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2D Sketch Based Query Interface with Coarse Filter for 3D Shape Matching
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Abstract - Sketch based query plays an important role in shape matching for 3D shape retrieval system. Some researchers
suggest the sketch based query interfaces. It is more effective to capture the needs of users rather than query by example. In
this paper, we propose a new 2D sketch based query interface with coarse filters for shape matching. Coarse filtering enables
to eliminate unfavorable shapes from shapes in DB. For the purpose of coarse filtering, we use two filters with the topological
and geometric pafterns, For the validity of our method, we show the experimental results,
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1. Introduction

3D shape searching is widcly developed and researched
due to the expansion of 3D model acquisition and handling,
3D shape matching algorithm plays an important role in
the shape based scarch system. Especially, the shape search
using the shape similarity can be used to improve the
process of product design and manufacturing. There arc
two examples. The first is the cost estimation for machined
parts. In these days, many job shops allow designers to
submit a 3D model of the part to be machined over the
internet and provide a cost estimate based on the 31D part
model. Currently, humans perform cost estimation, However,
if a sufficiently similar part can be found in (he database
of previously manufactured parts, then the cost of the
new part can be more easily estimated by suitably modifying
the actual cost of the previous part. The second is the
reduction of the part proliferation by rcusing previously
designed part. Reusing design and manufacturing information
stored in databasc would result in a fast and morc cllicient
design process |4].

With vast 3D models being added to databases, the need
for organizing and indexing databases of 3D models is
more important. This will provide a systematic and eflicient
way of retrieving similar models from the database [7].
For the effective shape retrieving, the effective shape
matching methods are required. The shape is defined by
many properties and metrics, Thus, the general (ramework
of shape matching is developed. However, many matching
algorithms are focused in what and how arc they ditferent
in the given two models [16].

One of the direct methods of shape matching between 3D
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models can be done by using the Boolean operations between
two models. However, the direct assessment of similarity
between 30 models with Boolcan operations is computationally
very slow due to difficulty in aligning the models before
pertorming the Boolean operations.

‘Thus, it is often not practical when the number of 3D
models is very large. Therelore, a computationally efficient
way to solve this problem is to abstract 3D shapes into shape
signatures and use them to compare the actual shapes, and
they have lesser shape discrimination capability compared
to the complete object model. Over the last few decadcs,
many papers have been written which describe algorithms
for the asscssment of the shape similarity. All these shape
maiching methiods have been developed for shape scarch
system like the sketch based search.

2. Related Works

In general, users feel free to query by string like Google.
However, users do not feel free to query by string in the
shape scarching because of the lack of information in the
string code. For example, the string code of a 3D modcling
file could be “‘A120.dwg’ which does not mean anything
about its shapc. Famous string based approach is used in
Group Technology (GT). It takes the methodology of
capturing semantic structure like bolt type A with diameter
2. In order to implement (31, onc must have a concise coding
scheme for describing products and the method for grouping
(or classilying) similar products, such as the popular Opitz,
and DCLASS schemes. However, as the classification is
done manually, it is subject to the individual interpretation, It
means that the human perception of similarity is subjective
[2]. Therefore, there are possibilitics for crrors in such
classifications.

Table 1 shows the three types of shape search. As shown
in table 1, the sketch interface of the shape search is naturally
query by example or query by modeling [12]. For the use of
the query by sketch methodology for shape matching, some
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Table. 1. The three query types of shape search system.

Query type Advantage Disadvantage
Query by string
Boli_2pi_HR Keywords are very Kevwords do not
IPxx(425e Familiar to user reflect the shape well
String
Query by model

o User own 3D model

&~ Modcl

Model is lixed uscers
can’t change freely

Query by sketch
User can sketch freely The effective method is
in their mind Unknown
Sketch

methods are suggested [14]. Query by sketch has been
developed by some research groups for developing the
shape search system by using the user’s sketch based input
query.

Sketch based interface is classified into the two types.
First type of sketch is the 3D entities based structure with
modeling sequence for the shape matching like Princeton
shape search system [6]. Second type of sketch is the 2D
pixels or 2D geometric entitics based structure for the shape
matching [§].

Sketch is generally made of freehand lines using ink and
pen in art [3]. In computer graphics and geometric modeling,
the meaning of sketch is the collection of geometric com-
penents like line segments, polygons, and curves. Thus,
effective sketch structure [or geometric modeling is developed
by many rescarchers [1]. To take advantage of skeich based
interaction, many methods have been developed o parse
and recognize the sketches. Unfortunately, these methods
are still not capable of handling the sketch parsing problem
robustly [5].

For freehand sketch based parsing purpose, the work
outlined in [18] tried to explore the interactive properties of
sketching such as the stroke direction and speed. Howcver,
the activities of sketching have to be recorded in real time.
Thus, the perturbation of a uscr’s hand will lead to clear
changes in speed and curvature [9). Therefore this results in
incorrect segmentation for compact sketch pattem saving
[13]. To overcome such limitations, many other approachcs
were proposcd such as the template based method [5] and
Baycsian based statistical model [17].

Fig 1 (a) shows 3D sketch based approach and fig 1(b)
show the 2D sketch based approach and fig 1(c) show the
3D model.

The goal of this paper is to provide a polygonal sketch
based intuitive shape matching algorithm rather than frechand
sketch based method. Tn section 2, we describe the polygonal
based sketch with loop counts. In section 3, we describe the
shape matching of polygonal sketch with loop counts and

%
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Fig. 1. Sketch models. (a} 3D sketch, (b) 2D Sketch, and (c) 3D
Model

show the experimental results. Finally, we conclude in section 4.

3. Sketch Interfaces

Our design strategy is bascd on some simple observations.
First, most users are familiar with the query by string method
like Google search engine. However, it is not sufficient to
prepare the similarity between the models by using the
string code of the shape model, because the shape code is
very difficult to define. For example, we do not know the
good abstraction of the polygon soup model. Second, most
users are not familiar with the sketch interface, because
they sketch the model what they imaginc in their mind.

Table 2 shows three styles of the line metaphor in sketch
query systems. Their frechand, poly-line and curve based
method have own properties respectively. However, we prefer
the area metaphor rather than the line metaphor because of
its easincss in the sketch configuration like drag and drop
method and click and click method. Fig. 2 shows our area
metaphor.

Our system is designed by adapting the polygon based

Table. 2, Line metaphor in sketch method.

Query type
Freehand style

Properties

Rectification and beantification is needed

Poly-line style Many line segments are required

(7 BN for more exact sketching

Curve based style o
Control of curve segment is di Micult
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(@ (b)

Fig. 2. Area metaphor. (a) Cntity configuration with drag and
drop, {b) Resulting sketch.

sketch interface, the polygonal structure which enables to
use the rectangle type, partly ellipsoid type geometry and
circle rather than freehand sketch as shown.

The proposed system has two processing units. First unit
is the offline processing unit which enables to convert the
inputted model into the 2D contour polygon which means
2D shice of ariginal model by slicing. This is shown as Fig. 3
(b). In this process, we take the slicing operation between
3D model and plane. Then, we can easily capturc a loop
count from slice contour. This information is very useful to
make our topological filter for shape matching. We called
this filter as a coarse filter for using the topological filtering,
We discuss this process in section 4.2, Second wnit is the
online processing unit which enables to translatc the user
input sketches with mouse clicks and/or drag and drops into
the polygonal skeich data structure. Afler translating the
input sketches, the similarity calculation between the polygonal
sketch and 2D slice of original model is donc. And the best
match and the ncar best match results are displayed on the
screen. Fig. 3 shows the proposed system with polygonal
sketch and freehand based system taken in previous researches.

4. Shape Signature

In our sketch interface system, we use the shape descriptor
using the spherical scctioning [10]. Qur shape descriptor is
called SSRD (spherical sectioning railroad diagram) which
is composed of the vertex counts in spherical sectors, 2D
slice planes for the capturing topological properties and 2D
planar contours of original model.

D->=. 4-”*

(freehand sketch) Only geometric pattern
(a)

- Loop count
=1
(outer loop only)
(polygonal sketchGeanwtric & Topological

thole, ¢le : Loup count)

(b)

viewpoint

Slicing with plane

Fig. 3. The comparison belween the proposed system and the
freehand sysiem. (a) freehand skeich system, (b) proposed system.
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SSRD model is designed by means of data structure for
the effective shape matching with query by example. In the
query by examplc interface, the user only picks the example
model as a query model. Then the picked model is converted
into the shape descriptor and the system finds the best
matched model in DB using the similarity measure.

4.1 Revised SSRD Model

In this paper, we design the sketch based in-put interface,
thus we devcloped a revised SSRD model which is more
suitable for the sketch interface. SSRD model is composced
of two parts. First is the 2D slice pattem. Second is the
vertex count in spherical sectors. The revised SSRD model
has only the first part, which is the 2D slice pattem. In our
systern, the user sketch is regarded as the 2D slice paticn of
a model. Despite of absence of vertex counts in spherical
sectors, the 2D slice pattern gives us strong information that
15 the topological relationship of the model.

The sectioning property of the revised SSRD model is
very useful for the 2ID sketch based mitcrface because the
similarity calculation between 2D input sketch query and the
section data from the revised SSRD is very easy. Fig. 4 shows
the revised SSRD model building process.

The revised SSRD data structure is as [ollows:
Class Revised SSRD {
Loop count: integer
/1 this hint us the topological structure
Quter loop count: integer
Inner loop count: integer
/ it means that the model has a hole or cavily cle.
Intersection points: amay | (Xyz), ..., (xyz}]
// where x, y, z is float type respectively.
/ we can casily acquire the polvgon from this intersection.

\
!

4.2 Polygonal Sketch User Input

We propose the polygonal sketch data structure for sketch
composition using two metaphaors, click & click operation
and drag & drop operation. The data structure of the polygonal
sketch is composed of two parts. First part is the composition
ol 2D geomctric centities and sccond part 1s the topological
relationship. Our system lakes the proposition that the user
has a mouse intertace. Thus our sketch system does not use
the frechand sketch system. Tn the mouse system, users feel
uncomfortable (o use the ¢lick based line and/or curve entity
control in the line drawings. [Mg. 5 shows this situation,

Users prefer the drag and drop (he entities rather than click
and click entity drawings. Thus, in owr data structure for

Cientation fix Slicing with Onz
with PUA plane 2dslice

3D modsd

Fig. 4. Revised SSRD model generation.
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(@) (b)

Fig. 5. Two sketch. (a) the geometric modeling, (b) the frechand sketch

sketch composition, we use the two metaphors, click & click
operation and drag & drop operation as shown in Fig. 6. The
data structure of polygonal sketch is composed of two parts.
First part is the composition of the 2D geometric entities and
second part is the topological relationship.

Polygonal sketch data structure is as follows:

Class sketch_ polygon {
Loop count: integer // this is given by user in sketch pad
Outer loop count: integer
Inner loop count: integer // it means that the model has
a hole or cavity etc.
Edgelist : { (Vertex |, vertex2), ..., (Vertex n, Vertex nr+1) }
Vertex list: { (x1, y1), ..., (xn,yn) }
H
Polygonal sketch with rectangle and hole is as shown in
Fig. 7. The proposed polygonal sketch interface contains
five components for constructing the sketch. Table 3 shows

(a) (b)

Fig, 6. The sketch configuration with the Boolean operation. (a)
two primitives, (b) the result of Boolean operation.

Drag and drops

Boolean operation

Polygonal Sketch
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Click & click : 4 Drag & drag: 1
Boolean operation : 1

User’s selection in given 2d primitives

Fig. 7. The example of the polygonal sketch.

Table. 3. The five components and the data structure of 2D basic
entities.

Query type Entity types Data structure
j Reclangle Poly-line
(J Rounded Reclangle Poly-line
) Circle Poly-line
D Quadrant of circle Poly-line
O Ellipse Poly-line

the components.

4.3 Line Segments in Sketch

The polygonal sketch created by user has been converted
into the line segments which enables to calculate the similarity
between sketch and revised SSRD described in section
4.1~4.2, The proposed polygonal sketch consists of 2D basic
entities and their Boolean operator. The resulting sketch is
converted into the closed poly-line structure. Then, we can
easily handle the line segments of the sketch. This is very
useful for the shape maiching,. It can easily calculate the D2
shape distance and shape histogram.

4.4 Closed Loop of Polygonal Sketch

After the Boolcan operation of between the user-selected
2D entities, the closed loop of polygonal sketch is counted.
This count means the measure of the topological structure in
the sketched part and also the partial topological structure of
the 3D medel in DB. This value is used for the similarity
calculation described in section 5.1.

5. Shape Match with Coarse Filter

5.1 Shape Distribution

Some methods for computing the shape distribution of
solid models using shape functions and assessing the similarity
by using this shape distribution is known in [11]. Once a set
of random points is obtained on the surface of the solid model,
the different shape fumctions are used to compute the shape

Frequency
35

3
25
2
5
1
o5

0 ol S
Distance

Fig. 8. The D2 shape function.
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distributions for the solid model. The typical shape functions
are as follows -

DI : Computes the distance between a fixed point and a
random point. This function is not suitable as the
chosen fixed point is wsually not invariant to the
rotation or translation.

D2 - Computes the distance between two random pomts.
This function is invariant to the rotation and ranslation
and is robust.

D3 : Computes the square root of the area of triangle
generated by three random points. This function is
also invariart to the translation und the rotation but
not as efficient as )2,

Al : Computes the angle between three random points.
This function is invariant to translation, rotation and
scaling but it is not very robust.

In general, the D2 shape tunction is suitable for computing
shape disribution duc to its robustmess and efficiency along
with invanance to rotation and translation. After calculating
the distance between two random points, they are normalized
using the mean distance. The shape distribution is the histogram
which is composed of the frequency of occurrenee of distance
within a speciticd range of distance values, Fig. 8 shows the
D2 shape histogram.

5.2 Loop Counts as Topological Filter

Shape descriptor is robust 1o geometric transformation
especially rotation. In this paper, we use the D2 shape function
which is rotational invariant. However, the D2 shape function
has some limitations. As the number of the points increases
the comparison is more robust, but the computational titme
increases. Furthermore as objects become more and more
complex, the shape distributions tend to assume similar
shapes.

Fig. 9 shows this situation, In fig. 9, two parts arc very

Frequency

15 ‘
3 _—y
18
[ [s—
05

8 £ U S

Distance

Fig. 9. Shape {unctions of two parts.

Table. 4. Two siep based approach in the proposed shape matching.
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different in view ol human visual system. 1lowever, the
results of in view of D2 shape histogram of each maodel are
very similar. It arises to increase the semantic gap between
the result of the algorithm and human visual system.

Thig situation is caused by lack of the topological information
of the 32 shape tunction which can handle only the distance
between the geometric entities.

Our shape matching metric is the distance based metric.
Most 3D shape representation schemes convert a shape into
a teature vector or a relational data structure (c.g. graphs or
trees). Feature vectors are represented as points in the feature
space in a database. The similarity between two feature
vectors reflects the distance between corresponding points in
the ftature space. For the purposc of the similarity measurc
calculation between two feature vectors, the Minkowski
distance metric is generally used. We use the £ distance
which is the Minkowski distance with p==2. Simply, it is
called the Euclidean distance between two points [15]. The
L distance metric is defined as

X 12
Lylxy) {Zh‘ i_y:|2:| ity

=4

We use the L, distance. Sketch by query model is converted
into the polygonal sketch structure as a shape descriptor in
described section 3.3, Then the problem of similarity
mcasure between the query model and revised SSRD model
in DB is transformed into the 2D version of similarity
calculation between the two shapes. We already know the
topological information of two models. This information
helps us to acquire the strong differentiation power.

Qur similarity step has (wo phascs. At first, we take the
filtering using the topological difference table. Table 4
shows the topological information based filtering process.
Secondly, we calculate the D2 shape function between the
polygonal sketch and the revised SSRD. This problem is the
calculation of 2D shape distance function called 21D shape
histogram® on the basis of | 11].

To measure the similarity bclween 2D shapes, we
summarize it as the following steps:

Step 1. Discretize all entitics contained in a drawing into a

set of line segments.

Srep 2, Sample enough points on the line segments

uniformly.

Step 3. Select two points randomly from the point set and

compute their Euclidean distance.

Step 4. Calcnlate the distance distribution of all sampled

Proposed shape matching process Process A

Process B :

Coarse filtering with using loop counts D2 shape matching using the geometric information with (Eq.2)

Booican function test

Input sketch (polygonal sketch and
revised SSRIY model)

1f'the result of the Process A is exact
malch, go to process B

1f the result of (Eq. 2} is near 1, two shapes are very simitar,
If the result of (Eq. 2) is near 0, two shapes are very different.

Otherwise, Two shapes arc not similar.
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point pairs, and build a histogram.
For two histograms, i.e., ; and 7, their similarity S is
given by:

S(H  HL)=Ly(H | H,) :A/i,(Hl(i)_HZ(i))”n o

Our similarity measure calculation process is as shown in
table 4.

5.3 Shape Similarity with Coarse Filter

Our similarity measwre calculation process is two step
based approach as shown in Table 5. And, Table 5 shows
the result of this two step shape matching in simple parts.
User sketches the rectangle with tour holes as a query
model. We use the model Type A, and Type B which is
different in view of the human visual system. Qur system
allocates “fail” value in model type A (a) and filter out it in
resulting set. In view of a human visual system, it is very
natural. However, most sketch based systems does not
allocate the any value in sense of the topological filter. Thus,
they do not filter out them. Our system allocates also ‘exact’
value in model type A (b), type B (a) and type B (b). Then,
they use D2 Shape histogram using the (Eq. 2). Then, the
best match is model type A (b}, and next is model type B
(b). This result of our system is very similar to human visual
system.

We show the experimental results as shown in Table 6.
We conclude the polygonal sketch based interface wili help
us to lessen the semantic gap between existing shape search
system and human visual system.

6. Conclusions

In this paper, we proposed a new sketch based query
interface for 30 shape matching using the grid pattem like

Table. 5. The coarse fillering process in the simple mechanical parts.

Table. 6. The proposed method with the coarse filter.
Match result Original model

Query model

Process A : ok
Process B 1 42.5%

Process A : ok
Process B : 64.3%

Process A : no
Process B : 34.6%
Process A : no
- Process B : 23.5%
Polygonal sketch
Process A : ok
Process B : 14.5%

Process A : ok
Process B : 51.2%

Process A :no
Process B : 25.5%

S AX 1 XX,

poly-line, ellipsoid and rectangle. Our method is especially
well suited for the shape descriptor, revised SSRD, which is
composed of the 2D slice pattern. Users using our interface
feel comfortable because it is easy to sketch. Advantage of
our ethod is the easily acceplable metaphor among users.
Drag and drop of 2D entities can be learned easily. Users
drag and drop the entities and use the Boolean operation
between the entities. Our Boolean operations use the pixel-
based calculation. Thus the implementation is tast and robust.
After some Boolean operations with user controls are added,
the sketch is completed.

Since the proposed method adapts the topological
filtering, it easily enables to filter out dissimilar parts in DB.

Query model A type model
e
O
o O
M~
(2) rounded rectangle with 2 holes
O O
N~
Rounded rectangle with 4 holes

(b) rounded rectangle with 4 holes

Results of the proposed similarity  A(a): Filter out (fail) in Process A
A(b) : Pass in Process A and 94% (0.942) in Process B B(b) : Pass in Process A and 82% (0.816) in Process B

calculation

(b) Modified ‘T" shape with 4 holcs
B(a) : Pass in Process A and 47% (0.467) in Process B
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In sense of human visual systern, it easily can do. llowever,
most shape descriptors and shape matching process handle
models as one converted valuc in view ol geometric structure,
Thus, some modcls of shape matched parts in resulting
screen are non-sense parts in view of human visual system.
Although our coarse filtering only use the number of closed
loop, many aliernatives are possible like shape and size of
convex hull of model, bounding sphere or hierarchical
bounding boxes ctc.

The proposed method has also some limitations. First,
some users fecl somewhat uncomfortable when they try to
make a very accurate sketch. Although most 2D simple
shapes can be made easily, it does not handle the sketch
easily for more complex shape. Second, our systera docs not
support the complex curves like Bezier, and B-gpline, We
plan to enhance these limitations for more intuitive and
more similar to the freehand coniposition.
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