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Overview

• Traditional resource allocation approaches
• Foundation of approach
• Summary of previous execution of approach
• Overview of the Technology Prioritization Calculator 

Process 
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Traditional Resources Allocation Approaches

Due to limited Research and Development (R&D) monies available, the decision-
maker desires to know where to direct scarce resources to maximize technological 
payoffs or substantiate strategic competitive decisions. Five traditional approaches 
are (Cetron [1972]):

1) Squeaking Wheel: cut resources from every area and then wait and see which 
area complains the most. Based on the loudest and most insistent, then 
restore budget until ceiling is hit.

2) Level Funding: budget perturbations minimized and status quo maintained; if 
this approach continues within a rapidly changing technology field, the 
company, group, or agency will end up in serious trouble.

3) Glorious Past: "once successful, always successful". Assign resources solely on
past record of achievement.

4) White Charger: best speaker or last person to brief the boss wins the money or
whichever department has the best presentation.

5) Committee Approach: a committee tells the manager or decision-maker how 
to allocate resources.
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Foundation of Approach

• The Strategic Prioritization and Planning (SP2) process is 
an expert-based series of decision (or planning) matrices
that are related qualitatively through different levels of 
abstraction and is the detailed process for program 
planning

• The subjective qualitative relationships may then be 
mapped to quantitative scales to allow for a rapid 
prioritization based on the level of abstraction desired

• The process is an evolution of accepted quality 
engineering methods (i.e. Quality Function Deployment) 
and incorporates various dynamic aspects to form a 
portable and powerful decision making environment
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Applications of SP2
• A Congressional study for an integrated 5 year R&T plan for U.S.

aeronautics (NIA)
• The NASA Space Exploration Systems Architecture Study
• The NASA Vehicle Systems Program (VSP)
• The Office of Naval Research Science and Technology 
• A Homeland Defense technology application for America’s Shield 

Initiative (SAIC)
• An upgrade prioritization for the next generation Bradley vehicle 

(BAE)
• AIAA Strategic Planning for future activities
• MITRE Center for Advanced Aviation System Development
• Navy Ship and Ship Systems Product Area Technology 

Prioritization
• Army Aviation S&T Strategic Plan
• Lockheed Martin AMC-X Technology Planning
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Overview of the Aeronautics Calculator

Congressional 
Earmark

National Institute of Aerospace
Bob Whitehead, Project Manager

Amanda Wright, Assistant
Technical Consultants

Final Plan to Congress

Resulting Sector 
Plans

National Strategy 
Team

Final Integrated 
Plan

Planning
Subcontracts

Final product objective:
Develop and deliver to Congress 
an aggressive 5 year investment 
plan as a first step to restore 
aviation and aeronautics 
technology capabilities to a 
robust level commensurate with 
a global leadership position

With guidance that:
The plan should uniformly seek 
to mature high-risk, potentially 
high-payoff technologies to a 
readiness level sufficient for 
NASA to transition out of 
government-sponsored status for 
adaptation by private industry
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National Strategy Team
• The purpose of the NST was to:

– set the Strategic Agenda for the overall analysis, planning and integration activities 
– define 6 over-arching National Needs which were based on the blue-ribbon documents
– set the research scope and priorities for each of the aviation sectors, including target budgets so 

as to frame the scope of research
– provide oversight of the planning activities
– provide guidance for the preparation and roll-out of a final product

• Members included:

Rotorcraft Industry Technology AssociationExecutive DirectorRande Vause
Crown ConsultingBob Rosen
Raytheon Company, Network Centric SystemsVP for TechnologyKevin J. Riley
Mechanical Engineering, Virginia Polytechnic Institute and State UniversityJ. Bernard Jones ProfWalter O'Brien
School of Aerospace Engineering, Georgia Institute of TechnologyChairRobert G. Loewy
University Research Foundation, Maryland Advanced Development LaboratoryPresidentNorris Krone
Advanced Development Programs, Lockheed Martin Aeronautical CompanyTechnical VPEd Glasgow
School of Engineering, Duke UniversityJ. A. Jones ProfessorEarl H. Dowell
Advanced Technology Operations, GE Aircraft EnginesGeneral ManagerMike Benzakein
Pratt & WhitneyDir of Advanced PrgsSimeon Austin
Phantom Works, The Boeing CompanyPresidentBob Krieger*

OrganizationTitleName

* Chairman of the NST
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Integrating the Aeronautics Plan

Target Annual
Budget
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Integrated Planning Process

ASDL Involvement:
• Contracted to be the 

primary integrator of all 
the sector plans

• Interacted with each 
contractor to provide 
continuity amongst the 
teams on a daily basis

• Provided guidance and 
information when needed

• Provided a decision 
making tool to the NST 
to determine the final 
plan to be presented to 
Congress

• Collaborated with the 
production team on the 
final product to circulate 
on the hill

Increase 
Mobility

Support National 
Security

Explore New
Aerospace Missions

Protect the 
Environment
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Aeronautics Decomposition

Vehicle Sector
Capabilities

Enabling 
Technology
Roadmaps

National Needs

Protect the 
Environment

Increase 
Mobility

Support National 
Security

Explore New
Aerospace Missions

. . .

. . .

Increase L/D to 25 at Cruise
SOA = 20 (777/GE90) 1

Decrease skin
friction drag
by 20% 01

Decrease wave
drag by 50%

02

Decrease induced
drag (drag due to
lift) by 10% 03

Decrease
excrescence & trim
drag by 20% 04

Carriage and
deployment of
high-lift
systems
without
producing
unwanted
drag 04

Tailoring lift
distribution
without
compromising
structural and
stability
requirements

03

Current airfoil
section
technology limits
thickness /
sweep trades at
a given flight
Mach number

02

High skin
friction due to
fully turbulent
flow and/or
excess wetted
area

01

Turbulent flow control
e.g., riblets, micro-
machined controlled
skins 01

Novel approaches to
integration of higher
BPR engines or BLI
inlets 02

Advanced
configurations
and
components
with lower
wetted area 03

Laminar flow control (natural,
active, or hybrid) 04

Low-drag configurations
& components designed
thru physics-based
optimization 05

Develop and
validate naturally
area-ruled
configurations

06

Advanced airfoils to
enable attached flow,
and maintain t/c with
high cruise Mach

07

Advanced
configurations
enabled by
aero/structural
optimization

08

Advanced high lift
systems to increase
lift and decrease drag

09

Arrayed
conformal
antennas with
required
range,
directivity 10

Creating
antennae
systems that
meet CNS
performance
targets without
producing drag

05

Sector Portfolio 
Identification GOTChA*

Approach

* GOTChA: Goals, Objectives, Technical Challenges, and Approaches
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Integration Team Objective

National 
Strategy 

Team

Subsector
reports

Filters

Integrated Plan Calculator
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Integrated mapping

Integrated Aeronautics Plan to 
deliver to Congress
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Sub-sector Goals
(not all inclusive)

Goal Weighting 
Scale

Community Noise 5 L H H
Emissions - NOx 3 L
Emissions PM 1 L
Fuel Burn & CO2 7 M M M H L
Reliability 3 M L
EROC minus Fuel Burn 9 M M M
Cabin Noise 3 M M

Total Impact
Relative Impact
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Subsector technologies

Technology Area Budgets (in $k) FY06 FY07 FY08 FY09 FY10 Area Total

Cycle /  Integration 333   334   333   1,000 500   2,500        
Emergency Power Tech

Turbomachinery 1,800 2,500 4,200 5,500 1,800 15,800      
Counter Rotating LPT
CMC LPT Blades
Variable Diffuser

Combustion 2,200 3,500 1,100 1,000 2,200 10,000      
Compact Combustor

Controls /  Secondary Systems 3,500 3,300 3,200 2,000 2,000 14,000      
Hi Temp Electronic
Foil Air Bearing
Foil Face Seal

Annual Total   7,833   9,634   8,833   9,500   6,500        42,300 

Technology Area Budgets (in $k) FY06 FY07 FY08 FY09 FY10 Area Total

Cycle /  Integration 333   334   333   1,000 500   2,500        
Emergency Power Tech

Turbomachinery 1,800 2,500 4,200 5,500 1,800 15,800      
Counter Rotating LPT
CMC LPT Blades
Variable Diffuser

Combustion 2,200 3,500 1,100 1,000 2,200 10,000      
Compact Combustor

Controls /  Secondary Systems 3,500 3,300 3,200 2,000 2,000 14,000      
Hi Temp Electronic
Foil Air Bearing
Foil Face Seal

Annual Total   7,833   9,634   8,833   9,500   6,500        42,300 

Technology Area Budgets (in $k) FY06 FY07 FY08 FY09 FY10 Area Total

Cycle /  Integration 333   334   333   1,000 500   2,500        
Emergency Power Tech

Turbomachinery 1,800 2,500 4,200 5,500 1,800 15,800      
Counter Rotating LPT
CMC LPT Blades
Variable Diffuser

Combustion 2,200 3,500 1,100 1,000 2,200 10,000      
Compact Combustor

Controls /  Secondary Systems 3,500 3,300 3,200 2,000 2,000 14,000      
Hi Temp Electronic
Foil Air Bearing
Foil Face Seal

Annual Total   7,833   9,634   8,833   9,500   6,500        42,300 

Finalized subsector plans
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NIA Aeronautics Calculator
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The Aeronautics Plan

Courtesy of the Susan Flowers group

• The final brochure was a 16 page document that highlights 
the plan and calls out for our government to re-establish 
aeronautical funding in the U.S. to a level commensurate 
with a global leadership position

• The integrated plan was more than 1,100 pages
• The brochure was distributed to congressional staffers for 

the past several months and stimulated hearings and 
awareness of the budget crisis
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Technology Prioritization Calculator

• The process utilized for each of the previous “Calculator”
concepts is generic in nature and may be tailored to the 
specific problem at hand

• The basic approach to the process require a 
decomposition of the problem down to the appropriate 
level per the decision maker’s needs

• The level of fidelity of the “Calculator” may be increased 
as more detailed information becomes available, such 
that a modular, reusable, and extendable product may be 
created
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Process for Building the Calculator
• The process by which SP2 is developed is fairly generic and may be tailored for the 

specific problem at hand and is based on accepted Quality Engineering Methods
• The “Calculator” is the visual front end
• Regardless of the application, the following elements are necessary to execute the  

process:
– Definition of top level needs or requirements
– Description of the information desired to facilitate decision making, which may include:

• Schedule, annual or total budgets, source of funding, sensitivity level of abstraction, risk, specific time 
frames, rack and stack of priorities, etc.

– Decomposition of the needs to the appropriate level of abstraction
– Qualitatively relate each level of the decomposition through a series of planning matrices
– Definition of a quantitative scale for each level of decomposition and translation to quantitative

scales
– Identification of the appropriate domain area experts for each level of the decomposition to 

provide necessary information
• Elements needed for the process can be defined through various techniques and methods 

including brainstorming, workshops, affinity diagrams, voting methods, relevance trees, 
Delphi technique, etc.

• The only requirement placed on the process is that a link exists between each level of the 
decomposition
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Customer Requirement

SubmarinesSurface Ships Unmanned Surface/
Undersea Vehicles

Applying SP2

Interoperability Detectability/
Stealth

Damage Tolerance/
Survivability

ReconfigurabilityWorkload Sustainability Maintainability/
Availability

Mobility Payload 
Capacity

Reliability

Vehicles or 
Sectors

Ship Concepts & 
Methods

Hull Forms &
Propulsors

Signatures & 
Silencing

Structures & 
Materials

Vulnerability Protection 
& Analysis Methods

Machinery Systems 
& Components

Environmental 
Quality Systems

Logistics 
Systems

Product 
Attributes

LEAPS TSa 2 TSa 1 TSa 2 TSa 1 TSa 2 TSa 1 TSa 2 TSa 1 TSa 2 TSa 1 TSa 2Reconfigurable 
ship concepts

TSa 1 TSa 3 TSa 1 TSa 2 TSa 3

Technology 
Sub-areas

Technology 
Areas

TO
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Technology 
Options
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Applying SP2

• This breakdown is for a single Attribute of a single 
vehicle for one Customer Need

• In order to fully capture the problem at hand, the 
structure is repeated for each Customer Need causing the 
dimensionality to increase tremendously

• SP2 reduces the dimensionality by removing non-
contributing branches of this structure through a 
traceable process
– Creates a direct link between technology sub-areas or options 

and the Needs
– Identifies most significant technology sub-areas or options that 

contribute to the Needs
– Depends on relationships established at every level of 

abstraction
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Recompose

Calculator Functional Background
• Much like the QFD Methodology, the Calculator process allows for multiple 

layers of abstraction to be combined 
• Final outcome allows technologies to be ranked based on impact to the overall 

needs when direct relationships are not clear
• While the mapping between levels in a matrix can be qualitatively done, there must be a 

conversion to qualitative information before the data can be related a different level
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V
eh

ic
le

 
A

ttr
ib

ut
es

Vehicle Attributes

En
gi

ne
er

in
g 

or
 

Pr
od

uc
t 

C
ha

ra
ct

er
is

tic
s

Engineering or Product 
Characteristics

C
us

to
m

er
 N

ee
ds

 o
r 

R
eq

ui
re

m
en

ts

Decompose



Dr. Michelle R. Kirby: michelle.kirby@ae.gatech.edu 

Customer Requirement

SubmarinesSurface Ships Unmanned Surface/
Undersea Vehicles

Applying SP2

Interoperability Detectability/
Stealth

Damage Tolerance/
Survivability

ReconfigurabilityWorkload Sustainability Maintainability/
Availability

Mobility Payload 
Capacity

Reliability

Vehicles or 
Sectors

Ship Concepts & 
Methods

Hull Forms &
Propulsors

Signatures & 
Silencing

Vulnerability Protection 
& Analysis Methods

Environmental 
Quality Systems

Logistics 
Systems

Product 
Attributes
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Technology 
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Technology 
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TO
 1

TO
 2

TO
 2

TO
 1

TO
 2

TO
 1

TO
 2

TO
 1

TO
 2

TO
 1

TO
 2

TO
 1

TO
 2

TO
 1

TO
 2

TO
 3

TO
 1

TO
 2

Structures & 
Materials

TSa 1 TSa 2

TO
 1

TO
 2

TO
 1

TO
 2

TSa 1

TO
 1

LEAPS

TO
 1

TO
 2

Machinery Systems 
& Components

TSa 1 TSa 2

TO
 1

TO
 2

TO
 3

TO
 1

TO
 2

TSa 2

TO
 1

TO
 2

TSa 3

TO
 1

TO
 2

TO
 1

TO
 2

TO
 3

TSa 2

TO
 1

TO
 2

Technology 
Options



Dr. Michelle R. Kirby: michelle.kirby@ae.gatech.edu 

Calculator Approach
• The steps necessary to complete the process include:

– Problem definition:
• The overall needs must be established first to drive the lower level assessments
• Identification of Vehicle Attributes and other intermediate goals 
• Identification of applicable technologies

– Matrix Population:
• Completion of planning matrices with qualitative mappings
• Determination of the scale for converting qualitative mappings to quantitative 

rankings
– Technology Data:

• Compilation of budget profiles and timeframes for the technologies of interest

• These tasks are best achieved by utilizing experts familiar with the 
technologies in order to bring as much accuracy to the process as 
possible
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Notional Calculator Overview

Vehicle 4
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Vehicle 3

Vehicle 2
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Technology Options

Vehicle 1

Technology Data (Budget Profiles, Timeframes, Risk)

Program Data 
( Program Budget, 

Mission Timeframes, 
Priorities)
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NASA Space Calculator
Key Features:

• Budget and 
schedule 
optimization

• Funding by 
centers

• Degree of 
difficulty (risk)

• Time phased 
development

• Funding 
profiles
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AIAA Calculator
Key Features:

• Visual 
prioritization

• Confidence of 
information

• Metric filters

• “Basketball”
rankings

• Activity 
information 
provided by 
AIAA VPs

• Dynamic 
linkage to 
activity data
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ONR Calculator
Key Features:

• Visual 
prioritization

• Confidence of 
information

• Metric filters

• “Basketball”
rankings

• Expert voting 
employed for 
qualitative 
mappings 

• Dynamic 
linkage to 
option data

• Categorization 
of technology 
area impacts

• Scenario saving 
capability
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From Vision to Roadmap

Program 
Vision

Customer 
Requirements
Definition

Engineering 
Characteristics 
Definition

Data Call Technology 
Presentation

Validation of 
Mappings

Execute 
Calculator

Create Strategic
Roadmap 

Technology
Information Sheet

FY05 FY06 FY07 FY08 FY09 FY10 FY11 FY12
HALE Project

Pathfinder Plus

–

14-day Demonstrator

60-day Demonstrator

Earth Science & Technology Demonstrations
(Pathfinder Plus, Predator B, others)

Annual Demonstrations/Campaigns

ASE Tools

Science (Mars Scout)
5/07 TBD TBD

Exploration 

Tech Development
(AuRA, ITAS)

Planetary Aircraft Risk Reduction Demo’s

Risk Reduction

Mission Demo

Mission Demo1st Flt

1st Flt

1st Flight 
on MarsAO P-A DS MS Launch

VVV V VMars Scout 2007
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ASDL Visualization Research Facilities
Collaborative Visualization Environment (CoVE)

– An 18’x10’ “war room” type display wall with 12 PCs at operator consoles  
– Comprised of a “seamless” 4x3 matrix of 67” rear-projection LCD screens
– Facilitates research in advanced engineering data visualization techniques
– For use in critical reviews by design decision-makers and stakeholders
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SP2 Summary
• In the absence of a quantitative physics-based approach, SP2 

provides a structured, traceable, and transparent process for 
planning and technology prioritization

• The process can be tailored to any desired level of detail to 
enhance the decision making process for investment strategies as
more information becomes available

• Experts are involved at all phases of the process
• Various solicitation schemes are utilized to reduce bias
• The end product will allow for “what if” games to be played 

through a dynamic and interactive environment
• The results of the process can be the foundation for detailed 

strategic road mapping and quantitative technology assessments
and tracking

• SP2 is a living process that should guide strategic planning and be 
continuously updated as a program evolves


