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TOM TAT: Néi dung bai bdo la thiét ké hé théng trén mot linh kién logic kha trinh
(FPGA) ding cho cdc ing dung xir Iy anh thoi gian thyec. Pé thuc hién diéu nay, ching t6i
thiét ké mot s6 bé gia toc (Accelerator) dé tang toc do xie Iy két hop voi mot s6 ky thudt xie Iy
déic biét (nhu truy xudt bé nhé truc tiép — DMA, nhiéu Master...). Két qua duoe thie nghiém
trén DSP Development Kit sir dung FPGA Stratix EP2S60F1020C4 cuia hang Altera [1] dung
cdc phan mém SoPC Builder, NIOS Il IDE va Modelism lam méi truong kiém tra két qua va
tich hop phdn cieng/ phdn mém.

Tir khod: FPGA, bj gia téc, DMA, SoPC, xit Iy anh thoi gian thue.

1.GIOI THIEU

Trong nhimg nim gé.n day FPGA va cac cong cu phat trién thiét ké SoPC (System On a
Programmable Chip) trén FPGA da cho thay su hidu qua trong cac (mg dung xir ly dir lidu tdc
do cao. Trong linh vyre xir ly anh da co nhiéu céng trinh nghién ctru sir dung SoPC cho cac (mg
dung doi héi d§ phirc tap cao vé mit tinh todn [2], [3]. Theo huéng nay, ching téi da phat trién
mot s6 thuat toan dung cho xir 1y anh trén phén cung [4] - [6]. Noi chung, thiét ké mgt SoPC
cho xir Iy anh thoi gian thuc doi hoi nhiéu khéu xur ly. Mot van dé cin duogc giai quyét 1a thu
nhan dif liéu tir bén ngoai vao hé thong véi toc dd cao va trao déi dir liéu v6i b6 nhé ngoai (off
— chip memory). Trong cac Board mach ding dé phat trién (mg dung phd bién thuong chi co
mét (hofic mét vai) vi mach nhé dugc chia xé cho cac img dung khac nhau, dan dén luu luong
trao déi dir liéu v6i bd nhé rét 16n, 1am chim hoat dong cia toan bo hé théng. Dé giai quyét
vén dé niy, ching t6i dung cong cu SoPC Builder cua hing Altera va khai thac klen triic
System Interconnect Fabric (cong ngh¢ tao ra cic két ndi ctia SoPC Builder ding cac ngudn tai
nguyén logic bén trong FPGA dé tich hop cac thanh phan vao hé théng) dé phat trién cac thiét
ké. Ngoai céc thanh phén thudng cé trcmg mdt SoPC nhu CPU nhing, b6 dieu khlen SDRAM,
b diéu khién SRAM, b diéu khién giao tiép mang, UART..., ching téi phat trién thém cac
thanh phén de giao uep v6i System Interconnect Fabric & toc do cao dung co ché truy xuat bo
nh¢ tryc tlep DMA, cdu triic nhiéu Master, cac mach logic 1am toan thay vi ldp trinh bing
phén mém dé didu khién qua trinh nhén dir liéu tir Camera theo dinh dang Bayer, chu ?len sang
dang RGB ding phuong phap duoc cong bd trong [7] va GrayScale [8]. Chung t6i thiet ké mot

s0 bd gia toc thuc hién cac chirc nang loc, trir anh...trén dit liéu nhéin dugc tir Camera dé kiém
tra hoat déng ciia hé théng.

2.T0 CHUC VA THIET KE HE THONG

So d6 khéi téng quat ciia hé thng dugc trinh bay trong Hinh 1. Qué trinh nhén dit liéu tir
Camera duoc diéu khién boi khéi Camera Controller va luu trit vio SRAM & dang Bayer. Dir
liéu nay sau d6 duoc chuyén sang dang RGB va GrayScale luu trit vio SDRAM. Viéc sir dung
SRAM dé luu trir dir liéu tir Camera va SDRAM chira dit liéu RGB, GrayScale cho phép sir
dung hiéu qua kién tric nhiéu Master cta System Interconnect Fabric vi trong lic mdt Master
doc dir liéu tir SRAM dé tinh toan thi Master khac c6 the ghi dir liéu da dugc chuyén ddi vao
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SDRAM. M6t bd do canh (Edge Detection) dugc sir dung dé tim cac canh trong anh dung cho
céc rng dung xir ly anh.

Hinh 2 trinh bay qua trinh liy dit liéu tir SC Camera bing mot cip Master/ Slave. Cong
Slave cho phép truy xuat dén Status Register, Control Register va Address Register. Céng
Master chiu trach nhlq-:m truyén dir liéu anh theo dmh dang Bayer ngang qua System
Interconnect Fabric. P& ting hiéu qua cua qua trinh truyen dir liéu, mot FIFO duoc ding dé
dém dir liéu tir Camera trude khi vao SRAM. B6 nhé SDRAM duge dung dé Iuu trir 1énh cho
hoat dong ctia CPU NIOS II nhung. Nhiém vy ctia NIOS II trong truong hop nay 13 ghi vao
Address Reg:ster dia chi bit dau cua vung nhor luu trir dir liéu doc dugce tir Camera, sau do
kh&i dong qua trinh truyén dit ligu bing cach cau hinh cho Control Register, va c6 thé kiém tra
trang thai hoat dong ciia Camera Controller (nhu trang thai ciia FIFO, ngit...) bing cich doc
Status Register.
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Hinh 1. So d6 khi téng quét cia hé thong thiét ké
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Hinh 2.Qua trinh ldy dir liéu tir Camera vio bd nhé SRAM.
Dir ligu nhén tir Camera & dang Baycr dugc minh hoa trong Hinh 3 bé chuyen sang dang
RGB, chung ta cin ndi suy hai gia trj mau bj mat tai mbi Pixel. Mot sb thuét toan ndi suy da
dugc cong bo trong [8]. De thuén tién cho viéc thuc hién trén phin cimg, ching tdi sir dung
phucmg phap ndi suy tuyen tinh & Hinh 4. Khi ndi suy céc gia tri cua R va B ¢ vi tri cua G,
nhu & cac Hinh 4 (a) va Hinh 4 (b), trj gia trung binh cta hai Pixel gin nhit dugc sir dung. Vi
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dy trong Hinh 4 (a), thanh phin B tai Pixel G duoc tinh ba.ng tri trung binh cta hai Pixel B
nam trén va dudi Pixel G ndy, tuong tu gia tri cia thanh phan R dugc tinh bing tri trung binh
ctia hai Pixel R nidm bén trai va bén phai Pixel G. Hinh 4 (c) trinh bay trudng hop ndi suy
thanh phin B tai Pixel R. Trong truong hop do, gié tri duoc ndi suy la trj trung binh ciia bén
Pixel B & gbc va cach tinh toan twong tu dugc ép dung khi néi suy thanh phan R tai Pixel B
trong Hinh 4 (d). Trong Hinh 4 (c) va Hinh 4 (d), trj gid G dugc noi suy bing cach tinh trung
binh ciia bdn thanh phin G gin nhat.
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Hinh 3. Dit liéu nhan tir Camera
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Hinh 5: Kién tric thuc hién qua trinh chuyén déi tir dang Bayer sang RGB.

Hinh 5 trinh bay thiét ké chuyén dir liu tir dang Bayer duoc lwu trit trong SRAM sang
RGB luu vao SDRAM. Master 1 thyc hién qua trinh DMA véi dia chi nguén la SRAM va dia
chi dich 1a FIFOL1. Dir liéu sau khi chuyen ddi duge luu vao SDRAM ciing bing co ché DMA
diéu khién boi Master 2 véi dia chi nguon lic nay la FIFO2. Kién tric nhu vy cho phép hai
qué trinh DMA duogc thyc hién dong thoi nén tde do chuyén ddi dir liéu rat cao.
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Céu tric cta khéi tinh todn chuyén tir dang Bayer sang RGB duoc trinh bay trong Hinh 6.
Dit liéu ngd vao (Data in) dugc ghi lay ra tir FIFO1 dugc dua vao mot diy cac thanh ghi dich
chuyen tai mdi lan dich chuyen 9 Pixel ¢ 3 hang duoc lay ra dung cho qua trinh ndi suy mAu.
CAu triic nay cho phép ndi suy mbi tri gia Pixel sau mbi lan ghi dit liéu nén rat hiéu qua trong
qua trinh xr ly cac bg loc trén dir liéu anh.

Kién tric con c6 thé dp dung hiéu qua cho céc b loc khac, vi du nhur thuat todn do canh
ciia anh cho bdi [9]. Canh chira nhiéu théng tin ciia anh va dugc ding nhiu trong céc tmg
dung xir ly anh nhu do tim chuyén dong [6], nhan dang [9]. Phuong phap thuc hién dugc minh
hoa & Hinh 7. Mét cira s6 5x5 Pixel quét qua toan bd anh dé do tim canh theo huéng doc va
huéng ngang. Qué trinh nay dugc thuc hién bing cich tinh tong trong viing 1 va -1 sau d6 dua
qua mach WTA (Winner Take All) [4], [5] dé tim ra hudng c6 kha ning 1a canh nhét. Gia trj
nay dugc quyet dinh la canh hay khong tuy thudc vao mét tri gia ngudng (mét trong nhimg
phuong phap xac dinh nguorng _phi hop véi thiét ké phén cimg duoc trinh bay trong [9]). Thiét
ké nhur vay rat phu hop v&i phén clmg vi chi ding céac phép tinh toén don gian. Klen tric thuc
hién cong viéc nay giong nhu da dé xudt 6 Hinh 5 va Hinh 6 nhung s& ding cira sb 5x5 Pixel
thay vi 3x3 Pixel.
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Hinh 6: Khéi thyc hién qué trinh chuyén di tir dang Bayer sang RGB

Mot thiét ké thudng xuyén dugc sir dung trong cic (g dung do tim 16i (defect detection),
hay do tim chuyén dong (motlon detection) 1a trir hai anh véi nhau duge minh hoa & Hinh 8.
Céu tric clia Accelerator bao gom ba Slave: Slave 1 dung dé ghi dit liéu vio mdt bd nhé dém
thir nhét (RAMDualPort1) ¢6 céu trac Dual Port cho qua trinh phép doc/ ghi dir liéu dong thoi.
~ Slave 2 dung dé ghi dir liéu vao bo nhé dém thir hai (RAMDualPort2) ciing c6 cAu tric Dual
Port. Luu y 1a dir liéu s& dugc trir véi dir liéu trude do da duqc luu trir trong RAMDualPort1
va tinh gia trj tuyét dbi truéc khi ghi vaio RAMDualPort2. Piéu nay duoc thyc hién bang cach
doc dir liéu tir RAMDualPort! ra dong thoi voi viéc ghi dir liéu vao RAMDualPort1 c6 nghia
1a dia chi doc cia RAMDualPort] s& bang véi dia chi ghi cia RAMDualPort2 va tin hiéu cho
phép doc dir ligu tir RAMDualPortl s€ la tin hi¢u ghi dir liéu vao RAMDualport2. Qua trinh
thuc hién trir hai anh dugc thyc hién nhu sau: PAu tién, dir liéu cia anh thir nhét dugc DMA
vao Slave 1 va luu trir trong RAMDualPortl. Sau d6, dir liéu ctia anh thir hai dugc DMA vao
RAMDualPort2. Két qua 1a dir liéu can tinh toan ném trong RAMDualPort2 nay va doc ra boi
Slave 3.
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Hinh 7: Thuét toan do tim canh twong thich véi phan cimg
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Hinh 8: Kién tric ctia khdi thuc hién phép trir hai anh
3.KET QUA THUC NGHIEM

Qua trinh thuc nghiém duoc tién hanh theo hai budc 12 md phong va téng hop mach dé
nap xuong FPGA. Hinh 9 trinh bay két «qua thir nghiém trén SoPC, NIOS II IDE va Modelsim
cho thiét ké tnnh bay trong Hinh 5. Dé dat hiéu qua truyén dir lidu cao nhit thi ma lénh, dit
liéu va ngin xép dugc luu trong bd nhé bén trong FPGA (on — chip memory) tao diéu kién cho
Master 1 ghi dir liu vao FIFO1 tir SRAM (dleu khién boi writereq_s1) va Master 2 doc dir
liéu ra tir FIFO2 r6i ghi vao SDRAM (diéu khién béi tin hiéu readreq_s2) véi toe do 1
Pixel/clock va hai cip Master/ Slave nay chay song song v6i nhau cho phép téc dé chuyén dbi
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c6 thé dat dén 1 pixel/ clock. Kién trtc ciing cho phép tich hop khéi logic thyc hién qué trinh
chuyén ddi sang dang Grayscale tir dif ligu RGB dung céng thirc cho bai [8].

= = = B&t dhu chuyén adi

'

Hinh 9: Két qua mé phéng cho qué trinh chuyén dbi tir dang Bayer sang RGB ding SoPC, Nios Il IDE
va ModelSim

Hinh 10, 11 va 12 trinh bay két qua m6 phong cta kién tric thyc hién trlr anh & Hinh 8
trong trudong hop thyuc hién DMA 16 Pixel (4 Double Word). Hinh 10 1a két qua khi thyuc hién
DMA 16 Pixel ciia anh thir nhat vao Slave 1 (4 Double Word) & Clock 50 Mhz. Dit li¢u lan
luot duge ghi vao 1a 00050400H, 01010101H, 07060504H, 04050607H. Két qua cho thay dit
liu dugc ghi vao véi tdc do rét cao (1 Double Word/Clock). Tuong tw, Hinh 11 trinh bay qua
trinh DMA 16 Pixel ctia anh thir hai vao Slave 2 ciing voi tdc d6 1 Double Word/ Clock véi
céc gia trj 14n luot 12 00010203H, 03020100H, 04060902H, 01010101H. Hinh 12 1a két qua
doc ra tir Slave 3 véi toc d§ 4 Double Word/ 8 clock véi két qua l4n luot 1a: 00040203H,
02010001H, 03000402H, 03040506H.

Hinh 11: Két qua khi thyc hién DMA ghi dit liéu vao Slave 2.
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Hinh 12: Két qua khi thuc hién DMA doc dir liéu tir Slave 3.

Sau khi kiém tra thir nghiém céc thiét ké bing SoPC Builder, Nios IDE va Modelsim,
hé théng duoc tong hop va tai xubng thir nghiém trén SC Camera va DSP Development Kit
ding FPGA EP2S60 cua hang Altera nhu trinh bay trong Hinh 13 va 14. Két qua tong hop
mach dugc trinh bay trong Hinh 15. Hinh 16 (a) — (d) trinh bay két qua ding cho do tim 13i
giita hai Board mach in bf?mg phuong phdp trir anh don gian. Trong Hinh 16 (c), nhimg vj tri
c6 khac biét dugc biéu dién bang gia tri 1 (thé hién bing mau trang) va khéng khac biét dugc
biéu dién bing gi tri 0 (mau den). Do anh chup tir Camera bj nhidu gdy ra bdi méi truong nén
anh khéc bi¢t sau khi trir nhau phai qua bd loc Median dé quyét dinh két qua cuéi cing,

Hinh 13: Camera thir nghiém.
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Hinh 15: Két qua tong hgp mach.
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Hinh 16 (a): Anh GrayScale thi 1. Hinh 16 (b): Anh GrayScale thi 2.

Hinh 16 (c): Anh sau khi trir nhau. Hinh 16 (d): Anh sau khi qua loc Median.
Truong hop do tim chuyén dong bing phuong phép trir anh va ding ngudng don gian
ciing dugc thir nghi¢m vai ket qua dugc trinh bay trong cac Hinh 17 (a) — (¢). Hinh 17 (c) cho
thay vi tri cia doi twong chuyén dong.

Hinh 17 (a): Anh GrayScale & théi diém T1. Hinh 17 (b): Anh GrayScale & thoi diém T2.
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Hinh 17 (c): Anh sau khi trir nhau két hop véi ngudng.

4.KET LUAN

Ching t6i d thiét k& mot hé théng trén chip FPGA dung cho céc tmg dung xir ly anh thoi
gian thyc. Mot s6 ky thuat dac biét da duoc si dung nhim tang téc do ciia hé thong (DMA,
thuc hién viéc tinh toén bang phan cimg, sir dung c4u triic nhidu Master/ Slave dé thiét ké céc
b gia toc) dya trén cAu tric System Interconnect Fabric ciia SoPC Builder, héng Altera. Céac
thudt todn dugc sir dung tuong thich véi thiét ké phan cimg va phit hop véi thiét ké trén FPGA.
Mot s6 két qua thir nghiém dugc minh hoa kiém chimg trén SoPC Builder, Nios II IDE,
Modelsim va cubi cling nap xudng FPGA ciia DSP Development Kit dé kiém tra. Céc két qua
cho thiy viéc thiét ké 14 tét.

DESIGNING A SOPC FOR REAL - TIME IMAGE PROCESSING
APPLICATIONS

Huynh Huu Thuan, Dinh Quang Hai, Cao Tran Bao Thuong, Nguyen Huu Phuong
University of Natural Sciences, VNU — HCM

ABSTRACT: This paper presents our design of a System On a Programmable Chip
(SoPC) for real - time image processing applications. To do this, some accelerators are
designed and integrated into a FPGA chip in order to process data at a high speed. Besides,
special techniques (such as DMA, multiple Maters... ) are also used to speed up the system.
The result is tested on a DSP Development Kit using FPGA Stratix Il EP2S60F1020C4 of
Altera Corporation. SoPC Builder, NIOS II IDE and Modesim are used for testing and
integrating hardware/software.

Keywords: FPGA, Accelerator, DMA, SoPC, Real-time image processing.
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