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Research status and progress on key technologies of intelligent orchard
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Abstract: With the aging of the rural population, standardized and intelligent orchard production has be-
come a key development direction for modern orchards. Orchard production currently faces several
challenges, including labor shortages, low mechanization levels, and inefficient resource utilization. In-
telligent orchard technologies offer potential solutions to these problems by improving productivity, re-
ducing costs, and minimizing resource waste. This study systematically reviews the four key technologi-
cal areas of intelligent orchards: information perception, intelligent decision-making, precision opera-
tions, and intelligent management, and analyzes their current status, future directions, and applications
in modern orchards based on recent research and developments at home and abroad. First, information
perception technology forms the foundation of intelligent orchard production. By integrating various
sensors, drones, and Internet of Things (IoT), orchards can achieve real-time, multidimensional monitor-
ing of their environments, crop growth, and operational equipment. Environmental perception technolo-
gies cover factors such as climate, soil moisture, and temperature. These data are collected using tools

like LiDAR, remote sensing, and soil sensors, helping orchard managers better understand the microen-
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vironment of the orchard. Crop perception technology monitors the health, growth, and pest infestation
status of trees using hyperspectral imaging, infrared technology, and other advanced sensors. This en-
ables early interventions to prevent losses in yield or quality. Additionally, operational equipment per-
ception technology provides real-time monitoring of the status and performance of agricultural machin-
ery, supporting autonomous navigation and precision operations by providing crucial data for optimiz-
ing equipment use and ensuring efficient orchard management. By fusing multiple sources of informa-
tion, intelligent orchards can monitor and manage their operations across the full lifecycle of the or-
chard, from planting to harvest. Secondly, intelligent decision-making systems are essential for achiev-
ing smart orchard production. By analyzing and processing the collected data, these systems can opti-
mize various orchard production processes such as irrigation, fertilization, flower thinning, pesticide ap-
plication, and harvesting. For example, intelligent irrigation systems analyze soil moisture levels and
meteorological data to determine the best times and quantities for irrigation, ensuring efficient use of
water resources. Fertilization and pesticide application systems adjust the timing and dosage based on
the specific growth needs of the trees, promoting healthy growth while reducing the use of fertilizers
and pesticides, thus minimizing environmental pollution. Additionally, smart harvesting systems use
fruit maturity detection to schedule harvests efficiently, improving productivity while reducing fruit
damage. Precision operations are a vital component of smart orchard production. Autonomous naviga-
tion technologies allow agricultural machinery to operate autonomously in the complex environments
of orchards. Using LiDAR, vision-based navigation, and obstacle avoidance algorithms, machinery can
complete tasks safely and efficiently. Precision operations are enhanced by real-time sensor data, which
enables machinery to adjust its parameters automatically to ensure accuracy and quality. For example,
precision fertilization and pesticide application systems adjust the amount applied based on the actual
needs of each tree, improving resource utilization efficiency and production outcomes. In terms of sys-
tem integration, intelligent orchards rely on cloud platforms to achieve unmanned and automated man-
agement. Orchard inspection robots collect real-time data on tree growth and pest status, which is up-
loaded to the cloud for analysis by intelligent decision-making systems. Orchard management robots
carry out tasks such as fertilization, flower thinning, and pruning based on the instructions from the in-
telligent decision systems, executing complex operations automatically. Harvesting robots, equipped
with visual recognition technology and deep learning algorithms, can assess fruit maturity and perform
harvesting tasks efficiently. In multi-machine collaborative operation systems, several robots in the or-
chard are coordinated through cloud platforms to work together, improving overall efficiency. For exam-
ple, during harvest seasons, harvesting robots and transport robots collaborate to ensure that picked
fruits are swiftly transported to designated locations, reducing spoilage and enhancing workflow effi-
ciency. Finally, this study looks forward to the future development direction of smart orchard technolo-
gy and provides specific research ideas. Future smart orchard technology will place greater emphasis on
multi-source information fusion, autonomous operation of agricultural machinery, and intelligent man-
agement throughout the entire process. By deeply integrating perception data from different sources, or-
chard managers can more accurately grasp the production dynamics of the orchard, further improving
the scientificity of decision- making. The autonomous operation technology of agricultural machinery
will continue to improve, achieving autonomous navigation and operation in more complex environ-
ments. The fully intelligent management system will optimize the production process, reduce operating
costs, improve the overall production efficiency and fruit quality of the orchard through technologies

such as big data analysis and cloud computing, in order to provide reference and guidance for the devel-
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opment of key technologies in standardized orchards. In conclusion, the future of intelligent orchards

lies in the continuous improvement and integration of these technologies. Through the development of

more advanced sensing technologies, intelligent decision-making systems, and autonomous machinery,

orchards will become more efficient, sustainable, and productive, helping farmers to manage their re-

sources better while meeting the demands of modern agriculture. This will not only enhance orchard

productivity and fruit quality but also contribute to the overall sustainability and competitiveness of the

agricultural sector.

Key words: Orchard; Intelligent agriculture;Precise operation; Intelligent agricultural machinery; Mod-
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Intelligent orchard system architecture
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Table 1 Research methodologies in digital sensing technologies
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%W’Eimi‘% o A SR [rel %)ﬂ SLAM-LOAM BE R BUHOE 0 BRI %=95.3% [6]

15 B HN 3D virtual orchard z, 445 Unity3D 513 SERUHLZE W 4  The accuracy rate of fruit tree clustering

Perception of construction

orchard operating

environment
information
KA
Perception of soil moisture
S 2 = 4k T A 5 R A
T
Three- dimensional recon-
struction and volume calcu-
lation of fruit tree canopies
AR B SN I AR 5 43 2
Fruit tree Pest and disease identifica-
information tion and classification
perception
BRI A A
Kiwifruit pest and disease
detection
FEk A1 5 FEBLEE N E AL S g BTy
SN %
Operational Orchard robot localization
equipment and map building methods
information SR T Y R 1 9 P S W
perception B

Real-time monitoring of or-
chard furrow depth/
width

The SLAM-LOAM algorithm was used
to obtain the laser point cloud, and the
trajectory was visualized by combining

was = 95.3%

with the Unity3D engine
ES i ?iﬂ(fi/ﬁiii%ﬂ( B4 NDVI R4 0.827,RMSE 50.787% (7]
LR TEHARTH R L R? was 0.827, and RMSE was 0.787%

Multispectral technology inverted soil
moisture, and vegetation indices such
as NDVI were integrated to improve ac-
curacy

KT IE RN e JZ S5 K, 45 & DB-
SCAN JRE D R i SR
Millimeter-wave radar detection of can-
opy structure combined with DBSCAN
clustering algorithm for segmenting
point clouds to compute volume

AR % 2] 5 GoogLeNet 571

AH O AR G0 LA v 0 B A AR AR T B
A3 TT 59.4%

59.4% more accurate volume calcula-
tions than traditional geometric volume
measurements

RS FEIL 99.35% , 16 T TR 43 RS JEE

(8]

(9]

Fusing Migration Learning with 1£92.78%

GoogLeNet Models 99.35% identification accuracy and
92.78% hazard classification accuracy

TN A AL A A, s 2 A e i R K 51 99.54% [10]

R 2 M 5 2

UAV remote sensing + ground sensor
fusion, air- ground multi- angle collec-
tion of canopy leaf information
LiDAR/IMU A% & HEAL

LiDAR/IMU Tightly Coupled Frame-
work

LabVIEW _I* {2 L+ Arduino R A Bl &
G, S FE U AT

LabVIEW Upper + Arduino Lower Sys-
tem with Integrated Ultrasonic Sensor

99.54% detection accuracy

SERIKEIEZ0.05 m BT RIRZEM0.016 1 m
Positioning accuracy of about 0.05 m,
root mean square error of 0.016 1 m

RIER Z<3.7 cm(25~35 cm L) , %
JERZE<3.1 om, B EHARZZTP R
Depth error <3.7 cm (25-35 cm working
conditions), width error <3.1 c¢m, data up-
date frequency of milliseconds

[11]

[12]
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A. Tree Trunk Center Extraction Principle Diagram, with the lidar center O, as the origin of the X;0.Y, coordinate system, the polar coordinates of

the trunk center point B are denoted as (ps, as), where r represents the trunk radius, M;, M., indicates two adjacent scanning points, and B{(ps, as) is

the intersection point between the perpendicular bisector of line segment MM, and the ray emitted from O, at an inclination angle a;; B. Diagram of

Liquid Deposition Distribution and Ground Runoff Volume; C. Diagram of canopy wrap-around profiling-to-target sprayer for orchards, positions I -

V correspond to the spray locations during the forward movement of the sprayer.
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Fig. 2 Schematic diagram of the principle of precision application
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A. Autonomous navigation weeding robot; B. Tractor equipped with tillage depth detection system.
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Fig.3 Orchard intelligent tillage equipment
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A. Vertical spiral trenching-fertilizer machine; B. Automatic target-variable fertilizer applicator; C. Self-propelled unmanned trenching-fertilizer

machine.
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Fig. 4 Orchard intelligent fertilization equipment
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A. Autonomous navigation spraying robot; B. Autonomous navigation with target-adaptive spraying robot.
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Fig. 5 Orchard intelligent spraying equipment
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A. Underactuated joint-type harvesting robot; B. Four-arm apple harvesting robot.

El6 RIEERERMHI

Fig. 6 Orchard intelligent harvesting machines
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Table 2 Key technologies of agricultural machinery automatic navigation

WA B T AUE AL B AR AR B LR S A
AR R2REBLT 3 M AHIHE L AR AL E BT

Jiik PERE EE BTN
Methodology Performance Reference
PR/ R IIFOCEE LG B IMURR S 575 2 A0RE LR35 AR 7279 0.123 0, — IR0 B & i = 1 s L A i) [51]
Extended Kalman filtering for IMU fusion of LIDAR, vi- {X75 75.01 ms
sual information The root- mean-square error of localization accuracy is 0.123 0, and it

takes only 75.01 ms to localize and map a LiDAR point cloud in one

frame
LiDAR / IMU S8 G 1 R R LA N O SR 7k 78 JE 1 A58 A0S B 4ERRAE 0.05 m A2 47, 35 IR % 258 0.0162 m [11]
LiDAR/IMU tightly coupled orchard robot localization The localization accuracy in the orchard was maintained at around 0.05 m
and map building approach with a root mean square error of 0.0162 m
— i XL ) Quick-RRT* (CBQ-RRT*) ik CBQ-RRT* [P 45 i 15 A P A s KL i) £ 43 AR/ T 8.5% A1 21.7%,  [52]
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Algorithm

SR T B K R AR R ) 1R 7209 0.334 m
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mum path lateral error for the orchard trial was 0.334 m

(DFHEAAE B . REIEAWHLE N H K E
R 75 2URT A g3 g 28 6 A B8 0 A0 A o o7 B 00
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I REEEAAT . B TR I 2 5 N RN E F 50
5 A AR PR AR LA B

RERR O TR TR PR SR S(BDS)
(1) S bl it 25 B B 2 F A6 R G, fEATEE 5 m
Bkl s T B AR BRI, B oK1 22<0.13 m, T34 PR
PRiR22<0.03 mo 1% JE 7 X 20 59 2 1) 42 ) 7 g
F P HIRS P AR SS 1) B, ZHANG 25599 i 7 — Fh 3k
T R AOLRAT o 2 e [l A5 B RIR S e Wit B A i R 4
HPEH T — i T W o520 T 1) % AR BR R AR ) 7 0
SR T 25 R B« W AT (RSP 25 BR R % 22 A b
WERZE 534 0.051 mF10.084 mo LI Fefa 1l b
P B2 A% T R AL B E S, XA SES
PR T — b I T R 1 AR IE 2 & PID 45 i) 3R
W, 1) 346 U5 e /> — e SN 1 PID 4. AL
TRGE R WA A DL 1.2 mes 84T B, FL 2k
A7 Tt B - 253 457 B8 i 22 S 1) 71 4R 22 43 51 04 0.18 m
F4.20, FEZSAT BRI 43 328 0.38 m A1 16.7°. FHifs
1) 75 V107 ER A P 5 M T OE R, BLAR R AT
(1428 i) SFE s 22 AL  ARLBSEAEF A0CS 4: Cn BDS) 1 2 %

TR AT 28 o A, DA ST AR S5 M Ak b 2 (e vy
b)) T I Eh A R Mg, DL sl A B ) S
W )82 g J3 3T

232 RAAFEFLEBR  RERVIGAEE EZE
ARG BB AL Lt 24  FEE R B AR R AE R UK
a2 B i 57N VI N ITTE £ R 7 N NI (2N | Ay e
FHTBC R AU KA &, S 8UR TR B AR 3 A
o o 111 A% R AR MY 3 L B - Lk S - AT T A 3,
E1eE T RER RS ALK, b T R 7R
W, BRAG T AL 7= A,

VAR N SR 5 A AR ML ER B, 0t 0 AT T
BT —RINEEEREESEE D AR ]
T SR R AR B e R S R
G, FENT T HEARES R P RN, B8 S P SR F TR
it JE S5 it AR 6 45 TR 2R B - SE B it AR 5 5 H bt
HE & AH iR 22 B KON 4.83% , B S R B KN
6.96% , HI7E Rl |2 EAR VG N SE ke 1 Fof 20
Vit 7 2 5ek 2 R R ) SR [l ) 2 7% B R it 2 &
Gt , 1% R G0 0] AAE KSR TR B [ A HE E 25 i 5
W it v i L 5 0 RN BRI S5 AH BL B 2028 X B it
G R 5 18.66%, 11£130.25% 25 . T4
U 8 iy OB 30 I AL, IR T — R R
by DR AR AR AE BT AL , T 8 5 R AR AR A2 B w5 5 A
FABE G\ v A ) B PR B A AR 3 S0l 60°53.57°, 1)
PRI 2 #1173 79 9 31°.28.34°, SF IR EI 2 10% , “F- 1)
B2 89.8%, (EBY T T & R 4 25 SRl S
A KB B GRS EAIMEEA B A E B R T3
T BN AU T 5 R D AS M R e
SEPL T 5 JE L A REAE RS HER R X B e TR 3
A3 B ) 249 2 s, UL ZXO0T T 55 452 473 [X 3l A 2R 2 0y

A, HFRERAZBIHL B. XU AT S48 L s C. 1 A 2R el I LT3 20

A. Citrus tree pruner; B. Dual-flow spray pollinator; C. Self-propelled orchard mower cutter.
E7 REHEELERE

Fig.7 Orchard precision operation equipment
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I W D0 25 St A b R RE VR SR (R 3) o BRE 3
T2 618 E 5 i 7 B ek 2 R R S A Y
HeHBARTEMEL, LI TRAMEER RS E
G305 53 DX IR AT RRAL , D AR R v AR B8 it A 4 AR 42
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Table 3 Key technologies of intelligent orchard management

N M55 UIvWineS =84 S 3CHR
Application scenario Methodology Significance Reference
ikalT 3PJ-1 B4 1A BT AL PEw T LG DA T AR S S TR B S AT [64]
Vineyards 3PJ-1 gantry grape pruner L]

Improved shear to net ratio, optimized telescopic boom structure,

suppressed vibration, noise and other adverse effects
P AR B MobileNetV3 SE R IR BETHRUM R, bR B2 SR el v SRR IR 5 16 100, SRR [65]

Recognizing apple defolia- | f57%d
tion disease

it » A A BT T 0 SRR R 1

Improvement of MobileNetV3 ap- Enhance the identification efficiency, can quickly respond to the

ple leaf drop disease recognition sudden disease situation in the orchard, take timely measures to ef-

model

WUNBAETFHATHE A2 Bl YOLOvSs B BLAE U K %

Identify and density grade J&¥ &z JijEn]
Improvement of pear blossom rec- It can realize the identification and density grading of pear blos-

pear blossoms

fectively reduce the damage of the disease on the fruit trees

FSEHLSE A E ARIR BT BUERUNAN S B 9, P R IAGA [66]
B REBAE TR SR

ognition and density grading mod- soms in complex natural environments, and provide technical sup-

el for YOLOvSs

port for yield prediction and machine intelligent flower thinning

SEPAE Ve B8R0 A FE R C T i o S0 R SRR
T —Fh 3 T I3 MobileNetV3 35 5 ¥ - 12 5 45
T, S HER R IE 95.62% , IR KRN 6.29 MB , ¥4 15
T B R w2 B TR, 25 R BN R E
WU HE R I8 31 96.7% , P I FERT N 4.12 5. Fh IR
BRI T — Fh B T 23 YOLOVSs [ AL A6 R 51 K2
2Ry AR U HERR 2 91.62% , %5 FE 4y 2
2N 94.29%, v] ASEHLE % B AR IR T A4AE I 11

TR B o 40, P TS FOAL 2R A Re R AL SRt 1
BRI FF

242 RRAE$E RLEEHFEQREE ST
JG AT PR B TR R FL k)
L ERDHIET S AR R R, PRIk L e
R~ P R PR SRR o A BRI ol 2, A A%
2 58 3 K6 RS, R FE IS, B 1 B R E
A GRS s A IR AR T8 B DL HEHE R G, PRAIE
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Xt 7] b dE AT PR AT LS T A SEIE S B
AT L PR R B ORISR & ELE B
HE » BSGE  SERN A PR, AR A BT AR I S AS
[ R Y 38 pHHL, 2503 L IIA B, e 2 R AR &
F A R A R s — IR T8 73 (A HE KA B 3k A 2 IR b
FEVEWE 71 7S 10 3R 45 R - Tk PR AL ) e 8 a2 R
IREB T  RER T DROK 72 3 2 00 A, FF iR RAE S
Pl I IR B s RIS B 1 AR IR BT R
AR IR BT ICIR AL B B 7 ORI 2 B B

AE» DRAE R A PIT #5 BUIE 7 7K 7 A R A5 2% F
A DL ARG G B B A R E AR R
WORF A A 22 D T i d IR Bk PR
Ve TETG Fe AR 2 I R 2RI 7 A2 s
BEA MR R, R E B OH T 2B
IR R A PAT IR . R 438 1T SR S 5] Jig
TR R GUAE R T B A ) B AR R T 5 S
PR B8 IE 1 78 e A s 1 7 20 A% 8 R el 7 B o
o A R R 2 o

AP TR TSGR B

F4 REGRUBEEEXRAGS MR

Table 4 Key Systems and application outcomes of intelligent precision orchard management

IS 47 5 KBRS R R ARL 27 R
Application scenario Key system Application effectiveness Reference
SR el v R SGUEBRIIE SR RS LUK G, BRI WL A, PR B SR A2 38 BK A M BE R 2 [73]
Orchard irrigation ma- Smart orchard irrigation system with
nagement 5G communication technology Saving water resources, reducing the cost of irrigation in the or-

chard, and ensuring that the fruit trees grow in a suitable water envi-

ronment
RWAFE Y AE R PR R R AR EE R 4t RS ) o DA HE K BT, (2t R R ARG, SR m ™ & [74]
oy X 45 8 Intelligent irrigation system for or- 55, H AL ERAE B N TRUAS R AR, HES) SR [ 5 Aeft

Management of fruit
trees in different phe-
nological periods and
zoning management
R RIS SR el R
Large- scale apple or-
chard harvesting

chards with climacteric recognition

i — AR R AL

Precise application of water and fertilizer according to the seasonal
period of fruit trees, promote healthy growth of fruit trees, improve
fruit yield and quality, automated operation to reduce labor, improve
efficiency, and promote the orchard intelligence

SORACERFISER RIS D J0RA STHERCHR , RENs PRl A R B AR 5, B AL 6.67%, H 2R [75]
PR RS SE Y R A O 9D TR AT R

Integrated combine harvester for ap- Enhanced harvesting efficiency, able to quickly handle a large num-

ple picking and grading and boxing ber of fruits with a damage rate of only 6.67%, effectively guarantee-

in structured apple orchards

ing the integrity of the fruits, maintaining the value of the commodi-

ty, and reducing the economic losses of the farmers

R B R Gt 1% R G 2 b A R IR ECR [l
R AR, R 5G A5 M 284 JR R AR
B 18 2 i 55 a4 i » 12 Y 3h A e /KA R A5 2R el
BE/K 5 oK, SRR I R - 12 R G KR R ik E
43.16% . FKIBZRBETE T Fh Ik T R 0 1
SRR REREME AR T, BE NS SRR o 1 00 SR el 34 85
AR PR AE A 3t ) Wy SRARS 0 0% 300, S AR 0 R i 5
WS ) Sk L Y R Mt S o 5 5 2 i e e AR e
B REW AT RO R % 23 XCHEAT B S RE B S5 A
AERGAL . 7 )5BS R SL 0 2 B il I8 Far B 45 S A
R S o a4y AR A O T B P RS
T A — PRI A RIS HIL X 73 G 2B A AOR ik
TR, S R R R K 93.3% , R A &
100% , #4755 6.67%.. TR IR AN "3 T WK X B R 45
2 TEERNE ST G, BRI M O d T

T AL BAE BEAE A B v AL B R B, T AR
BN B R I v M Dl DX RE A 0 O R E IR
B T5 5

243 RAEE  ANE B ARNE R LA
B AL AR TS . AR A E R feilid e
BE ARSI I B 10 AR BLE A R [ P ) B AR AL
B DI T 5 BRI A b 2, 8 G AR L BUR
AN, R AR X, SEBUR HE R B . fRA
Joit B A AR ML A M IR B S A DA, i
B AL AR SR N R AR B VR IR S & L
F BV BOR S R BEFR bR , 8 DRAE Lo B 75 5 b fE 2L
Ko ARME T 0L AR ML EAE TARI 832 47 R B0 A
AE » I8 I I A% Bl U A R ST TARIRES LK
ST I KR A SRS, S R B HEER
T AE b, B DR AR LR AE SR B 0L I8 AT, R INAR
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Table 5 Orchard agricultural machinery management system
IS % 5 KRG 82 FH 2k 275 3CHR
Application Scenario Key System Application effectiveness Reference
SIS IO AR R B BTZ R ) JET LoRa I R [ T2 L SEBLRT T 2 HLAE b 50 ) S 3 0 [77]
ER (e =4 Al 25 Realized real-time monitoring of sprayer operating condi-

Real-time monitoring of operating pa-
rameters such as residual power, flow
rate, spray pressure, etc.

SRHCLL SR el 48 M B4 B A FE IR0
4

Acquisition of data on the status of
utilization of locomotives for moun-
tain orchard operations, etc.

LoRa-based orchard spray-
er and monitoring system

L b L el 3B 1k 2 4% 7E 4%
FARIES 2

Online monitoring system
for mountain orchard de-
livery equipment

tions

S SR T, s or s R A I LA R AT e R A [78]
TSR E v R B LA T

Real-time monitoring of operating conditions, positioning,
battery power detection and the presence or absence of

fault parking and other information, real and accurate moni-

toring of the work of agricultural machinery

SRR 3 TR SR FE 2 7 R R ]
=6 BA RS RN P A1 i
MGEH S DhRE , =1 Gl R AL & E AL E B
PR , SEBR R BUAL B AIS AT RS AT
MR B, H ISR T FP AT LoRa 1 R
M 245 AL I 428 2 G, TSI I 0 e A L A S
2[5 DR S A, Bl S H AR AR ], S X
§ 2 LA L L A S o Dy HERA R L 3 2R el
PRV AL ZE 4k AR D0 25 208l » 8 S sk It & 1
Rl R el 3 2R A AR 2R I AR G RES S
DR T8 Cln RV B TARRH HLER s AT
AR AL (DD R B R AR LA e
B fS AESAE L SR I AR B AR L

3 B SRR ARG

3.0 EAELRGRITSEZER
311 RAKEMEA  REKIEHLE N2 —FE
2 B B B WIS R 5 D RE I AR
el {5 2 H R 2 480, B T SE R I SR 2
P 2 B BREE FRHT , 9 R I B AR =R LA
B, Reil i 7 A R AL N K D) 6e e
P75 S g

Bargoti 55" & T A 52 S5 A PR B = Al i
RIS A LA N, H AR AR T R SR 2 <5%, 1l
FEREEIA 85% . /NI AEC T AN Z 61 AL
SO MR B AR AR, RIS RV TR AR R

MAE.RME %3 7 °4 0.665.7.69 mg-m>.9.49 mg-m?,
AL TR AE KRS IR . 22 EWESEETF TN
A0 25 R A SR ] 11 o 6 U B AR ) 7 SVML AR TR St {et
IR G A A 250 I SR 3R AT 4 2 HER 608 B
94.7% , W IR ) 1% ) % 3.36% , 45 SRR W T
To AL e s 1 2o [ M U A A 8 i B T AT
MM TFTE AN RIS R & S IR S
VAR, R 1 T O 48 BORR A AT AR T AR 4
#((Leaf Area Index, LAD SR , S 350K FE AN+
Fr R F1 RMSE 73 5l /& 0.932 #10.194. 7K S5 T
INLZHCREAG MR T A FIE G AR %A T
S Sl 458K 43 FE WU SO AR , 138K 7 B A
AU R* AT RMSE 23514 0.911 £110.003 , +-33 4 HLR )2
TS R FIRMSE 4394 0.654 £10.359.
312 REFEMEA  REEHEPLE AR
% B 3= 50 UM AR BR i 2 B A B AR B R
SRV R e 2 A%, I 3 BERURME s 7R TR 4 2R
A 25 B T B R TR & WL EAR BE R E 2R
5 R Rl T RS HEAL VR ML, 2 i SR el T LA N
L& REBETE S AE ML IR S BURS AL L, 3R 7 J R
TR B AR T 2 L R A 5 R I Th
REBIHT 5 1 BE SR AIE , 1X 8 22 2 4 ) SR 7l 5 2 MR 7%
g A AR T o

Wk SC 55 P B T IO B 8 I DBSCAN % i 5
KRBT &N 5 @A77, Wit 7 E A
PiFENUR B Fe il R 40, SEBLEE T WA B A5 B W
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Table 6 Orchard inspection robot
e PERE 225 3R
Functionality Performance Reference
PETF R SRR PR FEAN = AR SLAERG B IR ARSI <5%., 7 K5 1% 85% [80]
T, TR R SRS I 5 - Fruit leakage rate under natural conditions <5%, yield es-
Improve fruit detection accuracy and timation accuracy up to 85%
yield estimation accuracy for apple
fruit detection and counting
P m G ER E SR S EIENLIRZE N 5.6 em, B KGENL IR ZE Y 17.5 emFE [81]
Improving automation in citrus nurser- £ 1% 25 4 1.88 em, i K AN 1R 228 7 em, ¥ 77 1% 2
ies 95.93 em’
The average positioning error was 5.6 cm, the maximum
positioning error was 17.5 cm The average absolute error
was 1.88 c¢cm, the maximum absolute error was 7 cm, and
the mean square error was 5.93 cm’
FEAE N A R I RS [ B 4%, Befp 503 9 K-means BUSR JERLT) %N 93% , BifE 4i 051 [82]
PR TR RN e e S PE® T 124 E 5 AL S UER AR SR BT R 1) R 22
Adaptable to two different paths in the  14.27 cm, P 7] {f % 4 4.83°
banana plantation, able to provide The clustering success rate of the improved K-means al-
some support for banana plantation in-  gorithm is 93%, which is 12 percentage points higher
spection robots than that of the traditional method; the average lateral de-
viation of navigation path extraction is 14.27 cm, and the
average heading deviation is 4.83°
x7 REEENRA
Table 7 Orchard management robot
K e PERE 22530k
Outfit Functionality Performance Reference
A R 2R FH 2R A 2534 50 1 %5 T UUR B R 20 %5 T2 23 il e T 36.3% M 58.3%, UL [22]
Effectively improve the utilization rate ~ FLEAR 5 REFEC T 60%
of liquid and uniformity of spraying Increased droplet deposition and droplet density by 36.3%
and 58.3%, respectively, and reduced coefficient of variation
of droplet deposition by 60%
XF L E R REAT RS T, S B IR RS 6.6 cm- s B AL ETTELIAE] 1.47 cm [88]
W AR, WA AU BT i RMSE ™ i HES
TR FNCR This integrated system can achieve an RMSE- 1 forward
Precise pruning of selected green tips, speed of 1.47 cm on a 6.6 cm-s” cordon trajectory
complete with automatic output opera-
tions, significantly improving the per-
formance and efficiency of mechani-
cal green shoot thinning
L AL LB PR A B S8 > A fK YOLOVS-PRE 3 S 7E 7 R 53 S5 05 T 2 R B2 [89]

SR AE AR R R SR R 1Y
e s

By thinning flowers to ensure a reason-
able amount of load, reduce the bur-
den of fruit tree growth, improve fruit
commercialization rate, increase yield

85.56% ; FH [RJR 36 5 £ 3% 22/ T 6 cm, X 5T 245 4K 36
% 3R /N T 3.33% A HE 2 ] R S BTG 48 1 ) B 2 5 48 24
25.5%

The average accuracy of the lightweight YOLOVS-PRE ap-
ple inflorescence recognition algorithm is 85.56%; the posi-
tioning error in the field test is less than 6 cm, the leakage
rate of the on-target spraying test is less than 3.33%, and the
precise control system saves about 25.5% of the amount of
application compared with the uncontrolled one
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W5 24 %% B CL A Rl Majeed ™51 T
R BRI LES N S AL AT RGB-D f i R 4k
DU SR A 8 R AR A BT B e S i, SEBIL AR N E =
BURAE L o L X BB ML 28 N BT B VR ML 7 2K, You
SO — R RR B S B A T SR R TR LR
S SR RRAL 2 L, IERIR >70%, AEfs SCHENL A
NBIRAENY . B0 B R A AR S5 i H T 42
AR R RR BT AR AR S ) R/, X 2 5% T
— b L R T AL A NR AL R G, nIAE 25° R FIE
WEREAR, B E R A 97.46% . FMNIFEE® T T
— PSR b A AR RS R I R G0, 2T YOLOVS
e 15 3 i 4% 54K YOLOVS-PRE 3¢ 348 £ iR 5 45
1S8R N 85.56% s HH RS H B A1 12 %2/ VT 6 cm,

X BE 251K 56 R AN T 3.33% , K HEIE ] R G
Tz il R At 24 B 48 29 25.5%

3.1.3 RERMABEA  ALGIRE AR TH
ZERENT W7 R R A i TR o 2R
AP ST BN 1K 40% AR AR T B 1 A
] 05 S5 RE el SRA N g e, 3 7 o PR A1) T IRAR AL R
WA R DRI A EL 4% B 3 S AR SR A
5 A E D RE HLREWS i PR AR 58 BCRA L L&
N BRI R R Fr LA FE B S 0 SR SR
55 1 1B Z I BUR SR EA I 75K, R el B e A
KAMHLAS N AR VS R B B AR . R
8 s T RIERAHLER A A SRS A1, BiE T HLas A
BARN IR TTAT I AL T BE5E T Ao

*8 RERMHIEA
Table 8 Orchard picking robot

Ferk oIl TR R
Outfit Functionality Performance Reference
) FR B RSN V34 B BRI 7] 6.0 s, KA B 3 N 84% [92]

Automatic apple picking robot

MR A I B &
Adaptive leveling platform for
citrus picking

The average single-fruit picking time was 6.0 s, and the picking
success rate was 84 percent

R L IE W G IR N, SRS E A v 1 5 82.5% , A ATy % [93]
87.5% T RAMIF 1] 12.3 s+ A iy e I L S 52 for 56

72% » KA R 80% , P I RAHIT 7] 12.5 s+ 4>

Under low or normal light, the fruit localization accuracy was

82.5% , the picking success rate was 87.5%, and the average

picking time was 12.3 s-pc™. Under high light, the fruit localiza-

tion accuracy was 72%, the picking success rate was 80%, and

the average picking time was 12.5 s-pc’'

Zhang & T — MR B PRI N,
PZHLEE N K LA 2 67 B A SR S, R 1 eh
HUBRE 56 BCR AR , T~ 35 B BRI 8] 6.0 s 5 K 47
D2 84% . x0T i SR el 2 [) o [ V] o™ AN~ 5 W]
SRAWAE MY Py ) R i) 75 22 SE O — b B I NI
S AU JE R R KR KT S B AR S AT 45 58 1
AR RAR a6 6 SR B s « AE IO MR B I 1 Ol R 2 A
N SRS S AER 22 82.5% , KA AN 41 87.5%
SRR A I A B 12.3 AN B IR AR T SRaE
R HER AR 2 72% KA RN 2 80% » 1~ PR AR I [
B 12.5 s . Bloch 5 3E BB 2 IR &5 14 4 9
CL %4 (Central Leader) . Y % (Y-trallis) A1 TS % (Tall
Spindle) , &t 7 — i 3¢ SR U HL 28 AWLA DAL T7

%, AT 45 R 2 7 T B U (RRR) L R R
(PPP) 145 2 (RRP) 3 Fh Rt HL 28 ALY -
3.2 HBRERNZHHEEL

WML WL [FE M BEAR AL 25 U — A8
(I T 5 17, A 8 — 203 m LR 2 B TR
AR BB, RE AR, B
i G AN FIE L3735, 9 e SRSk, R A A
AR 3R KA 5o 22 AR DLl R M A, 7 3
T ELORFRAG A AL B O R ORUEAE VAT 55 56 1 s A B
WETELZ G RIFEEAL, 7R R I =7 R,
FLBR A 3 TS A UENAT 55, RIS B 18 25 A AL
8] AT 45 18] (3B B 06 R, B RE AR AL Z HLER 1Rk
S S5 X LR 9 For
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Table 9 Comparison of multi-machine collaborative operation methods and results of intelligent agricultural
e Jiik a5R 275 3R
Category Methodology Result Reference
P& AL A PR AET NGBS AL, el oy e AR 2, 8id dm LRIy IR0 S5 8 e 2, SRS R ER [97]
Cooperative operation of  Z~ER7ITEAL Z TR 7310 R LAk B[R] 2 SE IR B AT A P
two agricultural machin- Combined with the UAV and the ground sprayer, —Mprove the droplet coverage on the front of the up-
ery the pesticide was distributed proportionally, and the  per leaves and improve the vertical distribution uni-
droplet deposition distribution was evaluated by the  formity of pesticides in the canopy
tracer to optimize the synergistic parameters
#T Node.js 55 Express.js TR ZHL s N mi8E T SCHURETANES AN G Z [ HEIEE (98]
=] Realize the cooperative communication between
Develop a multi- robot cloud communication plat-  the orchard unmanned vehicle and the UAV plat-
form based on Node.js and Express.js form
Z BRI FRE TR A DA R AN, SRR A SRR, 5 25 BT A g ARl 2k 2 [99]
Cooperative operation of — #fE51{1454> T Compared with single machine operation, the effi-
multiple agricultural ma- Through distributed decision-making and bionic op-  ciency of cluster formation operation is significant-
chinery timization strategy, the operation path and task divi-  ly improved
sion are dynamically planned
PR ETIT ORI Z MM S i S e SR 77 BT 77 279598 10.8%~13.2%H [] [100]
HITVE, A H BRARSHUEATEEZE LI A 2@ The optimal scheme saves 10.8%-13.2% time than
3 the average scheme
A multi-machine cooperative task allocation and de-
cision-making method based on sequential quadrat-
ic programming is proposed, combined with finite
state machine for path planning and traffic schedul-
ing
18 T AT 5% B A B B R B S B A Meetropolis AR E S I A% S B S I () AN ML K 43 3012 [101]
T, ek 22 LB 3 T /b 22.89%H119.36%
The multi-machine path allocation is optimized by = The total turning time and operation time of the
task threshold setting, improved circle strategy and  rectangular orchard path were reduced by 22.89%
Metropolis criterion and 19.36% on average, respectively
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