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Infrared image edge recognition and defect quantitative
determination based on the algorithm of fuzzy C-means

clustering and Canny operator
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Abstract: A new edge detection method based on Fuzzy C-means clustering and Canny operator was
proposed to detect the defects of infrared thermal imaging with large noise, edge information ambiguity
and so on. In this method, the gray scale transformation of the input infrared image was carried out, and
the image was segmented, extraced, and binarizated by the Fuzzy C-means clustering; then each area
was superimposed to make the edge of infrared image continuous. Finally, the image was processed by
the Canny algorithm, and the edge of the infrared image was continuous. Canny operator was used to
detect the edge of the image, and the defect recognition was realized. Based on the image edge detection,
the relative error between calculated and actual defects position was analyzed, and the geometric size

quantitative detection of defects was realized. The results show that the proposed method can detect the
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defect edge completely and clearly, and has higher accuracy and anti-noise ability, which is advantageous

for the identification and quantitative detection of defects.

Key words: thermal imaging; edge detection;

Canny operator;
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Fig.2 Edge detection results of several classical operators (#S1)

2 EFHEM CHERE-Canny ETFHIER
B 151 25 46 iU
25 ML) 25 K I 55T B B BRI o 4G A RS B R

I AR O ALK AR A AR, T TR RSN R
R ARG T R = A, il AR O K

0928001-2



o oh ok AR

% 0 H www.irla.cn % A5 B
[ BT A2t XP RS A B B St U UM 5 2K B U=idi=1.2, - esk=

XF T BRI 515 B0 BE B, K B3 SR B R AR 1 oy
J5 I F H A ORI RS i 1 T DL AR s
25 WL S R T B8 AR E AR AT 0 R AR s R, Rk
3BT DR DL A2 3R 7 oy B AR RRUAR i i P ) —
FE RSN | 4 2 B A (] R AIE A A A B AT 2R
SEHE— R, DA 52 IR R A B4 47 4 2 R4y
Brid 2 ) ok B s T 0 M B 2 AR GR G L B s
TG A B 4514 2GR E 245 8] T Z N, S0
H 1 300 % G T R A T kR o R 3R 2R 0R 1 R Canny
B AL G, I LD A EG h BRBE 2 2 L BORS B
SRR I TR/ ] = I AN NP4 Y < 9 i
21 EM CHERXIZGKRMNEZE

K B E R C BRI R & iy 7
Pl R AE K WA R LA C W E R, HA
Xof R A B HEAT A0 A, T A K S R A B R A
O3 R JERE  IAE SEBR R SR N 2
R I B AR DAL b R O TR Y A A ) R B
HUF Y SRR ORI IR T, N HRE TR 2K,
BiE TARENARRE, TRERETZ P
AR B B, I AT B A b R A R AE S
SEMEDO R, R B C B BRIk X 404 B
BT RIS T

BT ROM R 4y BUB R BER C BE R A ]
Ji B R i 45 Bl Rl 40 Sy ) — A Xk G ] AR BLEE B K
T 48 3 43 Ry AN T F 22 [) 0 % 55 ) AR AL BE de /DN, SR J5 AR
SR BE B 2 B FE AR B TR A R R T
FCM B 55 8l X={x,,x, =, x,} 70N ¢ 25 B % x,
J X FHAEBEREAR Juy, 0<up <1 N x, X455 i BAKMW
SRIEE ., BT oxn BYHELFE U %R 1% 50 25 2%
FRHE I U R #5000 0 I 1200 5 HL A LA G
u,e 0,11 Vi, Vk

;M,'k=l Vk (1)

0< 2 ;<0 Vi
i=1

J TR EEVFZ T RE R K TR — A A
KW THEWESEN RSN, Wik, & X H
PRESC A AR 2 PN 1% 22 F 7 Al

I e )= 2 Xuiyd, 2)
i=1

1,2, -0 H I D =1, YVkse, BOBIZL i 5%

b sdy RE TR 55 kA BCHE AT R
JURFEI S di=llc—xdl;m R IMAFEE ,me [1,%),

BiM) C W REF L LM, H AKX (2)5 3
e /NI S AR

m
k=1 “atk
R = (3)
m
u[k
k=1
1 .
Uy=— o 1Sisc,lsksn 4)
> (de
j=1 djk /

FERR A B X B FEINEL ¢ FIALE m &
HIEAE LT FCM W OB BRI F . (1) # BR20(1),
B AR B U 7 [0, 111X ] L B B K AT 4
Hik, () AKX G)IHE ¢ MREDL ¢,i=1,2, -,
co (3) W LRI KA AN LK), 35 B s
BRER AR bR e R G R e BN B X T A
fH & KT Lk B bs R 808 0 o 1, W58 A X A
A5 1k o (4) A @) THE B R UL SRR
R ER(2), DT 25 RS G o M AN HE
AR B B T4 2S00 SR B B 8 BUBTRY IR 28 R 4y
2.2 ETFHEM CHERERM Canny EFHIINE

Bin g

Fl 3 Sk ok F AR C ¥ 3 25 —Canny 5+ 5 8
ZTAMEG 3 Gk 0 1) SR R 1 IR AR

( Input an infrared image )

¥
Global gray scale
transformation

| Fuzzy C means clustering |
I

------

1

I Region superposition |

1

| Edge extraction by canny operatore |

(Output the feature image)

I8 3 BM C X1 % I —Canny 55 F 21 Z Aoy I 55 32 gl A%
Fig.3 Edge detection algorithm flow of fuzzy C means clustering-

morphology-Canny operator
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Fig.4 Edge extraction results of Fuzzy C means clustering-Canny

operator (#S1)
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(c) FCM processing (d) Edge extraction using
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Fig.5 Edge extraction results of Fuzzy C—means clustering-Canny

operator (#S2)
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Tab.1 Comparison between calculated and actual

position

Defect No. #1 #2 #4 #5

Number of pixels between
centers of other defects and 160 133 79 53
#7 defect
Calculated distance between
centers of other defects and 60.4724 50.2677 29.8583 20.0315
#7 defect/mm
Actual distance between
centers of other defects and 60 50 30 20
#7 defect/mm
Relative error between
calculated distance and ~ 0.7873% 0.5354% 0.4723% 0.1575%
actual distance
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Tab.2 Diameter size of defects

Defect No. #2 #5 #7
DA, 4 3 4.0

r 1.6 2.0 4.0
DA, 4.45 3.27 4.60
epa 11.3% 9.0% 15.0%

Note : DA, —Actual defect diameter; r —Diameter depth ratio;DA, —

Predictive defect diameter; epy—Diameter prediction error.
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