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Development of Autonomous Combine Using
DGPS and Machine Vision
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SUMMARY

A navigation system was developed for autonomous guidance of a combine. It consisted of a DGPS, a
machine vision system, a gyro sensor and an ultrasonic sensor. For an autonomous operation of the
combine, target points were determined at first. Secondly, heading angle and offset were calculated by
comparing current positions obtained from the DGPS with the target points. Thirdly, the fuzzy controller
decided steering angle by the fuzzy inference that took 3 inputs of heading angle, offset and distance to
the bank around the rice field. Finally, the hydraulic system was actuated for the combine steering. In the
case of the misbehavior of the DGPS, the machine vision system found the desired travel path. In this
way, the combine traveled straight paths to the target point and then turned to the next target point.
The gyro sensor was used to check the tuming angle.

The autonomous combine traveled within 31.11 c¢m deviation (RMS) on the straight paths and harvested up
to 96% of the whole rice field. The field experiments proved a possibility of autonomous harvesting.
Improvement of the DGPS accuracy should be studied further by compensation variations of combines attitude
due to unevenness of the rice field.

Keywords : Autonomous guidance, Fuzzy logic controller, Differential global positioning system. Machine

vision, Gyro sensor, Ultrasonic sensor.
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Fig. 3 Machine vision system.
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Fig. 4 Hydraulic system for the combine
driving.
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Fig. 6 Signal converter.

Table 1 Linguistic variables for
angle

heading

LH PL RH

Left Heading ParallelL Right Heading

Table 2 Linguistic variables for offset

LO NO RO

Left Offset No Offset Right Offset

Table 3 Linguistic variables for distance
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NEar . FAr
Distance

Hxo) st A upcle] whgkzi(heading angle)
$9 s A 183 Aol Bvale) el
2 Qg wnde £%e WAy Astel, 28
g A e Qe wEe Ad@d &

3 Fuple) A

RH
1
\Ax L
-30 - 30 degree
Fig. 7 Membership function for heading
angle.
LO NO RO
1 —
///
N
\ Ve
l ! >&A [
-20 10 5 0 5 10 20 cm

MD FA
\‘\
/
\J L |
47 50 55 60 63 70 cm
Fig. 9 Membership function for distance

from ultrasonic sensor.

= 308 AR A9 d¥ R s

ojelAl A 3/Me JHge 2z 34 A
o] W Zx(linguistic variables)Z zri=t}. 7}Zte] <
of We ALK T4 1, 2, 3% ¥ T,
8, 9o vtEbrt Qdrh

olgjgt A AL

3 F EHH5= e :E%k }(steermg

angle)eldl, 2&zt& 7709 <o W
& 1A At H(rule)& o} &3 A

A7 Aole] Amw 2 e 2gRoR
1o gt olo] Mo ASKEdFE A % 49
1y 109 vrERY QAT

#] %] = 2 (fuzzy infer-

ence) &

4
it
A
o
R:)



At A

Table 4 Linguistic variables for

angle

steering

LL ML SL NP SR MR LR

Large|Medium{Smalli No
Left | Left |Left

Small| Medium (Large

Peration |Right| Right |Right

SL NP SR MR LR
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Fig. 10 Membership function for
angle.

steering

Table 5 Fuzzy rules
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IF [heading= LH] and [offset = LO]
Rule NO. 1 .

THEN [Steering = LR]

IF [heading= LH] and [offset = LO] and [distance = NE]
Rule NO. 2

THEN [Steering = SR]

IF [heading= LH] and [offset = NO]
Rule NO. 3 .

THEN [Steering = MR]

IF [heading= LH] and [offset = NOJ and [distance = NE]
Rule NO. 4 .

THEN [Steering = SR]

IF [heading= LH] and [offset = RO]
Rule NO. 5 .

THEN ([Steering = NP}

IF [heading= PL] and [offset = LO]
Rule NO. 6 .

THEN [Steering = MR]

IF [heading= PL] and [offset = NOJ]
Rule NO. 7 .

THEN [Steering = NP]

IF [heading= PL] and [offset = RO]
Rule NO. 8 .

THEN [Steering = ML)

IF [heading= RH] and [offset = LOJ
Rule NO. 9 .

THEN [Steering = NP]

IF [heading= RH] and [offset = NOJ
Rule NO. 10 .

THEN [Steering = ML]

IF [heading= RH] and [offset = RO]
Rule NO. 11 .

THEN [Steering = LL]
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Fig. 11 Schematic of overall system for the
autonomous guidance.
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Table 6 Experimental results

Trial RMS(cm)
1 21.13
2 18.92
3 27.60
4 31.11
5 16.91
6 25.26
7 28.61
8 22.71
9 16.16
10 18.52
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Deviation (cm)
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Fig. 15 Deviation of autonomous travel I.
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