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Automatic Following System for Greenhouse Harvesting Transportation
Based on Adaptive Pure Pursuit Model

Wang Xiaochan'® Lu Wei' Chen Man® Wang Ting' Zhang Yongnian'”  Boukangou M P'
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. Jiangsu Province Engineering Laboratory for Modern Facilities Agricultural Technology and Equipment, Nanjing 210031, China
3. Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China)

Abstract; Transportation for harvest and plant protection activities inside greenhouse calls for a lot of
labor. The available transporting equipment has limited function which is not very flexible. While the
widely used railway transportation vehicles inside greenhouse in many developed countries are hard to
introduce to China due to variable construction styles and nonstandard layouts, some automatic following
system is urgently in need. Thus a kind of autonomous transportation system for greenhouse harvesting
activity was presented based on Kinect sensor developed by Microsoft Company. The Kinect sensor could
acquire the depth data of each pixel on the picture, from which the skeleton of a workman could be
analyzed by several image processing algorithms. Direction and heading angle was determined by the real-
time coordinate of the center of gravity of the skeleton. At the same time, the 3D coordinate of the
workman was kept and the tracking path was thus formed. To avoid dramatic turning, adaptive function
was applied to optimize the path firstly. And then pure pursuit method was introduced to complete the
tracking stably and precisely. The look-ahead distance was timely decided by fuzzy controller, with which
the vehicle would track more flexibly according to different look-head distances. The result showed that
the system was able to turn freely and precisely while avoiding drastic turning. The largest lateral
deviation of straight line tracking was smaller than 10. 0 cm, and the largest depth deviation was 5. 5 cm.
The working function had nothing to do with the light condition, which met the demands of harvesting and
goods transportation in greenhouse in different seasons.

Key words: greenhouse; picking; transportation ; technology of Kinect; path optimization; pure pursuit model

ek H# . 2016 =05 - 13 f&[a] H #] . 2016 —06 —20
E&WA: LIELOLRHE B FEH 945 H (CX(15)1033)
EERIA: TE/DE (1968—) , 55 3082, 1A 0, 82 Aol AR W) PRI S5 4% I 5T , E-mail ;. wangxiaochan@ njau. edu. cn



TR/ A BT Rk 28 BR AR A4 22 R0 12 i 1 SR BE R 58 9

515

FL I P Bt e A P e e Al 2 DI
s I A Rz o 32, s B AR 1997 3 ) Al
HEAT 5 S 1) 55 SR, B g% ) HLsk = R
PRI, e it o olb x4 g =0 i it A 7 0 o B
T E IR H R

21 iy 3 TS0t AR Ml 2 J AN Y, A /N R =
AR B NERES A G — IRl B2 A IR
S5 IDRL, PR3t e A3t £ 1Y 0 = i 4 AR |
AFE B A o R RTEX A shizfirF 6 2 i
PRIX — & P i A g AR, (B [ AR SR AT
ARG Y B AR R T U T R
WIZRFEATE A2 M A5 AT U 25, 5 B A 3 BRER 48
1], AE N ZRAEA RS 1 28 0 28 R RUAT i), ELIN 2
S FEE N L S I P R TR R
I PD P ot il 1A B R A Bl 4, O R
T BRBE A LAZT S ME s K DU AT 1] A 1) D7 2GR B
1AM T ik (H PD SR8 8 N, 75 25—
& RER AR, 220 B % ] T8
A L 2B AR R, T R KRB T 1Y 3 B
TR AL S, BREFIRZZ B (HIE AR SCHEFE (1 R
R %L E BN INLR S TULR, H ORI B 2k e 2R SRl
AR BRI AfR R 58 Tl A 3 2 R AR AE S RN [
AR T8 AR 2270, M LR S R 2 1 B DL L 1E
KRBT HUA 55 3R FE A B e

ASCLA Kinect (4RS5BT — i il 2 R
AW A BIEREEY- 5 , DU BURON B 5 R AR VR AL 1Y
H L EAR B T U L B BRI , 40 T 2= A
SRBERAR [ BB 5 RN 0 R ER A [, 42 Hh
— PP AR TIE , IR ST N B 7 2 TR 1 K 4R
PEATARAL XA 5 1 35 2 2R F 28 Br A5 Y kA
BRI, AL S RSO SRk s A E , LAY S BURG
HEFFF AR A BREA R
1 ByRERZEIT
1.1 EEEMGT R TERE

H B BE R 40 h 42 80 H R P 4l e -5 P R
4t Kinect (BN A  ELUR TG RSB A5 2R HL Bh
AL FL T 2 e T R 2 S AR G A AL, A A T
FIANEE 1 iR o A SCHE FH BB 2 m T & 1 Kinect
for Xbox360 fij# Kinect 1 24 #1L 5 14 845 £ B Al
NGLEAEE . Ele—M 3D FHEAL, REME PHUR
JEE R T 5 P A A PR AR N A e AL A
B HARAERRIMEE B A 80 ~440 cm, KF-HLFA K 57°,
PEEAAMA N 43 RAETAERED 60 ~ 180 em, iy

THEFAE SIS RFF(30 £5) em Y TARHIE,
Kinect Z24E 7L B AR B AT o 50 em Ak, 815k
JE V80 em, HKF MM BEE N 0% HLH
LA ELS R 80BL89S40 —445TKO , T3 A 500 W ;
A5 R BIAL T 58 B4 M AR i 7 o 0 E LA R
29 Nem, e KW la] 7 2 44 N - mo Fir5e 5 1) 4 _E 203
o % U Te e 2 g , T 0048 BT 4G 5% AR, FL o
0~5 V, XA EE 0° ~360° Ao LA & i,
AN TAERAEEE . X FEHR T m, 5204 m, 3
B FE B AR B R ) B LK

6 7 8

|

30 cm

—

U A SRR AR GERLARES #4714
Fig.1 Structural sketch of automatic following system
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Fig.2  Schematic diagram of automatic following system
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Fig.3 Comparison of skeleton image and depth image
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Fig.4 Spatial coordinates of system
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Fig.6  Geometric analysis of pure pursuit model
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