai luan van phan tich viéc ghi lai hinh anh truyén théng va kién trac hé thong
xtr Iy dua trén cac yéu cau bang cach str dung FPGA thiét ké hé thong thu thap hinh
anh tdc d6 cao véi qué trinh thoi gian thuc, dua trén dé tai nghién cuu. Vé nguyén
tac, thu thap hinh anh va hé thong xur Iy cha yéu duoc chia thinh bén phan: thu
thap, xtr 1y va hién thi hinh anh. Phan thu thap hinh anh dugc hoan thanh béi cac
cam bién hinh anh, x&r 1y hinh anh va dau ra duoc thuc hién boi FPGA va khéi chic
ning bén ngoai. Trong viéc ghi lai hinh anh va xt 1y ndi bd co thé duge chia thanh
nam khdi chirc nang: khéi cam bién hinh anh, khéi xir 1y trung tim FPGA, khdi luu
dit liéu hinh anh, khéi hién thi hinh anh, khéi tin hiéu diéu khién. Hinh 1.8 dudi day

thé hién so do tong quan cac khdi trong hé thong:

Bd nhe

Xt 1y trung tam
FPGA

Cam bién
hinh anh

Hién thi

Tin hiéu diéu
khién

Hinh 1.8: So @b khéi tong quan hé théng

(1) Khdi cam bién hinh anh: cam bién hinh anh chuyén doi tin hiéu quang thanh
tin hiéu dién theo tin hiéu hinh anh dau ra, phén loai cam bién nay co thé duoc chia
thanh céc cam bién analog va k¥ thuét sd.

(2) Khéi xir 1y trung tAm: khdi nay diéu khién toan bd hé thdng, chirc ning xir 1y
tin hiéu hinh anh dau ra cam bién, diéu khién luu dir liéu xuéng bd nhé va diéu
khién hién thi hinh anh ra man hinh.

(3) Khéi luu dir liéu hinh anh: khdi c¢6 chic niang luu dit liéu hinh anh tam thoi
trong qua trinh bd xir 1y trung tam doc dir liéu anh tir bd cam bién.

(4) Khéi tin hiéu diéu khién: khdi twong tac v6i ngudi dung, cho phép ngudi

dung kich hoat céac ché d6 hoat dong cua hé théng.
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(5) Khdi giao dién VGA: khdi nay c6 nhiém vu hién thi két qua hinh anh thu
thap duogc tur bo cam bién anh
1.5  Tém tit chwong

Trong chuong trinh bay vé tinh cap thiét ciia dé tai va tinh hinh nghién ctru céc
hé¢ thong thu va hién thi anh & trong va ngoai nudc. Chuwong nay gi6i thidu tong
quan vé dé tai nghién ctru, mo ta cac dac tinh va cach st dung FPGA, thiét bi logic
lap trinh dugc, FPGA, ASIC, CPLD va so sdnh mot sb cAu trac don gian da thuc
hién, céu tric tong quan cam bién hinh anh. Sau d9, thiét ké kién truc tong quan hé
thong thu thap hinh anh, mdi cau tric cac khdi thyc hién phan cimg lam nén tang dé

thyc hién hé thong.
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Chwong 2: PHAN TiCH LU A CHON HE THONG

Nhu di trinh bay trong chuong 1, thiét ké tong thé hé thong thu thap va hién thi
hinh anh, phan tich luya chon thiét bi phan cting va phuong phép thiét ké so dd
phan ctng cac khdi s& duge thao ludn trong chwong ndy. Trong chuong dé cap dén
su lya chon thiét bj cho thiét ké mach phan ctmg va phan tich thiét bi trong cac khoi
nhu: chip FPGA, cam bién hinh anh, by nhé luu trit dir liu anh va giao dién hién
thi anh.

2.1  Cautric phin cirng h¢ thong

Céc so dd mach phan cirng cua cac thiét ké hién nay cha yéu bao gom cac mach

thu thap hinh anh, bd nhé SDRAM, VGA (video GraphicsArray) va ngudn cung

cap dién mach.

Bo nhé
Cam bién Xitr ly trung tam Hién thi
hinh anh FHE

Tin hi¢u didu
khién
Hinh 2.1: So d6 khéi tong quét hé thong thu va hién thi anh

Toan b cdu trac phan cling ctia viée thu hinh anh va hé théng xir 1y dugc thé
hién trong hinh 2.1.

Trong d6, khéi FPGA 1a khéi diéu khién chinh cta hé théng, chii yéu 1a diéu
khién dau vao cam bién thu hinh anh va diéu khién doc, ghi dir liéu SDRAM, diéu
khién hién thi VGA, va phan tich va xur 1y dit liéu hinh anh.

(1) Khéi cam bién thu hinh anh, dé thyc hién viéc thu lai hinh anh cta muc tiéu
va xu 1y tin hi¢u hinh anh quang hoc.

(2) B6 nhé SDRAM @é xir 1y bo dém khung hinh anh, dir liéu trung gian va luu
trit chuong trinh va lam giam bét tic nghén dit liéu.
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(3) Mot man hinh hién thi hinh anh chii yéu bao gdm hai khdi: khdi chuyén doi
D /A va giao dién VGA.

(4) Khéi tin hiéu diéu khién: khdi twong tac nguoi dung, cho phép lua chon ché
d6 kich hé thong,

(5) JTAG (Joint Test Action Group) 12 mot giao thirc kiém tra tiéu chuan, chu
yéu duoc st dung cho 161 cac chip thir nghi€ém ndi bd. Mach giao dién JTAG duoc
st dung dé hd tro g0 dbi ctia module FPGA ndi bo.

(6) Giao dién ndi tiép dé két ndi cac thiét bi cau hinh ndi tiép duoc sir dung dé
luu dir liéu cu hinh FPGA, lam cho FPGA khéi tao mot cach nhanh chong c6 thé
tai lai tat ca céc dit ligu.

(7) Ngudn cung cip: cung cap dién ap can thiét cho toan bo thiét ké phan cing.

O day, cac mach giao dién nbi tiép, giao dién JTAG va mach cung cép dién la
mot phén cua hé théng giao dién ngoai vi. Cac mach thudc h¢ théng thu va hién thi
anh bao gdm céc khdi cam bién hinh anh, khdi man hinh hién thj hinh anh giao dién
VGA va chuyén d6i D/A, Bo nhé SDRAM luu trir dit liéu FPGA xir 1y. Hé théng
s& duoc phan tich chinh chi tiét & nhitng phan tiép theo.

2.2 Lwachonchip FPGA

FPGA module 1a phan cbt 151 cua toan bo hé thdng, day 1a khéi xu 1y, va diéu
khién chinh cta hé thong théng tin dit liéu, xac dinh theo ddi cac hinh anh thu duoc
va xtr Iy cac hoat dong. Trén thi truong viét nam hién nay c6 2 hang cung cip chip
FPGA chinh d6 1a Xilinx va Altera. Thiét ké chip loai Cyclonell ctia hing Altera
bao gdm nim mo hinh cia cac san pham chip: EP2C5 EP2C8 EP2C20, EP2C35,
EP2C50 va EP2C70. Pic diém chip FPGA dong Cyclonell dugc hién thi trong
bang 2.1.
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Bang 2.1: Thong sb dic trung FPGA dong Cyclonell

Feature EP2C5 | EP2C8 | EP2C20 | EP2C35 | EP2C50 | EP2C70
M4K RAM blocks 26 36 52 105 129 250
Total RAM bits 119,808 | 165,888 | 239,616 | 483,840 | 594,432 | 1,152,000
Embedded multipliers 13 18 26 35 86 150
PLLs 2 2 4 4 4 4
Maximum user 1/O pins 158 182 315 475 450 622
LEs 4,608 | 8,256 | 18,752 | 33,216 | 50,528 | 68,416

Dong chip Cyclonell bao gdm ca khdi logic mang (Logic Array Block, LAB),
hé s6 nhung, va bd nhd, ddong hé Phase-Locked Loop (PLL), s6 don vi dau vao va
daura /O cia céc logic. Cyclone I1¢6 toi 16 ddng hd cho tdc d6 xir Iy mang nhanh,
hé sé nhung, cac khdi bd nhé nhing, va cung cip don vi VO, déng hd kiém soat,
FPGA ciing c6 thé duoc st dung nhu 14 vi€c st dung cac tin hiéu dau ra sb tdc do
cao.

Xem xét céac tai nguyén logic chip, dung luong luu trix, tin s6 xung dong ho toi
da, s6 dau vao ra I/O va két hop yéu tb gia thanh, thiét ké hé théng lya chon st dung
chip FPGA EP2C20F484C7 [18]. Chip EP2C20F484C7 c6 cac thong sb dic trung
nhu sau:

e 18,752 LEs

e 52 MAK RAM blocks

e 240K total RAM bits

e 26 embedded multipliers

e 4PLLs

e 315 user I/O pins

e FineLine BGA 484 — pin package

Pé thuan tién cho viéc nghién ctru thyc hién hé thdng thu va hién thi hinh anh s
dung Chip EP2C20F484C7 tac gia da lya chon giai phap st dung bo Kit phét trién

DEI cua hang Altera dé thyuc hién viéc nghién ctru.

Trang | 24



Board DE1 14 board mach phuc vu cho viéc nghién citu va phét trién vé cac linh

vuc logic sé (digital logic), té chirc may tinh (computer organization) va FPGA.
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Hinh 2.2: Board DE1

Board DE1 cung cap kha nhiéu tinh ning hd trg cho viéc nghién ctu va phat
trién, dudi day 1a thong tin chi tiét cia mot board DE1 [18]:
» FPGA:
- Vi mach FPGA Altera Cyclone Il EP2C20F484C7.
- Vi mach Altera Serial Configuration — EPCS4
> Céc thiét bi xuat nhap:
USB Blaster cho lap trinh va diéu khién API cua nguoi dung; hd
tro ca 2 ché dolap trinh JTAG va AS.
Cong VGA-out.
Bo diéu khién USB Host/Slave véi cong USB kiéu A va kiéu B.
Cong ndi PS/2 chudt/ban phim.

Bo giai m&/méa hda am thanh 24-bit chat lugng dia quang voi jack

cam line-in, line-out, va microphone.
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- 2 Header m¢ rong 40-pin véi 1op bao vé diode
- Cong giao tiép RS-232 va cong ndi 9-pin.
» BO nho:
- SRAM 512-Kbyte.
- SDRAM 8-Mbyte.
- Flash4-MB
- Khe SD card.
» Switch, cac dén led, LCD, xung clock
- 4 n(t nhan, 10 nat gat.
- 10 LED @06, 8 LED xanh, 4 Led 7 doan
- B0 dao dong 50-MHz va 27-MHz cho dong hd nguon.

Thiét ké hé thong FPGA bao gdm hai phuong phap: Thiét ké so dd mach va
ngdn ngir mo ta phan cung. Thiét ké so d6 mach thudng duoc ap dung cho céc
mach nho hon va hé théng truc quan, nhitng hé¢ théng phtric tap hon mach duogc su
dung ngon ngit 14p trinh dé moé ta phan ctirng cac ché do duoc thuong duoc sir dung
dé thé hién cac yéu cau thiét ké. Ngon ngit md ta hé thong bao gom 3 ngdn ngir
chinh, Verilog HDL, VHDL va AHDL [9]. bang c4ch sir dung mot loat cdc module
duoc mo ta cac ché dd hoat dong cua h¢ théng, va sau d6 st dung cac tng dung cac
cong cu cho thiét k& va mo phong (EDA), su két hop cua module thainh mot netlist,
str dung cong cu dinh tuyén cac netlist vao cu trac mach. Trong chuong trinh thiét
ké va mo phong sir dung phan mém Quartus II v&i ngdn ngir moé ta VHDL [18].

2.3 Luwachon cim bién hinh idnh

Cam bién hinh anh 1a mot phan quan trong ciia cac may anh ky thuét sé sir dung
chip CCD va CMOS, cam bién hinh anh duoc chia thanh 2 loai khac nhau CCD va
CMOS [5], [6].

May chup anh sir dung chip CCD néi chung ¢ nhirng vu diém sau [5]:

(1) Po nhiéu thap, do nhay cao: CCD c6 d6 nhiéu rat thip va do nhidu nay c6
thé thay d6i boi ty 1¢ tin hiéu trén nhiu (SNR), CCD c6 dic diém do nhay cao, 1am

cho ting dung cua no it bi tdc dong bo1 moi trudng.
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(2) D6 phan gidi cao: CCD c¢6 thé cam nhan cac dbi tuong cuc ky t6t, qua do
nang cao chit luong hinh anh.

(3) Pic tinh tuyén tinh tot: Pic tinh tuyén tinh ty 1& thuan véi cudng do anh
sang toi va tin hi¢u daura. Do do, c6 thé phat hién duogc anh trong bong to1.

(4) Tin hiéu it bi thay doi trong qué trinh xr 1y hinh anh, khoi phuc lai anh ban
dau.

Cam bién hinh anh CMOS bit dau mudén hon CDD, do nhirng han ché vé su
phat trién ctia qué trinh san xuat. Cho dén nay, voi qua trinh thuong mai hoa va cai
tién lién tuc cta qua trinh san xuat, cam bién CMOS khong chi dugc cai thién do
phan giai ma khi nang xir 1y nhidu ciing dd duoc cai thién dang ké. Ung dung cam
bién hinh anh CMOS 1a rét rong, bao gdm ca cac may anh k¥ thuat so, dién thoai di
dong, hoi nghi truyén hinh, hé thong bao mat thong minh, ... So véi CCD, CMOS
c6 nhirng dic diém sau day [6]:

(1) COMS c6 kich thuée nhd, do tich hop cao, ti€u thu dién nang it hon so vdi
CCD.

(2) Qua trinh san xuat tiéu chuan CMOS c6 thé sir dung truc tiép céac thiét bi ban
dan hién co, khong can bd sung dau tu thém thiét bi dé cai thién chat luong cua nd
vGi su phat trién ctia cong nghé ban dan.

(3) Giathanh thip honso v6i CCD.

(4) CCD khong thé chuyén dbi tin hiéu hinh anh thanh mot tin hiéu k¥ thuét sb
tryc tiép, ma phai can thém chuyén doi A/D. Mdi phan tr quang ctia b cam bién
CMOS tich hop bd khuéch dai va ADC c6 thé duoc chuyén doi tryc tiép tin hiéu
analog thanh mot tin hiéu sé tuong tmg.

Dua trén nhung so sanh gira hai lai cam bién CCD va CMOS trong thiét ké hé
thong str dung chip cam bién hinh anh CMOS - OV9650 cua hing Omni Vision dé
thiét ké cho khdi thu thap hinh anh [1], [2], [4].

OV9650 CAMERACHIP 13 mdt cam bién hinh anh CMOS dién ap thip cung
cap day du chirc niang ctia mot may anh SXGA don chip (1280x1024) va xir 1y hinh
anh kich thudc nhd. Cac OV9650 cung cip day di khung hinh, dinh dang hinh anh
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trong kiéu 14y miu hodc cira sd 8-bit/10-bit [20], diéu khién théng qua giao dién
diéu khién nbi tiép (SCCB) [19].
2.3.1 Giao dién cam bién CMOS OV9650

0OV9650 CAMERACHIP c6 mdt mang hinh anh, kha ndng hoat dong Ién dén 15
khung hinh mdi gidy (fps) & d6 phan giai SXGA, nguoi st dung c6 thé diéu khién
cac dinh dang hinh anh, chét luong hinh anh va chuyén giao dir liéu dau ra. Tat ca
céc yéu cau xir Iy hinh anh chirc ning, bao gdm ca diéu khién phoi anh, gamma, cin
béng tréng, dd bao hoa mau, diéu khién mau sic, loai bd diém anh mau tréng, loai
bo tiéng 6n, ... 1ap trinh thong qua giao dién SCCB.

Ngoai ra, OmniVision CAMERACHIPS sir dung cong nghé doc quyén dé cai
thién chat lugng hinh anh bang cach giam hoic loai bé anh sang, nhiéu cla ngudn
dién anh hudng dén chét lugng anh, chéng han nhu nhoe mau hinh cb dinh, nhiéu,
vv... dé tao ra mot hinh anh mau sic sach, hinh anh phai hoan toan on dinh.

2.3.2 Tinh nang OV9650 [20]
Tinh nidng cua cam bién CMOS OV9650 duge thé hién véi nhitng dac tinh sau:

e Do nhay cao cho hoat dong ¢ ché d6 anh sang thap.

e Dién ap hoat dong thap tmg dung cho hé théng nhang.

e Sur dung giao dién truyén dir liéu ndi tiép SCCB.

e HO trg do phan gidi SXGA, VGA, QVGA, QQVGA, CIF, QCIF, QQCIF, va
v6i dinh dang ctra s6 dau ra Raw RGB, RGB (GRB 4:2: 2), YUV (4:2:2) va YCbCr
(4:2:2)

e VarioPixel phuong phap d¢ dinh dang lay miu nhé (VGA, QVGA, QQVGA,
CIF, QCIF, va QQCIF)

e Chuc nang tu dong diéu khién hinh anh bao gém: Ty dong diéu chinh do
sang (AEC), tu dong diéu khién hé sb khuéch dai (AGC), Hé thdng tu dong can
béng tre'ing (AWB), tu dong loc band (ABF), va tuy dong hi¢u chinh mirc den
(ABLC)

e Chét lugng hinh anh diéu khién bao gém ca do bdo hoa mau, mau séc,
gamma, d6 sic nét (canh tang cudng), diéu chinh 6ng kinh, loai bo diém anh mau

tring, loai bé nhiu va phat hién d6 sang 50/60Hz
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Ung dung:

2.3.3

bién thoai di dong va hinh anh

Do choi

PC da phuong tién

May anh k¥ thuét s6
Théng s6 ki thuat OV9650 [20]

Céc thong s6 ki thudt chinh ctia cam bién camera OV9650 duoc thé hién trong
bang 2.2:
Bang 2.2: Thong sb k§ thuat OV9650

Active Array Size 1300 x 1028
Power Supply | Core 1.8VvDC +10%
Analog 2.45102.8 VDC
I/0 2.5V to 3.3V
Power Active 50 mW (15 fps, no 1/O power)
Requirements | Standby 30 YW
Temperature Operation -20°Cto 70°C
Range Stable 0°C to 50°C
Image

Output Formats (8-bit)

* YUV/YCbCr42:2

*GRB422
* Raw RGB Data
Lens Size 1/4"
Maximum SXGA 15 fps
Image VGA 30 fps
Transfer Rate | QVGA, 60 fps
QQVGA,
CIF
QCIF, 120 fps
QQCIF
Sensitivity 0.9 v/Lux-sec
S/N Ratio 40 dB
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Dynamic Range

62 dB

Scan Mode

Progressive

Maximum Exposure Interval

1050 x tROW

Gamma Correction

Programmable

Pixel Size 3.18 pm x 3.18 pm
Dark Current 30 mV/s at 60°C
Well Capacity 28K e

Fixed Pattern Noise

<0.03% of VPEAK-TO-PEAK

Image Area

4,13 mm x 3.28 mm

Package Dimensions

5095 x 5715 pm

2.3.4 So do Pin OV9650

(aD)

PWDN

()

@
@
©

HREF

)

PCLK

(a2)
AVDD
(e2)
NVDD
(2)
DVDD
@
VSYNC
(=)
DOVDD

()

XVCLK1

(a)

SI0_D

(=)

AGND

OVv9o650

@

DOGND

® ®

® @
© @
® ®
@ @

Hinh 2.3: So db Pin OV9650

% Mo ta chiec nang
Hinh 2.4 cho thay so d6 khéi chiic ning ctia cac bd cam bién hinh anh OV9650
bao gém [20]:

B6 cam bién hinh anh Array (1300 x 1028 mang hinh anh hoat dong)

B§ xur 1y tin hiéu Analog
B6 chuyén d6i A/D

Xt 1y tin hiéu s6 (DSP)
Pinh dang daura

Phéat thoi gian
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e (Giao dién SCCB
e (CongDigital Video

s So do khoi chicc nang

G MUX q
Analog .
Processing DSP Formatter Video —= D[9:0]
R Port
MUX
B
A
Column Sense Amp Exposure/Gain White Balance
Detect Detect
°
@
& Image Array
z (1300 x 1028) .
ﬂ.: Registers

| Clock |—| Video Timing Generator

Exposure/Gain White Balance sccB
Control Control Interface

XVCLK1 HREF PCLK VSYNC RESET PWDN T T

sio.c  siop
Hinh 2.4: So d6 khéi chiic ning OV9650
(1) Bé cam bién hinh dnh mdng
Cac cam bién OV9650 c6 mot mang hinh anh hoat dong 1300 c6t 1028 hang
(1.336.400 diém anh), Hinh 2.5 cho thdy mit cit ngang ctia mang cam bién hinh

anh.

Microlens

Glass

PNV N

Blue Green

Hinh 2.5: Mang cam bién hinh anh
(2) Khoi phdt tin hiéu thoi gian
No6i chung cac khdi phat tin hiéu thoi gian kiém soat céc chitc nang sau day:
e Mang kiém soét va tao khung (c6 thé dinh dang 7 két qua dau ra khac nhau)
e Thoi gian tin hiéu ndi bd va phan phdi
e Ty I¢ thoi gian khung hinh
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e Ty dongdiéu chinh do sang (AEC)

e Thoi gian két qua daura (Vsync, HREF / HSYNC, va PCLK)

(3) Xit Iy tin hiéu Analog

Khdi nay thuc hién tit ca céc chirc ndng hinh anh tuong tu bao gdm:

e Ty dong diéu khién hé sb khuéch dai (AGC)

e (Can bang trang tu dong (AWB)

(4) Chuyén doéi A/D

Sau khi xtr Iy Analog, cac mo hinh bayer tin hiéu twong tu sang sé (A/D) Raw
10-bit chuyén doi thong qua hai ghép kénh, mot cho kénh G va 1 chung boi kénh B
va R. Nhitng chuyén d6i A/D hoat dong & toc do 1én dén 12MHz va hoan toan dong
b6 ty 1& diém anh (ty 1& chuyén d6i thuc té ¢ lién quan dén ty 16 khung hinh)

Ngoai viéc chuyén d6i A/D, khdi nay ciing c6 cac chirc ning:

e Hiéu chinh muc ti (BLC)

e Tuychon kénh tré U/V

e BO xung pham vi diéu khién A/D

No6i chung, sy két hop ctia pham vi ghép kénh A/D va dai thiét 1ap diéu khién
A/D va gia tri toi da A/D dé cho phép ngudi diung diéu chinh d6 sang hinh anh cubi
cling nhu 1a mQt churc nang cua cic ing dung cé nhan.

(5) Xt Iy tin hiéu sé (DSP)

Khéi nay diéu khién noi suy tir dir liéu Raw RGB va diéu khién chat lugng hinh
anh:

e Canh ting cudng (loc théng cao hai chiéu).

e Chuyén doi khong gian mau (c6 thé thay doi dir liéu Raw RGB hoac YUV /

YCDbCr).

e Matran RGB dé loai bo su trao doi qua mau sic.

e Diéu khién Hue va sy bio hoa.

e Lap trinh diéu khién gamma.

e Chuyén dit liéu 10-bit sang bit-8.

e Loai bo di€ém anh trang.
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e De-noise.
(6) Pinh dang dau ra

Khoéi nay kiém sodt tat ca cac dau ra va dinh dang dir li€u can thiét trude khi g

dit liéu hinh anh cho dau ra.
(7) Cong Video ky thudt sé
bang ky bit COM2 [1:0] tang I, /loy hién thoi
(8) Giao dién SCCB

Giao dién may anh diéu khién ndi tiép Bus (SCCB) diéu khién hoat dong chip

camera. Pic diém ky thuat diéu khién ndi tiép Camera (SCCB) Bus cho viéc st

dung chi tiét cong diéu khién ndi tiép.

Bang 2.3: M6 ta Pin

Pin
) Name | Pin Type Function/Description
Location
Power Down Mode Selection - active high, internal pull-
Function [down resistor.
Al PWDN
(default = 0)|0: Normal mode
1: Power down mode
A2 AVDD Power |Analog power supply (VDD-A= 2.45 to 2.8 VDC)
A3 SIO D 1/0 SCCB serial interface data 1/0
Ad D2 Output  |Output bit[2] - LSB for 8-bit YUV or RGB565/RGB555
A5 D4 Output  |Output bit[4]
Internal voltage reference - connect to ground through
Bl VREF VREF _
1yF capacitor
B2 NVDD VREF |Voltage reference
B3 AGND Power |Analog ground
B4 SIO_C Input  |SCCB serial interface clock input
B5 D3 Output  |Output bit[3]
C1 DO Output  |Output bit[0] - LSB for 10-bit Raw RGB data only
Power supply (VDD-C= 1.8 VDC +10%) for digital core
C2 DVvDD Power )
logic
C4 NC — No connection
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C5 D5 Output  |Output bit[5]
D1 D1 Output  |Output bit[1] - for 10-bit RGB only
D2 VSYNC Output |Vertical sync output
D4 NC — No connection
D5 NC — No connection
El HREF Output |HREF output
E2 DOVDD Power |Digital power supply (VDD-10= 2.5 to 3.3 VDC) for I/0
£3 RESET Function |Clears all registers and resets them to their default values.
(default = 0)|Active high, internal, pull-down resistor.
E4 D8 Output  |Output bit[8]
E5 D6 Output  |Output bit[6]
F1 PCLK Output |Pixel clock output
F2 XVCLK1 Input  [System clock input
F3 DOGND Power |Digital ground
c4 D9 output Output bit[9] - MSB for 10-bit Raw RGB data and 8-bit
YUV or RGB565/RGB555
F5 D7 Output  |Output bit[7]
Chay:

D [9: 2] cho 8-bit YUV hoac RGB565/RGB555 (D [9] MSB, D [2] LSB)
D [9:0] cho 10-bit dit liéu Raw RGB (D [9] MSB, D [0] LSB)
Béang 2.4: Gia tri cuc dai OV9650

Ambient Storage Temperature -40°C to +95°C
Swolv Volt with VDD-A 45V
u oltages (with respect to
PPV : P VDD-C 3V
Ground)
VDD-IO 45V
All Input/Output Voltages (with respect to Ground) -0.3Vto Vpp-1o+ 1V
Lead-free Temperature, Surface-mount process 245°C
ESD Rating, Human Body model 2000V
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chay:

Gi4 tri cuc dai trén c6 thé lam mat hiéu luc tit ca cac thong sb ky thuat dién AC
va DC va c6 thé din dén thiét hai thiét bi vinh vién
Bang 2.5: Pic diém DC (-20° C< T, <70 ° C)

Uni
Symbol Parameter Condition Min Typ Max ¢
DC supply wvoltage -
Vbp-A i J — 2.45 2.5 2.8 \/
Analog
Vbp-c | DC supply voltage — Core - 1.62 1.8 1.98 \/
DC supply voltage — 1/O
Vbp-10 — 2.25 - 3.6 \%
power
Iopa | Active (Operating) Current See Note® 20 mA
Iopssces| Standby Current 1 mA
Iops- See Note®
Standby Current 10 HA
PWDN
0.7 XVpp-
ViH Input voltage HIGH CMOS V
10
0.3 XVpp-
ViL Input voltage LOW \/
10
0.9 XVpp-
Vou | Output voltage HIGH CMOS \/
10
0.1 XVpp-
VoL | Output voltage LOW \/
10
lon | Output current HIGH See Note® 8 mA
loL Output current LOW 15 8 mA
GND to Vpp-
I Input/Output Leakage 1 A
10

a. VDD-A: 25V, VDD-C: 1.8V, VDD-IO: 3.0V
IDDA = z {IDD-|O+ IDD-C+ IDD-A}! fCLK= 24MHz at 7.5 fpS YUV Output, no
I/O loading
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b. VDD—A = 25V, VDD—C = 18V, VDD—IO =3.0V

lops:scce refers to a SCCB-initiated Standby, while Ippspwon refers to a
PWDN pin-initiated Standby
C. Standard Output Loading = 25pF, 1.2KQ

Bang 2.6: Piac diém va chirc nang AC (-20 ° C< T, <70 ° C)

Symbol Parameter Min | Typ | Max| Unit
Functional Characteristics
A/D Differential Non-Linearity +1/2 LSB
A/D Integral Non-Linearity +1 LSB
AGC Range 18 dB
Red/Blue Adjustment Range 12 dB
Inputs (PWDN, CLK, RESET)
fok Input Clock Frequency 10 24 48 MHz
teLk Input Clock Period 21 42 100 ns
tcLk:pe Clock Duty Cycle 45 | 50 55 %
Setting time after software/hardware
tsRESET eset 1 ms
e Settling time for register change (10 300 s
frames required)
SCCB Timing (see Figure 4)
fsio ¢ Clock Frequency 400 KHz
tLow Clock Low Period 1.3 s
tHiGH Clock High Period 600 ns
taa SIO_C low to Data Out valid 100 900 ns
tsur Bus free time before new START 1.3 LS
tHD:sTA START condition Hold time 600 ns
tsu:stA START condition Setup time 600 ns
tHD:DAT Data-in Hold time 0 S
tsu-DAT Data- in Setup time 100 ns
tsu:sto STOP condition Setup time 600 ns
tr, tr SCCB Rise/Fall times 300 ns
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toH Data-out Hold time 50 ns

Outputs (VSYNC, HREF, PCLK, and D[9:0] (see Figure 5, Figure 6, Figure 7, Figure 8,
Figure 10, and Figure 11)

trov PCLK][]] to Data-out Valid 5 ns
tsu D[9:0] Setup time 15 ns
tHD D[9:0] Hold time 8 ns
toHH PCLK[|] to HREF[1] 0 5 ns
toHL PCLK[|] to HREF[|] 0 5 ns

* Vob: Vop-c = 1.8V, Vpp.a = 2.5V, Vpp.-i0 = 3.0V
e Rise/Fall Times: I/O: 5ns, Maximum

AC SCCB: 300ns, Maximum
Conditions: * Input Capacitance: 10pf

* Output Loading: 25pF, 1.2KQ to 3V

» {CLK:24MHz

2.4  Luwachon khoi bd nhé hé thong

Trong qua trinh thiét ké hé théng thu thap hinh anh, dé luu lai dir liéu cho hinh
anh ta can cdu hinh thém bd nhé bén ngoai. Bé bd nhd bén ngoai ¢6 thé luu trit toan
bo dit liéu mot hinh anh thu duoc tir cam bién OV9650 v6i khung hinh SXGA
(1280x1024) can c6 mot dung luong bd nhd 1,3MB. Trong trudng hop nay si
dung bd nhd SDRAM (Synehronous Dynamie Random Aeeess Memory) dung
luong bd nhé 8-Mbyte trén Kit DE1 voi chip SDRAM 1S42S16400 [2].

SDRAM 1S42S16400 co6 67180864 bit SDRAM duoc to chic thanh 4 dai
(BANK) nh¢, mdi dai ¢6 dung luong 1024576 Words vé6i téc dd truyén dit liéu cd
thé 1én dén 133MHz.

SDRAM Thuc hién viéc truyén dir liéu qua cac chan dia chi va dir liéu dudi sy

chi phoi cta cac chan dic¢u khién:
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CLK —
CKE —
CS —»
RAS —>
oS —

COMMAND
DECODER
&

i

L

DATA IN
BUFFER

DQM

CLOCK
GENERATOR

WE —»|
MODE

REGISTER

+— DQO-15

REFRESH 1
A10 CONTROLLER
[ Y
ﬁ sz
SELF DATA OUT
A1 REFRESH BUFFER

CONTROLLER 16 16

REFRESH
COUNTER

~— Voo/Vooo
—-— GND/GNDQ

A9 —=
A8 —»
A7 —=
A6 —
A5 —»|
Ad —
A3 —=
A2 —=
Al —
AQ —|
BAQO —»
BA1 —»

s
5
g

MEMORY CELL
ARRAY

3
&

N
4096 Y

BANK CONTROL LOGIC

=

BANK 0

ROW
ADDRESS
LATCH

ROW
ADDRESS
BUFFER

MULTIPLEXER
ROW DECODER
T

SENSE AMP /0 GATE

-}
—

256K
(x 16)

L ok
ADDRESS LATCH

COLUMN DECODER

Hinh 2.6: So d6 khéi SDRAM
CKE cho phép xung clock. Khi tin hiéu nay ¢ muc thap, chip xir 1y gidng
nhu 1a xung clock hoan toan bi dirng lai.
/CS Iwra chon chip: & murc cao thi bd qua tat ca cac dau vao khac (ngoai trir
CKE), va hoat dong nhu mot 1énh NOP.
DQM mit na dir liéu: Khi & muc cao, nhitng tin hiéu nay khéng ché dir liéu
vao/ra. Khi di kem véi viéc ghi, dit li€u khong that dugc ghi. Khi dir li¢u
duogc gitt & murc trong hai chu ky trude mot chu ky doc, viéc doc khong duoc
dua ra tu chip. Trén mot chip nhé x16 hay DIMM, véi 1 word 8 bit thi co
mot hang DQM.
/RAS Row Address Strobe 1a bit diéu khién cho qua dia chi hang.
/CAS Column Address Strobe bit diéu khién cho qua dia chi cot.
/WE Write enable cho phép ghi.

Cac tin hiéu /RAS, /CAS, /WE dung dé lya chon 1 trong 8 1énh. Noi chung thi

dung dé phan biét cac 1énh doc, ghi.
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SDRAM bén trong duoc chia thanh 2 hay 4 dai (Bank) dir liéu noi doc 1ap bén
trong. Mot hodc hai dia chi vao cua dai (Bank) BAO va BAl s€ lya chon Bank ma
1énh tac dong dén.

Phan 16n cé4c 1énh déu su dung dia chi dugc dua vao ngd vao dia chi. Nhung co
mot sb 1énh lai khong str dung chiing, hay chi biéu dién mot dia chi cot, vi vay ta su
dung A[10] dé Iya chon nhiing phuong an.

Bang 2.7: Cac ché d6 truy cdp SDRAM

ICS | IRAS | ICAS | /IWE | BA | A10 A Lénh
A9-A0
H X X X X X X Huy bo céac €nh
H H H X X X Khong lam gica (NOP)

Dung (huy) truyén khoi: dirng

L H H L X X X 1énh doc khdi hay ghi khdi khi
dang thuc hién.

. H . H Bark . Colurn Read: doc khoi dir liéu tr hang

kich hoat hién hanh.

Poc voi Precharge (nap lai) tu
L H L H Bank H Column | dong: khi thyc hién xong thi
Precharge (trc 12 dong hang lai).

Write: ghi khoi dir liéu tr hang

L H L L Bank L Column

kich hoat hién hanh.

Ghi v61 sy nap lai ty dong: khi
L H L L Bank H Column | thyc hién xong thi nap lai

(Precharge) tirc 1a dong hang lai.

Active (kich hoat): m¢é mdt hang
L L H H Bank Row

voi lénh Read va Write.

Precharge (nap lai): Ngung hoat
L L H L Bank L X dong hang hién hanh cua bank

(dai) duoc chon.

Precharge all (nap lai toan bd):
L L H L X H X

Ngung hoat dong hang hi¢n hanh
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clia tat ca cac bank (dai).

Auto refresh (tu dong lam tuoi):
lam twoi trng hang cua tung
bank, stt dung bd dém ndi. Tét ca

cac daiphaidugc nap lai.

Load mode register (ché do nap
cac thanh ghi): A[9:0] dugc nap
dé cu hinh chip DRAM.

L L L L X Mode Trong d6 quan trong nhat la
ngam dinh CAS (2 hoic 3 chu
ky) va chidu dai khoi (1, 2, 4,
hodc 8 chuky).

% Su tuong tdc cdc tin hiéu diéu khién SDRAM:

Lénh ché d6 nap cac thanh ghi (load mode register command) yéu cau tit ca cac
dai (Bank) ¢ trang thai IDE, va phai tri hodn vé sau cho sy thay d6i dé tac dong.

Lénh ty dong 1am tuoi (auto refresh command) thi yéu cau tat ca cac dai (Bank)
& trang thai IDE, va mat 1 khoang thoi gian 1am tuoi dé dua Chip vé trang thai IDE:
thuong 1a tieq+ typ.

Chi c6 nhitng 1énh khac thi cho phép trén mot Bank IDE la cac 1énh kich hoat.
Can phai mat t,oq trude khi hang dugc md hoan toan va chép nhan mot 1énh doc hay
ghi.

Khi mot dai (Bank) duoc mé thi c6 4 1énh duoc cho phép: doc, ghi, két thac
truyén khdi (Burst terminal), nap lai (precharge). Lénh doc, ghi bt dau truyén khéi
va ¢ thé bj ngét boi nhitng ngdt sau:
< Ngdt doc khéi dir liéu:

Sau mot 1énh doc thi bat ¢t lac nao cling co thé c6 mot trong cac I¢nh: doc, két
thuc truyén khéi, hodc 1a nap duogc phat ra. Va sé ngét doc khbi nay néu c6 mot
ngam dinh CAS duoc céu hinh. Néu c¢6 1 1énh doc ¢ thoi diém 0, 1 1énh doc khac &
chu ky 2, ngam dinh CAS & chu ky 3 thi 1énh doc dau tién sé& truyén khdi dit liéu ra

ngoai & chu ky 3 va 4, va két qua cua 1énh doc thi 2 s& bat dau xuat hién ¢ chu ky 5.
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Néu 1énh & chu ky 2 1a két thic truyén khdi hodc 1a nap lai Bank kich hoat thi
khdng co6 dir liéura ¢ chu ky 5.

Maic du viéc ngét 1énh doc c6 thé xuét hién & mot Bank bt ky , nhung 1énh nap
lai chi ngét viee doc khdi néu nd tac dong trén cung mdt Bank hodc tat ca cac Bank,
néu lénh nay hudng dén mot Bank khéc thi viéc doc khdi van tiép tuc.

Su ngét doc tao ra bdi mot I€nh ghi thi cling co thé nhung s€ khé khan hon.
Thuc hién diéu nay nho vao mdt tin hiéu DQM dé khéng ché ngd ra cua SDRAM,
Vi vay trong khoang thoi gian nay,chip diéu khién bd nhé c6 thé 1ai dir liéu di qua
chan DQ dé ghi vao SDRAM. Vi tac dong cia DQM trén I¢nh doc thi bi tri hoan 2
chu ky trong khi ddi véi 1énh doc thi ngay 1ap tirc, nén DQM phai 1én mirc cao
(raised) s6m hon 2 chu ky trude khi c6 1€nh ghi.

Pé thyc hién diéu nay trong 2 chu ky thi yéu cau dinh vi thoi diém SDRAM tit
ngd ra tai 1 canh 1én xung Clock va thoi diém dit liéu dwoc cung cép (cho 1énh ghi )
nhu ngd vao cia SDRAM ¢ canh tiép theo ciia Clock.
<> Mot ngdt ghi khoi dir liéu:

Bét ky 1énh doc, ghi, hay két thuc truyén téi mot Bank bat ky s& két thic (dirng)
viéc ghi khdi ngay lap tuc, dir licu trén chan DQ khi 1énh tht 2 dugc phat thi chi do
1énh nay sir dung.

Ngit ghi khéi voi 1énh precharge (dén cung mot Bank) thi kha phuc tap. Do 1a
thoi gian viét nho nhat, t,, phai duoc ludt qua giita tic vu ghi sau cung téi 1 Bank
(chu ky khong bi che (unmasked) cudi cing ctia ghi khéi) voi 1énh precharge ké
tiép, vi vay mot ghi khoi s& bi dirng (huy) boi 1énh tich nap (pre-charge) néu c6 du
chu ky kéo dai dugc che di (ding DQM) dé tao t,, can thiét. Mot 1énh ghi voi su
tich nap tu dong chira dung mot tri hoan tu dong.

X Ngd't mot lénh tich nap tw dong:

Viéc xur 1y su gian doan cua thao tac doc, ghi voi ché do tich nap ty dong 1a mot
dic tinh lya chon ciia SDRAM, va duoc hd tro rat nhidu. Néu duoc st dung, su tich
nap hay thoi gian cho t,, theo sau boi sy tich nap (sau khi doc) bat dau cung mot

chu ky nhu mdt 1énh ngét.
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> Sdp xép truyén khoi SDRAM:

Mot bo vi xtr 1y hign dai c6 bd dém ndi chung s€ truy nhap bd nhd trong nhiing
don vi cta line bd dém. Vi du dé truyén 64byte, line bo dém yéu clu 8 sy truy cap
lién tiép t6i mot DIMM(dual in-line memory module: module nhé c6 hai hang
chan) 64bit, ma toan bd co thé duoc kich hoat bdi mot 1énh don doc hay ghi tuy vao
su cAu hinh cac chip SDRAM.

Su truy cap line dém dién hinh duoc kich hoat bdi mot sy doc tir mot dia chi dic
biét, va SDRAM cho phép " tir tinh chat quyét dinh " cua line dém sé& dugc truyén
dau tién. ("ti" & ddy co nghia 1a chidu rong chip SDRAM hay DIMM, 64 bit vi
mot DIMM tiéu biéu).

Chip SDRAM hb trg hai giao thirc dé sap xép céc tir con lai trong line dém:

Ché d6 truyén khdi dan xen: 1am cho cé4c tinh toan thém phtic tap nhung lai dé
dang tong hop phan ctirng hon va dugc wu tién véi cac bo vi xir 1y Intel. Ta khong st
dung kiéu truyén nay.

Ché @6 truyén khéi tuan tu: nhitng tir tré hon duoc truy cap trong viéc ting dan
dia chi, khi két thic thi quay tré lai diém bat dau khdi. Chang han, véi mot tuyén
khéi c6 chiéu dai 1a 4, va dia chi cot duoc yéu cau 1a 3, nhiing tr s& truy cép theo
thirty 5 — 6 — 7 — 4. Néu chiéu dai truyén khéi 1a 8, thu ty truy cap lA5-6 -7 -0 —
1 — 2 -3 — 4. Piéu nay duoc thuc hién boi viéc thém mot bo dém dia chi cot, va bo
qua s6 nhé khi di hét khéi.

Ta c6 thé lIya chon chiéu dai khdi va kiéu truy cap khdi bang cach str dung ché
d6 thanh ghi duoc mo ta phan tiép theo.

% Ché d¢ thanh ghi cia SDRAM:

Toc do dit liéu don SDRAM c6 mdt ché d6 thanh ghi 10 bit don 1ap trinh dugc.
Sau d6 chuan SDRAM tbc do dit liéu kép SDRAM bd sung thém ché do thanh ghi,
dinh dia chi sit dung nhitng chan dia chi Bank. V&1 SDR SDRAM, chan dia chi
Bank va dia chi hang A[10] va cao hon thi dugc 16 di, nhung phai 1a 0 trong khi &
ché d6 ghi vao thanh ghi. Trong chu ky ctia ché do thanh ghi thi cic gié tri nap vao
M][9:0] chinh la cac bit dia chi.
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M[9] ché d6 ghi tung khdi, & muc 0 thi ghi sir dung ché do va chiéu dai truyén
khdi & ché d6 doc, & muc 1 thi tit ca cac ghi khong phai 1a truyén khdi(dinh vi don).

M[8:7] ché d6 van hanh, muén & ché do luu trix thi dat gia tri 00.

M[6:4] ngdm dinh CAS chi vé&i cac gia tri hop 18 1a 010 (CL2) va 011 (CL3).
Chi ra s chu ky gitra 1énh doc va dir liéu dugc gui ra tir Chip. Chip s€ hoan thanh
mot gii han co ban trong nand-gidy dua trén gia tri nay; khi khoi tao, bo diéu khién
bd nhé phai st dung kién thirc ctia nd vé tan sé xung Clock va dich gi6i han kia
thanh nhitng chu trinh.

M[3] kiéu truy cép céc tir trong khéi: 0 thi truy cap tuan ty, 1 thi truy cap dan
xen.

M[2:0]: chiéu dai khdi: gia tri 000, 001,010 va 011 chi ra kich thudc khdi tuong
tmg1a 1, 2, 4 hay 8 tir. Mdi doc (va viét, néu m [9] 13 0) s& thuc hién nhiéu su truy
cap, trir phi dugc gian doan boi mot sy dimg (hity) truyén khéi hay céc 1énh khac.
Gia tri 111 dac ta khéi voi day du hang (full-row Burst hodc con goi 1a full page
Burst). Sy truyén khdi voi day di hang chi dugce cho phép voi kiéu tuan ty. Doi voi
SDRAM 1S42S16400 thi chiéu dai ciia 1 khdi ¢ ché do full page Burst 1a 256 tir. Su
truyén khdi tiép tuc cho dén khi co ngit.

s Lam twoi ty dong:

Dung dé 1am tuoi lai Chip ram nhd vao sy mé va dong (kich hoat va tich nap)
ting hang trong tirng Bank. Tuy nhién, ¢é don gian hoa chip diéu khién b nhg,
Chip SDRAM hd tro 1énh ty dong lam tuoi, tirc 13 déng thoi thuc hién thao tac nay
tGi mot hang trong tirng Bank. SDRAM ciing duy tri mot bo dém noi duoc 1ap lai
trén toan bo céc hang co thé. Chip diéu khién b nhé thi don gian phai phat ra du sé
lwong céc 1énh lam tuoi ty dong (1 1énh ddi v6i 1 hang) v6i mdi khoang 1am tuoi
(mot gid tri chung 12t = 64 ms). Tat ca cac Bank phai ¢ trang thai IDE khi 1énh
duoc phat.

% Ché dé Lover Power:

Nhu ¢4 dé cap, ngd vao cho phép xung Clock (CKE) c6 thé dugc ding dé ding

xung Clock t61 SDRAM. Gié tri ngd vao CKE dugc xét tai tung canh 1€n cua xung
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Clock, va néu & murc thap, thi moi canh 1én ctia xung Clock tiép theo s& bi bo qua
moi muc dich khac so voi viéc kiém tra CKE.

Néu CKE xubng thap trong khi SDRAM dang thyuc hién tac vy, thi né6 don gian
chi 1a “d6ng bang lai” tai chd cho dén khi CKE 1én mic cao.

Néu SDRAM & trang thai IDE (tat ca cac Bank dugc tich nap, khong co 1énh
nio dang hoat dong) khi CKE xudng thap, SDRAM tu dong chon ché do power-
down (tiét ki€ém nang lugng), giltt nang luong & cuc tiéu cho t6i khi c6 canh 1én cua
CKE. Khoang nay thi khong duogc dai hon gia tri téi da khoang 1am tuoi t,e, néu
khong nhitng gi bd nhé chira dung s& bj mat. Pay 1a phuong phap dé dirng toan bo
xung Clock trong khoang thoi gian nay dé tiét kiém nang luong.

Cubi cung, néu CKE ¢ muc thap vao lac mot 1énh lam tuoi tu dong duogc guri
dén SDRAM, SDRAM chon ché d6 tu lam tuoi (seft-refresh mode). Tuong tu
Power Down, nhung SDRAM dung mot timer ndi dé phat ra cac chu ky lam tuoi
nodi khi can thiét. Trong thoi gian nay thi dirng xung Clock. Ché d6 tu lam tuoi tiéu
thy it niang luong hon so v&i ché d6 Power Down, nhung van cho phép bo diéu
khién bo nh¢ disnable toan bo.

2.5  Luwachon giao dién hién thi dnh

Sau khi hinh anh thu dugc va xur 1y boi FPGA, dé hién thi cac tin hiéu nay ra
man hinh, céc tin hiéu s phai duoc chuyén d6i thanh tin hiéu hinh anh tuong tu. di
liéu hinh anh d4u ra FPGA duoc chuyén thanh 3 mau R, G, B va dugc hién thj theo
chuin VGA. Céng VGA 1a kiéu giao dién dd hoa dugc sir dung rong rai, hau hét
cac may tinh voi mot man hinh ngoai thong qua cac thiét bi VGA [3].

Hinh anh dugc hién thi theo khung hinh VGA c¢6 d6 phan giai 640x480 voi 8
mau co ban cua man hinh CRT (cathode ray tube).

Bang 2.8: 8 mau co ban tu 3 bit cua VGA :

Po (R) Xanh luc (G) | Xanh dwong (B) Mau
0 0 0 Den
0 0 1 Xanh duong
0 1 0 Xanh
0 1 1 Luc lam
] o  —
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1 1 0 Vang
1 1 1 Trang

3 tin hiéu mau la: do (red), xanh luc (green) va xanh duwong (blue) gui tin hiéu
mau sic (color information) dén man hinh VGA. M3i mot tin hiéu diéu khién mot
stng ban dién tir (electron gun) dé phéng cac hat electron v& 1én mot mau co ban tai
mot diém trén man hinh. Dai cua tin hiéu nam tir tr OV (twong tng VGi mau tdi
hoan toan) va 0.7V (sang hoan toan) diéu khién cuong d6 cua mdi thanh phan mau
va 3 thanh phan mau két hop véi nhau tao 18n mau cua diém anh (dot) hay phan tu
anh (pixel) trén man hinh.

DB15
Connector

Red

11 © Green

1z Blue

B ° Horizontal Sync

2 ° Vertical Sync

15 ©
~
GND

Hinh 2.7: So dd két ndi VGA

Cong VGA co 5 tin hiéu bao gom cac tin hiéu  dong bo theo phuong ngang va
phuong doc , h_sync vav _sync va 3 tinhiéu hinhanhcho 3 maudoé, xanh, xanh
duong.

Hinh anh 12 mot tin hiéu twong ty ~ , va bd diéu khién video str dung mot bd
chuyén d6i DAC dé chuyén d6i tin hié u s6 dau ra thanh muc twong tu mong mudn
Né&u mét tin hiéu hinh anh N -bit thi tin hiéu nay co thé duoc chuyén thanh 2" muc
tuong tu.

Trong phan thao lyan , chiing ta dung tin hiéu hinh anh mau 3 — bit nén dau ra chung
ta sé& thu duoc 2° = 8 mau co ban nhu dugc liét ké trong bang trén .

Tuy vao d6 rong A bit ctiatin hiéu mau ngd vao tin ma mdi mau analog ¢ ngd ra

la mot trong 2” muc véi bo chuyén ddi digital to analog A bit, 3 tin hiéu analog két

hop v6i nhau tao nén phan tir anh (pixel) voi 2* x 2° x 2* =23 mau khéc nhau.
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Xu ly dd hoa cudi cung la dugc san xudt man hinh, ma 1a chju trach nhiém cho
céc tin hiéu hinh anh 1a dau ra dé hién thi.
2.6  Tém tat chwong

Trong chuong 2, tac gia da trinh bay vé phan tich va Iya chon cac thiét bi cho

thiét k& mach phan cung cho cac khdi trong d6 co chip FPGA EP2C20F484C7 va
cam bié hinh anh OV9650, b nhé luu trit dir liéu tam thoi SDRAM 1542516400 va
giao dién hién thi hinh anh VGA. Viéc thiét ké mach chi tiét han cimg cac khdi
duoc thé trinh bay trong chuong 3.
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Chuong 3: THIET KE HE THONG THU THAP HINH ANH

Thiét ké tong thé hé thong thu thap va hién thi hinh anh, so dd phan ctng cac
khdi s& duoc thao luan chi tiét trong chuong nay. Dya trén so d6 khdi mach phan
cimg cua cac thiét ké hién nay trong chi yéu bao gom cac mach thu thap hinh anh,
bd nhé SDRAM, VGA (video GraphicsArray) va mach ngudn cung cap dién. Trong
chuong ciing trinh bay vé thiét ké mi chwong trinh 1am viéc timg khéi 1am viéc cho
chip FPGA dua trén nguyén 1y, chtc ning 1am viéc cua tirng khoi.

3.1  Thiét ké khoi Camera

Trong khdi Camera duoc chia ra 1am 2 phan thiét ké chinh: Thiét ké giao dién
mach phan cting va thiét ké khdi diéu khién trén FP GA.
3.1.1 Thiét ké mach giao dién Camera

So d6 nguyén 1y mach giao dién camera OV9650 duoc thé hién trong hinh 3.1.
Trong so d6 thiét ké nay tac gia da thiét ké giao dién két ndi tin hiéu vao ra giita
FPGA va cam bién hinh anh OV9650 va ngudn cép cho cam bién. cac tin hiéu vao

ra ctia cam bién OV9650 dugc thé hién trén so dd.
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Hinh 3.1: So d6 nguyén Iy khéi Camera
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AAIL
S veciol

3 veciol
A VCCiol
T veciol

VCCio2
VCCIo2
VCCio?

VCCIo3
VCCIo3
VCCI03
VCCio3
VCCio3

VCCI04
VCCIO4
VCCIO
VCCIOH
VCCIO

VCCI0S
VCCI0S
VCCIOS
VCCI0S

VCCIO6
VCCI06
VCCIO6
VCCI06

VCCIo7

VCCIO8

Hinh 3.2: So &6 nguyén ly khéi cap
Trén hinh 3.2 thé hién thiét ké cac chuyén mach ngd vao FPGA, tin hiéu

VCCINT

VCCINT
VCCINT
VCCINT
VCCINT
VCCINT
VCCINT
VCCINT
VCCINT ——@
VCCINT
VCCINT
VCCINT
VCCINT
VCCINT
VCCINT
VCCINT

vean 1
i

ulL

VCCD_PLLI GND _PLLI
VCCAPLLI GND_PLLI
GNDA PLLI
VCCD_PLL2 - GND_PLL2
VCCAPLL2 _GND_PLL2
GNDA_PLL2
VCCD_PLLY  GND_PLL3
VCCAPLLY GND_PLL3
GNDA_PLL3

VCCD_PLL4 GNDA PLL4
VCCAPLLA G
G
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ngudn, ngd vao ra xung va chuyén mach

xung clock va nguon cung cap cho FPGA

3.1.2 Thiét ma chwong trinh diéu khién camera
3.1.2.1 Thiét ké giao dién SCCB

Viéc thue hién truyén dir liéu hai day doi hoi phai c6 mot phuong phap diéu

khién tong thé dé tao diéu kién truyén thong SCCB [19].

CLK

I2C_SCLK

12C DAT

P
«

PWDN

A CAMERA
" OVI650

Hinh 3.3: So d6 khéi diéu khién SCCB

Tén

Mo

ta

CLK

Xung Clock 50MHz tur kit DE1

RST

Tin hiéu Reset hé thong

12C_SCLK

Ngb ra xung Clock cho ché d6 config
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I2C_DATA Ngb truyén nhan dir liéu

PWDN Tin hiéu diéu khién ché do hoat dong
cho camera

Vai tro cua khéi 1a ghi gia tri vao céc thanh ghi cia OV9650 nén cé thé chon

xung clock 1am viéc cua khdi 1a 20KHz nhd vao bo chia tan sé 50MHz. bia chi

Slaver cua OV9650 14 60h [21] nén ta sir dung cach gan dit liéu can truyén trén dia

chi cua thanh ghi.

K/
0‘0

/7
0'0

So d6 thoi gian truyén dit liéu 3 day

(_\ Start of transmission Stop of transmission ﬂ

SCCB_E
SIOC T A A\ NSNS e
SIO D N\ D T T NI B NI N R NI D N NI TN TN

Hinh 3.4: So d6 thoi gian truyén dit liéu 3 day
So @6 thoi gian truyén dit liéu 2 day

(\ Start of transmission Stop of transmission q

sioC — T\ S\ . /i

SIOD = NS NI TR TR T TR T T A ﬁ

Hinh 3.5: So db thoi gian truyén dit liéu 2 day
Céc Phases truyén

| | | |
—716]|5]4]|3]|2]|1]0]|x]|7]|6]5[4]|3|2]1]o[x|7|6[5[4[3[2][1]0[x}—

l phase 1 l phase 2 l phase 3 I

l'-\ Eaiea E S ’-I

Hinh 3.6: So @b Phases truyén
Phase 1: ID Address
Phase 2: Sub-address / Read data
Phase 3: Write Data
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3.1.2.2 Thiét ké giao dién thu thip hinh anh

Hinh anh thu dugc bang cach st dung thiét ké khéi cam bién CMOS cua
Omni Vision mot thé hé méi cua chip cam bién hinh anh chuyén dung OV9650. Cac
thong sé hoat dong OV9650, thé hién trong bang 2.2 théng sb k¥ thuat chinh cua
cam bién.

Viéc kiém soat mot chip OV9650 hoat dong can mot xung ddng hdé 24Mhz cho
dau vao va mot tin hiéu thiét 1ap lai ché d6 hoat dong tir vi xtr Iy FPGA. Trong thoi
gian dong bd héa tin hiéu PCLK, HREF, VSYNC, FPGA hoan thanh cac thiét 1ap
dang ky, dit liéu hinh anh cta bd cam bién hinh anh CMOS thong qua giao dién
SCCB, dit liéu hinh anh dugc gui boi OV9650 & cac dau ra DATA[7. . 0] téi vi xir
ly FPGA va vi tri cac diém anh dugc x4c dinh boi céac tin hiéu PCLK, HREF,
VSYNC. OV9650 c6 mot dau ra dir liéu trong ché d6 truyén song song, thiét ké
duoc két ndi thé hién nhu trong hinh 3.7:

XCIK
XCIK = IRST ‘
RST ——p PCLK
eNaBLE WRITE—»| FPGA [ CAMERA
‘ -
DATA T
P

Hinh 3.7: So @b khéi thu thap hinh anh

Tén Mo ta
CLK Xung Clock 50MHz tur kit DE1
RST Tin hiéu Reset hé théng

XCLK Xung Clock 24 MHz cap cho camera

iRST Tin hiéu Reset camera

HREF Tin hiéu HREF tu camera
VSYNC Tin hiéu VSYNC tir camera

DATA0...71 | pugng dit lieu didm anh thu duoc tir camera
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3.2  Thiét ké khoi bd nhé hé thong
3.2.1 Thiét ké mach giao dién SDRAM

Thiét ké mach phan cimg cho khoi bd nhé hé théng, khoi bd nhé duogc the
hién & hinh 3.8

uIA

10, PLLI_OUTa
). PLLI_OUTp

i

0
0, LVDSOn
10, LVDSOp
10, LVDSIn

(DM3L/BWS#LY(DMILI/BWS#3LI)
DQILYDQILI7

i

DoML fots—RT/

=(<[sRM

il

(CDPCLK/DQS3LMCDPCLK I/DQS3L)

(DMIL/BWS#1LY(DM3LO/BWS#3L0)
LADQ3LS

BANK 1

P, (DPCLK UDQSILUDPCLKI/DQS1L)
EPICI0F384CT

Tule SDRAM

ime: 4:16:35 PM| Sheetl _of S
kioplLVINSDRAM SchDoc

: | : [ ; :

Hinh 3.8: So d6 nguyén Iy khéi SDRAM

3.2.2 Thiét ké ma chwong trinh diéu khién SDRAM

Toc @6 dir lieu cua bo nhé ddng bo truy cap ngau nhién (SDRAM) cung cap mot
giao dién diéu khién don gian 1am tiéu chuan cho SDR SDRAM. Khéi SDR
SDRAM Controller dugc sir dung ngdn ngit md ta Verilog HDL hoac VHDL va
dugc toi wu hoa boi Altera. SDR SDRAM diéu khién hd tro céc tinh nang sau day:

e Chiéu dai Burst 1, 2, 4, hoic 8 data words

e Do tré CAS 2 hoic 3 chu ky déng ho

e 16-bit c6 thé Iap trinh duoc st dung dé ty dong lam méi

e Luachonchip SDRAM

e Ho tro lénh NOP, READA, WRITEA, AUTO_REFRESH, Precharge, kich

hoat, BURST STOP, va LOAD MR
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e Hb trg cho hoat dong ché do toan trang
e PLL dé ting hiéu suét hé théng
e Hb tro duong dir liéu 16, 32, va 64 bit

Hinh 3.9 cho thdy mét so @6 hé thong cap diéu khién SDR SDRAM [17].

DATAOUT ¢———

SDR SDRAM

Hinh 3.9: So @ tong quan hé thong diéu khién SDRAM

Tén MO ta
CLK Pau vao xung clock 50Mhz
RESET N Tin hiéu reset
ADDR [ASIZE-1:0] biachi bd nho read/write
CMD [2:0] bau vao 1énh yéu cau
CMDACK Tin hiéu xac nhan Iénh
DATAIN [DSIZE-10] Dir liéu vao
DATAOUT [DSIZE-1:0] Dt liéu ra

DM [(DSIZE/8)-10]

Mat na bytes dix ligu

SATL10]

bia chi hang/cot cua thanh ghi

BA[1:0] bia chi bank thanh ghi

CS_N [1.0] Lwa chon chip

CKE Tin hiéu cho phép xung clock SDRAM
RAS_N Bao dia chi hang

CAS N Bao dia chi cot
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WE_N Cho phép ghi data
DQ [DSIZE-1:0] Bus di liéu
DQM [(DSIZE/8)-1:0] Mat na dix liéu

>

3.3 Thiét ké khdi hién thj hinh anh
3.3.1 Thiét ké mach giao dién VG A

Trong thiét ké mach giao dién VGA, tin hiéu mau R,G,B trén ngd ra cong VGA
duoc tao ra boi 4 ngd ra sb trén FPGA va céac dién tré dé tao tin hiéu dién ap thay

d6i. Thiét ké dugc thé hién trén hinh 3.10

uiC
10, LVDS270 (DEV_CLRn) A
10, LVDS27p

10, LVDS28p

10, LVDS25:

10, LVDS2

10, LVDS29n, (DM3T/BWSS3TMDMITI/BWS#3TI)
10, LVDS30p, (COPCLK7/DQS I TY(CDPCLK7/DQSIT)

ik

I
ExEnEn

:
L:

Ll

Lol
AAAKRALNARRN]

10, VREFB3N|
10

®
=
2z

10, LVDS32p

10, LVDS320. DQ3T7/DQ3TI6

10, DQITWDQ3TIS
LVDS:

i
|

3T 1
DQITADQ3TI3
DQ3TYDQ3TI2
. DQIT/DQ3TI B

DQ3TIDQ3TIO

Az

p.
VDS35n,
REs LVDS36p. (DPCLK1 I/DQSITMDPCLK] /DQS3T)
o ——3P}l10. LVDS36a

5ol 10, LVDS37p, (DMST/BWSSSTMDM3TO/BWS#3T0)
S Sm— —i9°]{10. LVDS37n. DQSTRDQ3TS

— ), LVDS38p
1 6 .
3

DQSTI/DQ3T? -

0
DQSTSDQ3TS
10, LVDS40n, DQSTA/DQ3T4

7 s | die A0 HVbsii: basTypaiTs
C B0 LVDsath. DasTomQsT>

. LVDSA3p, DQSTUDQITI 2

. LVDS33n. DOSTUDQ3TO z «

4 . LVDS44p. (DPCLKIODQSSTHDPCLKIODQSST) <

1k ), LVDS440 =
Bi1 EFaCToraCT

VGA VSYNC

VGA HSYNC

Tile VGA

Y =
Date._ $33013 _ Time S1ET M| Sheet? of 3|
e : o

] : ; | .

Hinh 3.10: So db nguyén ly khéi VGA
3.3.2 Thiét ké ma chwong trinh diéu khién VGA
Pé hién thi hinh anh véi giao dién VGA canc6 5 tin hiéu bao gdm céc tin hiéu
dong dbd theo phuo ng ngang, phuong doc , h_sync vav_sync va 3 tin hiéu hinh anh

cho 3 mau do, xanh, xanh duong.
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HSYNC
(LK —)p >
VSYNC
RST >
FPGA — VGA
G
>
B
>

Hinh 3.11: So do khéi diéu khién VGA

Tén Mo ta
CLK Pau vao xung clock 50Mhz
RESET N Tin hiéu reset
HSYNC Tin hiéu dong bo ngang
VSYNC Tin hiéu dong bd doc
R Tin hiéu mau do
G Tin hiéu mau xanh luc
B Tin hi¢u mau xanh duong

MJi mot anh (hay frame) trén man hinh hién thi 1a két hop cua h dong, mdi dong

cd w pixel. Kich thudc caa mdi frame dugc biéu dién w x h dudi dang tiéu biéu

gom 640 x 480, 800 x 600, 1024 x 768 va 1280 x 1024.

[~ pixcl 0.0 pixel 0,638 — ]

¥
~— 640 pixels are displayed each \
time the beam traverses the screen

VGA Display
Retrace: No

Cument 3 - , information
hrough the [ rixel 475.0 pixel 479,638 —¢} Is displayed

horizontal = e during
ceflection < : this time
coil : Z
l . - Stable current ramp: information is
g .

)\ displayed gurng this time

time : 53

Total horizontal time

Horlzonial gisplay tme +_rctracc time .

— “front porch* : [-‘ “tront porch”

ns 1] C L

Horizontal sync signal 1 ‘back porch”
sets the retrace frequency

Hinh 3.12: So db thoi gian hién thi man CRT
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Pé V& mot khung hinh, nhitng mach dién cé trach nhiém di chuyén dong
electron tir tréi sang phai va tir trén xudng dudi doc theo man hinh goi la deflection
circuit. Nhitng mach nay yéu cau phai cé 2 tin hiéu dong bo dé khai dong va dung
dong electron tai dung thoi diém dé cho mot dong cac diém anh dugc V& doc theo
man hinh va mdi dong duogc dién theo co ché tir trén xudng dudi dé tao 1én mot anh.
3.3.2.1 Tin hié¢u dong bd theo phuong ngang

So @6 thoi gian quet cua tin hiéu dong bd theo phuong ngang nhu hinh 3.13.
M6t chu ki cua tin hiéu h _sync duoc chia lam 4 ving :

e Ving hién thj : 1a ving ma céac pixel duoc hién thi trén man hinh

e Ving quét nguoc : 1a ving ma cac tia dién tir quay nguoc lai v& phia canh bén

trai.

e Ving bién phai : 1a ving mau den bén phai , trong vung nay cac tin hinh anh

bi vo hiéu hoa khong dugc hién thi .
e Vingbién trai : 1 ving mau den bén trai va gidng nhu i ng bién bén phai ,

trong thg rfay thi cac tin hiéu hinh anh khong duoc hén thi

(6] > X
border,
‘\ Visible area
:: [
I [
I [
I |
T Tl
I o
0 T
- )
"" i i
h_video_on '"\_l '_H;_L
on i 639; 6p5 751 799
h_sync | :i i I

[Pl . [ [}
disple
W S R A A
border o (B W eft

Right = retrace border
border

Hinh 3.13: So d6 thoi gian quet theophuong ngang
3.3.2.2 Tin hié¢u ddong bd theo phuong doc

So d6 thoi gian quet cua tin hiéu dong bo theo phuong doc nhu's  au:
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] (] ]
] ] ]
’_.'I 479; 489 491 1524

I
I
|
|
|
I
I I
v_sync l I I ‘I
I
I
I
|
|

Ve n display TR
Top I Wl u o

border 1| AR op
Bottom retrace border
border
Hinh 3.14: So d6 thoi gian cua tin hiéu quet theo phuong doc
Trong do:
e Ving hién thi : 1a ving ma céc pixel duoc hién thi trén man hinh
e Ving quét nguoc : 1a ving ma céc tia dién tir quay nguoc lai vé phia canh bén
trai.
e Vingbién trén : 1a ving mau den bén trén , trong vung nay cac tin hinh anh bi
vo hiéu hoa khong duoc hién thi .
e Ving bién duéi : 1a ving mau den bén dudi va gidng nhu ving bién bén trén
trong vung nay thi cac tin hiéu hinh  anh khéng duoc hén thi .
3.3.2.3 Toc d6 pixel
Goi pla s6 pixel trong | hing ngang , | 1a s6 duong ngang trong 1 mén hinh va
s 12 s6 man hinh hién thi trong 1 s thi toc d6 pixel bang p*I*s.
Cht y: ¢é man hinh khong bi nhdp nhay t hi s phai 16n hon hodc bing 24.
Voi man hinh co d6 phén giai 640x480 va s man hinh hién thj trong 1s la 60
hinhls thi p =800 pixel/line, 1=525 line/screen, s=60 screen/second toc do pixel
bang 800x525x60 ~25Mpixel/s.

|
[
I
|
|
| B =
H |
1
I
— e

Hinh 3.15: Thoi gian diéu khién ché do VGA 640 x 480
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Bang 3.1: Thoi gian hién thi voi ché d6 VGA 640 x 480

Vertical Sync Horizontal Sync
Symbol Parameter i i i
Time Clocks | Lines| Time Clocks

Ts Sync pulse time 16.7 ms 416,800 | 521 3218 800

Toisp Display time 15.36 ms | 384,000 | 480 25.6 640
Tew Pulse width 645 1,600 2 3.845 96
Tep Front porch 3205 8,000 10 640ns 16
Tep Back porch 928 23,200 29 1.921s 48

34  Kétluan chuong

Chuong niy tap trung vao thiét ké so dd khdi chiic ning hé thong thu thap

hinh anh téc do cao. Viéc lua chon chip, thiét ké mach phﬁn cung va thiét ké ma

chuong trinh diéu khién trén FPGA ctia mdi khdi chirc ning, bao gom: khéi thu

thap hinh anh, b nhd luu dir li€u hinh anh SDRAM, man hinh hién thi hinh anh

VGA va phan cimg ngoai vi.
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Chuong 4: MO PHONG VA THUC HIEN HE THONG TREN FPGA

Trong céc chuong 1, 2 va 3 d trinh bay vé cac noi dung lién quan dén céc
thiét ké va phuong phap thuc hién thu va hién thi hinh anh. Chuong 3 dua ra
thiét ké mach phan ctig va ma chuong trinh diéu khién cho tung khéi cua hé
théng.

Két qua md phong ting ché do, chirc ning lam viéc cua tirng khéi trong hé
thong duogc thuc hién trén phan mém Quatus 11 va qua trinh thuc hién hé
thong trén Kit DE1 cua hdng Altera cung cap duoc trinh bay trong chuong 4.
4.1  Thuc hi¢n hé thong trén FPGA

Toan bd hé thong céc thiét bi duoc didu khién boi khdi xir 1y trung tam FPGA,
FPGA diéu khién bao gém cac module bd cam bién CMOS, diéu khién déng bo,
cdu hinh va diéu khién truyén dir liéu ndi tiép, module diéu khién SDRAM va
module diéu khién hién thi anh. So d6 khdi cu thé cua hé théng duoc thé hién trong

hinh 4.1 [2].

Write/Read

Control
Video
Port

QV9650 SIOD SCCB Interface -

Main Control

Write/Read data RGB _

Control

FPGA |
I

Hardware Controls

Button/Switch

Hinh 4.1: So @b khdi thuc hién hé théng
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Sau khi thiét ké mach hoan tat, dé kiém tra cac dau vao 1a chinh xac viéc mé
phong thiét ké FPGA Ia rat can thiét, cac phan mém md phong thiét ké chinh s
dung phan mém Quartus II dé c6 dugc nhitng module FPGA noi bo.

Chuong trinh mé ta hé thong thu va hién thi hinh anh trén nén FPGA duoc thuc
hién theo quy trinh hoat dong thé hién trén hinh 4.2

Config Camera
OWVo650

v

Eead data
OWoas0

v

Wirte data to
SDEANMN

v

Eead data from
SDEAM

v

Display Image
WVGEA

Hinh 4.2: Quy trinh hoat dong hé théng

Dé hé théng c6 thé thu dugc nhitng hinh anh theo mong muén thi can phai ciu
hinh lai ché do 1am viéc cho camera OV9650. Sau d6 doc tin hiéu dit liéu hinh anh
thu dugc tir cam bién anh, dir liéu nay thu duoc va duoc xtr 1y rdi luu tam thoi vao
SDRAM, sau d6 dir liéu hinh anh trong SDRAM duogc doc ra va hién thi 1én man
hinh VGA.

4.1.1 Khbi diéu khién cam bién hinh inh CMOS

Chtic ning cac module diéu khién hoat dong ciia cam bién hinh anh CMOS yéu
cau diéu khién dau vao thiét ké, mo phong chic ning cua khdi diéu khién, phuong
phap tiép can thiét ké truyén théng la kho khin dé dap tng yéu cau. Hé thong sir
dung su két hop ctia ngon ngit md ta phan cing FPGA dé mé ta cho chirc ning cam

bién anh CMOS [20]. Cac chirc ning dugc phan chia theo gian d6 thoi gian, dé xac
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dinh cac tin hiéu dau vao va dau ra, va cho mdi module thuc hién mé phong chirc

nang.
DATA RGB:DATA
CLK 24— Ii€LK IDO_WRITE {GND} ——— DO WRITE
ENABLE_WRITE[C»—————— IENABLE_WRITE IFINISH_WRITE {GND} |———— 7 =FINISH_WRITE
CAM_HREF[#——— IHREF IRST [——— 7 5CAM RST
CAM_PCLKD——— iPCLK IXCLKI |———{ 5 CAM_XCLKI
RST_N [ IRST_N iDATA RGB[15..0] |——— 1 »CAM_DATA RGB[15..0]
CAM_VSYNC [ IVSYNC IPIXEL_OX[9..0] ——— " »CAM_OX[9..0]
CAM_DATA7.0| = IDATA[T..0] IPIXEL_O¥[8..0] |——— T »CANM_0OY[9.0]
§h0- —»DATA _SCCEBI[7..0]

12C_AV_Config:2C_AV

CLK_50 > iCLK
READ_SCCBIID> iREAD SCCB 126_SCLK | ————[IE»CAM_SIO_C

12¢_SDAT |—————<»CAM_SIO_D
ICAM PWDN |————— {7 =CAM_PWDN

IRST N

WRITE_SCCB[»———— WRITE_SCCB

Hinh 4.3: So db khéi diéu khién cam bién OV9650

Chét luong hinh anh cam bién dugc quyét dinh boi cac thanh ghi ndi bo, vi viy
can phai c4u hinh cac thanh ghi bén trong dé chon ché do hoat dong. Viéc ciu hinh
duoc thuc hién thong qua giao dién SCCB.

Gian d6 thoi gian cia bd cam bién hinh anh c6 thé duoc chia thanh hai phan
chinh. Lién quan dén thoi gian ciia phan doc dit liéu cac diém anh pixel, tirc 13 kiém
soat thoi gian déng bd hoa dir liéu dau ra va s6 diém anh 1y miu cua mot khung
hinh. Mt phan khac 13 thoi gian doc cac diém anh, thoi gian céc tin hiéu dong bo.

Hinh 4.4 cho thiy két qua moé phong véi gian d6 thoi gian doc anh tir cam bién
OV9650 voi khung hinh 640x480.

Hinh 4.4: Két qua md phong thu anh tir OV9650
DPé thiét lap ché do hoat dong cho OV9650 ta can céu hinh lai cho chip bﬁng

cach thiét dat gia tri trong cac thanh ghi twong tng ctia cam bién anh. Dir lidu dugc
truyén trén giao dién diéu khién ndi tiép 2 day, SIO C va SIO D.

Khi truyén chudi dir liéu can phai c6 céc bit dong bo: 1 bit cho trang thai IDE, 2
bit dé thiét lap cd START, 3 bit dé chod ACK cho OV9650 xac nhan, 3 bit dé thiét
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lap c& STOP va béo két thic chudi. Hinh 4.5 1a céc két qua md phong qua trinh diéu
khién.

Start Stop

Hinh 4.5: Két qua md phong ghi dit liéu xudng OV9650

Dit liéu duogc truyén md phong véi dong bit nhu sau:

IP address \Ij\j Sub — address Write data
startf 0{1({1({0({0|0|0|0|x|0[{0|0[1|0({0|1({0|x|1]0|0|0[{0(0|0|0]x|stop
60H X 12H X 80H X

bé doc dir li€u cua mot thanh ghi trong bo nhd cia OV9650 ta can gui dia chi
thanh ghi can doc, sau d6 gut Iénh doc doc dir liu

e  Gui dia chi thanh ghi can doc dit liéu

LR LEGEEG G
TP L D R T L

Hinh 4.6: Két qua md phong truyén 2 Phase ghi

Dit liéu duoc truyén voi dong bit nhu sau:

R/
IP add Sub — add
address W ub — address
star) 011(1{0{ 0| 0|0|0|x(0{0{0|1{0|0f1|0|x|stop
60H X 12H X

Pé thiét 1ap ché d6 hoat dong khung dit liéu anh ngd ra cta bd cam bién
OV9650 ta can diéu chinh cac thong s cac thanh ghi nhu bang 4.1:
Bang 4.1: Tham sb cdu hinh OV9650 [21]

VGA Preview, 25fps, 24 Mhz input clock | Contrast 0

SCCB _salve Address=0x60; SCCB _salve Address=0x60;
write_SCCB(0x11, 0x80); write_SCCB(0x7C ,0x04);
write_SCCB(0x6b, 0x0a); write_SCCB(0x7D,0x07);
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write_SCCB(0x39, 0x50);

write_SCCB(0x7E,0x10);

write_SCCB(0x38, 0x92);

write_SCCB(0x7F,0x28);

write_SCCB(0x35, 0x81);

write_SCCB(0x80 ,0x36);

write_SCCB(0x2a, 0x10);

write_ SCCB(0x81 ,0x44);

write_SCCB(0x2b, 0x40);

write_SCCB(0x82 ,0x52);

write_SCCB(0x6a, 0x7d);

write_SCCB(0x83 ,0x60);

Light Mode Auto

write_SCCB(0x84 ,0x6C);

SCCB_salve_Address=0x60;

write_SCCB(0x85 ,0x78);

write_SCCB(0x13 ,0xe7);

write_SCCB(0x86 ,0x8C);

write_ SCCB(0x11 ,0x81);

write_SCCB(0x87 ,0x9E);

write_SCCB(0x41 ,0x02);

write_SCCB(0x88 ,0xBB);

write_SCCB(0x3f ,0xa6);

write_SCCB(0x89 ,0xD2);

write_SCCB(0x3d ,0x92);

write_SCCB(0x8 A,0XES);

write_SCCB(0x66 ,0x01);

write_SCCB(0x6C ,0x40);

write_SCCB(0x14 ,0x1e);

write_SCCB(0x6D,0x30);

Color Saturation 0

write_SCCB(0x6E,0x48);

SCCB_salve Address=0x60;

write_SCCB(0x6F,0x60);

write_SCCB(0x4f ,0x3a);

write_SCCB(0x70 ,0x70);

write_SCCB(0x50 ,0x3d);

write_SCCB(0x71 ,0x70);

write_SCCB(0x51 ,0x03);

write_SCCB(0x72 ,0x70);

write_SCCB(0x52 ,0x12);

write_SCCB(0x73 ,0x70);

write_SCCB(0x53 ,0x26);

write_SCCB(0x74 ,0x60);

write_SCCB(0x54 ,0x38);

write_SCCB(0x75 ,0x60);

Brightness O

write_SCCB(0x76 ,0x50);

SCCB_salve Address=0x60;

write_SCCB(0x77 ,0x48);

write_SCCB(0x24 ,0x70);

write_SCCB(0x78 ,0x3A);

write_SCCB(0x25 ,0x64);

write_SCCB(0x79 ,0x2E);

write_SCCB(0x26 ,0xc3);

write_SCCB(0x7 A,0x28);

Special effects Normal

write_SCCB(0x7B ,0x22);

SCCB_salve Address=0x60;

write_SCCB(0x3a, 0x01);

write_SCCB(0x67, 0xc0);

write_SCCB(0x68, 0x80);
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Gui lénh doc dir liéu

Hinh 4.7: Két qua md phong truyén 2 Phase doc

Dt 1iéu duoc truyén nhan vo1 dong bit nhu sau:

R
start IP address V\; Read data stop

start 0| 1| 1|O| 0| O|0 1[x D7|D6|D5|D4|D3|D2|D1|DO X [stop
61H X DATA X

Sau khi thiét 14p ché do hoat dong ciing nhu khung dit liéu diém anh dau ra cho
camera OV9650, luc nay hé théng chi vi¢c doc dit li€u tung diém anh cua khung
hinh ¢ ngd ra dir liéu diém anh cung tin hiéu dong bd khung hinh VSYNC va tin
hi¢u xung clock PCLK.

Trong hé thong thiét 1ap ché do dir liéu dau ra khung hinh 1a YUV422, dit lidu
dau ra tuong tng U0 YO VO Y1 U2 Y2 V2 Y3 U4 Y4 V4... véi cac dit lidu timg

diém anh nhu sau:

Pixel Number | Pixel Values
0 UoYoVo
1 uoY1Vvo
2 u2y2v2
3 U2Y3Vv2
4 U4Y4V4

Tur dir liéu YUV nhén duoc, dé hién thi trén man hinh LCD can chuyén tin hiéu
sang RGB24 véi ham nhu sau [21]:

R=Y +1.371(Cr — 128)

G=Y-0.698(Cr — 128) — 0.336(Cb — 128)

B=Y +1.732(Cb - 128)
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4.1.2 Khoi diéu khién doc, ghi dir liéu SDRAM

Viée thyuc hién luu trir dit 1iéu tée do cao dung luong 16n 1a mot cong nghé quan
trong trong hé thdng thu thap dir liéu. Phan nay chu yéu 1a thiét ké module luu trix
dir liéu giao dién I¢nh diéu khién cac hoat dong khac nhau cua bd nhé. Trong hé¢
thong str dung FPGA diéu khién doc va ghi dit liéu cho SDRAM [17].
4.1.2.1 Thiét ké khéi diéu khién DDR SDRAM

SDR SDRAM Control bao gdm 4 module chinh [14], [15], [17]: Bo diéu khién
SDRAM (SDRAM controller), giao dién diéu khién (control interface), Iénh diéu
khién (command), va dudng truyén dir lidu (data path). Module diéu khién SDRAM
la module cap cao khai tao ba module cap thap hon va lién két toan bo thiét ké voi
nhau. Module giao dién diéu khién nhan 1énh va dia chi bo nhg lién quan tir céc
thiét bi chu, giai ma Iénh va truyén céc yéu cau cho module command. Module
command nhén cac l1énh va dia chi tir cac module control interface, va tao ra céac
Iénh thich hop téi SDRAM. Cac module data path xir ly cac hoat dong duong dan
dir liéu trong lénh WRITEA va READA. Céac module diéu khién SDRAM ciing
khoi tao mot PLL dwuoc sir dung trong cac ché do CLOCK LOCK dé cai thién thoi
gian 1/0.

PLL khdng phai 1a diéu can thiét ¢é hoat dong caa SDR SDRAM Control va c6
thé khong sir dung. Hinh 4.8 cho thay so d6 khéi SDR SDRAM Control.

Control Interface

Module Command Module

CMD[1:0] ______., .
Command Request i SA[11:0]
CMDACK -ff——| P
Interface Ack - BA[1:0]
<l
ADDR[ASIZE-1:0] e -
: : - CS_N[1:0]
_— Command
Ll Arbiter
Generator | CKE
Request I pRASN
Ack ———®-CAS N

———® WE_N

Data Path
Module
OE
]
DATAIN[DSIZE-1:0] e~

DM[(DSIZE/8)-1:0] i~ | Data Path - P DQ[DSIZE1:0]

DATAOUTIDSIZE-1:0] et P DQM[(DSIZE/8)-1:0]

ADDR

Refresh
Control

-
-

Hinh 4.8: So db khéi diéu khién SDRAM
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(1) Module Control Interface

Module giao dién diéu khién giai ma va dang ky cac 1énh tir méy chu, va thdng
qua giai md lénh NOP, WRITEA, READA, REFRESH, Precharge, va
LOAD MODE, va Dia chi dén cac module Iénh. Céc lénh LOAD REG1 va
LOAD REG2 dugc giai ma va sir dung trong noi bo dé tai REG1 va REG2 dang ky
vai gia tri tut ADDR.

Module Control Interface bao gom 16 bit truy cap va mach diéu khién duoc st
dung dé tao ra lénh 1am méi tuan hoan cho module command. 16 bit dwgc nap véi
gid tri tr REG2 va ¢ém xudng 0. REFRESH_REQ ngd ra duoc khang dinh khi truy
cap dat dén 0 va van giir cho dén khi module command xac nhan yéu cau. Xé4c nhan
tir module command tao ra bo d¢ém xuéng dugc nap lai véi REG2 va lap di 1ap lai
qua trinh. REG2 la mét gia tri 16-bit cho khoang thoi gian gitta REFRESH vai céc
van d& SDR SDRAM diéu khién. Gia tri dugc thiét 1ap boi phuong trinh int

(refresh_period / clock_period).

CMD_ACK & Q D CM_ACK

|
=

g NOP

] READA
- WRITEA
REFRESH

CMD[2:0] s

Command
Decode

LOAD_REG1

PRECHARG
LOAD_MOD

LOAD_REG2

ADDR[ASIZE-1:0] s

ASIZE

CLK

= SADDR

SC_CL
SC_RC

# SC_RRD
SC_PM
SC_BL

Refresh
Count Zero
Decode o, ger REQ
Load

Refresh
Control

-4— REF_ACK

Hinh 4.9: So dd khdi Module Control Interface
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Vi du, néu mot thiét bi SDRAM duoc két ndi voi bo diéu khién SDR SDRAM
c6 64ms, yéu cau 4096 chu ky lam méi, thiét bi phai c6 mot I1énh REFRESH cap
cho no it nhat 64 ms/4096 = 15,625 s.

Néu SDRAM va SDR SDRAM diéu khién duoc bai téc 6 100MHz, gia tri toi
dacua REG2 15,625 ps/0.01us = 1562d.

(2) Module command

Module command nhan Iénh giai ma tir cac module giao dién diéu khién, yéu
cau lam méi tir logic diéu khién 1am méi, va tao ra céc 1énh thich hop t6i SDRAM.
Module nay bao gdm mét arbiter diéu chinh gitra c&c 1énh tir giao dién thiét bi chu
va yéu cau refresh tir logic diéu khién lam mai.

Céc yéu cau refresh tir logic diéu khién 1am méi c6 wu tién hon cac 1énh. Néu
mot Iénh tr may cha dén cing mot luc hoic trong mot hoat dong lam méi an,
Arbiter tét thiét bi cha bang tin hiéu CMDACK cho dén khi hoat dong 1am mai an
hoan tat. Néu nhan dugc mot 1énh 1am mai an trong khi thiét bj cha hoat dong trong

tién trinh, 1am méi an duoc t6 chirc cho dén khi hoat dong thiét bi chu hoan tat.

do_nop
do_reada
NOP do_writea
READA do_refresh
WRITEA do_precharge RAS_N
REFRESH > do_load_mode 4 4 CAS N
PRECHARGE L D Q P> WE N
LOAD_MODE —> CKE
REF_REQ
Arbiter Command
CM_ACK ¢—] Generator
16 16 SA[11:
REF_ACK -—— e D Q P BA[1:0
CS_N
> > > M
ADDR[ASIZE-1:0] A
SC CL
SC_RC Command
SC_RRD P Timing
SC_PM

SC_BL —‘
OE

Hinh 4.10: So @ khdi Module Command

A
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Sau khi Arbiter da chip nhan mot Iénh thiét bi chu, lénh dwoc théng qua toi
Command generator cua module Command. Module command st dung ba dang ky
dé tao ra thay doi thoi gian phu hop gitra céc 1énh duoc cap cho SDRAM. Mot ding
ky thay d6i duoc sir dung dé kiém soét thoi gian Iénh ACTIVATE, kiém soét céc vi
tri cua lénh READA hoic WRITEA, thoi diém 1énh thoi gian, xac dinh hoat dong
cudi cing da dugc hoan thanh.

Module command ciing thuc hién ghép kénh cua dia chi SDRAM. Phan hang
cua dia chi duoc ghép voi SDRAM dau ra [11:0] trong 1énh ACTIVATE(RAS).
Phan cot dugc ghép sau véi dau ra dia chi SDRAM trong mot 1énh READA(CAS)
hoac WRITEA.

Tin hiéu dau ra OE duogc tao ra boi module command dé kiém soét cac ving
dém trang thai trong giai doan cudi cua DATAIN dudng dan trong cac module data
path.

(3) Module Data Path

Module Data Path cung cap céc dit liéu giao dién SDRAM dé luu trir. Dit liéu
thiét bi chi dwugc chip nhan trén DATAIN cho Lénh WRITEA va dit liéu duoc
cung cap cho cac thiét bi cha trén DATAOUT trong khi 1énh READA. Hinh 4.11
cho thiy so do khéi module Data Path. DATAIN dudng din bao gom mot dudng
din 2 giai doan dé sip xép dir liéu véi CMDACK va céc Iénh dugc cip cho
SDRAM.

DATAOUT bao gém dudng dan 2 giai doan diang ky dit liéu tir SDRAM trong
mot 1énh READA. Thoi gian tré DATAOUT dudng dan cé thé duoc giam dén 1
hoac 0, sy diéu chinh d6 anh hudéng ¢én mbi quan hé cia CMDACK dén sy thay
d6i DATAOUT.
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Hinh 4.11: So d6 khéi Module Data Path
4.1.2.2 Két qua md phong qua trinh md ta SDRAM
Khdi diéu khién SDRAM cung cap mot giao dién dong bo 1énh véi SDRAM va
diéu khién mot sé dang ky. Bang 4.2 cho thay céc 1énh dwoc mé ta trong cac phan
sau day. Céc Iénh ap dung theo quy tic sau [26]:
B T4t ca cac lénh, ngoai trir NOP, dugc diéu khién bai ngudi dung vao CMD
[2:0]; ADDR va DATAIN duoc thiét 1ap phu hop cho Iénh yéu cau.
B Dé CMDACK xé4c nhan céc Iénh diéu khién can mot xung clock
B Ddi Vi cac 1énh READA hoic WRITEA, nguoi st dung doc hoic ghi dir
liéutrén DATAOUT va DATAIN
B Nguoi str dung phai diéu khién Iénh NOP vao CMD [2:0] sau khi CMDACK

Xac nhan.
Bang 4.2: Giao dién I1énh
Lénh Giatri | Moé ta
NOP 000b | Khdng c6 hoat dong.
READA 001b | SDRAM doc voi Precharge tu dong.
WRITEA 010b | SDRAM viét Precharge tu dong.
REFRESH 011b | SDRAM tu dong lam méi.
Precharge 100b | SDRAM Precharge tat ca cac ngan hang.
LOAD_MODE | 101b | SDRAM tai ché d dang ky.
LOAD_REGI 110b | CAu hinh tai diéu khién dang ky.
LOAD REG?2 111b | Tai diéu khién chu ky cap nhat dang ky.
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< Lénh NOP
Lénh NOP 1a 1énh khong ¢ hoat dong dé diéu khién. Khi Iénh NOP duogc
phéat hién bai bo diéu khién, nd thuc hién mot 1énh NOP sau mot xung clock. Mot
Iénh NOP phai duoc cap chu ky xung clock sau khi bo diéu khién da xac nhan lénh.
Lénh NOP khéng anh hudng truy cap SDRAM.
< Lénh READA
Lénh READA dé SDR SDRAM control thuc hién doc Vi tu dong Precharge
SDRAM tai dia chi bo nhd duge chi dinh bsi ADDR. SDR SDRAM diéu khién
kich hoat SDRAM bsi lénh READA. Céc dir lidu doc dau tién xuat hign trén
DATAOUT (RCD + CL + 2) sau khi SDR SDRAM control xac nhan CMDACK.
Trong mot 1énh READA ngudi str dung phai gitt DM muc thap. Khi b diéu khién
dugc cau hinh cho ché do full-page, 1énh READA thanh READ (READ khdng c6
tu dong Precharge). Hinh 4.12 cho thiy so d6 thoi gian cho mot Iénh READA. Lénh
READA dugc mo ta cac hoat dong theo trinh tu sau day:
B Xé&c nhan str dung READA, ADDR va DM
B SDR SDRAM Control xac nhan CMDACK dé xac nhan 1énh va ddng thoi
bat ¢au gui 1énh cho SDRAM
B St dung mot 1énh NOP sau khi CMD x&c nhan
B CMDACK la gia tri doc dau tién trén DATAOUT, phan sau la dix liéu doc

theo mdi chu ky xung clock ké tiép.

Hinh 4.12: So d6 thoi gian SDRAM READA
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% Lénh WRITEA
Lénh WRITEA diéu khién SDR SDRAM dé thuc hién ghi véi ty dong
precharge SDRAM tai dia chi bd nhd duoc chi dinh béi ADDR. SDR SDRAM diéu
khién s& phat hanh mot Iénh kich hoat SDRAM theo sau mot 1énh WRITEA. Dir
liéu dau tién trong chudi phai duoc trinh bay véi WRITEA va dia chi ADDR. Céc
xung clock dau tién phai bat dau cung véi dir lieu DM mong mudn vao SDR
SDRAM Controller (trep-2) clock sau khi diéu khién SDR SDRAM da xac nhan
lenh WRITEA.
Khi SDR SDRAM Controller & ché do full-page WRITEA tré thanh WRITE
(WRITE khong ty dong precharge). Hinh 4.13 cho thdy mot biéu d6 thoi gian cho
mot 1énh WRITEA. Lénh WRITEA dugc mo ta cac hoat dong theo trinh tu sau day:
B X4c nhan st dung WRITEA, ADDR, dir liéu gia tri dau tién ghi DATAIN va
DM
B SDR SDRAM Control x4 nhan CMDACK dé xé4c nhan Iénh va déng thoi
bat ¢au gui 1énh cho SDRAM
B St dung mot 1énh NOP sau khi CMD xac nhan
B Su dung DATAIN and DM diéu khién SDRAM SDR

000111111110000000

1001100

Hinh 4.13: So db thoi gian SDRAM WRITEA
s Lénh REFRESH
Lénh REFRESH dé SDR SDRAM control thuc hién mot 1énh ARF téi
SDRAM. SDR SDRAM control nhan Iénh REFRESH vsi CMDACK. Hinh 4.14
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cho thiy so d6 thoi gian cua 1énh REFRESH. Lénh REFRESH dugc md ta cac hoat

dong theo trinh tu sau day:
B Xac nhan sir dung REFRESH trén dau vao CMD
B SDR SDRAM Control x4c nhan CMDACK dé nhan 1énh va ddng thoi bat
dau gui 1énh cho SDRAM
B St dung mot 1énh NOP sau khi CMD xé&c nhan

Hinh 4.14: So db thoi gian SDRAM REFRESH
% Lénh Precharge
Lénh Precharge diéu khién SDR SDRAM dé thyc hién mot 1énh PCH SDRAM.
SDR SDRAM Controller thtra nhan Iénh véi CMDACK. Lénh PCH ciing duoc
ding d¢ SDRAM dung lai. Str dung Precharge chi dugc hd tro ¢ ché do day du

trang.

Hinh 4.15: So d6 thoi gian SDRAM Precharge
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< Lénh LOAD MODE

Lénh LOAD MODE dé SDR SDRAM control thyc hién mot 1énh LMR
SDRAM. Céac gia tri d6 duoc Vviét vao ché d6 SDRAM ding ky phai co
ADDRJ11:0] v6i 1énh LOAD_MODE. Gia tri ADDR [11:0] gén truc tiép vao cac
chan A11-A0 SDRAM khi SDR SDRAM diéu khién LMR SDRAM. Hinh 4.16 cho

thay Vi du so dd thoi gian. Sau day trinh ty md ta cac hoat dong chung cia mot 1énh
LOAD_MODE:
B Xéac nhan st dung LOAD_MODE trén CMD
B SDR SDRAM Control x4 nhan CMDACK dé nhan cac 1énh va ddng thoi
bat dau gui 1énh cho SDRAM
B St dung mot 1énh NOP sau khi CMD xé&c nhan

Hinh 4.16: So d6 thoi gian SDRAM LOAD MODE

Tur céc két qua mo phong cho hé théng ta thdy viéc diéu khién doc, ghi dir lidu
v6i SDRAM dung voi nguyén tic hoat dong ciia SDRAM.
4.1.3 Khdi diéu khién hién thi VGA

So dd ciu tric ciia bo hién thi hinh anh 1én VGA nhu trén hinh 4.17. Mdi pixel
cothé1a 1,2, 4, 8 hodc 16 bit vi thé nén noi dung cta thanh ghi pixel nay dugc dich
sau mdi xung clock dé thay thé pixel hién tai theo thir tu céc bit ¢ trong sd thap dén
cao. Cé4c bit nay duoc giri dén color map circuit dé chuyén céc pixel ndy sang cac

gid trj red, green va blue rdi giri dén bo DAC bén ngoai.



control_VGA:ctl VGA1

VGA _DATA R[3..0]
VGA _DATA G[3..0]
VGA_DATA B[3..0]

DO_READ |—
FINISH_READ (GND) |—

VGA HSYNC |—

—~— CLK_IN VGA VSYNC |—
—~— ENABLE_READ PIXEL_X_VGA9..0] |—
—~— DATA GRB_VGA[15..0] PIXEL_Y_VGA9..0] |—-

Hinh 4.17: So d6 khéi cau tric cia diéu khién VGA

Hai mach tao xung dong bo (pulse generation circuit) dugce dung dé tao cac xung
dong bd doc va nam ngang (horizontal va vertical). Cac dau ra 1a tin hiéu gate mot
chu ki tring khdp v6i sudn 1én ciia xung dong bo ngang (horizontal_sync pulse), tin
hiéu gate nay ndi véi tin hiéu clock — enable cua vertical sync vi thé nén clock —
enable chi cép nhat bo dém thoi gian sau mdi dong pixel (line of pixels). Tin hiéu
gate cua vertical sync dugc dung nhu tin hiéu bao két thuc mot frame cho cac khdi
dir liéu pixel bén ngoai, dong thoi nd ciing reset va x6a toan bd ndi dung cia pixel
buffer nén bo diéu khién VGA ludn khai dong tur trang thai x6a sach hoan toan voi
moi frame.

B0 tao tin hiéu déng bd cling tao ra cac tin hi¢u horizontal va vertical blanking.
Khi dung phép toan OR logic ta dugc tin hi¢u blanking toan cuc. Céc tin hi¢u
blanking duoc két hop vdi cac bit ¢ trong s6 thap hon ¢ bd dém horizontal pixel
counter dé xac dinh khi nao doc pixel tir by dém. Vi du, néu mdi pixel c6 do rong
16 bit, thi tir 16 bit s& can dugc doc sau mdi chu ki clock. Vi thé nén hoat dong doc
duoc khdi tao bat cur khi ndo tin hiéu video khong tréng va 2 bit thip cia bd dém
pixel déu bang 0.

Duéi day 1a két qua mo phong qua trinh suét dir liéu ra ma hién thi VGA
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Hinh 4.19: So d6 khéi thoi gian diéu khién mot dong
4.2  Két qua thue hién hé thong
Qué trinh nghién ctru thyc hién hé théng thu va hién thu anh theo cac huéng
nghién ctru va phuong phéap thuc hién va myc tiéu dé da dé ra. Viéc nghién ctru da

c6 duoc nhitng thiét ké phan ctrng hé théng nhu hinh anh duéi day day:

Hinh 4.20: Phan ciing tong quét hé thong

Trong thiét ké phan cing hé thong c6 3 khdi phan cing chinh: khéi phan cimg
thu thap dir liéu hinh anh, khéi phan ctng Kit phét trién DEI va khdi man hinh hién
thi VGA.

Pé thyc hién hé thong trén chip FPGA EP2C20F484C7 can sir dung tai nguyén
trén chip nhat dinh:
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Tong s6 phan tir Logic: 4,047 / 18,752 (22%)
+ Tongsb cac chic nang to hop: 3,866 /18,752 (21 %)
+ Thanh ghi logic chuyén dung: 527/ 18,752 (3 %)

Tong s6 thanh ghi: 527

Tong s6 chan: 81 /315 (26 %)

Tong s chan do: 0

Tong sd bit bd nhé: 0 /239,616 (0 %)

Hé s6 nhiing thanh phan 9-bit: 16 / 52 (31 %)

Tong s6 PLLs: 1/4 (25%)

¢ Trong d6 khoi di€u khién camera st dung so tai nguyén nhu sau:

Tong s6 phan tir Logic: 3,708 / 18,752 (20%)

+ Tong sd cac chirc ning t6 hop: 3,471/ 18,752 (18.5 %)

+ Thanh ghi logic chuyén dung: 237 /18,752 (1.5 %)
Tong s6 thanh ghi: 237
Tong s6 chan 4o: 0
Tong s6 bit bd nhé: 0/239,616 (0 %)
Hé s6 nhiing thanh phan 9-bit: 16 / 52 (31 %)
Tong s6 PLLs: 0/4 (0 %)

< Khbi diéu khién SDRAM tiéu tén tai nguyén:

Téng s6 phan tir Logic: 201 /18,752 (1.1%)
+ Tongsb cac chuc niang to hop: 187/ 18,752 (1 %)
+ Thanh ghi logic chuyén dung: 14 /18,752 (0.1 %)

Tong s6 thanh ghi: 14

Tong s6 chan 4o: 0

Tong s6 bit bd nhé: 0 /239,616 (0 %)

Hé s6 nhiing thanh phan 9-bit: 0 /52 (0 %)

Tongsé PLLs: 1/4 (25 %)

< Khdi diéu khién VGA tiéu ton tai nguyén:

Tong s6 phan tir Logic: 58 / 18,752 (0.3%)
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+ Tongsb cac chic nang to hop: 37/ 18,752 (0.2 %)
+ Thanh ghi logic chuyén dyng: 21 /18,752 (0.1 %)
Tong s6 thanh ghi: 21

Tong s6 chan a0: 0
e Tongsb bit bd nhé: 0/239,616 (0 %)
e He¢ sb nhung thanh phan 9-bit: 0/52 (0 %)
e TongsdPLLs:0/4(0%)
Phan cting giao tiép khéi thu thap hinh anh tir camera CMOS OV9650 bao gdm

module camera OV9650 va module giao dién két ndi giita module camera va Kit
DE1.

Hinh 4.21: Phan cing khéi thu thap hinh anh
Khdi nhan va va xir 1y dit liéu hinh anh FPGA va bd luu trit dit liéu SDRAM
dugc tich hop trén Kit phat trién FPGA DEI thé hién trén hinh 4.22:

| e
Tt ve

DEL. ARERA. |

Hinh 4.22: Kit phat trién FPGA DE1
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Khdi hién thi hinh anh dugc st dung truc tiép man hinh hién thi cho may tinh

PC dé hién thi hinh anh.

Hinh 4.23: Man hinh hién thi anh
Tir cac thiét ké phan cimg va chuong trinh mé ta phan ctrng cho FPGA viét dudi
dang ngdén ngtr VHDL boi phén mém Quartus II, hé théng da thyc hién dugc ding
chirc ning cua hé thong thu va hién thi anh trén nén FPGA, két qua hinh anh thu

duoc tir camera dugc hién thi nhu hinh 4.24:

Hinh 4.24: Hinh anh thu duoc tir camera OV9650

Két qua thu duoc tir thiét ké hé thong thu va hién thi anh c6 mot sb dic diém

nhu sau:
e Hinh anh thu dugc tir bd cam bién anh CMOS duge xir 1y bdi FPGA véi do

chinh xac cao.
e Anh video hién thi lién tuc, tbc do hién thi cao, video hinh anh khong bi

rung.
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e Tuy nhién anh thu dugc c6 mot sb diém anh c6 hé sb mau khong chinh xac
do nhiéu gay ra.

43  Tém tit chwong

Chuong nay thao luan vé qua trinh thyc hién hé thong thu hinh anh véi céc
module chinh bao gdm: module cam bién anh CMOS, module diéu khién SDRAM
doc va ghi dir liéu hinh anh, module diéu khién hién thi anh. Nhitng module nay
duoc phan tich chi tiét boi phan mém Quartus 1T dé hoan thanh viéc mé phong va va
phan tich cac két qua md phong. Sau d6 thuc hién FPGA cua hé thong, dic diém
hoat dong cua hé théng va két qua cua hé théng thuc hién trén FPGA.
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1.

KET LUAN VA KIEN NGHI

Két ludn

Thiét ké ctua hé thong thu thap va hién thi hinh anh thoi gian thuc trén nén
FPGA, hé¢ thdng bao gdm, khdi nhan anh, khéi bo nhd hé thong, khéi man hinh hién

thi hinh anh, khéi giao dién ngoai vi, khéi FPGA. Bai luan vin viét vé viéc lya chon

cac chip xtr 1y cho cac khédi khac nhau, thiét ké mach phan cirng va mi chuong trinh

cac khdi hé théng, bao gdm: khdi nhan anh, luu trit video, man hinh hién thi hinh

anh, khbi phan cirng ngoai vi va FPGA. Bai viét nay hoan thanh céc cong viéc sau

day:
(1)

(2)

3)

(4)
()

(6)

Phén tich hé thong thu thap hinh anh va tinh trang cic nghién ciru phét trién
trong va ngoai nudc; so sanh FPGA, CPLD, ASIC, va dac diém khéc cua
thiét bi, thao luan vé cac thiét bi FPGA céc lua chon nhu loi thé cta céc chip
cho hé théng thu va xtr 1y dir liéu anh.

Phan tich sy phat trién cua hé théng thu thap hinh anh, va dua ra kién trac hé
thong thu thap hinh anh, phan tich wu va nhugc diém, va dé xuat cau triic
téng thé ciia hé théng thu nhan anh toc do cao dwa trén FPGA.

Chtic ning ciia cac khdi va gidi thidu thiét ké phan cing hé thong thu hinh
anh toc d cao.

M0 ta qué trinh thiét ké hé théng trén phan mém Quartus II.

Mo phong va phan tich két qua cac khdi chirc ning trong hé thdng qua ngdn
ngit mo ta phan cting FPGA.

Sir dung phan mém c4u hinh cho phan ctng thyc hién hé thong thu va hién

thi anh va danh gia két qua dat duoc.

Dua trén nhitng cong viéc dd nghién ctru tic gia da thu dugc nhimg két qua nhat

dinh trong hé thong thu thap va hién thi hinh anh nhu sau:

(1)
(@)

3)

Hé théng thu va hién thi hinh anh trén nén FPGA hoat dong 6n dinh
Hinh anh thu dugc dat duoc d§ nét va tinh trung thuc cua anh tuong irng voi
kha nang xir Iy anh ctia cam bién anh CMOS OV9650.

Hé théng thu va hién thj anh dat duoc vi qua trinh xur ly tdc do cao.
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2. Kién nghi
Hé théng thu thap va hién thi hinh anh trén nén FPGA d4 dat téc do cao, hiéu
sudt thu thap dit liéu cao va kha nang xur 1y tot hon. Dé c6 hé théng co toc do xu Iy
nhanh hon, dang tin cdy, hinh anh thu dugc c6 chét lugng cao hon can co nhirng cai
tién sau day:
(1) Cai tién thiét ké FPGA cua hé thong, dé c6 mot thiét bi FPGA manh mé& hon
cai thién tdc d6 va chirc nang cua hé théng dang chay.
(2) Hé thdng c6 thé don gian hda ciu triic mach phéan cirng cua hé thdng, dé co
mot thiét ké tién tién hon.
(3) Thiét ké thuat toan xir 1y dir liéu hinh anh chinh xac dé dat dugc chat luong

anh tot hon.
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PHU LUC 1: CAC KHOI THANH PHAN

Khoi cam bién hinh 4nh OV9650
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PHU LUC 2: MA CHUONG TRINH PIEU KHIEN HE THONG THU
VA HIEN THI ANH

Thanh phan tin hiéu vao ra trong chwong trinh

LIBRARY ieee;
USE ieee.std logic_1164.all;

ENTITY sdram_vga IS

generic (
ASIZE s integer = 23;
DSIZE :integer = 16;
ROWSIZE :integer =12;
COLSIZE > integer = 9;

BANKSIZE :integer = 2;

ROWSTART :integer =9;

COLSTART  :integer =0;

BANKSTART : integer =20
);

PORT (
CLK :IN STD_LOGIC;
CLK 24 JIN STD_LOGIC;
SwW - IN STD_LOGIC_VECTOR (1 DOWNTO 0);
SW_AV “IN STD_LOGIC_VECTOR (2 DOWNTO 0);
RST N JIN STD_LOGIC;
AUTO - IN STD_LOGIC;
-- Portin, out VGA ---
VGA HSYNC :0UT STD_LOGIC;
VGA VSYNC :0UT STD_LOGIC;
VGA DATA R:0OUT STD_LOGIC_VECTOR (3 DOWNTO 0);
VGA DATA G:0OUT STD_LOGIC_VECTOR (3 DOWNTO 0);
VGA DATA B :0OUT STD _LOGIC_VECTOR (3 DOWNTO 0);
-- Port in, out SDRAM ---
SDRAM _CLK :0OUT STD_LOGIC;
SDRAM _SA :0OUT STD _LOGIC_VECTOR (11 DOWNTO 0);
SDRAM BA :0OUT STD_LOGIC_VECTOR (1 DOWNTO 0);
SDRAM_CS N :0OUT STD_LOGIC_VECTOR (1 DOWNTO 0);
SDRAM _CKE :0UT STD_LOGIC;

SDRAM_RAS N :0UT STD_LOGIC;
SDRAM_CAS N :0OUT STD_LOGIC;
SDRAM _WE N :0OUT STD_LOGIC; --SDRAM write enable
SDRAM_DQ :INOUT  STD_LOGIC _VECTOR (DSIZE-1 DOWNTO 0);
SDRAM _DQM :0UT STD_LOGIC_VECTOR (DSIZE/8-1 DOWNTO 0);
SDRAM_CMD_ACK:OUT STD_LOGIC;

-- Port in, out CAMERA ---
CAM_RW IN STD _LOGIC_VECTOR (1 DOWNTO 0);
CAM _PCLK :IN STD_LOGIC;
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CAM_HREF :IN STD_LOGIC,;

CAM_VSYNC :IN STD_LOGIC;
CAM_DATA :IN STD_LOGIC_VECTOR (7 DOWNTO 0);
CAM RST  :0OUT STD_LOGIC;
CAM_XCLKI :0UT STD_LOGIC;
CAM_PWDN :0UT STD_LOGIC;
CAM SIO C :0UT STD_LOGIC;
CAM_SIO D :INOUT STD_LOGIC
);

END sdram_vga;

ARCHITECTURE Behavior OF sdram _vga IS
-- signal declarations

-- signal sdram --
signal  reset_sdr : std_logic;
signal ack_ddr : std_logic;
signal cmd_ddr : std_logic_vector (2 downto 0);
signal dm_ddr : std_logic_vector (DSIZE/8-1 downto 0);
signal add_ddr : std_logic_vector (ASIZE-1 downto 0);
signal  dataout_ddr : std_logic_vector (DSIZE-1 downto 0);
-- signal VGA --
signal  pixel x vga : std_logic_vector (9 downto 0);
signal  pixel y vga : std_logic_vector (9 downto 0);
-- signal control sdram --
signal add_ex_sdram : std_logic_vector (2 downto 0);
signal data_write : std_logic_vector (DSIZE-1 downto 0);
signal DO_READ : std_logic;
signal DO_WRITE ; std_logic;
signal FINISH_READ : std_logic;
signal  FINISH WRITE : std_logic;
signal ENABLE_READ ; std_logic;
signal ENABLE WRITE std_logic;
-- signal control camera --
signal data_cam : std_logic_vector (DSIZE-1 downto 0);
signal ox_cam : std_logic_vector (9 downto 0);
signal oy _cam : std_logic_vector (9 downto 0);
signal  data_sccb : std_logic_vector (7 downto 0);

COMPONENT control_VGA

PORT (
CLK_IN :IN  STD_LOGIC;
DO_READ rout std_logic;
ENABLE_READ ;in std_logic;
FINISH_READ rout std_logic;
DATA GRB_VGA :IN  STD_LOGIC_VECTOR (15 DOWNTO 0);
PIXEL_X_VGA :OUT STD_LOGIC_VECTOR (9 DOWNTO 0);
PIXEL_Y_VGA :OUT STD_LOGIC_VECTOR (9 DOWNTO 0);
VGA HSYNC :OUT STD_LOGIC;
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VGA VSYNC

VGA DATA_R
VGA DATA G
VGA DATA_B

END COMPONENT control VGA:

COMPONENT sdr_sdram

:OUT STD_LOGIC;
‘OUT STD_LOGIC_VECTOR (3 DOWNTO 0);
OUT STD_LOGIC_VECTOR (3 DOWNTO 0);
:OUT STD_LOGIC_VECTOR (3 DOWNTO 0)

generic (
ASIZE : integer = 23;
DSIZE > integer = 16;
ROWSIZE :integer = 12;
COLSIZE s integer = 9;
BANKSIZE :integer = 2;
ROWSTART :integer = 9;
COLSTART »integer = 0;
BANKSTART : integer = 20
)i
PORT (
CLK ;in std_logic;
CLK O out std_logic;
RESET N ;in std_logic;
ADDR ;in std_logic_vector(ASIZE-1 downto 0);
CMD ;in std_logic_vector(2 downto 0);
CMDACK rout std_logic;
DATAIN ;in std_logic_vector(DSIZE-1 downto 0);
DATAOUT out std_logic_vector(DSIZE-1 downto 0);
DM ;in std_logic_vector(DSIZE/8-1 downto 0);
SA out std_logic_vector(11 downto 0);
BA out std_logic_vector(1 downto 0);
CS N out std_logic_vector(1 downto 0);
CKE out std_logic;
RAS N out std_logic;
CAS N out std_logic;
WE_N out std_logic;
DQ inout std_logic_vector(DSIZE-1 downto 0);
DQM out std_logic_vector(DSIZE/8-1 downto 0)
)i

generic (
DSIZE
ASIZE
);
PORT (
CLK
RST_N

END COMPONENT sdr_sdram;

COMPONENT control RW_SDRAM

integer := 16;
integer := 23

std_logic;
std_logic;
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AUTO
DO_READ
DO_WRITE
FINISH_READ
FINISH_WRITE :

ENABLE_READ:out
ENABLE WRITE: out
2in
2in
in
:in
2in
out
.out
out
out

SW_AV
ADD_READ
ADD_Write
DATA IN
ACK_DDR
CMD_DDR
DM_DDR
ADD_DDR
DATA _WRITE

);

2in
in
;in
2in

in

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic_vector (2 downto 0);
std_logic_vector (ASIZE-1 downto 0);
std_logic_vector (ASIZE-1 downto 0);
std_logic_vector (DSIZE-1 downto 0);
std_logic;

std_logic_vector (2 downto 0);
std_logic_vector (1 downto 0);
std_logic_vector (ASIZE-1 downto 0);
std_logic_vector(DSIZE-1 downto 0)

END COMPONENT control_RW_SDRAM;

COMPONENT Camera
PORT (

RST_N
CLK 50
CLK 24
DO _WRITE
FINISH WRITE
ENABLE WRITE
WRITE_SCCB
READ _SCCB
DATA SCCB
CAM _PCLK
CAM_HREF
CAM_VSYNC
CAM _DATA
CAM_RST
CAM_XCLKI
CAM_PWDN
CAM SIO_C
CAM SIO D

CAM_DATA RGB

CAM_OX

CAM_OY
);

END COMPONENT Camera:

‘IN STD_LOGIC;
‘IN STD_LOGIC;

/IN STD_LOGIC;

:OUT STD_LOGIC;

OUT STD_LOGIC;

'IN STD_LOGIC;

‘IN STD_LOGIC; -- Wrie SCCB
!IN STD_LOGIC; -- Read SCCB
OUT STD_LOGIC_VECTOR (7 DOWNTO 0);
‘IN STD_LOGIC;

!IN STD_LOGIC;

‘IN STD_LOGIC;

‘IN  STD_LOGIC_VECTOR (7 DOWNTO 0);
:OUT STD_LOGIC;

:OUT STD_LOGIC;

OUT STD_LOGIC;

:OUT STD_LOGIC;

- INOUT STD_LOGIC;

-OUT STD_LOGIC_VECTOR (15 DOWNTO 0);
:OUT STD_LOGIC_VECTOR (9 DOWNTO 0);
OUT STD_LOGIC_VECTOR (9 DOWNTO 0)

begin

-- instantiate the control interface module

ctl. VGAL :control VGA
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port map (
CLK_IN
DO_READ
FINISH_READ
ENABLE_READ

DATA_GRB_VGA

PIXEL_X_VGA
PIXEL_Y_VGA
VGA_HSYNC

VGA_VSYNC

VGA DATA_R
VGA DATA G
VGA_DATA B

);

=> CLK,

=> DO_READ,

=> FINISH_READ,
=> ENABLE_READ,
=> dataout_ddr,

=> pixel X vga,

=> pixel y vga,

=> VGA_HSYNC,
=> VGA VSYNC,
=> VGA DATA R,
=> VGA DATA_G,
=> VGA DATA B

sdr_sdraml :sdr_sdram
generic map (
ASIZE
DSIZE
ROWSIZE
COLSIZE
BANKSIZE
ROWSTART
COLSTART
BANKSTART
)i
port map (
CLK
CLK_O
RESET_N
ADDR
CMD
DATAIN
DATAOUT
DM
CMDACK
SA
BA
CS_N
CKE
RAS_N
CAS_N
WE_N
DQ
DQM
)i

ASIZE,
DSIZE,
ROWSIZE,
COLSIZE,
BANKSIZE,
ROWSTART,
COLSTART,
BANKSTART

CLK,
SDRAM_CLK,
RST_N,

add_ddr,

cmd_ddr,
data_write,
dataout_ddr,
dm_ddr,

ack_ddr,
SDRAM_SA,
SDRAM_BA,
SDRAM_CS N,
SDRAM_CKE,
SDRAM_RAS N,
SDRAM_CAS N,
SDRAM_WE_N,
SDRAM_DQ,
SDRAM_DQM

ctl. SDRAM :control RW_SDRAM
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generic map (

DSIZE  => DSIZE,

ASIZE  => ASIZE

)

PORT map (

CLK =
RST_N =>
AUTO =>
DO_READ =>
DO_WRITE =>
FINISH_READ =>
FINISH_WRITE =>
ENABLE_READ =>
ENABLE WRITE =>
SW_AV =>
ADD_READ(7 downto 0) =>

ADD READ(12 downto 11) =>
ADD _READ(22 downto 13) =>
ADD_WRITE(7 downto 0) ~ =>
ADD_WRITE(12 downto 11) =>

CLK,

RST_N,

AUTO,

DO_READ,
DO_WRITE,
FINISH_READ,
FINISH_WRITE,
ENABLE_READ,
ENABLE WRITE,
SW_AYV,

pixel x_ vga(7 downto 0),
pixel x_vga(9 downto 8),
pixel y vga,

ox_cam(7 downto 0),
ox_cam(9 downto 8),

ADD WRITE(22 downto 13) => oy_cam,
DATA IN => data_cam,
ACK_DDR => ack_ddr,
CMD_DDR => cmd_ddr,
DM_DDR => dm_ddr,
ADD _DDR => add_ddr,
DATA WRITE => data_write
)i
SDRAM_CMD_ACK <= ack_ddr;
Cameral : Camera
PORT map (
CLK_50 => CLK,
CLK 24 => CLK_24,
RST_N => RST_N,
DO_WRITE => DO_WRITE,
FINISH_WRITE => FINISH_WRITE,
ENABLE WRITE => ENABLE _WRITE,
WRITE_SCCB => CAM_RW(1),
READ_SCCB => CAM_RW(0),
DATA SCCB => data_sccb,
CAM_PCLK => CAM_PCLK,
CAM_HREF => CAM_HREF,
CAM_VSYNC => CAM_VSYNC,
CAM_DATA => CAM_DATA,
CAM_RST => CAM_RST,
CAM_XCLKI => CAM_XCLKI,
CAM_PWDN => CAM_PWDN,
CAM_SIO_C => CAM _SIO_C,
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CAM_SIO D
CAM_DATA RGB
CAM_OX
CAM_OY

);

end Behavior;

Chwong trinh diéu khién Camera

LIBRARY ieee;
USE ieee.std_logic_1164.all;

=> CAM _SIO_D,
=> data_cam,

=> 0x_cam,

=> oy_cam

ENTITY Camera IS
PORT (

RST_N -IN
CLK 50 “IN
CLK 24 JIN
DO_WRITE :out
FINISH WRITE
ENABLE WRITE
WRITE_SCCB
READ_SCCB
DATA SCCB :0UT
CAM _PCLK :IN
CAM_HREF :IN
CAM_VSYNC :IN
CAM_DATA :IN
CAM_RST :OUT
CAM_XCLKI :0UT
CAM_PWDN :0UT
CAM_SIO C :0uUT

rout
in
- IN
©IN

CAM SIO D :INOUT

CAM_DATA_RGB

STD_LOGIC; -- Reset system
STD_LOGIC; -- Clock 50Mhz
STD_LOGIC; -- Clock 24Mhz
std_logic;

std_logic;

std_logic;

STD_LOGIC; -- Wrie SCCB
STD_LOGIC,; -- Read SCCB
STD_LOGIC_VECTOR (7 DOWNTO 0);

STD_LOGIC; -- Camera Pixel clock
STD_LOGIC; -- Camera HREF

STD _LOGIC; -- Camera VSYNC
STD_LOGIC_VECTOR (7 DOWNTO 0);
STD_LOGIC,; -- Camera RST
STD_LOGIC; -- Camera input clock
STD_LOGIC; -- Camera Power down
STD_LOGIC; --Camera SI0_C
STD_LOGIC; -- Camera SIO_D

:OUT STD_LOGIC_VECTOR (15 DOWNTO 0);

CAM_OX ‘OUT STD_LOGIC_VECTOR (9 DOWNTO 0);
CAM_OY :OUT STD_LOGIC_VECTOR (9 DOWNTO 0)
);
END Camera;

ARCHITECTURE RTL OF Camera IS

Signal io_I2C_END : STD_LOGIC;

COMPONENT I2C_AV_Config

Port (
o _I2C_END
iICLK
iRST_N
IWRITE_SCCB
IREAD_SCCB
iCAM_PWDN
I2C_SCLK

STD_LOGIC:
STD_LOGIC:
STD_LOGIC:
STD_LOGIC:
STD_LOGIC:
STD_LOGIC:
STD_LOGIC:
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BEGIN

I2C_SDAT

);

END COMPONENT,;

COMPONENT DATA_RGB

Port

(
iCLK
iRST_N
iDO_WRITE
iFINISH WRITE
iIENABLE WRITE
iPCLK
iHREF
iVSYNC
iDATA
iRST
iXCLKI
iDATA_RGB
iPIXEL_OX
iPIXEL_OY

);

END COMPONENT,;

12C_AV: 12C_AV_Config

port map (

0_I2C_END
iCLK

iRST_N
iWRITE_SCCB
iREAD_SCCB
iCAM_PWDN
12C_SCLK
12C_SDAT

)

DATA : DATA RGB
port map (

iCLK

iRST N
iDO_WRITE
iFINISH_WRITE
iIENABLE_WRITE
iPCLK

iHREF

iVSYNC

iDATA

iRST

iXCLKI

iDATA RGB
iPIXEL_OX

inout STD_LOGIC

©IN
- IN
©IN
T IN

STD_LOGIC;
STD_LOGIC;
std_logic;
std_logic;
std_logic;
STD_LOGIC;
STD_LOGIC;
STD_LOGIC;

STD_LOGIC_VECTOR (7 DOWNTO 0);
:OUT STD_LOGIC;
:OUT STD_LOGIC;
-OUT STD_LOGIC_VECTOR (15 DOWNTO 0);
:OUT STD_LOGIC_VECTOR (9 DOWNTO 0);
OUT STD_LOGIC_VECTOR (9 DOWNTO 0)

io_12C_END,
CLK_50 ,
RST N
WRITE_SCCB,
READ_SCCB,
CAM_PWDN ,
CAM_SIO C,
CAM_SIO_D

CLK_24,
RST N,
DO_WRITE,
FINISH_ WRITE,
ENABLE WRITE,
CAM_PCLK,
CAM_HREF,
CAM_VSYNC,
CAM_DATA,
CAM_RST,
CAM_XCLKI,
CAM_DATA RGB,
CAM_OX,
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iPIXEL_OY => CAM_OY

);
END RTL;
Chwong trinh diéu khién SDRAM

library ieee;
use ieee.std logic_1164.all;
entity sdr_sdram is

generic (

ASIZE : integer = 23;

DSIZE - integer = 16;

ROWSIZE s integer = 12;

COLSIZE :integer = 9;

BANKSIZE :integer = 2;

ROWSTART :integer :=9;

COLSTART  :integer =0;

BANKSTART :integer =20
);

Port (

CLK ;in std_logic;

CLK O ;out std_logic;

RESET_N sin std_logic;

ADDR :in std_logic_vector(ASIZE-1 downto 0);

CMD :in std_logic_vector(2 downto 0);

CMDACK rout std_logic;

DATAIN :in std_logic_vector(DSIZE-1 downto 0);

DATAOUT ;out std_logic_vector(DSIZE-1 downto 0);

DM ;in std_logic_vector(DSIZE/8-1 downto 0);

SA ;out std_logic_vector(11 downto 0);

BA ;out std_logic_vector(1l downto 0);

CS_ N rout std_logic_vector(1 downto 0);

CKE ;out std_logic;

RAS N ;out std_logic;

CAS N ;out std_logic;

WE_N ;out std_logic;

DQ inout std_logic_vector(DSIZE-1 downto 0);

DQ rout std_logic_vector(DSI1ZE/8-1 downto 0)
);

End sdr_sdram;
Architecture RTL of sdr_sdram is
Component command

Generic (
ASIZE : integer = 23;
DSIZE : integer = 16;
ROWSIZE :integer :=12;
COLSIZE :integer =9;
BANKSIZE :integer =2;

ROWSTART: integer .= 9; -- Starting position of the row address within add
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COLSTART :integer :=0; -- Starting position of the column address within add
BANKSTART: integer = 20-- Starting position of the bank address within add

)i
Port (
CLK :in std_logic;
RESET N :in  std_logic;
SADDR ;in std_logic_vector(ASIZE-1 downto 0);
NOP »in std_logic; -- Decoded NOP command
READA ;in std_logic; -- Decoded READA command
WRITEA :in  std_logic; -- Decoded WRITEA command
REFRESH :in  std_logic; -- Decoded REFRESH command
PRECHARGE: in std_logic; -- Decoded PRECHARGE command
LOAD_MODE:in std_logic; -- Decoded LOAD_MODE command
SC CL -in std_logic_vector(1 downto 0);-- Programmed CAS latency
SC_RC -in  std_logic_vector(1 downto 0); -- Programmed RC delay
SC_RRD »in std_logic_vector(3 downto 0); -- Programmed RRD delay
SC_PM -in std_logic; -- programmed Page Mode
SC_BL ;in std_logic_vector(3 downto 0); -- Programmed burst length
REF_REQ :in std_logic; -- Hidden refresh request
REF_ACK :out std logic; -- Refresh request acknowledge
CM_ACK :out std logic; -- Command acknowledge
OE rout std_logic; -- OE signal for data path module
SA rout std_logic_vector(11 downto 0); -- SDRAM address
BA ;out std_logic_vector(1 downto 0); -- SDRAM bank address
CS N rout std_logic_vector(1 downto 0); -- SDRAM chip selects
CKE rout std_logic; -- SDRAM clock enable
RAS N rout std_logic; -- SDRAM RAS
CAS N rout std_logic; -- SDRAM CAS
WE_N ;out std_logic -- SDRAM WE_N
);

End component;
Component sdr_data_path

Generic (
DSIZE : integer := 16
);

Port (
CLK sin std_logic; -- System Clock
RESET N ;in std_logic; -- System Reset
OE ;in std_logic; -- Data output(to the SDRAM) enable
DATAIN -in std_logic_vector(DSIZE-1 downto 0);
DM :in std_logic_vector(DSIZE/8-1 downto 0);
DATAOUT :out std_logic_vector(DSIZE-1 downto 0);
DQIN :in std_logic_vector(DSIZE-1 downto 0);
DQOUT rout std_logic_vector(DSIZE-1 downto 0);
DQM rout std_logic_vector(DSI1ZE/8-1 downto 0)

);

End component;
Component control_interface
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Generic (

ASIZE : integer := 32
)i
Port (
CLK 1in - std_logic; -- System Clock
RESET_N ;in std_logic; -- System Reset
CMD ;in std_logic_vector(2 downto 0); -- Command input
ADDR :in std_logic_vector(ASIZE-1 downto 0);-- Address
REF_ACK :in std_logic; -- Refresh request acknowledge
CM_ACK ;in std_logic; -- Command acknowledge
NOP rout std_logic; -- Decoded NOP command
READA ;out std_logic; -- Decoded READA command
WRITEA rout std_logic; -- Decoded WRITEA command
REFRESH  :out std_logic; -- Decoded REFRESH command
PRECHARGE:out std_logic; -- Decoded PRECHARGE command
LOAD_MODE:out std_logic; -- Decoded LOAD_MODE command
SADDR cout  std_logic_vector(ASIZE-1 downto 0); -- Registered version
of ADDR
SC_CL rout std_logic_vector(1 downto 0); -- Programmed CAS latency
SC_RC rout std_logic_vector(1 downto 0); -- Programmed RC delay
SC_RRD ;out std_logic_vector(3 downto 0); -- Programmed RRD delay
SC_PM rout std_logic; -- programmed Page Mode
SC_BL rout std_logic_vector(3 downto 0); -- Programmed burst length
REF_REQ :out std_logic; -- Hidden refresh request
CMD_ACK :out std_logic -- Command acknowledge

);

End component;
Attribute syn black_box: boolean;

Compon
Port (
inclkO
c0
locked

).

ent plil

1in
Tout
Tout

End component;
Attribute syn black_box of pll1: component is true;

-- signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

declarations
ISA

IBA

ICS N
ICKE
IRAS_N
ICAS N
IWE_N
DQIN

DQOUT

--SDRAM write enable

IDATAOUT

std_logic;
std_logic;
std_logic

std_logic_vector(11 downto 0); --SDRAM address output
std_logic_vector(1 downto 0); --SDRAM bank address
std_logic_vector(1 downto 0); --SDRAM Chip Selects

std_logic; --SDRAM clock enable

std_logic; --SDRAM Row address Strobe
std_logic; --SDRAM Column address Strobe
std_logic;

std_logic_vector(DSIZE-1 downto 0);
std_logic_vector(DSIZE-1 downto 0);
std_logic_vector(DSIZE-1  downto  0);
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Begin

signal sadd
signal sc_cl
signal sc_rc

signal sc_rrd
signal sc_pm

signal sc_bl
signal load_mode
signal nop

signal reada

signal writea
signal refresh
signal precharge
signal oe

signal ref_req
signal ref ack
signal cm_ack
signal CLK133
signal CLK133B
signal clklocked

-- instantiate the control interface module
controll : control interface

Generic map (
ASIZE => ASIZE

);
Port map (
CLK =>
RESET_N =>
CMD =>
ADDR =>
REF_ACK =>
CM_ACK =>
NOP =
READA =>
WRITEA =>
REFRESH =>

PRECHARGE =>
LOAD MODE=>

SADDR =>
SC_CL =>
SC_RC =>
SCRRD  =>
SC_PM =>
SC_BL =>
REF REQ =>

CMD ACK =>

);

std_logic_vector(ASIZE-1 downto 0);
std_logic_vector(1 downto 0);
std_logic_vector(1 downto 0);
std_logic_vector(3 downto 0);

std_logic;

std_logic_vector(3 downto 0);

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

CLK13s3,
RESET_N,
CMD,
ADDR,
ref ack,
cm_ack,
nop,
reada,
writea,
refresh,
precharge,
load_mode,
saddr,
sc_cl,
SC_rc,
sc_rrd,
sc_pm,
sc_bl,
ref req,
CMDACK
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-- instantiate the command module

commandl : command

Generic map (
ASIZE =>
DSIZE =

ROWSIZE =>
COLSIZE =>
BANKSIZE =>
ROWSTART =>
COLSTART =>
BANKSTART=>
)i
port map (
CLK
RESET_N
SADDR
NOP
READA
WRITEA
REFRESH

PRECHARGE
LOAD_MODE

SC CL
SC_RC
SC_RRD
SC_PM
SC BL
REF _REQ
REF_ACK
CM_ACK
OE

SA

BA
CS N
CKE
RAS N
CAS_ N
WE_N

);

ASIZE,
DSIZE,
ROWSIZE,
COLSIZE,
BANKSIZE,
ROWSTART,
COLSTART,
BANKSTART

=> CLK133,
=> RESET N,
=> saddr,

=> nop,

=> reada,

=> writea,

=> refresh,

=>  precharge,
=> load_mode,

=> sc_cl,

=> SC_rc,

=> sc_rrd,
=> sC_pm,
=> sc_bl,

=> ref_req,
=> ref_ack,
=> cm_ack,
=> oe,

=> ISA,

=> IBA,

=> ICS N,
=> ICKE,
=> IRAS_N,
=> ICAS_N,
=> IWE_N

-- instantiate the data path module

data_pathl : sdr_data_path

Generic map (

DSIZE => DSIZE

)
Port map (

CLK  =>CLK133,

RESET N =>RESET N,

OE => 08,
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DATAIN =>DATAIN,
DM  =>DM,
DATAOUT => IDATAOUT,
DQM  =>DQM,
DQIN  =>DQIN,
DQOUT => DQOUT
);

pll :pll1
port map (
inclk0 => CLK,
locked => clklocked,
c0 =>CLK133
);
-- Add a level flops to the sdram i/o that can be place
-- by the router into the 1/0 cells

Process (CLK133)
Begin
If (rising_edge(CLK133)) then
SA <= ISA;
BA <= IBA;
CS_N <= ICS_N;
CKE <= ICKE;
RAS_N <= |IRAS_N;
CAS_N <= ICAS_N;
WE_N <= IWEN;
DQIN <= DQ;
DATAOUT <= IDATAOUT,;
End if;

End process;

DQ <= DQOUT when OE ="1" else (others =>"'Z');
CLK_O <= CLK133;

End RTL;

Chuong trinh hién thi anh ra man hinh

library IEEE;

use IEEE.STD_LOGIC_1164.ALL,;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL,;
entity control_VGA is

port (

CLK_IN :IN  STD_LOGIC;

DO_READ ;out std_logic;

ENABLE_READ 1in std_logic;

FINISH READ rout std_logic;

DATA GRB_VGA :IN STD_LOGIC_VECTOR (15 DOWNTO 0);
PIXEL_X VGA :OUT STD_LOGIC_VECTOR (9 DOWNTO 0);

PIXEL_Y_VGA :OUT STD_LOGIC_VECTOR (9 DOWNTO 0);
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VGA_HSYNC :OUT STD_LOGIC;

VGA VSYNC :OUT STD_LOGIC;

VGA DATA R :OUT STD_LOGIC_VECTOR (3 DOWNTO 0);

VGA DATA G :OUT STD_LOGIC_VECTOR (3 DOWNTO 0);

VGA DATA B :OUT STD_LOGIC_VECTOR (3 DOWNTO 0)
)i

end control VGA,;
architecture Behavioral of control VGA is

signal clk25 : std_logic;

signal horizontal _counter . std_logic_vector (9 downto 0);

signal vertical_counter - std_logic_vector (9 downto 0);

signal counter . std_logic_vector (3 downto 0);

signal mode - std_logic;

signal counter_frame - std_logic_vector (2 downto 0);
begin

-- generate a 25Mhz clock
process (CLK_IN)
begin
if (CLK_IN'eventand CLK_IN="1") then
if (clk25 ='0") then
clk25 <="1";
else
clk25 <="0"
end if;
end if;
end process;
process (clk25)
begin
if (clk25'event and clk25 ='1") then
if (horizontal _counter >= "0010000000")
and (horizontal counter < "1100011111")
and (vertical _counter >= "0000101000")
and (vertical _counter < "1000001000") then
DO_READ <= mode;
else
DO_READ <=0
end if;
horizontal_counter <= horizontal_counter + "0000000001";
if (horizontal_counter >= "0010010000")
and (horizontal_counter < "1100010000™")
and (vertical counter >= "0000101000")
and (vertical_counter < "1000001000") then
if (ENABLE_READ ="'1") then
VGA DATA R<=DATA_GRB_VGA(3 downto 0);
VGA DATA G <=DATA GRB_VGA(7 downto 4);
VGA DATA B <=DATA_GRB_VGA(11 downto 8);
else
VGA DATA R<="0100"
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end if;
End process;

VGA DATA G<="0100";
VGA DATA B<="0100";
end if;
else
VGA DATA R <="0000";
VGA DATA G <="0000";
VGA DATA B <="0000";
end if;
if (horizontal _counter > "0000000000")
and (horizontal_counter < "0001100001") then
VGA HSYNC <="0,
else
VGA HSYNC <="1"
end if;
if (vertical_counter > "0000000000")
and (vertical _counter < "0000000011") then
VGA VSYNC <="0
else
VGA VSYNC <="1"
end if;

if (horizontal _counter="1100100000") then
vertical _counter <= vertical counter+"0000000001";
horizontal _counter <= "0000000000";
mode <= mode xor '1";
end if;
if (vertical counter = "1000001001") then
vertical _counter <= "0000000000";
end if;

PIXEL_X VGA <= horizontal_counter - "0010001100";
PIXEL_Y VGA <= vertical_counter - "0000101000";
End Behavioral;
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PHU LUC 3: SO PO CAU TRUC MA CHUONG TRINH

sdr_sdram:sdr_sdrami

CLK (D
RET_NID

) Y

-

control_RWW_SDRAM: ctl_SDRAM

FHNC -

CAS N
CKE

CLK O

CLK CMOACK
RESET_N RAS_N
ADDR[EE..0] WE_N
CMOf2.0] DATAOUTIS. 0]
DATAIN[15.0] S4[11.0]
OM[1..0] BA[1..0]
CS_N[1.0]

DOM[1..0]

Do[i5.0]

Camera:Cameral

CAM_HREF e

CAM_PCLE e

CAM_VEYNC e

CLK_24 e

CAM_RAN[T.0] o

CAM_DATA[7..0] o

CAM_HREF CAW_PUVDN
CAM_PLLK CAM_RST
CAM_VSTNC CAM_SI0_C
CLK 24 CAM_SI0_D
CLK 5D AW XCLKI
ENABLE_WRITE D0_UWRITE (GNI)
READ_SCCH FINISH_WWRITE (GNI)
RST_N CAM_DATA RGBS, 0]
WRITE_SCCH CAM_OX[..0]
CAM_DATAF. 0] CAM_0Y[D.0]

ACK_DDR
AUTD

CLK

DO_READ
DO_WRITE
FINISH_READ
FINISH_WRITE
RET_N
SI_ATz.0]

|— ADD_READ[32.0]

ADD_Wiite[22..0]

DATA IN[15.0]

ENABLE_READ
ENABLE_WRITE (GND)
CMO_DDR[Z.0]
DOM_DOR[1..0]
ADD_DDR[E..0]
DATA WRITE15..0]

contral_VGA L WGAT

D0_READ
FINISH_READ (GND)

WGA_HEYNG

CLKIN WAV THE
ENABLE_READ PIXEL_X_WGAR 0]
DATA_GRE_WGA[IS. 0] FIKEL_Y_WGAQ..0]
W4, DATA R[3.0]

W4, DATA G[3.0]

WA DATA B[3.0]

i GA_HEYRIC

B GA_VEYNG

/GA_DATA_R[3.0]

/GA_DATA_G[3.0]

/GA_DATA_B[3.0]

BCAM_SI0_C

DHCAN_SI0_D

pCAM_KCLK]

pSORAM_CMD_ACK

BCAM_RST

S CAM_PYWDIN

<Dp=DRAM_DOI15.0]

SDRAM_DOM[1 0]

pSDRAM_CE_N[.0]

[ 0RAM_BAT.0]

BoORAM_SA[1.0]

BSORAM_WE_MN

BSORAM_RAS_N

BEORAM_CLK

BSORAM_CKE

SW_AV2.0] o
AUTO e

BSORAM_CAS_N
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PHU LUC 4: BANG PIA CHI VAO RA FPGA

Node Name Direction | Location Vo | VREF 1/0 Standard
Bank | Group
AUTO Input PIN_M22 6 B6_NO | 3.3-V LVTTL (default)
CAM_DATA[7] Input | PIN_F12 4 | B4 N1 |33-VLVTTL (default)
CAM_DATA[6] Input PIN_F13 4 | B4 N1|3.3-VLVTTL (default)
CAM_DATA[5] Input | PIN_C14 4 | B4 NO|3.3-VLVTTL (default)
CAM _DATA[4] Input PIN_D14 4 B4 N1 | 3.3-V LVTTL (default)
CAM_DATA[3] Input PIN_D15 4 | B4 NO|3.3-VLVTTL (default)
CAM_DATA[2] Input | PIN_D16 4 | B4 NO|3.3-VLVTTL (default)
CAM_DATA[1] Input PIN_C17 4 | B4 NO|3.3-VLVTTL (default)
CAM_DATA[0] Input PIN_C18 4 B4 NO | 3.3-V LVTTL (default)
CAM_HREF Input | PIN_E15 4 | B4 NO|[3.3-VLVTTL (default)
CAM _PCLK Input PIN_G16 4 | B4 NO|3.3-VLVTTL (default)
CAM_PWDN Output | PIN_H14 4 | B4 NO|3.3-VLVTTL (default)
CAM_RST Output | PIN_G15 4 | B4 NO | 3.3-VLVTTL (default)
CAM_RWI[1] Input PIN_M1 1 B1 NO | 3.3-V LVTTL (default)
CAM_RWI[0] Input | PIN_M2 1 [ B1 NO|[3.3-VLVTTL (default)
CAM_SIO_C Output PIN_H13 4 B4 N1 | 3.3-V LVTTL (default)
CAM _SIO D Bidir PIN_H12 4 B4 N1 | 3.3-V LVTTL (default)
CAM_VSYNC Input | PIN_F15 4 | B4 NO|3.3-VLVTTL (default)
CAM_XCLKI Output PIN_E14 4 B4 N1 | 3.3-V LVTTL (default)
CLK Input PIN_L1 2 B2 N1 | 3.3-V LVTTL (default)
CLK_24 Input PIN_B12 4 | B4 N1|3.3-VLVTTL (default)
RST_N Input PIN L2 2 B2 N1 | 3.3-VLVTTL (default)
SDRAM_BA[1] Output | PIN_V4 1 | BLN1|3.3-VLVTTL (default)
SDRAM_BA][(] Output | PIN_U3 1 B1 N1 | 3.3-V LVTTL (default)
SDRAM_CAS N Output | PIN_T3 1 | BLN1|3.3-VLVTTL (default)
SDRAM_CKE Output | PIN_N3 1 | BLNO | 3.3-VLVTTL (default)
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SDRAM_CLK Output | PIN_U4 1 B1 N1 | 3.3-V LVTTL (default)
SDRAM_CMD_ACK Output PIN_Y21 6 B6 N1 | 3.3-VLVTTL (default)
SDRAM_CS N[1] Output PIN_E1 2 B2 N1 | 3.3-V LVTTL (default)
SDRAM_CS_NI[0] Output | PIN_T6 1 | B1_N1|3.3-VLVTTL (default)
SDRAM_DQ[15] Bidir PIN T2 1 | BL.NO|3.3-VLVTTL (default)
SDRAM_DQ[14] Bidir PIN_T1 1 B1_NO | 3.3-V LVTTL (default)
SDRAM_DQI[13] Bidir PIN_R2 1 [ B1 NO|[3.3-VLVTTL (default)
SDRAM_DQJ12] Bidir PIN_R1 1 B1 NO | 3.3-V LVTTL (default)
SDRAM_DQ[11] Bidir PIN_P2 1 | BLNO | 3.3-VLVTTL (default)
SDRAM_DQ[10] Bidir PIN P1 1 | BL.NO|3.3-VLVTTL (default)
SDRAM_DQ[9] Bidir PIN_N2 1 | BL NO|[3.3-VLVTTL (default)
SDRAM _DQI8] Bidir PIN_N1 1 B1 NO | 3.3-V LVTTL (default)
SDRAM_DQ[7] Bidir PIN_Y?2 1 | BLN1|3.3-VLVTTL (default)
SDRAM_DQ[6] Bidir PIN_Y1 1 | BL N1 |3.3-VLVTTL (default)
SDRAM_DQ[5] Bidir PIN_W2 1 | B1N1[3.3-VLVTTL (default)
SDRAM_DQ[4] Bidir PIN_W1 1 B1 N1 | 3.3-VLVTTL (default)
SDRAM_DQ[3] Bidir PIN V2 1 | BLN1|3.3-VLVTTL (default)
SDRAM_DQI2] Bidir PIN_V1 1 | BLN1|3.3-VLVTTL (default)
SDRAM_DQI1] Bidir PIN_U2 1 B1 N1 | 3.3-V LVTTL (default)
SDRAM_DQI0] Bidir PIN_U1 1 B1 N1 | 3.3-V LVTTL (default)
SDRAM_DQM[1] Output | PIN_M5 1 | BL NO | 3.3-VLVTTL (default)
SDRAM_DQM[0] Output | PIN_R7 1 | BLNO | 3.3-VLVTTL (default)
SDRAM_RAS N Output | PIN_T5 1 B1 N1 | 3.3-V LVTTL (default)
SDRAM_SA[11] Output PIN_N6 1 B1 NO | 3.3-V LVTTL (default)
SDRAM_SA[10] Output | PIN_ W3 1 [ B1 N1][3.3-VLVTTL (default)
SDRAM_SA[9] Output | PIN_N4 1 B1 NO | 3.3-V LVTTL (default)
SDRAM_SA[8] Output | PIN_P3 1 B1 NO | 3.3-V LVTTL (default)
SDRAM_SA[7] Output | PIN_P5 1 | BL.NO|3.3-VLVTTL (default)
SDRAM_SA[6] Output PIN_P6 1 B1 NO | 3.3-V LVTTL (default)
SDRAM_SA[5] Output | PIN_R5 1 | BL N1|3.3-VLVTTL (default)
SDRAM_SA[4] Output | PIN_R6 1 B1 N1 | 3.3-V LVTTL (default)
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SDRAM_SA[3] Output | PIN_Y4 1 B1 N1 | 3.3-V LVTTL (default)
SDRAM_SA[2] Output | PIN_Y3 1 [ B1 N1][3.3-VLVTTL (default)
SDRAM_SA[1] Output PIN_W5 1 B1 N1 | 3.3-V LVTTL (default)
SDRAM_SA[0] Output | PIN_W4 1 B1 N1 | 3.3-V LVTTL (default)
SDRAM_WE_N Output | PIN_R8 1 | BL.NO|3.3-VLVTTL (default)
SWI[1] Input PIN_L21 5 B5 N1 | 3.3-V LVTTL (default)
SWIO] Input | PIN_L22 5 | B5 N1[3.3-VLVTTL (default)
SW_AV[2] Input PIN_U12 8 B8 NO | 3.3-V LVTTL (default)
SW_AV[1] Input | PIN_W12 7 | B7_N1|3.3-VLVTTL (default)
SW_AV[0] Input PIN V12 7 | B7_N1|3.3-VLVTTL (default)
VGA _DATA BJ3] Output | PIN_B10 3 B3 NO | 3.3-V LVTTL (default)
VGA_DATA B[2] Output | PIN_A10 3 | B3_NO | 3.3-V LVTTL (default)
VGA _DATA B[1] Output | PIN_D11 3 | B3.NO | 3.3-VLVTTL (default)
VGA_DATA BJ0] Output | PIN_A9 3 B3 NO | 3.3-V LVTTL (default)
VGA_DATA G[3] Output | PIN_AS8 3 [ B3.NO[3.3-VLVTTL (default)
VGA_DATA G[2] Output | PIN_B9 3 B3 NO | 3.3-V LVTTL (default)
VGA_DATA G[1] Output | PIN_C10 3 | B3_NO | 3.3-VLVTTL (default)
VGA_DATA G[0] Output | PIN_BS 3 | B3_NO|[3.3-VLVTTL (default)
VGA_DATA R[3] Output | PIN_B7 3 B3 N1 | 3.3-V LVTTL (default)
VGA_DATA R[2] Output | PIN_A7 3 | B3.N1|33-VLVTTL (default)
VGA_DATA R[1] Output | PIN_C9 3 | B3 N1 3.3-VLVTTL (default)
VGA DATA R[0] Output | PIN_D9 3 | B3_NO | 3.3-VLVTTL (default)
VGA_HSYNC Output | PIN_A11 3 | B3_NO | 3.3-VLVTTL (default)
VGA_VSYNC Output PIN_B11 3 B3 NO | 3.3-V LVTTL (default)
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