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Fig.1 Autonomous driving system of high-clearance spraying
machine
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Table 1 Main technical index of Huasheng 3WP-500G sprayer

AR FEHr Technical indexes ZHH Values

K BEIHLTNZE Motor power/kW 154
K:x % x5 Lengthx WidthxHeight/(mmxmmxmm) 4 100%9 900x2 540
K BREx4HEE Wheelbasex Tread/mm>xmm 1 500x1 500

W5E Sprinkling width/mm 1100
B HEFR Ground clearance/mm 1200
YV Working speed/(km*h™) 0~5.6
/NS 2448 Minimum turning radius/mm 3500
25573 A7 Tank volume/L 500
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B4 H e 32 . W 4% 1) R G0 K 7 I T 0 o %
FARA IR A 7 1) = Beams 35 1 40, A i i 4 47 b 48 i s
8 5 AL R 1 O R/ URIE i 2 = 13 51— 3,
Kl 2 fs.

LEMRE 20EMRE 3ATERGINM 48 m il 5.5 IRA
1.Positioning antenna  2.Vector antenna  3.Driving control mechanisms
4.Steering motor  5.Spraying valve group

B2 AZEI GRS
Fig.2 Autonomous driving high-clearance spraying machine
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1.DC motor 2.Reducer 3.Rolling wheel 4.Throttle cable 5.Fixing frame

6.Angle sensor
B3 AzhbmilEE
Fig.3 Automatic throttle mechanism
H 2l 1773 E drah 1) B 7 ) 590 (Electronic
Control Unit, ECU) . WDD35D Jgf tifrit. Jkid sipL.
e dln, EE TS EHINE 2 Fox.
2 APHIEEEERESH

Table 2 Values of main components of automatic throttle

mechanism
FEHA HR ez S
Main components Technical indexes ZHA Values
W /W 18
Reﬁiﬂgor H/V 12
#3/(rmin ™) 10
et Hf&/mm 60
Rolling wheel JEFF /mm 10
¢ HE/V 5.0
el
ol s 0
- I8 0-1%0

TR I — [ HE S e R ke b, R ERAE R
AL B R B LRI TR/ o e AL T B E N
el i 7 2 0 e ) LA R R 2R AC e e 2 B . i) ECU BA
PIC18F258 AhbFHAR NAZL», H PCA82C250 1 CAN i
LRYBRRE D, 4 > CMOS DA B4 15 ] AL
HIIE e, HEELEHEwE 4 Fis.

+12V
CANTX
CANRX| PCA82C250
PICI8F258
A0 - sl $2
«
s3 S4
c1
s3

GND
¥E: A0 N PICI8F258 ALFRES MBI NG CO. C1 v PICI8F258 Ab¥E
BMBEHHEIE; S1. S2. S3. S4 y CMOS WHHE
Note: A0 is a pin of PICI18F258 for analog input; CO and C1 are pins of
PIC18F258 for digital output; S1,S2, S3 and S4 are CMOS power tubes.
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Fig.4 Wiring diagram of throttle electronic control unit
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5535149 10 N'm A1 80 r/min, 11 5 Fizn. # LN
ORI, SR N SRR A, iR
77 ) SR DUAE T W 5 mI WL BRI B AE o A A% B2
TS5 A A A R, DAL s R T R I B e 1)
P2 o

a. B LR

a. Installation of steering motor

b. Rtk R

b. Installation of angle sensor
LITIREE 25mmah 30RAhEs 45kl SRR BIT 6.
TR SATME OAETIE 10 BKEAT  TLIEIEAT 125
1.Steering wheel 2.Output shaft 3.Coupler 4.Steering motor 5.Hydraulic
steering unit 6.Fixing frame 7.Angle sensor 8.Front axle 9.Steering arm
10.Universal drawbar  11.Piston rod 12.Steering cylinder

Bs aAzmtaiE

Fig.5 Automatic steering mechanism
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I Ir) 2 ) 2% BB A ) $E AR RN FE AL R B 2R ALk, B il o T
3B DL PIC18F258 AiZ Lo b BE LS, $2UR CAN &2k =0 EEU =G

R RAE S, BRI AL A A A, R
WU S AW 5 I 28 B0, fEFE m 5o e 2 E AT,
HITAERBE WA 6 Fiw.

Fel il ds
+5V U
N U .
Fi1JE AR : i o= v =
GND | =i ® W =
H je=3] iy
CANTX hg = HALL &
SE /===
PCA82C250 | CANRX|

I Uy NAEARSm I EE, Vi CANTX Jo#emHl 800 CAN S
H ik, CANRX g 4%l 3511 CAN B2k Baliti; UL V. W kg1 Bl
HAZE; HALL Jyf 1 fApLRIE /R S 2k

Note: U, is the output voltage of angle sensor, V; CANTX is the pin of the
steering controller for data transmission on the CAN bus; CANRX is the pin of
the steering controller for data receiving from the CAN bus; U, V and W are
phase cables of the steerin motor; HALL stands for the hall bus of the steering
motor.
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Fig.6  Principles of automatic steering
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B ot vt 55 1 2L P AL B R R PRAT AL B LR BTt
T 7 s ERE Em E S gE, 3 PIC18F258 H g
WL ANE HL#S . CAN SZRY)BEC - PCA82C250. L298N
HLHLIRZ 25 -

CANTX

PIC18F258

CANRX| PCA82C250

co —HL | na

H/L
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o |-"WM | ENaa OUTB i

C1 INB

LI B
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Note: H/L stands for the output level of CO and C1; PWM stands for the pulse
width modulation signal from C2; INA and INB are pins for control of the
rotating direction of the motor; ENAA is the pin for speed control of the motor;
OUTA and OUTB are pins for motor driver and motor.
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Fig.7 Wiring diagram of precision spraying controller
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Fig.8 CAN-bus communication network
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a. Jati b. fiFHLIE
a. Backward view b. Bird view
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N OAL STEARRTIETT MRS, () ¢ WENL RS T L O FIBEHEER, m
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Note: H is the height of the position antenna from the ground, m; b is the
distance from the wheel to the vehicle body center, m; J; is the angle between
OA; and car body forward direction, (°); ¢ is the distance from the position
antenna to the vehicle center O, m; J is the roll angle of the vehicle body, (°); / is
the distance of O4;, m; A4, is installation position of position antenna.
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Fig.9 Correction of vehicle inclination error
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Note: W is working width, m; a-the angle between AE and AA’, (°); f is the
angle between OF and O, A, (°); R is the minimum turning radius, m.
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Fig.10 Path planning at headland
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Note: 7o is the initialization position; # is the current position; ¥, is the GNSS
measurement heading, (°); ¥y is moving direction heading, (°).
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Fig.11 Heading calibration
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Fig.12 Test field and conditions
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Fig.13  Test path planning
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Development and experiments of the autonomous driving system for
high-clearance spraying machines
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Abstract: This study aims to improve the automation and intelligence of high-clearance sprayers, while avoiding pesticide
poisoning to operators. An unmanned high-clearance sprayer was therefore developed and then manufactured using
state-of-the-art autonomous navigation, mechanical, electrical, and hydraulic technologies. A conventional high-clearance
booming sprayer was selected to serve as the platform. The electrical system of the sprayer was composed of five sub-systems,
including the driving control, navigation, remote control, spraying, and ground station. Electric devices were designed to
realize automatic control of engine start/stop, four-wheel steering, throttle aperture, moving speed, spraying pump, and
booming beams. A micro-controller PIC18F258 with CAN and serial ports was utilized to process data, and then send signals
to the relays and motor drivers that rotated DC motors as executors. An electric steering was also developed, including the
brushless motor, potentiometer, motor driver, and steering controller. The brushless motor was used to provide the steering
torque, where the output shaft of the motor was connected directly to the input shaft of the hydraulic steering unit. A CAN-bus
communication network was established to allow for the real-time switch between two modes, such as remote control and
autonomous navigation. A dual-antenna RTK-GNSS receiver and an Inertial Measurement Unit (IMU) were used as
navigation sensors to collect the positioning and attitude data. An attitude-based correction was proposed to compensate
positioning measurements corrupted by the chassis inclination, thereby accurately acquiring the actual position of the sprayer.
The RTK-GNSS positioning data was also utilized to calculate the actual minimum turning radius during the headland turn,
particularly considering kinematic characteristics in fields with various soil conditions. A straight path also needed to be
planned according to the turning radius, in order to ensure the explicit turning trajectory and accurate path tracking after
finishing the headland turn. The reason was that the distance between adjacent working paths was considerably larger than that
of the turning radius, where the working width was 12 m. An automatic calibration was introduced to determine the range of
steering angle, steering angle in straight and heading measurement shift for the high-accuracy driving. The correction was also
necessary to consider the installation of GNSS antennas and the potentiometer on different fixing locations with respect to the
machine body. As such, a comprehensive validation was gained on the automatic operating mechanisms and CAN-bus network
communication. A series of experiments were also conducted to evaluate the performance of newly-developed unmanned
high-clearance sprayers under remote control and autonomous navigation, in terms of automatic operation in path tracking.
The results showed that the maximum values were 20.81 and 8.84 cm under the remote control and autonomous navigation,
with the average errors of 0.90 and 3.16 cm on the left, and the maximal root mean square errors of 7.47 and 2.66 cm,
respectively, in terms of the lateral error, indicating that the executing mechanisms responded to operation commands in a
stable and rapid way. The driving performance under autonomous navigation was much better than under remote control in
agricultural spraying.

Keywords: agricultural machinery; autonomous navigation; high-clearance spraying machine; inclination correction;
automatic control



