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Abstract

Industrial parts often differ from one
another only by a small geometrical change
or dimensional deviation. It is necessary to
refer previous designs, information, and
experience when considering a new part. If
a new pat is designed through minor
modification to previous parts, the goa of
product standardization and cost
minimization can be easly achieved.
However, most designers may not know all
past designs unless there is a suitable tool to
classify, store, and retrieve designs in
databases. To response the rapid change of
today’'s market, development of a design
retrieval system that can efficiently refer to
similar designs becomes an important
research issue.

In this research, we develop a feature-
based design retrieval system. First, each
design case is indexed by popular feature-
based method. Then, a flexible searching
algorithm for feature-based representation is
developed to find similar designs in a large
database, even when provided query is
incomplete or erroneous. In the agorithm,
we combine feature association and fuzzy
adaptive resonance theory (Fuzzy ART) as
the searching mechanism. Our experiment
shows that the proposed system is practica
enough to industry for achieving rapid
design.

Keywords: Rapid design, Design Retrieval,
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1. INTRODUCTION

There is no doubt that design is one of
the most interesting, complicated, and
challenging problem-solving activities that
human beings encounter. For a corporation,
developing a brand new design is very time-
consuming and costly. Its expenditures are
not for product devel opment only but for new
equipment purchasing, facilities planning,
process planning, quality control, and
documentation.  This situation could be
worse in a make-to-order type company when
a mass of customized products are
manufactured. In fact, parts often differ
from one another only by small geometrical
change or dimensiona deviation. Previous
design, information, and experience are
necessary to be reused and retrieved when
considering a new part design. However,
most designers are unaware of the existence
of similar designsin corporation’s repository.
It is common to find that similar parts are
redesigned for several times unless there is
suitable design retrieval toolsin used.

Currently, the GT based design
retrieval approach, powered by coding and
classification techniques, is one of the most
popular industry approaches for design
indexing [1][3][8][14]. However, one of
the major problemsisthat GT based methods
simultaneously conduct the tasks of indexing
and classification. This makes the methods
hard to adjust the level of similarity.
Besides the GT based approaches, many
design indexing approaches, such as bitmap
image methods [7][13], skeleton methods
[11][15], and others [2][9][15][12] have been
proposed in the past few years. These
systems, however, reveal their own problems
and limitations. Some major problems
include the availability of a query image, the
disappearance of interna features, and the
selection of a proper viewpoint for each
design. Additionaly, bitmap image and
skeleton methods transfer the shape of a
design into a custom index after the
component has been produced. This
tremendously increases the time required for
constructing a design case database.
Except the problem of choosing a proper
design indexing approach, deploying a

searching agorithm that can mimic the
association capability of designers is also
required. Currently, most searching
algorithms developed is based on traditional
information retrieval system. The search
statement can be specified by traditional
Boolean logic, proximity, contiguous word
phrases, fuzzy searches, term masking, and
natural language etc. [10]. Although
information  retrieval  techniques are
successful in many applications, their use for
design retrieval is not prominent.  For
instance, a design, usually presented by its
topological structure and geometric shape, is
hard to describe by “words’ or “text” for
accommodating textual representation in the

information retrieval environment.
Additionally, wusing classic information
searching techniques such as Boolean

operations for design searching is aso
inappropriate. The Boolean retrieval
process is based on a match or no-match
selection between query terms and index
terms of a file [6]. However, the design
searching process should be an associative
activity in which designers retrieve similar
design based on overall similarity [5].

2. OBJECTIVE

The objective of this research is to
solve the problems associated with current
retrieval systems that are incapable of
providing proper design representation for
design retrieving task, incapable of retrieving
designs with incomplete query, and incapable
of retrieving similar designs using different
similarity levels. Specificaly, we try to
develop a proper design representation and
corresponding retrieval mechanism that can
search similar designs based on provided
similarity level and can tolerate a certain
degree of incomplete query input.

3. ANIMPLEMENTATION CASE
Twenty-four mechanical components shown
in Figure 1 have been selected as design
cases in the current implementation example
to demonstrate the capability of the proposed
system. Meanwhile, twenty-two prismatic
form features utilized in a feature library are
shownin Table 1
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Figure 1: Design cases in the implementation
example.

Table 1: Twenty-two form featuresin a

feature library.

j Name of Form j Name of Form
Feature Feature

1 | Non-Threaded 12 | Open-Pocket
-Through -Hole

2 | Threaded-Through 13 | Sharp-Corner-
-Hole Sot

3 | Non-Threaded- 14 | Cylindrical-
Blind-Hole Sot

4 | Threaded-Blind-Hole 15 | T-Sot

5 | Through-Counter-Bore | 16 | Dovetail-Sot

6 | Blind-Counter-Bore 17 | V-Sot

7 | Through-Counter-Snk | 18 | Chamfer

8 | Blind-Counter-Snk 19 | Fillet

9 | Pocket 20 | Arch

10 | Sharp-Corner-Sep 21 | Boss

11 | Round-Corner-Sep 22 | Rib

A Rod Support of an industrial product,
shown in Figure 2, is provided as a target
design to be searched. Designers select a
number of form features from the feature
library to form a query. Those form
features are two non-threaded-through-holes,
two threaded- through-holes, two sharp-
corner-steps, three sharp-corner-slots, two
fillets, and two arches.

N

Figure 2: A Target design.

Since each pair of form features is
related in geometric or functional aspects, the
strength of the relationship can be evaluated
by a membership grade among O to 1 and
recorded in a feature relation. If two
features are strongly related, a higher
membership grade (close to 1) is assigned;
conversely, if two features are not related, a
lower membership grade (close to 0) is given.
Part of the fuzzy relation R isillustrated in
Table 2, where the numerical numbers x and
y are the number of form-feature / listed in
Table 1. By conducting fuzzy max-min
composition [16] to R and the query, fuzzy
feature relationship is embedded to the query.

Table 2: Thefuzzy relation R

yl1 [2 3[4 [5]6 [..]22
NX
1 |1 96574 0
2 |91 |6]|7|7]3 0
3 |6|6|1 9|56 0
4 |5|7]9|1 438 0
5 |77 ]5|4]1 |38 0
6 |4 |3|6|8|8]|1 0
22 |0 |0 |0 |0 |0 |O 1

After fuzzy feature association is
applied, a Fuzzy ART network [4] can be
initiated to search associated reference
designs. To demonstrate the work, assume
that designers want to broadly search designs
similar to the target design. In this case, a
lower value of similarity parameter of a
Fuzzy ART network is suggested, say 0.4.
The Fuzzy ART network then returns design
case b, 9, 13, 17, and 21 as reference designs.
If designers wish to receive fewer reference
designs, they might provide a higher
similarity parameter to the Fuzzy ART
network. For example, they may give
similarity parameter 0.9 for the network and
have design cases 9 and 21 returned. One
can aso conclude that design cases 9 and 21
have higher similarity to target design than



design cases 5, 13, or 17. Part of searching
result isshownin Table 3.

Table 3: Lists of retrieving results for the

target design.
Similarity | With fuzzy feature | Without fuzzy
Parameter | association feature
r association
0.4 509,13,17, 21 13,21
0.5 4,5,13,18 9,17,21
0.6 9,13,17,21 9,21
0.7 9,13,21 None
0.9 9,21 None

If feature association is not operated for
the query, the searching ability will be
dramatically reduced. Asshown in Table 3,
under the same level of similarity parameters,
fewer designs areretrieved. Even if alower
similarity parameter of 0.4 is provided, only
two design cases 13 and 21 are returned.
Designers may not find choice to select
according to their preference such as the
cases when similarity parameter is 0.7 or 0.9.
In addition, it is noted that design cases 5,
which isaso visually similar to target design,
will never be retrieved.

5. SUMMARY
There is no doubt that design is one of the
most  interesting,  complicated, and

challenging problem-solving activities that
human beings encounter. Design isahighly
knowledge-intensive  and ill-structured
problem. Most the practical problems we
face in design are either too complex or too
ill defined to anayze with conventional
approaches. To achieve the rapid design for
today’'s market, this research develops a
design retrieval system that can efficiently
refer to similar designs. In the system, a
feature-base design representation and fuzzy
association  searching mechanism are
proposed. Our experiment shows that the
proposed system is practical enough to
industry for achieving rapid design.

6. SELF-EVALUATION

We completed amost all the research
goa we have proposed. The accomplished
jobsis shown as the follows:

1. Understanding the procedure  of

introducing feature-based methods as
design representation in a design
retrieval system.

2. Constructing a feature library and a
feature-based design database for a
certain industry.

3. Constructing a searching algorithm for
our feature-based representation.

Since this project is executed in alimited half

year, some of the following jobs is still in

progress. It includes:

1. Understanding required features in a
certain industry for building up a feature
library.

2. Comparing our methodology with other
research methods.
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