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ABSTRACT 

The advancements in multimedia technologies have highlighted the 

demand to retrieve images among several images. Also, the need for 

accurate image retrieval is forced to development of more efficient 

methods. Nowadays, Content-Based Image Retrieval (CBIR) became an 

active research field, to produce typical solutions for similar images 

retrieval from image databases. Further, CBIR became the main direction 

for image retrieval, likewise the bag-of-visual- word model (BoVW), which 

is a popular helpful model for achieving CBIR goals. In this paper, a CBIR 

survey had been presented, the focus had pointed to the BoVW Model used 

for CBIR and a brief discussion about the different techniques of BOVW 

and the role it plays in computer vision technology and image enhancement 

systems. For the last three decades, the semantic gap between high-level 

semantic and low-level image features is an active research area in CBIR, 

hence, the BoVW model is one of the mechanizes utilized for reducing the 

semantic gap. Further, the BoVW model, as a significant CBIR model, is 

fused with many useful methods. CBIR popular methods, such as SIFT and 

SURF, are worked for general image types. Although, other specific 

methods are used either for medical images or for streaming images. In this 

work, various methods of different types have been presented. However, 

most CBIR researches had considered the BoVW model with general-

purpose CBIR, specific purpose methods and benchmarks had been studied. 
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Introduction 

The exponential growth of digital images introduces numerous challenging problems to the researchers of 

computer vision. This increases the necessity of designing efficient, and more accurate, mechanisms that find 

required images from large repositories. So, various types of content-based image retrieval (CBIR) systems 

have been developed. A good CBIR system facilitates the search of required images from image collections 

that are similar to a query one. It is performed by gaining the extracted visual aspects from image pixels [1][ 

2][3]. 
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CBIR is based on the image meta content which proofed the advantage, in terms of efficiency, over 

traditional image retrieval that is based on keywords text. Although, finding images through numerous image 

datasets is a challenging task. A task processes many difficulties, such as the visual appearance closeness within 

images' visual attributes, which poses an issue called the semantic gap [4]. An objective of CBIR is to reduce 

semantic gap impacts, which improve the performance of image retrieving [5]. The semantic gap is one of the 

most major issues that affect CBIR systems' performance. It is a variance that exists between high-level 

abstractions as perceived by humans and low-level patterns of an image. A robust representation of image visual 

and significance feedback is able to bridge this gap. So CBIR based on categorizing images into semantically 

meaningful visual features is an open research problem For the last three decades [6]. 

Besides, the computational and storage resources of the CBIR service are an important issue. So, some 

businesses choose CBIR service outsourcing on a cloud server [7]. The fast development of the technology of 

cloud computing encourages more individuals to outsource their images to clouds. Using the cloud for image 

retrieval poses the need for users’ privacy and data confidentiality, also the need for images encryption before 

being uploaded to the cloud, this is introducing an issue to CBIR [8]. Further, sharing image data through the 

network had a Peer-to-peer modular to solve the problem of achieving CBIR in peer-to-peer networks [9]. 

Bag of Visual Words (BoVW) is a popular approach and the most widely used in the CBIR problem [10]. In 

the last few years, the bag-of-visual-words (BoVW) based image representation model gained attention and 

significantly improved the efficiency and effectiveness of CBIR. An image is represented in the BoVW model, 

as an order-less histogram of visual words [11]. However, existing BoVW techniques are still failed to bridge 

some visual words' semantic information effectively. BoVW model is now increasingly used for handling CBIR 

systems semantic gap issues, and the BoVW model is one of the most widely used feature representation 

schemes in CBIR, besides, several CBIR frameworks are based on the BoVW model [12][1]. 

In this work, we had surveyed a number of recent literatures on CBIR that is based on BoVW, with different 

feature selection approaches. Using the BoVW model, in various literature, is rich with many perspectives, 

however, everyone has the same objective of retrieving similar images from a kind of images repositories. Many 

models had equipped with various methods for the aim of achieving the main CBIR goals, efficiently. 

The rest of this paper has been organized as the following, a brief overview on the semantic gap and then BoVW 

had rendered in sections 2 and 3, respectively. Then, the integrated and fused methods to BoVW had presented 

in section 4. After that, images benchmarks that the researcher used to evaluate approaches, fused with BoVW, 

are summarized in section 5. Finally, section 6 had devoted to the conclusions. 

Materials and methods  

I. SEMANTIC GAP 

The problem of the semantic gap is one of the CBIR domain open issues, it occurs on intelligent computations 

process that extracts image features. The semantic gap came from the distance between human semantics and 
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images' visual contents; images illumination and spatial layout variations are some reasons for CBIR 

challenging issues [4]. 

The [5] had studied semantic gap as an active research area in CBIR, for the last three decades, so they had 

proposed an approach that utilized visual words fusion and features a fusion of HOG feature descriptor and 

SURF feature descriptor. An approach had incorporated both global and local features to improve CBIR 

performance [5]. The [4] suggested alleviating this gap by using spatial information of an image with 

integration-based complementary feature methods. they had proposed a method that uses complementary 

features in the form of visual words fusion of the LBPV and LIOP descriptors [4]. 

In [1], they had considered CBIR as the task of reducing the problem of the semantic gap. Their initial attempt 

for bridging the semantic gap is using local image descriptors. Because they gain local descriptors from small 

neighborhoods near salient blobs that are detected in images. So, images are partitioned into local regions and 

are showed as a bag of descriptors [1].  

II. BAG-OF-VISUAL-WORDS 

BoVW is coming as stimulation from the Information Retrieval bag-of-words model (BoW) [13]. The BoW 

is a simple representation used in natural language processing. In the BoW model, a sentence or a document; 

a text, is represented as the collection of its words, without considering word order and even grammar, only 

keeping multiplicity. The BoW model has been used in computer vision BoVW [14]. 

BoW model is used in document classification methods, in the feature selection based on words frequency of 

occurrence. BoVW is the same concept, instead of words, selected image features are substituted because Image 

features are unique patterns in an image. The BoVW model features combined descriptors and key points. Key-

points are the image notable points, and descriptor is key-point descriptions key-points and descriptors are used 

to design blocks, then each image is represented as a frequency histogram of that blocks. This is utilized for 

discovering similar images in CBIR or predicting the class of the image in image categorization [15]. 

A vector is combined by the information gained from key- points with rich visual and local information. Then, 

visual blocks are extracted, as a set of visual words. Four main parts are constructed in the BoVW model. feature 

detection is applied for all images, then, visual blocks are extracted, then, every key-point in every image is 

pointed to the closest block visual word [13]. 

III. BOVW FUSED METHODS 

BoVW model is fused with many visual descriptors, two of the most popular descriptors are the Scale Invariant 

Feature Transform (SIFT) and Speeded-up Robust Features (SURF). Each descriptor has its own advantages 

and disadvantage, however, CBIR literature is based on one or more with the basic model of BoVW. The 

following sections are devoted to important methods that are integrated with the BoVW model. 

A. Scale-Invariant Feature Transform 
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One of the algorithms used for matching an image with a group of images is Scale-invariant feature transform 

(SIFT). Matching is done by determining query image main points, each point is decoded by 128 rows array. 

The Euclidean distance measure is used for similarity found between every image's two points. sift isn't affected 

by image geometry transformations such as rotation and scaling [16]. 

In [11], dense SIFT features resulted from computing SIFT feature vector across an image, had been proposed. 

Then, k means clustering is applied, in which dense SIFT features are clustered together, each cluster center is 

the visual word [11]. 

The [10] had proposed an approach for retrieval accuracy increasing, by using the BoVW model with SVM as 

classifier model. Fisher Vector (FV) is an encoding method and SIFT features are the local features descriptor. 

visual vocabulary is generated by fisher vector and Gaussian mixture model. Training the classifier is achieved 

by the feature space which had been fed to the SVM classifier [10]. 

A CBIR approach is introduced in [17], for the purpose of enhancing CBIR performance on the basis of BoVW 

integration with local intensity order pattern and SIFT descriptors. The assumption was the good performance 

of SIFT on invariant rotations and scale changes. Although, SIFT performance isn't good in image low contrast 

and illumination changes [17]. 

B. Speeded-Up Robust Features 

Speeded-Up Robust Features (SURF) is a scale and rotation-invariant descriptor. it performs well in the case of 

distinctiveness, repeatability, and robustness. It is reliable in detecting errors, noise, and geometry. It is also 

good at image low illumination [13]. 

The main objective of [18] is presenting a technique based on visual words integration of SURF-FREAK feature 

descriptors on the basis of (BoVW) model, for reducing semantic gap problem, so this enhances the CBIR 

performance [18]. 

The [19] had proposed a CBIR scheme exploiting RFBS similarity measures and SURF-based BoVW. And 

carry out patch-based representation for the images with SURF-based BoVW. Then an ensemble of randomized 

decision trees is applied to a training set of images [19]. 

C. HOG and CoHOG 

The co-occurrence Histogram of oriented gradients (CoHOG) feature descriptor is an extended version of the 

Histogram of oriented gradients (HOG) feature descriptor. Both descriptors are utilized for image recognition 

applications. HOG doesn’t perform good on the spatial information of pixels, it only performs on the orientation 

of isolated pixels during feature vector formulation. However, CoHOG feature descriptor is captured pixel 

spatial information, also neighboring pixels to become a dominant descriptor comparing to HOG [6]. The [6] 

had represented image salient objects using robust image representation, this is done by integrating 

complementary BoVW of the SURF– CoHOG descriptors. It had addressed the semantic gap and overfitting 
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CBIR issues [6]. 

The [5] had introduced BoVW integration technique based on SURF and HOG feature descriptors. HOG is 

utilized to global features extraction, SURF is utilized to extract local features. They had concluded that 

proposed technique of SURF and HOG visual words fusion is outperformed state-of- the-art CBIR techniques 

[5]. 

D. The bag-of-encrypted-words 

In [7], an outsourced CBIR scheme is proposed, it based on bag-of-encrypted-words (BOEW) model, which is 

an extended model of BoVW model by achieving encryption to images. 

In BOEW, color value substitution is used for image encryption, encrypted image blocks are used for image 

local histograms calculation by the cloud server. Image local histograms are clustered, and the centers of each 

cluster are used as the encrypted visual words. So, the BOEW model is designed to represent every image by a 

feature vector. Manhattan distance is used for directly measuring of the similarity between images feature 

vectors, on the cloud server  side. Security analysis and experimental results of the proposed approach illustrated 

its accuracy and security succeed [6]. 

E. The signature-based BoVW 

Image's representation, indexing and retrieval issues had been addressed in [9]. A signature-based BoVW (S-

BoVW) is proposed, which convert features taken from image segments to a set of words without the using 

clustering phase. The first method based on the S-BoVW had proposed, with the consideration of texture 

information to generate image segments textual signatures. A strategy for representing image segments had 

proposed with visual words. computing the similarity between images is achieved based on the textual 

representation visual words [9]. 

F. n-BoVW 

The [20] had focused on enhancing the distinctive power of BoVW model. n-BoVW had presented, in which 

binary based compression technique is used for keeping the efficiency of visual words model. Visual phrases 

idea had used on n-BoVW. So multiple visual words had been selected to represent each key-point without 

losing the BoVW model efficiency [20]. 

G. Skip Similarity Index 

The [14] had proposed spatial matching of the visual words for unsupervised Content-Based Medical Image 

Retrieval (CBMIR). Proposed CBMIR is considered the specific aspects of medical images. So, the proposed 

method had calculated visual words spatial similarity, by using the Skip Similarity Index (SSI) similarity 

measure. SSI had skipped the none-matched location features to find the serial location similarity between every 

visual word. Instead of comparing visual words multiplicity. Because visual word counting in medical images, 

which belonging to the same class, may vary due to the difference in each person anatomical structure [14]. 
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H. BoVW commonly used benchmarks 

The Benchmark datasets are necessary for the performance evaluating of CBIR experiments in a controlled 

circumstance. A benchmark dataset included of a set of query images and the relevance results corresponding 

to any selected query. Quantifying the retrieval performance is important in determining the effectiveness of 

diverse CBIR approaches. Table 1 is illustrated the distribution of commonly used datasets over surveyed 

papers. 

TABLE I. Data sets usage over surveyed researches 
 

Dataset Paper/s Number of visual words have used 

GHIM-10K [10][1] 30.000 

Caltech-256 [17], [18], [6], [5] 18.000 

CCD [20] 10.000 

COIL-100 [19] 12.000 

Corel-1000 [18], [6], [22], [23], [5] 20.000 

Corel-1500 [18], [6], [22], [5] 15.000 

IAPR TC-12 [1] 32.000 

INRIA Holidays [8], [7], [13], [21] 23.000 

IRMA 2009 [12] 15.000 

Kvasir [12] 30.000 

Multimodal dataset [12] 12.000 

OXFORD [20], [1] 24.000 

PASCAL 2012 [21] 5000 

Scene-15 [6], [22], [11], [1] 21.000 

SUN-397 [1] 50.000 

TEXTURE [20] 12.000 

UKB [13], [20], [21] 18.000 

WANG [4], [13], [20], [2] 22.000 

 

Conclusion 

We had presented a CBIR review, focused on those researches that employed BoVW in CBIR approaches. 

BoVW model is a very important direction used for image recognition, however, in CBIR it is used with many 

methods’ integration. Such methods as SIFT, SURF, and so on. We had presented those methods, and models 

they had fused with. Some integrated methods are used with medical images and others are used with images 

streaming CBIR, which a significant level of security. However, most CBIR researchers had used the BoVW 

model with general-purpose images. Besides, this model is evaluated over many datasets benchmarks, they had 
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proposed excellent support for presenting and comparing between various BoVW model integrated techniques, 

finally, most of the current studies also indicate the importance of moving towards using deep learning 

algorithms with BOVW to retrieve the best results from the image.  
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