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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. If 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 voltage, black-state average voltage, and black-state error rate. And we added

economic criterion and quality and maintenance criterion. Through the two-step statistical analysis 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

Glass Presence Coating Coating Form O;F}!:}il?alinGlass
Types of Fe Type ckness
0.70 mm
1. Optical 1.00 mm
Glass Front Side 1.50 mm
Barium 1.90 mm
2. Optical 2.00 mm
Glass 1. Contained 1. HEA 0.70 mm
B207 Fe 1.00 mm
3. Potash 2. VLR Back Side 1.50 mm
—Lime 2. Not 1.90 mm
Glass Contained 3. VLRW 2.00 mm
4. Natrium/ 0.70 mm
S(I’d_"’ Front and 1(5)8 Z:
—Lime . -
Glass Back Sides BT ——
2.00 mm
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Evaluation of Alternatives Through 2—Step
Statistical Analysis Based on Performance
Measurements (Black Voltage, White Voltage,
Black State Error Rate)

v

Selection of 4
Alternatives

v

AHP Analysis Using 5
Evaluation Criteria

v

Selection of
Optimal Alternative

Fig. 1. Selection process of optimized optical filter.

Ediz Hrlstde=dl ol #sted  AHP
analytic hierarchy process) E8<& AF&33ith =2
1. Thomas Saaty [11]¢] ¢]3}e] 7f2rE AHP =9
oQAtAA ] oy FHH 24 AAH 245 B
a1H T i A Aol HiskA] ol trlE
AbA7A ool A Wol &&EI 9= EFPo|th
Section 264 &= FsdE 9] oy tighs o

57FA] 715l dske] A3 B9kt Section 3o+ &
© gk F 360MEFEH It Thse 4709 dijte®
ZoAYyrle PAe tsle] =391 section 4904+
AHP R¥& Edig2 HA fichs HdAAPes s A
B3ttt 22 section 59 HF 22 vEAC

—~

T of

P

1o 4 rlo ot

L

(o3

‘:L
N
-
of
rl



A7 A A 733 =R, A27d A6Z pp. 407-416, 20149 6€:

Bekalel FRY 54 0 A B9 549 % 20 2o

AEBIAE 2014 B 4 d%o] 72 FTREE A7)
Ho] &) olew] z+

o
=
o ES=At /ﬂ‘—oﬂ oJ&ro. u] *]% QoS B —/F 9} .

Table 2. Characteristics and performance of optical glass type.

Optical .
Glass Composition and Function BerformancepAffecting
Factor
Type
—Used for Optics and Physics ~Influence on Aperratlo‘n
1. - R due to Increasing Barium
. Related With Light .
Optical . Oxide
—Have Same Refractive Index and .
Glass . . —Influence on Refractive
. Degree of Dispersion
Barium L . Index and Degree of
—Have a Minimum Refractive Index . .
Dispersion
~lave a Quartz Type Glass —Influence on Aberration
Ingredient, Not Include Fe, and .
. o due to Changing the
. Used for Optical Communication ..
2. Coefficient of Heat
Optical and Laser Beam Expansion
phe —Used for Optical Filter and Have Xp A .
Glass - - —Produce Light Sensing
a Good Durability N
B207 . . Error due to Increasing
—Have a Chemical Stability . . .
< . the Diffused Reflection in
—Have Same Refractive Index and o ..
. . Silicon Dioxide and Fe
Degree of Dispersion
—Hard Glass in a Physical and —Degrade Reflexibility due
Chemical Applications and Used to Stone Phenomenon
for Photo Filter, Fluorescent Produced by Fusion
3. Light Lamp and Glasses Problem
Potash —Have High Degree of —Decrease Efficiency in
—Lime Transparency and Produced Light Penetrating the
Glass Through High Temperature Heat Glass and Increase
Treatment Process Diffused Reflection due
—Have Low Refractive Index and to Changing the Glass
Degree of Dispersion Color into Bluish Green
—Widely Used for Industry, ~Appear Defection on.
4 Architecture, etc. as a General Glass due to Increasing
Natrium/ ’ ’ AlO3 in Silicon

Glass L.
Soda _ . . —Decrease Efficiency due
" Lime Have High Refractive Index and to Dispersion, Diffused

Glass Degree of Dlsggrsmn Reflection and Low Light
—Include Lead Silicate and Fe .
Penetration Rate

ol qla) A3

E

ofh
rl
ojft

409

2 0.08%~0.15% (800 ppm~1,000 ppm) FEo]i,
S gE, S5 A=, ela ey e AgEE A
HE 819 F9-= 0.015%~0.02% (150 ~200 ppm)
AER Gk Wbl 03%), Fh& (39 660 nmbg
45° 192 FaE o 92~93%), o] A Fg Fe &
% (0015%)& HA 20 e AS ghoz Aol
B ATAAE AR G2 0015% A

21.3 &t AY R

T A537)7] Riol gAg vk 3e oA
85 F ARE oY glo] AEsy] S8 Zasdk Ao
2 HolEE 53 A ASLE AAseE 9
3 WA 1138 HEAE ARo|] 0.20% ©o]ste] ¥E 3 ub
7] (2 AlEY Ha =2 A4 S s s 2t
= Aldoelty. ¥ I& 290l gl ofFE oA A
A o1ae WEgeA &7 A3 £E I i oF #8o
AeE 2 e :Ho| FH83l te?} Black AEl
o 7] AW oxE ZFo|LE HE3 y|&F ol
4, A 9AkA] VLRS ARe] 0.75% ol&te] £ & o ut
715 ZkeE Agolth AAl, ARALAIR]I VLR o] w384
71 WHS 5 3ckste]l v £S5 ARl A
WAL VLRWS F718 o2 2 -&319ith

UL BAE S8 bt ) go] 03%F WA B

% AR 54 =92 vk 29 e =292 gHol

¥ AgS oW =9, sdeln A% s =Y, e

3o el Hew g 2y Al AN Sk
2.1.5 Zatgel £

8 A7l @AE FstEEe FAE FEH
Ao 2 EF- 9GS vAE T8 aath 1A FA
Aol A 2AE 660 nm 7HA F 3PS WAL glo] E
AlAok gt} ol FAZE Y-
focusing o] 224 White ele] A 2 Black A+
Blo] Mk SAgko]l EAEiXIth 1E)a TR R
of tALZL Fol WAt £ E&% B wii
QF7F WA W R FAVE YR gfew dod i
717 (laser cutting side crumble) E-2Fo] HAsl=
Ak 2EaL 5§ A7) b Al
Agstes WAl A = Fst FE7E A

%

fr
i
2
N
N
30,



410 J. KIEEME, Vol. 27, No. 6, pp. 407-416, June 2014: H. K. Yu et al.

2.2 FEHTE MY IIE

F3t "4y AARTIES A A, AAE, 28a
F4 9 fFAERSF SddA AHRgEsd 4TS

White A8 =4 A3 Black A8 24 2 18
I Black e olH &= AEHC}

2ol AH 2 feedback® 2 7|the] @A th7]
7HA |k olEA AFsr]7|A A
= el wek F4= 5 zste] Black X%t White
Aol 2% 7} Black AEold Q&2 1S A F
A Aa& DC 0 VE ©]ARF DC 045 V °o]3td
oFAe] gl Ve @gow AASSrh 183 White
2 & DC 495 VolAxqt DC

White, Black
ohoAge F8EF ANE A48 98 = A7

%o Yeh

X0,
i
—t+
(¢}

24
(o]

c.
]

—t+
il
o
oo
ol
ol
2
N\
oX,
o
=

Table 3. White and black state and voltage measurement guideline.

Item White Black Detailed Description
After the Account is
Automation No Bank Automatically Transferred,
Equipment Sensing Account Whether the Account Exists in
‘qﬁtpate Account (Not the Automatic Teller Machine
= Detected) (Detected / Not  Detected,
Divide Into Two Classes)
Optimal “fom v . As Close as Possible to The 0
Voltage DC4.95 ¥ 0V V and DC 4.95 V Voltage
—The Voltage of More Than DC
2.45 V is Judged as “1” in
Mor Digital Signal and Recognizing
Standard ;ﬂ?dz Less Than  That the Account is Detected
Voltage 945 V DCO0.45 V —The Voltage of Less Than
. DC 0.45 \4 is Judged
as “0” and Recognizing That the
Account is Not Detected.
Error ,]liiii More Than _
7 = 5 7
Voltage 945 V DCO0.45 V
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Table 4. Evaluation index for economic criteria.

Optical Filter

Selection Criteria Ervelmsiiton losless

1. Optical Filter Manufacturing and
Rapid Delivery

2. Optical Filter Price and its
Stability

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

Economic Aspect 3
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Completeness of Optical Filter
Optical Filter

Supply Company
4. Exclusiveness Right of Optical

Filter Supply Company for
Manufacturing Technology
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Optical Filter
Selection Criteria
and Maintenance

Table 5. Evaluation index for quality and support and
Quality and Support

maintenance criteria.
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Definition of each number in pairwise
comparison matrix.

Definition of Each Number in Pairwise Comparison Matrix

Definition

Criteria i and j are Equally Important.

Importance is Located Between 1 and 3.

Criterion i is Little More Important than Criterion j.

Importance is Located Between 3 and 5.

Criterion i is More Important than Criterion j.

Importance is Located Between 5 and 7.

Criterion i is Far More Important than Criterion j.

Importance is Located Between 7 and 9.

Criterion i is Absolutely More Important than
Criterion j.
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Table 10. Expert information.

No Academic Com Task Professional Carrer
Background pany Field (Year)
University Automation

A (‘raduatey SG R&D Equipment Design, 23
* F/W Development
University Automation

B Graduate SG R&D Equipment Design 15
University Automation

C C;radue;te} SG R&D Equipment Design, 18

H/W Development

D University G Business Component 20
Graduate Support Procurement

E University G Product Optical Filter 20
Graduate = Production Production

F University SJ Filter Optical Filter 18
Graduate o Development  Development

G University SJ Product Optical Filter 15

" Graduate o Production Production b
University Automation

g mversiy AS R&D Equipment 15
Graduate

Development
- NS i=i [e) [e) bz
Al gEo] ZF A= AETE 8919 SHSs o
- Y =
ek grdd vhe 3 116l FE st

Table 11. Pairwise comparison matrix for each criterion.

Error
Vol'tage Vol'tage Rate E Quality and
Category in n in €ONOM  Sypport and
White Black ic 5
Black Maintenance
State State S
tate
Voltage in
White State 1 3 1 4 6
Voltage in - .
Black State 1/3 1 1/3 2 3
Error Rate in . =
Black State 1 3 1 3 °
Economic 1/4 1/2 1/3 1 2
Quality and
Support and 1/6 1/3 1/5 1/2 1

Maintenance

S E 119 Avla 99y E BEgde 449
w7 J1EE AFAE T OE 120 s

Table 12. Standard matrix and weight for each criterion.

Quality
Average Average Ag::sfe and
Categor Voltage Voltage Rate in Econo Support Weight
A8V in White in Black o~ mic and e
ack .
State State State Maintena
nce

Average

Voltage 55, 0383 0349 0.381 0353  0.366
in White

State

Average

Voltage 101 9128 0116 0190 0176  0.146
in Black

State

Average

Error

Rate in 0.364 0.383 0.349  0.286  0.294 0.335
Black

State

Economic  0.091 0.064 0.116  0.095 0.118 0.097
Quality

and

S“f;’dm 0.061 0.043 0.070  0.048  0.059  0.056
Maintena

nce

¥ 8% Y 7} 7|&¥ F Q%+ White AH Hi
Aol 366%= 7HE =i 1 thF o & Black ‘3l
P+ o7 &o] 335%, Black AE] H Aol
146%, A 97% 281 F4 9 FAREFA
56%Z UERT Satty: 7B AUEH FoE
Brjel AwAel YEAel oz weats] 9t
A #AA H)E (consistency ratio) [11]& A=
o] kol 0.1 olstd A5 oAtAAAS] A A=
= wEEwst £ Aoz Aorsta 01 oY
A9 d@Aalo]l Aoj® Aow HorTh ¥ 74 AW
qde  digt d#AAd AA Ay dAd HE
(consistency ratio)& 0.013&2 7|54 W A3

Fow Brbe Qo] g Ao Bewh

3.43 Z} J|EHE Hoihjete] ZRE At

WA A WA 71Ed White el Hat 54 A%
o SHolA F7E tid dictsel AE ANte
ik kel Aulw PHLE 1w 69 AEIES 283
duto] WS T8 Fasion did HAAE AR
5 AR

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

Category Alt. 1 Alt. 2 Alt. 3
Alt. 1 1 1/2 1/3
Alt. 2 2 1 1/2
Alt. 3 3 2 1
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Table 14. Evaluation result with respect to white-state
average voltage.

Pairwise Comparison Standard Matrix

Alt. Matrix Result
Alt. 1 Alt. 2 Alt. 3 Alt. 1 Alt. 2 Alt. 3

Alt.1 1 1/2 1/3 0.167 0.143 0.182 0.164

Alt.2 2 1 1/2 0.333 0.286 0.273 0.297

Alt.3 3 2 1 0.500 0.571 0.545 0.539

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

Pairwise Comparison Standard Matrix

Alt. Matrix Result
Alt. 1 Alt. 2 Alt. 3 Alt. 1 Alt. 2 Alt. 3

Alt. 1 1 2 3 0.545 0.571 0.500 0.539

Alt. 2 1/2 1 2 0.273 0.286 0.333 0.297

Alt. 3 1/3 1/2 1 0.182 0.143 0.167 0.164

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

Pairwise Comparison Standard Matrix

Alt. Matrix Result
Alt. 1 Alt. 2 Alt. 3 Alt. 1 Al. 2 Al 3
Alt. 1 1 3 5 0.652 0.667  0.625  0.648
Alt. 2 1/3 1 2 0.217  0.222 0250  0.230
Alt. 3 1/5 1/2 1 0.130 0.111 0125 0.122
Table 17. Evaluation result with respect to economic
criterion.
Pairwise Comparison Standard Matrix
Alt. Matrix Result
Alt. 1 Alt. 2 Alt. 3 Alt. 1 Alt. 2 Alt. 3
Alt. 1 1 5 5 0714 0714 0714  0.714
Alt. 2 1/5 1 1 0.143  0.143  0.143  0.143
Alt. 3 1/5 1 1 0.143  0.143  0.143  0.143

Table 18. Evaluation result with respect to quality and

support and maintenance.

Pairwise Comparison Standard Matrix

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

Alt, 1 1 6 6 0.750  0.750 _ 0.750 _ 0.750

Alt. 2 1/6 1 1 0.125 0125 0.125  0.125

Al 3 1/6 1 1 0.125 0125 0.125  0.125

olA Ava ALENE RrALe Foln B
g Pz FAge FHoEA 74 e Fou
A5E Qe

F9 5 415

et 19 HF H4= 0.366:0.164 +
0.146-0.539 + 0.335-0.648 + 0.097-0.714
+ 0.056-0.750 = 0.467

tek 29k 39 HF HAFm 22 Aoz Atste]
¥ 1991 Asaldh

Table 19. Final result for each alternative.

Alternative Final Result
1 0.467
2 0.250
3 0.283
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mm, 1.0 mm, 1.
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