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Abstract--Fuzzy approaches were used to
determine optimal thresholding values of fruit's
images, and fuzzy degree of matching was applied
to classify the color and size of fruit. Results
showed that fuzzy method was superior to the
traditional statistical methods, and a better
accuracy of 93.3 % for combined sorting was
reported. The errors due to miscategorization
could thus be reduced if the fuzzy methods were
used. The developed fuzzy algorithms were
integrated with machine vision guiding robotic
sorting system for fruits.
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1.Introduction

An image X of M X N dimensions and L
levels can be considered as an array of fuzzy
singletons, each with a value of membership
function denoting the degree of brightness which
is related to some brightness levels [1=0, 1, .... L-

. M N M N
1, 1e X=0Up!Xp=V Ui, /%, where
m=1 n=1 m=1n=1

Pwn! X, Tepresents the grade possessing some
property p,. by the (m,n)th pixel x,,. This fuzzy
property may be ‘bright image', 'dark image' . And
the threshold is one of the most important process
during image segementation, using the
membership function of shape property to find the
optical threshold value for every image. In
traditional fruit sorting by image processing, the

criteria should be set first. The degree of matching
by measure of fuzziness was used for size sorting
and color sorting.

2. Method

The gray level of original fruit image
captured by CCD camera was distributed between
0 (dark) and 255 (white), the image was then
transferred into an equivalent fuzzy set. By
minimizing the fuzziness of the fuzzified image, an
optimal threshold value was obtained. The
threshold value was adopted to segment the fruit
from background image. In order to get an
equivalent fuzzy set "Color", the gray level of
segmented histogram was normalized into the
interval [0,1] to represent the corresponding
membership function. Three fuzzy sets for color
sorting were defined as {Green, Turning, Yellow}.
The values for degree of matching in the fuzzy
pairs (Color, Green), (Color, Turning) and (Color,
Yellow) were calculated. The maximum matching
degree represents the color of fruit.
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2.1 Measure of fuzziness

The index of fuzziness responds to the
average amount of ambiguity (fuzziness) which
presents in A by measuring its distance(linear and
quadratic corresponding to the linear index of
fuzziness and the quadratic index of fuzziness, as
Eq.2.1 and Eq.2.2) from its nearest ordinary set
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A,. And the concept of compactness was applied

to fuzzy image subset, to generalize some
standard geometric properties of the relationships
among regions to fuzzy subset. Then the
compactness of » can be defined as Eq.2.3
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2.2 Image Thresholding

In order to find the optical threshold value
through whole image, the algorithms based on
minimization of fuzziness and compactness were
established as below:

Algorithm I :( minimization of fuzziness)

The image of the object (fruit) is belong to
the group of 'bright pixel', at the beginning, the
membership function(y,) of ‘bright pixel' was
constructed as Eq.2.4, where L denotes the gray
level values, b=/ is the crossover point, and
bandwidth Ab=c-/=/-a Secondly, The
amount of fuzziness was computed as Eq.2.5

through all the pixels, where 7,(/y)= min(§,1-S)

and a(/) denotes the number of pixels of the gray

level 1. Thirdly, calculate the minimum of V(x)

by varying 1, from I to /. to select the optical
threshold value 7,.
u (D=8 a, b,,¢) by <l sl (Eq24)
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Algorithm II:(minimization of fuzziness)

The first step is the same as the algorithm to
constructed the membership function. And
according to Eq.2.3 the area and perimeter of 4,
corresponding to b=/, were calculated at Eq.2.6 .
Secondly, the compactness can be computed
according to area and perimeter . Thirdly,
varying I, from I, to I to select {, =/ for
which compactness is a minimization.

AUy = Y tmn = 3, S(a,1,,0Ih()
m !
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2.3 Degree of Matching

After measuring the fuzziness for image
thresholding, we used the degree of matching for
both size sorting and color sorting. In this study,
two different approaches will be discussed to
determinate the degree of matching for two fuzzy
quantities.

Method I :

This method is based on distance measured
by Eq.2.7, and the measure of matching of two
class A and B is taken by complementing
d,(4,B) ,1-d,(A4,B) d where 0<d,(4,B)<1 is
the normalization of d, .

1
d,(A,B)=(I[;zA(x)— yB(x)|'dr)4 21 (Eq2.7)
Method II:
This method just simply gets the highest

degree of two membership function overlapping,
as Eq2.8 shows.

DM(4,B)= sup[min(u,(x), 45 (x)]  (Eq2.8)

3. Results and Discussion



The fuzzy algorithms were finally integrated
with a machine vision guiding fruit sorting system
which consisted of a SCORBOT-ER V robot with
its controller, conveyor with photo sensors for
position control, adjustable camera stand, an
illumination chamber, CCD camera,
VISIONETIC VFG-512 frame grabber and an
80486 IBM compatible personal computer. The
configuration was shown as Fig 1 .

After establishing the algorithm for image
thresholding ,we implement this algorithm to
vision based fruit sorting system for finding the
optical threshold value of the image. A 300X 300
with 256 gray level image was evaluated at every
sorting cycle. Although both algorithms perform
well for thresholding with high accuracy during
sorting, it takes about 2 minutes execution time at
personal computer 486-DX33 while using
algorithm II for thresholding . And the algorithm I
needs only 2-3 seconds for the same image. It
needs 300 X 300 X (I, ~ /. ) time for evaluation
at one image while using algorithm II . After
optical threshold value is found, the image fruit
can be segmented from the whole image and then
the area and average gray level of the fruit can be
calculated correctly .

The membership function of criteria was
established by statistical data before sorting
processing . For color sorting , for instance, we
selected 5 samples for each grade(green,
turning ,and yellow) and established the criteria
membership function for each grade for a constant
crossover point . A measuring fruit was grabbed
for its image by CCD camera on the conveyer
when the photo sensor detected. After measuring
minimization of fuzziness for optical threshold
(Fig2) ,the membership function of gray level
distribution was matching to those of three grades.
The highest degree of matching of these
membership function was corresponding to its
sorting result as shown in Fig3 and Fig4 .

For size sorting, there were 3 grades {Large,
Middle, Small} in this study and 3 grades {Green,
Turning, and Yellow} for color sorting . For the

combination of size and color, there were totally 9
grades for combined sorting . And the sorting
result by degree of matching was compared to the
traditional statistical sorting and sorting by Lab
meter value as Table 1 showed.

The measurement of fuzziness will enhance
the sorting accuracy when the image were
segmented by optical threshold value. And using
degree of matching for fruit sorting will reduce
the miscategorization ,because the sorting criteria
established by membership function will be more
flexible than the traditional statistical one .

4.Conclusion

The vision-based system using measures of
fuzziness and degree of matching for fruit sorting
was established. Lemons were used in
experiments and the results shown in Table 2
indicated that fuzzy method gave better sorting
accuracy in all cases when compared with
traditional statistical method. The sorting criterion
of the traditional method uses crisp sets, and
usually causes the events miscategorized in color
or size occurred around the boundary values of
adjacent grades. Especially when the color on fruit
peel is not uniformly distributed, the matching
degree by fuzzy rules will improve sorting
accuracy. As the result shown in Table 2 , we
compare the result of traditional statistical method
and fuzziness measurement. For size sorting and
color sorting ,the accuracy of sorting have
improved obviously. And the sorting speed was
also evaluated to 3 sec/cycle.
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Table 2 Sorting Result

Size Traditional Fuzzy
Sorting Method Method
Samples 45 45
Correct 42 4

(%) (93.3%) (97.8%)
Color Traditional Fuzzy
Sorting Method Method
Samples 45 45
Correct 39 40

(%) (86.73%) (88.9%)
Combine Traditional Fuzzy
Sorting Method Method
Samples 45 45
Correct 41 42

(%) (91.1%) (93.3%)
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Fig 1 Configuration of sorting system
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Lemon 2: Threshold = 61
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Fig 2 The thresholding result of histogram
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Fig 3 Size sorting result
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Fig 4 Color sorting result



