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Abstract:  An image processing technique extracted four  

features of green coffee beans of different  species which are the   

liberica, robusta, and excelsa. The acquired datasets were 

subjected  to the Classification Learner App of MATLAB 2017. 

Among  the 22 classifiers  included  in  the Classification  Learner  

App, 94.1 percent is the highest accuracy, obtained by the Coarse 

Tree Algorithm, while the lowest classification percentage was  

obtained  by  Boosted  Tree  Algorithm with 28.2% accuracy. Out 

of  the 22 algorithms, only 4 got  a classification accuracy that is 

lower  than  90 percent  and 18 algorithms got an accuracy of 

more than 90 percent. It can  be  concluded  that the combined 

image processing and classification using data mining  

algorithms can be used in classifying green coffee bean species.   

 
Index Terms: Artificial Neural Network, Classification 

Learner App, Image Processing, Morphological Features.  

I. INTRODUCTION 

Coffee is the second most important product in world 

trade, second to petroleum [1]. Prices of coffee depend on 

coffee  species and their quality [2]. The three coffee species 

that have been  used  in  this  study are the commercially 

grown species  in the province of Cavite, Philippines namely 

the excelsa, liberica, and robusta [3]. The Arabica coffee 

species needs higher altitude that’s why it doesn’t thrive 

commercially in Cavite. By merely looking at the labelled 

coffee beans, even an  untrained observer would agree that 

they definitely differ to one another. The shape, size, width, 

and length tells a story  about the coffee beans not even to 

mention the color, aroma and their textures. However, when 

the label is removed,it is  very difficult to differentiate coffee 

species. Ways of classifying and  authenticating coffee 

species include the use  of chemicals [4–6], use of different 

types of spectroscopy [7,8] and use of image processing 

[2,3,9–11]. One way of identification and classification of 

coffee beans is by visual inspection done manually by a 

trained panel of experts.The process involves measuring the 

coffee bean’s major and minor axis using the Vernier caliper, 

then computing the area. The  process is tedious, 

time-consuming  and  subjective. Emotions  of  the experts 

such as mood swings, state of mind and stress can affect the 

classification process. The author saw the need to automate 
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and simplify the process through the aid of image processing 

[9] and  

different data mining algorithms [12]. This research was 

conducted with the objective of finding the most suitable  

data  mining classifier that can characterize the three coffee 

species.  

II. MATERIALS AND  METHODS  

A. Cavite Coffee Beans  

Coffee  beans  from  the  province of Cavite were 

used in the study. The specific locations or bean groups used 

in this study are shown in Table 1. A total of 255 samples,  

consisting of 85 samples per species were used in this  study.    

A Sony DSC-W800 digital camera capable of sensing 20.1 

effective megapixels were used to capture the  images. The 

captured images were processed using Laptop Computer 

equipped with of Intel Core i7-6700HQ 3.5 GHz  processor, 

system memory of 4 GB RAM and a storage capacity of 1 

TB hard disk. The laptop computer is installed  with a 64 bit 

Microsoft Windows 10 professional operating system. The 

MATLAB 2017b is the software used in this study for image 

processing and classification of coffee beans. 

 

Table 1. Bean groups used  in  the  study  

 

Comparing Performances of Data Mining  

Algorithms for Classification of Green Coffee 

Beans 
Edwin R. Arboleda 

 

Robusta 

 

Liberica 

 

Excelsa 

(1) Magallanes, 

Cavite 

 

(2) General  

Emilio  

Aguinaldo, 

Cavite 

 

(3) CvSU, Cavite 

 

(4)  Alfonso, 

Cavite 

 

(5) Amadeo, 

Cavite 

(1)  Tagaytay, Cavite 

 

(2) Mendez, Cavite 

 

(3) Amadeo, Cavite 

 

(4) Magallanes,  

Cavite  

 

(5) Silang , Cavite  

 

(6)  Indang, Cavite. 

(1)  Alfonso, 

Cavite 

 

(2) Magallanes, 

Cavite,   

 

(3) Amadeo, 

Cavite 

 

(4) CvSU,  Cavite 

 

(5)General Emilio 

Aguinaldo , 

Cavite 

 

(6)  Indang, Cavite 

http://www.ijeat.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

Comparing  Performances  of  Data  Mining  Algorithm  for Classification  of  Green  Coffee Beans 

1564 

Published By: 
Blue Eyes Intelligence Engineering  

& Sciences Publication (BEIESP)  

© Copyright: All rights reserved. 

Retrieval Number E7331068519/19©BEIESP 
Journal Website: www.ijeat.org 

Image 

Acquisition 

Image 

Processing  

Morphological  

Features  

Extraction 

Classification of  

species  using  

different 

data  mining  

algorithms  

 

 

 

   

 

 

 

 

Figure 1.  Procedure  Flowchart 

 

B.  Procedure 

Figure 1 shows the flowchart of the procedure done in the  

study. Coffee bean samples were placed on a white 

background and the camera with 1.4x zoom placed 12 inches 

above the samples captured the images. For easier image 

segmentation beans were manually spread by hand to avoid 

samples touching each other. A lighting platform with 10  

watts  LED bulb was used and the flash of  the camera was 

on.  In this work, 195 bean images were used. The format 

used for storing the images is the JPEG (Joint Photographic 

Expert Group) and all images were 5152 x 3864 pixels in 

size. The MATLAB (version R2017b) image processing 

toolbox, the  MATLAB functions, vislabels function, 

regionprops, and bwareaopen were used to develop an 

algorithm for  pre-processing and extracting coffee bean 

features. Four morphological features were extracted for 

classification.  

Morphology is the shapes and sizes of objects, was 

extracted in the following ways:      

        Surface area (As): The area of a coffee bean was 

measured by counting the number of pixels having a value of 

1. 

Perimeter (P): The perimeter will be measured by 

counting the number of pixels lying on the border of the 

coffee bean. 

Equivalent diameter (𝑫𝒆𝒒): It also called Ferret 

diameter,  is the diameter of the circle with the same area as 

the object and is expressed 

                      

Roundness (Rs): In a non-circular object, it is defined as  

(P.^2))  *  100 

 

A  total of  22 data mining algorithms were used to classify  

the Cavite Coffee data sets using the MATLAB’s  

Classification Learner App(12–15). Table 2 shows all  the  

data mining algorithms for classifying the Cavite Coffee data 

sets. 

III. RESULTS  AND  DISCUSSIONS 

 

A. Image Processing 

The colored images of coffee bean samples were first 

converted into grayscale images to extract the morphological 

features. The next step was to complement the image by 

making the background black and the objects white. The third  

step was converting the image into black and white. The  

fourth step is filling the holes of  the  image. The original  

image is shown in Figure 2 while the enhanced image is  

shown  in  Figure  3. 

 
 

Figure 2.  Original  Image 

 

 
                          Figure  3.  Processed  Image 
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Table 2. Data Mining Algorithm  used in the Study 

Decision  Trees 

 

Discriminant 

Analysis 

 

Support   Vector 

Machine 

K Nearest  

Neighbor 

 

Ensembles 

1. Fine Tree 

2. Medium  

Tree 

3. Coarse   

Tree 

 

1.Linear  

Discriminant 

2. Quadratic   

Discriminant 

1. Linear SVM 

2. Quadratic  SVM 

3. Cubic SVM 

4. Fine Gaussian 

5. Medium 

Gaussian  

6. Coarse  

Gaussian 

1. Fine KNN 

2. Medium KNN 

3. Coarse KNN 

4. Cosine KNN 

5. Cubic KNN 

6.Weighted KNN 

 

1.Boosted Trees 

2.Bagged Trees 

3.Subspace 

Discriminant 

4.Subspace KNN 

5.RUS  Boosted  Trees 

 

 

Table 3. Sample shape features extracted from 195 coffee beans of  different  species 

 

Features 

 

 

Robusta 

 

Excelsa 

 

Liberica 

 

Area 

 

        

      12,551  to     21, 542 

 

12,033 to 21, 779 

 

20, 380  to  28, 876 

 

Perimeter 

 

 

425.45 to 624.28 

 

521 to 1756.10 

 

549.29  to  1375.90 

 

Equivalent  

Diameter 

 

 

126.41  to  165.61 

 

123.78 to 166.52 

 

161.09  to 191.74 

 

Roundness 

Percentage 

 

 

22%  to  28% 

 

3%  to   18 % 

 

6 %  to  27% 

 

B. Morphological Features Extraction 

Morphology refers to the geometric  property of  an object.   

The four morphological features are area, perimeter, 

equivalent diameter, and  roundness percentage. Using the  

function  bwareaopen,  noise or  unwanted  objects can be  

eliminated  by  setting up  the minimum area  of  objects  to be   

identified.  All  objects  which  have  an  area less  than  the  

set  minimum area will not appear in the  processed  image.  

Notice  in Figure 2 that the images of papers which have the 

handwriting of number “4” and “Liberica, Indang, Cavite” 

were eliminated  because  their  area  is below  the  minimum  

set value by the bwareaopen  function. Table 3 shows  the 

extracted morphological features. In terms of area, liberica  

coffee beans got the largest, followed by excelsa  and  

robusta. It  can be  seen that  area range values for the three 

species  are overlapping. This means that there are robusta  

beans that  are the same size as excelsa and  liberica  and  vice  

versa. In terms  of the perimeter, the highest value was from 

the excelsa species and robusta got the least value. Perimeter 

range values  for the three species are also overlapping. In 

terms of  equivalent diameter, liberica has the highest values 

while the  equivalent diameter of robusta and  excelsa are in 

close range  to each other. In terms of roundness, most  

robusta  beans  are  rounder than excelsa and liberica. Using 

visual inspection  liberica beans are generally bigger in size, 

followed by excelsa  and  robusta is the smallest in size. This 

observation by the naked eye has been validated using image 

processing to extract the features.  

 

C.  Classification Using Morphology Features 

The classification results of extracted features of Cavite  

coffee  beans are shown  in Table  4. There are five families 

of  classifiers in the Matlab Classification Learner App which 

has  a combined total of  22 classifiers. Table 4 shows the 

accuracy  of each 22 classifiers and the amount of time 

needed to  complete the classification. In terms of accuracy, 

the coarse  tree  algorithm  got the  highest which  is 94.1 %, 

linear SVM came in second with 93.7%. Quadratic SVM, 

medium  Gaussian SVM,  and Cubic KNN all came in the 

third rank  with 93.3%. Among all the 22 data mining 

algorithm the  coarse tree algorithm got the fastest 

classification time of 159.31 seconds. Linear SVM got 

241.42 seconds, quadratic SVM got 238.41 seconds, medium 

Gaussian SVM got 238.34 seconds and cubic KNN got 

235.23 seconds. All classifiers belonging to the three families 

namely decision trees, discriminant analysis, support vector 

machines got  classification accuracy in the over 90%. 

Classifiers belonging  to the ensemble classifiers namely 

boosted trees and RUS  boosted trees got a very low 

classification accuracy of 28.2% and  33.3%.  
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Table  4.  Classification  results  for    each   classifier   using  the  Classification  Learner  App  without  using  the  

Principal  Component  Analysis (PCA) 

 

Classifier 

 

Classifier  Type Accuracy (%) Training  

Time 

(seconds) 

 

Decision  Trees 

Fine  Tree 92.9 191.93 

Medium  Tree 92.9 170.49 

Coarse  Tree 94.1 159.31 

Discriminant 

Analysis 

Linear Discriminant 92.2 241.51 

Quadratic Discriminant 92.2 243.36 

 

 

Support Vector  

Machines   ( SVM) 

Linear  SVM 93.7 241.42 

Quadratic  SVM 93.3 238.47 

Cubic  SVM 92.9 238.40 

Fine   Gaussian SVM 91.8 238.33 

Medium  Gaussian   

SVM 

93.3 238.24 

Coarse  Gaussian  SVM 91.4 238.16 

 

 

K    Nearest  Neighbor 

(KNN) 

 

 

Fine  KNN 91.0 237.35 

Medium  KNN 92.5 236 

Coarse  KNN 88.6 235.62 

Cosine  KNN 91.4 235.54 

Cubic  KNN 93.3 235.23 

Weighted  KNN 91.0 235.15 

 

 

Ensemble  Classifiers 

Boosted Trees 28.2 234.93 

Bagged  Trees 91.4 233.82 

Subspace  Discriminant 91.8 233.82 

Subspace  KNN 80 228.24 

RUS  Boosted  Trees 33.3 225.48 

D.  Comparing the  results   of  this   study  to  

the  previous study 
This study used the same dataset used in [3]. As shown in  

Figure 1, all the procedures are the same with [3] except for  

the classifier that was used. The previous study used  

feed-forward back propagation neural network (FFBPNN) 

whereas this study used 22 different data mining algorithms 

in  which the coarse tree algorithm achieved the best result.  

Comparing the results as shown in Table 5, FFBPNN  

achieved greater accuracy of 96.66% compared to the  

accuracy of the coarse tree algorithm which is 94.1%.   

However, the main advantage of the coarse tree algorithm is  

faster training time. It only took 159.31 seconds to achieved  

94.1% classification accuracy as compared to 600 seconds  

training time of FFBPNN for 96.66% classification 

accuracy. 

 

Table 5.  Comparing  the  best  classifier  of  the previous  

study   to  this  study 
Classifier Accuracy ( %) Training  

Time   

(seconds) 

 

Coarse  Tree 

 

 

94.1 

 

159.31 

Feed  Forward  

Backpropagation 

Artificial  Neural 

 Network 

 

96.66 

 

600 

 

 

 

IV. CONCLUSION  AND  RECOMMENDATION 

 

 This paper introduces a data mining algorithm 

approach  in classifying the three species of Cavite coffee. 

The results  showed that course tree classifier has the highest 

accuracy  rate of  94.1%. The advantages of the data mining 

algorithms belonging to the Trees, SVM, KNN and ensemble 

families  is  the fast training time. Further study must be done 

using a larger  number  of  samples in  order  to  verify the  

relationship between sample size and classification  

accuracy.    
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