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[Abstract] Aiming at the application requirement of real-time edge detection in image sequences, an anti-noise Sobel edge detection algorithm is
proposed, and its hardware-accelerated design is developed. The algorithm structure is optimized by replacing two-dimensional median filter with
separate median filter and improving the computation of the magnitude and orientation of the gradient. Several measures such as improving the
hardware architecture of separate median filter, storing the temporary data to avoid computing repeatedly and calculating the magnitude and
orientation of the gradient in parallel are taken to improve the real-time performance and reduce the hardware resources cost. Simulation results of

ModeSim and the synthesis report of ISE illuminate that the hardware-accelerated can accclerate the speed and reduce the hardware resources

consumption. The proposed algorithm performs better in noise immunity and edge detection performance.

[Key words] edge detection; Sobel operator; separate median filtering; hardware-accelerated; real-time image processing

DOI: 10.3969/j.issn.1000-3428.2011.24.068

1 Bk

T3 5 46 552 I 30 % s D) 2 P45 Ak 3 v i — AN BRI S R
B, TR T E AR R S e A M AT e
RSB A, SO TN A v AR S B o e ke R A
R AU R = TS

% G5 130 SR 35 F 30 R D 57 SR AR I B W B
Ik BEAIE I AR BGL %, 4 Roberts Sobel fil Canny %,
-, Roberts F1 Sobel 3 b % Bl 45 i) 8 — it bF 5 4AB 3 2% B2
PAREGE %, PR, EHEkaesE; Canny ) & T
YO R E G i A B, B EMK. EARNIBARIIS
Kl s s, bR, (Hiigikaim s, figap
A GRIN EEG  AR A I, (B RN, STt
BEMEAR. Uk, ZERIFDZAIN Rt A B, 325 hing
ek A S B ek R 3 RS ARk B — A B LR R T 1T

HP B R 38 AT DA R IE R ik o e, R R B A A —
BIUE B ROR, REAB AR A7 AR 530 45tk . Sobel B 5w
B, XM —EMEWER, SRR IEFNBSE
FEE . ASCHHEIES M Sobel BHHLA, #—Fi
WA Sobel i1 AN S, FRF AT IEAE N E Bt
2 BRI Sobel HEk K HAERE BT

B IR I R M AR AT, EL O T AR G T
KOG SCHRIA1ER 2 28 P B U B 500, S xd B4Rk 1T —
BEAT R E B, AR AT b A U I A AT — 4B b (E R

e, HMEAES A (AR BEACH Y, VS B ORI REAR,
H5F RS, AR SR F 43 85 v (R DB AR — 2 v B 08
WA WAL B

Sobel S HIBARINE 1 iR, BRSO (x,)) ,
HRIEAEH f(x,p), 2

A y)=fx-Ly-D+2f(x,y-D+ f(x+Ly-1

A,(x,y)=f(x=Ly+D)+2f(x,y+D)+ f(x+1,y+1)

B(x,y)=f(x+Ly-1)-f(x-Ly-1)

By(x,y)=f(x+Ly)-f(x-1y)

By(x,y)=f(x+Ly+D)- f(x-Ly+])

YO K S 1) A JEE A

S y) =4, (x,y) = 4 (x, y)

T B 5 1) A A -

F,(x,3) = B(x,y) +2B,(x,y) + B;(x, )

T BE WAL -

S p) = L) + £, )

B 5 TR A
0(x,y)=tan" [

fy(x,y)j
S )

B/ FRE1983—), 5B, WL, EH R : BHREKHE
TRHL, EURUGEL; SHEME, PR S, #. WA
WREE I : 2011-06-07 E-mail: tyh 983@126.com



B3 H24M JHRHS, WA, AUSEE: MR Sobel iSRRI A% K SLAE LE I B 205
- _3 -1 -1 0 1 : |
O 2] 0 | 2
R o |
(@)K FJ7 1 LR (b) T H 5 AR

B 1 Sobel BEFHR
Sobel 5 &k b 58 i 5, (ELAS BE MR T S 46 S O 0 Oy 32
B, BERMEAS RIEVIS T, HESRETEELH,
W0 AR SCX A R AL 0 18D VS AT O, R | ()
Fn f;,(x,y)\ MR, # B (DA (2) AT T B 1 4
B, #RTEH AR IEEE.
FACRONVACHY EAVACRD
SCey)=q . .
£, £ < |7, ()
0 £ =] fxp)
0, =1 1
5 erl<]seen
HTRBOAB RTINS, A EREERTEET H
B 7 W AR R MG R R SO % g, Bk, TRk

B0 L Ll A A 5 B8 R T 1) A I A% K {E 4 ) (Non Maximum
Suppression, NMS),

BT G102 [f,000)| B £0on) T B, #
S(y)>S(x=1y) H S(x,»)>SCe+1y) , WK (x,y) Al %
B % L) <A@ BT B, # Sy >
S(x,y=1) H S(x,»)> S,y +1) , MR (x,y) HHGR, HPHE
8 T AT DARRL4% 121 44 BB B VR S s PRLOBE, A SCBER
BIME 2 iR,

e

(2

AR

B N
NPT LN N
LT ON R U Ik WAL ALJS 17 T AENMS il

R

Bhs

B2 HiRA Sobel i ZBWM A LRR
BT RIE S AR, A SCEYE S Sobel 5. Canny
Sk SCERILAR M SR T e, S5 miEl 3~ 5 B
Bl 3(a)hy 256x256 14 3 JF i 1k FE &l 45 (Lena &1, 2% J& B BUE 5
FA 0~1); B 4(a) il N(0,0.05) By = B B 5 B S(a)h
TR BES 0.2 fl Jok ke 7o P45 o AR SRV Y 4 85 o B O o
H% 5%5,

@R E & (b A S HE

» ‘yd\
| |

(d)Canny H3% ()CHRIIE %
B3 RRKERGDSRNER

(c)Sobel &y

() W 73 e

(c)Sobel H% (d)Canny 5% ()X RR[11543%
B4 SZRETRAETERERLERNSR

() Bk B 45 3 (b) AR

(c)Sobel ik (d)Canny L ()R [ 11548
Bl S ShkahuRrEis Jum o0 Gom 4 5

M 3~ S A RLE N, WFRIGEG, 4 Rk
RIS, NTFZRAESEE RS, AR ELEY
R Canny 22, REMSESIF ML S, T 32 Bk jr g s
EHRMEGR, RXEBELEERRETF. WK LRE, £
SRk HLA 50 B B0 M ek

4 Fip S5 I SF- 2 AL BRI A ZR 1 TR (Matlab 45 H S,
HLN AL E : WA% CPU 2.66 GHz, 2.00 GB N 1F). IF 1 8] PA
B, ACHEBEEPEIBEM Sobel Hy4iat—kE, H
AL PEIE FEAL KT Sobel $3E, KAAER.

#1 BB REE

ik A& SR 7] /ms
AL 94.0
Sobel 15.3
Canny 114.7
SR 5E3% 1 510.0

3 BB R kR 4

A CHEH B FMERY Sobel 31 SRS I 43 B AR TF AL B,
T A, BT M R v T RO B P oK (B A Ak 3
100 Wi DA EEIR), $v5 F R v R 4R o S B Y —
AR ER.

B 3 7] 4% F2 1] B% %1 (Filed Programmable Gate Array,
FPGA)BARIFEFE . W REFMA, MARKE FPGA
X R A TR A S i

SCHR[ATHR W T — B BT HE T W0 4% 0 43 125 v 1 8 I A 1
LT, BN BEH PR E, A B AR KA
— BB E, AAXNEBETHR, ATRUCRAWE 6 Bis



206 o

L #&

2011412 H20 H

WA, BT S BB, 36 TR Fk,
WG 110 55 I, — /MG 0002 B A FLG 14 B
Bk, T UG 04 A, JETHEIT I 1073 2 (6
W 18 A

K, — max > max > max —»
1 3 T 5
K, —» min min > min
T
K; —p max max » max
2 4 6 median
K, —» min >» min —| min —»
> max —»
7
Ks > min —>/

B 6 B S WAL B EBMSN
VR A AT I, 2 ISR RGIB T2 1], BIARA
—WEEXE, KAl EEEEEN, Fik, T
ZA7 I BB A R R

Cursor 1 874699 ns

AVSERL e, y) WOBE A R0, A~ 4, B~ B, il B,
LA, Ay+2)=4(xy), Bxy+)=5B(xy),
B,(x,y+1)=By(x,y) , M LEHF A (xy) AT HHE K
(x,y+2) WI#E BEAE , A7 B,(x,y) M By(x,y) F T ¥k 5 5
(x,y+1) HYBE BEA

H T 3 WAL AN 5 1) P SR BT | S, I | S, | R PR
B, B RT—A R IATII . WB T 1 AR K
BT 0 2 95 T o BE MR AEL AT I ) AR IR . R T MRS
TR0 R AN T ], VAR M, ASCRA 4 A FIFO %
5 AR ERG SR, FFIT BB B R A 75 1) SR A
JE 75 6] AR AR I, DA B v 0 i A B

T B R A R B R AR, A VHDL SEEL Y ASCSE
%, I ModelSim #4755, WIXEEA Lena B {HEHL
R 7 piR, 2B S EMEEE O A 5%5;5 clk 40 MHz /)
B 5 N 84555 din 7R B EG B 5 row Al col 43514
17504 dout ALK AE R, dout Kty 1 B, x Fi1y
FEZ N S W F A bR AT A b, AL BRI IZR 1.72 ms.

B 7 ModelSim {i B4 H

3K B 4 f ModelSim {5 S48 R Q1 8 firw, MK 8 W
PAF Y, B I S5t 030 Gk DU P AR A

I

(@WK E %

(b G il 45
B8 WREGREABHLGRNER

KA Xilinx /4w B xc2v3000-4bg728 ith f, 7& ISE Lt

AR SIS AR IR B AT S5, FEGEURI AR A S I R
SCHRIS-61H B BE PR 45 K BEVE B BRI 5% 2 B
2 BARENEREHIR

TPk 25 Efg R/ANMg % Slices  Brams 5 RS 3/MHz
ALK UE P B O 3x3) 256x256 460 6 129.643
KX E N 5%5) 256x256 627 8 129.643
KX E N 3x3) 512x512 620 6 129.643
KX E N 5%5) 512x512 831 8 129.643
SR [41% #(T%7 BERR) 512x512 685 0 58.720
SCHR[S]Prewitt 45 512x512 328 32 99.499

M2 WTRLR Y, AR I Bt R RE R, H
HB R TAEBRE R T oAl 2 ApisEvl o AR SCAE s B A i
BEVHREAS A 129 MHz By I SRR B TAE, ik, AbEE— i
S12x512 AR 3R MK JE R e A 5 2.05 ms, REMRH RERD B AR
i Ab B 480 WUXALHEMGR, REASW L Hd v SALLSE B A

k.
4 GWE

ASCHRH T B Sobel MWL, JEATHE
13T BRI B o 5T B BP0 MR PR R A
SHEAF I B VR, AL AL R, £
QAT VSEALBLE SR — 9 B PR 1

%30

(1] ARRR, kM. —FhET BRI  E E 5 o I 57
], PARIE TRER22AR, 2005, 26(5): 685-687.

[2] Li Zhenhua, Yang Yingping, Jiang Wei. Multi-scale Morphologic
Tracking Approach for Edge Detection[C]//Proc. of the 4th
International Conference on Image and Graphics. New York, USA:
IEEE Press, 2007: 358-362.

31 W, 2 W, EER BEMMIBEED SR 5% D).
PHEHLTHR, 2010, 36(23): 214-216.

[4] Narendra M P. A Separable Median Filter for Image Noise
Smoothing[J]. IEEE Trans. on Pattern Analysis and Machine
Intelligence, 1981, 3(1): 20-29.

[5] Huitzil C T, Estrada M A. An FPGA Architecture for High Speed
Edge and Corner detection[C]//Proc. of the 5th IEEE International
Workshop on Computer Architectures for Machine Perception.
[S. L]: IEEE Press, 2000: 112-116.

[6] Abbasi T A, Abbasi M U. A Novel Architecture for Prewitt Edge
Detector[J]. Journal of Active and Passive Electronic Devices,
2009, 8:203-211.

i iR



