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Abstract— Tomatoes (Lycopersicon Esculentum) is a fruit that
has many types. One way to distinguish the types of tomatoes
can be seen from differences in color, size, and shape. To assist
in the classification of tomatoes, a study was conducted which
aims to classify two types of tomatoes namely plum tomatoes
and beef tomatoes. Therefore, the processing of tomato images
is done to facilitate the layman in classifving the two types of
tomatoes. The research method used consisted of preprocessing
in the form of color conversion I*a*b and HSV for feature
extraction, and Linear Discriminant Analysis (LDA) method
used to determine data distribution. This method can separate
and classify the two types of tomatoes well. The use of adequate
trainflle data will further improve classification accuracy. The
final results of this study indicate that the level of accuracy in
the classification of tomatoes for both types is 90%.

Keywords—  Lycopersicon  esculentum, Linear Discriminant
Analysis (LDA), Classification of Tomatoes, 1*a*b, HSV.

L INTRODUCTION

In image processing, computer graphics and computer
vision can be considered as "translating” the input image into
the appropriate output image [1]. An important part of image
processing is color. Besides being able to be seen visually,
the image also has important information in the presentation
of the image quality. One image processing is on tomatoes.
External color features and internal feature tightness are the
most important factors observed by consumers (wholesalers
or retailers) to determine the quality of tomatoes [2].

Tomatoes are one of the most popular fruits in everyday
life because they are consumed by millions of people every
day. They are usually preferred when cooked in good
condition. To maintain the condition of tomatoes, it is
necessary to prevent it from damage during distribution. [3].
Tomatoes are known worldwide as one of the most produced
plants. Food and Agriculture Organization of United Nations
reported that the world produced nearly 170,750 tons of
tomatoes in 2014 [4].

Licopersicon esculentum or tomatoes are one of the fruits
that are plentiful in Indonesia and often exceeds the market.
Tomato fruit has many different colors and shapes. There are
many types of tomatoes such as plum tomato, beef tomato,
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cherry tomatoes, and many more. Therefore, many people
have difficulty in classifying the types of tomatoes. This
research is the initial research that will be the basis for
making an application that allows users such as tomato
farmers or ordinary people to easily recognize the
classification of tomatoes based on technology.

Many studies on the classification of image processing
that have used color features in various images, such as the
classification of research [5], [6], [7], [8]). [9] and many
more. This research will also utilize color features in pre-
processing, which has not been done much in previous
studies, especially for Lycopersicon Esculentum fruit images.

Based on the problems above it obtained an idea of how
to classify two types of tomatoes namely tomato plum and
tomato beef. Tomato types are classified by using the Linear
Discriminant Analysis (LDA) algorithm. The features used
are feature b of 1 * a * b and features h and s of HSV. The
purpose of this study was to classify the types of plum
tomato and beef tomato from existing images. Then the
image was processed by using Matlab application to obtain
the classification of plum tomato image and beef tomato
image. The contribution of this research is the process of
combining the features of 1*a*b and HSV in pre-processing
for use in classification of Lycopersicon Esculentum fruit
images.

This paper is divided into several sections.
Section 2 discusses about research methods used in the
rescarch. Section 3 describes the results and discussion,
which will be enclosed with conclusions and further research
plans.

II.  RESEARCH METHODS

The data used in this study consists of 50 Lycopersicon
FEsculentum images which are 25 training data on plum
tomato images and 25 training data on beef tomato images.
The test data consists of 5 plum tomato images and 5 beef
tomato images. An example of the image of both types can
be seen in Fig. 1.
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(a) (b)
Fig. 1. Plum Tomato (a) and Beef Tomato (b)

The research methods for classification process of
tomato image types can be seen in Figure 2.
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Fig. 2. Classification Design of Lycopersicon Esculentum Fruit Types

Figure 2 shows the flow process of classification. From
inserting RGB of Lycopersicon Esculentum Fruit images.
The initial stage is feature extraction process. Consists of
two processes namely converting RGB images to L*a*b and
converting RGB images to HSV. The process of RGB
images to HSV to reduce the intensity of light from the
outside to obtain Hue, Saturation and Value. The 1*a*b and
HSV feature are extracted from the original image. In this
study, feature b is used to represent a dark image of a
tomato image. In this process also done performing
morphological operations to improve the structure and shape
of images into binary images. The next step is data analysis
and classification using the Linear Discriminant Analysis
method to separating two types of objects. In this process
data plotting distribution is also carried out.

A. RGB Image Input

RGB color space 1s widely used and is usually the default
color space for storing and representing digital images
(Fig.3). We can get other color spaces from RGB or non-
linear transformations. RGB color space is the color space
used by computers, graphics cards, and monitors or LCDs
[10]. This process aims to display the RGB (Red, Green,
Blue) color space from the image of tomatoes that are
managed.

RGB formula:

R
r=—
R+G+B
(D
B G
8 R+G+B
2
_ B
TR+G+B
(3)

Fig. 3. RGB Color Model

B. CIElab (CIE [*a*b

After processing the RGB color space, then the color
space is changed to CIE I*a*b. CIELAB or known as L*a*b
is the uniform CIELab color space where the Euclidean
distance among two different colors is close to the color
difference felt by human eye [11]. L*a*b is very often used
as a reference for color space because this color space is able
to describe the entire color space that can be seen by human
eye. The process of color space changing aims to obtain
lighting values and colors in managed images so that the
input image looks smoother and the details are better. To
convert RGB images to CIElab, the color space must be
changed into XYZ like the following formula:

|'x'| {n‘m 0.342 0.1?3] -
Y| = |02220.707 0.071 | | Guogm | -
lzJ \_rmzo 0.130 o,o.m] {BM“,J
()

Where Rnorm, Gnorm, and Bnorm show three channels
after normalization by (R p G p B). Normalization helps
reduce nonuniformity of illumination. CIELab Channels are
calculated by:

.
{ 116 % (IL)'- 16. + = 0.D08856
L= '

903 x (;_) £ <0.008856 )
(5)
s f2)-0)
(6)
v =moxs(5)-1()]
(7

Where Xn, Yn, and Zn are tristimulus values of CIE
XYZ from white color given by f:

!nnorlzed licensed use limited to: University of Glasgow. Downlbaded on June 28 2020 at 09:36:20 UTC from IEEE Xplore. Restrictions apply.




fn={% 1 > 0008856
D78 ke 4o, 1<0.008856°

(8)

C. Hue Saturation Value (HSV)

The input image in the RGB color space is converted to
HSV color space by using transformation. HSV images are a
collection of three different images as hue, saturation, and
value [12]. HSV has proximity to RGB system in describing
colors that humans can see. HVS serves to reduce the
intensity of light from outside and is able to detect certain
objects. The following is RGB to HSV formula:

Cmax=max(R'G'B")
Crin=min(R'G'B")
A= Cyay=C
max min (9]

Cmax functions to determine the largest constant value
in the RGB value while Cmin determines the smallest value
in the RGB value.

Hue calculation formula:
Hue Calculation:

L.
60%% (c’ dwmouﬁ),cmﬂzp\:

B/ R
60%x (T”).Cmaﬁfr’

60%% (%4),%“:1@
(10)
Hue is to look for the dominant color that can be
accepted by human eye based on the size of wavelength.
The saturation calculation formula:
Saturation calculation:

. =0
S=[ﬁ, A<>0
(11)
It functions to measure the amount of white light found

in hue.
Value calculation formula:

Value calculation:
V=Cmax

(12)

Value (V) is the brightness value of color. The value
ranges from 0-100%. If the value of 0, then the color will be
black. The greater the value is, the brighter it will be, and
new variations emerge from that color.

D. Linear Discriminant Analysis (LDA)

Linear Discriminant Analysis (LDA) is a type of
supervised learning method where the input area is divided
into decision areas whose boundaries are called decision
surfaces or decision boundaries [13]. The use of Linear
Discriminant Analysis (LDA) method aims to group data
into several classes, and then the grouping is based on a
straight line of linear equations so that it can classify the
image of plum tomato and beef tomato.

E. Plotting Data Distribution

Plotting data distribution is carried out with the aim of
testing and seeing the graph of image data distribution
processed based on hue and saturation values to see the
results on the test accuracy of tomato image processing.
Plotting data distribution to be displayed is the distribution
of training data in each class, the distribution of training

data for ecach class along with the boundary lines, and the
distribution of test data in each class.

III. THE RESULTS AND DISCUSSION

The initial process of classification on tomato types is the
input of tomato images from the test data in this study. The
examples of training data can be seen in Figure 4.

a{lhipg

2 (hpg 3 (e s Blipg s Mlipa
b (14pg b (4)4py B16)ipg b (Mjpg bipg

Fig. 4. The examples of Training Data Images of Tomatoes

The training data image of the tomato was then processed
and transformed from an RGB color image to 1*a*b to refine
and show the image details of tomatoes as shown in Figure 5.

Fig. 5. RGB image to L* a*b

In this study, segmenting images was conducted by using
thresholding method and mophological operations to perfect
segmentation results and converting grayscale images to
determine the foreground arca and background area with
binary image values. The results of segmentation are shown
in Figure 6.

Fig. 6. Binary Image

Transforming the color space from RGB image into HSV
image (Hue, Saturation, Value) was used as a reference to do
color recognition of an object on a digital image and to
reduce the intensity of light from outside that can be seen in
Figure 7.

Fig. 7. HSV Image
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The test results can be seen from the image data plotting
graph processed. The graph of training data distribution in
each class is shown in Figure 8.
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Fig. 8. Training Data Distrbution Graph

While the graph of training data distribution in each class
along with the boundary lines is shown in Figure 9.

Fig. 9. Training Data Distribution Graph

Next, the graph of training data and test data based on the
boundary line with the Linear Discriminant Analysis method
can be seen in Figure 10.

Fig. 10. The Distribution Graph of Test Data and Training Data

To get the accuracy on the classification of tomato types,
a test from Graphical User Interface (GUI) application
designed was conducted. The following is the appearance of
the application that has been created (Fig.11 and Fig.12).
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Fig. 11. Display of Input Image on Matlab GUI Application

The following is the appearance of the application on
RGB image to L*a*b (Fig. 12):
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Fig. 12. Display of application on RGB Image to L*¥a*b

Display of conversion image process and
morphological operations with binary image values in the
application (Fig 13):
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Fig. 13. Display of conversion images
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Figure 14 is appearance of application for the color
space transformation from RGB image into HSV image
(Hue, Saturation, Value):
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Fig. 14.  Display of RGB to HSV transformation

The display results from the classification of tomatoes with
the Linear Discriminate Analysis algorithm (Fig. 15 and Fig.
16):
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Fig. 15.  Display of Beef Tomato Classification Results
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Fig. 16.  Display of Plum Tomato Classification Results

The test results from the application can be seen in Table

TABLE L RESULTS OF TOMATO IMAGE PROCESSING

The Result of Classification
Name of fruits

No .
Image testing

Beef Tomato

Plum Tomato**

Plum Tomato**

Plum Tomato**

Plum Tomato**

Beef Tomato**

Beef Tomato**

Beef Tomato**

Beef Tomato**

10.

Beef Tomato**

b=l

*¥ Classification is true

The table above shows that the final results of testing
accuracy is 90% obtained from 9 (comect number) / 10 (total
test data). The accuracy value shows that the linear
discriminant analysis method is very well applied to the
classification of fruit types.

IV. CONCLUSION

The classification on the image processing of plum
tomato and beef tomato obtained an accuracy of 90%
meaning that the application of Linear Discriminate Analysis
method is very well used in the process of tomato
classification. The image quality used and the amount of
image training data is very influential on the results of image
processing accuracy. The more training data used, the better
the accuracy of the classification of tomatoes. The
classification of tomato still uses two types of tomatoes,
namely plum tomato and beef tomato. It is suggested to
develop further research using more than two types of
tomatoes.
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