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Development of an Autonomous Tractor System
Using Remote Information Processing

L x4 9
ZER LR
D.Y.Cho S. I Cho

SUMMARY

An autonomous tractor system was developed and its performance was evaluated. The system consisted of a
tractor system and a remote control station. The tractor and the remote control station communicated each
other via wireless modems. The tractor had a DGPS(differential global positioning system), sensors, a
controller and a modem. The DGPS collected position data and the tractor status was estimated. The
information of tractor status and sensors was transferred to the remote control station. Then, the control
station determined the control data such as steering angles using a fuzzy controller. The fuzzy controller used
the information from the DGPS, sensors, and GIS(geographic information system) data. The control data were
obtained by remote signal processing at the control station The control data for autonomous operation were
transferred to the tractor controller. The performances of an autonomous tractor were evaluated for various
speeds, different initial positions and different initial headings. About 1.3 seconds of time lag was occurred in
transferring the tractor status data and the control data. Compensating the time lag, about 27cm deviation was
observed at the speed of 0.5m/s and 37cm at the speed of lm/s. Error caused mainly by the time lag and it
would be reduced by developing a full-duplex radio module for controlling the remote tractor.

Z 2 g o(Key Words) : 97 3 B2 (Remote information processing), AT Al ~8(GPS), A&7+

E & E](Autonomous tractor), ¥ 2] A} 7](Fuzzy controller)
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Table 1 General specifications of the wire-
less modem

Frequency Range
estimated heading

219/224 Mhz

Channel Capability

ICH TX/RX

RF Data Rates

4800bps

: DGPS sampling time DTE Interface

RS-232C(asynchronous)

: position when time is t

: position when time is t—s Operating Temperature

-10T~507T

position when time is t—2s Power Source

10V DC 300mA

Flow Control

XON/XOFF, RTS/CTS

Service Area

radius 100m ~300m

Table 2 Tractor status data

Actuators Status Bits Needed to
Describe Status
Longitude 32
Latitude 32
Heading 256 steps from 0° ~360° 8
Speed 256 steps from 075~ 10m% 8
Right Brake ON, OFF, ON—OFF, OFF—ON 2
Left Brake ON, OFF, ON—OFF, OFF—ON 2
Clutch ON, OFF, ON—OFF, OFF—ON 2
Forward, Backward, Neutral
Transmission Forward—Neutral, Neutral—Forward 3
Backward— Neutral, Neutral—Backward
Ist, 2nd, Neutral
PTO Ist->Neutral, Neutral—1st 3
2nd—Neutral, Neutral—2nd
Handle 60 steps 6
3-point Hitch 5 steps 3
Emergency Status 8

Table 3 Control object values and bits for actuators

Actuator Control Object Values BgzntNrZTd(gijézt Ii/e:;: ;I:e
Right Brake ON. OFF 1
Left Brake ON, OFF 1
Clutch ON, OFF 1
Transmissin forward, neutral, backward 2
PTO 1st, neutral, 2nd 2
Handle 60 steps 6
3-point Hitch 5 steps 3
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comp.

SOH(1) ID(2) D)

latitude(8)

longitude(8)

heading(2) speed(2)

trans.,PTO,clutch(2)

Rbrake, Lbrake, lift(2)

handle(2) emergency(2) CRC(2)

Fig. 3 Tractor status data packet.

comp.

SOH(1) D)

1ID(2)

RBrake, LBrake Handle(2)

Trans., PTO, Clutch, Lift(2)

Empty(10) CRC(2)

Fig. 4 Tractor control object value data packet.
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243 FEALE o8¢ AT EAY N2 Y
Table 4 Linguistic fuzzy variable of “Distance Deviation”
LG LM LS CS RS RM RG
Great to the | Middle to the | Small to the Clos Small to the | Middle to the | Great to the
Left Left Left 0s¢ Right Right Right
Table 5 Linguistic fuzzy variable of “Direction Deviation”

LG LM LS PL RS RM RG
Great to the | Middle to the | Small to the Parallel Small to the | Middle to the | Great to the
Left Left Left Right Right Right

Table 6 Linguistic fuzzy variable of “Steering”
SLG SLM SLS SNC SRS SRM SLG
Steer Steer Steer do not Steer Steer Steer
Greatly Middle Small Control Small Middle Greatly
to the Left | to the Left | to the Left to the Right | to the Right | to the Right
LG m
-10 —4 ~1.5" 05 05" 1.5 10
Distance deviation (m)
LG LM LS PL RS RM RG
L 1 L ] I
-120 —-60 =30 -20 210 0 10,.20 30 60 120
Direction deviation (degree)
SLG SLM SLS SNC SRS SRM SRG
I I ! 1
—24 -18 -15-12 -9 -6 -3 0 3 6 9 12 15 18 24
Steering angle (degree)
Fig. 7 Membership function of fuzzy variables.
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