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Current status and prospect of precision variable spraying technology
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Abstract: Precision agriculture serves as an effective pathway for promoting sustainable agricultural
development. As a vital branch within this field, variable rate spraying technology integrates intelligent
sensing, decision-making control, spray quality optimization techniques, and hardware communication
technologies to achieve precise and efficient pesticide application. It is increasingly becoming a key tool
for addressing challenges in agricultural production. This review outlines the current state of variable
rate spraying systems, focusing on decision generation and execution, spraying methods, and key tech-
nologies. Addressing the challenges facing precision variable rate spraying today, we propose that multi-
sensor fusion, multi-objective operations, multi-system integration, multi-strategy optimization, and
multi-platform applications will be the mainstream development directions for future variable rate spray-
ing technology. This research provides a reference for advancing variable rate spraying technology and
insights into the development of intelligent agricultural equipment.
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Fig. 1 Complete variable rate spray system
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WAL, ZRENR LR 233.88%, LA,
SRR A T 552 R X SR TG 1 0 SRR A i 44
BT —Fh A Rorh 7 T Br . i, Sanchez & Zhang
(2023) {5 FHMLAR LB 6 42 oA T ARSI, A E S5
SEBRAE V-2 46 X5 R 22 7F 0.036 m/s N, 7£ RTK-GPS
TR vl A7 R A DX R DA MR 4 e
T AR BT AT T W25
3.3 BHREMAER

AR AR RO T W 2/ I [ L, g 2h
ERALEAR T E AR AU A (], W24 T A
FBOR F 2 B WS BOR (K 5T 45 2008 ; B 22
2021) G4 AR (BEE 755 ,2021) XU % Bt
S5 Hi AR (B AR S, 2018) Fli L Wit £ R (Zhao et
al.,2008;2024) 55, B T DA b EZHA , Wik A A mt
ZHOR R OPA TR, A 5 vt 2 %R
M 155 5 A b 178 SE BRI (KA, 20245 X1 35 3645
2025) . RXEEFANIE hA AR i 2 i, TR AR5
AR 5 15 BEAE YRR AT 4 /5 25 W i 0 AR
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R BRI S5 R RE W P R S T AR R 2 T Y
DUREL (2R B 5 A B 50 ik 521146, 2024) ,
o3 R T S S AL S ss . R
6 I 2530 o A A e B A R B SO B R
T 25T AR JEA Az Sl G e SRV E A B, I
PEESEH IR . ML S 25 mE 25 W2 A mE Sk b
L 2 Ay L 6 L e A S 37 S A A o 357
RS, AT AR DU o
332 AR EHA

FE 5 RIS 25 AL EL B R A AR X — D ke 259
| B, i B AR AR R R T TR AR A 25 ¥k ]
WO 2R , SSEEARI A . BRI R
S BBEZE T (Jamar et al.,2010; K485 ,2020)
333 AAHBIFFHA

YER TS5 RO SRR BB A, K
158 Bt 55 H AR AE BUACKE vt 25 b By A H 25
12, IV 3 A PR DR 2 = A P ) AT
FERRE Sk AL S B 25 kL T AL R RS- 25 P A
Vo A ATE KGRI B 5 7 1) A R0 i

ERRERTT

Information collection unit

= e A A ——

i
I
o

e —" | ——

S T AERE AR )2 1Y 25 ) 5 DU )k, W]k ]
SRS S TUER], B A 3 AR
Y SR ok (XM A A5, 2021) o BRI HGE
FH T 75 E 5 TR % 5 6 2 N A ) SR el it 245 , LA S
TEA WIS ORI 250 (1 & 26 4E 37 5t
SEAR E AR ZGF IR BRI 15 G IXUR: (4 A 5T B
334 HEHFHA

LI 25 R AR SR T T T, ORI el g 3
SRV 55 H AR T B BEE T, B R IE S TR 7E B
PRI, JCH R R 38 18 A5k LA i K% DX s ) B 5
I AP L i | AN /47 S RS v A
4iida (Zhang et al., 2023 ; Bueno et al.,2024) .
3.4 EHBEERA

P g T 2 A R G B R SR S AT 2
RET— IR BB A A AR R ARG T S e
1% 5 15 1 #% (programmable logic controller, PLC) |
R LSRR 6 L 2R G0 i AR A I s TR P
B A8 25 2838 TR PR AOR S5 B R G N AR5 /MR i 4%
Z AT SRR . ARG R BT AL
)2t (1412 .

2 TEBHREHKERMYE
Fig. 2 Key components of the variable spraying system

BT (2024) %3 T — R L STM32 B L A 4 i
Bt 8 B 1S R 40, X R SR AN Tk
5 FE PSR {5 A5 A Bt 0 SE PR R (BN e &

341 TEWGIH A%t Ed
FR YA A% O AR AT 43 =R PR ek, —
SR H DL STM32 S5 i A s il 28 A O T & .
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A E S IR SIy H sl i, 2 1 S B
TR EE S . EH 4R (2020) AR EE T STM32 1%
TSR RS, 1% R Ge 0 FH JC R TR P SR e
2yt DR 123 BB A& Hi 22 md 25451 4%, AT 4%
wmEzy . —RRHPLCER RS ., F I B%
(2024) ¥t T —FhIEF PLC A BRI R 50, %4 &4
S PLC fihd5a58  HL g I 247K 3 e ) 38 S Y5
PS8 0 B oe A 1645 4, RS232 i K15 4
S AR AR 5t A 16 45 PLC, PLC #2285 5 )5
PR FLRE IR () R, NS B AR WSS M H . B
T HESF (2021) DL PLC OB T RGHETRSS R4t
ARG ARG AL SRS 1 2 58 R B R I
T RS, =R E AL R, #5«
(2023) FARFAEAE(2021) il 1L 51+ EAZHL T ALHLEE
fifi {1 R G5 A Android fix A s HE ARAE A 228 B
Al T R 254 R G0, BECSE(2021) 3T T LA
AU il 25 A0 B S 25 15 1 R G, 7% R GE 5
TR . SRS (2020) B3 T TR
{55 Ab ¥ £% (digital signal processor, DSP) Fl1F 1
MY A FLSC I AR REME 2 R G0, 76 H R 2 215 0L T iZ &R
BTN B ] 355 91.4%
342 T2 hdxd) A% egiE iR

CAN B2 B AR Tk S 30RG 1 42 1 119 O it =2
P 10, Yuki et al. (2013) 8] 75T CAN B4
WEFFIE 25 HIL , T2 08 25 LI A CAN B S 4G 1
T 53 28 A4 48 b P Il 42 ) S A O o
IFVRATWE Ry, ST R WSS R S i
AR HEDC AL . Motalab & Al-Mallahi(2024)3%3 17—
R H CAN R i X ms 25 R4, i A Gt
HLAE A5 7 2R 0 A5 I R BRUmE 25 2 4%, vl A
CAN o 2R 38 TR Sk 7 48 il

R, AU H Z R & S HEAE R GE R
RS — , 5 BR 56 4 U7 1 BRI 30,
CAN S AR AT Hm AU 15 4 5 2 3 55 W)
ML C B2 AU BT, SR M b T
SR, BRI, X ST RAERAER 21k
JERES I & R R 1 T bR 3 b PR A T
Pk o ARAT TG Ak Sk et AL 3 F S5 44, B At
B, AR R GAE R 2% T WSS i T Sk

4 RE
HR ORI B RS 24 AR e R (LA

IR HEHENE2E R = SR, 3 43 LR ]
HR—ERL ST o B, 18 DR A i B, DR AR

ZABRETIAN R HARACHE L P — s fE SRR A T BE, %
JEASRT L | R W 7 iy [ 22 R 2 () e A 1 26 )
RIATHIR I o AHAS BRI 247 JE PRIE ] FF 2 K e 1Y de
DU o AL GRS R 1) T RUF i . 2
ARl & AR T RGN BIRRE T ] Se bk pE
P E T, DTS 3 PR O 5 SR BE ) s 2 H AR
PR, SRS ANTR] FAR , 68 72 AN TRl B W24 7 56, il i 52
IR TN Z BT K s 2 RGN, 4 2o
BEEOAR s R, SCBURHE RIE | R R 2y 1
Ak B IR GE B RIPE LR Z IR T RGeS hE
15 BARRE ; Z RIS AAL , W 51 A DERCE AR
I ST R B A AN W] 4 > T 24 AR DA 5 2R
FHRBYEAUBCE s Z2-F- 5 W, 4 L B 2 1 2375
PERIRE SR 3 SEEORTE IR 5 5, ol A
TRPEZFPRAMIRTT SR . RRAZ B2 ANKT R
R A BRARAOMY e 38 AR 2R, A A R A 1) O
SO HESIVR L 1] e Ak fl RS HEAL RSttt , Dy 4Bk
AV B T H52 A JRAR (LIRS B R BN T
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