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Infrared Image Segmentation of Aircraft Skin Based on Otsu and Improved I-
Ching Divination Evolutionary Algorithm

Abstract

Abstract: Infrared thermal imaging non-destructive testing is one of the commonly used methods for
aircraft skin detection. Aiming at Otsu's large computational complexity and poor real-time performance,
an aircraft skin infrared image segmentation method based on Otsu and an improved I-Ching divination
evolutionary algorithm (IDEA) is proposed. The roulette selection operator is improved by using roulette
selection for the I-Ching map of state size 3n, from which the n individuals with the maximum fitness
values are then selected as new populations. The experimental results show that the proposed algorithm
is superior to several other improved optimization algorithms both in terms of convergence speed and
time consumption, which indicates that the algorithm can effectively improve the speed of threshold
solution.
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aircraft skin detection. Aiming at Otsu's large computational complexity and poor real-time performance,
an aircraft skin infrared image segmentation method based on Otsu and an improved I-Ching divination
evolutionary algorithm (IDEA) is proposed. The roulette selection operator is improved by using roulette
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values are then selected as new populations. The experimental results show that the proposed algorithm is
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consumption, which indicates that the algorithm can effectively improve the speed of threshold solution.

Keywords: maximum between-class variance; infrared image; image segmentation; [-Ching divination

evolutionary algorithm; I-Ching operators

T

55 A ] A X AR IR R 2 R I TR 2 S R
AR, B AMREAT SRR R
FEG A RR, T SEIE 7 R IR . X T
REPIZLAMAR, BT SN B AR, K&
EFEE AR EREZN D BB FIRRYERE
FAAANE AR HERE BB S 73— 247 B ORI & X
EE PR

P A5 73 41 0 2 PRI A o R R AR ) ) G

5

ZL A1 R AR TE 1S TN AR D — o % (1 JE 1 A
MEA, AT RIATI AU R Fase JF %
S50 s BERS ST IRAL SR BRI K R A
R HME S B R, SZ Ry — B S R B

Lo PR A A ATt Bk e e O S
B . MU 2 A B S IR Y, BREE AL

Wk H: 2019-08-28 BRI H: 2019-11-21
EETH: ERARPIAESEUL733119), ERERRIAE ST FHES(61603395), o mi AR % %% (3122018C001)
H—AEF: £B(1978-), L, WL, BIEER, 57 AEBAHE . E-mail: 9357950@qq.com

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 2, Art. 20

#3355 2 M
2021 42 H

IR B B EUE > B 05 A BT S AE 5
PPN BT RGAINED, BT X EE T
T B > E13E, Shan SR R BE58
FER G R Esh R Y, H T KA S5 5 A
(22 4L EI RV B I IR IE . Gong 2 U T 22
B R E G R, Bt M EBEER RN R
7, NGB EMIENTER & 0 HArek s, R, 18
it 223 % B bR R GIAT A . Chen 250
Tk ALK B 70 A A8 3R AL B ORI X R ABL 9 bRy
R, K3 TR R AN T X MRF A
Mo LGS Gk SRR G — T IR W] KB L7 B 45 &)
B, Guo ZFPHEH —FEARIE 5] 2 K82
PR3 2 AT P RS Bl G 1) B B 2 B R o0 T
SRR R A5, R LR AR 55 2 15 RGO 3K
IR L PAIRE R L HEAT S BR A AL B . kg 25U T
AP ) £ TN 12 () SR AR BB D LI AR 45 & 2
WAy 5 B R %% . Wang 25U THR W T — Rl &
18 VA B BN 5 - BV AR L) = 4B AR 2 N 4%, F
ER G PNILYNS 32 LG e A S S VN5 D
B

BRI J7 2 (Otsu) Wi A% Gt i R B 7 14
ARYERZ BN P8, H AR B AR S R 7
BIZi 15 2% 77 B AR A S s 2R B 75 22, AT
e e PR B ) 20 B BE - (5 T H XS AN K LR
HEHAT T 22, BT EEROR, B R
AR HdE AT A

Han 252185 & G i i AL SR Otsu IRV
PREFLER N IERATREAT 70 81, 2 EEA S & T 0
FIVERE, TR T AN S E . Zhang 250
EEXTLLAN /N HARKT I, $2ih 1 —Fsu# i) Otsu
%, RIS AL R R SR B AR, 2R
PRAE 7> RISE RIS B AT T, Aefig e mtk o
I AR IR PR fE . Dhieb PR I T — Rk
T HAACHE L PSO) ) 2 A AL 777, FIH
Kapur £ Otsu ¥EAE A R AL, 1255175 K L A
1853 SRR IR UG 73 5007 T S5 B I ROR

RGTE AR

Journal of System Simulation

Vol. 33 No. 2
Feb. 2021

Liao 2%} Otsu HHAT 1 84, FFI I AL 501k
A HIPOEFOURE R, 4 S RS A R AT St
Rl A8 X 5B T )26 &, 42 H X E &
BRI, SCEMBE SRR . Liu %P
T MR T ST R R AR Otsu 2 BIE 40 #1777 1%
EARARA S FER RS T KA, # Otsu 1EiE
JSLRE R, o LRSS TR AR AR . 465
FHRB &R B, 53R ESH REH.

ZHAE ARG, Chen SR INT 5
25 ML EIE(IDEA). 5205 M3 FhAS . 4
MR SRR IR e B A S
T8 SR T e M) AH B B 7 ) KR o SR AR e
A — VI T LK B R K, ] LR T )
K. HEVSHRIRE— NSRRI RS, K
P T B R 45 S T DA TBOR o 3 3 P AR 4643 il i
BT S PR 3 ANE T HEE T
BE . HHEF.

AR T —FET Otsu MBS 2 ik
W) RS R LLAMEG BT B 5 4 & b
B R R R A 7 21 A, R 3 A4
HY MG HaE 81, mkFRdE, 415
YN o O N U M S, R UG AT 4 R RAE
R, PR BRI, WA RO H iR
BT

1 5%h MR

SR E R BN, E DL S
FHEEREIRN, 5% b E A E R
f—Fp T 3R TE, B ML EE
(IDEAYSLZZ 5205 N RAM G KB RK. %5
7%H1 Philip Chen Z84¢t1, SCTHR[24]1038 T A& b
B RLE SR . 52 M 3 Fhas e
HE M MR B MR BIATAE T IDEA
i 3 ANET BEENE T B E TR E AT

1.1 EEZE

Remae il b E G HCA R, Hh 50

http: // www.china-simulation.com
«422+

https://dc-china-simulation.researchcommons.org/journal/vol33/iss2/20
DOI: 10.16182/j.issn1004731x.joss.19-0455



Wang et al.: Infrared Image Segmentation of Aircraft Skin Based on Otsu and Im

#3355 2 M
2021 %2 H

KN TN T e s, 1 RIERE.
RIG, B RTRFRRN S, ¥ he S8 S G
%, i=12,..,N', Whes. 8%, hTRNKE
AT IR

X 1 RN S H N IT RN
—/NEbe BRI, AT DOCRHE R A [ RR g R A, i,
Y N=2 H1=3®, #75E $={000, 001, 010, 011,
100, 101, 110, 111},

EX 2: K S, ={(h.hy.....h,) €S} E SN
BWERABEMP KD MIREEE, Hf
n=12,..,N.

X3 ER (It ook AR S, T
—ATEER, EAR MRS, Hpn=12,.. N

an an
EDSIE:%( . ]’N{ﬁ?&, Szﬁﬁ[ 5 ]’l‘#ﬁ?@l}osn

FEEASIRE RN A ny n FROAPIRE KD
AL AR &= (I By oo, ) AT A
FBE, A AT M

1.2 G4&EF

3INGEHETRATHE N NP =Lk,
AT EUG AT /b FE, VB N=2, BIFTA HPRAHS
AR S P R
1.2.1 $5EHEF

L p N O0~1 A —AH, X, RIS IR 5
Ml nxI gEFIBENLE R . X, , BRI LRRA
g i=12..n =120, H X PHRITK x;
[y 43 Aii i 2 LAR % A Pr(x;=0)=1-p A0
Pr(x; =k)=p/(N-1), Hfk=12,.,N-1.

E=(hy,hy,... k)" PRS2 LG — SRS
RN S AN MR 1, B E A
i S B/ nxl 4ERIFERE. B0 B =hyhy. hy s H
i=12,...,n, FTLLE LLRIRA:

X

hy hy . hy
hy hyy ... h

&= (Mo, h,) = 2T )
hy by ... hy

F, A T Otsu MIBGHE S 28 b LA 2L R 21

Vol. 33 No. 2
Feb. 2021

SE XM n PRS2 BIHL B B AN TN

()=t @
X i=1,2,..n Hj=12,..1.

By AT LA RS 534 -

Pr(hlij :h!/):l—p (3)

Pr(/; =mody (h; +x;))=p )

A k=12, N-1. HEHFTWE 1R,
!

hyhishy "'hi(z—z)hi(l—l)hil h;
pd

A ' ' ’

hllhlzhl3 "'hl(l_z)h1(1_1)h;1 I(hi)

K1 ST

Fig. 1 Intrication operator

SRIGST E AR T, (5).

1(&)=(1(m).1(hy).....1(h,)) (5)

HEE T AT LERER p>0 BRSO TR EN
TRERIECIEAT 0 RN 1 Z M AR, xR s 5,
IEHESAE A T LA 0 BkE 2V —1, WA
ZERAT AT T DR,  IXRETT DLk fe vk i Hliesk.
1.2.2 B#HET

BUEE S THE by = by by hy PRORT 7 DGRBS
[—r DNICEMKBNE 50 DIMEEE 0.5 §lf, Hod r
& 1~ IBEAL RS . A SO

T(hi) =VidiaJiu (6)
R
J@:{TVM) L=E ™)
i r+1<j<l/
B,
.. <j<
Vi = {:U _ r +1 1_; j_srz ®)
i(1—j+r+1)
B & 2 Bis .

Tl S R e — BRI » A A e A K
B AR BRARA L, XA B TR s A ik
G ZRTT

http: // www.china-simulation.com

<423 .

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 2, Art. 20

#3355 2 M
2021 42 H

!

By, | hi(r+1) hy
\

Byl | hi(Hl) ~hy T (hy)

%/_/

r

(a) BHEEHT » 0
l

Py | hi(
\

Py [ hy "'hi(r+1) T (h)

\_W_—J
I-r

(b) WEE)G - T
K2 ®EHET

Fig.2 Turnover operator

by M

r+l)”' 2 i

1.2.3 HHET

HENE TG G 1 H MR AR T R .
W M T b =hyhy ke S BRG]
M(h)eS , BEFETEAT:

M(hi):yilin“‘yil )
H,
Yy = { hhi(jm I /127 +] li[l/? / (10)
i(j-r) A

AH': r=round((1/6)x0).
BEHEFWE 3 Frs.

l

. hi(r+l) o 'hi(lfr)
i ir —»1«
hi(r+l)--»h4( 1) hi(i—m) h ‘hf(l—r) M(h)

hi(l—r+1)~-~h[1 h;

i l

K3 LEHFET
Fig. 3 Mutual operator
H IR & s R AMRBY AL, FFBOR
(AL FEME , XA ENE TUMA FIE R 3R 1k, A
M e 7 SR 4 R 2R AE
1.3 B&m5t

& Z(hphza“'ahn )T eSS, N—EEIRE, %

RGTE AR

Journal of System Simulation

Vol. 33 No. 2
Feb. 2021

G:S, — 8, FXT & BrE Xi— BN S
RADFR, HZBSHE AR KA n 3 3n (R
AW

G(&)s, = (€. T (&) . M) (11)
K. T HBHE T MAEEHETF. Bagl
PR 5 W . 5 2T EER S KN A 30,
3 H AR 2 TR K ANEOK 3 4%, IR A4
YA AT B, Ty T R B IR 2 R

VE: AUNTZIE CRAT G-kl R
CHT G—FRRK AE”

1.4 SO B EEBRET

NSRBI, B A AR L5 B
FO, PTG IRA L. A 52
W R AL RS . HAEA AR IR
TR IR FERER T AR IS e SR AR A, B
WUFEBh— T4, it s b s, 25 fadta1m
TR, WZ A Ak T o 38 R
RIS A% R AR BOR , IXRE RE A8 1% ST
G T AL, BT AR R . R R

K 4 oo
K4 R
Fig.4 Roulette wheel model
HARR LRI

(1) ARAFE 9 B8 4 B e 5 g
A (%)

(2) HEAEAH A PRI FR A

P(x,)= J;(xi) ;
Zj:lf(x[)
(3) AR RBUER: Q=) A -

(4) 1E[0, 11X TE] A 72— AN 2] o A BT BE AL

http: // www.china-simulation.com

<424+

https://dc-china-simulation.researchcommons.org/journal/vol33/iss2/20

DOI: 10.16182/j.issn1004731x.joss.19-0455



Wang et al.: Infrared Image Segmentation of Aircraft Skin Based on Otsu and Im

533 H5E 2 W Vol. 33 No. 2
2021 42 /1 Eh, S T Otsu MBS N LRI EHE A E Feb. 2021
s ER17)H AR (18)15:

(5) #r<0(x), MEHEAME L, B0, E#H d(k) = o0 (1 -1, ) (19)

MEMER: O(xy) <r<O(x, ) AL

(6) AL (4)~(5)IFF LU0k,

B 1 5 4 0B T R 8 5 4w st
G(&)5, =(&. T (&), M(E) T 3n A HE L
FONHEATHER 485 SRR T 05 97
BRI 3n WSS G(8),, o FEANG(&),, ik titid
2R H n AL R BE KN Jg 0D
BEE L HRG(E), HUERREIAN o Ak HIk,
53K R e S

2 Otsu

IR A LRI, LGN i otk
EHA o, Mo, EEHNEELER:
N=Y" 0 EAREEOEEN: B=n/N .

NRBERE—NRIEAN K 0<k<L-1, JF
HH kA5 R P2 C =[0, 1, k] F1
Cy=[k+1k+2,,m], MABEW T EIE C 2K
Coo WP A IHER 22 59

k

o =Yp, (12)
.

o= p=1-0 (13)
i=k+1

Ci Rl Cy HHG R (T S I FEAE 3 5909 -
k

Hy :zpi*i/wl (14)
-

%=an@ (15)
i=k+1

BIE Y ke N 2K L P 31BN -

k
pu(k)=2 pi (16)
i=0

A EBUR I K FEAE R -
L-1

,u=2p,-*i=a)1,u1+a)2,u2 a7)
i=0

PRI I8 77 22 3(18):

d(k)=a (ﬂ1_ﬂ)2+a)2(ﬂz_ﬂ)2 (18)

M (k) BB AE I BTS2 kN BRI,
SR B 5 d(k") = max(d(k)) »  BE % 25 E %
0~ L—1 I8 FT K FEABEAT 77 2203, Hok
AR OR, B A LB — M S H PR
7

3 ET Otsu 5 IDEA M4 45ME
%5 E

EESE Otsu THE BRI, A A ek
[¥] IDEA X HAT AL, DAE Pl 2= 4 R iR
. 3T Otsu APt IDEA IZC A BG4 2 i) B
PRI :

VI E R E : FIBEIKIE 18 8, IRIEAR
U N SEENE PRI EMEZE p 29 0.1, AR
(E A IE B EE R 3L F o

(1) BEMWIGEH—ADFIEE S, FEER/ANA 1,
e HLAS P30 o U3 B SR A Bpese SLBRAEE
JEPLJEAE F (hyey, ) s

(2) XTRhEE & A FHBNEL TR T, b
BRI AEBI G(E)y, =(£.T(£) M) :

(3) Xt &y WL G(&)s, 1 4 20 57 7 15 2
1(G(€)) s

(4) 1 ok 1) 5 Sk B M 1(G(E)) ik
H—ANHRHEE

(5) 5 FH 3 0P b B R R R BT MR 1
&R, S HATBEFE P A A SR
G EAE F(huma)s

(6) W F(hma) >F(hoest)s TLHE By HIEIR
U Mpesi  RVARER B AL ANMA

(7) I A5 I 31 B 1 OB AR IS,
WRE R, FEZal, & 0AE R PR EE & O B 2
()5

(841 HH L 24 1K) hoests BTV A5 28 (1) B A 4 1) 1)
B, FHiHoHEE.

http: // www.china-simulation.com

<425

Published by Journal of System Simulation, 2021



E33EHE2M
2021 42 H

Journal of System Simulation, Vol. 33 [2021], Iss. 2, Art. 20

AR 5 Fios.

K s

FT Otsu A IDEA 214k B4 43 5 B3

BEEEKKER
L HEEERp,
e St

'

BIha LR

v
ARG R,
RN A Ay
A A3 N A
F(/eq)

HEHE T

!

Ut 5 G R

!

HORRE [0 3 A 1A
P S BT I P AH
F(h,0,)

‘max.

!

WIRF (B ) KT
F(hbest) ’ ;{%‘hmax E,\J {E
MRS e BIVOR B B2
R

RGIE BT IR

i h AR Y HU
faAn sy HIE &

4l

iyl

FTF Otsu A IDEA HILLAMRE 2 E) SRR K

Fig. 5 Flow chart of infrared image segmentation based on

Otsu and improved IDEA

RGN HEMR Vol. 33 No. 2

Journal of System Simulation Feb. 2021

4 EWIHT

NIRAUEAR SR U, 43 700t [F]— B Z
KL B 41 AN B S ANAS [ B %) K ML SR 2 41 4k
s EUG AT 75256 . SR EGECARUK . kG, 2
g, X 4 25 H AT WIS ARG B . SEEER
#4 winl0, Intel Core i5-1240U 2.40GHz CPU,
4GB RAM, i ¥ {7y Matlab 2014a.

4.1 F—NZIBRGAIER LR

X [ — B 2] 10 D 288 TR 5% B2 2493 40 A B e
AT, 1B 6 AR 200 s B SRAE S AKX
ikl 80, LA EE, B 6(c)h il 2 A
FLAE I A 4, B 6(d) R 2 5 3 AL E 5 Befil
ARG . B 6 T DRI R, SEBRSEE
I FH A Fr i i R

n-

(a) FK (b) Mk
(c) J&h (d)

Bl6  FIUFES 200 s B DY LA EE
Fig. 6 Four kinds of infrared images when the heat source
was evacuated at 200 s

ReRE /NG 20, ERKIEAIRE Y 40,
FEFASCSEEXT B 6 i 4 SRLAN BT
H, B 72 4 RASNE B SIS R

K 7(a)F, TR RE S TR R H R, 2>
HIRREON R AT B 7o), B0 a1
rEBLg, Htiab s AT W 70+, B

http: // www.china-simulation.com

©426+

https://dc-china-simulation.researchcommons.org/journal/vol33/iss2/20
DOI: 10.16182/j.issn1004731x.joss.19-0455



Wang et al.: Infrared Image Segmentation of Aircraft Skin Based on Otsu and Im

#3355 2 M
2021 %2 H

WA OB B B R, P AERCRIRZE, IR
KA B 7)), fEEE BT RIREER Y. A
Uk, AT RUE AR IEAES 200 s B 9RRK FIZRGLLL 40
PR AT Jm B S5

—

(a) BUK (b) JBHh

A:

; : Be. & 4
(c) J&h (d) 24
B 7 FAJRIRUES 200 s B RIDY SR04 G 0 81 45

Fig. 7 Segmentation results of four kinds of infrared image
when the heat source was evacuated at 200 s

N RE R DK/ S8 A SR R AT ST E )

F, A T Otsu MIBGHE S 28 b LA 2L R 21

Vol. 33 No. 2
Feb. 2021

FON, PRI 200 s ISR B BUK AL
ZLAMERMBEAT LR Sk B BRI B 40,
FHEER/Nr AR 10, 15, 20, 25, 30, 43505
I TE AR R/ INEAT 20 RSESE, 105% 20 IRSESRIA
FIWCSCARAS I (1 IE AR EL, RBUKLLAMEE BT 51
SERWE 1, MHRGAINEG IR RINE 2.

1 iTUUE H, XTI 200 s R
MUK LLAN BN, ARV 30 I, X Bk
AT B RIEAR IR B R A HL AR e, BT DA &
TR/ A 30, AP R BN R ) 7.2
RFER] T 32K, FETEA 55.6%.

2 nTUAE H, XTI 200 s B SREE
B RGLLANER, AR /Ny 25 7130 1, 3k
FNWCSICIRAS I P B AR BB, (A2 MR/
25 W, IEARIRECE AR E L, I DA AT
KN E 9 25, RIS F 383 AR IR BN B K11 6.7 IR
R 3.8 Ik, FEE A 43.3%.

SRR, SIS E AR, B0 Se 5 TR
N 30 R, SPR81 AR IR ELAN 20 IR IKP31E B 2 5%
H2ZERIEARMKR,

R 1200 s I BUK MR A FIFORE /N R YCSin s A
Tab. 1 Iteration number of convergence under different population sizes of hydrops image at 200 s
. S8 IR %A
B o
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 €44
10 7 6 4 4 5 5 10 8 6 9 7 7 14 6 12 6 6 7 5 10 7.2
15 4 6 6 7 7 4 5 3 5 3 6 4 2 15 4 4 3 10 4 9 5.6
20 7 6 3 3 3 5 6 3 2 7 3 9 3 4 4 3 4 4 8 4.5
25 7 5 4 4 5 5 5 6 4 6 4 5 7 6 4 5 4 4 5.3
30 3 4 3 3 3 2 3 4 5 2 4 3 3 3 3 4 3 2 4 3.2
2 200 s I REUEMGA R R0/ RSSO Ak AL
Tab. 2 Iteration number of convergence under different population size of crack image at 200 s
. I S EYIEAR
FRREN "
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 e
10 55 6 4 5 4 16 4 5 7 5 16 5 4 5 7 10 4 11 5 6.7
15 6 5 7 9 3 3 5 3 5 7 3 6 3 15 16 4 14 4 4 3 6.3
20 3 4 10 3 6 3 9 8 5 4 7 3 3 10 3 4 6 7 4 5 5.4
25 2 6 2 5 4 2 5 35 3 5 3 3 4 5 3 3 6 2 5 3.8
30 33 2 3 6 3 7 23 4 3 7 4 3 4 5 4 4 4 9 4.2
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Fig. 8 Evolution curve of the optimal threshold value of
hydrops and crack image at 200 s
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Tab. 3 Comparison of the five algorithms
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Fig. 9 Infrared images of hydrops at different moments
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Fig. 10 Infrared images of debonding at different moments

. 48

(a)20s (b) 110 s (c)200s
BT AR ZI B RROK LD ARG 23 #1285 5

Fig. 11 Segmentation results of infrared images of hydrops at different moments
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Fig. 12 Segmentation results of infrared images of debonding at different moment

http: // www.china-simulation.com

<429

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 2, Art. 20

#3355 2 M
2021 42 H

R T R DR /NSt AR SRR TR AL SRR T ) 5
M, EPEAIRGE 110 s I SRAE S A KR BLRG 21
HMEURIEAT LT S8 K RBARIR I Ny 40, Fil
RN AIER 10, 15, 20, 25, 30, SRJG5H1%t
6 T8 FOAREE S /NEAT 20 IRERES, 15k 20 IREEEA
FISICIRFS I FIE RIS, SR UKLLAMNEUG 7 R
SERWER 4, S PRLLAMEG B Rk 5.

M2 4 ATLUE H, TR AR 110 s BEREE
FIMBUKLANEIR, MR/ 25 #1030 I, G4

RGTE AR

Journal of System Simulation

Vol. 33 No. 2
Feb. 2021

B SCIRZS I P 1A BRI, E R TP
25 B, IERIRECE AR E L, BT DR AR
K/NTE R 25, TRIE P80k AR IR B N B KK 5.7 IR
B 21 13k e ARIEER 19 3.0 1K, PETRN 47.4%.

S ATRAE H, TR AR 110 s IREE
IR BASLLANEME, MR/ 30 B, SB3Uk
SR I 1) TR IR EURAR AR E, BT bR
KRR RN E N 30, [RIESP3 I AR IR BN K
1) 6.8 IRFEH] T 3.5 %, BEIEAN 48.5%.

R4 110 s IAUK EGA FIRREC DN USRS AR RS

Tab. 4 Iteration number of convergence under different population sizes of hydrops image at 110 s
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Tab. 5 Iteration number of convergence under different population sizes of debonding image at 110 s
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