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Fig.1 Path planning workflow for unmanned agricultural machine
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Fig.2 Path planning process for unmanned agricultural machine
D TMEMBEE X E R 25 BRIV R AR IR~ AT 1 LW
FOR, HSERTHLIGIAT T AL SR 5, Bl W 2, "
A} L= >, A B A Sy turn
) 9 AT IAAE VYA s B A R A B die KBE Y, A B w

TIRNELEEEZX, WA 2a.
2) X SARALIX 93 o AR AR T w AL 25 2
& r WERKX K E wam, K (1D .

BEMA A RAL T 7 280 TE ARSI X AR R 7
18173 2 A58 BE A W (R PAT PHIL AT e S X (I 2b)
3) kst El. AB ZREEAAEAL . IT 1Rl 2%



16 1

BIREE: T NEHRNLE AR AR5 3

i BREASHIE IE Se VAl X BEAT VR ML 2% i 0 1, AR B
W EL—RIRRE A L (B 20 o FRMLAEATT T
SENTT I, SER R TE, DL IR 5 A B X
PATILONER IR T AT IERE, meA S MR
DXl 2% 70 1 o

4) PRI AR (B 2d) o BRSPS g
PR ARk 2ty T 2RBR G SRS i 5
NATRFRRHZ AN, P g — 42, A3
BEASPISEAT SRS AL ER & 5 SRR 12 . BRASIIANE
A2 ER G, LK 3.

a0l 3a, AL AR P RS AR S R AT R T
5E SEE I ARAHBE M 1% 5 70 3 g AN gos HE1ENL 2R
qe XI5 NG 2 MBI ST B, ST B S
ATIMGEAT HEA R SRAT B 2R i S ks 22 A
W2 g AR, EEKBIEEYIRTE S 5 BN RIL EL
LA Ly, B G RV IR g, AT RISAT HEBUI M
it 15, Pog M1 Poy SRAT IHERTT 2009 “ X7 A1 “HI-2-31”
A, Wl 3b A 3¢, SeATHIZIE MR SHE T -
EAT TS da K, 4 do<2r B, GHATHIZA “XN”
A 2 MHVIIALR, 2 da>2r i, ST IZBON
“OR-Ze-gR” T, H 2 A 4 S5 B IRIE L B AL

5) fRlkskit it b i 2wl B AR ELER, R A
PRMb s s el R L 26 HEAT R (I 2e) o DAE
M BRFE L KON F AR, Mg A B Sk BR AR ) Sk, 22
SRARGBMFARAL 4y U JEAR K, A& 4R b
LRI AT 2r, HBORVR IR 58 IO BE RS, BRIER
P X B AT AR ML AR S CREAT 1l 2 7 i el 5 9k et . X
PRV ARG T A LS BN Noperare) 1739 Notocks
AT XA 1 A4 X B

5E SRR T X B HON nyoao 1530 (2) THEE:

_ Myjock
q; =

\‘ k J nblock +((k mOd nblock +1)m0d 2X’7nb;mk —I + \‘k mO(; nblock JJ’

9. Gy

et

b. SIRTESEAT Hh 25

b. Double arc detouring curve

c. P-Z-IUBLGAT M2k

c. Arc-line-arc detouring curve

a. LTSRS

a. Detour strategy
W qePer NHTEAENB s PorPor AT E ST B ZR ;s PogPoy NEAT HZL: PP
NIFBGATHRB: Poge NEBIEN; L ARSI BARRIAL: L, Nk
e BRPRILEL: da NEATHE, m.
Note: g.tPer is the front operation section; PPy is the front detour curve section;
PPy, is the detour straight section; Py Py is the rear detour curve section; Pepgeb
is the rear operation section; L is the front limit edge of the obstacle; Ly, is the
rear limit edge of the obstacle; d.; is the detour width, m.
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Fig.3 Processing method of obstacle strips involving obstacles
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Table 1 Basic instruction on operation path
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Table 2 Mapping points of field outline and obstacles in simulation tests

BB Vet JEEA i i 7R
Surveying data type Point name Latitude/ (°)  Longitude / (°)
b B R I 225 s B 0 39.530 89 116.291
e 1 39.532 64 116.290 9
Plot contour 2 39.532 77 116.287 7
surveying point data 3 39.530 87 116.287 8
TR 42 S 01 L1380 39.53238 116.290 2
Obstacle surveying 01 L2360 39.531 33 116.290 3
point data
T BEISIILE SAAFR “01 L 13807 H1, “017 FoRBERIF 5 N 01; “L’

ORI RN R i3 “380” £
INER BRI EA 95 29 380 cm

Note: In the point name “01 L 1 380” of the obstacle surveying point data: “01”

“17 FoREISMH A SN

means the obstacle serial No. is 01; “L” means the obstacle type is a line obstacle;

“1” means the serial No. of the point in the obstacle is 1; “380” means the width
of the line obstacle is 380 cm.
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Table 3 Operation parameters

Awn | ERE A (R HEER
Test No. Star'tmg Operat_lon Op_eratlon Tufmng
point direction width/m radius/m
1 1 2—3 2.6 53
2 1 2—3 3.6 53
3 1 2—3 2.6 4.1
4 2 2—3 2.6 5.3
5 1 1-0 2.6 5.3

s AT 1A T —A R S — A s 5

Note: The operation direction is the direction from the former to the latter.
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Fig.4 Operation path planning results in simulation test 1
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Table 4 Simulation test results

e - /E{ }é‘ (=] {=] (=]
. Operation Total  Operation Operation
Test Operation . . : .
Method > arearatio distance/ distance/  distance
No. area’hm .
/% m m ratio/%
1 a 5.03 90.3 21921 19 361 88.3
b 4.45 79.8 21667 17 125 79.0
2 a 5.13 91.2 15879 14 128 89.0
b 4.48 80.4 15 654 12 449 79.5
3 a 5.03 90.3 21496 19 365 90.0
b 4.59 82.4 21222 17 674 83.3
4 a 5.07 91.0 21928 19 506 89.0
b 4.49 80.5 21674 17270 79.7
5 a 5.07 90.9 21916 19 494 88.9
b 4.49 80.5 21 662 17 257 79.7

I a AXKIREITIE: b A%, EERRIENLERE S “/Rlk” e
KR S BRR IR A U R B RE s AR LTI AR =R BR R AR Mg 98, AT
BRI 2 m B 505G Rkt te=rEl A e i ARk isfe b=
Pk R AR S B F

Note: a is the block circle method; b is the adjacent method; the operating
distance refers to the length of the path with the implement state as “operating”;
the total distance refers to the total length of the generated path; operating area =
operating distance X operating width, with the total area obtained by the polygon
area calculation method; operating area ratio = operating area/total area;
operating distance ratio = operating distance/total distance.
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b. Corn planting operation
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Fig.5 Unmanned driving agricultural machinery and corn
planting operation
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Table 5 Mapping points of field outline in field tests

P14 K Point name 251 Latitude/(°) 2 % Longitude/(°)
0 39.530 92 116.288 7
1 39.53271 116.288 7
2 39.5327 116.287 8
3 39.53091 116.287 8
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Fig.6 The planned path and the actual path in the field test
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a. Box plot of the lateral deviation of each strip in the field
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Fig.7 The lateral deviations in the field test
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Autonomous operation path planning method for unmanned
agricultural machinery

Zhai Weixin', Wang Dongxu®?, Chen Zhibo', Dong Liang’, Zhao Xin', Wu Caicong**
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China; 2. Institute of Computer
Application Technology, Norinco Group, Beijing 100089, China)

Abstract: This study aims to meet the application requirements of unmanned driving and autonomous operation in agricultural
machinery, particularly for better adaptability of quadrilateral farmland. A path planning was also designed to implement the
farmland operation using unmanned agricultural machinery. AB line operation mode was selected to generate executable paths
with speed and implement state instructions. Two parts were composed of farmland information processing and path planning.
The farmland information processing module was used to process the surveying point data in land contour and obstacles.
Among them, one data processing was for land contour surveying and mapping points, and another for obstacle surveying and
mapping points. The former was used to extract the longitude and latitude fields of original position data, and then convert
them into Universal Transverse Mercator (UTM) coordinates. The latter was utilized to convert the point and line obstacles
generated by surveying and mapping into the unified obstacle polygonal contour data for the subsequent path planning. Next,
the operating parameters were defined by the user in the path planning module, including the operating direction, operating
width, turning radius, and starting position. The sub-modules were also constructed, such as unmanned operation trapezoidal
area generation, turning and operation area division, operation strip segmentation, obstacle strip processing, strip routing
planning, turning, and final path generation. The research methods were as follows: (1) In the sub-module of unmanned
operation trapezoidal area generation, the operation direction was taken as the parallel side to construct a trapezoidal area
suitable for unmanned operation in the quadrilateral land. (2) In the sub-module of turning and operation area division, the
width of the turning area was set, according to the operating width and turning radius. Then, 2 parallelogram turning and 1
operation area were generated inside the unmanned operation trapezoidal areas. (3) In the sub-module of operation strip
segmentation, the operating direction was taken as the strip direction, while, the operating width as the strip width, in order to
complete the strip dividing of the entire operation areas. (4) In the sub-module of obstacle strip processing, the operation line
was cut to intersect with the obstacle polygon back and forth, and thereby to construct a detour path composed of arcs and line
segments. (5) In the sub-module of strip routing planning, the operation strips were sorted in order. All the strips were divided
into the blocks with constructing units, while, the strip selection was designed for different operating sequences to achieve
better orderly operation strips. (6) In the sub-module of turning path generation, a U-shaped turning path was generated in the
form of "arc-line-arc" using the adjacent sequence of operation strips and turning radius. (7) In the sub-module of final path
generation, the final path was realized by adding speed instructions and implement state instructions at the path points. The
final path was thus executed in the unmanned agricultural machine. Simulation tests show that the proposed method was
suitable for different quadrilateral farmland and obstacles. The operation area ratio and distance ratio increased by 10.0% and
8.8%, respectively, compared with the adjacent. Field tests show that the mean value and standard deviation for the lateral
deviations of agricultural unmanned driving and autonomous operation were 0.002 m to the left and 0.027 m, respectively.
Consequently, the generated path can meet the requirements of unmanned and autonomous operation in agricultural machinery.
The finding can provide a complete path planning for unmanned agricultural machinery with the high adaptability of farmland
and operating parameters for higher production efficiency.

Keywords: agricultural machinery; automatic driving; autonomous operation; path planning
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