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Spray Boom Height Control System of Potato Sprayer
Based on Canopy Information

WANG Xiangyou'? QU Junzhe' XU Yingchao'? LI Xueqiang’® XIAO Zhengwei' WANG Linlin®”
(1. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255091, China
2. Shandong Intelligent Engineering Technology Research Center of Potato Production Equipment, Dezhou 253600, China
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Abstract; In order to solve the problem of accurate measurement and control of the distance of the spray
rod relative to the crop canopy when spraying solanaceous crops such as potatoes, a set of spray rod
height control system of the potato sprayer was designed. The system adopted 2d laser radar scanning field
potato plant canopy, according to the potato planting pattern of crop canopy crown unit segmentation,
through the fusion of attitude sensor data on radar output data correction, and based on the median
filtering algorithm, moving the least squares curve fitting method processing crown point cloud data, real-
time calculate the vertical distance of crown relative information, and the fusion cylinder displacement
sensor designed double threshold spray rod height control strategy, realize the precise control of spray rod
relative potato crown height. The system was applied to the 3WP — 1500 sprayer, and the system
performance was tested by height detection precision test and height adjustment test. The test results
showed the maximum relative error of the crop canopy height detected by LiDAR was 7. 16% , and the
average relative error was 3.95% . The height adjustment test showed that by determining the optimal
adjustment threshold, the spray bar height adjustment error can be effectively reduced, and the system
stability can be improved, and the standard deviation of the test height adjustment was 21. 81 mm, and
the average relative error was 3. 08% , and the system ran smoothly to meet the automatic control needs of
the relative canopy distance of the spray bar.

Key words: potato; spray boom sprayer; plant canopy; LiDAR; height control; multi-sensor fusion
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Fig. 1  Schematic of sprayer spray boom mechanism
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Fig.2  Schematic of detection device
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Fig.3 Structural diagram of hardware system
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Fig.4 Schematic of spray rod attitude adjustment
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Fig.6 Schematic of canopy element segmentation
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Fig.7 LiDAR data filtering and angle correction
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Fig.8 Filtered results of median value of canopy

point cloud data

2.3.2 LT MLS [yEAT AR a0 22 B i A AR I vk

2 bk Eh A8 B 2 A s BB W 2 I AR R 1Y
o 2 T e A e 5 A0 i S Y T R R s B T
DA A 1 A IBOE AT AR O 56 2 TOU A e B IR i . AR
SR A sh i/ — e % ( Moving least squares, MLS)
Xif— Ak s 2 B AT il 2ok B UL 0 R/
ISR 22 - J7 A PR3 3) 23 e J2 TS T 7 DX 48 A
- 45 2% DX SR AR AR, 92 B A AR X e 22 T B P AR
SN i

8 Bl fi /)y 3 10 A B R Sk B HICEHE 0L it 2k
M RAR L SRS /N AR LG I T I AT
B RYME S, MLS K A~ 58k 2 B ) ] ) 4 4k
P — A S, I 08 32 DX 3809 1 B0 o i A7 4L
Bl G AR EL, T LA AN ] BB ) £ s A
T3 A [w] Y ASC i, DTG RE B 4 Jeg B /N 3fe ik AT g
B3 B 0L ), MILS K485 1 38 Jmy 8 40 & R
B () R B R m) B p (o) AR B 5 a(v) 24
i) =il

f‘(x)=z p(x)a,(x) =p'(x)a(x) (6)

Xt T — 4 6 2 s B il S 1 AN (]
{14 & bR BSCRIA BRSO 0L 1 A AN ) B R O T
F v 0k R B OS2 A B U AR RORS
BOE R B p (x) = (1,2)  BLRRBON = RFE R R R, &
B a (o) 38 3 Jm) 78 30T 8L o BCFE B a5 oo AR BN 45 5
R 2 W A S5 /N F- 05 Fi T KB %€, A7

-3 wle=n) Z”lp](x,,)a,(x) -yi)z

i=1

(7)

/\Y=(yl’yz"“’yn)vr’ﬁ(7)xd‘a(x)*%*gl'ﬁ
et
o 9 ;w(x - %) ( ;pj(xj)a/.(x) —y,.) i
da da -
zw(x—xi) Zw(x - x,)x%,;
i o) -
Zw(x - x,)x%, Zw(x —x)x
Zw(x _xi)yl‘
Zw(x - x,)x,y,
A(X)a(x) -B(X)Y =0 (8)
% a(x) =A""(x)B(x)Y (9)
X n, W AR PN Y BOHE B
x SFE T x AR S

w(x —x,) s 5« Ab R eR B, FE A e
o B SR BN R T AR B A
IlsEes
A SCHL = IR SR AL R R
%—432+4s3 (s<0.5)
wls) =14 40 a8 —%ﬁ (0.5<s<1)
0 (s>1)
(10)
Hor s=lx—x,1/r
A s AH X A B
(% mm

g5 b B AR r =30 mm, i@ i MLS B3k
XA~ HLIE P S 2 R A R T 9 I R AT il 4k
A 1B 9 S 9 1) 2 i, = K00 i 2400 5 45

19 FAL, SO TR I8 40 AR ORI B A A
MOEZ s BB AA R IUE ", A oo N 4 28



EAR LR %

TR R AR B 55 B HLBEAT

B i R G5 203

g
i
e
=
il
e
25 .
>~
= i
o - B
= — UE EEH%%
200 ! J
0 500 1000 1500 2000
Bl
@) W,

1000
& 800
&= .
1M <
E-“LQ 600 i
=
junag
E 4001 < HdiE R
& — MEihs
200 1 1 1 I
0 500 1000 1500 2000
HoRFH
(b) W,

KO ) m BRI

Fig.9  Canopy point cloud data fitting curve
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Fig. 10  Extreme value distribution and region segmentation of canopy fitting curve
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Fig. 12 Main program flowchart
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Fig. 14 Schematics of high accuracy detection test
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Tab.1 Systematic and manual measurements of

potato plant canopy height

A S REMEE/mm N TG/ mm X ER2E/%
1 998. 65 1 000 0. 14
2 469. 89 463. 1 1.47
3 464. 26 446.3 4.02
4 549.74 513.0 7.16
5 468. 18 496. 6 5.72
6 528.72 494.9 6. 83
7 541.79 549.0 1.31
8 531.23 547.8 3.02
9 545.70 568.9 4.08
10 567.93 587.3 3.30
11 537. 41 514.1 4.53
12 538.10 515.4 2.46
13 487. 69 500. 3 2.52
14 496. 34 517.5 4.09
15 486. 90 500. 8 2.78
16 457. 45 512.4 1.07
17 477. 68 491.3 2.77
18 534. 67 514.8 3.85
19 522.17 498.5 4.74
20 499. 55 517.6 3.48
IR R
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Fig. 15 Schematic of spray boom height adjustment test
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Fig. 16  Spray bar adjustment test data under different adjustment threshold combinations
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Tab.2 Height adjustment test analysis results
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