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Abstract In the defense industry, national security takes priority over economic sense and this has translated into
high cost and long-term research and development. However, the exponential growth of technology and rapid changes
in the security situation in recent years have resulted in a call for the development of systems at a low cost within
a short period of time. In order to implement a modularization strategy in the field of defense, the introduction of
line replaceable units in OO systems needs to be prioritized. This study selects six criteria following a literature
review and prioritizes 11 modules for OO systems using the project evaluation method, Grey Relational Analysis
(GRA). Based on the GRA results, the grey relational grades were derived as 0.83, 0.81 and 0.80 for the M11 (Main
board), M8 (EMI module), M3 (Single board computer) modules, respectively. The cost and time of development is
expected to be reduced in accordance with the grey relational grade. The results of this research could be utilized
for decision making on adopting modularization in similar system development or product improvement programs (PIPs).
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Table 1. Definition of platform and modularization

Term Definition

A set of subsystems and interfaces that
from a common structure from which a
stream of derivative products can be
efficiently developed and produced[4].

Platform

Building a complex product or process
from smaller subsystems that can be
designed  independently yet function
together as a whole[6].

Modularization

2.2 GRA (Grey Relational Analysis)

3| A28l o] Z(Grey System Theory; GST)S Al
glo] Q1 An )} Halx] ko Ao, AdE AR
2 Fgalo] BIAF AxE] AES d=dr] 8
Deng(1982)°] 2HITh7]. GSTOlA &8s A4
54 S4(Black), W4)(White), 314)(Grey)®] 3714
Az G S g itk AL Alzge] g g,

i Sl thiE Aur A3 gl= A
=g e

e A2gle) wE ARt $
& 9% Jut YPsa, the 9 Put v e
g otk the Fig 1% Al2ge 54, v 8
o Aust wE EA)e
Tnput Known information Output
%\4»
b o
Grey number
il 0
%\4»
Grey variables Unknown information Grey variables

Fig. 1. Grey system theory
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GRAZ B8% F/14A BES SHENNS

T i8] £ A9 GST ok Grey A4 2 Robertson and Ulrich(1998), Muffatto(1999a)= A1 A%
Grey HAEA/7E Grey B8-S &3 SACHE Ast M7 w8 BE3F A=t ofd Jas vx]=7
), Azl SHEAE Ve R § oS5 d8ste]  AFYUH15],[16]. Worren et al.(2002)= EES H&
Bzl oA AAd Ees & 7 Utk 7F 194l WA e 4 ATE T AlF EH= A
GRA= GSTOlA dAE Zos Bxxld A 4 de AR-FTH17].
3 Aol AR dZel7] 9% Mg Bl ®
- - Tabl . Literature review for evaluation criteria
% BATEE Al T ool dbmel g 5 o0 3
2] AuaAE sttt =A% AK(Original Literature RDT | RDC | DOM | COP
_ o _ o1~ Meyer and Utterback, 1993 ]
Sequence)ol] thet AES ALt 7]7] $18 07 1 A} Sanchez and Mahoney, 1996 o 0
°]¢] gX(Demical Sequence)s 2k Al Al4kekal, ¥ Sheu and Wacker, 1997 © | ©
- - e = Robertson and Ulrich, 1998 e} (0] o}
ASws A4stel 49 dioks 2= g9l E4H Muffatto, 1999a o | o o
o]E]-[g]. Worren et al., 2002 0] o
Gershenson et al., 2003 e} e}
. . . Mikkola and Gassmann, 2003 (¢] O
Table 2. Comparative table of project evaluation Kelling and Leteinturier, 2003 5
Evaluation Danese and Romano, 2004 (@] (@]
technique AHP GRA Lau and Yam, 2005 o | o] o
P Comparison with Prioritize multiple Jacobs et al., 2007 © © O
urpose multiple alternatives alternatives Mondragon et al., 2009 (0]
Parameter Ratio scale Grey number Pasche et al. 2011 O O O
Hierarchical design
Method and pairwise Grey function
comparison 71E @A Tl A ARE-SE 744 3 (Criteria) 52 A4
Calculation relative l\p;[reoines\s/?rize ‘j/]—‘:sl' 7}301 Table. 30114'. *E‘ ?i?'oﬂj‘i%:— GRA T"i‘@ﬁ% ‘?’]
importance, . ! - _ - _ -
Process Verification f:llelct?iz::;iynggzzy 3] 718 T AT A Zo] AFRSE 47 HIFA TS} 270
consisency rate e o) HHARE M) AT/ 1HR&D time; RDT),
A7) ] &-(R&D cost; RDC), 253} 4 =(Degree of
Z2AE Hrpd 2 gxdol AHPS} Bl wES wl  Modularity; DOM), =59 HFX(Complexity of
GRA7} 2= A4S th&1) 2ol GRAE A&A9l 7] Module; COM)E =EF3Lh AYAER AF/)du4
Hol7] Wil AHPZ} 2= BAH/E B Hybade] oM IAMIE S-S A S8 Al
FHe AA & ¢ 9ok T3 AHPE H7Fe 49 115 (R&D resource; RDR)S F718ith 2E3} 4§ LRU
AE ol gd) AHl FLEE 437 witel, tjgt  F(Modularization LRU; ML)E 59| H5=wr} 7
7kl Aol Faxe] A712 vud 4 fivk 2y AAY ARE FTE F 67e] FIHER A
GRAE: tioh k9] 522 Bl vk 7hsshet. 1
2]l AL dolElE Airslate] AlNtslr] witel &4
o] S Stu & = SIT10][11]. o1& e 3. g2y o B
71| Table. 2°]™, AHPS} GRA 7% 9] ¥4, Wi W
WE, B ekl vas, 3.1 A72Y
Boolgo] B Fig 29 2th 00 A9 +
2.3 WIIK|E MH i) AAANRA, F/LFADALS) A, AETA ol
Meyer and Utterback(1993) S22 &3] njgk  F=ste] 919 ZRA=g wet Ao wash gy
Mde wE JEz FAROW[12), Sanchez and  FUE AHHL AAAe] A g wID AFRUTE
Mahoney(1996)= ZE8 Aro} AAE7|us|zkate]  (Part Breakdown Structure)S WHEQIT A7 Abmel 5
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Fig. 2. Research framework
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Table 4. Evaluation criteria and equation

Criteria Equation
(Acronym)
R‘g:]]g])];)me Ratio of Pure R&D Working Hour
R%I]{)Dg;m Ratio of Labor cost plus Material cost
R&D(R];e;())urce R&D Resource M/Y
M(’dulal(i;:f)on LRU LRU variants for future
Degree (‘]’)fOTA‘;dumity no. of module integrated
Compleyzi(té}(f) I(\)/[f) Module no. of pin in the module

3.3 GRA 2MEHx}
GRA 4 Aak= voat 2

(1) A1¥2(Sequence) HlolE 43 2 A4
#Z(Reference) AlE 2
Ty = (10(1)7L0(2)7

H] 2(Comparison) A]F 2

L 2o(m))



GRAE Z-837t 77144 2&3 $A=H41%

z; = (2;(1),2,(2), -, 2;(m)) Table 5. Generating reference sequence
Module | RDT | RDC | RDR | ML | DOM | COM
2) dlo]Ele] ATt Ml 003 | 0.02 1 270 2 021
( Z ,] el At M2 | 002 | 002 i 510 5 0.18
- Hi 3k 718 (Mean value processing): H& Al M3 0.03 0.45 1 510 3 0.32
o] =9 WHS Faha, Zzbe] g HWFo T U} M4 | 019 | 007 6 270 1 14.72
o Ms | 016 | 0.08 6 130 1 12.82
A M6 | 019 | 0.14 6 510 4 18.35
- %713k 7F&(Initial value processing): 7} Al 2=9] M7 | 013 | 006 5 130 ! 427
. e M$ | 010 | 0.06 3 510 5 3.48
27] #o= vt MO | 005 | 004 2 270 4 1.58
MI0 | 005 | 0.03 2 270 4 1.42
) . MIl | 005 | 0.03 2 510 4 032
(3) Grey ¥7715>(Relational coefficient) 74t MO oz | o I 310 3 1835
Amin+{Amax
- AAA ———— = 0¥} 1
]]‘I"—! 5() L-()+CAmaX “’}

4.2 H|O|E{e| M3t

Bk 7hE AAES SEA 11719 2E Fx AlE
229 S Fato], 4S vtk dlolH AatskEs
dl= Zo] th Table. 6°]th

Aol ge 2tk
- HoiAte], Hazto] ALE
Amax=maxA,;(k), Amin =minA, (k)
A=z (1) —:vl-(l) oo |z (m) — z,i(m) |)
- TAS(Distinguishing coefficient): ¢ = ¥ 3%
02} 1 Abele] e Zh=th BE 055 AR
A max 71-0] L<] =3 EH 7\24;]]1& 5o 6]_‘:]_. Module | RDT RDC RDR ML DOM COM

Ml 0.30 0.25 0.33 0.74 0.62 0.03
M2 0.28 0.25 0.33 1.39 1.54 0.03

(4) Grey -ﬂﬁ]%ﬁ(Relaﬁonal grade) E% M3 0.35 5.30 0.33 1.39 0.92 0.05
M4 2.18 0.83 2.00 0.74 0.31 2.32

Table 6. Result of mean value processing

m

M5 1.83 0.97 2.00 0.35 0.31 2.02

= - Z47ko] A|HAE ¥ 2= : : : - : -
m 215 A 1922 AAAIF= 1 M6 221 1.66 2.00 1.39 1.23 2.90
n=
. M7 156 | 0.69 1.67 035 031 0.67
et M8 115 | 0.69 1.00 1.39 154 | 055

MO | 062 | 046 | 067 | 074 | 123 | 025
. MI0 | 061 | 030 | 067 | 074 | 123 | 022
. .
(5) Grey ¥#7 417 2](Ordering) MIl | 063 | 035 | 067 | 139 | 123 | 005

I PRt R= = R I (= MO | 028 | 025 | 033 | 139 | 154 | 2.90
« B fa Jé .

- Y, <7 w7t xR T A9l vk

- Yy = T, xpE T Aol

4.3 BAAT ALt

Table 7. Relational coefficient

4. 2M A} Module | RDT | RDC | RDR | ML | DOM | COM
’ M1 0.99 1.00 100 | 079 | 073 | 047
M2 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 047
4.1 AIEA HO|E| MM M3 | 098 | 033 | 100 | 1.00 | 080 | 047
. - = B} M4 | 057 | 081 | 060 | 079 | 067 | 081

o] ZAS EA 7 PR E o HlolHES
Table. 4¢l A 2 7p el HolH S M5 | 062 | 078 | 060 | 071 | 067 | 074
=33}, Table. 59 1171 EEo] w3l to]g = A M6 057 | 064 | 060 | 1.00 | 089 | 1.00
. Be 6710 BAXN TS otolz AdFom | M7 | 066 | 085 | 065 | 071 | 067 | 053
elSE 19 67he] B7HA S ool dom, M8 | 075 | 085 | 079 | 1.00 | 1.00 | 052
G2 11709 EEolr). 7ZF H7pA muit}t A< o] MO | 088 | 092 | 088 | 079 | 089 | 049
= %"}_ }\]':ﬂii *ﬁ/‘éf},‘lgfﬂ, U]—X]E}' o] MOO]E]' M10 0.89 0.98 0.88 0.79 0.89 0.49
Ml | 088 | 096 | 088 | 100 | 089 | 047
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Table 8. Grey relational grade for each module

Rank Grey relational grade Module
1 0.91 M2
2 0.85 Mi1
3 0.83 Ml
4 0.82 M10
5 0.82 M8
6 0.81 M9
7 0.78 M6
8 0.76 M3
9 0.71 M4
10 0.69 M5
11 0.68 M7

5. 48

GRAS 53 00 A14le] BES -
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Table 9. Grey relational grade except for M1, M2

Grey
Rank relational Module Module name
grade
1 0.83 M1l Main board
2 0.81 M8 EMI module
3 0.80 M3 Single board computer
4 0.77 M6 Power module
5 0.77 M7 Power module
6 0.70 MI10 Interface module
7 0.69 M9 Interface module
8 0.67 M5 1/0 module
9 0.66 M4 1/0 module

M1, M2& A|9J3l3l GRAE #1%4A] § A 3}+= Table.
99} 2} M11, M8, M3, M6, M7, M10, M9, M5, M4
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