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1. Introduction  

Tomatoes are a source of potassium and folate that can reduce cancer risk [1]. Tomatoes are characterized 

by physical changes in the skin of tomatoes from Raw to ripe tomatoes. This is due to the formation of 

carotenoids that cause changes in the color of tomato skin from green to red [2].  Determination of the maturity 

level of tomato fruit has been done manually so it takes a relatively longer time. Due to subjectivity, this can 

result in various tomato fruit products on the same tomato product. 

Image processing is a branch of knowledge in Artificial Intelligence that uses images in digital form to solve 

several problems [3]. It can be applied in the analysis of the maturity level of tomatoes based on the 

characteristics of the discoloration of the skin which changes along with the maturity of the tomatoes. In this 

case, the pixel value of the image can be a feature that will determine the maturity level of tomatoes. The 

application of tomato skin similarity analysis can help to determine which tomatoes cannot be harvested until 

they are suitable for consumption. This study determines the level of maturity of the fruit guava by using fuzzy 

logic. Based on the category of guava fruit will be classified into 4 categories, namely unripe, half-ripe, ripe, 

and very ripe. The characteristics of the guava fruit are extracted based on RGB to form a fuzzy set and its rules 

fuzzy. Subsequent research was conducted by [5] on the classification of tomato ripeness with color space 
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 This article discusses the classification of tomato fruit maturity based on color space. 

Several studies have been conducted to measure maturity levels using RGB and HSV 

color spaces. In this article, researchers classify the ripeness of tomatoes using the 

CMYK color space, which researchers have never done before. Next, the 

classification results of the CMYK color space are compared with the RGB and HSV 

color spaces. The CMYK color space is a secondary color commonly seen by the 

human eye. CMYK colors are colors produced from a combination of RGB colors. 

Comparison of classification results based on CMYK, RGB, and HSV color spaces 

was carried out using the correlation coefficient and mean square error (MSE). The 

correlation coefficient is a method that is often used to measure the similarity between 

2 images, where the closer to 0 the correlation value, the better. 
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variations using a support vector machine. This study discusses the classification of tomatoes based on RGB. 

Red, Green, and Blue (RGB) is the color space in the image. Digital images are generally processed based on 

RGB colors because they are primary colors. Another study conducted by [6] discussed the classification of 

the ripeness of mangoes based on HSV images using the KNN method. The research was conducted by 

classifying the maturity level of mangoes with HSV images. Hue, Saturation, and intensity Value (HSV). It is 

a color space in an image. The HSV color space has the same colors that can be perceived by the human senses. 

[7] conducted a study entitled Old Determination Roasted Coffee Based on Roast Degree Variations Using the 

RGB Color Model in Digital Image Processing. The research was carried out to analyze RGB characteristics 

and then to analyze the relationship between image characteristics, roasting time, and degree variations. 

Analysis of the relationship between variables is to use the correlation coefficient.  

 In this study, the authors tried to apply a classification of color similarity based on the image of 

tomatoes. Several studies have been conducted using RGB feature extraction or HSV image transformation 

[8]. This can be a reference for the same application in the case of image transformation to Cyan, Magenta, 

Yellow, and Key (CMYK) images. CMYK images are the secondary colors that are more commonly seen by 

the human eye. CMYK color itself is a color space that is produced from a combination of primary colors or 

RGB. So it is expected to obtain identification results that are not much different. Identification will be 

strengthened by using a correlation coefficient. Coefficient. Correlation is often used in cases to measure the 

degree of closeness of the relationship between two variables. This can be applied in terms of detecting the 

similarity of an image by analyzing the level of similarity between images. Tomatoes Based on RGB, HSV, 

and CMYK Colors Using Correlation Coefficients. 

1.1. RGB color in image 

RGB image is a color image consisting of three elements, namely Red, Blue, Green or commonly known 

as Red, Green, Blue (RGB). The image can be obtained from the amount of light or light reflected by the object 

[9]. One example of the form of an RGB digital image is a color image. A color image has a color format, the 

color format in an RGB image pixel consists of three layers or three parts, namely Red, Green, and Blue. RGB 

images in the current cluster of technology have at least 16 million colors or the equivalent of 24-bit color, this 

can be seen for example in the recorded images from a smartphone or computer monitor. On a computer 

monitor, the smallest color range is 0 and the largest is 255. The 255 scale is based on 8 digit binary numbers 

used by computer monitors. RGB images are also based on triplets where each color has the brightness of all 

red, green, and blue color elements. 

1.2. HSV color in image 

The Hue, Saturation, Value (HSV) color system is a color system that is one of the methods used in selecting 

the color of an object in image processing or digital images. HSV color is closer than the RGB system in 

describing the sensation of color by the human eye [10]. HSV digital image defines color in terms of hue is the 

actual color. The actual colors in question are red, purple, and yellow which are also used to determine redness, 

blueness and others. Saturation is the purity of color which is also called chroma or color strength. Value is the 

brightness of the color with a value of 0-100%. 0% brightness of the color will be black, while the greater the 

percent value in the color, the more varied the color shown.  The advantage of HSV is that there are colors that 

are the same as those captured by the human senses [11]. Hue, Saturation, Value (HSV) color space is a 

derivative of RGB color space [12].  The coordinates in RGB are assumed (0 or 1) are sequential red, green, 

blue in RGB color space, with max being the maximum value of RGB and min being the minimum value of 

RGB. The equations used to convert RGB into HSV form are in equations (1) to (3). 

 

 𝑉 = max(𝑅, 𝐺, 𝐵)                                                                 (1) 
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           𝑆 = {
0                               , 𝑃𝑖𝑥𝑒𝑙 𝑣𝑎𝑙𝑢𝑒 = 0 
𝑚𝑎𝑥−𝑚𝑖𝑛

𝑚𝑎𝑥
           , 𝑜𝑡ℎ𝑒𝑟                     

    (2) 

         𝐻 =

{
 
 

 
 

0                                              , 𝑆 = 0 

60° × (
𝐺−𝐵

max−min  
 𝑚𝑜𝑑 6)     , 𝑚𝑎𝑥 = 𝑅

60° × (
𝐵−𝑅

max−min  
+ 2)            , 𝑚𝑎𝑥 = 𝐺

60° × (
𝑅−𝐺

max−min  
+ 4)             , 𝑚𝑎𝑥 = 𝐵

   (3) 

 

1.3. CMYK color in image 

The cyan, magenta, yellow, and key (CMYK) color space is a secondary or subtractive color that is usually 

used in print media. This color space is the result of a combination of 2 colors with a color ratio of   1: 1 from 

the primary color, RGB. The reason CMYK color space is the color that is more often used in print media is 

that CMYK color is a color that adjusts by reducing the intensity of the reflected light. Human vision sees light 

reflected by objects, therefore CMYK colors absorb and reflect light to produce certain colors. CMYK color is 

a complementary space to colors from RGB. CMYK colors have color elements Cyan, Magenta, Yellow and 

Key or commonly known as Black. Two color elements will be called complementary if mixed in the right 

ratio to produce white. Cyan, magenta, yellow pigments can be combined to absorb all light and produce black. 

The colors in CMYK when mixed with the right RGB color will produce white, for example cyan mixed in the 

right ratio with red will produce white, therefore cyan is the complement of red. By changing the RGB scale 

[0, 255] to [0, 1] the formula used to transform RGB colors to CMYK can be written as equations (4) to (8) 

[13]. 

𝐶 = 1,0 − 𝑅 − 𝑢𝐾𝑏  (4) 

𝑀 = 1,0 − 𝐺 − 𝑢𝐾𝑏  (5) 

𝑌 = 1,0 − 𝐵 − 𝑢𝐾𝑏  (6)  

𝐾 = 𝑏𝐾𝑏  (7) 

Within                                               𝐾𝑏 = min(1,0 − 𝑅, 1,0 − 𝐺, 1,0 − 𝐵)           (8) 

 

1.4. Coefficient of correlation 

The coefficient of correlation is a value to express the strength or weakness of the relationship between 

two variables in a linear function [14]. Correlation is intended for cases of degree of two variables. The 

correlation coefficient is not a problem-solver in cases of causal relationships. The correlation coefficient can 

apply to the case of digital images. In digital images, the correlation coefficient is used as a matching metric to 

calculate the similarity degree or dissimilarity degree of two feature vectors [15]. The correlation coefficient 

interval can be written −1 ≤ 𝑟𝑖𝑗 ≤ +1. The higher the correlation value, the more similar the two feature 

vectors are [16]. Manual calculation of the correlation coefficient can be done with equation (9) [17]. 

𝑟𝑖𝑗 =
∑ (𝑋𝑖𝑘−𝑋̅𝑖)
𝑛
𝑘=1 (𝑋𝑗𝑘−𝑋̅𝑗)

√(∑ (𝑋𝑖𝑘−𝑋̅𝑖)
𝑛
𝑘=1 )

2
(∑ (𝑋𝑗𝑘−𝑋̅𝑗)

𝑛
𝑘=1 )

2
  (9) 

1.5. Mean Square Error (MSE) measurement 

Mean Square Error (MSE) is a method used to find the average error in an image. When analyzing MSE, 

a comparison will be made between the test image and the reference image. The smaller the MSE value, it can 

be said that the image quality is almost the same or similar to the original image [18]. This can be interpreted 
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that a small MSE value  indicates that the two images are similar or identical. MSE calculation can be done 

with equation (10). 

𝑀𝑆𝐸 =
1

𝑁𝑀
∑ ∑ (𝑝(𝑥, 𝑦) − 𝑞(𝑥, 𝑦))2𝑀

𝑦=1
𝑁
𝑥=1              (10) 

 

2. Research methodology 

1. The following is the method used to complete this research: 

1. Input image data for raw, ripe, half-ripe, and rotten tomatoes, 15 images for each criteria 

2. Crop each image to get the fruit skin needed for analysis. 

3. Perform quantization to get the RGB value for each existing tomato image 

4. Convert from RGB to HSV and CMYK on each image 

5. Calculate the average RGB, HSV, and CMYK on tomatoes using the criteria of raw, semi-ripe, ripe, and 

rotten which will later be used as a reference 

6. Carry out tests on 20 types of tomatoes whose RGB, HSV, and CMYK values have been calculated 

7. Calculate the correlation coefficient between the testing image and the reference image, followed by 

calculating the error rate (MSE) 

 

3. Results and Discussion (11 pt) 

In this In this section, we theoretically establish a classification method for the sample tomato images. The 

image is tested by analyzing the similarity in the image of tomato fruit. The reference image is selected and 

categorized into 4 namely raw, half-ripe, ripe, and rotten then the pixel value will be calculated based on RGB, 

HSV, and CMYK then will be used as a reference value. Then the image of tomato fruit will be tested and 

analyzed for maturity according to RGB, HSV, and CMYK colors. The data in the test image will also be 

calculated as the pixel value and then the correlation coefficient will be calculated to determine the similarity 

between the test image and the references 

Pre-processing 

The first process is image cropping. The cropping process is first carried out to extract the part and remove 

the part of the image that is not needed. The selection area is the area that represents the tomato fruit. In this 

process, the image resolution is changed to 500x500 for each criterion so that it gets the same treatment and 

with a resolution that is not too large it can speed up the computing process. 

 

(a)               (b) 

Figure 1: (a) The original image: (b) The image after cropping area of image. 

The image that has gone through the cropping process will then be resized. Resizing is a process carried 

out with the aim of the image having the same pixel scale. The scale of the tomato fruit image is changed to a 

scale of 1000×1000 pixels. At  this scale the image will produce a matrix with a format of 1000 rows and 1000 

columns. The same image pixel scale will also affect the next image process. 

3.2 Feature extraction 

Feature extraction is done to obtain features or information that is in the image or image. The data used in 

this research is in the form of colored tomato fruit images. The image will then be analyzed for its components 

based on 3 components, namely RGB. RGB image at each pixel has three color components namely Red (R), 
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Green (G). and Blue (B). Each component or color layer has a pixel value with intensity from 0 to 255. 

Tomatoes images that have gone through the pre-processing stage will be extracted from the Red, Green, and 

Blue pixel values. In data pre-processing, rescaling the matrix becomes a reference for the number of matrices 

that will be generated during the feature extraction process. Characteristic extraction performed on the image 

in addition to changing the image scale is also done changing the intensity scale from [0, 255] to [0, 1]. 

Image characteristics based on RGB that have been obtained will be changed or transformed into HSV 

form to determine the characteristics of the image based on its Hue, Saturation, Value elements. RGB to HSV 

image transformation can be obtained by applying equations (1) through (3). The next process is to look for 

image characteristics based on CMYK. The RGB image that has been obtained in addition to being transformed 

into HSV form will also be transformed into CMYK or Cyan, Magenta, Yellow and Key form. Transforming 

CMYK can use equations (4) through (8). 

 

Table 1: Feature value of reference tomato based on RGB, HSV and CMYK color 

 Category  Feature  

RGB 

 R G B 

Raw 0,5676 0,5445 0,0756 

Half-Ripe 0,6913 0,3388 0,0288 

Ripe 0,6933 0,1859 0,0981 

Rotten 0,6896 0,2041 0,0869 

HSV 

 H S V 

Raw 56,9719 0,8729 0,5684 

Half-Ripe 27,9131 0,9557 0,6913 

Ripe 8,7185 0,8583 0,6933 

Rotten 11,6553 0,8761 0,6896 

CMYK 

 C M Y K 

Raw 0,2166 0,2396 0,7086 0,4316 

Half-Ripe 0,1544 0,5068 0,8168 0,3087 

Ripe 0,1533 0,6607 0,7485 0,3067 

Rotten 0,1552 0,6407 0,7579 0,3104 

 

The feature extraction performed can be used as information to analyzing the different images from each 

other. The reference image data that has gone through the feature extraction process will become a reference 

for classification in the test data. The characteristic values obtained on the reference image will be the reference 

for classification. Classification is done using the correlation coefficient. Based on the values or matrices that 

have been obtained, a correlation coefficient test will be conducted to determine the degree of similarity 

between the test image and the reference image. Table 4.1 to Table 4.3 is the average value of the characteristics 

extracted from tomato reference data based on RGB, HSV and CMYK. 

3.3 Classification 

The next stage is image classification. The image classification carried out is the classification of 20 test 

data based on 4 categories in the reference image, namely raw, half-ripe, ripe and rotten. The test data used is 

tomato fruit data that has been collected and then documented and pre-processed. The data after going through 

the feature extraction process will then be analyze for the correlation coefficient value. The correlation 

coefficient value will be used to identify whether the data belongs to the raw, half-ripe, ripe and rotten 

categories. The higher the correlation coefficient value, the more identical the two images between the test 

image and the reference image.  



JCBD, Vol. 3, No. 3, September, 2024, pp. 112-120 E-ISSN : 2830 - 3121 

 117 

The calculation of the correlation coefficient is done using equation (9). Each layer in the RGB image will 

be compared and correlated with each layer in the reference image based on 4 categories. Suppose the R or 

Red layer in the test image will be calculated the correlation coefficient with the R layer in the tomato image 

in the raw, half-ripe, ripe and rotten categories. Each layer will be correlated with the same layer in each 

category on the reference tomato. The results of the correlation coefficient on each layer with the category will 

be averaged. The average will be the value to determine the classification of the test image. In addition to the 

calculation of the correlation coefficient, the MSE or error value is also calculated. Each test image data and 

reference image that is compared will be calculated and analyzed for error value. Table 2 until table 4 is a table 

of classification results based on correlation calculations and error values. The classification result is by 

considering the calculation results of the correlation size and also the size of the error value. The greater the 

correlation and the smaller the error value, the more similar the two images are. 

 

Table 2: Correlation results based on RGB color 

Data Test 
Correlation 

Result 
Raw Half-Ripe Ripe Rotten 

Tomato 1 0,5431 0,6824 0,7611 0,3341 Ripe 

Tomato 2 0,5656 0,5403 0,6645 0,3018 Ripe 

Tomato 3 0,6356 0,6127 0,7962 0,3834 Ripe 

Tomato 4 0,5491 0,6660 0,7803 0,2691 Ripe 

Tomato 5 0,3757 0,4716 0,4230 0,2136 Ripe 

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 

Tomato 20 0,2309 0,1362 0,2213 0,1592 Ripe 

 

Table 3: Correlation results based on HSV color 

Data Test 
Correlation 

Result 
Raw Half-Ripe Ripe Rotten 

Tomato 1 0,6453 0,7274 0,8075 0,2481 Ripe 

Tomato 2 0,5320 0,4918 0,5904 0,2068 Ripe 

Tomato 3 0,6879 0,6059 0,7893 0,2974 Ripe 

Tomato 4 0,5829 0,6112 0,7256 0,1938 Ripe 

Tomato 5 0,6627 0,6505 0,672 0,2170 Ripe 

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 

Tomato 20 0,2610 0,1605 0,2275 0,2634 Ripe 

 

Table 4:  Correlation results based on CMYK color 

Data Test 
Correlation 

Result 
Raw Half-Ripe Ripe Rotten 

Tomato 1 0,5415 0,7910 0,8361 0,2619 Ripe 

Tomato 2 0,5508 0,6770 0,7297 0,2435 Ripe 

Tomato 3 0,6487 0,6928 0,8052 0,3364 Ripe 

Tomato 4 0,5401 0,7686 0,8380 0,2194 Ripe 

Tomato 5 0,5645 0,7808 0,7651 0,1745 Ripe 

⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 

Tomato 20 0,3152 0,1505 0,2908 0,1594 Ripe 

 

Based on the calculations that have been carried out, a comparison of the results on the classification 

between RGB, HSV and CMYK is obtained. The results obtained show that there are some differences in the 

results of calculation and classification. This is due to the color transformation performed. The classification 

results between RGB, HSV and CMYK performed on 20 test data are in Table 5.  



JCBD, Vol. 3, No. 3, September, 2024, pp. 112-120 E-ISSN : 2830 - 3121 

 118 

Table 5: Comparison of classification result 

Category 
Total Data 

RGB HSV CMYK 

Raw 5 4 5 

Half-Ripe 5 6 5 

Ripe 9 7 9 

Rotten 1 2 1 

 

The classification results based on Table 5 show a comparison of the classification results, in the RGB color 

space there are 5 tomato test data in the raw category, 5 tomato test data in the half-ripe category, 9 tomato test 

data in the raw category and 1 rotten category. Raw category and 1 test data including the rotten category. 

While the classification results based on HSV are for the raw category totaling 4 tomatoes, the half-ripe 

category totaling 6 tomatoes, the ripe category totaling 7 tomatoes and the rotten category totaling 2 tomatoes. 

Classification results based on CMYK show that of the 20 test data 5 tomatoes belong to the raw category, 5 

tomato test data belong to the half-ripe category, 9 test data belong to the ripe category and 1 test data belongs 

to the rotten category. Classification based on RGB and CMYK has similarities in the classification results of 

each category. In addition to the comparison of classification results, there is also a comparison of the resulting 

correlation range in Table 6. 

 

Table 6: Comparison of coefficint of correlation 

Color Correlation Range 

RGB 0,22 − 0,86 

HSV 0,20 − 0,84 

CMYK 0,26 − 0,87 

 

The correlation range is obtained from the results of the minimum correlation value to the maximum 

correlation. Some of the correlation magnitudes produced according to the interval have low to very strong 

correlations.  

Based on Table 6 in the correlation range, the correlation results based on the Red, Green and Blue elements 

are in the range of 0,22 to 0,86. The largest correlation based on the raw category in the test data with the 

reference data is 0,78. The largest correlation in the half-ripe category is 0,86. In the ripe category, the largest 

correlation is 0,79. Classification in the rotten category has the largest correlation of 0,22. The classification 

carried out next is classification based on Hue, Saturation and Value (HSV) elements. The correlation results 

based on Hue, Saturation and Value elements are in the range of 0,20 to 0,84. Classification based on HSV 

elements is in the raw category with the largest correlation of 0,66. Next is the half-ripe classification. The 

largest correlation obtained in the half-ripe category is 0,84. In the ripe category classification the largest 

correlation is 0,80 and the classification in the rotten category the largest correlation is 0,20. Next is the 

classification based on CMYK elements. CMYK elements consist of Cyan, Magenta, Yellow and Key, each 

of which is obtained from a mixture of RGB element colors. The correlation value obtained in the classification 

based on CMYK is in the range of 0,26 to 0,87. Classification results based on CMYK elements for the raw 

category have the largest correlation value of 0,69. Classification in the half-ripe category based on CMYK 

has the largest correlation coefficient of 0,87. Next is the classification in the ripe category. The classification 

results with the ripe category produce the largest correlation of 0,83 and the rotten classification results have 

the largest correlation of 0,26. 

The results of the calculation of the correlation coefficient and MSE affect the classification results. From 

the calculation results there are several comparisons of the resulting correlation. The highest correlation based 

on RGB is worth 0,86 with an average MSE value of 0,0061. Next is the largest correlation in the HSV category 

with a value of 0,84 with an average MSE value of 0,0066. For correlations based on CMYK the largest 

correlation is 0,87 with an average MSE value of 0,0047. So of the three color spaces the most suitable is the 
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CMYK color space. In addition, the classification results based on CMYK have a correlation coefficient to 

produce the highest similarity with a coefficient value of 0,87 with an average MSE value of 0,0047 so that 

the selected tomato classification results are the classification results based on CMYK. 

 

4. Conclusion  

Based on the research that has been done, it can be concluded that the application of the correlation coefficient 

method for fruit ripeness classification is by reading the matrix obtained from the pixel value. In addition to 

the correlation coefficient, the MSE calculation is also carried out to determine  the error value or error during 

classification. The greater the correlation value and the smaller the MSE value, the more similar the two images 

will be. From the classification comparison results for the three color spaces (RGB, HSV and CMYK), it shows 

a difference in the amount of correlation. The  highest correlation coefficient in RGB color space is 0,86. In 

HSV space it is 0,84 and in CMYK space it is 0,87. Based on the correlation coefficient value, it is found that 

the best space obtained is the classification based on CMYK. This is because it produces the highest similarity 

of the test image with the reference, namely the value with a coefficient of 0,87. 

. 
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