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Abstract— Scalable image search based on visual similarity has been an active topic of research in recent years. State-of-the-

art solutions often use hashing methods to embed high-dimensional image features into Hamming space, where search can be 

performed in real-time based on Hamming distance of compact hash codes. Unlike traditional metrics (e.g., Euclidean) that 

offer continuous distances, the Hamming distances are discrete integer values. As a consequence, there are often a large 

number of images sharing equal Hamming distances to a query, which largely hurts search results where fine-grained ranking 

is very important. This paper introduces an approach that enables query-adaptive ranking of the returned images with equal 

Hamming distances to the queries. This is achieved by firstly offline learning bitwise weights of the hash codes for a diverse 

set of predefined semantic concept classes. We formulate the weight learning process as a quadratic programming problem 

that minimizes intra-class distance while preserving inter-class relationship captured by original raw image features. Query-

adaptive weights are then computed online by evaluating the proximity between a query and the semantic concept classes. 

With the query-adaptive bitwise weights, returned images can be easily ordered by weighted Hamming distance at a finer-

grained hash code level rather than the original Hamming distance level. Experiments on a Flickr image dataset show clear 

improvements from our proposed approach. 

 

I. INTRODUCTION 

Pictures are the most common and convenient means of conveying or transmitting information. A picture is worth a thousand 

words. Pictures concisely convey information about positions, sizes and inter-relationships between objects.  Due to the 

popularity of digital technology, more and more digital images are being created and stored every day. This introduces a 

problem for managing image databases. One cannot determine if an image already exists in a database without exhaustively 

searching through all the entries. Further complication arises from the fact that two images appearing identical to the human 

eye may have distinct digital representations, making it difficult to compare a pair of images: e.g., an image and its 

watermarked version, a watermarked image and a copy attacked by software to remove watermarks. 
An image retrieval system is a computer system for browsing, searching and retrieving images from a large database of 

digital images. Image processing refers to processing of a 2D picture by a computer. Basic definitions: Before going to 

processing an image, it is converted into a digital form. Digitization includes sampling of image and quantization of sampled 

values. After converting the image into bit information, processing is performed. This processing technique may be Image 

enhancement, Image restoration, and Image compression. Image enhancement: It refers to accentuation, or sharpening, of 

image features such as boundaries, or contrast to make a graphic display more useful for display & analysis. This process 

does not increase the inherent information content in data. It includes gray level & contrast manipulation, noise reduction, 

edge crispening and sharpening, filtering, interpolation and magnification, pseudo coloring, and so on. 
    With the explosion of images on the Internet, there is a strong need to develop techniques for efficient and scalable image 

search. While traditional image search engines heavily rely on textual words associated to the images, scalable content-based 

search is receiving increasing attention. Apart from providing better image search experience for ordinaryWeb users, large-

scale similar image search has also been demonstrated to be very helpful for solving a number of very hard problems in 

computer vision and multimedia such as image categorization. 
    Generally a large-scale image search system consists of two key components—an effective image feature representation 

and an efficient search mechanism. It is well known that the quality of search results relies heavily on the representation 

power of image features. The latter, an efficient search mechanism, is critical since existing image features are mostly of high 
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dimensions and current image databases are huge, on top of which exhaustively comparing a query with every database 

sample is computationally prohibitive. 

     In this work we represent images using the popular bag-of-visual- words (BoW) framework , where local invariant image 

descriptors (e.g., SIFT ) are extracted and quantized based on a set of visual words. The BoW features are then embedded 

into compact hash codes for efficient search. For this, we consider state-of-the-art techniques including semi-supervised 

hashing and semantic hashing with deep belief networks With the hash codes, image similarity can be efficiently measured 

(using logical XOR operations) in Hamming space by Hamming distance, an integer value obtained by counting the number 

of bits at which the binary values are different. In large scale applications, the dimension of Hamming space is usually set as 

a small number (e.g., less than a hundred) to reduce memory cost and avoid low recall. The main contribution of this paper is 

the proposal of a novel approach that computes query-adaptive weights for each bit of the hash codes, which has two main 

advantages. First, images can be ranked on a finer-grained hash code level since—with the bitwise weights—each hash code 

is expected to have a unique similarity to the queries. 

          The query-adaptive bitwise weights need to be computed in real-time. To this end, we harness a set of semantic 

concept classes that cover many semantic aspects of image content (e.g., scenes and objects). Bitwise weights for each of the 

semantic classes are learned offline using a novel formulation that not only maximizes intra-class sample similarities but also 

preserves inter-class relationships. We show that the optimal weights can be computed by iteratively solving quadratic 

programming problems. These pre-computed class-specific bitwise weights are then utilized for online computation of the 

query-adaptive weights, through rapidly evaluating the proximity of a query image to the image samples of the semantic 

classes. Finally, weighted Hamming distance is applied to evaluate similarities between the query and images in a target 

database. We name this weighted distance as query-adaptive Hamming distance, as opposed to the query-independent 

Hamming distance widely used in existing works. 

We have presented a novel framework for query-adaptive image search with hash codes. By harnessing a large set of 

predefined semantic concept classes, our approach is able to predict query-adaptive bitwise weights of hash codes in real-

time, with which search results can be rapidly ranked by weighted Hamming distance at finer-grained hash code level. This 

capability largely alleviates the effect of a coarse ranking problem that is common in hashing-based image search. 

Experimental results on a widely adopted Flickr image dataset confirmed the effectiveness of our proposal. One drawback, 

nevertheless, is that nontrivial extra memory is required by the use of additional class-specific codes, and therefore we 

recommend careful examination of the actual application needs and hardware environment in order to decide whether this 

extension could be adopted. 

 

 

II. RELATED WORKS 

 

       There are very good surveys on general image retrieval task.See Smeulders et al. [11] for works from the 1990s and 

Datta et al. [12] for those from the past decade. Many people adopted simple features such as color and texture in systems 

developed in the early years [13], while more effective features such as GIST and SIFT have been popular recently. In this 

work, we choose the popular bag-of-visual-words (BoW) representation grounded on the local invariant SIFT features. The 

effectiveness of this feature representation has been verified in numerous applications. Since the work in this paper is more 

related to efficient search, this section mainly reviews existing works on efficient search mechanisms, which are roughly 

divided into three categories: inverted file, tree-based indexing, and hashing. 

    In Semi-Supervised Hashing for Scalable Image Retrieval large scale image search has recently attracted considerable 

attention due to easy availability of huge amounts of data. Several hashing methods have been proposed to allow 

approximate but highly efficient search. Unsupervised hashing methods show good performance with metric distances but, in 

image search, semantic similarity is usually given in terms of labeled pairs of images. There exist supervised hashing 

methods that can handle such semantic similarity but they are prone to over fitting when labeled data is small or noisy. 

Moreover, these methods are usually very slow to train. In this work, we propose a semi-supervised hashing method that is 

formulated as minimizing empirical error on the labeled data while maximizing variance and independence of hash bits over 

the labeled and unlabeled data. The proposed method can handle both metric as well as semantic similarity. The 

experimental results on two large datasets (up to one million samples) demonstrate its superior performance over state-of-the 

art supervised and unsupervised methods. 

Due to explosive growth of visual content on the Web, such as personal photographs and videos, there is an 

emerging need of searching visually relevant images and videos from very large databases. Besides the widely-used text 

based commercial search engines, content based image retrieval (CBIR) has attracted substantial attention over the past 

decade. Instead of taking query words as input, CBIR techniques directly take an image q as query and try to return its 
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nearest neighbors from a given database of images X using a pre-specified similarity metric M. Since databases containing 

even billions of samples are not that uncommon, such large-scale search demands highly efficient and accurate retrieval 

methods. 

       In this paper, we propose a Semi-Supervised Hashing (SSH) technique that can leverage semantic similarity using 

labeled data while remaining robust to over fitting. SSH is also much faster than existing supervised hashing methods and can 

be easily scaled to large datasets. The SSH problem is cast as a data-dependent projection learning problem. We provide a 

rigorous formulation in which a supervised term tries to minimize the empirical error on the labeled data while an 

unsupervised term provides effective regularization by maximizing desirable properties like variance and independence of 

individual bits. We show that the resulting formulation can be easily relaxed and solved as a standard eigenvalue problem. 

Furthermore, by relaxing the orthogonality constraints, one can get even better hash codes at no added computational cost. 

      In this paper, we have proposed a semi-supervised paradigm to learn efficient hash codes which can handle semantic 

similarity/dissimilarity among the data points. The proposed method combines empirical loss over the labeled data with other 

desirable properties e.g., balancing over both labeled and unlabeled data. The proposed method leads to a very simple eign 

decomposition based solution which is extremely efficient. In fact, one can make the computations even faster by using 

iterative solvers to get top eigenvalue and eigenvectors. We further show that by relaxing the commonly used orthogonality 

constraints, one can achieve even better results, especially for larger number of bits. The experiments on two large datasets 

show superior performance of the proposed method over existing state-of-the-art techniques. In the future, we would like to 

explore the theoretical properties of the proposed SSH method. In particular, it will be useful to investigate if SSH can 

provide theoretical guarantees on the performance. 

        In improving bag-of-features for large scale image search, this article improves recent methods for large scale image 

search. We first analyze the bag-of-features approach in the framework of approximate nearest neighbor search. This leads 

us to derive a more precise representation based on 1) Hamming embedding (HE) and 2) weak geometric consistency 

constraints (WGC). HE provides binary signatures that refine the matching based on visual words. WGC filters matching 

descriptors that are not consistent in terms of angle and scale. HE and WGC are integrated within an inverted file and are 

efficiently exploited for all images in the dataset. We then introduce a graph-structured quantizer which significantly speeds 

up the assignment of the descriptors to visual words. A comparison with the state of the art shows the interest of our 

approach when high accuracy is needed. Experiments performed on three reference datasets and a dataset of one million of 

images show a significant improvement due to the binary signature and the weak geometric consistency constraints, as well 

as their efficiency. Estimation of the full geometric transformation, i.e., a reranking step on a short-list of images, is shown to 

be complementary to our weak geometric consistency constraints. Our approach is shown to outperform the state-of-the-art 

on the three datasets. 

We address the problem of searching for similar images in a large set of images. Similar images are defined as 

images of the same object or scene viewed under different imaging conditions, cf. Fig. 16 for examples. Many previous 

approaches have addressed the problem of matching such transformed images. They are in most cases based on local 

invariant descriptors, and either match descriptors between individual images or search for similar descriptors in an efficient 

indexing structure. Various approximate nearest neighbor search algorithms such as kdtree or sparse coding with an over-

complete basis set allow for fast search in small datasets. The problem with these approaches is that all individual descriptors 

need to be compared to and stored. In order to deal with large image datasets, most of the re-cent image search systems build 

upon the bag-of-features representation, introduced in the context of image search in. Descriptors are quantized into visual 

words with the k-means algorithm. An image is then represented by the frequency histogram of visual words obtained by 

assigning each descriptor of the image to the closest visual word. Fast access to the frequency vectors is obtained by an 

inverted file system. Note that this approach is an approximation to the direct matching of individual descriptors and 

somewhat decreases its performance. It compares favorably in terms of memory usage against other approximate nearest 

neighbor search algorithms, such as the popular Euclidean locality sensitive hashing (LSH). LSH typically requires 100–500 

bytes per descriptor to index, which is not tractable, as a one million image dataset typically produces up to 2 billion local 

descriptors.  

    In Sequential Projection Learning for Hashing with Compact Codes Hashing based Approximate Nearest Neighbor 

(ANN) search has attracted much attention due to its fast query time and drastically reduced storage. However, most of the 

hashing methods either use random projections or extract principal directions from the data to derive hash functions. The 

resulting embedding suffers from poor discrimination when compact codes are used. In this paper, we propose a novel data-

dependent projection learning method such that each hash function is designed to correct the errors made by the previous one 

sequentially. The proposed method easily adapts to both unsupervised and semi-supervised scenarios and shows significant 

performance gains over the state-of the-art methods on two large datasets containing up to 1 million points. 
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Nearest neighbor search is a fundamental step in many machine learning algorithms that have been quite successful 

in fields like computer vision and information retrieval. Nowadays, datasets containing millions or even billions of points are 

becoming quite common with data dimensionality easily exceeding hundreds or thousands. Thus, exhaustive linear search is 

infeasible in such gigantic datasets. Moreover, storage of such large datasets also causes an implementation bottleneck. 

Fortunately, in many applications, it is sufficient to find Approximate Nearest Neighbors (ANNs) instead, which allows fast 

search in large databases. 

Tree-based methods and hashing techniques are two popular frameworks for ANN search. The tree-based methods require 

large memory, and their efficiency reduces significantly when data dimension is high. On the contrary, hashing approaches 

achieve fast query time and need substantially reduced storage by indexing data with compact hash codes. Hence, in this 

work we focus on hashing methods, particularly, those representing each point as a binary code.    

We have proposed a sequential projection learning paradigm for robust hashing with compact codes. Each new bit 

tends to minimize the errors made by the previous bit. This results in learning correlated hash functions. When applied in a 

semi-supervised setting, it tries to maximize empirical accuracy over the labelled data while regularizing the solution using 

an information-theoretic term. Further, in an unsupervised setting, we show how one can generate pseudo labels using the 

potential errors made by the current bit. The final algorithm in both settings is very simple, mainly requiring a few matrix 

multiplications followed by extraction of top eigenvector. Experiments on two large datasets clearly demonstrate the 

performance gain over several state-of-the-art methods. In the future, we would like to investigate theoretical properties of 

the codes learned by sequential methods. 

 

III. MATERIALS AND METHODS 

 

    With the explosion of images on the Internet, there is a strong need to develop techniques for efficient and scalable image 

search. While traditional image search engines heavily rely on textual words associated to the images, scalable content-based 

search is receiving increasing attention. Apart from providing better image search experience for ordinaryWeb users, large-

scale similar image search has also been demonstrated to be very helpful for solving a number of very hard problems in 

computer vision and multimedia such as image categorization Generally a large-scale image search system consists of two 

key components—an effective image feature representation and an efficient search mechanism. It is well known that the 

quality of search results relies heavily on the representation power of image features. The latter, an efficient search 

mechanism, is critical since existing image features are mostly of high dimensions and current image databases are huge, on 

top of which exhaustively comparing a query with every database sample is computationally prohibitive.  

       The proposed query-adaptive image search system is depicted in Fig1 To reach the goal of query-adaptive search, we 

harness a set of semantic concept classes, each with a set of representative images as shown on the left of the figure. Low-

level features (bag-of-visual-words) of all the images are embedded into hash codes, on top of which we compute bitwise 

weights for each of the semantic concepts separately. The weight computation process is done by an algorithm that lies in the 

very heart of our approach, which will be discussed later in Section V-A. The flowchart on the right of Fig. 3 illustrates the 

process of online search. We first compute hash code of the query image, which is used to search against the images in the 

predefined semantic classes. From there we pool a large set of images which are close to the query in Hamming space, and 

use them to predict bitwise weights for the query (cf. Section V-B). One assumption made here is that images around the 

query in Hamming space, collectively, should be able to infer query semantics, and therefore the pre-computed class-specific 

weights of these images can be used to compute bitwise weights for the query. Finally, with the query-adaptive weights, 

images from the target database can be rapidly ranked by weighted (query-adaptive) Hamming distance to the query. 

 

 
Fig 1 Framework for query-adaptive image search with    hash codes 
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     In this work two state-of-the-art hashing techniques are adopted, semi-supervised hashing and semantic hashing with deep 

belief networks. Semi-Supervised Hashing (SSH) is a newly proposed algorithm that leverages semantic similarities among 

labeled data while remains robust to over fitting . The objective function of SSH consists of two major components, 

supervised empirical fitness and unsupervised information theoretic regularization. More specifically, on one hand, the 

supervised part tries to minimize an empirical error on a small amount of labeled data. The unsupervised term, on the other 

hand, provides effective regularization by maximizing desirable properties like variance and independence of individual bits.  

Semantic Hashing With Deep Belief Networks Learning with deep belief networks (DBN) was initially proposed for 

dimensionality reduction [5]. It was recently adopted for semantic hashing in large-scale search applications Like SSH, to 

produce good hash codes DBN also requires image labels during training phase, such that images with the same label are 

more likely to be hashed into the same bucket. Since the DBN structure gradually reduces the number of units in each layer,3 

the high-dimensional input of original image features can be projected into a compact Hamming space. Broadly speaking, a 

general DBN is a directed acyclic graph, where each node represents a stochastic variable. There are two critical steps in 

using DBN for hash code generation, the learning of interactions between variables and the inference of 

 

    IV.QUERY-ADAPTIVE SEARCH 

 

Due to explosive growth of visual content on the Web, such as personal photographs and videos, there is an 

emerging need of searching visually relevant images and videos from very large databases. Besides the widely-used text 

based commercial search engines, content based image retrieval (CBIR) has attracted substantial attention over the past 

decade. Scalable image search based on visual similarity has been an active topic of research in recent years. State-of-the-art 

solutions often use hashing methods to embed high-dimensional image features into Hamming space, where search can be 

performed in real-time based on Hamming distance of compact hash codes. Unlike traditional metrics (e.g., Euclidean) that 

offer continuous distances, the Hamming distances are discrete integer values. 

 As a consequence, there are often a large number of images sharing equal Hamming distances to a query, which 

largely hurts search results where fine-grained ranking is very important. The approach that enables query-adaptive ranking 

of the returned images with equal Hamming distances to the queries. This is achieved by firstly offline learning bitwise 

weights of the hash codes for a diverse set of predefined semantic concept classes. We formulate the weight learning process 

as a quadratic programming problem that minimizes intra-class distance while preserving inter class relationship captured by 

original raw image features. Query-adaptive weights are then computed online by evaluating the proximity between a query 

and the semantic concept classes. With the query-adaptive bitwise weights, returned images can be easily ordered by 

weighted Hamming distance at a finer-grained hash code level rather than the original Hamming distance level. Experiments 

on a Flickr image dataset show clear improvements from our proposed approach. Large scale image search has recently 

attracted considerable attention due to easy availability of huge amounts of data. Several hashing methods have been 

proposed to allow approximate but highly efficient search. Unsupervised hashing methods show good performance with 

metric distances but, in image search, semantic similarity is usually given in terms of labeled pairs of images. There exist 

supervised hashing methods that can handle such semantic similarity but they are prone to over fitting when labeled data is 

small or noisy. Moreover, these methods are usually very slow to train. 

With the explosion of images on the Internet, there is a strong need to develop techniques for efficient and scalable 

image search. While traditional image search engines heavily rely on textual words associated to the images, scalable 

content-based search is receiving increasing attention. Apart from providing better image search experience for ordinaryWeb 

users, large-scale similar image search has also been demonstrated to be very helpful for solving a number of very hard 

problems in computer vision and multimedia such as image categorization. 

Generally a large-scale image search system consists of two key components—an effective image feature 

representation and an efficient search mechanism. It is well known that the quality of search results relies heavily on the 

representation power of image features. The latter, an efficient search mechanism, is critical since existing image features are 

mostly of high dimensions and current image databases are huge, on top of which exhaustively comparing a query with every 

database sample is computationally prohibitive. 

In this work represent images using the popular bag-of-visual- words (BoW) framework , where local invariant image 

descriptors (e.g., SIFT ) are extracted and quantized based on a set of visual words. The BoW features are then embedded 

into compact hash codes for efficient search. For this, we consider state-of-the-art techniques including semi-supervised 

hashing and semantic hashing with deep belief networks. Hashing is preferable over tree-based indexing structures (e.g., kd-

tree) as it generally requires greatly reduced memory and also works better for high-dimensional samples. The proposal of a 

novel approach that computes query-adaptive weights for each bit of the hash codes, which has two main advantages. First, 

images can be ranked on a finer-grained hash code level since—with the bitwise weights—each hash code is expected to 

have a unique similarity to the queries. In other words, we can push the resolution of ranking from (traditional Hamming 
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distance level) up to (hash code level1). Second, contrary to using a single set of weights for all the queries, our approach 

tailors a different and more suitable set of weights for each query. Fig. 3 illustrates the proposed approach. 
 

V.RESULTS AND DISCUSSIONS 

 

A. Characteristics of Hash Codes Based Search 

    Let us first check the number of test images with each Hamming distance value to a query. The 48-bit hash codes from 

DBN are used in this experiment. Note that we will not specifically investigate the effect of code-length in this paper, since 

several previous works on hashing have already shown that codes of 32–50 bits work well in practice. In general, using more 

bits may lead to higher precision, but at the price of low recall and longer search time. 

B. Query-Adaptive Ranking 

   Next we move on to evaluate how much performance gain can be achieved from the proposed query-adaptive Hamming 

distance, using 32-bit and 48-bit hash codes from both SSH and DBN (the general sets trained with labels from every class). 

Fig. 2 displays the results. The parameters and are set as 1 and 500 respectively. We randomly pick 8,000 queries (each 

contains at least one semantic label) and compute averaged performance over all the queries. As shown in Fig. 2(a), (c), our 

approach significantly outperforms traditional Hamming distance. For the DBN codes, it improves the 32-bit baseline by 

6.2% and the 48-bit baseline by 10.1% over the entire rank lists. A little lower but very consistent improvements (about 5%) 

are obtained with the SSH codes. The steady improvements clearly validate the usefulness of learning query-adaptive bitwise 

weights for hash codes based image search. 

     Fig. 2(b), (d) further shows performance over the upper half part of search results, using the same set of queries. The aim 

of this evaluation is to verify whether our approach is able to improve the ranking of top images, i.e., those with relatively 

smaller Hamming distances to the queries. As expected, we observe similar performance gain to that over the entire list. 

 

 
 

Fig. 2 Search performance comparison of traditional Hamming distance based ranking, query-adaptive ranking, and query-

adaptive ranking with code selection. Results are measured over 8,000 queries. We show performance over entire and upper 

half of the result rank lists using hash codes computed by SSH and DBN. Performance gains (over the baseline traditional 

ranking) are marked on top of the query-adaptive search results. (a) SSH, entire list, (b) SSH, upper half, (c) DBN, entire list, 

(d) DBN, upper half. 

 

 
Fig. 3. Per-category performance comparison using 48-bit DBN codes. The queries are grouped into 81 categories based on 

their associated labels. 
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Fig. 4. Performance gain of query-adaptive ranking versus parameters (left) and (right), using DBN codes. 
 

 

VI   CONCLUSION 

 

     We have presented a novel framework for query-adaptive image search with hash codes. By harnessing a large set of 

predefined semantic concept classes, our approach is able to predict query-adaptive bitwise weights of hash codes in real-

time, with which search results can be rapidly ranked by weighted Hamming distance at finer-grained hash code level. This 

capability largely alleviates the effect of a coarse ranking problem that is common in hashing-based image search. 

Experimental results on a widely adopted Flickr image dataset confirmed the effectiveness of our proposal. 

     To answer the question of “how much performance gain 

can class-specific hash codes offer?”, we further extended our framework for query-adaptive hash code selection. Our 

findings indicate that the class-specific codes can further improve search performance significantly. One drawback, 

nevertheless, is that nontrivial extra memory is required by the use of additional class-specific codes, and therefore we 

recommend careful examination of the actual application needs and hardware environment in order to decide whether this 

extension could be adopted. 

 

 

VII. FUTURE WORKS   

 

    This paper provide flexible environment for the future expansion. So that there is plenty of scope of future enhancement. 

This topic is flexible and allows for modification and further enhancement. Since it covers only the basic information there is 

a vast of enhancement chances are open. Such as improved online chatting, messaging to the mobiles etc. 
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