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Abstract: Objective: In order to improve the detection effect of
egg linear and reticular cracks. Methods: As the low convergence
efficiency of Grasshopper optimization algorithm (GOA) in
solving high-dimensional complex optimization problems, an im-
proved fuzzy c-means algorithm (FCM) was designed to classify
locust population. The adaptive extreme value reverse learning
and coding mutation update mechanism were designed to expand
the depth search space and global optimization ability of the algo-
rithm. The improved GOA was used to optimize the parameters,
and the improved canny operator was used for egg crack
detection. Results: The results showed that the missed detection
rates of egg linear crack and mesh crack were improved by about
21.4%~31.2% and 63.2% ~69.7% respectively, which was bet-
This method can

ter than other algorithms. Conclusion:
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effectively improve the accuracy of egg crack detection.
Keywords: egg; crack; grasshopper optimization algorithm;

fuzzy C-means; missed detection rate

HY T G0 G A T B A I e ik L T 0 RS B o S
SR RSB RN X A A R I A R Y R
T T B A Sobel 2+ Laplacian &+ | Prewitt
FFHR Canny BFH 45, Horh, Canny 87 [ HA Rl
A I L A NI o7 = B i X O S RS2 1
{H 2 , Canny 345 I 45 2R 32 XS A - 55 07 o6 2008 0 2 3
S AN AW R S 3 O i =N IR SN BryA =¥ =
‘ﬁ%”io

2 AR AE R L R B JR 6 5 2% X Canny 8
W (R AT AL B, — R R R T 4 k1 2R UK DU A 1
A 55 R T PR G884 2% Canny 357 9E47 (4L
PETF TR S50 Bk 5 W S R B T R R B
B oo 39m 8 P AR L S AS TR) A T 2 Y o TR I U U S
RO EGE T Canny 57 Ph i Gl £ # [a) 8, {H R 5
LTI A2 Ze PE T HE— BT 90 . BE A HE R RE AL AL S R R
Wi & J& R Bk (PSOD B BTL (AC) S5 BE 33074 1
T FE T 300 2 R W 1) S, A 7 AR OR IR A e Bk O vk
Canny 57 X0 {47 P Ak 355 07 2570 5% A SR g 4 16 5
XS Canny 55 F 3E AT Bk, 3K 4 4800 B 7 B 530 0k
IO T 2 s e e I 4 L R IRCA T R A A A T AICR L (L
BB AL I TR 25 5 B A JR 8 A (L WS B8ORS BE S i 45 [ A dk
B b ot IE— 20 ik o SCE DB — bR R ot e
% (GO AL Canny 57 Hh 0L L 5 17 bR 2008 3 2 58
F N AR IR g O 2 80 B i R i B GOy Bk
(FCMD HI 5 Al B 396 16 27 ) 9 8 58 78 S Lt » LA 4R

167



168

35 5 R 8 STORAGE TRANSPORTATION &. PRESERVATION

Tk GOA 42 Ry 88ehie A1 - 3 R FH 96 910 2L E F 412 5 0
AR + L9 B R G 2 R0 AR Sk
1 SOl AR5 (GOA)

GOA Ji BT 5080 Rl 00 A 338 » H 5% It ol o A 4
A TR 073 g 3 ek 54 AR ) A A A R S5 B A
e R . AT N MR AL B GOA FlBEPIH
Q FUh A X = (e Lt
K. B2 X OB R

Q a Y
':“dx(l)f _:1(\&;((1)
2 () = a[ M T g () —
=1.j#

sxiny) (L=1,0

2

1,d<t>\””l+"m]+g,d<z> . (D
g
= amax — L amax — @min )/ T inax (2)
B = felit —e (3)
K-
a E%ﬁ%ﬁy

B — AR A R B

S RBIRE SR

[ — WEI RESH

G() = (ga s agiv) — 2R A S AL 7 5

LY — A X, 5 X, fEd 48 LS.,

i GOA R B R ol 0, X, 2% 20 6 8 AR $
B B0 B RR B B O E S B RE T HAR TR A
Z 18] 38 B, B ARSI R I R B ) AE R 2 R I
SRR T A S Y a7 SR AR ML B O I R
AR SR R 5] ) S BORIE A T A R . HigF
GOA £ J5y W J e 8 he Jy» #& 1 o i#F 19 GOA 55 3%
(IGOA) « 2R I BUH B ASOR C-X (A 530 1 ) st s F B 1T B
T8 R AT e T R R AT A TR A R 4 s I 43 A
[l S G N A B T AS TR B O =X DAY SR Sk VR 4
R 25 ) F4 SR A Rk
1.1 FhEEZ RS

X BREE (X SR A B FCM 53k (TF-
CMFFATRESHT BB R L

V= {v ). )
S

U= [pslexq » (%)
K

C—REM.
FCM & BT fli A Z MR EH k2 — A H AL
PR e Al BRIE A 0 3R 2 R OR AN A, SCRRLC 15 R
JH o A e 55 R R @ () AR G R g R kL D
D(X, ,v,) = | @(X,) —@Cv) |* =
T (X)DP(X,) — T X)D(v) — (XD (v;) +
ST (v )P (v,) = K(X - X)) —2K(X,.v,) + K(v; ,0;)
(6)

’

BE 2448 | 20228 2 B | RSV

A

K(X,v) = " (X)®(v) BN R

SCrkL16 148 . 47 K (X, v) i 2 Mercer 14, WA
T EHNE o () HikEL,

LD B e i s Dy ik — 20 4 Xl e i e 2R
FEHOR R TR BE i KON X B o, 1Y BB AT R
i?ﬂﬂ:
D' (X0 = K(X,.X)d(X, . X,) — 2K (X,
v)d (X sv) + K(v;,0,)d (v 50:) (7
d(X, 0) =/ 1— e (8
e B2 B AR BRECN -
C Q
minJ (U.V) = > > 44D (X, v0,) (9)
i=1 k=1
O
m RO AL 45 %5 .
TR, 9T /Iy = 0,3 /dv, = 0,0
B ¢ [D(X,, 07"
o 1/{2,-:1 [D'(X,,‘v_,>:| } |
Q
v, = [ DI piK Gy o) d (X, o)y |/
k=1
Q
[ DK (o) d (X s | o (10)
k=1

B 3 o 3 AR T (10) BT 58 R BT
1.1.2 B PERR FXF BRI C FerE B
[ CRBARMEFE R WBO) .

. _ w(i,j) -
WB(C) = b B
c 1 nj )
{2[ SUxy —x© M}/
=1 ”iilt,:l
C C
I:rrlin{ lo:—o, 12+ (2520 lloi—wo, 12) /C]
7 i=1j=i+1
(1D
A
X’ 57PN g MR
n; 5,

w(i,j) —— BN REARZ A B B 5

b(iyg) — KB E B .

WB(C) BREBN RAREERBIT . 5E CTE [Cuns
C e 1 6 BRI AE AL . WB(C) B /ME X I 14 58 254
BB A e R IR Crow o TFCM ST FE AT LA A Ky
SR B D PR L B A SRR

C=Cn 10 Cuu

While (Z¢1F 2R &) do

i

WX O HE JW.V) LR 10 3558
U.V;

}

for



&M | Vol.38, No.2

AKX QDI WBO) I REF MR ES
{(WB(C)}eotimc s

C<—C+1

end for

i AR

¢t W2, % ] TFCM X #4728 40 . 15 31 C, A
G325 R BUREAS 43 288 I B e D0 0 A A 4 AR A ol
B Go() = { X (), (12)

FPA 43 238 B BE die 22 10 AN TR A1 45 #4 i el  k
G (1) = (X ()yee, (13)

K.

X2 ) X (o) —55 A F R N R
PRI 228

Tl AR R AL BRI F IR G2 ()
1.2 BENREZEEFEIMHFLHRE
1.2.1 HIEMRES R E] EER G @ N NG DA
T AT AR AR 305 1) 2 2] 44 L B

X+ =A+rand(0,1) X[B—X,(t)] X,
c G (), (14)

N @) = N win + < X (N ax -

. min  {f(X; ()}
Nmin) exp( Xi(HeGs ) >< 1 2) 71 R
max (f(X,)) e

XjieGl)

(15)
A
A.B— X, () Tih AT
Noaxe ~ Nuiw — N ) BUETEH 5
T . e RS

X (O A A H0, JE L) 0 Rl AR 22 S bR g
Ko Gy () BB B AR POAT 6 18 2% 2T, b Ak s B0, FhoBE
AL X I 2 ARt AT e L YRR

2= (]
1.2.2 %A X G WA R BAT i 75 58 A% 4
(e

X, ¢+ 1) = 0.5[1+ rand (0,1]X, () + 0.5[1 —
rand (0, DX, (), X, (1) € Gi(), X, (@) € Gy(1),
X, () € Gy (1), (16)

X

X (), X, Xo () —3 MM EFER AR R

RO A, Gs () PIA K BE AL L BAS LE 7] — 2%
B AN AP T Gt T 2 A8 8 1 o B DRl 2 >0 D B P9 A0 55 A 1A
5 B X35 JEOR [ F e 1) 25 1) 2 S #9773 v e 8
123 ARAKELWE X T G () WK X0,
B HE AN ZREE X@ HESEN

BEPE - EFRteRERRNL Cany BFHBEHLEGERN

{X£(>(Z‘)}b:1.~~~..\u~ s X (1) E%ﬁﬁj‘j

Ne—1 AT!:[;.X _I;T[)ax
(2 -

j=1.j#i

ru(t + 1) =

() — 20 (1)
x,-d(z)\f”'lL—dI'l

]

Xj([):[IJ]([)9"'%1",'\'([)]6{

>+g,d(z‘) , an

N CO) P
(18)

Ao

No—% ¢ MrRpEA R,

H A7) KA AT A 2 58 GOA A A 8] 72 i X
SRR 53 2P0 AR KT B Bt T B AR A (.
{8 1 A5 A 7 (IGOA) S B 4 8] 1 7

[ RhREMIBA L . BBV |

[ BERTIFCMERTE |
-~ v,
(] [#32]  [s%c]
1

| ARSI
P—
co | 60 ] 20
I I I
3811 Gty 5 Sk
> e R [0
i
BT

4

s

=

N eI
B 1 IGOA SHAAEH

IGOA implementation flow chart

Figure 1
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Figure 2 Schematic diagram of egg crack detection based
on IGOA Canny
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Table 2 Comparison results of evaluation indexes
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Figure 4 Visual effect of egg linear crack detection
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