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Abstract

| . Title

“The strategy for Technology—-commercialization by TRL : Focused on R& about
Construction and Transportation parts”

Il . Purpose and Necessity

Recently, knowledge and technology innovation is critical for economy
improvement because knowledge based competition is world trend nowadays. Main
developed countries such as the U.S and the U.K are pushing ahead strategic
result diffusion policies to enlarge R& investment and use of R&D results.

Korea, too, is enlarging R& budget every year but the efficiency is OECD
average and lower than main developed countries such as the U.S or Japan. To
solve this problems, Korean government enacted '"National R& performance
estimation and management act, and R&D performance usage plan, which is
5-year period. For this environment change, objective and systematic
per formance management system is necessary for commercialization of
construction and transportation R&D business.

Construction and transportation R& is different with other industry R& in
purpose, consumer, characteristics because of its public biased technology.
R&D commercialization and field application is decreasing because of lack of
strategy. Therefore, estimation system of research stage according to wach
R&D characteristics to solve performance management problems.

Thus, this research suggests the estimation model which is applied
TRL(Technology Readiness Level) and TRA(Technology Readiness Assessment),
NASA, DoD and DoE are using for establishment of performance management
system. And this research finds the way of construction and transportation
R&D commercialization improvement.

Ill . Contents and Scope

This research suggests construction and transportation R& estimation model
based on TRL and TRA. This research aims the improvement of construction and



transportation R& commercialization through innovation of technology
diffusion system and process.

(1) Present construction and transportation R& estimation system is surveyed and
commercialization obstacles are analyzed.

(2) TRL and TRA background and basic concept are researched. TRL usage
characteristics are defined through the analysis of TRL overseas use examples.

(3) 9 TRLs according to construction and transportation R& categories are
redefined and construction and transportation R& TRA manual is suggested
which applied construction and transportation R& characteristics.

(4) Problems of construction and transportation R& performance management are
analyzed and TRL based strategies are suggested to solve the problems. The
strategies, vitalize technology transfer and commercialization are suggested.

(5) Objects of this research are limited only in national construction and
transportation R& businesses. This research aims the suggestion of model
which can be wused in construction and transportation R&D management
organization.

V. Results

This research suggested TRL and TRA as commercialization estimation ways of
construction and transportation R&.9 TRL are redefined for each construction
and transportation R& category and characteristics. Roles of R&D
participants are defined to apply TRL. 'The guide of construction and
transportation R&D estimation based on TRL' is suggested.

Per formance management strategies are suggested for each construction and
transportation R& technologies categories research stages. Five strategies
are suggested through the analysis of technology transfer and
commercialization of construction and transportation R& status and problems

Objectives and contents for each research modules are below

(1) [Module 1] The analysis of construction and transportation R& status and
per formance management system.

(2) [Module 2] The suggestion of construction and transportation R&D TRA
application way

(3) [Module 3] The establishment of performance management for construction and
transportation R& technology commercialization

(4) [Module 4] The suggestion support system of construction and transportation
R&D technology transfer and commercialization



V. Meanings and Effects

In this research, the TRA based RRD estimation model is established as the way of
construction and transportation R& commercialization improvement.
Construction and transportation R&D was categorized in 5 types and 9 TRLs
were defined for each type. The critical technologies which determine success
or failure of construction and transportation R& were categorized in
hardware, software and system, and TRL checklist was made for each types. The
case study was progressed for finished construction and transportation BR&D to
analyze validity of TRL and TRA application. And 'The guide of construction
and transportation R& estimation based on TRL' is suggested. The critical
technologies of construction and transportation R& were categorized and
per formance management strategies were suggested in 3 stages of research
process. Five strategies to solve the problems of construction and
transportation R& technology transfer and commercialization.
TRL and TRA application in construction and transportation R& will be a
enormous innovation for present R&D estimation which was conducted with
commercializationless per formance indicators. And commercialization
achievement is expected to be increased.

- VII -
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H2& RO AUt=9 Jl=d=5 22N

1993 0l= 23 ol&ts Hl = (General Accounting Office, OISk GAO)OI &L AISH
=2 RO AY =24 Zt, 0= =229 2IIXMAH RO AtHSl Ao &elo
HEE2 g R AYSl 2HIF He= dU4=2 ==0 et ZFot 23S0
HEGIA 22 MEHOIAM HRIF MU HHESZ LIEIGCH (O™ 2-1. &X)6)
Olol Ol= =2 (Department of Defense, OISt DoD) & Ofl4 XIS (Department of
Energy, OISt DoE) S =2 JIZEUHAM= =It RO ALY S HAHAE2=Z 22|56t
Hu=22 SHaE FXoH)| {8t gotez J=4 =% (Technology Readiness Level,
Olat TRL) % Jl=Ad=5%It(Technology Readiness Assessment, O|St TRA)E
Qo ®=ot UL

= HUAM=s TRLZ TRAS &2 & JHEW HE ZZMA0N ot &23%otl,
=-UHe JI&as2 HEAMH HFE SoiA =W HdEWS RO M%*Q aE
A E = L

.
PE50| 9B TPRAO TR 2

=<

Product development

TRL at
Product development and program
associated technologies launch Cost growth Schedule slippage
Comanche helicopter 101 percent® 120 percent®
Engine 5
Rotor 5
Forward looking infrared 3
Helmet mounted display 3
Integrated avionics 3

BAT 88 percent 62 percent
Acoustic sensor
Infrared seeker
Warhead
Inertial measurement unit
Data processors

Hughes HS-702 satellite None None
Solar cell array 6

Ford Jaguar None None
Adaptive cruise control 8
Voice activated controls 8

WL wWwn

*The Comanche, in particular, has experienced a great deal of cost growth and schedule slippage for
many reasons, of which technology immaturity is only one. Other factors, such as changing the scope,
funding, and pace of the program for affordability reasons, have also contributed.

a8 2-1. 0= 23 oatel A= =2 =7t RD At =24 21t

6) US General Accounting Office, “Better Management of Technology Development Can
Improve Weapon System Outcomes”, GAO/NSIAD—-99-162, 1999
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—— mission operations
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g‘e':?,?;?“ﬁs‘ymm — | _ through test and demonstration (Ground or Flight)
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— | — environment
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Dif,e{':pfng:m = environment
Component and/or breadboard validation in laboratory
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O “In the research and development world, ideas are like
schoolchildren. All new technologies must pass through a number of
grades before they are declared ready for graduation.”
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O “At NASA, these grades are called technology readiness levels, or
TRLs. Each TRL represents the evolution of an idea from a thought,
perhaps written on a cocktail napkin or the back of an envelope, to
the full deployment of a product in the marketplace.”
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O “NASA acknowledges the system as a useful, commonly understood

method for explaining to collaborators and stakeholders just how
mature a particular technology is.”
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A=t £ ddots 7E8 AALS EF0ICH

8) US NASA, “Technology Readiness Levels Demystified”, www.nasa.gov
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Retinement & Demonstration Support
Technoldgy F;Idudinn &
DaD Development ployment
Milestones A B C
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Milestones A B C Dl E F
TRL123 45 B 7 8 9
e 2-5. TRLE &g g€
SR, TRLE == 22DIH0A S&E MES L O 2E&=  ‘Bottom-up
JlE g g4’ | =, SolE ZUE Elizg MB3NLs {8 2MAEQ 485,
At HIE So SHI 2= AN g2l 2BAS X (end user)2 LIPAES
JIBte 2 MBIHLE2 QRIPALTAHU XFH JI=siHE %EDP Z8& = Top-Down
JlE Y AN of 50 HgsE ZZ2AA0ICH (O™ 2-6. &X)
Bottom-up Top-Down
== 212
(Product) (Praduct)
e > o
AZ Itss Jl= HSWe =2
\ (Practical Technology) (Product Development Goals) )

t

|

==
ZEE

Jl=
(Proven Technology)

7 =
(Required Technology)

02 3-6. HE JHE9 Bottom-Up

A Top-Down A1l HI 1



4. JIEt A=5(RL : Readiness Level)2 JH&

TRL2 JHEJl=2 H=5E ZEltot= Olle W3
ATEAN, MEI=, MMII= L= =
HEZ0 stAHIF UCH. Oletst stAHIO CHEE CHete =2, 0= DoD= TRLE CHA
SLEAIN, AZEN 2 HZEI|=(manufacturing technology)Z AMIE3tot0d 1

Hgs 8ot UL,

e
A=l AIAERIS =F

[Pl

ZOF0l CHEr HEet =3S flot, MA H A& Ji=0l

A=t | b MRL(Manufacturing Readiness Level), JHE TRLZ2tSl oA
ZHE H = |IRL(Integration Readiness Level), 2248t TRLIL IRLS =
K 24

HOlol= SRL(System Readiness Level), GI3RIHE Z=27)
HAa©S =2 6t= PRL(Programmatic Readiness Level) 2 JHE0l MAIZ D QUCH.

-
MRL
) e g

: Manufacturing

i R - System integration

Program

sl A
-* \
it \
n® J
»* .
w® -
-

8 2-7. TRLZt JIEF =& EOt X

H

(1) Manufacturing Readiness Level (MRL, HIZAE=E)
MRLS JI=ZQl AE2S MME £ Jes MEH HH0| HF=HB=XE HIIGH|
2ol MetE JHEOICH. JIs=EHOZ AIHO0| Jisstotel 0201 A Jisdhle
ool 2HI01D] 20, TRLS S5, JI=HY 2SS MAE > =XE
DiClole Ao 2, 10HHAZ HODMH, O e <E 2-2>1009F 2.1

10) WAAIA A, AR 5E=H7HMRA) AFAH, 2012
11) 9= 9, 7184557 TRA) WHE 9 480t A, 197 ]&524, 2009



S MRL 10EAHl Hol E N=FUHS

=

2 PIAL

I

oK F . Bl I . -
ul o o0 mln. < ﬁ = D 00 = m__.=__
L I T L T
~ I ol <l = - - ol 2
" < o n X o N 70 pros K
-1 T L pi =R I Ho
o ol K0 [0 =
0 <+ | m = n (¥ W v ﬁ_m i)
S M IER = . ol M O Wl 0
az|d |=w| . |[Z®EF (S (el |®
K=" als 28 2w o TR
=R 7 ur | s g TR 20 RO = 5 |0 i
o= | = = & ., | X0 = — o) an | O o
Bo |3 H ol | g ® | f = | S ® ol S
Of | @ gy |ow RO DR ww o - 51 .
Pt T = [ =i -
W J om _A_m % w < W == o ,w ulo =R A
B 8 g ok [T R WD | KO = 3w =
FulRalaX BT g™ RY |F=la |€
_Rlan|zR|AEIZ T TR -0z
S 01X w| = o) ok p 4
N W= O w0 o ol | = ol Ao P [ R
G o) all <+ oF g | o B 5| o Mol
WAy XX < Zw s L S !
T I T T I T I I [ A AT R -
= oY) Io = ol = T = T .“.Al - __ﬂ_‘ B0
=5 Al g Sl O 0| X0 ]
L= e I (i e =~ T YR T on | = W
IF Jo RS ma|s o |0 o s ]
= | MW b T SR =z|% = yo | © K|
T || Rlw N - 70 5 |3l
=T ® |k x| B WO R | g 8| W
a1 oy S| ® B S & | Ao o 8 o o
o) [ I | S| mo_ | - = R 7
M%+ﬁ_éw$%nmyﬁ LIk
< = o= = -
W= M o ES R N @5t oK KA_M 5| N
ol o = R DA W og | 4 ST
Wolmw|o g S|P " e g = ¥y
lsm B kg BRI Ra| 20 G
s ooy M _ﬂ . m | # m J_ 50 5 < mu:._ i % MO 20 o
S Kz|= W™ o | == | ok
= Rl < _w/®s| w|Twu o5ty
= ROZS o SR S o TR Rl G
® R _Bl0g|S e cr|(CoR | Fg S (W
Mg | XY@ 0l WO o o=
R 0 R =) Rz M| <M g=_ || = 8%
=S| W |mR|A R R0 . =S |IR|NVF|S©
KK joT | =|{muw| =202 HI WD
ER|M T | KO K| o%| 20 @ |20 D o)k 80| K |80 o
RO o il = a1 =
= Klo 1o = o ol
it 0 - 0 5 =
_ — |z a1 A
<0 = = o = =< = ) mr J
K w2 Rl i 2 o 0 =
O RS = |z |2z
W™ w e | I+ L I
) w |Dm| O _ . ar h =
ol | o |[®g| I |w = = 0
%0 = EUS 0 + =3 = Ed| oK oK
_ - _ 20
ol B | gy 5| O = = < KIo KIo
o a g o | X o 2w ) 70 0
B o1 10 = = s = s = =
L B || o | O o aro| oA
D R0 0 7 t+ ot
I R I O T I BT
o = = < < <
X N AN ]S 20 30 30
Mo | KM (¥ w| W (WS |(ID| Y| H | WA
TE| = [WW| @ DD DD K K ok
©
W — [N ™ < 0 © ~ © o e
—J
> 0 ol
o t W ol mo _ W_ 30
8 8l @ RO = op
= o0 = — _ = =<
O Rd = = =
= =

15 —



I AIAEUA,

pS

47

S
[

cC=
—

(2) Integration Readiness Level(IRL)

JIESl TRL A

o
0

)

ol
Ul

NBRR

IEAHI O £,

=2t ol
TRL NEE D=2

-8l

o
—

IRL
JIE2

un

A

F

C|
—

—_

S
[l

t

A

o
TT

LIEFHLHDT I8t HEOI MAIE S

RS

IRLS] 9EtH He

=

2-3.
A 2

)

T

sl
A

AtOI2l QIEIHIOI

IEHIOIAE Sot: I

=2
==

J

.

ol

]
KIo
A0

0
]
of
o)

oD
&I

e

==
=

t

3

StHl & Al
< Al

UM A

. AMAHE

Ko

7o

ol

OH
oF

ol

RT
H0
R

IRL
2

(3) System Readiness Level(SRL)

J

9]

130

A =
d=EE

Ministry of Defence)= TRLOI JHE D=2

0l Lt

(MOD
oSl O Hete 2 SRLO

3

=
T

F

2y

o
=

Gl ol

=

S|
=

Sl

H

i0J
00
Ok

=
[—

A
=

y)

[=E]
=

H

(e}

—

td ACH. SRL

(9]

HEZS HAl

0
_uu_

ol
KK

oD
1o

ol

—_

nJ

<l

~

ioll

0
i

OF
RO
oll

180

ol
ol
<]
<

Integration
Readiness

. Level (IRL)
sk A+, 2009

RL13 #
7 A&l &

[e]

]

3

IRL 23

7F 24 7k 2010
- 16 —

¢}

]

3

IRL 1,2
.
-

-

8 2-8. SRL HEE

~<o

f(TRLIRL) ~

Level (TRL) ™o

Technology
Readiness
SRL

, TEATE AT Vledss

HATTREAIYS] AR 717




2-4>14) 2t 2Ct,

<H

=2
=]

ez t

=

ol

SRLSl EHAH &2

index for

o 50 .
~ b mw|.._ _”__.._ OM DmnrM
_a R0 < = _
S 2 Wo| & e X0
7 70 Jo ™ . 75 Ul o
K 1 X0 T0 ol T N
oM oK I =S
o 00 H3| q 2 al |
T | X0~ —y ~ = N wl| ™
on = F | ow| 0 . i = W | a0
mW 00 ol = ar 00 X0 g _.___Amﬂ [sf| > ol s
= 30 THr 10 JIo =5 =3 i — = =5
ok | <) Uz |z GUETH = 0| oz
B0 far|% =< % on|w L v L B 5% § W || 2|3
S el |, @iy T onh F 2 ° 35 AN
e ol _ = _ 70| |
= 1 ol - _F: ~ O wr <4 ol &0 __+g B 1 m + - 3 ol = a =3 M_
o T L R ] W= = <0 R0 " g J 70 [ o ¥
A WO OT K TR < Do | oo @l R ]
s | |5 K= il P s K _| [Pl=lzlgl=F
o el R VTR I S e 7 W9 3 = D RI®iw =
o X < O = = i _|,_ | o
= = ol i | X gy Yo B or HIOF g <l gy S - W = AR B 52 | | m
ol rax|zn*zoWan o S|z o= o b ol R E
_ B0 O || < w0 B0 UE = 2O R | A < & oz 2 2 S| 500 |S
of OH 0 dof | OF | =< Wo OB Ol ) 20 K B |~ RI KT < < < o W= ™ TR
% L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] w lrw —._l_l_ _IA_J. M .Al_.:_ O—l nl_.D WG wo “A_le
. - o W o A |7 | ||k D
Y G . @ = = i MEISHFARTI
= b © i e e R TR
i ol _ = = Mo Al ot | | = |°
= ok ol 3K o = o J . JoF |2 30
== = = o s = = | D0 | K0
A o Wl @ P M U o [ hl | 20 o |~ || 2
of - = W oo < B om g 2| Al g | W | ¥ <
%0 . R 2 ~ 38 0 | S |
OH o 0 = 8 IR
Al = = ol ¥ & 35 Ao kR
=< = &l a N m. |3 AD
m ) ki oJ ~ a0 | ol o
g8 |8 3 3| 3 S L 1 | 60 | 1 [ <0 | <] |27 | o
R 2 S | o o _ . SEICIGEIEALS
gl = |= e e e = SEARLT?
< o o o o o N 0 ic O n_/_ _
> = e} 3 — —J d__._ mm_.: |~ | N O[T O[O~
s |o s s | o o B IE o =
IO M ~—

Readiness Level Calculator (ver 1.1) Final Report and User’s Manual, 2009

managing the acquisition of defense systems, 2010
15) Homeland Security Institute, Department of Homeland Security Science and Technology

14) Edouard Kujawski, PhD, The trouble with the System Readiness Level(SRL)




H2&Z TRL HE T2 AlA

1. Jlsd=% ZIH(Technology Readiness Assessment : TRA)

(1) TRA JHE &<

TRLS T U= Jls’ o =55 L= OlfHHE HIoH)| {8 XNE
L= Holet S, TRA= 28t HIOIE Ady s)l=0 228 HH) EXE
o|p|stCt. DI= DoDWIM= 2 T I Technology Readiness Assessment,

m
Noox

1o

H

0!

A

Olat TRA)2 JI2 JHEs s 201 H2dtD UL 16)

O TRA is formal, systematic, metric-based process and accompanying
report that assesses the maturity of CTEs(Critical Technology
Elements) to be used in systems.

— TRAE= RIIHAHN HEZ = #HMII=RAS0 He 32 =50 U

HERQ XNHEZ Ellote SAXHQA ZZ NAOICH.

rr

Xl

i

O TRA report includes information about how the CTEs are identified,
why they are important to the program, and an independent(from the

program) assessment of their maturity.

— TRA BDME SAIIZRAS0 OEN S2LASH IHE R4AS0
SOIMAE NSO ACNM o FQ5tD 02 =90 UY=KES
WX (SYN)OR WIS LWVE L2}

O This assessment does not predict future performance of the technology
nor does it assess the quality of the system architecture, design, or
integration plan. It is simply a report on what has been accompl ished
to date for an important subset of technology in the program.

— TRA= Oldiel JI=d 452 tlsotHL 2 (+F)2 ZEIicte 201 OtLIG,
SHEN HgE #HAI=AS0 L. FENA 24890 JA=X, S

0

ANEOUAS O &EHE &dtote A

16) US DoD, “Technology Readiness Assessment(TRA) Deskbook. 2009
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2. TRA Z2ANIA

0/= DoDUIA= TRLE ZEot= A, = TRA ZZ2MAE I 6HAHZ &0t
UCH. (O 2-10. &X) U TRAE <st &dx LEAHEES +ot), It Jtssh
CTEE & =ot U2 &M EIE RIet CTEE FHHt. 1 U322 2F CTEO CHet
EOIE FHIotn ZE 206HH 2SHQ HES WelHl &0 1)
{ Set schedule ]
2z — l Identify CTEs J
;? Cg!f: I::){ Coordinate CTEs }
: il
E I:> L Assess CTEs ; prepare TRA }
[ Coordinate and submit TRA }
L Oversight review J
18 2-10. DoD2l TRA EZ=2AlA
2 920 M= 0 UES ZHSotL TRAMENM &= HH EFRE2
SEot <dg 2-11> 22 ZZAHA 2ES P2HoA20, ol s s
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1. Ol= =2%(0oD)2 TRL

(1) TRL 2& #E
0= =222= GA0Y HIDE EUE 01UHEH ZE 2IIMAHMNY AIgsS
Aoz 3l JlsdsE ZIIE AAGIEE REdtgen, 0l 2&Hall DoD
Directive 5000.0100 O 2HAAS 0Otdolil=D ULH. =, 0] AES2 PIIHAH N
At Ol RIS Z2IE RSt =2 JTE ME2 GAlotd Uses A=z, S0 XA
AN =310 &MUl D= A= HEE AJoIH JIs=d S =02 ot
QUCH.1B) 0|=2 22| TRL 238 #AN 28 W22 <H 2-9>199F 2L},
H 2-9. 0|=2 2822 TRL &t&d #A : DoD Directive 5000.01

10.5.2. Technology Maturity and Technology Readiness Assessments
Technology maturity is a measure of
technologies meet program objectives;
risk. A technology
requirements,

the degree

and, is a principal

and demonstrated technology capabilities in order

technological maturity.

The program manager should identify critical

Structure. In order to provide useful technology maturity

acquisition review process, technology readiness assessments

identification of Critical Program
completed prior to Milestone Decision points B and C.

technologies and

to which proposed critical
element of program
readiness assessment examines program concepts,

technologies via the Work Breakdown
information to the

Information (CPl) must be

technology
to determine

of critical

(2) TRL 9ISl HQO

DoD2l TRL 9EtHl &H2l%t M=EFUES

ro

CIS <E 2-10>20) 1} 2FCt.

18) ¥
19)
20)

|, 77 HTRA) e B A8k A, =7 lasdsl, 2009
DoD Directive 5000.01 “DEFENSE ACQUISITION GUIDEBOOK”, 2007
kA vlE A7k, BERATIENEAG o FE AT S EAL 715, 2007
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(1) HR
TRL 2 TRA HES 244 20t0 =28t Aldls D2l ZX 2LCH 0l 22 R
ASOIZIE AFY 2O KIS EAN HRLMIX | XSHNUS SO E40| 2D
O] HHEO| RE AA20H0 LBHSIEIX 22 AH0l2t=0 J|Qsts He2 HHE
2 QUCH DLt 2LUX =2 Atel =, TRL 2 TRAS SHAIRQl JjE0tS 23 50

— =
HAE 20k0 228 2 012 WEAFZAXS|(The National Cooperative Highway
M =

Research Program; NCHRP)OlAl ==8i&t ‘B WX NS 28 I E = =
QUCH.
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oG] fI8HH AFE I ACH
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22) NCHRP(National Cooperate Highway Research Program), Report 698, Application of
Accelerated Bridge Construction Connections in Moderate—to—High Seismic Regions, 2011
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1 e A design concept has been formulated.
— & JHEO0l HEZA=I?
5 e The connection type has been analyzed or tested for static strength.
— oY HZR Ee FXHATH Ool =& &L AIEEA=01?
3 e The connection type has been successfully deployed in a low seismic region
— oY HZE2 B0l XN&EO0| HX 22 XNGUA 38z MELHLD YA=IH?
4 e The connection type has been analyzed for response to inelastic cyclic loading
— oY HZ R Et0l HIEtY =I|H ot=s0l ol HESF| BHSdt=Xl =& A=I1?
e The critical connection components have been tested under inelastic cyclic
5 loading
— =R HER IO et FIIH StSUHA AIEEA=01?
5 e A connection subassembly has been tested under inelastic cyclic loading
— HZE RH2MW =g AEHIF HIEHE FIIH SIS0HA AMEZJA=I?
e Seismic design guidelines for the connection type have been formulated and
7 publ ished
— oY HZ R B0l Ot W& AAXIAO0l N SHEA=I4?
8 e The connection has been used in a bridge constructed in a high seismic region
— oY HZR B0l XN&O Blgst XSFHA2 WEAISH HEELAJ=It?
e The connection type has performed adequately during a design-level seismic event
9 in the field.
— oY oZF Eg0ol AAs =F2 XA0 L2 FR AHESHH 4ds2
225t A =0t?
(3) TRL Ot
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=ci TRLE JHE=S ==Fst 2 HHE J O H: EE =2gol=e XE
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NASA TRL Checkl ist



Level

1 : NASA TRL Checklist

H/S/B Level 1 (Check all that apply) Yes No N/A
* Research hypothesis formulated?
X O O O
[Basis] :
. B?SIC scientific principles observed? 0 0 0
[Basis]
* Scientific knowledge generated underpinning
Soth hypothesis? O O O
[Basis]
* Peer reviewed publication of studies confirming basic
principles? O O O
[Basis]
* Physical laws and assumptions underpinning
observations defined? O O O
[Basis]
H/W e Physical laws and assumptions underpinning
observations verified? O O O
[Basis]
. B§S|C elements of technology identified? . . .
[Basis] :
e Algorithmic functions and assumptions underpinning
observations defined? O O O
[Basis] :
S/ e Algorithmic functions and assumptions underpinning
observations verified? O O O
[Basis] :
. B?SIC mathematical formulations identified? . 0 0
[Basis]




Level 2 : NASA TRL Checklist

H/S/B Level 2 (Check all that apply) Yes No N/A
e A concept formulated?
- O O O
[Basis] :
e Basic scientific principles underpinning concept
identified? O O O
[Basis] :
e Preliminary analytical studies confirm basic concept?
' y y P O O O
[Basis] :
e Application identified?
i o| ol o
[Basis] :
e Preliminary design solution identified?
elimnary 9esig oo o
[Basis]
e Preliminary system studies show application to be
feasible? O O O
[Basis] :
e Preliminary performance prediction made?
Both o (Mnary P d Ol o | o
[Basis] :
e Modeling & Simulation wused to further refine
per formance predictions and confirm benefits? O O O
[Basis] :
e Benefits formulated?
- O O O
[Basis]
e Research & Development approach formulated?
. PrIen? ape o o | o
[Basis] :
e Preliminary definition of Laboratory tests and test
environments establ ished? O O O
[Basis] :
e (Concept/application feasibility & benefits reported in
scientific journals/conference proceedings/technical
J proceeaing ol ol o
reports?
[Basis] :
e Basic properties of algorithms, representations &
concept identified? O O O
[Basis] :
S/W | e Basic principles coded?
- d d O O O
[Basis] :
e Experiments performed with synthetic data?
P p y O O O

[Basis] :




Level 3 : NASA TRL Checklist

H/S/B Level 3 (Check all that apply) Yes No N/A
e Preliminary performance metrics established for key
parameters? O O O
[Basis] :
e Critical functions/components of the concepts/application
identified? O O O
[Basis] :
e Subsystem or component analytical predictions made?
; y p y p O O O
[Basis]
e Subsystem or component performance assessed by
Modeling and simulation? O O O
[Basis]
Both - .
e Laboratory tests and test environments established?
- O O O
[Basis] :
e Analysis of test results completed establishing key
per formance metrics for components/subsystems? O O O
[Basis] :
e Analytical verification of critical functions from
proof-of-concept made? O O O
[Basis] :
e Analytical and exper imental proof-of-concept
documented? O O O
[Basis] :
e Llaboratory test support equipment and facilities
completed for component/proof-of-concept O O O
[Basis] :
H/W | » Component acquisition/fabrication completed?
; p q p O O O
[Basis] :
e (Component tests completed?
- O O O
[Basis] :
e laboratory test support equipment and computing
environment completed for component/proof-of-concept
. O O O
testing?
Basis] :
s/ | LBasis] I
» Component acquisition/coding completed?
- O O O
[Basis] :
e Component V&V completed?
o d oo o
[Basis] :




Level 4 : NASA TRL Checklist

H/S/B Level 4 (Check all that apply) Yes No N/A
e Preliminary definition of operational environment
completed? O O O
[Basis]
e Analysis of test results completed verifying
performance relative to predictions? O O O
[Basis]
e Preliminary system requirements defined for end
Both users’ application? O O O
[Basis]
e Critical test environments and per formance
preQ|?t!ons defined rglat|ve' to the preliminary 0 0 0
definition of the operating environment?
[Basis]
* Relative test environment defined?
X O O O
[Basis] :
» Concept/application translated into detailed
system/subsystem/component level breadboard design? O O O
[Basis] :
* Laboratory tests and test environments defined for
breadboard testing? O O O
[Basis] :
* Pre-test predictions of breadboard performance in a
Iéborat?ry environment assessed by Modeling and 0 0 0
Simulation?
[Basis] :
* Key parameter performance metrics established for
H/W breadboard laboratory tests? O O O
[Basis] :
* Laboratory test support equipment and facilities
completed for breadboard testing? O O O
[Basis] :
» System/subsystem/component level breadboard fabrication
completed? O O O
[Basis] :
. Breadboard tests completed? O O O
[Basis]
e Breadboard performance results verifying analytical 0 0 0

predictions and definition of relevant operational




H/S/B Level 4 (Check all that apply) Yes No N/A
environment documented?
[Basis] :
» Concept/application translated into cetai led
system/subsystem/component leve | software
. . O O O
architecture design?
[Basis] :
e Llaboratory tests and test environments defined for
integrated component testing? O O O
[Basis] :
e Pre-test predictions of integrated component
erformance in a laboratory environment assessed b
perer & eoratory “'o| ol o
Modeling and Simulation?
[Basis] :
e Key parameter performance metrics established for
integrated component laboratory tests? O O O
Basis] :
S/W [ ] - -
e laboratory test support equipment and computing
environment completed for integrated component
. p g p O O O
testing?
[Basis]
» System/subsystem/component level coding completed?
¥ y p g p O O O
[Basis] :
e |ntegrated component tests completed?
- O O O
[Basis] :
e |ntegrated component performance results verifying
analytical predictions and definition of relevant
) ] O O O
operational environment documented?
[Basis] :
e |ntegrated component tests completed for used code?
g P P O O O

[Basis] :




Level 5 : NASA TRL Checklist

H/S/B Level 5 (Check all that apply) Yes No N/A
e (Critical functions and associated subsystems and
components identified? O O O
[Basis]
. R?Ievant environments finalized? . . .
[Basis] :
. S?allng requirements defined & documented? 0 0 0
[Basis]
* Facilities, GSE, STE available to support testing in
a relevant environment? O O O
Both | [Basis] :
* Modeling & Simulation pre-test per formance
predictions completed? O O O
[Basis]
e System level performance predictions made for
subsequent development phases? O O O
[Basis]
* Successful demonstration documented along with
scaling requirements? O O O
[Basis]
e Critical subsystems and components
breadboards/brassboards identified and designed? O O O
[Basis] :
H/ . Sgbsystem/component breadboards/brassboards built? 0 0 0
[Basis] :
* breadboards/brassboards successfully demonstrated in
a relevant environment? O O O
[Basis]
e (Critical subsystems and components implementations
identified and designed? O O O
[Basis]
» Subsystem/component integrations and implementations
S/W comp leted? O O O
[Basis]
» Subsystems/integrated components successful ly
demonstrated in a relevant environment? O O O

[Basis] :




Level 6 : NASA TRL Checklist

H/S/B Level 6 (Check all that apply) Yes No N/A
. System requirements finalized? O 0 0
[Basis]

* QOperating environment definition finalized?
X O O O
[Basis] :
* Subset of relevant environments identified that
address key aspects of the final operating . . .
environment?
[Basis]
e Modeling & Simulation used to simulate system
Both performance in an operational environment? O O O
[Basis] :
* Modeling & Simulation used to simulate
system/subsystem engineering model /prototype 0 0 0
performance in the relevant environment?
[Basis]
e Scaling requirements finalized?
X O O O
[Basis] :
* Analysis of test results verify performance
predictions for relevant environment? O O O
[Basis] :
. E%ternal interfaces baselined? O 0 0
[Basis]
* Facilities, GSE, STE available to support engineering
model testing in the relevant environment? O O O
[Basis]
* Engineering model or prototype that adequately
addresses critical scaling issues fabricated? O O O
H/W | [Basis] -
e Engineering model or prototype that adequately
addresses chtlcaI scaling issues tested in the 0 0 0
relevant environment?
[Basis]
 Test performance demonstrating agreement with
performance predictions documented? O O O

[Basis] :




H/S/B Level 6 (Check all that apply) Yes No N/A
. Hérdware/software interfaces baselined? . . .
[Basis] :

* Facilities, computing environment available to
supPort software model testing in the relevant . . .
environment?
[Basis] :
e Software model or prototype built that adequately
addresses critical scaling issues? O O O
[Basis] :
* Software model or prototype built that adeguately
addresses critical scaling issues tested in the
. O O O
relevant environment?
S/W | [Basis]
e Prototype implementation of the software demonstrated
on full-scale realistic application? O O O
[Basis]
* Initial draft of required software documentation
completed? O O O
[Basis] :
e Test performance documented demonstrating agreement
with performance predictions? O O O
[Basis] :
* Engineering feasibility fully demonstrated and
documented? O O O

[Basis] :




Level 7 : NASA TRL Checklist

H/S/B Level 7 (Check all that apply) Yes No N/A
* Design addresses all critical scaling issues?
[Basis] : - - -
* Modeling & simulation used to predict performance in
the operational environment? | | |
[Basis]
Both | « All performance specifications verified by test or
analysis? O O O
[Basis]
* All final acceptance testing plans/procedures/criteria
have been basel ined? O O O
[Basis] :
* The flight hardware design baselined?
[Basis] : - - -
* Facilities, GSE, STE available to support prototype
and qualification testing of flight demonstrator? | | |
[Basis]
* Fully integrated engineering model or scaled
prototype unit that adequately addresses all critical
scaling & external interfaces built? - - -
H/W | [Basis] :
* Qualification  tests  for flight demonstrator
completed? O O O
[Basis]
* Fully integrated prototype unit  successfully
demonstrated in operational environment? O O O
[Basis]
* Successful flight demonstration documented?
[Basis] - - -
* Hardware interfaces baselined?
[Basis] - - -
S/W |« Facilities, computing environment available to
support prototype and qualification testing of O O O

operational software?

[Basis] :




H/S/B Level 7 (Check all that apply) Yes No N/A
* Fully integrated software model or scaled prototype
system coded that adequately addresses all critical
scaling issues and component and hardware interfaces ? = = =
[Basis]
e All software testing/V&/ specified in software
development plan completed and results documented? O O O
[Basis]
S/W | * Fully integrated prototype software successfully
demonstrated in operational environment? O O O
[Basis] :
* Intermediate draft of required software documentation
comp leted? O O O
[Basis]
» Successful operational demonstration documented?
O O O

[Basis] :




Level 8 : NASA TRL Checklist

H/S/B Level 8 (Check all that apply) Yes No N/A
e All flight hardware subsystems design complete?
[Basis] : - - -
e All flight hardware interface defined?
[Basis] : O O O
e Flight system design complete?
[Basis] : O O O
e Flight and ground operational plans baselined?
[Basis] : O O O
e All flight system qualification tests completed?
[Basis] : = = =
W e All system performance specifications verified by
either test or analysis? O O O
[Basis] :
 All  components/subsystem/system  flight hardware
system acceptance testing completed? O O O
[Basis] :
e All flight hardware delivered for integration?
[Basis] : O O O
e Final system integration complete?
[Basis] : - - -
. i i 2
System readiness for launch/operation documented? 0O 0 O
[Basis] :
e All software components and hardware interfaces
defined and design complete? O O O
[Basis] :
e Software operations, maintenance and retirement
baselined and draft documentation prepared? O O O
[Basis] :
e All software testing/V&/ completed as specified in
project plans and results documented, reviewed and 0 O O
approved by appropriate authorities?
[Basis] :
S/W e All defects and software issues, including impacts on
requirements either fixed or resolved, and results O O O
documented?
[Basis] :
e« All components/subsystem/hardware interface system
acceptance testing completed? O O O
[Basis]
. i i ?
ngtware readiness for launch/operation documented? 0 0 0
[Basis]
e All required software user documentation, version
description, and maintenance documentation completed? | O O O

[Basis] :




Level 9 : NASA TRL Checklist

H/S/B Level 9 (Check all that apply) Yes No N/A
e Flight system inserted into operational environment?
- O O O
[Basis] :
e Flight system operated in operational environment?
- O O O
[Basis] :
e Flight system performance analyzed?
- O O O
[Basis] :
H/W ) . )
e Flight system performance verified as meeting
operational requirements? O O O
[Basis] :
e Verification of flight system performance meeting
operational requirements documented? O O O
[Basis]
e Software fully integrated and operated in the
operational environment? O O O
[Basis] :
e Software per formance analyzed, verified and
documented as meeting operational requirements? O O O
[Basis] :
S/W |« All required software documentation completed?
- O O O
[Basis] :
e Sustaining software engineering support in place?
- O O O
[Basis] :
e Software operations, maintenance and retirement
procedures finalized and documented? O O O

[Basis] :
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