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Abstract 

 
This paper focus on Image retrieval using Sketch based image retrieval system. The low complexity model for image representation has 

given the sketch based image retrieval (SBIR) a optimal selection for next generation application in low resource environment. The SBIR 

approach uses the geometrical region representation to describe the feature and utilize for recognition. In the SBIR model, the features 

represented define the image. Towards the improvement of SBIR recognition performance, in this paper a new invariant modeling using 

“orientation feature transformed modeling” is proposed. The approach gives the enhancement of invariant property and retrieval 

performance improvement in transformed domain. The experimental results illustrate the significance of invariant orientation feature 

representation in SBIR over the conventional models.  

 
Keywords: Sketch Based Image Retrieval, Orientation Feature Transformed Modeling. 

1. Introduction 

Images are used as a source of information representation in 

current technology. With evolution of new technologies, images 

has become a source of data exchange where, the image data are 

used as a authentication means, critical data exchange, 

information exchange, photography etc. The new technology has 

evaluated into advanced mean of data storage and retrieval, such 

as the cloud network and distrusted data computing. With the 

increase in data storage and integration of distributed resources, 

the information retrieval has gained a large knowledge of details, 

which are constraint at the primitive level. However, with the 

increase in image information, the processing overhead has 

proportionally increased, leading to system overhead and slow 

retrieval performance. It is hence needed to develop new approach 

in image retrieval for faster and accurate retrieval under resource 

constraint environments. In the effort for faster image retrieval 

sketch based image retrieval has come out as one of the prominent 

solution. Shape based image retrieval has gained a lot interest in 

recent past. The feature extraction were developed based on the 

global feature extraction, where global feature such as the 

invariant moments [1], shape feature[2], and combined feature of 

shape and invariant moments using histogram descriptor and 

angular radial transform (ART) [3] were developed. The features 

are predominantly been used in image and video coding for 

information retrieval. In the development of sketch based 

information retrieval (SBIR), different approaches were proposed 

in past. In [4] a distance transform approach for image retrieval 

based on the distance vector for a query sample and the natural 

image is developed. The features are transformed to a high 

dimensional binary hash pattern to represent the shape feature. 

 

 

In [5] the approach of SBIR for information exchange for 

communication is presented. New sketch patterns were exchanged 

in the information exchange in common communication. The 

approach of SBIR using a shape and texture feature for a given 

query in developed in [6]. The approach has defined the utilization 

of texture shape, color for the SBIR operation. In the utilization of 

SBIR based application for real time application, in [7] a songket 

motive technique for repository system is defined. The proposed 

approach defined an approach for sketch based information 

retrieval in repository information retrieval. In [8] a fine grain 

sketch based information retrieval is defined. The expressiveness 

in representing the sketch is focused. For a large scale approach in 

[9,10] a simple and efficient SBIR system is presented. The 

challenge of localization of image region in such application is 

defined. The approach defined a contour method for the retrieval 

process. In [11] a hand drawn sketch method for SBIR system is 

proposed. The shape retrieval features are defined based on the 

edge parameter, where a hand drawn sketch is passed to an edge 

descriptor and the edge regions are used as a feature descriptor in 

information retrieval. The web based approach for SBIR is 

outlined in [12]. The approach defines a web browser based 

retrieval approach where the image is passed as an interface of 

hand drawn sketch for manga image titles. In [13] fine grain 

retrieval for SBIR application (FG-SBIR) is presented. the FG-

SBIR is a new approach for SBIR application, where the sketch 

image are processed in finer scale level to extract finer details of 

the curvature contours presented in the sketch regions. The past 

development of SBIR application is summarized in [14]. The 

limitations of SBIR in information retrieval is well outlined in [15, 

16], where the operational comparison of image retrieval based on 

the sketch and image retrieval were compared.  

 

http://creativecommons.org/licenses/by/3.0/
mailto:durga3139@gmail.com


160 International Journal of Engineering & Technology 

 
Wherein approaches were developed to derive feature vector for 

image retrieval, the issue of invariance exist which degrades the 

retrieval performance. The description feature in the transformed 

domain would lead to higher spectral details leading to accurate 

feature representation for image retrieval. In this paper to obtain a 

invariance property in SBIR and to achieve a higher degree of 

feature representation, a new SBIR model using orientation 

feature transformed (OFT) is proposed. To outline the suggested 

approach, this paper is outlined in 6 sections, wherein section 2 

defines the approach of a SBIR model; section 3 outlines the 

proposed approach of orientation feature transformed modeling. 

Section 4 illustrates the obtained observation for the developed 

systems with the conclusion derived in section 5. 

 

 

 

2. Sketch Based Image Retrieval 

Retrieving the relevant information from keywords is very major 

task and this technique has been focused by researchers in many 

ways. Sketch is one format of language exchange used in various 

applications, and one of the strong media for communication in 

old era as well as in current scenarios. Hence currently sketch 

based image retrieval (SBIR) is also in focus for research purpose. 

Existing system descriptor SBIR is derived from two classic 

descriptor namely, SHoG and GF-HOG. The shape descriptors 

used in the feature extraction are based on image patches or line 

descriptors. In the image patch, based approach the isolation of an 

edge region is based in the supportive neighbor pixels and the 

extractions are difficult under different semantic regions. Lime 

based descriptors are much simpler, but the approach is limited to 

noise effect and result in misclassified feature details. A basic 

SBIR model for information retrieval is illustrated in Fig. 1.  

Fig. 1: A SBIR Frame work for information retrieval 

 

The propose system has two operational stages of training and 

testing. Wherein training phase is used to train the learning 

system, testing phase is used to test a given query sketch for 

information retrieval. The training process is performed to train 

the learning system with different shape features of different 

objects which is considerable in retrieval stage.  The testing 

process is processed with a classifier unit, which performs a 

nearest matching for the retrieval of information from the trained 

database. The classifier is designed with a Euclidian distance 

based approach to obtain the best set of matches from the 

knowledge dataset. The decision ‘D’ for the retrieval is derived as 

the minimum value of the Euclidian distance defined as, 

 

𝐷 = min(𝐸𝑑𝑖)                                                                              (1) 

Where, 

Euclidian Distance,  𝐸𝑑𝑖 =  √∑ 𝐹𝑞 −𝑀
𝑖=1 𝐹𝑑𝑏𝑖  (2) 

Where,  Fq is the feature describing for query and, 

Fdbi is the features trained during the learning process of training 

system.  

The SBIR system defines the image feature based on the 

geometrical feature representation of contour and lines feature to 

extract image details. In the sketch based information retrieval, 

invariant features and gradient model were used in past. The SBIR 

feature extraction uses the basic local appearance and extracts the 

edge region based on the intensity distribution in an image. In the 

process of edge descriptor, for a large image region, images are 

blocked into small regions of uniform dimensions and each of the 

regions is processed for intensity mapping for edge region 

prediction based on energy distribution at the bounding regions. 

The approach result in defining the bounding edge regions, 

however, the suggested approach has a limitation of redundant 

feature vector in different orientations, as the scale invariant 

feature are measured in different orientation, the redundant 

features exist which are processed multiple time giving processing 

overhead. it is hence required to minimize the processing 

recursion. An orientation feature transform modeling suggested in 

following section outline the suggested approach.  

3. Orientation Feature Transformed Modeling 

(OFT) 

In the feature representation, the given image is transformed into 

frequency domain to get a frequency resolution representation. In 

this paper, the image is transformed using Gabor transformation, 

which gives the advantage of scaling, orientation invariance 

property. Gabor transform were proposed Gabor transformation is 

used as a mean of extraction of directional and linear components 

for a image feature description. The transformation defines the 

Gabor kernel to extract the feature of each of the decomposed 

direction and extract the feature based on the orientation, and 

scaling for invariance in feature extraction. The feature extraction 

in each of this sub decomposed image region is developed using 

orientations feature extraction and scaling parameter.  

In the transformation process of Gabor operation, the kernel is 

defined as sinusoid of the Gaussian envelop with the standard 

deviation of each of the image region. The decomposition of the 

image for feature extraction is defined using a threshold limit. The 

kernel of Gabor function is defined in equation (3). 

 

𝜓(𝑖, 𝑗) =
1

2𝜋𝜎𝑖𝜎𝑗
𝑒𝑥𝑝 [−

1

2
(

𝑖2

𝜎𝑖
2 +

𝑗2

𝜎𝑗
2) + 2𝜋𝑗𝑊𝑖]                             (3) 
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The Gabor function is normalized to a DC level to give a low 

redundancy in the feature representation for different dilation and 

rotation effect of 𝜓(𝑖, 𝑗) defined by (3). The transformed 

frequency domain of the Gabor kernel is given by,  

 

Ψ(𝑘, 𝑙) =
1

2𝜋𝜎𝑘𝜎𝑙
𝑒𝑥𝑝 {−

1

2
[

(𝑘−𝑊)2

𝜎𝑘
2 +

𝑙2

𝜎𝑙
2]}                                     (4) 

 

In the proposed approach, the transformation is used to define a 

minimal of half peak region to define the intensity variation of 

image bounding region at the edge varying regions in the image. 

The process is to minimize the distortional effects observed at the 

edge regions and the error observed due to free hand sketch 

drawing. The features are derived to minimize the redundancy 

pattern elimination in training and minimize the testing overhead 

by selecting distinct feature vectors. The obtained output for the 

Gabor transform at different orientation reveals the orientation in 

one particular direction, an average Gabor output is derived given 

by, 

 

𝐺𝑎𝑣𝑔 = |∑ 𝐼(𝑖, 𝑗)|                                                        (5) 

 

Where𝐼(𝑖, 𝑗) is the gabor output obtained at each orientation. 

To extract the line regions, a logical ANDing operation over 

obtained eight orientations were carried out, where each 

orientation is transformed to a bi-level logic using global 

thresholding as illustrated. In the threshold process, the image is 

sub divided into two regions of required and non-required regions. 

In the isolation of the regions, the image is threshold based on the 

image pixel values, defining the intensity of the image and 

resolution component. In the process of threshold evaluation, the 

image is processed with its neighbor pixel content to define a 

targeted threshold value. The threshold is treated as a line margin 

for the image in reference to extract the region of interest based on 

the pixel intensity. The threshold processes removes the non-linear 

segmented regions and extract the non-linear component of the 

image region of processing. In the extraction of the threshold 

value, a 3x3 neighbor search method is used, w here each of the 

pixel is processed taking as a reference, and a 3x3 neighbor search 

is made to derive the threshold value. the mask operator used in 

the process is a 3x3 ones matrix with all the element sets to value 

of ‘1’ when to be traced in that direction. For a given image region 

‘r’ the threshold is derived by,  

𝑇ℎ =
∑(𝑟𝑚(𝑥,𝑦) 𝑋 𝑚(𝑥,𝑦))

∑ 𝑚(𝑥,𝑦)
  (5) 

Where,  

 

𝑚(𝑖, 𝑗) = max (|𝐾1 ∗∗ 𝑟𝑚(𝑖, 𝑗)|, |𝐾2 ∗∗ 𝑟𝑚(𝑖, 𝑗)|)                        (6) 

 

and,  

 

𝐾1 = [−1 0 1], 𝐾2 = [−1 0 1]𝑡                                                   (7) 

 

The threshold regions are divided into a high and a low intensity 

image region, where a high values used for region of interest and a 

low value is assigned for a non-interested region. The regions of 

interest in this case are the segmenting region of sketch input. To 

extract the hand drawn sketch, during the process edge 

information elimination is observed. To recover the edge back, 

morphological operator is used to define the edge region. A 

logical AND operation is used with morphological operation to 

perform the region extraction and mapping operation.  

A co-occurrence pattern is extracted to derive the region of 

interest, where the image is processed to derive the affine feature 

extraction in the image. The redundant pattern of the edge region 

in this case is developed in a pixel pair-wise manner. The patterns 

were observed to be varying with finer to coarse feature in this 

matrix. To derive the distance between the pixels, and degree of 

pixel variation co-occurrence feature mapping is used. the 

computation process of the measurement is depicted in Fig. 2.  

 

 
Fig. 2: Distance and degree of variation in the image pixels. 

 

The algorithm to construct a co-occurrence matrix is depicted 

below. 

  

Algorithm: Construction of Co-occurrence Matrix 

 

Input: Image Sample of size 128*128 

Output: An Co-occurrence Matrix of size 256*256 

START: 

Do, 

1. Compute the gray level variation in the image. 

2. For a pixel position P, a scanning operator at an angle of (0, 45, 90 and 135) is derived with distance’d’. 

3. For each of the pixel under consideration compute the co-occurrence element. 

4. A co-asymmetric matrix (CA) and the transposed- co-asymmetric matrix (CTA) is used to define a co-occurrence matrix 

given by, 

 

CS = (CA +CTA)/2       (8) 

Stop 

4. Experimental Result 

To validate the proposed approach, a simulation model on Matlab 

tool using image processing toolbox is developed. The results 

obtained, are as outlined below. The proposed approach is 

evaluated over coil-20 database. Few samples of this data set is as 

shown in Fig. 3.  
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Fig. 3: Database samples from coil-100 Dataset. 

To evaluate the processing process of natural features the test 

sample is passed with a different advanced system direction. 

Notes from a sophisticated system below, 

Sample I: Sample with 00 orientation  

 
Fig. 4: Original Query sample at 00orientation 

 

A selected test sample for the recognition process is shown in Fig. 

4.  

 

 
 

Fig. 5: Top 4 classified sample using OFT 

 

 
 

Fig. 6: Top 4 classified sample using SIFT-HOG 
 

The top 4 classified sample from the trained data base for the 

proposed OFT and SIFT-HOG feature descriptor is shown in Fig. 

5 and 6 respectively.  

 

 
(a)                              (b) 

 
Fig. 7: Final retrieved sample (a) Using OFT 

 (b) SIFT-HOG 

 

The top retrieved sample from the data base after classification for 

the two methods is shown in Fig. 7 (a) and (b) respectively. This 

test sample is then evaluated over different orientation and the 

obtained results are as illustrated below;  

Sample II: Sample with 150 orientation 

 
 

Fig. 8: Query sample at orientation of 150 

 

The test sample is oriented by 150 orientation, and passed as a 

query sample to the developed system. The features are extracted 

using conventional SIFT-HOG features and OFT features. Using 

theses feature coefficients; recognition process is carried out using 

K-NN classifier. The obtained results of the classified 

observations are illustrated in Fig. 9. 

 

 
 

Fig. 9: Top 4 classified sample using OFT 

 

When applied with orientation it is observed that the features are 

extracted from the OFT coefficients hence the feature variation 

due to spectral orientation is not effective, as these coefficients are 

scaled to a uniform scale. However this variation is retained in 

SIFT-HOG based feature descriptor hence the classification 

process is affected.  

 

Query image

Recognized Sample - DWTRecognized Sample - NSF

Query image
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Fig. 10: Top 4 classified sample using SIFT-HOG 

 

 
(a)                                 (b) 

 

Fig. 11: Final retrieved sample (a) Using OFT (b) SIFT-HOG 

Sample III: Sample with 450 orientations 

 

 
 

Fig. 12: Query sample at 450orientation 
 

 
 

Fig. 13: Top 4 classified sample using OFT 

 

 
 

Fig. 14: Top 4 classified sample using SIFT-HOG 

 

 
(a)                                 (b) 

 

Fig. 15: Final retrieved sample (a) Using OFT 
 (b) SIFT-HOG 

 

Analysis of different test samples is carried out in different 

directions. The test results of these samples are described in Fig. 

15. 

 
OFT                  SIFT-HOG 

 

Fig. 16: observations obtained for different test samples at 0, 15, 
450orientations 

 

 
Fig. 17: Histogram plot for the query 

Recognized Sample - NSFRecognized Sample - DWT

Query image

Recognized Sample - NSFRecognized Sample - DWT
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Fig. 18: Computation time plot 

 

 
Fig. 19: ROC curve 

 
Fig. 20: Precision plot 

 

For the evaluation of the proposed approach a image retrieval 

performance defined by the true positive (TP), true negative (TN), 

false positive (FP), and false negative (FN) defining accuracy, 

sensitivity, precision etc., were used. The performance metrics for 

the evaluation were derived as,  

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁
    (9) 

 

This suggested approach for its evaluation, developed the 

parameters of sensitivity, specificity, recall, precision and F-

measure for its evaluation analysis using the measured parameters. 

To compute the measured parameters, a mathematical expressions 

used are defined as, evaluation were derived as,  

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
   (10) 

 

 

 

 

The specificity is given by,  

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 =
𝑇𝑁

𝑇𝑁+𝐹𝑃
  (11) 

 

The recall and the precision is given by,  

 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
   (12) 

 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃+𝐹𝑃
  (13) 

 

𝐹_𝑚𝑒𝑎𝑠𝑢𝑟𝑒 =
2∗𝑅𝑒𝑐𝑎𝑙𝑙.𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛

𝑅𝑒𝑐𝑎𝑙𝑙+𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛
  (14) 

 

 

 

 
Table 1: Performance Evaluation for the Developed Test Model 

 

Test Sample Feature Selection Accuracy Sensitivity Specificity Recall Precision F-Measure Time 

Sample-1 

SIFT 57.670 0.220 0.608 0.220 0.680 0.478 0.545 

HOG 63.500 0.415 0.752 0.315 0.740 0.523 0.348 

SIFT-HOG 71.000 0.544 0.799 0.444 0.800 0.571 0.138 

OFT 78.127 0.668 0.899 0.714 0.952 0.796 0.110 

Sample-2 

SIFT 49.484 0.432 0.712 0.432 0.508 0.542 0.273 

HOG 58.134 0.458 0.854 0.458 0.666 0. 621 0.143 

SIFT-HOG 69.500 0.524 0.946 0.524 0.820 0.652 0.137 

OFT 75.210 0.745 0.991 0.785 0.889 0.733 0.124 

5. Conclusion 

The proposed approach of image retrieval using sketch is 

proposed. The image retrieval system is defined with a orientation 

feature descriptor to validate the feature of low dimensionality by 

introducing a average orientation to the Gabor filter. The obtained  

 

results of histogram representation are normalized by the 

averaging model, and a threshold value is derived based on the 

neighboring correlative relation to minimize the processing 

overhead. The retrieval performance of the developed approach 

illustrates the application of SBIR on coil-100 data base. The 

performance observed w.r.t. accuracy and time metric validates 

the efficiency of the proposed approach.  
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