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Abstract 
Image Retrieval is system software for browsing, 

examining and retrieving images from a large database of 

images. Sketch based Image Retrieval (SBIR) system is 

focused on the query sketch image and then described the 

corresponding color images retrieved. The system has 

been proposed two parts such as sketch based image 

retrieval and sketch based corresponding color images 

retrieval. The aim of the proposed system to implement 

Sketch based Image Retrieval System which retrieves the 

most relevant images. The features are extracted using 

modified Histogram of oriented gradient (HOG). 

Furthermore, modified HOG which give the accurate 

orientation features values from edge images. Then, 

Cosine similarity is used to get the most similar sketch 

from database. The retrieved images similar with query 

sketch are displayed by rank order. Then, the output of 

most similar sketch images are matched the 

corresponding color images. The performance of SBIR 

system depends on using the morphological operation in 

preprocessing step. The performance of this system is 

measured by using precision and recall. This system can 

be found different results due to morphology operation. 

According to this result, the performance of SBIR system 

can give the higher images retrieval rate by using 

morphology dilation among the other experiment results. 

 

Keywords: Cosine similarity, Modified Histogram 

oriented gradient, Morphology Dilation, 
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1. Introduction 

There are different ways of image retrieval based on 

the user’s requirement. These include text based image 

retrieval (TBIR) and content based image retrieval 

(CBIR). TBIR is depending on the keyword of image. 

CBIR is based on the content of images and the 

content whereas color, texture, shape of an images.  

 SBIR is similar to that of CBIR where the shape of an 

image represents the sketch. Difference between SBIR 

and CBIR is that the outline sketch of an entire image 

is considered in SBIR whereas CBIR based on does 

not consider the entire image outline but only the 

outline shape of a particular region [1]. 

SBIR can be implemented by making use of two 

approaches such as global features technique and local 

features technique. Local features are extracted from 

an object or a segment of an image. Global features are 

performed the features of the whole images. Thus, 

global features are used to provide enough information 

in this research system.   The aim of sketch to image 

retrieval is to get the most similar sketches from a 

large database on the basis of sketch query and then 

presented the corresponding color images due to large 

amount of digital color image collection are created 

and used in the area of governments, academics, crime 

prevention and so on [2]. 

The proposed system is divided into two parts: sketch 

based image retrieval and sketch based corresponding 

color images retrieval. The pre-processing steps are 

performed images and then feature extraction is 

applied to extract orientation features from edge 

images. Finding similarities between sketch and 

images in database are taken under subjective 

condition. Color images contained rich information in 

domains such as color and texture while sketches can 

be described only by their shape and spatial 

configuration, therefore traditional CBIR method  

depend on texture and color cannot be inherited in 

SBIR.  

This paper is organized as follows: related work is 

described in section 2. In section 3, background theory 

of this system is described. In section 4, design and 

implementation of the proposed system are presented. 

Finally, conclusion gives in section 5.       

 

2. Related Works 

Safiya, S. et al presented the main task of SBIR system 

is to measure the similarity between sketches and 

images. GCM and SCM are used for the contour maps. 

Then, two types of features are applied such as ARP 

and AROP. Combine features have advantage than 

individual ARP and AROP in retrieval precision and 

then can solve in searching image [3]. 
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Vish, R. et al mentioned the objective of this paper is 

to compare the various techniques in retrieving images 

from database using sketch.   This paper is focused on 

by comparing three algorithms such as Chamfer 

Matching Algorithm, Edge Histogram and HOG. In 

addition, time, accuracy, and efficiency of the three 

algorithms are compared. Among them, HOG has the 

best efficiency and then gave the best result [4]. 

Msa, F. et al identified the important task of SBIR 

system is to bridge gap between sketch and images. 

This paper is implemented by using EHD, HOG and 

Integrated EHD and HOG and then gave the 

comparison of three algorithm based on their accuracy 

measured. Integrated HOG and EHD gave the better 

accuracy compared to individual HOG and EHD [5]. 

SBIR is very important to measure accurate similarity 

measurement in high dimensional space for 

information retrieving is presented in Jha, E.et al. This 

system is presented by using cosine similarity 

measurement algorithm.  Median filters are used to 

minimize the noises occur in the images. After pre-

processing of the images in the benchmark database, 

the features are extracted using HOG. Canny edge 

detection algorithm is discussed to detect the image 

edges in several directions. In the proposed cosine 

similarity measurement method, the precision value at 

retrieval count is improved when compared with 

Euclidean distance measurement method and Cross 

Correlation. At the retrieval count, it is observed that 

good accuracy in cosine similarity measurement 

method. The experiment results are shown 90% of 

image retrieval and then matching are obtained with 

cosine similarity measurement technique [6]. 

 

3. Theoretical background 

The main objective of the proposed system is to 

develop an image retrieval system to find out the most 

relevant images with the help of image processing 

techniques. The system is developed by using 

MATLAB programming language. The proposed 

system is composed of three main stages: image pre-

processing, feature extraction and classification. There 

are explaining as follows: 

 

3.1 Image Preprocessing 

The purpose of image pre-processing is to reduce the 

unwanted noises, to set the same dimensions for every 

input image, to reduce the storage space and 

processing time by changing the coloured image into 

the intensity image and binary image, to enhance the 

desired features on the input image and to localize the 

desired shape features. There is image resizing, 

grayscale conversion, binary conversion and 

morphology dilation operation is performed image pre-

processing steps. 

 

3.1.1 Resizing 

 Image resizing is used to increase or decrease the size 

of the input image acquired from digital interfaces. In 

order to reduce the calculation complexity and storage 

space, the size of the image is reduced with the help of 

image interpolation. The input images are resized into 

standard size of 256 ×256 pixels to get a uniform size. 

In the image retrieval system, the size of images is 

important to get the most similar images from 

database. 

 

3.1.2 Gray Scale Conversion 

Grayscale image is defined to be image in which each 

pixel value carries only the intensity information. For 

RGB image, the image is composed of red channel, 

green channel and blue channel and then separating 

three color channels provided the intensity values of 

the channel that they are represented. There are three 

methods for conversion from RGB to grayscale. The 

first method is the averaging method and it is the 

simplest. The averaging method is presented in 

Equation 1[10]. 

    Grayscale=(R+G+B)/3                                    (1) 

 

The second method is the weighted method or 

luminosity method. The equation of the weighted 

method presented in Equation 2 [10].  

Grayscale = ((0.3*R) + (0.59*G) + (0.11*B)) /3 (2) 

 

The third method is the lightness method which 

averages the most prominent and least prominent 

colors mentioned in Equation 3 [10]. 

Grayscale = (max(R, G, B) + min(R, G, B)) / 2 (3) 

        

Where R, G and B represent the red, green and blue 

channel of input RGB image 

Conversion from grayscale image to the binary image 

performed to reduce the storage space. The conversion 

is simply done by setting output image to 0 if the 

intensity value less than threshold level and setting to 1 

if greater than the threshold level. 

 

3.1.3 Morphology Dilation 

The images are expanded in dilation operation, thus 

small holes are filled and disjoint are connected on 

sketch images. The performance of this system can 

give the better result by using morphology dilation. 

According to this result, the orientation point can get in 
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the feature extraction process. In the morphology 

dilation, structuring element is applied to interact with 

the image to get the resultant. The structuring element 

(SE) is the basic neighborhood structure associated 

with morphological image operations. If at least one 

pixel in the structuring element coincides with a 

foreground pixel underneath, then the input pixel is set 

to the foreground value in Equation 4. 

By using the operation of dilation, grow of sketch 

images is achieved. Dilation increases the valleys and 

enlarges the width of maximum regions therefore it 

can remove negative impulsive noises [7]. 

                 Y A B                                            (4)              

Where Y is output image, A is input image and B is the 

structuring element as shown in Figure 1.                                                          

     
Figure 1:  Morphology Dilation [7] 

3.1.4 Morphology Erosion 

After dilating sketch images, morphology erosion 

process is performed to decrease the pixel values on 

the dilated edges. The two main inputs for the erosion 

operator are the image which is to be eroded and a set 

of coordinate points known as a structuring element 

(SE). The erosion process is the complement of the 

dilation operation with the operation effect. That is the 

size of objects is lost in erosion operation. The erosion 

process enlarges the number of pixels with zero 

(background) and shrinks the number of pixels with 

the value one (foreground) by using structuring 

element. The exact effect of the erosion on the input 

image is determined by the structuring element [7]. A 

is eroded by B in Equation 5. 

                 Y A  B                                           (5) 

Where Y is output image, A is input image and B is the 

structuring element as shown in Figure 2.                                                          

In this process, the erosion sketch images are found 

thin edge by using Equation 5. The performance of this 

system is applied by using with morphology dilation 

and erosion. The retrieval results can get the better 

than without morphology processes. 

 

Figure 2: Morphology Erosion [7] 

3.2 Feature Extraction 

Feature extraction is the process of defining a set of 

features or image characteristics which can most 

efficiently or meaningfully represent the information 

that is important for analysis and classification. In the 

proposed system, the orientation features of image are 

extracted due to variable dimensions of the sketch 

images. The sketch images contained the different 

types of dimension. Thus, this research system applied 

Histogram Oriented Gradient. 

 

3.2.1 Histogram Oriented Gradient (HOG) 

HOG is a commonly used feature descriptor in 

particular for object detection. The basic idea of HOG 

counts the occurrences of gradient orientation in 

localized portion of sketch. The implementation of this 

descriptor can be achieved by dividing the sketch 

image into small connected regions called cells and for 

each cell compiling histogram of gradient direction or 

edge orientation of each pixel within cell. The 

combination of this histogram is normalized using in 

Equation 6 [9]. 

        k

2
k

V
V=

||V || +ε
                                         (6) 

The original HOG adopts one dimensional template [-1 

0 1] to do the gradient computation. In 2×2 cells, or a 

block, 36 dimensional row vectors are generated. In 

the process of block moving, 0.5 block overlap ratio is 

adopted. Thus, 105 blocks generate 3780 dimensional 

row vectors in 64×128 detection windows.  

According to original HOG, it cannot perform the 

whole of image and then the pixel values are lost in 

feature extraction process. Thus, this research system 

depends on the input size of sketch images. The 

equation is changed 64×128 pixels to 256×256 pixels 

in detection window size. Therefore, modified HOG is 

emerged in this research system. 

In modified HOG, 256×256 pixels in detection 

window size are performed because feature extraction 

process depends on the size of input images. Then, it 

performed 32×32 cells thus the total is 1024 cells in 
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detection window. In addition, the process of blocks is 

moving, 0.5 ratios is overlap thus 31×31 blocks the 

total is 961 blocks. Thus, the features are generated 

961×36=34596 features vector in 256×256 pixels 

detection window size. 

 
Figure 3: Extract HOG Features 

 

3.3 Classification 

The input image is classified by matching the extracted 

features and the features in the predefined dataset. The 

matching process is performed by cosine similarity in 

Equation 7. Cosine similarity method is one of the 

most widely used similarity measure between two non-

zero vectors of an inner product space that measures 

the cosine of the angle between them [11].  

  A.B
cosθ=

A B

                                          (7) 

Where A is query sketch image and B is sketch images 

in database  

3.4 Performance Evaluation 

To evaluate the performance of the SBIR system, 

precision and recall are used. Precision is the 

proportion of relevant documents retrieved in Equation 

8 [8]. Recall is the proportion of relevant retrieved 

from the total number of relevant retrieved in whole 

database in Equation 9[8].      

Number of images displayed with similar shape
Precision

Number of images displayed
=   (8)                 

Number of images displayed with similar shape
Recall = 

Number of images displayed with similar shape 

in whole database

   (9)    

TP+TN
Accuracy=

TP+FP+TN+FN
                                  (10) 

 

Where TP=similar retrieved correctly, FP= dissimilar 

retrieved correctly, TN= dissimilar not retrieved in 

database and FN=similar not retrieved in database  

4. Design and Implementation of the 

Proposed System 

The proposed system consists of two parts: sketch 

based image retrieval system and sketch based 

corresponding colour image retrieval system. Three 

experimental processes; without morphology 

processes, with morphology dilation process and with 

morphology dilation and erosion are performed in this 

system. In the training step, experimental results are 

varied according to pre-processing steps. And then, 

features value is changed in database according to 

morphology operation. The features value are 

compared to input sketch by using cosine similar 

similarity and then the most relevant sketch images are 

presented in testing process. Finally, the most relevant 

sketch images are matched the corresponding colour 

images. 

 
                Figure 4: Training Process in Sketch Images 

 
Figure 5: Testing Process 
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Figure 6: Top Ten Similar Images are retrieved using Original HOG 

without Morphology processes 

 

The output of the proposed system with Graphical 

User Interface (GUI) is shown in Figure 6. In the 

testing process of the proposed system, the extracted 

feature points, the processed images, precision, recall 

and running time result of the output images are 

displayed by using original HOG. The output images 

are three similar images retrieved compared to input 

sketch image as stated in Figure 6. 

         

 
 

Figure 7: Sketch Based Corresponding Color Images Retrieval 

Figure 7 is the output of sketch images which are 

matched with corresponding color images which are 

found different lighting, views and sizes. In addition, 

the output of sketch images can be seen ten 

corresponding color images. Thus, total color images 

are described 100 images as shown in Figure 7.  

 
 

Figure 8: Top Ten Similar Images are retrieved using Modified HOG 

without Morphology processes 

 By modified HOG without morphology processes, the 

relevant sketch images are increased compared to this original 

result. The precision value up to 0.5 and recall is 0.71 in Figure 

8. 

     

    
Figure 9: Sketch Based Corresponding Color Image Retrieval 

Figure 9 showed the output of sketch images which 

have the corresponding color images. In color images, 

different types of lighting effect and different views of 

images are found.  

 

Table 1: Accuracy of Experimental Result 1 without Morphology 

Processes 

T
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n
g
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m
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es

 

Without Morphology Processes 

Original HOG Modified HOG 

P
re

ci
si

o
n
 

R
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l 

A
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u
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cy
 

P
re

ci
si

o
n
 

R
ec

al
l 

A
cc

u
ra

cy
 

1 0.3 0.42 0.95 0.5 0.71 0.97 

2 0 0 0.93 0 0 0.92 

3 0.4 0.57 0.96 0.4 0.57 0.96 

4 0.1 0.14 0.93 0 0 0.92 

5 0 0 0.92 0.1 0.14 0.93 
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6 0.2 0.28 0.94 0.1 0.14 0.93 

7 0 0 0.92 0.1 0.14 0.93 

8 0.4 0.57 0.96 0.6 0.85 0.98 

9 0.1 0.14 0.93 0.1 0.14 0.93 

10 0.2 0.28 0.94 0.1 0.14 0.93 

 1.7 2.4 9.38 2 2.83 9.4 

In Table 1, precision, recall and accuracy are presented 

by using without morphology processes for 

experimental result 1. In modified HOG, accuracy is 

higher than original HOG for ten sketch images. 

Table 2: Accuracy of Experimental Result 2 With only Morphology 

Dilation Process 

T
es

ti
n
g

 I
m

ag
es

 With  Morphology Dilation Process 

Original HOG Modified HOG 

P
re

ci
si

o
n
 

R
ec

al
l 

A
cc

u
ra

cy
 

P
re

ci
si

o
n
 

R
ec

al
l 

A
cc

u
ra

cy
 

1 0 0 0.92 0.5 0.71 0.97 

2 0 0 0.92 0 0 0.92 

3 0 0 0.92 0.4 0.57 0.96 

4 0.1 0.14 0.93 0.1 0.14 0.93 

5 0 0 0.92 0.2 0.28 0.94 

6 0.1 0.14 0.93 0.4 0.57 0.96 

7 0 0 0.92 0.2 0.28 0.94 

8 0.1 0.14 0.93 0.6 0.85 0.98 

9 0 0 0.92 0.1 0.14 0.93 

10 0.2 0.28 0.94 0.2 0.28 0.94 

 

0.5 0.7 9.25 2.7 3.82 9.47 

In Table 2, experimental result 2 is performed by using 

only morphology dilation process. The accuracy of 

original HOG is 9.25 for ten sketch images. On the 

other hand, modified HOG can give the better accuracy 

than original HOG in experimental result 2. 

 

Table 3: Accuracy of Experimental Result 3 Wth the Morphology 

Dilation and Erosion  Processes 

T
es

ti
n
g

 I
m

ag
es

 

With Morphology Dilation  and Erosion Processes 

Original HOG Modified HOG 

P
re

ci
si

o
n
 

R
ec
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l 

A
cc

u
ra

cy
 

P
re

ci
si

o
n
 

R
ec

al
l 

A
cc

u
ra

cy
 

1 0 0 0.92 0.5 0.71 0.97 

2 0 0 0.92 0 0 0.92 

3 0.2 0.28 0.94 0.4 0.57 0.96 

4 0 0 0.92 0.1 0.14 0.93 

5 0.2 0.28 0.94 0.2 0.28 0.94 

6 0.2 0.28 0.94 0.2 0.28 0.94 

7 0.1 0.14 0.93 0.1 0.14 0.93 

8 0.3 0.42 0.95 0.6 0.85 0.98 

9 0 0 0.92 0.1 0.14 0.93 

10 0 0 0.92 0.1 0.14 0.93 

 1 1.4 9.3 2.3 3.25 9.43 

In Table 3, with morphology dilation and erosion 

processes are presented in experimental result 3. The 

modified HOG can perform the most similar images 

retrieved than original HOG. The accuray of modified 

HOG is 9.43 for ten sketch images.  

 

Table  4: Total Performance Evaluation for 10 Sketch Images 

  
  

Original HOG Modified HOG 
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P
re
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o
n
 

R
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A
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Without 

Morphology 

Processes 
1.7 2.4 9.38 2 2.83 9.4 

With 

Morphology 

Dilation 

Process 
0.5 0.7 9.25 2.7 3.82 9.47 

With  

Morphology 

Dilation and 

Erosion 
1 1.4 9.3 2.3 3.25 9.43 

Table 5: Total Performance  Evaluation for 99 Sketch Images   

 

 

  Original HOG Modified HOG 

P
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P
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o
n
 

R
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A
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u
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Without 

Morphology 

Processes 
16.7 23.87 92.73 21.6 30.89 93.23 

With 

Morphology 

Dilation 

Process 
12.2 17.43 92.4 25 35.71 93.60 

With 

Morphology 

Dilation 

and Erosion 
12.2 17.43 92.3 23.2 33.34 93.37 
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5. Conclusions 

In this proposed system, the experimental results are 

provided depend on morphology operation processes. 

Among them, with morphology dilation process can 

give the most similar images retrieved compared to 

without and with morphology operation. In addition, 

precision and recall values are good for modified HOG 

than original HOG. Thus, the accuracy is 9.47 for ten 

sketch images. In addition, the accuracy can give 93.6 

for 99 testing sketch images. And then, the related 

color images are presented from the output ten similar 

sketch images. For the further extension, the system is 

intended to apply translating, rotation and scaling of 

input sketch images. 
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