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Abstract: [Objective]l An orchard navigation scheme based on multi-sensor fusion was proposed to solve the
problems of weak signal and poor positioning effect caused by tree occlusion in the GPS navigation process of
orchard robot . [Method] High-precision 3D point cloud data were collected by 16-line lidar, point cloud was

preprocessed by Voxel grid filter algorithm, point cloud density was reduced and discrete points were removed,
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fruit tree rows were clustered by Euclidian algorithm, and the straight lines of fruit tree rows were fitted by

improved random sampling consistency (RANSAC) algorithm. According to the relationship of parallel lines,

the navigation line was calculated and integrated with inertial measurement unit (IMU) for high-precision

positioning of orchard robot. Based on differential steering and pure tracking model, the goal of autonomous

navigation and automatic line wrapping of orchard robot was realized. [Result] After the data fusion of lidar

and IMU, the accurate position and pose of the robot were obtained. Compared with the deviation produced by

the least square method and the traditional RANSAC method, the lateral deviation based on density adaptive

RANSAC method was less than 0.1 m and the heading angle deviation was less than 1.5° when the robot was

operating in the orchard at the speed of 0.8 m/s. The deviations were the minimum in the three methods.

However, when the robot speed increased to 1.0 m/s, all the deviations increased obviously. [ Conclusion] The

orchard robot navigation technology based on multi-sensor fusion proposed in this paper is suitable for most

standardized orchards and has important promotion value.
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Table 1 The deviation results generated by the three algorithms under the speed of 0.8 m/s

Sk R i 22/m P EI R I i 2 /m Ft i 22/(°) IR Z/(°)
Algorithm Lateral deviation =~ Mean lateral deviation =~ Course deviation =~ Mean course deviation

LSME % 0.20 0.202 2.1 1.96
LSM algorithm 0.18 1.8

0.23 2.2

0.21 1.7

0.19 2.0
fE GERANSACH i 0.16 0.158 1.3 1.52
Traditional RANSAC algorithm 0.15 1.8

0.13 1.5

0.18 1.2

0.17 1.8
BFRANSACHVE 0.08 0.084 L5 1.34
Improved RANSAC algorithm 0.10 1.5

0.09 1.2

0.07 1.3

0.08 1.2

®2 OEE LOm/s T3 MEESENRESR
Table 2 The deviation results generated by the three algorithms under the speed of 1.0 m/s

AT 1) i 22/m P E7 88 1 i 22/ AL i 22/(°) LI i 22/(°)
Algorithm Lateral deviation =~ Mean lateral deviation ~ Course deviation =~ Mean course deviation
LSM%.2: 0.25 0.252 23 2.50
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0.23 2.4
0.24 2.7
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Traditional RANSAC algorithm 0.22 2.4
0.24 1.9
0.22 2.5
0.21 2.6
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0.08 2.1
0.13 22
0.10 2.0
4 ZEig K ZH AL S, e HE SO RANSAC 51

R bl g s BOE R IERE 8, 2
Rz [ o BT S AR T A S AR AT R s 5

ERMATRERL, RIETTELRR, HERGE
UL . I AR ER SR R LS N34T IS B 1%



5 ]

TR, & 5T B HIE M) RANSAC JEZ5 ML 3AEE N RN L AN T 107

fil, SEELREALZE AN E S0 T AR
AT AR IAT S, SCEALES N AT AR . @i i 31
bel B B N 51, T AR B RIS ATEATIEA 4 m
(1) SR el b AT 380K o B B AR ML N, B 1) i 22 AN 1SR
T 0.15 m. A 22 A5 KT 200 A FT IR 25
BRI A LL 0.8 m/s FE B 78 5 el 47 B R
B, SOk JE I RANSAC B35 7= A= A 0] fi 22 AN 8
It 0.10 m, Fila A EEE 1,500 Rk, ASCHH 1
ST VE TR AR AR PR R, RRAE R OK H AR R R I
B A KT, B R E BRI o
KNG TE AR & A7 TR I RTIE T, Bobie
TR FE LA N BIAT BE R, 3R . fla
g T T IR YNOEZ S e S i AP S )
F R RN A (10 R 501, a3 T A e A RS B, LR
NAEAEFR A0 R el 8 BB % 1E #4738

SE MK

(11 EHL, EHEF, RN, I R U R & IR R
TR D). AL, 2019(1): 109-111.

[2] LANY B, CHEN S D. Current status and trends of plant
protection UAV and its spraying technology in China[J].
International Journal of Precision Agricultural Aviation,
2018, 1(1): 1-9.

[31 GONGJL, WANG M X, ZHANG Y F, et al. Flow and
sound field analysis of agricultural ultrasonic atomizing
nozzle[J]. International Journal of Precision Agricultural
Aviation, 2019, 2(2): 32-37.

(4] ZRH, 0, (R4, 55 B R bE A HULBLR
KR JREH]. Rl &5 EH THE, 2019, 57(S1):
35-38.

[5]1 5Kig, =9, i, & LOVHU-F AR BT 5
R[], LB 2ETR, 2020, 51(4): 1-18.

(61 WRIEIE, Welw, SEi0s, &6, 5 1 S SO ROV R e
MR L R e [ AR A e AL [0]. ARk TR 24, 2021,
37(11): 315-324.

(71 XUBGR, RutdR, 252 0, 45, ARolk e o5 B REF i SR Bf

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

FIR G RGBT RAHUR, 2020, 51(1):
1-18.

7 55, G, J7 3, A ZERE RERRAS A U T VR SR
bR B FTE R[], A TRER, 2018, 34(9): 21-32.
BT, R AR RG0S K ERE]. Rk
HUBEEAR, 2020, 51(7): 1-12.

JARRZE, SO, X ZR, 45, REBLE N H 3 FHEA
W], tH5EHL S8 R, 2019, 47(3): 571-576.
R, TRAR, XS, JE T 0% &k i R B AT ) % A2
RS FH]. AQLHUIFR, 2020, 51(S2): 344-350.
TR, BT, IR, . BT IREERN 1) R AL
N B ESFMEARG SR D). Bl TREA, 2021,
50(9): 145-150.

BLOK P M, SUH H K, VAN BOHEEMEN K, et al.
Autonomous in-row navigation of an orchard robot with
a 2D LIDAR scanner and particle filter with a laser-beam
model[J]. Journal of Institute of Control, Robotics and
Systems, 2018, 24(8): 726-735.

WAL, FR. AU S ATBAR K& 73 Hr (7). Ak AL
4R, 2014, 45(9): 44-54.

N, PVEIR. FETHOC T LRI N B SN R G0
F[I]. Wtk E, 2019, 40(11): 182-186.

ZHANG H F, HONG Y, QIU J L. An off-policy least
square algorithms with eligibility trace based on import-
ance reweighting[J]. Cluster Computing, 2017, 20(4):
3475-3487.

FOTOUHI M, HEKMATIAN H, KASHANI-NEZHAD
M A, et al. SC-RANSAC: Spatial consistency on
RANSACIJ]. Multimedia Tools and Applications, 2019,
78(7): 9429-9461.

SANGAPPA H K, RAMAKRISHNAN K R. A probabil-
istic analysis of a common RANSAC heuristic[J]. Ma-
chine Vision and Applications, 2019, 30(1): 71-89.
skAeng, EEM, Bk, 5 BT o Aa B A I R
WL A% IR R S0 T (0], Al WL 4%, 2020, 51(9):
18-25.

[FRfEHRE F0t]


http://dx.doi.org/10.6041/j.issn.1000-1298.2020.04.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2021.11.036
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.01.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.09.003
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.S2.040
http://dx.doi.org/10.3969/j.issn.1009-9492.2021.09.038
http://dx.doi.org/10.5302/J.ICROS.2018.0078
http://dx.doi.org/10.5302/J.ICROS.2018.0078
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.09.008
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.09.008
http://dx.doi.org/10.1007/s10586-017-1165-0
http://dx.doi.org/10.1007/s11042-018-6475-6
http://dx.doi.org/10.1007/s00138-018-0973-4
http://dx.doi.org/10.1007/s00138-018-0973-4
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.09.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.04.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2021.11.036
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.01.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.09.003
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.S2.040
http://dx.doi.org/10.3969/j.issn.1009-9492.2021.09.038
http://dx.doi.org/10.5302/J.ICROS.2018.0078
http://dx.doi.org/10.5302/J.ICROS.2018.0078
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.09.008
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.09.008
http://dx.doi.org/10.1007/s10586-017-1165-0
http://dx.doi.org/10.1007/s11042-018-6475-6
http://dx.doi.org/10.1007/s00138-018-0973-4
http://dx.doi.org/10.1007/s00138-018-0973-4
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.09.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.04.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2021.11.036
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.04.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2021.11.036
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.01.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.09.003
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.S2.040
http://dx.doi.org/10.3969/j.issn.1009-9492.2021.09.038
http://dx.doi.org/10.5302/J.ICROS.2018.0078
http://dx.doi.org/10.5302/J.ICROS.2018.0078
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.09.008
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.09.008
http://dx.doi.org/10.1007/s10586-017-1165-0
http://dx.doi.org/10.1007/s11042-018-6475-6
http://dx.doi.org/10.1007/s00138-018-0973-4
http://dx.doi.org/10.1007/s00138-018-0973-4
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.09.002
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.01.001
http://dx.doi.org/10.11975/j.issn.1002-6819.2018.09.003
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.07.001
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.S2.040
http://dx.doi.org/10.3969/j.issn.1009-9492.2021.09.038
http://dx.doi.org/10.5302/J.ICROS.2018.0078
http://dx.doi.org/10.5302/J.ICROS.2018.0078
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.09.008
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.09.008
http://dx.doi.org/10.1007/s10586-017-1165-0
http://dx.doi.org/10.1007/s11042-018-6475-6
http://dx.doi.org/10.1007/s00138-018-0973-4
http://dx.doi.org/10.1007/s00138-018-0973-4
http://dx.doi.org/10.6041/j.issn.1000-1298.2020.09.002

	1 果园导航方法
	1.1 果树行内直线行驶
	1.2 行末换行策略

	2 运动控制
	2.1 基本运动模型
	2.2 融合定位
	2.3 轨迹跟踪
	2.4 路径跟踪仿真结果分析

	3 试验验证及结果
	3.1 硬件系统组成
	3.2 试验方案
	3.3 试验结果

	4 结论

