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Tém tit: Phat hién canh la mét trong nhitng thao tac dwoc sir dung phé bién trong phan tich anh, ddc
biét la trong linh vuc phac thao dac diém. Muc tiéu chinh cia phat hién canh la xac dinh cac canh bﬁng
cach so sanh cwong do mirc xam cua dnh. Nhiéu thudt todn phat hién canh dnh dwoc sir dung dé tinh toan
canh. Do dé, néu cdc canh dwoc xdc dinh chinh xdc trong mot anh, thi tat ca cdc doi tuong cua no co thé
dwoc dinh vi va cac thudc tinh co ban nhw dién tich, chu vi va hinh dang cua dnh co thé duwoc do. Do dé,
né gitip t6i wu héa dién tich cua kién triic VLSI ciia thiét ké da cho. Dit liéu phat hién canh kha lom, vi vy
viée dat duwoc toc do xir Iy anh cao khéng phdi la nhiém vu dé dang. Mang cong ldp trinh dwoc (FPGA) ¢6
thé duoc sir dung dé khdc phuc nhiém vy nay va no la mot thiét bi hiéu qua dé thuc hién xir ly song song
thoi gian thue cho leong [on dir liéu hinh anh va video.

Tir khoa: phat hién canh, trién khai FPGA, kién tric VLSI

Abstract: Edge detection is one of the generally used operations in image analysis particularly in the
areas of feature sketch out. The main aim of edge detection is to put edges by comparing gray level
intensity of the image. Various image edge detection algorithms are used for the edge calculation. Hence
if the edges are identified correctly in an image then all its objects can be positioned and basic properties
such as area, perimeter and shape of an image can be measured. Hence it helps to optimize the area of
the VLSI architecture of the given design. The data of edge detection is large enough, so to achievement
the high rate of image processing is not easy task. Field Programmable Gate Array (FPGA) can be used
to overcome this task and it is an efficient device to realize real-time parallel processing for huge amounts

of image and video data.
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1. Dit van dé

Mot hinh anh 1a mot ham hai chiéu cua cac toa
do x vay. Bién do cia A tai bat ky cap toa do (x,y) nao
dugc goi 1a muc xam (gray level) hoac cuong do
(intensity) cua hinh anh tai vi tri d6. Phat hién canh
1a mot trong nhirg nhiém vu quan trong nhit trong
xtr 1y anh mre thap (1). Viéc phat hién chinh xéc cac
canh trong anh dong vai tro then chét trong viéc nhan
dang dic diém nhu: phan doan anh, nhan dang dédi
tuong, phan tich canh hudng.

Van dé thiét ké chinh trong phat hién canh hinh
anh 1a viéc trién khai trong thoi gian thuc. Cac mang
cong 1ap trinh duge (FPGAs) duogce st dung dé cung
cép kha nang van hanh thoi gian thuc va sy linh hoat
dé thay ddi thuat toan & giai doan mudn cia qua
trinh phat trién hé théng. Nhiing tinh ning nay khién
FPGA tr¢ thanh Iya chon pht hop dé trién khai thuc
té cac thuat toan xu ly anh. Do d6, mdt can nhic quan
trong 1a thiét ké thuat toan sao cho tdi wu hoa dién
tich thyuc thi trén VLSI. FPGA giup giam di¢n tich
va cai thién toc do xir Iy phat hién canh. Cau triic bai
béo dugc t chire nhu sau: Phan 2.1 thao luan vé cac
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thudt toan phat hién canh khac nhau. Phéan 2.2 trinh
bay ké hoach dé xuét va luu do thyc hién.

2. N§i dung nghién ctru

2.1 Céc thudt todn phdt hién canh pho bién

Canh tuong ung véi cac diém anh (pixels) ma tai
d6 hoac xung quanh d6, gia tri hinh anh c6 sy thay
doi dot ngot. Mot canh mo ta cac ranh gioi gitta cac
vung khac nhau trong mét hinh dnh, gitp ich cho
viéc phan doan va nhéan dang dbi tugng. Theo cach
truyén théng, cac ky thuat phat hién canh ap dung
viéc giai thich hinh hoc cua gradient (d6 dbc) ddi voi
mot hinh anh, duoc biéu thi dudi dang tdc do thay
ddi cua cac mirc xam trong do.

Phat hién canh la mot ph?m quan trong trong linh
vuc thi gidc may tinh. Pay la budc xur Iy anh muc
thap co ban, va cac canh chét lugng tét 1a diéu kién
can thiét cho cac bude xir Iy muc cao hon. Trong mot
anh nhi phan, mot diém anh dugc coi 1a diém canh
néu né co gia tri cudng do den, co6 lang giéng két ndi-
4 (4-connected) v6i cudong do tring va cudong do den
v6i lang giéng két nbi-8 (8-connected).

Do do, nhan dang canh gitp do luong, phat hién
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va xac dinh vi tri cta nhirng thay ddi trong mirc x4m
ctia hinh anh. Dya trén canh va duong thang, ching
ta ¢o thé xac dinh cdu tric cua dbi tuong. Vi vay,
trich xuét canh 1a mot ky thuat quan trong trong xir
ly dd hoa va trich xuét dic trung. Co nhiéu thuat toan
da dwoc phat trién dé phat hién canh hinh anh, mot sb
trong d6 dugc giai thich dudi day:

Toan tir Robert; Toan tir Prewitt; Toan tir Sobel;
Laplacian cua Gaussian (LoG); Phat hién canh Canny

2.1.1 Toan tir Robert: Toan tir Roberts 1a PP lau
doi va co ban nhat dé phat hién canh. N6 hoat dong
dua trén dao ham bac nhét va st dung dao ham riéng
bac nhét dé phat hién cac canh trong anh. Céac canh
doc va ngang dugc trich Xudt riéng biét, sau do két
hop lai véi nhau dé cho ra két qua phat hién canh
cudi ciing. Phuong phap nay sir dung mit na kich
thuge 2x2 dé tinh toan dao ham truc giao, va cac mat
na do dugc cho nhu dudi day:

1 0 0 1

0 L -1 0

Gx Gy

2.1.2 Toan tir Prewitt: Pay la mot trong nhiing
PP phat hién canh lau doi va tot nhét trong xir Iy anh.
Phép toan phat hién canh Prewitt dugc thuc hién
bé’lng cach tich chédp anh géc vo1 mot bd loc roi rac,
kich thude nhd va cé gia tri nguyén theo cac huong
doc, ngang cling nhu ca hai huéng duong chéo. Toan
tr phat hién canh Prewitt dua trén dao ham bac nhét
va sit dung mat na (mask) kich thude 3x3. Hai mat na
Gx va Gy dugc cho nhu sau:

-1 1 1101

0|0 (O 10 01

1)1 1 101
Gx Gy

2.1.3 Toadn tir Sobel: Toan tit Sobel cling la mot
toan tur phat hién canh dya trén dao ham. Pay 1a k¥
thuat phat hién canh duoc str dung rong ri nhat. Viéc
phat hi¢n canh bang toan tir Sobel duya trén nguyén ly
tinh toan xap xi gradient ctia anh. Gia tri gradient xap
xi dugc tinh bang cach tich chap hai mat na khong
gian kich thudc 3x3 véi anh gde. N6 tinh toan su
khac bi¢t gitta cac hang va cdt trong cac mat na 3x3
gilta cac diém 1an can. Hai mat na Gx va Gy duoc
cho nhu sau:

a| 2|1 1o 1

of| oo 20| 2

1] 2|1 1o | 1
Gx Gy

Do 16n cua gradient dugc tinh theo cach sau:
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G| =

JGx? + Gy?

2.1.4 Laplacian cua Gaussian (LoG): St dung dao
ham bac hai dé tim cac diém giao cit bang khong (zero
crossing) tai nhitng noi c6 sy thay d6i cuong do. Trude
khi tinh Laplacian, thudt toan &p dung bd loc Gaussian
dé 1am min anh, giap giam thiéu nhidu vi dao ham bac
hai cuc ky nhay cam véi cac diém anh 15i.

2.1.5 Phat hién canh Canny: Bo phat hién canh
Canny su dung hai ngudng (threshold) dé tinh toan
cac canh manh va canh yéu. N6 cting gitr lai cac canh
yéu khi chung dugc két ndi voi cac canh manh. Cac
budce thuc hién trong phat hién canh Canny nhu sau:

Buéc 1: Anh dugc 1am min va giam nhiéu bang
cach ap dung bo loc Gradient bac nhét (thuong 1a bo
loc Gaussian).

Buwéce 2: B 16n Gradient dugc tinh toan bing
céch tinh Gradient cua cac diém anh 1an can.

Buée 3: Cac canh gid bi loai bd bé‘mg cach so
sanh diém anh véi cac diém anh 1an can theo huéng
gradient (budc nay goi la Non-maximum suppression
- triét tiéu khong cuc dai).

Budéc 4: Budc cudi cung duoc goi 1a dit ngudng
(thresholding), st dung ca gia tri ngudng thap va
cao; nghia 1a cac diém anh c6 gia tri cao hon hodc
thip hon ngudng déu duoc danh ddu 13 cac canh
trong anh (thuong thong qua ki thuat Hysteresis dé
két ndi cac canh).

2.2. Cdc nghién civu vé phdt hién bién canh:

Theo thoi gian, d4 co rat nhiéu cai tién va nghién
ctru duoc thyce hién trén cac thuat toan phat hién canh
dé nhan dién bién cta vat thé. Muc tiéu chinh 1a nang
cao chit lugng (cac dac trung) cua hinh anh dé con
ngudi d& hiéu hon. Ngay nay, xir ly anh dugc ung
dung trong nhiéu linh vye nhu y té, phat hién anh
hang khong k¥ thuét s6 tir vé tinh, an ninh, nhan dién
bién s xe, v.v.

Area Optimized FPGA Implementation Of
Color Edge Detection trinh bay cach trién khai thuat
toan phat hién canh trén FPGA, st dung toan tu Sobel
trén nén tang Virtex-5. Nghién ctru tip trung vao viéc
dat hiéu suét cao, tdi thiéu hoa dién tich ph;‘in cing
vaxu ly tdc do cao. Thiét ké dé xut chi st dung mot
phan tir xtr Iy duy nhat dé tinh toan gradient cho ca
ba thanh phan mau R, G, B nhim giam tiéu thy tai
nguyén FPGA.

Study Sobel Edge Detection Effect on the
Image Edges Using MATLAB trinh bay cach thuc
hién thuat toan phat hién canh bfing MATLAB. Vi
MATLAB la cong cu phd bién, gitp viéc mé phong
xtr 1y anh tro nén rat dé dang.

Sobel Edge Detection Implementation using
Spartan 3 FPGA and Xilinx System Generator thuc
hién thuat toan phat hi¢n canh trén FPGA Xilinx
Spartan 3 bing cong cu System Generator. Thut
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toan Sobel dugc su dung vi tinh hi€u qua cao va ma
ngudn duogc viét bang ngon ngit VHDL. Phan clmg
duoc trién khai trén ca bo kit Spartan 3 va cac dong
tuong tu.

Canny Edge Detection Algorithm on FPGA
gidi thi¢u viéc phat hién canh st dung thuat
toan Canny trén bd kit FPGA. Canny la thuat toan
hiéu qua nhat nho kha nang phat hién va dinh vi canh
tdt hon, d@)ng thoi tim duoc nhiéu canh hon so véi
thuat toan Sobel.

An Enhanced Area Optimized Image Edge
Detection Based On Sobel Operator trinh bay
viéc t6i wu hoa dién tich phan cung khi trién khai.
Nghién ctru nay sir dung thuét toan Sobel, viét bang
ma VHDL, mé phong trén ModelSim, tong hop bang
Xilinx ISE 10.1 va trién khai trén nén taing FPGA
Xilinx ML510 (Virtex-5 FX130T).

2.3 Quy trinh @@ xuit

Y tudng co ban cua vi¢c phat hién canh la sir dung
cac toan tir ting cuong canh dé 1am ndi bat cac canh
cuc bo trong anh Kkét qua. Ké hoach dé xuat c6 thé
dugc hiéu thong qua luu dd (flow chart) duéi day:

Start

Take color image

v

| Convert image into gray scale
v
Find out the edges using edge
detection algorithm

Qua trinh phat hién canh duoc thyuc hién theo cac
budce sau:

Xur 1y anh dé giam nhiéu; Cai thién chét lugng;
Chuyén ddi anh sang thang d¢ xam; Phat hién; Dinh
vi

Budc 1. Xt Iy anh (Processing Of The Image)

Budc nay tap trung vao viéc lam min anh
(smoothing). Muc tiéu chinh 14 loai bo tdi da cac loai
nhiéu (noise) phat sinh trong qua trinh thu nhan hoic
truyén tai anh ma khong lam mét di cac duong bién
thuce té. Qua trinh nay thuong su dung cac b loc nhu
bd loc Gaussian hoac bd loc trung vi (Median filter)
dé 1am mo cac chi tiét thira khong can thiét.

Budc 2. Cai thién chat lugng (Improving Quality)

Day thyc chét 1a qué trinh ting cudng chit lugng
anh (image enhancement). Bang cach ap dung cac bo
loc 1am séc nét (sharpening filters), hé théng s& lam
ndi bat cac canh cua vat thé, gitp cac budc nhéan dién
tiép theo trd nén rd rang va chinh xac hon.

Budc 3. Chuyén ddi sang anh xam
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Anh mau thuong dugc chuyén vé anh mirc x4m
(grayscale) dé don gian hoa viéc tinh toan. Trong dé:

Mau trz"mg: Pai dién cho cac gia tri c6 cuong do
sang cao.

Mau den: Pai dién cho cac gia tri ¢6 cuong do
sang thap. Qua trinh nay cung cip thong tin vé cuong
d6 sang (intensity information) cua anh gdc, gitp
thuét toan tap trung vao su thay ddi do sang thay vi
mau sic.

Budc 4. Phat hién (Detection)

Str dung céc thuat toan phat hi¢n canh khac nhau
(nhu Sobel, Canny, Roberts) dé tinh toan va xac dinh
cac vi tri co su thay débi cuong do dot ngdt. Bude nay
gitip hé théng quyét dinh diém anh nao thugc vé mot
canh can gitr lai va diém anh nao 1a gia hoic khong
can thiét.

Budc 5. Pinh vi (Localization)

Pay la giai doan xac dinh vi tri chinh xac cua
canh trong anh. Céac k¥ thuat nhu lam moéng canh
(edge thinning) va lién két canh (edge linking) 14
rat can thiét & budc nay dé dam bao dudng bién thu
duogc sic nét (thuong c6 do day 1 pixel) va lién tuc.

3. Két ludn

Vi phat hi¢n canh anh la ky thuat dugc thuc hién
& cép d6 xtr 1y anh thap hon, do d6 chung ta can phai
c6 kién thirc vé cac thuat toan phat hién canh khac
nhau duoc st dung cho nd. Trong bai bao nay, tac
gia da phan tich toan bd thuat toan phat hién canh
anh duoc trién khai trén kién truc dua trén FPGA.
FPGA giup trién khai né trong timg dung thoi gian
thuc va cling giap cai thién tbe do phat hién canh.
Toén tir Robert nhay cdm véi nhiéu hon so véi cac
toan tir khac. V& toan tu phat hién canh Canny, no
hiéu qua hon va phat hién duoc nhiéu canh hon so
v6i cac thuat toan khac, nhung n6 1a PP phure tap hon
va thoi gian can thiét dé phat hién cac canh ciing lau
hon. Toan tir Sobel it nhay cam vé&i nhiéu hon, tim ra
cac canh day hon va cling luu gilt thong tin uu tién
cao trong anh.
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