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Abstract: Five factors are identified, which affect the performance of optical filter: 1) type of optical
glass, 2) existence of Fe, 3) photo pic coating type, 4) coating form, and 5) coating thickness. IT we
consider all the levels of five factors, there are 360 possible candidates, We determined five evaluation
criteria, which can be used to evaluate possible candidates. For the performance measures we selected
white -state avearge vollage, black-state average voltage, and black-state error rate. And we added
economic criterion and quality and maintenance criterion. Through the two-step statistical analvsis of
white-state avearge voltage, black-state average voltage, and black -state error rates, we selected final
four candidates. Based on the five criteria we finally determined optimal optical filter using AHP.

Keywords: Delphi, AHP (analytic hierarchy process), Black voltage, White voltage, HEA (high efficiency),
VLR (value low reflector), VLRW (value low reflector wide)
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Table 1. Performance index and level decision using
Delphi method.
Optical The Photo Pic
- Optical Glass
Glass Presence Coating Coating Form -
Types of Fe Type Thickness
O.70 mm
1, Optical 1.00 mm
Glass Front Side 1.50 mm
Zarium 1.90 mm
2. Optical 2.00 mm
Glass 1. Contained 1. HEA 0.70 mm
B207 Fe 1.00 mm
3. Potash 2. NLR Back Side 1.50 mm
=Lime 2. Now 1.90 mm
Glass Contained 3. VLRW 2.00 mm
4. Natrium/ 0.70 mm
S'Iﬁ_l“ Front and 19:’: ::1'1
=Lime T o D
Gilass Bl xles 1.90 mm
200 mm
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Fig. 1. Selection process of optimized optical filter.
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Table 2. Characteristics and performance of optical glass type.
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Table 4. Evaluation index for economic criteria.

Optical Filter

Selection Criteria Hyaliation: Tudex

1. Optical Filter Manufacturing and
Rapid Delivery

2. Optical Filter Price and its
Stability

3. Technology Power of Supply
Company and its Scale to
Properly Respond to Exchange
Rate Change

Economic Aspect
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Table 5. Evaluation index for quality and support and
maintenance criteria.
Optical Filter
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Evaluation Index

1. Stability of Purchasing Optical
Filter Product
2. Stability of Acquiring Optical
Glass Raw Material
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and Maintenance
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Table 6. DPerformance comparison for final  four
alternatives.
Alternative V‘z}rtea;??n V?)rt?s;aeg?n E;::kRg::t;n
White State Black State
1 2,7950 0.2988 0.00
z 3.0790 0.3450 0.20
k] 2.6850 0.3500 0.30
1 3.0000 (. 3860 0.30
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comparison matrix.

of each number in pairwise

Definition of Each Number in Pairwise Comparison Matrix

Thomas L. Saaty [11]]

Number

for Definition
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5] Criterion 1 is More Important than Criterion J.
6 Importance is Located Between 5 and 7.
7 Criterion | is Far More Important than Critervion §.
8 Importance is Located Between 7 and 9.
9 Criterion 1 is Absolutely More Important than
i Criterion j.
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B OET frelel vl 2% A%
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Table 8. Comparison between 19 mm and 20 mm
optical glasses.

Optical Glass 1.9 mm

Optical Glass 2.0 mm

Categor 5 !
Lt Thick Thick
Production  Immediately Produced Customer Order
Method After Order Production
Delivery At Last 7 Days Al Least 45 Davs
— 0 AN L
Production ""mi $ . M.d"'hi ‘b x
Peit -Low Production =High Production
rice b iy
Price I'rice
" ~Applying Standard I.'”" ul “. Achiev
Optical ¥ R . Good Quality due to
. Production Technology L
Silass ~Low Defection Rate Lusiomer Order
Cuality ! . Production Method

and Good Quality ) .
00t Huaiits —High Defection Rare

Table 9. Evaluation of 4 alternatives.
Error

Average Average

Altern Voltage Voltage Rate in Econo SQuaIiL'g.rt &“%
ative in White in Black Black mic Mu:?])o 2
State State State Alntenante

] 27950 (. 2988 (3.00 ol o

s 3.0790 S0 .20 0 1

3 268490 (L4500 .40 B H

i L0950 G3nZa .30 H I

bl frElE StdiflelA ZtAs J)E Y-S g

% AwEdeh ey 20
A A2 5 97wl 5ol vl=, 59, o
§4 Aot ARHGR 59 FRelel 4ag ¢
oftl #ih 20 mm FeHfelE FE ANT A
Ml Azse dlgur we 271 wgel dis
i, #otge FAE Fuss| ofo =@ ol
Aad AA7L A% 459 o4 2857 ikl 713
o AFel WY A HAR A4 Y TF #4
b wAEo] male] Wubfo QIF FFA A
o} vhaE = 9= A A K7} zq|:=]r.,]

mme]| el ﬂl |

i 8 -*J@}’ ﬂ] L9 mm®} 20 mmE a4 &
A W FARS FuelA vwstgrl. o)Al 3.4.1.19]
Al sk sFEEE 4] 4k ook ] slsld o)

o 3 99k 2ok AAAg F2 9 FARSEA e
19 SE3)ell A 9(ul9- =3) Alolo] #he #nu&
atiom obef 3 10 AE7FEe] o) 48 5 %),
¥ 95 B9 ook 32 uigh 1o wE] RE Hul %)
FHoNA FAHo)AY Ponw FF EAM e A A9
stk welA HE H7h digtew vpgel 37h4 %
S dAsk.
- oigh I vHEfre], 2 ¥§ VLRW, 9H=g, 1.9 mm
- oigk 20 whEREl, 3 3 VLRW, 2HEE, 20 mm
- gk 3 whEel, 3 uEgh VLRW, 9w 20 mm
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X 7€ F8EY 48 4 A% AzE die
&9 Wk Aﬂ BRAE A vl AgeR 8 &
8, 7HA4 FaE, 2 kAL 2H 58 13T

20|t}

3.4.2 "7} 7|1EL| 2tEA| AM

5% olg@ Wulu YU Y ARNES
%v} Wito] 7|Me Fal ool Atk o Hol
Pa gus w100 Aestsich

Table 10. Expert information.

Academic  Com Professional Carrer

No Background  pany kLS Field (Year)
ifsivarsii Automation

A {."f' f‘f"‘_" sG R&D Equipment Design, 23
ARG FIW Developmen

B University 86 R&D Automation 15

Graduate

Equipment Design

[ o I_m\.'cr::ll_\' S R
Graduate

Automation
Equipmenr Design, 18
HAW Developmem

Liniversity Business

Companent

i 5G 3 20
b Graduao 2 Support Procurement
TRiveEsii Iy . Optical Filti
i l-nm rsity $6 !mdu\.lt Iptical .I ler 20
Crraduate Production Production
¥ University 5 Filler Optical Filter 18
Graduate i Development  Development
G Uiniversity 5 Product Optical Filter 15
" Graduate ' Protuction Procduction :
Eiriversity Automation
H TN AS K&l Equipment 15

Graduate

Development

Aulal sjde] 7h =3

HE7F 8219

olo
IL':L
o
o2

g gheldl vhe- & 119 Aelskct.

Table 11. Pairwise comparison matrix for each criterion.

Error
Vdltage v“‘;:“ Rate  poonom  Quality and
Category  whie  Black i o o
‘State State gt:fz DTEDERER
Voltage in E y 6
White State ! 3 l i :
Voltage in , . . 3
Black State 173 1 113 2
Error Rate in : : -
Black State 1 3 ! g !
Economic 174 172 1/3 1 2
Cuality and )
Suppart and 1/6 1/3 1/5 1/2 1
Maointenance
Q] ¥ 119 #u|al "2!‘5 5 EFEILE HA4s
a2z} 7|17 7bEAE el E 1200 AYEsith

Table 12. Standard matrix and weight for each criterion,

= Quality
Average Average ﬁE"'ofe and
Voltage  Voltage . Econo  Support -
COHeBOY in White in Black e mic and  eent
State State Stata Maintena
nce
Average
Naltage ey gdga 0249 0881 0354 0.366
in White
Stae
Average
Voltage 4oy 028 016 0,080 0076 0146
in Black
State
Average
Error

Rate in 1.364 0,383 a34h 1,286 0.294 0.435
[lick
State
Economic (0.0491 (1064 116 (.0Y5 .118 0.0497
Quality
and
Support
and
Maintena
nee

0.061 (.04 0.070 0,048 0,055 0,056

I 8% WY 7t 71$Y¥ Fokx: White de) 3
Agte] 36.6%E 7H4 i 1 thgo i Black A
o 2|80l 335%, Black el 3t #Ste]
146%, AAAQ 97% 28l F4 9 %Xlia"-**ol
56%% et Sattyi: 71EEC FdH FaE
Hrtel] Aol A=A oliE wetslv] $lshe]
ol 74 u] & (consistency ratio) [11]2 Al A 8}% =
o] gkol 0.1 ol8td Ag ejAAA ] g AN
£ ourEdwe el AR AUsta 01 o]3¥
A9 A3tAlo] Aoyl Ao Mkl E 7 Awa
gdo ofF A A An dd ¥R
(consistency ratio) 0.013% 'fl. of gk Al A

=
i =1
o

A% gt AFAe] 2= AR ke
3.4.3 Zt 71EYE Hotrjete] ZRE AlY

WA 3l WA 7]E9 White A8l #Hy 54 A
i = 1*1 97 0 dersel A4E A
tjob 7kl Bula FHLS ¥ 69 HENES #EF
dujo] wS Ed agon A4 HAE A
% ALg3

3

Table 13. Pairwise comparison matrix of each alternative
with respect to white-state average voltage.

Category Alt. 1 Alt. 2 Alt. 3
Al | } 1/2 1/3
Alt, 2 2 I 1/2
Alt. 3 3 2 1
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Table 14. Evaluation result with respect to white-state
average voltage,

Pairwise Comparison

AlL. Matrix Standard Matrix Rasiik
Al 1 Al 2 Al 3 Al 1 Al 2 At 3

AlLd 1 1/2 113 0.167 0.143 0.182 0164

Al2 2 1 1/2 0,333 0.286 0.273 0.297

Al 3 2 | 0.500 0571 (1545 0339

Table 15. Evaluation result with respect to Black state
average voltage.

Pairwise Comparison

Standard Matrix

Al Matrix Result
Alt. 1 Alt. 2 Al 3 ALl Al 2 Al 3

Al 1 1 2 3 0.345 0571 0500 0539

Al 2 172 1 2 0278 0286 0333 0407

Alt 3 1/3 172 1 0,182 0,043 0167 0164

Table 16. Evalvation result with respect to Black state
average error rate.

Pairwise Comparison

ALt Matrii Standard Matrix Result
Alt. 1  Alt. 2 Alt. 3 Alt. 1 Al 2 Al 3

AlL. 1 1 3 7] 0,652 0667 0.625 0,648

Alt. 2 1/3 I 2 0.217 ):222 0,250 0.230

Al 3 145 142 1 L130 RN 0.125 0,122

Table 17. Evaluation resull with respect 1o economic

criterion,
Pairwise Comparison .
Alt. Matrix Standard Matri Result
Alt. 1 Alt. 2 Al 3 Al 1 Al 2 Al 3
Al 1 1 5 i3 0.714 0,714 0.714 714
Al 2 1/5 1 | 10,143 0,143 0.143 0,143
Al 3 /5 1 | 0,143 0.143 0143 0.143

Table 18. Evaluation result with respect to quality and

support and maintenance.

Pairwise Comparison

KEL Matrix Standard Matrix Resilt
Alt. 1 A2 A3 AL 1 Al 2 Alt. 3

Al | ] G 3 0.750 0.750 0.750 0.750
Alt. 2 /i 1 | 0,125 0.125 0.125 0.125
Al 3 16 1 1 0.125 0.125 0.125 0,125

oA #ui PHRIE EFIPAS sl E=E
de] PR Fyghs FForMA 2 Qe Faw
A8 det).

X 15914 F 19+ Sk 28 WS Akgsle]

@ 2t
s},

7 djgbEe FAE A4E P 2

3.4.4 Z} Oi2tE 3T HF

250 AAH AR zF 712 #H7) gote
Faw A42 BEdZ ) uotke] #HE AH8E A4k

shedl gk 19 HF HaE vhEst 2k

tiqk 12] HF 4= 0.366-0.164 +
0.146-:0.539 + 0.335-0.648 + 0.097-0.714

+ 0.066-0.750 = 0.467
digk 28} 39 AF A4E Lo WA oz Aste]
® 199 Aelstot,
Table 19. Final result for each alternative.
Alternative Final Result
1 0A4(7
2 (1,250
3 0,283

3.5 AHP M Z3}
AHP #4 Zat digk 1 (hEse, 3
VLRW, %dse, 19 mm)o] HE
T =2 J5E 530 g

e
A4 04672 71
1] White 4#] %

W H]EE 2,79:;:; 714 b2l Black e syt #
¥ Black ZEl o2l &elA 7HE F2 AL w9
Fa glow AAA, e FH 9L FARFA A

T2 W7HE W) 3 diok 32 White
A Hat Agte] 3095002 71 =24 Black 4
Bl ol el 83t AAA, ela FA 90 84 1Ay
S HaE wel HEF A9 028308 F A &
bt diQh 23 White Ael Hyt A9, Black A
Bt Sh Black AE] ol oA mF F3F A9
A& HefFm oy AAAY FEA L XS
Aol A 713 ‘-;H% Had Wol AT H4 025002
Al WA el 13}

T 7 se

4. @ B

TEET AR Ao AHEH = 48 BEe A%
of dEFE A= AREL AA, B8t -é"-r‘r. &
A, 4 EF F5, A, 28 9 38 39 7y, W
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