The Japan Soci ety of Mechanical Engineers

197

Development of the Internet-Based Customer-Oriented Ordering
System Framework for Complicated Mechanical Product”

Mingwei ONG** and Keiichi WATANUKI**

Recently, as consumers gradually prefer buying products that reflect their own person-
ality, there exist some consumers who wish to involve in the product design process. Par-
allel with the popularization of e-business, many manufacturers have utilized the Internet to
promote their products, and some have even built websites that enable consumers to select
their desirable product specifications. Nevertheless, this method has not been applied on
complicated mechanical product due to the facts that complicated mechanical product has
a large number of specifications that inter-relate among one another. In such a case, ordi-
nary consumers who are lacking of desigﬁ knowledge, are not capable of determining these
specifications. In this paper, a prototype framework called Internet-based consumer-oriented
product ordering system has been developed in which it enables ordinary consumers to have
large freedom in determining complicated mechanical product specifications, and meanwhile
ensures that the manufacturing of the determined product is feasible.
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1. Introduction

Figure 1 shows the difference of mechanisms between
manufacturing of general product and individual-oriented
product. Currently, mass production and small-lot multi-
variety production system comprises largest proportion of
all production systems. In these production systems, mar-
ket survey is often conducted in order to understand the
customers’ needs, the survey result is then conveyed to the
maker or designer, and finally general products that ful-
fills most of the customers’ needs are manufactured. On
the other hand, in order to produce an individual-oriented
product, intimate communication between maker and in-
dividual customer is necessary for the maker understands
the needs of the individual customer, and for the individual
customer understands the constraints of the maker as well.
From Fig. 1, it is trivial that manufacturing of custom-
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made product may consume more time and energy per
each, which is one of the reasons for many manufactur-
ers trying to avoid manufacturing custom-made products.

However, recent trend has shown that in countries
where consumers have relatively strong buying power,
consumers prefer buying products that reflect their own
personality and characteristic. For instance, manufactur-
ers of personal computer, electrical home appliances and
even vehicle tend to increase their products range to ful-
fill various needs of consumers. Hence, it is almost certain
that individual-oriented product is gaining importance day
after day. In conjunction to the escalation of this trend, one
may foresee that current custom-made production system
may not be able to cope with huge demands of individual-
oriented product in the future. Likewise, in mass produc-
tion and small-lot multi-variety production systems where
by the information technology systems, such as enter-
prise resource planning (ERP), supply chain management
(SCM), customer relationship management (CRM) sys-
tems and so on, are utilized to support the production
systems, custom-made production system also needs to
have its own information technology-based support sys-
tem to boost the efficiency of its production flow. In this
research, we are concerned about the mutual understand-
ings between the maker and the customer, thus proposes
a prototype framework named, Internet-based consumer-
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oriented product ordering system that enables ordinary
~consumers to have large freedom in determining compli-
cated mechanical product specifications, and meanwhile
ensures that the manufacturing of this product is feasible.

2. Internet-Based Consumer-Oriented Product Or-
dering System

2.1 Merits of using the Internet as a communica-
tion platform
The Internet has provided a space that is free from
time and location constraints for people around the world
to communicate speedily. As more and more users are
accessing to the Internet nowadays, many websites have
advanced from merely providing information to real time
interactive communication systems. From business point
of view, the Internet serves, as an essential platform to link
up maker and customer, thus doing business with people
around the world is no longer a difficult issue. Therefore,
our proposed framework is designed to run on the platform
of World Wide Web(WWW), so that people around the
world can use it and have speedy response without needing
to concern about time and location constraints.
2.2 Current situation of product ordering system
Ordering and buying products via the Internet is in-
deed not a new idea anymore nowadays. However, in
the case of selling mechanical devices, websites nowa-
days only allow narrow range of specification choices to
be determined by the customer. Moreover, most of the
mechanical products put up on the Internet are manufac-
tured through mass production or small-lot multi-variety
production systems. This is mainly due to various con-
straints such as, the communication problem in custom-
made production system as mentioned in chapter 1, com-
plexity of the products, productivity factors and others.
Contrary to the existing ordering systems, our research
aim to develop a framework that enables the customers
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The procedures of manufacturing individual oriented product

to determined their desirable specifications from a vast
pool of specifications for complicated mechanical prod-
ucts, and meanwhile encourages the customers to come
out with new design alternatives.

2.3 System flowchart

Figure 2 shows the flowchart of our proposed
Internet-based customer-oriented ordering system. As
shown in Fig. 2, the procedure start with customer as client
accesses to the system and selects the specifications of a
product from a vast pool of specification choices. Upon
each and every selection, the related information will be
sent to the server for data processing. In the case, where
by product specifications are partially selected, informa-
tion such as restrictions of specifications combinations, es-
timations of cost and delivery date and recommendations
of specifications will be extracted from the database and
sent back to the client. This process is repeated until the
customer finishes selecting all specifications that form a
product. Then the selected information will be sent to the
existing advanced planning and scheduling system (APS)
where by the cost and delivery date are calculated and sent
back to the client in real time.

2.4 Challenges in developing the framework

Challenges in developing the framework are listed as
below,

(1) As the targeted product in this paper is custom-
made complicated mechanical product that is formed by
multiple inter-related specifications, structuring of prod-
uct specifications becomes vital because the structure il-
lustrates the relationships of product specifications among
one another.

(2) Due to manufacturing constraints and the nature
of the specifications, there are combinations of specifi-
cations that could not be manufactured. Therefore, the
framework must includes a module that prevents those
combinations to be chosen by the customers.
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Fig. 2 Flowchart of internet-based customer-oriented ordering
framework

(3) Corresponds to the vast pool of specifications
choices, it is undeniable that the customers may encounter
difficulties in determining their desirable specifications,
especially when they are not familiar with the specifica-
tions. To solve this problem, artificial intelligent must be
embedded into the framework, so that it can support the
process of specifications determination.

The remedies for the above mentioned challenges
would be further discussed in following chapters.

3. Features in the System

3.1 Structuring of product specification

Structuring product specifications is vital because the
structure illustrates the relationships of product specifica-
tions among one another. From this structure, the cus-
tomers may well-understand how a product is formed and
thus enable them to select their most desirable specifica-
tions for a product. On the other hand, the maker too may
find the structure useful when carrying out propagation
and alteration of specifications.

In this paper, we have proposed that product specifi-
cations are modeled by using a tree. This is because a tree
can accurately reflect the relationships of propagated spec-
ifications, especially for complicated mechanical product.
Figure 3 shows a tree model of product specifications that
consists of 3 types of node, namely root, specification sub-
ject node and specification node. The root of the tree rep-
resents the title of the selection of product specifications.
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Fig. 3 Tree model of product specifications

Under the root, the specification subject node and spec-
ification node interconnecting between one another and
propagating corresponds to necessity.

3.2 Setting restrictions among specifications

Increasing the choices of specifications can no doubt
provide more freedom to the customer, thus enable the
manufacturing of individual-oriented product. However,
due to manufacturing constraints and the nature of prod-
uct, there are combinations of specifications that could not
be manufactured in which we have named it as restric-
tion among specifications in this paper. In conjunction to
this, our research has studied the nature of the restrictions
and proposed effective ways to set and store the restric-
tions. In this paper, restrictions are divided into two types,
namely dimensional restriction and non-dimensional re-
striction. Both restrictions are explained as follow.

3.2.1 Dimensional restriction In this paper, we
define dimensional restriction as restriction among di-
mensional specifications that can be represented by using
mathematics inequality.

3.2.2 Non-dimensional restriction Non-
dimensional restriction is defined as restriction among
specifications that cannot be represented by using math-
ematics inequality. This type of restriction can easily oc-
cur especially when non-dimensional specifications are in-
volved, such as the specification subject of material that
consists of wood, aluminium, steel, stainless steel, and
so on. For example, the use of wooden dashboard may
be limited to superior car model, or the use of titanium
frame may be limited to high quality lens of spectacles.
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Although sometimes, non-dimensional restriction can be
carefully quantified and turned into dimensional restric-
tion, in most of the cases, this type of quantification is
not preferred as it may affect the initial understanding of a
specification and thus, cause confusion to the customers.
For example, material can be anchored to dimensional
properties such as toughness or prices. In this paper, char-
acteristics of non-dimensional restriction are studied and
effective way to store the restriction data is proposed.

Figure 4 shows a non-dimensional restriction that in-
volves multiple specification subjects. Here, specification
subjects are divided into two groups, which are the an-
tecedent group, and the consequent group with each sub-
ject consists of five specifications. In this restriction, com-
binations of designated specifications in antecedent group
and the combinations of designated specifications in con-
sequent group should not be chosen simultaneously. As a
result, there exist 36 restricted combinations in this non-
dimensional restriction.

In our research, we have observed that specifications
in non-dimensional restriction are somehow arranged in
certain orders even thought these orders may not be ob-
vious to the customers. For example, when arranging the
specification subject of computer processor, its specifica-
tions are usually sorted by performance or price. Corre-
sponds to this characteristic, the designated specifications
involve in a restriction are often in continuity as shown in
Fig.4. Therefore, non-dimensional restriction has param-
eters listed as follow

Non-dimensional restriction,R = f(AG,CG) (1)

where by AG is antecedent group and CG is consequent
group that are expressed as follow.
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AG,CG=({S|S is specification subject} )
S ={UB,LB|UB is upper boundary,
LB is lower boundary} 3)

By having the above-mentioned parameters, non-
dimensional restriction data becomes relatively small and
this may help to prevent the overflow of database and in-
crease of performance in data extraction.

3.3 Support system

Considering the ability to determine product specifi-
cations may be vary for every individual, artificial intel-
ligent module has been embedded into the framework, so
that it can support the process of specifications determi-
nation. In this paper, artificial intelligent is powered by
the integration of data mining and fuzzy set theory. The
flowchart of specification determination support system is
shown in Fig.5. The working of this support system is
based on the premise that transaction database contains a
certain amount of reliable transaction data. Transaction
data here means the past combinations of specifications
that have been make into real products. Data mining op-
eration is performed on the transaction data at a certain
intervals of time or after a certain amount of new trans-
actions is reached. From there, data mining database is
created, which later it is used to create fuzzy set database.
Once both data mining and fuzzy set database are created,
during the specification determination process, appropri-
ate specifications will be extracted from fuzzy set and data
mining database for generation of recommendation speci-
fications corresponds to the selected specifications.

3.3.1 Application of data mining In this paper,
Apriori Algorithm by Agrawal and Srikant" is used to
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search the associate rules among specifications contained
in transaction database. Apriori algorithm is widely used
in the field of marketing analysis but application on the
support of mechanical product specifications is limited.
Apriori algorithm is explained as follows.

Given a set of transactions, each described by an un-
ordered set of items, an association rule X = Y may be
discovered in the dataset D, where X as antecedent and
Y as consequent, are conjunctions of items. Association
rule carries an intuitive meaning where by transactions in
the dataset D, which contain the items in X tend to also
contain the items in Y. Corresponds to this, two thresh-
olds, namely support and confidence, are often used to
quantify the associate rule. Support is the percentage of
the number of transaction for which the rule is valid, di-
vided by the total of transactions, whereas confidence is
the percentage of the support of sets that contain X and
Y, divided by the support of sets that contain X. Given
a minimum confidence, minconf and minimum support,
minsup, Apriori algorithm is able to search all associate
rules corresponding to the confidence above minconf and
the support above minsup.

Figure 6 shows that associate rules among multi-
specifications antecedent part and single specification con-
sequent part are mined corresponding to various values of
minconf and minsup. Upon every determination of spec-
ification by the customer, the consequent parts of asso-
ciate rules in the database are extracted by matching the
combination of selected specifications with the antecedent
part. Each extracted consequent part consists of only one
specification s;, where by its weight wj,, is a function of
minconf and minsup.

ws; = f(minconf,minsup) @]

As the values of minconf and minsup are propor-
tional to the frequency of consequent part been selected
under a given antecedent part, the weight calculated may
naturally represent the intensity of recommendation for
the extracted specification.

3.3.2 Application of fuzzy set theory The im-
plementation of data mining on transaction database can
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0) Create Fuzzy Set Algoritme ( SpecsSubject S, DataMiningDatabase DM) {

1)  Forall specifications s € § {

2) Forall datamining data dm € DM {

3) if (consequent of dm = s) {

4) currentante = antecedent of dm

5) currentweight := [ (minsupp of dm, minconf of dm)

6) Forall datamining data dm/ € DM {

7 if (antecedent of dml := currentante) {

8) w(dml) = f(minsupp of dml, minconf of dml, currentweight)

9) 1

100 3}

11) Return all g(dml) and dml corresponds to every s
12) )

Fig. 7 Algorithm for generating fuzzy set for every specifica-
tion in one specification subject

no doubt produce the data needed to support the process
of specification determination by the customers. However,
due to the consequent part which is used as recommended
specification, is rigidly depended on past similar selected
combinations of specifications, the support system may
loose its function when a totally new combination of spec-
ifications is formed during the process of specification
determination. In order to avoid such a case, fuzzy set
theory is applied in the framework to examine the inter-
relationships among specifications. By doing this, ad-
ditional combinations of specifications related to the se-
lected specification combination are generated during the

‘process of specification determination. With these extra

combinations of specification as antecedent parts in data
mining database, correspondent consequent parts, which
are used as recommended specification, may naturally in-
crease in number. Figure 7 shows the algorithm for creat-
ing fuzzy sets for every specification in one specification
subject while Fig. 8 illustrates the image of fuzzy sets of
all specifications in one specification subject.

As shown in Fig.5, fuzzy operation is carried out
upon every determination of specification. The combi-
nation of specifications selected by the customer and the
fuzzy sets stored in the fuzzy set database will be used
for creating additional related combinations of specifica-
tions. The procedures of creating additional related com-
binations of specifications are illustrated and explained in
Fig. 9.

4. Case Study

In order to verify the usefulness of the Internet-based
consumer-oriented ordering framework, handrail, which is
a pure mechanical custom-made product, has been used as
design target. Although handrail seems to be a very sim-
ple gadget, it is not mass-produced because its specifica-
tions highly depend on inconstant factors. For instance,
the length of handrail depends on the space of installa-
tion, the cross section shape of handrail depends on the
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Generate new combinations of specifications by using data extracted
above.
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specification determination process.

Fig. 9 Fuzzy operation for creating multiple related combina-
tions of specifications

purposes of handrail, and the cosmetic design of handrail
depends on the class of environment where it is installed
and favors of customer, and many others. Therefore, com-
munication between maker and customer is essential in or-
der to come out with an optimum design for the handrail.
Figure 10 shows two kinds of handrails that can easily be
spotted in our daily lives. In conjunction to this research,
we have cooperated with a handrail maker and manage to
obtain the past order records of handrail. These records
are then used as transaction data and the framework has
been improved based on the feedback from the handrail
maker. In this paper, to enable the analysis of case study,
we have simplified the specifications of handrail. The de-
tails of case study are stated as below.

4.1 Preparation for of case study

(1) Specifications of handrail: In this paper, the cus-
tomers are given the freedom to choose their desirable
specifications from 43 specifications that are categorized
under 5 specification subjects, namely, length of handrail,
cross section of handrail, interval distance between ver-
tical supports, cross section of vertical support and ends
design of handrail. The specifications contained in these
specification subjects are shown in Table 1.

(2) Past order records of handrail: As mentioned in
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(b) Wall-type handrail

Fig. 10 Types of handrail

section 3.3, in order for the support system to function ac-
cordingly, past order records as transaction data is utilized
in order to generate the data mining database and fuzzy
set database. In this paper, 30 pieces of records, which are
simplified from the real past order records, are stored into
the transaction database.
4.2 Experiment procedure

In order to examine the support function for specifi-
cation determination, two conditions were preset, where
by the first condition is to select the specification recom-
mended by the support system, while the second condition
is to deliberately avoid the recommended specification and
select original combination of specifications. Selections
of specifications for both conditions are each conducted
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5 times, where by the first specification selected is cho-
sen randomly from every specification subject. To ease
the analysis process, the selection of specification is car-
ried out in two continuous step although 5 specifications
are needed to form a complete product. Meanwhile, the
specification selection process is carried out in the graphic
user interface window shown in Fig. 11.
4.3 Result and discussion

Figure 12 shows the result of experiment. The bubble
graphs illustrate the relationship between two specifica-
tions through data mining process. The size of the bubble
in the graph shows the intensity/probability of specifica-
tion at Y-axis has been selected when specification at X-
axis is first selected. A part from the diagonal regions that
indicate the specifications in the same specification sub-

Table 1  Specification subjects and specifications of handrail

Cross section
Length(m), A of handrail, B
Round(Dxt), Square(WxHxt) (mm)
Code| Specs. Code Specs.
Al |lm B1 IRound(27.2x1.5)
A2 |2m B2 {Round(32x1.5)
A3 [3m B3 |Round(34x1.5)
A4 [4m B4 |Round(38x1.5)
A5 |5m B5 |Round(42.7x1.5)
A6 |6m B6 [Square(7x7x1.0)
A7 [Im B7 [Square(16x16x1.0)
A8 [8m B8 [Square(19x10x1.0)
A9 |9m B9 |Square(30x20x1.5)
A10 [10m B10 |Square(35x35x1.2)
nterval distance between| Cross section End design
vertical support(mm), C of vertical support, D of handrail, E
Round(Dxt), Square(WxHxt) (mm)
Code Specs. Code Specs. Code Specs.
9} 600mm D1 Round(27.2x1.5)
G2 700mm D2 Round(32x1.5) El |
[eX] 800mm D3 [Round(34x1.5)
c4 900mm D4 |Round(38x1.5)
(3] 1000mm D5 Round(42.7x1.5) E2
C6 1100mm D6 |Square(7x7x1.0)
Cc7 1200mm D7 Square(16x16x1.0)
c8 1300mm D8 Square(19x10x1.0) T
Cc9 1400mm D9 Square(30x20x1.5) E3
C10 1500mm D10 [Square(35x35x1.2)
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ject could not be selected simultaneously, the concentra-
tions of bubble at certain regions shows that there was a
tendency for customer or designer to favor some combi-
nations of specifications.

Figure 12 (a) illustrates the selection result of the ex-
periment for the first condition, where by selection is
based on recommended specifications. The black dots lo-
cated the X-axis show the starting specifications randomly
chosen and the arrow lines lead to the chosen specifica-
tions in the following steps. As graph has shown that
the arrow lines point towards the regions where the spec-
ifications are intensely selected, it is extremely apparent
that by selecting the specifications recommended by the
support system, it is most likely that product with popu-
lar specifications will be formulated. On the other hand,
Fig. 12 (b) illustrates the selection result of the experiment
for the second condition, where by selection is based on
non-recommended specifications. Contrary to the result
obtained from condition 1, the arrow lines point towards
the regions where almost no specifications are selected,
in which this implies that new combinations of specifica-
tions had been selected. The selections of this combina-
tions may be caused by the needs of the customer for the
specific designs or innovative ideas from the customers.

5. Discussion

In this paper, we have developed a framework for
Internet-based customer-oriented ordering system to suit
the future trend of customer opting to involve in the prod-
uct design process. By using the Internet as a design plat-
form, the customer may obtain relevant information, such
as the feasibility of design, price and time of delivery al-
most instantly. From the evaluation and case study done
for the framework, it is learnt that the quality of product
designed is greatly relied on the precision and quantity of

Selected specification

T en

hel ““ﬂ“lf m Bax ¥

Specification subjects

-+ Recommendation of
specifications

Fig. 11
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Graphic user interface of Internet-based customer oriented ordering system
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Fig. 12 Experiment results

information input into the system. Thus, the user-ability
of the system is greatly depends on how the maker inte-
grates their design knowledge and know-how into the sys-
tem. Meanwhile, although it is shown in the case study
that a support system may aid the specification determina-
tion process, the accuracy of the support system is very
much depends on the setting of coefficients in the data
mining and fuzzy operations. Hence, in order to put the
system into good use, the fine tuning of these coefficients
deserves special attention as well.

6. Conclusion

In this paper, we have proposed a framework of
Internet-based customer-oriented ordering system that is
able to provide the customer with greater freedom in de-
termining the specifications of a custom-made product.
The framework includes a support system powered by data
mining and fuzzy set theory that can support the customers
in the process of specification determination, thus enable
the manufacturing of individual-oriented product.

(1)

(2)
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