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Abstract: Experimental lemon seedling classifier was developed for comparing bunches of natural lemon seeds and hybrid lemon seeds by using an 
image processing technique. The experimental system involved the use of a 16 MP camera phone to capture the images of lemon seeds in bunches, 
which were subsequently converted into digital data using a laptop. The analysis was performed with MATLAB R2012A, an image processing software, 
which determined the size parameters of each lemon seeds. In this research, the size of the other 60 natural lemon seeds had obtained by the image 
processing method (IPM) and compare with the size of 60 hybrid lemon seeds using the Fuzzy Logic Algorithm (FLA) and k-Nearest Neighbor (KNN) 
algorithm. An automatic algorithm based on artificial intelligence fuzzy logic to determine three size indicators of lemon seeds, namely area, perimeter 
and equivalent diameter, respectively, was developed in this article. 20 samples of test data were used for data mining of the KNN classifier. The study 
aimed to help farmers and fruit-bearing tree planters to classify seeds of fruits like lemon easily through an image processing technique. It further aims to 
test the effectivity of the image processing technique in determining the morphological differences of seeds of some plants like lemon, its subspecies, 
and hybrids. This paper shows that FLA was the most effective way of classifying the variety of lemon seeds than KNN. 
 
Index Terms: Alemaw, Fuzzy Logic, Image Processing, k-Nearest Neighbor, Lemon Seeds, MatLab, Neuro-fuzzy 
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1. INTRODUCTION 
Triacarboxylic acid is naturally concentrated in citrus fruit,  the 
most popular leading acid citrus fruit is Lemon. The first Lemon 
tree was planted in America in 1493. It contains a lot of vitamins 
like Vitamin C and B6 and Niacin [1]. It has a lot of purpose in 
human life, hence, it is an important medicinal plant that has 
anticancer activities and antibacterial that can have extracted 
from its different parts [2]. Its largest producer was from Italy & 
United States, it is normally grown in the cool and low-
temperature area. It can help in sickness and malnutrition, its 
peel, seeds, and leaves are also used for other medical and 
experimental purposes [3]. It is high in antioxidant and detoxifier, 
sickness like Asthma, Colds, Constipation and Sore throat are 
some that lemon can function with [4]. Some types of lemon 
Figure 1 show the two samples used on this paper where the 
large one is the alemow and yellow ones are the natural 
lemons. In this paper, the morphological process was used for 
data acquisition. Value by the pixel is based on the experimental 
assessing of each image with some lemons. The morphological 
process is done by choosing the shape and size of the area, 
hence, it should be carefully done because it is sensitive to 
exact shapes in the input image. By selecting the size and 
shape of the area, one  can make a hypothesis about  the  
morphological process that is sensitive to exact shapes in the 
input image. After extracting the structures of the images, it will 
undergo a fuzzy logic algorithm. Better understand by ―True or 
False‖ or the degrees of truth, either 1 or 0. Also, Fuzzy logic 
supports the transaction of problems with imprecise, inaccurate 
and vague information showing the accuracy of fuzzy methods 
in digital image processing[5]–[9]. 
 
 

 In this study, the purpose is to create a system that will aid a 
person to compare the natural lemon and hybrid lemon through 
seeds. With the combination of image processing and fuzzy 
logic, classifying the varieties of lemon through seeds will 
become automated and more efficient since the structure of the 
seeds is almost alike. The study aimed to help farmers and fruit-
bearing tree planters to classify seeds of fruits like lemon easily 
through an image processing technique. Its further aims to test 
the effectivity of the image processing technique in determining 
the morphological differences of seeds of some plants like 
lemon, its subspecies, and hybrids. 

 
Fig 1.  Hybrid (Alemow) and Natural Lemon 

 
2 PROCEDURE FOR PAPER SUBMISSION 
 
2.1 Image Capturing 
The first step is image acquisition which refers to capturing 
images in a standard lighted room. In this study, an android 
phone was used to capture the image of the fruit which done 
through a high definition camera almost up to 16 megapixels 
to have a standardized image for better output. Generally, 
some factors that affect image capturing such as the quantity 
and quality of lighting, angle, and orientation, distances, 
physical characteristics of the object and even the temperature 
[10]. The captured images were processed using software that 
will extract color features then converted into a grayscale 
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image. Figure 2a shows seeds of the lemon bought at Kadiwa, 
Dasmarinas, Cavite, while figure 2b shows the seeds that 
came from SM Pala-Pala, Dasmarinas, Cavite. On the other 
hand, figure 3 presents the hybrid lemon seeds that harvested 
from the backyard at Vineyard, Robinson, Dasmarinas, Cavite 

 
 
 
 

 
 
               

 
 

(a)                           (b) 
Fig 2. Captured Natural Lemon Seeds 
 

      (a)       (b) 
Fig  3. Captured Hybrid Lemon Seed 

 
2.2 Preprocessing the Image 
Preprocessing or initial processing of an image is a significant 
stage of an object recognition It was done to make the image 
more suitable than the original image. The first step in the 
initial processing was to crop the image to retain the central 
part of the images. The image will also undergo filtering to 
correct area color properties. This image will then be 
translated into binary images having either 0 or 1 pixel’s 
intensity.  The forefront carries black pixels with 1 intensity 
while the backdrop carries white pixels with 0 intensity. The 
second step is to remove imperfections in the image and 
provide information on the form and structure of the image 
morphological operations such as erosion and dilation used 
[11]. 

 
. 

 
 

 
Fig 4. Processed Image 

 

2.3 Image Segmentation 
In a world of Digital Image Processing and its analysis, the 
most commonly used and remained a fundamental step in 
many image analysis applications in Image Segmentation. In 
this process, the system separates the real-world object or the 
foreground from the background. The target region depends 
on the needed output of the specific applications and most 
likely adapts to the operator’s experience and the subjective 
reasoning. It is very useful in locating objects and boundaries 
in an image. and processing. Image segmentation aids in 
image analysis from image processing to obtain further image 
understanding [12]. Figure 5 shows the segmentation of an 
image with the used of vislabel function. 

 
(a)              (b) 
 
Fig 5. Segmentation of Seeds 

 
2.4 Feature Extraction 
Feature extraction is a process of dimensionally reducing the 
initial raw data set into a set of image features[13][14]. In 
regards to the isolation, identification, and labeling of regions 
of common property, image features play an important role. 
The parameters used were area, equivalent diameter, and 
perimeter. Table 1 shows the acquired data after being 
processed. 

 
3 FUZZY LOGIC ALGORITHM 
 
3.1 Fuzzy Logic Controller 
This study aims to generate a Fuzzy Logic Algorithm (FLA) for 
a comparison of natural and hybrid lemon seeds using three 
parameters. As soon as the model is finished, it will undergo 
several tests and experimentation to test the accuracy and 
effectiveness of the system. Using the MATLAB software, the 
algorithm is processed through the Fuzzy Logic system [15]. 
There are two important methods under the Fuzzy Inference 
System (FIS) namely, Takagi-Sugeno Fuzzy Model (TS 
Method) and Mamdani Fuzzy Inference System. Among the 
two, the latter suits the study. In this paper, the Mamdani fuzzy 
logic model is developed to compare the seeds, specified as a 
pilot of this study and used in the software of the application. 
For this, the proposed fuzzy model system is presented by 
modifying the Mamdani fuzzy logic model with another 
method. 
 
3.2 Proposed Fuzzy Medical Diagnosis System 
The system shows another kind of approach to develop the 
whole framework in classifying the lemon seed.  The 
framework is consisting of the fuzzification, fuzzy inference 
system, and defuzzification value as shown in Figure 6 [16]. 
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Fig 6. A framework of Fuzzy Expert System 

 
3.3 Identifying Parameters 
It is essential to take into consideration of all parameters that 

can be measured using MatLab that plays a  
 

Table 1. Parameters and its Corresponding 
Functions

 
 
a significant role in determining the difference between natural 
and hybrid lemon seeds. The input and output parameters and 
values are shown in Table 1 [17]. 
 
3.4 Choice of Membership Functions 
Membership functions are graphical forms that help us 
visualize the fuzzy sets [18]. It contains all the information in 
the fuzzy set regardless of the set being discrete or 
continuous. This technique solves practical problems through 
experience [19]. It also classifies the fuzzy sets. These are 
normal fuzzy set, subnormal fuzzy set, convex fuzzy set and 
non-convex fuzzy set. The first mentioned set is used in this 
paper. There are different methods of assigning membership 
values to elements [20]. In this study, it only requires intuition 
or by using some local procedures or algorithms. Intuition, 
according to Tech-wonders, doesn’t need an introduction. It is 
based on humans being capable of developing membership 
functions with their intelligence and understanding [21]. 

 
3.5. Fuzzification 
Fuzzification is the conversion of a clear input value to a fuzzy 
value, performed by using the information in the knowledge 
base [22]. This study uses the linguistic variables high (H) and 
low (L) for the fuzzification process of the factors given. The 
system is modeled with lower and higher values of each 
parameter but these values are not an averaged value. The 
FIS editor used for classification was shown in Figure 7. 

    Fig. 7. The structure of the FES 
 
In the structure shown above, there are two to three 
membership functions as input for each parameter and four 
functions as output. The range of the output membership 
function is set by the intuition method done by the user. 

3.6. Fuzzy Rule BaseA total of 6 rules were formed shown in figure 
8. 

 
Fig 8. Fuzzy rules 

 
Fig 9. Surface Output of Fuzzy rules 

 
3.7. Structure of the Fuzzy Factors The used factors’ memberships 

are shown in Fig. 10 – Fig. 12. This value of the area, 
equivalent diameter and perimeter were measured using the 
Matlab Software. The range for the area was from 5000 to 
10000, the equivalent diameter was from, 70 to 100 and the 
perimeter was from 400 to 800. All of the range was intuited 
base on the gathered data. 

 
 
 
 
 
 
 
 

 
Fig. 10. The membership function of Area 

 

 
Fig. 11. The membership function of Area 
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Fig. 12. The membership function of Area 

 
4 K NEAREST NEIGHBOR 
In classifying two points, the nearest neighbor decision rule 
takes place to classify the nearest set from the previously 
classified points [23]. Oftentimes, it considers more than one 
neighbor into account. This technique is called the K Nearest 
Neighbor (KNN) [24]. Though it is known as the simplest form 
of the techniques, KNN rule has been continuously studied 
and improved upon by researchers. What makes this algorithm 
interesting to researchers is the computational simplicity it 
gives and the good results it brings [25]. This rule is commonly 
used in text categorization [26], pattern recognization [27], 

object recognition [28], and ranking models [29] applications. 
                    

Fig 13. Gathered Training Data 
 

Using MatLab Software, the KNN algorithm was conducted. 60 
samples for natural lemon seeds and 60 samples of hybrid 
lemon seeds for test data were used in this paper. While 20 
samples each of it was gathered for training data. Table 2a 
shows the training data for natural lemon seeds while table 2b 
shows the training data for hybrid lemon seeds. 

 
5 RESULTS AND ANALYSIS 
 
5.1 Evaluation by Using Mamdani-Type FIS 
The proposed FIS for the comparison of natural existing lemon 
seeds and hybrid lemon seeds consists of three inputs (Area, 
Equivalent Diameter, and Perimeter) as shown in Figure 2. In 
this final step, the input is an aggregated fuzzy set which 
produces a single numerical coefficient that returns the 
midpoint of the cumulated area that can be found below the 
curvature. Defuzzification is a process of turning the output of 

a fuzzy inference into a clearer and cleaner result. In this 
experiment, the Mamdani type fuzzy inference systems 
process the input using triangle membership function (TMF) 
and rules as previously described in figure 12. In this stage, 
we can determine the truth degrees (a) of the rules with the aid 
of the minimum and then by taking the maximum between 
working rules. For example, for Area =8640, EquivDiameter= 
100, and Perimeter= 656.3, rule 6 will be fired and we will 
obtain: 

 

 
Fig. 14. The membership function of Area 

 
From Fig. 14, the value of Types of Lemon = 
0.605 which was the centroid. This means that 
the type of that seed was hybrid based on the 
formulated rule 6. Based on the gathered 
output, 13 out of 60 were classified as a hybrid 
seed on natural samples while 22 out of 60 
were determined as natural seed based on the 
hybrid sample. The overall accuracy of the FLA 
was 70.333%. 
 
5.2 Evaluation by Using K Nearest Neighbor 
(KNN) Classifier 
Classification  is  the  process of  grouping   

samples   that  posseses same  characteristics[30][31]. K-
nearest neighbor algorithm or KNN is the most basic 
algorithms in machine learning. This method classifies the 
object by determining the majority vote of its neighbors, then it 
will then assign the class according to the most common amongst 
its k - nearest neighbors where a positive integer k is ideally small. 
If the results showed that k = 1, then it will be assigned to the 
single nearest neighbor class. After tabulating all the gathered 
data, the samples undergo a KNN classifier. This will classify 
the seeds if it was a natural lemon seed or a hybrid lemon 
seed. A range from 1 to 10 of k was used for its neighboring. 
Figure 14 displays the result of the KNN classifier at K= 10. 
Based on the given result, 13 out of 60 samples of natural 
lemon had been classified as hybrid seeds. For this result, a 
total of 21.67% of error was done. While on the other hand, 25 
out of 60 samples of hybrid lemon seeds had been classified 
as a natural lemon seed. This will give a 41.67% error of 
classifying the types of seed. The accuracy for overall data of 
KNN classifier was 68.333%. 

Area EquivDuameter Perimeter  Area EquivDuameter Perimeter 

9187 
8630 
8508 
3425 
8391 
8712 
8222 
6515 
8108 
7521 
7028 
6434 
8868 
9097 
8257 
9444 
7270 
8222 
6515 
8108 

108.1538 
104.8239 
104.0804 
66.0367 
103.3622 
105.3208 
102.3161 
91.0777 
101.6043 

97.8572 
94.5956 

90.5098 
106.2595 
107.6228 
102.5336 
109.6562 
96.2105 
102.3161 
91.0777 
101.6043 

579.6123 
593.0265 
492.1148 

1956 
481.1442 

659.595 
652.1808 
557.2691 
595.5118 
588.3402 
526.2986 
497.4285 

652.524 
566.7838 
524.0559 
730.3646 
465.2864 
652.1808 
557.2691 
595.5118 

5788 
5302 
6211 
5569 
8236 
8082 
7492 
5865 
6513 
7003 
6982 
6457 
7361 

85.8459 
82.1627 
88.9274 

      84.2061 
102.4031 
101.4412 

97.6684 
86.415 
91.0638 
94.4272 
94.2855 
90.6714 

96.8107 
86.995 
82.0309 
95.7262 
88.4537 
83.5001 
92.3549 

87.2873 

455.2864 
412.6173 
408.7595 
466.3574 
561.127 

697.8377 
435.8305 
424.6589 
546.8843 
482.8427 
403.5879 
423.5462 
587.0265 
403.3452 
388.7595 
497.0854 
541.7128 
441.3452 
544.8843 
491.2864 

5944 
5285 
7197 
6145 
5476 
6699 
5984 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 02, FEBRUARY 2020       ISSN 2277-8616 
 

4844 
IJSTR©2020 
www.ijstr.org 

 
Fig. 15. k-Nearest Neighbor at k=10 

 
6 CONCLUSION 
An attempt was made in this study to apply both image 
processing, fuzzy logic and neuro-fuzzy for comparing the 
varieties of lemon, natural and hybrid (Alemow), that was 
found in the Philippines. The study was divided into two parts: 
a morphological technique for data gathering and a fuzzy logic 
algorithm and a knearest neighbor algorithm based on the 
information gathered by the first part. All of the processes was 
implemented in the Matlab software. From the two classifiers, 
the fuzzy logic algorithm was a more efficient and more 
effective classifier for varieties of lemon seeds than the KNN 
algorithm due to its proposed rules. The 41.67% error of 
classifying the Alemaw (lemon/pomelo hybrid) was due to its 
hybrid structure. 
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