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Design and Test of Precision Variable-rate Spray Monitoring and Control System
Based on Pesticide Spraying Traceability

ZHAI Changyuan'? ZHANG Yanlong'® ZOU Wei>® SONG Jian>® HAN Changjie' DOU Hanjie’"
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgi 830052, China
2. Intelligent Equipment Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China
3. National Engineering Research Center of Intelligent Equipment for Agriculture, Beijing 100097, China)

Abstract.: The existing field spraying system mainly control spray volume by the variable-rate technology,
which is lack of pesticide spraying data remote monitoring and traceability management. A precision
variable-rate monitoring and control system was designed based on pesticide spraying traceability. The
system can realize precision variable-rate spraying, on-line monitor and real-time display different spray
information, including spray plot, spray time, spray area, type and ratio of pesticide, spray volume,
spray pressure, real-time spray flow and spray speed, which can be used to pesticide spraying traceability
management. Based on the system, the tests of spray volume calculation accuracy, spray area calculation
accuracy, data transmission stability of Internet of things, dynamic response of variable-rate control
system, variable control precision and pesticide spraying uniformity were carried out respectively. The
test results showed that the maximum error of Beidou positioning speed measurement was 1. 33% and the
mean error was 0. 82% , the calculation error of spray volume was 1. 73% , the calculation error of spray
area was 2. 61% , the data loss rate was 3. 51% , the system stability adjustment time under continuous
speed change was 4 ~ 5 s, the variable-rate regulation accuracy was 2.45% , the density of droplet
deposition was greater than 20 drops/cm’, and the variation coefficient of spray coverage in sprayer
walking and spray direction was less than 10% , which met the operation requirements of precision

variable-rate spray. The research can realize the traceability management of the pesticide spraying data
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under the precision variable-rate adjustment of spray volume, and provide support for the pesticide

residue risk assessment in field crops.

Key words: boom sprayer; precision spraying; variable-rate control; remote monitoring; traceability

management

0 3|

WA 2 s 245 BL LA A58 47 1 W5 5 00 2 R s v P
MR, B RO Y ET R W2 B AR AL, R
R A% 24 1) FH S RS it 14 50 o, K T 24 3% 25 R RS
WM ZGH AR A 2 rh, R S T X i
PEAT G A e R T EL X I G R o A L AT A 4R
AV T R S R R AR R OCHR ] R AR 2 A AR
2 5% B XURR A SR A R S

B o G A it 2 B R, ] A 3R 5t I R R O T T
5%, YUKI 255 36 T CAN B2k ¥ i AT =88 55 pL A%
T2 s R G, T AR U 4 AL AT D g RNt R
J1 B2 A R KIM 4500 R T — o AT
WE 35 LIS 55 2R G 55 B B 4R B O vk L R T mE S
B 25 47 38 W i 22 b | A R B g 5 2 )
HUSSAIN %57 %6f ok I AE 5 24, 35 1 — Fof 52 750 i
T i S5 (MPC) | AT i g A8 3 45 0 2 o I S i
I R/ WA (R A 5 SCHR (8 — O ] 3 2o Xof Wi A 155 25 4L
AN IS S AT e o S e 24 A e 9 A 5 A
2L 4 7= 2k, L John Deer, Hardi #11 Spraying
System 258 7] R AQ P T K HRG o A5 B 5 4
AW, BRI T 2 3Rl AR e A5 Bt 24 s i
FRGE T, AT S B 2 ORG o O 4R AR A S G AR
T, I AR 408 A 24 W it A9 Ml A5 LR AT b B DAY

FE] PR A 33X 7 T A 9 A A A, R T AR
HR T 22 AR I 7 R A R R A 2 et 4 A £ L
MEAR, —H A — R EREH TR D, X
BR[10 =12 ]33+ T —Fh & F PID 53 3% 11 mg AT =X s
2 BLAR F gt 2 i ) 2R 6, 3 gk 2 [l i AR e s S
WA R Y. SCER[13 - 15 ] 43 51 5 T BIM PID
Ffh e W 4% PID it T A8 B ms 25 s il R 40 48 T
RGERSKEE M S ERE. SCER[16 - 17 | & xF B
7= 3W 250 RUBEFFIE 55 ML, >R AR PID $5 il 5 3%
T 5 2 UK ) 4% A5 780 1) Smith FAK 75 AR 25 A, 1
TR R 2 mH R, HEm T 2458
SRV e, R T B T A [
W Tt 245 He g R0 it 24 e A 2 W R G . P SO
S5V ST LabVIEW JF % 1 {0 BL WS 00 12k, s ) 42
B 1 DA K (= < N S LR /I R o A 2 0
WS AT 15 245 AL 0 AH I B & R B ORG T AR 2 45 T &R
G, LA b I IDEE SR R B AT B A 3l AR

il

PSS 55 B AR A BRZA W 45 S AU, 32 38 DL 2 i 2 4 7

5 b, KBRS MG 285 B A [ SME TR 2 B R
S B ity A T, A L 7 i AN AR 7 2% 3 4% 2
AE , 10 HL AT XA 2 805 R A i 0 ) A
B AR SR ST 32 2 LUK AR R A O L i 2y
RN ZHOE M R Z ] T iE e o, Bt = 24 78 B
PSR 2 R e 5 9 A B — R R G

AR SO R T A 24 I it 9 064 G o A 24 i
PERGE, T2 o 24 10N v A2 A 4 R G0 A R R
7 M 00 900 DA AR 5 A AL, S B 2 R o
Mt , A o R Aol it ] A ol i AR A 24 i 5 5
BN/ LT NI RTINS b s | (Y8 Y
SN I ST s R PR B, LU Dy SR T i
F B A LG W RN A 24 5 B RURS: DI B (I ARl S 4%

1 RA&Exigit

1.1 REEMHA

LT oA 24 W T 9 5 P N S 2N MR R S
5 2 R M L 24 A b A R 0 R oA 2 g
T W PR P A T R G, ARG B 1 TR,
Hp i E T eEFRE FEhd FHEH AT
(Electronic control unit, ECU;C37 &Y 7 M K Bk
TR BRAE) o Bofas i i 40 O AR i R
IS (LC =21 =5 B, 7 3 U AW 25 SR A
FIR 23 7] ) R4 28t 4 ¢ i ( EM6104 GG Y, b (16 ]
BB BRI 0y A IR A R SR 4R, S HF A 3 5 T 3
A B A A AR X, PR B0 A oMb 3 R A A Bl A Y
3 B A i I 20 1 98 Hs i O B i sk 48 ) 18] 9 L 3] S
PR 55 s g AL O 45 [ I DX R R R 4 ) AT AN
[F) DX Sk TS 5 W 24 4 A R MR D 7~ R e £ 2 by
AT ARAR K AU 3 5 7 AR SR | 42 48 45 & i A
AL, AR A T BRIt A 25 Fh 2 JE FE AT A H
WA AR R, b Sk 58 6 K 2 AT S I AR RS 245 BILAE Ml 7
LRI A R, B Sk T S I A 5 2 4l 37 5 [
BAG B R Lo N B 46 L AL A, AT XS
BRI L2 VR A7 L AT 3 e 1 i 5 A 24 W e 9 D
T R G F B AL s AT B S O A, TT
S S 7S W 24 b B A b R ) A Ml T AR AR
Bl A2y R ARG L L R IT W2y i B 24
M i L SRR (A SWPI R Ll B DS



162 & o Bl B ¥ i

2024 4

CANJZR

RN

>

%. <
i
¢
Tl

4G o
| )] )
A\ 4 v
e A Rl b R A

#

e jr———

t-%{%% I'! ga 3 : i
H AR g

2 = T

Codesys#ifE # bz

Ut
Bl
(SEE]

—

Internet

©'e

)

FHLwA

LA

=T
lIIIlI '-'-"-I'-"ll ’

BZN1172304100003 &

i coonJOuwaose ]

O ML L 281 ), 058 (51010) WEEX

BZN1172303200006 &

i AR Bt

(B e A a

e W

-y

FEb i 7 B
A1

Fig. 1 System composition

R Dy 0 Bl R AT A7 i RS2 4 D sl A ol 5590 e
T3 AT A v A R A
1.2 RSGEHEG&EIT

FF Bk RGO, 45 A K S 25 L
SR BT TR U7 g 24 45 ah] R 24 VR M AR R
HEERE T RAEBEFETRER, mE 2 PR,

2 i AR R S I S A G A 2 g A
W it 24 1 AR e 9 S5 A5 5L, 2R 46 5 4 W T P 3
BB, e B F AR X, R S HEFA
R VR B T W8 25 2R G0 o i, FH P L AR 4R 4 FE I
i, 38 T S A R e R R T,
g 5 245 B 2 A ol R W 24 BT s A o AR K
AT LIAE R B sl 2R 8805 B SR = ik % 5 3l
B, B G023 e L S Hif 4 M 8 B2 A ., M 4l B
it R ARG HEE R, I S RN RE Y
I o AT PO, A 6 = 3 2 0 0 W 0 R R 4
W RIF B . R GER B R R R Ry L Sl Bk, I O
Bl A e N AZ B AR Ml gk R b TR AR R R AE N B

© EIE (ML 455%) BN [FO5 %) WX X
BIN1172304300011 ®
Mz023m-22  Rit: 000M

Q HFH1 (R0 H) MAREL (W20 %0

NJAGTFOAV0000001 &
M2023.0323 Rt 138018

Q EEUNRIIPI (577 4), BRI (1163 8).

—

Eet ] AR 23 7 S

YR 15 Bgeit At

RGN

T4 ARG E A A 2 5 A AR G R B X AR
PRGN TR R ZK, O TP — A
NS BRI A a6 g < 3 ] g a4 T —
MhSE 25 2R L i ik o B4R Bk . MR PR TR R S Y
I 2R G0 UL B2 9 22 (B3, 8 R 4 i 7 20 I 4 > AN )
1 L DX, A AN ) PR DX 3 T P 4 ol 80 e 1 O s I
[, 32 T 47 ) R T [ 3 JRE S RO R PR e )3 )4
T, DX R L R ] R 47 o A R AN TR 2 TR
gAY

=2 (1)
A Q— & @i Zh &, L/hm’
g— Mg, L/ min
v VENV # )% , km/h

SRR E , m
B8 W 24 P M A S M I 0 R B, R e
EEI T ION R ECPAPIR LS RN A  R V CE  N
AR A 25 PP S L W55 R G S s A



%2 1)

WARTT 45« T AR 24 W 39 U5 AR ME AL B 2 M P R i 5

163

(i) ] H
v
TR T T

W55 AL M i P

ALY RTHE T

| izt Mol |
I 2 i

T AR Ik

HE MR S
B2E(E

—]

L2
[ emCs s b RS |
7

HBL bR |

ES L

iR R S A
S <FF TR 2
(R ADATESI g S =X (B AT
<

(R 3

3 e B A
Y
BIRAG TR SRICHRTTE. | [ SRR ZESA
w2 (E 8 | [ e
| FHE | e P ) T i | A PR IR 16 | iﬂim%ﬂﬁﬁ%ﬁﬁ %?ﬁ%ﬁ%i
Y L gifsa | stz ]
M AT A Yy RN ———
vkt B I P UL GOL 7 DAL R B |,
7 | | | | BSUE B [ @mmxmse |
T A PR R T 0~5% | | 5%~30% | [30%~50%|50%~100% v v
| FEmEAGRE | memsamrmdemr | Y ek |
| S I PWM PWM PWM PWM 17 . L7 :
BORAMALRR | | g |yastiasoo|[yastnsooo | mEstioooo| | | [ sterpumazimpmmminamicrt | | Folikcimoimmn mkrr |
T T T T [ T

N

BE HARE?

(a) 1AL REREZG 1

17
S RS2 L R ARll i (8] L Rl AR ARk B A2 R
AeZGROLL R WEEG i | FLcE 2‘7% S Vi AR T S AL (L

| BT SE AT R A i S e |

(b) W17 B M 5 0 e 8 e

K2 BFnE

Fig. 2

1 18 A o S R B AT A S SN O A 2 8
Ui L RAVE AR B HEAT R G, T 4G AT K
R G GRS A% G B IR 55 25 0 B i R B0
Ui F0 T AL 3 A7, S 30 R A 5 245 2ok PR A M A L S B
WO A SRS AT I A B A ) R AR
W ARG o RIS, ZE HEAT AR ML AR S 38 5
VERCA R AR A AL 35 A AR L, 456 55 LR
AR e X S A T A (S A S R 7 ) e
ik A = ) BB = Q0 i (R A T
HMEIE s TEH S XN, Rl G W55 RS0 &, TE1E
BT bR A 24 T IS XA, P A A AR U AR 2 A
W% 225 i [Fa) R i 5 £ R, X 4 i X A 2 ok B
AT A R, S TR Ao 2 o it ok A 0 R A R
1.3 HFFEERBBGET

I T A 24 W i B9 U P A v A R 24 W R R Sl
PR SCALFE 42 30 W 4 L o 5 ECU 22 1) %5 41 3 TH AN
FHREEL S5 6 R4 mEiR . K, 448
W2 5 ECU Z ] 4% 3 1R Rl CAN G2k
AR PE 1SO 11783-3:2014 Mg , AR B SR 2 178
By 7 =, % R SC S B Y 5 ( Parameter group
numbers, PGN) [ 4 48 {5 8., 60 & & 2 it 25 &= AE b
R B A 3 R R SIS B 24 O A RO o A R 2%
Z M 1SO 11783-7.2015 *F HL E 14 & 1 2 /9 M

Flowchart of program

T RITIn 1 FTR

F1 HIEEHHY
Tab.1 Data communication protocol
PIRES D RN E KE HERER
0x00FE0101 Pl e 422 s ol 1 BYTE
T A il 24 it 2 BYTE
ABHBEZY 0x00FE0102 fﬁﬂluﬁﬁ” 2 BYIE
I E ‘(MLE?@%? 2 BY"[:]%
CAN iR E RS 2 BYTE
. A M 32 2 BYTE
e 0x18FF0101 KRB 2 BYTE
S I I 24 i 2 BYTE
S 245 1R ) 2 BYTE
PEM 25 7Y 1 BYTE
b HLE 1 BYTE
1Ml i 58 2 WORD
b b B 7 BYTE
Bl T TR 4 DWORD
E AL T 463 s [ 6 BYTE
Ml 25 H B ) 6 BYTE
P NJHYOPWAUOOOOI30  yr iy grpaskr 4 DWORD
Buifife (FRMELI (L JFH4E 4 DWORD
i ') Qﬁ%é%i;&% 5 WORD
PRPTFIAS 2 WORD
AT L 2 WORD
St it 24 & 3 WORD
SRR 2 WORD
S B S 24 i i 2 WORD
S 5 TR ) 2 WORD




164 & o Bl B ¥ i

2024 4

X EEEE X m SR GRS &S ZEIR, S
HAAT L b v NY/T 3892—2021" > il 5 %5 4 3 1 by
B, mE D iR, EFRFGZERH TCP UDP
WOAF R 75 2 B0 A2 i >R FH R o A =X, 30 5 % %
i RO A 2 8] E R 26 B R AR R, 6
N4 % 2 IR A8, S0 B K A I T B2 1) TR M A
ARG HE, R L0 S5 )5 6 RS54 2 1 Je i
SRR, — FEE LY B sl 0 WO B B
i 5545 L, J5 6 M 55 4 AR 38 = 5 i e 0% 540 # B B
WL, T A WA A A 5 ATV ML L LR 5, X
fife B A AR L B S

2 RBRE5ERSH

2.1 REARSERKE
T B R S 2 R G AR R, O O B
il F H I A R AT M A AR A TR 3 TR
TR I, 38 B A M g5 R G BB B R 4
it A, R R A R A I, U AR B AR
ik e e B R B AR (€ — 3402 BY ¥ S TR
AR R FEATRAE D s Ik b b A2 e
HEAT 5 R O A AR A 1 A v 22 8k, e 2 FIms
AIHT, kAR A Dk o tE R A 90. 17 i/ L

~ i (i

B3 A I A 1

Fig.3  Flow sensor calibration test

x2 FRBERKREER

Tab.2 Sensor check-out

R Wi kb sy ES 1 % RSSES Y
% L Jik o (Bksbp-L=")  (Jkap-L7")
1 3.28 293 89.33
2 3.44 311 90. 41
3 3.60 325 90. 28 90. 17
4 4.02 367 91.29
5 3.49 313 89. 68
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Tab.3 Test results of Beidou speed measurement

‘ RO, WAL R/
56 g = ] ! R2E/ %
(m+s™") (m:s™") %

1 3.64 3. 60 1.11

2 4. 12 4. 14 0.43

3 5.18 5.14 0.72

0. 82

4 5.92 6. 00 1.33

5 7.24 7.20 0.56

6 8.12 8.18 0.76

2.4 HBHEIHTEBERE
BT R G W 25 8T B AT VR, R



%2 1)

BRI 25+ TR 24 WE 91 9 A0 G v AL o

WE 24 W % R BT 5 1 165

T B IR AR S I I A o
HECLWGY A, o F Bk B 47 B2 7)) 2 3 W 25
HLZ5 5 0 25, T 2 43 o) 9T BT 0 4 K J5E o
HETT W2 | PR 4 R L PRI A A 1
RIS BRI L AR A 25 R E 6 4L
o R LE RN 4 TR, AT, M 2 B 0 0k
PN 2.40% T4 W IR 2 K 1. 73% , WU 25
BRSBTS B 9 25 46l 25 it A 4
S W
T4 HBHETERELBEER

Tab.4 Test results of calculation accuracy of spray volume
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Tab.5 Test results of working area

calculation accuracy

B WRERY SRERS A2/
W G5 R/ %
hm? hm? %

1 0.19 0.18 7.77

2 2.03 2.01 1.22

3 8.93 8.54 4.31

2.61

4 17.48 17. 44 0.19

5 30. 20 30. 61 1.34

6 45.58 45.22 0. 80
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Fig.8 Dynamic changes of variable-rate control system
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Tab.7 Variable regulation accuracy test data

- BE  ESST SehRiE M7 A

(km-h ) M/ WEZGE/ WEZGER/ MiZiiE/ iR/
(L-hm~?) L L (L-hm~?) %

5.4 100 18 17. 41 96.72 3.28

7.2 100 18 17. 14 95.22 4.78

9.0 100 18 16.74 93. 00 7.00

5.4 200 36 35.15 195.28 2.36

7.2 200 36 36. 04 200. 22 0.11

9.0 200 36 35.34 196. 33 1.83

5.4 300 54 53.21 295. 61 1.46

7.2 300 54 54. 89 304. 94 1.65

9.0 300 54 54.57 303.17 1.06

5.0 400 72 73.19 406. 61 1.65

6.0 400 72 73.79 409. 94 2.49

7.0 400 72 72.06 400. 33 0.08

100 18 17.54 97. 44 2.56

4.2~9.0 200 36 37.16 206. 44 3.22
300 54 55.42 307.78 2.63

4.2~7.0 400 72 74. 17 412.06 3.01

W2 BN, R 4 ATH, RGN I A A
Jiti 24 155 35 /N B A7 A AR R 85 R o W D R 2 3k L 2 i
L FR G 4 % 2 K TR TR B A A A il 24 i
I, R 25 W0/ AS TR VR b 3 BE R 1 152 22 7E 3. 00% 3
Bl s ARV R B2 Oy 4.2 ~9. 0 km/h I, 15 € it 2} £
7100 ~ 300 L/hm? i, 48 A 4548 22 /0T 3.22% 5
WA i 25 B4 400 L/hm® B, 4 b 3 5 oy 4.2 ~
7.0 km/h B, 28 SR R 250 3. 01% ; Bl A & E it
2 R0 Ol B R 1Y 3% 2R Ak, &R g8 4R IR 25 e
2% ~4% JuFE N, BA B0 S B R . AR
T it 24 e AU B BT, i 1 A 24 Wit ) R 1 RS
EAR T2 W45 R G0 0 A8 e R PR O R 25 R
2.45% , F G HAT B oK B, W6 R DR T A8 s 24 1 ]
2.9 RHGEIEHSMERE

5T 2023 426 H 20 H—7 H 20 HAEJL R
51 DX/ 1L ZOKS HE A BF 5 7 1 35 i 3 P
15 RIS VE Y o Tk, DATE KRR A 25, W2 bk )
T M AR AR AR A R B = W55 L, %
% 25 AL R P AT 2R 45 48, Al 8 96 o 18 m, 2 52 45 K
Wi 100 L/min, f /128 0 ~3 MPa, 40 #h e K
JEE R 108 m, 5 2 W55 25 X B 4f 5 2% 0k B AL & i
B 20 m G X KAy R A R R AT 3 A X B,
AR B T HAAE 1A RAE X, R X R
2m x2m,% M EZEHE GB/T 40331, 2—2021"°
FERAE DX IR A B S5 A RAE AL, B SRR S
BCE 1 SKROK At KRR 4 DX

(4.2.5.4.7.2.9.0 km/h) , 3£ 60 4~ 5% k¢ &, fn
Kl 9a I 7 .

4.2 km/h 5.4 km/h 7.2 km/h 9.0 km/h
i B ]

*%;'?‘:&n s$is si® (8s:is
ARy # % 8% Y@% |(¥&X%
iexe sxe e3¢ |(sxse
; L% [$X8 858 [sxs
“]Jm);&ng i@ x8% |18
"Mevxe esxe sx8 9xe
[#x8 #c9 818 818
Eﬁginﬁe&n& f@% 8%
Milexe |sxg ex9 |oxs

<2l KR

(a) REEAAE R

(b) AMAEAE
K19 A 2555 i 1 &) 1 i 4
Fig.9 Pesticide spraying uniformity test
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Tab.8 Pesticide spraying uniformity test data
-y % A 7 4] X 45k WA v i) X 45 WEAT 7 ) DX
“qu) mEws  VIBGEE, BREK ERR UBNEE/ ZRAH ERR UIBNEE/ TRERHU
% (- em™?) % % (3 -em?) % % (F-em™?) %

39.16 150. 90 44. 06 158. 45 41.55 183. 66
45.61 135. 65 46.03 151.23 48. 41 125. 49

4.2 39.08 170. 36 9.52 47. 41 156. 42 1.26 46.22 104. 62 3.01
20.76 105. 87 46. 49 125.24 41. 46 152. 38
41.00 145.91 46.70 142. 14 44. 81 152. 48
49.57 130. 54 43.49 143. 63 46.79 138.05
48.99 139. 08 54. 64 119. 88 41.29 87.27

5.4 43.79 151.70 4.42 49. 32 126. 16 4.62 56.52 63. 10 7.95
49. 40 138. 65 43.95 146. 58 34.83 197. 18
56.22 92.63 49.78 97. 66 44.97 128.26
48.12 144.73 33.32 187. 00 32.68 177.96
41.4 144.76 36. 14 106. 84 35.67 147.72

7.2 36. 62 183. 60 6. 86 39.21 128. 36 5.62 29.99 194.22 2.30
30. 62 181.96 44.53 153.70 32.61 198. 84
44.61 113.94 46.77 114. 54 35.23 153.96
53.25 131. 69 48. 60 108. 99 37.36 148.93
45.19 136. 66 47.58 131.13 44.72 141.58

9.0 37.10 227.56 6.03 46.26 138. 63 7.26 49. 38 130. 78 4.51
46. 63 147.74 49. 66 136. 65 46. 88 158. 39
49.65 155.90 32.03 93.41 45.53 138.99
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