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Full-coverage Path Planning Algorithm for Dual-helix Driven
Robot in Convex Polygonal Farmlands

WANG Pei' LUO Jialong' XIE Jiasheng' WANG Jiatao' LUO Hao® NING Jintai' HU Lian' HE Jie'
(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China
2. School of International Education, South China Agricultural University, Guangzhou 510642, China)

Abstract; Aiming to address the core challenges faced by agricultural robots in autonomous navigation
and path planning under complex farmland environments—particularly in irregular plots and soft, sticky
paddy fields where common issues included low coverage rate, excessive turning redundancy, and poor
path continuity, a full-coverage path planning algorithm tailored for convex polygonal farmlands and
compatible with dual-helix driven agricultural robots was proposed. The algorithm integrated both the
geometric characteristics of the farmland and the kinematic constraints of the robot. The working area was
initially divided into a central parallel-working zone and a peripheral contour-following zone,
corresponding respectively to strip-based traversal paths and boundary-parallel strip traversal paths. The
complete path was further segmented into working and non-working paths, including center-region
connection paths, inter-region transitions, contour-parallel region transitions, and entry/exit paths. The
methodology for generating each type of path was detailed. An optimal working direction was determined
via the “long-side-first” principle for the central region, and the Warnsdorff rule was applied to optimize
the sequence of strip traversal. Dubins and Reeds — Shepp path models were introduced to enhance
continuity and feasibility during turns. Considering metrics such as path length, computation time, and
coverage rate, the algorithm was implemented on a dual-helix driven robot and tested in simulations and
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field experiments across four typical farmland types: rectangular, trapezoidal, irregular quadrilateral, and

irregular polygonal plots. Experimental results demonstrated that the proposed algorithm achieved a

coverage rate between 96.69% and 97. 80% ,

with a path overlap rate controlled within 1.77% ~

2.30% . The generated paths were continuous and boundary-safe, indicating strong execution stability

and environmental adaptability. The research result can provide a robust and adaptable path planning

solution for agricultural robots operating in complex environments, with promising engineering feasibility

and application potential.

Key words: agricultural robot; path planning; dual-helix drive; full-coverage; irregular farmland
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Tab.2 Simulation results of path planning performance across different field types

. . ﬂlﬂﬂk%@ Rk AR K/ — HEmEEE HEEEER BRESR/
K /m m % % %
Boustrophedon %2 309. 75 1 996. 59 2.905 74.30 95. 83 0. 01
1 43 DXk 7 A 219.32 2003. 95 2.951 74. 65 96. 19 0.01
ES RS 176. 99 2059. 48 2.848 81.36 98. 54 0.17
Boustrophedon 51 299. 09 1497.98 2.691 69. 68 94. 68 0.01
2 XIS 239. 37 1514.05 2.585 70. 68 95. 62 0.01
ARSI 228.13 1567.59 3.438 78.70 98.33 0.08
Boustrophedon 5.1 294. 95 1843.20 2.780 72.21 95.50 0.01
3 XAk 250. 03 1 .846. 61 2.727 72.38 95. 68 0.01
S EERCS 249. 66 1874.85 2.632 78.22 97. 14 0. 01
Boustrophedon &4 419.01 3 060. 87 3.713 78.76 96. 40 0.01
4 Sy PR 377.33 3079.22 3. 693 79.33 96. 98 0.01
ARSI 365.75 3121.03 4. 406 84. 02 98.22 0.02

FH TR0 56: R FH 1 2 AR & 8 SO e 3R sh =X L A
YEMIREF- 65 0 ZALA ALK BT &R 23. 00 ke, #5
N E WKWK R E WO R A IR R AL
(SDM8070JAL) , &l LA 211. 52 W, i th %
10.00 N-m, Fe KAEMLEEE R 0. 70 m/s, Bt & kG
J¥ RTK — GNSS & R4t , BN iR 2ZFEHI7E £2 em
DAV, B DR 2B 25 0 1) 4 TEDRG BE  FATBA F B
FMARGHFZBETA AR R 3R]
SRR E BB T th D ie . FEHI4E 2@ L CAN
SRS SRS 20 B AR R A 1 5 A
BN ARG EAR SRS TR TSN L
P AR WA 15 Fis

RIS AT FE LA N A5 0 b e Ay 42 R 4] 65
MR 5 B DX 8 5 8 3 AT XA L AT 55
RGERIC AL A Y B B AR bR LT A 1
2 KCUHT AR B S BB A TR . SR R
R P, AT FR G S 4 A LA A S AT B S i
BT NS AR A B 5 0K 5 SR, AT SE BT
Ve e B BPA 5 R 5

PR UG A B B, A FH RTK -2 S0 45038 1
B S TS R 5, 00 i B AR bR T A A R A
AE, b R B R SR P AT IR R 2 H Bh
A, AR B AR AR RS U A EHLER TR
G5, UL T AR T ARAR RS 56 55 AR R S, B EH [ 1



654 P A1 R = 4

2025 4

—

ke | AR
~— 9

//' T <m$£%%\\\
ﬁ _ P~ —a
N
=gt l
R y I
5 -«
e H.[»
R

I R

\\\ ﬁ%ﬁ%@%

- o
TCRFE A GNSSEI KL

(a) DURNEIREHLEE A

(b) 7 il b 72

BU15 XU ARSI e A L il Vi

Fig. 15 Dual-helix driven robot and its control flow

o5 07 B AT MRS IO, R FE R A R 24 R
MEE—ZHE , (Af /NS 42 R, 9 0.6 m

LY

(c) HB3

SHLEBESE W R 0.3 m, DIERRRIE — 2ok | iR
g R 16 s,

o f.'

(d) HE4

Kl 16 AL 20 5 AR A
Fig. 16  Result of generating fully covered path after algorithm processing

4.2 RWERS5HH

LS ) B H R SR 25 a0k 3 s, 5K
I % 4% 35 P I 7 25 Rk 96. 69% ~97. 80% , S E.
455L(98.52% ~99. 67% ) FA—F, X7 FEJT
FH (] P45 Hh B 2 AR 7K 4343 A AN 3 L L A
IR S 2, 93 10 2k DX ek PR 2k = B 7 sl /R
Vs T, s T w2 R — 4R T

R, MR H LA SR R 0. 01% ~
0. 17% , H.5 BT 1) 05 B 8 & Rk i L+ &=
0.01% ~0.37% , izt A2 371 A B0 0] 4 51 A g 40 K1)
W2, ML PR R S R SR

1.77% ~2.30% ,BRARIIR2ZESN, ELIFE THLEE A
TG 1) BE 0 B AR U i 22 S FH [B) S N AR 420 5 | & 1)
BV LA S B PR S S AR,

SR Y (#7810 B, 28R T3
BRAT s e AL DR 42 T i) 17 A2 S S b T 8 5 T 3
MBI TUIR STk, A S8 a4 e S
FEMV B

A M A2 4 B A SN e s O T L B e
SEPRERAE TR LA N TR AT BB IE 5 AR 5, G
ARG B S X4, S RE SR
RSP R VST U el 11 N S WSS T AN S K 2

£3 HESHEREERENIIER

Tab.3 Comparison of path planning metrics between simulation and field experiments

b —— el ERKE, Rksirfenl, HEmEZER HEEEER KRESR/
KB /m m s % % %
i & 428.27 9255.94 9.521 90. 83 99. 39 0.23
! S 442,96 9245.27 88.73 97.53 2.30
fHE 625. 44 10 282. 80 9. 609 88. 04 98.52 0.01
: S 644. 14 10 269. 95 86. 37 96. 69 1.77
i 5 261. 83 11823.10 9.014 93.43 99. 67 0.37
’ S 281. 09 11 807. 90 90. 84 97. 80 2.30
i e 737. 60 11 083. 00 9.041 89. 87 98.75 0.01
N S 765. 17 11 062. 55 88. 10 96. 84 1.79
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