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ABSTRACT
In this paper we propose a method to retrieve sketches stored in
the form of multiple strokes, by extracting the shape information
for each stroke and by considering the spatial relation between
the strokes. The spatial relation between the strokes can be used
to determine the stroke correspondence between the query sketch
and the database sketch. Moreover, the similarity between the
relationship among query strokes and database strokes can be
used as part of the matching score. Sketch retrieval is useful in
various applications, such as retrieval of free-form handdrawings, hand-written or printed text, and trademarks. For freeform hand-drawings, such as lecture notes captured digitally
from a whiteboard, a user can easily search through a database of
hand-drawings by inputting a sketch about what he/she is
looking for, without the trouble of describing it using keywords.
For hand-written or printed text, such as a protest sign in a video
scene, sketch retrieval can be used to recognize the text without
the need to first identify each character. For trademarks, such as
company logos, sketch retrieval is useful in adding automation to
the feature extraction and the retrieval processes.

1. INTRODUCTION
Recently pen-based devices such as Personal Digital Assistants
(PDA) and electronic whiteboards have become more and more
common to the general public. The captured database is stored
in the form of sketch which consists of strokes that are sequences
of coordinates of the points sampled by the pen-based device. It
is necessary to have an efficient sketch retrieval scheme in order
to allow users to search for relevant information from the
database. Retrieval in the sketch database is equivalent to
finding a stroke or multiple strokes from the database that are a
good match to the query stroke(s). Sketch retrieval can be
applied to various applications such as free-form hand-drawings,
hand-written or printed text and trademarks.
Searching through a collection of free-form hand-drawings
provides a good motivation for sketch retrieval. For example, in
the classroom, the lecture notes written by the teacher on the
whiteboard can be captured electronically by a collaboration
device such as “mimio” [1]. Later students can retrieve relevant
lecture materials from the hand-drawn sketch database by
sketching a query drawing. Lopresti et al [2][3] reported their
work on matching hand-drawn pictures which they call
“pictograms”. This approach has the drawback that it treats the
same hand-drawings with different stroke orders as a poor match.
In order to make the system less sensitive to the stroke order,
Lopresti and Tomkins [4][5] proposed to match the strings block
by block. However, poor match may still result if a stroke is
drawn in reverse direction (i.e., when the start point and the end

point of a stroke interchange). In our prior work [6], we
proposed a sketch retrieval method for general unstructured freeform hand-drawings.
In addition to free-form hand-drawings, sketch retrieval can also
be used in identifying hand-written or printed text. This is
different from traditional text recognition, since text recognition
deals with a limited set of characters while the sketch domain is a
more general set that can be language independent. Besides, the
goal of traditional text recognition is to recognize the context of
the text by mapping it to a set of pre-defined characters. On the
other hand, the goal of sketch retrieval is to find an entry from
the database that is similar to the query. Potential applications of
sketch retrieval in this area include identifying text written or
printed on a placard during a protest, or automatic recognition of
road signs on a highway.
Another application of sketch retrieval is trademark matching. In
some trademark retrieval system, the trademarks are first
annotated with keywords that are then used for retrieval.
However, this process requires a lot of manual labor in order to
assign keywords and the annotation for the same trademark may
not be consistent with different users. By using our sketch
retrieval system, the features of the trademarks are extracted
automatically therefore manual annotation is not required. As a
potential application, a user can simply provide the trademark
image or a sketch of the trademark as the query, and then similar
trademarks from the database can be retrieved together with the
related product or company information.
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If each stroke of a sketch is treated independently, then the
spatial relation between the strokes is not considered. It can be
seen in Figure 1 that with respect to sketch 1, although sketch 2
and sketch 3 contain the strokes displaced by the same distance
(but in different direction), sketch 3 is perceived as more similar
to sketch 1 than sketch 2. As a result, it is important to consider
spatial relation in determining similarity. In image indexing and
retrieval, 2D string and its variants [7][8] have been proposed to
represent the spatial relation between labeled objects or regions
in an image. In addition, the spatial relation can be quantified by
using topological neighborhood graph [9][10][11]. We would
like to modify these ideas of using spatial relation and apply
them in our sketch retrieval system. While previous work in
[2][3][4][5] assume that the stroke matching is based on the

drawing order, we will use the spatial relation between the
strokes to determine the stroke correspondence between the
query sketch and the database sketch and include this factor in
calculating the matching score.
This paper is organized as follows. In Section 2 we provide the
system description of our approach. In Section 3 we describe our
experiment and presents the results for free-form hand-drawings.
In Section 4 we reports the application of our sketch retrieval
system for hand-written text and trademarks. The conclusions
and future work are in Section 5.

2. SYSTEM DESCRIPTION
Figure 2 shows the system diagram of our approach:
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- angle that the stroke samples go around the center of the stroke

Figure 3 Shape types and the corresponding features

2.2 Spatial Relation between strokes
When considering the spatial relation between strokes, the x and
y coordinates of the minimum bounding rectangles of the strokes
are used. The spatial relation between strokes is determined by
the order of these coordinates and this information may be used
for both the stroke correspondence and the similarity score
computation.
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Figure 2 System diagram of our approach
In our previous work [6], the spatial relation between strokes is
not used. In this paper, we study the effect when the spatial
relation is used for the stroke correspondence alone and when the
spatial relation is used for both the stroke correspondence and the
similarity score computation.

2.1 Feature Extraction
Features are extracted from each stroke. These features are used
for shape estimation, as shown in Figure 3, to determine the
likelihood that each stroke falls in each basic shape type: line,
circle and polygon. A confidence measure that takes the value
between 0 and 1 is assigned for each stroke with respect to each
shape type. A more detailed description of the feature extraction
module can be found in [6].
Shape
Type
Line

In order to determine the similarity between the query sketch and
the database sketch, we need to find out the correspondence
between the query strokes and the database strokes. The stroke
correspondence can be assigned according to the shape
information between strokes. In this case, in Figure 4, the
triangles in sketch 2 and sketch 3 are corresponding strokes to
the triangle in sketch 1 and the rectangles in these two sketches
are corresponding strokes to the rectangle in sketch 1. If the
similarity is entirely based on shape, then sketch 2 and sketch 3
are both similar to sketch 1. On the other hand, if the spatial
relation between the strokes is also considered in determining the
stroke correspondence, then we can make a further distinction
that sketch 2 is more similar than sketch 3 with respect to sketch
1. The orders of the strokes need to be preserved in determining
the correspondence. In Figure 4, in the horizontal direction, the
stroke correspondence of the sketches is the same as the previous
case when only shape information is considered. However, in the
vertical direction, only one of the object pairs (the triangle pair
and the rectangle pair) can be corresponding strokes for sketch 2
and sketch 3 with respect to sketch 1 but not both because the
two object pairs have conflicting orders in the vertical direction.
The object pair to be selected as the corresponding strokes
depends on the shape similarity of the object pairs. For example,
if the triangle pair has a larger similarity score than the rectangle
pair, then the triangles will be the only corresponding strokes in
the vertical direction. The horizontal and vertical directions are
considered separately for the stroke correspondence and then the
similarity score is the combined result in both directions. In
[10][11], the spatial relation between multiple objects is used for
similarity computation assuming that the object correspondence
is given. In our approach, object correspondence is not known in
advance, and the spatial relation is used to determine the object
correspondence automatically.

Features
- height of triangle formed by the two end points and each sample
point
- ratio between the sum of distances of each pair of neighboring points
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2.4 Similarity Computation
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Figure 6 Example sketches drawn by the same user at two
different time instants (8 months apart)
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3. EXPERIMENTS AND RESULTS
We perform an experiment to analyze the gain in the retrieval
performance when the spatial relation between strokes is used.
For our database we collect 12 classes of sketches that consist of
at least 3 strokes from different people. Initially, for each sketch
we have 20 repetitions made by 4 different people to account for
the different drawing styles. Eight months later, the same people
are asked to redraw the sketches 5 more times per person. Figure
5 shows a few examples of these sketches in the database.
Figure 6 shows example sketches drawn by the same person at
two different time instants (8 months apart). There is significant
variation in the drawings even if they are drawn by the same
user. We then compute the matching scores between a query and
database sketches using 3 different approaches. Based on the
rank of those sketches that fall in the same category, we plot the
precision and recall graph [12] in order to analyze the retrieval
performance. The result is shown by the two curves in Figure 7
and in Figure 8. In Figure 7, each of the sketches from the initial
collection is used as the query while in Figure 8, each of the
sketches drawn 8 months later is used as the query, matching
with the initial collection of the sketch database. For each query
sketch, all the database sketches that belong to the same class,
whether they are drawn by the same user or different users, are
considered as relevant retrieved items, thus making our system
user-independent. In both cases, it can be seen that the retrieval
performance is the worst if spatial relation between strokes is not
used while the retrieval performance is improved when the
spatial relation is used for stroke correspondence and it is further
improved when the spatial relation is used for both stroke
correspondence and similarity score computation.
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The matching (similarity) score between the strokes is calculated
after the correspondence between the query strokes and the
database strokes are known. If the spatial relation is not
considered, the matching score between the query sketch and the
database sketch can be computed by summing up the matching
scores between the corresponding strokes minus an unmatched
cost. There are two cases of unmatched strokes: 1) a stroke in
the query sketch that does not match any of the strokes in the
database sketch; 2) a stroke in the database sketch that does not
match any of the strokes in the query sketch. The unmatched
cost is proportional to the number of unmatched strokes. On the
other hand, if the spatial relation between the strokes is
considered, then the matching score computation is modified by
including the similarity of spatial relations calculated based on
the topological neighborhood graph as described in [10].
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Figure 8 Retrieval Performance

4. APPLICATIONS IN HAND-WRITTEN TEXT
AND TRADEMARKS
Our sketch retrieval can also be used in other applications such
as hand-written text and trademarks. Preprocessing can be done
to extract the sketch from the region of interest of an image. We
first mask out the region of interest and then perform
thresholding to convert it into a binary image. A morphological
filter is applied to the binary image for thinning. The image can
be rotated to align the principle axis with the horizontal
direction. Afterwards a contour following algorithm is applied to
extract the strokes from the resulting image. After the strokes
are extracted from the query image, then we use our sketch
retrieval system to find similar sketch or its associated image.
Figure 9 illustrates these steps:

(a) original image (b) masked gray image

(c) binary image

[4]
(d) rotated image

(e) thinned image

(f) extracted strokes

Figure 9 Stroke Extraction from an image
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Figure 11 Example retrieval results for trademark
Figure 10 and Figure 11 show an example query and some
retrieved results for the text database and the trademark database
respectively. For the text database, after the stroke extraction
from the input image, the database sketches are retrieved
according to the similarity scores. The trademark database
consists of over 600 trademark images and we retrieve database
trademarks that are similar to the query trademark according to
the similarity score. The first column in both Figure 10 and
Figure 11 contains the retrieved result that has high similarity
score while the retrieved result in the third column has low
similarity score. The second column in Figure 10 and Figure 11
contains the retrieved result that is similar to the query but with
some difference in the spatial relation, and it has intermediate
similarity score after using spatial relation in the stroke
correspondence and the similarity score computation.
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5. CONCLUSIONS AND FUTURE WORK
This paper presents our system for retrieving sketches by using
spatial relation between multiple strokes. Experiments show that
the retrieval performance is increased when spatial relation is
used to find the stroke correspondence and to be considered as a
factor in the matching score. Sketch retrieval can be used in
various applications such as free-form hand-drawings, handwritten text and trademarks, as shown in this paper. For future
work, we would like to explore other ways of combining the
stroke matching score and the spatial relation matching score.
Moreover, we will perform more experiment for hand-written
text and trademarks and explore sketch retrieval in other
potential applications.
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