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Missile Defense Agency/Advanced Systems (MDA/DV) technologies are managed via a Technology Maturation and Transition Program 
(TMTP) composed of two linked components, technology maturation and technology transition commitment.  The TMTP is designed to 
ensure that all technology development programs in MDA/DV map to a Ballistic Missile Defense System (BMDS) improvement and, after a 
period of development and maturity, are transitionable to targeted BMDS end users.  End user is defined as the Element, Component or 
Product Manager to which it is intended to transition the technology, including Engagement Sequence Groups (ESGs).  
 
DV Technology Maturation will be monitored, verified and managed via maturity checklists.  The following Hardware Maturity Checklists 
are the method by which the maturity of hardware technology development programs will be assessed and tracked.  They will be used in 
parallel with a set of Software and Algorithm Maturity Checklists, for assessing and tracking the maturity of software and algorithm 
technology development programs.  The DoD Technology Readiness Level (TRL) method for assessing the maturity of a technology has 
been adopted as the basis for both sets of checklists.  Under this method, a technology is assigned a readiness level from 1 through 9 based 
on broad TRL definitions, indicating an increasing level of maturity of the technology.   For the purposes of the checklists, the broad DoD 
TRL definitions have been expanded into comprehensive sets of criteria which further define each readiness level.  The technology 
developer will update the checklist as each criterion is met.  The completion of all TRL maturity criteria on a checklist indicates that a 
technology has achieved that level of technology readiness.  The completed checklist and supporting documentation are submitted to the 
Certification Authority for that readiness level for approval.  TRL assignment/ reassignment occurs after a review of supporting 
documentation by, and approval from, the Certification Authority.   
 
DV Technology Transition Commitment will be monitored, verified and managed via Technology Transition Agreement (TTA) documents.  
The TTA documents the commitment between the BMDS end user Deputy  and the developer/provider of the technology (MDA/DV).  The 
two parties agree to work in coordination with the MDA/SE and ATC processes to develop, deliver, and integrate a technology/product into 
the BMDS.  The TTA may be drafted as soon as the technology program is initiated, but must be implemented and executed as it transitions 
from TRL 4 to TRL 5.  TTA’s are included as a Hardware Maturity Checklists criterion beginning at TRL 4.  The TTA must be reviewed 
and approved as the program matures, ideally at subsequent TRL transition points, but at least annually.  MDA/DV, MDA/SE and the end 
user will jointly take the technology to the CCB before finalization of the TTA.  CCB approval is necessary 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.  Scientific 
research begins to be translated 
into technology’s basic 
properties. 

 
 

 
TRL 1 certification is not dependent on criteria.  The Principal 

Investigator determines a TRL 1 with conceptualization. 
 
 

Principal Investigator.  
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TECHNOLOGY READINESS LEVEL 2 
 

HARDWARE MATURITY  CHECKLIST  
 

DoD TRL 2 Definition TRL 2 Hardware Maturity Criteria  Met1 Not 
Met2 

N/A3 Certification Authority 

1. Basic physical principles have been confirmed independently.  
Physical laws and assumptions used in new technologies defined.  
Provide details. 

   

2. Basic elements of technology have been identified.  Provide a list of 
the elements of technology.  Describe and compare relationship of 
old to new elements. 

   

3. An apparent theoretical or empirical design solution identified.   
Describe design in as much detail as possible. 

   

4. Components of technology have been partially characterized.  
Provide details on characterization for each component. 

   

5. Design techniques/codes have been identified/developed and 
performance predictions made for each element.  Provide details on 
design techniques/code and predictions made. 

   

Technology Concept and/or 
Application Formulated 
Invention begins.  Once Basic 
principles are observed, 
practical applications can be 
invented.  The application is 
speculative and there is no 
proof or detailed analysis to 
support the assumption.  
Examples are still limited to 
paper studies. 

6. Potential BMDS application(s) have been identified.  Provide a 
discussion of each of these applications.    

Principal Investigator 
and MDA/DV Project 
Sponsor .Certifies that 
technology has met all 
applicable TRL 2 
Hardware Maturity 
Criteria and has thus 
achieved TRL 2 status. 

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

HARDWARE MATURITY  CHECKLIST  
 

DoD TRL 3 Definition TRL 3 Hardware Maturity Criteria  Met1 Not 
Met2 

N/A3 Certification Authority 

1. Performance predictions of elements of technology capability 
validated by: 

    a. Analytical Studies, 
    b. Laboratory Experiments, and/or 
    c. Modeling and Simulation 
Provide details of the studies, experiments, and M&S. 

 
 
 
 

 
 
 
 

 
 
 
 

2. Scaling studies have been started.  Define the goals of the studies 
and how the goals relate to the BMDS mission. 

   

3. Preliminary performance characteristics and measures have been 
identified and estimated.  Quantify level of performance.     

4. Cross technology effects (if any) have begun to be identified.  
Identify other new or in development technology that could 
increase performance and reduce risk. 

   

Analytical and Experimental 
Critical Function and/or  
Characteristic Proof of 
Concept.  Active research and 
development is initiated.  This 
includes analytical studies and 
laboratory studies to physically 
validate analytical predictions of 
separate elements of the 
technology.  Examples include 
components that are not yet 
integrated or representative. 5. Design techniques/codes have been identified and defined to the 

point where small applications may be analyzed/simulated.  
Provide details. 

   

Principal Investigator 
and MDA/DV Project 
Sponsor in consultation 
with potential End 
Users(s).  Certifies that 
technology has met all 
applicable TRL 3 
Hardware Maturity Criteria 
and has thus achieved TRL 
3 status. 

1.  For each criterion that HAS been met provide relevant background information for verification as noted.   
2.  For each criterion that HAS NOT been met provide the status and an estimate when the criteria will be met. 
3.  For each criterion marked N/A provide supporting documentation for this selection. 
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TECHNOLOGY READINESS LEVEL 4 
 

HARDWARE MATURITY  CHECKLIST  
 

DoD TRL 4 Definition TRL 4 Hardware Maturity Criteria  Met1 Not 
Met2 

N/A3 Certification 
Authority 

1. Low fidelity hardware technology “system” integration and engineering 
completed in a lab environment with hardware in the loop/computer in the loop 
tools to establish component compatibility.  Provide summary reports of efforts 
including results. 

   

2. Technology demonstrates basic functionality in simplified environment.  
Describe demonstrated functionality and provide summary of collected data. 

   

3. Scaling studies have continued to next higher assembly from previous 
assessment. 

    a. Scaling documents and diagrams of technology have been completed. 
b. Scalable technology prototypes have been produced. 
BMDS mission enhancement(s) clearly defined within goals of the study. 

 
 
 

 
 
 

 
 
 

4. Integration studies have been started.  Provide a ROM integration cost 
estimate, with Systems Engineering, System Executive Officer, and end user 
inputs and coordination. 

   

5. Draft conceptual hardware and software designs have been documented.  
Provide copy of documentation. 

   

6. Some software components are available.  Executables are debugged, compiled 
and expert programmer is able to execute.  Provide documentation of efforts.    

7. Piece parts and components in a pre-production form exist.  Provide 
documentation of efforts. 

   

8. Production and integration planning have begun.  Document planning efforts.    

9. Performance metrics have been established. Provide performance metrics.    

10. Cross technology issues (if any) have been fully identified.  Document issues.    

11. Design techniques/codes have been defined to the point where medium level 
problems may be accommodated.  Document level of fidelity and ownership of 
codes. 

   

Component and/or 
Breadboard Validation in 
Laboratory Environment.   
Basic technological components 
are integrated to establish that 
the pieces will work together.  
This is relatively "low fidelity" 
compared to the eventual 
system.  Examples include 
integration of "ad hoc" hardware 
in a laboratory. 

12. Begin discussions/negotiations of Technology Transition Agreement to 
include data in items 1 through 5, 8, and 9. 

   

Deputy for DV in 
consultation with 
MDA/DV Project 
Sponsor, SE, and 
potential End 
Users(s); ATC 
Secretariat 
informed.  Certifies 
that technology has 
met all applicable 
TRL 4 Hardware 
Maturity Criteria 
and has thus 
achieved TRL 4 
status. 

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

 
HARDWARE MATURITY  CHECKLIST  

 

DoD TRL 5 Definition TRL 5 Hardware Maturity Criteria  Met1 Not 
Met2 

N/A3 Certification 
Authority 

1. High fidelity lab integration of the hardware technology “system” completed and 
ready for testing in realistic simulated environments.  Provide summary reports 
of integration efforts including results. Define relevant environment used in 
testing. 

   

2. Preliminary hardware technology “”engineering report completed that addresses: 
    a. Performance (including how measured performance translates to expected 

performance of final product) 
    b. Integration 
    c. Test and Evaluation 
    d. Mechanical and Electrical Interfaces 
Provide preliminary hardware technology “system” engineering report. 

 
 

 
 

 
 
 

 

 
 

 
 

 
 
 

 

 
 

 
 

 
 
 

 
3. Detailed design drawings have been completed.  Three view drawings and wiring 

diagrams have been submitted. 
   

4. Pre-production hardware available.   
    a. Prototypes have been created. 
    b. Production processes have been reviewed with MDA/MP.  Update ROM 

integration cost estimate and provide first order schedule for integration with 
end user(s). 

 
 
 

 
 

5. Form, fit, and function for application has begun to be addressed in conjunction 
with end user development staff.  Provide details of efforts to date. 

   

6. Cross technology effects (if any) identified and established through analysis.  
Provide documentation of effects.    

7. Design techniques/codes have been defined to the point where largest problems 
defined.  Provide details on how this technology will solve largest problems. 

   

8. Scaling studies have continued to next higher assembly from previous 
assessment.  Describe scaling to new functional capability and regions of 
operational area. 

   

Component and/or 
Breadboard Validation in 
Relevant Environment.  
Fidelity of breadboard 
technology increases 
significantly.  The basic 
technological components are 
integrated with reasonably 
realistic supporting elements 
so that the technology can be 
tested in simulated 
environment.  Examples 
include "high fidelity" 
laboratory integration of 
components. 

9. Technology Transition Agreement has been updated to reflect data in items 1 
through 3, 5, and 8.  TTA has been coordinated and approved by ATC or end 
user Deputy(ies) and Deputy for DV following approval at CCB. 

   

Deputy for DV, 
Deputy for SE, and 
End User 
Deputy(ies) in 
consultation with 
Deputy for MP and 
Deputy Director 
for Technology and 
Engineering; ATC 
Secretariate  
informed.   
Certify that 
technology has met 
all applicable TRL 5 
Hardware Maturity 
Criteria and has thus 
achieved TRL 5 
status. 

1.  For each criterion that HAS been met provide relevant background information for verification as noted.   
2.  For each criterion that HAS NOT been met provide the status and an estimate when the criteria will be met. 
3.  For each criterion marked N/A provide supporting documentation for this selection. 
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TECHNOLOGY READINESS LEVEL 6 
 

HARDWARE MATURITY  CHECKLIST  
 

DoD TRL 6 Definition TRL 6 Hardware Maturity Criteria  Met1 Not 
Met2 

N/A3 Certification 
Authority 

1. Materials, process, design, and integration methods have been employed.  Provide 
documentation of process, design, and integration methodology compliance with MDA 
Quality Assurance Plan. 

   

2. Scaling issues that remain are identified and supporting analysis is complete.  Provide 
description of issues and resolution.    

3. Production demonstrations are complete.  Production issues have been identified and 
major ones have been resolved.  Provide documentation of data, issues and resolutions.    

4. Some associated “Beta” version software is available.    

5. Most pre-production hardware is available.  Provide documentation of identified 
shortfalls to end user(s) and/or testing organization.    

6. Draft production planning has been reviewed by end user and developer.  Update ROM 
integration cost estimate and update integration schedule with end user(s), MDA/SE, 
MDA/PI and MDA/MP.   

   

7. Draft design drawings are nearly complete.    

8. Integration demonstrations have been completed, including cross technology issue 
measurement and performance characteristic validations.  Verification report compiled 
and reviewed by system engineer and testing organization.  

   

9. Have begun to establish an interface control process.  Provide process documentation to 
system engineer for review.    

10. Collection of actual maintainability, reliability, and supportability data has been started.  
Provide RAM data to system engineer.    

11. Representative model or prototype is successfully tested in a high- fidelity laboratory or 
simulated operational environment.  Provide performance estimate and verification of 
capability enhancement with data collected. 

   

12. Hardware technology ”system” specification complete.  Submit hardware technology 
“system” specification for approval.    

System/Subsystem Model or 
Prototype Demonstration in 
a Relevant Environment. 
Representative model or 
prototype system, which is 
well beyond the breadboard 
tested for level 5, is tested in a 
relevant environment.  
Represents a major step up in a 
technology’s demonstrated 
readiness.  Examples include 
testing a prototype in a high-
fidelity laboratory 
environment or in simulated 
operational environment. 

13.  Technology Transition Agreement has been updated to reflect data in items 1 through 4, 
7 through 9, 11 and 12.  TTA has been coordinated and approved by ATC or end user 
Deputy(ies) and Deputy for DV following approval at CCB 

   

Deputy for DV, 
Deputy for SE, and 
End User 
Deputy(ies) 
through MDA/DB 
and  in 
consultation with 
Deputy for MP, 
Deputy Director 
for Technology and 
Engineering; ATC 
Secretariate  
informed. Certifies 
that technology has 
met all applicable 
TRL 6 Hardware 
Maturity Criteria 
and has thus 
achieved TRL 6 
status. 

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

 

DoD TRL 7 Definition TRL 7 Hardware Maturity Criteria  Met1 Not 
Met2 

N/A3 Certification 
Authority 

1. Materials, processes, methods, and design techniques have been identified 
and are moderately developed and verified. 

   

2. Scaling is complete.    

3. Production planning is complete.    

4. Pre-production hardware and software is available in limited quantities.    

5. Draft design drawings are complete.    

6. Maintainability, reliability, and supportability data growth is above 60% 
of total needed data. 

   

7.  Hardware technology “system” prototype successfully tested in a field 
environment.    

    

    

    

System Prototype 
Demonstration in an 
Operational Environment. 
Prototype near or at planned 
operational system.  Represents 
a major step up from level 6, 
requiring the demonstration of 
an actual system prototype in an 
operational environment.  
Examples include testing the 
prototype in a test bed aircraft. 

    

Cognizant 
Development 
Deputy in 
conjunction with 
SE.  Certifies that 
technology has met 
all applicable TRL 7 
Hardware Maturity 
Criteria and has thus 
achieved TRL 7 
status.  

1.  For each criterion that HAS been met provide relevant background information for verification as noted.   
2.  For each criterion that HAS NOT been met provide the status and an estimate when the criteria will be met. 
3.  For each criterion marked N/A provide supporting documentation for this selection. 

 



3/24/03 10 

 
 

TECHNOLOGY READINESS LEVEL 8 
 

HARDWARE MATURITY  CHECKLIST  
 

DoD TRL 8 Definition TRL 8 Hardware Maturity Criteria  Met1 Not 
Met2 

N/A3 Certification 
Authority 

1. Interface control process has been completed and final architecture 
diagrams have been submitted. 

   

2. Maintainability, reliability, and supportability data collection has been 
completed. 

   

3. Hardware technology successfully completes developmental test and 
evaluation. 

   

4. Hardware technology has been proven to work in its final form and under 
expected conditions. 

   

    

    

    

    

    

    

Actual System Completed and 
Qualified Through Test and 
Demonstration. 
Technology has been proven to 
work in its final form and under 
expected conditions.  In almost 
all cases, this level represents 
the end of true system 
development.  Examples include 
developmental test and 
evaluation of the system in its 
intended weapon system to 
determine if it meets design 
specifications. 

    

Cognizant 
Development 
Deputy in 
conjunction with 
SE.  Certifies that 
technology has met 
all applicable TRL 8 
Hardware Maturity 
Criteria and has thus 
achieved TRL 8 
status. 

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

HARDWARE MATURITY  CHECKLIST  
 

DoD TRL 9 Definition TRL 9 Hardware Maturity Criteria  Met1 Not 
Met2 

N/A3 Certification 
Authority 

1. Hardware technology successfully completes operational test and 
evaluation. 

   

2. Training Plan has been implemented.    

3. Supportability Plan has been implemented    

4. Program Protection Plan has been implemented    

5. Safety/Adverse effects issues have been identified and mitigated    

6. Operational Concept has been  implemented successfully    

    

    

    

    

Actual System Proven 
Through Successful Mission 
Operation.  Actual application 
of the technology in its final 
form and under mission 
conditions, such as those 
encountered in operational test 
and evaluation.  Examples 
include using the system under 
operational mission conditions. 

    

Cognizant 
Development 
Deputy in 
conjunction with 
SE.  Certifies that 
technology has met 
all applicable TRL 9 
Hardware Maturity 
Criteria and has thus 
achieved TRL 9 
status.. 

1.  For each criterion that HAS been met provide relevant background information for verification as noted.   
2.  For each criterion that HAS NOT been met provide the status and an estimate when the criteria will be met. 
3.  For each criterion marked N/A provide supporting documentation for this selection. 

  
 


