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Path Planning of Rapeseed Combine Seeder in Field of Convex Boundary
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Abstract; Aiming to automatic guidance operation of the combined direct seeding unit for rapeseed in the
scene of unmanned farm, a generally applicable path planning algorithm for rapeseed direct seeding
operation in convex polygon boundary field was put forward. Based on the basic requirements of path
planning algorithm for rapeseed direct seeding operation, the operation area was divided into internal
direction parallel operation area and external contour parallel operation area, which were called direction
parallel operation path and contour parallel operation path. The operation path was further divided into
working path and non-working path,

and the generated principles of the latter, including interline

connection path, area connection path, corner connection path, entry path and exit path were introduced
in detail. The optimal operation direction of the direction parallel path was obtained by minimum span
method, and the operation sequence of the direction parallel path was optimized by greedy algorithm or

Google OR — Tools.

repeated and missed area,

Considering the complete length of operation path, algorithm time consuming,
aiming at the no-tillage or rotary tillage seeding operation of the combined
taking Dongfanghong — LX804 tractor + 2BFQ — 6 no-tillage direct

seeder and other units as the object,

direct seeding unit for rapeseed,
the performance of algorithm was tested in four convex polygon
boundary fields with different operation parameters, ground turning strategies and scheduling strategies.
The test results showed that the coverage of rapeseed was more than or equal to 95. 14% , the repeat rate
was less than or equal to 2. 63% , and the percentage of effective working path was more than or equal to
57.39% , the algorithm took time less than or equal to 8 003 ms,
and satisfied the basic requirements of path planning for rape direct seeding operation.
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which was proved stable and efficient,

rapeseed ; combine direct seeder; automatic guidance; path planning; unmanned farming
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Fig.2 Difference of working path between two

different tillage methods
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Fig.3 Schematic of Ackerman steering principle
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Fig. 10 Screenshots of some calculation example results in small convex polygon boundary fields
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SEAT 20T A B AR B 22 k0N B R P AT XA T
VR A2 AR B 515 47 1 2 AR L 50 4 1 4 B AR
FR 385 o L {91 e e G P A DX AT Ak T AR B AR B
Fe ], A7 R AR A ot LE Bl =2 98/ 5 il T 495 A 1 4
B AR TR WS £ 3008 H B T B0k L 491 48
5 A T 0 AR A R KB o e O K n L e 1)
Reohn, MRS T AT 1) B B8 157 £ B AR O 18] °F- AT B AR
Z 0] R 4 U RO D e B, A b A TR S B AR
[ D] 488 U 0 s 5 [ I 495 A0 16 4 5 B AT A
i AR 2 B B o R A 2, B PL A BT ARk R
.

XFF 6] — M T # []—HL 4, OR — Tools 4%
TER M O T A BT AR B8 AR & e O A
T oA E AR TR BN O, T 2 R AL T AR
ER AL PERESE AL, H AR /NS 2, I (45
VeI o A, SR FE R 963 ~ 8 003 ms, £ U
WA R UL T BT R R R A R E .



40

| 1 R A= S 20224

4

(2) X 5 b AL 2H 9 A7 1 B 0y F00 X 25 2R 3R B,
B A H A DL R R M R R 95.14% ~

&t

(DXL RGP H 2B m A 98.54% ,FFFHR 1.05% ~2.63% , A5 TAEHAe b

R 1) R, AR 00 156 2 4 A LA b R A5 A A ] AR 408 S It 57.39% ~80.86% , A [al AR 25 % 42 ] U1 46 221 ~
P OMUE 5% FE 0 10 22 5, B U ARO[ A AR B A 458 Wk, BHAR AL I K 2 888,31 ~ 12 477. 62 s, 53k
SRl A O LU e R B 0 R A T R R o FEIF 963 ~8 003 ms, iff /£ Al AR 77 2K

[1]

[2]

[4]

(5]

[6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

& % x Wt

EFH BB, B, ARV PUMUR S EARTT AR S RE[T]. b UM% ,2021,52(8) 11 - 15.
WANG Weiwei, CHEN Liqing, YANG Yang,et al. Development and prospect of agricultural machinery chassis technology[ J].
Transactions of the Chinese Society for Agricultural Machinery,2021,52(8) :1 - 15. (in Chinese)
XUH R AR , 4% 2 I, 45 ARl 2 o B RE I ) BOR AT S BUR 5 R SR [T]. AR HUBC R, 2020,51(1) :1 - 18.
LIU Chengliang, LIN Hongzhen, LI Yanming,et al. Analysis on status and development trend of intelligent control technology for
agricultural equipment[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(1) :1 —18. (in Chinese)
A AT A R ST R R ()] A MUBRSE 202051 (7) ¢ - 12
LI Daoliang,LI Zhen. System analysis and development prospect of unmanned farming[ J]. Transactions of the Chinese Society
for Agricultural Machinery,2020,51(7) :1 —12. (in Chinese)
B/NG AR, T 408, 5. TR0 AP R AR Bl 4 75 1) AT B AR R AL LT 1. A v Al R 24240, 2014, 33(4) ¢
130 - 136.
HUANG Xiaomao,FU Zhengkun,DING Youchun,et al. Optimization of directional parallel path sorting of agricultural machinery
operation under rectangular boundary conditions[ J]. Journal of Huazhong Agricultural University,2014, 33(4) ;130 — 136. (in
Chinese)
TREG  BERRSC, B/NE A DR HHTR Il SIS O L 4 B T A M B AR MR B vk [T ] Rk AR A 4, 2021,37(9)
140 - 148.
LUO Chengming,XIONG Chenwen, HUANG Xiaomao, et al. Coverage operation path planning algorithms for the rape combine
harvester in quadrilateral fields[ J]. Transactions of the CSAE,2021,37(9) :140 - 148. (in Chinese)
JAR AT A B . AR LA T A B A R R BT 5 kR [ 1] ARl ML 4 ,2021,52.(9) <1 - 14,
ZHOU Jun, HE Yonggiang. Research progress on navigation path planning of agricultural machinery[J]. Transactions of the
Chinese Society for Agricultural Machinery,2021,52(9) :1 - 14. (in Chinese)
OKSANEN T, VISALA A. Coverage path planning algorithms for agricultural field machines[J]. Journal of Field Robotics,
2009, 26(8): 651 —668.
OKSANEN T, VISALA A. Path planning algorithms for agricultural machines[ J]. Agricultural Engineering International: the
CIGR Ejournal, 2007, 9(7) :1 - 19.
HAMEED I A, BOCHTIS D D, SORENSEN C G. Driving angle and track sequence optimization for operational path planning
using genetic algorithms[ J]. Journal of Applied Engineering in Agriculture,2011, 27(6) : 1077 - 1086.
SPEKKEN M, DE BRUIN S. Optimized routing on agricultural fields by minimizing maneuvering and servicing time [ J].
Precision Agriculture,2013,14(2) .183 - 197.
JESUS C M, GONZALO P, ANGELA R. Mix-opt: a new route operator for optimal coverage path planning for a fleet in an
agricultural environment[ J]. Expert Systems with Applications, 2016, 54 :364 - 378.
SEYYEDHASANI H,DVORAK J S. Using the vehicle routing problem to reduce field completion times with multiple machines
[J]. Comuters and Electronics in Agriculture,2017,134:142 - 150.
AMALIA U, TORSTEN R, AMIR H A. Optimisation of agricultural routing planning in field logistics with evolutionary hybrid
neighbourhood search[ J]. Biosystems Engineering, 2019, 184 .166 — 180.
AR RS REIN, 5. ZE T HLE I B9 R KRR G 25 REAEWAT RN B R R G LB T]. 4l T2 24,2015,
31(7) .47 -52.
DIAO Zhihua,ZHAO Mingzhen, SONG Yinmao, et al. Crop line recognition algorithm and realization in precision pesticide
system based on machine vision[ J|. Transactions of the CSAE,2015,31(7) :47 —=52. (iin Chinese)
B, B B30, R L, A B T LA RLBE 04 bk B AL R R R S A k[T ] ol TR 2R, 2013,29(10) ¢
12 - 18.
KHENBRRET, T 24, 45 KRS WA ol WL 56 S A R AR SR IO R [T ] AL AL 27 312 ,2020,51 (1) :19 - 28.
GUAN Zhuohuai, CHEN Keyin, DING Youchun, et al. Visual navigation path extraction method in rice harvesting[J].
Transactions of the Chinese Society for Agricultural Machinery,2020,51(1) :19 —28. (in Chinese)
MGk, B 2%, IRSHAD Ali Mari, &5, JeF = F A5 09 B 325 0048 B A1 47 309030 B0 7 i KOs [T]. Al T
R, 2018, 34(19) .48 - 53.
TIAN Guangzhao, GU Baoxing, IRSHAD A M, et al. Traveling trajectory prediction method and experiment of autonomous
navigation tractor based on trinocular vision[ J]. Transactions of the CSAE,2018,34(19) :48 —53. (iin Chinese)
(#5150 TT)



150 VS AN VI =R 14 20224

[21] vemuhle. Wiy M. Ll [ oK% it , 1996.

[22] LIUMZ, LICH, ZHANG Y B, et al. Semi-theoretical analyses on mechanical performance of flexible-belt shearine extrusion
walnut shell crushing[ J]. Applied Engineering in Agriculture, 2016, 32(4) . 459 - 467.

(23] s, WiscEbe[M]. dest: R AL, 1981,

[24] oM, BRI, B30A. PUMRE[M]. Jb5T. &4 %0E A, 2013.

[25] JMwAE, E30W], 200, & MR EATUR S KRR M B R B R 5 IR [ T]. PR 2, 2018, 49(1)
77 -85.
ZHOU Fujun, WANG Wenming, LI Xiaoli, et al. Design and experiment of cam rocker swing intra-row weeding device for
maize[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(1) . 77 —85. (in Chinese)

[26] SREM, XA, XU, 5. MR BUCHLA R S SC e [T]. RALEESE, 2014,36(4) : 132 - 136.

ZHANG Yanbin, LIU Yang, LIU Mingzheng, et al. Design and experimental study of a walnut decorticating and kernel taking
out machine[ J]. Journal of Agricultural Mechanization Research, 2014 ,36(4) : 132 = 136. (in Chinese)

(E#E 40 1)

[18]

[19]

[20]

(21]

[22]

[23]
[24]

[25]

Xk — RLfF 0, 5RAT, 45 55T GNSS/MIMU/DR B9 RV AU A & S AU 2 7 1 [T ] ARk ML 41,2016, 47 (3 1)) -
1-7.

LIU Jinyi,DU Yuefeng, ZHANG Shuo,et al. Automatic navigation method for agricultural machinery based on GNSS/MIMU/
DR information fusion [ J]. Transactions of the Chinese Society for Agricultural Machinery,2016,47 (Supp.): 1 = 7. (in
Chinese)

I JHE - T 7 A0 1] 92 £ 3 e i A 2 R R A AR [ D] BT . R WA B TR 24,2012,

LIU Ya. Path generation and optimization of obstacle avoidance based on visibility graph[ D ]. Kunming: Kunming University of
Science and Technology,2012. (in Chinese)

WA X, AR AR R EAE LU B AR UL AL T 1 [ T]. A MU 2 4 ,2012,43(6) 1147 - 152.

MENG Zhijun, LIU Hui, WANG Hua,et al. Optimization method of field operation machinery path[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2012, 43(6): 147 —152. (in Chinese)

EAY BT R RN, S B S0 AUHE B AIL TR Y B AR MR 5 R RS [T ] AR BLAR AT 5T ,2017,39(2) 242 - 245.
WANG Jianbo,ZHAO Yuqin,ZHU Chenhui, et al. Field-work path planning for tractor with automatic navigation and practical
application[ J]. Journal of Agricultural Mechanization Research,2017,39(2) :242 —245. (in Chinese)

RAEIT 5 5B, AR T SRy [ AT R B B AR AR B S (] BLARBE T 5 3 ,2020(3) 110 - 113,

ZHU Yakun, KOU Ziming, LI Junfei. Research on turning path of parallel operation of tractor [ J ]. Machinery Design &
Manufacture ,2020(3) :110 —113. (in Chinese)

WL, 2R S THEEALIEITE 24 [ M ] R AR Rl 24 i R AL 2009,

BB A 20 0 AR LR R RS [ D] i I K A% ,2018.

HUANG Qi. Research on path planning method for tracked unmanned vehicles [ D ]. Wuhan: Wuhan University,2018. (in
Chinese)

LI Y,CHEN H,MENG J E et al. Coverage path planning for UAVs based on enhanced exact cellular decomposition method
[J]. Mechatronics,2011,21(5) ;876 —885.



