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LOI MO DAU
Trong nhirng nam gén day véi sy phat trién cua cong nghé ban dan trong viéc tao ra
nhirng bo vi xur 1y va vi diéu khién, cac hé théng do ludng va diéu khién ngay cang thong
minh hon, giai quyét duoc nhiéu bai toan phirc tap hon. Tuy nhién cac h¢ thong ngay cang
hoan thién hon, thong minh hon thi vi xu 1y va vi diéu khién chua thé dap ung hét nhu cau. Su
Xuat hién céc thiét bi c6 thé 1ap trinh nhu FPGA (Filed Progammable Gate Array da tao ra
budc dot pha. Véi cong nghé FPGA da c6 rat nhidu cong trinh nghién ciu giai quyét cac bai
toan Ion nhu bai toan xu ly tin hién s, mat ma va nhan dang. Cac nghién ctu hién nay cha
yéu di theo hudng két hop cac bo FPGA véi nhitng bo xir 1y théng thuong trong mét chip tao
ra hé théng méi RCS (reconfigurable Computing System). Pay 1a mot md hinh mai trong
thiét ké cac hé thdng c6 kha ning tinh toan rat manh, thay thé dugc cho nhitng may tinh 16n.
Khoéng 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 doi lai cau hinh dé dap wng nhiéu thuat toan hay céc yéu cau khéac nhau

vé phan ctng trong qua trinh hé thng dang hoat dong.

Cung véi sy bing nd cua cac mang internet, mang di dong la cac nhu cau giai tri,
truyén thong da phuong tién. Dé ting chat lugng dich vu cua cac dich vu da phuong tién thi
viéc xir Iy céc dir liéu da phuong tién 12 rat can thiét. Hién nay cac giai phap xu ly dit liéu da
phuong tién déu cé chi phi rat cao. Do vay muc dich cua nghién ciu nay la tng dung cong
nghé FPGA vao viéc xur ly dir liéu da phuong tién mot cach hiéu qua.

Déi twgng va pham vi nghién cuu:

1. Cong nghé FPGA: cac linh vuc (ng dung, cac cong cu phét trién

2. K¥ thuat xtr ly nhanh dix liéu pipeline.

3. Ung dung k§ thuat pipeline thiét ké 16i IP xu ly hinh anh

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

Chuong I ctia luan vin trinh bay tong quan vé cong nghé FPGA, céc linh vuc (ing
dung cua cong nghé nay va cac cong cu phat trién, ho tro lap trinh trén FPGA.

Chuong II cta luan vin trinh bay vé ky thuat xu ly dit liéu pipeline, cach thic t chic
pipeline trong cdng nghé FPGA va danh gia hiéu qua cua ky thuat nay.

Chuong III thyc hign thiét ke 16i IP xu ly hinh anh cu thé I5i IP s& xéac dinh cc diém
anh bi 10i va stra chtiing, xac dinh mau bang phuong phap ndi suy, stra ma tran mau.

Phén két luan cia luan van trinh bay cac két qua dat duoc va nhitng han ché ciia lun
van, hudng phat trién cua luan van trong cac nghién ctu tiep theo.
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1. TONG QUAN VE CONG NGHE FPGA
1.1. Lich s ra doi FPGA

Niam 1984 Ross Freeman 1a ngudi dau tién thiét ké PFGA va ciing 1a nguoi sang 1ap
cong ty Xilinx. Kién trc méi cia FPGA cho phép tich hop s6 lwong I6n cac phan tir ban dan
vao mot vi mach so véi kién triic trude d6 1a CPLD. FPGA c6 kha nang chta tir 100.000 dén
vai ty cong logic, trong khi CPLD chi chta tir 10.000 dén 100.000 cdng logic, con s nay doi
véi PAL va PLA con thap hon rat nhiéu chi dat vai nghin dén 10.000 cong logic.

Kién tric cua FPGA la kién tric mang cac khdi logic, khdi logic nhé hon nhiéu néu
dem so sanh véi mot khéi SPLD, wu diém nay giip FPGA c6 thé chtra nhidu hon cac phan tu
logic va phat huy t6i da kha nang 1ap trinh cua cac phan tir logic va hé thdng mach két néi, dé
dat duoc muc dich nay thi kién tric caa FPGA phuc tap hon nhiéu so véi CPLD. Mot diém
khac biét voi CPLD la trong nhitng FPGA hién dai duoc tich hop nhiéu nhiing bo logic s6 hoc
dd so bo t6i wu hoa hd tro RAM, ROM téc d6 cao, hay cac bo nhan cong (multication anh
accumulation, MAC), thuat ngir tiéng anh 1a DSP slice ding cho nhitng tng dung xir ly tin
hiéu s6 DSP.

Ngoai kha ning tai cu tric vi mach toan cuc, FPGA hién tai con hd tro tai cau tric
mat bo phan riéng I¢ trong khi van dam bao hoat dong binh thuong cho céc bo phan khac.

1.2. CAu tric FPGA

Tai nguyén két
noi

Logic Elock

B HEHE

DLUo000

Hinh 1-1. CAu trac FPGA

FPGA la mach tich hop chira nhiéu (64 dén hon 10.000) 6 logic (logic cell) gidng
nhau co6 the xem la cac thanh phan chudn. Mdi 6 logic gitr mot hay mot sé chirc ning doc 1ap.
Céac 6 giébng nhau duoc két nbi boi mot ma tran dudng dan va cic chuyén mach kha trinh.
Nguoi thue hién thiét ké bang cac dic trung 16gic don ctia mdi 6 va lya chon dong cac chuyén
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mach trong ma trin két ndi. Mang cua cac 6 16gic va kiéu két ndi 1a két cau xdy dung khdi co
ban trong mach 16gic. Céc thiét ké phtrc tap dugc tao ra bang cach két hop cac

khoi co ban dé tao ra cac mach dugc mo ta.

M5 hinh tong quat cua FPGA gom mot day hai chleu cac kh01 16gic (logic block) co
thé dugc két ndi bang cac ngudn két ndi chung. Cac nguon két ndi gdbm cac doan két ndi
(segment) c6 thé co chiéu dai khac nhau. Bén trong cac két ndi 1a cac chuyén mach 1ap trinh
duoc dung dé ndi cac khdi 16gic v6i cac doan ddy, cac khdi vao/ra hay cac doan day véi nhau.
Mach logic cai dat trong FPGA bang cach anh xa 16gic vao cac khéi 16gic riéng ré va sau do
nbi cac khoi 16gic cau hinh (Configurable logic Block) can thiét qua cac chuyen mach. Cac
khéi CLB cung cap cac phan tir chire ning voi cdu tric stir dung logic. Cac khdi vao/ra (1/0
Block) cung cép giao dién gitra cac goi chan va cac duong tin hiéu bén trong. Tai nguyén két
nbi kha trinh cung cap cac bd phan truyén dan téi két ndi dau vao va dau ra cia cac CLB va
cac IOB trong mang riéng.

Vay cdu tric FPGA gdm ba phan tir chinh: Cac khéi 16gic cau hinh (CLB), cac khdi
vao/ra (IOB) va céc két noi.

a. Cac khoi 1égic cdu hinh (Configurable logic Block)

Cau tric va ndi dung cia logic block duoc goi theo kién trac ctia nd. Kién trac cia
khoi logic co thé thiét ké theo nhiéu cach khac nhau, c6 thé 1a cac cong AND 2 ngo nhdp, cac
b6 don kénh (Multiplexer) hay cac bang tim kiém _(Lock-up Table). Ngoai ra c6 thé chira cac
Flip-Flop dé hd trg cho viéc thyc hién mot cach tuan ty.

b. Cdc nguon két noi (Routes)
Céc nguodn két ndi co cau truc va ndi dung duge goi l1a kién truc duong

(Routing Architecture). Kién trac Routing gom cac doan day ndi va cic chuyén mach kha
trinh. Cac Chuyén mach kha trinh ¢6 ciu tao khac nhau nhu pass-transistor, dugc diéu khién
boi cac cell SRAM, cac phan tir cau chi nghich, EPROM transistor va EEROM transitor.
Gidng nhu cac khéi 16gic co nhiéu cach khac nhau dé thiét ké cac kién trac routing. Mot sd
FPGA cung cip nhiéu két ndi don gian gitra cac khéi logic, mot sb khac cung cap it két ndi
hon nén routing phtrc tap hon.

1.2.1. Phéan logi FPGA

FPGA c6 nhiéu loai khac nhau c¢6 cu tric va dic tinh riéng tuy theo timg hang san xuét, tuy
nhién chung c6 bon loai chinh sau: ciu trac mang d6i xtmg (Symmetrical Array), cau tric
PLD phan cép (hierachircal PLD), cdu trac hang (Row base) va céu trac da cong (Sea of
Gate) mo ta dudi day.
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Hinh 1.2 Céc loai cau truc FPGA
1.2.2. Céc cdng ngh¢ Igp trinh FPGA

C6 nhiéu cach thuc hién cac phﬁn tr 1ap trinh, cac cong ngh¢ 1ap trinh hién dang st
dung 1a: RAM tinh, ciu chi nghich (anti-fuse), EPROM transistor va EEROM transistor. Mic
du cong nghé 1ap trinh khac nhau, tat ca cac phan tir lap trinh déu c6 chung tinh chét 13 c6 thé
c4u hinh duoc trong mot trong hai trang thai ON hodc OFF. Cac phén tur 1ap trinh dugc dung
dé thyc hién cac két ndi 1ap trinh duoc giita cac khoi 16gic ciia cac FPGA, con FPGA thong
thudng ¢6 thé hon 100.000 phan tir 1ap trinh. Vi vy céc phan tir 13p trinh phai ¢6 nhiing tinh
chat sau:

- Chiém cang it dién tich cta chip cang tbt.

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

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

- C6 thé ché tao mot cach tin cay ) lugng lon phén tur 1ap trinh trén mot chip.

C6 thé tuy thugc vao ung dung cu ghé va ¢o cac sb lugng p}}ﬁn tur 1ap trinh co thé c6
cac dac tinl} khéc: Vé ,meit ché tao, cac phan tu 1ap Frinh néu c6 thé ché tao theo cong nghé
CMOS chuan la tot nhat. Dudi day sé trinh bay chi tiet cac cong nghé 1ap trinh FPGA.

a. Cong nghé lap trinh dung RAM tinh
Cong ngh¢ 1ap trinh dung RAM tinh (SRAM) sir dung cong nghé¢ CMOS ti€u chuan. Cac két

no1 lap trinh dugc diéu khlen bang cac transistor khac trén chip hodc bat (On) cac transistor
truyén dan ciing nhu cac cong transistor dé tao mot két ndi hay tat (Off) dé ngat két ndi.

Trong cac FPGA su dung cong ngh¢ lap trinh SRAM, cac khéi logic co thé dugc két
hop voi nhau qua cach két hop ca bo don kénh (Multiplexer) va cong truyen dan (pass-gate).
Vi SRAM li bd nhé bay hoi, cac FPGA nay phai dugc tai cdu hinh mdi khi cap ngudn cho
chip. Piéu nay c6 nghia 1a hé théng sir dung cac chip nay phai c6 mot sé co ché luu trir
thuong truc cho cac bit cia RAM Cell, chang han ROM hay dia tir. Cac bit cia RAM Cell ¢6
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thé duoc nap vao FPGA mét cach tudn tu hay dinh dia chi nhu mot phﬁn tor cia mang (theo
cach thong thuong cua mét RAM).

Céc chip duoc thyc hién theo cong nghé SRAM c6 dién tich kha 16n, béi vi can it nhit
5 transistor cho mdi RAM Cell ciing nhu cac transistor can thém cho cong truyén dan hay bo
don kénh. Uu diém cua k¥ thuat nay 13 cho phép FPGA c6 thé duoc tai cau hinh ngay trén
mach rat nhanh va n6 ¢6 thé dugc ché tao béng cong nghé CMOS chuén.

b. Céc thiét bi ldp trinh cau chi nghich (Anti-fuse)

Cong nghé lap trinh anti-fuse dugc sir dung trong cac FPGA cua Actel-Corp, Quick
Logic va Cross Point Solution. Tuy anti-fuse duoc st dung trong cac loai FPGA nay ¢ ciu
tao khac nhau, nhung chirc nang cua ching 1a nhu nhau. Mt anti-fuse binh thuong s€ ¢ trang
thai cao, nhung c6 thé bi “ndng chay” thanh trang thai dién tr¢ thap khi duoc 1ap trinh & dién
thé cao. Dudi ddy sé gi6i thiéu cau tao cta cac anti-fuse cia Actell va Quick Logic.

Anti-fuse cua Actell duoc goi la PLICE. N6 cau trac hinh chir nhat gom 3 16p: Lop dudi
cung chtra céc silic mang nhiéu dién tich duong (n+diffusion), 16p gitta 1a mdt 16p dién moi
(Oxy-Nito-Oxy cach dién), va 16p trén cung la Poly-Silic.

Anti-fuse PLICE dugc lap trinh bang cach dat mot dién thé cao thich hop (18V) giira
hai ddu cua anti-fuse va dong diéu khién khoang SmA qua thiét bi. Dong va 4p ndy tao ra mot
nhi¢t lugng du néng bén trong 16p di€n moi lam nd ndng chdy va tao ra mot lién két dan dién
gilra cac dién cuc. Cac transistor chiu dugc cac dién thé cao dugc ché tao bén trong FPGA dé
dap tmg cho dong va dién ap du 16n. Ca hai 16p dudi ciing va trén cing cia cau chi nghich
dugc ndi véi cac diy kim loai dé khi dugc 1ap trinh cau chi nghich sé& tao ra mot két néi c6 tré
khang thap (300Q dén 500Q) giita hai diy kim loai.

Anti-fuse ctia Quick-Logic duoc goi 1a ViaLink. N6 twong tu nhu PLICE cling c¢6 ba
16p kim loai. Tuy nhién, ViaLink str dung kim loai mirc 1 cho 16p dudi cing, mot hop chét vo
dinh hinh cho 16p gitta va kim loai mtrc 2 cho 16p trén cung. Khi & trang thai khong duogc 1ap
trinh, anti-fuse c6 tré khdng hang gigadm, nhung khi dugc lap trinh no sé& tao ra mot két ndi
giita hai 16p kim loai tré khang khoang 80Q. Anti-fuse dugc ché tao bang cach thém 3 mit na
dic biét trong quy trinh ché tao CMOS thong thuong.

ViaLink anti-fuse duoc 1ap trinh bang cach dat mot dién thé 10V giira cac dau cia no,
dong duoc cip du, trang thai cua Silic vo dinh hinh s& thay doi va tao ra mot lién két dién giira
hai 16p kim loai. Dién tich cac chip sir dung ky thuét anti-fuse rt nho so véi cong nghé khac.
Tuy nhién, bu lai can phai c6 khong gian 16n cho cac transistor dién thé cao can dé giir cho
dong va ap cao luc 1ap trinh. Nhugc diém cua anti-fuse 12 quy trinh ché tao ching phai thay
ddi so voi quy trinh ché tao SMOS.

c. Cong nghé lap trinh dung EPROM va EEROM

Cong ngh¢ duoc dung trong cac FPGA cua Altera Corp, va Plus Logic. Cong ngh¢ nay giong
nhu s dung trong by nhé EPROM. Khoéng gidng CMOS transistor don gian, mt EPROM
transistor gom hai cong, mot cong treo (floatlng gate) va mot cong chon (select- gate). Cong
treo dugc dat gitta cong chon va kénh dan cua transitor, cong nay dugc goi nhu thé vi nd
khong co két ndi dién dén bat ky mach nao.

Céc cong nghé 1ap trinh FPGA dugc tom tit trong bang dudi day:
Bang 1.1 Cac dac tinh caa cong nghé lap trinh

Cong nghé lap 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 Khéng Khéng Anti-fuse nho 300-500 3-5
Anti-fuse S transistor 16n

ViaLink Khéng Khéng Anti-fuse nho 50-80 1-3
Anti-fuse S transistor 16n

EPROM Khéng Ngoai mach Nho 2-4 10-20
EEPROM Khéng Trong mach 2XEPROM 2-4 10-20

1.3. Ung dung cia cong nghé FPGA

FPGA 1a thé h¢ sau cta IC kha trinh nén ching c6 thé ing dung trong hau hét cac ting
dung cua hién dang dung MPGA, PLD va c4c mach tich hop loai nho (SSI).

a. Cac mach tich hop la ving dung dac biét

FPGA 1a thiét bj tong quat nhat dé thyc hién cac mach 16gic sd. Ching dac biﬁ:t thich
hop cho cac mach tich hgp chuyén dung dac biét (ASIC) nhu bd cong, bd diéu khién 16gic
Flip-Flop...

b. Thiét ké mach ngau nhién

Mach 16gic ngau nhién thuong duogc thuc hién bang PAL. Néu toc do ccua mach khong
doi héi khat khe (cac PAL nhanh hon héu hét cac FPGA) thi mach c6 thé thuc hién bang
FPGA. Hién nay mdt FPGA can tir 10 dén 20 PAL.

c. Thay thé cdc chip SSI cho mach ngau nhién

_ Cac mach hién tai trong cac san pham thuong mai thuong chira nhiéu chip SSI. Trong
nhiéu truong hop co thé thay thé bang FPGA dé giam dién tich bo mach.

d. Ché tao méu

FPGA rit ly tudng cho viée tao mau cac san pham Gié thanh thyc hién thap va thoi gian
thuc hién thiét ké vat ly ngan cung cAp céac uu diém hon nhiéu so véi cac phuong tién truyén
thong khac dé ché tao mau phan cung. Cac mau ban dau c6 thé thuc hién rat nhanh va nhimng
thay ddi sau d6 duoc thuc hién rat nhanh va it ton kém.

e. May tinh dva trén FPGA

Mot loai méy tinh dua trén FPGA c6 thé tai 1ap trinh ngay trén FPGA. Céc may nay
c6 mot bo mach chita cic FPGA véi cac chan ndi véi cac chip 1an can gidng nhu thong
thuong. Y tuong 1a 1a mot chuong trinh phan mém co thé duge “bién dich” (str dung k¥ thuat
tong hop mirc cao, muc 1dgic va mirc so d6 bang tay) vao ngay phan ctng. Phin ctng nay sé
duoc thuc hién béng cach lap trinh bo mach FPGA. Phuong phép nay c6 hai uu diém chinh:
mot 14 khong can qua trinh ldy 1énh nhu cic bd xir 1y truyén thong vi phan cimg da gop ca
1énh. Két qua 13 tdc d6 c6 thé ting 1én hang trim lan. Hai 1a, moi trudng tinh toan c6 thé thuc
hién song song mtc cao, lam ting tc thém nita.

f. Tdi cdu hinh thanh phan truc tiép

FPGA cho phép co thé thay doi theo mong mudn cau trac cua mot may dang hoat
dong. Mot vi du 1a cac thiét bi may tinh tir xa c6 thé thay doi truc tiép dé khic phuc su ¢b hay
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c6 15i thiét ké. Kiéu FPGA thich hop nhét cho tng dung nay 1a nhitng FPGA c6 cac chuyén
mach 1ap trinh duoc.

2. KY THUAT PIPELINE TRONG CONG NGHE FPGA
2. 1. Ky thuat pipeline trong FPGA

Déi véi 13p trinh FPGA, viéc ¢6 thé lap trinh va diéu khién kha ning chia thanh cac
nhanh xt ly song song, str dung hiéu qua tai nguyén cua phan cing la mot trong nhitng kha
nang c6 thé mang lai hiéu qua xur 1y nhanh, dac biét doi vai cac loai dir liéu dong nhat nhu dir
li¢u text, hay doi vdi cac loai gié tri so, cac bit dir liéu hinh anh. [15]

K§ thuat duong ong (Pipeline hay Pipelining) la ky thuat thuc hién Iénh trong do cac

lénh duoc thuc hién theo kiéu gbi dau nham tan dung nhitng khoang thoi gian rdi (stalls) gitra
cac cdng doan (stages), qua d6 lam tang toc do thuc hién Iénh cua vi xu ly.

Clock cycles —
1 2 3 4 5 6 7 8 9

S U B~ W N

Hinh 2.1: Ky thuéat Pipeline

Trén Hinh 2.1 m6 ta cach thyuc hién d6i véi K thuat Pipeline, qua d6 cho thay dé thuc
hién duoc 6 cau lénh xir ly text, c6 thé chi mat 10 xung nhip dong hd, trong khi néu thyc hién
tuan ty ting cau lénh co thé s& ton kém 5 xung nhip dong hd ddi vai 1 cau lénh, hay s& ton
mat 30 xung nhip dong ho cho ca 6 cau lénh do.

Viéc su dung ky thuat Pipeline dugc thuc,hién dé dang nho kién tric dic biét cua cac
vi mach thugc ho FPGA do kha nang thay doi cau tric va su dung tai nguyén tinh toan cua
chip FPGA.

Vi ky thuat Pipeline trén, rd rang két qua thuc hién duoc s& dién ra nhanh hon so véi
qua trinh tuan tu khi khéng st dung Pipeline.
2.2. T6 chirc pipeline trong Lap trinh FPGA

Viéc str dung ky thuat Pipeline ¢ thé 1a cach tiép can dé xir ly nhanh di liéu, dac biét
khi thuc hién cac phép toan logic trén ALU nhu phép nhan, phép cong ..., myc tiéu cua muc
nay la tim hiéu cach thic t6 chirc Pipeline khi lap trinh cho FPGA, véi cac code chuong trinh
cho lap trinh FPGA nhu VHDL.



A D1 Q1
B D2 Q2 D a—Y
S Clk S Clk
2.2a
E’A \i PipeMultProc : process
| Y1: | begin
EB:®_DQ barY wait until Clk = '1' ;
e e ST
iClk )| i Y <= Y1 ;
- | end process ;
2.2b

3. UNG DUNG KY THUAT PIPELINE TRONG CONG NGHE FPGA XU LY DU
LIEU PA PHUONG TIEN

3.1. Cac ky thuat xir ly dir li¢u da phwong tién

Déi véi bai toan xir ly dit liéu 16n, véi cac khdi dit liéu text hay voice, cac dit liéu da
phuong tién, mot trong nhitng van dé cap bach dit ra 1a bai toan xtr ly nhanh. Bai toan xu ly
dir liéu nhanh da duoc dé cap dén trong nhiéu nghién cau véi nhitng thuat toan tinh toan ludi,
van dé xay dung cac hé thdng hiéu ning cao, tinh toan song song, 1ap trinh trén céc chip ho
FPGA, sir dung card d hoa GPU.

3.1.1. Tinh toan song song

Tinh toan song song 1a mét hinh thic tinh toan trong d6 nhiéu phép tinh dwoc thuc
hién dong thoi, hoat dong trén nguyén tic 1a nhiing van dé lon déu c6 thé chia thanh nhiéu
phan nho hon, sau d6 dwoc giai quyét tuong tranh ("trong linh vuc tinh toan") C6 nhiéu hinh
thire khac nhau caa tinh todn song song: song song cap bit, song song cap Iénh, song song dix
liéu, va song song tac vu. Song song dd duoc sir dung tir nhiéu nam qua, cht yéu 14 trong linh
vuc tinh toan hiéu nang cao. Gan day hinh thac tinh toan nay dwoc quan tdm nhiéu hon, do
nhiing han ché vat 1y ngan chan viée tang hiéu nang tinh toan chi bang céch tang tan sb, Vi
viéc tiéu hao dién ning (din dén sinh nhiét) tir may tinh da trg thanh mot méi lo ngai trong
nhitng nim gan ddy, tinh ton song song di trd thanh md hinh thdng trj trong linh vyc kién
trdc may tinh, phan Ién 1a dudi dang bo xir 1y da nhan.

Thuat ton song song khé viét hon so véi nhitng thuat todn tuan ty, vi su tuong tranh
tao ra nhicu I6p mdi tiem tang cac 16i phan mém, trong d6 15i diéu kién ganh dua la pho bién
nhat. Quan ly viéc Giao tiép va dong bo glua cac ludng xir 1y 12 mét trong nhitng tro ngai lon
nhét dé tao ra mot chuong trinh song song tét.




3.1.2. Sir dung GPU

Bo xur 1y do hoa (Graphics Processing Unit) [9] [10] hay goi tit 13 GPU la bo xir ly
chuyén dung cho biéu di&n hinh anh 3D tir bo vi xir ly cia may tinh. N6 dugc sir dung trong
cac hé thong nhing, dién thoai di dong, may tinh ca nhan, may tram, va dleu khién game. Bo
xu ly d6 hoa ngay nay rat hiéu qua trong cac thao tac d6 hoa may tinh, va cau triic song song
cao cép lam cho chung c6 nang luc xir 1y tét hon nhiéu so véi bd vi xtr 1y thong thudng trong
cac thuat toan phuc tap. Trong may tinh c& nhan, moét GPU duoc biét toéi nhu mét card man
hinh (video card) hoac dugc tich hop lubn trén bang mach chia. Hon 90% cac may tinh ca
nhan hodc may tinh xach tay hién dai da c6 tich hop GPU nhung thuong yéu hon nhiéu so véi
GPU tich hop trén cac card man hinh chuyén dung.[12],[14]

GPU luén ludn Ia mét bo xur ly véi du thira tai nguyén tinh todn. Tuy nhién xu hudng
quan trong nhat gan day do 1a trung bay khd nang tinh toan do cho céc 1ap trinh vién. Nhing
nam gan day, GPU da phat trién tir mot ham cd dinh, bo xur Iy chuyén dung téi bo xur 1y lap
trinh song song, day du tinh nang doc lap véi viéc bo sung thém cac chirc néng c¢b dinh, va
c4c chirc nang chuyén biét. Hon bao gio hét cac khia canh vé kha nang 1ap trinh cua bo xir ly
chiém vi tri trung tdm. Tai bat dau bang cach ghi chép lai sy tién trién nay, bat dau tir cau trdc
ciia duong 6ng dan dd hoa GPU va lam thé nao GPU trg thanh kién trdc, cong cu gianh cho
cac myc dich thong dung, sau d6 di xem xét k¥ hon céc kién tric cia GPU hién dai.

3.1.3. Tinh todn luoi

Tinh toan lud¢i & mot mo hinh tinh toan dang dugc g dung rit nhiéu, day la mot mo
hinh ¢6 kha ning thuc hién tinh toan véi toc do cao béng cach tan dung nhiéu may tinh ndi
mang dé tao ra mot kién triic may tinh 4o c6 thé phan phdi viéc tinh toan trén mot co sO ha
tang song song. Ludi tinh toan st dung tai nguyén cua nhiéu may tinh riéng Ie két ndi voi
nhau théng qua mot mang may tinh(thuong 1 mang may Internet) dé giai quyét cac yéu cau
tinh toan 16n. Ludi c6 kha ning thyuc hién viéc tinh todn trén nhitng tap dit liéu 16n, bang cach
chia nho cac tap dir lidu nay thanh cac tap hop nho hon hodc thyc hién nhidu qui trinh tinh
toan cung lac nhu trén mot manh tinh don thong qua md hinh phan phdi cong viéc giita cac
tién trinh song song. Ngay nay, viéc phan phdi tai nguyén trén ludi tuan theo chuan
SLA(service level agreement)

Tinh toan ludi tao ra mot md hinh dé giai quyét cac bai toan tinh toan 16n bang céch
sir dung nhitng tai nguyén roi( CPU, va thi€t bi Iuu trlt) ciia mot loat cac may tinh riéng re,
thuong la may dé ban, hé thong nay dugc coi la mét mot cum may ao nhing trong mot moi
truong lien lac phan tan. Tinh toan ludi tap trung vao kha nang ho tro tinh toan gitra cac khu
vuc hanh chinh, diéu nay lam cho mo hinh nay tach biét so vai mé hinh cum tinh toan va tinh
toan phén tan truyen thong.

V& mit chirc ning c6 thé chia ludi thanh nhiing loai sau:

e Ludi tinh toan(bao gém ca cac ludi tan dung tai nguyén CPU) day 1a loai ludi hudéng
tai cac hoat dong tinh todn lon va tap trung
e Ludi di liéu tap trung vao viéc quan ly viéc chia sé cua mot luong 16n céc dir liéu
phan tan.
e Ludi thiét bj thuong bao gdm mét thiét bj chinh nhu cac kinh vién vong va mot ludi
xung quanh dung dé dieu khién thiét bi tir xa va phan tich dir liéu.
3.2. Thiét ké 16i IP xir ly dir li¢u da phwong ti¢n
3.3.1. Khai niém vi mgch va 161 IP
Chip vi mach IC (integrated Circuit) 1a mach dién gdm nhiéu phan tir tich hop 1én trén mot
phién ban dan. Dua trén mat do tich hop, nguoi ta phan loai nhu sau:
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- SSI (Small-Scale Integration): B¢ tich hgp ¢& nho gom khoang 100 linh kién dién
tur trén mot chip

- MSI (Medium-Scale Integration): Gom tir 100 dén 3000 linh kién dién tir trén mot
chip

- LSI (Large-Scale Integration): Gém tir 3000 dén 100000 linh kién dién tir trén mot
chip

- VLSI (Very Large-Scale Integration): Gom tir 100000 dén mat triéu linh kién dién
tur trén mot chip

- ULSI (Ultra Large-Scale Integration): Hon mot triéu linh kién di¢n tir trén mot
chip

C0 hai dang 16i IP:

= L6i IP mém (soft IP): c6 tinh linh hoat nhat, cho phép ngudi ding sira doi chic ning
khi can thiét. Nhung dé dua vao thiét ké toan bo, khach hang phai thuc hién cac budc
tong hop, dat va ndi day... Nhu vay, khong dam bao chic chin s& dat duoc céc luat
thiét ké ciia nha may, t6i wu vé thoi gian, dién tich...

= Loi IP cieng (hard IP): duoc thiét ké nhu 1a mot “hdp den”, khach hang chi viéc sir
dung. Khong linh hoat vi khach hang khong thé stra doi. Chi ~ing dung v&i mot qui
trinh san xuat caa mot nha may ché tao cu thé. Nguoi cung cap IP dam bao tuan thu
cac luat thiét ké cua nha may, théng bao rd tan sb lam viéc, dién tich chiém chd... cua
IP do minh tao ra.

3.2.2. Qui trinh thiét ké trén ASIC va FPGA

Error! Reference source not found. trinh bay qui trinh thiét ké mat 16i/chip IP trén
hai cong nghé FPGA va ASIC. Trong luu do nay, qui trinh thiét ké nhu sau : Tir yéu cau thiét
ké (Specifications) = Phan tich thiét ké, xay dung kién tric, viét code md ta phan ciing cho
thiét ké (dung Verilog hoic VHDL) va tién hanh mé phong kiém tra chirc ning va sta 1i
thiét ké (RTL code, simulation & debug) > Tong hop thiét ké thanh dang netlist (logic
synthesis) va kiém tra chue nang ¢ muc cong - gate-level Tlen hanh lam layout va phéan
tich ban thiét ké layout vé mit dinh thoi (timing), cong suat, tan sé va dién tich chip.

V& mit phan cirng, c6 hai hwéng dé 1am chip :

(1)  Hwéng FPGA : dung chip FPGA chuyén dung va cac phan mém tuong ung. Vi du
Quartus Il cua Altera hay ISE cua Xilinx,...

(2)  Huwéng ASIC : khi tong hop va lam layout s& dua trén thu vién cong ngh¢ cu the va
cac phan mém chuyén dung, vi du nhu IBM, TSMC, ...

3.3.3. Mgt sé kj thudgt téi wu thiét ké
3.3.3.1. Ky thugt toi wu tai nguyén
. K§ thuat téi gian logic bang dai s6 Boole

Cac ham logic thuong co thé duoc téi gian bang céch sir dung dai sé Boole va bia
Karnaugh trudc khi thiét ke.

o K¥ thuat Resource Sharing

q Resource Sharing la ky thuét chia s¢ tai nguqyén‘phén cung cho cac xu ly khac nhau.
bé ap dung Iy thuat nay, nguoi thiét ké phai am hiéu vé hé thong va tinh toan dinh thoi hop
ly.
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K thuat Reource Sharing néu dugc ap dung ding lic va hop Iy s& cho két qua giam
thiéu dugc nhiéu tai nguyén thiét ke.
e Ky thuat Register Packing
Ky thuat Register Packing la mot ky thuét téi wu tai nguyén dung cho thiét ké trén
FPGA. Y tudng co ban la mot mach t6 hop sé sir dung thanh ghi con trong trong mot Logic
Element khac.
o K§ thuét téi wu phép nhan hing sé

_Déi voi céc phép todn nhan hang s6, ¢6 thé lugc gian bo nhan nho vao phép dich bit.
Do mdi don vi dich v& phia trai tuéng dwong véi viéc nhan 2, nén cac phép toan nhan vai 2N
s€ twong duong vai phép dich trai N bit.

Vi du: 8 * 4 = 32, do 4 = 2° nén phép nhan s& dugc thay bang phép dich 2 bit cho gia
tri 8. Tuc la 1000 (8) << 2 = 100000 (32).

Dbi véi cac khac 2V, c6 thé quy vé phép toan dich va cong nhu vi dy sau:

Vidy: 9*5=145do5=4+1=2%+1nén cé thé quy vé phép toan dich va cong. Tuc
la 1001 (9) << 2 + 1001 (9) = 101101 (45).
o K§ thuat Retiming theo hwéng toi wu tai nguyén

~ K§ thuat Retiming theo huéng t6i wu tai nguyén giam bét s6 thanh ghi bér}g cach dich

chuyén thanh ghi trong mach, qua d6 giam bot s6 thanh ghi ma khong lam thay d6i chirc néng
mach. Tuy nhién, toc do c6 thé bi anh hudng

3.2.3. Ky thudt toi wu téc dg xir ly
o Ky thuat Resource Rebalance

Ky thuét resource rebalance cén dbi lai su can bang trong viéc nhém cac phép tinh,
phan chia cac phép tinh c6 thé tinh toan cung lic thanh cac mach tinh song song, tir d6 tiang
dugc toc do xur ly caa mach.
o K§¥ thuit Retiming theo hwéng toi wu toc d

K§ thuat Retiming can bang lai thanh ghi giira hai mach t6 hop dé can bang delay cho
toan bo mach

’ Bing céch retiming lai, delay cuia mach s& bang delay cua mot mac logic. Tuy nhién,

so thanh ghi sé ton moét thanh cho muc dich retiming nay.
o Ky¥ thuat chen thanh ghi pipeline

Ky thuat chén thanh ghi pipeline 1a mot ky thuat hiéu qua trong truong hop can nang
cao tang s6 hoat dong cua mach. Tuy nhién phuong phap nay ddng thoi ciing ting thém tai
nguyén do yéu ciu thém cac thanh ghi pipleline. Ngoai ra, dé bao dam chuc niang cua mach
khong bi thay ddi, dinh thoi ciia mach ciing can phai duogc tinh toén lai.

3.4. Thiét ké Ii IP xir ly anh

3.4.1. Thiét ké 16i IP defect pixel correction
Giai thuat: q

Str dung ctra s6 trung binh

So sanh ngudng
Két hop sanh vai can trén, can dudi
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| Pixel_in |
v

Tao clra s6

J

Tinh todn gia tri
trung binh

Pixel_in > Y

can tV

N

Pixel_in <
can duoi?

pixel_in >
ngudng?

v
[ Pixel out= ] [ Pixel_out = ]
pixel_in trung_binh

Céc ngd vao ra cua IP Defect pixel correction

Porong(bit) | Huong | Mow
1 in

Avalon Clock and Reset

Tén tin hiéu

1 in Avalon Clock and Reset
enable 1 In Avalon Conduit
Sink_data_in DW in Avalon ST — Sink - data
in Avalon ST — Sink — start of packet
in Avalon ST — Sink — end of packet
Avalon ST — Sink — data valid
out Avalon ST - Sink — data ready

Sink_eop_in

Sink_ready_out
Source_data_out DW out Avalon ST — Source — data
Source_sop_out out Avalon ST — Source — start of packet
Source_eop_out Avalon ST — Source — end of packet

Source_valid_out out Avalon ST — Source — data valid

N = =
5

N =
(@)
c
—+

Source_ready_in in Avalon ST — Source — data ready

14 4 4
A A = A

_|
=
(@)
—
=~
()
(@]
=
=,
(@)
—
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Sink ready -
full protect
- L’ﬁ_\ Source ready
In_ready
read empty o qin_valid out_valid ——» Source valid
i clken
Sink valid write almost full —— Valid Synch N bits
in data out data
Si . FIFO Defect Pixel Correction ) Source data
ink data wirte read ; in_data out_data s
Sink sop data data In'sop utsop in_sop out_sop [ Sourcesop
Sink eop N+2 in eop out eop MEED  CRED » Source eop
bits bits N+2 N+2
bits bits
In_sop 4>‘ Shift register } =} Shift register }—» Out_sop
In_eop 4>‘ Shift register ‘ =} Shift register }—» Out_eop
4 4

32 bits

Pixel counter

Window create Edge padding Interpolation window Out_data

In_data

N+5 bits
Center dat; . .
enter data > Shift register
N bits Multipl
plexer
. J Out data
N+5 bits [ » N bits
A Cc ENB
Y
: . Get average Boundary &
In window data
(5X5) —* Plnghlgsealg)der value > threshold
25*N bits (div by 8) check
bits
Correct window for R and B pixels
N+5 bits
Cent
enter data > Shift register
N bits Multipl
plexer
. J Out data
N+5 bits [ » N bits
A Cc ENB
Y
] - Get average Boundary &
In window data
(5X5) —* Plp(zlllgsealg)der value > threshold
25*N bits (div by 16) check
bits

Correct window for G pixels



Window data
5lines
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h_cnt v_cnt

P Correct window 1
N bits
ﬁ
25N Output
bits select
ﬁ
N bits
——-  COrrect window 2

M0 phong giai thuat bang Matlab

Anh

goc

Dout

Xuat

két

3.4.2. Thiét ké 16i IP color filter interpolation

Yéu cau thiét ké:

— HO trg khong gian mau RGB va CMY

— D6 mé 6ng kinh ndi suy 5x5

— Cho phép tuy chon d6 rong dix liéu ngd vao: 8 bit, 10 bit va 12 bit

— Tuong thich chuan Avalon Streaming (ready_latency = 1).
—  Téc @6 xung clock >100 MHz trén FPGA Cyclone Il cua Altera.
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— Téc @6 dit liéu > 30 Msamples/s (1 sample gébm 3 thanh phan mau téi thiéu
8bit).
— Thiét ké dong bo clock canh 1én
— Reset bat ddng bo
Giai thuat dé nghi: ndi suy tuyén tinh cdi tién - dya vao 8 nhan ctra s6 vai cac hé sb

dugc tinh todn dua vao tai liéu “High-quality linear interpolation for demosaicking of
Bayer-patterned color image”

G at R locations G at B locations

Ratgreenin R at green in R atblue in
R row, B column B row. R column B row, B column

B atgreen in B atgreen in Batredin
B row. R column R row, B column R row, R column

Bang 3.4 Cac ngb vao ra cua IP Color Filter Interpolation
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| Tentnhig | D0eng(it) | Huong | mew
_ 1 in Avalon Clock and Reset
m 1 in Avalon Clock and Reset

1 In Avalon Conduit

DW in Avalon ST —Sink - data
m 1 in Avalon ST — Sink — start of packet

1 in Avalon ST — Sink — end of packet
m 1 in Avalon ST —Sink — data valid

1 out Avalon ST —Sink — data ready
3*DW out Avalon ST — Source — data

1 out Avalon ST — Source — start of packet
1 out Avalon ST — Source — end of packet
1 out Avalon ST — Source — data valid

1 in Avalon ST — Source — data ready

« Thiét ké chi tiét

In_sop 4>‘ Shift register } =} Shift register }—» Out_sop

In_eop 4>‘ Shift register }7 — Shift register }—» Out_eop

32 hits

Pixel counter

32 hits

In_data Window create Edge padding Interpolation window Out_data
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h_cnt v_cnt
; Interpolate N bits
window 1
v v
Interpolate N bits
i R
window 2 E—
Window data N bits ———
. Output Dout
5 lines - .
25N bits select 3N bits
Interpolate
| R
window 3 N bits >
Interpolate
| R
window 4 N bits
N bits
- Shift register
Multiplexer
. | Out Out data
Multiplexer 0= ™ data — N bits
MmaX=—s, > N
> N c e | DIS
bits
C ENB
) . max
In window data Pipeline adder o
25N bits - (4 levels) N45 0 <

bits

o Kiém tra thiét ké trén ModelSim
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3.4.4. Thiét ké I8i IP color matrix correction
e Yéu cau thiét ké:
- Cho phép tiy chon hé s6 ma tran
- Chuyén d6i mau CMY sang RGB
- Cho phép tuy chon d6 rong dix liéu ngd vao: 8 bit, 10 bit va 12 bit
- Tuong thich chuan Avalon Streaming (ready_latency = 1).
- Téc d6 xung clock >100 MHz trén FPGA Cyclone Il cua Altera.

- Téc d6 dix lieu > 30 Msamples/s (1 sample gom 3 thanh phan mau téi thiéu
8bit).

- Thiét ké aéng bo clock canh Ién
- Reset bat dong bo
Céc ngd vao ra cua IP Color Correction Matrix

| Tentinhigy | P0rdrglbi) | HMweng | mew
_ 1 in Avalon Clock and Reset
m 1 in Avalon Clock and Reset

1 In Avalon Conduit

3*DW in Avalon ST — Sink - data
M 1 in Avalon ST — Sink — start of packet

1 in Avalon ST — Sink — end of packet
m 1 in Avalon ST — Sink — data valid

1 out Avalon ST — Sink — data ready
3*DW out Avalon ST — Source — data

1 out Avalon ST — Source — start of packet
1 out Avalon ST — Source — end of packet
1 out Avalon ST — Source — data valid

1 in Avalon ST — Source — data ready



e Thiét ké top-block

Sink ready -
Source ready

full protect

In_ready

empty m qin_valid out_valid ——» Source valid
clken
Sink valid write almost full —— Valid Synch N bits
in data out data S
; - ource data
) FIFO Color Correction Matrix )
Sink data wirte read ; in_data out_data
) in sop out sop . —— Source sop
Sink sop data data in_sop  out_sop
. . in_eo| out eop|—
Sink eop aN+2 3N+2 in eop out eop in_sop ut_eop Source eop
bits bits 3N+2 3N+2
bits bits
e X P4
e Thiet ke chi tiet
Muliplexer
e O] 100 outred
Nfll max emms, D5,
bits o
s, c Ene
) o
N+2
In_red _| bits max
N bits .
>
QS
Multiplexer out
Muliplexer 0% of _green
N bits
i’ max ems, s,
»
s, C ENB
c ens
N+2
In_green bits max
N bits | =9 / »
1024 1<
Muliplexer
Muliplexer 01 o reg Out}ib\ue
N bits
max ems, s,
-
s, c Ens
c Ens
N+2
'"Nbé'ﬂle — bits max
its .
o<

+  Két qua trén ModelSim

Anh goc Anh da sua mau




3.4.3. Téng hop 3 16i IP
e S0 d6 khéi

Sink data es—-

Sink valid ——»

Avalon ST

Sink ready Defect Pixel Correction

Sink sop ———»|

Sink eop ———»
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Avalon ST
Color Filter Interpolation

Avalon ST
Color Correction Matrix

Source data
Source valid
Source ready
Source sop

Source eop

M0 phong trén ModelSim dé bao dam chirc nang cua 16 IP dung véi thiét ké giai thuat
da de ra. M0 hinh kiém tra 15i IP trén ModelSim dugc mo ta trong hinh .

Tao dit text file

MATLAB

Poc di¥ liéu tu file text

Text file # S »
(RAW) ource

TestBench

4{ Clock_reset_gen

DUT
(device under test)

_

]7

)

Sink

=

Hinh 0-1: M6 hinh tham tra trén Model Sim

Text file
(RGB)

Hinh anh can kiém tra duoc tao ra dudi dang text file nho cong cu trén Matlab. Text
file nay sé la ngd vao cho b¢ testbench thuc hién mé phong tham tra 16i IP. Két qua mé phong
s€ dugc luu lai dudi dang text file va duoc dua vao Matlab dé danh gia va hién thi két qua.

Céc Verification IP (VIP) dugc thiét ké trong méi truong Testbench bao gom:

e Source: doc dit liéu hinh anh va chuyén thanh dit liéu theo chuan Avalon-ST cho 16i

IP
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Sink: nhan ludng di liéu da xt ly tir 16i IP theo chuan Avalon-ST va ghi lai két qua
vao text file

Clock_reset_gen: Tao ra tin hiéu clock va reset cho bo source, sink va 16i IP.
Céc budc dé chay mo phong duoc mo ta nhu sau:
M¢ chuong trinh Matlab, chay “im2txt.m” dé bién di anh gbc sang text

M chuong trinh ModelSim, chay md phong file “top.v” cho dén khi c6 théng béo
“finish”.

M& chuong trinh Matlab, chay “txt2im.m” dé bién ddi text file chtra anh két qua thanh
file anh

Xem file anh két qua va so sanh véi anh géc.

Dé thyc hién qua trinh trén mot cach tu dong, cac file script dugc thiét ké bao gom:

Clear.bat: x6a nhiing file két qua cii

Run.bat: thuc hién toan bo qua trinh md phong kiém tra trén Matlab. Két qua mo
phong s& dugc hién thi ra hinh anh da xu ly va so sanh véi hinh anh chua xu ly diém
anh 16i. Chu y d¢€ chay file run.bat may tinh can cai dat ModelSim va Matlab Compiler
Runtime.

Waveform.bat: xem dang song mé phong trén ModelSim

Cac file duoc thiét ké cho qua trinh md phong kiém tra I18i IP Pre-Image Processing duoc liét
ké trong bang sau:

STT. Tén file M6 ta

1 clock_reset_gen.v | Ma Verilog tao tin hiéu clock va reset cho bo source, sink, va 18i
IP

2 source.v Ma Verilog cho bo doc dit liu hinh anh tur text file va chuyén
thanh dir liéu theo chuan Avalon-ST cho 16i IP

3 sink.v M4 Verilog cho bd nhan dit liéu hinh anh theo chuan Avalon-ST
va ghi thanh text file

4 top.v M4 Verilog téng hop méi trudng kiém tra 16i IP

5 im2txt.m Ma script Matlab thuc hién viéc bién doi anh sang text file chira
anh Bayer va chén thém diém anh 15i

6 txt2im.m M4 script Matlab thuc hién viéc chuyén d6i text file RGB thanh
file hinh anh

7 clear.bat Script file thuc hién x06a céc két qua mo phong cii

8 run.bat Script file thuc hién toan bd qua trinh mé phong st dung

ModelSim va Matlab
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9 waveform.bat Script file thyc hién hién thi dang séng mé phong trén ModelSim

'Céc dang song két qua cua chuong trinh ModelSim dugc kiém tra dé bao dam tin higu
giao tiep chuan Avalon-ST thyuc hién dung chirc nang.

Céc budc kiém tra bao gom:

e Sau khi reset hé thdng va tin hiéu ready dat dwoc mic tich cuc (nghia la sink s‘in sang
nhar] dir liéu), tin hiéu valid va startofpacket dat tich cuc, dir liéu IUc nay bat dau duoc
truyén di (hinh minh hoa 4-3)

e Khi ready m:éit tich cuc, nghia 1a sink khong san sang nhan dit liéu), tin hiéu valid va
data cling mat sau 1 chu ky clock (vi ready latency = 1). Khi ready tich cuc tro lai, tin
hiéu valid 1én muc tich cuc va data tiep tuc truyen (hinh minh hoa 4-4).

e Néu dir lidu tir 16i IP khong hop Ié (hoic dir liéu chua co), thi tin hiéu valid mat muc
tich cuc (hinh 4-5).

e Khi I8i IP xur ly dix I‘iéu xong (c6 dir liéu hop 1€), thi tin hiéu valid dat tich cuc dong
thoi vaoi dir liéu truyén di, tin hiéu startofpacket tich cuc vai dir liéu dau tién (hinh 4-
6).

e Khi I8i IP truyén dix liéu cudi cuing thi tin hiéu endofpacket dat tich cuc trong 1 chu Ky
clock.

e Kiém tra trén ModelSim

Anh goc chua qua xu ly Anh da qua xu ly

KET LUAN

Trong luan vén nay, em da nghién cuu cac ky thuat xu ly dix li¢u da phuong tign, cong
nghé 1ap trinh FPGA va tim hiéu k§y thuét pipeline trong cdng nghé FPGA, ngon ngit mo ta
phan cting verilog. Trong qua trinh thyc hién luan van em da thu dugc nhitng két qua sau:

- Budc dau di nam dugc kién thic co ban vé cong nghé PPGA, hiéu duoc tu
tuong ludng thiét ké trén cong nghé FPGA, kha nang xir Iy dir liéu cua cong
nghé FPGA.

- Hiéu va lap trinh dugc bang ngon ngir mo ta phan ctng Verilog, su dung dugc
ngdbn ngir verilog dé thiét ké 16i IP xir Iy mot trong nhiéu loai dir lidu da
phuong tién la xtr ly hinh anh.

- Nim duoc cach sir dung céc cong cu 1ap trinh nhu phan mém Quartus 11, phan
mém md phong ModelSim
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Nhitng han ché va huéng phét trién cua dé tai:

- Do thoi gian thuc hién dé tai c6 han nén em méi chi thuc hién duoc xt 1y anh
trén céc cong cu md phong chua thiét ké dwoc vi mach, chua hoan toan hiéu
hét c4c chirc ning cua cac cong cu.

- Trong thoi gian téi em s& tiép tuc hoan thién dé tai cia minh dé c6 dugc mot
san pham hoan chinh dugc thiét ké trén cong nghé FPGA.



