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Design of Wireless Network for Tractors Based on Teleoperation System

XUE Jinlin  WEI Yaoyao YAN Jia DONG Shuxian ZHANG Lingfeng
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract.; To reduce the labor intensity and improve the working conditions for drivers, a teleoperation
system was developed for tractors. First of all, a general design was expanded according to requirements
that the teleoperation system should be achieved. Through wireless network communication, the tractor’s
working environment can be transmitted with video to a teleoperation terminal where an operator was
located, and the operator can send commands to drive tractor. Then a MY 250 tractor was refitted for
remote steering, clutch, braking, throttle, shutdown and ignition by installing actuators such as motors
and electric putters. In addition, a teleoperation control system was designed, including a user interface
and an on-board control system. Finally, tests were carried out to detect the system performances about
communication, action and driving. Results demonstrated that the average communication delay was
0. 074 ms, and the maximum video delay was 373 ms for the teleoperation system, the maximum control
error was 2. 21% for all actuators, and the maximum absolute error was no more than 208. 5 mm when the
tractor was driven along a straight line at speed of 2.08 km/h by the teleoperation system, with a
maximum root mean square ( RMS) error of 85.5 mm. This research can provide reference and solution
for the development of agricultural machinery with teleoperation technology.
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Fig. 1  Structure diagram of teleoperation system

B MLHE 2R 48 B ALK Al 28 T 2 I 4% T {F B T S
I A% Ay 22 1 4 A o, O AE P S b R o

TCE W 4538 {5 PR 19 2 T 4G R 2% + VPN J7 50
PEAT R B A &l 2 s o s IR A R 1P 1) =
JIz 55 #5485 42 OpenVPN JIt 55 &% ,4G 3 il A% 5 & #:1
AR (FHEHL) fE A% P, Jl 3t OpenVPN 5 2 fiik
55 2 1 R PR B8 R 2% ( Virtual private network,

(”ﬁ)) [4C 2% f«—>] NVR ]

2 JOLR 4 AE IR

Fig.2  Wireless network communication link
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Fig.3 Diagram of clutch actuator
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Fig.4 Diagram of braking actuator
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Tab.1 Parameters of stepping motors
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86BYG250C 1.8 6 6.0 MA860H
86BYGH250D 1.8 12 5.6 HB —-860H
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Tab.2 Parameters of gears
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Fig.6 Diagram of throttle actuator
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Tab.3 Parameters of electric putters
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Fig.8 User interface of teleoperation system

3.2 EHEHRFKRIT
3.2.1  FEREH R GAEFLE
TR R GRS A 9 PR o AR s AR



5 8 1)

BE AR 25 T IR M 4% B3 B PLE #RAE R G 5l 5 399

ECU Jy% T ATMEGAS fif4h Bl 45 (1) DM368 4% il #7,
Horpr ADC A5 B SR 46 h AT LA AR L 1) 5% £ 15 0 B8 15
B PWM BLH=AE 3 % PWM 55 248 gk L fL9K 3)
i AT ) 20 R U BL RS Bl O S AR B g il 9k 3l Bl b 1
e /IR 2 i A LR — 25 i L B HEAT B4, UART
BB N7 RS232/485 H FURE K £ i = NVR.

__________ = T e
(anfme] | = r TiREEEA|
IOt | FHAEHIECU i = [EER:
__
[ PWM
I'___}____l
Do |
I} 1
\ERAHL]
EREH RS

Fig.9 On-board control system
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Tab.4 Main parameters of cameras
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Fig. 10  Flow chart of program
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Tab.S5 Test results of average video delay ms

R fi) B B1R 2R LHRIPN
09:00—10:00 292 282 255
10:00—11:00 227 313 281
11:00—12.00 343 248 240
12:00—13:00 365 349 373
13:00—14:00 274 305 272
14:00—15:00 241 296 348
15:00—16:00 308 263 293
16:00—17:00 297 332 367
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Scene of driving test
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