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Abstract – It has been proven that the large-scale 

image dataset is strictly complex in content-based 
image retrieval (CBIR) as the present strategies in 
CBIR might have difficulties in processing it. Other 
than this, near-duplicate images would possibly 
consume space, in which as an alternative can be used 
for storing other or unique images. In order to solve 
these problems, MapReduce has been used for speed-
up filtering near-duplicate images. However, there is 
still a lack of accuracy in detecting near-duplicate 
images. Hence, this study has discovered that image 
features extraction by means of Principal Component 
Analysis (PCA) technique, which is primarily based on 
the matrix of image representation that will expand the 
similarity of detection. There is a need whereby PCA 
approach requires to be enhanced resulting from the 
lack of the extraction of features in Songket motives 
images. Therefore, this study proposes a new hybrid 
model that will integrate PCA with MapReduce for 
image feature extraction and clustering the large-scale 
image dataset in the cloud environment. In view of this, 
the present study employs the use of a qualitative 
experimental design model and goes through three 
main phases iteration: firstly, is the analysis and design 
phase, secondly is a development phase and lastly is 
testing and evaluation phase. However, this study 
focuses only on the analysis and design phase. The 
outcomes process of the empirical phase is followed by 
designing the algorithm and model according to the 
result of literature reviews. The expected results of this  
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study is a proposed model and extract principal 
component elements of the large-scale image dataset 
using PCA, as well as   boosting up time in filtering the 
images through MapReduce environment.  
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1. Introduction 

 

   Detecting near-duplicate images or pictures in a 
large-scale image dataset within the cloud 
environment is to allow semantic computation 
[1],[2],[3],[4] and to detect images that are copied 
illegally on the web [5]. Nevertheless, to develop a 
near-duplicate image detection task in large-scale 
image dataset requires strenuous effort. This is due to 
the computation complexity  in which majority of 
clustering algorithm is 0 (n2) [6],[7],[8] or even 
more. As a result, they cannot directly be used from 
large-scale image datasets for the identification of 
near-duplicate images [4]. Also, previous studies 
have shown that most clustering algorithms may not 
be able to support parallel computing because they 
are mostly data dependent, and the features applied 
in CBIR algorithm are somewhat in a large 
dimension which may result in an increase in 
computational complexity, thereby causing 
difficulties to use newly-developed solutions to new 
image dataset of various scenarios [4], [9].     

 Over the years, there have been few near-duplicate 
image detection techniques that have been developed 
for large-scale image dataset, including MapReduce 
clustering which utilizes locality constrain linear 
coding and integrated into maxIDF cut model [4] 
with min-hash technique and tf-idf matching multi 
clustering technique [10]. However, this research 
focuses more towards local features of image 
extraction. According to [11], focusing on one 
feature extraction, either by local or global, it will 
increase below required percentage compared to 
combined local and global image features extraction. 
As stated by [12], global and local images feature 
extraction will be interpreted differently. In terms of 
global descriptors, they are used to discover seed 
clusters with high precision, while local descriptors 
grow the seeds to cover good recall [4].  
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In view of this, this study’s aim is to propose a 
model of near-duplicate image detection using PCA 
technique and applying it inside MapReduce 
environment to extract and detect near-duplicate 
image based on local and global features extraction 
of image. In order to achieve this, PCA technique is 
used to improve feature extraction based on matrix 
inside image [13]. Also, the implementation of 
MapReduce is to cluster and reduce the 
computational cost [14],[15],[16] and identify the 
near-duplicate images effectively. This is expected to 
achieve a lower complexity on image clustering and 
effectively scale with the sizes of image datasets 
[17]. 

The following Section 2 of this study will review 
previous literatures related to this study in order to 
understand all studies that has been done to support 
this research. Section 3, on the other hand, is the 
technique area that explains the methods used to 
design and develop this research model, while 
Section 4 explains the proposed and inner factors of 
the model in this study. Conclusion is thereby the last 
section of this study.  

 
 
 

 

2. Research Background 
 

  Generally, researches in near-duplicate image 
detection is categorized into three focuses. These are 
detection technique, clustering of images and 
applying both similarity detection and clustering of 
images [10], [18]. 

Similarity measurement of features extraction has 
received much concentration for improvement by 
many researchers. [10] proposed one of the most 
popular technique called Bag of Words model, in 
order to extract local features and to use min-hash 
technique advantages. This is because, this technique 
employs the use of Jaccard coefficient as the 
similarity detection [19], [20]. Although, these 
approaches have displayed that they can be used on 
similarity measurement of near-duplicate of image 
detection, but it is still difficult to directly use them 
to solve the problem on a large-scale image 
clustering [4].   

Recently, there have also been researches which 
focused on enhancing clustering of near-duplicates 
image part. They had developed an interesting 
algorithm to combine the local and global features in 
order to detect the near-duplicate images. However, 
there is a limitation inherent by global features in this 
technique [4]. 

 

 
 

Figure 1.  A summary of large scale near-duplicate image detection with identified issues. 
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Figure 1 briefly shows the several issues related to 
near-duplicate image detection in a large-scale image 
dataset. Additionally, some other researchers have 
focused on improving clustering and speed detection 
of images [4]. In this research, locality constrained 
linear coding and integrated with the maxIDF cut 
model will be used to tackle the problem of near-
duplicate image identification and clustering. This is 

because of that the present study focuses more on the 
detection of local features extraction image 
representation. This is in line with the study of [11] 
who mentioned that similarity is approximately up to 
54% detection if the focus is only on one side of 
image features extraction either local or global. 
However, the similarity will increase up to 65.5% by 
combining the two types of features extraction.  

 

 
 

Figure 2.  Hybrid model near-duplicate image detection using LLC + max-idf into MapReduce Environment. redrawn 
from [1] 

 
The framework model as illustrated in Figure 2 

represents the images which apply the use of LLC 
and max-IDF model, including the application of 
sparse features to segregate the image that is set into 
the overlapping subspaces bucket[4],[1]. This is 
because the model process examines near-duplicate 
image in each sparse feature vector of images are to 
combine with the similarity of image pair that will 

generate the near-duplicate cluster which is then 
followed by mapping and reduce the function 
through the use of the MapReduce framework. 
Therefore, after accepting features extraction phase 
direction, the activity will then relate with Map 
function processes otherwise known as <key, value>. 
The reduce function will collect and processes <key, 
value>, which is the pair that comes from the Map 
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function including the same key. Although, this 
framework model output is a generated sub-graph 
construction, which can merge duplicate photos for 
the same clustering in various buckets of images in 
line with their unique code or category [1]. 

This study adopts the use of Zhao framework 
model [1] which is enhanced through the use of an 
existing method (PCA technique) to extract local and 
global image features. The input of images, features 
extraction through PCA [21],[22],[23] Mapping and 
reduce function by MapReduce are the basic 
elements of this model [24]. The result of clustered 
images is then sent to the user to make the choice of 
whether the result should be stored or retrieved. 

The result of the previous literature reviews detects 
the problem of both structures (local and global) 
features extraction in images that will be solved by 
employing the use of PCA technique. The reason is 
that, it is suitable to use on the inside of the image 
feature extraction due to the fact that PCA technique 
calculates both sides of the image structures based on 
the local and global features inside the images. [9] 
also stated that it can be used inside the framework 
model of the MapReduce. 

 
 
 

3. Method 

This method goes through three main phases 
iteration: firstly, is the analysis and design phase, 
secondly is a development phase and lastly is testing 
and evaluation phase. Figure 3 shows the 
interconnection between the three phases that have 
been implemented in this paper. 

The Analysis phase is divided into two main 
categories of the process. The process is followed by 
reading 400 and above  the article including books, in 
order to structure and prepared a systematic literature 
review on a variety of techniques have been applied 
and proposed in near-duplicate image detecting and 
clustering. The advantages of Prepared a systematic 
literature review  can help  finding the new 
significant contribution that can contribute into the 
body of knowledge in image retrieval research area.  
It is also important to look at the advantages and 
disadvantages of each proposed technique, and what 
techniques are appropriate to apply to the cultural 
heritage domain and various other domains in 
general. As can be seen, the Songket motif's image 
structure is more geometric structure, so the hybrid 
of the two techniques is assumed to coincide with the 
image structure described earlier. 

 
Figure 3.  the focus of the study was conducted to examine identifiable gaps 

 
4. Model 

This section describes in detail what is related to 
the adaptation of the new improvement model as 
suggested by [4]. In this model, there are associated 
factors covered by a group of large-scale images 
dataset. To demonstrate that, this study adopts the  

 
 

use of images in the heritage area as a dataset, due to 
the fact that this domain possesses historical values 
that depict Malaysian identity [25], [26]. In this 
model, the procedure for features extraction is 
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conducted via the use of PCA techniques in defining 
the principal component (PC) of the images 
including differentiating between local and global 
features inside the image. Eq. 1 shows the algorithm 
that is used to calculate the PC inside the image. 
 

 
(1) 

 
The eq. 1 explanation shows that T is a score 

symbol in the image, in which P is an eigenvector for 
the images, while E, on the other hand, is a noise 
inside the image. Also, the TP symbol is the main 
vicinity or principal component that is inside the 
image. This principal component is the first border in 
a massive dataset storage that will detect the 
similarity of near-duplicate image [27]. 

Additionally, the PCA technique is normally 
employed to extract Songket motives images that are 
fundamentally based on the main features inside the 
images which is otherwise known as the principal 
component (PC). Figure 4 illustrates how PCA works 
to extract the features of Songket motives. PCA will 
reduce the matrix dimension of the images. This is 
because the extraction of PC is left in PCA, in order 
to get the main matrix structure of the image 
framework so as to detect  near-duplicate images. 
Furthermore,   the MapReduce framework is applied 
to mapping and reduce similarity image, immediately 
after all the PC features extraction has been carried 
out. 

The result of preliminary testing using the PCA 
technique on two sample images of Songket motives 
is shown in Figure 5 Through this outcome, it is seen 
that major framework of the image in a sequence is 
easily extracted and located in every part. 

 
 

Figure 4.  Extraction of PCs inside the images of songket motives 
 
However, it is important to note that this result is 

shown without considering the implementation of 
MapReduce. Therefore, it is recommended for future 
study to combine the usage of PCA technique into 
MapReduce to increase similarity detection on large-
scale image detection in cloud environment. 

The proposed near-duplicate image detection 
model of this study is shown in Figure 6 in line with 
all elements that have been mentioned from the 
previous section. As a result, this model is divided 
into seven-step processes, in which the first step is an 
input of large-scale image dataset which desires to be 
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converted into data to ensure the computation of the 
PCA. Secondly, the use of linear aggregate was 
employed to represent vector image of principal 
component and extraction of the element’s images 
into a matrix, in order to divide image dataset into 
the similarity matrix of image category. While the 
third step  which is shown in this figure is to send 
outcomes of features extraction to HDFS. 

 
Figure 5. Result of PCA algorithm on two sample images. 
 

 

Fourthly, the step taken in this model is HDFS 
which sends the information at once to Map function.  
The fifth step involves the map function to categorize 
the data in line with equal matrix, that is equal to the 
equal <key, value=""> element inside the data. The 
sixth step is taken in this study, which on the other 
hand, is to reduce function, in order to calculate all 
matrix features vector similarity for image pair in the 
identical <key, value=""> element. This is because 
the similarity step of image pair needs to merge near-
duplicate images in the same category, so as to 
enable user to store or retrieve near-duplicate of 
images. 
 
 
 
 
 
 
 

 
 

Figure 6. The proposed model of near-duplicate image detection in cloud environment 
 
 
 
 

5. Conclusion 
 

     The detection of near-duplicate images and 
clustering the image is in line with their category 
which has comparable features that could assist the 
system and as a result. It will increase the percentage 
of recall and precision incomparable image retrieval 
and detection. The reason  can be explained in the 
following manner: the way to increase the percentage 
of similar image detection is to focus on extra detail  

 
 

of two areas (local and global) image representation. 
This can be done through utilizing the hybrid PCA 
technique which is to be embed into the MapReduce 
environment model. This solution is expected to cater 
for the near-duplicate image detection issues that 
involve largely on local and global features 
extraction. 
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