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Tém tit

Loc anh 1a mot trong nhitng k¥ thuat tién xir 1y quan trong trong xir ly anh va thi gidgc may tinh, duoc st dung dé loai bo
céc chi tiét (khong mong mudn) va nhidu tir mét hinh anh. Bai béo nay trinh bay phuong phép thiét ké bo loc Gauss 2D
trén nén FPGA nham dép tmg yéu cau tai nguyén, toc d6 xir 1y thai gian thye. Kién triic bé loc Gauss s& duge mé ta hoan
toan bang ngén ngir mé ta phan ctmg Verilog theo chudn giao tiép AXI-Stream Bus toc d6 cao; kha ning mé rong ma tran
va ting nang lyc tinh todn phép tich chap duoc doc 1ap trong timg mo-dun. Két qua thye nghiém dugc mé phong trén cong
cu ModelSim va dugce tinh toan téng hop bing trinh ISE 14.7- Xilinx cho thiy théng s6 tai nguyén cua ching toi sir dung
t6t hon cia tac gia trude, dong thoi anh loc (.txt) duge so khdp két qua gidng nhu chay trén OpenCV.

Tir khoa: BO loc Gauss, Verilog, FPGA, AXI-Stream, Xilinx.

Abstract

Image filtering is one of the very useful techniques in image processing and computer vision, used to eliminate useless
details and noise from an image. This paper presents methods of designing 2D Gaussian Filter based on Field Programmable
Gate Array (FPGA) to meet the requirements of hardware resources and speed of real-time processor. The Gaussian
filter architecture will be described by Verilog HDL completely through a high speed AXI-Stream Bus; thus, extension
matrix and operations of convolution are separated in modules. The experimental results simulated by ModelSim tool
and logically synthesized by ISE 14.7 tool of Xilinx show that our performance is better than previous author’s finding,
concurrently, the filtered image (.txt file) is matched to the result run on OpenCV,

Keywords: Gaussian Filter, Verilog, FPGA, AXI-Stream, Xilinx.

1. Gi6i thiéu toan xir Iy bang hinh anh, ciing can nhidu giai
Ngdy nay, (mg dung cua thj gidc mdy da tro ~ Phap khdc nhau. Tur phan cimg cho t6i cdc cong

nén rat rong 16n va da dang, len 16i vao moi linh ~ cu ho trg phan mém.

vuc tir quan sy, khoa hoc, vii try, cho dén y hoc, Loc nhiéu 12 mot cong doan tién xtr 1y trong

san xuat va tu dong hoa toa nha. Dé giai cac bai  xur 1y anh s, nham ning cao chit luong anh cho
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mat con ngudi hoic dé phuc vu cho cac cong dinh do léch chuan giita cac diém trén bé mit
doan sau, xir 1y tot cong doan nay sé gitip cho cac ~ Gauss. Néu gid tri o 16n, thi tic dung lam mé anh
cong doan sau tién hanh duoc dé dang hon [9] va  s& cang ting.
b loc lam mo anh duch sir dung tr?ng nl}iéu ing Trong toan hoc, viée g dung Gauss Blur cho
dung nhu nhan dang doi twong, doi chidu, phan  mgt hinh ciing chinh 14 tinh tich chap hinh d6 voi
loai [1, 5, 10] 15"1311’6’0 tién xu ly dé’giém nhi€u  ham Gauss (G). Nghia 1a trong khéng gian hai
va mirc do chi tict (khong mong muon) cua hinh  ¢hiéu, ham (G) s& tao ra nhiing dudng vién la
anh [14, 4]. Bai bdo nay tip trung thiet k€ b0 loc  nhing dudng tron dong tam - mét na Gauss, tun
nhicu theo Gauss. theo logic phan tan Gauss tir diém trung taim. Gia
Bo loc Gauss 13 mot trong nhitng thudt toan  tri tir mat na Gauss nay s& duge s dung dé xay
loc anh quan trong nhit va tinh (mg dung rong  dung mét ma tran kernel dung tinh toan phép tich
rdi trong xa 1y anh [2, 7, 8]. Phuong trinh ham  chap vai hinh anh gdc c¢6 kich thude [h x w] nhu
Gauss (G) dung trong khong gian hai chiéu duoc  duoc mo ta & phuong trinh (2). Két qua diém anh

xac dinh boi cong thice (1). moéi (PC) thu duoc bang cach tinh tong cc cip
x2+y? han tir twong Gng tir anh gde tich véi ma tran

(ry) = e 27 (D) B i T s
2no Gauss kich thudce [5x5]. Minh hoa tich chap ma

Trong d6 G 1a mit na Gauss tai toa do diém (x, tran Gauss [5x5] va t6 hop anh du vao [5x5] &
v) theo hai truc ngang va dirng, o 1a gia tri quyét Hinh 1.
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Hinh 1. Minh hoa tich chip hai ma trin
Tan dung ddc tinh cua FPGA 1a linh hoat va da duara nhiéu ky thuat dugc ap dung cho bo loc
téc do xur 1y nhanh, cac nha khoa hoc trén thé giéi  Gauss[11, 12]. Loc anh 1a budc tién xur Iy dé loai
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bo céc chi tiét (khong mong mubn) va nhiéu khoi
anh. Anh loc dugc tao ra boi su tich chap gilia
anh géc va mOt mat na Gauss; tich chap dugc st
dung rong rai trong thi gidc may va xu ly hinh
anh, bao gém nhan dang dbi tugng va canh hinh
anh [13]; tuy nhién, quy trinh tich chip thuong
chiém mét luong tai nguyén may tinh dang ké
[14]. Do d6, [3, 6] dé xuat phuong phap tich chap
dwa trén kién trac phin cimg FPGA/ASIC thuc
thi chirc nang loc Gauss cho tng dyng xur ly anh
giap tiét kiém bo nho: [1] da thuc hién cac thao
tac 1am min Gauss bang cich két hop module
hd tro trong cac phin mém MATLAB, Xilinx
System Gennerator (XSG) dé tao ra file HDL
thuc thi phan cang trén kit Spartan-3E tai nguyén
thap, van dam bao qué trinh phén tich va toc do
tinh todn theo thoi gian thyc; [15] phéan tach cac
phép tinh toan Gauss thanh cac module riéng
duogc thuc hién trén nén tang VirtexV ML605

FPGA, dong thoi [2] xay dung mé hinh bd loc
dau phay dong véi hidu suit ting.

Muc tiéu ciia bai bao ndy hudng dén thiét ké
bd loc nhidu Gauss duoc thuc thi trén nén tang
Ming cong c6 kha ning 1ap trinh (FPGA). Ching
toi s€ phan tich cac chlic ning trong thuét toan
thanh cac mo-dun thuc thi riéng biét. Do do,
dé tang tdc do tinh toan va giam thiéu st dung
tai nguyén, cac tinh nang ctia FPGA sé dugc su
dung 14 co ché DMA (truy cap bd nh¢ truc tiép)
va DDR3. Cubi cung, dé 161 bo loc Gauss hoat
dong thi mot file user logic boc cac moé-dun chire
nang bén trong dé dong bd toan bo kién tric véi
Bus AXI-Stream cua hé thong. Day 1a mot cach
méi dé mo ta loc nhidu Gauss hoan toan bing
phan ctng. Ung dung cia ching t6i dugc trién
khai boi hai cong cu nhu ISE va Verilog va duogc
mo phong trén trinh gia 1ap ModelSim.

2. Phén tich va thiét ké 15i b loc Gauss

AXI-Stream

AXI-Stream

Gaussian Filter Core

Buffer

Data

Data [SxS]l En
'

Conv

Datal
FIFO

len

AXI-Stream

Hinh 2. Kién triic Top-Down bén trong 15i b loc Gauss

Thiét ké 161 bd loc Gauss dya trén hai bude chinh
la mo rdng kich thirc anh géc va thuc hién tich chap
v6i ma tran Gauss; van dé dong bo trong timg giai
doan hoat dong, cac tin hiéu truyén nhan dung thoi

diém xéc lap duoc thuc hién theo co ché DMA dam
bao yéu ciu téc do cao thi can thiét ké thém céc
khéi dém va khéi FIFO dé dam bao dir ligu vao/
ra dugc lién tuc va khong bi mét cac pixel cua anh.
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Kién trac 16i bo loc Gauss & hinh 2 m6 ta so
d6 khodi cac mo-dun chire ning, viée thiét ké tuan
thu theo quy trinh Top - Down. Thiét ké tir mtc
cao nhat, tong quat nhat dén muc ké tiép theo va
dén murc nho nhét. Viéc phan cap céu trac nho dé
dang kiém tra, stra d6i hodc phat trién sau nay:

Khoi Add0: Khoi nay thyc hién viéc mé rong
kich thude anh gde, thém cac bit ‘0’ xung quanh
khung anh; nham bao dam kich thude anh duoc
gitr nguyén sau khi thuc hién tich chép.

Khéi Buffer: Trong module nay sé& sir dung
nhiing thanh ghi dé chot dir liéu ra va dua lai dau
vao phit hop cho khdi sau.

Khéi Conv: Thyc hién phép tich chap gitra
ma trin anh [5x5] tir khéi Buffer véi ma tran
Gauss Blur [5x5]. Mat na Gauss Blur dugc tinh
xap xi nhu mé ta dudi day:

Khdi FIFO: Khéi bd nhé, luu dit lidu sau loc

nhiéu. Ving nhé FIFO nay lam gia ting sy chu
dong gitta PC va hé thong.

Khdi user_logic: Loi bg loc Gauss qua user
logic duge xem la mot thiét bi ngoai vi md rong,
ghép ndi v6i block DMA. Duong bus két ndi
gitra DMA va bd loc Gauss l1a duong bus AXI4-
Stream (Hinh 3).

Hé thong 161 bo loc Gauss duge nhing trén
bo Vi xir Iy Microblare. Viéc ghép ndi giita
Microblaze vé6i cac thiét bi ngoai vi théng qua
Bus AXI-4. Duong bus két ndi gitra DMA va Loi
Gauss la duong bus AXI-Stream (Hinh 3), voi
3 tin hiéu chinh la AXI DATA, AXI VALID,
AXI READY, dir liéu s& duoc truyén trong
AXI DATA, khi cé dir liéu thi tin hi¢u AXI
VALID s& duge bat 1én 1, va néu nhan dir lidu
thi AXI READY s¢ duogc bat lén 1, néu khong
dir liéu van chua duoc ghi vao Loi chuong trinh.

Place Intlal TDATA TLAST and Tuser on

the bug

Slgnal that inital datals readyvia TVALD

b
AXI4-STREAM

Slgnal data recelved via TREADY

>

MASTER

Stat transmitting TOATA, TLAST and TUSER
in sync with ACLK

¢ AXI-STREAM SALVE

Hinh 3. Két ndi ché do Master Salve theo duong bus AXI4-Stream

Pé thuc hién hoan chinh mé hinh hoat dong
bd loc Gauss trén mot hé théng nhiing (Hinh 4),
ngoai bd vi xir Iy dong vai tro didu phdi moi hoat
déng, can c6 cac thiét bi ngoai vi hd tro, cac thiét
bi ngoai vi hd tro tdi thiéu bao gém: bo nhé Bram
13 noi luu trit céc trinh didu khién hé thong,vi xur

1y Microblaze s€ truy cap cac ma Iénh trong Bram
dé diéu khién hoat dong cua hé théng. Bo nhd
DDRAM luu dir liéu anh géc va anh sau khi thuc
hién loc nhiéu. Qua trinh hoat dong theo co ché
DMA — truyén nhan truc tiép, nhiém vu cua khoi
DMA s€ vira nhan dit liéu, vura thuce thién qua trinh
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didu khién hoat dong ctia Lai va day tin hiéu vao
DDR3. Truyén nhan dit liéu tde do cao, dd rong dir
liéu theo Bus AXI-Stream tir 16-1024 bit.

Microblaze
AX-Lite AMD-Lite AXI-4 004
A V AX]
Interconnect Interconnect
Block Block

Hinh 4. So d6 két néi Loi Gauss vao hé thong nhang
FPGA DMA Bus

So d6 FSM mo ta viée giao tiép giita 4 khoi
(Hinh 5). Trang thai IDLE nham thiét 1ap cac
thong s6 khai tao cho Lai, che tin hiéu S VALID
bao co dir licu, doc déy du cac dur liéu anh vao
Loi, sau khi dém cac bit 0 bén ngoai anh ting
kich thude dir lidu dau vao; trang thai CONV la
loc cac t6 hop anh [5x5] thyc hién phép tich chép
v6i mit na Gauss Blur [5x5]; két qua thu duoc
14 cac diém anh pixels sau khi loc dugce luu vao
khéi FIFO chd day di dit liéu nhu kich thude anh
gbc dé tiép tuc nhan frame moi tai IDLE.

I
RESET_N

S_AXIS_VALID==1

READ
IMAGE

Nr_of_read==[512x512]

0_data_Req==Data[5x5]xMask[5x5]

TRANFORMATION
FIFO

Hinh 5. FSM cua L1 Gauss

Toém lai, hé théng L&i Gauss toc do cao duoc
thyc hién trén cong nghé FPGA theo kién truc
duong 6ng (pipeline), nhung cai tién L5i thém
khdi ADDO dé dam bao anh dau ra dung kich
thudc anh gbc. Pong thoi trién khai vé mit hé
théng theo co ché DMA truyén nhén theo Bus
AXI-Stream.

3. Phan tich va danh gia két qua

3.1. Phin tich két qud thuc hién

Céc hinh duéi day s& tién hanh mé phong
cho tirng khdi chie ning thuc hién bd loc nhiéu
Gauss. Khoi ADDO (Hinh 6) thyc hién xuét diy
bit ‘0’ lam dudng vién anh trude khi nhan va xuat
dir liéu anh gdc theo chuin AXI-Stream. Dit liéu
anh gbc va anh sau khi thye hién mdi kKhdi dwoc
luu vao file. Hinh 7 hién thi két qua dir liéu dau ra
ctia khdi ADDO duoc doc tir file.

Khéi BUFFER mo ta tién trinh doc anh déu
vao tir khdi ADDO: luu dit liéu véo cac thanh ghi,
két hop giita S READY va S_VALID d trang
tha4i READ DATA [5x5] thuc hién phan ludng
dung theo tht ty timg ctra s6 anh. Hinh 8 mo ta
25 lan cira s6 1énh [5x5] duge doc 1an luot theo
anh tir khoi ADDO.

i i J‘IJ'I.H.I‘I.”J

|j

i Ju [ L. Jo L0, Ju
IR0 Y TREF)

Hinh 6. X{r Iy di¥ li¢u vao khi ADDO thyc hién
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Hinh 7. Két qua d4u ra cia Khoi ADDO trén ModelSim.
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Hinh 8. X 1y dir liéu ra Khoi BUFFER

Khéi CONV doc dit liéu tir READ DATA
[5x5] thuc hién tich chap voi mat na Gauss Blur
[5x5] dé tao ra dir lidu dau ra la pixels sau khi loc
nhiéu Gauss (Hinh 9).
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Hinh 9. Khéi CONV thyc hién tich chap hai ma trén

Khdi FIFO nhan céc pixels sau khi loc nhiéu,
ghi dit liéu vao bo nhé FIFO thuce hién bién doi
theo chuan AXI-Stream. Dt liéu vao ra cac Khoi
ADDO, BUFFER va CONV lan luot 1a céc file
Gauss_S1, Gauss_S2 (Hinh 10) va Gauss_S3
(Hinh 11).
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Hinh 10. Két qua xir 1y dir liéu & Gauss_S1 va Gauss S2

$ finish: IMAGE GAUSSIAN --
$02 03 04 04 04
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e U 17 16 11
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Hinh 11. Két qua xr 1y dir liéu Gauss_S3

3.2. Danh gid két qui

Téng hop 1a két qua qua trinh bién dich hodc
chuyén doi ngén ngit mé ta phan cimg Verilog
vao trong mirc cong. Can ¢t vao ciu tric va quy
mé phin cimg duoc mé ta trong chuong trinh
Verilog, trinh tdng hop ISE 14.7 s& cho cac két
qua sau khi tong hop. Cac thong s6 quan trong
danh gia két qua qua trinh tong hop dugce so sanh
véi mot s6 tac gia khac ¢ Bang 1 va tan sb cuc dai
cua Loi (Hinh 12).
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Speed Grade: -3

Minimum period: 2.747ns (Maximum Frequency: 364.000MHz)
Minimm input arrival time before clock: 3.571ns
Maximm output required time after clock: 5.905ns
Maximum combinational path delay: 5.749ns

Process "Synthesize - XST" completed successfully

Hinh 12. Tan s6 cuc dai tir ISE 14.7

Bang 1. Tai nguyén phan cting dugc tong hop
trén trinh ISE

Tacgia | [16] [6] 2]
Kit ML605 | Virtex5 | XC7C | ML605
| Registers 210 127 - -
LUTs 53 176 4750 8985
| FF 42 ~ |- | 8464
Delay[ns] 5,75 - 4,7 -
Tén sb [Mhz] | 364 = 100 200

Puoc kiém chimg tir trinh bién dich ISE-
Xilinx, véi [16] c6 s6 lwong thanh ghi két qua
127 va trong bai bao nay can 210 cho Lai Gauss,
nhung khi so sanh LUTs véi [16] 1a 176 két qua
cua bai bao nay la giam hon 50% la 53% cho phép
tich chap. Két qua do tré cuc dai (Delay) 5,75 ns
nhiéu hon so véi [6] 4,7 ns nhung véi muyc tiéu
ban dau nham hiéu qua vé tai nguyén phan cimg
va xét viéc img dung trong hé thong thiét ké nho
gon, gia thanh KIT thap dat yéu cau. Ldi Gauss toc
dd cao va linh hoat khi tan sb cuc dai Clock cta hé
thong cung cap cho Lai hoat dong 1a 364 MHz khi
ap dung co ché truyén nhan lién tuc DMA.

4. Két luin

Bai bao nay da trinh bay thiét ké 15i bd loc
Gauss tiét kiém tai nguyén, téc d6 cao khi Lai
két ndi theo Bus DMA véi céc thong sé tong
hop dat duoc. Céc thong so thiét ké TPCore duge
tinh toan duya trén trinh tong hop ISE-Xilinx két
hop voi phan mém mé phong ModelSim-Mentor
Graphics. Két qua thuc nghiém cho thay phuong
phéap thiét ké cua chung t6i da lam tang tinh hiéu
qua va tmg dung so voi két qua nghién ciru [2]
ma ching téi tham khao.
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