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Kinematics Analysis and Experiment of Apple Harvesting Robot
Manipulator with Multiple End-effectors

Li Guoli'®  Ji Changying' Gu Baoxing' Xu Weiyue' Dong Mang'
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. School of Mechanical and Elecironic Engineering, Jinling Institute of Technology, Nanjing 211169, China)

Abstract; In order to solve the problem of low picking efficiency of single end-effector apple harvesting
robot, a structure scheme of multiple end-effectors manipulator was proposed. The mechanical arm, end-
effector and manipulator control system were designed. Master-slave two-grade structure was used in the
mechanical arm, the multiple end-effectors were linked to forepart of the robot slave mechanical arm, and
could operate continuously and simultaneously. The end-effector of the robot had advantages of compact
structure and simple drive, which could absorb position error of mechanical arm, and it was universal and
suitable for apple, citrus, pears and other spherical fruits picking. According to the characteristics of
manipulator with multiple end-effectors, a partitioned fruit tree picking operation strategy was formulated ,
all the end-effectors picked the target fruits of a picking partition continuously and simultaneously, and
the fruits were centrally collected. On this basis, the kinematics mode for robot manipulator was
established, the kinematics equations were derived based on the D — H method. The kinematics
simulation of the manipulator was conducted using Matlab Robotics Toolbox, the simulation results
showed that the kinematics analysis was entirely correct. Based on these, the manipulator physical
prototype was manufactured, and the manipulator kinematics and end-effectors picking experiments were
carried out under laboratory environment. The results showed that the picking operation strategy was
reasonable and feasible, the position error of manipulator end was less than 9 mm, and the picking
success rate could reach 82. 14%.
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Tab.1 Kinematics parameters of manipulator

BEAT i 0,/ rad d;/mm a;_,/mm a;/rad ST AR
1 0, 290 0 0 -m~0
2 -m/2 d, 0 0 720 ~2 220 mm
3 0 dsy a, (155) -1/2 265 ~1 080 mm
4 - /2 d, a; (0, -350,350) /2 0 ~600 mm
5 65 ( —m/2) 0 ay(52) 0 -0.38378 ~0.383 78 rad
6 0 dg 0 -m/2 468 ~ 868 mm




18 KAk MO ¥ R

2016 4

VT SOTi T -
sinf, 0 cosf, d;cosB, +a,sing,

—cosf; 0  sinf, d,sinf, — a,cosb,

(2)
0 -1 0 290 +d,
0 0 0 1
T oI =TT =
—sinf; 0 —cosfs a, —dgcosbs
0 1 0 -d,
. , (3)
cosfs 0 —sinfs; —dgsinds +a,
0 0 0 1
% n, o, a, p
n, o,  a, p,
or-tmir-| " 1w

nz OZ al pz
0O 0 0 1
Hrft n, =cos(6, +6;) n, =sin(6, +65)

a, = —sin(6, +6s)

x

a, =cos(6, +05)
o.=1 n,=o0,=0,=a,=0
p, = —dgsin( 8, +0s) + (a, +d;)cosh, + (a, +a,)sinh,
p, =dgcos(0, +65) + (a, +d;)sing, - (a, +a;)cosh,
p, =d, +d, +290
BARPRZR 3 | L AR TARBR R O ] B AL ARy
(x,y,2) 0

0, = T _ arccos * — arccos &
2 g ey
d, =2z -290 (5)

dy = /% +y —a;
MARBRAR 16} 1SR SUAEXT T ARAR R O] A AR AR
H(L,m,n) i, A
l-(a, +d;)cos0, — (a, +a;)sind,
m - (a, +d;)sing, + (a, +a;)cosé,

0s; = — 6, —arctan

d,=n-z

dg ={[l-(a, +d;)cosf, - (a, +a3)sin0]:|2 +

[m - (a, +d;)sing, + (a, +a;)cosh, ]2}%
(6)

Hpd, 0, #1d, =0(5) KA. 7 b A WE G
AR, ay 235120 -350.0 350 mm
3.3 RESLIRFAE

B MR RN 4 DARFRER AR AR AR R R
I AFR 3N Z Mebrdi/NRSE P (XY, L Z)) TSk
AEFRFR XOY - T 5% BH B i fd de i 2R 58 P, (X,
Y,,Z,) BRI AR Py (X, Y, Z) R G A i
FRSP,(X,,Y,,Z,) 0

Z, =min{ Z,}

SR minl ST T .
arctan(X;/Y;) =max {arctan(X,/Y,) |
arctan(X,/Y,) =min{arctan( X,/Y,) |
Hr P(X,,Y,,Z) NFEAAR R R A RS AR, i = 1,
2,00, No ARYEHITIA“ FR AR ™ A T 23 W
Al RO D) 3R R R A T A AT 2K
OB B TR R T 3 R AR Py o @ PV ff
A5 R ATTENNHRIR S AT RAT Py 72 IV A A
T e 51 LA e/ Nz sl i ml 23 Bl oRA Py R P, o 3R
KA AR P(X,, Y, Z,) ARARESRD, )
Z.=7,+0.5h (8)
Xf A BB T
MRIEER D), N
=X+ Y - (o +l) (9)
A —— TR R A K
Ly—— B KRR
W Py F P, FEFE AR R XOY -1 1553 70
Sk Py NPy AT R R Ry SRR AR VR I
KT TALH,

{B =arctan( X,/ 1Y, 1) +arcsin(ky/ /X, +Y7)
y =arctan( 1Y, 1/X;) +arcsin(ky/ /X5 +Y3)

(10)
XA r
kn/
7
7
7
Z 3 M2 e 7
Y v Z TR
L (7]
0" =< B
\\
~ o ,
P4

K7 I FURSAE XOY V- H
Fig.7 Projection map of boundary fruit in XOY plane
R R LR ), FE A2 N F AT N 43 51 R 4k
Py H1 P, WS T ReA i 32 K 6 7R B AR bR &R
XOY PS5 Y e fah
0,=-[y+0.5(w/2-B-vy)] =

(B-v)/2 -u/4 (11)
fir A X, =r,cosb,
Y, =r_sinf, (12)
Z.=Z,+40.5h

4 HHWFEHEHE
4.1 ITEZEHE

FASRERUET Y AR T IR 38 32
IIMTREE] 3 AN IV AR S /0 B A AR 28T B Ak AR 5 A



124

R G ZARGEARR LG AR T2 30220 b 515

19

ZEEFR 1 HIMIA RN ARG, 12 H] Matlab 24
i RE XS U T A S IS0 BEA T i 5555 07 B, A5 BUHLAR

2600 mm . X 50 - 1 500 ~ 1 500 mm.Y J5 Jf]
-1700 ~ - 500 mm 35 Fil N T4 & % 4, HLAE T fiE

FIAEA & 8 Frm. AW, 7E Z J7 1] 400 ~ g e Al S el ) — S MR SR SR K
3000 2000
2500 1000
2000
g o
£ £
£ 1500 =
N -1000
1000
500 =2000
0 : : ’ ' © 13000 ' ‘ : - :
-2500 -1500 -500 500 1500 2500 -2500 -1500 -500 500 1500 2500
X/mm X/mm
(2) FEXOZ V- it (b) ZEXOY IR
K8  HUBT TAE=s
Fig.8 Shapes of manipulator workspace
4.2 EHFEHERIE Py, (785, — 455,420) . 45 R AW A AL bR N
iz Jfl Matlab Robotics Toolbox ®) #R#EZ 1 vy P.( =80, —-660,1220) , = A7 WEF K 3 H AR o7

D — H 2R U T18 s - B T A 1328 3~ 0 J

BOE . B ML T 3B K i p) 4G AL AR o Py (265,
—155,720) , 22 . A7 VB R v W) 4 67 B AR A 4 1)
P, (785,145,420) , P,, (785, - 155,420) .,
600 F=ne.__ 0
g 400 ,\‘\\ ,/’ -05 F
,,?Q ————— z \‘>/, '3&
?;\ """" 9 /' \\ E
< 200 N o0&
0 1 2 541
Al /s
(a) ¥
400 , 0.20
wl Ty 7 doas
3 200 S =" o0 B
E /’ _//, E
100 e 0.05
0 1 2 3 40
Al
(c) AR

B AL FR Y 5] P, (420, - 1.400,1 000) ., P, (96,
~1450,1280) .P,( -500, -1386,1500),
&l 9 jbﬁ;éﬁéua‘z’%‘ 5 IE 517z s 85

%o *E%E ﬁ‘hiﬁmwf%%aéﬂjzﬂni@
300 F=reee
\\\ // L
N\, 7/
P\ — oSN S -0.02 E
E =Y
< 100 &
0
i) /s
(b) 72 N
1000 ==+~ - 0
~
7501 \.\ 1-0.02
£ r \'\ 004 E
L] p— AN 2
= R 0 AN 1-0.06 ﬁ
2 N,
250¢ e Trend -0.08
0 3 1 2 3 4010
i) /s
(d) 45 N

B9 BUBRE ST hiRs 2k

Fig.9 Displacement curves of manipulator joints

T2 WFRTAR
Tab.2 Displacement of manipulator joints
B K%
F5#(0,2,r)/(rad, mm, mm) (-1.4561, 500, 381.5099)
KENE (2,6,,r))/(mm, rad, mm) (80, -0.05120, 273.328)
N (2, ,0,,,7,,)/ (mm,rad,mm) (360, 0. 11170, 289.6709)
FH W (z,,6,,r,)/(mm, rad, mm) (580, -0.08080, 155.204)

Bise xR 2 SO 2l A, 5 AT 2IHLAR T
BRI 2 FA 2 BAE T Lz
B REIERRE

5 MWFREABS M

5.1 EBHFRR

ARSCBETE AR 2 R ui MU T FEAL QN & 10a
T o WL T A Sty 14) 2 07 A7 P88 e i SR SR A 1)
(G HE R 2, AR A 8 BT R AT T AL T 2 5 4%
NI oA i 5 A B T R o 8 P i e A ks
HILABPR R G XOY ST, L T AN Z 4l
BUKTF = VB A b d e bi 5 4. 2 5 —3. SR)E X
FE R RAM A AR BRANAS L A DV AR s E AR A



20 KAk MO ¥ R

2016 4

b, AL AR RIS 325 5 BT LR 45 6 (R
T R G R B 4% 5 S B, B R R o E
TRRA A I A B 345 11 EAROLE, IO
BE A3 S0 3 DR A St/ R A 2R T B = kA
(B ORI ZA T — 2 R SR A 5 A b 45 T A 3
ERROLE AR T T — U . HUBRY 0 (0L i 2%
HD = VX=X +(Y-Y)+(Z -2), Hp
P(X,Y,Z) WUEE, P (X', Y, Z") il ik (i, 3k
17T 8 YR, A HUA T A B 2 3 3
JF 7%, e T AR HE 45 DS A S 1 0 B i 2% /N T
9 mm , AT L3 o 5 e BB T2 B 1 o T 2
B2 T ARAAE 0 S ke /NI 2

_—

7 7

(b) KBTI TR

(a) BUIR T4 LB
K110 LT RAR AL

Fig. 10  Picking experiment photos of manipulator

x3 NMFHERE

Tab.3 Position error of robot manipulator mm

ML BN 2 FoRYasHR 2%
FH 3.0 5.9
e NE 6.6 8.4
o 6.4 8.2
a1 6.9 8.5

5.2 FEiALE

SRAM IR A L IR GE T AT, AR X R O 4
LSRR, A 10b oo a6 B P AL (0 J3 2R
HARH 60 mm ZeA5, F 0T 0 A i AT A HER AR
#8224 70 mm, RS A T AT 10 mm {7 R 2%
B XUH SRAGHL L T KPS 1 B S 38 b iR
M AE — >Rl DX A A Ml 25 TB] A B AR IL S 50, T
TGN H AR SRR 9 TR L 2, ol — W SR IR 1R
FTAT HARARSEREAL T — R A X A

F¢ AT SR AR ARl SR A7 SR A I, Dy sl S
M RN SR AR 45 8 70 DX SR S 5 ke VB 22 1)+
W, — 7 A IV SRIBUA ) ) SRS RARIY , VR
EROR S 1] Z A ol R BN BEATRAR, 22 A
R IR LS 0] Z A el /N BRIEAT R AR o T 5,
T2 A7 B K- ST Rip i 4 1] R K- 225 i e
T BEASS B 20 B R G A ] 4b TR, B
AL Tl 7 00 B e R A B A, A 3] e DA
TR B BRI, 5 R ML AR B AR A B 45 IV
s Bl A P e A VB R A, o i VB 52

JH R SR AR I G B RS, 7E A IV

RIARIEAT T 8 W, FRUCRE—IRR W E A,
FrEAT— ORI AL KA 5 (B, R e )
PN E AL HARRSE 56 A, i) IR 52 46 4, K
TR 2y 82, 14% o X 56 v R A 2% W 32 2 I I
T, 3 ARG AT R N BEAT R AR AR, (R E AR AR
[l 20545 B H AR AR S B, 25— R AT e
SRAW T FUAR AR S I, 5% 1 sl 48 SR AR A i 5] 6
b SRS i 9 DR L B, (AR RS S5 23k B R H
RIALE MR S AT A A BRI AR H AR R 5L T3 5h,
R F AR RIS SRR E 1 20 BT U B 1 DL
BT A A AT A AN I A B R TR AR

6 tig

PABCH I = A S A AU T BIE TSR &R, 12
By DRSNS AT T U T2 3h= 001t
5 L 2 AR SR A LB TSRS R, BT B2 A9 L
PRV L BR85S 11 ELJOA i 4 ) BEAE AL 2R
Wi MEZINEAAMET , REHUMCT AR i L B 2R 22
AEBER FEREAS ST R A ARk o Ry SR AR AR Ml 5
S U ) IR A, AR BEREALIEAT T LT
B RIS, 7R AR SR IR T
W TR IR AR . KA PR I A T 5
SRR R e A= 5 s sl AR R4 G Y F2 2

7 iR

(1) BIF T —Fh 2 K b 3 5 R ML 28 A HLAK
T AFEHURE 5 R AT 88 . BTt i AL 43
R R PGS, FE R 2 A
A I R BIK I 0T R A St PAA T 25 2E AT 3 AR Ak, SE R
ZA ARG T A R B GE SRR . PRt R
Ui fRA T AR A A B2 K SN T R BRI SOHIL B o7 R
2% W FHPELT, fei R A S L ERRIE AR Y H
LR .

(2) B2 M 7 R S X R A1 1) 22 A i A T 8 )
FEME SR I , SR — AR 41l DX PN T A H b S8 52 119 3% 2
KA R N, FEBE R BT T LR AL T
BT S T g2 iR, 78 Matlab {434
BTSRRI AR TAEZS | 3R prik it
I T RE S 2 — FE R SR SR 2Kk . 5B
Robotics Toolbox HEN7 ML T2 B2 B AT T35 8)
SO E IR UE T8 s R IR

(3) KA E VIO 2 2453 T AL T4
Wil RS0, HAE T TP, HE 1T T YU T2
B2 5 R AR, I 4 R R W] DU T & VB R i



124 R G ZARGEARR LG AR T2 30220 b 515 21

MR ERZEE/NT 9 mme Friscit BRI AATAEER TR, RN A0 82. 14% .
AN T 10 mm TR 22, 765050 2 88 T b T 12K
5

Z % X #t

)

U oRAd, skgoh AR, S5 SR RAF LA AR 5 R B[] ] Al AU 41 ,2006,37 (5) 158 - 162.

SONG Jian, ZHANG Tiezhong, XU Liming,et al. Research actuality and prospect of picking robot for fruits and vegetables[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2006,37(5) :158 —162. (in Chinese)

2 TSR, NSO, fe . T TRIPRIEE N SR RA DO U 5 58 7 S e SR [T ] A UBR# 412, 2013 ,44(11) :208 - 223.
XIANG Rong, YING Yibin, JIANG Huanyu. Development of real-time recognition and localization methods for fruits and vegetables
in field [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013 ,44(11) :208 —223. (in Chinese)

3 HARRELL R C, SLAUGHTER D C, ADIST P D. A fruit-tracking system for robotic harvesting [ J]. Machine Vision and
Application, 1989, 2(2) . 69 - 80.

4 SEIICHI Aiima, NAOSHI Kondo, MITSUJI Monta. Strawberry harvesting robot on table-top culture[ C] // ASAE/CSAE Annual
International Meeting,2004.1 - 8.

5 SHIGEHIKO Hayashi, TOMOHIKO Ota, KOTARO Kubota, et al. Robotic harvesting technology for fruit vegetables in protected
horticultural production[ C] //FRUTIC 05, Information and Technology for Sustainable Fruit and Vegetable Production,2005:227 —236.

6 XULKSE, PN, R . BRIl AA AT T B BE B[] AR LR 42,2008 ,39(3) :109 — 112.

LIU Jizhan, LI Pingping, LI Zhiguo. Hardware design of the end-effector for tomato-harvesting robot [ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2008,39(3) :109 —112. (in Chinese)

7 MUSCATO G, PRESTIFILIPPO M, ABBATE Nunzio,et al. A prototype of an orange picking robot past history, the new robot and
experimental results[ J]. Industrial Robot: an International Journal,2005,32(2) :128 —138.

8 NAOSHI Kondo, KOKI Yata, MICHIHISA Tida, et al. Development of an end-effector for a tomato cluster harvesting robot[ J ].
Engineering in Agriculture, Environment and Food, 2010, 3(1) :20 —24.

9 fEREA KRR BRI ST, GE. BRHER S ILE A A AT R BT SB[ 1], ALK ,2015,46(3) : 1 - 8.

FU Longsheng, ZHANG Fanian, GEJIMA Yoshinori, et al. Development and experiment of end-effector for kiwifruit harvesting
robot[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(3) :1 —8. (in Chinese)
10 VAN HENTENA E J,VAN’T SLOT D A,HOLD C W J,et al. Optimal manipulator design for a cucumber harvesting robot[ J ].
Computers and Electronics in Agriculture 2009 ,65(2) ;247 —-257.

11 KANAE Tanigaki, TATESHI Fujiura, AKIRA Akase, et al. Cherry-harvesting robot [ J]. Computers and Electronics in
Agriculture, 2008, 63(1) .65 —72.

12 SHIGEHIKO Hayashi, KENTA Shigematsu, SATOSHI Yamamoto, et al. Evaluation of a strawberry-harvesting robot in a field test
[J]. Biosystems Engineering, 2010,105(2) ;160 - 171.
13 Rl phais sk ek 46 TR FRAHL S AT S8 [T ], 4O HLM -4 ,2009,40(1) 143 - 147.
SONG Jian, SUN Xueyan, ZHANG Tiezhong, et al. Design and experiment of opening picking robot for eggplant [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2009, 40(1) ;143 —147. (in Chinese)

14 PETER P Ling, REZA Ehsani, TING K C, et al. Sensing and end-effector for a robotic tomato harvester[ C] /2004 ASAE
Annual International Meeting, ASAE Paper 043088 ,2004.

15 ZHAO Dean, LU Jidong, JI Wei, et al. Design and control of an apple harvesting robot[ J]. Biosystems Engineering, 2011,
110(2) : 112 —122.

16 BAETEN J, DONNE K, BOEDRIJ S, et al. Autonomous fruit picking machine; a robotic apple harvester[ C] // SICILIANO B,
KHATIB O, GROEN F. Springer Tracts in Advanced Robotics, 2007, 42:531 —539.
17 B WS, FHETT 55 B RER Sl AR Rl as A 5ikg [ 1] AL HUR# 4 ,2012,43(6) 153 ~ 160.
GU Baoxing, JI Changying, WANG Haiqing, et al. Design and experiment of intelligent mobile fruit picking robot [ J ].
Transactions of the Chinese Society for Agricultural Machinery, 2012,43(6) ;153 —160. (in Chinese)

18 ACHMAD Irwan Setiawan, TOMONARI Furukawa, ADAM Preston. A low-cost gripper for an apple picking robot [ C] //
Proceedings of the 2004 IEEE International Conference on Robotics & Automation, 2004 ; 4448 —4453.
19 g W30, TR, 5. SRARRMILE AR AT S i 25 B 51K [T ] RALERTFE ,2009(12) :65 - 67.
MA Liizhong, YANG Wenliang, WANG Chengjun, et al. Structure design and experiment of the end-effector for apple-harvesting
Robot[ J]. Journal of Agricultural Mechanization Research,2009(12) :65 —=67. (in Chinese)

20 BULANON D M, KATAOKA T. Fruit detection system and an end effector for robotic harvesting of Fuji apples[ J]. Agricultural
Engineering International ; CIGR Journal, 2010, 12(1) . 203 -210.

21 BEARSRE R R VEAE,SE. PWIAE B RGN A e E RS LT ] O RLE B ,2007,23(12) @ 224 -225,314.

CAI Jianrong, LI Yuliang, FAN Jun,et al. Image recognition and three-dimensional location of mature oranges from nature scene
[J]. Microcomputer Information,2007,23(12) ; 224 —-225,314. (in Chinese)
(T#% 29 )


http://dx.doi.org/10.6041/j.issn.1000-1298.2013.11.037
http://dx.doi.org/10.6041/j.issn.1000-1298.2015.03.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.06.028

124 B 45 BT IRBA I E AL A A S 29

10

11

12

13

14

15

16

17

18

19

20

21

Transactions of the CSAE, 2009,25( Supp.2) :70 —=73. (in Chinese)
U SRR K AR R E R M AL AR R L) ] AR T4 ,2010,26 (1 1] 2) 228 -233.
CAO Zhengyong, ZHANG Junxiong, GENG Changxing, et al. Control system of target spraying robot in greenhouse [ J].
Transactions of the CSAE, 2010,26(Supp.2) : 228 —233. (in Chinese)
AR, 2 R — Rl T R AR AR IR S e A DT 2 [0 ] P S5 P ,2010,25(1) 243 -47.
GU Yu, LI Ping, HAN Bo. Hybrid visual servoing scheme applicable for local features [ J]. Control and Decision, 2010,25(1) :
43 —47. (in Chinese)
CHAUMETTE F. Image moments: a general and useful set of features for visual servoing [ J]. TEEE Transactions on Robotics and
Automation, 2004, 20(4) . 713 -723.
TAHRI O, CHAUMETTE F. Point-based and region-based image moments for visual servoing of planar objects [ J]. IEEE
Transactions on Robotics and Automation, 2005,21(6) ; 1116 - 1127.
ZUHT, BRI, FIB . R FRE 5 e I 25 LS A DY B H BER S i [ D] #2250 ,2009,26 (10) 1162 —
1166.
LI Youxin, MAO Zongyuan, TIAN Lianfang. Visual servoing of 4DOF using image moments and neural network [ J]. Control
Theory & Applications, 2009,26(10) ;1162 — 1166. (in Chinese)
ZHANG Z Y. Flexible camera calibration by viewing a plane from unknown orientations [ C] // Proceedings of the 7th IEEE
International Conference on Computer Vision, 1999 . 666 —673.
AR RHE L, G, T RS RI L ARLSEAI AR L) ]. [R5 R 2241 ,2000,28 (4) 438 —442.
LIN Jing, CHEN Huitang, WANG Yuejuan. Visual servoing using image moments[ J]. Journal of Tongji University, 2000,
28(4): 438 —442. (in Chinese)
G PE, X o, L. BT RGN R S ARE 7S B by BEAUME BL S Al A 22 [0 . 1 ¥ B R 22740, 2013,35(3)
221 -226.
DONG Zhidan, LIU Shirong, JIANG Hongchao. Visual servoing control of a 6-DOF robot manipulator based on image moments
and vector product[ J]. University of Shanghai for Science and Technology, 2013, 35(3) : 221 —226. (in Chinese)
BB, WHRLE. BE TR BORMUEE 293 Otsu () [ AR50 5 R SRR Ay BT ] AR WALBR =42 ,2015,46(11) .9 ~ 15.
ZHAO Yaochi, HU Zhuhua. Image segmentation of fruits with diseases in natural scenes based on logarithmic similarity constraint
Otsu [J]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(11) ;9 —=15. (in Chinese)
REKRAS, 30, EREEE, 5. FET LA ISR B AR BRI N S AR ESRIR ) ] Rl AU 42,2013 ,44(5) <247 -252.
CUI Yongjie, SU Shuai, WANG Xiaxia, et al. Recognition and feature extraction of kiwifruit in natural environment based on
machine vision [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(5) ;247 —252. (in Chinese)
M, MK R TT 4 T ZE R I B R SRR r FISARE [T ] A HLAA 4R ,2012,43(6) 1167 - 173.
PENG Hui, WU Pengfei, ZHAI Ruifang, et al. Image segmentation algorithm for overlapping fruits based on disparity map[J].
Transactions of the Chinese Society for Agricultural Machinery, 2012, 43(6) :167 —173. (in Chinese)
s, BEC, O, A LT P ERHER S O GBI RIE LT ] RP TR0 ,2011,27(7) « 183 ~189.
ZHANG Zhibin, LUO Xiwen, ZANG Ying, et al. Segmentation algorithm based on color feature for green crop plants[ J].
Transactions of the CASE, 2011, 27(7) :183 —189. (in Chinese)

(E#&$ 21 17T)

22

23

24

25

26

FRANAR NS, XA B 00 H ST AR SE 9 2 iR S e A BoR [T ] TR PL LR ,2004,30(22) - 115 - 116,171,
ZHENG Xiaodong,ZHAO Jiewen, LIU Muhua. Tomatoes recognition and location from nature background based on binocular
stereo vision[ J . Computer Engineering,2004,30(22): 115 —116,171. (in Chinese)

PR, Th 346, B, sRIRLas AHUME A2 R S 4585 [T ). AL LA 41,2013 ,44(4) :196 - 201.

TIAN Haibo, MA Hongwei, WEI Juan. Workspace and structural parameters analysis for manipulator of serial robot [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2013,44(4) ;196 —201. (in Chinese)

KRG AE WIS, 2 A8, A (L N AR 28 MR A SR RIS TA G T]. AL U742, 2013 ,44 (1) :230 - 235.

LIU Zhizhong, LIU Hongyi, LUO Zhong, et al. Improvement on Monte Carlo method for robot workspace determination[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2013,44(1) ;230 —235. (in Chinese)

Rl , T PR, BT Matlab 7 ABLES AU IS SRR LT ] AR RIEOR 270 FLARAREAA, 2013 ,41 (JE ) - 343 -347.

LI Ruifeng, MA Guoging. Dual-arm kinematic characteristics analysis of humanoid robot based on Matlab [ J ]. Journal of
Huazhong University of Science and Technology ; Natural Science Edition, 2013 ,41(Supp. ) : 343 —=347. (in Chinese)

AR A AR JB5 52 % TR H A5 PR ARG A4k 5 SR SR AR RN S AL [T ] R AL, 2015,46(11) <1 8.

LI Guoli,JI Changying, GU Baoxing. Recognition and location of oscillating fruit based on monocular vision and ultrasonic testing
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2015,46(11) ;1 —=8. (in Chinese)


http://dx.doi.org/10.6041/j.issn.1000-1298.2015.11.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2013.05.043
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.06.030



