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Obstacle Winding Strategy of Rice Transplanter Based on
Optimized Artificial Potential Field Method

JIANG Longteng'> CHI Ruijuan'® XIONG Zexin'® MA Yueqi'> BAN Chao'?> ZHU Xiaolong'”’

(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Vehicle Intelligent Control Laboratory, China Agricultural University, Beijing 100083, China)

Abstract: Aiming at the problems that the obstacles such as ditches, ridges, stones and electric poles in
paddy fields make the rice transplanter unable to ensure the continuity of operation and the straightness of
rice transplanting, a path planning strategy for rice transplanter around obstacles based on optimized
artificial potential field method was designed. The relative distance between the real-time position of the
transplanter and the target operation point was added as the judgment condition to dynamically change the
size of the potential field. At the same time, a virtual local target point was set up to make up for the
algorithm defects of the target point unreachable and local minimum point of the traditional artificial
potential field method. The transplanter was simplified into a two wheeled vehicle model, the
mathematical model of the steering system of the transplanter was established, and the expressions of the
speed, heading angle and front wheel angle of the transplanter were obtained. The lateral deviation and
heading deviation were used as the factors to judge the effect of path optimization. The steering controller
used the compound fuzzy PID algorithm to control the rotation angle of the transplanter, continuously
reduce the deviation between the ideal front wheel rotation angle and the actual rotation angle, and realize
the optimization of the rotation angle. Using ultrasonic sensor to detect road obstacles in real time and
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RTK — GPS to update the position coordinates in real time, the steering control strategy of rice
transplanter around obstacles was designed. The obstacle avoidance path control strategy of the optimized
artificial potential field method was simulated by Matlab. The results showed that when the obstacles were
not within the influence range, the maximum transverse position deviation of the straight-line tracking of
the rice transplanter was 5 cm, the average deviation was about 2 ¢m, and the maximum obstacle
avoidance transverse deviation was less than 0.5 m. The optimized algorithm had good control accuracy
and can avoid the problem of unreachable target points. Based on Yangma Vp6OE rice transplanter as the
experimental platform, the real vehicle experiment was carried out. The experimental results showed that
when the rice transplanter ran at the speed of 0.5 m/s, 1.0 m/s and 1.5 m/s, the maximum lateral
deviation of the left side obstacle was no more than 1.221 8 m, the maximum heading deviation was
30. 149 1°, the average lateral deviation of the straight line tracking before and after the obstacle was
0.025 m, and the average heading deviation was 3. 12°. The maximum lateral deviation of the right side
obstacle was not more than 1.245 9 m, the maximum heading deviation was 25.229 4°  the average
lateral deviation of straight-line tracking before and after the obstacle was 0.023 m, and the average
heading deviation was 3.36°. The designed obstacle avoidance method can meet the obstacle avoidance
requirements of the transplanter during driving, and had good feasibility and robustness.

Key words: self-guided rice transplanter; artificial potential field method; obstacle avoidance path

planning; independent decisions

0 3]

2 3B B A A B 1 302 Tl O M 6 R T
D3, TN BE B S — B [ TR
BE 1 R BEAR L WL, BE A5 M A1 3 3R B2 rh AR 415 15 0
I AR TS, FEAT 42 SR B AR R R fE IR S TR
() S8 B B A0 LK o T g 1 R T A A L S R A A
b, SR AR LR B BREE T i B T, 45 4 A
(RO U= BT 2y ] 3 7 CER

T, BIF 50 Ja 8 3 A0 0300 1) 7 v A5 i 2 IO 4%
YA T RS B AR meE
WA R A Hop ) [ AT ST xR A
Gk Oh R M AR R HEAT T OREBT R, R
SR AT 5 DWA Bk Rl A xR B LA AT
SRR SR LA P D S HE AT S S SR RE A8 21
A SR B A B AR (BR3[BT vk AR E
WL TE 2 25 9 A4 THT o i i A R . HE 3 O 4 Beezier
BT 2 A R 57 57 A0 Ak ) B30 ) T A MR W T
75 i B ) 7 SR, ELIH D7 3 0 B AR il A R R
FLF B T 45 S o H ) B £ 8, 2 vk B o
T M A AT O, T AT O AR LR, B R T
BRI R BR R 4R T A R sk R B, H HG R 42 1Y
At A 2% ) R R T IS T AR T AR Ml BR B ; SONMEZ
AR L R T O A ML B R AT AR
S P R {E AR T B 2 B R . L) SR A e
B 7 v A () L V0 A T R SR EL B X 47 B
Rz 3 N T e e i B R I WG
PR UL, AR THE AR & FEI S  BR 5% 38 0 P 22 4%
B, DT R 1) T e HL A VR Al 305

T 33 M H T A v, A B0 1 3R 8

il

3R, FLTFELAR M S b A R 5 T A
FEL PR ML AL , T XoF e FET PR S ) JRG 0R: B I 5 40 308 A7
S g SR (CD NI 77hs e = o N
T J T /N 4 U7 BB, B0 T K A T 10 3 T
X A 5 N T 37 0 5 14 b i 7 9 A A B4 B )
S50 [E] P h 2 0 % 95 T3 B AT T A AL
5% B TESE K Rk B B R e
G o A R B N IR L S B A A U
R 7 v, ST B RS A AT AR ATk R TR
LA A IEA G B X 385 ZHANG 25 fEtE 55 N T
375 B KLty 1 AT R 0 R D O ok 94 X
RS BB AR AL . WEN 2517 T e e JR) 3 45 /N
EL 19 1) 558, 308 38 15 8 B 5 5% WL 9 LR Bl 8 81 1 5
J TIN5 v R ) R

Y A BROBL T Ab K T BR 8 5F Zie i 8 P AR A
SV VHSE AR | H T A R T s X A LA T B
() 4 P R0 3 5 P 72 A S 0D, A B P4 A L £ 4
BOR AR A T B B U 5 AR IE AR Al 1 3
T, A SR A N T 3437 1 1 JE AR 36 A7 476 e L ok
B SR WS BT %R W TE i B AR B T S R A
(i ) Bk X G R A7 00 AL, LA A e £ 455 34 3% 1 A7 7 1 H
P SR T 35 5 ) 0 e /N (EL 10 8, S 90 1 S AR L
TE 4 NI e B o ] Matlab 5% B R RS 4 b
B S  475 BL, T 5% S A o 5 g 3 AT 4 ML S 4 5K
By, ARB 5 17 M 22 AU 1 O 22 2 7 3B B 56 W o A7
P,

1 FEBYL B F 8RB

1.1 &P AIRIGE

N L3375 505 1 b JEVAREL R B 13 0 L% ) Pl B



22 &l #Hl

Moo 20224

SR 0 e J1 853 R ARk B b e B3R B4 51
$dy T R B R BB 51
B Kx W E a5 TR 25171 F, 5%
Jy FAERL sl oS FR FALRR & 01 F 5l
AR R BT B AR AT kT AT P 1T 2
FUbR ARl 3 1 B AL A2

e

K1 JFhRGIIRER

Fig.1 Schematic of repulsion and attraction
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Schematics of left side obstacle traverse and heading deviation
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