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Abstract: The extraction of image edge features is very important in the processing of images. Compared
with the corner information, the edge information contains richer representation mean of the target to
be observed. It is of significance to the accurate extraction of target contour. With the improvement of
detector’s resolution and the increase of data update rate, development of the algorithms for fast and
effective edge extraction has been one of the research hotspots. The technique for implementing high-
precision image processing algorithms using FPGA is studied emphatically. The basic image processing
operations such as Gaussian filter, sobel operator and non-maxima suppression are implemented by using
the unique parallel pipeline processing mechanism of FPGA.
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always @ (posedge clk)-

begin
aall<=all ;aal2<=al2*2;aal3<=al3*3;aal4<=ald*2;aali<=als
aall<=a21*2;aa22<=a22%5; aa23<=a23%6; aa24<=a24%5; aal5<=al25%2;»
aa3l==a31%3;aa32<=a32%6; aa33<=a33%§; aa34==a34%6; aa3ds<=a3s*3»
aadl<==a41%2; aa42<=a42%35; aa43<=a43%6; aad4==a44%5; aad5<=a4 5" 2;»
GAUSS]1 <=aall —aal5 —aa51 —aas55;
GAUSS2 <=aal2=aald-aa2l —aa25 —aadl ~aad45 +aa52+aas54»
GAUSS3 <=aal3 +aa3l +aa35 +aad3;
GAUSSY <=2a22 +aa24 +aad2 aadds
GAUSSS <=2a23 +2a32 +aad3 +aadd;
GAUSS6 <=aa33;«
GAUSS <= GAUSS1+GAUSS2+GAUSS3+GAUSS4~GAUSS5~GAUSS6;
DATA_OUT ==GAUSS>>6;+

]
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always @ (posedge clk)

begin
Mx1 <=D13 +D23; Myl <=D31 +D32;
Mx2 <=D23 +D33; My2 <=D32 +D33;
Mx3 <=DI1 +D21; My3 <=D11 + D12;
Mx4 <=D21 +D31; My4 <=D12 +D13;
Mx5 <=Mx1 + Mx2; My5 <=Myl + My2;
Mx6 <=Mx3 +Mx4; My6 <= My3 + My4:
Dx <=MxS5 - Mx6 ; Dy <=MyS5 - My6:

end

Hrh D11, D121 D13, D21, D22 i
D23, D31, D32l D33 45k FIFO b 5247
=47 =58, Mal ~ Ma6 . Myl ~ My6
ArE A&, D, JhEEE 7 A0 Sk A,
D, KK 77 18] (1 303 Sk s 508

A AR A P A A AL BRI A DR 40 ) R R
18 2 1) B BEAE 5 T FL B BE T 1) A <00 1) B BE{ELiE
AT RO, G EEAH AR AR BE AR /D, U AT AR

http://journal.sitp.ac.cn/hw



236 %, 6511 M

4

A 23

KRR RN G, HHEBEEE 05 Kz, WH
R ING R

M sobel {732 D, M Dy, J&, 703 #EAT P
THARGAE, BRIWA 3x3 1E O, AT IER
KAEA ], el 6 Fros.

Dilx| |Di2x| |DI13x Dily| |DI2v| |DI3yv
D21x| |D22x| |D23x D21y| |D22y| |D23y
D31x| |D32x| |D33x D31y| |D32v| |D33y

(a) (b)
B 6 sobel HFiTHLF

XFF 24 BT A BE BEME Doz = [Daga| + |Dagyl, B

dtmp1:w~d1—|—(1—w)'d2 (7)
dtmp2:w~d3+(1—w)'d4
%ﬁ D22 j(:]: dtmpl }ﬁ] dtmp2 5 mu%jﬁﬁg%ﬂl

G, BWHE Do HEHN 0. X (7) Fw BIER
‘|

B
|D:\ if (|Dz|2|Dy|)

di . do . ds . dy [EFEE BT I
arctan(D, /D,) (R ME 7 By, Ke#hE 7 H
I3 R 4K,

Bl

if  (IDa| < [Dyl)

EE

(8)

Wl 7 Gk BT 1) 4 43

BRI di . do . ds . da WEINE 8 BT
7N

http://journal.sitp.ac.cn/hw

X X2
d1 dz D13 di D12 | | D13
D21 | |D22| |D23 @ D22 a3
D31 d3 a4 D31 | | D32 d4
X3 (X1
D11 | |D12 d1 D11 d1 a2
d4 D22 a2 D21 | |D22| |D23
d3 D32 | | D33 ™ d3 | | D33

B8 HEAT AR OB A d fE Y R

TE FPGA Py I Wy B BE 7 17 Ik A B4 A 22 =X
arctan(Dy/D;) . B HA 44T K, AR
WY& Dy M D, WIE 5 RE —H A KA H Xt
(EL A DR /0N 79 ISR A 4 B 6 JBE O 170«

DD, 5%, |Da| < |D,| (K1)
DL5D5#%, Dl 2|0y (K82)
D.5DA%, |Dal 2 |D,| (K83)
D, 5D A%, D, < |D,| (K84)

W w ENWESE RBIREEZEE. I TR
B Doo 5 dimmpt + dimp2 BIR/NRR, B IERE:
1B F 0 53 BE[F] I 3 LA R O HL T &, ARG
WRikiEH, s EEIF HiXB B EUR,
SERAERKAE M ® G, X520 FrE#ET —E
AP W T A R R R R AEBE N 255,
TR T BEN AR R ERER 0. B 9,
(a) # (c) WA APTINA 22 5] 300 J7 & R 7 HE &
R AR S S B, (b) A (d) Bt
FPGA BX B S BLUR I . 3 Sk 42 BORT JEAR K AE 10 1]
S E B, NEHRFTLLE &, fid—E BEN
AL FR G, B HE AR B (1Y 140 S e LE Bl 5 o 3
FRICT R, BOREH .

INFRARED (MONTHLY)/VOL.36, No.11, Nov 2015



24 AN

2015 4 11 A

(a) JRIG K BE R 1

(c) g KRR 2

(d) &R G EE 2

B9 HGEIERBORE

4 %

TESRBULGAFAE Y, b 0% 4 1 AR 24T
ZWERIEH, HizfHaKR, ek, #t
XX — R, CF T 1E DSP A o AR S 5 Y
BRIk, KM FPGA JEATHIK AL B ) 52 3L
T RSB SE.  sobel 3 GG I S A HEAR K
(B S0, 5 I 0 A T v g 30 5 4 BBOIAE AR 5
IR E] T FPGA -G L, ARG 14
AT 464 PUAT T 51 R 11 8 o e & [V AT, F DR T e
T 3 R AR A A P R AL B T TE B Y R
ZHESNER, 1T HA R FRTHEAN R 2
HHRK.

SE 3

(1] LB, 2T FPGA g9 EE QB AR5 -5
it [D]. & M ERFEE TR, 2006 -
1-72.

INFRARED (MONTHLY)/VOL.36, No.11, Nov 2015

(2] VhfEME, fRat, S, 2T EER sobel HT- %4
MEE JITENARARERZRE, 2013,23(11): 22-25.

(8] £, TAAR, /. 3T UGH Sobel H1-# 3 Bl
B E I ENERSERE, 2011, 21(10): 51-54.

(4] FhR, FRRIE. T bR v R R A RO 1 G Ae U Sk
[J].£19h 585 TF2, 2005,34(4): 454-458.

[5] Health A, Sarkar S, Sanocki T, et al. Compari-
sion of Edge Detectors: Amethodology and Initial
Study[J]. Computer Vision and Image Undestand-
ing, 1998,69(1): 38-54.

[6] Demigny D, Kamle T. A Discrete Expression of
Canny’s Criteria for Step Edge Detector Perfor-
mances Evaluation[J]. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 1997,19(11):
1199-1211.

(7] B, FEWOR, BRO7EE, . AZEMEERER
&R BE R [J]. B 3k F 4R, 2007,33(8): 867-870.

(8] FFKER, EvkfiE. —FiEE TS TESF MK E R KL
Goa il H % [J). BIREIIRRFFR, 2005, 26(5):
685-687.

(T# % 40 %)

http://journal.sitp.ac.cn/hw



