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ABSTRACT 
 
This  paper   separates  immature from  mature coffee  beans  
using  the hue, saturation and brightness  values (HSV). It  
was  proven in another  paper  that  red, green, and blue 
(RGB)  values  differs  in  mature  and  immature coffee  
beans  so  the  author  thought  of  using HSV  values  to  
separate  the  two bean  groups. The  HSV  values were  
extracted using image  processing  and machine  learning 
algorithms were  used  in  classification. The MATLAB  
Classification  Learner  App containing  23  different  
machine  learning  algorithms was  used in  discriminating 
between  mature  and immature coffee beans. The  medium 
Gaussian  support vector  machine achieved  the highest  
classification  accuracy  of 94 %  at 0.14624 seconds.   
 

Key words : Immature coffee beans;  Average Hue, 
Average Saturation, Average Values;  Medium  Gaussian   
SVM  
 
 
I. INTRODUCTION 
 
Coffee  is  a  beverage  obtained  from  cherry,  the  fruit  of  
coffee  plant.  The  coffee  plant refers to several species of 
the  genus  coffee of the  Rubicaecea family, which is 
actually a tropical evergreen shrub that has the potential to 
grow  to  a  height  of  100  feet [1]. Due to its idiosyncratic 
smell and taste,  the coffee plant has been represented as an 
essential part of special moments. Coffee , is known to have 
approximately 70 types is  a  well  received,    in demand  
drink and is a very significant commodity worldwide. 
Millions  of  small-scale farmers in  developing countries 
are  dependent in coffee  farming  as  their  major  source  of  
income. All  over  the  world , there  are  2.5 billion  cups of  
coffee  being  consumed in a  daily  basis.  While  farming  is  
done  in  developing countries,  it  is the industrialized  
countries  that  does  most  of  the  consumption. Green 
coffee  beans is  one  of  the most  traded agricultural 
product  in the  world second  to  oil. Coffee sustained  the  
economies  of  developing  countries  as it is  considered  as  
a major  source of  their  foreign  exchange [2]–[4]. Coffee  
cherries  should  only  be  harvested  when  they  are  fully  
red  in  the  branches. However,  coffee  cherries do not  
ripen  at  the  same  time.  Some cherries   are  fully  red 

 
 

 

while  other cherries  are yellow  and  others  remain  green. 
Farmers  should  harvest  the red cherries  and  wait  for 
yellow  and  green beans  to mature and  become  fully  red. 
Because red, yellow and  green coffee  cherries  when 
harvested and  dried  are indistinguishable  from  one  
another. Farmers  opted  to save money  and  harvest  the  
cherries  whether  they  are red, yellow  or  green[5]. While  
mature  and  immature beans are  almost  the  same in  the  
naked  eye  they  are  totally  different  in  taste. The  
presence  of  immature  coffee  lowers  the  quality  and also 
lowers  the  price of  coffee  beans[6, 7]. 
 
This  study  builds  on the  previous  research   done  in  
immature  and  mature  coffee  beans [5] and  answers  the  
research  question , “Which  color  features ,  RGB  or  HSV 
values is  best  in  discriminating mature  and  immature 
coffee  beans?” To  compare  which color  feature  is the  
best ,  this  study  also  extracted the HSV  using image  
processing  and  then  subjected  the  extracted features for  
classification  using the machine  learning  algorithms.  
 
HSV  is  another format  of  how  an RGB colors  can be 
represented. Hue  is  the  property  of  light  that  
discriminates  one  color  to  other  colors,  for  example the  
yellow  color  from   brown  or  pink. Saturation  is  the  level  
of  white   of  a light source in  an  image. Values or  
brightness  values  is how  intense the brightness of  an 
image[8]. Image  processing is  a  technique to carry out a  
particular procedures on an image so  that  a more  refine, 
upgraded image would  result  or  to extract useful features  
from  an  image[9-24]. 
 
The  MATLAB Classification   Learner  App  contains 23  
machine learning classifiers. The  extracted  data  thru 
image  processing or  any  other  type  of  data  composed of  
numerical  values  are  used  as  input. The App  trains  the  
data  and validates  the classification  in terms of  accuracy  
and  training  speed[24–27]. 
 
 2. METHODOLOGY 
 
2.1. Coffee Samples  
The coffee beans  used  in  this  study is  from the  harvest  
season of  coffee  in  the Philippines  in  the  year  2019. 
These coffee  beans  were stored  for  a  year  with husks  still 
on  them  and  this  March  2020, the husks were  remove 
and  used  as  samples  in  this  study.   There  are two groups  
namely  the  mature  coffee  beans  and  the immature  coffee  
beans from the Robusta  specie. A total  of  100 mature 
coffee beans  and  100 immature coffee  beans were  used.      
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2.2  Feature  Extraction  

Upon  visual inspection   even  an  untrained  eyes  can  see  
that  there are  differences  in  color between  mature and 
immature  coffee  beans. The  problem  is  when  the  two 
groups were  mixed. Separating  one  from  the  other  
becomes  a  problem.  It was  confirmed  in  the  previous  
study that  mature  and immature  coffee  beans differ  in  
terms  of RGB  color  values[5]. This  study  is further  
exploiting more  deeply  if  the  HSV  color  features  can 
also  differentiate mature and  immature  coffee  beans  
because HSV  is  based  in RGB. The  HSV  values  were  
derived  from  the RGB  values  as  related by  the  formula  
shown in  Figure 1.  

    Figure 1 :   Relation  of  HSV  to RGB  

 

It  can  be  seen  in  Figure  1  that    HSV  values   were  
derived  from  RGB values.  

The  set-up  for taking of images  was  made  an exact  
duplicate  of  [5].  The  coffee  beans  were pictured  using an 
A4tech PK-835 G  webcam  at the  height of 13.5  cm  with 
2  LED strips at  the  side  of  the  camera  that  are  2  inches  
apart.  The  HSV features  were  extracted  using  the  
Python  program. 

 

3.  RESULTS  AND  DISCUSSION 

Table  1 shows  the    values of  HSV color , extracted  through  
image  processing. 

Table 1  shows that  values  of  hues,  saturation and 
brightness  for  mature  and  immature coffee  beans  are   
overlapping to  one  another. By  using a  classifier the  
author  discriminated which one is  mature  and  which one  
is an  immature coffee  bean.  

 The  classifier  used  are  the  23  machine  learning 
algorithms  of  MATLAB  Classification Learner  App.  The 
100  beans  were used  as inputs at  once  and the settings  
was chosen to be  5  folds.  This  means  that  80 percent  will  
be  used  as  training   samples. Five folds  is the  total  
number of  samples  per  class  divided  5, that  is  100  

divided  5  equals  20.  A  total of  80  samples  were  used as  
training samples  and  20  samples  were  used  as  test  
samples.  The  result  of  classification  is  shown  in Table  
2. 

Table 1:  Extracted  HSV  values for Mature  and  Immature  
Coffee beans 

 
Table  2: Classification  Results  

 
Classifier  Type Accuracy 

(%) 
Training Time 

(Seconds) 
Fine  Tree 89 9.725 

Medium  Tree 89 0.16565 
Coarse  Tree 93 0.15127 

Linear 
Discriminant 

91.5 1.9528 

Quadratic 
Discriminant 

92 0.49839 

Logistic 
Regression 

92 7.0282 

Linear  Support 
Vector Machine 

(SVM) 

93.5 2.2795 

Quadratic  SVM 94 0.20495 
Cubic  SVM 93 0.38023 

Fine   Gaussian 
SVM 

91.5 0.17618 

Medium  Gaussian   
SVM 

94 0.14624 

Coarse  Gaussian  
SVM 

93 0.13773 

Fine  KNN 83 1.2831 
Medium  KNN 93.5 0.15308 
Coarse  KNN 87 0.14464 
Cosine  KNN 92 0.25553 
Cubic  KNN 93 0.17559 

Weighted  KNN 88.5 0.19314 
Boosted Trees 87 3.6323 
Bagged  Trees 89 2.3021 

Subspace  
Discriminant 

91 1.7819 

Subspace  KNN 86.5 1.5994 
RUS  Boosted  Trees 83.5 2.1379 

 
Coffee Bean 

Type 

 
    Average 
      Hue   

 

 
Average 

Saturation 

 
Average   

Value 
(Brightness) 

 
Mature 

Coffee Beans 
 

 
127 to  155 

 
45  to 71 

 
94 to  173 

 
Immature 

Coffee Beans 
 

 
100 to  147 

 
41 to  71 

 
110 to  177 
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Figure  2  shows  the  scatter  plot  of  the Medium  Gaussian  
SVM   for  mature  and  immature  coffee  beans. The  
mature coffee  beans  were  represented  by the orange colors  
and the  immature  coffee beans  as the  blue colors .  It can 
be  seen  in Figure  2  that  HSV  values  of  the  two  groups  
are separable  in the  viewpoint of  the Medium Gaussian 
SVM. 

 

Figure 2 :  Scatterplot  of  Medium Gaussian SVM 

There  are  2  classifiers that  yielded  the highest accuracy  
of  94 % namely  the Quadratic  SVM  and  the  Medium  
Gaussian  SVM.  Among these  2 ,  the  Medium  Gaussian  
SVM  has  the fastest training  time  of  0.14624  seconds.  
Among  40  samples  of mixed mature and immature  coffee  
beans  it  will  only  take 0.14624  seconds   to differentiate  
one  class  from  the other. Even an  expert  human  
classifier will not  be able  to  match that  accuracy  and  
speed. 
 

 

Figure 3:   Confusion Matrix   of  Medium Gaussian SVM 

It   can  be  seen in  Figure  3  that  for the  Medium  
Gaussian SVM  has  12  wrong  classifications  for  mature 
coffee  beans  and  100 percent  classification  for  immature  
coffee  beans. This  means  that  the HSV values  for  
immature coffee beans  can  be  identified  by Medium  
Gaussian  SVM while  the  same  algorithm  has  an  error  
when it  comes  to  identifying  the  HSV  features of  a 
mature  coffee  beans.  

Figure  4  shows the  ROC  or  the receiver operating  
characteristics  of  the  Medium Gaussian  SVM. 

Figure  4:   The ROC Curve  of  Medium Gaussian SVM 

The receiver operating characteristic  curve  shows  the  
relationship of  the inputted  features  to  the  classifier. It  
can be  seen in the  Figure  4 that  the  area under the  curve  
is  0.92, this indicates  that  there is  a  higher percentage of  
classification    using the  inputted features. 

Figure  5  shows the  parallel  coordinates  plot  of  the 
Medium Gaussian SVM.  It can  be  seen in  Figure  5  that 
HSV values  for  mature coffee beans  (orange  color)  is  
below  those  of the immature coffee  beans (blue  color).  
Although  the  values  were  overlapping,   the  Medium  
Gaussian  SVM  was  able  to differentiate  between  the  two  
classes. 
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Figure  5:  Parallel  Coordinates  Plot  of  the Medium 
Gaussian SVM.   

Table  3  compares  this  study  from the  previous study. 

Table  3:  Comparison  of  Results 

Table  3  shows  the  comparison  of the  previous study  [5]  
to   this  study .  In the  previous study   that  uses  RGB  as  
features for  classification , an  accuracy  of  94 %  was  
achieved  by Quadratic  SVM  while in  this  study that uses  
HSV,  an accuracy  of  94 % was also achieved  by Medium  
Gaussian SVM.  The two  differs  in  terms  of  speed,  the  
previous  study  can achieved  94% accuracy  at 0.62  
seconds  and  this  study  can do  it  in 0.14624 seconds.  

4. CONCLUSION 

The  research  question  being answered  in this  study  is  
which color features,  RGB or  HSV  is better  to  use  for  
classification of  immature and mature  coffee  beans. 
Although  the classification accuracy of  94 % is  the  same  

between  [5]  and  this  study, this  study achieved  faster  
training time. It can  be concluded  that  in  order  to  
discriminate  mature  from immature  coffee   beans  it is  
better  to use   the  HSV  features  because  it is  4  times  
faster compared to using the  RGB  features.  
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APPENDIX 

Data  Set of  the  Study 

Sample  
No.  H S V Class 

1 148 57 114 1 
2 147 57 122 1 
3 148 59 125 1 
4 149 58 121 1 
5 148 57 131 1 
6 149 57 126 1 
7 150 55 140 1 
8 150 58 134 1 
9 140 49 110 1 

10 148 58 118 1 
11 149 55 120 1 
12 147 55 115 1 
13 150 62 118 1 
14 140 51 106 1 
15 143 51 98 1 
16 147 69 121 1 
17 148 67 124 1 
18 147 65 135 1 
19 151 64 139 1 
20 151 69 134 1 
21 151 64 140 1 
22 149 65 133 1 
23 152 71 130 1 
24 152 63 138 1 
25 148 63 130 1 
26 149 67 135 1 
27 151 69 121 1 
28 148 68 123 1 
29 152 69 124 1 
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30 150 62 140 1 
31 150 61 131 1 
32 155 62 140 1 
33 151 60 136 1 
34 154 62 136 1 
35 151 61 136 1 
36 150 60 126 1 
37 149 59 133 1 
38 151 61 123 1 
39 153 64 132 1 
40 149 60 121 1 
41 151 62 129 1 
42 149 58 103 1 
43 154 65 123 1 
44 145 57 103 1 
45 151 61 142 1 
46 148 61 136 1 
47 146 60 124 1 
48 150 63 129 1 
49 152 57 149 1 
50 152 58 144 1 
51 154 62 146 1 
52 150 58 144 1 
53 149 58 128 1 
54 150 60 129 1 
55 153 63 143 1 
56 146 58 119 1 
57 152 62 128 1 
58 146 57 117 1 
59 145 56 115 1 
60 153 63 132 1 
61 152 60 129 1 
62 151 61 123 1 
63 150 56 113 1 
64 151 58 129 1 
65 149 55 118 1 
66 150 57 117 1 
67 150 56 119 1 
68 151 61 124 1 
69 150 58 116 1 
70 150 57 111 1 
71 150 58 120 1 
72 148 59 110 1 
73 138 51 94 1 
74 151 62 114 1 
75 153 63 132 1 
76 152 60 129 1 
77 151 61 123 1 
78 150 56 113 1 

79 151 58 129 1 
80 149 55 118 1 
81 150 57 117 1 
82 150 56 119 1 
83 151 61 124 1 
84 150 58 116 1 
85 150 57 111 1 
86 150 58 120 1 
87 148 59 110 1 
88 138 51 94 1 
89 127 52 138 1 
90 141 45 164 1 
91 134 51 134 1 
92 141 46 151 1 
93 132 46 133 1 
94 131 54 134 1 
95 131 51 134 1 
96 133 47 134 1 
97 130 50 132 1 
98 127 53 120 1 
99 128 46 173 1 

100 137 47 148 1 
1 127 52 138 2 
2 141 45 164 2 
3 134 51 134 2 
4 141 46 151 2 
5 132 46 133 2 
6 131 54 134 2 
7 131 51 134 2 
8 133 47 134 2 
9 130 50 132 2 

10 127 53 120 2 
11 128 46 173 2 
12 137 47 148 2 
13 132 48 165 2 
14 138 46 144 2 
15 130 48 156 2 
16 125 48 121 2 
17 134 49 150 2 
18 134 49 137 2 
19 110 51 135 2 
20 134 46 135 2 
21 126 43 166 2 
22 125 46 148 2 
23 132 47 139 2 
24 120 49 152 2 
25 101 51 146 2 
26 121 62 117 2 
27 135 47 144 2 
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28 123 41 177 2 
29 134 45 142 2 
30 133 43 174 2 
31 127 47 149 2 
32 132 46 153 2 
33 133 50 137 2 
34 125 55 116 2 
35 126 53 119 2 
36 126 47 142 2 
37 100 46 173 2 
38 129 49 136 2 
39 127 46 145 2 
40 109 54 159 2 
41 104 44 176 2 
42 127 48 136 2 
43 134 45 130 2 
44 121 49 125 2 
45 120 48 115 2 
46 121 50 147 2 
47 120 50 161 2 
48 138 44 146 2 
49 123 50 126 2 
50 111 52 154 2 
51 136 57 131 2 
52 135 53 132 2 
53 144 53 159 2 
54 135 59 132 2 
55 143 52 155 2 
56 144 56 142 2 
57 131 55 121 2 
58 147 51 163 2 
59 142 48 168 2 
60 142 51 160 2 
61 140 52 152 2 
62 140 55 142 2 
63 139 50 135 2 
64 137 53 134 2 
65 130 58 122 2 
66 144 45 172 2 
67 135 51 160 2 
68 127 53 170 2 
69 142 50 149 2 
70 137 54 157 2 
71 138 53 134 2 
72 131 63 120 2 
73 144 52 151 2 
74 139 46 169 2 
75 141 52 151 2 
76 146 43 164 2 

77 123 52 165 2 
78 142 49 145 2 
79 135 55 123 2 
80 137 52 169 2 
81 140 52 141 2 
82 144 52 148 2 
83 141 49 151 2 
84 140 50 141 2 
85 130 55 120 2 
86 142 51 148 2 
87 128 50 157 2 
88 122 46 177 2 
89 129 48 161 2 
90 140 54 146 2 
91 138 53 153 2 
92 136 54 159 2 
93 144 55 138 2 
94 130 71 116 2 
95 134 53 142 2 
96 138 51 141 2 
97 131 59 136 2 
98 140 51 155 2 
99 119 58 110 2 

100 139 53 135 2 
 


