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Research Progress on Crack Identification Methods of Agricultural
and Livestock Products

LIl Yinian, WEI Changcheng, DING Weiming, YI Yingwu
(College of Engineering , Nanjing Agricultural University , Nanjing 210031, China )

Abstract: Crack inevitably happens in some agricultural and livestock products during the
producing and processing. In some cases, it is needed in producing and processing nuts, whereas it
should be avoided in storing and processing egg and grain as far as possible. Therefore, it is of great
significance to distinguish crack and sort out the products with crack in the producing and processing.
The research status of crack identification on the part of agricultural and livestock products as well as
identifying characteristics by using machine vision and acoustic vibration are clarified at home and
abroad in this review. The identification rates of the agricultural and livestock products crack would be
improved by combining two methods together through the analysis of the research status.

Keywords: agricultural and livestock products,crack,acoustic vibration identification, machine

vision identification
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Fig. 1 Acoustic vibration identification
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Fig. 2 Computer vision system for distinguishing cracks

22 MERWEIRR A ENBEENA

221 FFw R 5% Pearson Ml Toyofuku®3 it T
— B R AT AR SEEUE O S T B 4 Ak
Pz A BER BN T LAXT 40 AN TF 0 BT Ak
B (E R 5 T R AR BRI O S 2 R R
AEA N, — R o s B B, R U E
W29 95% , I AT L AL e MUK 53 Pk 456G
T SRR L P 3 ARAR AT IR A Hh ok
Pt i FF 7 T 0 SR 4 R 5 A5 6 A B A IR
S X F AR BRI R 93.3% , T A R )
ik 100%.,

222 B R BRBEBAN  WanPOSEHRH TR
F R IK 25053 (MGLD) X 24 80k ki gt 171
S, HARHERR 2R R 87% o HB A ARV TE 43 HT ROK %L
SO RRIE I Al b 4 T — R B R L 8Ok
B R A T IR B YR AR Ab R AE 1) KOK 24 S50k Il 3 7%
X B BURK B PLNRG BE IR 5 97%A L, Lan 252
H Tmage-Pro Plus &b B KOK K5, 15 2K ki A1 H R
TR UK 8 2 445 K 1) 25 57 7E ORI K i BE A2 A 0 5]
949% LK T KRR T BEBS K DU i 100% 11 24 4L
Ko Lin L TR 253 BE 5 B R S/
KoKBLr, ek HZ MY Canny Fl Sobel 532 4
WG BT o RO YR NG I AR S 4R B T R i 2
B 5 5 A S 1 G R AIE 12 96 06 1 B AR 24 K
S HT R0 A A R T 909% , H AT 24 585 7K A 1 - #4930
B A 87%., T HF-AF5-0F] 2450 MR IE#
FAEKREFP T R AEE BT T — 14 3 )2 BP # &
KAERY P IE R SRR PUIR R T 95% ., R
SRR SR K BE A2 e | 11 2l 1 31 L X Sob 12 55
T AR A 118 R DK R TR A5 v 2 JBC R A K R AR, Xof
HpROK A B B0 R E AT T ST A Iy
WF5E X ZEGORBL N 9 1 3k 2 96.41%, V4R
FP8E Y — R 3 T XLIE A B RE &5 /N 78 8 1) 2L 40 4
77385, W BB ORI 2 K F 97% ., Cheng %)
FFH Radon 78 # 2 %4 f5t J5 Ab BR RS, 45 F) TR0 24
FUKFEAFRL X 1E 5 K R A1 19 LU0 R I8 51 98.6%,
X SR K FE R 0 U0 3R 98.6% , X B4 K
Pl 1 (R R IK 5] 99.2% , 1T LA HY | 8 i AL 00 5
PUMN R R R oK R | KRS 2480 2 A i S T i
A1, BB ASHI X DL S B 2 A 77, % T 248K
FET o, 400 7= A — i L A AR I T, AN
FF EUR SR EL, 77 AR A, SRR T 28Uk,

LHStHRASIL 2016 FE 35 EE 8




LI Yinian,et al: Research Progress on Crack Identification Methods

of Agricultural and Livestock Products

FH T 5 G 37 aok gl W LAAR U I b R 3 28, [ X
B KR R S A 4 T RCE R 7 AR T 0 B SE AT A
RIS L I (R 7 82 B ol L NI B 7 A8 L A R o N
T B S 33K A I 1 ) A R 23 R AR
223 ERFE L% Gunasekarans 55 OR FHF
PG 72 G0 R B BOKFERLIEG  BIE5E 1 A R 2L 2
MR . SRR Canny 55X K BIHZ E
PGl iz B ril R G255 R B R IR F] 94% ., ik
PR IESEHIR T T R KR RL 1Y 5 R 4R 2R 40 Al IR
B, XA 4967 AR 3138 il FORKFRLIEST
T HECR M TC RSO A, HER 5 94%
H190% . 5K 1 S BUF IR 352 Ok SR Ge il A
M FAES G, WF9E T —Fh 3 TN il A8 4o 1) A5l
AN GERTIET B E TR RS R

224 HEALAH Gracia®™ 5 LR BUE A7) &
14 51 SR A I X i 3% T 4 8, HOIE A 3238 92% ., Lin
SR o 0 R ST N — € Tk ), AR kAT RRCR B
G AT AR B 0T 45 58 A AG I VE R <A F) 80% . BRFH
FHA WIS AT BET 5336 ok 4 O 24 48 B, 7F %
SOBEL 5+ Hll Fisher M HI 545 & X 248X 1
PUNARIEH] 98% LA | BORRMTF & 1 % 1 4 R A
PRI B, BB A 250 X 4 1 2 36 T S 2, HR G =3
KF] 92.5% ., ZF5ER F BB AR AT R S LE R 1
SR P G B3 A ek B ol 3 i S A0, X R B8 B
T B 1009 I EL A B EE IR 5 4 A~ /s, W 6 IR
UL AL B R F BP B8 W 2% 4 AR A S
HENL L5 5-10-2 1) BP FRZ M ZR AL, X BLArXg
ERRANRIBEN T 92.9% ., REF 5 S5E05E i TR AL
PV 22 495 45 BTS2 2% T A R, ) HH 068 R AIE 2 480

SZ 3.

I BE B 7 1 00 BG4 1 S o3 515 i R0 X
Sl 0 R XA Y 6 > JLART AR AIE 2 800 IR R 47 IR
B, MO RN 93.392% , ZJE T T
Adaboosting SVM 453 B T7 75, #2085 T 40251
R BAY I A R K B 97.5%, AL IR B &
AL, BEM ARG S SRR UIEE , H L
vk TSN B A8 FAE T RS [ I 4G I & 2R
89 A AN AR it 5T, EL S TC 4 ik R PR R 23 0 B R i
IR ABEIR

| 3 = i I

BIL A A0 5 Pk P 2 4R Bl 0k 09 1 ROR 4
AR BRI IR

i 2 A A BRHILAR AL 58 TR B LA FF AT : 1)
X BRI AR L E AN TR O IR A R AN TR A OB 2
B, AN [R] 1 Ol HE5iR JBE #8252 W) PR AR 1 A B 5 2) 3
RS BOTE W, AR EOR 00 v B LA KA B3 3 ) X
FUR AR A AL B O7 1, B BRI ROR 22 57 LA I
4) REA B AL FIAL, 7 BEAS B LRI

PRSI L AR 1) MK PR B AR B
B U7 2 o I R 7 AR AR KR IR 5 2) 75 AR IR
e R PR TR YR R v B A R 3) 5
R SR O Rr e Y e o ST BUN R
SR AT 5 4) P AL AR RO

K L A58 TR 32 0 P 2 IR 2l TR0 32 T A
05 1 A R SR TR AR B BRI
i DR AFEP UL TS BB AP 27 ) SO £ S i ok S B
R RET R RN, R v Al R ] A LR e 3K
3 98%

[1] TOYOFUKU N,PEARSON T. Advances in automated nut sorting [M]. Harris: Woodhead Publishing Series in Food Science,

2013.:230-244.

[ 2] I SOk, B8 AR A LI, S5 A )™ il 7 2 R P B R AE A JBE JC B A 0 e g 1o FH[J]. Aol TR 241, 1997, 13(3) :208-212.

YING Yibin,CAI Dongping, HE Weiguo,et al. Acoustic properties of fresh agricultural products and it application in non-
destructive quality evaluation[J]. Transactions of the CSAE,1997,13(3):208-212.(in Chinese)

[ 3] WESERI, 5KkEE | Blie ¥ 4. )™ bl BT et T ol Ao i) 5 AR AIF 5% e 5 07 FH[J]. ARl TR 2741, 2008 ,24 (34 1) 2) :325-330.

PAN Ligang,ZHANG lJin,LU Anxiang,et al. Review on non-destructive determination technology for agricultural product
quality[J]. Transactions of the CSAE,2008,24 (Supp.2) :325-330.(in Chinese)

[ 4] g0 480, SR kT REAR P 05 5 A AR ™ it il G I B AR 2538 (1], P AL A ARAHE K223 (A SRR ) , 2013 ,41(4) :213-219.
MEI Yamin,GUO Min. Review on impact acoustic signal based quality evaluation technologies for agricultural products [J].
Journal of Northwest A & F University (Natural Science Edition),2013,41(4):213-219. (in Chinese)

[ 5] PEARSON T C. Detection of pistachio nuts with closed shells using impact acoustics [J]. Applied Engineering in Agriculture,

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.35 No.8 2016



Mo

P

o
%

JE L RS FRESRA TR R

i

2001,17(2):249-253.

[6 ] CETIN A E,PEARSON T C,TEWFIK A H. Classification of closed- and open-shell pistachio nuts using impact acoustical
analysis [C]//Proc 2004 International Conference on Acoustics,Speech,and Signal Processing (ICASSP). Piscataway:IEEE,
2004.

[7 ] CETIN A E,PEARSON T C,TEWFIK A H. Classification of closed- and open-shell pistachio nuts using voice-recognition
technology[J]. Transactions of the ASAE ,2004,47(2):659-664.

[8 ] CETIN A E,PEARSON T C,TEWFIK A H. Classification of closed and open shell pistachio nuts using principal component
analysis of impact acoustics [C]//Processing 2004 International Conference on Acoustics,Speech,and Signal-ICASSP, [S.1.]:
IEEE,2004.

[9 ] OMID M,MAHMOUDI A,OMID M H. Development of pistachio sorting system using principal component analysis (PCA)
assisted artificial neural network (ANN) of impact acoustics[J]. Expert Systems with Applications,2010,37(10):7205-7212.

[10] INCE Nuri F,GOKSU Fikri, TEWFIK Ahmed H,et al. Discrimination between closed and open shell (Turkish) pistachio nuts
using undecimated wavelet packet transform[J]. Biological Engineering,2008,1(2):159-172.

[11] 980 B8, V0, T, 45 B F R AEE 75 09 0 R 5B R W SE[I]. 4™ ol T,2014(11) - 65-67.

ZANG Fuyao,FENG Tao, WANG Jing, et al. Pistachio sorting technique research using impact acoustics [J]. Farm Products
Processing ,2014(11) :65-67.(in Chinese )

[12] Mot B V¥, F 55, T 7 9 0 R SRS B 5 [J]. & S S AR, 2015,31(2) 1 157-160.

ZANG Fuyao,FENG Tao, WANG Jing, et al. Pistachio sorting model research using impact acoustics [J]. Food & Machinery,
2015,31(2):157-160.(in Chinese)

[13] KALKAN H, YARDIMCI Y. Classification of hazelnut kernels by impact acoustics[C]// Machine Learning for Signal Processing,
[S.L]:IEEE, 2006 :325-330.

[14] KALKAN H,INCE N F,TEWFIK A H,et al. Classification of Hazelnut Kernels by Using Impact Acoustic Time-Frequency
Patterns [J/OL]. Eurasip Journal on Advances in Signal Processing, [2015-07-29]. http://2008, Article ID 247643, 11 pages.doi:
10.1155/2008/247643

[15] De KETELAERE B,COUCKE P,De BAERDEMAEKER J. Eggshell crack based on acoustic resonance frequency analysis[J].
Journal of Agricultural Engineering Research,2000,76(2):157-163.

[16] CHO H K,CHOI W K,PAEK J H. Detection of surface cracks in shell eggs by acoustic impulse method [J]. Transactions of the
ASAE,2000,43(6):1921-1926.

[17] JINDAL V K,SRITHAM E. Detecting egg shell cracks by acoustic impulse response and artificial neural networks [C]. ASAE
Annual Internation Meeting, Nevada:Rlviera Hotel and Convention Center Las Vegas,2003.

[18] A Sk, &= HoA & s B H gkl Uy % 5 SC 8], A gk 508103, 1995(5) :35-38.

GONG Maofa,LI Qicai. A detection method for egg quality [J]. Automation and Instrumentation, 1995 (5):35-38. (in
Chinese)

[19] ¥ & pC, e B, 0 WY 45 k77 75 25 i) SO L BP A 28 190 46 A6 0 X8 2 24 A [T, g s R0l K225 41,2010, 33 (6) : 115-118.

PAN Leiqging, TU Kang, LIU Ming, et al. Eggshell crack detection based on acoustic response and BP neural network[J]. Journal
of Nanjing Agricultural University,2010,33(6):115-118.(in Chinese)

[20] W& PC, 8 e X 37, A5 i IR SRS 2 R W AE TS T]. Aol TAR AR ,2005,21(4) : 11-15.

PAN Leiqing, TU Kang,ZHAO Li,et al. Preliminary research of chicken egg crack detection based on acoustic resonance
analysis[J]. Transactions of the CSAE,2005,21(4):11- 15.(in Chinese)

[21] 5P, R MBCR | 55 X9 2 i w0 R vk 15 8 52 R BUG T[], A0k LR 41 ,2005,36(3) : 75-78.

JIANG Rueshe, WANG Jun,LU Qiujun,et al. Eggshell crack detection by frequency analysis of dynamic resonance [J].
Transactions of the Chinese Society of Agricultural Machinery,2005,36(3):75-78.(in Chinese)

[22] N7, B4 2 ARG, 45 BE T 75 2R e v 1 & B 2L B0 e AE LR A I R SE[T]. AR WL 4R ,2011,42(5) - 183-186.

SUN Li,CAI Jianrong,LIN Hao,et al. On-line detection of cracked shell eggs based on acoustic resonance analysis [J].
Transactions of The Chinese Society of Agricultural Machinery,2011,42(5):183-186.(in Chinese)
[23] BB, MR, X8 8 8 5¢ 2L a0l 4k 3 T 2R (5 5 R AE 2 5000 28 A B (0], R PLIEIEST ,2012(7) . 161-164.

LHStHRASIL 2016 FE 35 EE 8



ReVieW LI Yinian,et al: Research Progress on Crack Identification Methods
of Agricultural and Livestock Products

LANG Tao,LIN Hao. Detection of cracked shell eggs based on vibration signal by using variable selection and snalysis [J].
Journal of Agricultural Mechanization Research,2012(7):161-164.(in Chinese)

[24] T 00 2L R B4 7 IR 20 7 D I R SE[D]. B S5 PR, 2014,30(6) :10-13.
WU Xue. Study on chicken eggs crack detection based on different sound and vibrational signals [J]. Food & Machinery,
2014,30(6) :10-13.(in Chinese)

[25] SRS, & T 75 2 R ER 23 BT (0 R N g 80K I 05 2T 58 [D]. KA - 3 AR OR%,2007.

[26] A= HF B WL A8 -7 PR 2 R 00 0 5 (], ARl AL 2= 41, 2005 ,36 (12) : 84-86.
LI Jianping, WEI Baogang. Experimental study on acoustical characteristics of pine nut with open and closed shells [J].
Transactions of the Chinese Society of Agricultural Machinery,2005,36(12).84-86.(in Chinese)

[27] ZE P B W A T B SR R R AT S (U], Aeoll TR 27 42 ,2006,22(3) : 15-18.
LI Jianping, WEI Baogang. Acoustical characteristics of pine nut and fractal recogition [J]. Transactions of the CSAE,2006,22
(3):15-18. (in Chinese)

[28] PEARSON T C,TOYOFUKU N. Automated sorting of pistachio nuts with closed shells [J]. Applied Engineering in
Agriculture,2000,16(1):91-94.

[29] FRe . 3 F ML L3 A9 1 0 S 141 52 5 TR 52 BT, ST ML ,2011,31(2) :426-427 ,434.
GUO Xiaowei. Discrimination between closed and open shell pistachio nuts using machine vision [J]. Journal of Computer
Applications,2011,31(2) :426-427,434.(in Chinese)

[30] WAN Y N,LIN C M,CHIOU J F. Rice quality classification using an automatic grain quality inspection system[J]. Transactions
of the ASAE,2002,45(2):379-387.

[B1] FBHEAR  XIAAE | R LD, 45, Je T oL 09 ROKR R4 I BIF 5 [J]. 4lk TR 2% 42 ,2006,22(7) : 129-133.
ZHENG Huadong,LIU Muhua, WU Yanhong,et al. Rice fissure detection using computer vision [J]. Transactions of the
CSAE,2006,22(7):129-133.(in Chinese)

[32] LAN Y,FANG Q,KOCHER M F,et al. Detection of fissures in rice grains using imaging enhancement [J]. International
Journal of Food Properties,2002,5(1):205-215.

[33] LIN P,CHEN Y ,BAO Y et al. Image detection of rice fissures using biorthogonal b-spline wavelets in multi-resolution spaces[J].
Food and Bioprocess Technology,2012,5(5):2017-2024.

[34] )5 R 5 dk A AL e A 8 JC B34S I 0 5 [D]. AN < BV R 2, 2004.

[35] EHaF, A, BT i B L5 BOR X A 2 K R LB RD - 09 R B WF 5T (3] & BOR R4+ ,2010,38 (23) : 12350-
12351,12376.
WANG Yanping, FEN Shijie. Dentifying study on hybrid rice seeds of broken glumes based on computer vision technology[J].
Journal of Anhui Agricultural Sciences,2010,38(23):12350-12351,12376.(in Chinese)

[36] ZEHi V. e T AL G £ AR XS A K R 2807 5~ B9 P AIFFE[D]. KU - W R Al K, 2007.

[37] REL , XIALE H . FE T EHLSE 1 KK S5 BRG], 4k HLAK 27 )% ,2007,38(7) : 107-111.
WU Yanhong, LIU Muhua, YANG Jun. et al. Rice outer-quality inspection based on computer vision [J]. Transactions of the
Chinese Society of Agricultural Machinery,2007,38(7):107-111.(in Chinese)

[38] VFHRfti. JT 243 HE2 B A 45/ 43 BT 19 KOR L 80k W 5 [J]. v AR i 2731 ,2012,27(6) : 101-104.
XU Zhenwei. Stduy about rice fissure detection based on multi-resolution B-spline wavelet analysis [J]. Journal of the Chinese
Cereals and Oils Association,2012,27(6):101-104. (in Chinese)

[39] CHENG fang, YING Yibing,LI Yanbin. Detection of defects in rice seeds using machine vision [J]. Transactions of the
ASABE ,2006,49(6) :1929-1934.

[40] GUNASEKARAN S,COOPER T M,BERLAGE A G, et al. Image processing for stress cracks in corn kernels [J]. Transactions
of the ASAE, 1987,30(1):266-273.

[41] SR A ME , # — 2 1. S TR A5 R AR B F KA T 32 100 R4 SOR I 77 1k (0. D624 K5 % T2 ,2007,15(6) :951-956.
ZHANG Junxiong, XUN Yi,LI Wei. Detection of surface cracks of corn kernel based on morphology [J]. Optics and Precision
Engineering,2007,15(6) :951-956.(in Chinese)

[42] SR A B 0, SR AR, A5 TR Al G 04 KA LR SR I iR (], ARl TR 444, 2012,28(9) : 136-141.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.35 No.8 2016



Mo

e
&
5

JE L RS FRESRA TR R

i

ZHANG Xinwei,ZHAO Xueguan,ZHANG Jiandong,et al. Detection of internal mechanical cracks in corn seeds based on data
fusion technology[J]. Transactions of the CSAE,2012,28(9): 136-141.(in Chinese)

[43] GARCIA-ALEGRE M C,RIBEIRO A ,GUINEA D, et al. Egg shell defects detection based on color processing [C]// Proceeding
SPIE 3966,Machine Vision Applications in Industrial Inspection VIIL,[S.1.]:SPIE,2000:280-287.

[44] LIN Jenshinn,LIN Y,HSIEH M,et al. An automatic system for eggshell quality monitoring [C]//ASAE Annual Meeting Paper St
Joseph,Mich:ASAE,2001:016032.

[45] B PR #AG , XUAE. 3 T B0HL AL SE A 30 3R R SOR I J5 iE BF SE (0], RALAEAEE,2012(3) :91-93.
OUYANG Jingyi, LIU Muhua. Computer vision based egg crack detection methods[J]. Journal of Agricultural Mechanization
Research,2012(3):91-93.(in Chinese)

[46] B, AL T HLAS AL o8 19 & WU I R S [D]. Kb . b K%, 2012.

[47] 2535 . SEFHLA8 058 (18 85 85 FE AL R G2 (D). KV . rg K2 ,2013.

(48] W& FH B, B R TR MG, A5 3 31 B MLA B8 R bft 2 0 24 4G 0 X% 25 24 S I 9 [0, ARlk T /2 244 ,2007,23(5) : 154-158.
PAN Leiqging, TU Kang, SU Zipeng, et al. Crack detection in eggs using computer vision and BP neural network[J]. Transactions
of the CSAE,2007,23(5) :154-158.(in Chinese)

[49] REFIZE , TA A JEFHLER D8 A0S 85 2420 H s [J]. Bk 4l Bl2#,2009,48(12) :3152-3154.
XIONG Lirong, WANG Shucai. The auto-detection of duck eggshell crack based on computer vision [J]. Hubei Agricultural
Sciences,2009,48(12):3152-3154.(in Chinese)

[50] REFI2, i, Bl & 2. BT Adaboosting. SVM 5314 ¥ 2 3 AE 8 55 R BCR B [I]. 4Bl R %42 ,2015,34(2) : 136-140.
XIONG Lirong, XIE Can,ZHU Zhihui. An identification method based on multi-feature and Adaboosting SVM of eggshell crack
[J]. Joural of Huazhong Agricultural University,2015,34(2):136-140.(in Chinese)

[S1] W& P, i e AR, A T3 S RL S8 RS 22 17 5 5L Rl 45 19 X8 B R SR I [T, Aol T2 %41 ,2010,26(11) : 332-337.
PAN Leiqing, TU Kang,ZHAN Ge,et al. Eggshell crack detection based on information fusion between computer vision and
acoustic response[J]. Transactions of the CSAE,2010,26(11):332-337.(in Chinese)

=2 W s R

SWERMAX): FTAREERERENFFZARA TS
T “E R SR A W) ML A ) 2 PR R

JF 4k F 9 .2016-11-11 259 A1 .2016-11-14
FRETT  ERT A IX FLARHb 0 S

EI AL EBUE Y S IR R Tl R 2

HRIP AL PR OR A AR ECEE R BT 9T e

LIRS MAEY S AT BE 42 SO H Y :2016-09-20

BRAR N AU

I & LIS £ 13527324752 ,023-68250279

E-MAIL: emnjau2016@163.com

23 W3  http://esm.im.ac.cn/templates/team/introduction.aspx?nodeid=9&page=ContentPage&contentid=3736

WA A

v A W 2 e PR T AR W) 2 R Ml 2 B 2 T 0, P R R 2 AR BSCEE IR AR R 5 e AR I 9 5+ L 4 T R 5 il A
W RT3 T 2016 45 11 A 11 H-14 H G MACR < B IF . #b it 2 A 3 3R U 0P 5 S0 RO
Je MR AR 2 B E PR AU B 5 S AURAR I — RS20 R 7R LA BT B S AR B R AP o R K #is
Btk | T PN S PRI Bl A 0 2 R 48 5 A R X A PR A 2 T A B R R 5 R T R AL, Rl e Rk
T BRI A W R Al 2 22 0 TR R BRI i

LHStHRASIL 2016 FE 35 EE 8




