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Design and Experiment of Fuzzy Adaptive Pure Pursuit Control of
Crawler-type Rape Seeder

ZHANG Chaoyu'”> DONG Wanjing'> XIONG Ziging'”> HU Zigian'> WANG Denghui'® DING Youchun'*
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; The automatic navigation system of agricultural machinery is based on the navigation control
system and is equipped with an autonomous operation controller to realize land farming with less human
intervention. Aiming to solve the problems that the large agricultural machineries are inconvenient to
transport in small fields of hilly areas, inefficient to operate, and restricted to change direction, a set of
automatic navigation operation system was constructed with a light and simple crawler-type rape seeder
and Beidou RTK. This system was composed of sensing device, walking module, control module and a
seeding module. According to the requirements of sowing operation, the automatic operation control
strategy was designed by using finite state machine. The crawler-type rape seeder was divided into four
states: non-seeding state, seeding state, steering state and completed operation state, and the state
transformation was carried out by judging different paths, and the seeding operation was coordinated. The
automatic navigation operation not only required vehicle coordination and planter control to achieve
accurate sowing operation, but also required navigation controller with high control precision and strong
adaptability. Therefore, a fuzzy adaptive pure pursuit controller based on kinematic model and geometric
model was designed for light and simple tracked vehicles. A small forward looking distance would make
the vehicle approach the target path quickly with large curvature, and it would also cause vehicle
oscillation. A large forward looking distance would make the vehicle approach the target path slowly with
small curvature. Although the vehicle would not oscillate, the settling time was long. The forward looking
distance can be adjusted adaptively by using the fuzzy control method. The lateral deviation, heading
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deviation and speed were used as the inputs of the fuzzy controller, and the forward looking distance was
used as the output of the fuzzy controller. The input and output were fuzzified and fuzzy rules were
established through test simulation. The simulation and field comparative test results of fuzzy adaptive
pure pursuit controller and pure pursuit controller showed that compared with the pure pursuit controller,
the fuzzy adaptive pure pursuit navigation controller had the characteristics of short rise time and small
overshoot. The road test results showed that when the speed of the crawler-type rape seeder was 0. 8 m/s,
the maximum tracking deviation of the fuzzy adaptive pure pursuit controller was 0. 039 m and the average
absolute deviation was 0. 018 m. When the forward speed of the dry field road was 0. 5 m/s, 0. 8 m/s and
1.2 m/s, respectively, the maximum tracking deviations of linear navigation tracking were not more than
0.082 m, 0. 086 m and 0. 092 m. The average absolute deviations were not more than 0. 031 m, 0. 032 m
and 0.034 m. The experimental data of the automatic navigation operation system showed that the
designed navigation controller had a stable ability of linear tracking. It can meet the requirements of
automatic sowing of rape in small fields of hilly areas, and provide technical support for the construction
of unmanned farms in hilly and mountainous areas.

Key words: rapeseed; crawler-type seeder; Beidou; navigation; finite state machine; fuzzy adaptive
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Fig.1 Composition of automatic navigation operation

system of crawler-type rape seeder
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Fig.2  Overall structure of operating system

2 Bl FIRER

2.1 EBMmBEEHNLX
R SEIRAERE D N ARG DL T 52 BT S

HLE S AL, AT 2T A0 i A g i
JO7 P 5, 2 s AR R I 7 A ML ) S B A 4 ol
(e

BERT e /N B MBI R i, B i i A 2R S B
AEREA T, 455 A AT EV R S R, BT
JE i S SR AL U A, I 3 Bk, A ~S R
ATl A AR T R AL AR T A A L A2 (5T 3
LA E 7R ) MR R R AR ML s A2 (181 3 i (3R
R HERE AL RE AL B BEATRE AL 7R R
AP I FE LA TH5 1 AR 755 S P08 2 AU R
FATET7 18], FERHLE &5 A HhEEE A BT IR 4
b, a5 B ~ R P3R4l FERHLIG 3 BOE AR T
AL, 0 K e 25 S AT IR e 1) i e Bl
IR ACIEZ SN

c D G H K L 0O P

R B AR

Y SRS A
felh B

B 1) o1 ] M N Q
Tl s
| R e 1
it . PN R
T

K3 SRl
Fig.3 Navigation path planning diagram
2.2 ETFERARSHLE ih S REFE b 2= 5 5k Bg
A FRARZEHL ( Finite state machine , FSM) $54 [
AMIRZS A S A 3% SRS Z 18] B 56 B8 AN S VRS54 T 1)
BRI > ORI BRR A LKE A Fh it B 40y
ANTRLARZS R RS RS ik e 45 1 B B2 80 AE AN T
(1) B B A S AL 2 B [RRAS BB FSM
JEA BRANEAY 3 i 2 8 A 2 SR A AL — e b T
WA FSMURZSZ Y —A>, R — AR i 24 i
A IRAS TN fih S 5 A pREICRE |, 52 B 2R A BBl JE
M SERE IR K Az el 28, H A7 =i =R A AL
HURBAR A 2 117 I Ak 1 RS B Sl e S5 AR A BRIIRZS
Zlﬂj?ﬁyo
FERPAE A2 0 G b W 3k KU | I b
B OBREGTAR TR B2, K TR S
HT T B AR 2 8 R 3 I 46 46 i, >4 WS T 46 T
I, (AR 45 1k VR Sk B Sl I R A A T, AR
P N T2 B SRR A LARAE 22 50 A SRR LG
BOR R SRR A AL 43 5 FORASAE N &R
GURES, 5390 %€ 3R 81,82 .83, Start Hl Stop, 417 1
JIE7R s AMTEAS TR B A2 AR R R A ik 4 25478, 43l



108 P

b BB R

2021 4F

SE XN C1 o~ G5, 0 N AR Rl A2 HE Al AR | £ 0
b A R AL IS S 5

x1 ARRSVNHRGERS
Tab.1 System state of FSM

RENRE T4 TPEEEH AL
Start JE SRS &1k R, -
s1 JEAE AR HLITE R, -
2 AR A HEATE D, +
S3 e mpka e ) 4 R, -
Stop SERAE R A S HIR A Z1k R, -

TR FORHLEARTE, D FORPLE TR, + R fiFpLT AR, - %
ARFERALEE L
ARG 3 i 7 (4 A2 ALl PR AT L Ak A [
37 BN R RS F R — A~ FSM, ARG FSML 4
K4 i, 7E Tl BRI a4, 25 3h A
EN R GEIT AR AE RTK A6 5 7 2 11y 240 04 o7
fith S ANTRLARZS I X8 FE AR LA T 3 ) RS WL IR
JEHE S, #EA Start IRZSJE 3 HEIEL R SE, 24
B b A AR R AN B AR C1 B S AR RERRES
ST, Aol HEATHE , ILEARTHE R LA TAE ; 25 224
il F AR R A C2 I HEAREFRZS S2, i E
LATE  HLE T BERE MOLIT AR FE Ml 5 4 2 A S
Pkl C3 mF, AR IR S3, 424 i o % 1), AL
HARTHERHLA AR ; 50l e F A e & P o C4
B A TEBAE AR Stop, 4045 1E , HLEL 46 TR
MBLAS AT S 4240 fik e 55 550 C5 I, 2240
51k LR THERLIE (R TAF; S1.S2 AREZ
EIE RSSO

Kl 4 FSM HRHLL K

Fig.4 Track of state conversion FSM

3 SRSt

3.1 BEHAMEBMIIEZERE

o S BRI A SR ML F S SR, T
Pl e BB A B AR AR, SR TR A T
HUR R 5032 3R AL 128 Bl A R Dy LR 118 92 A
B Hoz St Ak T X0 T 138 Tl a0l AR

Ge R A G ok 3 PR IS Bl 2 R R A
AATEHUIE R A B0 AULAT o0 E A B L
KT ORI R AT Bl A S TR AR Bl AR
AL AN A%, BV EA BB R () A B 00 5 ) i o
Fem b 5 LT RO E S, A TERL
Hz gl R A 5 R Y TR AT ERR 2,
P AR R 145 S FBUR L (R S LB 4 22 R R
Lh A P LR L f9145e 1) 1R L, 3 o 42 o) 7000 9 I 3k
AR RN J7 1], S IR A AT T LG B 41

Y

K5 JEHRATENIZ SR R
Fig.5 Tracked walking mechanism motion diagram
A 5 9847 1z 3h % o e, 1T A5 2 R R
e
v, +’UR
_ B(v, +vg)
" 2(v, - )
v, — Vg
B
JEA AT ENUTTE R, m/s
oA A m/ s
A JE R m/ s
FEALLEL O e ) vhoL 1 BE HE 10) o
% ,m
B—— I m
w —— IR G 0] F S rad/s
A1) FTAL, 24 o, = o, B, BV 00 45 2 B A
S TEAREG M R R 0°, B ) AR R B4R T 05
KB TEMLZ D 5 X v, > 05K 0, <o, A
FLI 0 R e, LR R s 8 Y
vy = — v BP0 Y 1) B A 25 s 1) I 8 AT 42
FFE R O S R< B/2 , 4Rt AT IR Mo f 1)
3.2 RHMABIE M 4B ERE I 2R
3.2.1  AEE LB
afiih BRI —Fh Al LA R B gl 51 Y
2 ST B A 3 A B S E AR B S H
P B2 AT 280t i R I A2, AR 4 T A 1)
P BE RIS 17 g 26 1158 L0 B A%, BV )4 Al

(D

W, =

B2V L

vy

Vg

R




F12H

SRET AR R ISR PRI F A A0 EE A ] ar B 5 109

P T B O 1 2 5 P A
(AR, ISR 5 B 2 A L
AT DRI O AU o T 4, B
WAL 6 R T2k AB Jy S LB L1286 45 C
AL 0 ARG L R 1
PR,

;
B|/
/
/
4D
SO RN
; \
\
! v N
{ \
o]
1 \
! v
! 1
R// ! \
// \
/ ! )
! \
/ L)\
// H Al
a i
/
‘ i
v /
S 1
0 Theeell /

A y
K6 R T ENISIE B

Fig.6  Pure pursuit model of tracked walking mechanism
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Tab.3 Contrasts between fuzzy adaptive pure

pursuit controller and pure pursuit controller
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Fig. 13 Unmanned operation test
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