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Abstract

QFD is a methodology, which establishes a
relationship between product and customer, determines
product’s sales ability and carry out it to a high level
during the process. In this study, QFD methodology,
which is used in several industries, was implemented in
the production industry. In the first step, which is
developed by the customer’s voice, Multi Criteria
Decision Making was used. The relationship, which is
between product and customer’s requirements, is
determined by Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS). After this step,
with customer requirements and technical details,
which is matched with, are put in the house of quality
(HoQ). Fallowing these steps, improvement ratio and
green parameters are taken place in the house. Finally
calculate all items and evaluated.
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I. INTRODUCTION
Achieving end-user satisfaction and optimizing the
product design cost is a major goal of facility owners
and developers. After identifying design objectives, a
multitude of product with varying cost can be used to
create alternatives that meet the design objectives.
Owners have to carefully select the most optimum
design alternative that combines the most valuable
option and realize the design objectives within the
project budget.
The majority of the product costs are spent during the
manufacturing phase, however most of these costs are
mainly determined in the design phase. More
specifically, during the early phases of the product
development only 10 to 15% of the product has been
developed, but 80% of the costs have been committed.
The possibility to influence cost during the design
phase is much higher than the other phases, while at the
same time the modification cost is substantially smaller
compared with other stages of the life cycle. Thus, good
cost estimation as early as possible assists controlling
the parameters of cost, which subsequently implies that
the performance and effectiveness of an enterprise is
significantly influenced possibly.

Customers employ a variety of heuristics when
evaluating product alternatives in the marketplace.
Many products are made up of different features and
are mainly differentiated by brands, packaging and
price. Different customer may have different choices
for the particular product out of set of multi attribute
alternatives of different brands or within the same
brands also. Depending on the nature of the demand, it
is necessary to make product differentiation based on
multi attribute.

To compete in the market place, manufacturers have to
expand their product lines and differentiation of their
product offering with the belief that large product
variety may stimulate sales and generate more revenue.
The final decision to select a particular design for a
given product is perhaps the most critical stage in the
product design development. Such decision is
influenced by many factors, the specifics of which are
not known priori during the design stage. As such, a
quantitative basis for comparison and selection of the
best design solution among a variety of alternatives
could greatly impact on the eventual success or failure
of a product in the market.

Il. LITERATURE REVIEW

To develop a successful product in today’s competitive
and globalize environment, customer requirements need
to be carefully considered during product
conceptualization. For this purpose, Quality Function
Deployment (QFD) has been widely studied and
applied to better understand and utilize customer needs
in new product development. Quality Function
Deployment (QFD) is “an overall concept that provides
a means of translating customer requirements into the
appropriate technical requirements for each stage of the
product development and production”.

The concept of QFD refers to a comprehensive
approach to quality including “quality deployment” and
what the Japanese call “deployment of the quality
function”. Dr. YojiAkao of Tamagawa University
provides a definition of QFD in his work with Robert
King of GOAL/QPC.

Quality Function Deployment (QFD) is a systematic
process for motivating a business to focus on its
customers. It is used by cross-functional teams to
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identify and resolve issues involved in providing
products, processes, services and strategies which will
more than satisfy their customers. A prerequisite to
QFD is Market Research. This is the process of
understanding what the customer wants, how important
these benefits are, and how well different providers of
products that address these benefits are perceived to
perform. This is a prerequisite to QFD because it is
impossible to consistently provide products which will
attract customers unless we have a very good
understanding of what they want. When completed it
resembles a house structure and is often referred to as
House of Quality (HOQ). [4]

oo™ TREY R

HIN SHITSU
Quality Function Deployment
Features Mechanization Diffuzion
Attributes Development
Qualities Evolution

Figure 2.1 Translations Of Six Chinese Characters
For Qfd
Quality Function Deployment is derived from six
Chinese characters with Japanese Kanji pronunciation
(Figure 2.1): HinShitsu (Quality), Ki Nou (Function),
Ten Kai (Deployment).

The Japanese characters for HinShitsu represents
quality, features or attribute, Ki and Nou represents
function or mechanization and Ten and Kai represents
deployment, diffusion, development or evolution.
Taken together, the Japanese characters mean “how do
we understand the quality that our customer expect and
make it happen in a dynamic way” [2] functional fields,
applied industries and methodological development.

Quality Deployment is a matter of converting customer
quality requirements into counterpart characteristics,
determining design quality levels for the finished
product and then systematically relating these to the
quality of subsystems, assemblies and parts.
Deployment of the quality function consists of detailed,
stepwise deployment of the means and objectives of all
manufacturing functions and work having a bearing on
product quality.

Multi Criteria Decision Making (MCDM) Method

Multiple—criteria decision making method (MCDM) is
a decision making analysis method which has been
developed since 1970s. A decision-making problem is
the process of finding the best option from all of the
feasible alternatives. For many problems, the decision
maker wants to solve a multiple criteria decision

making (MCDM) problem. A MCDM problem can be
concisely expressed in matrix format as:

* [ C1 C2 C3 -« Cn ‘|
Al] x11 x12  x13 - x1n |
A2| x21 x22  x23 x2n |
D= A3|x31 x32 «x33 x3n |
Amlym1 xm2 xm3 - xan
W= [wl w2 w3 ... wn]
Where Al, A2, A3 .......... , Am are possible alternatives

among which decision makers have to choose, C1, C2,

C3, .. , Cn are criteria with which alternatives

performance are measured, xijis the performance value

of alternatives Ai with respect to criterion Cj, wjis the

weight of criterion Cj.

TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution)

Technique for order preference by similarity to ideal
solution TOPSIS was initially developed by Hwang and
Yoon (1981), subsequently discussed by many (Chu,
2004; Peng, 2000).

TOPSIS finds the best alternatives by minimizing the
distance to the ideal solution and maximizing the
distance to the nadir or negative-ideal solution
(Jahanshahloo et al., 2006).

In this group the preferred option will be the closest
option to the ideal solution. The following groups also
compromise its subtypes compensating model.
Compensatory model exchanges between indices are
considered. That may be an indicator of weakness by
the other index points is compensated (Chen et al.,
2006).

All alternative solutions can be ranked according to
their closeness to the ideal solution. Because its first
introduction, a number of extensions and variations of
TOPSIS have been developed over the years. General
TOPSIS process with six steps is listed below:
Step 1: Calculate the normalized decision matrix A.

The normalized value (aij)is calculated as:

Xij

I ()2
Step 2: Calculate the weighted normalized decision
matrix:

aij 1l<ismil<j<n)

V = (aij X wj)

Where wijis the weight of the i" criterion andY?,, w =
1
Step 3: Calculate the ideal solution V* and the negative
ideal solution V-

V' = {vih, vo'.vi'} = { Maxy; | j€J),
(Min vilje J)}

V' = {vi, V2,.Vn }
(Max viljed)}

= { Minvij | jE J),
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Step 4: Calculate the separation measures, using the m-
dimensional Euclidean distance.

5+=\/Z?=1(Vij - VhHe,
where(1<i<m,1<j<n)
s—=J27=1(Vi,-

Em, 1s/<n
Step 5: Calculate the relative closeness to the ideal
solution

Pi=——— where 1<i<m1<j<n)
Where the larger is, P; the closer the alternative is to the
ideal solution.

Step 6: The larger TOPSIS value, the better the

alternative.

V)2, where(1 <

Application
In this project, mobile phone is considered as an
application part. Four different brands of mobile phone
are taken under the range of Indian National Rupees
15,000/-. Some of the criteria are considered randomly

like dimension, weight, internal memory, front camera
and cost of the mobile phone. Our aim is to design a
new product which should include all these features.
Initially the weight of the product is calculated by
applying Analytical Hierarchy Process (AHP).

After AHP, the procedure of TOPSIS is applied.
Wherein the first step all the criteria are converted into
normalization. Then after, the calculated weight is
mixed with the normalized values of the criteria which
gives the weighted normalization matrix.

From the weighted normalization matrix, we select the
upper most and lower most values of each criteria.
Accordingly, we calculate the similarity to ideal
solution i.e. the deviation from the ideal solution in
both positive and negative ways. At last, we calculate
the performance index of the product using the
deviations.

Let us take the four different brands of mobile phone
with few specific features (criteria) under a particular
range.

Dimension(Ixbxh) Weight (gm) Front Camera (MP) Internal Memory (GB) Price (INR)
Product 1 95836 175 20 64 14999
Product 2 101332 175 12 32 12999
Product 3 105518 205 16 64 14999
Product 4 87352 168 12 64 13990

Now, the Analytical Hierarchy Process (AHP) will be applied to calculate the individual weight of these criteria.
criteria importance

3. Int

mal Memory

4. Weight

Dimension | by (0

General TOPSIS process with six steps is listed below:
Step 1: Calculate the normalized decision matrix A. The normalized value (aij)is calculated as:

.. XY . .
alj ==——7"—— , 1<i<ml<j<n
I =smez =n
Table: Normalization Matrix
Dimension(l x b x h) Weight (gm) Front Camera (MP) Internal Memory (GB) Price (INR)

Product 1 0.4902 0.4826 0.6510 0.5547 0.5255
Product 2 0.5183 0.4826 0.3906 0.2773 0.4554
Product 3 0.5398 0.5653 0.5208 0.5547 0.5255
Product 4 0.4468 0.4633 0.3906 0.5547 0.4902
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Step 2: Calculate the weighted normalized decision matrix:

V = (aij X wj)
Table: Weighted Normalization Matrix
Dimension(l x b x h) Weight (gm) Front Camera (MP) Internal Memory (GB) Price (INR)
Product 1 0.2719 0.1301 0.0608 0.0301 0.0146
Product 2 0.2875 0.1301 0.0365 0.0151 0.0126
Product 3 0.2994 0.1524 0.0486 0.0301 0.0146
Product 4 0.2479 0.1249 0.0365 0.0301 0.0136

Step 3: Calculate the ideal solution V* and the negative ideal solution V°
Vi ={v,", v," v ={ Maxv;; | j€J), (Min vilje J)}
V' ={vi, v;,.vp,} ={Minv;|j€J), (Max vjj€el)}
Table: The upper most & lower most values

Dimension Weight Front Camera Internal Memory Price
Most +Ve Value 0.2994 0.1524 0.0486 0.0151 0.0146
Most -Ve Value 0.2479 0.1249 0.0365 0.0301 0.0126
Step 4: Calculate the separation measures, using the m-dimensional Euclidean distance.
S+= \/Z}‘zl(VU — VY2 where(1<i<m,1<j<n)
§—= \/Z}’zl(VU — V)2, where(1<i<m,1<j<n)
Table: The Separation Measures
S1+ 0.0403 S1- 0.0312
S2 + 0.0281 S2 - 0.0426
S3 + 0.0151 S3 - 0.0596
S4 + 0.0615 S4 - 0.001

Step 5: Calculate the relative closeness to the ideal solution

. S; . ,
Pi=——"— where (1<i<m1<j<n)
sto+ s

Where the larger is, P; the closer the alternative is to the ideal solution.
Table: Relative Closeness from Ideal Solution

P1 0.4364
P2 0.6025
P3 0.7979
P4 0.0160

The result obtained from table clearly indicates that product3 has maximum relative closeness from the ideal
solution and hence product3 is to be selected.
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Figure: House of Quality
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RESULT & DISCUSSION

The result obtained from two different models are as

follows:

1. Evaluation of New Product Design Alternative

Table: Relative Closeness from Ideal Solution

Product 1 P1 0.4364
Product 2 P2 0.6025
Product 3 P3 0.7979
Product 4 P4 0.0160

The result obtained from table clearly indicates that
product 3 has maximum relative closeness from the
ideal solution and hence product 3 is to be selected.

2. The House of Quality

The quality index obtained based on the AHP and
TOPSIS is 217. Which signifies the upper most
deviation from the ideal product design. Higher the
value of Quality index, higher will be the quality
achieved for product design.
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