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The Methodology of Effectiveness Analysis Combining M&S and AHP
to Improve A Reliability in Decision-Making Process on A Weapon
Systems Acquisition: A Case Study of APS System for Tank
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Abstract As new weapon systems become more advanced and complex, the results of analysis and
evaluations to acquire them are becoming more important. In particular, effectiveness analysis results
from a weapon system are key in the analysis and evaluation process. The reliability problem of the
effectiveness analysis results is an important issue as it is necessary to determine the optimal weapon
system to achieve maximum effectiveness with a limited defense budget. The purpose of this study is
to propose a methodology to calculate the results of a weapon system's effectiveness analysis with
improved reliability by combining modeling and simulation (M&S) and an analytical hierarchy process
(AHP) for complex and diverse effectiveness items of a weapon system. This study demonstrates the
validity of the methodology by applying it to the effectiveness analysis of a tank's active protection
system (APS). This study is expected to support rational and scientific decision-making in the acquisition

of new weapon systems.
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Sensitivity Analysis : Analysis of the effect of changing input
data on the effect result

Selection
of the Best
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Fig. 1. Optimal Alternative Selection Process
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Step 1 " Identify and choose the alternatives |

I

Step 2 * Select the effect items of the new weapon system.
P * Hierarchically design effect structures

Step 3 * The effect item is divided into M&S as possible
ep and M&S impossible.

Step 4 |* Using M&S and AHP, each effect is calculated,|

Step 5 * The combination effect analysis methodology is
P applied to calculate the synthetic effectiveness.

Fig. 3. M&S and AHP Combination Effect Analysis
Process
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Table 1. Protection Characteristics by Alternative
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Fig. 5. Sequence of Events and Minimum Required
Distance for a Generic Hard-Kill APS[11]
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5.1 APS Lot AlH &

Alternative #1

Alternative #2

Category Soft-Kill Hard-Kill
Tank Smoke Screen Trophy
Threats Anti-Tank Guided Missile, Anti-Tank Rocket, METIS-M, AT-3/4, RPG-7

Protective Measures Tank Smoke Screen

Trophy System

Operator Intervention

Direct Evasion Steering by Operator

Automatically Reaction

(As in Fig. 5 @ ~ ®)

Time Required more than 4 seconds

more than 0.5 seconds

Number of Protection 3

4 (Depend on Number of Countermeasures)

Collateral Damage B

Possibility of collateral damage to friendly personnel due to
damage from debris of the countermeasures
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Table 2. Effectiveness Items for APS
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APS
Effectiveness Analysis AHP

Operability (B)

M&s ‘

Combat
Capability ®

Level 1

Spin-off

vl 2 Effect (©

Friendly Rear Blast /

Forces |A-1D Damage from ®-@
Level 3 Loss Rate Debris
Enemy Forces A o~
Loss Rate D@ Automation | ®-(1)
Maneuvering ®-® Combat ®@
speed @ | Readiness
[ |
| |
Level 4 | SoftKill | Hard-Kill

Fig. 6. Classification Effectiveness Items as
M&S-possible and AHP-possible for APS

Effectiveness Item
Contents
Level 2 Level 3
Friendly Forces The degree of damage to the personnel/equipment of the friendly forces by enemy attacks
Loss Rate ®-0D
Combat Enemy Forces
Capability Y The degree of damage to enemy personnel /equipment caused by friendly attacks
® Loss Rate ®-@
maneuve\rmg speed Ability to instantaneously evade enemy threats
®-®
Damage from Rear Possibility of collateral damage to friendly personnel and tank crew due to rear
Blast / Debris ®-@ | blast/damage from debris of the countermeasures
O bilit Aut ti
perabliity U oina ton The degree to which the operator intervenes to evade and protect against threats
® ®-@
Combat Readiness Ease of preparation for operators and mechanics, such as combat preparation time,
®-® maintenance time, etc.
Spin-off Effect
P O@ ¢ - The Effects of APS Technology on Future Weapons Systems and the Economy
[
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Table 5. Status of the Position

Category Number Rate

gunner / driver 32 32%

tank commander 42 42%

platoon leader 18 17%

company con.lmander level 9 9%
or higher

total 101 100%

Table 6. Relative Weights of Level 2 Effectiveness

Items
oz FAele] AHP 2ALE AT
weight
Category ® ® © w
2
Table 3. Years of Service
® 1.000 3.700 5.090 0.657
Category Number Rate ® 0.270 1.000 3.950 0.252
less than 1 year 7 7% © 0.196 0.253 1.000 0.091
#* = 5 = =
more than 1 year and less /\max 3.125, ¢1=0.062, CR=0.108
36 36%
than 3 years
more than 3 years and less Is 15%
than 5 years ’ E}%_EO AHP ’g—Ev‘ _IZ_/\]' 7,—:-3_1]'% 75“/1‘1'% Level Zﬂ
more than 5 years 43 42% %EHZ%] 7]’%‘5(](%‘%){‘ ‘?’1 Table 6:‘1—]' 715]—]:]' O] %EHZg‘
total 101 100% 7N (F8T)= A4z AFxg ASsH] s 4T
A A9(Consistency Index, CD9} L#A HE
Table 4. Rank Distrib (Consistency Ratio, CR)Z AXE & &Q151ct. Cl=
able 4. Ran istribution
AA 272 A 0o 7S E AFEr) 2o CRY
Category Number Rate 75)_([)_ CR<O-10]% ‘?__13}_]—&30] 9‘11:]—’? {0.1< CR<0.2
staff sergeant/ . 21Q sl A=’ 0o S o=
it sergean/ o o ol ‘518 i 5 0% WHo| Z5BTlS]. wakA 9
first sergeant/ 0 o A &3 FEo| g A JHE TEA(E8E)E
seseant maior gl Utk EE S8 ks +E 02 B 4 9k
warrant officer 2 2%
second/first lieutenant 13 13%
captain 3 2% Table 7. Relative weights of Level 3 Effectiveness
- items below Level 2 Combat Capability
field grade 8 8% .
Effectiveness Item
total 101 100%
weight
Category ®-O ®-©@ ®-3® w
2
Hﬂx?_]-to__ o/ o]Alo ;ﬂ;‘( =2 2% LagE
424 88% olgeol 00 AAE A4 28 @0 1 4390 3.410 0.659
Q1olth. 9] Table 37} o] F 93%2] Q1Ho] 14 o]
Aro] 7 BE A HO3l7 Q1Y 9 Table 43 7o) ®-@ 0.228 1 2.170 0.210
92%7t Y ol5l HHZA 00 AAES AFoA FH @0 0.293 0.369 1 0.131

283t Jdgos T4H S4o] ot HE A A
o] %38 @S b Table 53 2t

* Apax = 3:071, C1=0.035, CR=0.061
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Table 8. Relative weights of Level 3 Effectiveness

items below Level 2  Operability
Effectiveness Item
weight
Category ®-0 ®-@ ®-®
)
®-O 1.000 3.470 3.290 0.618
®-®@ 0.288 1.000 2.540 0.247
®-® 0.304 0.394 1.000 0.135

* A\ =3-109. CI=0.054, CR=0.094

Level 2 @3 5529 59| Level 39| 831} =5 4
43 7IEA(F2E)E 9 Table 73 Ztt. @-Qok: &
AEL2 0.6592A4] H9 FHOZHE off9] £48 F
Aslol= Aol AR5 F 7FY $85H dAlska 9l
== ERIsIet. @-@F T £4F 0.2100]1, ®-GA
A&4EE= 0.1310]h

22 Level 2 ®3*J(operability) 3F9] Level 3
o] a7 & AA 7MA(FL8%)E= 9 Table 83 &
o ®-0F=F 9 ohHo] o3t 7 H5i7t 0.618%
=84 SHolA 7P 8354 B7HE ST ®-0*Fs
3let ®-@AFEH] 8ol 47 0.2473 0.135 <=2
2 7RG A7 ALk ASE 5 ES F
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Fig. 7. Weights of Effectiveness Items
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TE(AWAM: Army Weapons Analysis Model, ©]st
AWAM)E At AWAMS e mERs 3%

5l AT AKIDA: Korea Institute for
Defense Analysis, ©|5} KIDA)OIA 7idst mda of
g A AR 27t 7hssith & A FUIAA &
I BA AT B7AA A8718A AAGEA, S
ole} AR ZHAY £4 7t de &8E QT

AU = 00 AAE 835k 7I3Adidizt
] Q9] A FoA EIEE AHE FEZAE 3
= Aot} 7IAitie] 34 1F IR gt
Sk= 00 71A15} Al A=Az QlFto|t)
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Table 9. Table of Equipment for North Korean army

Category Weapons W:a;éns Note
Change of
(T_T5a4n/k55) 4 command
relations
Anti-Tank RPG-7 54 Two per
Weapon Squad
AT-4 4 Change of
Anti-tank 4 command
missle(82mm) relations
Infantry Company 3 -

olo] tf-goh= B3t B 37] STVt A w2
Q2= RE 17 A(T-54/55)08 BF WF ol &2
ARS gEolo] wigda APHPS F5ste] Folgith
HOEA 7 283 53t 8 WA FHl= 9 Table
9¢} At}

tiebd APS B4l whet RoEA 7 77| tE WS
ES A a3ttt tioh #1 ATEZ ‘R ¥HY 2 &
et IARGAE o]-85to] AT-49F 22 A} &
LolAFA(ATGM: Anti-tank Guided Missile, ©J3},
ATGM)Oll ol HSEES 7HAY At 229
Hofjx= HET 4= glok. §FAf et #2 st g
oy 9o A AT-49} HEo] RPG-73 22 thxat
20 Mz BEeE 227] wfZe] tihd o
S3EZ Z=t}. ot AWAMOIA = ¥SEE(PH:
Probability of Hit, °ls} PH)¥ AAEE(PK:
Probability of Kill, ©J5} PK) Hlo|HE 2 AJo]
StA dAstict dich #19] A @A & &< 00
Axp] WsehES Farsto] A8k, ok #29] 4
% 2 Hf 3] § "3l 7Fs?t RPG-7, AT-3/401
gt IEgES olagtdoA NIt st APSSl
TROPHY HAZ 7|1Z2og HL851%ch. TROPHYS 7
% & 17419 Hg A4 F 153 g5 43

7



S2AA 5 AFEA 9] A S AT M&SS AHPE 2% a3 B4 WE: A3 58S AA AEE 4R
[12], o2t &8 118 70%2] WSSES tiQt #29] of ATEZ ‘G% WHAY APSE FESE Tigh #1004
S w3 APSe] Hum_ sz Uusl] A8sgnt okl WA ¥ ARAL s065%0ln, 4 Ande
mojt tiohd 303] WRE LSRR wolw] ATk 13.7% 4ES BT & WRS W S B} 5
Gt #1 48 A 00WA Bt 40507 wh&slglm of 02 dopgont, ok2o] AEe o oF 30%

o]- #2 X—LQ_ /\] qu\}_q _u,]oH‘:_
g A

kL

)

glglont, Aol wsit

32 ol Table 103} 2t}

Table 10. Loss Rate for Friend or Foe

Alternative #1 Alternative #2
(Soft-Kill) (Hard-Kill)
Category L L
Loss | TOE %5 1 Loss | TOE 08
Rate Rate
Tank 4.05 6 67.5% 0 6 0%
Friend
Vehicle | 2.8 3 93.3% | 2.6 3 |86.7%
RPG-7 | 13.5 38 |35.5%| 16.7 38 | 43.9%
Foe AT-4 4 100% 4 4 100%
T-62 3 100% 3 3 100%
wHog A AR AAE FIFDIs] Al Ay
e doleHe|A® JYH F7|AAE WEIE 285t
of nd AiE T WYY HAEH(FP: Force
Power) 4b&ot] HIwEA Spylcy. 1 ZAipe off

Table 113} Ztt.

Table 11. Weapon Score for Friend or Foe

Alternative #1 | Alternative #2
(Soft-Kill) (Hard-Kill)
Category
Initial After Initial After
Battle Battle
Initial WEI 880 525 880 790
Reduction of WEI -355 -90
Friend
FP after battle 59.65% 89.77%
Loss of FP 40.35% 10.23%
Initial WEI 730 100 730 32
. Reduction of WEI -630 -698
oe
FP after battle 13.7% 4.3%
Loss of FP 86.3% 95.7%

Table 12. Results of the effectiveness analysis below
Level 2 Combat Capability Effectiveness

Item for Each Alternative
Category Alternative #1 | Alternative #2 Total
®-O 0.202 0.798 1.000
@®-@ 0.474 0.526 1.000
®-® 0.500 0.500 1.000

145

A3t weiE Wkt st=d g o HF APSE A
213t GiQt #2014 o2 WA & [EFo] 89.77%0]
3 A AR 4.3%2 A9 MM Folet. diet #2(A
3 89.77%)% tiQt #1(5E3 59.65%) It okt A
E8 Aol 9F 30% $EOF HoEA A} Yok #2
S o F APS7L ot MR WEeS 4ol &
ojE AL AT 5= AUt 9 Table 119] RoJEY
AWE 53 FEER Yok H71A] ol 10] =HA A
Tteleto] YAARS sHH 9 Table 129 2t

of Mg &£AF AT P& SHA Hit #2 (0.798)
o] tict #1 (0.202)Ett &EHAR] WTE F3sto] of
Ay SHES oF 4] Hx AAFHI, A 1Y S48
o A& ot #2 (0.526)0] T #1 (0.474) Bt oF
1L.18 Ak F7HAHA

5.4.2 AHP &1t 24

&2 M&SE 183 A3t £4j0] Avtele a3
2ol tjsfiA AHPE #d} BALS S35t

Level 2 ®2-87 o1 Level 39] &3} gEof &
b H7kx|= offf Table 133} Zt}. ®- @?55% oL
ool o3t o = et #1 (0.619)7F HhSE #2
(0.381)Ect oF 1.681 H= QFdAol =A B7I=EY
—@X}Eﬂ S0 AE tiQh #27} TiQt #1504 B
79, ®-@HFEE] 8ol HlssHA BIHEIY
c}.

Table 13. Results of the effectiveness analysis below
Level 2 Operability Effectiveness Item for
Each Alternative

Category Alternative #1 | Alternative #2 Total
®-O 0.619 0.381 1.000
®-@ 0.448 0.552 1.000
®-G 0.495 0.505 1.000

Level 2 ©7]1&5Z87= ol Table 14349 ojjet
#2 (0.598)0] diot #1 (0.402)Ett oF 1.58] <=35HA|
1=t}
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Table 14. Results of the Spin-off Effect for Each

Table 16. Comparison of Alternatives

Alternative
Category Alternative #1 Alternative #2
Category Alternative #1 | Alternative #2 Total Synthe.tic 0.374 0.626
Evaluation
© 0.402 0.598 1.000 Normalization 1.000 1.674
5.5 M&Se} AHP =g gt &4 ZAu} i M&SE olgsto] T&3t tiobd HliL: Level 2
opAet sEAO NS & TRE] M&Se AHpe]  @AFEH F=9 Level 3 @-0okt EAE, @-@F
a3 B4 ATE digetel, 22 dictel g Sgan ¢ SHE @-@UEERe] REYo] Thssit. (9]

£ AEsh] A8 M&SeF AHPE

1208 4 vzEse

3 2A45to] ook
Slof O}EH Table 159] We}
ek 29 @ sh, 2 M&SAIAR] AWAME
Bl 5t P YRS HORAS Aol AHP AiE
ZI OFFESE FEAIAE e #2(0.461)7F HHRE
#1(0.196) Xt 2354 &55] LW o, AHPE &5
*é 73} = B2 @-0 FHAA 2 s

£ 22 ook #1(0.141)°] Tt #2(0.11DET 1.274)
ﬁo} I ©71&vgazks ok #2(0.054)7F ik
#1(0.037)Xc} 1.468] 9531t

og

=

\l

Table 15. Friend vs. Foe Force Index

Level 3 SyntheFic

Level 1 Level 2 w. Evaluation
3 E=W1 xWo x W3y

# | # #1 #

EI Wy EI Ws | Soft | Hard Soft Hard
Kill | Kill | Kill Kill
@O |0.659]0.202|0.798 | 0.087 | 0.346

@-@ [0.210|0.474|0.526| 0.065 | 0.073

@® 10657 | @-® |0.131]0.500|0.500 | 0.043 | 0.043
S IR N N IR N Y
®-O [0.6180.619|0.381| 0.096 | 0.059

®-@ |0.247|0.448|0.552| 0.028 | 0.034

® |0.252] ®-® [0.135]0.495|0.505| 0.017 | 0.017
TS;; 10 | - - | 0141 | 0111

© |0.091 - 0.402(0.598 | 0.037 | 0.054
Total 1.000 0.374 | 0.626

g EFEIE AE5HH of Table 1643 tiet
#2 S =g APS(0.626)7F Tiet #1 ‘§ & Wy’
APS(0.374)2t} F 1.6748) A3t Y= AoR HAx
Act.
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