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Development of Unmaned Speedsprayer (II)

—Guidance Control Using Image Processing —
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ABSTRACT

A control algorithm for the unmanned vehicles was developed using image information received through a CCD
camera that acquires more powerful information over the wide range of wave-length comparing with other sensors
and was applied to a speed-sprayer.

The algorithm consisted of straight mode for passing along with middle of two tree-rows and turning mode for
changing from a row to another row. In case of turning mode, two marks of colored papers were employed to
indicate turning point and to decide turning direction for various orchard situations.

The method of analysis and image would be differed according to camera's tilt-angle and position that is set on
the speed-sprayer. Hence, it analyzed the point of difference by making camera's up and downward tilt-angle.
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Fig. 1 Vision based unmanned speedsprayer
system.

Fig. 2 Speed-sprayer using upward camera.

Fig. 3 Speed-sprayer using downward ca-
mera.
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Fig. 6 Variable thresholding algorithm,
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Fig. 7 Aigorithm of the pattern recognition.
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Fig. 8 Decision of the mark position and area.
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Table 1 Error probability of color sheet
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Color r; —;‘ r; Error probability
Red 7.382 1.359 8.7 %
Yellow 2.657 0.815 20.7 %
Green 0.400 0.316 376 %
Blue 2.314 0.761 223 %
Purple 2.120 0.728 233 %
Fluorescent red 12.111 1.740 29 %
Fluorescent purple 11.680 _ 1709 3.1 %
Fluorescent light purple 4670 1.081 119 %
Fluorescent pink 3.302 0.909 16.0 %
Fluorescent light pink 2.832 0.841 179 %
Fluorescent scarlet 2.450 0.783 20.6 %
Orange 7.588 1.377 6.6 %

Table 2 Decision function

Control Decision function ‘Error probaBility Approximation of decision function
Straight 0.071R + G + 0.095B > 168.680 192 % G > 169
Turning R — 0.986G + 0.012B > 3.766 29 % R-G>3
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Fig. 11 Tree rows image.

Fig. 12 Binarized
Control.
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Fig. 14 Determine the middle of tree rows Fig. 16 Boundary line  detection and
after averageing. correction.

Box : Prxessing area

Fig. 15 Determine the tree rows and path

Fig. 17 Corection of boundary point.
area as thresholding.
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Fig. 19 Boundary line of sky and tree rows.
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Fig. 20 Image in downward camera location.

Table 3 Regression analysis

Boundary line ' Regression line
Sky and Left y = 201.1 — 0462x
tree raws Right y = —14.8 + 0.362x
Tree raws Left y = 9023 + 3.115x
and path Right y = 8466 — 3.556x
The middle of tree raws | y = 874.5 — 0.221x
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Table 4 Area
Area MO. Pixels %
Sky 16,120 6.6%
Left 91,332 31.1%
Tree raws
Right 88,974 36.2%
Path 49,313 20.1%

Fig. 22 R-G Image in the turning control.
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Fig. 23 Binary image in the tuming control.
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Fig. 24 Traveling speedsprayer.

Table 5 RMS value for speedsprayer using

downward camera

Control mode RMS Value
Straight 0211 m
Left turning 0.208 m
Right tuming 0217 m
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Fig. 25 Speedsprayer track using upward

camera.

Table 6 RMS value for speedsprayer using
upward camera

Control mode RMS Value
Straight 0.192 m
Left turning 0202 m
Right turning 0219 m
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Fig. 26 Speedsprayer track using downward
camera.
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