I RS
2026 4F 2 A

B RE AL Al 2 F < i O 98 30)

Journal of Intelligent Agricultural Mechanization

Vol. 7 No. 1
February, 2026

DOI: 10.12398/}.issn.2096-7217.2026.01.004

EFMEMAS GNSS MERRBNEA B LS
R 4igit Stk

AR, Bz, RWMAE, Zam, et i HELY

(1. PHAL MBI F R 2APU S B F TR, BEvi %, 7121005
2. BRVE A Al 2 5 TARF AR BFFE o0 , BePE 4% %, 712100)

T P AR O R 3 B SR A ™ [ T 2 55 8 0 BAS L TR 1145 R A48 A 7 5 A 18 AR Ml FH T 55K R 4 ) 51 el 1
b i B A B RE AL B E RO BRI RO R I B R ER B X A v A R AR T A 3 R B PR L I S B — el
TR LR (GNSS) SMIER& S A S ARG ZRGR M v i 20R 8, 4 AT Fe Al 5 A 3)
Fem A . ORI R G B AR T S h & D RE T 4R T — Rl T R A s \GNSS RS AR G 25 S S
B S A X 3 2 DD S, SE B E TS GNSS S 2 1) 1Y 3l 25 5 48t (7 HLRE % i A S TR] AR . DXCIORT S SR B2 9
R TEBRAR AN T AT 45 A R EUEAT RIS = D ZE IR 4R A 4 5 T UL AR - AT ) B AR e O P R D
W T RS LA S BT P 2 M Sk AR e SR P LA 2 i A D 2 R il R B, AR AL AT 5% 25 B A2, 02D T
ARATRREEES o ARG 45 R R, AR GETE A A A7 B 3T 4% 90 B i G 2 B AR BRI fme /MR 1) 4 22 4 0. 052 ms 3t Sk 4 A o
B WU AT 5 85 — A7 S0P 24 4 22 205510 29 0. 052 m 5 0. 066 m, ## I SEBRAFM KT BE 2R o Z% bk, WF 90 $2 0 0 A R 4t HAT
B B BRI T I A 5 S O B, by 2R Bl 1 sl AR ol e A Y TR P R P R BT ) S A

R ERIA AT A MU AT AR AR LRI s SRR AR AL 5 bR AL SR el 5 S A X 2l 25 1) 460 3R g
HESES:S224.3 X ERARIRAD : A XEHS:2096-7217 (2026) 01-0031-12

AR, WS, B e, TR, PRFE, PR . & TGRS 5 GNSS B3 R HLas A [ E SR S v 5k T].
e AN e &R (2 30), 2026, 7(1): 31—42
WEN Shiwei, GE Yahao, JIA Jionglong, WEI Naishuo, CHEN Yu, CHEN Jun. Design and experiment of autonomous

navigation system for apple picking robot based on visual fusion and GNSS [J]. Journal of Intelligent Agricultural

Mechanization, 2026, 7(1): 31—42

0 35l

B T BN S 8 Al R 5 R 55 3 b i
SRR SRy 3 AR T AR B T R R e Y 2R R AN, K
A 5 SRA X ) BEAHR AR SR A LA A
PR e B35 (BSR4 55 4R 20 A -5 B ek 8 4 X0 {5 5
R E L HA TR TR RS RN ARENE
Bk 5 LR BE . AR IR A R R T S R
SGREMNA ST B, Sl T A L
A ALSE 5 4Bk TR 3T &R 48 (global navigation satellite
system, GNSS) (i Jg 7 AR E AL N ARG 2 T
B AR TR AT R A D R Sk 7 1 ki R e ] S IR
BEAT E] 0 o S 0 S R el 2R T —F
fil GNSS 5 B0t LR T A 5 A ke B SR W L SR T

il 1

W H W . 2025-06-13 101 H 18 : 2025-07-27

ICP(GICP) Bk R4k i 7 RS B, 45 & PID B4R R R
N T3k S Bh A5 B . 1% 2R 46 fie KM [l i 25 AN 8
i 8 em, F w22 EHIAE 3 em AN, H &8 & 0 T
KGR o SR, AR AIF 5% 45 v SR el )= 3 AR 1 LR, L
7 b Sk B 1] BR T K 8 S B0 TR X 0 B s B 4 ) DL
T A b 3 S5 ) i b

R, 25 GNSS 5 W 1% R A5 A2 A ) 3 50 19 )8k
AR A T — RS TS R AL AN S 4
SRRy o IR, BT T — A 3 AR X S sh 2
PO I LA D S AL, 5 PRI 2§ A AE SR el 17 18] 5 1
S ) S5 Z MR S T S BUER E B T

1 REBZAL
e Jay T i B AR S AR 2R el e A X R S AR L

FEA T H BV B HORT I H (32272001) ; B K & e B & 0150 H T8 (2022YFD1900304)
S — AR AL, B3, 2000 4F A IS KB 8358 A s F 98 O 1) R B R Al 2 4 i S5 45l . E-mail: wsw142301@nwafu.edu.cn
PR EMER PR B 1970 A4, 7 B I WA 808 S 0ROy 1) R R AR I 2 % % 1T 5 3%l . E-mail: chenjun_jdxy@nwsuaf.edu.cn



32 B RE AL AR L2 A 2 4l (R IS0

SR IT R 1) e A B R L LA 4 AR AL AR B B
w5 EE . N E R R LA A &
Jr A LA A RSP L BRI R B AR A IR 4
B LA R R R AE A5 B0 3 B2 1 5 5 S G il
T

BT I, AW R 0 & AR LR T L LA 3
A (D ESERFHLEE AL T HEA A, R %
JEAN LT LR 0 5 (2) 32 B 50 8 4 XU 45 0 54 1)
e A2 R Bl A7 RR ), AL A N FE AT 5 e ) 2
AR — AT AT 5 (3) LA A #5280 10 SR Al L AWCREF Sy il £
i, BRIt g — AR AT 20 00 R AT R S AR Al A S
KAl
1.1 REMEHE

TETF J 42 Jmy i A% FL R AT, 75 A8 el 2R el 5 e b &1 482
R LAAR S (B A7 JR 15 B 5 GRS 80, AR B A
VR BRI R RS S AR S 0 TR T AR
S T A Al X3 P X S o7 B AT R R AR IR AR B — AT
173k ATARFEE 4747 W B R AL S P, P, AP, I
it b Sk G BERIAT IR AF A 20 S8k, AR BOR e 5 A oA B
W A 2 (B 5 B o TR AT S 0 A0 ARk i A DL K
BLER ANAE MG B+ A0 Al DX B30 B R A7 6
5 2 A5 2R 1 S el b (RIS AR
1.2 RAETHREMRFZ

B AR IR S S R G R MR R B
Wi AT 6 AR B 0 % B 0 9 SRR il ML A oMl AR P B 2R
Gl 1) AR A 2, B 1 T — s 1 o Al SR e i 2 X
EAT AR R T e R TR o %07 I A R %
R A U S AR RISk 18] 4R R
B, DR R SR B A 15 R T R0 R A AN R 0] 2R el
78

IR el %A A0 6 47 T (6 A0 R M S A 7 B AR R
O o A Ik e TE M Sk 5] 42 R 0 I R R AR L A
R TR BT AR R R IR LSS 11T R
WG RARAT  HLES AR AT HE 7 1] SR 47l 20 2R 552 5 B3k 47
KI5, HHEEE 1 A7 0 A SR 347, 300 1) SRR A 0 SR 5 4k
SE LIy R AT 0 S S AT, 3 ) SR A S RS 5
BCR A e, HLAS NP R 34T AR RS 14T, R4 A )
S5 B S R U B 3 AT VAR SAT , SR Ak X A AR
— MRS SE LA BT S L LR N R 24T B 2
AT, R 20 M0 R 52 e 28 RIS AR Tk o AR 5 A T R A AT
%5 SRBIXT1.3.5.2.4 .6 FF RTINS AE

Z DT ANAL S BT S Bl X3 ) T 3t U R A,
B AR T b Sk 450 42 98 B B A SR WD T AR TR L BT
TR R, 25 1 b A R AR R R ATk — 2P
0 Ak R A7 T %A R R g Sk AR R, AR SORE 7 S 2

2026 4F
R 3 ) SR JE R AR
J
WA | P S fbu
A A A
BT T~
> SR
Hhd
PLEEA T
o o 0 0 PR S it O o ) SR o
P et l_. il

P —
Bl REAXRETBENYTEE
Figure 1 Orchard path planning diagram
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Figure 2 Data acquisition process between rows of fruit trees
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Figure 3 Original point cloud data and ROI extraction results
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Figure 4  Ground point cloud removal results
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Figure 5 Downsampling processing and point cloud

statistical filtering
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Figure 6 Navigation line extraction results
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Bessel curve
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Figure 8 Slope transition trajectory
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Figure 9 Comparison of curvature changes
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Figure 10  Changes in the number of point clouds
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Figure 11 Navigation path switching algorithm flow chart
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Figure 17 Working principle of electronic control system
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Table 3 Path tracking test data results
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Table 4 Transverse error table
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Design and experiment of autonomous navigation

system for apple picking robot based on visual fusion
and GNSS

WEN Shiwei', GE Yahao', JIA Jionglong', WEI Naishuo’,
CHEN Yu" ?, CHEN Jun"*

(1. Northwest A & F University College of Mechanical and Electronic Engineering, Yangling 712100, China;
2. Shaanxi Provincial Agricultural Equipment Engineering Technology Research Center, Yangling 712100, China)

Abstract: As one of the world leading apple producers, China is facing increasing agricultural labor shortages caused by rising
labor costs and demographic shifts. Promoting the automation and intelligent transformation of orchard operations has become
a key factor in improving agricultural efficiency. In response to the standardized cultivation patterns of modern apple orchards,
this study designs and implements an autonomous navigation system based on the fusion of Global Navigation Satellite System
(GNSS) and vision-based navigation. The system is built on an Ackermann-steering chassis and integrates a front-wheel
angle detection module and automatic steering control. To enhance the system adaptability in complex orchard environments,
a dynamic navigation mode switching strategy is proposed, which relies on key parameters such as point cloud data quality,
GNSS positioning accuracy, and path deviation. This enables intelligent switching between GNSS and vision-based
navigation modes, allowing the system to meet varying accuracy requirements across different operational areas. In terms of
path planning, a full-coverage navigation strategy is developed by combining a shuttle-style inter-row pattern with third-order
Bézier curves. Inter-row paths are extracted by filtering, down sampling, and linearly fitting the stereo vision point cloud to
determine the navigation centerline. Headland turning paths are generated based on orchard geometry parameters using Bézier
curves, optimizing turning maneuvers and reducing unnecessary travel. Field tests demonstrate that the system achieves high-
precision path tracking at various travel speeds, with a minimum lateral deviation of 0. 052 meters. During headland turning,
the average navigation deviations for two-row and single-row crossings are 0. 052 meters and 0. 066 meters, respectively,
meeting the accuracy requirements of practical orchard operations. In conclusion, the proposed navigation system
demonstrates strong environmental adaptability and navigation precision, providing solid technical support for the engineering
application of automated orchard equipment.

Keywords: vision-based fusion navigation; shuttle coverage global path planning; apple harvesting robot; standardized

orchard ; dynamic navigation mode switching strategy
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