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ABSTRACT

This paper presents the development and application of image analysis and computer vision system in
quality and maturity evaluation of products in the agricultural field. Computer vision is a rapid, consistent
and objective inspection technique, which has been expanded to varied industries. Monitoring and
controlling ripeness is becoming a very important issue in fruit management since ripeness is perceived by
customers as main quality indicator [1]. In this paper, we present a method for automatic evaluation of date
fruits maturity based on computer vision. The method was implemented, and tested on a sample of dates
fruit images with different levels of maturity. Segmentation is one of the basic techniques in computer
vision [2][5]. Color is often thought as a property of an individual object and the color of this object comes
from the visible light that reflects off the object surface. In this experiment we have implemented a method
to quantify the standard color of fruit in HSV(Hue, Saturation and Value) color spaces in order to achieve
fruit image segmentation. For this reason, a machine vision system was trained to distinguish between good
or mature and yellow or green date fruits. HSV system is suggested as the best color space for
quantification in date fruit quality and maturity. In addition, our approach has the benefits of being
insensitive to rotation, scaling, and translation. Moreover, the system can be applied to several types of
maturity fruit evaluation. In this article we shall give the results of the experiments we have carried out;
these results demonstrate the feasibility of our proposed method in color segmentation for date fruit
evaluation.
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1. INTRODUCTION

The date palm is a pre-Saharian tree in the
province of Errachidia in the south of Morocco. The
date tree, implanted mainly along the valleys of Ziz
and Dréa, is
considered as one of the oldest fruit species of the
country. It’s a symbol of fertility and also prosperity
of the Saharans zones and it constitutes one of the
main agricultural activities in the region. In parallel,
the cultivation of the palm tree date, going back to
many centuries ago, covers an important surface of
over 15 million feet, and places Morocco in leading
position in the world production of date fruits.

Maturity at harvest is the most important
factor that determines storage-life and final fruit
quality. Immature fruits are more subject to

shriveling and mechanical damage, and are of
inferior quality when ripe. Overripe fruits are likely
to become defective with insipid flavor soon after
harvest. Any fruit picked either too early or too late
in its season is more susceptible to physiological
disorders and has a shorter storage life than fruit
picked at the proper maturity[2][3]. That’s why we
need to determine the stage of maturity of date fruit
and to classify it into three or four class dates:

e Unripened fruit.

e Unripe with the appearance of insufficiently
mature part of date fruit.

e Not completely mature but likely to be
artificially or naturally matured after
harvest.

Dates fruit with defects.
Overripe dates fruit.
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In this article, we focus on investigating
color difference for image segmentation to specify
the quality and maturity stage of date fruit. In this
research, we study the conditions to design a system
for sorting dates, based on the percentage of maturity
and size of date fruit.

Color image processing is used in many
fields of application, such as manufacturing,
agriculture, commerce, etc. In agriculture, the color
of crops, forests, fruits, and flowers in images can be
evaluated according to their ripeness and size.

Thus, color representation is a fundamental
problem in computer vision. Many applications
depend on a good color representation in order to
perform well. Although most color images are
captured in RGB, this color space is rarely used for
computer vision tasks. The main reason is that RGB
does not separate color from intensity which results
in highly correlated channels [4].

The color segmentation has been a topic of
focus in the literature and there exist several reviews
about the different approaches published[5] [6].

We have developed a method which is able
to segment images of date fruits and to classify them
by their quality depending on the level of maturity
and size using a HSV representation color, a method
that can be applied to other types of fruit.

2. DEFINITION AND REQUIREMENTS

2.1. Fruit Maturity.

The maturity of fruits corresponds to a set
of biochemical and physiological changes leading to
the state of maturity and conferring on the fruit its
organoleptic characteristics [7]. It can be modulated
by the factors of the environment. Beyond the state
of maturity, the fruit gets into a period of senescence
leading to cellular disorganization and to gradual
death.

In postharvest physiology we consider
"mature” as “that stage at which a commodity has
reached a sufficient stage of development that after

harvesting and postharvest handling, its quality will |

3. KEY INDICATEURS OF MATURITY.

Fruits harvested at a stage of premature
maturing may more wither and undergo mechanical
damage, and they are of inferior quality when they
mature. On the other hand, you should not collect the
fruit at a stage of maturation when the fruit is
intended to be sent on a long distance, because they
will not preserve for a long time [11] . Therefore, it
is indispensable to make the harvest at a stage of
maturation corresponding to the use that we want.

Equally, an indicator of maturity used for a
cultivar or a given hybrid is not likely to be
applicable to other cultivars or hybrids. It is thus
substantial to combine several indicators to
determine the stage of harvest. The indications of
maturity have to measure the physical characteristics
and the qualitative ones which evolve as the fruit
develops, but for dates fruit we can determine the
maturity by vision to be collected at a particular
stage.

1.1. Date Fruit Maturity Evolution:

(b)

(a)

be at least the minimum acceptable to the ultimate | 4

consumer”[8][16] . Fruit quality is a combination of

attributes and properties that give fruits value in |

terms of human consumption. Growers and shippers
are concerned that their commodities have good
appearance and few visual defects. To receivers and
distributors, firmness and a long storage life are of
keen interest[9]. Consumers perceive quality fruit as
one that looks good, firm, and with great size [10].

(f)

Fig.1. (a)-(b)-(c)-(d)—(e)-(f): a date fruit with
different levels of maturity
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a) Light green or more green than yellow. Date fruit A2:
b) More yellow than green or completely

yellow.

¢) Yellow with the appearance of a small part
that has a honey color.

d) Expansion of the mature part and the
decrease of the yellow part.

e) Overripe.

f) Defected or damaged fruit. Defective fruit
is characterized by a small size and a very
|arge number of wrinkles. T=0 hour T=10 hours T=20 hours

This system is applied to khalt (khalt is a category
of date fruit in province d’Errachidia in Morocco).

3.2. Harvest State of Date Fruit.
3.2.1. Experimentation

Here we present the evolution of date fruit (A1, A2,
A3, and A4) maturity in relation with time after
harvest, the condition are: Temperature variation
between 30 C° and 43 C°. T=30 hours T=40 hours

Date fruit Al: ) .
The date fruit can never reach the stage of maturity

Fig.3: evolution of the state of maturity as a function of
time after harvest
Date fruit A3:

T=0 hour T=10 hours T=20 hours

T=0 hour T=10 hours - T=20 hours

T=30 hours T=40 hours

The date fruit can never reach the stage of maturity

Fig.2: Maturity evolution in relation to time after harvest T=30 hours T=40 hours
(green date fruit).

Fig.4. Evolution of the state of maturity as a function of
time after harvest

In this experiment we determine the evolution of the
areas of mature and immature parts of date fruit with
time Fig.5.(a) and (b).

B ———————————————
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percentage of the mature part of date fruit

50.00%
40.00%

30.00%

20.00% -
10.00% -

T=30 hours

T=40 hours
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Fig.6.Evolution Of The State Of Maturity As A Function
Of Time After Harvest

In this experiment we determine the evolution of the
areas of mature and immature parts of date fruit with
time Fig.7. (a) and (b).

The date fruit is mature enough, so it can complete
its maturity by itself.

0.00% T T T T T T T
-4 4 4 4 4 4 4 44 4+
Il [ 1l Il 1 Il 1l 1l Il
O =B N W A U O N ®
O ©o © o o o o o
=0 > 0 > > 0 > 0 >
(a)
percentage of the immature part of date fruit
100.00%
80.00% -
60.00%
40.00%
20.00%
0-00% T T T T T T T T 1
4 4 4 4 4 4 4 44 4+
1l 1 Il 1] [l I} 1l 1 {
O B N W b U A N ®
O © © O © © o o
> > > > > > > > >
(b)

Fig .5. A) The Curve Shows The Evolution Of Fruit
Maturity With Time, B) The Curve Shows The Delimitation
Of The Immature Part Or Portion Of A Yellow Color Area

With Time.

The date fruit (A3) can continue to mature by itself
but with low quality that is why it needs an artificial

ripening.

Date fruit A4:

T=20 hours

T=10 hours

T=0 hour

Percentage of the mature part of date fruit

100.00%
80.00% -
60.00%
40.00% -
20.00%
O-OO% T T T T T T T T 1
AP SO SO SO IO SO SO
QY A0V O (O (O A O
«/,QQ «/,\'0 ,\//’» ,\/?) ,\//b‘ ,\’/ ,\// «// ,\//cb
(a)
Percentage of the immature part of date
80.00% fruit
60.00% -
40.00%
20.00% -
0.00% T T T T T T T T
ASTEIPA SO SO SO OO RO O
OV OO0 O O (O A O
«,/QQ «,/'»0 &/,'1' Vo) ,\/P‘ <7 ,\,/fo ,\/:\ ,\//q’
(b)

Fig.7. A) Evolution Of The Percentage Of Area Of The
Mature Part As A Function Of Time After Harvest, B)
Evolution Of The Percentage Of Area Of The Immature
Part As A Function Of Time After Harvest.
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»  Conclusion of the Experiment into three types:

This experiment shows that the date fruits
are capable of continuing to mature even after
having been harvested at a well determined level of
maturity. The determination of the degree of
maturation of these fruits is necessary because it
allows us to define the duration of their storage and
to decide on their best uses. These results, obtained
in the concrete case of dates, can, according to
researchers be applied to other fruits, provided that
in other studies is carried out.

In province Errachidia, date fruits are
ripened by sun curing and drying of (khalt) variety.
This can also be achieved by artificial heat treatment
in circumstances where ripening is not completed
entirely on the palm or when early rains threaten to
damage the crop. In its pure form artificial
maturation consists of imitating the optimum
conditions for ripening on the palm. The process
requires rooms in which temperature, humidity and
air ventilation can be controlled. Maturation is quite
often accompanied by dehydration. But on the other
hand there are date fruits which do not respond to
the temperature treatment or, in the best scenario
will initiate ripening but will never attain the
characteristics of good date. One main reason for
this is that it is necessary to sort harvested dates fruit

Date fruit image capturing by
CCD cam

Fig.8. A U
reconﬁgu Image Pre-processing

rable

date

fruits U
InSpECtIO Image conversion ( RGB to
n system HSV) and binarisation

|

Geometric Feature Extraction

l

Sorting

2

Defective or
immature

AN

Mature

Underripes

v

Atrtificial repening
and packaging

/

Destination for
animal husbandry

Dprying and
packaging

A) Overripe date fruits

B) Not enough mature but in a stage where
ripening is not competed entirely and can
be achieved by artificial heat treatment or
traditional by exposition to sun.

Defective dates or immature, or mature but
at a stage where their maturity can never be
entirely completed.

)

When fruits are harvested in summers, we have to
sort different kinds dates according to their
maturity and their contents defects. To do this we
relied on the following method.

4. MATERIALS AND METHODS.

Image conversion (RGB to HSV) conversion in
order to extract regions of interest.

1) Mathematical morphology applications to
eliminate noise and image binarisation.
Extraction of immature and mature parts
then, geometric Feature Extraction.
Sorting fruits.

2)

lighting

fruit Image capturing

N\

\

AN
/

Fruit sorting stript

Fruit placer
-

\

ConveVel Belt /"/
sorting bins
Mature fruit / r

underripe fruits

Fig.9. The Computer Vision System For The Sorting Of
Dates Fruits Based On Their Maturity Level.

Computer vision has been widely used for
the quality inspection and grading of fruits and
vegetables. It offers the potential to automate manual
grading practices and thus to standardize techniques
and eliminate tedious inspection tasks[12] . reported
that the automated inspection of produce using
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machine vision not only results in labor savings, but
can also improve quality inspection objectivity.

4.1. Image Conversion from RGB to HSV

HSV (Hue, Saturation and Value) defines a
type of color space. It is similar to the modern RGB
and CMYK models. The HSV color space has three
components: hue, saturation and value. Brightness is
sometimes substituted for ‘Value’and then it is
known as HSB. The HSV model was created by
Alvy Ray Smith in 1978. HSV is also known as the
hex-cone color model.

The HSV color model can be considered as
a different view of the RGB cube. Hence the values
of HSV can be considered as a transformation from
RGB using geometric methods. The diagonal of the
RGB cube from black (the origin) to white
corresponds to the V axis of the hexagon in the HSV
model. For any set of RGB values, V is equal to the
maximum value in this set. The HSV point
corresponding to the set of RGB values lies on the
hexagonal cross section at value V. The parameter S
is then determined as the relative distance of this
point from the V axis. The parameter H is
determined by calculating the relative position of the
point within each sextant of the hexagon. The values
of RGB are defined in the range [0, 1], the same
value range as HSV. The value H is the ratio
converted from 0 to 360 degree [13].

The passage from RGB to HSV was made by
a transformation, not Shelf space. Several operators
were proposed for it Conversion. The HSV system is
defined as follows:
The RGB image is transformed into HSV with the
'rgh2hsv' routine of the image processing toolbox,
version 6, of Matlab (Mathworks, 2005), which uses
the following equations(Eql):
v =Max(r,g,b)
Sc =Max(r,g,b)-Min(r,g,b)

a-b

= = - if =M
(Max—Min) e (2)
b—r .
=+ if g=Max
(Max—Min)
r-9 if b=Max

== 44
(Max—Min)

RGB Image to HSV conversion relation.

4.2. Results and Discussion.

The series of images taken under each
experiment were used in the analysis to study the
variation of yellow area with maturity area using
HSV color space representation. These captured
images were in RGB and then converted to HSV
color space using an algorithm of Matlab (version
7.0; Math Works, Inc., USA). Between images, there
is a fluctuation in the development of yellow regions
that can be clearly seen Figl. This is due to the
mature part color development.

The size of the fruit is considered a very
important parameter in distinguishing the good
quality from poor one. The accuracy of color
segmentation algorithm can be tested by studying the
variation in the detected area while the fruits
undergo color changes. In general, the mature part of
date fruit varies depending on the number of days
the fruit has taken to fully became mature. The data
sets shown in Fig. 5, Fig.6, Fig.8 and Fig.9
demonstrate the variation in calculating the areas of
fruit based on color HSV transformation. The sorting
device online works based on this color space. The
first function is used for "training" the color
detection model to detect in order to isolate region of
interest. The return value is on Mx3 matrix, and each
row contains the average HSV value of the
respective sub image. The selected windows are 5X5
pixel.

STEP 1: a function is used for "training" the color
detection model in order to estimate the average
HSV value of the region of interest. This function
helps to choose manually several "seeds" from each
image. At the end, the HSV matrix contains M rows
(M is the total number of images stored): each row
corresponds to the average HSV value of the
selected seeds in the respective image. The average
(or median) value of this matrix (column-wise) can
be used in the sequence for detecting the specific
color values.

STEP 2. We Use the estimated (average) HSV value
for detecting the specified color in a specific tested
image. The return value is an Mx3 matrix, and each
row contains the average HSV value of the
respective image stored.

The matrix value Mx3:
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H 3 Vv
01121 08746 0.7933
0.1154 08836 0.7930
01119 08633 07737
01161 08326 0.8134
0.1106 08426 07576
0.1096 08727 0.8038
01091 09326 07376
0.1144 09347 0.8126

For example the median value of HSV training is:

Median(HSV) = H5T (01120 08736 0.7936)

Defined as a color reference
In order to classify pixels in the image test we

calculate D,_, forHand Sand V.

hsv

—HSVy| = (dy,ds,d,)
D; (T,

T, T)
In This application:
T,=0.0123, T, =0.1232, T, = 0.1198 So:
D;(0.0123 0.1232 0.1198) :  Containing

the tolerance (the maximum distance in each
HSV, coefficient of each pixel from HSV, ;).

test

D hsv ‘ HSVref

(2)

If I (i,j) is the pixel in the image test:
{Dhsv <D; > 10, j)=1
Dhsv

>D; = I(i, j)=0
The average value of this matrix can be
used in the sequence for detecting the specific color
values.

HSV,

max *

coefficient of each pixel from HSV_ =~ fixed

(3)

is the max distance in each HSV

experimentally.

4.2.1. Morphology Mathematics.

Morphology is based on set theory. A
structuring element is a special mask filter that
enhances an input image. It can be of different sizes
and of different shapes (square, diamond, and
circle). Following are the main mathematical
morphological operators[14].

Dilatation, Erosion , Opening, Closing.

Three morphological operations, closing, region
filling and area opening, were used in order to
identify the region of interest: Fundamental
morphological operations are as follows:

(a) The dilatation of A by B:

A®B ={Z/(B),NA #} (4)

(b) The erosion of A by B:

NGB = {4
{(B)Z }

(c) The opening of set A by structuring element
B:

(5)

A®B=(ADB)OB. (6)

(d) The closing of set A by structuring element
B:

AOB=(A®B) OB (7)

The aim of area opening is to eliminate small
area blemishes that can be ignored by our processes.
The algorithms are based on several steps:

(1) Definition of the connected components;
(2) Calculation of the area of each connected
component;
(3) Elimination of small areas which are less than the
threshold T experimentally predefined.
4.2.2. Otsu Method
Thresholding is a simple but effective
method to separate objects from the background. A
commonly used method, the Otsu method, improves
the image segmentation effect obviously. It’s simpler
and easier to implement. However, it fails if the
histogram is unimodal or close to unimodal.

Otsu’s thresholding technique is based on a
discriminate analysis which partitions the image into

two classes C, andC, at gray levels t such that
C,={0,12,....,t}and

C,={t+1,t+2,.....,L -1} where L is the total
number of the gray levels of the image. Let the

number of pixels at the i gray level be n; , and n be

the total number of pixels in a given image. The
probability of occurrence of gray level i, is defined
as:

330


http://www.jatit.org/

Journal of Theoretical and Applied Information Technology

20" October 2013. Vol. 56 No.2

N

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A m—
A iil

ISSN: 1992-8645

www.jatit.org

ELRN ()
n
CO0 and C1 are normally corresponding to the object

of interest and the background. The probabilities of
the two classes are W, and W, :

P=

Thus, the means of the two classes can be computed
as:

Ko (D = YiR /OO (10

pl(t)=iiPi/wl(t) (11)

Let o-and o be the between-class variance and

total variance respectively. An optimal threshold t"
can be obtained by maximizing the between-class
variance.

2

t = Arg{max (Z2)} 2

o<isL-1 O7
Where, the between-class variance oﬁ and total

variance o are defined as:
O-é =W, (M — IJT)Z + W (W, — H'T)Z (13)
ot =(i-w)  (14)
i=0
The total mean of the whole image |, is defined as:

L-1
. (15)
M = leu
i=0
An equivalent, but simpler formula for obtaining

optimal threshold t” is as follows:

t = Arg maX{(Wo(“o - HT)Z +W1(“1 - UT)Z)}
o<t<L (16)

Otsu’s method of Thresholding gray level images is
efficient for separating an image into two classes
where two types of fairly distinct classes exist in the
image, (Fig.13.0); (Fig 14.e); (Fig .16.e) shows the
test image for Otsu’s method Thresholding..

4.3. Features definition and extraction.

We have determined the quality of the date
fruit based on the geometric features, namely size,

defect, color, mature and immature area parts of this
fruit. Below is the description of the properties,
usefulness and the extraction mechanism of these
features.

e Thesize:

The fruit size is another quality attribute
used by farmers; the bigger size fruit is considered as
the better quality. The size is estimated by
calculating the area covered by the fruit image. To
calculate the area of date fruit, we compute the
threshold (T) that separates the date fruit and
background in the original image by using the Otsu
method [15].The number of pixels that cover the
fruit image is considered as an estimate of size.

e Number of wrinkles.
e Color.
C) Yellow region extraction and Morphology

mathematic application

Here we give the features to calculate:
A, : Areaof mature parts of date fruit
P, : Perimeter of mature parts of date fruit.

A, : Area of parts immature (yellow color) of date

fruit.
P|m : Perimeter of immature part of date fruit.

S . size fruit, the area covered by date fruit in the
image.

_ Ay
Pon, T g % - Mature part area percentage in
relation to the total area of the date fruit.
I:)glm = h% - i
S : Immature part area percentage in

relation to the total area of the date fruit.

4.4 Result of the Experiment and the Region
of Interest Extraction Example.

Our work consists in the detection and the
isolation of the mature part of the fruit from the
immature part. We also isolate the date fruit from the
background.

Date Fruit D12 :
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e Immature or yellow fruit part extraction. g) Region detection .
a) Original Image b) Yellow region h) Edge detection
extraction.

d) Edge detection 1) Image hystogram .

Fig.10. The examples of processing results; the Column

contents: (a) original image D12, (b) Detected Area, (c)

Detected Area and morphology mathematic application,
(d) Edge detection.

e  Mature part fruit extraction.

J) Area occupied by Date fruit
extraction

Fig.11. The examples of processing results; Column
contents: (e) original image D12, (f) Detected Area, (g)
Detected Area and morphology mathematic application,

(h) Edge detection,(I) Image histogram , (J) Date fruit
extraction area.

e) Original Image Date Fruit D15

e  Mature parts extraction D15

f) Detected Area

a) Original Image
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Fig.12. The examples of processing results; Column
contents: (a) original image , (b) Detected Area, (c)
Detected Area after morphology mathematic application,
(d) Edge detection,(e) Area occupied by the date fruit
extraction, (f) Histogram Image .

e Immature parts extraction D15

b) Dected Areas

. . g) Date fruit Yellow part
C) Area detection and morphological

operation

h) yellow part after mathematic Morphologic
application

d) Edges detection.

e) Date fruit Extraction area ) Edge detection
Fig.13. the examples of processing results; Column
contents: (g) Yellow region extraction, (h) Yellow region
extraction after morphology mathematic application, 1)
Edge detection
Date Fruit D64.

Immature parts extraction

f) Image Histogram

e
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FHAG
T ket

<

(@) Original Image

(f) Image Histogram
Fig.14. the examples of processing results; Column
contents: (a) original image D64, (b) Detected Area, (c)
Detected Area after morphology mathematic application,
(d) Edge detection,(e) Area occupied by the date fruit
extraction, (f) Histogram Image .
e  Mature parts extraction.

(b) Yellow region extraction

(c) Yellow region extraction and
morphological operation.

g) Detected area .

h)Detected area after morphological operation

g -

Edges detection

Fig.15. the examples of processing results; Column
contents: (g) Detected Area, (h) Detected Area after
e) Date fruit Extraction area morphology mathematic application, (1) Edge detection

e
334



http://www.jatit.org/

Journal of Theoretical and Applied Information Technology
20" October 2013. Vol. 56 No.2

© 2005 - 2013 JATIT & LLS. All rights reserved-

54

" A m—
A iil

ISSN: 1992-8645

www.jatit.org

Date fruit D111.

e Immature parts extraction.

(@) Original Image,

b) there is no yellow color region detected

so A, =00

Figure.16. the examples of processing
results; the Column contents: (a) Original
Image, (b) Yellow region extraction.

a) Original Image

, (d) mature region extraction

e)Detected Area and morphology mathematic
application , a negligible area .

Fig.17. The examples of processing results;
Column contents: (c) Original Image, (d) mature
region extraction,(e) Mature region extraction
and morphology mathematic application

e The Mathematical Content for Sorting
Date Fruit Based on Repined Area.

In this article, all areas of the matured part of date
fruit are less than T1=40% of total fruit Area, which
is considered as insufficiently mature and will never
complete the maturity. If the area of the mature part
of date fruit is greater than T1=40% and less than
T2=75% of total fruit area the date fruit is
considered as insufficiently mature but maturation
can be achieved by artificial heat treatment or
traditional exposing to the sun; if the area of matured
part is greater than T3=75% and less than T4=90%
of the total fruit area , the fruit is considered mature
and can reach the Over ripe state by itself , if the
area of the mature part is greater than 90%of the
total fruit area, the fruit is considered as overripe in
the recognition procedure.

The direction of maturity

developrent -

/ T3
T1 T2 T]:n'\esh:tld=9:|
Threshold=20 Threshold=75 e
24 2

Fig.18.The Threshold Area Percentage Used In Date
Fruit Sorting .
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> IF(Pg, = %% >threshold T3area)
=> date fruit is overripe.

> IF(Pg, (% %) >threshold T2) &&
Pg, = %% <=threshold T3) => date
fruit is ripe.

> IF(Pg, =%% >=threshold T1) && (

Pg

m

= %% <=threshold T2) => date

fruit can be artificially ripened.

IF (Pg — %% <threshold T1) => date fruit is

unripe so it can’t be ripened artificially so,
destination for animal husbandry.

L0
100 0%
00
At
0
0

L |

TTa
zTa
£7Ta
+Ta
TZa
e a
TE=a

0

sTAa
STa
L Ta
=2Ta
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ZZ=a
£oa
=z a
= |
oz a
s zZa
= a
SZa
ZE=a
€€qa
e a
54
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LEad
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Fig. 19. This curve presents the percentage of the mature
part in relation to the total area of each date fruit in the
sample D11 to D41.

100,00%

80,00%

§0,00%

40,00%

10,00%

s L LLLLRLR LR L LR LRLRLE],
0ooo0oQoUoUoDoO0U0O0000000000D00U00QQ000000
N Y X O X X O X R R
CRMNWANOGYDEORNUENG SO WO RN UENTYGWwOR

Fig.20. this curve presents the percentage of the immature
part in relation to the total area of each date fruit in the
sample D11 to D41.

In this paper the sample for training was
D1 to D9; and the sample test was D10 to D210, and
the sorting rate of type of fruit date was significant.

Table 1: Fruits Maturity Classes

E-ISSN: 1817-3195

classes (a) (b) (c) (d)
number
of fruits 70 23 40 67
classify

(a) Unripened or defect fruit.

(b) Unripe with the appearance of insufficiently
mature part of date fruit.

(c ) Not completely mature but likely to be
artificially or naturally matured after harvest.
(d)Overripe dates fruit.

5. CONCLUSION

The color changes of a fruit surface during

the maturation can be used as features to measure the
ripeness state. Often, unripe fruits show greenish
surface color which changes to yellowish color when
they ripen gradually with honey color so we can
predict the final gustative quality. These color
patterns are similar within fruit categories.
In this work, by applying image segmentation based
on color detection, changes of surface color with the
maturity of date fruits were studied. Dates fruit was
selected to show the color variation during ripening
period Fig.1. Although The variation of color with
maturity was clearly, due to the variation in the
background light.

In this paper a novel inspection approach
was proposed to detect external defects and level
maturity of date fruits in sorting dates after harvest.
The approach consists of color detection method
based on HSV space color, segmentation,
morphologic operation, feature extraction, and dates
fruit sorting. The combination of color detection
method and morphological operation is capable of
segmenting the suspect region of interest and
extracting structure features such as color and area
and perimeter.

The method shows that the correct sorting
rate of type of fruit date was important. The
approach described above could be integrated with
mechanical lines and incorporated in the inspection
processes for other features such as shape, size, and
skin for complete automatic grading of date fruit. It
could also be used to detect defects of other date
fruits. The method shows a significant improvement
in the results.
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