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ABSTRACT
For sketch-based retrieval of images, characterization and
comparison of the geometrical structure (shape) informa-
tion is of great importance. In this paper, a directional-
projection-based sketch image retrieval system (DPSIR) is
proposed. In the DPSIR system, efficient filter banks are
adopted to decompose the image into directional subbands
in order to capture edges at different orientations. Through
projection of each subband into a pair of orthogonal
profiles, the shape information is compactly captured by
identifying the structure of each one-dimensional projec-
tion profile. By comparing the projection profiles of the
sketched image with those in an image database, a set
of images with shapes similar to the sketched images are
retrieved. Experiments using DPSIR system on an MPEG-
7 shape database yield high retrieval rates.

I. INTRODUCTION
Driven by the development of internet and digital imag-

ing devices, easy access to and management of mass
image information has become an important challenge.
In particular, interest in performing efficient retrieval of
images from large databases has grown with use and size
of databases. We focus on the retrieval of images on the
basis of sketches of major image structures, and propose a
directional-projection-based sketch image retrieval system:
DPSIR.

Image retrieval has been an active and rapidly advancing
research field with contributions in both theory and prac-
tice. A thorough review of content-based image retrieval
(CBIR) is given in [1], and lists of existing commercial
and research CBIR systems are given in [2], [3]. Retrieval
systems make use of a variety of image features to describe
image information. Depending on the application, users
might be interested in image textures, shapes, colors or
semantic content. Thus, various image features must be
identified.

While there are many methods employing different fea-
tures (e.g. [4]–[10]), we focus on retrieval using sketches,
and thus only shape features are utilized. In many shape-
oriented image retrieval systems, including DPSIR system,
shapes are described as sets of edges, approximated by line
segments. Projection-based methods such as the Hough

transform, can efficiently capture line features [11]–[13].
However, the Hough transform treats points on integration
lines equally, and thus reduces the spatial information of
the shapes. Alternatively, Kadyrov and Petrou [14] pro-
posed a trace transform as the generalization of the Hough
transform, where selected functionals along the straight
lines are utilized. In [15], histograms of edge segments in
four orientations of a block of pixels are used as the shape
features for retrieval of image sketches. Tang and Wang
[16] approached the face sketch recognition problem by
first transforming face photos into pseudo-sketches, and
then comparing the query sketches with pseudo-sketches
in database using an eigenface method.

In the proposed DPSIR system, the image sketch and the
edge map of each image in the database are first decom-
posed into directional subbands through use of directional
filter banks [17]; thus, edges with different orientations
are captured in different subbands. By projecting each
subband onto the principle and orthogonal axes, edges with
different orientations, locations and strengths are reduced
to a set of 1D projection profiles. Comparison of these
profiles determine similarities between the sketches and
image edge maps. A similar projection-based scheme is
proposed by Rose and Shah in [18], in which spatial
domain projections of the edge map along four orientations
are used to construct the feature space directly. In contrast,
the proposed DPSIR system uses directional filterbanks to
isolate edges and thus reduce noise.

The paper is organized as follows. In Section II, a
detailed description of the proposed DPSIR system is pre-
sented, followed by some experimental results in Section
III. Conclusions and suggested future work are given in
Section IV.

II. RETRIEVAL SYSTEM: DPSIR

The proposed directional-projection-based sketch image
retrieval system consists of two parts, a shape descriptor
and a similarity measure, as shown in Fig. 1 (a). The query
image sketch and edge maps of images in database are
first separately passed through shape descriptors, then the
shape features of the two are compared to obtain similarity
values.
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Fig. 1. DPSIR system. (a) Overall DPSIR system. (b) Shape Descriptor in DPSIR

II-A. Shape Descriptor

The shape descriptor as shown in Fig. 1 (b) consists
of four parts, namely, directional filtering, directional pro-
jection to form 1D profiles, lowpass filtering of the 1D
profiles, and peak-valley approximation of the 1D profiles.

1) Directional filtering.
In the DPSIR system, an efficient iterative two-level
directional filter bank [17] is used to decompose
each sketch or image edge map into local directional
expansions, so that edges with different orientations
are enhanced and captured in different directional
subbands. As suggested in [17], the directional filter-
ing resembles local Radon transform; this is concep-
tually consistent with image retrieval systems using
the Hough or Radon transforms. Fig. 2(b) gives an
example of the horizontal subband of the edge map
Fig. 2(c) of the database image of Fig. 2(a).

2) Directional projection.
To efficiently capture edges at different orientations,
projections along each subband’s principle and or-
thogonal directions are performed to yield sets of
principle and orthogonal profiles, respectively. This
process captures the location and length of edges at
different orientations. Fig. 2(b) shows an example
of the projection of the horizontal subband in the
horizontal and vertical directions. These profiles are
also shown in Fig.’s 3(a) and (b).

3) Lowpass filtering of 1D profiles.
Edge isolation through directional filtering is not
ideal; thus, any edges not in the direction of a
subband contribute noise to the 1D profiles. Both
a Gaussian low-pass filter and a fuzzy median filter
[19] are adopted to remove the noise, while preserv-
ing the true peak information. Fig.’s 3(c) and (d)
show the filtered versions of the profiles of Fig.’s
3(a) and (b).

4) Peak-valley approximation of 1D profile.
In order to efficiently represent this shape informa-
tion, the 1D projection profiles are approximated
by linear fitting, so that only the locations and
heights of peaks and valleys are preserved. The

peak-valley approximation representation is efficient
and convenient for both representation of edges and
for computation of the similarity metrics. Peaks
in the principle projection profiles reflect the lo-
cations of edges of the corresponding orientation,
while peaks in orthogonal projection profiles give
the strength/length of those edges. Note that peaks
with relatively small height and width considered to
be noise and are removed. Fig.’s 3(e) and (f) give
the peak-valley approximation of Fig.’s 3(a) and (b).

II-B. Similarity Measure

The shape features of the query image sketch are com-
pared with those of each candidate image in the database.
The similarity between two images is defined as the
distance between the location and strength of edges from
the two images, a measure consistent with the human visual
system. First, we determine the correspondence between
the edges in two images. In the feature space of DPSIR
system, we determine the correspondence between the
shape features, i.e., the locations of peaks and valleys. The
profile with smaller number of peaks is used as an anchor,
a, and the target profile, m, is aligned with the anchor by
minimizing the Euclidean distance between the peaks in
the anchor and those in the target profile.

{Lm} = arg min
L′

m

K∑

k=1

D(La(k), L
′
m(k)), (1)

where K is the total number of peaks in the anchor profile.
The location of the kth peak of the anchor profile is
denoted as La(k), L

′
m(k) is the choice of the kth peak in a

subset, L
′
m, of the peaks of target profile, and D(.) denotes

Euclidean distance. Note that each locations and heights for
a given profile are first normalized by the largest location
and height, respectively. The unmatched peaks in the non-
anchor profile, denoted as s, also provide information about
the distance between two profiles.

Given matched profiles, distance metric for the jth
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Fig. 2. Experimental images. (a) Original image. (b) Horizontal subband image with principle horizontal projection and
orthogonal vertical projection. (c) Edge map. (d) Example of image sketch.
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Fig. 3. Image profiles of Fig. 2(b). (a) Profile 1: projecting along principle direction, 0, to subband. (b) Profile 2: projection
along orthogonal direction, 90

o

, of subband. (c) lowpass filtered (a). (d) lowpass filtered (b). (e) peak-valley approximation
of (a). (f) peak-valley approximation of (b)

projection of the ith subband is defined as

Eij = ((3 − j) ∗ LP + 1) × (LV + 1) × (HP + 1)
×(HV + 1) × (s + 1) − 1 .

The parameters LP , LV , HP and HV are the differences
between the location of peaks, the location of valleys, the
height of peaks and the height of valleys of two matched
profiles, La and Lm, respectively. The final similarity
measure for the ith subband is Ei = 2∗Ei1+Ei2. Because
the locations of edges are more salient and robust than
the strengths of edges in sketch image retrieval, a higher
weight is given to the profile along principle direction, the
first/primary projection.

Finally, the distances from each subband are combined
together to yield the final distortion value E =

∏αN
i=1 E

′
i ,

where the subband feature distances Ei are ordered from
largest to lowest to form the set E

′
i . The parameter N is

the total number of directional subbands, and only α of
the lowest distances are used. The similarity value is the

inverse of distortion value.

III. EXPERIMENTAL RESULTS
The MPEG-7 Core Experiment CE-Shape-1 part B

database [20] is adopted in experiments using the DPSIR
system for retrieval of images based on sketches. This
database consists of 70 classes of shapes, with 20 images
in each class. For each class of shapes, an image sketch is
drawn, thus, 70 image sketches are used as queries. The
retrieval rate is defined as RM = NM/70, where NM is the
number of successful retrievals when only M candidate im-
ages are preserved. In experiments, all the image sketches
and images in database are first resized to 256 × 256.
The Canny edge detector is adopted to generate the edge
maps for the database images. Directional filter banks with
orientation precision π/8, yielding 8 directional subbands,
are employed, and the distortion parameter α = 0.75 is
adopted. An example of the original image, directional
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Table I. Retrieval results using DPSIR system for MPEG-7 shape database.
Methods R20 R15 R10 R5

DPSIR 0.94 0.94 0.94 0.90
Spatial-domain histogram [15] 0.81 0.81 0.76 0.71

subband image, edge map and image sketch are given in
Fig. 2. The retrieval results using proposed DPSIR system
and spatial-domain histogram method [15] are compared
in Table I. The proposed DPSIR system provides retrieval
rates which are consistently over 90%, and are higher than
those using the method of [15].

IV. CONCLUDING REMARKS
A directional-projection-based sketch image retrieval

system, DPSIR, is described in this paper. Shape informa-
tion is captured through directional filtering and directional
projection. A similarity measure is developed and results
using an MPEG-7 shape database are shown. Higher
retrieval rates are obtained using DPSIR system than using
a spatial-domain sketch retrieval method of [15]. In cases
of distorted query images, the authors have been working
on translation and scaling invariance through alignment
of 1D projection profiles; similarly, rotation invariance
can approached through alignment of the profiles from
different directional subbands. In cases of images with
deformations, with the assumptions of the distribution for
location and strength of edges, corresponding distributions
of the locations and heights of peaks in profiles can be
used to perform hypothesis testing.
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