MDA/DV HARDWARE MATURITY
CHECKLISTS for
TECHNOLOGY READINESS LEVELS (TRLS)



Missile Defense Agency/Advanced Systems (MDA/D\Ghieologies are managed via a Technology Maturaim@hTransition Program
(TMTP) composed of two linked components, technglogturation and technology transition commitmehthe TMTP is designed to
ensure that all technology development progranmD#/DV map to a Ballistic Missile Defense System\{BS) improvement and, after a
period of development and maturity, are transiti@ao targeted BMDS end users. End user is défasethe Element, Component or
Product Manager to which it is intended to transitihe technology, including Engagement Sequenoesr(ESGS).

DV Technology Maturation will be monitored, verfi@nd managed via maturity checklists. The follgyiHardware Maturity Checklists
are the method by which the maturity of hardwaokelogy development programs will be assessedrankled. They will be used in
parallel with a set of Software and Algorithm MatyiChecklists, for assessing and tracking the nitgtof software and algorithm
technology development programs. The DoD TechnoRegpdiness Level (TRL) method for assessing thenihaof a technology has
been adopted as the basis for both sets of chiecklisnder this method, a technology is assigneshdiness level from 1 through 9 based
on broad TRL definitions, indicating an increasiagel of maturity of the technology. For the pasps of the checklists, the broad DoD
TRL definitions have been expanded into comprelersets of criteria which further define each reads level. The technology
developer will update the checklist as each caters met. The completion of all TRL maturity eria on a checklist indicates that a
technology has achieved that level of technologgireess. The completed checklist and supporticgimentation are submitted to the
Certification Authority for that readiness levef fapproval. TRL assignment/ reassignment occties afreview of supporting
documentation by, and approval from, the CertifaraiAuthority.

DV Technology Transition Commitment will be mongal; verified and managed via Technology Transifigreement (TTA) documents.
The TTA documents the commitment between the BMBEuser Deputy and the developer/provider of ésdrtology (MDA/DV). The
two parties agree to work in coordination with MBA/SE and ATC processes to develop, deliver, amegrate a technology/product into
the BMDS. The TTA may be drafted as soon as ttlent@ogy program is initiated, but must be impletadrand executed as it transitions
from TRL 4 to TRL 5. TTA’s are included as a Haate Maturity Checklists criterion beginning at TBL The TTA must be reviewed
and approved as the program matures, ideally aesuient TRL transition points, but at least anguaiDA/DV, MDA/SE and the end
user will jointly take the technology to the CCBfdre finalization of the TTA. CCB approval is nssary to identify funding and
resources for technology insertion.
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TECHNOLOGY READINESS LEVEL 1

HARDWARE MATURITY CHECKLIST

DoD TRL 1 Definition TRL 1 Hardware Maturity Criteria Certification Authority

Basic Principles Observed and
Reported. Lowest level of
technology readiness. Scientif
research begins to be translate
into technology’s basic
properties.

TRL 1 certification is not dependent on criterihe Principal Principal Investigator.
Investigator determines a TRL 1 with conceptualirat

[eNNe)

3/24/03 3




TECHNOLOGY READINESS LEVEL 2

HARDWARE MATURITY CHECKLIST

DoD TRL 2 Definition TRL 2 Hardware Maturity Criteria Met* '\7;):2 N/A® | Certification Authority
. Basic physical principles have been confirmet&pendently.
Physical laws and assumptions used in new techieslatgfined. O O | O
Provide details.
Technology Concept and/or . Basic elements of technology have been idedtifirovide a list of
Application Formulated the elements of technology. Describe and comgdagionshipof | [1 | [ | [] — -

. : : Principal Investigator
Inyentlon begins. Once Basic old to new elements. anld I\I/IpDA/D\</ Plr?)ject
prlnctl.plels arei_ obtgerved, b . An apparent theoretical or empirical design sotuidentified. ] ] ] Sponsor Certifies that
practica’appiications can be Describe design in as much detail as possible. technology has met all
invented. The application is aoplicable TRL 2
speculative and there is no . Components of technology have been partiallyadtarized. ] ] ] HF;Fr)dware Maturit
proof or detailed analysis to Provide details on characterization for each comgan Criteria and has t?]/us
support the assumption. . Design techniques/codes have been identifiegldped and achieved TRL 2 status.
Examples are still limited to performance predictions made for each elemEnbvide detailson| [] | [ | [
paper studies. design techniques/code and predictions made.

. Potential BMDS application(s) have been idesdifiProvide a u u u

discussion of each of these applications.

1. For each criterion that HAS been met provide rkevant background information for verification as noted.

2. For each criterion that HAS NOT been met provié the status and an estimate when the criteria wibe met.
3. For each criterion marked N/A provide supportirg documentation for this selection.
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TECHNOLOGY READINESS LEVEL 3

HARDWARE MATURITY CHECKLIST

DoD TRL 3 Definition TRL 3 Hardware Maturity Criteria Met* Met? N/A® | Certification Authority
1. Performance predictions of elements of technotagpability

validated by:
Analytical and Experimental a. Analytical Studies, O O | O
Critical Function and/or b. Laboratory Experiments, and/or [] [] [] | Principal Investigator
Characteristic Proof of c. Modeling and Simulation [1 | OO | O | and MDA/DV Project
Concept. Active research and | Provide details of the studies, experiments, andSM& Sponsor in consultation
development is initiated. This | 2. Scaling studies have been startBefine the goals of the studies ] ] ] with potential End
includes analytical studies and and how the goals relate to the BMDS mission. Users(s). Certifies that
laboratory studies to physically| 3. Preliminary performance characteristics and omegshave been u u (] technology has met all
validate analytical predictions gf identified and estimatedQuantify level of performance. applicable TRL 3
separate elements of the 4. Cross technology effeci$ any) have begun to be identified. Hardware Maturity Criterig
technology. Examples include| Identify other new or in development technology teald [1 | [ | O |and has thus achieved TR
components that are not yet increase performance and reduce risk. 3 status.
integrated or representative. 5. Design techniques/codes have been identifiedlafided to the

point where small applications may be analyzed/kited. 1| O O

Provide details.

1. For each criterion that HAS been met provide rkevant background information for verification as noted.

2. For each criterion that HAS NOT been met provié the status and an estimate when the criteria wibe met.
3. For each criterion marked N/A provide supportirg documentation for this selection.
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TECHNOLOGY READINESS LEVEL 4

HARDWARE MATURITY CHECKLIST

DoD TRL 4 Definition TRL 4 Hardware Maturity Criteria Met* '\72:2 N/A3 Cﬁﬁ;ﬂgﬁ?n
1. Low fidelity hardware technology “system” intagjon and engineering
completed in a lab environment with hardware inltdog/computer in the loop ] ] ]
tools to establish component compatibilifyrovide summary reports of efforts
including results.
2. Technology demonstrates basic functionalityinmpdified environment. u u u
Describe demonstrated functionality and provide samy of collected data.
3. Scaling studies have continued to next highserably from previous
assessment.
a. Scaling documents and diagrams of techndbagy been completed. [0 | O | O |PeputyforbVin
b. Scalable technology prototypes have been produced. O | O | O |consultationwith
Component and/or BMDS mission enhancement(s) clearly defined wigbiis of the study. MDA/DV Project
Breadboard Val'ldat|on n 4. Integration studies have been startetbvide a ROM integration cost Sponsp r, SE, and
Laboratory Environment. estimate, with Systems Engineering, System Exedfficer, and enduser | [1 | [ | [ potentlaI.End
Basic technological components i < and coordination. Users(s); ATC
are integrated to establish that "5=5 - conceptual hardware and software designe been documented. Secretariat
the pieces will work together. Provide co : L] L] [] | informed. Certifies
- . . RN py of documentation.
This is relatively “low fidelity 6. Some software components are available. Exelestare debugged, compiled ] ] ] that technolpgy has
compareoIIEto thel evgnt:Je(l]: and expert programmer is able to execlReovide documentation of efforts. met all applicable
.syistemt._ X"’}’Pp deﬁ |n‘(': # % | 7. Piece parts and components in a pre-produation éxist. Provide u u u TRL4. Harqlwaye
Integration of "ad hoc” hardwarg "~ .\ oo of efforts. Maturity Criteria
in a laboratory. and has thus
8. Production and integration planning have begdocument planning efforts. | [[1 | [ | [ | achieved TRL 4
9. Performance metrics have been establighextide performance metrics. [] [] [] status.
10. Cross technology issugkany) have been fully identifiedDocument issues,| [] | [] | [
11. Design techniques/codes have been definece todimt where medium level
problems may be accommodatddocument level of fidelity and ownership of [ ] | [] | [
codes.
12. Begin discussions/negotiations of Technologn§ition Agreement to u u u

include data in items 1 through 5, 8, and 9.

1. For each criterion that HAS been met provide rkevant background information for verification as noted.
2. For each criterion that HAS NOT been met provié the status and an estimate when the criteria withe met.
3. For each criterion marked N/A provide supportirg documentation for this selection
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TECHNOLOGY READINESS LEVEL 5

HARDWARE MATURITY CHECKLIST

DoD TRL 5 Definition TRL 5 Hardware Maturity Criteria Met* '\72:2 N/A3 Cﬁﬁ;ﬂgﬁ?n
1. High fidelity lab integration of the hardwarel&ology “system” completed and
ready for testing in realistic simulated environtserProvide summary reports u u u
of integration efforts including results. Defindeeant environment used in
testing.
2. Preliminary hardware technology “’engineeringag completed that addresses:
a. Performance (including how measured perfooedranslates to expected (] (] (]
performance of final product) Deputy for DV,
b. Integration Deputy for SE, and
Component and'/or L c. Test and Evaluation E E E Eng U)éer
Breadboard \(alldatlon In d. Mechanical and Electrical Interfaces C] C] C] Deputy(ies) in
Ei?jISI\i/t 3n£fEbr:\égggg]aergt' Providepreliminary hardware technologisystem” engineering report. consultation with
technology increases 3. Detailed design drawings have been completéuleelview drawings and wiring u u u ngziy fl:())irre'\:l:tpo?nd
significantly. The basic diagrams have been submitted. forr')l'eghnolo and
technological components aré 4. Pre-production hardware available. Enaineerin 'gXTC
integrated with reasonably a. Prototypes have been created. (] (] (] Segretariatge’
realistic supporting elements b. Production processes have been reviewedMwiitA/MP. Update ROM O] O] [1 | informed
so that the technology can bg  integration cost estimate and provide first ordenadule for integration with Certify thét
tested in simulated end user(s). technology has met
environment. Examples 5. Form, fit, and function for application has bega be addressed in conjunction ] ] [] | all applicable TRL 5
include "high fidelity" with end user development staffrovide details of efforts to date. Hardware Maturity
laboratory integration of 6. Cross technology effecti§ any) identified and established through analysis. 0 | 01 | 0O | criteria and has thu
components. Provide documentation of effects. achieved TRL 5
7. Design techniques/codes have been defined foainéwhere largest problems ] ] [] | status.
defined. Provide details on how this technology will solaggkest problems.
8. Scaling studies have continued to next highserably from previous
assessmentDescribe scaling to new functional capability amgjions of OO | O
operational area.
9. Technology Transition Agreement has been updateeflect data in items 1
through 3, 5, and 8. TTA has been coordinatedsgpdoved by ATC or end OO | O

user Deputy(ies) and Deputy for DV following appabat CCB.

UJ

1. For each criterion that HAS been met provide rkevant background information for verification as noted.
2. For each criterion that HAS NOT been met provié the status and an estimate when the criteria wibe met.

3. For each criterion marked

N/A provide supportirg documentation for this selection.
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TECHNOLOGY READINESS LEVEL 6

HARDWARE MATURITY CHECKLIST

Not

Certification

DoD TRL 6 Definition TRL 6 Hardware Maturity Criteria Met Met? N/A Authority
1. Materials, process, design, and integration ottlnave been employe@rovide
documentation of process, design, and integratiethotology compliance with MDA | [ ] ] ]
Quality Assurance Plan.
2. Scaling issues that remain are identified afqbstiing analysis is complet@rovide ] ] ]
description of issues and resolution.
3. Production demonstrations are complete. Pramugdsues have been identified and ] ] ] Deputy for DV,
major ones have been resolvé?tovide documentation of data, issues and resaistio [E)eguljy for SE, and
System/Subsystem Model or| 4. Some associated “Beta” version software is akl OO | d i
Prototype Demonstration in Deputy(ies)

Rel Envi 5. Most pre-production hardware is availabRrovide documentation of identified ] ] ] through MDA/DB
a Relevant 'nV|ronment. shortfalls to end user(s) and/or testing organiaati and in
Representative mode_l or 6. Draft production planning has been reviewedry eser and developetipdate ROM consultation with
prototype system, which is integration cost estimate and update integratiomestule with end user(s), MDA/SE, | [] | [ | [ Deputy for MP
well beyond the breadboard MDA/PI and MDA/MP. Deputv Direct ’
tested for level 5, is tested in A . . puty irector

; 7. Draft design drawings are nearly complete. (] | O | O |[for Technology and
relevant environment. _ _ _ _ _ Engineering: ATC
Represents a major step up in & Integration demonstrations have been con_wpl_etehu_dmg cross t_echnology issue S g tari tg’
technology’s demonstrated measurement and performance characteristic valitatVerification report compiled ] | O | O |>ecretariate
readiness. Exam : and reviewed by system engineer and testing orgtoiz informed. Certifies

. ples includ . . : i hat technol h
testing a prototype in a high- 9. Have begun_ to establlsh_ an interface contratgs® Provide process documentation tq ] ] ] that techno _ogy as
fidelity laboratory system engineer for review. met all applicable
. i simulated 10. Caollection of actual maintainability, relialyli and supportability data has been started.lj ] ] TRL 6 Hardware
envwonment or '|n simulate Provide RAM data to system engineer. Maturity Criteria
operational environment. 11. Representative model or prototype is succdgsasted in a high- fidelity laboratory of and has thus
simulated operational environmerRrovide performance estimate and verification of [] [] [] achieved TRL 6
capability enhancement with data collected. status.
12. Hardware technology "system” specification ctetgn Submit lardware technology ] ] ]
“system” specification for approval.
13. Technology Transition Agreement has been @odatreflect data in items 1 through 4,
7 through 9, 11 and 12. TTA has been coordinatedapproved by ATC orenduser | [ | | [] | [

Deputy(ies) and Deputy for DV following approvalGtB

1. For each criterion that HAS b

een met provide rievant background information for verification as noted.

2. For each criterion that HAS NOT been met provié the status and an estimate when the criteria withe met.
3. For each criterion marked N/A provide supporting documentation for this selection.
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TECHNOLOGY READINESS LEVEL 7

HARDWARE MATURITY CHECKLIST

_— . oo 1| Not 3 Certification
DoD TRL 7 Definition TRL 7 Hardware Maturity Criteria Met Met? N/A Authority
1. Materials, processes, methods, and design tpoémihave been identified u u u
and are moderately developed and verified.
2. Scaling is complete. [] [] []
System Prototype 3. Production planning is complete. [] [] [] Cognizant
Demonstration in an 4. Pre-production hardware and software is availablimited quantities. ]| [ | [ |Development
Operational Environment. Deputy in
Prototype near or at planned | 5. Draft design drawings are complete. [] [] [] | conjunction with
operational system. Represents D e o . 5 SE. Certifies that
a major step up from level 6, 6. (I\)/;aélorlglrr]]aegggg :je;[[aatlblllty, and supportabiligata growth is above 60% u u [] | technology has met
requiring the demonstration of Z Hard echnol - e’ brotot <dhsfested in a field all applicable TRL 7
an actual system prototype in gn’- araware fc nology “system” prototype suceslstested in a fie [] [] [ ] | Hardware Maturity
operational environment. environment. Criteria and has thu
Examples include testing the L] L] [] | achieved TRL 7
prototype in a test bed aircraft. status.
] O | O
] O | O
] O | O

UJ

1. For each criterion that HAS been met provide rkevant background information for verification as noted.
2. For each criterion that HAS NOT been met provié the status and an estimate when the criteria wibe met.
3. For each criterion marked N/A provide supportirg documentation for this selection.
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TECHNOLOGY READINESS LEVEL 8

HARDWARE MATURITY CHECKLIST

Z
=4

Certification

DoD TRL 8 Definition TRL 8 Hardware Maturity Criteria Met* Met? N/A® Authority
1. Interface control process has been completediaaldarchitecture u u u
diagrams have been submitted.

2. Maintainability, reliability, and supportabiliata collection has been u u u
Actual System Completed and | completed.
Quialified Through Test and 3. Hardware technology successfully completes dgveéntal test and _
Demonstration. evaluation. 0ot gggg;éanmtent
Technology has been proven to 4. Hardware technology has been proven to wortsifinal form and under u u u Devut pin
work in its final form and under expected conditions. corﬁ}ur?ction with
expected conditions. In almost e
all cases, this level represents L L L ?e%hr%?gtg;eﬁgg?;et
the end of true system [] [] [] all applicable TRL 8
development. Examples incluge Hardware Maturit
developmental test and L] L] L] Criteria and has t?]lu
evaluation of the system in its [ [ [ | achieved TRL 8
intended weapon system to Status
determine if it meets design ] ] ] '
specifications.

O o
O o

\°2

1. For each criterion that HAS been met provide rkevant background information for verification as noted.
2. For each criterion that HAS NOT been met provié the status and an estimate when the criteria wibe met.
3. For each criterion marked N/A provide supportirg documentation for this selection.
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TECHNOLOGY READINESS LEVEL 9

HARDWARE MATURITY CHECKLIST

Z
=4

Certification

DoD TRL 9 Definition TRL 9 Hardware Maturity Criteria Met Met? N/A Authority
1. Hardware technology successfully completes djpera test and u u u
evaluation.
2. Training Plan has been implemented. [] [] []
Actual System Proven 3. Supportability Plan has been implemented L] L] L] gg\g/gliégnmtent
Through Successful Mission | 4. Program Protection Plan has been implemented 11 O Deputy in
Operation. Actual application unci ith
of the technology in its final 5. Safety/Adverse effects issues have been idedtifnd mitigated OO | g goEnjugc ﬁ.n W':h )
form and under mission ) ) - ertiies tha
conditions. such as those 6. Operational Concept has been implemented ssfcitigs [ | O | O |technology has met
encountered in operational test ] ] ] ﬁllia?gvsg(r::kl)\l/lz;[m_ 9
and evaluation. Examples Criteria and has t?]lu
include using the system unde O | O | O | schieved TRL 9
operational mission conditions.
] ] ] status..
] O | O
] O | O

\°2

1. For each criterion that HAS been met provide rkevant background information for verification as noted.

2. For each criterion that HAS NOT been met provié the status and an estimate when the criteria wibe met.
3. For each criterion marked N/A provide supportirg documentation for this selection.
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