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TOI UU HOA KIEN TRUC PHAN CUNG BO TAO MA TRAN UNG DUNG CHO
HE THONG LOQC BIEN ANH TOC DO CAO TREN FPGA

ARCHITECTURE OPTIMIZATION OF PIXEL-MATRIX GENERATOR FOR HIGH
SPEED EDGE-DETECTOR BASED ON FPGA PLATFORM

Nguyén Tuén Phuée, Nguyén Minh Khanh Ngoc
Trung tam Nghién cvru va Dao tao Thiéet ke Vi mach - DPHQGTPHCM

TOM TAT

Bai bdo nay trinh bay phirong phdp téi wu phan cimg ciia bé tao ma trdn nham thwe hién cdc
khoi xw Iy anh toc do cao trén nén FPGA. Phwong phap nay dwa vao cach bo tri cac khoi
chitc nang cua FPGA dé toi wu hé thong xw ly anh dap wng toc do xw ly dir liéu thoi gian
thwe. Bo tao ma trdn sau khi dwoc toi vu da dwoc sw dung trong hé thong loc bién anh toc
do cao theo phuwong phap Canny va trén chip FPGA gia re.

Tir khoa: xu ly anh téc dé cao, loc bién anh, FPGA

ABSTRACT

This paper presents a method of optimization for pixel-matrix generator of high speed
image-processing system on FPGA platform. This method is based on the layout of the
function blocks in FPGA chip to optimize the system for real time processing. The optimized
generator has been applied to design the high-speed edge detector using Canny algorithm

and the low cost FPGA chip.
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I. GIOI THIEU

Xt Iy bién trong xir Iy anh s6 12 mot hé thong
con dugc xay dung dua trén cac thanh phﬁn
xt 1y tin hiéu hai chiéu, dién hinh nhat 1 bo
loc s6 hai chiéu. Tuy nhien cac diém anh
thudng duoc truyén d1 nbi tlep timg diém
mot qua cac bo loc sd hai chiéu. Diéu nay
bét budc phai c6 mdt bo tao ma tran diém
anh hai chiéu trude khi xt 1y. Déi voi xtr Iy
bfmg phﬁn mém, cac diém anh s& duoc luu
vao RAM va duoc doc ra theo trat tu khac
nhau nhim tao ra ma trin phu hop. Déi voi
anh c6 do phén giai 16n va téc do khung hinh
cao, chuong trinh phén mém phai duoc thuc
hién b?mg CPU hoat dong & tdc do rat cao dé
c6 thé dap ung dugc yéu cau cua hé thong.
Nham giam ganh ning cho CPU, ngudi thiét
ké co thé sur dung cac GPU dé thuc hién xur
1y anh sb dudi sy rang budc vé téc do khung
hinh va dg phan giai anh. Phuong phdp nay
lam giam yéu ciu vé toc do hoat dong cua

CPU nhung lai 1am tang chi phi ctia hé thong
do cac GPU thuong c6 gia thanh cao. Mot
phuong phédp khéac la st dung chip FPGA
thay thé GPU. Chip FPGA co6 tbc do hoat
dong khong bang GPU nhung bu lai kha
ning xir Iy song song va kha ning tai cu
hinh 14 vu diém vuot troi cua loai chip nay.
Chip FPGA chira cac thanh phan logic, cac
b6 nhé RAM dang cong kép cho phép ghi
doc dong thoi trén ciing mot canh xung dong
ho va cac thanh phan DSP. Do FPGA ciing
la mgt dang ASIC, nén cac thanh phén cua
chip ¢o vi tri ¢ dinh va tin hiéu duoc truyén
giita cic thanh phan thong qua mang ludi
doc, ngang va cuc b trong ving nho. Didu
nay s& lam giam hiéu suat xt Iy tin hiéu hai
chiéu cua hé thong néu nguoi thiét ké khong
can bfmg duoc vi tri cac cac khdi nhé va khdi
xur Iy dit liéu. Dé giai quyét van dé nay chiing
t6i dé xuét giai phap chén thém thanh ghi sau
cac khéi nhé trong cac FIFO dé thuc hién tdi
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uu te do cho bd tao ma trén ng dung trong
loc bién anh toc do cao.

Noi dung cua giai phap duoc trinh bay trong
nim muc tiép theo. Muc 2 trinh bay vé kién
tric phan cimg cua cac chip FPGA, muc 3
trinh bay vé kién triic phan cimg cta bo tao
ma tran, muc 4 s€ trinh bay giai phap chém
thanh ghi nham t6i vu tc dd va muc 5 trinh
bay hé thdng xtr 1y bién anh theo phuwong
phap Canny da ung dung b tao ma tran sau
khi thuc hién giai phap t6i wu. Cudi cing,
phén két luan duoc trinh bay ¢ muc 6.

II. KIEN TRUC CHIP FPGA
Hién nay, “cc’) rat nhiéu loai chip FPGA dugc
sir dung dé thir nghiém cac nguyén mau chip
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true khi san xudt thr nghiém. Tuy nhién,
cac loai chip nay cé cdu trac va cac thanh
phan con tuong ty nhau vé mit chirc ning va
bb tri phan cting. Trong kién triic cia FPGA
[1,2,3,4,5], thanh phﬁn chinh c6 chure nang
tao cac mach logic (cdu tao ctia ching bao
gém: mot bang tra tao mach td hop va mdt
D-FlipFlop dé tao mach tuan tu) duoc dat tén
1a LE (Logic Element) va dugc bd tri theo
ma tran. Cac LE duoc xép thanh céac khéi
va cac khéi nay duge bd tri theo cot. Cac
cot LE duoc xép song song voi nhau. Cac
khéi bd nhé hodc cac khéi tinh toan sb hoc
dugc chén vao xen gitta nhitng cdt LE nhu
trong Hinh 1. Vién ngoai cta chip FPGA 1a
cac khdi quan 1y tin higu lién két bén ngoai
chip dugc goi la cac “10 cell”.
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Hinh I: Kién trlic co ban cua chip FPGA.

Dé cung cép cac tin hiéu dién cho cac thanh
phan trong chip FPGA, mot mang ludi cac
duong tin hiéu duogc thiét ké theo kiéu ma
tran. Trong khuon khd mét khéi LE, cac
duong tin hiéu nodi sé lién két cac LE trong
khéi. Cac LE khac khdi sé lién lac véi nhau
qua cac dudng tin hiéu cot va hang. Cac khoi
LE c6 thé két ndi v6i cac khdi bo nhé hodc
cac khdi tinh toan s6 hoc khi chung dugc xép
ké can nhau.

IIL. KIEN TRUC BQ TAO MA TRAN

Trong xt 1y anh, nhom cac diém anh lan cn
duogc xem la ngd vao cua bd xur ly. Nhom
diém anh lan can nay duogc chon dudi hinh
thirc cua ma tran MxN (M hang va N c0t).
Tap hop cac nhom diém anh nay s& pha day
cac ma tran anh can xu 1y; twong tng voi
s6 lwong ctia nhom diém anh l4an can bang
v6i sb luong diém anh cua anh can xu 1y.
Tuy nhién, diém anh duoc dua vao khoi
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xtr Iy tuan ty timg diém mot. Didu nay dan
dén phai co mot khdi gom cac diém anh lan
can thanh mot nhom nhu ma tran con MxN.
Kich thudc cua ma tran MxN nay thuong
duoc chon la sb 1& va béng nhau (3x3, 5x5,
7x7,...). Khdi nay thuong duoc goi dudi tén
la b tao ma tran.

Trong thiét ké phan ctng, thanh ghi dlCh sé
dai dién cho chudi cac diém anh va t6 hop
vi trf truy xuat trong thanh ghi dich s& tao ra
ma tran MxN mong mubn. Nhu vay, dé tao
nén m{t ma tradn co ban 3x3, nguoi thiét ké
phai sir dung mot thanh ghi dich c6 chiéu
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dai hon gép d6i chiéu rong cua anh (tinh voi
don vi diém anh) it nhat hai don vi. Diéu nay
yéu cau phai can s lwong cac D-FlipFlop rat
16n. Do d6, nguoi thiét ké thuong thay thé
mot phan thanh ghi dich bang by nhd truy
xuit ngdu nhién (RAM) c6 hai du ghi va
doc dir liéu doc 1ap. Kién trac ctia mot bd
tao ma tran 3x3 duogc trinh bay trong Hinh 2.
Thanh ghi dich dya trén bd nhé hai ngd truy
cap, hoat dong dua vao bd tao dia chi ghi va
dia chi doc mdi khi c6 tin hiéu cho phép dich
dr liéu. Khoang cach cua dia chi ghi va dia
chi doc c6 gia tri dung bang sd lugng thanh
ghi con trong b¢ thanh ghi dich.
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Hinh 2: Kién trac bd tao ma tran 3x3

Nhu did trinh bay ¢ phan kién trac chip
FPGA, gitra bd nh¢d va bd phan tinh toan $6
hoc chi c6 thé giao tiép bang cac duong dir
liéu hang va cgt do vi tri ciia chung trén chip
cach xa nhau. Do do khi dir liéu ngd ra tu
khéi tao ma tran duoc du’a truc tiép vao khéi
tinh toan s6 hoc s& can mot duong truyen
dir liéu dai. Pidu nay lam giam tan s xung
dong ho cua thiét ké va gdy nén tinh trang
thiét ké khong dép tmg duoc cac hé thong
tde do cao.

IV. GIAI PHAP CACH LY KHOI NHO
VA KHOI XU LY BANG THANH GHI

Nhu di trinh bay ¢ phan 3, vin dé khoang
cach gitra bg nhd va bo tinh toan da gay su
suy giam tan sd xung dong ho cua thiét ké.
Diéu nay lam can trg thiét ké khong thé dap
g yéu cau toc do cao trong cac hé thong xur
1y anh. Tuy nhién, b tri cac thanh phan logic
nam giira cac thanh phan bo nhd va thanh
phan tinh toan sé hoc di dua ra mot giai phap
dé giai quyét van dé nay. Cac thanh phan
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logic c¢6 thé sir dung lién két noi dé truyén
dir liéu cho cac thanh phﬁn lan cén ching.
Nhu vay, khi str dung thanh phan logic lam
céc mac xich lién két thi trinh tong hop phan
cimg c6 thém lién két noi dé tham gia giai
quyét van de.

Tuy nhién, s6 luong thanh phan logic dugc
st dung trong mot lién két nhu vay la mot an
s moi. Néu nguoi thiét ké chon it qua thi tan
s6 hoat dong cuia hé thong s& chua duoc dam
bao. Néu so lugng thanh phan logic xen giita
nay nhiéu qua thi s& sinh ra hai van dé. Van
dé thir nht 1a tc d6 thiét ké duge dam bao
nhung lai gdy ra hao phi vé mit tai nguyén
khong mong mudn. Van dé thi hai 1a néu su
hao phi tai nguyén 16n s& c6 dan dén trinh
tong hop khong thé phan bd thiét ké sb trén
chip FPGA hién tai hay phai thay thé chip
hién tai bang chip c6 tai nguyén 16n hon. Do
do6, khi sir dung giai phap nay, nguoi thiét
ké can can bang giira ba yéu td: toc do chip
FPGA, tot d6 thiét ké va hao phi tai nguyén
cua thiét ké. Thong s6 mic dinh cua chung
t6i dé nghi 1a hai thanh phan logic & ngd ra
cua thanh ghi dich dya trén by nhé hai ngd
truy cap nhu Hinh 3. Trong céac chip FPGA
gia chi phi thap, thi sé luong thanh phan
logic giita khdi bo nhé va khdi tinh toan sb
hoc thudng nho nhat 1a bén. Do dé, hai 1a s6
luong kha t6t dé thuc hién giai phap nay.
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Hinh 3: Giai phap chén thém thanh phan
logic cai thi¢n toc do

V. UNG DUNG GIAI PHAP TOI UU
TRONG HE THONG LQC BIEN ANH
TOC PQ CAO

B0 tao ma tran diém anh cai thién di duoc
ap dung trén hé thong loc bién anh theo giai
phéap Canny [6] (Hinh 4) nham tao nén mot
hé thong loc bién anh tdc d6 cao v6i do phan
giai 16n. Hé thong loc bién anh theo phuong
thirc Canny bao gdm sau khdi: Loc nhiéu
tuyén tinh, loc Sobel, tinh bién do va pha,
khdi loai cac thanh phan lan cén, phan loai
canh va nbi canh. Trong do, ngoal trir cac
khdi tinh bién d¢ va pha, cac khdi khac déu
phai str dung b tao ma tran dé thuc hién céac
phép toan lién quan dén tham khao diém anh
lan can.
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Hinh 4: Kién truc hé thong loc bién anh theo phuong thitc Canny
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Hé thong dugc tong hop trén chip FPGA
dong Cyclone IT (dong chip chi phi thap) cua
hang Altera. Két qua duoc liét ké trong Bang
1. Trong bang két qua tong hop, chung toi
str dung ba dong thiét bi c6 lwong tai nguyén
khac nhau. Trong mdi loai, 14y ra ba chip
cung tai nguyén nhung tbc d6 khac nhau
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(hau t6 ctia ma hiéu chip cang 16n, tan sd
Xung déng ho t6i da co thé dap ting duoc
cang thip). Kich thudc anh dugc st dung
trong hé théng nay bao gdm ba loai: HD 720
(1280x720), HD 1080 (1920x1080) va 2K
(2048x1080).

Bing I: Bing thong ké két qud tong hop hé thong loc bién dnh

Thanh nlﬁgn Tén sb
Kich A A1 p h%n B('? nh(E’ nhung hoat
STT L 2 Tén thiet bi logic (bit) da . dong
thuge anh (LEyda | sidung | 20 | 5ida

sir dung dasu | N

: dung

1 1280x720 | EP2C20F484C6 |3664 115316 2 169.87
2 1280x720 | EP2C35F672C6 |3664 115316 2 180.67
3 1280x720 | EP2C70F672C6 |3664 115316 2 162.00
4 1280x720 | EP2C20F484C7 |3671 115316 2 138.41
5 1280x720 | EP2C35F672C7 |[3672 115316 2 149.12
6 1280x720 | EP2C70F672C7 |3671 115316 2 141.80
7 1280x720 | EP2C20F484C8 |[3669 115316 2 119.20
8 1280x720 | EP2C35F672C8 |[3669 115316 2 120.34
9 1280x720 | EP2C70F672C8 |[3669 115316 2 115.93
10 1920x1200 | EP2C20F484C6 (3711 172916 2 136.93
11 1920x1200 | EP2C35F672C6 |3713 172916 2 146.37
12 1920x1200 | EP2C70F672C6 |3714 172916 2 155.64
13 1920x1200 | EP2C20F484C7 |3715 172916 2 141.04
14 1920x1200 | EP2C35F672C7 (3716 172916 2 131.82
15 1920x1200 | EP2C70F672C7 |3715 172916 2 133.62
16 1920x1200 | EP2C20F484C8 (3711 172916 2 101.13
17 1920x1200 | EP2C35F672C8 |3715 172916 2 117.12
18 1920x1200 | EP2C70F672C8 |[3716 172916 2 120.80
19 |2048x1080 | EP2C20F484C6 (3774 184436 2 145.37
20 [2048x1080 [EP2C35F672C6 |3716 184436 2 170.50
21 2048x1080 | EP2C70F672C6 |3715 184436 2 150.74
22 |2048x1080 | EP2C20F484C7 |[3775 184436 2 144.59
23 2048x1080 | EP2C35F672C7 |3717 184436 2 144.05
24 [2048x1080 |[EP2C70F672C7 (3715 184436 2 115.83
25 2048x1080 | EP2C20F484C8 (3772 184436 2 107.82
26 [2048x1080 [EP2C35F672C8 (3718 184436 2 116.04
27 [2048x1080 [EP2C70F672C8 (3718 184436 2 103.84
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Téc do dap ung thap nhat xap xi 100MHz
tuong tng voi 45 fps cho kich thudce
2048x1080 hay 108 fps cho kich thudc
1280x720. Nhu vay, hé thong loc bién anh
da dat yéu cau dap tng loc bién cho anh ¢
d6 phan giai 16n va toc d6 khung cao.

VI. KET LUAN

Giai phap chén thém cac thanh phan logic
vao gitta lién két cua khéi bo nhd va khoi
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