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Fig.1 Automatic navigation operation system of sprayer
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Table 1 Main technical index of Lovol ZP9500 sprayer

e RHABAR Technical index Z ¥4 Parameter

e RExfhEE Wheel base x axle base/mm x mm
K:x P xH Length x width x height/(mm x mm x mm) 4 110x9 900x2 990

1500x1 500

M5 Sprinkling width/mm 1150
Fe/INES Hb A B Minimum ground clearance/mm 1100
i #E3# ¥ Forward speed/(km-h™) 0~5.4
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Fig.2 Function structure chart of navigation controller
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NA

HABAR4Z Desired path

S) 4

T ORFRYA, rad; Y NIRBIA, rad: Ye ARLEMZE, m: L AHHEE,
m; RAHSFAE, mi VAESEE, ms

Note: @ means wheel angle, rad; ¥ means yaw angle, rad; Ye means position
deviation, m; L means axle base, m; R means turning radius, m; " means vehicle
speed, ms ™.

B3 wasbdhe) i FALR AR 3 FALR

Fig.3 Four-wheel steering sprayer simple kinematics model
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Fig.4 Wheel angle tracking control
2.1.2 kb iz

BT AlbE AR ST T Sk B S P ST, il s
e 1) WERTMEEEA Dy, METE S AR N Puxeye)s
YR N der, BIERIRR B BUSEERE P, S5
NP, 2) B PR I ZR AR 7 K IR R AL Pk k)
HAE PPy 3) BIEHLEIEFHLA A b 20 (8D

W Dy NRTALEEE, m: Py ) NEEINALE, Pu(nya) VT H AT 3440
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Note: D;, means preview distance, m; P.(x.,y.) means vehicle position, P,(x,,»)
means closest point on curve path relative to vehicle means, P, i(XytVn+k)
means preview point; ¢ means vehicle heading angle, (°); @, means vehicle
target heading angle, (°).

5 kT RARIZESTER
Fig.5 Path tracking control sketch for headland turn
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Table 2 Integrated autonomous operation control strategy

G R WEZAL AT AR AR
T so peml Bl B4 B#l Middle  Right
Working - Do Spray Leftlance lance  lance
diti Drive Steering Throttle
conAion lutch control control PUMP  SPrayer sprayer . sprayer
clutch control ~ control  control
BELZL T
Straight + + H + / / /
line navigation
Hu L)
+ + L1 +
Headland turn / ! !
AT
Left / / / + + - -
lance spraying
TS
Middle / / / + - + -
lance spraying
FELiR e
Right / / / + - + -
lance spraying
fabgm oy / / /
Stop navigation
RTK 5
RTK unnormal - L2 - / / !
Pk 5E 1
Task completed L2 / / !

‘J:F: “+)7 ?;L,?I’ “_» Z:?;l"/f}; “H” %—‘j&, “Ll ”» ,ﬂ&ﬁ, “L2)7 /%:jgc
Note: “+”execute, “—"shutoff, “H”high speed, “L1”’low speed, “L2” idling.
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HSEAEME, 7E RTK 2243 E5088 5 RO b 56 RO 428 1) ZE 4
24, 150, WITESEAME; 2) FHMELERESH
SRS, AFEMRER . WERE. i A
Jom 1 EwE B RS EME. #3508 D
N S IR Sk B 2 P U, AR AN R IR B %
TASEPIE R Y, K YR EE T 7K S8 1 B fe K
MEBE N 12 m, H/MESEN 6 m; R R/NE

i 5 s B, L 55 LR KRS F00 85 1R ML I A 22 7= A
JZLSEZ)y, FEWAT & AR AT K o 2 7= A= o s 6

77 15155 55 LR A s B[R] K s B0 S5 s A st A+F fh 3 5
Sk i FE R i, RN R BT R S O 5 EUEAT
S 22 R AR AR, AR B AR s S5 AL )
PR, BAAE 1.3 m/s P FRIT 7 3 MRS T Y E 2R
BARIRESRIS, 7F 0.8 m/s SUE T 5E ik B . S
wEmmE 6 froas, HAoKEEmRKEZEK 75, %
40m, MK 417, BHK 60m. 3 32m, MK 51T K
K 95 m. % 38m, K417
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Fig.6 Navigation operation trajectories in different fields
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HEZ I W T oS AR E v RN, B SRS
XL RGOS FE RS e MR, AR SO S R R
T SRR RO . BEARRAE ZE 34T T GEit 2,
W 3 .
3.2.1 FAUERIHE

TEKVEERTH b, AT 10502 i A 22 BB K N
1.0, 04, 02, 0.2 cm, MK FIYEAN-0.15 cm, HA
5 1 AT SHIIE A E i 2 AR K S8 I R
NIRRT, 3 e 2 B RO T AT, RHEIAE TR, %
TR ZEBMER N 1. 1,64 0.9 1.4, 1.9 cm, 471l
ZWERE, BACFHAEN 1.3 em; KEHABETR, £47
1SR il 22 3B I 2,31 2.9, 2.31 1.4 cm, 1T
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[ fmZESERRE, SARTFIEN 2.2 em. HIERY, [H
—HUHIREE T AT SRR Z AT, T SR
GUELIF I RS B s (BAE ARG R R T W1 & 1) 22
R
3.2 FAdERIAE R M

AKPeBE T b, AT B 1) 7 B M 22 b v 22 4K N
1.4, 1. 0.9, 0.8 cm, AafEZEFIIEN 1 cm; FHIAET,
AT B 22 DR E ZE K ION 4.64 3.4 3.1, 2.1, 3.5 cm,
FRUEZEPIIMEN 3.3 cm; KIS, HATM ERZEN
FRUEZEMR N 3.4.8.4.7.5.2 cm, briEZE TN 4.4 cm.
PR R, A M BER B S AT 15 T i 22 AR
M, WILT A RGBT AR E M EAR R
DL T R = S M.

3 FEMBZITERMEREMERTAERIESIT
Table 3  Statistical of lateral position deviation and roll angle of
each row in different fields

TR [l 5 B A 22 K S ON v i)
. o The maximum The maximum
L2 i () lateral position deviation/cm vehicle roll angle/(°)

Test field Lines
Afm YA bRdEE A AW E bRdEE
Right Left AVG SD Right Left AVG SD

1 23 -39 -1.0 1.4 0.1 -1.6 -09 0.4
2 37 26 04 1.0 01 -12 -0.1 0.3
3

TR B THI
Concrete 25 24 02 09 15 07 16 0.3
pavement
4 27 26 02 08 08 -07 -0.1 0.3
W 28 29 -015 1.0 06 -07 0.1 0.3
1 93 —64 10 46 33 06 14 07
2 94 45 16 34 25 -07 08 0.5
i 3 71 54 09 3.1 1.8 -1.1 05 0.6

Dryland 4 63 44 14 21 23 06 13 06
5 98 74 19 35 19 -14 04 07

¥E 838 -56 13 33 24 -09 0.9 0.6

1 99 -79 23 30 52 -1 19 12
2 116 -65 29 48 50 -15 18 12
JKH
Paddy 3119 -109 23 47 49 20 19 13
field

4 175 -11.0 14 52 33 24 05 1.2

WE 102 9.0 22 44 4.6 -1.7 13 1.2

3.2, 3 ML HE B AL b 0 Foh

K EXCEL BAFX SAT B B M 22 B AN 42 B A
BAWAEMATERLE, WK 7 Fios: WE 207 EEW
IELLBILRE S R, e R R=0.914.

A EIVA=R S

Lateral position deviation/cm

—15L
WAL SRR A

Spray body roll angle/(°)

B 7 FFNEGIERA LSRG E R E

Fig.7 Sprayer body roll angle and lateral position deviation
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R B2
Standard deviation of lateral

Y 1.5
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W S LG B AR A B A 2
Standard deviation of vehicle body roll angle/(°)

B8 EimiEEIsBMmEMEEE YEAEIFEELAWME
Fig.8 Relation curve for standard deviation of lateral position
deviation and standard deviation of vehicle body roll angle
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REE T ms S5 E R
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Design of automatic navigation operation system for Lovol ZP9500 high
clearance boom sprayer based on GNSS

Liu Zhaopeng', Zhang Zhigang'”, Luo Xiwen', Wang Hui', Huang Peikui', Zhang Jian'"

(1. Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, South China
Agricultural University, Guangzhou 510642, China;
2. College of Mechanical Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Automatic navigation operation has become an inevitable trend as the development of agricultural machinery and
equipment. To realize the sprayer working in field with the minimal manual intervention and avoid the pesticide injury to
human in manual operation, on the basis of electrification transformation of the spray machine, Lovol high clearance boom
sprayer ZP9500, the automatic navigation operation system was developed based on RTK-GNSS (real-time kinematic - global
navigation satellite system). Electro-hydraulic steering system with a proportional flow control valve was equipped on ZP9500,
and an angle sensor was coaxially connected to steering knuckle arms, realizing the closed-loop control system for steering.
For the same advantage to throttle system, a push-rod electric machine with travel sensor was installed, and the push-rod was
connected to accelerator via wire rope. Installed in parallel, 2 electromagnetic relays were connected to the electronic switch of
vehicle clutch and spray pump respectively, and 3 electric two-way valves were connected to 3 spray bar switches. So, the
steering, accelerator, vehicle travelling, spraying and sprinkling width of sprayer could be operated in electric control. GNSS
receiver with double satellite antennas and inertial sensor component, were applied in the system as the crucial position and
orientation measurement equipment. Based on the hardware platform, the path planning strategy, automatic navigation
controller and automatic operation controller were developed. The automatic navigation controller could guide the vehicle
along the planned path generated by path planning strategy, and complete straight line tracking and headland turning. The
curve tracking controller was designed based on pure pursuit model, and the linear path tracking controller was designed based
on states feedback of lateral error, yaw angle and speed. And the operation controller could realize the vehicle start or stop,
spraying, amplitude adjustment and speed switch control automatically according to different working conditions,such as RTK
signal out of order, vehicle headland turning, and spraying operation completed. To verify the reliability and accuracy of the
automatic operation system, at the speed of 1.3 m/s, the test was carried out in the field of cement pavement, dry farmland and
paddy field. Due to the difference of field size and setting width, 4 rows were planned in cement pavement, 5 rows were
planned in dry farmland, and 4 rows were planned in paddy field. Test result showed that: 1) The navigation operation system
could automatically guide the spraying machine to complete the spraying operation in field, the switch between straight line
tracking and curve tracking was smooth, and all the functions performed reliably. 2) The tracking accuracy and stability, and
lateral position deviation were consistent in the same farmland, but in different conditions, it showed obvious differences. On
cement pavement, when swinging on rough road, the vehicle rolling angle was from —1.6° to 1.5°, the maximum tracking error
of the lateral direction was 3.9 cm, the average error of each row was from —1.0 to 0.4 cm, and the standard deviation of
deviation of each row was 0.8-1.4 cm. In dry farmland, the vehicle rolling angle was from —1.4° to 3.3°, the maximum tracking
error was 9.8 cm, the average error of each row was from 0.9 to 1.9 cm, and the standard deviation of deviation of each row
was between 2.1 and 4.6 cm. In paddy field, the vehicle rolling angle was from —2.4° to 5.2°, the maximum tracking error was
17.5 cm, the average error of each row was between 1.4 and 2.9 cm, and the standard deviation of deviation of each row was
between 3.0 and 5.2 cm. 3) By studying the tracking error and the rolling angle of each row, the maximum tracking error had
significant negative correlation with the maximum rolling angle, and their negative correlation coefficient was 0.914.
Meanwhile, the standard deviation of tracking error and the maximum rolling angle had the same characteristic relationship,
and their negative correlation coefficient was 0.947.
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