B DOE N R A A s A B B
RSP R



Application of Voting Analytic Hierarchy Process and
Quality Function Deployment to
Smartphone Green Design

By
Shih-Wei Huang

Advisors: Dr. Chyuan Perng
Dr. Shui-Shun Lin

A Thesis
Submitted to the Institute of Industrial Engineering and Enterprise
Information at Tunghai University in Partial Fulfillment of the
Requirements for the Degree of Master of Science
in
Industrial Engineering and Enterprise Information

June 2013
Taichung, Taiwan, Republic of China



B*EENEBAVEARTBEERNFENL B w3

alp Bt ¥ A £L
ROk gL

A
k-

51

?‘m.
P
A
%
=
e
=
o
%
£
iz
o
10"
=
$o%

gg%%ﬂ’1%£$ﬁﬁé%§%%%’%ﬂﬁf‘ﬁi%%@’kﬁiﬁ4ﬁ
AR Y ) ~$"a% TR B AR b

B AR R S W TR véﬁﬁjéiz%i §

TS ATAS R A ;nrﬂT4“’€ AR

AFFARP T I(D)A I F FERPFHNTEN LB 5 FRTF (2
gﬁﬁ%mi%y3£“¢r.ﬁ??%Wi%55£“ﬁ?% CRELHY RESA
&A\*‘?,}E%?’f}& ER UE ‘Z"\F%’}\L*ﬁ; % ¢ X FEQ s T E VAHP B ¥ 5 i iE

AETHERER (DAY AFETENS BT RP D6 RLRGPD 2 18
PlieAAuls (8 B3 BT 250 Y & vy gl Eaff s @

EH QW FEFarmEFEL S B8 R 5 ka2
Er 333 AIFFLRPE S BT BT PF L R R
Q)M HELEd & 7B EE B AEERET *
dpﬂ&fm}ama; FEYEARYLFT R R R
WARB X 2 (P AL TR N ZFEA LRI 2 *L%va‘g”aﬁg%m]iﬁg
%4 é’iiLi?’-ﬁ FTECRBRPHEIFENIPEEFG AP MREFLRES K
PEADN RSN BB FRHIEE LA SRR T T X o

MEFH B R -FEUEY - EFPBLER - FENR L2

FhMEE B o
’%mié%ﬁ

<l



Application of Voting Analytic Hierarchy Process and Quality
Function Deployment to Smartphone Green Design

Student: Shih-Wei Huang Advisors: Dr. Chyuan Perng
Dr. Shui-Shun Lin

Department of Industrial Engineering and Enterprise Information
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ABSTRACT

Industry and high-tech industries flourish in the current era. In addition to enhancing
quality of life, they have caused plentiful harm to human beings and the environment. Some
man-made pollution has destroyed the ecological balance. Environmental protection has thus
become everybody’s social responsibility. Many enterprises are beginning to actively concern
themselves with sustainable business models and environmental protection issues. After
continuous technological development in recent years, many new products have emerged to
make human life more convenient. The smartphone is among the most popular of these
products.

The main aims of this study are to (1) analyze green smartphone requirements of
consumers and designers; and (2) construct an assessment framework and checklist for
smartphone green design. This study adopts voting analytic hierarchy process (VAHP) and
quality function deployment (QFD) and constructs green design criteria through expert
interviews. The study also develops a VAHP questionnaire and implements design house of
quality (HOQ).

The study found that (1) the three most-concerned criteria in assessing smartphone green
design of manufacturers are the use of toxic-free substances, the use of materials with
economic value in recycling, and the use of toxic-free packaging materials; (2) the three
most-concerned criteria in order for assessing smartphone green design of consumers are the
use of toxic-free substances, phone use safety, and easy repair and maintenance design; (3)
after expert rating, the results of a correlation matrix were combined with consumer opinions
and showed that the three most-concerned criteria of manufacturers and consumers are the
use of toxic-free substances, the use of toxic-free packaging materials, and phone use safety;
(4) the smartphone green design checklist proposed by this study has application in the
assessment of eco-friendly smartphone green design plans.

Keywords: Green Design, Smart Phone, Quality Function Deployment (QFD), Voting
Analytic Hierarchy Process (VAHP)
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st Lingo 238 P
- A AFAEUL P R Lingo AF R
sets:

crit/1..14/:SCORE;/+ 7 14 78 1 & #p| ;
rank/1.14/; /143 32 & BpliR LB AR L5 % 1 25 % 14 &

Xrs(crit,rank):a; IXrs=a ;
Urs(crit,rank):b; /Urs=b ;
endsets

max=@sum(crit:SCORE);

[P Rt &
@for(crit(r):
SCORE(n)=@SUM(rank(s):a(r,s)*b(r,s));

ISCORE(r)=Xrs*Urs ;
@for(crit(p):
@SUM(rank(s):a(p,s)*b(r,s))<=1);

[P N+ B <1045

@for(crit(r):
b(r,1)>=2*b(r,2));

@for(crit(r):
2*b(r,2)>=3*b(r,3));

@for(crit(r):
3*b(r,3)>=4*b(r,4));

@for(crit(r):
4*b(r,4)>=5*b(r,5));

@for(crit(r):
5*b(r,5)>=6*b(r,6));

@for(crit(r):
6*b(r,6)>=7*b(r,7));

@for(crit(r):
7*b(r,7)>=8*b(r,8));

@for(crit(r):
8*b(r,8)>=9*h(r,9));

@for(crit(r):
9*b(r,9)>=10*b(r,10));
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@for(crit(r):
10*b(r,10)>=11*b(r,11));

@for(crit(r):
11*b(r,11)>=12*b(r,12));

@for(crit(r):
12*b(r,12)>=13*b(r,13));

@for(crit(r):
13*b(r,13)>=14*b(r,14));
[le— JEER]; %S enfpd E=% S+1 & & @ sur> (st urs+1 (L4574

@for(crit(r):
@for(rank(s):b(r,s)>=(2/(30*14*(14+1))))));
In=30 >3 »ch % ; S= &= endep (£ 14 &) 5 L=x=14);

data:

a=@file(M14.txt");/Xrs enF 4L kiR ;

enddata

END

S FEAES PR R Lingo A2 RP

model:

sets:

crit/1..11/:SCORE;/+ 3 113 i & &g ;

rank/1..11/; M1 R FRHRRERPELLZ S L L% 17 &

Xrs(crit,rank):a;/Xrs=a ;
Urs(crit,rank):b;/Urs=b ;

endsets

max=@sum(crit:SCORE);

[F8 B Rt xS

@for(crit(r):
SCORE(n)=@SUM(rank(s):a(r,s)*b(r,s));
[ SCORE(r)= Xrs* Urs ;

@for(crit(p):
@SUM(rank(s):a(p,s)*b(r,s))<=1);
[0 B =100 50)
@for(crit(r):

b(r,1)>=2*b(r,2));
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@for(crit(r):
2*b(r,2)>=3*b(r,3));

@for(crit(r):
3*b(r,3)>=4*b(r,4));

@for(crit(r):
4*b(r,4)>=5*b(r,5));

@for(crit(r):
5*b(r,5)>=6*b(r,6));

@for(crit(r):
6*b(r,6)>=7*b(r,7));

@for(crit(r):
7*b(r,7)>=8*b(r,8));

@for(crit(r):
8*b(r,8)>=9*b(r,9));

@for(crit(r):

9*b(r,9)>=10*h(r,10));

@for(crit(r):

10*b(r,10)>=11*b(r,11));

Il — &R ;%S LenfEd @

@for(crit(r):

v

% S+1 zenfE € @& sur> (stl)ur,s+1 (FLH8)

@for(rank(s):b(r,s)>=(2/(60*17*(17+1))))));
In=60 >3 »<k ¥ | S= =t ehdcp (£ 11 &) 5 #=x=11);

data:

a=@file('C1L1.txt");/Xrs % #L ki ;

enddata

end
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