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Introduction

Many {fruit trees are planted in sloping orchards in Japan and almost of fruits are now har-
vested by human labor. Therefore harvesting operations are hard works. The fruits which
are harvested by the shaker are not for fresh marketing, but only for processing. A robot
which harvests fruits automatically one by one with its manipulator is more desirable in Jap-
anese condition. When a visual sensor is used as an eye of the robot, it must be simple and
cheap, since it is for agricultural use. Besides, it should be able to recognize various colors
of fruits.

There are two systems to attach the visual sensor to the robot ; visual sensor attached
to manipulator® or frame independent to manipulator. A method of detecting the three di-
mensional positions of fruit by means of a stereo-camera using the visual sensor which was
attached to the frame was already reported®. This methed is effective to detect comparatively
low plants such as tomato. It is difficult, however, to recognize the fruits of tall trees such
as citrus fruits, and to measure the locations of them accurately, because the longer the
distance from the visual sensor to the fruits is, the less the picture elements to recognize
fruits are.

In this report, the visual sensor was attached near to the hand of the manipulator. This
position is effective to get higher accuracy of detecting fruits, because picture elements of
fruits increase with coming near to fruits. The fruit detecting experiment for gripping was
done by use of an anthropomorphic type manipulator” with 5 degrees of freedom.

Experimental Apparatus and Method

1. Visual sensor

Fig. 1. shows an optical system of the visual sensor made as a trial. Two dichroic mirrors
(red and blue reflection) and three image sensors” which were MOS type and contained
64 (H)X 64 (V) photo diodes were used in this visual sensor. Light was decomposed into three
color components (red, green, and blue) and the color of an object was decided by mutual ratio
of the three colors. Distance from the visual sensor to the object varied widely according
to movement of the manipulator. If one lens whose focal length was about 10 mm was used,
object focusing was necessary with the movement of manipulator. Besides, the space between
the lens and the image sensor, in which mirrors and filters were placed, became small. For
these reasons, the lens 1 whose focal length was 12.5 mm, F-number was 1.4 and the lens
2 whose focal length was 25 mm, F-number was 1.4 were used in this device. As the visual
sensor was attached to the manipulator, it should be made small and light, 2 mm aluminum
plate was used to make the camera box, and its electronic circuits” for the image sensors
were separated from the visual sensor. The size of the visual sensor was 225 mm in length,


https://core.ac.uk/display/12524099?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

70 Naoshi Konpo

Lens 1

125 0\ 100.5 49
Lensl £,=12.5mm 1 Dichroic mirror (red reflection)
Fi=1.4 2 Dichroic mirror (blue reflection)
Lens2 f,=25mm 3 N.D. filter (20%)
F.=1.4 4~6 Image sensor
7 Filters

Fig. 1. Optical system of visual sensor.
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Fig. 2. Anthropomorphic type manipulator.

106 mm in width, and 76 mm in height (when a stand was fitted), and weighed 880 ¢g. Its
field angle was about 55°.

In this experiment, considering memory numbers and calculation speed of microcomputer,
32X 32 of the picture elements were input to the microcomputer and scanning frequency of
the image sensors was about 15 kHz/bit.

Only when picture elements assigned fruit color continued for three in both horizontal and
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vertical directions in the image, it was regarded as a fruit.
2. Anthropomorphic manipulator

Fig. 2. shows an anthropomorphic type manipulator used in this experiment, which had 5
degrees of freedom. Details of this manipulator is explained in reference?
3. Control method

At first, the robot travels along the row of the trees and stops in front of a fruit tree.
Secondly, the first image is input at the initial posture of the manipulator of which the visual
field of visual sensor is wide. Thirdly, the manipulator approaches the fruits one by one in
order of the first image measured fruit locations by the visual sensor, and then harvests
them. It is repeated and when all of the fruits in the first image have been harvested, the
image of the next region is input in the initial posture of the manipulator again.

As for the manipulator approaching method to a fruit, direction of each fruit and picture
element number of fruit (the maximum number of picture elements which recognize a fruit at
a line) which are obtained from the first input image are memorized. Next, approximate
distance from the visual sensor to the fruit and desired angle of the manipulator are calcu-
lated. The manipulator controlled at the desired angle approaches each fruit inpuiting the
images until the picture element number of fruit become over the set value.

(1) Distance from visual sensor to fruit

Relationship between the distance from the visual sensor to a fruit and the picture element
number of fruit is inverse proportion as shown in Fig. 3. Therefore, if fruit diameters of
the same variety are nearly constant, the picture element number of fruit gives an approxi-
mate distance from the visual sensor to the fruit. In this experiment, the distance was
obtained assuming that the average of the fruit diameter was 65 mm.

(2) Deviated angle of manipulator
The deviated angle o of the manipulator to a fruit in Fig. 4. is calculated as follows :
1 X-sing'

T i Xese M)

L ; distance from stationary joint of manipulator to camera lens

Fruit diameter
39 50, 65, 80mm
30
[ T
'-8 o
g )
2 %
f“ 204 :
2Z N
- ]
Q)‘E : [
£E 10 DL
58 P
AR s
1,
1 ] L)
) LI |
: [}
0 [P -

20 30 20 50 60

Distance from visuat sensor to fruit (cm)

—
=)

Fig. 3. Relation between picture element number of fruit
and distance from visual sensor to fruit.
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X ; distance from camera lens to fruit
a' ; direction of fruit obtained from input image

In this experiment, o was approximately calculated by the following equations (2), (3), (4)
which were expressed only by arcsine in order to shorten the calculation time in a micro-
computer.

— -1 e-sin’l Oy
e= e e s (L/X) ®>L) @)
a=% (X=1) e (3)

=1
o= tan ' o sin 1 (X< L) oo (4)

sin"' 1+ sin™" (X/L)

4. Flowchart of fruit detecting experiment

Fig. 5. shows a flowchart of fruit detecting experiment for gripping a fruit. After the
manipulator took at first the initial posture, the first image was input. If the picture element
number of fruit was less than the set value, the approximate distance from the visual sensor
to a fruit and the deviated angle of the manipulator were calculated. At that time, the
moving distance of the manipulator was obtained from the picture element number of fruit,
since the image input time and the processing time were about 1s in all and the anthropomo-
rphic type manipulator which rotating speeds of motors were not controlled was used in the
experiment. This moving distance was determined lest the manipulator should approach too
near the fruit at a time, assuming that the smallest fruit diameter was 30 mm. Feedback
loop was made so as that the image was input again after the manipulator moved for the
moving distance. It was repeated until the picture element number of fruit become bigger
than the set value. As the fruit was in front of the visual sensor at this time, the position
of the hand was rectified to be in front of the fruit, and then the grip was done. If the hand
could grip the fruit, the manipulator took the initial posture again, and the flow of the con-
trol ended. If it could not grip, it was tried twice, and then the flow ended. In this exper-
iment, the set value of the picture element number of fruit was 24, so that the manipulator
might approach to 10 ¢cm before the center of the fruit and the hand might grip when the
fruit diameter was 65 mm, which was regarded as the average.

The microcomputer used- was New L-Kit 8 made by Fujitsu. Program was written in
machine language of 5 k bites, while 6 k bites were used as memory for data.

Stationary —
joint -

Fig. 4. Direction of fruit and desired angle.
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Fig. 5. Flowchart of fruit detecting experiment.

Fig. 6. Experimental apparatus.
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Fig. 7. Experimental result.

5. Experimental method

The experiment was done in room as shown in Fig. 6. The manipulator, the microcomput-
er, power supplies, etc. were mounted on the traveling device (battery car), and both the
visual sensor and its electronic circuits were attached to near the hand of the manipulator.
The reason why not only the visual sensor but also its electronic circuits were attached
was that the adequate outputs from the image sensors were not obtained, if the length of
the cable from the visual sensor to its circuits became more than 30 ecm. Total weight of
the visual sensor, its circuits and so on was about 3kg. The gripped objects were wooden
balls painted in orange color (they are called orange balls in this.report) and they were
illuminated properly by color temperature 3200 K lamps. The diameters of the orange balls
were 60mm, 70 mm and 80 mm.

Experimental Results and Consideration

Fig. 7. shows an example of the experimental results. The manipulator was set on the
rectangular co-ordinate system, with the direction of the fruit as the X co-ordinate axis,
the horizontal direction which was perpendicular to the X-axis as the Y-axis, and the vertical
direction as the Z-axis. Origin was positioned at the waist joint.  When the manipulator
took the initial posture, joint A had the co-ordinates (0, 0, 16), joint. B, had (—21, 0, 37),
joint C, had (0, 0, 58.5), and the camera lens 1 D, had (13,0, 71), while the orange ball
whose diameter was 70 mm had the co-ordinates (43, 0, 71). The visual sensor should have
moved on a straight line ideally, since the orange ball positioned in front of the visual sen-
sor. As shown in Fig. 7, however, the path D,~D, of the camera lens 1 did not make a
straight line, as the weight of the visual sensor and its circuits was relatively heavy and
there was the play of the manipulator. In this example, the manipulator moved three times
and after the visual sensor approached to 8cm before the center of the orange ball, the
hand could grip it. When the orange ball did not position in front of the visual sensor, the
manipulator often could not approach it because of the play of the manipulator. Therefore,
this experiment was donme only in the condition that the orange ball was in front of the
visual sensor. It was observed from this experiment, that the manipulator approached to 7.5
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c¢m in average before the orange ball when the diameter of the orange ball was 60 mm, 9.5
cm when the diameter was 70 mm, 11 c¢cm when the diameter was 80 mm, and then gripped.
It should have approach to 9.6 cm before the orange ball when the diameter was 60 mm,
11.2 cm when 70 mm, 12.8 cm when 80 mm ideally. It was considered that the reasons why
the manipulator approached too near the orange ball were that there was the play of the
manipulator, that the visual sensor could not recognize the orange ball precisely, and so
forth.

From these experimental results, it was observed that the hand was able to grip the
orange balls which positioned at 30 em in front of the visual sensor whose picture element
number was 32X 32, since the structure of the hand permitted a reasonable error. A char-
acteristic of this method was that the manipulator was able to approach the fruit reliably
measuring the fruit Jocation if the fruit was in the visual field of the visual sensor. Defects
of it were that the error depended on the fruit diameter arose in the distance from the visual
sensor to the fruit, and that it took long time for the manipulator to approach it because of
many image inputs if the image input time and the processing time were not reasonably short.
It was considered that this method was more advantageous to a telescopic type manipulator
than the anthropomorphic type manipulator which moved after the position of the hand and the
posture of the manipulator were decided.

Summary

A visual sensor which could recognize fruits was made in order to develop the sight sense
of the fruit harvesting robot. This visual sensor was attached to an anthropomorphic type
manipulator, and a fruit detecting experiment using a method of visual feedback was done.
The results were obtained as follows ;

It was observed that the hand was able to grip the orange balls which positioned at 30 cm
in front of the visual sensor. It was given as defects that. the error depended on the fruit
diameter arose, number of the image input was big, and so on. It was considered that this
method was more advantageous to telescopic type manipulator than anthropomorphic type

manipulator.
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