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•  Using TRL for Technology Development 

Schedule Models 
•  The Equivalence of Development 

Timelines for Two Industries 
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Introduction 
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The Problem 

•  Technology Development under high uncertainty, with 
increasing cost/schedule/maturity constraints. 

•  Even more challenging for government agencies: 

 



US DoD R&D 
Budget Activity TRL Event Indicating Achievement of TRL  

Cumulative 
Time to Reach 

TRL (yr)* 
6.6 Operational 
Systems 
Development 

9 Actual application “mission proven” through successful operations:  
GPS achieves full operational capability with full constellation of 24 
Block II and Block IIA satellites. 

22.7 

6.4 Engineering and 
Manufacturing 
Development 

8 Actual application completed and “mission qualified” through test 
and demonstration in an operational environment:  DoD and 
Department of Transportation determines GPS system achieved the 
required assets available on orbit for initial operational capability. 

21.4 

6.4 Engineering and 
Manufacturing 
Development 

7 Prototype demonstration in high-fidelity environment (parallel or 
shadow mode operation):  Three GPS Block II satellites (required for 
triangulation) operational and tested with user equipment. 

19.6 

6.3b Demonstration 
and Validation  

6 Prototype demonstration in a relevant end-to-end environment: GPS 
Block I satellite launched and tested with user equipment. 16.3 

6.3a Advanced 
Technology 
Development 

5 Module validation in relevant environment:  Tests of GPS user 
equipment on simulated satellites. 14.1 

6.2 Applied Research 4 Module validation in laboratory environment: successful research, 
development, and testing of initial Air Force and Navy satellites. 12.1 

3 Analytical and experimental critical function and/or characteristic 
proof-of-concept:  TIMATION, the first three-dimensional space-
based navigation system. 

11.0 

6.1 Basic Research 2 Technology concept and/or application formulated: TRANSIT, the 
first space-based navigation system. 6.0 

1 Basic principles observed and reported: Researchers at APL 
discovered that measurements of Doppler shift as Sputnik passed by 
were adequate to determine the entire satellite orbit.  Frank McClure 
noted conversely, if the satellite orbit were known, position on the 
earth could be determined using these same Doppler measurements. 

N/A 

Technology Readiness Level 
Progression Example from GPS 

*Based on Smoker, R. and Smith, S. "Approach to Use of Selected Acquisition Reports for Measurement of TRLs and Associated System Cost Growth" 2008 
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Technology Readiness Level 
Progression for Commercial Product 

Chapter 2
Maturity of Technology at Program Start Is 
an Important Determinant of Success

Page 28 GAO/NSIAD-99-162 Best Practices

Technology and Product 
Experiences on Ford and 
Virginia Class Attack 
Submarine 

The key technologies for the Ford Jaguar and the Virginia class attack 
submarine followed the pattern of increasing TRLs until they demonstrated 
a low risk for transition to the product. Two examples are Ford’s voice 
activated controls development and DARPA’s nonpenetrating periscope 
development for the submarine. In both cases, the technologies were 
validated, operational prototypes demonstrated, and the technologies had 
demonstrated the form, fit, and function of the final article by the beginning 
of product development. 

Ford’s voice activated controls technology, which allows a driver to control 
certain functions such as windows and the radio through verbal 
commands, was under development in the technology base for over
10 years, being pushed by the firm’s technology leaders. It was not until 
1993 that Ford found that (1) other complementary technologies, such as 
processor speeds and low cost memory, had become available and
(2) customers wanted more features and functions but less distractions 
from driving. Given this market information, Ford decided to pursue voice 
technology as a strategic technology in terms of product differentiation, 
recognizing the importance of being first to market with this enabling 
technology. Figure 2.3 shows the time line for developing this technology.

Figure 2.3:  Time Line for Ford’s Development of Voice Activated Controls Technology

Between 1993 and 1994, based on discussions with customers, Ford 
developed cost and performance requirements for the technology. Ford has 

1983

Ford decides to pursue
voice activated controls
technology. Technology
under early development
in technology base.

TRL 3 - 5

1993

Technology is linked
to a specific vehicle.
Cost and performance
requirements are
defined.

TRL 6 - 7

Technology is ready to
transition into a product
development program.
Technology meets all
cost and schedule targets
for the product.

TRL 8

1995

Technology featured
on model year 1999
Jaguar designs.

TRL 9

1999

16 years from TRL 3 to 9 comparable to 11.7 years for GPS   
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Research questions 
•  Using historical data, is it feasible to use 

TRL for technology development schedule 
models? 

•  If yes, can we use TRL data from multiple 
industries in the same model?   
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Using TRL for Technology 
Development Schedule Models 



The NASA Dataset 
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12 0.4 0.2 1 1 0.5 3 0.3 0.5 0.5 5 2.5 0.5 1.9 2 2.5 0.7 0.8 1.5 3
23 0.4 0.1 1.5 1 1 1 0.3 0.5 0.5 1 5 0.5 1.9 4 1 0.2 0.3 1 1
34 0.4 0.1 1.5 1 1 1 0.4 1 0.5 3.5 7.5 0.5 1.9 2.5 1.5 0.2 0.3 1 1
45 0.5 1.1 1.5 2 1 1 2 1 0.5 1 4 3 1.9 3 2.5 0.2 0.35 1 1
56 0.2 0.1 6 4 1 2 2 1 1 0.5 1.5 0.5 1.9 0.5 1 0.2 0.35 1 22
67 6 0 0.5 1.5 1.5 1.9 0.8 2.5 1 0 1 8
78 0.5 5 0.5 1.5 3 1.9 0.3 6 1 1.2 12 0
89 5.5 0 0.5 1.5 4 1.9 0.3 1 1 0.1 1 11

Criteria A 4 3 4 4 1 2 2 2 2 2 2 1 4 4 4 3 3 1 2
Criteria B 1 0 1 1 0 1 1 1 0 1 1 1 0 1 1 1 1 0 1
Criteria C 2 3 3 3 2 6 6 3 2 3 1 3 3 3 1 2 1 3 3
Criteria D 0 0 1 1 1 1 1 0 0 0 1 0 0 0 1 0 1 0 1
Criteria E 0 0 0 1 1 1 1 1 0 1 0 1 0 1 1 1 0 1 1
Criteria F 0 0 0 0 1 0 1 0 1 1 1 1 0 1 1 1 1 1 1
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Correlation Analysis of the  
NASA Dataset (log) 

ln(12) ln(23) ln(34) ln(45) ln(56) ln(67) ln(78) ln(89)
Correlation	Table log	data log	data log	data log	data log	data log	data log	data log	data

ln(12) 1.000 0.660 0.752 0.312 0.149 -0.074 -0.135 -0.606
ln(23) 0.660 1.000 0.905 0.673 0.385 0.043 -0.170 -0.350
ln(34) 0.752 0.905 1.000 0.639 0.351 0.113 -0.256 -0.265
ln(45) 0.312 0.673 0.639 1.000 0.490 0.344 0.006 0.073
ln(56) 0.149 0.385 0.351 0.490 1.000 0.325 0.331 0.307
ln(67) -0.074 0.043 0.113 0.344 0.325 1.000 -0.092 0.633
ln(78) -0.135 -0.170 -0.256 0.006 0.331 -0.092 1.000 0.180
ln(89) -0.606 -0.350 -0.265 0.073 0.307 0.633 0.180 1.000
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Increase in Schedule Uncertainty vs. TRL 
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Forecasting Methods 
•  Fixed Estimates 

–  Mean 
–  Median 
–  Regression 

•  Influence Diagrams 
–  ID (full) 
–  ID (frag 4-3) 
–  ID (frag 5-2) 
–  ID bounded 

•  Extrapolation 
–  Moving average 
–  Exponential smoothing  
–  Exponential smoothing with 

trend 

•  Regression 
–  Full autoregression 
–  Full autoregression 

(bounded) 

•  Other 
–  Closest neighbor 

22nd Annual INCOSE International Symposium - Rome, Italy - July 9-12, 2012 13 



Bootstrapping Used to Generate Median 

•  Iterated smoothed 
bootstrapping 

•  Iterated: to eliminate 
bias 

•  Smoothed: to look 
nice for the program 
managers 
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Forecasting results 

•  Some “smart” methods performed better than fixed estimates both in total error 
and in robustness 

•  Smart models might have “overlearned” this particular dataset 
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Objec&ve	Forecas&ng	Error	Func&on	



Excel Function Developed for Analysts 
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The Equivalence of Development 
Timelines for Two Industries 

It’s All Rocket Science 
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The Situation and Some 
Questions 

•  The NASA dataset is quite small 
•  We have more data from DOE projects 
•  Technical Maturity (TM) was used on the 

DOE projects instead of TRL 
•  Can we map TM to recent definitions of 

TRL provided by DOE? 
•  Are DOE TRL’s equivalent to NASA TRL’s 

for schedule modeling purposes? 
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TRL DoE TRL Definition NASA TRL Definition 
1 Basic principles observed and reported in white papers, industry 

literature, lab reports, etc. Scientific research without well-defined 
application. 

Basic principles observed and reported 

2 Technology concept and application formulated. Issues related to 
performance identified. Issues related to technology concept have 
been identified. Paper studies indicate potentially viable system 
operation. 

Technology concept and/or application formulated 

3 Proof-of concept: Analytical and experimental critical function and/or 
characteristic proven in laboratory. Technology or component tested 
at laboratory- scale to identify/screen potential viability in anticipated 
service. 

Analytical and experimental critical function and/or characteristic 
proof-of-concept 

4 Technology or Component is tested at bench-scale to demonstrate 
technical feasibility and functionality. For analytical modeling, use 
generally recognized benchmarked computational methods and 
traceable material properties. 

Component and/or breadboard validation in laboratory environment 

5 Component demonstrated at experimental scale in relevant 
environment. Components have been defined, acceptable technologies 
identified and technology issues quantified for the relevant 
environment. Demonstration methods include analyses, verification, 
tests, and inspection. 

Component and/or breadboard validation in relevant environment 

6 Components have been integrated into a subsystem and demonstrated 
at a pilot-scale in a relevant environment. 

System/subsystem model or prototype demonstration in a relevant 
environment (ground or space) 
 

7 Subsystem integrated into a system for integrated engineering-scale 
demonstration in a relevant environment. 

System prototype demonstration in a space environment 

8 Integrated prototype of the system is demonstrated in its operational 
environment with the appropriate number and duration of tests and at 
the required levels of test rigor and quality assurance. Analyses, if 
used support extension of demonstration to all design conditions. 
Analysis methods verified. Technology issues resolved pending 
qualification (for nuclear application, if required). Demonstrated 
readiness for hot startup 

Actual system completed and “flight qualified” through test and 
demonstration (ground or space) 
 

9 The project is in final configuration tested and demonstrated in 
operational environment. 

Actual system “flight proven” through successful mission operations 

 



Merging the DoE TM Data into 
the TRL Database 

 

DoE’s data set 
(TM) 

NASA’s data 
set 

(TRL) 

TRL database TRL schedule 
modeling 
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TRL Data from NASA 
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Scales for Determining  
Technical Maturity  
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*Based on Kenley, C.R. and Creque, T.R. "Predicting Technology Operational Availability Using Technical Maturity Assessment.” System Engineering. 1999. 



DoE Technical Maturity Data 
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R&D Plan Technology TM Evaluation Date PM EQ FAC SAFT
Years to 

Go Date Operational
Bagless Transfer System - FB Sep-91 4 3 0 0 2.00 Sep-93
Calciner with Full Batch TGA Apr-94 6 0 0 5 3.76 Jan-98
Cementation Sep-92 2 0 3 9 0.08 Oct-92
Charcoal Treatment Sep-92 1 1 0 0 1.00 Sep-93
Digital Radiography Sep-91 2 0 2 5 1.54 Mar-93
Electrolytic Decontamination Sep-91 4 6 7 0 2.25 Dec-93
Electrolytic Decontamination Sep-92 4 3 7 9 1.25 Dec-93
HB Phase II Solution Conversion Aug-94 4 3 5 0 2.09 Sep-96
Nitric Acid Soluble Bags Sep-91 5 1 3 3 2.08 Oct-93
Pipe Component Sep-92 6 6 2 3 0.33 Jan-94
Polycube Pyrolysis Jul-94 4 0 0 0 3.67 Mar-98
Precipitation - Magnesium Hydroxide Sep-91 2 0 0 8 0.17 Nov-92
Precipitation - MgOH HAN Jan-95 0 0 0 0 1.71 Sep-96
Pretreatment of RFETS SS&C - SRS Sep-91 5 7 5 5 2.58 Apr-94
Pretreatment of RFETS SS&C - RFETS Sep-92 2 1 5 5 1.58 Apr-94
Pu238 Storage Container - SRS/LANL Sep-91 2 1 0 0 1.08 Oct-92
Pu239 Standard Container - RFETS Sep-92 5 0 3 9 4.12 Oct-96
PuSPS - Packaging - RFETS Sep-92 4 3 0 0 4.79 Jun-97
PuSPS - Packaging - LLNL Apr-94 5 0 3 5 2.83 Feb-97
Pyrochemical Salt Oxidation Sep-91 2 1 0 0 2.33 Jan-94
Scrub Alloy Processing Sep-91 6 1 3 9 5.56 Mar-97
SS&C Stabilization Sep-91 2 1 7 5 2.08 Oct-93
Thermal Stabilization - HAN Apr-94 2 1 3 9 3.19 Jun-97
Thermal Stabilization - RFETS Sep-91 2 4 3 9 1.37 Jan-93
Trapping of Uranium Hexafluoride Sep-91 6 1 3 9 1.17 Nov-92
Vertical Calciner Sep-91 8 8 5 7 4.00 Sep-95
Vertical Calciner Sep-93 0 0 0 10 0.00 Sep-95



Correspondence between TRL, PM, and EQ 
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Example Correspondence Table for 
Mapping TM to TRL 
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Methods Tested 
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Approach 
Mapping 

Minimum and 
Maximum 

Weighted 
Arithmetic 

Mean 

Weighted 
Geometric 

Mean 

Weighted 
Harmonic 

Mean 

System 
Failure 

Approach 
Ceiling  3;8;13;16 20;23 26;29 31 
Floor  4;9;14;17 19;22 25;28 33 
Round  5;10;15;18 21;24 27;30 32 
Other 1;2;6;7;11;12     

 



Down-selecting To Find the Best Method 
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Sensitivity Analysis Results 
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Correspondence Table for Method 25 
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PM TRL EQ TRL
10 1 10 1
9 2 9 2
8 3 8 3
7 4 7 4
6 4 6 4
5 4 5 4
4 5 4 5
3 5 3 5
2 5 2 5
1 6 1 6
0 7 0 7



Result of Applying Method 25 Correspondence 
Tables to Observed Data Points 
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10 9 8 7 6 5 4 3 2 1 0
10
9
8 3
7
6 4 4 5
5 4 4 5
4 4 5 5
3
2 5 5 5
1 6
0 6

PM

EQ



P-values for Method 25 
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Observed Transition Times Based 
on TRLs Derived Using Method 25  
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NASA and Department of Energy Data Show 
Statistically Similar TRL Transition Times  
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The End 
•  Questions ? 
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