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Current status and development trends of researches on precision
sprayers for orchards

Li Wenjing Wang Binbin Chen Heng He Xiongkui’
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Abstract: Orchard plant protection and pesticide application is the key link to ensure the health of fruit
trees and the safety of agricultural products. Its mechanization and precision level directly affect the
orchard production efficiency and ecological environment. The orchards in China are mainly managed
by small-scale farmers. The existing pesticide application equipment generally has problems such as
low operating efficiency, uneven distribution of droplet deposition, serious pesticide loss and high risk
of environmental pollution. The research and development of precision sprayers started relatively late.
At present, the mainstream equipment often adopts large-capacity leaching or fixed-dose continuous
spraying, which is prone to producing dense droplets, resulting in low utilization rate of pesticides and
increased waste of resources. Thus, this article takes precision and intelligent orchard sprayers as the
research object, systematically reviews its research status and technology evolution in China and
abroad, focuses on the analysis of system composition and key technological progress, summarizes the
application effect in different orchard scenarios, and foresees its future development trend, thereby pro-
viding a reference for the intelligent upgrading of orchard plant protection equipment and pesticide
reduction and efficiency improvement.
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tion rate; research progress
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% 40 1 Ja B0 o, 2024 48 v [ 3 e g AR Gk
1273.8 J7 hm’, JK BL B2 R0 5% 3.2 44 t, A pel A= 77 4
L JE AL AT 51 (https://www.stats. gov.cn/sj/ndsj/2024/
indexch.htm) ., HPEl 2858 FAR LR /N A 7 ok 32
MU FE At 8553 , 3o B35 ol o i 245 K B A7 A
VEMPZBORAR S5 IO AR A3 A AN B RN A 24 3 2 ™ i 4
[P/, ™ BRI S i i T R A AR A

FESRA RS R TIP3 A=, H
AR RS A L R B RS A
REPE , SR SR e AR O T ) B R 3 (R4
2021) . A2 A bl B 3 B Ay R A AR
FH AR 255 AR 548 CRATUG I & i R S v Je Tk
2RI, P EUR 254 RO AR, A 20%~
40% (farkfEZE ,2018) o &40 [ i B LM s )y X
SE LA 2 S L2 S50 5 2% s L A ) S o o
(VD 5 2R, A 24 ok e 48 A05ORD S o o o 8 4 ThT I
KPR (TS ,2020) o AR AR IRERHAR B g
P A S A 2 5 T RE PRt i o SR e s o it
ZHERAIL T AR R AR . AR IR AR AT X
5o 2 235 P R T B AR R A TR MR G ) R e A
TR AR Il 26 48 T AR S SRR T J 2 I e
AR X REESS , DT 8 3 4 i A 25 ) R BT
S EIREETG Y KBS . B4, 47 4255 (2020) 5T 3%
W1 REME 55 JR 48 ALK AR 2R T4 3 22 40% L |,
[ B 25 RGEHES 25 /Rl i N TAR L ) F 5
1k B e b ) (Lei et al.,2023) . fEMLIFHE R, 3
Pel A R REME 25 ILIZ A0 FR A — 55 55 2R 25 ) B2 8RN
PR AT A FATE TR R G &, JF
AR PRM LR AT ) F BRI T 1) o AR SC LA el i
HEMTZZ AL AT 5, RGELR A I E N AN 5T R
SEREHE, FHA T RGBS SRR, B
g HAE AN A S Pl 37 5 T AR FHRCR , 0 HASk &
JRE AT R, LA Sk SR el A (ke £ 1 R AL T
PR 25 AR S
1 RERBEBEENAZERR
1.1 ESMARERE

] 1 SR el S S5 AT S A B A, T AR
RGMEARME . 20140 80 AR, 14 RS 5 (Y HE 1]
Jiti 245 F AR T hi A S0 6 2 0E A H B SG . Giles et
al. (1989) J& T 7 i A% JE A i) 17 2R el DRk Mt 25
i IS g AR %) E AR e R T ] B mE 5
FH (] 50 S 1 M5 55 4% AT 1945 28%0~52% W25 , 1%
WFFE 1 URAE TR 2 TG0 TIE 1 R0 fish 2 158 25 T A5 20k

A 2R %% . A1, Nelson et al. (1988 ) ¥4 HLzk ik ol
BOCRG TP A Y i, 3 O B R
TEAE G AR SECR I b A N, 25 T el Bl
OGN R RO = FE T8 5 AN 2 850K D 451 5
w4540, Ritchie et al. (1993) B&UE T #0600 = 4% &%
a FEAE ) 25 4 & Ak b B W] 47 M Wei & Salyani
(2005 ) fdt IO AR SRR e 2 Z5 A A 7 1 A A
AR AT R 78 B e o5 R4 1 b BEREAR S0

HEA 21 242 J , MR [ 523 TR % e (SR el
YER TR 1 2 T 5 )2 45 b S8 i) A8 F i 25 it 5,
R 7 % L PO 7R 38 (light detection and ranging,
LiDAR) FHLAS I8 220 ik i By, JF 5 ik
rvE BEJE ] (Pulse Width Modulation, PWM ) i 1]
G ARG A, TR AR M2y . 640, Gil
et al. (2007 ) 5 48 75 AL IS T 17 71 26 el 722 e
5 RGE ARG AR e S5 40 22 SR i, A 2y
fi &I 2 57% s PWM H AR 12 TS el A8
M5 55 e 5 v, HGE AL R o 23 L SR s 2 T
TELRIE S5 1% 7 5 41 S PE 1% ) i A A DX o o
1557 (Grella et al.,2022) . Zhu et al.(2010) 74 T #%
T | AR M 55 2%, 78 22 W H [A]HaC 5 rh i 55 25 7]
T4 29.7%~77.6% (W55 55 5t 5] I Xof i 13 A A
(BT s Wei et al. (2023 ) 454874 i (4 1A L 2Bk
FEN 2245 (global positioning system , GPS ) F13 i 1%
JERASER I, I FHAE B AL AR R AR TE S A, FE TR
TESHR A SRR BRI ) FH ) R e (AR RS
TR S A e A A I 2, AT A R AT IK 23%
IRAETEHES) T AR RS v 5 BRI T AR L 5k
AR, AH G R 2he £ 2 FE RS SR el H e
1.2 ERHAREHE

r ] S el 4 A 3 25 A RS 2D AR X S, (HL I 4
K e et oY i AR R A A R B A T
Jo7 P AR FIATR B AS SR B A o X SR el b 52 2% |
FIAEATREAN e — SR i, B N 2 FE R 2 S Rk
Pefl B B2 A e AR Ak 37 i e 45 1T B
T GEmE (e[l ZE,2017) 58 A Bk A5 B AR 558
RUAL SRR L TR Tt 24 R AR R REAE CRAILAR Y F
S (RIS, 2010) ; 708 A B LIDAR —4E ¢
158 K AR gt B 45 S5 5 TR A | — LB e

FEREEBARZ T, B NAFFRE A i — A5 s
fik 752 W53 35 [ 22 Y5 8% Rl 45 55 ST I 2% it 24 47 o
Pk, B0, £ T 228 LIDAR SR = 2 B R 5o AR 9k
TR 5erh, R 2= fe s e oK, A
AR T TN TR 2 2 A B BN A BE (Qiao et al.,
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2024) 5 51X R el KUK W55 4%, 22404655 (2020) $E 13
T 75 I BN A KU R T O i R B A
TR IXUBLIFG 3 Sfe 344 56 245 Y 7 et )22 R 1 2 5 e
FEH EATE S EMRIVE Y I T, B Py 2E 5 I SE AR R
R IR 5 Z ML R TF AR ST, 51 AMLES 22 2T F1
TRIE 2 20 J5 i, DA T S5 B 5 el 5 55 ML 1 v A
ST S PHEE I (Qin et al.,2022;Ren et al.,2022) .

BtiE N T BEH AR R | A5 IE 7] B
Yt B Be AL B HE . 40, Ning et al. (2022) ¢
YOLOvV4-CBAM ¥R JZ 2 > il AWi%s R4, 78
o0 2 8 P 3 P 2R G I R ARG B 3K 90% 5 Ren
et al.(2022) & T 5 fb2% ) 5.7k Double DQN SZHE |
JE bl W% 55 ML A% N1 A R B AR IR R ; Qin et al.
(2022) Fay 43 T W5 55 —EL 25 AL 2 N ALPR IR R 42 5 Li et
al.(2023) Wi — 4 T Z T AT 55 FLk) K s
P FISTARAE R R G, % RGN TC NS Ho T 7%
Bi G e T 2R B RS NE TR S
P R Fp [ R R O b R (H A
A% e [l 7= Ak S A e M AT A R T
(faf s ,2022) , 33X AR ST 1 TR ik g O o 17
AR .
1.3 AR EHEFE

TR GEDRE WS 25 H AR 2807 T P ] S A e i S 5
ERSIOE e R N PN RAY 2 (e S e )
SRR B & R, I oh B — W55 e [ A Sk
LR AT S B AT E TR R G A
ko LA ENAN R ReUERE , S TeRS 1w 25 AL 0
U 3 EEBRAE . B SR I 2 B R B — ) il
TRCE B0 BRI B A DI 1) B — R 7 R )
LiDAR WUSEIERAH S AL AR A R 8, SE B T N
TCRI 3 = LA e Ak s s, HOR ] X b
ML 1) 5 R Va2 , il 245 42 i) DA AT B R LA O &
Ji& R 3T PWM I S AR 45 i, IF it — 2 45 B IR
JE2E S B ST HE T it 25 5 0 RS R B
TS AL A AL e P IV E | B 25 1R A5
82 HRFE R T, B AR 028 A MBI 5 #4) fIE AL 1)
TR Z B RS SR RR UK, 278 e R4
il B Rk Shitiziat ok, MRS R G EN S
BRI FH 2S5 T e

2 REBEBREVRFHMN

SR DEDAS R 55 AL DA 2 1 o) Y S 5 4 B2 0% I
SN2 AR 25 8] 52 B SR bl 58, LR e et
it 7E DR BRI S5 R MR 4[] P et 7 sl 1 ARl

FETE SRINATAEE . SIS R M5 B A LA —
W55 DI RE Ry AN [R], A G 25 AL B 28 1 ZR e A Il T
LB UK BT 51T RS 2T R G YR 5L
PR A B FIC R it 2

SR Bel A M 25 1L AR 40 3 28 FEAR IR 5 U0 &
g B SR R G WIE AT SR IRE R
G 5N RS WA SIRARS ATES
RGNS RS R G LR s, e,
PRI SN R G B et SR R 50 %5 14
175728 5 R R 2 G0 2% S UK Wt 24 A% O B R R
I3 o BEARERIN 5 R 1) 2R G0 A SR el K e 55 B S AR
i T2 A% A SR E S E YRR I X O3
ARHIAR , REG 2SR 0 RS A% O R LT AME
JERES OGN GBS AR AT R R LIRS R
B . B BRI S UUR R G R PR T 25 HL
RGN, AR AR BT T AR 5SS, St
H i AeAElk, 70 A R A5 T ARM
Cortex-M PN RZ T & 14 32 v 545 il £ (STM32 ) /7] G
A2 12 55 72 ) % (programmable logic controller, PLC)
FERLO R OB E AR R R R A R (£
FEFRAF,2022) o WEZEHAT AR SRR RS HEEHE
JitE 2R , T SRR Y i R | S5 T R AR 5
J7 ], B U A AL AR AR Sk v B IR XL L5
TR T HLAY (5 EAF,2004) . W5 B it &
G TIPAG W 25 ORI 280, % O A4S
FHUUR IR e FREE AL AT A RS W
A (HEA,2022) . 3 1 5IKE R G ENLETT
PE At OB, B DR 25 W ik R AR S IR 8h
ity , 40 A L TR R R SR AR
REE TG IR 2R HIR 2 RS S
A 25 SO A HEIR & S A2 ik | i et S i
AN R B A, A% D FE AR IR 2%
AR IR R R SR AT E S K
PR GE FCT I L B bR 1 Ml S5 AN ] SR el WP | F e
VEMPAS PR 5 OB 8 W M, A% O A 4 TR A =X
AT BN | 2 S SR o IE 1Ak N R Y
A1

3 REBEBREXERAARIERE
3.1 BERASEIRAGIFEA

IR DDA HE I 251 A Hh 1) 5 )2 BT S AR U3
G ZAANE AR 5 RS AR I R S
AR SE G HE RS IR SR e e BRI £
T B — AR A ) BN SRy PR, Ak vt 24 B Ak 42 T P
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FE RO S R R S R B R A R A
o AR R GEI W 25 UG HE AL X #EmE %%
BORKHRI ™, JE 52 B It 25 A% oA, Feiad
SRR B JEJRIEAS i HUE A0 S S
B MRAS R e e R el i 25 5 H it | # A e
Pe2e AR B H A A, I R S A R
AP

3.0 F AR B AR ST

K Vit 24 10 354 7E T X bR i A7 RO U]
W HE S 25 B rh i AR I S A 4 7 Il A% R
a5 JOGTE IMEIEES LLIME RS (A0 A B
PVEK I A% SR8 N 22 1AL SR AR 55 | A AL A A D)
TR L e R R PRI M A TR A AN R
HME (R 1),

R1 BEBRERAERBES
Table 1 Characteristics of precision spray technology sensor
TRl NS5 Posi
Sensor type Core application scenario Advantage
P FOARIE RN & SEIRAC RN Ao s BB  BrAs R SO 68 s I 1] PR, AN 5 52 G IR 00K B2 ik

& ids I R RE A

Ultrasonic Target distance measurement, canopy contour

sensor detection, operation speed auxiliary monitoring,
trunk positioning

BOETEIL  EE 3D AL REXHE AL [ 3 SRR |

i AR H IG5 i B R A AR AT
Laser radar ~ Canopy 3D modeling, accurate target positioning,
sensor autonomous navigation obstacle avoidance, vari-

able spray flow regulation, tree line recognition
CLAMEIRS  BERR U I EE B X AT SE fid A e R A
Infrared HARIUNE DO Rl
sensor Target recognition, close to the target spray trig-
ger, preliminary monitoring of pests and dis-
eases, automatic target spray
ek AR LRI RS HERE (2 Ak AR SE T
e lds AT it 2

Beidou Operation path planning, precise positioning
positioning  application, operation area statistics, prescrip-
sensor tion map application

Pk JKHEZ4 R A AED s AR I A B AR

L ids P2 AL | 3357 53 3 25 W

Internet of Coordinated regulation of water, fertilizer and

Things pesticide, monitoring of crop water demand,

Sensors auxiliary optimization of application timing,
and dynamic monitoring of soil nutrients

ES i PR SR I o5 B L FRE L K oy

s FIA BB S 38 el 2= M- 2 35 M D

Multispectral Vegetation growth monitoring, large-scale posi-

sensor tioning of pests and diseases, soil moisture and
organic carbon inversion, canopy chlorophyll
content monitoring

10 mm, J# SR HEA O HE R

Low price, easy to buy; good directionality, not easily affected by
light; the measurement accuracy is up to 10 mm, which meets the
requirements of basic target alignment

IR 32 7, ey 73 B8 PR 5 ] PO Tt AR 2 B2 S A £ R 5
PUTHLRE 198 , 2R /)N

High measurement accuracy, fast response speed; can obtain
detailed information such as crown volume and density; strong
anti-interference ability, less affected by light

M i o 2 DR, B DR i o W55 55 S AT 5 S T B, AR AT 5 ]
TESEIE T A

Fast response speed, can quickly trigger the spray action; the struc-
ture is simple and the integration cost is low; it can work in weak
light environment

SE AR E 7, SCRFIEOR 200 7 0 5 RE S B Al Al B i, ik B
HAZ it 5 R R G SR

High positioning accuracy, support centimeter-level differential
positioning; it can realize global operation coverage and avoid
duplication and leakage; strong linkage with variable system

RESHUE ) A BARZS AN 1 PR, STHERS MR SR T 0]
HESENE I, B ASE E5iR s TOAEAI 3 5 SR P R &

It can obtain crop physiological status and soil environment data
to support accurate decision-making; it can be monitored continu-
ously for a long time and has strong data stability; low power con-
sumption, suitable for long-term deployment of orchard

BEREIEHR) ", n] S pRH I 5 BB i T 2 R A B, S
W2 P 5 AR B A THE A K

It has a wide coverage and can achieve rapid monitoring of the
whole region; it can invert a variety of vegetation indices and sup-
port macro-application decision-making; non-contact measure-
ment that does not interfere with crop growth

3.1.2 BRI ARG BTL A
SRS W 55 AR v B SR AR A A
BT R — R AR AW R S g RE R . RAE
2003 4, ] i 45 4 (2003 ) F FH G F AR IR E ARG
e [ shx L T ZE ML, % S HLRE AR R S ]
BEZE 550.5 m DAPY, IS0 T 3R I B 0 T Ak
LT TR A S8 00 H B 22 55 25 6 718 Sy 1 50 ol i g
%, 5E T NERE RIS, W, 20 AME

JEAE 5 PWM K G 8 il B R i — 2045 WS T
AR %S TCAEmE VR 3K (Zhou et al., 20125
ful ks ,2022) o B X i/ INRL B )RR T R XB B A
(2008 ) FEF 850 nm FHAE I K I & LA R G )
B d /MR BIIE B PE HIAE 0.3 m AN, IZ 4040 R 40 )
T W AER S sead o B X A R A
F+, LIDAR £ AR FF 19 H T SRR AG w25 He AR v
BN, 7% 1112755 (2020) B & 19 16 2k 3D LiDAR 1% /%
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B e 2 R B T A I R 25 R & 4.59%, B R
Ak 72 [T HERRA M 5 []f Wi et al. (2023 )38 TR
AN T R I 5 LiDAR A4 A4 | IR0 8 7 il
BIREA A ABFELE R BUR K 23 )53 HE AR
Y JR PR o SRR TS 55 B AR Hh R S R AR ARk
MIAZ O BARTE T H S8 R i e SAE A fE 4y
AR EE PRI
3.1.3 RSB REE LRG0 E R

INF A 55555 R GE AR AHT 8 JE T AR
JEHE 5 PAT BT S B ShAIL R, 41 SRS it 24
AHE AN S 1) S B g FH 58 . 72 R PR R B B, In]
TR EAE (2004) 5 22 v R R SR AR SR
SN ZRGE , 5 T S SR A AR EUZR 53 F1 53R
T LA B AR EAGARFAE BR HR, B ) 235 R S sk o) 7 %2
Jiti 245 22 40 , M SE PR BE PR PR X 8t 2, SR AR 7% i it
MU . B B AR 5 G AL B AR B 4%, 1
75 7525 (2020) F 1 LIDAR A6 I 7 A 75 B AE B 5
FAE S 80 1% 1 FH (leaf wall area, LWA) , #5371
FET YR R BUK 0 M2 TR BT 545
() FL R ) PWML (5 23 FE SIS 137 2 AT BT A 3h 75
PRIk A, DA SE BRI T LWA 1948 f i 55, ik
5 B TE I B R b Sl X B W55 48 243K 32.77%.
Sk — BT R G N, RSOF-4F (2020) HF &
ST HOCE AR AR XA 5 RS, L T &R
BRI RECEHRRE , TR T AR S 25 4 i 5k DL SR
PEZRGE, SCH T AR R AR ARFRITEE . PWM A= B
I FL 107 1R I P2 7 4 DR A B, 6 AN [ S G
DU B8 1% 2R G0 MR AR R FRU T B30 R o) 158 25 34 42 ol 7
10% LIPS, PWM 55 i ot S 2Rk 56 22, ELFE o I LA
M) JO7 i J 240 20 mso XA 2= VR 5, X B
S5 (2024) $5 gy sUMCR [l 228 TS HLER A R
T S = RO TR A SR R OT R SE R, O
1k PointNet W 25 U5 S Y FHE 32.4 ms, ERfR R
ik 92.49% , REWH R SR R 3K o
3.14 B R5PEHRL M akE

BLAS LS 5 S R AR R TR BE Rl 1 25 2 Tt
TR BARRBIRRE 5. TEMSE R
Qb PR SRR R T, BT O 2R S B E R
iU (2017 ) 38 2o B SAB 50 B30 43 RIS SR -
DI, AR T 52 2% 550 T 0 35 A8 6r IRDUE ST 5 1 X6
fe G A AL T AE P R T ) A 5 52 AR v
L, Sarkis et al. (2024) 4 T —F & T RGB Elf& &
AR ISR 0 vk R R AR R s i R
it 25 () 24 — % £ T B0 44 (hyperspectral convolutional

neural network-dense, HSCNN-D) £ 5 75 7] Il )G &
VELL AN BEHEATAE XN 25, 78/ IVREAS 2512 F 52 3
T 5 SR 55 1 FE AR B, O A AN AR B
PEAGBRAE TS o AE9 RS A AL U s, TR
242 5 2GS B AR A5 A B T 3 K 432
e BN, 153555 (2008 ) K 263 AL 1% 5 N T 4
2K ZE-E I T U EUREUR SRS | R
S5 E TR0 HE B 2 4 51 5K 96.67% . 93.3% Al
100%, ™ i 1 GiEH R SHLAE T Al A I
3.15 ZEAE RS

T X H 25 52 2% 1) FH (R IR A, B — e R X LA T
FERE AL 55K, 2R R & BR N A8 K
A AR R A 58 SR UEAS [ AL B AS T 3
KRGV RIS I SISO R . AEREE R
ESHES A AT I, B AR AR (2015) RGE A T AR
ME 55 A DB AR R 5 4t 2R S AL R A HE LR, A
FHIZHESRE LU RSB 7 I OGS LIDAR AR RE 22 5%
W LIDAR ££ — 4 50 8 b i A S50t r it Ak
R 5 55 B A (2022 ) A4 22 A SRR BRI AR
FIFZHERE R GE L LTS  LIDAR AL v 45 Ik
BESHIBORFHE S1E 5. fERGAE NS N %
WEJ7 1 , Zou et al. (2015) BE3 1 H el [ sfy 4} i ms 55
HIL, Rl XLLT A& TR SR A 5 8 IR AL e ]
Tl PR T R TOU T RORS T e 5 5 T S 1A
(2017) D) 35~ 2 BHLHEL [ I S5 ASE TR, 5] AR H 5 PR
AL 2 TR 2s R, X R G HIE T
R AR I A A Pl PR A R

RUE ARG B AR B B s vk 1
TEA A IABE3E N  SEH I | Z2A% 8% ) B 3 A
TP AT IR Ao S0 P L3
32 BRAHBERA

JEHIIR Sl 1) 25 (5 TV it 245 2 0 e SR AA U it 24
BN R WK WA 7 1], FE 5 5 2 B ST ek
JE AR AR B (T it 24 2R G AR 5 e )2 e AR
USRI A B e 485 4 sh A8 1 555 S8, R ks v it 24
PRI SR RSP, i, 2k e 5 (2017a) it
TR A SIS, XS HLLLEO GRS A
PRI R AL E 68 )2 43 BB A | AP 1 RN G L 30 K
LA AT T, 38 52 855 PWM 5 5 52 A3 Bie XL
SRR ISk U i, S S WA ST Y55 AL T,
HA Bh S B T s 2 s 2R A (2024)
BT T S KL 3 08 IR T ARURT R X T T ARk
N7 R 1 SRl R S5 ML /5 i 1 T R KL%
R R AR R XU T S AR AR £ £ gk ST T
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PRI EE T KB 3 T TR R RUE S RO
A A AOCRARAL, JF R T — PP TR
Tk BRI B B A A R R R8T

SR I 22 AR AR PS5, e X S 55 AL A i
ATACAk , DA SRS 25 B 15 5 S 28 A S s i 461)
un, BRF-3CAE(2023) B TR SO H o TR
W5 55 UL , I B LAG) 38 2ol 5 A SRR Ao Sk Bl
AR A2 ) A8 A R SR GRS T %o B 2Y |, 553 T
TR I8 B 43 ol 35 A% 0 1 o B vt 245 92 71 36.3% F1I
58.3%. Mt — R PATHL Y R R, 22 54 55
(2025) B TEAMIZS F p R AR SR e 2 5
VEMVE 5 B3 F 4045 (2022) 1 T 2 PR FR B =
Z A W LA WA I8 1 KPR 4 5 0% R RS
PR 25 5 285 RN 185 174 ST B 9 1 5 38 4R (2014) AL
YAl TWSFF R T T G4 & DRI, 2 LA
>R BN RS 50 45 T — 4 M 3 =X 55 2H 5 12, fig
AR = AT S bR R 5 oK o B bk
11 Hb SRR SR el PR35, B Ak AR 5 (2025) it T AT
S ] X (T it 25 0L, 12t 24 L3 5 TR AL
oy VR R i 24 B 2 5 v B, R FH AT R P IR A IR A
N4 e 3 TR B 23, DT S B AN [ PR R AR 1 45 o4
Jita 24 , FFBEA R FE Fr B 1L ) 52 2 R 5
3.3 HEESERIEFIRA

K A LA S SR Eh AR 2 R R AE L
FERIBAR PR OIS, RIS | A S e 5
RS , PETHit 245 S B0 T RS e Ve e 0 5 3
S, Flan, Wang et al. (2024) & T KA B AL
TEAMLH EWEZS RS, % R G A H AR
[MEE 5 4 S MR AR5, >R LoRa A& i H AR IFAI H]
GPS X E A TR IE , 8 AR S REUIN T 30%, T
H R DX R 1) PSP REHE A Y2 12 0.87 5 Jin et al.
(2023) H % 1 HFPAGHERR BB REME 55 ML, M 25 AL
FIHIEE B ResNet 45 R i 27 > 153 AU Rl 2% 2 H b 37
5 o) LIS I | 2 ME 55 AL HH A o R s AR e )
FEmiZs WL 8D BB S g HEmE 25 HIAH 2 .

AL A 5 B - RS H R BB A AL
SEERL T RIS a1 4 4R A i R AL iR e T
B 5 T BN SRS Y. B0, Lee et al.
(2010) X7 FH TR VRIS HEA T AR IR R Ge i AT T
ZRR 8 B AR AE e SR RIS RN R E
AR A T 3% T 2 2 ) 5 s X B R S
K53 A AT FH ] AT R R, oA, 12308 %
BEIRVE T 45 AL B AR ARG HEAR M A 0 FH IR S
SCTits ¥ 55 . Palacin et al. (2006) 5& F#OEH A H AR

7 I T R T 2 R R A LR AR AR LR AR A
A5 REGE 0.81, 1R 22 /NT 6%, T i ST (AR AL ]
HEH T AR R = .

505 5 S 8 AR R A AR T i Y
DG, BT A AR S 5 BB SRR, PR 22 A
B [l 2 SFe . B4, Koc et al. (2023) A
K T B LA DO A g SR el A e 2R L IR
BB o ST AR AL S S T S SN EE R R
), DT RS 9 1 e 24 P Mt ()R IS 257 2R S
I8 30 3k P T o e & ) LA S ol S R 4
il DTS e 55, 7F 600 kPa Jk 77 . 1.1 mm
I FLAE 15 KV # L FL R 22 1.0 km/h AT HEUE
5T T R I ik 3] 68.91% ; Mao et al.(2025) 1t
T BT PLC ¥ i A0 25 35K B S R I B 55 R ) R &
Gt R FRGR F— 1 A B A A 3 R R A
b N EEAG W E N et SN S W) A
FoE 5 miss — Bk
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