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Introduction

In the Part I of this series of study”, a fruit detecting experiment by visual feedback using
anthropomorphic type manipulator” was reported. It was observed that the hand was able to
grip the orange color ball 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, and that many image inputs
were needed.

In this paper, accuracy of detecting fruit by visual feedback on hand-eye system was investi-
gated by computer simulation, in order to obtain the errors of the calculated distance from the
visual sensor to the fruit under the various conditions.

Calculation Method

Visual feedback on hand-eye system” is a method that a manipulator to which a visual sensor
was attached approaches to a fruit while the deviated angle of the manipulator and the distance
from the visual sensor to the fruit were calculated and the manipulator was repeated to be
controlled at the deviated angle until the picture element number recognizing the fruit becomes
bigger than the set value. In this calculation, however, the fruit was positioned in the center
of the visual field of the visual sensor concentrating on calculation accuracy of the distance
from the visual sensor to the fruit.

1. Picture element number recognizing fruit and calculation of distance from visual sensor
to fruit

In this simulation, calculation was done assuming that the fruit was a perfect sphere, that
the image was input while the manipulator was moving and that the visual sensor was scanned
one picture element by one. The picture element recognizing fruit was counted only when
more than a half of area of a picture element was occupied by a part of the image of the fruit.
In the last report, the picture elements recognizing fruit were counted on a line, but in this
report, those were on an area taking a serious view of calculation accuracy. Fig. 1. shows
relation between the distance from the visual sensor to the fruit and the both picture element
numbers recognizing fruit. The both relations between the distance from the visual sensor to
the fruit and the picture element numbers recognizing fruit on area and line are shown as
following equations (1), (2):
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Na: picture element number of visual sensor on area
N, : picture element number of visual sensor on line
Nra: picture element number recognizing fruit on area
Ny, : picture element number recognizing fruit on line

@ : field angle of visual sensor
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Fig. 1. Relation between distance from visual sensor to fruit and both picture element

numbers recognizing fruit.

2. Calculation conditions

In this simulation, the calculation was done in the various conditions shown as follows :
image input time : 1/60s
image processing time : 0, 0.5, 1s
picture element number of visual sensor : 32 X32, 64 X64, 128 X128, 256 X256, 512 X512
field angle of visual sensor : 35, 45, 55°
diameter of fruit : 55, 65, 75 mm
speed of manipulator : 100, 300, 500 mm/s
distance from visual sensor to fruit : from 100 to 1000 mm .
where image processing time is interval from an image input to the next one. In this time,
65 mm which was the average of mandarin orange, was substituted into radius of the fruit,
since X was not able to be calculated if r was unknown.

Calculation Results and Consideration

Fig. 2. shows the errors of the calculated distance when the field angle was 555 the
manipulator speed 100 mm/s, the image processing time 0.5 s, and the picture element number
of the visual sensor and the fruit diameter were various. In this figure, the picture element
number of the visual sensor was 64 X64, 128 X128, and 256 X256 for the fruit diameter
55 mm, and the fruit diameter was 55, 65, and 75 mm for the picture element number 256 X
256. From these results, it was obtained that the smaller the distance from the visual sensor
to the fruit was, the smaller the error by visual feedback became proportionally, that the
error depended on the fruit diameter, and that the bigger the picture element number was, the
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smaller the scattering. In this condition, it was considered that the picture element number
was 256 X256 enough.

Fig. 3. shows the relation between the distance from the visual sensor to the fruit and the
difference of the picture element number recognizing fruit when the manipulator speed was
varied. In this result, the picture element number was 256 X256, the field angle was 55’
and the fruit diameter was 55 mm. The bigger the manipulator speed was, the bigger the
picture element number recognizing fruit became as shown in this figure because the visual
sensor was moving also for the image input time, so that the error became bigger. When the
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manipulator speed, the image input time or the image processing time became bigger, the
number of the image input became smaller while the visual sensor was approaching to the fruit.
Besides, it was observed that there were little difference in the result except that the
scattering of the error became smaller, when the field angle was smaller.
From these results, it was considered that it was not suitable that visual feedback on
hand-eye system was independently used for detecting fruit, since the fruit diameter had the
scattering fairly in the field.

Summery

The computer simulation of detecting fruit by visual feedback on hand-eye system was done
in order to investigate detecting accuracy under the various conditions. From the result, it
was obtained as follows :

1. The smaller the distance from the visual sensor to the fruit was smaller, the error by
visual feedback became smaller proportionally.

2. The error depended on the fruit diameter.

3. 'The bigger the picture element number was, the smaller the scattering.

4. The bigger the manipulator speed was, the bigger the picture element number recognizing
fruit became, and the error became bigger.

5. It was not suitable that visual feedback on hand-eye system was independently used for
detecting fruit whose diameter had the scattering fairly.
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