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Design of Wheat Variable Spray System Based on Machine Vision
and Beidou Positioning

YANG Wenchao'> HE Jin'? ZHOU Jingkai'®> LI Hongwen'> WANG Qingjie'> LU Caiyun'”’
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Agricultural Equipment for Conservation Tillage, Ministry of Agriculture and Rural Affairs,
Beijing 100083, China)

Abstract: Aiming at the problems of waste of pesticide, low utilization rate and environmental pollution
caused by spraying the same amount of pesticide in the traditional plant protection spray rod sprayer, a
wheat variable spray operation system based on positioning system and machine vision was designed. The
region of interest (ROI) was obtained by double-plane height projection method. The effects of velocity
and plant density on spray volume were studied, and the control method of variable spray volume was
proposed. In the target area planned by the positioning system, variable spray was realized by machine
vision processing. The test results showed that at the same unit speed, the average fog drop coverage in
the sparse area of plant density was reduced by 12. 06% compared with that in the normal area of plant
density. At the same plant density, the average fog drop coverage rate at unit advancing speed of
0.75 m/s was 3. 94% higher than that at speed of 1. 50 m/s. Under the condition that the spray standard
was satisfied, variable spray can be realized at different speeds and different plant densities. In order to
verify the grade transformation accuracy of the driving speed at the boundary of the target area, the
positioning sensor was used to judge the relative position of the nozzle at the boundary of the target area in
real time and control the opening and closing. The test results showed that the accuracy was the highest
when the driving speed was 0. 50 m/s, and the average exceeding error at the boundary of the region was
48.72 cm. In order to verify the influence of driving mode on the accuracy of spray level transformation,

a test on the influence of driving mode on the accuracy of spray level transformation was carried out at the
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boundary of the target area by the positioning system. The test results showed that the average value of the

minimum outsize error of driving into the target area was 7. 20 cm.

Key words: wheat; machine vision; Beidou positioning system; target area; variable spray

0 5

FEAR AR A Al 2 77 v By — A T B ERY , 4h
SRR R EE S — " G R HL
DAL HE A 1 % 8 5 HE 45 LA R AR BRI e ) 5 iE
FHU AR 7T A5 304 v T VRSO, SRE A AT 24
X A SR 14 BV T TS AL T G D B o Ak 2
] A B SR 45%

H TR BREE FF  LR E 55 AT 5
AT AR AL B Al 7 R P Be R R AR, H
748 5 25 R e BF 5 2 4 455 748 ik 0 25 4 000 4 R A
AR IS R R OR . AR RS AR I A B AT
A7 % [ Patchen 23 7] HHEI 1Y Weedseeker 525 2
e, 2 B 5 ' A IR R X AR R A A I A TG 2 B
FEAE 1% 2 G0 XA 1 1R 0 DX S I8 306 I 5551 4 44 4k
Wit 60% ~80% ;OEBEL 25 ° S T 3 F4bJy
V] ) 7 5 % 245 40 b 42 o 2R 4, 2R 00 T 5 K5 GPS
S8 (A%, 3 o 24 2 A 9 Iz B b )y AR DS
BiE 30 et A o A S e Pk w2 i, AR
I 2 3 4 1% R 7 T CASE 28 /1 St i | 5t
5B S 2 AL SR P bk w3 6 3 L A Sz B K 3
R KT R T E S A, NE
TELE K AT BRLOR T8 T WP e, i T
AR 3 0155 AR [, 5 85 [ — FH AR ) 16 3 /N 5 1 2
B AR 25 5,3 3 55 5 7 2 45 B 3 I 2 R 2 A
PRI Y s () T AR R B A B AR 1 &
JE& 75 B2 H R WIS T — 5 R SE R, % T/
A2 10738 ok W 25 DU R 5 A /0

IR S0 TR 1 S ) 78 ek 25 R 0 R 5
AT T ) /I 22 L b 5 J3E 308 e 72 gk W 5 O ik 4 o
ARk A KR 09 /N 22 S B BG5S o ] i S
SE L R GE X E AR IS 25 DX IR i e R, DY 4 4 b s
UAEF5 72 DX P 68 AR [ e 86 38 0 /N 22 52 AR ik 42

il

K

i

1 ZTEWMERSZLMFIEIT

1.1 #M5RFRIT

AR SO B W 55 AR 4 R A A H AR X ) A
R 0 B HEAT IR, 5S4 AR T DX AR Y AE AR
i gt DX /0 W% | A A DX AN g DA R X R H A X3
AT, BT LA BB EOR B2 — Rl T LS L
LS| 5E AL R G AL FEWE %% R G0, H R AR S5 dn

1]

1 iR, BB E AR Mg & EE
JAS AT WSk + BB R G AR Sk Rt 25 R g S
g,

BlL AR I 25 R e 45 4 s 2 1R
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Fig. 16  Schematic of real-time target point calculation
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Fig. 19  Sampling method of water-sensitive paper
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Tab.4 Fog drop coverage rate under sampling

point of group 1 %
ETRE I 1 e 2 XJ BB 20
1 22.22 35.12 31.09
2 23.07 40. 55 28.35
3 19.12 38.22 33. 84
S {H 21.47 37.96 31.09
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Tab.5 Fog drop coverage rate under sampling

point of group 2 %
ErRe AL 1 g 41 2 Xt B 41
1 20. 64 32.22 30. 56
2 19.33 35.61 33.77
3 19.22 40.22 34.12
A 19.73 36. 02 32.82
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Tab.6 Fog drop coverage rate under sampling

point of group 3 %
G Al 1 64 2 popiEil
1 22.22 32.5 38.56
2 23.07 36.6 30.2
3 17. 12 39.01 34.12
T 20. 80 36. 04 34.29
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Fig. 20  Driving at regional boundary
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Tab.7 Errors in excess of spray at different speeds

cm
BB M/ (mes™")
0.5 1.0 1.5
0 50 54 55
1 48 56 52
2 47 56 54
3 52 54 57
4 50 58 57
5 50 55 57
6 45 52 60
7 48 51 54
8 48 52 56
9 48 55 55
10 50 55 50
S 4 {8 48.72 54.36 55.18
b 22 1. 90 2.06 2.71
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Tab.8 Spray excess error of different driving modes

cm
WA A GO E AR BOA FAR KB X S AT
0 20 7 55
1 18 5 52
2 18 10 54
3 20 5 57
4 19 7 57
5 20 8 57
6 20 7 60
7 19 9 54
8 19 8 56
9 20 7 55
10 20 7 50
RS 19.36 7.20 55.18
P 0. 81 1.48 2.71
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