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Abstract: Sketch-based image retrieval (SBIR) presents better
flexibility in expressing the query as sketch for retrieval of images
as opposed to text based retrieval. Using a sketch, it is easier to
expressthe orientation and pose of the objects for image retrieval
from the database. We propose an efficient approach for SBIR
from large databases based on hand awn rough sketch. In the
proposed method, images are synthesized to yield a binary sketch
that is processed in similar way to user drawn sketch. Edge
features are extracted by overlaying the sketch with
non-overlapping and overlapping grids, respectively. The most
similar images to the query are then retrieved from the database
using weighted based similarity approach. Experiments are
performed on flickr15k dataset yielding excellent retrieval
performance in comparison to the methods available in the
literature.
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. INTRODUCTION

With growing usage of internet, thereisrapid increasein

multimedia contents which includes images, videos, and
music. Efficient systems are required to retrieve the images,
commonly held in multimedia databases. The SBIR system,
based on user drawn sketch, finds corresponding similar
images from the data set. Compared to text based retrieval,
sketch based image retrieval offers greater flexibility in
expressing query as free hand sketch, since it is easier to
represent the orientation and pose of the object of interest in
retrieval process. Text based search requires user to provide a
word as a query based on which the system retrieves the
images tagged with similar word. However, this approach
assumes that all the stored images are tagged appropriately
and the system requires tremendous pre-computation. Note
that such an approach does not consider shape information in
the image and human visual perception.

On the other hand, in sketch based image retrieval, searching
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for image(s) requires user to draw a free-hand sketch,
visualizing the object (or viewing the object, if available), asa
guery to theretrieval system. However, comparison of sketch
lines to natural images is a difficult task in SBIR system.
Instead, descriptors are extracted from images and sketch and
using similarity measures[1, 2, 3, 4].

[I. REVIEW OF LITERATURE

The early approach addressed towards SBIR is image
search based on the pictorial description [5]. In SBIR one of
the chilling tasksis, directly comparing the sketch imageto all
database images. | nstead, descriptors are used for fast access.
The descriptors can be represented as points in a
high-dimensional space and close match isfound by searching
nearest neighbors in this space. Many methods have been
proposed in literature to extract descriptors, global or loca
[6]. The difficult task in SBIR system is matching the rough
sketch of linesto natural image. Searching an image based on
edge matching from 205 colored oil-painting dataset against
the user query is presented in [7]. Searching and retrieva is
performed by matching sketch image edges against the
database image edges. Images are subdivided into 8x8 local
blocks. After the normalization process, for each local block,
the best local correlation is computed by searching in a small
window of local blocks. Inthework presented by Rui Hu et al.
[8], multi scale region segmentation with a bag of visual
words framework is used to retrieve images, given sketch as
guery. Then, contours of the region map are extracted that
containsvarious levels of details. Multi scale HOG descriptor
built on GF-HOG to capture the local structure of the image.
Using k-means clustering, Bag of Visual Words (BoVW)
codebook is formed. Finally, images are retrieved based on
object of sketch images.

Initsearly stages, SBIR system involved sketch with blobs
of color or predefined texture [16, 17, 21]. Later systems
investigated shape descriptors [18] and spectral descriptors
such as wavelets [24]. In the work presented by Eitz et al. [9],
image is sliced using local grid and descriptors (color and
texture) computed from each cell are concatenated resulting
inglobal image feature. Grid based approaches are a so found
in other methods, for example in the EHD method, viz., Eitz
et al. [10]. Szantoet al.[11] proposed user interface system for
retrieval, using descriptors, namely, Histogram of oriented
Gradients(HOG), Edge Histogram Descriptor(EHD), Scale
Invariant feature Transform (SIFT). Minkowski distance has
been used in matching process. The retrieval system has been
implemented on small dataset.
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Jain et al.[12] proposed color and shape information based
image retrieval. Edge histogram and color histogram are
explored to capture color and shape of object. Recent work
[13] presented an estimation of image by salient region
matching. Mean shift clustering is used to generate visual
word groups. Position descriptors are generated for each
visual words and indexing has been build for group the visual
words. Results are represented with indexing and without
indexing. SBIR systems aso support criminal investigation
and identification of unsubstantial images[14, 15].

Hu et a. [19] presented a novel approach; the local
structure is captured using a depiction invariant descriptor
from transformed canny edge maps. Multi scale HOG
descriptor is used to mitigate important information within a
BoVW representation. Multiscale HoG descriptors are
computed over gradient field interpolated from orientation of
strong canny edges (GF-HOG). Eitz et a. [20], in later
approach, computed HoG descriptor over canny edges. The
shape, texture and color features are extracted from the
photo-realistic images and indexing is used for fast retrieval
[18].

[11. DATABASE DESCRIPTION

Flickr15k dataset [23] is used for performing experiments.
The dataset contains 60 classes of natural images and 10
sketch classes. Each sketch class contain 33 sketch images,
the total number of sketch images are 10x33=330, and 60
classes of natural image contain 14660 natural images. The
images include objects like horse, flower, moon, and
koeln_dom, etc. Each class contains 33 sketch images. Figl.
Fig.2 presents natural images and sketch images.

Fig.2. Sketch images from flickr 15K dataset

IV. METHODOLOGY

The proposed method accepts free-hand sketch as query
describing the shape of the object and retrieves images that
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contain similar shapes. Edge based features are computed to
represent the sketch and images contained in the database.
The block diagram of the proposed method is shownin Fig. 3.
Globa contour is extracted from sketch/natural image and
edge features are computed using non-overlapping and
overlapping grid approach. Employing weighted similarity
approach, relevant images are retrieved from the database.
Following sections describe the method in detail.
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Fig.3. Block diagram of the propose method

A. Pre-processing:

A critical task in SBIR system is to represent a natura
image as sketch in pre-processing stage. We extract global
information from the natural images. Otsu’s method [25] is
used to extract the contour of the natural images. Empirically,
we set the threshold as 40% to eliminate weak contours.
Examples of natural images with corresponding contour
images are presentsin fig.4.

Fig.4. Global contour: Thetop row isoriginal images and
second row is contour images.

B. Non-overlapping grid approach

The global contour image resulting from the natural images
in pre-processing stage are resized to 260x260 pixels, the size
being determined empirically. The image is then divided into
100 sub images by placing a non-overlapping grid of size
10x10 (Fig. 5). Each sub image includes 26x26 pixels
representing edge information
of the object.
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Fig.5.Example of non-Overlapping grid placing over the
contour image.

The edge pixelsfor each sub image are computed and noted as
edge features presents (Fig.6). feature vector is created by
consolidating features extracted from all sub images .Similar
procedure is followed for sketch image, given an input query,
by first resizing the sketch image to 260x260 pixels.
Euclidean distance has been used to measure the distance
between query feature and database feature. Based on the
minimum distance, images in the order of ascending distance
values are then retrieved from the database.
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Fig.6. Example of non-overlapping grid based feature
extraction (a) natural image (b) contour image (c) feature
extraction

Theretrieval results are presented in four steps; top 5, top10,
top 15, and top 20. Out of top 5 resulting images, 5 images
matched, out of 10 images 8 images are matched and 2 images
are mismatched, out of 15 resulting images 13 are matched
and 2 images are mismatched, and 17 images are matched and
3 images are mismatched out of 20 resulting images. Fig.7.
shows results of non-overlapping approach, first column
represents query image, second column represents top
retrievals (5, 10, 15, and 20) and third column represents
output results as mentioned in column two.
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Fig.7. Retrieval results presentsin top 5,10,15,20 by
propose non-over lapping grid approach

C. Overlapping grid approach

The global contour image is resized to 410x410 pixels and
is divided into 100 sub images of size 10 x 10 with 20%
overlapping of |eft side and upper side portions of each block.
The contour image overlaid by the overlapping grid presents
infig.8.

Fig.8.Example of overlapping grid placing over the
contour image

The process involved in feature extraction of natural
images is also applicable to query sketch, where the sketch is
resized to 410x410 pixel. Feature extraction by overlapping
grid shown in fig.9.The Euclidean distanceis used to measure
the distance between sketch feature and database feature.
Based on the minimum Euclidean distance measure, imagesin
the order of ascending distance values are then retrieved from
the database.
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Fig 9: Feature extraction using overlapping grid approach.
(@) Original image (b) global contour (c) feature
extraction

The retrieval results are presented in four steps top
5,10,15,20. 5 images are matched in top 5 images, 8 images
are matched in top 10, 13 images are matched in top 15, and
18 images are matched in top
20 shown in fig.10.
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Fig.10. Retrieval results presentsin top 5,10,15,20 by
propose overlapping grid approach
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D. Weighted Based

Weighted combination of the features computed as
described in previous two sectionsis used for image retrieval
[26]. The feature vectors computed using non-overlapping
and overlapping grid over the contour image, defined in
section 4.1 and 4.2, are weighted appropriately, weight is
being assigned to both feature vector in the range of [0,1].

Thefeature set defined as Sn' where the number of dataset
images defined by n and m denotes in case of different
methods. Non-overlapping grid-based features are defined as

1 2
Sn and overlapping grid features defines as S5 In other end
we extracted the sketch image features and it is defined as

S m, Let hypl(n) and hyp2(n) denotes the similarity of
1 1
non-overlapping grid based Snand S” and the similarity of

the overlapping grid 5721 and 51. Now we can measure the
similarity of sketch image and database image by using
Non-overlapping grid based and overlapping grid-based
method as follows:

S(n) =wx SI(n) + (1—w) x S2(n),

The similarity of features is depending on the weight, weight
assigned to the feature vector is denoted by w and number of
dataset images denoted by N. In our experiment weight is set
tow=0.7. Finally, similarity scoreis sorted in ascending order
to retrieve the top n-ranked images from the database. Intop 5
resulting images all are matched, in top ten, 9 images are
matched and one is mismatched; in top fifteen resulting
images, 14 are matched and 1 mismatched, and 19 images are
matched in top 20 images. The results are presents in Figure
11.
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Fig.11. Retrieval results presentsin top 5,10,15,20 by
propose weighted based approach

V. RESULTSOF PROPOSE METHODS

The experimental results of proposed methods are based on
minimum distance measured by using Euclidean distance.
The retrieval results are analyzed as among top 5, top10, top
15, and top 20, respectively.

Non-overlapping grid, overlapping grid and weighted based
approaches, respectively, yielded encouraging results and are
presented in fig7, fig, 10 and figl1, respectively.

Table 1 presents Mean Average Precision (MAP) [27] on top
20 retrieval.

Table.1.Result of propose methodsin MAP

Methods'MAP MAP
Non-overlapping grid 0.130
Overlapping grid 0.145
Weighted based 0.153

VI. EXPERIMENTAL EVALUATION

The proposed method is evaluated on flickrl5k dataset
[23]. We have chosen 15k natural images and 330 sketch
gueries. Retrieval results are presented in section 4 whereit is
observed that weighted approach yielded better response.
Mean average precision (MAP) is used to measure the
retrieval performance of propose method.

13 13
MAP==% AP(q),= > pk)*rd(k) 2
Qx S

Where Q denotes number of Sketch’s; S is number of
similar imagesin retrieved images; N denotes total number of
retrieved images; p(k) represents top-k precision score.

The proposed approaches are compared with existing
approaches present in literature. Table.2 presents the
comparison of the propose method with existing methods
HOG [23], GF-HOG [23], SSIM [28] Structure Tensor [10],
and Shape Context [29].
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Table.2. Comparison of proposed methods with other
methods based on M AP(top 20 retrieval)

M ethods MAP
Structure Tensor 0.079
Shape Context 0.081
HOG 0.111
GF-HOG 0.122
SSIM 0.095
Non-overlapping grid (proposed) 0.130
Overlapping grid (proposed) 0.145
Weighted based (proposed) 0.153

The comparison reveas that proposed methods yielded
better MAP values compared to MAP values of other methods
on flickr15k database and that performance of weighted base
approach is better with MAP value of 0.153.

VIlI. CONCLUSION

An efficient and efficient approach for SBIR is presented in
this paper. Edge features are computed using hon-overlapping
grid and overlapping grid approach. Euclidean distance
measure is adopted for image retrieval. Experiments are
preformed on flickrl5k dataset. The proposed approaches
successfully retrieve images related to input query from the
large database. The method retrieved the most similar images
from chaotic dataset as compared to the results of other
methods available in the literature.
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