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Abstract—Clustering is one of text processing techniques 

which is widely known and has been intensively used in data 

mining. Deciding the appropriate clustering method based on 

particular case study will produce an optimal cluster. One of 

deciding techniques is comparing one clustering methods with 

another. In this study, K-Means Clustering and Agglomerative 

Hierarchical Clustering Combined with Principal Component 

Analysis are compared to analyze research documents. Principal 

Component Analysis is used to reduce data dimension, since 

there are abundant features, approximately 5803 features, 

extracted from the documents. The result of K-Means and 

Agglomerative Hierarchical Clustering with PCA comparison 

based on validation test shows that K-Means produced lowest 

Sum of Square Error (SSE) which is 10088.4313 with number of 

features is 100. It can be concluded that chosen methods, K-

Means, for the number of class k=9 generated labels 

automatically, thus we can get the meaning for each chosen 

method. The extracted meanings become new valuable 

knowledge from the dataset of research documents. Based on 9 

classes that has been mentioned, we can see research trends for 

food security category. As for several years later, the best theme 

on food security is still around expansion of production land and 

reduction of land loss, while the topic of research is related to test 

of multi-location expectation furrow and creation of superior 

varieties.  

Keywords—clustering, k-means, hierarchical agglomerative 

clustering, principal components analysis, food security; 

I.  INTRODUCTION 

Science and technology will be a force for the advancement 
of Indonesia , and also become a source of pride in the nation's 
life , when the research and development of science and 
technology and science and technology utilization activities 
carried out in harmony and mutually reinforcing (National 
Research Agenda, 2010). 
Research is very important in determining whether or not a 
developed and developing countries . So what about the 
development of science and technology (science ) in Indonesia 
? " Science Indonesia has reached its nadir . Research 
institutions we already marginalized , a phenomenon which can 
be directly seen from the poor quality of research results . The 
scientific community and the general public have been 

shoulder to shoulder pressing research quality " (Terry Mart , 
Reuters May 8, 2006 edition) . 
Low science and research activities in Indonesia outline caused 
by several factors such as : the establishment of a national seed 
research theme is not based on the competencies of Human 
Resources ( HR ) ; lack of international collaboration ; less 
optimal performance reviewer team ; lack of raw determination 
to the research criteria good for all disciplines ; lack of 
government intervention in improving the quality of national 
research (TerryMart , http://staff.fisika.ui.ac.id/tmart/nadir.html 
, access October 8, 2011). 

Research Incentive Program is a program funded by the 
Ministry of Research and Technology in building science and 
technology associated with the development of the National 
Innovation System . Ministry of Research and Technology 
along with the National Research Council ( DRN ) sets out a 
number of products targets to be achieved through Intensive 
Research Program . For the 2010 fiscal year provided 50 
product targets are translated into 294 activities by giving 
priority to the seven ( 7 ) areas of focus of the development of 
science and technology as listed in the National Short-Term 
Development Plan ( RPJPN ) and the 2005-2025 National 
Medium Term Development Plan ( RPJMN ) 2010 -2014 , one 
of them is the field of food security . 
The number of research activities at the Research Incentive 
Program conducted by academics and researchers produce data 
in the form of course report documents the results of research 
in large numbers . In the research report documents containing 
the data : title research ; agencies ; budget ; field of research ; 
locations ; year ; abstract ; etc. . These data when administered 
using certain techniques can yield valuable information in the 
form of knowledge. Techniques or methods are known as data 
mining. Han, J. and Kamber , M. ( 2006:7 ) , Provide the 
definition of data mining as the process of discovering 
interesting knowledge from large amount of data stored in 
databases , data warehouses , or other information storage . 
Cluster techniques include techniques that are well known and 
widely used in data mining . The main purpose of the methods 
or techniques cluster is a grouping of a number of data or 
objects into clusters ( groups ) so that in each cluster will 
contain the data as closely as possible. Clustering is one of the 
unsupervised learning techniques which do not need to train 
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them or in other words there is no learning phase ( Santosa , 
Budi . 2007:33) . 

Clustering techniques can be used for document clustering 
research reports , so that the expected output of the clustering 
process can yield valuable information in the form of 
knowledge (knowledge ) is needed as to identify trends or 
trends in any category of research focus areas of science and 
technology development , research themes what is in demand 
by the academics and researchers , institutions involved in the 
research , any location that is frequently used in research and 
much more valuable information that can be obtained from 
extracting data from documents of research reports . 
Selection of the appropriate cluster method will produce the 
optimal cluster . One way of selecting the appropriate cluster 
method is to perform a comparison between the cluster method 
to cluster the other methods . In this study discusses the results 
of the analysis report documents the results of a comparison 
study using a cluster of K - Means and Hierarchical 
Agglomerative Clustering with Principal Components Analysis 
. Use of Principal Component Analysis is used to reduce the 
dimension of data that has a large amount because featrure ( 
word unique money ) in this study is 5828 . To obtain a quality 
cluster can not be determined based on a subjective opinion , 
but must go through testing the validity of the cluster . In this 
study the validity of the clusters are used for the K - Means and 
Agglomerative Hierarchical Clustering is the Sum of Squared 
Error ( SSE ) . Expected from the comparison of the two 
methods can be seen right cluster method based on the 
determination of optimal clusters based on the validity of the 
cluster that has the value of Sum of Squared Error is the 
smallest that can be analyzed to document and interpret 
research reports Research Incentive Program based automatic 
label formed. 

II. FOUNDATION FRAMEWORK FOR THINKING 

According to (Chakrabarti et al., 2009:3), "Data mining is 
defined as the process of discovering patterns in the data. The 
patterns discovered must be meaningful in that they lead to 
some advantage, usually an economic advantage. The Data is 
present in substantial quantities Invariably ". In this definition 
submitted that as the process of data mining to find patterns in 
the data. Patterns discovered must be meaningful and bring 
some advantages, usually an economic advantage. Data is 
always there in large numbers.  

The definition of data mining is also proposed Han, J. and 
Kamber, M. (2006:7), "Data mining is the process of 
discovering interesting knowledge from large amounts of the 
data stored in databases, data warehouses, or other information 
repositories". Data mining is the process of discovering 
interesting knowledge from large amount of data stored in 
databases, data warehouses, or other information storage. 

A. Partitioning Method  

K-Means is the most popular and very easy to understand in 
partitonal clustering algorithm. The main idea of the K-Means 
can be described in the following steps (Arriyani, 2010):  

1. Determine the desired number of clusters k  

2. Initialize k cluster center (centroid) by random / random  

3. Place each data object to the cluster or nearby. The 
proximity of the two objects is determined by the distance. 
Distance used in the K-Means algorithm is Euclidean Distance.  

4. Recalculate the cluster centers cluster membership now. 
Cluster center is the average (mean) of all the data or objects 
within a particular cluster. Back again to step 3 until no more 
objects moving clusters. 

  
Fig. 1. Examples of K-Means Algorithm  

Source: Han, J. and Kamber, M. (2001) 

B. Hierarchical Method  

Agglomerative hierarchical clustering algorithm to consider 
starting the process all the data as a set of initial clusters. Then 
clusters are combined in a larger group, this process continues 
over and over until you have the desired group. Agglomerative 
algorithms can be described in 3 steps (Chen, 2004):  

1. Change object attribute into the distance matrix  

2. Place each object as a cluster (if it has N objects, 
meaning have N clusters at first.  

3. Repeat step two until the number of clusters is one, by 
the way:  

     a. Combine the two (2) nearest cluster  

     b. Update the value of the distance matrix 

  
Fig. 2. Agglomerative and divisive Hierarchical Clustering Data Objects {a, 

b, c, d, e} 

C. Principal Component Analysis 

The dimensions of the data is determined by the number of 
features on the object. One method used to reduce the number 
of dimensions of the data is PCA (Principal Component 
Analysis). PCA procedure basically aims to simplify the 
observed variables by means of shrinking (reducing) 
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dimension. This is done by eliminating the correlation between 
the independent variables through the transformation of the 
independent variables to the origin of a new variable that is not 
correlated at all (Soemartini, 2008). With the help of matlab 
software, can use PCA procedure to reduce high correlated 
variables so as to assess which variables are truly worthy to be 
included in subsequent analyzes. 

III. RESEARCH METHODOLOGY 

This research was conducted in several stages in the 
framework described in Figure 3.1. 

  
Fig. 3. Research Framework 

A. Data Selection 

In this study, the data used is document research reports 
Research Incentive Program in 2010 in food security, 
amounting to 391 documents in the form of structure query 
language (SQL) and then transformed to forms xml extension 
to facilitate the processing of data. The first step in data 
processing is a research report documents labeling or labeling 
manually, by the provision of food security categories for level 
I and level II for 5 subcategories. Sample report documents the 
results of research in the field of food security in 2010 is as 
follows: 

  
Fig. 4. Document Field Research Report on Food Security  

Source: Agency for the Assessment and Application of Technology (BPPT, 

2010) 

  
Fig. 5. On the Labeling Process Document Manually (Grouping by humans) 

B. Data Preprocessing 

To get the most out of data preprocessing stage used in the 
Java programming language and matlab. Data preprocessing 
stage is conducted in this study as follows:  

1. Beheading words (tokens) in a document with the aim to 
facilitate the elimination of punctuation, numbers and 
words that are included in the stop word.  
Making all the words contained in the document to 
lowercase everything (case folding). Only the letter 'a' to 'z' 
that can be processed. The goal is to eliminate the 
duplication of the word. 
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Fig. 6. Token process or decoding of words in a document 

2. Making all the words contained in the document to 
lowercase everything (case folding). Only the letter 'a' to 
'z' that can be processed. The goal is to eliminate the 
duplication of words. 

  
Fig. 7. Token process or decoding of words in a document 

3. Do stop word or words that have no meaning but has a 
frequency of occurrence is very frequent in the document. 

  
Fig. 8. Examples of words include Stop Word 

4. Change all said additive into the base word (stemming) 

  
Fig. 9. Examples of the results stemming the words in the document 

 

5. Data transformation or data transformation is a process by 
which data is transformed into a form that can be in 
mining-right. The way that the object word (term) can in 
mining-it is a way of weighting the word using TF-IDF 
(Term Frequency - Inverse Document Frequency). Here is 
an example of a data matrix containing the results of 
weighting features 19 objects and 5 attributes. 

 

spider
Typewriter
Proceeding Conference on Applied Electromagnetic Technology (AEMT) Lombok, 11 - 15 April

Lab_kom_1
Typewriter
98



TABLE I.  SAMPLE DATA MATRIX FEATURE WEIGHTING RESULTS 

-1.3847 2.481939 1.667287 

-1.25787 -1.60353 -0.6839 

-0.83293 0.789304 1.675255 

-1.09657 -1.46045 1.89896 

-1.50955 -1.72425 0.276499 

-1.47843 -1.7297 -1.28111 

-1.00914 -1.47069 1.303258 

-0.71909 0.911802 2.255076 

-1.44674 -1.64476 1.595621 

-1.53786 -1.73888 1.264755 

-0.59976 -1.30967 0.852068 

-0.35283 7.387291 1.855891 

-1.56131 -1.79753 0.042046 

-1.30633 -1.68313 0.95556 

-1.52221 0.670898 2.081172 

 

In the table above can be explained from the data that the 
report documents the results of research into a form that can 
be transformed in ¬-right-mining to be understood by the data 
mining tool. Transformation of the data in this study using 
feature weighting tf-idf approach (term frequency - inverse 
document frequency). 

6. Data reduction or data reduction is a way to reduce the 
number of data dimensions. The dimensions of the data is 
determined by the number of features on the object. One 
method used to reduce the number of dimensions of the 
data is PCA (Principal Component Analysis). PCA 
procedure basically aims to simplify the observed 
variables by means of shrinking (reducing) dimension. 
This is done by eliminating the correlation between the 
independent variables through the transformation of the 
independent variables to the origin of a new variable that 
is not correlated at all (Soemartini, 2008). With the help 
of matlab software, can use PCA procedure to reduce the 
independent variables are highly correlated so as to assess 
which variables are truly worthy to be included in 
subsequent analyzes. 

 

 

 

 

 

 

 

TABLE II.  EXAMPLE OF CALCULATION RESULTS FEATURE WEIGHTING 

USING PCA (DATA MATRIX CONTAINING 15 3 OBJECTS AND ATTRIBUTES) 

-1.3847 2.481939 1.667287 

-1.25787 -1.60353 -0.6839 

-0.83293 0.789304 1.675255 

-1.09657 -1.46045 1.89896 

-1.50955 -1.72425 0.276499 

-1.47843 -1.7297 -1.28111 

-1.00914 -1.47069 1.303258 

-0.71909 0.911802 2.255076 

-1.44674 -1.64476 1.595621 

-1.53786 -1.73888 1.264755 

-0.59976 -1.30967 0.852068 

-0.35283 7.387291 1.855891 

-1.56131 -1.79753 0.042046 

-1.30633 -1.68313 0.95556 

-1.52221 0.670898 2.081172 

 

The table above can be explained as follows, from the original 
data feature weighting totaling 391 objects (m) and 5803 
attributes / term (n) is then calculated using a PCA with the 
help of matlab software, feature weighting calculation results 
obtained by PCA with the object number 391 and the number 
of attributes 100. 

C. Clustering 

This study used comparison of two methods, namely K-
Means clustering and Agglomerative Hierarchical Clustering 
by Principal Components Analysis which serves to reduce the 
dimension of data that has a large amount. To measure the 
distance between two points proximity euclidean distance is 
used as the data dimension suitable for many of the most 
popular and used to calculate the dissimilarity, dissimilarity 
calculating formula is shown in equation 1. 

   (1) 

D. Cluster Validity 

The validity of the cluster is the procedure to assess the 
quality of clustering results and find a good strategy for cluster-
specific applications. The validity of this cluster aims to find an 
optimal cluster and can interpret the pattern of the resulting 
clusters. In this study the validity of clusters used is Sum of 
Squared Error (SSE). The smaller the value of SSE will be 
better. Here is a formula of the SSE: 
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   (2) 

In equation 2 Sum of Squared Error (SSE) is used to 
determine the clustering result is better, if the initialization 
centroidnya different. In this study to find the optimal cluster 
from the comparison method K-Means and Agglomerative 
Hierarchical Clustering is used on the calculation of the 
smallest SSE. Techniques to minimize the value of SSE is to 
increase the value of k (Atastina, ITT Telkom). 

E. Clustering Comparison Method 

In this research, comparative method of K-Means and 
Hierarchical Agglomerative Clustering based on the results of 
the cluster, the processing time and the value of Sum of 
Squared Error (SSE). 

F. Data Analysis and Interpretation 

Based on the selection method of the best clusters were 
compared between the 2 methods, namely: K-Means and 
Agglomerative Hierarchical Clustering clusters are obtained 
optimal results. The resulting optimal clusters can be used to 
analyze the report documents the results of research by way of 
interpreting the data in the cluster formed. The results at this 
stage of the analysis and interpretation of this data can find new 
information that is interesting and valuable. 

IV. RESULT AND DESCRIPTION 

A. K-Means clustering 

In the K-Means method, should be determined in advance 
the number of clusters desired. In this study, the number of 
clusters (k) that is used is k = 5, k = 7, k = 9. Here is the result 
of the clustering of each predefined number of clusters from 
the beginning of the K-Means method. 

TABLE III.  RESULTS OF K-MEANS CLUSTERING (K = 5) 

 

TABLE IV.  RESULTS OF K-MEANS CLUSTERING (K = 7) 

 

TABLE V.  RESULTS OF K-MEANS CLUSTERING (K = 9) 

 

B. Agglomerative Clustering with hierrachical Clustering 

(AHC) 

AHC clustering method, not determined in advance the 
number of clusters desired, since the number of clusters 
obtained from the cutting (cut off) the right dendogram based 
on the largest gap of each stage and then specify the number of 
clusters are formed based on the results of the cut-off. 

TABLE VI.  AGGLOMERATIVE HIERARCHICAL CLUSTERING RESULTS 

CLUSTERING (AHC) 

 

AHC clustering method, not determined in advance the 
number of clusters desired, since the number of clusters 
obtained from the cutting (cut off) the right dendogram based 
on the largest gap of each stage and then specify the number of 
clusters are formed based on the results of the cut-off. 

C. Comparison of value Sum of Squared Error (SSE) 

From the results of running the Sum of Squared Error 
(SSE) of 20 times running by considering the number of 
features from the range of 100 up to 400 objects. SSE is 
obtained as follows: 

TABLE VII.  COMPARISON OF THE RESULTS OF SSE VALUE 
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Fig. 10. Comparison of the results of SSE value for the K-Means method (k = 

5, k = 7, k = 9) and AHC Methods 

Based on Table VII. and figure 10 on the results of the 
comparison value of SSE, SSE average value for K-Means is 
the smallest number of clusters 13545.9030 at k = 9 and 
Agglomerative Hierarchical Clustering (AHC) has an average 
value of the SSE at 14076.3995. This indicates that the average 
value of the best (smallest) value of SSE is the number of K-
Means cluster of nine (9). This means that the method of K-
Means cluster with the number nine (9) to find members of 
each cluster are more similar than the AHC method. 

D. Selected Results Clustering Analysis Method 

Clustering results are used to make the analysis and 
interpretation of the data is the result of clustering using K-
Means elected dengann number of clusters k = 9. This is 
because the value of the SSE of the K-Means method is smaller 
than the AHC method, which means that the error in the 
method of K-Means clustering smaller. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE VIII.  RESULT CLUSTERING METHOD CHOSEN BY K-MEANS (K = 9) 
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Fig. 11. Number of documents per-Cluster 

Explanations for Table VIII. and Figure 11 are follows: 

1. For Cluster 1 is a class where researchers concentrated on 
the theme of food security research subcategories 
expansion of production, reduction of yield loss, 
improving the welfare of farmers and communities, and 
improving the nutritional quality and diversity. Making 
more research topics range of Aquaculture Development 
and Technology. 

2. For Cluster 2 is a classroom in which researchers 
concentrate on the theme of food security research 
subcategories expansion of production. Making research 
topics on Economic Social Evaluation. Small number of 
members can be considered as outliers or extreme data 
state that is different from the rules in general. It can be 
concluded that in 2010, the research topics that discuss 
the socio-economic evaluation is very rare. 

3. For cluster 3 is the class in which the researchers 
concentrated on the theme of food security research 
subcategories expansion of production. Making all 
research topics range from about Strains Hope 
multilocation trials. 

4. For cluster 4 is a class in which the researchers 
concentrated on the theme of food security research 
subcategories reduction in yield loss. Making research 
topics about Farm Insurance. Small number of members 
can be considered as outliers or extreme data state that is 
different from the rules in general. It can be concluded 
that in 2010, the research topics that discuss Farm 
Insurance is very rare. 

5. For cluster 4 is a class in which the researchers 
concentrated on the theme of food security research 
subcategories reduction in yield loss. Making research 
topics about Farm Insurance. Small number of members 
can be considered as outliers or extreme data state that is 
different from the rules in general. It can be concluded 
that in 2010, the research topics that discuss Farm 
Insurance is very rare. 

6. For cluster 6 is a class where researchers concentrated on 
the theme of food security research subcategories 
expansion of production, improving the welfare of 
farmers and communities and increased nutritional quality 
and diversity. Making more research topics range of 
Mapping Needs Assessment and Provision System 
Requirements. 

7. For cluster 7 is a class where researchers concentrated on 
the theme of food security research subcategories 
expansion of production. Making all research topics range 
of Reproduction and Mobility Cattle Twins. 

8. For cluster 8 is a class where researchers concentrated on 
the theme of food security research subcategories 
expansion of production, reduction of yield loss, 
improving the welfare of farmers and communities, and 
improving the nutritional quality and diversity, and 
Adaptation and Food Systems Against Climate 
Anticipation. Making more research topics range from 
about Development Establishment Varieties. 

9. For cluster 9 is the class in which the researchers 
concentrated on the theme of food security research 
subcategories expansion of production. Making research 
topics on Assessment of Trade Linkages, Production and 
Consumption. Small number of members can be 
considered as outliers or extreme data state that is 
different from the rules in general. It can be concluded 
that in 2010, the research topics that discuss Linkage 
Study of Trade, Production and Consumption extremely 
rare. 

E. Research Implications  

The results of the comparison method of K-Means and 
Hierarchical Agglomerative Clustering with PCA based 
validation test smallest SSE values obtained can be concluded 
that the chosen method is the method of K-Means for k = 9, the 
label is automatically generated to obtain meaning for each 
selected cluster method, meaning that produced is knowledge 
(knowledge) is a valuable new set of documents from a set of 
data research reports. Of the nine (9) classes can be seen above 
the trend of the future for research on food security category of 
research that still revolves around the theme of excellent 
research on Land Expansion of Production and Reduction of 
Loss results, the research topics related to strain Hope 
multilocation trials and Formation of Varieties. 
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V. CONCLUSION AND RECOMMENDATION 

A. Selected Results Clustering Analysis Method 

From the results of research conducted on the data selection 
to analysis and interpretation of data for analysis report 
documents the results of research using the comparison method 
of k-means and agglomerative hierarchical clustering with 
principal component analysis it was concluded that data mining 
techniques can be used to analyze the report documents the 
results of research based clustering procedure because of the 
comparison method of K - means and Hierarchical 
Agglomerative clustering with PCA based validation test 
values obtained Sum of Squared Error ( SSE ) smallest , this 
means that the chosen method is the method of K - means for k 
= 9 is a method with optimal clustering results where cluster 
labeling method that has elected to have a sense of knowledge 
(knowledge ) is a valuable new set of documents from a set of 
data research reports . Of the nine ( 9 ) classes that have been 
formed by clustering automatically by the program and 
labeling ( labeling ) involving food security experts can be seen 
in the future research trends for categories of food security 
research that excellent research theme still revolves around the 
expansion of production and loss reduction the results of the 
research topics related to the formation or assembly of high-
yielding varieties or clones or varieties of seeds . 

B. Selected Results Clustering Analysis Method 

For subsequent studies that combine partitioning methods 
and hierarchical methods. Calculations performed prior to the 
K-Means method and proceed with the calculation method of 
Agglomerative Hierarchical Clustering. To reduce the number 
of dimensions for the large amounts of data can use the 
Singular Value Decomposition or Principal Component 
Analysis. To get the optimal cluster can use two (2) test the 
validity as well as to increase the level of accuracy of the 
results of the cluster, such as the F-Measure and Purity. 
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