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Fuzzy Control Optimization Method for Stability of Path Tracking
System of Automatic Transplanter

TANG Xiaotao TAO Jianfeng LI Zhiteng LI Yanming LIU Chengliang
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The pure pursuit model is widely used in the path tracking control system of agricultural
machinery. However, system oscillations occur easily at high speed. Aiming to improve the stability of
the trajectory tracking system of automatic rice transplanter, a path tracking method based on fuzzy
control was proposed to adjust the lookahead distance of pure pursuit model. Firstly, the kinematic model
of the transplanter was established by considering the automatic steering system as first-order model.
Secondly, by linearizing the kinematic model, the stability condition of pure pursuit model was analyzed
while tracking a straight line. Based on the stability condition, fuzzy control model was established to
adjust the lookahead distance of pure pursuit model, with taking the speed and lateral deviation as inputs
and the lookahead distance as output. To construct the experimental platform, automatic transformation
was carried on with Yanmar VPOE rice transplanter. Finally, to verify the availability of proposed method
at different speeds, the experiments were carried out at high speed of 1. 0 m/s and low speed of 0. 3 m/s.
Compared with the traditional pure pursuit model with fixed lookahead distance, the method proposed can
avoid oscillation at high speed and track the target path quickly at low speed. It was proved that this
method can effectively improve the stability of the pure pursuit path tracking system.

Key words: transplanter; automatic navigation ; path tracking system ; fuzzy control; stability; lookahead

distance

0 3 APEETE R . H AT T AR BR R 9 07 3, B N Ak
EHVFZ5 8 AT T RS A5 el

Eﬂ%ﬂﬁ&ﬁXT?%ﬁﬁ?ﬁkﬂﬁﬁ%*ﬂiﬁ el d il 7 PID N A g g
AEEBL T AN AR RE NG, FIrk. BRI R 4D ik SO AE
ZE*)LE’JE%@EEEE\%éﬁﬁXﬂ‘?%‘%%VEﬂkFﬁgﬁf’Fﬂaﬁ% A TR AN SR O RAUEE SRS 5 ) 12 3 2 A R B 8

il

Wk H . 2017 -05-10 &[] H#. 2017 —05 -30

EE&WE: EEELUIRZITRIE (2016 YFDO700105) I | i B £ 264 fk ) W B (PR BHEF (2016) 55 1 -6 -1 &)
TEER AT /AN (1993—) 5 A4, 38 S8 RERHLAT ST , E-mail ; tang_xiaolao@ sjtu. edu. cn

SR AR (1975—) B IR 9 SR B £ 8 5 B B R BF9E L E-mail a0 @ stu. edu. en



30 & A Bl B ¥ i

AR R i 28 X 4 76 I 25 i) R 22 T T Y
YIGRREA o B LT T 0 55 UG B 3SR 37, i i
T B AR LR 28 P 13 B2 5 8 S AT 8 P A b
PR, PID 45 2 5000 28 E — M b IR, 9 HL AR
i PID 45506 2% 181 8 o) i 22 1717 Z 8% 1L 1) A O 2=
AR S SOk 10 ] BUAR AR T AW it PID
{14 5 HE R 1) s 22 0 AL ) £ O 22 ] B A Ry B 5, {HL
ST B RO 2 A OB AR R 2 (R A R T, AlE
ER AR 1A E I T A R R 1 E TJE N 3R A
O BR AR BR B R RIS T R R 2
VR S E T2 o AE 48 B R
ME— 0] P8 S50, BT AL EE B S R2 i R G B AR AR 1
PR AR, AT AR B8 A R e /)N 0 M A A A 1) R
BRACAR o PR T3 R X T i AR TR ) A BRI 4 o
RGRERERE T KOS PR R H AR B
R RGE KA . AR D SR EE B AR
JIF T BOAT RS K, 7E AR [ 19 0 B 3 B3 T 38 A7 10 43 B
R BR B AR R RT UL 85 1044 S8 A WLRE B9 [
R DERIEN 2 BTN R & /N WL R S 3T 93 2
R REIE R AL, X T Al R R R RO B
oAbl i, SCHERT3, 19 TR A 1 R AR 45 il >k B 18
IV A R B 0 7 15, (LS H AR ML Al i b 0 AL 1A
A 1)l 225 AR [ 77 s 225 A Ry SR 4 0 45 O A, ERAR
XoF A0 T 8 1 A 26 AT — 2 )6 s RS L (R =
X L AR AL ) 35 N e 7o SEBR b A B AILAE H [E) ARl
B, 7K - PR B A7 2 SRR S e R S R [R]A
T AR 2 4, 2 B R AR A )
AT . SCHRES ,20 e R B Fi IR B i BR SR 5 08 T
R A RZ A (EUE 1 22 56 8 SO AN A A A AL,
o B3 A R SO A RE A E A S

A SR Y R AR 2 1) O 1k i B Sl 2o 42
AR R B AR 0 0T LR T L o RS e .
T AR 45 T A 0] 2 s RS PR AR, DA R 1 g
ZEAE RO 45 ) 2% B A, R 2R A 38 N 28 AL R
B R T AE W% T B 6k AN [ R 3 B 43 B AE
1 m/s FAKEE 0.3 m/s NHEAT050 .

1 Ezh=ZEER

1.1 FHizzh%iEs

PLHBREEAR AB Ry Y il B T H 4k AB 115 )
S Xl S AnEL 1 TR 1 XOY B A BR R AR
SR 25 d 55T A AR BR x, HLZE AB 15 ]
M B EARE A S, HE SN S HL AB J5 1 1y
Je Y RHE A KT 90°, TR AR R T, ¥ K H 4
PSS B ] Al — 48 R B A, DL S8l oo AR D 45
il A5, B ST A B 2 Bl 2 A R

201 8 4
d:vcosﬂ
y =vsinf (1)
/] =7tan8
K d——H ) 25, 76 2R AB £l K IE
v Mg

y—H 5 Y J5 [ A7
O— L1 A, 305 I BT 7 1) 1

I—Hii )5 i
S—T S BR % M, Ao i T 1n) R IE
A
AT
A
Q 0
# .
0 >
>
B

BT B A AR R

Fig.1 Coordinate of tractor
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