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Figure 1 U-Net network segmentation effect diagram
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Figure 4 Apple picking patterns of a flexible three-fingered

end-effector
TE 2635 SRR 1 U5 10

I Z T, 1R IS8 B o T 4% e F R 15 2R 52
FRPE M IS FCME DR AL . S AR 3D il B A% 2% i il
AR A AR PTCIBCAT T b g I P 42 ik g A28, g o ol S B
IrRAERY (AL A% AR e PR SR 4 OGRS BR AR DR R
Ao PR SE OISR T A% s TR g 4y
Ay, 38 i B 25 B A A PN T 0 ) A 5 PR %t
A R T ITUBRER 2 P 5 AR A R S TR

RN
BS AR T MR
Figure 5 Manipulator gripping process

S BR IR A5 U B X O 2R 3 B AR S g v
RS2 P J R 4 ik g 8 Ak, 45 & PID 42 i 52 Bt 1 F A
R BT T — R A 2O 8 20 308 R s PR AT % 4 1R 6 B
R R TR K R B R . B RE IR
F4 980 3 A fh 5 A SR TR RN T PR R G A S A
B e B Jg R 8 o g 2 B A B R TR L
— BRI T Z R TR E . BAORE , Bk
BIF 5 000 0 2 0 A 4 805 05 JEE 42 T, [l A F 9 B G 3 R
SRR S TR AT A R R RT , O R ROR BRE EA5 H
.

AL ik v A A T8 S R B AR R S A 25 A )
T B ML e AR A 3 TR R R IR R R SR
5, A K SRR A AL A N T LIRS o 4 ) SIS
SR R i PAAT i 5 2R S92 Mk I B9 s e R B BIL
i N Bl 25 8 B PIUIBCHE W, LASE R AN /] KR B b 26 E



%2

BB 45« AL BORAE AR R AR LR A B0 L BUR B2t 3 61

AR RN B 22 55, A7 880 B 7K SR 40 7 8o A AN 2 4
KA LG K

Bl6 RmPUTHREMTEE
Figure 6 Schematic diagram of end-effector
1. FREEM 20 WS 3. & shifetie 4. M 5
6. FEFF— 7. EMERRMR 8. T 9. HJy B AL R AR A e
10. JEJy s A RS 11 J ) IR A% SRR i S 4 A
12. JIRSCHER 13, SRR

3 MALRFNNA

3.1 BAERBEREREBRMNSSMPHNHA

FEEFR R R, BOGE AR GE s B At
B 43 R s B B g N RS M R S
[Fi] i S 0 5 5 40 1 S

PR 25 0 AL SR T R BT b RS M R B RO S A
SRR 1 R SR A LR A R TR . ORI
TEAGH o HE R I I i 5 = e @ R RE S, o R
S ER R I AR R R IS T RN S . DA T R A
F L EANE B SLAM 5k R IR 5 dE IR
B4 R G AR W R &, LR FHHLES A 7E GPS IR 5
Bk o R I P R A S AU RE . SHALAL %
P T 3T O SLAM W58 07 7 2, i 3 e T AR
WREE T LR ANAE GPS A T] H X 88 9 1l B 1, B 3
LA AN Bk i 7 e s o VAN 2559000 ) FH 306 #i 5
AR AR ) 1 A SR R B AR R i — R T
WOt AR A S = P R B . YANG 4590 R)
JH T I 5 R R S 30X R A el A 5 ) S B o 5 2 S
B0 A SR, B T T WL AN AR 2% T 11438 N B

7 ) P9 F 5% 00 B 22 3R AR T OK A% B AR S R e 5
B 1 FH 57 57 0 TR B2 Al 6 T A0 e e SR A 5 4 A L Bl
A AW 5 B AR A E AR OC ) L SR AR R AR
A e R R T OG- R R G, ST X RS A
SR R AL g N AR O ORG LRI . R AR
ToF J& B i LMS2171 3#0m BE AL, A LA R 1R
B AR R B 5 H bR B R R T ST S A BOE SR ik
TR R 2 AR 5O B R RS R SRR R

PR, Sy SRR i RE 67 5 ARk X 2> B L T A
BT B B AN 8 BT /R o S HEAE 4 A WOL I

HE B 5 PID 5 6l 55w, 1 35 48 51 1 R G X SRR 45 4

T E A A (1 i 7 T RE 5 S R B L ke s AR

AR G AR BN E 2 ROt R = F R

PEAL R 2, AT TR SCR 5 R g fa e .
A

b T T AR R
B7 BIEIVR ARG
Figure 7 Mobile robot architecture

Bl 8 Ikt RMEMIIEAN
Figure 8 The fruit trees positioning robot of infrared and

laser scanning

25 L RTIA AR B AR T 10 5 SR B 5 R G
Rl T A D0 DA ol v g R S R A S 1, TR
TEA R 4E 1L b HE 2 1 WO RO AR 2R Bl L Ax A
R GE TR BE R e, AT UL O AL IR A S5 AR el 3 05
e AR BRI o T A0 2R G800 & FR I D T B AT AN AT
I E AR S
3.2 BHeEREHFRAEKRIRRE =B E L A

TE K SRR AR ARl SR S A A HE R 5 5 ) E o
JE B DR ATUBOR D 2 15 s D SRR R (0 G o . O A% AR
Hoag KR G BERS 5 R AF O PG IR TH0RE 1, LI
M T A RO IR 5 4 45 0 IR AL R 85 TP H B 2R
SEHEAT RS B XUIRAE A T R IR T B = A
0 D B O B R AR R T S B TR ) = 4
FEANL, N AR S AT A S Bt T HER USSR . 1Y
A SEGE B RS ] 22 0 M R AR IR R



62 BB AL AR L2 A 2 4l (R 330

2025 4%

OGBS Z 18] A X R B 5 A S8, o R A )
FRe E U {1 5G4 32 % . ABEYRATHNA 459042
L0 R R O TR B B 5 e AL SRR LG A RO
T E B O 5P RS RO X, SR
B RG M 7 R el i L A o 5 A 5 ) e, P B SO
I B DB AN 9 BT

\\/.~
% Sensor integrated system
B9 ETHEREMASERBLNEERSTIERE

Figure 9 Principles of single-pointed laser ranger operations for
the detection of apples based on apple

A UL O e S T 5 K SO RO FR MR S AR
T SEBUG H AR AR I R B B S = eI A
B WL A% ARG VR 5 A 53 552 1 52 30 e 0 400 o TR, K
R AR HLAS N BERT 00 K6 D /K SR po o7 BRSO D AL
NG B SR A H A, 38 AT LLGE o 49 1 i 1 PR s 4
PR 5 PR R A A BT R AR B TE R AR S

St
4 ZEBRJ[EESKA

4.1 ZERFMERAATAKRRME

IKAERAR LG AN AL A AR S AL IR B b iz 47,
B — A AR TR TR0 A AT R AR R O B SR Ll
PRAERIEL . TR, O 1 o sk 26 () T, 2 4% TR A8 il 45
R Ik S A N A P R A B Ry R T K A
A BR DU IR AR SF M SCHE . 2 AL IR AR RS R AR
JH B o 0 1) 500 Ak B 7 o6 A 22 A5 s mh AR A 15
BHEATRA

ZARIRAR A S HORE ) Z N T AR RS PLE A
(14 2% A~ D BEARE Bk v, 0 R 7 SR S R A i 4 o) B e
I 2 A S5 T R B BB A L s A R A L
2L A0 5 OB TE I8 K0, A AR B 1k e Al 7 il E
PR, R) I 3 i TC A BT 58 A% TR S B A . AR
BLAE TR 0 A R SR (] R, B L 5 )
17 S0 R DTSRG I B 2 R 4 T 2= 8500 SR A AL &R A
P10 FTR o

X gk Ji S50 BT il R R R AR S HLAS A, R
T 22 15 8 15 B Rl 0T il s o, R s AT 4 5

B RE P AR G R AR I, RE MR i S e s (n
e i e LB AL AR ) B O I T AT AR B9 3l 1
PRI 3o TR AR A BT X R i AT #R A S R
)R, it T — 3k 2 A% BAs 5 30 Mk R S 45 A o o
Ao e AL R T DA RCHTOK SR BT B A R AT
KR BRI

E 10 EZERMHFA
Figure 10 Pineapple harvesting robot

Il SMIF 5 I8 76 12 AT AT Y 35 HE R, XTE 2815
1 B A L RE | i A A% RS IR U R AT, S IR 5
RE A AT Bt -5 ALK Az ol I PIUBC L 22 &
11 TR o KANG 8 I T — R ik 7 & 4 B
LiDAR 58k il & R LM Tk, B E T T
S AL B HE A P AN B R . ZHOU & T R T
— PP S TR o o) B S IRORAS il v AR B RR I 2 A
H1 BE BCR AL T a0 9 12 B, BE B TR 2 A SR B vh Ay
ORI AATIBCR 52 0 GAO 88 B 1 — il R i 442 1k
e A A g AT e, eSS S T — MR T 2 A R R
ARl A R GE, T I i A v it ) 7 A
.
4.2 ZEBRBBARERMBIZANPRIERNA

FORJZ T, 2 1 AR Bl 5 5 i D OO S A A i
[ 26 P 5 3 08 B 30 = RO R . Tk BRAF 4R 4 LIDAR
5 IMU SR & 5k i R 2R 0 i B AR A ) 2 1
PR E TR LG CE LS R . BURESS
WOLH X A5 IMU s W T — Rl T IR
>J (1) 5 B8 25 R i 2 ROHE 28, il STLAM 2 G 1 3l 25 R el
PR 358 o B PR A A R 22 R AR 2300 . CHEN 48 Dff 5
T = BCEAT 55 HI 3R 2 = v , 30 o & S I B3R
T 76 3l 2R 478 4 55 v 52 B2 A i i

AL S v Ml B — A SR A A S B L R IR A
B — BRI T NP A R AR SRR SRS L B R R, T
V5 1 IV AR A5 A A R bl LA R T e s S R R R [ 2D
(LS NCRS R A LTE - O A L o T e S RO N LTI PN
S HE I 12 BB R (AN TR BE 24 ) L3 A% B DL 18
5 R AL N B9 S5 5 ) AT LS B R S5 SRR X K SRR v



%2

BB 45« AR BORAE AR SR AR L& A B0 L BR 2 4 63

P AE AL, LA B AR5 S A R A SE AU, DA A KRR A L

Control
part

Grasping
part

Helss shide slightly
an the fingers and
stretch the springs.

B ————————_—

v N BB AE AE 51 52 2 1 45 R AL BRI v AR

Screw

Actuator Ly

Finger ¢ ' = 1
holder

Le

-

B 11 RmPfTHRMBEETEE

Figure 11  Schematic diagram of the end-effector grasping process
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Application status and trends of sensor technology in
fruit picking robots

LU Qiuhui', ZHU Lixue" *, ZHANG Shi'ang’', CHEN Yipeng', MAO Shun'

(1. College of Mechanical and Electrical Engineering, Zhongkai Universiy of Agriculture and Engineering,
Guangzhou 510225, China; 2. Key Laboratory of Green Prevention and Control on Fruits and Vegetables in South
China, Guangzhou 510225, China)

Abstract: Contemporary fruit harvesting operations are confronted with several challenges, including labor shortages, low
picking efficiency, and complex operational environments. These factors underscore the imperative for developing intelligent
harvesting equipment endowed with high-precision perception and autonomous operation capabilities to comprehensively
enhance the efficiency and quality of fruit picking. Sensor technology plays a critical role in key tasks of fruit-picking robots,
such as path planning, fruit recognition, localization, and grasping control. In unstructured orchard environments, the
collaborative utilization of vision, tactile, and laser sensors facilitates target identification, positional awareness, and obstacle
avoidance, significantly improving the robot's adaptability and operational accuracy in complex settings. However, existing
sensors still have technical limitations. For example, visual sensors are susceptible to deleterious effects from ambient
sunlight interference, occlusion from branches and leaves, and the dense clustering of fruits, all of which impede robust target
detection. Tactile sensors often display sensitive to fluctuations in temperature and humidity, which poses challenges for the
accurate quantification of complex mechanical feedback, thereby hindering precise control of gripping force. In addition, path
optimization in unstructured environments remains challenge, and the high procurement cost of laser sensors limits their large-
scale application. Single-sensor systems suffer from limitations such as single-dimensional perception, poor adaptability to
environmental variations, and insufficient recognition of fruit characteristics, making them suboptimal for deployment in
unstructured orchard conditions. Therefore, this paper explores the future applications of sensor technologies in fruit-picking
robots, focusing on the challenges of multi-sensor fusion, including data heterogeneity, temporal synchronization, and
computational complexity. It highlights that the integration of multi-spectral imaging technologies such as infrared and
ultraviolet, high dynamic range (HDR) imaging, and flexible electronic skin combined with biomimetic structural designs in
multi-sensor fusion systems holds great promise for widespread application.

Keywords: sensor technology; visual sensors; tactile sensors; laser sensors; multi-sensor fusion technology; agricultural

robotics
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