R FA7IATE A A25HW A1F pp. 55-62. 2000

0
—+

JIAMNZE HA MO E olget d=28Y E=ES XNEF

Autonomous Tractor for Tillage Operation
Using Machine Vision and Fuzzy Logic Control
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SUMMARY

Autonomous farm operation needs to be developed for safety, labor shortage problem, health, etc. In this
research, an autonomous tractor for tillage was investigated using machine vision and a fuzzy logic
controller(FLC). Tractor heading and offset were determined by image processing and a geomagnetic sensor.
The FLC took the tractor heading and offset as inputs and generated the steering angle for tractor guidance as
output.

A color CCD camera was used for the image processing. The heading and offset were obtained using Hough
transform of the G-value color images. 15 fuzzy rules were used for inferencing the tractor steering angle.

The tractor was tested in the field and it was proved that the tillage operation could be done autonomously
within 20cm deviation with the machine vision and the FLC.
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Fig. 1 Structure of the autonomous gui-
~ dance system.
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Fig. 2 Machine vision system.
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Fig. 3 Flowchart of image processing.
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Fig. 4 The C-100 fluxgate compass engine.

Table 1 Linguistic variables of input “Hea-
ding”
LT MD RT
LefT MiDdle RighT
1 LT MD RT
L L i 14E
—20 —-10 -7 0 710
Fig. 5 Membership function of “Heading”
Table 2 Linguistic variables of “Offset”

1.O MO RO
Left Offset Middle Offset Right Offset
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Fig 6. Membership function of “Offset”
Table 3 Linguistic variables of output
“Steering angle”
LL LM LS NP
Left Left Left No
Large Medium Small oPeratoin
RS RM RL
Right Right Right
Small Medium Large
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Fig. 7 Membership function of “Steering
angle”.
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Fig. 9 Circuit for the hydraulic cylinder.
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Fig 11. histogram for G value.

Fig. 12 Binary image.

Fig. 13 Edge-detect image.
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Fig. 14 Detected line after Hough transform. Fig. 16

image 2 for calibration.
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Fig. 17 Determination of steering angle.

Table 4 Experimental results 1 without

the FLC
Trial RMS(cm)
1 28.3
2 34.7
3 25.4
4 29.6
S 324

Table 5 Experimental result 2 without the

FLC

Trial RMS(cm)
1 25.5
2 239
3 25.3
4 22.4
5 28.5

Table 6 Experimental result 2 with the

FLC

Trial RMS(cm)
1 18.6
2 23.2
3 19.7
4 18.3
5 21.2
6 19.3
7 20.8
8 18.4
9 19.6
10 22.1
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Fig. 18 Deviation of tractor travel without
the FLC(experiment 1).
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Fig. 19 Deviation of tractor travel without
the FLC(experiment 2).
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Fig. 20 Deviation of tractor travel with the
FLC(trial 6-7).
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