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LO1 MO PAU

Trong nhitng nam gan day véi su phét trién cua cong nghé ban dan trong
viéc tao ra nhiing bo vi xtr Iy va vi diéu khién, cac hé théng do luong va diéu
khién ngay cang théng minh hon, giai quyét dugc nhiéu bai toan phuc tap hon.
Tuy nhién céc hé théng ngay cang hoan thién hon, thong minh hon thi vi xir ly
va vi diéu khién chwa thé dap ung hét nhu cau. Su xuat hién cac thiét bi c6 thé
lap trinh nhu FPGA (Filed Progammable Gate Array da tao ra budc dot pha. Véi
cong nghé FPGA da c6 rét nhiéu cong trinh nghién cau giai quyét cac bai toan
|6n nhu bai toan xir Iy tin hién sb, mat ma va nhan dang. Cac nghién cau hién
nay chu yéu di theo huéng két hop cac bo FPGA véi nhitng bo xt 1y théng
thuong trong mot chip tao ra hé thong méi RCS (reconfigurable Computing
System). Pay 1a mot mo hinh méi trong thiét ké cac hé thong c6 kha niang tinh
toan rat manh, thay thé duoc cho nhitng may tinh 16n. Khéng nhitng thé, cac
thiét bi nay c6 kha nang tai 1ap trinh nén cac hé théng nay c6 do linh hoat cao,
c6 thé thay d6i lai cau hinh dé dap (ng nhiéu thuat toan hay cac yéu cau khac
nhau vé phan cang trong qué trinh hé théng dang hoat dong.

Cung véi su bung nd caa cac mang internet, mang di dong la cac nhu cau
giai tri, truyén thong da phuong tién. Dé ting chat lugng dich vu cia cac dich vu
da phuong tién thi viéc xir Iy cac dit liéu da phuong tién 1a rat can thiét. Hién
nay c4c giai phap xt ly dir liéu da phuong tién déu cd chi phi rat cao. Do vay
muc dich cua nghién ciru nay la ang dung cong nghé FPGA vao viéc xu ly dir
liéu da phuong tién mot cach hiéu qua.

Trong nhitng ndm gan dy, giam sat tu dong 1a mét trong nhimg linh virc
dugc quan tdm va phét trién rong réi. Mot trong nhiing Iy do khién giam sét tu
dong phét trién manh mé 1a do su tién bo cua khoa hoc va kha ning ung dung
rong khap caa hé thong. Tuy nhién, cac hé théng sir dung cac camera giam sat
do cac diéu kién khach quan nhu anh sang thay doi, ... ma cac hinh anh, video
thu duoc thuong xuat hién cac nhidu va chat luong hinh anh khong dugc tét. Vi

vay, mot hé thong xt Iy nang cao chat lugng dit liéu hinh anh, video thu duoc tir
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camera | can thiét gitp cho hé théng giam sat hoat dong hiéu qua hon. Do do,
luan van lya chon xay dung thir nghiém hé théng xi Iy anh trén céng nghé
FPGA nhiam nang cao chat lugng hinh anh trong hé thong camera giam sat.

Dbi twong va pham vi nghién cau:

1. Céng nghé FPGA: céc linh vuc tng dung, cac cong cu phat trién

2. Ky thuat xur ly anh.

3. Ung dung cdng nghé FPGA xt Iy dit liéu hinh anh

Nhitng noi dung chinh: Noi dung caa luan vin gom phan dit van dé, 3
chuong, két luan va tai liéu tham khao.

Chuong I: Tong quan vé cdng nghé FPGA

Chuong nay trinh bay téng quan vé cdng nghé FPGA, cac linh vuc ¢ng
dung cua cong nghé nay va cac cong cu phat trién, hd tro 1ap trinh trén FPGA.

Chuong IT M6t s6 ki thuat xu ly hinh anh

Chuong nay trinh bay cac khai niém co ban vé hinh anh, cac loai nhiéu va
gidi thieu mot s phuong phap xir ly hinh anh, danh gia hiéu qua cua cac
phuong phap xtr ly dix liéu hinh anh.

Chuong I1I Ung dung céng nghé FPGA xir ly dit liéu da phuong tién dang
anh

Thuc hién thiét ké 16i IP xu Iy nang cao chat luong hinh anh, cu thé 16i 1P
s& xac dinh cac diém anh bi 15i va sira chung, xac dinh mau bang phuong phap
noi suy, sua ma tran mau.

Phan két luan cua luan vin trinh bay cac két qua dat dugc va nhitng han

ché caa luan vian, huéng phét trién cua luan van trong cac nghién cuu tiép theo.
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CHUONG I: TONG QUAN VE CONG NGHE FPGA
1.1. Lich sir ra doi FPGA

Nim 1984 Ross Freeman la ngudi dau tién thiét ké PFGA va ciing 1a
nguoi sang 1ap cong ty Xilinx. Kién tric méi cia FPGA cho phép tich hop s6
lwgng 16n cac phan tir ban dan vao mot vi mach so véi kién trac trude do 1a
CPLD. FPGA c¢6 kha ning chira tir 100.000 dén vai ty cong logic, trong khi
CPLD chi chira tir 10.000 dén 100.000 cong logic, con sb nay dbi voi PAL va
PLA con thap hon rat nhiéu chi dat vai nghin ¢én 10.000 cong logic.

SPLD thuong la mot mang logic AND/OR lap trinh duoc cé kich thudc
xac dinh va chira mot sé luong han ché cac phan tir nhé dong bo (clocked
register). Cau tr(c ndy han ché kha niang thuc hién nhiing ham phuc tap va
thong thuong hiéu xuat 1am viéc caa vi mach phu thudc vao cau tric cu thé caa
vi mach hon 1a vao yéu cau bai toan.

Kién trdc cua FPGA 1a kién tric mang céc khéi logic, khéi logic nhé hon
nhiéu néu dem so sanh vai mot khéi SPLD, wu diém nay gitp FPGA c6 thé chira
nhiéu hon céc phan tir logic va phat huy toi da kha nang 1ap trinh cua cac phan
tr logic va hé théng mach két ndi, dé dat duoc muc dich nay thi kién tric cua
FPGA phuc tap hon nhiéu so vi CPLD. Mot diém khéc biét voi CPLD la trong
nhitng FPGA hién dai dugc tich hgp nhiéu nhiing bo logic s6 hoc d3 so bo téi uu
hoa hd tro RAM, ROM tdc d6 cao, hay cac bo nhan.

Ngoai kha nang tai cau trdc vi mach toan cuc, FPGA hién tai con hd tro
tai cau tric mot bo phan riéng 1é trong khi van dam bao hoat dong binh thudng

cho céc bo phan khéc.

1.2. Sw phét trién ciaa FPGA

Céac thiét bj 1ap trinh duoc, goi chung 1a cac thiét bi kha trinh, c6 vai tro
rit quan trong trong thiét ké phan cung s6. Chung 1a cac chip da dung co thé

duogc cau hinh theo nhiéu cach cho nhiéu tmg dung khac nhau.
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+ Loai dau tién cua thiét bi kha trinh dugc st dung rong rdi 1a
Programmable read-only Memory-PROM. PROM 14 thiét bi 1ap trinh chi dugc
mot 1an gém mot day cac 6 nhd chi doc. PROM co6 thé thuc hién bat ky mot ham
logic theo bang sy that nao do, bang cach str dung cac dudng dia chi nhu céac
ngd nhap vao va ngod xuat duoc xac dinh noi dung cac bit nhd. Co hai loai
PROM co ban la Mask-Programmable va Field-Programmable.

- Mask-Programmable 14 loai thiét bi duoc 1ap trinh boi nha san xuét. Cac
chip ndy thudng san xuat cac chip 16gic toc dd cao vi cac két ndi bén trong thiét
bi dugc thyc hién bang phan cimg ngay tir khi san xuét.

- Field-Programmable 14 thiét bi dugc lap trinh bdi ngudi dung. Cac két
ndi bén trong cua Field-Programmable luén can dén mot sé chuyén mach lap
trinh dugc (cau chi, transistor truyén...) vi vay tbc do truyén cham hon cua thiét
bi ndi cting ( Mask-Programmable). Tuy nhién né c6 nhiéu wu diém nhu:

. Céc chip Field-Programmable c6 thé 1ap trinh trong thoi gian ngan
(khoang vai phat hay vai gio dong hd) con cac chip Mask-Programmable khi
san xuat phai thuc hién trong thoi gian dai (hang tuan hay hang thang).
Cac chip Field-Programmable ré hon nhiéu so véi Mask-
Programmable khi san xuét v6i s6 luong nho.

Hai bién thé cia PROM la EPROM chung déu c6 chung vu diém la c6 kha
nang xo4 va lap trinh lai nhiéu lan.

Tiép dén 1a cac thiét bi PLD, chiing thong thuong co ciu tao gom mot diy
cac cong AND duoc ndi véi mot diy cac cong OR. Loai co ban caa PLD la
PAL, PAL gom mét khdi cac cong AND ldp trinh duoc ndi dén cac khdi cong
OR c6 dinh. Mot loai nita ctia PLD linh hoat hon PAL 1a PLA. PLA cling co cau
trac gidng PAL nhung cac két ndi kha trinh. Trong PLA ciing c6 hai loai 1a
Mask-Programmable va Field-Programmable.

Ca hai loai PLD trén cho phép thuyc hién cac mach logic co tbc do cao tuy
nhién cdu tric don gian cua ching chi cho phép thuc hién dugc cac mach logic

¢O nho.
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Loai thiét bi kha trinh tong quat nhat gdm diy cac phan tir roi rac co thé
két ndi v6i nhau theo mod ta ctia ngudi st dung, dugc goi 1a Mask-Programmable
Gate Array (MPGA) chung c6 ciu triic co ban nhat 13 gdm cac hang transistor
6 thé duge két ndi véi nhau dé thue hién cac mach logic. Cac két ndi do nguoi
dung dinh nghia nay c6 thé trong ca hang va ca cot. Uu diém chinh cia MPGA
so v6i PLD 13 n6 cung cap cac kién trac tong quat cho phép thuc hién cac mach
logic 16n hon. Vi cdu tric cia ching c6 thé md rong 16n hon cing véi sd lugng
logic 16n hon.

FPGA di két hop kha nang 1ap trinh caa PLD va két cau ndi c6 thé md rong
cia MPGA. Do d6 céc thiét bi 1ap trinh loai ndy c6 mat do logic cao hon. FPGA
duogc cong ty Xilinx gidi thiéu 1an dau tién vao nam 1985 va dén nay di ¢ nhiéu

cong ty phat trién nhu: Actel, Altera, Plessey, Plus logic, Quick...

1.2.1. Cdu triic FPGA

Tai nguyén ket
noi

Logic Elock

R

i

alls

o
=

uln

Dboooo

Hinh 1-1. C4u traic FPGA
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FPGA 1a mach tich hop chtra nhiéu (64 dén hon 10.000) 6 logic (logic
cell) gidng nhau c6 thé xem 13 cac thanh phan chuan. Mdi 6 logic giit mot hay
mot s6 chtrc nang doc 1ap (Hinh 1-1). Cac 6 gidng nhau duoc két nbi boi mot ma
tran dudng dan va cac chuyén mach kha trinh. Nguoi thuc hién thiét ké bang cac
dic trung 16gic don cua mdi 6 va lua chon dong cac chuyén mach trong ma tran
két nbi. Mang ctia cac 6 1ogic va kiéu két ndi 13 két cAu xay dung khéi co ban
trong mach 16gic. Cac thiét ké phurc tap dugc tao ra bang cach két hop cac
khdi co ban dé tao ra cac mach duoc mé ta.

Mo hinh téng quat cia FPGA gdm mdt ddy hai chiéu cac khéi 1ogic (logic
block) co thé duoc két ndi bang cac nguon két ndi chung. Cac ngudn két ndi
gém céac doan két nbi (segment) c6 thé co chiéu dai khac nhau. Bén trong céac két
nbi 1a cac chuyén mach 1ap trinh duoc dung dé néi cac khéi 16gic véi cac doan
day, cac khoi vao/ra hay cac doan diy v6i nhau. Mach 16gic cai dat trong FPGA
bang cach anh xa 16gic vao cac khdi 1ogic riéng 1& va sau d6 ndi cac khdi logic
cau hinh (Configurable logic Block) can thiét qua cac chuyén mach. Cac khoi
CLB cung cip cac phan tir chirc ning véi cdu trac st dung logic. Cac khéi
vao/ra (1/0 Block) cung cp giao dién giita cac gbi chan va cac duong tin hiéu
bén trong. Tai nguyén két ndi kha trinh cung cép céc bo phan truyén dan toi két
nbi dau vao va dau ra cta cac CLB va cac IOB trong mang riéng.

Viy cau tric FPGA gbém ba phan tr chinh: Cac khdi 16gic cAu hinh
(CLB), cac khdi vao/ra (IOB) va cac két ni.

a. Cdc khoi 1égic cdu hinh:

CAu tric va nodi dung ctia logic block dugc goi theo kién tric cta né. Kién
tric cua khéi 16gic co thé thiét ké theo nhiéu cach khac nhau, co thé 1a cac cong
AND 2 ngd nhap, cac bd don kénh (Multiplexer) hay cac bang tim kiém (Lock-
up Table). Ngoai ra ¢ thé chta cac Flip-Flop dé hd tro cho viéc thuc hién mot
cach tuan ty.

b. Cdc nguén két néi :

Céc nguon két ndi co cau tric va ndi dung duoce goi 1a kién trac duong
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(Routing Architecture). Kién tric Routing gom céc doan day ndi va cac chuyén
mach kha trinh. Cac chuyén mach kha trinh ¢6 ciu tao khac nhau nhu pass-
transistor, dugc didu khién boi cac cell SRAM, céc phﬁn tir cau chi nghich,
EPROM transistor vda EEROM transitor. Gidng nhu cac khdi 16gic ¢6 nhiéu cach
khac nhau dé thiét ké cac kién trac routing. Mot s6 FPGA cung cip nhiéu két
ndi don gian gira cac khéi logic, mot sd khac cung cdp it két ndi hon nén

routing phtrc tap hon.

1.2.2. Phan logi FPGA

FPGA c6 nhiéu loai khac nhau ¢ ciu tric va dic tinh riéng tuy theo timg hang
san xuat, tuy nhién ching co bén loai chinh sau: ciu tric mang ddi xing
(Symmetrical Array), cau trac PLD phan cip (hierachircal PLD), cau trac hang

(Row base) va ciu triic da cong (Sea of Gate) mo ta dudi day.

Mang doi xing Cau truc hang o
Két na'i\ .K/ét”‘ﬁi
Logic Block
— | -
Logic
Block
Logic
\ : . PWD
1 === Block
K&t né o
S « Két noi
phu lén
Logic —

i E =
Pacbng FLD phan cap

Hinh 1.2 Cac loai cau tric FPGA



1.2.3. Cac cong nghé ldp trinh FPGA

C6 nhiéu cach thyc hién cac phan tir lap trinh, cac cong nghé lap trinh
hién dang str dung la: RAM tinh, cdu chi nghich (anti-fuse), EPROM transistor
va EEROM transistor. Mic du céng nghé 1ap trinh khéc nhau, tit ca cac phan tir
lap trinh déu c6 chung tinh chét 1a co thé cdu hinh dugc trong mot trong hai
trang thai ON hodc OFF. Cac phén tu 1ap trinh duoc dung dé thue hién cac két
ndi lap trinh duoc gitta cac khdi 16gic cia cac FPGA, con FPGA théng thudng
c6 thé hon 100.000 phan tir 1ap trinh. Vi vay cac phan tir 1ap trinh phai c6 nhiing
tinh chét sau:

- Chiém cang it dién tich cta chip cang tot.

- C6 tro khang thap khi ¢ trang thai ON va trd khang cao khi & trang thai
OFF.

- C6 dién dung ky sinh thap khi két ndi cac doan day.

- C6 thé ché tao mét cach tin cay $6 luong 16n phén tr lap trinh trén mot
chip.

C6 thé tuy thudc vao ung dung cu thé va c¢6 cac s6 lugng phan tir 1ap trinh
6 thé co cac dic tinh khac. V& mat ché tao, cic phé‘m tr 1ap trinh néu ¢ thé ché
tao theo cong nghé CMOS chuan 1a t6t nhat. Dudi day s& trinh bay chi tiét cac
cong ngh¢ lap trinh FPGA.

a. Cong nghé lap trinh dung RAM tinh
Cong nghé 1ap trinh dung RAM tinh (SRAM) st dung cong ngh¢ CMOS tiéu
chuan. Céc két nbi 1ap trinh duoc diéu khién bang cac transistor khac trén chip
hodc bat (On) céc transistor truyén dan ciing nhu cc cong transistor dé tao mot

két ndi hay tat (Off) dé ngat két noi.



Day noi
RAM RAM Y , O
Ce Ce Ce
T
| | D : MUX
- 1
[]
. - Day no Day no RAN
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| ce goira
Transistor truyén Cong transitor Bo don kénh

Hinh 1.3 Cong nghé lap trinh ram tinh

Trong trudng hop transistor truyén dan va cong transistor nhu hinh trén,
phan tir RAM Cell diéu khién cong truyén bat hodc tit. Khi tit gitta hai day ndi
v6i cong truyén dan s& c6 mot tro khang rat cao. Khi bat no sé& tao mot tro khang
thap két ndi gitra hai day ndi. Pbi v6i bd don kénh, SRAM Cell diéu khién ngd
nhép nao ctia bd don kénh s& dugc ndi v6i ngd ra cua nd. Cach ndy thuong diung
dé két ndi tuy chon tir mot hay nhiéu ngd nhap ciia mot khéi logic.

Trong cac FPGA sir dung cong nghé 1ap trinh SRAM, cac khdi logic c6
thé duoc két hop voi nhau qua cach két hop ca bo don kénh (Multiplexer) va
cong truyén din (pass-gate). Vi SRAM 1a bo nhé bay hoi, cac FPGA nay phai
duogc tai ciu hinh mdi khi cap ngudn cho chip. Piéu nay c6 nghia 1a hé thong sir
dung céac chip nay phai c6 mot sé co ché luu trit thuong truc cho cac bit cia
RAM Cell, ching han ROM hay dia tir. Cac bit cia RAM Cell c6 thé dugc nap
vao FPGA mot cach tuan tu hay dinh dia chi nhu moét phﬁn tor cua mang (theo
cach thong thuong cua mot RAM).

Céc chip dugc thuc hién theo cong nghé SRAM c6 dién tich khé 16m, boi
vi can it nhat 5 transistor cho mdi RAM Cell ciing nhu cac transistor can thém
cho cong truyén dan hay bd don kénh. Uu diém cua ky thuat nay 13 cho phép
FPGA c6 thé duoc tai cu hinh ngay trén mach rat nhanh va n6 c6 thé duogc ché
tao bang cong nghé CMOS chuan.

b. Cdc thiét bi ldp trinh cdu chi nghich (Anti-fuse)
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Cong ngh¢ 1ap trinh anti-fuse duoc st dung trong cac FPGA cua Actel-
Corp, Quick Logic va Cross Point Solution. Tuy anti-fuse dugc st dung trong
cac loai FPGA nay c6 cdu tao khac nhau, nhung chirc ning cta ching 13 nhu
nhau. Mot anti-fuse binh thuong s€ & trang thai cao, nhung co thé bi “noéng
chay” thanh trang thai dién tré thap khi duoc 14p trinh & dién thé cao. Duédi day
s& gi6i thiéu cu tao ctia cac anti-fuse ctia Actell va Quick Logic.

Anti-fuse cua Actell duoc goi 1a PLICE. N6 cAu trac hinh chir nhat gém 3
16p: Lop dudi cing chua céc silic mang nhiéu dién tich duwong (n+diffusion), 16p
gitra 1a mdt 16p dién moéi (Oxy-Nito-Oxy cach dién), va 16p trén cung la Poly-
Silic.

metal 2 wire

S
Oxide Poly_si \\\\
™
\ : n+diffusion NN
@ | = anti-fuse

\\% N
n+diffusion ‘

/l

PDI',#—SJ/\\ metal 1 wire

silicon substrate ::\“3:{
\\\\.\
a) Mat cat ngang b) Cau truc

Hinh 1.4 Céng nghé 1ap trinh cau chinghich PLICE

Anti-fuse PLICE duoc 1ap trinh bang cach dat mot dién thé cao thich hop (18V)
giita hai dau cua anti-fuse va dong diéu khién khoang 5mA qua thiét bi. Dong va
ap nay tao ra mot nhiét luong du ndéng bén trong 16p di€n mdi lam nd nong chay
va tao ra mot lién két dan dién gitra cac dién cuc. Céc transistor chiu dugc cac

dién thé cao dugc ché tao bén trong FPGA dé dap tmg cho dong va dién ap du
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16n. Ca hai 16p dudi ciing va trén cing cia cau chi nghich dugc ndi voi cac day
kim loai dé khi duoc 1ap trinh cau chi nghich s€ tao ra mot két ndi co tro khang
thap (300Q dén 500Q) giita hai day kim loai.

Anti-fuse ctia Quick-Logic dugc goi la ViaLink. N6 twong ty nhu PLICE
cling c6 ba 16p kim loai. Tuy nhién, ViaLink st dung kim loai muc 1 cho 16p
dudi cung, mot hop chat vo dinh hinh cho 16p gitta va kim loai mic 2 cho 16p
trén cung. Khi ¢ trang thai khong duoc 1ap trinh, anti-fuse c6 tré khang hang
gigadm, nhung khi duoc 14p trinh no sé& tao ra mot két ndi giita hai 16p kim loai
tro khang khoang 80Q2. Anti-fuse duoc ché tao béng cach thém 3 mat na dac biét
trong quy trinh ché tao CMOS thong thuong.

ViaLink anti-fuse dugc lap trinh bﬁng cach dat mot dién thé 10V gilra cac
dau cua nd, dong dugc cip du, trang thai cta Silic vo dinh hinh s& thay d6i va
tao ra mot lién két dién gitra hai 16p kim loai. Dién tich cac chip sir dung k¥
thuat anti-fuse rat nho so vdi cong nghé khac. Tuy nhién, bu lai can phai co
khong gian 16n cho cac transistor dién thé cao can dé giit cho dong va ap cao lc
1ap trinh. Nhugc diém cia anti-fuse 12 quy trinh ché tao chiing phai thay d6i so

v6i quy trinh ché tao SMOS.

Silic v dinh hinh

metal 1

NI

Hinh 1.5 Céng nghé lap trinh ciu chi nghich ViaLink

c. Cong nghé ldp trinh dung EPROM va EEROM
Cong nghé duoc dung trong cdc FPGA cua Altera Corp, va Plus Logic. Cong
nghé nay giong nhu st dung trong bd nhé EPROM. Khong giéng CMOS
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transistor don gian, mé6t EPROM transistor gdm hai cong, mot cong treo
(floating-gate) va mot cong chon (select-gate). Cong treo dugc dit giira cong
chon va kénh dan cua transitor, cong nay duoc goi nhu thé vi nd khéng co két

noi dién dén bat ky mach nao.

+5v
dién tré ngudn
Bit line

Select Gate

N\

I | EPROM transistor

Floating Gate

Word line E—
—gnd

Hinh 1.6 Cong nghé lap trinh EPROM transistor

O trang thai binh thuong khong dugc lap trinh, khéng c6 dién tich giira
cong treo (floating-gate) va transitor c6 thé chuyén sang trang thai ON mét cach
binh thuong bang cong chon (select-gate). Khi transistor duoc lap trinh bang
mot dong dién 16n chay giita ngudn va kénh, mot dién tich duoc gitr lai & cong
treo. Pién tich nay lam transistor chuyén sang trang thai OFF. Bang cach nay,
EPROM transistor ¢ thé c6 chtrc ning cua mot phan tir lap trinh dugc. Mot
EPROM transistor c6 thé dugc tai 1ap trinh bang cach huy bo 16p dién tich duoc
giit lai & cong treo (phoi dudi anh sang cuc tim s& kich hoat cac electron chuyén

tir cong vao chat nén cua transistor).

EPROM transistor dugc str dung trong FPGA theo cach khac voi SRAM
va anti-fuse thay vi dung cho 1ap trinh két ndi hai ddy, EPROM transistor duoc

st dung dé “kéo xudng” cac ngd nhap cua logic-block.
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Nhu hinh vé (1.6), mot duong day goi 1a “word line” (theo thuat nglr bo
nhd) duoc ndi véi cong chon cia EPROM transistor, khi transistor chua duoc
1ap trinh & trang thai ON. “Word line” c¢6 thé 1am cho “bit line” khong dugc ndi
v6i ngd nhap cua logic-block vi bi kéo vé mirc logic khong. Nhiéu EPROM
transistor rng voi nhiéu “word line” dugc ndi véi cung mdt “bit line”, khi mot
dién kéo 1én ngudn ndi voi “bit line”, mdé hinh khoéng nhitng cho EPROM
transistor thuc hién cac két ndi ma con thyuc hién céc chic nang logic AND ndi
day (wired-AND). Nhuoc diém ctia phuong phap nay 1a cac dién trd tiéu tén
nang luong ¢ dinh.

Mot wu diém cia EPROM transistor 1a chiing c6 thé tai lap trinh ma
khong can bd nhé bén ngoai. Tuy nhién, khong gibng SRAM, EPROM
transistor khong thé duoc tai 1ap trinh ngay trén bo mach.

Phuong phidp dung EEPROM (dugc str dung trong cac FPGA cua
Advanced Micro Device-AMD) tuong tu nhu cong nghé EPROM, ngoai trur
EEPROM transistor ton gip doi dién tich chip so v6i EPROM transistor va can
nhiéu ngudn dién thé (dé tai 1ap trinh) ma céac loai khac khong can.

Cac cdng nghé 1ap trinh FPGA dugc tom tit trong bang dudi day:

Cong nghé 1ap Tinh bay Cé thé lap Dién tich chip R(Kohm) | C(pf)
trinh hoi trinh

Static RAM | Cé Trong mach Lén 1-2 10-20

Cell

PLICE Khoéng Khéng Anti-fuse nho 300-500 3-5

Anti-fuse S4 transistor 16n

ViaLink Khoéng Khong Anti-fuse nho 50-80 1-3

Anti-fuse S transistor 16n

EPROM Khoéng Ngoai mach Nho 2-4 10-20

EEPROM Khéng Trong mach 2XEPROM 2-4 10-20

Bang 1.1 Cac dic tinh caa cdng nghé lap trinh
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1.3. Cac linh vuc wng dung cia cong nghé FPGA

FPGA 14 thé hé sau cua IC kha trinh nén chung c6 thé ing dung trong hau
hét cac tng dung cia hién dang ding MPGA, PLD va cic mach tich hop loai
nho (SSI).

a. Cac mach tich hop la ung dung dac biét
FPGA la thiét bi téng quat nhét dé thuc hién cac mach logic $0. Chung dac
bi¢t thich hgp cho cac mach tich hgp chuyén dung dac biét (ASIC) nhu bd cong,
bd diéu khién logic Flip-Flop...
b. Thiét ké mach ngau nhién
Mach 16gic ngiu nhién thudng dugc thuc hién bang PAL. Néu toc do cua
mach khong doi hoi khat khe (cac PAL nhanh hon hau hét cac FPGA) thi mach
c6 thé thyc hién bang FPGA. Hién nay mot FPGA can tir 10 dén 20 PAL.
c. Thay thé cdc chip SSI cho mach ngau nhién

Céac mach hién tai trong cic san phdm thuong mai thudng chira nhiéu chip
SSI. Trong nhiéu truong hop co thé thay thé bang FPGA dé giam dién tich bo
mach.

d. Ché tao mdu

FPGA rat 1y twong cho viéc tao mau cac san phém. Gia thanh thuc hién
thap va thoi gian thyc hién thiét ké vat Iy ngan, cung cap cac uu diém hon nhiéu
so voi cac phuong tién truyén thong khac dé ché tao miu phan cimg. Cac miu
ban dau c6 thé thuc hién rat nhanh va nhitng thay ddi sau d6 duge thuc hién rat
nhanh va it ton kém.,

e. May tinh dua trén FPGA

Mot loai may tinh dya trén FPGA co6 thé tai 1ap trinh ngay trén FPGA.
Cac may ndy c6 mdt bo mach chira cac FPGA véi cac chan ndi véi cac chip lan
can giong nhu thong thuong. Y tuéng 1 1a mot chuong trinh phan mém c6 thé
dugc “bién dich” (str dung k¥ thuat tong hop murc cao, mirc 16gic va muc so dd
bang tay) vao ngay phan cumg. Phan ctng nay s& duoc thuc hién bang cach 1ap

trinh bo mach FPGA. Phuong phap nay c6 hai uu diém chinh: mot 1a khong can
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qua trinh 13y 1énh nhu cac bd xt 1y truyén théng vi phan ctng da gop ca 1énh.
Két qua 1a toc d6 c6 thé tang 1én hang trim lan. Hai 13, moi truong tinh toan c6
thé thuc hién song song muc cao, lam ting tdc thém nira.

f. Tdi cdu hinh thanh phan trece tiép

FPGA cho phép c6 thé thay ddi theo mong mudn cau tric clia mot may
dang hoat dong. Mot vi du 1a céac thiét bi may tinh tir xa c6 thé thay d6i truc tiép
dé khac phuc su ¢d hay c6 15i thiét ké. Kiéu FPGA thich hop nhét cho tng dung
nay la nhitng FPGA ¢6 cac chuyén mach 13p trinh duoc.
1.4. Qui trinh thiét ké FPGA

Quy trinh thiét ké tong quat trén FPGA dugc trinh bay trong so d6 dudi
day [1,19]:
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Hinh 1-7 So' @6 quy trinh thiét ké FPGA

e MO0 ta thiét ké (Design specification)

Trong budc nay, tir nhitng yéu cau caa thiét ké va dya trén kha ning cua
cdng nghé hién co, nguoi thiét ké kién tric s& xay dung nén toan bo kién tric
tong quan cho thiét ké. Nghia 1a trong budc nay nguoi thiét ké kién tric phai mo

ta dugc nhitng van dé sau:
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Thiét ké c6 nhitng khbi nao?
M3i khdi c6 chuc nang gi?
Hoat dong cua thiét ké va caa mdi khéi ra sao ?

Phan tich cac ky thuat st dung trong thiét ké va cac cong cu, phan mém
hd tro thiét ké.

Mot thiét ké c6 thé duoc md ta st dung ngbn ngit mo ta phan cung, nhu
VHDL hay Verilog HDL hoic c6 thé md ta qua ban vé mach (schematic
capture). Mot thiét ké cé thé vira bao gom ban v& mach md ta so do khéi chung,

vira ¢6 thé dung ngdn ngit HDL dé md ta chi tiét cho cac khéi trong so do.
e MO0 phéng chire ning (Function simulation):

Sau khi mé ta thiét ké, nguoi thiét ké can mo phong tong thé thiét ké vé mat

chtrc nang dé kiém tra thiét ké c6 hoat dong dung vai c4c chie nang yéu cau.
e Téng hep logic (Logic Synthesis).

Téng hop logic 12 qué trinh tdng hop cac mo ta thiét ké thanh so do bé tri mach
(netlist). Qua trinh chia thanh 2 budc: chuyén doi cac md RTL, ma HDL thanh
md ta dudi dang cac biéu thirc dai s6 Boolean va dua trén cac biéu thuc nay két

hop véi thu vién té bao chuan san co dé tong hop nén mot thiét ké tbi uu.
e Hiéu chinh céc két néi (Datapath Schematic).

Nhap netlist va cac rang budc vé thoi gian vao mot cong cu phan tich thoi
gian (timing analysic). Cong cu phan tich nay sé& tach roi tat ca cac két néi cua
thiét ké, tinh thoi gian tré caa cac két ndi dua trén cac rang budc. Dua trén két
qua phan tich (report) caa cong cu phan tich, xac dinh cac két nbi khdng thoa
man vé thoi gian. Tuy theo nguyén nhan din dén khong thoa mén ma ta cé thé

viét lai ma va tién hanh lai tong hop logic hoac hiéu chinh lai cac rang budc.

Thuc thi (Implementation).
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Ta da c6 so do bd tri netlist md ta tong thé thiét ké tai mac cong (chi géom
cac cong logic co ban va cac mach logic khac nhu: MUX). Qua trinh nay sé& dit

so dd netlist nay 18n chip, goi 12 qua trinh thuc thi (Device Implementation).
Qua trinh ndy gom cac budc:
Anh xg (mapping hay con goi fitting - dn khop) : chuan bi dir liéu dau
vao, xac dinh kich thudc cac khéi. Cac khdi ndy s& phai phi hop véi cau tric

cua 1 té bao co ban cua FPGA. (gém nhiéu cong logic) va dit ching vao cé4c vi

tri ti wu cho viéc chay day.
Dat khoi va dinh tuyén (Place & Route):
+ Pat khbi: dat cac khdi anh xa vao céc té bao (cell) & vi tri téi wu cho
viéc chay day.
+ Binh tuyén: Budc nay thuc hién viéc néi day céc té bao. Bé thuc hién
viéc ndy, ching ta can c6 cac thong tin sau:
o Céc thong tin vat ly vé thu vién té bao, vi du kich thudc té bao, cac

diém dé két ndi, dinh thoi, céc tré ngai trong khi di day.

o Mot netlist duoc tong hop s& chi ra chi tiét cac instance va mdi
quan hé két noi bao gom ca cac duong dan bi han ché trong thiét
Ké.

o TAat ca cac yéu cau cua tién trinh cho cac 16p két ndi, bao gém céc
luat thiét ké cho cac lop chay day, tré khang va dién dung, tiéu thu

nang luong, cac luat vé su din dién trong mdi 16p.

® Qua trinh Nap (download) va Iap trinh (program).

- Sau qué trinh thyc hién, thiét ké can dugc nap vao FPGA duéi dang

dong bit (bit stream).
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- QU4 trinh nap thiét ké (download) vao FPGA thudng nap vao bo nhé
bay hoi, vi du nhu SRAM. Théng tin cau hinh s& duoc nap vao bo nhé. Dong bit
duogc truyén ldc ndy sé mang thong tin dinh nghia cac khdi logic ciing nhu két
ndi cua thiét ké. Tuy nhién, luu ¥ rang, SRAM s& mat dir liéu khi mat ngudn nén

thiét ké s& khong luu dugce dén phién 1am viéc ké tiép.

- Lap trinh (program) 1 thuat ngir @& md ta qua trinh nap chuong trinh
cho cac bo nhé khong bay hoi, vi du nhu PROM. Nhu vay, thong tin cau hinh

van s& duoc luu trit khi mat ngudn.

1.5. Ngon ngir lap trinh trong FPGA

C6 nhiéu ngdn ngit 6 thé l1ap trinh cho FPGA nhu VHDL, Verilog, C, ...
MJi ngbn ngit lai c6 wu diém va nhuogc diém riéng. Vi du nhu Verilog 1a ngon
ngit dugc phat trién va st dung chi yéu & My. Pay 1a ngon ngir rat gan véi C,
chinh vi vay s& rat thuan tién cho ai d6 da quen vai lap trinh ngén ngit C. O chau
Au thi nguoi ta lai quen dung VHDL hon, wu diém ciia ngon ngit nay gitp ngudi

lam viéc vai nd s& 6 cai nhin rat thau dao vé phan cang.
1.5.1. Ngon ng@# VHDL

VHDL 14 ngdn ngit md ta phan cang cho cac mach tich hop toc do rat
cao, 1a mot loai ngdn ngit md ta phan cing dwoc phat trién dung cho chuong
trinh VHSIC (Very High Speed Itergrated Circuit) caa bo quéc phong My. Muc
tiéu cua viéc phat trien VHDL 1a c6 duoc mot ngbn ngir md phong phan cing
tiéu chuan va thong nhat cho phép thir nghiém céc hé thong sé nhanh hon, ciing
nhu cho phép dé& dang dua cac hé thong d6 vao ung dung trong thuc té. Ngon
ngit VHDL duoc ba cong ty IBM, Intermetics, Texas Instruments bt dau nghién
ctru va phét trién vao thang 7 nim 1983. Phién ban dau tién dugc cong bd vao
thang 8 nam 1985. Sau d6 VHDL duoc dé xuat to chiac IEEE xem xét thanh mot
tiéu chuan chung. Nam 1987 d3 dwa ra tiéu chuan vé VHDL (tiéu chuan IEEE-
1076-1987) [3,7].
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VHDL dugc phét trién dé giai quyét cac kho khan trong viéc phét trién,
thay doi va lap tai liéu cho cac hé thong s6. Nhu ta da biét, mot hé thdng sb co
rat nhiéu tai liéu mo ta. Bé co thé van hanh bao tri stra chita mot hé thng ta can
tim hiéu ky ludng tai liéu d6. Vi viéc md phong phan cang tét viéc xem xét cac
tai liéu mo ta tro nén d& dang hon vi bo tai liéu d6 c6 thé dugc thyc thi dé md
phong hoat dong cua hé thong . nhu thé ta c6 thé xem xét toan bo cac phan tir

cua hé thong hoat dong trong mot mé hinh théng nhat.

VHDL dugc phét trién nhu mot ngén ngit doc 1ap khdng gan véi bat ky
mot phuong phap thiét ké, mot bo md ta hay cong nghé phan cing nao. Nguoi
thiét ké c6 thé ty do lya chon cdng nghé, phuong phap thiét ké trong khi chi su
dung mét ngdn ngit duy nhat, va khi dem so sanh vai cac ngon ngir md phong
phan cung khac da ké ra ¢ trén ta thay VHDL c6 mot s6 wu diém hon han céc

ngén ngir khac:

. Tinh c6ng cong: VHDL duoc phét trién dudi sy bao tro caa chinh pha My
va hién nay 1a méot chuan cua IEEE. VHDL dugc hd trg caa nhiéu nha san
xuat thiét bi ciing nhu nhiéu nha cung cap cong cu thiét ké mé phong hé
théng.

. Kha ning hd tro nhiéu cdng nghé va phuong phép thiét ké: VHDL cho
phép thiét ké bang nhiéu phuong phap. Vi du: phuong phéap thiét ké tir
trén xuéng, hay tir dudi 1&n dya vao cac thu vién c6 sdn. VHDL ciing hd
tro cho nhiéu loai cong cu xay dung mach nhu sir dung céng nghé déng
bo hay khong ddng bo, sir dung ma tran lap trinh duoc hay sir dung mang
ngau nhién.

o Tinh doc lap véi cong nghé: VHDL hoan toan doc 1ap voi cong nghé ché
tao phan ctng. Mot mé ta hé théng ding VHDL thiét ké & muc cong co
thé chuyén thanh cac ban tong hop mach khac nhau tiy thudc cong nghé
ché tao phan cang méi ra doi, né c6 thé duoc ap dung ngay cho cac hé
thng da thiét ké.
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o Kha ning mé ta rong: VHDL cho phép mé ta hoat dong cua phan cing tir
muc hé théng sé cho dén mac cong. VHDL ¢6 kha ning mé ta hoat dong
cua hé thong trén nhiéu mac nhung chi st dung mot ci phap chat ché
théng nhat cho moi mirc. Nhu thé ta c6 thé md phong mot ban thiét ké bao
gom ca cac hé thong con duoc md ta chi tiét.

. Kha nang trao d6i két qua: VHDL 1a mét tiéu chuan dugc chap nhan, nén
mét md hinh VHDL c¢6 thé chay trén moi bo mé ta dap tng duoc tiéu
chuan VHDL. Cac két qua mé ta hé théng cé thé duoc trao ddi giira cac
nha thiét ké str dung cong cu thiét ké khac nhau nhung cung tuan theo tiéu
chuan VHDL. Ciing nhu mét nhdm thiét ké co thé trao d6i mé ta muc cao
cua cac hé théng con trong mot hé thong 16n, trong dé cac hé théng con
d6 duoc thiét ké doc lap.

. Kha nang hd tro thiét ké muac 16n va kha ning tai st dung lai céc thiét ké:
VHDL dugc phét trién nhu mot ngbn ngir 1ap trinh bac cao, vi vay no co
thé duogc str dung dé thiét ké mot hé théng 16n véi su tham gia cia mot
nhém nhiéu nguoi. Bén trong ngdn ngit VHDL ¢6 nhiéu tinh ning hd trg
viéc quan ly, thir nghiém va chia sé thiét ké va no ciing cho phép ta tai str

dung lai cac phan da c6 san.
Cdu trac mo hinh hé théng mé té bang VHDL

Trong phan nay em gigi thiéu so qua vé cau tric khung co ban cua VHDL
khi m6 ta cho mot mé hinh thiét ké thuc. thong thuong mé hinh VHDL bao gom
ba phan: Thuc thé (entity), kién tric (architecture), cac cdu hinh, d6i khi ta sir
dung cac goi (packages) va md hinh kiém tra hoat dong cua hé thdng
(testbench).[15]

e Thuc thé (entity)

Pay 1a noi chira cac khai bao thuc thé (1a cac port giao tiép gita FPGA va

c4c tin hiéu bén ngoai cac port nay duoc sir dung nhu 1a 16p vo caa kién tric
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thiét ké) va co thé bao gom céc tly chon “generic” 1a khai bao chung c6 thé dé

dang stra doi khi can.
. Kién trac (architecture)

Phan thir hai trong mé hinh VHDL la khai béo kién trlic cua chuong trinh.
MJ3i mot khai bao thuc thé déu phai di kém véi it nhat mot kién trac twong Gng.
VHDL cho phép tao ra hon mot Kién triic cho mét thuc thé. Phan khai bao kién
trdc c6 thé bao gom cac khai bao vé cac tin hiéu bén trong, cac phan tir bén
trong hé théng, hay cac ham va thi tuc mo ta hoat dong caa hé théng. Tén cua
kién trac 1a nhin duoc dit tiy theo nguoi xir dung. ¢6 hai cach mé ta kién trdc
ciia mot phan tir (hoac hé thong) d6 1a mé hinh hoat dong (Behaviour) hay mo ta
theo mé hinh cu tric (Structure). Tuy nhién mét hé théng c6 thé bao gdm ca

mo ta theo mo hinh hoat dong va mé ta theo md hinh cau trc.
. M@ ta kién tric theo md hinh hoat déng

M6 hinh hoat dong mé ta cac hoat dong cua hé thong (hé thdng dap ung
Véi cac tin héu vao nhu thé nao va dua ra két qua gi & dau ra) dudi dang cac cau
tric ngdn ngir 1ap trinh bac cao. Cau trac dé c6 thé 1a PROCESS, WAIT, IF,
CASE, FOR-LOORP...

. MO ta kién tric theo md hinh cau truc

M6 hinh cau tric cua mot phan tir (hodc hé thdng) cé thé bao gdm nhiéu
cap cau trlc, bat dau tir mot cong logic don gian dén xay dung mé ta cho mot hé
théng hoan thién. Thuc chat caa viéc md ta theo mé hinh cau trdc 1a md ta cac
phan tir con bén trong hé théng va su két ndi caa cac phan tir con d6. Vi du: mo
ta m6 hinh cau trdc mot flip-flop RS gom hai cong NAND c6 thé mé ta cong
NAND duoc dinh nghia tuong tu nhu vi du Cé)ng NOT, sau d6 mé ta so dd méc
ndi cac phan tir NAND tao thanh trigo RS.
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. Céu trac process

Process 1a khéi co ban caa viéc mo ta theo hoat dong. Process duoc xét

dén nhu 1a mot chudi céc hoat dong don trong sudt qué trinh dich.

S
S B
S S/B S
B B B B B B

Hinh 1-8 Cau truc process

S: M6 hinh cau trdc

B: M6 hinh hoat dong

S/B: M6 hinh két hop
CAu trlic tong quét

[Process label]

Process [(sensitive_lish)]

Process declarative part

Begin
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End Process
Trong d6 cac phan dit trong déu [ ] thi c¢d thé c6 hoic khéng.

o Process label: (nhan 1énh) la tuy thuoc nguai lap trinh dat tén.
e  sensitive_lish: Danh sach cac yéu té kich thich hoat dong.

e Mai truong kiém tra (testbench)

Mot trong cac nhiém vu rat quan trong la kiém tra ban mo ta thiét ké.
kiém tra mot mo hinh VHDL dugc thyc hién bang cach quan sat hoat dong cua
no trong khi md phong va céc gié tri thu duoc cd thé dem so sanh vai yéu cau
thiét ké.

MBoi truong kiém tra c6 thé hiéu nhu mot mach kiém tra 0. moi truong
kiém tra sinh ra cac tac dong Ién ban thiét ké va cho phép quan sat hoic so sanh
két qua hoat dong cua ban mé ta thiét ké. Thong thuong thi cac ban mé ta déu
cung cap chuong trinh thir. Nhung ta ciing c¢6 thé ty xay dung chuong trinh thir
(testbench). Mach thu thuc chat 1a su két hop caa tong hop nhiéu thanh phan.
NG gom ba thanh phan: M6 hinh VHDL di qua kiém tra, nguon dit liéu va bo
quan sat. Hoat dong ctia mé hinh VHDL duoc kich thich boi cac nguén di liu

va kiém tra tinh dung dan thdng qua bo quan sat.

Generics
Data Source : ob !
. . 1
(Stimuli buT i SErVer :

Hinh 1-9: so' @6 khéi cuaa testbench
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Trong d6: DUT: (device under test) mé hinh VHDL can kiém tra.
Observer: Khéi quan sat két qua.

Data source: Ngudn di liéu (Khdi tao ra cac tin hiéu kich
thich).

1.5.2. Ngon nga Verilog

- Behavior Modeling: 1a mét thanh phan duoc mé ta bai dap tng Input/output
cua no.
- Structural Modeling: 1a mét thanh phan duoc mo ta boi cac két ndi mac thap

giira cac thanh phan con caa mach.
o Behavior Modeling

Trong Behavior Modeling, ban s¢ m0 ta chirc nang ctia mach cha khong
phai cau trdc caa mach. Hanh vi output duoc md ta theo mdi quan hé vai céc
input. Phia du6i 1a mét vi du vé HDL code huéng hanh vi. O day, mo ta thao tac
dich bit. Kiéu md hinh nay dwa vao synthesis engine dé tao ra mach thuc hién
ding nhu hanh vi da dugc mo ta.

Ma:
if (en_shf) begin

data_out <= data_in << 2;
end
else begin

data_out <= data_out_next;
end
o Structural Modeling

Theo hudng cau trdc, ca chirc ning va cau tric caa mach duoc xac dinh
rd, cac ky su viét HDL code s& goi ra cac thanh phan phan cing thuc té va ndi
day chung lai v6i nhau. Céc thanh phan phan cang c6 thé don gian chi 1a cong

AND hoic cong OR, hay tham chi ciing c6 thé 1a mot module biéu dién cac mirc
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triru twong khac. Trong mét thiét ké hién dai dién hinh, ban s& tim cac thanh

phan cta ca mé hinh hudng hanh vi va mé hinh hudéng ciu tric.

Strocnural Model Deacrites
e Inlormonreciion among
e Orcu! slements

Hinh 1-10 M6 hinh ciu tric mé ta két néi cac thuc thé

o RTL Synthesis

Hinh duéi minh hoa tién trinh téng hop RTL. O budc dau tién, synthesis
engine chuyén ddi code cua ban thanh phan cang biang cach sir dung cac thanh
phan kién tric duoc co san trong thu vién. Sau d6 né sé dén budc t6i uvu hoa dé

dam bao ban c6 md ta mach c6 thé hién thuc tét nhat.

Xem xét mot vi du bén duéi, khi nguoi ky su viét md ta cho mot mach
nhu bén dudi (ma verilog), thi sau d6 cac cong cu synthesis dau tién s& tong hop
ra mot mach véi céc thanh phan cd sin trong thu vién, budc ké tiép 1a cac cong
cu synthesis s& sir dung cac thuat toan téi vu dya trén c4c rang budc ma nguoi
k§ su dua vao dé toi wu lai mach nhu trong Hinh 3.4, dé dang nhan ra doan ma

Verilog trén m6 ta cho mot bo MUX nhu hinh bén dudi.
Ma:
always @(a, b, c, d, s) begin

case (s)
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2'b00: begin
f=a;
end
2'p01: begin
f=b;
end
2'b10: begin
f=c;
end
2'b11: begin
f=d;
end
endcase
end

Hinh 1-11 M6 hinh b$ dén kénh

Trong vi du nay, cau lénh case dugc thuc thi trong mot khoi always dién
hinh cho mét multiplexer. Phan dudi em sé trinh bay rd vé nhiing loai cau tric

nhu thé.

e RTL Synthesis & RTL Simulation Flow dién hinh

Mo hinh Verilog dugc viét cé thé dugc giri thdng qua 2 nhanh khéc nhau,
synthesis hoac simulation. Theo synthesis flow, trinh bién dich synthesis (vi du
Synplify cua Synopsys hay Native Synthesis Engine cua Altera) sé st dung cong

nghé c6 san trong thu vién thiét bi dé chuyén d6i va téi wu hoa mé hinh Verilog
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ctia ban thanh mot cong nghé netlist cu thé ma c6 thé duoc sir dung cho Timing
Analysis hay P&R cho thiét bi cu thé. Theo simulation flow, sit dung cho vi du
Mentor Graphics Modelsim, trinh bién dich simulation s&¢ mé phong mé hinh
Verilog véi cac bd sung duoc cung cap tir Verilog testbench hay théng qua cac
test vector. Hau hét cac synthesis tool ciing xudt ra mot tap tin post-synthesis
Verilog sao cho cac ki su c6 thé kiém tra ké qua synthesis trudc khi thuc hién
viéc sap xép va di day (P&R). Trong trudng hop nay, tap tin Verilog duoc xuét
ra bai synthesis tool déu cd thé thay thé tap tin Verilog ban dau trong trinh md
phong. Testbench va test vector c6 thé duoc s dung cho viéc kiém tra nay.
Thém vao dé, cac tap tin md hinh simulation cé thé dugc yéu cau phu thudc vao
synthesis tool. Chling c6 thé duoc cung cap boi nha cung cap synthesis tool hoac

duoc tao bai synthesis tool cung vai mo hinh post-synthesis.
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CHUONG II: MOT SO KY THUAT XU LY ANH
2.1. Ky thuat nang cip anh

Nang cao chat luong anh 13 mot budc quan trong, tao tién dé cho xir ly
anh. Muc dich chinh 1a 1am ndi bat mot s dic tinh cta anh nhu thay doi do
twong phan, loc nhiéu, ndi bién, lam tron bién anh ... C6 nhiéu loai nhidu
khac va ciing c6 nhiéu phuong phap loc nhidu khac nhau. Tuy nhién tiy timg

loai nhiéu ma ap dung phuong phap loc cho phu hop.

Céc thuat toan trién khai viéc nang cao chét luong anh hau hét dua trén

cac k¥ thuat trén mién diém, khong gian va tan sb.
2.1.1. Toan ti diém

Xt 1y diém anh thuc chat 13 bién doi gid tri cia mot diém anh dua vao
gia tri cia chinh n6é ma khong duwa vao cac diém anh khac.

C6 hai cach tiép can véi phuong phap nay: Cach thtr nhat ding mot
ham bién d6i thich hop véi muc dich hodc yéu cau dit ra dé bién doi gia tri
mitc xAm cia diém anh sang mot gia tri mic xam khac. Cach thir hai 1a dung
lwge d6 muc xam (Gray Histogram). Vé mit toan hoc, toan tir diém 1a mot
anh xa tur gid tr1 cudong d§ anh sdng u(m,n) tai toa dd (m,n) sang gia tri cuong
do anh sang khéac v(m,n) thong qua ham f(.) tirc 1a:

v(m,n) = f(u(m,n))

Ung dung chinh cua toan tir diém 1a bién d6i do twong phan cta anh.
Moét sb dang toan tur diém dugc gid1 thiéu nhu sau:
2.1.1.1 Ky thudt bién doi Gm bdn

O(m,n) =255 —1(m,n)
Véi  O(m,n): Gia tri diém anh déu ra tai vi trf
(m,n). I(m,n): Gia trj diém anh dau vao

tai vi tri (m,n).
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2.1.1.2 Ky thudt thay déi dj xam
O(m,n) =I(m,n) + C
C = const, Crax= 255 VA Cpin= -255 Néu C duong : Tang do sang
NéuCam:  Giam do sang
2.1.1.3 Thay déi dé twongphdn
Trudc tién ta can 1am rd khai niém d6 twong phan. Anh sb 1a tap hop
cac diém, ma mdi diém c6 gia tri do sang khac nhau. O day do sang dé mat
ngudi dé cam nhan anh song khong phai 13 quyét dinh. Thuc té chi ra rang hai
dbi twong co cung d6 sang nhung dit trén hai nén khac nhau s& cho cam nhan
khac nhau. Nhu vay d6 twong phan biéu dién sy thay doi do sang cta dbi
tuong so v4i nén hay do twong phan 1a d6 ndi cua diém anh hay ving anh so
v6i nén. Véi dinh nghia ndy néu anh cta ta c6 do twong phan kém, ta co thé
thay d6i tiiy theo ¥ mudn.
Ta c6 cong thic thay doi do twong phan
nhu sau: O(m,n) = a*I(m,n) + C
2.1.2 Toan t&r khéng gian
Pay 1a toan tir khi tic dong vao diém anh thi nd quan tim t&i cac diém
lan can.
Toan tir dugc thuc hién thong qua mot phép nhan chap va mau.
Gia su ta ¢6 anh I(x,y), mot mau T(k,1), khi d6 anh I nhan chap véi mau
T dugc dinh nghia nhu sau:
2.2. Mot s k¥ thuat lec nhiéu
Thuong 12 anh thu nhan ¢6 nhidu can phai loai bé nhiéu hay anh khéng
sic nét bi mo hodc can lam td cac chi tiét nhu duong bién anh. Cac toan tu
khong gian dung trong ky thuat taing cuong anh dugc phan nhom theo cong

dung: 1am tron nhiéu, ndi bién. Bé 1am tron nhidu hay tach nhiéu, nguoi ta sir
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dung cac bo loc tuyén tinh (loc trung binh, théng thap) hay loc phi tuyén (trung
vi, gia trung vi, loc ddng hinh). Tir ban chat caa nhidu (thuong twong @ng Vi
tan sé cao) va tir co sé ly thuyét loc 1a: bd loc chi cho tin hiéu cd tan s nao d6
thong qua do 06, dé loc nhidu nguoi ta thuong ding loc théng thap (theo quan
diém tan sé khong gian) hay lay t6 hop tuyén tinh dé san bang (loc trung binh).
Pé 1am noi canh (ang Vvoi tan sb cao), ngudi ta dung cac bo loc théng cao, loc
Laplace. Dé ap dung duoc cac phuong phap loc nhiéu ph hop trudc hét can
phai hiéu thé nao 1a nhiéu, c6 nhitng loai nhiéu nao va dic diém cua tung loai

nhiéu.

Nhiéu la nhirng phan tir anh ma gia tri caa nd troi so vai cac phan tir xung
quanh. Xét theo tan sb, cac phan tir nhidu c6 tan s6 cao hon so voi cac diém anh

xung quanh. Nhiu thuong gap trong anh gom cac loai nhiéu sau:

Nhiéu céng : nhidu cong thuong phan bd khap anh. Néu ta goi anh quan
sat( anh thu duoc) l1a X_gs, anh goc 1a X_géc va nhiéu 1a . Anh thu dugc c6 thé
biéu dién boi:

X_gs = X_gbc + 1.

Nhiéu nhan : Nhiu nhan thuong phan bé khap anh. Néu ta goi anh quan
sat( anh thu duoc) 1a X_gs, anh gdc 14 X_géc va nhiéu 1a 1. Anh thu dugc ¢ thé
biéu dién boi:

X_gs = X_gbc x 1.

Nhiéu xung: La su két hop cua nhidu mudi va nhiéu tiéu. C6 2 loai:
Nhiéu xung don cuc va nhiéu xung ludng cuc. Nhiéu xung ludng cuc ¢6 ham
phan b 1a:

P, zZ=a
P(z) = {Py z=Db
0 Trwong con lai
Néu b>a, mic x4m b xuét hién nhu 1a diém sang cua anh, a 1a diém téi.

Néu a>b, nguoc lai. a=b=0 14 nhiéu xung don cuc.
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Nhiéu muéi tiéu (Salt-pepper noise) - mot vi du dién hinh nhét cua loai
nhidu xung nay — sé& cho thay rd hon tinh chat “dot bién” ctia nd. Cac diém anh
bi nhiéu (noise pixel) co thé nhan céc gia tri cuc dai hodc cuc tiéu trong khoang
gia tri [0, 255]. V6i anh mirc xam (gray scale), néu mot diém anh cé gia tri cuc
dai (tirc cuong do sang bang 255) thi né s& tao ra mot dom tring trén anh, trong
gié)ng nhu hat “mubi”. Va nguoc lai néu mot diém anh c6 gia tri cuc tiéu (tirc
cuong do sang bang 0) thi s& tao ra mot ddm den, gidng nhu “tiéu”. Vay nén con
goi 1a anh mubi tiéu. Thong thudng, khi néi mot anh nhidu mudi tiéu 30% nghia
1a trong d6 ti 18 cac diém anh nhifu mang gia tri cuc tiéu 12 15% va cuc dai 1a

15%.

Nhiéu Gaussian: Boi vi kha ning dé ung dung toan caa né trong ca linh
vuc khong gian va tan sd, nhidu Gaussian dugc sir dung phé bién trong thuc
tién. C6 ham phan b Ia:

B 1
P2 = s

e~ (i~ 1) /20

Trong d6, z biéu didn mac xam, p 1a gia tri trung binh cua z,c 1a do léch tiéu
chuan, ¢ 1a phuong sai ctia z.

trong do:
_a +£
a 2
,  (b—a)
r_r —
[2

Nhiéu Uniform: Puoc cho boi:

1
— fa=z=5

p(z) = b —a
0 otherwise.
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2.2.1. Ky thudt loc trung binh

Véi loc trung binh, mdi diém anh dugc thay thé bang trung binh trong
s6 cuia cac diém lan can.

Tu tudng ctia thuat toan loc trung binh: ta st dung mot cira s6 loc (ma
tran 3x3) quét qua lan luot timg diém anh cta anh dau vao input. Tai vi tri
mdi diém anh 13y gia tri ciia cac diém anh twong Gng trong ving 3x3 cua anh
géc "lép" vao ma tran loc. Gia tri diém anh cua anh dau ra la gia tri trung binh
clia tat ca cac diém anh trong cira sO loc. Viéc tinh toan nay kha don gian véi
hai budc gdm tinh tong cac thanh phan trong cira so loc va sau dé chia tong

nay cho so cac phan tir cua cura so loc.

Loc trung binh c6 trong s6 chinh 1a thyc hién chap anh dau vao véi
nhan chap H. Nhan chdp H trong truong hop nay c6 dang:

1 11
11 1

H=-=
M 11

Trong loc trung binh, thudng ngudi ta wu tién cho cac hudng dé bao vé
bién caa anh khoi bi mo khi lam tron anh. Cac kiéu mat na duoc st dung tuy
theo cac truong hop khac nhau. Cac bo loc trén 14 bo loc tuyén tinh theo nghia
1a diém anh & tam ctra s6 s& duogc thay boi té hop cac diém 1an can chap voi

mat na. Gia sir dau vao bi€u dién bdi ma tran I:

4 7 3 7 1
5 7 1 7 1
[= 6 1 8 3
5 7 5 7 1
l5 7 6 1 2J

Anh s6 thu dugc béi loc trung binh Y=H®I c6 dang:

23 26 31 19 16

L 35 39 46 31 27
Y=; 36 43 49 34 27
l36 48 48 34 22J

24 35 33 22 11
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Trong phuong phap loc trung binh, v6i cac nhidu anh dan déu trén toan
anh c6 kha nang 1am mo nhidu, giam su khac biét vé murc sang giita cac diém
anh cua anh géc va cac diém anh bi nhiéu tac dong. Bo loc trung binh c6 vai
trd 1am tron anh c6 thé xem nhu bo loc thong cao, ¢ xu hudng can bang
cudng do sang cac diém anh. Phuong phép loc trung binh cho két qua nhanh
hon loc trung vi vi khong phai sap xép tht ty cac diém anh. Phuong phap nay
phtu hop vé6i cac loai nhidu ngiu nhién nhu nhiéu Gaussian hodc nhiéu

Uniform.

2.2.2. Ky Thudt lgc trung vi

Cac bo loc phi tuyén ciing hay dugc ding trong ky thuat ting cuong anh.
Trong ky thuat nay, nguoi ta dung bo loc trung vi, gia trung vi, loc ngoai. Véi
loc trung vi, diém anh dau vao s& dugc thay thé boi trung vi cac diém anh con
loc gia trung vi s€ dung trung binh cong cua 2 gié tri “trung vi” (trung binh cong
ctia max va min). Trung vi duoc viét véi cong thic:

V(m,n) = Trungvi(y(m-k,n-1) véi {k,1} e W

K§ thuat nay doi hoi gia tri cac diém anh trong cira s6 phai xép theo thir tu
tang hay giam dan so véi gid tri trung vi. Kich thudc cta sé thuong duoc chon
sao cho s diém anh trong ctra s6 1a 1é. Céc cua s6 hay dung 1a cira sb ¢o kich
thudc 3x3, hay 5x5 hay 7x7. Thi du:

Néu y(m) = {2, 3, 8, 4, 2} va ctra s6 W=(-1, 0, 1), anh thu duogc sau loc
trung vi s€ la: v(im) = (2, 3, 4, 4, 2).

do do:

v[0] = 2 <gi& tri bién>  v[1] = trungvi(2,3,8)=3 V[2]=Trungvi(3,4,8)=4
v[3]=Trungvi(8,4,2)=4 Vv[4] = 2 <Gia tri bién>,

Tinh chét caa loc trung vi:

- Loc trung vi 12 loai loc phi tuyén.

- C6 loi cho viéc loai bo cac diém anh hay cac hang ma van bao tdan
do phan giai.

- Hiéu qua giam khi s diém trong cua s6 16n hay bang mot nta sé
diém trong cira so.
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Phuong phép loc trung vi phu hop véi nhiéu san, do nhiéu san c6 cac
phan tir cua nhidu nho nén xac xuat diém nam gan diém nhiéu tro thanh trung vi
la rat cao. Do vay, cac diém nhidu hau nhu s& duogc thay thé bai théng tin cua
cac diém 1an can. Phuong phap loc trung vi c¢6 hiéu qua kha cao va &p dung
duoc véi nhiéu loai anh ¢6 nhiu khac nhau. Qué trinh loc nhidu khéng 1am anh
huong nhiéu téi anh gbc, it 1am mo anh so véi cac bo loc lam tron tuyén tinh.
Tuy nhién phuong phap nay doi hoi cac diém anh phai duoc sap xép tht tu tiang
dan hozc giam dan.
2.3. Ky thuat phan nguéng
2.3.1. Ky thudt phdn ngwong tuw dong

Co s& cua k¥ thuat nay dua theo nguyén ly trong vat ly. Dua vao entropy
(nguyén Iy thong ké), dua vao toan hoc, dua vao cac diém cuc tri dia phuong dé
tach.

- Gia sur co anh I(MxN)
- G la s6 mic xam cua anh (trén Iy thuyét).

- Goi t(g) la s diém anh c6 muc xAm < g momen quén tinh trung binh c6
muic X4m nho hon hodc bang cac mac xam g.

g
1~
M(g) = @z ih(i)

g9
T(g) = ) H()
i=0

Ham f: g -> f(g)

Ham duoc tinh nhu sau:

) = —9_1meg) - m(6 - P2

~ MxN —t(g)

Tim ra mét gia tri 6 nao d6 sao cho f dat max khi d6 6 1a ngudng can tim (f(0) =
max => 0 1a nguong).

2.3.2. Ky Thudt si¢ dung cdc diém bién

Diém bién 1a diém ma & d6 co su thay d6i dot ngot vé gia tri mac xam. N6 13
diém niam & bién giGi cua cac ddi twong anh hay giira cac dbi tuong anh va nén.
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Do muc xam cuaa cac diém bién s& thé hién dugc cac ving tét hon nén biéu d6
muc xam cua cac diém bién s& cho két qua chinh xac hon so véi biéu d6 muc
xam tong thé.

Viéc xac dinh ngudng dua trén toan tur do bién vo hudng laplace. Ngudng duoc
xéc dinh trude hét bang cach tinh laplace cua anh dau vao. Cach don gian nhat Ia
nhan chap véi mat na sau day:

0 -1 O
H=1|-1 4 -1
0 -1 0

Ldc nay ta c6 mot biéu dd mic xam ctia anh ban dau ma ta chi quan tam t6i cac
diém anh c6 gia tri laplace Ion, nhimg diém anh trong nhém 85% hoic 16n hon
s& nam trong biéu do nay, con cac diém khac thi khong. Ngudng vira sir dung s&
dugc tim trong biéu do mac xam vira tim duoc

2.4. Bo loc mau Bayer Pattern va thuat toan Demosaic

Bo loc Bayer duoc sir dung trong hau hét trong cac camera ky thuat sd,
camcorder va may quét dé tao mot anh mau. Ludi loc bayer chi cho phép 3 mau
di qua: Red (R), Green (G), Blue (B) di qua trong d6 50% la mau Green, 25%
mau Red va 25% mau Blue

Hinh 2-1 : B loc bayer trén cam bién anh.

e Giai thuat Demosaicing ciaa bg loc Bayer:

Demosaicing 1a qué trinh chuyén lugi mau Bayer thanh hinh anh gom
thong tin ddy du vé tat ca cac mau & mdi diém anh. Mot cach dé nhan dién d6 1a
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xem mot 6 2x2 gdm mau Red, Green va Blue 1a mot khoang mau day du. Cach
nay ciing 1a mot cach hay tuy nhién hau hét may anh déu thuc hién thém céc
budc dé thu duoc thém théng tin hinh anh tir ludi loc mau ndy. Néu may anh
nhan dién mau theo 6 2x2 thi chi co thé dat dugc d6 phan giai bang mot nira & ca
chiéu doc va ngang so véi do phan giai thuc sy cua cac cam bién.

Ciing c6 thuat todn demosaic khéc c6 thé thu duoc do phan giai cao hon,
dem t&i hinh anh it bi nhiéu hon hoic tinh toan chinh xac hon hinh anh tai moi
Vi tri.

2.5. Ma tran sira mau
Do ¢6 nhiéu bién d6i khac nhau do kho khin trong viéc tai hién mau trong

cac hé thong anh, cu thé:

- Céac dic trung quang pho caa ong kinh, bo loc.
- Thay doi ngudn chiéu sang nhu anh sang tu nhién, dén huynh
quang, dén soi dbt.

- Céc dac diém cua cac bo loc mau caa cam bién.

Ma tran stta mau cung cap mot phuong phap sta dit liéu anh cho céc bién
doi trén, ma tran nay hoat dong trén hé RGB. Vi du mét trong 3 mau trong hé
théng xir Iy anh tir ngudn anh sang ban dau 1a mau xanh duong (blue). Mau nay
1a mét su két hop cua cac photon mau xanh nhan véi sy dap tGng tuong d6i cua
bo loc mau xanh, nhan véi sy dap tng tuong ddi cua silicon véi cac photon mau
xanh. Tuy nhién, su dap tng cua bo loc nay va silicon kha khac nhau so vai su
dap ung cta mat ngudi, do d6 mau xanh cua cam bién kha khac biét so véi mau
xanh cta con nguoi.

Su khéc biét nay c6 thé stra duoc va tai tao gan chinh xac véi céi nhin caa
con ngudi. LBi ma tran sira mau nhan gia tri diém anh véi mot hé s ting cuong
hoac suy yéu dé tao ra mot két qua hiéu qua. Pong thoi mau xanh ciing duoc

pha tron thém mau xanh la va mau d6. Mau xanh dugc tinh theo cdng thac sau:

[out b] =al*R +a2*G + a3*B
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Trong do6 al, a2, a3 la céac ti 1€ pha tron cua cac mau do, xanh 14, va xanh

duong dé tao ra mau xanh ¢ dau ra.

M rong khai niém nay, mot ma tran 3x3 duoc ap dung cho mdi mau mot
cach song song cung luc. Ma tran nay cé ti 1€ pha trén mau dugc xac dinh ro.
R a;; Q12 Adg3 R

G| = |21 Q2 Qz3| x |G
B az1 Az dAzgz B
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CHUONG III: UNG DUNG CONG NGHE FPGA XU LY DU LIEU PA
PHUONG TIEN DANG ANH

Muc tiéu caa chuong nay 1a Thiét ké 18i IP xtr ly anh theo chuan giao tiép
Avalon cua hang Altera. L&i IP gdm cac chirc ning: xac dinh cac diém anh 16i
va sura lai cac diém anh bi 16i d6 bang ky thuat mat na trung binh, Dung thuat
toan Demosaicing dé ndi suy mau va sira mau bang ma tran stra mau. Tat ca cac
module cta 16i IP nay déu dugc thiét ké bang ngdn ngir Verilog HDL. L&i IP ¢6
thé tich hop trong hé xir ly dit liéu da phuong tién nham ting toc do xu ly cua hé
théng. Do thoi gian nghién ciu con ngan, thiéu thiét bi nén em chi thuc hién
chay demo trén Kit DE2 véi loai dir liéu anh tinh, chua thuc hién dugc trén hé
théng thoi gian thuc.

3.1. Thiét lap bai toan thir nghiém:

Trong hé thdng xua ly anh gém nhitng thanh phan co ban bo thu thap di
licu, bo xt Iy va bo hién thi hinh anh. Céc dix liéu hinh anh cé thé dugc thu truc
tiép tir cac camera, nhiing hinh anh dit liéu thu duoc ludn xuét hién nhimg diém
anh 15i (nhiéu) theo nhiéu mic d6 khac nhau. Cac nhiéu nhiéu nay co thé la
nhidu ngau nhién, nhidu cé dinh hoac nhiéu dai. Nhidu ngau nhién thuong kho
loai bo ma khong lam giam chat luong anh, may tinh thudng kho khan khi phét
hién nhidu ngau nhién. Nhidu ciing duoc tao ra tir thanh phan khac 1a mau sic va
d6 sang. CAc loai nhidu c6 thé loai b bang cac thuat toan.

Anh chira R Anh d3 xtr
x. BO xu ly ,
|6i ly

Xtr ly anh hodc video trén may tinh thuong khong mang lai hiéu qua cao
mac du c6 thé thuc hién xir Iy anh bang phuong phép song song. Vi xu ly anh
hay video yéu cau phai xtr 1y luong di liéu 16n véi toc do cao. Tuy nhién, viéc
xu ly dix liéu I6n véi toe do cao lai rat thich hop véi FPGA c6 kha nang xtr ly
song song. FPGA c6 thé xu ly dir liéu 16n véi vai chu ky clock.

Vi nhiing ly do trén trong luan van nay em thuc hién thiét ké hé thong xur
ly anh bang cong nghé FPGA.
3.2. Lwa chon phan cieng va cong cu thir nghiém:
3.2.1. Gidi thigu kit DE2:

Kit DE2 cung cdp mot phuong tién t6i wu dé nghién cau vé ki thuat so,
cau tric may tinh va FPGA. Kit nay sir dung nhiing céng nghé mai nhat ca vé
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phan ctng 1an cong cu CAD (computer Aid Design) gitip nghién ctru duoc nhiéu
ting dung khac nhau. Kit cung cap nhiéu dic diém phu hop cho cong viéc nghién
ctru ciing nhu phét trién nhitng hé thdng sé thong thuong hay nhitng hé thdng
multimedia phirc tap. Kit DE2 gdm nhitng linh kién chinh sau:

e Chip Cyclone Il 2C35 FPGA 672 pins. Tt ca nhitng linh kién trén kit déu
dugc két ndi san véi nhitng pin cua FPGA, diéu nay cho phép ngudi st
dung c6 thé diéu khién tat ca nhitng linh Kién cling nhu tng dung cua
ching.

e Rom EPCS16 — Dung thiét l1ap cdu hinh ban dau cho thiét bi, hoat dong
noi tiép.

e USB Blaster — Dung dé cai dat chuong trinh tir computer cho FPGA, hd
tro 2 ché do: JTAG va AS ( Active Serial ).

e 512 — Kbyte SRAM

e 8- Mbyte SDRAM

e — Mbyte Flash memory

e Khe cam thé nhg SD card.

e 18 toggle switches

e push-button switches

e 18red LEDs

e 9green LEDs

e LED 7 doan (7-segments displays)

e LED hién thi ki tw ding LCD (16x2 character displays)

e Nguon xung clock 50 MHz va 27 MHz.

e 24-bit CD-quality audio CODEC véi nhitng dau cam line-in, line-out, va

e microphone-in.

e VGA DAC (10-bit high-speed triple DACs) véi dau cam VGA-out.

e TV Decoder (NTSC/PAL) voi dau cam TV-in.

e Giao tiép chuan RS-232 véi dau cam 9 pin.

e Giao tiép chuan PS/2 cho chudt va ban phim.

e Giao tip USB 2.0 ( ca host 1an device ).

e Giao tiép Ethernet 10/100

e Giao tiép hong ngoai (IrDA)

o Hai cong két ndi header dung dé giao tiép véi nhiing thiét bi ngoai vi khac
ma nguoi st dung mudn két ndi vao kit.
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Pi kém véi nhitng dic tinh phan cang, Altera ciing cung cap nhiing giao
tiép 1/0 chuan va bang diéu khiener viéc truy xuat nhiing linh kién trén KIT dua
trén phan mém DE2 Control Panel.

Hinh dudi md ta cac thanh phan trén Kit DE2 caa hang Altera.

|5{H|.|h¢ I 27 Mhz | E|.||r||

i USB 2.0 Host/Devica lﬂ—' -‘—b—l 16-bit Audlo CODEC l
10/100 EthumﬂPhnyMk—h VGA 10-bit Video DAC
S0 Card !q—p -q—l TV Decoder i

[orrmee Je—s] YOOl | orw |
Flash (1 Mbyte) Iﬂ—p 2035 il User Red LEDs (18) I
SDRAM (8 Mbytes) [q—p pfie] 162 2 LCD Modulle I
SRAM (512 Kbytes) ld—b f—| P52 & R5-232Ports I
T-Segment Dlsplay (B) H—b- - Toggle Switches (18)
Expansion Headers (2)  |jelff———p [l Fushbutlton Switches(d4)

EPCS516 UsSB
Config Blaster
Device

Hinh 3-1. So d6 khéi Kit DE2

e Chip Cyclone 11 2C23 FPGA gdm céc bo phan:
— 33216 Les
— 105 khéi nhé M4K
— 483840 bit nho
— 35 embeded multipliers
— PLLs
— 475 1/0 pins
— Fineline BGA 672 — pin package.
e Serial configuration device va USB blaster circuit:

Rom EPCS16 swerial configuration device, USB blaster for programing
va user API control, JTAG va AS programming modes

e SRAM

512 Kbyte SRAM memory chip. Puoc té chic 256K x 16 bits, C6 thé
truy cip nhu 12 bd nhé cho vi xir Ii Nios 11 hodc truy cap thdng qua bang diéu
khién Control Panel

e SDRAM:
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8 Mbyte single data rate synchronous dynamic RAM, Pugc t6 chic 1M x
16 bits x 4 Banks. C8 thé truy cip nhu 1a bo nhé cho vi xu 1i Nios 11 hoac truy
cap théng qua bang diéu khién Control Panel.

e Flash memory:

4 Mbyte NOR flash memory, 8 bit data bus. C6 thé truy cap nhu 13 bd nhé
cho vi xu Ii Nios 11 hoic truy cap théng qua bang diéu khién Control Panel

e Khe cim thé nhé SD card:

Truy xuat SD card bang mode SPI, c6 thé truy cap nhu 12 bd nhd cho vi
xtr Ii Nios Il vai DE2 SD card driver.

e Pushbutton switches:

4 pushbutton switches, hdi phuc lai tin hiéu bang mach Schmitt trigger. O
trong thai binh thuong, tin hiéu & muc cao; khi switch dwgc nhan, tin hiéu tao ra
mot xung tich cuc muc thap va hdi phuc lai trang thai binh thudng mic cao.

e Toggle switches:

18 toggle switches. Khi switch ¢ vi down thi tin hiéu & mac thap, nguoc
lai thi tin hiéu & muac cao.

e Clock Inputs:

- Ngudn xung clock 50MHz, Ngudn xung clock 27MHz. C6 thé sir dung
ngudn xung clock ngoai théng qua chan SMA.

e Audio Codec:

Wolfson WM8731 24-bit sigma-delta audio CODEC, Pau cim Line-in,
Line-out, Microphone-in. Tan s6 lay miu: 8 — 96 KHz, dugc tng dung cho Mp3
players, recorders, PDAs, smart phones, voice recorders...

e VGA output:

Str dyng ADV7123 240 MHz triple 10 bit high speed video DAC. Vi
dau cam 15 pin high density D-sub, hd trg do phan giai 1600x1200 tai 100-Hz
refresh rate. C6 thé két hop voi Cyclone II FPGA dé thuc thi mot TV encoder
tbc d6 cao. NTSC/PAL TV decoder circuit: Sir dung ADV7181B Multi-format
SDTV video decoder, hd tro NTSC (M,J,4.43), PAL (B,D,GH,I,M,N),
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SECAM. Tich hop 3 ADC 9 bit 54MHz, hoat dong véi ngudn xung clock 27
MHz, hd trg composite video, hd trg ngd ra digital (8bit/16bit.

e B0 diéu khién 10/100 ethernet:

Tich hop MAC va PHY véi giao tiép vi xtr i thong thuong. HS trg duong
truyén 100 Base — T va 10 Base — T, hd tro hoat dong kép tai 10Mb/s va
100Mb/s véi auto — MDIX, hoan toan twong thich vai cau hinh IEEE 802.3u, hd
tro IP/TCP/UDP checksum generation va checking.

e USB host/slave controller:

USB 2.0, hd tro truyén dit liéu toc do cao va téc do thap, hd tro USB
cha/khéch, hai cong USB. Cung cap giao tiép song song dén bo vi xir Ii, hd tro
Nios Il béi Terasic driver, hd trg Programmed I/O (P1O) va Direct Memory
Access (DMA).

e CoNg Ndi tiép:
Gom 2 cong: mot cong giao tiép RS-232, mot cong giao tiép PS/2
e Cong giao tiép hong ngoai:

B truyén nhan tin hiéu 115.2kb/s, dong diéu khién LED 32mA, tin hiéu
ngo vao dugc Xac nhan bai tich cuc canh.

Hai dau ndi mo rong:
2x40 pin cua 2 dau ndi mé rong duoc két ndi véi 72 pin cua Cyclone 11

I/O va 8 pin power va mass. Dau ndi 40 pin co thé twong thich véi cable chuan
40 pin dung cho 6 cting IDE.

3.2.2. Gigi thiéu phan mém Quartus 1

Quartus 11 1a cdng cu phan mém phat trién caa hing Altera, cung cap méi truong
thiét ké toan dién cho céc thiét ké SOPC (hé thong trén 1 chip kha trinh - system
on a programmable chip). Pay 1a phan mém dong gdi tich hop day da phuc vu
cho thiét ké logic véi céac linh kién logic kha trinh PLD, FPGA cua Altera, gom
cac dong APEX, Cyclone, FLEX, MAX, Stratix...Quatus Il cung cap cac kha
nang thiét ké sau:

— MBbi trudng thiét ké gom céc ban vé, so d6 khéi, cong cu soan thao cac
ngbn ngir: AHDL, VHDL, va Verilog HDL.

— Thiét ké LogicLock.
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— L& cdng cu manh dé tong hop logic.
— Kha nang m6 phong chirc nang va thoi gian.
— Phén tich thoi gian.
— Phan tich logic nhung véi cdng cu phéan tich Signal Tap® I1.

— Cho phép xuét, tao va két ndi céc file ngudn dé tao ra cac file chuong
trinh.

— Ty dong dinh vi 15i.
— Kha nang 1ap trinh va nhan dién linh kién.

— Phan mém Quartus 11 st dung bo tich hop NativeLink® véi cac cong cu
thiét ké cung cap viéc truyén thong tin lién mach giita Quartus véi cac cong cu
thiét ké phan cang EDA Kkhac.

— Quartus II ciing c6 thé doc céc file mach (netlist) EDIF chuan, VHDL
va Verilog HDL ciing nhu tao ra cac file netlist nay.

— Quartus IT c6 méi trudng thiét ké d6 hoa gitp nha thiét ké d& dang viét
ma4, bién dich, soat 15i, md phong...

Véi Quartus co thé két hop nhiéu kiéu file trong 1 du an thiét ké phan cap.
C6 thé dung bo cong cu tao so dd khoi (Quartus Block Editor) dé tao ra so d6
khoi md ta thiét ké & mirc cao, sau d6 dung cac so d6 khdi khac, cac ban vé nhu:
AHDL Text Design Files (.tdf). EDIF Input Files (.edfh VHDL Design Files
(.vhd). va Verilog HDL Design Files dé tao ra thanh phan thiét ké muc thap.

Quartus 11 cho phép 1am viéc vai nhiéu file & clng thoi diém, soan thao
file thiét ké trong khi van c6 thé bién dich hay chay mé phong céc du an khéc.
Cong cu bién dich Quartus 11 nam & trung tdm hé théng, cung cp quy trinh thiét
ké manh cho phép tiy bién dé dat dugc thiét ké téi vu trong du &n. Cong cu dinh
vi 13i tu dong va cac ban tin canh bao khién viéc phat hién va stra 181 tré nén don
gian hon.

3.3. Xay dung thir nghiém
3.3.1. Céch tién hanh

Hé théng xt Iy hinh anh dugc xay dung trén FPGA gdm 3 khdi chinh:

khdi thu thap dit liéu, khdi xa Iy hinh anh va khéi hién thi hinh anh duoc biéu
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dién trong hinh 3-2. Hé théng nay c6 thé cho phép thay dbi do phan giai hinh
anh dau vao dau ra phd hop véi dé phan giai caa man hinh hién thi hinh anh, hd
trg cac dir liéu dau vao vai cac ché do 8 bit, 10 bit va 12 bit. Twong thich véi
chuan Avalon Streaming véi ready latency = 1. Téc d6 xung clock 1én dén trén

100 MHz, téc do lay mau dit liéu 1én dén trén 30 Msampe/s.

DE2 BOARD

VGA VGA DAC

X~ 1 12C config Cyclone || controller ADV7123

CCD Capture Video l Video SDRAM
Rescaler Mirror - Controller
Defect
correction

Monitor

Camera
sensor

Color
Correction

Interpolation

Hinh 3-2. Md hinh h¢ thang thir nghiém

Khéi thu thap dir liéu tir camera va ghi vao SRAM, tuy nhién do con thiéu
thiét bi nén trong phan mé phong trén kit DE2 em sir dung anh tinh duoc chuyén
thanh dinh dang RAW, sau d6 dugc nap vao SRAM thong qua Control panel
DE2.

Khéi xir Iy anh duoc thiét ké thanh 3 module: Defect pixel correction c6
chitc nang khu nhiéu, interpolation cd chitc ning ndi suy mau va color
correction ¢ chirc nang stra mau. Pau tién dit liéu duoc lay tir SRAM vao FIFO
sau do6 dugc khir nhiéu thong qua module defect correction va lai ghi vao FIFO.
Tiép theo dir liu duoc doc tr FIFO va nodi suy mau bang module color
Interpolation sau d6 ghi vao FIFO. Cudi cung dir liéu duoc xu ly mau qua
module Color correction rdi ghi vao FIFO. Dit liéu duoc truyén theo chuan
Avalon-ST, cac module duoc kich hoat bing cac switch trén Kit DE2. Thiét ké
cta khéi xir Iy hinh anh dugc dua ra nhu trong hinh 3-3.
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Sink data se—]-

Sink valid ———»|
Sink ready «+———
Sink sop ——»

Sink eop ——

Avalon ST
Defect Pixel Correction

Avalon ST
Color Filter Interpolation

Source data

Source valid

Avalon ST

Color Correction Matrix Source ready

Source sop

Source eop

Hinh 3-3. So' d6 thiét ké bd xir Iy anh

TAt ca cac module déu duoc thiét ké theo chuan Avalon-ST do d6 cac

module déu c6 cac tin hiéu vao ra nhu nhau cu thé:

Tén tin hi¢u Do rong (bit) Hudng M0 ta

clock 1 in Avalon Clock and Reset

resetn 1 in Avalon Clock and Reset

enable 1 In Avalon Conduit

Sink_data_in 3*DW in Avalon ST — Sink - data

Sink_sop_in 1 in Avalon ST — Sink — start of packet

Sink_eop_in 1 in Avalon ST — Sink — end of packet

Sink_valid_in 1 in Avalon ST — Sink — data valid

Sink_ready out 1 out Avalon ST — Sink — data ready

Source_data_out 3*DW out Avalon ST — Source — data

Source_sop_out 1 out Avalon ST - Source — start of
packet

Source_eop_out 1 out Avalon ST - Source — end of
packet

Source_valid_out 1 out Avalon ST — Source — data valid

Source_ready in 1 in Avalon ST — Source — data ready

Bang 3-1. Bang md ta céc tin hiéu vao ra theo chuan Avalon-ST

Dit liéu duoc doc tir SRAM vao FIFO va dir liéu nay dugc chuyén sang

khdi xir ly dir liéu anh dé loai bo cac diém anh chét bang module Defect Pixel

Correction. Hinh 3-4 md ta cu thé dir liéu duoc truyén tir FIFO sang module

Defect Pixel Correction.
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Sink ready

Source ready

In_ready

read empt; in_valid  out_valid ———» Source valid
by L =

L full protect L"T\

L

clken

Sink valid @i Ehaid . e Valid Synch | N pits

in gaf o al
FIFO Defect Pixel Correction

wirte read

data data

Source data
in_data out data
in_sop out_sop
in_eop out_eop - Source eop

Sink data
Sink sop
Sink eop

in sop out sop ———» Source sop

N+2 in eop outeop
bits

N+2 N+2
bits bits

bits

Hinh 3-4. So’ d6 truyén dir liéu module Defect Pixel Correction

Tin hiéu Sink valid va full protect dung dé dap tng yéu cau ghi dit lidu
vao FIFO, néu dugc dap tng thi s& ghi N+2 bit vao FIFO. Tin hiéu clken diéu
khién qua trinh truyén di liéu tir FIFO sang module Defect Pixel correction.
Néu FIFO & dau vao cua module réng hoac FIFO bén dau ra cuia module day s&
ding viéc truyén dit lidu. Tin hiéu Source ready in s& dap (ng yéu cau doc di
liu cua FIFO phia dau ra ctia module. Sau d6 dit liéu s& duoc dong bo hda boi

thanh phan Valid Synch.

Dit liéu duoc truyén vao module 1a cac diém anh, module Defect Pixel
Correction c6 chic ning xac dinh cac diém anh 15i va sira lai theo thuat toan nhu

trong hinh 3-5 dudi day:
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| Pixel_in |
Y

Tao clra s6

Tinh todn gia tr
trung binh

Pixel_in > Y

can tV
e Pixel_in < Y
: '/ can dudi?
guong?

v
t Pixel_out= ] Pixel_out=
pixel_in trung_binh

Hinh 3-5: So' @6 khdi giai thuat xac dinh diém anh 16i

Giai thuat dé nghi st dung cira s6 trung binh va so sanh ngudng, két hop
so sanh vai can trén va can dudi. Néu diém anh ngd vao c6 gia tri gan can trén
(hoic gan can dudi) va co do sai léch vai gia tri trung binh cua diém anh xung
quanh vuot ngudng thi xac dinh d6 13 diém anh 138i va duoc chinh sua bang gia
tri trung binh caa diém anh xung quanh. Vi anh 24 bit mau (mdi kénh mau 8
bit) thi ngudng can trén duoc chon la 245 va ngudng can dudi duoc chon la 10.
Ngudng so sanh véi diém anh 1an can cé thé duoc chon trong khoang 40 - 80.
So db chi tiét duoc thé hién trén hinh 3-6.
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. . 1 N . :
In_sop —»I Shift register | gl Shift register }—» Out_sop
In_eop 4>| Shift register |7 7—4 Shift register }—» Out_eop

In_data

Din
N bits

32 bits
Pixel counter

32 bits

Window create Edge padding Interpolation window

Out_data

Hinh 3-6 So' d6 chi tiét module Defect Pixel Correction.

In data duoc truyén vao theo 5 line va dugc tinh toan lai theo thuat toén
d3 trinh bay ¢ trén véi cira s6 duoc st dung c6 kich thuéc 5x5. Qué trinh tao cira
s6 5x5 dugc trinh bay ¢ hinh 3-7.

Dout line 1

>\ bits

Dout line 2

>| Line buffer 1 ﬁ»l reg IJ-{ reg IJ-| reg IJ-{ reg )J

B> bt

Dout line 3

—>| Line buffer 2 ﬁ»l reg Il{ reg IJ'| reg IJ'{ reg )J

P>\ bits

Dout line 4

Line buffer 3 reg reg reg reg

>\ bits

—>| Line buffer 4 iL»l reg IJ-{ reg IJ-| reg IJ-{ reg )J

Hinh 3-7: So @0 window creator

Dout line 5
P>\ bits

Cac dir liéu anh nay sau khi duoc loai bo cac diém anh bi 16i duoc truyén
sang FIFO theo chuan avalon-ST dé tiép tuc xu ly.

Sau khi két thdc qua trinh loai bo diém anh I8i dir liéu duoc truyén sang
module Color Interpolation theo chuan Avalon-ST. Tai module nay di liéu anh
s& dugc sira c&c mau bang bo loc trung binh.
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M3t na trung binh c6 do phtc tap thap va tdc do xir 1y nhanh hon trong
FPGA. Do d6 dé tai chon giai thuat mat na loc trung binh va so sanh ngudng dé
thuc hién thiét ké.

Viéc &p dung mat na loc s& 1am giam chat lugng anh, dac biét 13 tai cac
viing canh (edge). Do d6 can bién phap dé han ché viéc ap dung mit na loc 18n
toan bd anh. Nhu dd phan tich & trén, cac diém anh bi 161 ¢6 2 trudng hop 1a
diém noéng (1a diém bi ket & muc cao) va diém lanh (diém tin hiéu tra vé luén &
muc thap) do do ta c6 thé két hop so sanh véi can trén va dudi dé 4p dung mat
na loc cho hop ly.

Mot luu v nita 12 cac sap xép cac diém anh dic trung cho cac mau 1a khac
nhau d6i véi Bayer pattern. Do dé tiy tirng mau ta s& ¢6 c4c cira so trung binh
khac nhau. Cu thé ta c¢d 2 ctra s6 cho mit na loc trung binh:

1 |17 |1
N BE
1 |17 |1

Mit na trung binh cho diém anh R&B

1 1 1
2 2

1 . 1
2 2

1 1 1

Miit na trung binh cho diém anh G

Téng trong s6 cua ca 2 cira s6 dugc chon dé co duogc tong 1a Iy thira cua
2, dé tién cho viéc tinh toan trong FPGA.
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Cudi cuing dit liéu anh duoc truyén sang module Matrix Color Correction
dé xur ly. Pay 1a qua trinh xt 1y cudi cung trudc khi anh duoc chuyén sang bo
hién thi anh. Trong qua trinh nay cac diém anh s& duoc sta lai mau sac cho phl
hop véi cam nhan mau cta mit ngudi trude khi hién thi ra man hinh. Cac mau
duoc tinh theo cdng thac sau:

R out a1 Qg2 Qg3 R in
G_out| = [Az21 Gz Az3| x |G_in
B out asz; Qs dass B in

Trong module nay cac phép cong, nhan st dung ky thuat pipeline, con
phép chia duoc thuc hién bang phép dich bit dé ting téc d6 xir Iy caa module.

Hinh 3-8 md ta chi tiét cach thuc hién st dung ma tran sira mau.

—
Out_red
N bits

In_red _|
M bits

Musplexer
Out_green
M bits

In_green __|
M bits

—— out_blue
N bits
=

Ir_bILe_
M bits

Hinh 3-8. So d6 chi tiét Color Correction Matrix

Sau nhiéu thuc nghiém véi cac ma tran c6 trong s khac nhau, ma tran
cho ra mau sac tot nhat véi cac trong sé cu thé nhu sau:
1.6 —-0.3 -0.3

-03 16 -03
-03 -03 1.6
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Khéi hién thi: Chuyén dit liéu anh tir hé mau RGB sang hé mau CMY va

hién thi 1én man hinh.

Viéc kiém tra chirc ning cua hé théng xtr Iy anh duoc thyc hién trén

modelsim dé dam bao cac module chay dtng theo chuan giao tiép Avalon-ST.

Sau khi reset hé thdng va tin hiéu ready dat dugc muc tich cuc (nghia 1a
sink san sang nhan dit ligu), tin hiéu valid va startofpacket dat tich cuc, dir liéu

lGc nay bat dau duoc truyén di dugc thé hién trong hinh 3-6 dudi day:

L Jtopjclock

- Jtopjfreset

L Jtopfready_1

- Jtopfvalid 1

. Jtopfsop_L

" Jtopfeop_L

- Jtopjdata_1
Jtop/stream_ready

- fropfstrearn_valid

¥ Jtop/stream_sop

- ftopfstream_eop

. Jtopjstream_dats

- Jtopjready_2

" Jkopjvalid_2

. Jtopisop_2

- Jtopfeop_2

. Jtopjdata_2

- Jtopfeot

Hinh 3-9. Két qua md phéng theo tirng tin hiéu

Khi ready mat tich cuc, nghia 1a sink khong sin sang nhan di liéu), tin hiéu
valid va data cling mat sau 1 chu ky clock (vi ready latency = 1). Khi ready tich

cuc trd lai, tin hiéu valid I8n muc tich cyuc va data tiép tuc truyén.

3.3.2. Thuc hign Demo trén Kit DE2.
Két ndi Kit DE2 voi may tinh qua cong USB va man hinh hién thi véi Kit
DE2 qua cong VGA.

Pau tién file hinh anh géc dugc bién d6i thanh file anh chira cac diém anh
15i bang thuat toan trén matlab va duge luu thanh file dit lidu.

Sau d6 stir dung phan mém diéu khién Control Panel DE2 dé nap file dix
liéu nay 1én SRAM cua Kit DE2.
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Chay chitc ning Programer trong Quartus II. Nap file hé théng demo
duoc tao DE2_TV.sof xudng Kit.

Chon SW[0], SW[1], SW[2] dé bat tat chirc ning stra diém anh I8i, noi
suy mau va stra mau. C6 thé st dung ting chirc nang riéng hoic st dung két hop
cac chure nang cung ldc.

3.3.3. Pdnh gid két qud:

Két qua thir nghiém module Defect Pixel Correction trén Kit DE2 véi mot
s6 anh dau vao khac nhau:

Anh 16i . Anh d‘ﬁ x(): diém anh 13i

Cé&c hinh anh sau khi dugc xtr ly bang module Defect Pixel Correction

hoan toan loai bo duoc cac diém anh 15i. Cac anh sau khi xtr Iy gan nhu khong
thay d6i so véi anh géc.

Hinh 3-10 trinh bay két qua thir nghiém trén Kit DE2
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Anh sau khi noi suy mau Anh sau khi st dung tit ca module

Hinh 3-10. Két qua xir ly anh

Sau khi thir nghiém véi mot sé anh dau vao khac nhau, két qua chuong
trinh thuc hién dung nhu mong doi, cac thuat toan loc nhiéu, phuc héi anh da
lam viéc dung va két qua hién thi trén man hinh, bang mét thuong cé thé danh

gia cac 15i hoan toan da dugc khic phuc.
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KET LUAN

Trong luan van nay, em da nghién ctu cac ky thuat xur ly dir liéu da
phuong tién, cdng nghé 1ap trinh FPGA va tim hiéu k§ thuat pipeline trong céng
nghé FPGA, ngdn ngit mé ta phan ctng verilog. Trong qué trinh thuc hién luan
van em di thu dugc nhitng két qua sau:

- Budc dau da ndm duoc kién thirc co ban vé cong nghé PPGA, hiéu
dugc tu tuong ludng thiét ké trén cong nghé FPGA, kha ning xt ly
dir liéu cua cong nghé FPGA.

- Hiéu va lap trinh duoc biang ngdn ngit md ta phan cang Verilog, sir
dung duoc ngbn ngit verilog dé thiét ké 16i 1P xir Iy mot trong nhiéu
loai dir liéu da phuong tién la xur ly hinh anh.

- Nam duoc céach sir dung cac cong cu lap trinh nhu phan mém
Quartus I1, phan mém mo phong ModelSim

Nhitng han ché va hudng phat trién cua dé tai:

- Do thoi gian thuc hién dé tai c6 han nén em méi chi thuc hién dugc
xt 1y anh trén cac cdng cu md phong chua thiét ké dwoc vi mach,
chua hoan toan hiéu hét cac chiic nang cta cac cong cu.

- Trong thoi gian toi em sé& tiép tuc hoan thién dé tai ciia minh dé c6
duwoc mot san pham hoan chinh dugc thiét ké trén cong nghé
FPGA.
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PHU LUC

1. Code file top diéu khién hoat dong cua 3 module stra cac diém anh 16i, noi suy
mau va stra mau:

module image_processing(
/[ System
clock,
resetn,
enable,
// Sink side
sink_data_in,
sink_valid_in,
sink_ready_out,
sink_sop_in,
sink_eop _in,
I/ Source side
source_data_out,
source_valid_out,
source_ready _in,
source_sop_oult,
source_eop_out
)i

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

*hkkhkhkkkkiikkkikik

* Parameter Declarations *

*hkkhkkkkhkkhkkhkkhkkhkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhkkhkkhkkhkhkhkhkkhkkikkhkhkhkkhkkhkhkkhkikkikk

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



S

parameter DW = §;

parameter WIDTH = 640;
parameter HEIGHT = 480;
parameter THRESHOLD = 100;

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

k,kkhkkhkkikkikkik

* Port Declarations *
*hkkhkkhkkhkhkkhkkkhkkhkkhkkhkhkkhkkkhkkhkkhkkikkhkkihkhkkhkhkhkkhkihkkhkkihkhkihkikhkhkihkkhkhkikhkhkihkhkkhkikhkhkikhkikikikkikkikikk
*************/

/] System

input clock;

input resetn;

input enable;

// Sink side

input [DW-1:0] sink_data_in;

input sink_valid_in;

output sink_ready_out;
input sink_sop_in;

input sink_eop_in;

/] Source side

output [3*DW-1:0] source_data_out;

output source_valid_out;
input source_ready in;
output source_sop_out;

output source_eop_out;
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/****************************************************************

*kkhkkhkhkkikkikkik

* Constant Declarations *

*hkhkhkhkhkkhkhkhkhkhkhkkhkkhkkhkhkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkikkhkkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkkikkikkkhkkkikk

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

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

*kkkkhkkkkkikkikkikkikk

* Internal wires and registers Declarations *

kkkhhkhkhhkhhkkhkkhkhkhhkhkhhkhhkkhhkhhkhkhkhhhkhhkkihkihhkhhkhhhkhhkkihkihkhhhhhkihkihkkihhihikikx

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

/I Internal Wires

wire [DW-1:0] avalon_ 1 data;

wire avalon_1 ready;
wire avalon_1 valid;
wire avalon_1 sop;
wire avalon_1 eop;

wire [3*DW-1:0] avalon_2 data;

wire avalon_2 ready;
wire avalon_2 valid;
wire avalon_2_sop;
wire avalon_2_eop;

/Il Internal Registers
// State Machine Registers

/I Integers

/I Avalon Defect Pixel Correction
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avalon_st defect pixel correction  avalon_st_defect_pixel correction_0(
/[ System
.clock(clock),
.resetn(resetn),
.enable(enable),
I/ Sink side
.Sink_data_in(sink_data_in),
Sink_valid_in(sink_valid_in),
Sink_ready _out(sink_ready out),
.Sink_sop_in(sink_sop_in),
.Sink_eop_in(sink_eop_in),
I/ Source side
.source_data_out(avalon_1 data),
.source_valid_out(avalon_1 valid),
.source_ready_in(avalon_1 ready),
.source_sop_out(avalon_1 sop),
.source_eop_out(avalon_1 eop)
)i
defparam
avalon_st_defect_pixel _correction_0.DW = DW,
avalon_st_defect pixel correction 0.WIDTH = WIDTH,
avalon_st_defect_pixel_correction_ 0.HEIGHT = HEIGHT,
avalon_st_defect_pixel_correction 0.THRESHOLD = THRESHOLD;
// Avalon Color Filter Interpolation

avalon_st_color_filter_interpolation avalon_st_color_filter_interpolation_0(



);
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/[ System

.clock(clock),

.resetn(resetn),

.enable(enable),

/1 Sink side
.Ssink_data_in(avalon_1_data),
.Sink_valid_in(avalon_1 valid),
Sink_ready out(avalon_1 ready),
.Sink_sop_in(avalon_1 sop),
.Sink_eop_in(avalon_1 eop),

I/ Source side
.source_data_out(avalon_2 data),
.source_valid_out(avalon_2 valid),
.source_ready_in(avalon_2_ready),
.source_sop_out(avalon_2_sop),

.source_eop_out(avalon_2_eop)

defparam

avalon_st_color_filter_interpolation_0.DW = DW,

avalon_st_color_filter_interpolation_0.WIDTH = WIDTH,

avalon_st_color_filter_interpolation_0.HEIGHT = HEIGHT;

// Avalon Color Correction Matrix
avalon_st_color_correction_matrix
/[ System

.clock(clock),

avalon_st_color_correction_matrix_0(
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.resetn(resetn),
.enable(enable),
I/ Sink side
.Sink_data_in(avalon_2_data),
.sink_valid_in(avalon_2_valid),
Sink_ready out(avalon_2_ready),
.sink_sop_in(avalon_2 sop),
.Sink_eop_in(avalon_2_eop),
I/ Source side
.source_data_out(source_data_out),
.source_valid_out(source valid_out),
.source_ready_in(source_ready in),
.source_sop_out(source _sop_out),
.source_eop_out(source_eop_out)

)i

defparam
avalon_st_color_correction_matrix_0.DW = DW,

endmodule
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