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An Adaptive Canny Operator Based Edge Detection
Algorithm for Infrared Image of Ship
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Abstract: An adaptive Canny operator edge detection method for detecting the edges of infrared images
of a ship is proposed. In the method, the maximum local standard deviation of an image is used to set
Gaussian filter scale parameters for the reference value. Then, the maximum variance method based on
a gradient histogram is used to calculate the high and low thresholds of the Canny operator so as to
implement the automatic detection of edges. The experimental result shows that the ship edges detected
by this method are clear and continuous with less noise. The method is better than the traditional Canny

operator edge detection method and has a good engineering applicability.

Key words: signal and information processing; edge detection; Canny operator; adaptive scale factor;
adaptive threshold

0 3%

Gk i AR P TR A SRR B A N R AR
TR RS V. EREBRNEARE
Z—, BT EBRKE R ELE P, hgh
e —FrEE R ER BB AR, BB, FE
ME4RI, H ARk 5 R i 2, PR St il
TR H A B SE R KEEDLG LA

e #= B 8A: 2013-05-16
EEE: HHE (1983), 7,

E-mail: xinxing_2006@tom.com

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

i SR AN AE AR 14 5 X AR RL P R 1A R R Y 14
FER SRR B AR SO AR LS R
MGRLN T EAEATHETS, Ay i LA H AR
AP, R AR T SF SR BN . b, L
i 2L AR 1 14 G A T A 2 UL H AR SR T 5 IR
A —EEGBLEEAR, B ZNAT
T MR AU, i 5 R, MLt

LHhwmEN, MEHEE, TERARTE A ERERL BARRA .

INFRARED (MONTHLY)/VoOL.34, No.7, JuL 2013



26 AN

Ap 20134 7 A

S R ER A M LD E RS

JOR A 20 A0 R Y 15 M Lo B, H B bR %
SR MR Vs gy, 5 ELUERR . b £ B A E
PR 2k, Wb 75 3k B G i 0 3L A il 7 k. 3C
R (5] X & 230 Gkl 28 2R AT T o 8k, JF
Sl TENMNSBMIRRMA R, F50A%6E
M J7:, 40 Robert 1, Pewitt 7, LOG H
F-H1 Sobel 15, FIME A F AT SR,
BA LA G MLt SR S, Bl T EiR
NGEE G FE Y, HGMBREESY
HEBES, EREAMER RS EE
(OBIE- IEFSEE M NITR AU Tioalill € S
Canny i1 246 I %% 78 1 e 46 I 07 10 A R 41
RO, TEA OB Canny 55 3 T AR ZL 41
EMR ) B ke, IEEF X148 Canny 5175 2
N3 S50 08, 3 AR K B SR BE 4y
fE B 3355 5 s J R BE A A B ) v I B
JNTAT SE B S8 Y Gk, SeIe 45 SRR B, AL
P& Y B 8 Y. Canny 5 7] DUTE A 2051 B 4R
B GALI b BUSB U  BOR

1 Canny & 3 f&5 /)~

1.1 RRBEENZEL Canny ENY

1986 4, Canny J $2 1 e M1 GeAe Pl 4 7Y
S 5AEN T

(1) B RAF WA L HEI . 5 2 B HiuAG IO o L
SIS, B KRR UM R R R % .

(2) & ALKE BEVED 300 A ) 2% s 0 s ) 1
G 5 HE S % 5 2 8 R 22 Y 850

(3) BT G W HED B —ih GV B ME—
M 1., B B — 300 G 1Y) 25 A% i) B A5 B B8 e 41 1
1.2 Canny EEALI
121 *BEF#ATZHHFE R B

Canny J 4% I8 13 = J& HE N i 5 H 0 46 00 4%
A E T R — B R B R . Wi

1 1‘2 +y2
G(xa?J,U) = 212 exp <_ 202 (1)

INFRARED (MONTHLY)/VoOL.34, No.7, JuL 2013

M 221 b 2 5 1 AR
I(z,y) = G(z,y,0) * f(z,y) (2)

122 WHMBAWEEAT @

YRR B G2y, 0) BB R By
oG
dx
oG
5
) v 3 e R W e, W RURE VGO BN IE
& BB i N WA —HEAT B 98 %t -

oG x? y?
= kxexp <_W) exp <_W) (4)

VG = (3)

Dz
oG x? 2
oy ky exp <_W) exp (—2%7) (5)
Kb, & NHHL
AR (4) M (5) X LT b5 1
B (e, y) #ATER, 15345 B
M, :Z—i*[(w,y) (6)
oG
i, = (e 7)
é,\
Ai,3) =/ M2(i, ) + M2(i, ) (8)

(i, j) = arctan (%ﬁ Ez:ji) (9)
M AG,7) Bewe 7 G s (i,5) b 0B BE A,
0(i,5) BB T BB (6, 5) AL BE T 1]
1.2.3 A & 7& 45 B AT 3F 48 K A8 47 41

M ERER T, BE—TEREXAMEEE
e {5 16 B 7 1) LTS P e M AT L3S A
BRME, PR HAR s e 2 PR Z s i &
124 HEEE, RRALE EFARTLSL &

PR AREE T, M1 T, . 22 AERCRAE 1 i
JEER B G ES T, BEEEERT T, 195
WHBG EOPHRE, BHEEDNT T, A
R RGN %% SO0 M B . X TR EEAN T
T, M T, Z M, FEFIBE 8 BB & & A7E
EArici g . &6, MR S Ric il %
A B PR AL R 1B R i % 0T T DA Bk,

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



E34E, FTH

=

A 27

2 HE P Canny 5T 82 58 &

H T Canny 57T 1Y 300 G I 53035 1) 14 RE M
HihGallREm&sHERES o . GBET,
FARBME 7, Jerd. LA Canny HT 1, X

EASRTEAN U, WILTEE E. 300
Rl AR %k . X — R FRAERR R TR E R
AL FE A SERR IV . EEXX — R, A SCH &
W2 R0 R 7% H 3 X =25
21 RESH o cHHE

Canny 577K FI = 4 = 3 % I ok B0 P 4R
BEAT PR A KW B, SR i IR E S 2 o
B, PR BORBLS, (H ] A2 il B3,
SFHEGEN, LGATEEER KZ, Ho
By, REERFFATER, (A RS AF
R BERACR O, B0 280 o (B 1 IEHUF T,
SCHR [11] B8 T —FREZ R o BENIHER
BT,

B f(2,y) FBETRE R KEE, M T mxn
K/NEE I, B

1 (m+1)/2  (n+1)/2
o =lfey) - —— Y (i)
= (mt1)/2 j=—(nt1)/2
(10)
AR R RO R, W (10) FEY o, HER

Ky HRRAAT X, W o, (B T4
BEAATHEXEN, o HATHEZMHE.
HULAT I, o, (ERR/NGE AR S B 0 R
SRR PR IR R —B B, ATRURHZENE
N ST R A R RN 2 5 {H, DT 52 BL g
Bedr ROE S50 B G W 2.

TEMARLLAN R DGR BUE RR, BT
TR BT ) BEHME R R, — T7 T A 2 A
A, 53— 77T U A T, dne
AWM RE RS, WE 1R, TSP
P T 2% 0 0 EL B2 B .

32 3CHR (9] B9 JE A, A SCERX AR L AM A R
MR, R R EEE N RES R o i
Z%E. HAEANER, /] 3x3 K/AME A,
TN ERN RirEE. S8 0 P FAERS

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

K1 32 0T 2%k T4 A5 2 AY AL AT Z0AM AR

MECE SCRFFE R B I, R AR HEZ IR,
o H NP X, REts e RN, HIE, #&
i3 R EEIE N RESH o WS H1H.
N T B R B A ] MR B B T, A
R R RIREZRFHERES T o, e
AR HEZAE X /il e KR Z b A7 10—k, JF
R H e L —A~ B 1A 7 & 5 Br s 2 E AR I R
i 3

o=kxS__ /S (11)
K, S,... WREEKRIREE; S AHRRIFME
% k AHEIEF, kSRR 2 5 5 5k I i

FTHEH (ASCHL 0.8) .
2.2 FEENKRESH T, 7T H#EE

mew%?¢,ﬁ%mﬁﬁA@ﬁ£%
MR S RO AT GE R, BBE T, 8K,
AR ERLG®RE, HERGDEEEE
Mz, MRBE T WES T hgERNAILE
fr. T, BN, PR amss, (At
IFATRE & AR BB A T T KR, &
KRGz, ANt FTES
M WA, BEAESERY Canny 55776 I E 7
& LAFTE Y IR XE, A% SOR 2 T 16 B 0 BE B 07
Vel 9 S 18] 7 22 Jme Kk H 3h A e 1 B 1L

Otsu 554 121 J& —Fb f 28 [7] 77 22 38 B e K
i BB E R 2 7 k. HAEA AR, BB E
RONBERMERPR, Il BRI H LM
TP ZMERME, NTTREIRMBE. % Otsu 7
HER AR, FAOTR L ARRRAE M 5 A &R 51
FRBRR S NG R, SESMLG R =

INFRARED (MONTHLY)/VoOL.34, No.7, JuL 2013



28 AN

Bp 2013 4E 7 A

K, #HIM D, . D, M D, &R, D, Prf W4
REPERERECY {t,. 6., 6.} 5 D, B MY
BRBERELEY {t. ., b, o1, ) s Dy BEX
SR R MR E T A (L, 0t ) B
BBREREN N, BRI ¢, Praf MR RZEC
n,, HBERN p, =n/N (j=12--1), WESN

DX TR] P i) 496 W S0 2
l
E = thpj (12)
D, . D, F D, Z& 4 B 1R (83 2 00 3l A
k
thpj
e, (k) = (13)
d.p
3 t,p;
e, (k,m) = = (14)
p;
;7k+1
Z tij
e, (m) = = (15)
> p
e
k m l
p(k) = _p,, plk,m)= > p,, pm)= Y p,
j=1 j=k+1 J=m+1(16)
A & ST ok

UQ(kvm) = [61 (k) - E]Qp(k) + [62 (k’m) - E]2

xp(k,m) + [e,(m) — E]*p(m) (17)

T —IEEARLLANER, 2 (17) A o F
p, WA MR B BT SR H, MRS
BHR 64 ANFER, o*(k,m) HER TR T, W
ESEIDE =S N = L a9 S v 1 X e
REFMHEEZ —. W, o2 (k,m) BUg K ME N BT
MWW k. mAEBIA D, . D, f D, XIaIf45>
Hm, HAERER Canny H 1= KBE T,
T, 18],

3 LI LR R M

A SCAE S0 3 PO A R REREAT T
HE. R A L5 & A E A Intel core i5 Ab 43
M 4G N EAL. 7F MatLab R2012a 3355 T
AT E S, B 2 ek H 3 AR
FCRER LA LLINE R, X=1RE GRS H
300x200 K /N 8bits K E KR, K 2(a) NTEIT
BE B T AR5 AR L/ R . oy, A AE
R T P Ee RN, RE R R T
By Fk, AR /DB R, B 20b) HEDSE
PR SR TR L0 AR, Horbr, JOR A 7E i T
BT BRI R, T R A B ZL MR AR B 8., 3
T 2 P KA AT . B 2(c) MBI BE B R 1F T 10
BEOLL AR . Horbr, JOUE7E B I AP BT o B
K, WMFRAER ., 8 m B8R L EH M,
3 frms R FAESEN Canny 5% (S5 MatLab
BONE) BATHGR 45 5. B 4 Frs R A
A SCRLR I Gk 25

F1HIH T RAANFE I Canny H 1

(a) (b) (c)
K2 FRiGE S

INFRARED (MONTHLY)/VoOL.34, No.7, JuL 2013 http://journal.sitp.ac.cn/hw



29

Bl 4 A SCHIE B G i 45

1 KB A&

! = B E AEK 199 L
R4y Canny HT A7k AEH Canny BT AU AEH Canny BT AT
G B 8] 4 1.4142 1.5816 0.0625 0.3398 0.0250 0.0313
Hh BE R 1.4142 1.0114 0.0625 0.2500 0.0250 0.0156
T B R 1.4142 1.0114 0.0625 0.2500 0.0250 0.0156

o EMEMREIME. Hri, SRBEERH—E
IR VA B WAL

B LSt ge 85 R AT AR i, 2R Canny 57
T AR IO A A9 30 S, (X RS | VT 2% I
R T ROMFZOREE, 2FBAEER
O BARZ Dhih G, T A= SCH ik |] LA A 28 i)
) R R 9 THT 2% BT 98 R T SR Y S TR, DT A e
52 B LA Y B AN R B 2k, T HLH R
W) £ 2% 1 T I £
4 % RiE

AR T — T BN Canny 551
BB GAG N Tk, IFHs H N T LA £ S 1A
B DGR, %7 kSRR R 8 &A%
MBS RES UM EEEE, A5k
BN GIRE, K, Canny HFHWEHRES

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

BLE B R B8 e K ARHE 2B AR N S H EH AT
Ve, T K B Y 1 T 3 R R E R O
PRE T ZRRIEE A E, BIMERBLEFA
N ESE, LB REY, ZIT RS A
ifill R M 00 TP, DA T A5 Je ot 4 BB O A
E %, B, 5%5H Canny FEAH L,
ARSI A .

SE M

[1] Francine Catte, Pierre-Louis Lions, Jean-Michel, et
al. Image Selective Smoothing and Edge Detection
by Nonlinear Diffusion [J]. STAM Journal on Numer-
ical Analysis, 1992, 29(1): 182-193.

2] BEMIE, ZEVE, L. R ER A Canny 1%
s [J). i EHLRE AR, 2010, 27(9): 3588
3590.

3] B, JEG, 1 R, T RN Y B Canny i
G r ¥k [J). SHEHLTIE SR A, 2005, 9: 37-39.

INFRARED (MONTHLY)/VoOL.34, No.7, JuL 2013



30 AN

b 20134E 7 A

[4] Neoh H S, Hazanchuk A. Adaptive Edge De-
tection for Real-Time Video Processing Using
FPGAs [EB/OL]. http://application-notes.digch-
ip.com/038/38-21366, 2005.

[5] Sharifi M, Fathy M, Mahmoudi M T. A Classified
and Comparative Study of Edge Detection Algo-
rithms [C]. Proceedings of International Conference
on IEEE, 2002: 117-120.

(6] FFIER, 2565, —FECHEAY Canny 6916 230 4K
M EE [J). A EHLHE, 2010, 27(10): 242-245

[7] Canny J. A Computational Approach to Edge De-
tection [J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 1986, 8(6): 679-698.

[8] Mei Fang, Guangxue Yue, Qingcang Yu. The Study
on An Application of Otsu Method in Canny Oper-
ator [C]. ISTP, 2009: 109-112.

9] WL, M, FAKE. ET B E N B EN U
Canny &M 7% [J]. ST EHLE A, 2012, 32(8):
2296-2298.

[10] EMR, XIese, BEMEE. Canny B4 M #Y
—FiEkiE % (I T EALITIE S A, 2010, 46(34):
202-248.

(11] ERE, SEme, BRA. —MRE Q&N NS
MR BE SRR D] JEBHAR, 2007, 32(3): 395
397.

[12] Otsu N. A Threshold Selection Method from Gray-
level Histogram [J]. IEEE Transactions on System
Man Cybernetics, 1979, 9(1): 62-66.

(13] FEBRBE, SKJEal, #AFS. —Fh B &R BERY Canny
WG Fk 7). S TR, 2011, 38(5): 127-132.

FE B News

XEEPF SRR ITRIET G H ST

K/NA 5 um BYRIE LT IMEAL

#E www.laserfocusworld.com 53R ,
M % 5 B & R A %X B (DARPA) % # 5
W EGRERL KU1 (AWARE) F H By % &
DRSHEAAFAHRARCEMFA R EARBITKA
/N K5 um By KK LS AE AL (Bl e, KK Lr A
AL R B 1R A 3K TE B B 3R AL .

XRE—ERTRTRAFTENLT —F
WL oA AL, HBIT KNG A AAH &N BETH
1/6 , X B T H % B A — A 1280x720 TEFHE
Erl b, EaBERAu T ERILLE S
by,

TR, KFH MR EHEAD, X4
EREFAMNAFRLEHAEIRE., 2 HELE
WA RIE/N B NER ., EEANS KD NER
b ook ERE, R A KR ke BARM
KF. A ESE, AMIETHF HEREAD,
EEER EHEFBNKME LN,

HTETFEEFNRAEHEEAERKE
th,, DARPA #F | 63X & #7 B9 K 3 22 448 AL T 68
TRAWAANERBET (ETEEF 2 X
N ERTWER EHTRENR, EENE

INFRARED (MONTHLY)/VoOL.34, No.7, JuL 2013

EFTUKENETHEIAS, ENETEE
F) By RA B E) . DARPA & ¥ 8 it 2 o6 2 34
HAELAEERERGER TN INETETH
BEFPET—REAPRIARS AR ZH.

AR AR KA, DRS #L A F % & | DAR-
PATHSFHET 3 EEFLIHEHFEN, X
ZEMNEEBRTAMEANK, AEEZ
WET A MR THE FB T E WLE
TRERZENAGTERER) . I LAKE
HEGEER N, THXBEFEMET A EE
FAUNEMBBETRTRES W& FRAHHE,

B 1 AL 4 E (kIE: DARPA)
O &4 -F

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



