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Abstract: The popularity of deep features based image retrieval 

and classification task has grown a lot in the recent years. 

Feature representation based on Convolutional Neural Networks 

(CNNs) found to be very effective in terms of accuracy by various 

researchers in the field of visual content based image retrieval. 

The features which are neutral to their domain knowledge with 

automatic learning capability from their images are in demand in 

various image applications. For improving accuracy and 

expressive power, pre-trained CNN models with the use of 

transfer learning can be utilized by training them on huge 

volume of datasets. In this paper, a hybrid model for image 

retrieval is being proposed by using pre-trained values of hyper 

parameters as input learning parameters. The performance of the 

model is being compared with existing pre-trained models 

showing higher performance on precision and recall parameters. 

Keywords: Content based Image Retrieval, Deep Convolutional 

Neural Network, Transfer Learning, Pre-trained Models. 

I. INTRODUCTION

Starting through 1970’s, the field of image retrieval gone

through various phases of its advancements as initially it 

was based on text based search methods then content based 

search methods. There are lot of disadvantages of text based 

searches as they need high computational costs and lot of 

human efforts for finding relevant image information about 

the given query image. To overcome the limitations of text 

based search, the term ‘content based image retrieval 

(CBIR)’ was coined in 1992 by Japanese Electro 

technical engineer Toshikazu Kato [Wikipedia].CBIR 

consists of two steps such as feature extraction and 

similarity measurement. Feature extraction is based on low 

level features as colour, shape and texture of the image. 

Now-a-days, image retrieval methods uses low, high and 

deep features extracted from various deep learning methods 

[2]. The problem of combining low, high and deep features 

for feature extraction within image retrieval framework still 

remains open research task [2]. Traditional CBIR systems 

need handcrafted low level features such as colour 

histograms, SIFT, Tamura and many more. All handcrafted 

features faces problem of semantic gap with images as 

human perception always based on high level features such 

as objects, events etc. 
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With the birth of Convolutional Neural Networks (CNN) in 

1980s by Yann LeCun and its significant use in the field of 

image processing, feature extraction through CNN gains 

much popularity due to its superior performance in different 

tasks such as classification and recognition [3]. The reason 

of growth of CNN based feature extraction methods is 

availability of huge amount of image datasets already 

classified using pre-trained networks with GPU enabled 

modern computing machines [4]. The use of pre-trained 

models such as Alex Net, Google Net, Squeeze Net and 

ResNet-18 in computer vision, medical image classification 

and pattern recognition problems is very much popular these 

days with good performance. The concept of transfer 

learning with pre-trained models can be utilised for image 

retrieval problems requiring high volume of data generated 

daily and available for use. 

In this study, a deep CNN based hybrid model is being 

proposed for image retrieval task and the performance of the 

model is being compared with existing pre-trained models 

showing higher performance on precision and recall 

parameters. The remainder of the paper is organised as 

follows: Section 2 refers to current state of art on CBIR 

research, section 3 refers to proposed methodology while 

experiment and results are reported in the section 4.Section 

5 summarizes the findings and presents future directions of 

the paper. 

II. LITERATURE REVIEW

The authors [1] proposed CIRPLANT model for composed 

image retrieval using nearest-neighbour approach on 

modified visual features generated through natural language 

processing. They use CIRR dataset of crowd source open 

domain images. The proposed model was compared on 

CIRR and existing fashion data Set and outperforms on 

recall parameter of image retrieval. 

In the year 2021 paper [2] proposed a new image retrieval 

method as Deep Seated features histogram (DSFH), For 

extracting deep features, ranking whitening method was also 

proposed which reduces dimensions on FCT layer of VGG-

16 pre-trained model to achieve higher precision of retrieval 

images. The authors used Oxford 5k and Paris6k datasets for 

their proposed models and compare precision and recall 

values on Corel10k and GHIM10k datasets also. Their 

proposed method was able to discriminate low level features 

and can match similar styles of scenes in the CBIR 

framework. The authors suggested to use any hybrid model 

for image retrieval which can combine low and deep 

features during feature extraction phase in the near future for 

generalizing their proposed model.  
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The paper [3] proposed a hybrid model using auto encoder 

network for dimension reduction and deep CNN to extract 

high level semantic features. The Similarity between dataset 

and query image was calculated using Annoy algorithm on 

CIFAR-10 and MNIST datasets. The author designed a 6 

layer convolutional, 2- layer full-convolution CNN to 

extract deep features and 3-layer auto-encoder for dimension 

reduction getting a 128-bit vector for feature representation. 

The query engine was generated by Annoy algorithm and a 

tree structure was used to search and store index values of 

images. The hybrid model achieves almost 100% accuracy 

for MNIST dataset but lacks accuracy for CIFAR10 dataset. 

The authors suggest to use any hash algorithm for similarity 

measurement to improve accuracy in future on any large 

image dataset. In [4], a CBIR system based on pre-trained 

models was developed using transfer learning concept for 

extracting automated deep features independent of domain 

knowledge having low semantic gар with respect to human 

visual perception. The author considered Corel-1x and 

GHIM-10 k datasets for ResNet18 features achieving  

overall 95.5% and 93.9 % accuracy respectively which was 

superior  to state of art CBIR systems using hand crafted 

features for feature extraction. The authors suggested using 

more combinations of pre-trained models to achieve high 

accuracy in the future on real time datasets also. 

The paper [5] reviewed deep learning based CBIR on 

parameters as different supervision, different network, 

different descriptor and different retrieval type. This review 

shows superior performance of image retrieval with the use 

of generative adversarial networks, auto encoder networks 

and reinforcement learning networks or by using 

combination of these networks. The paper also shows the 

use of optimized objective functions as a trend in improved 

retrieval framework. The authors suggested using better 

deep models, specific objective functions, semantic 

preserving feature learning and attention based features for 

learning. Any retrieval system can be distinguished based on 

discriminative ability, fast image search and robustness 

capability. Self-supervised learning can be paradigm for 

optimizing retrieval performance in future. 

An Adadelta optimized residual network for parameter 

tuning based CBIR model was proposed involving 

ResNet50 based feature extraction in [6]. A self-supervised 

model having multiple query images and attention based 

feature extraction architecture was proposed and shown 

improved retrieval performance on road scene datasets 

[7][12][13][14]. The authors suggested to use local aspects 

of images for further improvement in the performances of 

image retrieval system [8][9][10][11]. 

III. RESEARCH METHODOLOGY 

To perform image retrieval based on deep CNN models, the 

proposed method has been divided in to five components 

such as block diagram of proposed deep CNN based hybrid 

model, architecture of deep CNN model, automatic deep 

feature extraction using pre-trained models, performance 

evaluation and validation, and dataset Description. 

A. Block Diagram of Proposed Deep CNN Based Hybrid Model  

 

Figure1. Research Methodology 
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The structure of neural cells in the human visual brain looks 

like linear bar or edge shaped receptive fields implying the 

possibility to use neural network models for low and deep 

feature extraction for images. Figure 1 demonstrates the 

block diagram of proposed model for visual content based 

image retrieval.The first component defines and extracts 

visual features using deep CNN based algorithms for 

selected natural image dataset. The feature set is used for 

feature selection with the help of classification algorithms at 

fully connected layer of deep CNN model. This offline 

process of deep feature extraction and feature selection 

results a set of deep feature which will be used during 

similarity matching with query image in place of database 

images. The same process is adopted for generation of query 

image deep features for similarity matching as input 

features. The standard Euclidian distance similarity metric is 

used for calculating similarity between query and dataset 

images. The output of the retrieval process is presented in 

the order of high similarity normalized value as 0 and lowest 

similarity normalized values as 1. Top 10 most similar 

images are displayed as a result of hybrid model of image 

retrieval.  

B. Deep Convolution Neural Network Model  

The proposed CNN model takes images as input to the first 

convolutional layer in the form of height, width and depth 

where depth of the image can be defined as 3rd dimension of 

network layer’s activation volume. The neurons of any layer 

can be connected to a small region of the previous layer in 

the network. A CNN model can be defined as a sequence of 

many layers which can pass one volume of image data to 

another using various differentiable functions. The 

architecture of CNN model can stack convolutional, 

pooling, activation (ReLu, Softmax) and fully connected 

layers on top of each other for being operational for 

different tasks. For classification problems, a softmax 

activation layer is used to get the probabilities of different 

classes available in the dataset. 

 

Figure 2. Proposed Deep CNN Model 

C. Automatic Feature Extraction using Pre-trained Networks 

a. Visual Geometry Group (VGG) – 19 Pre-trained Network 

This pre-trained network originally builds and trained by Karen Simonyan and Andrew Zisserman at the  University of 

Oxford in 2014 consists of 19 layers with input image size 224x224x3 having accuracy  around 90% with top 5 images as a 

result. This model can classify 1000 objects from 1000 different classes from the image net dataset [16]. 

b. SqueezeNet Pre-trained Network 

It is a pre-trained CNN model trained on large volume of Image Net dataset with 18 layers. It can  classify any dataset up to 

1000 class labels and process the input image size as 227x227x3.When  compared with AlexNet, the size of SqueezeNet is 

less than 50% with equivalent accuracy for top 5  images. After training, model pruning and quantization of parameters 

can be applied to the SqueezeNet  to reduce parameter size from 5MB to 500KB. This pre-trained model is known as 

resource efficient for variety of computer vision applications.  
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Figure 3. SqueezeNet Model [4] 

    

Figure 4. TheVGG-19 Network [15] 

D. Performance Evaluation and Validation 

The performance of any image retrieval system can be 

measured using various standard parameters. As per the 

literature there is no single parameter for evaluating all types 

of retrieval systems. Any evaluation parameter will depend 

on requirement of the user, selection of algorithm and 

domain of the problem. Based on these requirements, 

following parameters can be used to evaluate the 

performance of a deep CNN based image retrieval system. 

1. Precision (p) 

It can be defined as the ratio between the number of relevant 

images and total number of retrieved images. 

  
Where Np = Number of relevant images Fp= Misclassified 

images as relevant (i.e. False positive) 

2. Recall(r) 

It is the ratio of relevant retrieved images to the total number 

of relevant images in the database. 

 
Where Fn = False negative images i.e. the images actually 

belongs to relevant class but misclassified to any other class. 

3. F-Measure 

It can be defined as harmonic mean of precision and recall. 

The higher value of f-measure shows higher prediction 

capability of the retrieval system. 

                                

E. Dataset Description 

The proposed hybrid model for image retrieval is tested on a 

natural image dataset. The images of the dataset were 

collected from Google and from freely available datasets. 

All the collected images go through pre-processing phase 

before they are considered as input images. The whole 

dataset contains 20 distinct classes having 1000 images in 

each class. The dataset has been divided into training and 

test data in the ratio 80:20. The input image dimensions used 

by the pre-trained networks are 224x224x3 and 227x227x3. 

IV. RESULTS AND DISCUSSION  

The process of image retrieval has been implemented using 

Keras, Scikit-learn and OpenCV libraries in Python 

programming language for training and testing of deep CNN 

based proposed hybrid model. The retrieval process contains 

two steps: Deep feature extraction, classification and feature 

selection are carried out in the first step and similarity 

measurement using Euclidian distance in the second step. A 

deep feature vector containing concatenated features from 

two different pre-trained networks are used as input for 

feature classification and selection step. Proposed hybrid 

model uses weight and architecture of VGG19 and Squeeze 

Net for image classification. Both pre-trained models uses 

same dataset for training and testing in 80:20 ratio. 
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Figure 5. Samples Images from Natural Image Dataset [20 classes] 

 

Figure 6. Top 10 retrieval results from Natural Scene Dataset 

The precision and recall values are calculated using the formula’s used in the definition of these terms. The sample image 

from each class is shown in Figure 5. The hybrid model retrieves top 10 most similar images with query image shown in the 

right panel of Figure 6 having value 0 as most similar image and 1 as most dissimilar images.  

Table i. Average recall and precision for natural image dataset 

 

Class 

Squeeze Net Features VGG 19 Features Hybrid Features [Squeeze Net & VGG19] 

Recall (R) Precision (P) Recall (R) Precision (P) Recall (R) Precision (P) 

Arabian_Horses 0.070 0.72 0.082 0.82 0.085 0.86 

Aviation_Photography 0.066 0.67 0.085 0.85 0.087 0.88 

Barns_and_Farms 0.080 0.81 0.090 0.90 0.092 0.92 

Bears 0.081 0.82 0.091 0.91 0.090 0.90 

Buses 0.085 0.85 0.092 0.92 0.093 0.93 

car_old2 0.055 0.56 0.070 0.70 0.080 0.80 

castles 0.061 0.62 0.077 0.77 0.082 0.83 

Cats 0.088 0.89 0.093 0.93 0.095 0.95 

Dogs 0.096 0.96 0.099 0.99 0.099 0.99 

drinks 0.087 0.87 0.098 0.98 0.098 0.98 

Flowers_2 0.091 0.91 0.095 0.95 0.096 0.96 

 Lakes_and_Rivers 0.075 0.75 0.085 0.85 0.087 0.87 

 Roses 0.063 0.63 0.080 0.80 0.081 0.82 

 Sailboats 0.076 0.76 0.090 0.90 0.094 0.94 

 Sports 0.080 0.80 0.085 0.85 0.088 0.88 

 Sunsets 0.071 0.71 0.080 0.80 0.082 0.82 

 Tigers 0.080 0.80 0.091 0.91 0.093 0.93 

 Trees_and_Leaves 0.069 0.70 0.082 0.82 0.083 0.83 

 Tulips 0.076 0.76 0.092 0.92 0.094 0.94 

 Waterfalls 0.087 0.87 0.098 0.98 0.099 0.99 

Mean 0.07685 0.773 0.08775 0.8775 0.0899 0.901 
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V. CONCLUSION AND FUTURE WORK  

In summary, a hybrid model for deep feature based visual 

content based image retrieval has been proposed in this 

paper. For feature extraction and classification, two pre-

trained models namely VGG19 and Squueze Net have been 

considered for concatenated deep feature vector on a natural 

image dataset. The selected dataset images were collected 

from freely available search engines and pre-processed to 

convert into suitable resolutions as required by pre-trained 

networks for input images. For measuring similarity, 

Euclidian distance as parameter is used. The performance of 

retrieval system is evaluated based on precision and recall 

parameters. Based on the results from retrieval system, It 

could be said that hybridisation of pre-trained networks for 

feature extraction step could improve the values of precision 

and recall as shown in the above Table I. Improved values 

of these parameters can directly be inferred as better and 

accurate retrieved top 10 images. In future, hybridisation of 

more than two pre-trained models on different datasets of 

large volumes can be done for improving the performance of 

image retrieval system based on deep CNN models.  
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