Journal of the The Korean Institute of Defense Technology Vol. 05, No. 2, pp. 023-030, 2023

N2E 9 WO B R VA E B

. a

THLANEI 7Rl et A+

A Study on the Improvement of the TRA Framework for Complex Weapon
Systems from the System Integration Perspective

IR GHAP

Jiin Koo™" . Sukjae Jeong”

[ = = ]
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Level)Z &&5P7] dizol 7187]=2] =34 F7tolle Adshd AARES] Fotoll= AP Aot E3t Al Z2|AE "iAl9]
F7te A 7 7Y 7hsAdol At & A4te AlAlEEe A|ARES WA TRA ERRet 71&2 Aj7gelsto] 7idd
TRA A 3E Aetsiet. Axle] TRL2F TRAZE 7Hil $HAIE 56t &4 . A#AQl 7Pt 7hssh Zde=
fetol] 242 =9ltt AQF mYAY 3= HW, SW I Qlgmjo]A WAEA TE(Technology Element)?} CTE(Critical
Technology Element)E &5kl TRLZ A|/de] gttt TRAE 9] 37HA] #doA] Adelsl TRLo| wef o] o3
g5 dEste] 7V @2 BrHENE AlAEl £E9 darz st Aokd CTE W2 £2 ROC(Required
Operational Capability)?] A== ®, 7fehdo]T U COTS(Common Off The Shelf) 7]£9] X8ojHe sk8slo] HIIA}
0] VY-S A4St oot B ny Y I = TSS(Target Surveillance System) A|A|Q] Case StudyE =5l AedS &
AT} & AFE AlAfom medYd3 Al A7F &/dst =of TRA Ale 7idof 7]o{sh2 vttt

[ ABSTRACT ]

TRA(Technology Readiness Assessment) quantitatively assesses the current level of domestic technology and
is used as a key tool for determining the possibility of domestic R&D and risk management. However, since
the current TRA utilizes hardware-oriented TRL(Technology Readiness Level), it is suitable for independent
assessment of each technologies, but has limitations in evaluation from a system integration perspective. In
addition, the checklist-based assessment is highly likely to involve subjective evaluation. This study proposes
an enhanced TRA framework by redefining TRA procedures and criteria from the systems integration
perspective of system engineering. We focused on developing a framework that overcomes the limitations of
the current TRL/TRA and enables easier and more intuitive assessment. The proposed framework
distinguishes between TE(Technology Element) and CTE(Critical Technology Element) in terms of HW, SW and
interface and redefines TRL. TRA is performed according to the TRL redefined from the above three points of
view, and the lowest evaluation value is used as system maturity level in consideration of risk management.
The proposed CTE selection method minimizes the intervention of the evaluator by utilizing the quantitative
goal of the key ROC(Required Operational Capability), development difficulty, and application of COTS(Common
Off The Shelf) technology. The effectiveness of this framework was confirmed through a case study of the
TSS(Target Surveillance System). It is hoped that starting with this study, research at the framework level will
be activated and contribute to the improvement of the TRA system.

Key Words : TRA(Technology Readiness Assessment, 7|&A<E=37}), TRL(Technology Readiness Level, 7]&A%
&), SRL(System Readiness Level, A|ABId2&) [RL(Integration Readiness Level, E3Md4& )

ro
Hl
H
ox
]

233| =2X| M53 M2Z(2023E 6) /23



A|AE £ pi™o| B}

[
4o

1. A &

AR AdET Aldiel R21AAlE Alseh B9t 2 =9
ASHSoS, System of Systems) Elil @it} 2juzte] T7]
AA Egme 2 dasfa 48E Rujs oMow X
Ast Qct 7]&£44=47HTRA, Technology Readiness
Assessment)= @RI A4 7le+EE ATRE HII6Ho]
T AL JhsA0l het B YEnele glat aae
T2 #geln ot

20009 =9 =dw f2jute] TRA Ales S71AA A
T7REARRIol A8E]o] suighdol Agdstes A& TR
t}. sixlgt @Aflo] TRAL oifls] shEglo] £410] 7144 4%
(TRL, Technology Readiness Level)& &835}7] wj2of 7|
e 5YA Hotole Adshy A|AR 239 FHrlo=
SAZE ot ®3F Begh #5 ZEFE Check List 7|8t 3
ke Zao] iR Aok ol2iat @A 3L sk T
4 E(IRL, Integrated Readiness Level)?} A|A/d<=(SRL,
System Readiness Level)of] st H5t7F A8y E QR 1
AT} AlEst gxls 2ot

& A= AASSHSE, System Engineering)?] A|AR 5
§ AN TRA Axfe} 7158 Agelstel @xfe] TRLa
TRAZE 71 gPg Feotn B0 4n mmA ot )
SoteS 7M1=l TRA YIS A|oHsich

27%0lM= TRA A=t TRA ¥ 3t 242 Faf
ola2 w&stgonl o2 A5ty 9st TRA Zal=

A5t AAIstc}. CTE(Critical Technology Element)
AP 718X WBS APJRioA e A|ARIES #Al9]
TE(Technology Element)?t CTES %35t AAsH= LA
Aol  dWhHSe  AFAGE  E3] £  ROC(Required
Operational Capability) A=F=Z8, 7f& dolz= I COTS
(Common Off The Shelf) 7]& A8oj¥HE st dfHe
ZTA B7L jUe Alash & 4 Yok TRA 49 SHOAE
HW, SW 2 QlEjTo]A X0l TRLE Ahgolsto] A4z
STUHAN TedsEEs BHE 4 =S gih Case
StudyE Eoll At A3 E UAEE AEsto] 1 AR
dg R gog oM A8 WIR gt

(R T e

2. & &

2.1 ol&A] 1

2.1.1 TRA A=

Qefets ByEeLEY R
2 012 9Moe LA
AR = WAty @A
Moz FhRA 94l AEALE & .

SejRo] TRAL 20064 WelAtiAol Ageln (7)usle
AT ol AER 225 olistct. 20118714
choret AlRIolA] TRAZ 498l9oL} 7AIAQ] 7tol=alelo)
Brle 1 Auke AN AREAE A4 2A 28570
= AIFHEIGTE SRS 20119 HRINRIA0] ]S4 E Ba

gof| ot gurid g8
gesijll 2021928 99
sl |44 % Aus 2

=]
4 o FHon

2
=)
Rl
sk
5

24 /ot== 87|23 =2X| 53 HM2=(2023EH 6F)

IHA ZledsE B2t 2 Y3 s ket At

2 gt AldAE AFES oje] osh] Ysil TRAS
Ao TRAE =4 A77Y A9 1&gt
oA = & stz ARjufd shict
TRAE WHAIIAAA gt 71ed5=87F ATAIA
(2019)0l] we} S8yt L7|AIAAGOIA = AsYAL, EAY
N, AV B F2AANG 2] 7S/ EARI oA
v AURE 71EeAlEAY © ST]E ATNLARI(AI )
o] TRA tjio] Ut TRA:= QAN #u], @A7|&Q4
(CTE) A4, @57t &0z ot

0] NASA: TRA Best Practices Guide(2020)®, DoD:
TRA Guidance(2011)®, GAO= TRA Guide(2020)"S 5
TRA 715, A& 94 AAE AlgstL oty B 7lolexs 9
a5t CTE =53 549 AE7eo] Fojsh= ZBatA TRA
Y7t2 7&sic} 0] DoDe 20114 & T J28 Fx; 7k
g FAsiYlct. 1 Zitg TRA:= £8 4% &5 =Z27
(MDAP, Major Defense Acquisition Program)i} 7]&A 2
go] Exllsh= Ardoll stete] 43¥s5t== gict. DoD TRA
olE(2011)& 71E 8 AAHER Aokt TRL =& 27
ol 25t ot 7S FHAshL AAVNLTEA AY AESQ opd
£ BolMTt TRAS 2ofste= gictfl

0] NASAQH DoD SW TRLOY| thgt AolS ARgstA] Qb
1oL} 0] GAOE= HW TRLI} Afo]7} QS-S &elsta SW
TRLOY| T3t 3o} S 7tol=of mgkstet

i Jo
)
o> 44

> o 3 40 o2 b~

2.1.2 H3y A+

TRL A|&EE 19749 0] gF2F=NASA, National
Aeronautics and Space Administration)?] Stan Sadinoj]
osf 7HA sFE0R Ax JNAEAUHY. Fxje] TRLE 1990
| 9 2502 HHE o] 19959 Mankinso] 95 A|A|st
Zoict. o]F NASAC] TRL A|#iE 0] =Yg, oz L U
FERS u|Tsle] 9 95T Sow ) HgHck

SHAISE 9HAIe] &Y TRL A|®FHC 2 TRAE £385t:= O
Agheolake ofzio] |4 A7] E9ick. ChEAo® Conford
2](2004)= NASAS] TRLE &8&3t 7I=/d&a= 719 A
o =RIAS AAPCH. 0% o] 2kEer NASAE TRL
Rlmel meAE 9d, vjgule] BAE Aojst: o we o
TE o6t AE7 e digh dae BUMYS 2est
+ A2E 259 Vle/dat Bt A4S AT

717t Sl gigt A4l Mankins(2002)0f 9jsl AlAF &
tt. Mankinse E3V|SEMUMHZ(ITAM, Integrated
Technology Analysis Methodology)ollA] E37]1&A] B(ITI,
Integrated Technology Index)2 AJoHHcH!Y. F&|gt [Tl
AARIES WEe masted AL A9l

1) Gty WJAtE st Department of Defense Business,
Kwangwoon University, Korea)

2) Leosty 74gsty W (Corresponding Author: Sukjae Jeong
(Professor, School of Business, Kwangwoon University)

* Corresponding author, E-mail:jeankoo2002@gmail.com
Copyright © The Korean Institute of Defense Technology

Received : May 22, 2023 Revised : June 12, 2023

Accepted : June 23, 2023



Journal of the The Korean Institute of Defense Technology Vol. 05, No. 2, pp. 023-030, 2023

ol @ IPHe JISEFUE
Insertion  Metrics)& 7HHEP€}0:]
Integration Maturity Level)S &8st

Brian Sauser 2](2009)% 7J#7]&0] st A&egE &%
sh= TRLO] §712 Hojth 7147t QEJEIO|A(F, Interface)
272 F9sh RLS ZRESI0?. RLE CTEZ QEjso]

HASE SUY OO B sl ST Ry
e 3 IRL2 Gove 2](2007)0f oJslf 7THAA Z]
3 9HA= Q*EHQO*E}

Brian Sauser 9](2006)= A|AEILZO] 7|&ASE R|EQ
SRLEZ A|etgict. SRL2 TRL1} IRLE o]-835t jEx-A=R 4h
&=t} Brian Sauser= TRLYI} IRL A|ZE 12{dto] 5T
SRL |85 AAISIACHY.

Mankins(2002)= 718 7l&E d&APIHl B dol=s
H3JA5= R&D3(Research and Development Degree of
Difficulty)& A|9tst Tt Bilbro(2007)= R&D3%9} S-ARSH 7
Fol 9uA|19] AD2(Advanced Degree of Difficulty)S A9t
stotcpe.

Olechowski, Eppinger ¥ Joglekar(2015)=
5F At HE. 2049 TRL AFE-S EAMstg1
=l 9 AE, BUt g EHoA 167H] ZVRAIE AlAlsH
;. Tomaschek, Olechowski, Eppinger % Joglekar

I Aol TRL USAISY 422 5
NS SIS 1T B BA, SIEHOLA HAE 3 A
I =2 R WA= AlEst

A(TIM, Technology
SR dFESE(IML,

A AA o

e e |

[s]
N
9 4F J4ES M
%ic.

2.1.3 AAEE &5 A2EES T

=4 F71AA 782 SES 7|¥to R =)

EHA(SoS)= I 131} o] SoS—System—Subsystem
—Component—=HW/SW 14242 ANE3sKBreakdown) =
a otk S8AAS $Y¥2 Top Down Fgoz £ o
SystemZt IF, Subsystem?t IF, Component?t IF, HW/SW
+gaagt [Fog FAs St

s o2

System of System

T2 1. SoS &
Fig. 1. Structure of SoS

SE 7§t 271RA ANl B39] oiita) X 2}
2 1279 £t V-Model®] 92 Top Down 7o
A ARl 24, AA 9 sl ot A8

i
2
ol

E_\:

HROC)S Yoz 3 aAte e9/hdoz Ut
LPARY BATACIN A H QPAGe AT SOt
HW/SW 2438 7o 299, /uas 2o 2
Aol WigE MACE HWe SWE JRudich AlAs1Sg)
oA BE A 7Rl met A el Qlefmlo) 2
7} ApgE| D Ao WgEic) PR AR 2at] A

Aok AAREY RS HW/SW PYIZol Hn IR
HW-HW IF, HW-SW IF, SW-SW IF gz &= 4 It}

27ME
o @ @

(System) 1{|1|| 2 TEH(SRR) AN 4
uxml A HAZISE4(SFR) (System)
T T e
(Sub System) oo (Sub System) oo H ?Illl;a‘v#ls‘(sv?k) ?ﬂ j:fyiil,s

| —— : .
| F4E |eee| 74E | | 7ug |o0| | [WLEIEMA EREERE |
[ o 1 (PDR), (HW W) (HW, sw)

L HW | sw v HWI sw | |HW I sw ’gﬁ%‘glﬂ A HERENE

e T R e £ (COR), (HW; SW) (¥5, 28)
2|8 gallae| g2 4

\[ga|es|,  |e8)Es| zR[¥R) I T :
NP ELRERE (Hw W) gL

T2 9. AR 2 &=

Fig. 2. System engineering major activities

V-Model9] @ 2m2 Bottom Up WHEoA HW/SW 1
sh2ol Q] A=t VA Subsystem, SystemZ71X] €502
A 582 Fo A5l 7 dsEIASEAE. NER

SAFBINS Yehdch e HW/SW 2435o0] 212t 4
Ahz As, FRSAEA HeAES B9 sty B

dol Fe ©AE B3 4d%(Verification) %
(Validation)g &3l @AY 55 o¥E golsich

2 AN BREE AIAElESY WEE S99 diido
HW/SW F/d&=o] =i [F= HW, SW /3=t 2
Sto] "ot mebd TRA tiido] &&= TEQF CTEE HW,
SW, IF FHo|A J2=|ojof stu] TRA EFF 742F 380
of ghct.

ro

1o o

0

2.2 3ol A

Sl TRAL 20064 Al=s} Hlof @xle 27IRA) )
AL 2731 olRE W] I3t WY KARETR B
83 QIRI9 ojis] T ARl EAjaict

¥ A7olHE CTE 4u TRL/TRA S%ol4 chgat 2
2 271 Wilolxs EFAC,

S, CTE 474 599 ol thgat 2ot CTE: whesl
A AYEA AR 323 712 AEHolr ¥ Ak BF
o S0 2k 2 e NEY B anNdE 55

A goto] AAE 35S WENZ 4 ¢ 9 % A
Y 4B el 47t Hel Pl HEEL CTE
94 we 2R golt mase) Ralol s He

7) EA  HAARAA, ANEAIR Q] AASSHSE) 78k 7]auta]
A5 ARXIEA pp 6, 2012.

sty |&5hs| =2X H53E M22(2023F 62) /25



A|AEI E3} BiRo| &8t D|H|H 7|

=

Check List @Al &8sttt wehy CTE A% 3]9JA] CTE
A o 5o tigh =2to] 5 At CTE AR7I&ES B3] st
AL A9} Check List ®pAoflA] Blofut & Atedo= 2R}
S AlEetsto] 2] idE Eii} g Tast o e
TEFH CTEZHX] HW, SW % IF 7leS B=2 2514 ¢
Lr} AJAEIESE 0] TRAy} A8E] 2 QlE 2 HW, SW
S IF @A TEQ CTEZF -2 ER7F Qlrh

=1, TRL/TRA ZRio|Aq HH =ufje] 79 2E A=y
ol AREE L Qs 98Al TRLZ 7HE7 o] S0 9
oo} tait 2 AP ofxls] EAfeitt. OF A Bt
7Fs’d QAR S8 tRe A OSW Ho= HW
ol & @g&ofoll ohgt o] L=

o]% olzist AISIAIRIS BYslr] 9lste] IRLy; SRLO| of
gt Aol AE oLt Alest HA| O}O*Ur

IRL2 7H8 CTEZF EHHo|A Ve
Zle d5ES UKt SE9 A|ARlE
& ol EHOJ g9, dEmo] A AE 1y
Zle =& SH0AM W AR 2R B o stct.

SRL2 715 TRL# IRLE 83t mjEA2 XA A|AH]
o] 7leds=E sl AR et etk SRL Egh HW
of A194! TRLZ 7|8tz 517] mizo] HW, SW ¥ IF 7]&
2 B FEoH] Yt AlRREY W] ot HW. SW
3 IF TRLO] 2= o} 27} TRAZF +e8d Ba7t Qlot

SRLS A|2HIZ} MH&azE Aoz uv|wsh| 2oz
oozt ot 1Eut Zleds s BUke SN oR 01ds 7]
=< vz o ¢ 7] miEo] AR 454 3
4E= HW, SW 2 IF CTE % 7P @2 7|ed45es &8
she 7ol &9 FXe 4+ Aok

3] TRAS Check List WAlS AjEHGHL Qlo] H7ixte]
2ol 7idd 4 Qlal HW, SWE F-25te] 871sHA] et

z*.ml

W5t QI

Ejmjo]
oA B
fo] 2 4

D:QE J>~
J
o ofn |

O

J1
| 22

I
|jo

Check List +=2-2 sts] sl A|E3} 3= Z1e ©20] =
2 QARG 7+ A& Output £&F1 HAS Y

(Environment) 5-& Xp&3afsto] 7+ Axg H5hs] frl_‘?_ég ES
olctel TRL A& Stogw Aol Wyt 7psst A
moisic

HU

2.3 A|AHR =3 o] TRA mUY3

2.3.1 TRA ZUY3 Hg

Aotehs TRA Zeldela: I3y Zoh & 2EAR
CTE A7gT7let TRL ”5‘7}E*711E TE (BRI AP F]
A L5 ArTolA Al

HA] CTE ARUHAIS 59 7]%Alg2 BA A2 &85}
54 CTES Aldsln ASrte 1A Hrido] 3ol £
CTEZ st Y &0 CTE A Axpe 7181 37
th2A] otk Zefy ofg] AlREsole @2 Al7h Aok
CTE= TE Ad2utg &8sto #8 ROC(HT=R) T 7]
& A, dolz Frt % COTS 7|29 AgojRs L8t

Bl=st BAo|Aq TEQF CTE= HW, SW ¥ IF

26 /3t==87|283| =2X] M5 M2=(20234 63)

= EF Y3 Mo ket ot

AA 2k Rsto] AlEgict

CTE 44 )I TRL &7} )

0 7|xRE 24
0 7\%4 wes %4 ot
O TE A2 HW/SW/FTE 2 -EH\.FVECTTER'?R A
Q CTE °E M HW/SW/IF CTE SWCTE TRA

-T2 ROCEHEE) Tel7|E MY )

- 40|z Bt - IFCTE TRA

- COTS 71 Hg0i% Bl O TRAZIA AL

O CTE =HE(E7HE)

08 3. 49 &% TRA =2
Fig. 3. High level TRA framework

CTES] Tfst TRA:= HW, SW % IF ¥&ojA AjAelsl
TRLE &8slo] Hopda 434ttt o] TRA HuA ZHd
g HW, SW % IF CTE°] oigt 7} Zuts APdsteh Al
AHl AZo] Man ojama] IEo|A 7}):} Lro 7]%/34;_
L2 Aot ujd&7]sol tigt daAge dAlet 22
Bz 5T 8 nfdAEe] 7lEd Dlxl ] ®5h= CTE%
e APdettt 71& WAl At 149t Atk

SL

| T2 || AS-IS || TO-BE [
O HWEH T TRLAFE
>
TRLE || 5 Check List 714t TRA

TE A O 7|=% wWBSC| Component +F A
- Ay HARETE MY

O A2AEEE 54 HW/SW/IF TRL AL
Q Process A5}, “‘7f 254 AAast

Q 7|""1 Wes 7|t
@ HW, Sw P satofg,
HWTE, SWTE 4¢
@ HW, SW Component?t IF 48 ¥
IFTE 41

Q Process SH, ANAEST CTE AlY
ESe] ROC(X‘ A2 H) IIEJ TES
CTE(1 K tyoz M
@ Non-78 ROC( ’g%}%ﬂ TES
W0l = 2 CTE(1AD "7} k]
@ CTE(1Ah the, coTs 7|* Hea
7};§* TEE CTEAIM A2

Q Check List 7|4t CHAR5! CTE A
CTE g SLAE AT 7 o4
STA CTER MF

{ TRLIIE H 0 HWEH B TRLEE

O Hw 54 T2 TRLe T§
( TRA 44 ]1 Check Llst 22610 TRA

Ho*l*%oia HW/SW/IFTRL X & ‘

' ‘ O HW/SW/IF TRL E&30f TRA =% ‘

I 4 71E 2 AN T} Aol

Fig. 4. Differences from existing frameworks

2.3.1.1 CTE A%
CTE A7 AlRgs2 159t 2.

I FI=xt= =1 ]

h 4
=5 CcTE ~I'= |
(HW, SW, IF CTE) I

COTs Zl= Yes
==
CcTEX|=]

No
Bl c7es ===

CTE ==
| CEZHED |

T 5. CTE A% A&}
Fig. 5. Procedure for CTE selection



Journal of the The Korean Institute of Defense Technology Vol. 05, No. 2, pp. 023-030, 2023

WA ZIxAtR A Aabg 85t 7leA] WBS(Work
Breakdown Structure)& AHJsich

7]14A WBSE System-Subsystem-Component-HW/SW
YR o 1A Bk,

2RSIE HW/SW 2Aste®iz 4 Qe HWTE SWTE
2 Aldsl HWTE, SWTE AoJA S Adstct,

2871d BAe &35 Componente] HW/SW 1A43H=27F
QIEjmo]A S AlHSIE AEH QIEmo]A LA Qs &0
E= 71eg IFTER st IFTE JYAE AVt

Al e HW/SW/IF TES iAo =2 £Q ROCO A=FA| et
TS BAsto CTE Oi(lx}) ﬁﬂom zQ ROC A

o=

) ¥F ATIREAl HW, SW
THYB0] QTARS FYsH Za Absic

Q. ROC(IZAI ROl shdslr] ore
TES thoz 7144 Woleg Bristi Woler} 455 of
A9l TEZ CTE $8(1xNo] 271} 7144 dole ®ohe
#1811 22 TDA(Technology Difficulty Assessment) A&
£ &8st

% g

=2 O

E 171 R dolw 47

Table 1. Difficulty level for technology development

CTE H1%3 2} E=0FE TRA

e ]
TRA 21M ZHd

i::i::_ A2EET )
| HW TRL ’I
L x=m
SWCTE SWCTE TRA
e IF
SWTRL —
B

IFCTE IFCTE TRA w AL daE
=CTE & 712 "2 45

ONONO

= =
IF TRL
Q-

Hol= dol= e

1| @A &Afsk= 7]

ax) EAlste 7]

M2E 7oy 717 eS E8sto] 5&3I

> e okse e

4 MZ2 71E0lHA 7]E 7]eo] EXfsh
SALE7} Yol A28 7o) Last 7&

5 | fA7Is0] Sle ¢ Mew 7]s

TDA X]E+= Bibro(2007)2] AD2 A&
Az 7lat ARt 23 71292 olwrt &
dolert &2 712e el £u Aol & 71%e
9%e ojxl7] Golck
Sletee CTE 2212 5% 5 447162 20 ks
7142 CTEAIM A2iste] 2% CTES Agalc
B804 48T A9 ) ASAO) BT Betop]
e 7439 7122 Aol oAl YRest Wl folc
Fso0z2 MY CTE= HWCTE, SWCTE ¥ IFCTEZ +
sk

2.3.1.2 TRL H7}
2% CTEZS tjato= zkzb xjAelst HWTRL, SWTRL %
[FTRL X|EE 7|&0=2 1361}t Zto] TRLES mrfsict
Bopsl TRLE 7]E9] Asieiqe} stol=s Fxate] A
o] sfeirt

8) &1 : At A3

7= 6. TRA Axt
Fig. 6. Procedure for TRA

1) HWTRL
HWTRLE steglolo] 71&44 55 Bolste Almoltt.
Aol 9xtA| TRLE #|cfst gsto] 12l790at 2ol xjA9] ot
it "8 TRA FEX]A(2019), NASA TRA BP Guide
(2020), GAO TRA Guide(2020), DoD TRA Guide(2011)&
HEstgct

ol

A A o| [es2z ] nwes
TRL
© | 1= =zl o et | == -
© | = =a o =2 | -
© | =2z o || w=a | - |
''''''' Breadboard
== C| AlB] AL
© | = M e | == | (Low Fidelity) [
Brassboard
A= az= AlcH Cf AlS AL
© | MEEHw +E A E [IEEE P
= AL Prototype
G Al R Al CH o o=
,,,,,,, IHIE Al e | 288 | (High Fidelity)
SAl ‘ﬂI
@ | =rrice =2 25 oAl | 2884 | some |
© | ramcie AEET) etz C sey J
©O | 2=+ =0 o | esea ]

a2 7. stEYo] TRL
Fig. 7. Hardware TRL

13550 945 7|ED Yol 4555 HW 54
L9 Quput &&o=z 8= 4 Ql:2 Breadboard(Low
Fidelity), Brassboard(Medium Fidelity) ¥ Prototype(High
Fidelity) 0.2 HW £&2 A9o]5}t9ict.

6252 AAIE 8 £F 7252 HW Aol EAAR
YO A5H »F, 854F2 A2 TR FEE o AA
A7t Y=L AFFH7PE SaE £FCR oIt

2) SWTRL
SWTRLS AZE0l9] 7|42 Hrlsty] 93t R|&
oltl. Jeremy Straub TRL 10(2014)', DoD TRA Guide
(2009)'®! CMU Draft SW TRL(2004)'"'2 Zrxslo] 12=1810)
3} Zo] A9 st

9) &4 : A Al
10) &4 : AR}t "AY]

staaE|asts| =2X M5 H23(20234 6¥) /27



A28 Sg 2ol Je RI|IMA 7|
w1 = of as=z sw =
@ | sw i THE s e == -
© | o= ag o Sei =
© [ swz=Edsiw oA [ ama | swa=zas
O [swzzdsssen [ wma ][ swazmas |
s} | Prototype sw 7H £t | snezay || Protoweesw |
(6] | SW Beta Version EH7| ] g;%% E| Beta Version SW [
@ [cusmeson | _id, | caEed |
© [ swonz ez | es=a | FEEST
© [swes+u o [ e==z || TEIEET |
O 8. AZEYo] TRL
Fig. 8. Software TRL
1, 8, 948%E2 SW FHoA £FZ AFQsH Zle=g
HWTRL 7Wdx} SAlsich 2552 7|2 H2t 399 &,
3aFE2 ARHUETL /Y 2F, 4052 X 1‘57& 590l
o]20jxl 4% 52Zo]A] Prototypeo] A|HE|T 64ZFofA

o

HEfH o] d/dEjo] o]F
Test Bedo]| £3tg]o] SW 7]50] QAMS-23H70fA]

o]

s 2 %‘1} 1rE2
a5

3) IFTRL
[FTRLE QIEjmo]~ 7144458 B7lsl7] et Almolrt.
IFTRLE Sauser(2009) IRL, GAO TRA Guide(2020)& &x
sto =iginet 2o xiel shirt.

L = o [ as== IF +5
© HE| O & Al ©hA| 2M -
”67 QIE{H O] A At EHE ™ol THA| 2M -
9| oleimol~ 7HiE = Al CHAl [ =~ -

@ [ er=imioi= 2 = [ =~ - |
| © [ erctmiois viw A e | iy || TEEERT
G | QIE{H| O] £ Prototype Al THA| | g;wé IE
@ | =an ere emmos s o || JZol,, || IS8T |
© [2esnzas e [ es=z || THELEE |
9| AS o [ 2=z || THEED |
4 9. QIEjHo]lA TRL
Fig. 9. Interface TRL

g BRI R F Ao A8, OIS 52 2
~zo |F Asxkgo] AojEl £x 34xo [F HAA U5
@A, IolEIE Zaslol IF cloloj2sto] ehshe Azl
4552 AN W) 2502 HolE 4% BUohI IF 25
2w Pt HYE 2F 59FEL F UlE A 2F 64
Z2 Prototype Al —T——’f—o]‘:} 79552 BAATY &
U A 2F, AIAE O] [F /Y 98 25, 4% 4298 2
& 592 HWTRLY SARSH 7igoct. TRL 72 &<
= HW/SW/IF TRLZ &-&3sto] 2% Age CTES o=

TRAS S8kl Ant BuAS Ag3ich

11) &4 : AxF &R
28 /ot== 7|23 =2X| 53 HM2=(2023EH 6F)

2 A

=Zo™

= EF Y3 Mo ket ot

2.4 Case Study

71 TSS(Target Surveillance System) Z|AS tjaloz
Case StudyZ 4085t} 7jA1El TRA ZHJY IS &835}0]
71X WBS AHd, CTE =& % TRA H7I5 4333t
2.4.1 OPAIA 71a
TSSE= EO/IR @/d= E&sto] A =g A14s5P7 ohefst
A 7152 AlHste AAlole. TSSe A &&
sl A€ EO, IR’\“HE—‘?—H Holelg & AAl
sG] & 27 3}5 g 01]71]

R%‘*oe

o 7;]

o

|o

N

al ZHA]
=

o

]{}QE 5%
TENA Ur01 A
g i*ﬂ*” EO

tlolElE A2], 7hssto Fd#o

Elo] BAS AMAsl= Aog Wr 1

ozt 7}[4. ZQ ROC A
Azug mAg drlstn
| BES 5 Y A2l

]_

a1
Al

olt

HiolE] 3T

| ) |

)|
EO HIO[E X2| [T

IHEEEHEXR|
(EO)

IR dlol&| X42|

M

=@ =

EO

4
@

x| £olo]Ef 22|

[ ] ==rocmzsmazie ag
T2 10. TSS ZZA||A tho]oj 1K
Fig. 10. TSS process diagram

2.4.2 712 WBS g @ TE =&
TSSO| 7144 WBS Ay Zute aadllah 2,

TSS
I
[ [ 1
Sensor Sys. Data Processing Sys. Analysis Sys.
Data Processing EQ Target Integrated
EO Sensor IR Sensor Equip. Detection Equip. Analysis Equip.
| I
EOSV| | EOS IRS? DPY DISS) TE;) .E.g Analysis{ | GIS™ IRAY
HW HW || sw sw
SW | HW| [sw

1) EOS, Electro Optical Sensor(2&A 4 A)

2) IRS : Infrared sensor(52/4 HA)

3) DP: Data Processing(|0/E{ 42|)

4) EODP : EO Data Processing(EQ G|0/& 4{2])
5) IRDP ; IR Data Processing(IR £ 0| €] #{2I)

6) EOTD : EO Target Detection(E0 B &)

7) GIS : Geographical Information System(X|2| A AH)
8) EOA : EO Analysis(E0 24)

9) IRA: R Analysis(IR £4)

J= 11, TSS9] 7|1=A WBS
Fig. 11. Technical WBS from TSS



Journal of the The Korean Institute of Defense Technology Vol. 05, No. 2, pp. 023-030, 2023

TSS= Sensor System, Data Processing System,
Analysis Systemo 2 Jxst =t;. zHF9] Subsystem-S
Componentet HW, SW 1A4gH= 0 2 &35t =t

TE &2 93l 7|&X WBSZ 7|&2 HW, SW A=
2 Jjuste o] 485 HWTESH SWIES A8},

HWTE/SWTEL EOUEE| Alapla 5 & 157t Ahgel
itk EO Sensor(371), IR Sensor(37l), Data Processing
Equipment(37}), Data Target Detection Equipment(27}),
Integrated Analysis Equipment(471)7} AlEE] it

g Avke %129 2ol TE Aol )4k

W8S EECE ]
Levell Level? Level} TE4En 7|83 7|&0 it Y
5§ Sensor Sys. EO Sensor HWTE toflHe | BREoCEEECE
HWTE2 todEA [ IHYE 0BEAAR NS
SWTE1 mg;.':‘liat EOUAE) BEI0 J1%

DY ROFEH HE 718
IHYE REIAHT 2Ig

IR Sensor HWTE3 IRC|HEf
HWTE4 IRE&A

swiz | REEAT | megne g
Data Processing Sys. | Data Processing | HWTES | CPU7I¥ HWH | 145 cou 718 HW HE 71§
Evp: SWTE3 E0BY+Y | EOERGOIE B BYH N8
/ SuTE | RESFY | IRofebclolE] ¥ F4He 2g

= 12, HWTE/SWTE Al At
Fig. 12. HWTE and SWTE identification result

IFTE AlHEE Q5] Q@ AeHe BA5t TSS Component
AT BAsto] 2 HW, SW 43S 2 QejHo|AS

o
TSSO] IFTEE % 19717} Al E|Qict,

>
i3
ok

iR £0 Sensor | R Sensor ‘ st Processing Eqip. | O Torget Detction Eqip. | Inegated Anayis .
level3 | Leveld [EQS HW|OS SWIIRS HWIIRS W P W |EQDP SW|IRDP SW| ECTOHW | EOTD SW | AalysisHW | GIS SW |EDA SW | IRA SW
£05 e R
ot [ B
. IS KW el | FIES
RS SW Fitd Iftd
Dets | OPHW | IFIR 1t fE | A | Y L13]
Pocessng| EQDP SW 3 fH FTE0 it
y ﬁ%% PR

T2 13, IFTE Al¥E At
Fig. 13. IFTE identification result

A IFTEE QIEfHol2 73182 T3 149t Zo| IFTE
olAe Apgstel pejict.

QIEjlo] A e FEo| glojof sfuf QIEjHo]A Fj&e
HW-HW IF, HW-SW IF, SW-SW IF §&d 2A Al¥Hs}to
7adict,

iegol £ 221 QEHO|I AR 7IE2L
QlE{=jo]| = 7t

TE &'EXt RIE{E|0|X 71 el
EO Sensor IFTEOT EC GIO|E B~ Z|&
EO Sensor _ Dpata IFTEO2 2172 28U 71E(E0)
o Equip. IFTEQ3 EQ MTF ?l&
IR Sensor IFTEQ4 IROOIH Hx 7|
IR Sensor Data_ IFTEOS 28 ?I8R)
o Equip. IFTEOG IR MTF ?|=

EO7 DP EQ APl 7| &
M

T2 14, IFTE 749)A]
Fig. 14. IFTE definition

2.4.3 CTE 474

CTE A% e 7128 WBS
SWTE, IFTEZ} Hc}.

M TRA Ze9l0] weh U, 58 ROC HY3E
of wE TEZ AMMYth £2 ROC FSuet ¥ig TE
t DSiYE BO WA 71 5 HWIE(R), SWTE@H)
IFTE7)7F APgeiict.

SR, 29 ROC H2He} Uo] gl TE FoIA ol
Brte et Toe R O AlE § dole 4
ol & 87} 71aang Apgatick

Toz 4% CPU 7Id HW AR 712 § 487122
= 715 714 & 1DRS CTEOA Aglsiact.

A" TES oz CTES 95 Wejst vk 13
159 o] Aejsict.

5% CTB: DShYE EOWSP Alst 712 § 9t 4%

A

i

ol AE" HWTE,

ok

TR ROCCHE RE) faiAy o'W A}
Lo £ 487|%
9 rROC }

TE /g%t 7| sof chgt el awoy |TES | Aed R

HAVTE | 2O 60 CIefed AL 21 ° °

WVE | D014E EORUA NE 2l ® —

VB | 2AAE RCIWE N 7|g « 4 °

HWIB | 244 CPU 2I¥ HW M 218 [ . [

HATE | 24% GPU 7|% HW M& 7|8 % 5 [

HATES | 244 cPU ZIWH W2 TR * 0

ST | EOUAHE] BUO 7@ *

SWiB PLEEL ] *

% 15. CTE A& st HE™
Fig. 15. Filtering for CTE selection

2.4.4 TRL H7}
TRAE= 71" TRA =ZeAd93ofA xjFgelgk HWTRL,

SWTRL 2 IFTRLE 7|Z02 28Jsiqict. 1 Azk= 1315
o} 2t TSSO] A|AR] 5:%0] TRLE 5olc}.



A28 S8t 2EO| 23t RN JlELSE Wb TSI o) B AT

ae TR R
CTE ARt e TRLAE e
A
HWCTE! | MeHArE FoRatl Mt 7@ 6 238 eoTs £0 IAA 24,

AHE HZHE 7| E2k)

M2 EOTS AIHIE sw 7R @ L 7| & 21
U8 EoTS AlMIE sw AL @A s
KARY xE B3 87 7|2 Y7 |satH)
002 UAV ALY (BY XIE 0T 71&)
003 UAV AY (B4 24, B1FE 7|8
MARR 1EHA] ALY (B Y MTF B § Ha)
002 UAV AY (B4 24, BT 78
008 UAV A (B4 24, BT 7l

SWCTE1 | EOBHHE| B 7%
SWCTE2 | EO MEFCIOIE| W BUA2| 7lg
SWCTE3 | Al 718 &t5 EH §iX| 7|&
SWCTE4 | %1% 718 S8 ojh 7|
SWCTES | EO ¥4 24, BE 7lg

IFCTE1 | EO MTF 7| &

IFCTEZ | DP EO API 7| &

IFCTE3 | IAE EDA API

~N|~w|o|~N]|~| v

=2 16. TRA Zxt
Fig. 16. The result of TRA

3.2 8

TRAL @AM CTEY 72452 FYHoz Bk
Zoltk. TRA Zute 7Rl T AhY ks B,
A0S £0 olAAEY WA FE 2 L 9@l =
7= g

spRlg @ 71244 Bolo] AHElE TRLS HW el
WAER E1ee] SUA Brlol s AT 2FE
o @l gAPH 9lek. olelat dAZRS s IRL, SRL
5o APt AR Aol FAEAE ik

B AP SE /| AIARIER TES TRA Rl A185
of @ TRAY FAHES I8 4 9t melUaE AU
o JlE HYAT Aree
Aol 22 £k,

Aok melQlgl e AARISE BEo) BrkE 9Ish TRA of

HW, SW @ [F &Hoz J1Esto] AHsict TRLE 37}FA]
SR014] APPIst 2t Wobd TRAS 23 4 Ut FAF
£ A} 71 Check List 73 3
NES W), gastsln AL Rasher] ksl A
A AR 279 Y4t guTels Defstl Aot 5
Pl 71 e Bt Ang 2ed

CTE A7J& $ARHQ] Checklist ®Alojl4 gloju} 29 ROC
(RAIB) B, Jedol= 7t 2t 9 COTS 712 &8
oug mejstol AgelE 1E Aol me} A3y A
o g Wik 59 JYS Aast & ool g
F 94 BuolE BYH L Aol Yct.
TRLE HW. SW 32 IF S0l 217k Aol s} 7}

of 25T I Output(ohd 2F) 237 Alol2 o
S o

-

P

1317 4>

N
TRLS 7|&4459 BIEh 359 SA4AE 724 o

L

oS stk Brke 23 Aol os) 2R"oR tast
WA 2 227 AL BEetokd 94 Ao AEEe Bt
7} 7Rsstol ZAuol fet oA Eat At waje} Bokaich
¥ AT ASoR AAREE WHe] TRA Bl ofd
2N, ARl iRt vt 3 @us] NE A S,

30/ ot==E7|2%3 =2X| 53 HM2=(2023EH 6F)

References

[1] Korean Ministry of Defense, “Orders for the
Development of War Capabilities,” pp 48, 2020.

[2] DAPA, “Announcement of the enforcement of the
Korean Priority Acquisition System,” pp 1, 2021.

[3] SMI, “A Study on the Improvement of Technical
Readiness Assessment,” pp 54, 2018.

[4] DAPA,
Assessment,” pp 3-8, 2019.

[5] NASA, “Technology Readiness Assessment Best
Practices Guide,” pp 2-14, 2020.

[6] US DoD, “Technical Readiness Assessment(TRA)
guidance,” pp 1-14, 2011.

[7] US GAO, “Technology readiness assessment guide,”
pp 34-127, 2020.

[8] S.R. Sadin, F.P. Povinelli, R. Rosen, “The NASA
technology push towards future space mission
systems,” pp 73-77, 1989.

[9] J.C. Mankins, “Technology readiness levels,” White
Paper, 1995.

[10] S. Conford, et. al.,
maturing and infusing
technology,” pp 5-6, 2004.

[11] J. Mankins, “Approaches to Strategic Research and
Technology(R&T) Analysis and Road Mapping,”
ACTA Astronautica, pp. 3-21, 2002

[12] Brian Sauser, et. al., “Defining an Integration
Readiness Level for Defense Aquisition,” pp 3-8,
2006.

[13] Brian Sauser, et. al., “From TRL to SRL : The
concept of systems readiness levels,” pp 5-7, 2006.

[14] J. Bilbro, “Advancement Degree of Difficulty(AD2)
as an input to Risk Management,” Technology
Maturity Conference, 2008.

[15] Jeremy Straub, “In search of technology readiness
level(TRL) 10,” pp 4-7, 2015.

[16] US DoD, “Technical Readiness Assessment(TRA)
deskbook,” pp C6-C7, 2009.

[17] CMU, “An Alternative to Technology Readiness
Level for Non-Development Item(NDI) Software,” pp
29-32, 2004.

“Guidelines for Technology Readiness

“Quantitative methods for
advanced spacecraft



