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Are You Ready …

 To adopt a new technology?
 To incorporate a new technology into a design?
 To integrate subsystems?
 To transition to production?

The Answers to these Questions Have Critical 
Implications to the Product Developer, Acquirer 

and User 

Presenter
Presentation Notes
New Technology? - Capabilities and limitations understood?
The wrong technology or the even the right technology poorly implemented can be disastrous.

Technology into design? – Robust for the application?
Operations
Environments
Users
Maintainers

Integrate subsystems? – Mature components does not mean the systems is mature
Are all interface constraints and behavior understood? (very important in SW intensive systems)
Physical interfaces, 
Computerized Logical interface
Data and standards compatibility 

Transition to production? – Manufacturing processes exist and are in control?



3

Agenda

 Introduction to Readiness Levels
 DoD Policy & Guidance 
 Readiness Methods Survey
 Technology Readiness
 Manufacturing Readiness
 Integration Readiness
 System Readiness

 Implementation Suggestions

Presenter
Presentation Notes
This is a basic primer on this government policy, from a an industry perspective, from a NON-SME, from a company that has not fully implemented this procedure.  

Read Agenda 
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Introduction
 A management method
 Informs risk management
 A measurement scale and vocabulary

 Technology Readiness 
 Manufacturing Readiness
 Integration Readiness
 System Readiness
 And others…

 Used in various forms
 Multiple Federal departments/agencies
 Multiple industries

Presenter
Presentation Notes
A metric driven management method. The DoD spends 100’s of $B and there is a real need to know when Technologies and Systems are Mature and ready for acquisition

Informs Risk Management – eg, NASA says that TRL6 is needed before a mission can assume responsibility for a technology element, the DoD states that TRL7 is required before it can be included in a weapon system program.  There are different thresholds for acceptance but the risk is known and the vocabulary is the same.  

This is a pragmatic, a utilitarian and a common measurement system.  
It has benefits of a standard set of definitions

Other Readiness Level Examples:
 Software readiness levels
 Design Readiness
 Human Readiness
 Capability Readiness
 Biomedical readiness levels
 Logistics readiness levels
 Operational readiness levels
 ……

Examples of other industries
 Computing
 Automotive
 DOE
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FuturePresentPast

An Approximate History

NASA

TRL

USAF

TRL/MRL

DoD & 
MoD

TRL

DoD
MRL

MoD
SRL

IRL SRL

Readiness 
Indices?

Forcing Functions
Commercial Practice, GAO studies, DoD Policy & Guidance

Presenter
Presentation Notes
TRL history:
70s: TRL methodology was originated by Stan Sadin at NASA Headquarters in 1974, adopted and used in NASA thereafter (Wikipedia, TRL history)
90s: The United States Air Force adopted the use of Technology Readiness Levels in the 1990s (Wikipedia, TRL history)
Jul 99: GAO/NSIAD-99-162, Better Management of Technology Development Can Improve Weapon System Outcomes: concluded that the DoD takes greater risks and attempts to transition emerging technologies at lesser degrees of maturity than does private industry. The GAO concluded that use of immature technology increased overall program risk. The GAO recommended that the DOD adopt the use of NASA's Technology Readiness Levels as a means of assessing technology maturity prior to transition.
2001: OUSD for Science and Technology issued a memorandum that endorsed use of TRLs in new major programs.
2003: DOD developed detailed guidance for using TRLs in the 2003 DOD Technology Readiness Assessment Deskbook
MRL history:
1999: the Joint Defense Manufacturing Technology Panel was chartered by the Office of the Director, Defense Research & Engineering
2005: MRL definitions developed by a joint DoD/industry/academia working group under the sponsorship of the Joint Defense Manufacturing Technology Panel
2006: Very extensive developments by UK-MoD on systems engineering practice toward increasing success of technology insertion into production 
2008: DoDI 5000.02: establishes target maturity criteria for measuring risks associated with manufacturing processes at Milestones A, B, and C and Full Rate Production
2010: Current version of MRL Desk book released
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DoD Policy – Technology Readiness 
Assessment, TRA
 Required by DoD 5000.01 (directive) and 

DoD 5000.02 (instruction)
 TRA are required for ALL MDAP at 

Milestone B (before EMD phase).
 TRA not required for non-MDAP or MAIS 
 TRA should focus on “technology maturity 

as opposed to engineering and integration 
risk”…memo: Improving Technology Readiness Assessment 
Effectiveness; Ashton Carter, May 2011.

Presenter
Presentation Notes
TRA = Technology Readiness Assessment
MDAP = Major Defense Acquisition Program
MAIS = Major Automated Information System
ACAT = Acquisition Category
MDA = Milestone Decision Authority
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Technology Readiness

 Approximate measure of technical maturity
 Technology Readiness Assessment (TRA) 

Deskbook, July 2009
 Applicable to ‘critical’ hardware and software 

technology elements (CTEs)
 Identified during material solution analysis
 Depend on element to meet op requirements
 New, novel or poses ‘major technological risk’
 Assessment criteria for hardware, software; 

aircraft, ground vehicles, missiles, ships…
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Technology Readiness, Continued

Level Definition
TRL 1 Basic principles observed and reported
TRL 2 Technology concept and/or application formulated

TRL 3
Analytical and experimental critical function and/or characteristic proof of 
concept

TRL 4 Component and/or breadboard validation in a laboratory environment
TRL 5 Component and/or breadboard validation in a relevant environment

TRL 6
System/subsystem model or prototype demonstration in a relevant 
environment(required to start EMD)

TRL 7
System prototype demonstration in an operational environment (required to 
start LRIP)

TRL 8 Actual system completed and qualified through test and demonstration
TRL 9 Actual system proven through successful mission operations

Increasing M
aturity, D

ecreasing R
isk

Source: Technology Readiness Assessment (TRA) Deskbook, July 2009

Presenter
Presentation Notes
9 Levels

Emphasize range, TRL 1 to TRL 9

Emphasize
 TRL 6 by start EMD – System/subsystem model or prototype demonstration in a relevant environment(required to start EMD)
 TRL 7 by LRIP - System prototype demonstration in an operational environment (required to start LRIP)

Increasing maturity, decreasing risk
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DoD Policy, Manufacturing Readiness

 Manufacturing Readiness Requirements
 Implied by DoD 5000.02
 Requires assessment of manufacturing 

capabilities and risks
 Not institutionalized to degree TRLs are
 Lack of consensus on use across services
 Not currently required by DoD acquisition policy

 Use growing in DoD and defense industry
 Analogs used routinely in other industries

Presenter
Presentation Notes
MRL are a metric that assesses the system engineering/design process and maturity of a technology’s associated manufacturing processes to enable rapid and affordable transition to acquisition programs.
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Manufacturing Readiness

 Approximate measure of manufacturing maturity
 Resource: Manufacturing Readiness Level Deskbook, 

July 2010 (OSD Mfg Tech Program)
 Threads used to assess risk areas

 Technology & Industrial Base
 Design
 Cost and Funding
 Materials
 Process Capability and Control
 Quality Management
 Manufacturing Personnel
 Facilities
 Manufacturing Management

Presenter
Presentation Notes
Threads provide category-specific assessment considerations and criteria to aid the assessment process.
Located in Appendix A of the MRL Desk Book
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Manufacturing Readiness, Cont

Level Definition
MRL 1 Basic Manufacturing Implications Identified
MRL 2 Manufacturing Concepts Identified
MRL 3 Manufacturing Proof of Concept Developed
MRL 4 Capability to Produce the Technology in a Laboratory Environment

MRL 5
Capability to produce prototype components in a production relevant 
environment

MRL 6
Capability to produce a prototype system or subsystem in a production 
relevant environment

MRL 7
Capability to produce systems, subsystems or components in a production 
representative environment

MRL 8 Pilot line capability demonstrated; Ready to begin low rate initial production

MRL 9
Low rate production demonstrated; Capability in place to begin full rate 
production

MRL 10 Full rate production demonstrated and lean production practices in place

Increasing M
aturity, D

ecreasing R
isk

Source: Manufacturing Readiness Level Deskbook, July 2010
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Role in DoD Acquisition

Technical Reviews

Source: Manufacturing Readiness Level Desk Book, July 2010

Increasing Maturity, Decreasing Risk

Presenter
Presentation Notes
Discuss acquisition process phases & milestones

Discuss typical development milestones
ITR = Initial Technical Review: Technical review held early during the Concept Refinement phase to support a program’s initial Program Objectives Memorandum (POM) submission
ASR= Alternative System Review: A technical review that demonstrates the preferred concept is cost effective, affordable, operationally effective and suitable; and can be developed to provide a timely solution at an acceptable level of risk.

Use TRA and MRA throughout the process to decrease risk

Typical progression of technical and manufacturing readiness as presented in the MRL Deskbook (July 2010)

Technology readiness assessments (TRAs) prior to MS B and MS C
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What About Interfaces?

CTE
A CTE

C

CTE
B

Interface A,C

Interface A,B

Interface B, C

Presenter
Presentation Notes
TRL is only a measure of individual technology and not about maturity of the system.

The F-22A fighter jet is armed with the M61A2 20mm Gatling gun system,
This systems is composed of several “Critical Technology Elements”
These elements have their own technical maturity as components, 
but how do they interact or interface with other components as a system?

Critical Technology Elements: 
 Gun
 Ammunition handling system
 Ammunition
 Airframe
 Control

As we all know, most complex systems, even those with components of a high technical maturity, will fail at the integration points.  

This particular system has challenging requirements and constraints that caused us to use new materials and design approaches that resulted in interface and integration schemes.  I am going to come back to this example again…..
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Integration Readiness

 Approximate measure of integration maturity
 Between two or more items or subsystems

 Work on integration measures, assessments 
and indices culminated in Integration 
Readiness Levels (IRLs) proposed by Gove 
et al., at Stevens Institute of Technology, 
School of Systems & Enterprises

 Resources: No deskbook equivalent, multiple 
papers and briefings on subject

Presenter
Presentation Notes
 Integration measures emerged ~1990 in work by Nilson associated with integration metrics
Nilson, Nordhagen (1990) Aspects of systems integration
 Led to work by Mankins in ~2002 using an Integrated Technology Analysis Methodology to estimate a Integrated Technology Index.
Mankins, J.C. (2002) Approaches to strategic research and technology analysis and road mapping.
 Followed by work by Gove and others in 2007 at SIT , School of Systems & Enterprises
Grove, Sauser, Ramirez-Marquez (2007) Integration maturity metrics: Development of an integration readiness level

Mars Climate Orbiter:  MCO was designed to circle Mars and collect weather data as well as act as a relay station between the Mars Polar Lander, which was to land on the Martian South Pole.  Integration error in the communication system between the Orbiter and Jet Propulsion Lab (both of which were of high TRL).  
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Integration Readiness, Continued
Level Definition

IRL 1
An interface between technologies has been identified with sufficient detail 
to allow characterization of the relationship

IRL 2
There is some level of specificity to characterize the interaction between 
technologies through their interface

IRL 3
There is compatibility between technologies to orderly and efficiently 
integrate and interact

IRL 4
There is sufficient detail in the quality and assurance of the integration 
between technologies

IRL 5
There is sufficient control between technologies necessary to establish, 
manage, and terminate the integration

IRL 6
The integrating technologies can accept, translate, and structure information 
for its intended application

IRL 7
The integration of technologies has been verified and validated with 
sufficient detail to be actionable

IRL 8
Actual integration completed and Mission Qualified through test and 
demonstration, in the system environment

IRL 9 Integration is Mission Proven through successful mission operations

Increasing M
aturity, D

ecreasing R
isk

Source: A Systems Approach to Expanding the Technology Readiness Level within Defense Acquisition,
International Journal of Defense Acquisition Management, Volume 1 2008
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Example: F35JSF and Gun System 

GUN

DRIVE

GSCUAHS

CHUTES

IRL 5

*IRL values are arbitrary and for illustrative purposes only.

Presenter
Presentation Notes
Reducing the F-35 Joint Strike Fighter gun system to its simplest elements, we can say it has five CTE (critical technology elements):

 Gun
 The hydraulic drive and gearbox
 The gun system control unit
 The ammunition handling system
 and the ammunition chutes

But not each of these building blocks has an interface with all the others. We can map these interfaces as we’ve shown here with the red lines and the maturity of the interfaces can be assessed.  In this illustration, let’s assume that the gun system control unit needs to interface with a new type of sensor in the ammunition handling system.  The GSCU may have a high TRL and the sensor may have a high TRL, but the interface between the two of them is new and some risk may be involved in the interface.
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System Readiness

 Approximate measure of system maturity
 Aggregated measure of technology and integration 

readiness across elements and interfaces of a 
product/system

 Based on the outcome of TRL and IRL assessments
 SRL = f(technology readiness, integration readiness)

 Matrix of pair wise comparisons of IRLs & TRLs
 [SRL]nx1 = [IRL]nxn x [TRL]nx1; IRL & TRL normalized
 SRL composite = f(SRLn)

 Resources: No deskbook equivalent, many papers
Source: A Systems Approach to Expanding the Technology Readiness Level within Defense Acquisition,
International Journal of Defense Acquisition Management, Volume 1 2008

Presenter
Presentation Notes
 Work in 2006-2008 by Sauser, Verma and others developed the concepts and methods for system readiness levels and a system readiness index.
 A matrix of pair-wise comparisons of TRLs and IRLs
 Resulting in a SRL nx1 matrix 
Quantifies the readiness level of each technology element with respect to every other technology element in the system
And accounts for the maturity of each technology element
 The SRL for the system is the average of all SRL values normalized to the number of integrations.
 Each SRL is given equal weight since each of the elements being assessed has been determined to be critical (CTE)
 A standard deviation could be used to indicate SRL variation between elements
 The source cited provides an excellent history of work leading to the current method, summary of the method, and a example
 The source also proposes a system readiness scale that was to be verified and validated under a Naval Postgraduate School Contract – Status?

In theory, technology and systems maturity follow a similar evolution or maturation.  However, many factors that effect the entire system are not planned for during the development of the sub-systems.  Architectural Knowledge is distinct and required to successfully integrate components or sub-systems.   
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Sample SRL Analysis GUN

DRIVE

GSCUAHS

CHUTES

IRL 5

TRL 9

TRL 6

TRL 6TRL 6

TRL 9

Changing the Gun System 
Control Unit - Ammunition 
Handling System (GSCU -
AHS) IRL from 5 to 8 
impacts the SRL of both 
Line Replaceable Units 
(LRUs) and the overall 
SRL.

Presenter
Presentation Notes
In the top matrix, we have taken the JSF system we used to illustrate the IRLs and have added notional TRLs to the CTE or components. Normalizing both matrices and then doing the matrix multiplication, we get the SRL matrix shown. Weighing everything equally, we have an average SRL “score” of 2.59.

In the lower calculation, the IRL of the interface between the GSCU and the AHS where we had our new sensor has been increased from 5 to 8.  The resulting SRL shows that both the GSCU and the AHS benefitted from the increased maturity of the interface and the overall average SRL “score” increased by almost four percent. This could be used as an indication of the maturity of the system or, conversely, as an indication of the system risk where a higher score would indicate a lower overall risk and the individual elements in the SRL matrix serving to indicate where the risk is located.
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Implementation Model
One Perspective

SRR SFR PDR CDR PRR IRR PRR

Technology Development Engineering and Manufacturing Development Production and 
Deployment

B C

TRL 6 TRL 7 TRL 8

MRL 9MRL 8MRL 6 MRL 7

Definition Design Implementation & 
Integration

Verification & 
Validation

Transition to 
Production

Pilot Line 
Demonstrated, 
Ready for LRIP

Ready to Produce 
System in Production 

Environment
Ready to Produce 
Prototype System

System 
Demonstrated in 
Operational Env

Proto/Model 
Demonstrated in 

Relevant Env

 Burn Down Technical and Manufacturing Risk 

SVR

# 
R

is
ks

TRL 5

MRL 5
Ready to Produce 

Prototype 
Components

Components 
Validated in 

Relevant Env

Presenter
Presentation Notes
In this generalized example, you can see the risk reduction over development time

You can see a little bump up of manufacturing risk associated with “integration issues” uncovered during the I&I phase.

You can also see a little rise of Technical risk in the Validation phase, that is why we still perform physical testing.
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Implementation Methods
 Concurrent product & mfg process development
 Engineering & manufacturing professionals 

working together closely and early
 Risk management
 Standard but tailorable work products
 Work product check lists
 Gate exit criteria
 Lessons learned
 Product & process prototyping
 Assessment & risk management tools
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Conclusion

 Readiness assessments can reduce risk and 
improve program outcomes

 Technology & manufacturing readiness 
assessment methods are most mature

 Integration and system readiness assessment 
methods hold potential for use in future

 Meaningful assessments and relevant actions 
depend on experience and judgment

 Best used with concurrent development of 
product and manufacturing process

Presenter
Presentation Notes
Some conclusions drawn within, and perhaps biased by, my interests and perspective
 Experience with DoD and NASA development programs
In Gov’t and industry roles
Currently responsible for the effectiveness of our development capability at GDATP …
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Select Resources
 Motivation for Readiness Assessments

 GAO/NSIAD-99-162 Better Management of Technology Development 
Can Improve Weapon System Outcomes, July 1999

 GAO-10-439 DOD Can Achieve Better Outcomes by Standardizing 
the Way Manufacturing Risks Are Managed, April 2010

 Assessment Methods & Guidance
 DoD Technology Readiness Assessment Deskbook
 DoD Manufacturing Readiness Level Deskbook, July 2010

 Papers on Advanced Assessment Methods
 Fernandez (2010) Contextual Role of TRLs and MRLs in Technology 

Management, Sandia Report SAND2010-7595
 Sauser, et all (2008) A Systems Approach to Expanding the 

Technology Readiness Level within Defense Acquisition, International 
Journal of Defense Acquisition Management, Volume 1, 2008

 Other references identified in the papers above
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Contact Information

Daniel Chien
Vice President, Engineering
General Dynamics Armament and Technical 

Products, Inc.
248.840.7077
dchien@gdatp.com
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