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Abstract. Strawberry is one of the fruits that can grow and develop well in a country that has a
tropical climate such as Indonesia, the interest of countries with moderate climate to strawberries
makes this fruit become one of the export commodities that are quite popular. Indonesia has an
average value of strawberry exports reaching 19 tons per year in 2009-2013. The high export
value raises several problems, one of which is the selection of strawberry fruit to produce quality
products. The selection process carried out with visual perception raises the problem of accuracy
to measure the maturity of strawberry fruit. The solution that can be applied to overcome these
problems is to use image processing. This study extracts percentage values of RGB (Red, Green,
and Blue) color parameters from the image of strawberry fruit. The color extraction results are
then classified with the help of the Naive Bayes method to determine whether the strawberries
are ripe or not.
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1. Introduction

The average value of Indonesian exports for strawberries reached 19 tons per year in 2009-2013 making
strawberry one of the export commodities that has a pretty good market potential. Strawberry fruit
can be a source of foreign exchange if strawberry fruit cultivation is developed, in addition to
cultivating fruit, another thing that must be considered is maintaining the quality of the fruit. One of
the things that affect the quality of strawberry juice is an accurate selection process so that the
strawberries are really ripe to be thrown into the market. The rapid development of information
technology allows for the identification and selection of strawberries by utilizing color parameters.

The use of RGB color parameters that are converted into HSI color parameters is applied to classify
tomatoes according to the Tomate maturity index (TMI) [1]. The application of the HSI color feature
combined with the nearest neighbors algorithm produces an accuracy rate of 85% - 90% in the
classification of apples [2]. The level of accuracy of the classification of bananas based on their level
of maturity by using color intensity algorithm and area algorithm reaches 99.1% - 85% [3]. The
application of image processing and K-Means algorithm in utilizing machine vision technology that
is used to determine the level of maturity of strawberries based on the fruit color results in an accuracy
of 88.8% [4].
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In this study, the color features R, G, B (Red, Green, Blue) are used to do a comparison with the training
data where the comparison parameter is full green and full red. Picture of strawberry fruit with sweet
charlie type for extraction process is obtained on the conditions and time of image take that has been
determined to produce accurate data. Comparative results based on color parameters are then
classified using the naïve Bayes algorithm by utilizing training data that has been stored in the
database and compared with new input data to get the classification results whether the fruit is mature
or not.

2. Material and Methods

Classification to determine whether strawberries enter the mature class or not determined based on the
extraction of RGB (Red, Green, Blue) color format. The image of the strawberry fruit used is the
fruit image with a resolution of 375x500 pixels. Preliminary data obtained from the extraction of
strawberry images into RGB format and are continually changed to discrete data, with the data type
change rule if the color value is between 147-220 then the value will change to a high state, if the
value is green 74 -146, the value will be changed to the middle state and if the blue value 1-73 will
be changed to a low state [5].

3. Sample collection

To get the image results that can be detected for color features, data retrieval using a camera with 8Mp
resolution and image retrieval is done using a white background [6] with a distance of up to 20cm
and bright lighting conditions. The results of the image retrieval process of strawberries are stored
using bitmap or bmp format to facilitate the introduction of each pixel contained in the image of
strawberry fruit [7]. The training data was used as many as 20 pieces of data, in which the training
data was divided into 2 classes namely mature and raw with a range of colors is fully green and fully
red as shown in figure 1. The strawberry fruit variety used was sweet Charlie variety.

Figure 1. Color changes on strawberry a) full green, b) green red, c) full red

4. Naïve Bayes

The classification conducted by Naïve Bayes is a classification of opportunity-based statistics. The basis
of the classification is training data and conditional probability. The training data obtained from the
image of strawberry fruit is still continuous, to be able to do the classification process, the data needs
to be changed into discrete data. Continuous data obtained from the results of extraction and reading
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RGB values on the image of strawberries are shown in Table I, there are 2 class M for Mature and R
for Ripe.

Table 1. Training Dataset (Continuous)

Data R G B Class
1 144 19 17 M
2 167 32 28 M
3 150 27 29 M
4 137 27 26 M
5 126 23 26 M
6 147 36 19 M
7 143 21 16 M
8 148 43 39 M
9 129 20 25 M
10 194 47 27 M
11 163 47 47 M
12 141 120 77 R
13 215 214 210 R
14 215 212 205 R
15 135 100 8 R
16 214 187 129 R
17 156 131 45 R
18 213 211 206 R
19 206 180 120 R
20 151 125 40 R

Changes from training data sets that become continuous into discrete training data sets are shown in
Table 2.

Table 2. Training Dataset (Discrete)

NO R G B Class
1 Medium Low Low Y
2 High Low Low Y
3 High Low Low Y
4 Medium Low Low Y
5 Medium Low Low Y
6 High Low Low Y
7 Medium Low Low Y
8 High Low Low Y
9 Medium Low Low Y

10 High Low Low Y
11 High Low Low Y
12 Medium Medium Medium N
13 High High High N
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14 High High High N
15 Medium Medium Low N
16 High High Medium N
17 High Medium Low N
18 High High High N
19 High High Medium N
20 High Low Low N

From discrete training datasets, the naïve Bayes method is used. The formula from naïve Bayes is

P(aį|Vj)= ∗ ............................................................(1)

where:

N = number of state where V = Vj

Nc = number of correct state on the attribute

p =

m = number of attributes

5. Result

To get a classification of what a strawberry fruit image into the class Mature or Ripe, conducted a
comparison process between test data with training data that has been stored in the database. Test
image data entered into the application to get each pixel value of RGB colour that shown in Figure
2.

Figure 2. Display data value determination continue one of the image of strawberry fruit.
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RGB value that has been obtained is still as data continue so it needs to be converted into data with the
discrete type. In Table 3, the test data has been converted to discrete data.

Table 3. Change of Continue data TYPE into Discrete Data type

Data RGB Value Class

1 Red High

?2 Green Low

3 Blue Low

The discrete test dataset is matched with the training dataset if the value of the dataset is the same as
the value of the training dataset, the resulting value is correct. If not, the resulting value is false as
shown in Table 4. The next step is to calculate the same attributes as table 5.

Table 4. Result between  1st  Test Data  and Train Dataset

Data R G B

1 False False True

2 True True True

3 True True True

4 False True True

5 False True True

6 True True True

7 False True True

8 True True True

9 False True True

10 True True True

11 True True True

12 False False False

13 False False False

14 False False False

15 False False False

16 False False False

17 False False False

18 False False False

19 False False False

20 False False False

Table 5. Matching Value
R G B

Yes

N 13 11 14

n_c 6 11 11

P 0,5 0,33 0,33

M 3 3 3
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No

N 13 11 14

n_c 7 0 3

P 0,5 0,33 0,33

M 3 3 3

Then from the result in Table 5, the values for V(yes) and V(no) to be calculated.

V(Yes):

P(R|Yes) = ∗ = ∗ , = 0,2812

P(G|Yes)  = ∗ = ∗ , = 0,33

P(B|Yes) = ∗ = ∗ , = 0,2717

Then, V(Yes) = P(Ya) * P(R|Yes) * P(G|Yes) * P(B|Yes)

V(Yes) = 0,0126

V(No):

P(R|No) = ∗ = ∗ , = 0,3125

P(G|No) = ∗ = ∗ , = 0,0707

P(Be|No) = ∗ = ∗ , = 0,1164

Then, V(No) = P(No)*P(R|No)*P(G|No)*P(B|No)

V(No)  = 0,0012

V(Yes) = 0,0126 > V(No) = 0,0012

The result shows that value V(Yes) > Value from V(No), so we can get the conclusion that data number
1 class is Yes or M (Mature) class. Table 6 shows the result from comparison the result that gets
using the application comparing the result from an actual dataset, from that result it shows that
accuracy from the application that uses RGB and Naïve Bayes is 80%.

Table 6. Comparison Result Between Real Result and Application Result

Data No Real Result Application Result

1 Mature Mature

2 Mature Ripe*

3 Ripe Ripe

4 Mature Mature
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5 Mature Ripe*

6 Ripe Ripe

7 Ripe Ripe

8 Ripe Ripe

9 Ripe Ripe

10 Mature Mature

6. Conclusion

From the test results using 20 training datasets and 10 test datasets, the application of the naive Bayes
method and RGB color parameters is obtained by an accuracy rate of 80%. The division of RGB
color pixel groups into high, medium and low will cause errors that occur at the level of accuracy if
the difference in red and green color values is not significant. The use of other color features such as
CMYK or HSI can be used to increase the accuracy.
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