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ABSTRACT

The rapid advancement in software—based technology has significantly shortened product life
cycles, leading to the proliferation of new products, However, the high initial investment
makes it practically impossible for armed forces to rapidly replace existing weapons systems
with new ones due to technological obsolescence. A more realistic alternative is to focus on
performance improvements (or weapon upgrades) in existing systems, The challenge lies in
making the right upgrades with the right technology at the right cost and time given the
limited defense budget. Unfortunately, weapons upgrade decisions have mostly been based
on costs and politically considered budget allocations to different branches of the armed
forces rather than by considering a comprehensive range of decision factors, In light of the
escalating national security threats, it is necessary to maximize the cost—effectiveness of
weapons upgrade projects and effectively address rising national security challenges, The
objective of this study is to develop a performance improvement Decision Index that
quantifies the opinions of field—operating experts, Field experts are believed to possess the
necessary expertise to select the appropriate fighter types, technologies, and upgrade
timings, making it beneficial to factor in their opinions to determine what, how, and when to
upgrade, Specifically, this study aims to establish weighted values for major decision factors
regarding fighter performance improvement programs in the Republic of Korea Air Force, To
achieve this, we collected survey data from 134 active—duty pilots and maintenance, operations,
and repair (MRO) personnel from major fighter wings of the Republic of Korea Air Force and
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analyzed the data using the Fuzzy—AHP (Analytical Hierarchy Process). The analysis results
indicate that the highest weighted value is given to the “relative (fighter) performance”
against hostile nations, followed by “operating rate,” “durability,” “performance improvement
cycle,” and “budget.” Furthermore, this study identified perceptual differences among field
experts—particularly between pilots and MRO personnel—regarding the importance of relative
performance, budget, performance improvement intervals, and operating rates of different
fighter types. The proposed performance improvement index aims to provide a quantitative tool
that incorporates field experts’ opinions into the decision—making process to upgrade weapons,
facilitating balanced decisions and departing from a policymaker—centered approach, This
balanced approach to weapons upgrade decisions will contribute to maximizing cost—effectiveness

and, eventually, enhancing combat readiness.

Keywords . performance advances in fighter aircraft, performance improvement index, Fuzzy—AHP, product life
cycle, cost—effectiveness
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glo] 409 o] &-g-3kar gtk A
Z7]% (block 32) =9 o]Fof %
SAE o] Aol 7Hsskalrt
Aoz 20] A A% T} 2016 o

- November 2009. to December 2016.
- ROKAF Logistics Command (82" Maintenance Depot)

* Technical Support: Lockheed Martin
- Major Contents

- Improvement of weapon operation ability (AIM-120, GBU-31, etc)
- Loading Tactical Data Link (Link-16)

- Upgrading RADAR, electric components

<Figure 1> Performance Improvement Program?2 for F-16 PB in ROKAF
(Republic of Korea Air Force)
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AE7|= Al-ZH(air superiority) o] 2= 272 A9 (competitive advantage)S 2
A2 (core resource)o|tt. wata], AE7] LSk QAEAA L 220 AL B
2 B4 A T 82 Aot H Y oleS v e R =Y ow A Far
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3 AES AL 4 7] Rolth oA A, /14 AL JIE Alen A7 B, &
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nEgo] $)& AUSAL UTTHA FU i) SUT AH(AALINS &3] AT
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sk upaoleba & 4 gich Aok, Al AR/ BAE A 2L Fi) ATALS Fuss A
Se B Eq0) AU RS 9 4499 FFo|HE RBY BHOE ¥ 4 glon, HA /&
el el U FusE 32 ] tigstel F/1408 )2 AEY] BAE] ANY|ES B
g3to] A&T A&HOR ATUL FAE He T2 FH UL Shushs DOV w0
2 49g 4 ot

AR A7) SRl 7luke AN OAFER 29le Table 13 o] 2.0k 4 9lo
o, A5 8L e A A, HR19) 1) SRl mEatE ot AR WA, 149 A
sk QIat ATA Al Ash BE 0E 5O EALACIEE A TF9A A Blolw, TAE

Wl 4z
o

a4 oY A 4295 WAAZE Helo]ti(Khan, Stoll, West, & Wuest, 2022; Khan,
West, & Wuest, 2020). 54, AF7] F71AA Y +8 AAAT 4EAA, 47840 )9 71+
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= AR g Ay o g3 4= glrh(Jang, Kang, & Choi, 2015). ool whet 570 At
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ZEATE B ASAFS B SAY, DA SUY Aol Bastng g 717k AUBH
OF QY £ WEI|7} F8 ARAUORE BgEA 2544 Drkeg, Doerr, Eaton, & Lewis,

%
2016). 1A HE7]S] HEA 7RIS Eol7] fl8l AT Hastels 719 A4 A7)

kSN AR719] A== E7HE Al
710 = Dol A NS FX8k= ek ateld 4= ¢ltk(Jang, Kang, & Choi, 2015; Jeon,
2013; Lee & Choi, 2022).

<Table 1> Summary of literature reviews on critical factors for
successful performance improvement

Factors Sources
Air- Relative Achieving a competitive advantage in
Operational ability | performance-level |fighter performance over other countries Khan et al.(2022)
Technical . Extending the life of components and Jang et al.(2015),
characteristics Durability resolving technical deficiencies Khan et al.(2020),
& Khan et al.(2022)
Supply- . Maintaining of operational aircraft by | Jang et al.(2015),
Chain Operating rate preventing discontinuation of parts Khan et al.(2022)
Budget Level (,)f input fmanaal.resources for Jang et al.(2015)
effective performance improvement
COSt . . . .
Performance Review of th.e appropriate tlnnng for Jeon(2013),
imbrovement cvele performance improvement (consistent | Jang et al.(2015),
D V! with depot-level maintenance, etc.) |Lee & Choi(2022)

. <743

3.1 A7 A 9l Wi

2 A FIAA el AdEAA Adefshd WA e AREA IR dARA
AA Bege] B Adste A7 94 w99 o5 2de 7l ok A57HA A
SNF AR AN R B 27| dde AEH R fhYstE e g2 ey dAl &
S oS AFA AT A2 HE AAolth old & d4e oA ARATE Sl e
Mg 8 8902 AR dd4 s w5 WAk 7HeE, ol sz 715 AlAlst
Atk B3 28 AVEE 25 o AToR FESkL, Sl - & 5o digtk 4, AR
7] & 715 A 248 pAeAE AFSshe AR AR 24S AP
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3.2 AxzA He

RN SEAY] ARAAS st F-3HA 5 8 AR7He 7ISHE 419 Ado s

F o] AZW #3(stratified sampling) & E3 & 260 o)A AEL wjxL
3 Z olFEE woly] 93 W WHRAE Hestdrh2022.11.6.~
5). 7] SHES Bl 1508 (REA 1021, 25 48%)0] S8 &a(SHE 57.69%)319

onf, A oA 4 A5 (Consistency Ratio, CR) ¢l 7]&gks Blold 169 SH= A
QJ5kal 2| B2 134%& e 2 st 2 HE7L 1*01171] vz Aol xZ3HE A5
e A5 AR FUSAT, AE S 2ol ol REIE15, F16, B 519
Y o] AE7(FA-B0)E 2t iy #7144 f3EE AEE 25 Jck(Table 2).
<Table 2> Summary of survey results
Aircraft Models
‘ N
40
=Pllots =Logistics “F-15K =F-16 -F-35A -FA-50
* final participants
e # of survey distributed: 260 (40 fighter pilots and 25 technicians per fighter model)
e # of responses collected: 150 (102 fighter pilots, 48 technicians)
e # of responses removed through consistency verification: 16
e # of final participants: 134

3.3 B7s

3.3.1 A& sz
AF719 A4 dees> AT dd F71AA] HAE A= AF7] v 23 5
Bttt A5l O AA oA SAARASS A SR AHEE A% A5l
8 A, Ak F7IAA L] A oil 9] V|EHs) =] AR s, BAAY S FEHL

2 aste] g 7|3tel] AR7] AerAle] A dis - 2 e Bkt
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3.3.2 YAT
YrATe AR A5 SASHEA 88 5 Qs 7S oJulshs A7 B7haclolth
2] 2o BAANAE A5 ALl
U R g He Weld A

3.3.3 7l &

7FeES i AR T8 ARt F B7Fs AIREE ARl s AR Bt MEER
ARt o2 dRed Theet AR e YEtlle T8 Aol ool 8] 3ak2 A=,
T/ FR7EES AAEH saAtede] 9 ARREol e SEA"e 2% F 2
© AF77E st=o] SAoA £ZEY O H FAA H] FHLR AR Qo] #HFE
©E(Yoo, Hur, & Lee, 2019), 8] A4 52 8310] 758 Astel A4 24lE dorle 4d
O gl vk AeF Ale Sl 8 e RE A FHE AEEhd Ao A1
Mg mE el E B0 99 A(Song & Choi, 2019)2 47 W& 5= Qo] 758 A 7]

Jang, Kang, & Choi, 2015/ A5/ Ade] 78 FHOR A BPF ) E= ALpL2
B9 Ao S oju] AAA W FEFA ek DA el 2ol ug ohu] mkel A
o BFgA Eulold A8 FEY Bart gk

3.3.5 AsMEF +71
BeNE 7= i FIAAS B 7] B Ve F Hee] o
1

il

3) Wlgg AFolM= AFFEST7I(PLOE EHT
4) Flsl7) 480 AFA, 2021, http:/dtims.dtaq.re.kr:8070/search/main/index.do
5) SR AFAIHAAAA Al A730%) 210 7. 23.
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sk 2 A1 109 W - SDE Al F712 44T Gadel gich AT 271k A%
o ARl 24 A9 HAAE BYshs AR (eon, W1elR, 714 AT 2T B du] whe
F7] AAL $9F) B Tk lsto] £ 4 gk W A% 2718 s 27
MR A, AN 2 A7 71 AR, w50 BAS AA Hol g A A 279
£ e wHg 4 g =

3.4 Fuzzy-AHP(Analytic Hierarchy Process) W&

81 o sk oJArAA wA9 diE WR Y shtoth. AHP=
o] thgel Abslof| A 2JAFA A (Multiple Criteria Decision Making, MCDM)
7] f1sh 7 B7P7IR o= 1980t Zof Saatyoll ol A|QHE %, Tkt ok A
Qlth(Saaty, 1987, Han & Chung, 2013). 598 oJAFA A o] I Q35 ARQto]l AHP 7|H-& #
—Cﬂ/\}ﬁﬂoﬂ FEFE A= B7red F 4 F 29 1 AHA FaE v - S-S S
ol A A 7tEAE &8 4 Qi (Maowei, Zhou, & Lee, 2022). E & 3Lof A
Al A E= 574 gl it A= vl E agskgled], 1 AlR éx]'t Table 33}
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<Table 3> Steps of Fuzzy-AHP

Step No Contents

- Construct a pairwise comparison matrix between five assessment elements at the single
layer system dimension

Ay Ay "0t g3 w 1/11 w 1/1! P H'l/’u’,,, 1~ G2t G1p
=la]= Uy gy " " oy _ w,/u] w ,/u 5t u'z/'u,'m A= 1/ay;, 1 - ay,

a,, an2 - a,, “/u w “/u o w, fw,, Vay, 1/ag, - 1

- Evaluate each commentary by suggesting which of the two assessment factors is more
important on a nine-item ranking scale by pair, as follows:
+ Questionnaire questions

Absolute — Important |Equal |Important <— Absolute
Factors Factors
9(81(7|6(51413(2| 1 [2|3]/4|5|6(7|819
@ Durability @ PI Cycle
@D Durability @ Operating rate
D Durability @ Budget
® Relative Per

- formance level

@ PI Cycle @ Operating rate

@ Durability
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Step No Contents

@ PI Cycle @ Budget

(® Relative Per

- formance level
@ Operating rate @ Budget
(® Relative Per

- formance level

(® Relative Per
- formance level

@ PI Cycle

@ Operating rate

@ Budget

5 - Calculate the average value of the weight according to the pairwise comparison between
the five evaluation criteria using the Fuzzy scale.

- Multiply the geometrical mean and increasing order of the five evaluation factors for each
questionnaire to calculate the fuzzy-weight value for each lower, middle, and upper value
3 (Chen, Zhou, & Lee, 2022).

Aw: )‘max{L}? {I) = (wl’w27"'wn)T

- Consistency index(CI) is calculated to verify the reliability of weights
—- If the consistency ratio CR value is less than or equal to 0.1(10%), consistency is
recognized and if exceeded, the survey results are removed (Yoon & Byun, 2021).

4 * In case of 5 evaluation items, 1.12 is applied to the difficulty index RL.
Amax — 1 CL
= CR. =
CL n—1 H 1
=)
4.1 A4

27] sl asel ol A HARSE o] 83 Fumzy-AHP 4 23, A%7]e] 4
H5az, FEE, WA AR 27, dli 2o
=2
=

2}o|= Table 49} 7t} zH 7} 99l
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<Table 4> Differences in perceived importance of performance improvement factors

0.500

Pilots 1 Logistics
0400

0.300

0.200
A
A
0.100

0.000
Durability Pl Cycle Operating rate Budget Relative performance
level

Overatin Relative
Factors Durability PI Cycle rate J Budget | performance # of
Groups level Responses
(") (2) (3) (4) (5)
@ Pilots 0.147 0.141 0.175 0.107 0.429 107
F-15,16,35
(Foreign Model) 0.148 0.145 0.166 0.106 0.435 99
FA-50
(Domestic Model) 0.139 0.098 0.295 0.109 0.359 3
® Logistics 0.164 0.176 0.183 0.208 0.269 27
Result (total) 0.151 0.148 0.177 0.127 0.397 134
EF, B ATL 4F SUAEE AE 715X oS B8] ‘o8 AEs WEE(xE,
), FEGHE Y, o)), A& gAY &8 ‘AE7] 7|5 H(F-15, 16, 35, FA-50)'2 1538}
of W Folo] et AHS Tl HliL - EAS sAsTh AA, ©§ AR/ AW BAAY
£ ey 230 4 ok SHA 2R HEY) A Aers@/0-0)S 7MY Ta%t 4
S 89102 AN de, 2% AT SEAE] Y PR 7P FLIZ AR 2
= G 5 A SHAES o5 2492 AR o] AR AH3E AYoA = o
o) 9 A% Suo] $YL i 2% 49 g 24 49 o8 49 nigoz dyd
AFA A 1] ol A th=e] FE7IA A (AFDoll Ao E&2 2 s SHEe] ayds Qs 4
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A, HE7] 7|8 7] BAollM= AR SHAEC] =] =Y AR7|o dafiAe 57N
g7 gl =Y AEZ| dalAle THsEl tis) A A div] o 2 7HAE Fo RS
S el = 9otk B3 9 = AR 7SHER HEV] =9 A met ‘o AHE-35A >
F-16) 321} ‘HE7] Ata J542(F-16 > F-15K > F-35A)'0] A4t &8 7132

+ AR SEAEC] dA ARV AEY Ao w2 71527t

o} AN
. o
943t MERS £4 B9 Y A9 B4 S veE v 2 4 9tk

HAE7F A 14 Aol wat Al W&-& s E(Table 5), WAe, 45T 71, 7+

= SACR gd=A] ok oflitel] gt
(M—% AA 57 FE & W "ol LA, 2F A ¥+t 0.107(Table 5 @-@), &
7+ 0.208(Table 5 @-@)= F et 7+ Q14 Zpo]7} EAFcH(Table 5-a). F e 79
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<Table 5> Results of t-test for perceived importance of performance improvement factors

Operatin Relative
Durability | PI Cycle P £ Budget | performance # of
Groups rate
level responses
(1] (2) (3] (4] (5]

® Pilots 0.147 0.141 0.175 0.107 0.429 107
® Logistics 0.164 0.176 0.183 0.208 0.269 27
Testing differences X X X @) O -
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<Table 5-a> Analysis of perceived importance of Budget

e Pilots Logistics
) N 107 28
g ' Mean 0.107 0.208
20 Variance 0.011 0.028
t-value 3.892
df 132
- D 0.000
Group

<Table 5-b> Analysis of perceived importance of Relative performance level

Pilots Logistics
3 N 107 27
5 Mean 0.429 0.269
e Variance 0.020 0.039
- t-value 3983
df 33
g p 0.000
Group

4.3 FE5AFS], el tigk 914 o]
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<Table 6> Results of t-test for perceived importance of performance improvement factors
between acquisition type within pilot group

. Operating liteliners
Acquisition type Durability | PI Cycle rate Budget perflormance # of
evel responses
(1 (2] (3] (4] (5}
@ Foreign acquisition 0.148 0.142 0.161 0.094 0.454 51
® Domestic acquisition 0.146 0.141 0.188 0.118 0.407 56
Testing differences X x x X O (Pilots) -

<Table 6-a> Differences in perceived importance of Relative performance level

o8 Foreign Domestic
e acquisition acquisition
N 51 56
Mean 0454 0407
Variance 0.013 0.026
: o t-value 1777

df 99
T acqustiontpe D 0.039

4.4 AF7) 71%H 94 Aol

£ Ao HExA-SHA & 7150l 2 At A #4 Aate] w2, s
F71 A ThsE O diel A7t Aok 7F FAAR] ZpolE ERIFch(Table 7, 7-a, 7-h). AA, 45
Mg 710 Tals =9 29 718 &EAE0] Folgt 7H5A(Table 7 @-@)7} B &9k,
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6) https://www.donga.com/news/Politics/article/all/20221009/115871658/12gid=115853749&srev=2&regdate=
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<Table 7> Results of t-test for perceived importance of performance improvement factors
between aircraft models

Overatin Relative
. Durability | PI Cycle J Budget performance # of
Aircraft models rate
level Tesponses
0 (2) (3) (4) (5)

@ Foreign Model
(F-15K, F-16, F-350) | 0ot 0.152 0.170 0.128 0.399 126
® Domestic
Model(FA-50) 0.139 0.098 0.295 0.109 0.359 8
Testing differences X O O x x -

<Table 7-a> Analysis of perceived importance of Performance improvement cycle

F-1516,35 FA-50
N 126 8
¢ o Mean 0.152 0.093
= o Variance 0.014 0.006
o t-value 1.757
d 99
o Foreign model(F-15,16,35) Domestic model(FA-50) P 0.06
Aircraft Model
<Table 7-b> Analysis of perceived importance of Operating rate
. F-151635 FA-50
' N 126 8
Eos Mean 0.170 0.2%
i Variance 0.014 0.026
' t-value 2133
o -
T ————— —— D 0.035
9] ©9] 71%9] F-15K, F-35A, F-16 371 7122 £835t% 12699 S92 &-835lo] 29 &
A 7% ) As Wl BAATL )FER AP g Zfo]7t YEldeni(Table 8 /-0,



Performance improvement and Fighter ... / Cho, Youngjae * Min, Soonhong * Lim, Sehwan * Choi, Kyunghwan 33

8-a), HMEZ|9 4hA YE5rEAHNE HF Aol AHT 4 UK Table 8 ©/@-@, 8-b). 12

S B AR A9, ERA H5g W AHY A2 8P SREIRAY G B

4ol B3l &8 715W B4 At AR 4+ dek TN FEATE T £ AR
1
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mlm HE
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> F-15K > F-16 22 713271 22 Aoz Jehgth A7 o A A Asszs 72ds
H 90l F-16 > F-15K > F-30A 408 71547} =2 Ao g Yyt 7|EW Abo|gt

T7F e A0S & o AR EW, H4Al =Y 71520 F-35A0184 Xx

Az F-357F Rl ofje] A5 Betel mhet A s
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<Table 8> Results of t-test for perceived importance of performance improvement factors
by Aircraft models

3 Operating Relative
Foreign Models Durability | PI Cycle rate Budget perf{)rmance # of
evel samples
(1) (2] (3) (4) (5)
F-15K 0.134 014 0172 0.138 0.401 58
D r-16 0.175 0.138 0.162 0.076 0.449 40
® F-3HA 0.153 0.165 0.174 0.182 0.326 28
<Table 8-a> Differences in perceived importance of Budget
06 F-16 F-35A
N 40 28
. Mean 0.076 0.182
. Variance 0.005 0.020
o1 t-value 3.612
df 36

> D 0.000

F-16 F-35A F-15K




34 MZIZHIAT HedH M2z

<Table 8-b> Differences in perceived importance of Relative performance level

F-16 F-35A
N 40 28
P Mean 0.449 0.326
5 Variance 0.016 0.043
i t-value 2772
u d 41

p 0.000
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