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Algorithm and Experiment of Cocoon Segmentation and Location
Based on Color and Area Feature

LIU Mochen'”> XU Ronghao' LI Fade'> SONG Zhanhua'? YAN Yinfa'> HAN Shougiang'

(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
2. Shandong Provincial Key Laboratory of Horticultural Machinery and Equipment, Taian 271018, China)

Abstract: To improve the lower efficiency of silkworm cocoon harvesting, an algorithm of cocoon image
segmentation and coordinate location was proposed based on color and area characteristics, and a cocoon
harvestor was designed based on machine vision. The monocular CMOS camera was firstly used in the
algorithm to take image of checker cocooning frame. And the non-measurement distortion correction
method was used to correct the image. Secondly, the camera model was calibrated with the internal
parameters for the monocular two-dimensional visual measurement system. The image was smoothed via
gray and mean shift filter method because the outer floss of the cocoon can cause wrong segmentation of
the image in checker cocooning frame image. Then the binary image was obtained by threshold
segmentation. Next, the binary image was processed by open operation and area feature extraction method
to remove noise region. A part of the smaller noise connected components can be removed by the open
operation. The cocoon region can be extracted by the area characteristic when the large area of the
connected components can be removed. The center point coordinates of the cocoon region were got by the
connected components calibration, and were mapped into the world coordinates through the equation that
transformed image coordinates to world coordinates to get the cocoons’ positions in the Cartesian space.
Finally, the cocoons were harvested by the cocoon harvestor. According to the experiment, the algorithm

had the accuracy rate of 96. 88% for the cocoon detection in the checker cocooning frame and less than
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6.0 mm for the cocoon coordinate, which satisfied the requirement of the location of cocoon harvesting.

Key words: silkworm cocoon segmentation; image processing; cocoon harvesting; location algorithm;

experiment
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Fig.9 Mock-up of Cartesian coordinate automatic

cocoon harvestor based on machine vision

A R——HMNE# &
N, ——H5i J5 16 i R 1Y i KL
N, — 55K J5 M 3% v 19 8 A B
Ko S8 3+ 45 R A0 3% 2 B, T dOR I O R
o 96. 88 % , i A i HUR A A Ax B4 I IE 5 A 1Y

R2 BEANERZE

Tab.2 Correct ratio of cocoon detection

Wiy S P RES mELH KRWIESR/ %
1 88 90 97.78
2 69 73 94.52
3 85 93 91. 40
4 85 86 98. 84
5 78 78 100
6 112 118 94.92
7 130 130 100
8 119 123 96. 75
9 119 121 98.35
10 120 124 96. 77

4.2 EHEMBE
67 P 8 A e R A 2 7 B 6 G B, B A B A A
78 7€ X I A 75 K AR € i 22 B B R (EL
E, =max(e, e, e, ) (17)
A E,——8 M KA 22
N—I7 1% A%
5K T7 M8 35 1 e R E AL i 22
AR SCHEHLZEH 10 5K T7 M35, il N =10, THH S
AR AN 3 Fr s, 10 5K 7 M8 3% o 7 BOE A7 AR AR Y
B 2504 6.0 mm, I 2 A% BOR 478 E A7 B Y E
4.3 BERWBERIHT
X U 10 5K 75 4% 7% e s AT SR AW R, 100

er



43 4

R BEAr & BT PO 5 T BT Y J5 M ik di 5 o3 0 % 1 580 5 108 49

R3 BEURRNREE

Tab.3 Overall maximum deviation

UREW R i3 35 ) fiii 22/ mm
1 5.0
2 4.5
3 5.5
4 6.0
5 5.8
6 4.6
7 5.1
8 4.2
9 4.0
10 5.7

SR RENLIZ TR, BEE A S0 5E Bl A B 5E R
o RIELE Rk 4 R SUR K 10 s

x4 HRER
Tab.4 Test results

SR Bl
SR/ % 96. 88
F OE A 25/ mm 6.0
B K AR TR AR I E] /s <50

FE A B ik o R R, X AR AR T OE W R n] Gk
96. 88% , %t o7 B AL b e K8 AL 252 6. 0 mm,
JE A PR R BEEOR o R — 5K 5 M TR T e B[R] /)
TEET 50 s, b N ToRECCRSE S 4 ~5 fi5.

(a) AR I7HE 7R
P10 Zix s R A R 1

Fig. 10  Picking effect images

(b) R e 1) 7 ¥

(1) F B 1 T B0 5 T BUREAIE 194 7546 8 2 o
IR EVBETE W BR 7 M R 78 T8 %) e B8 LB o 3l
i Brown WA A5 7 Xk >R £ B 9 i s 1] 50 2 A W 722
1, SR JA R AT Mean Shift 5 2¢ | B {E 7 1 JE 25 24 &b
R T B (L3 68 B A B T AR A Ak L X A2 %
T 075 M A A B AT A A R
MAZTE 7 4 35 v o3 B 20K

(2) F ity i s WL 5 D0 6 D S o0 0 2k, o o 4%
BAURE B I A miSRBIME TT 3k 3 2 Bk A7 2
{37, E L ER , E ALIR2E/N T 6.0 mm, W] T AR AOR
PR A BT RR AR

(3) FEMLIEEC 10 5K I5 4 , i o 3 4L Lot
19 EL A1 A AR 2T K R A Bl SECHLRS T3 R i v i) 2
PEAT oy )5 58 ALK 5, A A o> R DU OE A RO
96. 88% , 7ix 1 {0 F AR bR die ROE ML IR 22N 6.0 mm, T
P R A AL T AT RE R0 RS E 5K

& % x Wt

1 BRBR Jrtg ik A SR S AT R [ D], Z8% . W AR R K ,2017.

2 N&AEK, ke £EBEEPNITR[T]. 2£98,1988(11) : 44 -45.

30 BESRNE BFER . TSI B AR T BRI [T]. el T4 ,2008, 24(1) : 175 - 178.
CAT Jianrong, ZHOU Xiaojun, LI Yuliang, et al. Recognition of mature orange in natural scene based on machine vision[ J].
Transactions of the CSAE, 2008, 24(1) . 175 —178. (in Chinese)

4 . ROV RE RN O R R EOR (Y A SR BT SR IMOTSE [ D] BTN < HTTLOR 24,2013,
RS WESF 55, 150 08 . AL 28 0058 5 AR AE e A TR I ep iy 7 R AR ST [T, BAR AR 35 4%, 2006 (9 ) :48 - 51.
SONG Yajie, XIE Shouyong, RAN Ruilong. Applied research on machine vision technology in non-destructive test of cocoon [ J].
Modern Agricultural Equipments, 2006(9): 48 —=51. (in Chinese)

6 MEFXNEFE HARE. P 7ER SR EARM P HT]. 918% 4 ,2006, 27(12) : 29 - 31.
ZHOU Zhiyu, LIU Xi’ang, YANG Donghe. Application of machine vision in measurement of cocoon superficial area[ J]. Journal of

Textile Research, 2006, 27(12): 29 —31. (in Chinese)

7 HH. AT RMR AL B OR W T A e B A 5B [ T]. £299,2006(11) 146 -48.
GAN Yong. Calculation method for shell thickness of dried cocoon based on image processing[ J]. Journal of Silk, 2006(11) ; 46 —

48. (in Chinese)

8 TR ETERMGAEN &S AT RRENBTID]. FUM 7L TR ,2013.
9 BR¥E i XIEE L, AF. T MATLAB (19 5 Zc s vk A0 B R 90 7 3k W FE [ T]. 2224 ,2016(3) : 32 - 36.
CHEN Hao, YANG Zheng, LIU Xia, et al. Study on auxiliary testing method for mulberry silkworm cocoon sorting based on

MATLAB[J]. Journal of Silk, 2016(3) : 32 =36. (in Chinese)
TR SRR IM]. Jont Bl it , 1998 :52.

10 il RiE A, TFEAARSE

11 CHATTERJEE C, ROYCHOWDHURY V P. Algorithms for coplanar camera calibration[ J]. Machine Vision and Applications,

2000, 12(2) ; 84 -97.



50

& BLOW o R 2018 4

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

I RETE 0SS, XU, 5. R F A7 4k Brown B J2 gt i BFGS LML B AR [T]. 6245 % TR ,2017, 25(9) :2532 -
2540.

GAO Zhanyu, GU Yingying, LIU Yuhang,et al. Self-calibration based on simplified Brown non-linear camera model and modified
BFGS algorithm[ J]. Optics and Precision Engineering, 2017,25(9) : 2532 —2540. (in Chinese)

XU D, LI Y F, TAN M. A method for calibration cameras with large distortion in lens[ J]. Optical Engineering, 2006, 45(4) .
0436021 - 0436028.

B M BRIGEG , 5% SCRR L 5. JE T 00 E SE g i B B A S E R [T]. R L AR, 2002, 33(1) : 60 -62.
LU Chaohui, CHEN Xiaoguang, WU Wenfu, et al. Automatic measuring system of seeding perpendicularity based on bonocular
stereo vision[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2002, 33(1): 60 —62. (in Chinese)
CONMANICIU D, MEER P. Mean shift: a robust approach toward feature space analysis[J]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 2002, 24(5) : 603 -619.

BARR, B S0, B 1,5 FETHLE LS bR AL IR BR w2 B VR e ) S ik [T . R0l L2741 ,2013,29(10) = 12 - 18.
HU Lian, LUO Xiwen, ZENG Shan, et al. Plant recongnition and localization for intra-row mechanical weeding device based on
machine vision[ J]. Transactions of the CSAE, 2013, 29(10) : 12 - 18. (in Chinese)

TR BB =28, A BET LA U SE 0 SRR A B e 7 R GE [ J/OL ] ARl HLAR % 4 , 2016, 47(6) : 1 - 10.
http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20160601 &journal _id = jesam. DIO; 10.
6041/j. issn. 1000-1298.2016. 06. 001.

DING Weimin, ZHAO Siqi, ZHAO Sanqin, et all. Measurement methods of fruit tree canopy volume based on machine vision[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(6): 1 —10. (in Chinese)

MARAGOS P. Differential morphology and image processing[ J]. IEEE Transactions on Image Processing, 1996, 5(6): 922 -937.
AR, B, . ST SCR M AL/ SR AR RS RN LT ] RO AR 2 4z ,2012,17(2) : 72 - T79.

LI Guanlin, MA Zhanhong, WANG Haiguang. Image recognition of wheat stripe rust and wheat leaf rust based on support vector
machine[ J]. Journal of China Agricultural University, 2012,17(2): 72 =79. (in Chinese)

RN, X %, 4. BET LA L3 1Y B OK AR 25 i SR ME R SR I 7 vk [J/0L ], Rl HLAK % 2 ,2017,48 (2) : 38 - 44.
http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20170205 &journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2017. 02. 005.

SONG Yu, LIU Yongbo, LIU Lu, et al. Extraction method of vavigation baseline of corn roots based on machine vision[ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(2): 38 —44. (in Chinese)

GONZALEZ R C, WOODS R E. ¥t B3 [ M]. Brik®, BLEs %, 2 MR, dbs0: 7 Tl s, 2003, 423 —424.
e w2, LA SR T RUE ST AR SE B AR B AR AN S E AL T] . ROl TR 24,2008, 24(8) 279 - 283.
JIANG Huanyu, PENG Yongshi, SHEN Chuan, et al. Recognizing and locating ripe tomatoes based on binocular stereo vision
technology[ J]. Transactions of the CSAE, 2008, 24(8): 279 —283. (in Chinese)

TEE L BB Y S ST U R AR 1 AR 2 B EGAR T i [ T] . A0l TR 24,2009, 25(6) ¢ 163 - 167.
SHEN Baoguo, CHEN Shuren, YIN Jianjun, et al. Image recognition of green weeds in cotton fields based on color feature[ J].
Transactions of the CSAE, 2009, 25(6) : 163 —167. (in Chinese)

SUN Qiucheng, HOU Yuegqian, TAN Qingchang. A new method of camera calibration based on segmentation model[ J]. Optik,
2013, 124(24) . 6991 - 6995.

UV, BAE L RBL A SET AL LS 1 25 B U0 5 R A WL 0 75 3k [J/70L ] RO HLB 2 41,2016, 47 (1) : 45 - 50.
http: / www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file _no = 20160107 &journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2016.01. 007.

TANG Yiping, WANG Weiyang, ZHU Wei, et al. Tea ridge identification and navigation method for tea-plucking machine based
on machine vision[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(1) : 45 -=50. (in Chinese)
FEBRH, TRk, XV 3T X E SLARBLSE B AU TR R AL T R [T ] Rl LAz, 2016, 32(5) : 43 49,
WANG Yueyong, YU Haiye, LIU Yuanyuan. Mechanical transplanting plug tray localization method based on binocular stereo
vision[ J]. Transactions of the CSAE, 2016, 32(5): 43 —49. (in Chinese)

FHAAE A B R, S R T HLAR LGS 1 ) AR R AL BR [T]. A MUB =4, 2010,41(6) : 163 - 166.

YIN Jianjun, SHEN Baoguo, CHEN Shuren, et al. Position technology of filed weed based on machine vision[ J|. Transactions of
the Chinese Society for Agricultural Machinery, 2010, 41(6) : 163 —166. (in Chinese)

WARE, R0, NI IM]. B b s R A i At , 2006 :12.



