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Fig.1 Sketch map of seeding property
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Fig.3 Acquisition of original image
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Fig.4 Algorithm flowchart of image processing
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Fig.7 Algorithm flowchart of coordinate extraction

PR S WP 6g AP 6h Fim. 24ROy
B (LML) MERN, BT ss, 44 F A



36 Al TR 2

2015 4F

AR REIER SR, SEAE U SR — 04 3
W43 (P 6g) o 1 FHEALAESR R AL R, FTLAR
SO B NIRRT . [ 6h o BRI 2%
KRR SE R e, SO SC K A LT K
T A B R 5 S

4 RILIIE

KAEEUG 5 M B3R 7 0ok BAR N 57.8667 18 3%, H
RN 1478 B3, B AEIGARbRE (127, 116) ,
TR AIIIEATFRE s R IR SR A7 (mm) o
FHRUR R T H R AR AEEAT, A e AL G SRAG 3
FEABEAR A 3.704 mm, KJEH 81.792 mm, KHHE AR
4°3.97 mm, FEAIEAEN 3.42 mm,

AU TR AL A MR AL FRETIE S SR8 500 ¢, 3K
P3G F 7 Hedis sk 2 Celt AR LRT R BAT A B ] 5
BRI ) ARG RAR BR AR AN, T AR R IR R T 1 G
VAR FFALE, B LAAE GG P B 0 o v oK S )
J7R o

R2 BHEEHERARIENX R
Table 2 Test date of grafted seedling properties based on vision

method
fii A T Rootstock/mm AT Scion /mm
ST TR T Wil ki
KR g man  KE EE
Lopg Sh(?rt Length LOI}g Shgrt Length
axis axis axis axis
radius radius radius radius
]ﬁj(ﬁg 4.45 3.53 84.46 3.16 2.59 39.23
Maximum
/M 321 282 7651 199 163 33.69
Minimum
M 3.5528 29973 81.6876 2.7803  2.0595 35.7214
Average
15 2%

Standard 0.4024 0.3933  2.1597 03691  0.3482 1.7495
deviation

TR0 B Ak 7 280 AR Ay A T e R RO T 25
S T 2 LA P RAME 530k 3.5459 3.0008. 2.7762
1 2.0515 mm fifi A PRI R i AR K i B & = B 1 3ME
390 81.6812 A1 35.7143 mm, 5 A\ Tl FIEEAILL,
P4 R R ZE /8T 0.0053 mm, AR DR 2 R IR N
0.02 mm, KBEPRIREMEAREMEN 0.04 mm. 1R ZE
PEERA 1) [/ BR A RIE 7 EARAS A i HA A
IR S =2 ISP S S e S NN VA P
2) TR L S R e . KRR ZE M L B
AR ZE R PR 2 B N TR T P bAseik, A7
AR o IS5 RAE VR ZETE 2 N, RERSI 05
AT GRIGAEHLI GRS ZER Y 12 Mmin) o R
il FZ (T REBRIN ) R 0.31 s ZeAT, i AL AEZR I IR I
AR .

5 & &

D gi e ARIRENLER I T Bl R RAL B, SRATIK
PR LSS, A BRI TR 20 0.31 s, BN R W] REAE 2
RGP (AR L 12 MR/min) .

2) BEX ARG LA N, A ISR P 25
i, BT PR OSTU 2, i 7 —FrE g Ak ot
THER M SR AARR, EHON T BARAT N RENE
OEBAAT B, £ TR BRI R 51T, HET
KHAEM RS B L, REALBE B AROREE T
RIS, JFRETT 4 A R BB AL PRI [A]

3) BBRAL BT AR 220 AL IR TR, JFRESRAT =2
KA EARRE, A KR RR, T HUBCT S A I
FRPTCER v S A5 AN L SRR A R o DAL SE AN [ (R A
B 7 R A S A A T4 B S L s A
BB IR SR

R AL R0 ] A Ak B P 75 VA SR v A A
SOESCHUETENLAS N B3I L RAGHR I BT §, ) 4k
TAERE AR SR Ay Skl , SR gl as N A 3 bR A
HEIILHC, ASNERRREIT, IR Rk

(& % 3 #f]

[1] Wk, T4, T4l FETACPERMERAS BRI E S
SRR RBUBR AR, 2011, 42(9): 167—172.
Geng Nan, Yu Wei, Ning Jifeng. Segmentation of agricultural
images using level set and prior information[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2011, 42(9):
167—172. (in Chinese with English abstract)

(2] EHERE, BIOC, S BHEAE A RSO INEEOAR 1)
WFIE[T]. P ERE: 5 BRI, 2010, 40(84T): 117—124.
Ma Zhiyu, Luo Xiwen, Gu Song. Study on non-destructive
measurement of vegetable grafting seeding growth on
machine vision[J]. Science China Information Science.2010,
40(Suppl.): 117—124. (in Chinese with English abstract)

31  KRWBE FIZRAE, FEMH. AFDEI &N RIED A

Contourlet IHAIE AIE[]. RN TFEZEHR, 2014, 30(11):
173—179.
Song Huaibo, He Dongjian, Gong Liuming. Crops image
fusion in different light conditions based on Contourlet
Transform[J]. Transactions of the Chinese Society for
Agricultural Engineering (Transactions of the CSAE), 2014,
30(11): 173—179. (in Chinese with English abstract)

[4] REEdR, S, 8, %5 S0l Hough AR iR AEM b
B ARSI VL] R THFESR, 2014, 30(10): 152—159.
Wu Lulu, Ma Xu, Qi Long, et al. A method of target
detection for crop disease spots by improved Hough
transform[J]. Transactions of the Chinese Society for
Agricultural Engineering (Transactions of the CSAE), 2014,
30(10): 152—159. (in Chinese with English abstract)

[5] Z=W, f£=23h, £k 3T Hyperion S48 M K IE Z M 4%
B AL TR, 2014, 30(6): 116—123.
Wu Jian, Hou Langong, Wang Dong. Estimation of
chlorophyll content of corn canopy based on Hyperion
image[J]. Transactions of the Chinese Society for
Agricultural Engineering (Transactions of the CSAE), 2014,
30(6): 116—123. (in Chinese with English abstract)

[6] KIVER, FREE, XIW|, &% FETHLARRRE BRLA AR
R RIEE]. RAMIEAR, 2009, 40(11): 180—183.



%9 7k

A BRI LA NI R 2 B AL B e i 37

[10]

[11]

[12]

Zhang Yajing, Li Minzan, Liu Gang, et al. Separating
adjoined apples based on machine vision and information
fusion[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2009, 40(11): 180—183. (in Chinese
with English abstract)

FRES, ke, B, A T HUSIE A A
RS 73 BITTVE BT[], ARk TREAE4R, 2007,
3(9): 164—168.

Zhou Tianjuan, Zhang Tiezhong, Yang Li, et al. Comparison
of two algorithms based on mathematical morphology for
segmentation of touching strawberry fruits[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2007, 3(9): 164 —168. (in
Chinese with English abstract)

B, RIEW, B3, 5 AT PSO 5 K-BMEHEVEN
RAMBLREG BT 10). AHUMEEH, 2009, 40(8):
166—169.

Zhao Bo, Song Zhenghe, Mao Wenhua, et al. Agriculture
extra-green image segmentation based on particle swarm
optimization and K-means clustering[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2009, 40(8): 166—
169. (in Chinese with English abstract)

KUGRY, VEDHe, R T TR 28 0 2% R AL A
BE DXk B 45 o RS RL D). RN 2ER, 2010, 41(11):
163—167.

Guan Haiou, Xu Shaohua, Tan Feng. Image segmentation
model of plant lesion based on genetic algorithm and fuzzy
neural network[J]. Transactions of the Chinese Society of
Agricultural Machinery, 2010, 41(11): 163—167. (in Chinese
with English abstract)

Chiu Y C, Chang M Y, Wu G J, et al. Development of an
automatic outward-features properties measurement system
for grafted tomato seedlings[J]. Applied Engineering In
Agriculture, 2008, 24(1): 101—113.

i, MR, MR, & ORNERORARIEER I B 35
FIURA]. RMEHUAREAR, 2010, 41(4): 163—167.
Xun Yi, Bao Guanjun, Yang Qinghua, et al. Automatic
segmentation of touching corn kernelsin digital image[J].

Transactions of the Chinese Society of Agricultural
Machinery, 2010, 41(4): 163 — 167. (in Chinese with
English abstract)

B, £, 9], A BT R RS EME
TPEIBOR[]. AR, 2005, 36(3): 95—98.

Ling Yun, Wang Yiming, Sun Ming, et al. Applieation of
watershed algorithm to paddy
Transactions of the Chinese Society for Agricultural
Machinery, 2005, 36(3): 95—98. (in Chinese with English
abstract)

HEH, Fdt, 2Es, & WA R ARG
SEEEITED]. AR R, 2011, 42(1): 165—170.
Dong Jinyong, Wang Jianlun, Li Daoliang, et al. Complex
target image of field jujube leaf segmentation based on

image segmentation[J].

integrated technology[J]. Transactions of the Chinese Society
for Agricultural Machinery, 2011, 42(1): 165—170. (in
Chinese with English abstract)

[14]

[15]

[17]

[18]

[19]

[20]

W, sRoci, A, AR AETR HALE MRS R T A
A RSV, RN TRE2AR, 2014, 30(14): 26—33.
Yang Zhenyu, Zhang Wengiang, Li Wei, et al. Monocular
vision-based method for direction adjustment oftransplanting
potted-seedling leaves[J]. of the Chinese
Society for Agricultural Engineering (Transactions of the
CSAE), 2014, 30(14): 26—33. (in Chinese with English
abstract)

AR, TOMRS, BRREAR, A& BT SO KBS ER
RLFHESVA IO RS WA S R[] ARk TRE 23], 2014,
30(10): 138—144.

Zou Xiuguo, Ding Weimin, Chen Cairong, et al. Classification
of rice planthopper improved gray
co-occurrence matrix and particle swarm algorithm[J].
Transactions of the Chinese Society for Agricultural
Engineering (Transactions of the CSAE), 2014, 30(10): 138—
144. (in Chinese with English abstract)

MR, RN, BEFY, & T EOGE RGO 540
i B R R & B ]. ARk TR ), 2014,
30(10): 167—173.

Sun Jun, Jin Xiaming, Mao Hanping, et al. Detection of
nitrogen content in lettuce leaves based on spectroscopy and
texture using  hyperspectral technology([J].
Transactions of the Chinese Society for Agricultural
Engineering (Transactions of the CSAE), 2014, 30(10): 167—
173. (in Chinese with English abstract)

B, FY, B, & ETHESEIE 2 EA
o HURFIE R IS 2 U7k D). ARk TRE A, 2014,
30(14): 154—162.

Li Wenyong, Li Ming, Chen Meixiang, et al. Feature
extraction and classification method of multi-pose pests using
machine vision[J]. Transactions of the Chinese Society for
Agricultural Engineering (Transactions of the CSAE), 2014,
30(14):154—162. (in Chinese with English abstract)

SCHE, WRIRIME, A, AR T RIOR SRR IR A S
JNHGE B EREE D). R TR AR, 2014, 30(15):
197—205.

Wen Tao, Hong Tiansheng, Li Lijun, et al. Moving trace

Transactions

based on level

imaging

optimization tracking for adult of Bactrocera Dorsalis
(Hendel) based on Kalman filter algorithm[J]. Transactions
of the Chinese Society for Agricultural Engineering
(Transactions of the CSAE), 2014, 30(15): 197—205. (in
Chinese with English abstract)

FALTE, T, HAARE, S5 R TERIGPHER K
RLRR G H R B 3R TVE ] R TR, 2014,
30(12): 148—153.

Wang Chuanyu, Guo Xinyu, Xiao Boxiang, et al. Automatic
measurement of numbers of maize seedlings based on mosaic
imaging[J]. Transactions of the Chinese Society for
Agricultural Engineering (Transactions of the CSAE), 2014,
30(12): 148—153. (in Chinese with English abstract)

Bee, TUOCR, MAHVE, A BT RS ER YEE E E
RS ARRAII]. Aok TFE2EH, 2014, 30(7): 190—196.
Qian Yan, Yin Wenqing, Lin Xiangze, et al. Variety
identification of rice seed based on three-dimensional



38 Al TR 2 2015 4F

reconstruction method of sequence images[J]. Transactions of PEEET]. Al TRE24, 2014, 30(14): 42—48.
the Chinese Society for Agricultural Engineering Wang Ling, Liu Siyao, Lu Wei, et al. Laser detection method
(Transactions of the CSAE), 2014, 30(7): 190 —196. (in for cotton orientation in robotic cotton picking[J].
Chinese with English abstract) Transactions of the Chinese Society for Agricultural
[21] EWkEs, 3KB3C, 158, & T ARG FIEREE G B Engineering (Transactions of the CSAE), 2014, 30(14): 42—
SRR FEPGITTIET]. AN TREAR, 2014, 30(14): 148—153. 48. (in Chinese with English abstract)
Wang Xianfeng, Zhang Shanwen, Wang Zhen, et al. [23] HEeSl, FPRUE, TRENGE, 5. EEPHEER AN EE
Recognition of cucumber diseases based on leaf image and WE AN AL TR, 2014, 30(12): 154—162.
environmental information[J]. Transactions of the Chinese Ma Xiaodan, Meng Qingkuan, Zhang Lijiao, et al. Image
Society for Agricultural Engineering (Transactions of the mosaics reconstruction of canopy organ morphology of apple
CSAE), 2014, 30(14): 148—153. (in Chinese with English trees[J]. Transactions of the Chinese Society for Agricultural
abstract) Engineering (Transactions of the CSAE), 2014, 30(12): 154—
[22] £%, xBBE, i, & MmN EOL ¢ 162. (in Chinese with English abstract)

Vision method for measuring grafted seedling properties of vegetable
grafted robot

Zhang Lei, He Hu, Wu Chuanyu™
(College of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The diameter of the seedlings, the growing point coordinates and the seedling length are not only key
parameters of grafting robot for judging whether it can successfully graft, but also the important basis for the robot to
estimate motion parameters and spatial position of an object. With the aim to achieve feature (the coordinate of growth
point of grafted seedling, the long and short axis radius of the seedlings of rootstocks’ cotyledon, the long and short axis
radius of the seedlings of scion’ cotyledon, the length of the seedlings of rootstocks and the seedlings of scion)
measurement of grafted seedling for vegetable grafting robot, an algorithm of integrated technology was proposed based
on machine vision and image processing. The several grafting seedling properties can be obtained on-line. The flowchart
of the algorithm was given. There were three mainly steps included in the algorithm. Firstly, the image was preprocessed
to find the target area by adjusting the camera focal length, setting the relative position between the camera and the
seedling. Then, the seedling color image obtained by camera in experiment was transformed into a monochromatic
image. Secondly, the target area was segmented by discontinuous gray for building the range of interesting. A Gauss
average method was used to extract mid-line for the x-coordinate of the growth point of grafting seedling. An order
statistics filtering with a 5x5 median mask was used to reduce the random noise. In order to increase the dynamic range
of the gray levels in the seedling image being processed, a contrast stretching transformation was obtained and its the
minimum and maximum gray levels was respectively 0.45 and 0.65. Image complement and threshold segmented based
on OTSU were acquired. Finally, the algorithm was made with morphological methods and logical calculation to obtain
the image coordinates of the long and the short axis radius of the seedlings of rootstock and scion. A manual
measurement method was carried before the method based vision and image processing was done. The result of grafted
seedling diameter and length based on artificial measurement provided a data comparison basis for the image processing
method. Then, the diameters and length of grafted seedling were measured based on the machine vision and image
processing method, and some raw results were acquired. Experimental results of grafted gourd seedling image showed
that this algorithm was feasible and effective. Compared with the method of manual measurement, the maximum error of
seedling length was about 0.02 mm and the maximum error of seedling diameter was about 0.04 mm. The average error
was no more than 0.0053 mm. One main reason of causing errors was that diameter of a given seedling varied in
different parts, and the cross section of the seedling stem was not a perfect circle. The other main reason was that the
seedling became short and bending because the seedling stem was quite soft when it was caught in the middle of the
caliper. The research results showed that it took 0.31 s to process a single image, which met the requirements of the
design (at the speed of 12 trees per minutes). The experiment verified the feasibility and effectiveness of the proposed
algorithm. It provided a technological support for the optimum design and development of the robot for grafting. It also
can meet the real-time requirements of grafting.

Key words: robots; image processing; algorithms; grafting; vegetable; machine vision; properties parameters



