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Abstract— The emergence of cloud datacenters enhances the 
capability of online data storage. Since massive data is stored in 
datacenters, it is necessary to effectively locate interest data in 
such a distributed system. However, traditional search tech-
niques only allow users to search images over exact-match key-
words through a centralized index. These techniques cannot sa-
tisfy the requirements of content based image retrieval (CBIR). 
In this paper, we propose the scalable image retrieval framework 
which can efficiently support content similarity search in the 
distributed environment. Its key idea is to integrate image fusion 
features into distributed hash tables (DHTs) by exploiting the 
property of the locality sensitive hashing (LSH). Thus, the images 
with similar content are most likely gathered into the same node 
without the knowledge of any global information. To the best of 
our knowledge, there is less comprehensive study on large-scale 
CBIR with fusion features in the distributed environment.  
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I.  INTRODUCTION 

Nowadays, since users can access Internet services over 
lightweight portable devices and desktop PCs, millions of files 
are transferred into Peer-to-Peer (P2P) datacenter. It can be 
built by connecting many individual peers, without any central 
monitoring or coordination component. Each peer takes 
charge of part of data and replicas to improve the clouds’ re-
liability and the datacenter’s resilience to correlated failures. 
The P2P model show good performance of handling large 
dispersive data, and provide better scalability and adaptability 
[1]. It is well known that P2P techniques are very likely to be 
adopted in Clouds. The content providers invest their signifi-
cant resources to P2P cloud datacenters. They use a decentra-
lized P2P paradigm. When a cloud customer issues a query 
request, it is sent to the datacenter which takes charge of the 
search processing. Afterwards, the query results are sent back 
to the cloud customer.  

Most current works about image retrieval in the P2P para-
digm assume that images are described in text [2]. Since it is 
difficult to annotate images very exactly, identifying images in 
this way is inaccurate. In some applications, users may request 
inexact queries such as “find the top-k images which are most 
similar to a given sample”. However, it is difficult for humans 
to describe how an image is similar to the given sample with 
keywords [2].The content based image retrieval (CBIR) can 
find similar images through the sample images instead of 
keywords. But many works for CBIR need the global informa-

tion in a centralized fashion, which does not scale well in the 
distributed situation [3]. Therefore, our objective is to design a 
system which processes smart queries and improves search 
performance, without any global information. In our previous 
work, we present a CBIR system called LRFIR [4] based on a 
single feature for the distributed environment. It only adopts 
the texture feature, to represent images. However, such fea-
tures can hardly describe the content of images at different 
angles. 

In this paper, we present a novel CBIR system called LSH-
based and Fusion Features for Image Retrieval (LFFIR) for the 
large scale P2P datacenter. LFFIR supports content similarity 
search, which is different from the keyword search used in 
existing systems. LFFIR firstly extracts the color, texture and 
shape feature. Then, the three types of vision features are inte-
grated into a feature, where the content similarity can be 
measured quantitatively. Accordingly, we employ a set of lo-
cality sensitive hashing (LSH) functions [5], which convert 
feature vectors of similar images to the same hash value with 
high probability, owing to the locality-preserving property. 

Our main contributions are as follows: (1) image multiple 
features are integrated into DHT for implementing an efficient 
indexing and locating approach; (2) we introduce the fusion 
features to represent the image content in the P2P retrieval 
model. In this way, the image can be described in different 
aspect.         

II. RELATED WORK

Since unstructured P2P has little control over network to-
pology, we focus on the information retrieval in the decentra-
lized structured P2P paradigm. M-Chord [6] takes the advan-
tage of the iDistance which maps objects into one-dimensional 
space. But its data clustering and mapping are still completed 
in a centralized model. In Psearch [7], the Latent Semantic 
Indexing (LSI) is used to generate a semantic space. Then, this 
space is mapped to a multi-dimensional CAN which has the 
same dimension as the data space. However, different overlays 
may have different dimensionalities, since the dimensionality 
of CAN depends on the dimensionalities of various datasets. 
And LSI computing still works in a centralized fashion. In 
Prism [8], it stores multiple indexes for one object in many 
Chord peers based on the distances between the object’s vector 
and reference vector, so that indexes of similar objects are clus-
tered to the same peer. But reference vectors are still chosen in 
a centralized fashion, which is not well-suited for large data- 
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Fig. 1. Interaction between key components of LFFIR. 
 

sets. Zhu et al. [9] generate the same index for semantically 
close files by LSH and Vector Space Model (VSM), with the 
purpose of answering queries visiting a small number of nodes. 
But these hash values are directly used as resource keys of 
Chord, which destroy the load balance. In iDISQUE [10] 
framework, the data on each peer is clustered, and then LSH 
functions only map cluster centers to Chord resource keys. The 
key of the cluster center represents the data within the cluster. 
However, the hash values of queries may not be equal to these 
of cluster centers. 

III. SYSTEM FRAMEWORK  
In this section, we present an overview of LFFIR frame-

work. In the underlying DHT layer of LFFIR, the participating 
nodes are organized into the structured P2P network, Chord 
[11], without loss of generality. LFFIR can support efficient 
routing, due to the DHT layer. The indexes publishing and 
queries routing are automatically accomplished by Chord, 
which also natively offers node join and leave mechanisms. 

For each image, LFFIR constructs a few index messages, 
each of which contains the resource ID, the image feature vec-
tor and the IP address of the data owner. Since only the feature 
vectors whose dimensionalities are not very high are added to 
the indexes, each index will not cause significant storage 
overhead to the nodes.  

The interactions among key components of LFFIR are il-
lustrated by Figure 1. LFFIR is located between users and the 
DHT layer, which contains two services of index construction 
and query processing. We first discuss the index construction 
service. Each node has a local image database, where images 
are shared with others. In addition, each node also has the 
component of feature fusion which extracts of a set of features 
specific to different image formats. It accesses images in the 
local database, adopts various algorithms to compute image 
feature fused by color, shape and texture, and analyze the con-
tent of images. For the feature vector, a set of LSH functions 
are adopted to compute the hash values and determine the 
number of indexes for each image. For each hash value, the 
index construction generates the resource ID and publishes the 
index message to the DHT layer. Once receiving an index 
message from the DHT layer, the node inserts it in the index 
storage according to resource IDs. In addition, the image in-

dexes in local database are refreshed after a period of time to 
ensure the validity of resources. 

The query processing service adopts the similar way to 
generate the resource ID and the query message. Then the 
query message is routed through the underlying DHT layer 
using the resource ID as the destination. Once receiving the 
query message, the destination node invokes the local search 
method which checks the local index storage according to the 
resource ID and then returns the top K indexes. After the user 
surface of the query node merges all the results obtained from 
the participating nodes, the final results are shown to the user. 

IV. DHT-BASED CBIR APPROACH 

A. Fusion Feature Extraction  
When a node wants to share an image, it automatically ex-

tracts feature vectors of the image. LFFIR adopts Motion Pic-
ture Experts Group-7 (MPEG-7) descriptors, which convert 
visual contents to measurable feature space.  

For color, we use Grid Color Moment (GCM). Each image 
is partitioned into 3 × 3 grids and three types of color mo-
ments are extracted for each grid. For shape, we employ an 
edge direction histogram. A Canny edge detector is used to get 
the edge image and then the edge direction histogram is com-
puted. For texture, we adopt Gabor feature. Each image is 
scaled to 64 × 64. Gabor wavelet transformation is applied on 
the scaled image with 5 scale levels and 8 orientations, which 
results in 40 subimages.  

LFFIR which relies on early fusion extract features before 
performing retrieval. After analysis of the three types of visual 
features, they are fused into a 238-dimensional feature 
represent each image in our image database. 

B. LSH based Index Construction  
After image features are extracted, the question is how to 

construct resource identifier for images and answer the query 
efficiently.  

1) d kR Z→ .  
      In this work, we employ the family functions of p-stable 
LSH [12], which exists for p (0,2]∈ . Since Euclidean distance 
is supposed to be the most widely-used distance metric, the 
Gaussian distribution working for the Euclidean distance is 
used as the 2-stable distribution. The hash function 

,a bh is de-
fined as follow:  

,
( )( )a b
a v bh v W

⋅ +=                                                       (1) 

Where a is a d-dimensional vector whose elements are 
chosen independently from the p-stable distribution. b, a real 
number, is randomly selected from the range [0, W]. Each 
hash function 

, ( ) : d
a bh v R Z→ maps a d-dimensional vector v 

into one integer.   
In particular, to increase the collision probability, m hash 

tables G={g1,…,gm} are constructed, where m is randomly 
chosen. Each hash table is defined as k independent hash 
buckets 1( ) ( ( ),..., ( ))kg v h v h v= , that means G={g: d kR Z→ } 
and returns a k-dimensional integer vector, i.e., the hash value. 
In this way, if two close feature vectors is hashed by more 



hash tables, they may have the same hash value at least in one 
hash table gi, where i=1,...,m.  

2) kZ N→ .  
As a result, an integer vector kZ  is obtained from one hash 

table gi, where i=1,...,m. In the next step, the k-dimension 
space is transformed to the one-dimension space, i.e., kZ N→ , 
without destroying the locality sensitive. On the other side, the 
load, defined as the number of indexes on the node, should be 
kept balanced as much as possible. To construct a resource ID, 
i.e., fusID, the mapping function   (v) is defined as: 
fusIDj= 

1
( )( )k

j jj
h v d

=
⋅∑ , where ih g∈  and i=1,...,m.    (2) 

jd  is a randomly chosen non-zero integer.  function is de-
noted as the consistent hash function SHA-1.  

3) Index Construction Service.  
The purpose of this service is to generate the same fusIDs 

for the similar images with high probability, and then publish 
the indexes to special nodes through the DHT layer. Thus, the 
indexes of the similar images are randomly distributed across 
the DHT. However, we propose the Index Construction Ser-
vice (ICS) which adopts p-stable LSH to preserve image simi-
larity and distributes the indexes to the Chord as evenly as 
possible.  

For each image in the local database, the image feature ex-
tractor is firstly invoked to extract its visual feature fv, and 
then ICS maps fv into m resource IDs mϕ = {fusID1, fu-
sID2,…,fusIDm}, where fusIDi= (fv), through m p-stable LSH 
tables.  

After the fusIDs mϕ  of an image is obtained, ICS con-
structs indexes in the form of <fusIDi, fv, IP> where i=1…m, 
IP is the IP address of the object owner. For each index, ICS 
sends an index message through the underlying Chord net-
work, which forwards the message to the node responsible for 
fusID. Once a node receives the index message from the DHT 
layer, ICS inserts this message in the index storage. The in-
dexes with the same fusID in the index storage are gathered 
into the same list to facilitate the location of local indexes.  

C. Distributed Query Processing 
1) Query processing  
When the node issues a query, QPS is invoked. It converts 

the query image to a set of fusIDs, and then sends the query 
messages to the special nodes. The query processing is similar 
to the index construction. As above described, the feature vec-
tor fq is transformed into a set of resource IDs= {fusID1, fu-
sID2,…, fusIDm}, where fusIDi= (fq) by m×k p-stable LSH 
function. Note that the set of hash functions used in QPS is the 
same as that in ICS. Afterwards, the node sends the query 
messages in the form of <fusIDi, fq, IP> where i=1…m, and IP 
is the IP address of the query node. However, if the images 
satisfy the requirement of the query, they are more likely to be 
retrieved due to the same fusIDs. In this way, the query cost is 
controlled and the search efficiency is guaranteed. 

Once receiving a query message from the DHT layer, the 
node checks the local index storage to find if there exists the 
same fusID as it receives. To reduce the network transmission  

 
Fig. 2. Performance evaluation (a)Average recall. (b)Average preci-

sion 

cost, it only returns the top K indexes sorted in terms of the 
Euclidean distance from the query. After the query node rece-
ives all the results, it merges them before showing them to 
users. The results of each query feature are obtained by sorting 
returned indexes according to the Euclidean distance, and the 
top K ones are chosen to form a result list. Then connections 
are established between the query node and data owners to 
transmit the final results to the query node. The top K most 
similar images are shown to users. 

V. EXPERIMENTAL RESULTS 

A. Dataset and System Settings 
In our experiments, the image dataset Corel 10000 is used. 

It contains 10000 images of various contents, such as flowers, 
food, pills and door, etc. Unless otherwise noted, the default 
value is W=2.0 for p-stable hash function. The default network 
size N is 1000.      

B. Query accuracy  
     The corresponding query accuracy is evaluated with the 
different number of hash functions and top images, as shown 
in Figure 2. We use two metrics and compare LFFIR with 
LRFIR [4]. The x-axis represents the number of top ranked 
images, varying from 10 to 100. The y-axis denotes the aver-
age recall and the average precision measured on the top 
ranked images. m and k represents the number of hash tables 
and buckets, respectively. The average recall and precision 
rapidly rise by increasing the number of hash tables m while 
decreasing the number of buckets k.  

The reason is that the collision probability of content-
based similar images is increased by increasing m. However, 
for Figure 2(a), both m=12, k=9 and m=20, k=18 of LSH 
achieve the best recall rate and they almost have the same val-
ue. That is because decreasing k can lead to fewer clusters, 
accordingly more images are gathered into one cluster. Once a 
cluster is searched, many relevant results are returned. A simi-
lar observation can be made for Figure 2(b), where m=12, k=9 
and m=20, k=18 also achieve best precision. We can choose 
m=12, k=9, since the computational overhead is reduced with 
the small number of hash function. 
    As revealed in these figures, LFFIR substantially outper-
forms LRFIR. For example, the average recall of LFFIR 
(m=12, k=9) achieves about 6% improvement over LRFIR 
(m=10, k=15) on the top 100 images in Figure 2(a). With re-



spect to the average precision, LFFIR represents about 10% 
increase on the top 10 images in comparison with LRFIR, as 
shown in Figure 2(b). 

C. Load Balancing 
In this section, the effectiveness of the load balancing is in-

vestigated. Figure 3 shows the index distributions for different 
cases. The x-axis shows the percentage of nodes, where the 
number of nodes varies from 10 to 5000, and the correspond-
ing values are the percentage of indexes assigned to nodes. 
Note LFFIR shows much less skew on load distribution as the 
number of nodes increases. That means the load balance is 
almost achieved. This is because when the number of node 
increases, the interval between nodes becomes smaller and 
more nodes are assigned to store these indexes. Therefore, 
there are not many indexes in each node. In addition, as k is 
large enough, the number of images in the cluster is reduced. 
In the above experiment, we reasonably choose k=9. Moreo-
ver, SHA-1 distributes the indexes to a large set of possible 
intervals of Chord. Compared to LRFIR, the curves of LFFIR 
appear to be much steadier, especially when n=1000 and 
n=5000. This indicates that the load balance of LFFIR is better 
than that of LRFIR. 

D. Network Hops 
The effect of network hops is depicted, as shown in Figure 

4. Network hops are one of the most critical parameters in the 
distributed environment. The horizontal axis represents the 
number of nodes varying from 10 to 5000. The vertical axis is 
the lookup number of hops for processing a query image, 

 

 
Fig. 3. Effect of load on the index distribution.   

 
Fig. 4. Network hops (a)                                              (b) 

 

when m varies from 2 to 17 for Figure 4(a) and k varies from 5 
to 19 for Figure 4(b). As shown, the number of lookup hops 
mainly depends on the number of tables and are independent 
on the number of buckets. As we expect, the lookup hops in-
crease when the number of tables increases in Figure 4(a). For 
a large number of nodes, n=1000 and n=5000, the number of 
hops only has a slight increase. In Figure 4(b), especially for 
n=100 and n=1000, the number of hops almost remains un-
changed while the number of buckets varies.  

We can see that the lookup process of LFFIR does not 
need many network hops. So m=12, k=9 can be chosen to 
guarantee the best query accuracy while not incurring too 
many network hops. 

VI. CONCLUSIONS 
We propose an effective framework to support CBIR in 

the distributed cloud datacenter. LFFIR is implemented on the 
DHT layer which provides efficient routing mechanisms.  
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