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Abstract: In o rder to estab lish models fo r cracked eggs and in tact eggs, a detect ing system that w as compo sed of an

au tom atic impact device and a response senso r con tro ller w as used. Characterist ic param eters such as the average area of

pow er spectrum (x 1) , the difference betw een the m ax im um and m in im um values of area of the pow er spectrum (x 2) , the

average of the x2coo rdinate of cen triod (x 3) , d ifference betw een the m ax im um and m in im um values in the x2coo rdinate of

cen tro id (x 4) , the average of the y2coo rdinate of cen triod (x 5) , the difference betw een m ax im um and m in im um values in the

x2coo rdinate of cen tro id (x 6) , the average peak resonan t frequency (x 1) and difference betw een the m ax im um and m in im um

values in peak resonance frequency (x 8) , w ere ach ieved fo r differen t ia t ing cracked eggs and in tact eggs acco rding to the

analysis of their pow er spectra in th is research. Bayes theo rem w as app lied to develop discrim inat ion models fo r cracked

eggs and in tact eggs. T he test show ed that the average accu racy of detect ion models w as abou t 92%.
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0　 In troduction

　 In duck egg p rocessing p lan ts, cu lling of cracked

eggs is an im po rtan t w o rk ing p rocedu re, w h ich w as

largely done by handw o rk cu rren t ly. How ever, the

quality of eggs by handw o rk detect ion canno t be guar2
an teed due to variab le detect ion accu racy tha t resu lts

from difference in w o rkers’ experience, em o tion and

physica l capab ility.

　Tw o differen t techn iques w ere em p loyed in quality

detect ion and so rt ing of eggs: m ach ine vision and

im age analysis (Goodrum & E lster, 1992[ 1 ]; Pa tel, V

C and et a l, 1998[ 2 ]; N akano K. ; K Sasaoka and Y

O h tsuka, 2000[ 3 ]; M C Garcia2A legre and et a l,

2000[ 4 ] ) and m echan ica l st iffness m easu rem en ts
(D up ra t and et a l, 1997[ 5 ]; J. W ang and et a l, 2004[ 6 ];

B. D e Ketelaere and et a l, 2000[ 7 ]; W en youx ian and

et a l 2002[ 8 ]; H. K. Cho and et a l, 2000[ 9 ]; N akano K

and et a l, 2001[ 10 ]; A ngela R ibeiro and et a l,

2000[ 11 ]). T he accu racy of the m ach ine vision m ethod

relies on the reso lu t ion of the cam era, the so rt ing a l2
go rithm and the type of defect. M ach ine vision in spec2
t ion w o rk s excellen t ly fo r d irty shells, b roken shells

and odd shapes, how ever, detect ion of sm all crack s is

m o re d iff icu lt. T he m echan ica l st iffness m easu rem en ts

w ere based on the m easu rem en t and analysis of the

m echan ica l behaviou r of the eggshell. B. D e Kete2
laere, et a l developed a m ethod tha t eggshell crack de2
tect ion w as based on the ana lysis of the acou st ica lly

m easu red frequency respon se of an egg excited w ith a

ligh t m echan ica l im pact on differen t loca t ion s on the

eggshell equa to r. T h is m ethod allow ed a crack detec2
t ion level of 90% and a fa lse reject level of less than

0. 5% [ 7 ]. J. W ang, et a l a lso developed an experim en2
ta l system to genera te the im pact fo rce, m easu re the

respon se w ave signa l and analyze the frequency spec2
t rum fo r physica l p roperty detect ion of eggshell. T he

dom inan t frequency increased w ith the increase of

shell st iffness o r egg den sity, and decreased w ith the

increase of egg m ass[ 6 ].

　 In th is study, com pu ter2based audio techno logy and

data p rocessing m ethods w ere app lied to estab lish an

experim en ta l system fo r au tom atic detect ion of cracked

eggs. In the system , audio respon se signa ls of in tact

eggs and cracked eggs w ere co llected, fo llow ed by

analysis of the d ifferences betw een the tw o group s in

pow er spectrum characterist ics of audio signa ls. T he

resu lts w ill therefo re p rovide a u sefu lm ethod fo r au to2
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m atic detect ion of cracked eggs.

1　M a ter ia l and m ethods

1. 1　Com position of the exper im en ta l system
　T he experim en ta l system w as com po sed of an au to2
m atic im pact egg device, a respon se sen so r w ith pow er

am p lifying funct ion [ 12 ] , a PC I128 dig ita l aud io card

and a con tro lling kernel PC [ 8 ]. Im pact frequency of
im pact egg device w as variab le by adju st ing the capaci2
tance and the fo rce of excit ing eggshell cou ld be regu2
la ted by the sp ring. T he op t im al audio signa ls w ere

ob ta ined w hen the respon se sen so r w as p laced 2 cm
aw ay from the egg. T he audio card u sed in the study

w as dig ita l PC I128 w ith 8 B it and 16 B it sing le Chun2
nel and stereo Chunnel and it suppo rts sim u ltaneou s
reco rd ing and p laying funct ion s. T he sam p ling

frequency ranges from 5 kH z to 48 kH z and the type of

con tro l PC w as P II800H zö64M B.

1. 2　M a ter ia l and m ethod
　F resh eggs includ ing cracked eggs w ere supp lied by

H ubei X ian tao Food Co rpo ra t ion in Ch ina. T he ex ten t

of eggshell crack in the eggs w as varied from b roken

shells to sm all crack s. In th is study, a p rogram fo r
audio signa l co llect ion and analysis w as w rit ten. R e2
spon se signa ls w ere ob ta ined by u sing the funct ion

from M A TLAB funct ion lib rary [ 13 ]. It w as found tha t

the sam p ling frequency of 22050 H z w as op t im al fo r
accu ra te sam p ling after com paring the resu lts ob ta ined

under d ifferen t sam p ling num ber. T he sub sequen t

da ta w ere p rocessed by filter and p resen ted fu rther fo r
pow er spectrum analysis. Pow er spectrum p rofiles of

no rm al eggs and cracked eggs w ere com pared, from

w h ich characterist ic param eters can be retrieved fo r

eggshell crack detect ion.

2　Param eters for crack ing detect ion

　Such characterist ic param eters rep resen t ing pow er

spectrum p rofiles as resonance peak frequency, num 2
ber of resonance peak s and cen tro id of pow er spectrum

w ere retrieved. M u lt ip le im pact of a sing le egg w as re2
qu ired fo r audio2based detect ion of cracked eggs. T he
reason s are tha t audio respon ses from one cracked egg

upon each im pact act ion can be grea t ly d ifferen t due to

the d ifference in physica l characterist ics of the cracked

part and the in tact part w hereas audio respon ses from
in tact eggs du ring each im pact a lw ays rem ain sim ila r.

T herefo re, by im pact ing one egg severa l t im es, devia2
t ion s in the audio signa ls co llected of cracked eggs

w ere far grea ter than tho se of in tact eggs. U sing th is
m ethod cracked eggs can be effect ively separa ted from

no rm al ones. A n egg w as im pacted once and fou r

param eters w ere p icked up.
　A rea of the pow er spectrum (A rea) :

A rea = ∑
k

i= 0
P i (1)

W here 　 P i —— am p litude of pow er spectrum at its

frequency; i ——num ber of egg signa l frequency ( i =

0, 1, 2⋯⋯, k )

　Peak resonan t frequency (F res)

F res = F (P im ax) (2)

W here　 P im ax —— the frequency co rresponding to the

la rgest am p litude in the pow er spectrum.

　Cen triod of the X2coo rd ina te area in equat ion ( 1)

(C x )

C x =
∑

k

i= 0
P i × f i

∑
k

i= 0

P i

(3)

W here　 f i —— the frequency of i in the pow er spec2
t rum.

　 Y 2coo rd ina te of the cen triod of the area in equat ion
(1) (C y )

C y =
∑

k

i= 0
P i ×

P i

2

∑
k

i= 0
P i

(4)

　Fou r param eters m en t ioned above cou ld be ob ta ined
by analyzing pow er spectrum of the audio signa ls gen2
era ted by im pact once first; average and ex trem um

w ere ob ta ined fo r each of the fou r param eters w hen

im pact the egg fo r severa l t im es, thu s genera t ing eigh t
param eters.

　A verage area of pow er spectrum (x 1)

x 1 =
1
n ∑ (A rea) l (5)

W here　 l ——num ber of im pacts, l = 1, 2, ⋯, n.

　D ifference betw een the m ax im um and m in im um

values of area of the pow er spectrum (x 2)

x 2 = m ax [ (A rea) i ] - m in [ (A rea) i ] (6)

W here　 i - (0, 1, ⋯, n - 1)

　A verage of the x2coo rd ina te of cen triod (x 3)

x 3 =
1
n ∑ (C x ) i (7)

　D ifference betw een the m ax im um and m in im um

values in the x2coo rd ina te of cen tro id (x 4)

x 4 = m ax [ (C x ) i ] - m in [ (C x ) i ] (8)

　A verage of the y- coo rd ina te of cen triod (x 5)

x 5 =
1
n ∑ (C y ) i (9)

　D ifference betw een the m ax im um and m in im um

values in the x2coo rd ina te of cen tro id (x 6)

x 6 = m ax [ (C y ) i ] - m in [ (C y ) i ] (10)
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　A verage peak resonan t frequency (x 7)

x 7 =
1
n ∑ (F res) i (11)

　D ifference betw een the m ax im um and m in im um

values in peak resonance frequency (x 8)

x 8 = m ax [ (F res) i ] - m in [ (F res) i ] (12)

　x 1, x 2, x 3, x 4, x 5, x 6, x 7, x 8 w ere selected as sig2
n ifican t param eters fo r d ifferen t ia t ing no rm al eggs and

cracked eggs.

3　Bayes ana lys is of eggshell crack detect ion

3. 1　Bayes theorem [14 ]

　Suppo sing each sam p le indexed by p param eters x 1

x 2 ⋯ x p belongs to one of K classes, B 1, B 2, ⋯, B K ,

u sing Bayes d iscrim inance to d ifferen t ia te to w h ich

class a g iven random sam p le deno ted X = (x 1, x 2⋯x p )

belongs, the d iscrim ina t ion erro r w ill be m in im ized.

Bayes theo rem cou ld be exp la ined as fo llow s: suppo se

the p robab ility den sit ies of the sam p le X of B 1, B 2,

⋯, B K are f 1 (x ) , f 2 (x ) , ⋯, f K (x ) , and the p rio r

p robab ility of X belonging to one of K ca tego ries is
P (X öh ) , acco rd ing to the m ethod of to ta l p robab ility

ca lcu la t ion, the to ta l p robab ility of X occu rrence is:

P (X ) = ∑
h

P (h ) × P (X öh )

　A cco rd ing to Bayes fo rm u la, the po sterio r p robab il2
ity of X belonging to one of K ca tego ries is:

P (köK ) =
P (k ) × P (X ök )

∑
h

P (h ) × P (x öh )
=

P (k ) × f k (x )

∑
h

P (h ) × f h (x )

　T he denom inato r in the above fo rm u la is f ixed, so

the la rger the num era to r, the grea ter the p robab ility

of X belonging to B K. Suppo se:

Γk (X ) = P (k ) × f k (x )

　A fter ca lcu la t ing Γk (x ) one by one, then acco rd ing

to the va lue of

Γ3
k (X ) = m ax

k
(Γk (X ) )

it w ill be decided w hether X belongs to B K.

3. 2　D evelop ing estima tion form ula of d ifferen tia tion
function
　Suppo sing the d ist ribu t ion of the co llect ivity of each

class isN (Λk , ∑) , and k = 1, 2, + , K so

f x (x ) =
û∑

- 1
û 1ö2

(2Π)
p
2

exp {-
1
2

(x - Λk ) ′∑
- 1

(x - Λk ) }

in the fo rm u la above: x = (x 1, x 2, + , x p ) ′,

Λk = {Λ(k)
1 , Λ(k )

2 , + , Λ(k )
p }′,

∑ = (Ρij ) p×p

　T here is an ob served m atrix {x
(k)
ij }p×p , in w h ich x

(k )
ij

is the ith ob served value of the jth variab le belonging

to B k class. K is the ca tego ry num ber and nk rep resen ts

the num ber of sam p les in B K and ∑nK = n. A cco rd ing

to the ob served data m atrix above Coefficien t c
(k )
0 ,

C
(k )
1 , ⋯, c

(k )
p shou ld be ca lcu la ted to estab lish the est i2

m ation fo rm u la. T he est im at ion fo rm u la w o rked ou t is

Γk (x ) : y k (x ) = c
(k )
0 + ∑

j

c
(k )
j x j.

　Fo r a g iven sam p le x = (x 1, x 2, + , x p ) , by sub st itu t2
ing it in to the d ifferen t ia t ion funct ion, the va lue of
y k (x ) cou ld be w o rked ou t. If y 3

k (x ) = m ax
k

y k (x ) , x

belongs to B 3
K , ind ica t ing tha t the Bayes d ifferen t ia t ion

is com p lete.
3. 3 　 Test of d ifferen tia ting effect for m ultiple
param eters
　Suppo sing the d ist ribu t ion of the co llect ivity of each

class isN (Λk , ∑) , the d ifferen t ia t ing effect fo r m u lt i2
p le param eters lies on the d ifferen t ia of the average of
each co llect ivity. U nder the condit ion s w hen the co2
variance m atrix of each class is equal, the fo llow ing

hypo thesis w as m ade
H 0: Λ1 = Λ2 = ⋯ = ΛK

　Fo r th is, w e in troduced W ilk s sta t ist ics + =
ûW û
ûT û ,

in w h ichW = (w f 1f 2
) p×p is the devia t ion m atrix w ith in

each class and (qf 1f 2
) p×p is the devia t ion m atrix am ong

classes and T is the to ta l m ean devia t ion m atrix. T =
W + Q.

w f 1f 2 = ∑
k
∑

i

(x
(k)
j1 i - x

(k )
j 1

) (x
(k )
j2 i - x

(k)
j2

) ,

qf 1f 2 = ∑
k

nk (x
(k)
j1 - x j1

) (x
(k)
j2 - x j 2

) ,

x j 1 =
1
n ∑k

nkx
(k )
j 1 , x j2 =

1
n ∑k

nkx
(k)
j2

　 It can be p roven tha t if n is b ig enough, d ist ribu t ion

fo r sta t ist ics ς 2 = - (n - 1) -
1
2

(p + K ) ln+ is

ς 2 (P (K - 1) ). Fo r a g iven sign if icance level Α, if ς2 >

ς 2
Α(P (K - 1) ) , the va lue of + is con sidered sm all. In

addit ion, rela t ive to the m ean devia t ion of each in ter2
nal K class the m ean devia t ion is b ig, i. e. , the d iffer2
en t ia of each class is b ig and Λk is no t equal. T here2
fo re, the hypo thesis H 0 w ou ld be refu sed, from w h ich
w e judge tha t the effect of the est im at ion fo rm u la of
d ifferen t ia t ion funct ion s is good.
3. 4　Sta tist ics results
　Experim en ts w ere carried ou t acco rd ing to the m eth2
ods sta ted in the p reviou s part and a set of da ta from
220 no rm al eggs and 148 cracked eggs w ere co llected.

How ever, the da ta w ere too large to be listed here.

T he differen t ia t ion m odels of no rm al eggs and cracked
eggs u sing SA S [ 15 ]w ere developed.
　 D ifferen t ia t ion funct ion of cracked eggs is as fo l2
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low s:
　G0 = - 3. 65949x 1 + 0. 11949x 2 + 0. 73058x 3 +

0. 03436x 4 + 243. 78146x 5 + 8. 77368x 6 -

0. 02960x 7 + 0. 00356x 8 - 1956

　 D ifferen t ia t ion funct ion of no rm al eggs is as
fo llow s:
　G1 = - 3. 62178x 1 + 0. 14472x 2 + 0. 73680x 3 +

0. 03445x 4 + 239. 72219x 5 + 7. 01143x 6 -

0. 02807x 7 + 0. 00292x 8 - 1957

　R esu lts from the SA S ou tpu t: in T ab le 1, F =
100. 63, bu t F 0. 001 = 3. 3585, F (8, 359) > F 0. 001 (8,

350) , it can be concluded tha t the d ifferen t ia t ion
funct ion is very sign if ican t.

Table 1　Sta tistics of W ilks’ Lam bda

Statist ics
D F of

param eters
D F of

observed value
F

V alue
P r> F

W ilk s’L am bda 8 359 100. 63 < 0. 0001

　 In addit ion, ς2 in spect ion w as carried ou t, n = 368,
p = 8, K = 2, + = 0. 30839878, degree of freedom

p 3 (K - 1) = 8, ς 2 = - (n - 1) -
1
2

(p + K ) ln+

= 425. 84, and the th resho ld va lue ς 2
0. 001 (8) = 20. 515,

ς2 > ς 2
0. 001 (5). A gain it show s tha t the d ifferen t ia t ion

funct ion is very sign if ican t.
3. 5　Eva lua tion of the m odel
　To fu rther eva lua te the p reciseness of the m odels,

detect ion w as carried ou t in a m uch larger sam p le in

w h ich 1100 no rm al eggs and 1260 cracked eggs w ere
included. D etect ion data w ere genera ted and co llected
upon execu t ion of the d ifferen t ia t ion system. Am ong

the 1100 no rm al eggs, 80 w ere w rongly iden t if ied as
cracked eggs; so the average detect ion accu racy of the
good egg m odel w as 92. 27%. O n the o ther hand,

am ong the 1260 cracked eggs, 100 eggs w ere w rongly
iden t if ied as good eggs; so the average detect ion accu2
racy of the cracked egg m odel w as 92. 06%.

4　Conclusion and d iscuss ion

　Bayes d iscrim inance is based on no rm al (Gau ssian
d ist ribu t ion) d ist ribu t ion co llect ivity, thu s p resen t ing
m o re sufficien t and com p lete info rm at ion abou t the
co llect ivity and therefo re the accu racy of Bayes is

h igher.
　 In th is study, eggs even w ith ha irline crack s hard ly
d iscernab le by naked eyes can be iden t if ied co rrect ly
u sing the p resen ted m odels. T he discrim ina t ion erro rs
fo r cracked eggs arise m ain ly from the fact tha t no t a ll

the im pact can happen ju st a t o r qu ite near the crack2
ing spo t by the im pact device. T he resu lts show tha t

the accu racy can be im p roved by increasing the t im es

of im pact o r detect ing differen t spo ts by ro ta t ing the
egg. Bu t o ther issues m ay also com e up together w ith

the t im e increase in im pact, such as elongat ion of the

da ta p rocessing period and sub sequen t reduct ion in
efficiency of the system.
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蛋壳破损自动检测模型研究

刘俭英1, 陈家焱2, 丁幼春1, 任奕林1, 王树才1, 熊利荣1, 陈冬娇2, 文友先1※

(1. 华中农业大学工程技术学院, 武汉 430070; 　2. 东华理工学院, 南昌 330013)

摘　要: 为了建立蛋壳破损检测模型, 试验采用敲蛋装置与声检测控制器组成的计算机蛋破损检测系统获取被检蛋声音信号数据。通
过对蛋声音信号的功率谱分析而得到反映蛋壳破损特征的参数: 功率谱面积的平均值 x 1, 最大功率谱面积与最小功率谱面积的差值
x 2, X 轴方向上质心的平均值 x 3, X 轴方向上质心最大值与其最小值的差 x 4, Y 轴方向上质心的平均值 x 5, Y 轴方向上质心最大值与其

最小值的差 x 6, 共振峰频率的最大值 x 7 和共振峰频率的最大值与其最小值间的差值 x 8; 再通过Bayes 原理建立与蛋壳破损特征参数
相关的蛋壳破损模型。检验结果表明模型准确率达到92%。
关键词: 蛋壳破损; 检测; 模型; 剔除
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