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Priority of Modularization in Weapon System
by using Grey Relational Analysis
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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| M| 2 El 0] 2(Grey System Theory; GST) Al
go] o7 ARr7t eeln] & Ao, AlstE FR
& &&sto] B A 2HY] AEs dSatr] 918
Deng(1982)°] 1oFUH7]. GSToIA &8s Al2~H
EA42 S A(Black), ¥4(White), 3]4(Grey)2] 371
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Fig. 1. Grey system theory

GST9| #oks vred AAtel wet 2po]7} glovt
Wen(2004)2] #-Foll 213PH 1) Grey “34(Generating), 2)
Grey #7142 % 7KRelational Analysis and Evaluation),
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T AEH8l 2 A= GST okl Grey A4 2 Robertson and Ulrich(1998), Muffatto(1999a)+= A1A)%
Grey TARAYTIL, Grey BHS B3 S48 45t A71743} v §o] mES Awr} ot GEFS v XA
A SHEASE 7o g 3 gSA 5 G835} AFeIcH15],[16]. Worren et al.(2002)= EE3} A%
4919 agel =52 = 4 Aok 7 A1gstel A % ATE el AE et )
GRA= GSTellA spH oz gl 273 4 <= A7)
3 Zake] AFS dZeb] AT ARe Bl 1w
= 27| AFRER] = o) o] Abe] B tigk 4 Table 3. Literature review for evaluation criteria
A4ke] AAAAZS mofsity. =AY ZIKOriginal Literature RDT | RDC | DOM | COP
_ o _ ~ Meyer and Utterback, 1993 @)
Sequence)ell Wt H&FS AFsIA7]7] flE 03 1 A Sanchez and Mahoney, 1996 0 0
o]¢] Fk(Demical Sequence)s 2t A= A4bstaL, ¥4 Sheu and Wacker, 1997 © 1 0
e = Robertson and Ulrich, 1998 O O O
Ass AAstel HA9] ks 2= avbAl A Muffatto, 1999a 0 ) o)
o] ﬂ—[g] Worren et al., 2002 @) @)
Gershenson et al., 2003 O O
. . . Mikkola and Gassmann, 2003 O O
Table 2. Comparative table of project evaluation Kelling and Leteinturier, 2003 5
Evaluation Danese and Romano, 2004 O O
technique AHP GRA Lau and Yam, 2005 0 ) o)
Pu Comparison with Prioritize multiple Jacobs et al., 2007 o o o
rpose multiple alternatives alternatives Mondragon et al., 2009 @]
Parameter Ratio scale Grey number Pasche et al. 2011 O O O
Hierarchical design
Method and pairwise Grey function
comparison 71 EE ATl A ARS-gE S 7HA JJ_(Cnterla)—‘Q‘ 3
Calculation relative 1;12115\;326 316{} 7;‘101 Table. 30114. % ?i:}oﬂ H"L:. GRA ‘T'}f‘_—}‘\jl% %
Process ;Zf;rzii S;l:tlllit;?n S;zy 3 71 EE ATl A Bol ARESE 47 WA 3RS} 270
consistency rate Ondering o APRATES A, 9777IHRAD dme; RDT)
o1 7] ] -&(R&D cost; RDC) 53} 4= (Degree of
Z2AE Hy7|H F 20 AHPS UL u) Modularity; DOM), E9 BFZ(Complexity of
GRA7} 72t= AL 1187 2l GRAE AZA<l 7] Module; COM)E =&JLh AFAERE A7) &
Hol7] wite] AHPZ} 2t AAM7E B3 Brixkel oA AHHIE SHE 2437] Asl AT HEFALY
FHE AA & 4 ok T3 AHPE B7k849 1f (R&D resource; RDR)& F7Hllth &3} 46 LRU
A& o]&3) Al FLEE A3} uiol, tiet F*(Modularization LRU; ML)E EE2| B Z=RHU 7
del AHel Farel 28 mad 5 ok 2o AR AER k) F 69 BAAE FYR
GRA:= tiel 3o #AlGHE &8f vt 7Fsait) 1
2L AL HolHE Aatstete] Altslr] vl 24
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Table 4. Evaluation criteria and equation

Criteria Equation
(Acronym)
RXEI?DF_I;i)me Ratio of Pure R&D Working Hour
R%II{)DSM Ratio of Labor cost plus Material cost
R&I?RII{;;()JHTCC R&D Resource M/Y
MOdular(i;é[lIt‘i )on LRU LRU variants for future
Degree ((I))fOI;\/[/[(;dularity no. of module integrated
Compleiic% ;/If) Module |\ of pin in the module

3.3 GRA EA14 =}
GRA 24 AAl= vt Zh

(1) A1 2(Sequence) HolH 43 2 A4
- #Z(Reference) AlH 2
zy = (2,(1),2,(2), ~ ,z,(m))

- H] 2 (Comparison) A]3 2



x; =(2;(1),2;(2), - ,z;(m)) Table 5. Generating reference sequence
Module | RDT RDC RDR ML DOM COM
@) HlolEel A8 MI | 003 | 0w 1 270 2 021
M2 0.02 0.02 1 510 5 0.18
- 37t gk 718 (Mean value processing): 2= A2 M3 | 003 | 045 1 510 3 0.32
94 %}- -4 uéﬂ—% &_5]'_1__’ Z]'—7]—-4 Hl_% | ﬁ—gi ]/]_ M4 0.19 0.07 6 270 1 14.72
M5 0.16 0.08 6 130 1 12.82
‘ﬂ%q— M6 0.19 0.14 6 510 4 18.35
- %7]%k 7}F¥(Initial value processing): Z} AlF 2] M7 | 013 | 006 5 130 1 4.27
B M8 0.10 0.06 3 510 5 3.48
7 ] /{—O = ]/]"rl Tq— M9 0.05 0.04 2 270 4 1.58
M10 0.05 0.03 2 270 4 1.42
(3) Grey #AAIG (Relational coefficient) A4k 1\;,[101 g:g; g:gg ? :12 : 10;325

_ Amin+{Amax

207 1

Ai(k) +¢Amax 4.2 dlolele] A3
gk 7k 34 B4 11709 RE Fx A8
- HAjRto], HAix
Ahafel, Hazpe] A 29 HE Fatol, 247he U Eeh oy RaE
A max =maxA, (k), Amin =minA, (k) 2= 7ol thS Tabl o]t}
A, = |x0 )—xi(1)|,.<.,|x0 )—x (m)|) ks able. 6 .

- 775 (Distinguishing coefficient): ( = X Y]
o 03} 1 Abo]9] ks zHeth HE 055 AM8-5hy
Amax gro] U 2w 2Ag5s dats s Module | RDT | RDC | RDR | ML | DOM | COM
el W 2 W 24T Age 2 Ml | 030 | 025 | 033 | 074 | 062 | 003

M2 | 028 | 025 | 033 | 139 | 154 | 003

(4) Grey %ﬁ]%‘%(Relatlonal grade) E% M3 0.35 530 0.33 1.39 0.92 0.05
M4 | 218 [ 083 | 200 [ 074 | 031 [ 232

M5 1.83 0.97 2.00 0.35 0.31 2.02

=

Table 6. Result of mean value processing

m

A= . Z¥7Fo] Al AE ¥ 2=
V= 215 D2 AR AE AR M6 | 221 | 166 | 200 | 139 | 123 | 2.9
n=
M7 | 156 | 069 | 167 | 035 | 031 | 067
) MS | 115 | 069 | 100 | 139 | 154 | 055

M9 0.62 0.46 0.67 0.74 1.23 0.25
MI10 0.61 0.30 0.67 0.74 1.23 0.22

(5) Grey ¥4 =417 2l(Ordering) MIl | 063 | 035 | 067 | 139 | 123 | 0.05
-y >y @, 7h wgRe o S9jel gek MO | 028 | 025 | 033 | 139 | 154 | 2.90
- Y, <t x,7b xR0 H A9l itk

U 2= A
Yo =0 2% 2y ETY B0l 43 AR Ak

Table 7. Relational coefficient

4, B4 3} Module | RDT | RDC | RDR | ML | DOM | COM
ML | 099 | 100 | 100 | 079 | 073 | 047
M2 | 100 | 100 | 100 | 100 | 100 | 047
4.1 A2 dloly A4 M3 | 098 | 033 | 100 | 100 | 080 | 047
) - = M4 | 057 | 081 | 060 | 079 | 067 | 081

A X ZF W71z o] © E—‘—A
Table. 49 &2 S3lA 2 @7pA3Ee] dolH] M5 | 062 | 078 | 060 | 071 | 067 | 074
=33} 3, Table. 59 1170 E&o] W3k dolej& A M6 057 | 064 | 060 1.00 | 0.89 1.00
Ao 192 67l HAAES okolz Bglon | M7 | 066 | 085 | 065 | 071 | 067 | 053
B 19 67he] |7HAEE ol o, M8 | 075 | 085 | 079 | 100 | 100 | 052
A2 11719 BEolvh 7} HrHA meb A9 dlo|H M9 | 088 | 092 | 088 | 079 | 089 | 049
= Az A]*ﬂii AAE o npx|Ek sol Moot} MI0 0.89 0.98 0.88 0.79 0.89 0.49
’ Mil | 088 | 096 | 088 | 100 | 089 | 047
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Table 8. Grey relational grade for each module

Rank Grey relational grade Module
1 091 M2
2 0.85 Mi11
3 0.83 M1
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. A&
GRAZ &3l 00 AMgle] REsh el e wadd
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Table 9. Grey relational grade except for M1, M2

Grey
Rank relational Module Module name
grade
1 0.83 Ml1 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 M10 Interface module
7 0.69 M9 Interface module
8 0.67 M5 1/0O module
9 0.66 M4 1/0 module
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