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EXECUTIVE SUMMARY

The Technology Transition Engineering and Management Guidebook provides engineering and management guidance for technology transition from need to development 
Goals of the guidebook are to reduce cycle time and reduce the risk of failure.  Cycle time is the period from the time the end-user starts looking for a technology solution to a need until the time the technology developer community delivers the solution to the operational end-user.  Risk is failure of the solution to meet the need of the user.  The guidebook is a general approach to technology transition.  It applies to end-users and developers who are looking for a solution to a need as well as to researchers who believe they may have found a technological state-of- the-art breakthrough with the potential for creating or enhancing previously unidentified end-user operational capabilities.  It applies to users in and outside of government.  It applies to technology development programs and to complex defense systems, both development and upgrades.
Engineering and management guidance is provided for three framework activities and associated sub-activities as follows:
1.0 Identify Technology Candidates and Screen – Pre Milestone A
2.0 Develop Evaluation Criteria
3.0 Transition To Development – Post Milestone B
The SMU Systems Engineering Program Research Team developed a concept for a Technology Transition Engineering and Management framework and has refined it to its current state for continuing evolution.
The framework currently consists of a sequence of activities and associated decision gates from need to development of a technology solution, roughly Milestone B, in either a defense system development or technology program associated with upgrading the capability of in-service defense systems.
After a comprehensive literature search and review of over 250 documents, the Technology Transition Engineering and Management (TTEM) framework was selected by the team as the response to the national need that had the greatest potential of those considered.
The framework is unique in that it provides a structure for engineering and management of technology transition and a platform for linking developers of systems and developers of technology with practices, methods, and tools.
This guidebook, Release 1.0, was conceived as the vehicle to provide immediate utility to the target user community and, thereby, serving to launch the framework.
The guidebook is a vehicle whose intent is to initiate and grow linkages within the target user community and the SMU Systems Engineering Program Research Team.  
Concurrent with this initiative is refinement and development of the framework.  The plan includes developing a mathematical model of the framework and expanding it to include processes, tasks, methods, and tools.
The framework provides the potential, like no other at this time, for dramatic innovation in technology transition.  The guidebook provides the vehicle for awareness and feedback, while the framework provides the linkage of technology developers and users with practices, methods, and tools.  The elements are in place.
[bookmark: _Toc295823167][bookmark: _Toc298243765][bookmark: _Toc294726662]
CHAPTER 1 -- INTRODUCTION
[bookmark: _Toc295823168][bookmark: _Toc298243766]1.  Purpose of the guidebook
The guidebook explains how to find a technology that solves a warfighter need and then how to transition that technology into a solution or concept that is ready for detail design.  The guidebook describes a TTEM framework that starts with a operational end-user need and then highlights key guidance activities for determining a solution as shown in Figure 1-1.  It provides guidance for users of all types.  The primary focus is identifying technologies through Milestone B for detail design development or improvement of either a Program of Record (POR), a component, subsystem, or system.  Alternately, the user may be a commercial company seeking a solution to a non-military need.
Figure 1-1 illustrates the guidebook’s boundaries and how top level TTEM framework summary activities are related to the acquisition life cycle.  The top level is also called the "Tier 0" level.  
[image: ]
[bookmark: _Toc298243717]Figure 1-1 -- TTEM Framework Guidebook Acquisition Life Cycle Relationship  

Goals of the guidebook are to reduce cycle time and the risk of technology transition failure.  Cycle time is the period from the time the user starts looking for a technology solution to close a customer defined mission performance gap, until the time the technology enters design development.  Technology transition failure is the failure of a technology solution to meet the originating user materiel needs after the technology has entered design development following favorable assessments against Milestone B exit criteria.  Reducing cycle time and technology transition failure is an important concept for many reasons. Reasons include:
· Saving the lives of warfighters as technology solutions enter service faster,
· Creating innovative medical technologies combating disease and injury on the battle field, and
· Incentivizing industrial base stability and availability by reducing the risk of cost overruns. 
The guidebook documents an approach that explicitly states previously undeclared principles for identifying — and finding — and transitioning technology.  It applies to users who are looking for a materiel solution to a warfighter need.  However, it can also support users who own an existing technology solution with application potential to find a warfighter need.  The guidebook applies to both small and large PORs inside and outside of government.  
The TTEM framework may be applied at lower levels of indenture one need at a time, or many applications of the TTEM framework may be executed in parallel to address multiple component level needs at the systems level of indenture.  The guidebook addresses full systems level transitions equivalent to a military program beginning at the Pre-Materiel Solutions Analysis Phase through Milestone B of the acquisition life cycle.  It also addresses transitions that cover shorter intervals of the life cycle acquisition.
In addition, the guidebook illustrates how systems engineering and can be used to guide development of technology and manufacturing readiness.  The guidebook does not duplicate these practices.  Instead, it refers to them and augments existing DoD PM and SE guides. 
Activity 1.0:  Identify technology candidates and screen – This activity describes how customer needs are converted into requirements and potential candidate technologies identified and screened.
· Inputs  
· Initial Capabilities Document (ICD) or Equivalent 
· DOTMLPF Change Recommendation (DCR) or Equivalent 
· Output
· Verified assessment against TRL/MRL - Level 4 criteria
· Draft Capability Development Document (CDD) or Equivalent 
Activity 2.0:  Develop evaluation criteria – This activity describes how concepts resulting from the integration of candidate technologies are evaluated to select a preferred candidate for transition.
· Inputs
· Draft Capability Development Document (CDD) or Equivalent
· Output
· Technology Transfer Commitment Level Agreement Assessments
Activity 3.0:  Transition to development – This activity describes how the preferred technology or concept is matured in preparation for detail design development as entry criteria for Milestone B.
· Inputs
· Current state TRL/MRL assessment
· An established funding profile
· Outputs
· Verified assessment against TRL/MRL - level 6 criteria
[bookmark: _Toc295823169][bookmark: _Toc298243767]
2.  Technology Transition Engineering and Management (TTEM) Framework

The TTEM framework has three top level (Tier 0) summary activities.  The three Tier 0 activities are:

1. Identify candidate technologies and screen
2. Evaluate and down select a preferred concept with screened technology candidates
3. Transition a preferred concept into detail design development
Each Tier 0 summary activity is composed of several Tier 1 activities and decision gates.  Tier 1 activities are broken down into sub-activities covered later in Chapter 2 of the guidebook.  Tier 1 activities are designated as "1.1 and on."  Tier 1 activities are further broken down into Tier 1 sub-activities.  Tier 1 sub-activities are designated as "1.XX."  Tier 1 sub-activities are broken down into workflow steps such as "Step A, Step B, etc." when appropriate.  Tier 1 activity, sub-activity, and workflow steps are identified in red at the top right of the block or diamond.  Activity and sub-activity descriptions include a functional workflow diagram showing steps within the sub-activity.  The flow is approximate.  Tailoring deviations are permissible to allow more parallel execution of steps and to allow appropriate step modifications.
Figure 1-2 is a three-part diagram of Tier 1 TTEM framework activities and decision gates.  Each part of the figure is part of a functional-flow block diagram showing how the TTEM framework is integrated with AT&L life cycle milestones.  
Figure 1-2 (1 of 3) shows the activities that create a list of candidate technologies for screening that meet derived technology requirements. In the decision gate icon, the word “technology” can refer to more than one technology or a single technology, or a component (or components), or a sub-system (or sub-systems), or a system (or systems).  The level of functional indenture is independent of the Tier 1 activity workflow. 
[image: ] 
[bookmark: _Toc298243718]Figure 1-2 (1 of 3) – Identify Technology Candidates and Screen – 1.0  

Figure 1-2 (2 of 3) illustrates how selected technologies are evaluated within competing alternative concepts.  As we use the term “concept,” we are referring to indenture levels based on the scope of potential solutions created by the technology development community for meeting the operational need of the end user.  Technologies are evaluated within a concept that is appropriate for the next higher indenture level (i.e.: component, sub-system, system, or family of systems) to arrive at a decision gate for selecting a preferred concept for transition.  Dual or competing prototypes with competing technologies are evaluated in this activity section of the framework.
[image: ]
[bookmark: _Toc298243719]Figure 1-2 (2 of 3) -- Evaluate & Down Select – 2.0  

The third part is Figure 1-2 (3 of 3).  Figure 1-2 (3 of 3) shows the activities that mature the preferred technology concept into a solution that is ready for detail design.
[image: ]
[bookmark: _Toc298243720]Figure 1-2 (3 of 3) -- Transition To Development – 3.0  
Because the TTEM framework has been structured to be aligned with the AT&L Life cycle, it supports the creation of major AT&L and DODAF work products.   The TTEM framework augments the creation and implementation of the "M" or "Materiel" element of a DOTMLPF analysis.  Figure 1.3 shows how the AT&L work products are aligned as inputs and outputs at the Tier 0 level of the framework.  
Figure 1-3, Tier 1 TTEM  Definitions, is a table that summarizes the functionality of each Tier 1 TTEM activity and decision gate.  In this Figure, if the ID number is preceded by an "A," the definition refers to an activity.  If it is preceded by a "G," the definition refers to a decision gate.
	ID
	Title and Definition 

	A1.1 
	Derive Technology Requirement
Based on ICD or DCR information or equivalent analyses, technology functional attributes, performance boundaries, and system integration needs are extrapolated as requirements for use by potential technology providers and developers.    

	A1.2 
	Identify Candidate Technology
Based on established methods for requesting information, contractors or government laboratories offer recommended materiel solutions for closing technology gaps or the government identifies specific technology needs for development.  If cost and schedule criteria boundaries are relevant to near term mission needs, these criteria are included in the information requests.  Technical information gathered from contractor and government laboratory proposals cause Derived Technology Requirements (A1.1) to be revised. 

	A1.3 
	Screen Candidate Technology
Candidate technologies that have the greatest potential to fulfill a technology gap in an existing or a future concept are screened in to identify a set of technologies that will achieve the derived technology requirement(s). 

	G1.4 
	Technology Suitable?
This decision gate review documents in sufficient detail the design plans and rationale for determining whether development risks associated with considering a technology for down select into a preferred concept are acceptable.

	A1.5 
	Stop Evaluate Options
In the event the screened technologies are shown to be not suitable in the G1.4 decision gate review, additional analysis must be performed to determine whether the technology set can achieve a materiel solution.  Among the options are soliciting a second request for technical information from industry, government and academia.  It is also possible that the scope of the original materiel needs statement provided by the customer may need to be reexamined. 

	A2.1 
	Develop Evaluation Criteria
Metrics for evaluating the functionality of candidate technologies in alternative concepts in a down select process are established in this activity.  They include: metrics for the performance requirements identified in the requirement needs statement; metrics for evaluating interoperability and integration dependencies, security information assurance plans; metrics related to testing requirements; and metrics for evaluating management capability. 

	A2.2 
	Generate Alternative Concepts
Alternative concepts are generated independent of concept evaluation criteria. The search for alternative concepts can reach beyond the U.S. DoD community and may include Commercial off- the-Shelf (COTS) technologies for commodity-like functionalities. Potential candidate concepts can come from industries and/or the scientific, government and academic community within or outside the U.S.   

	A2.3 
	Analyze Alternatives & Rank
Proposed technical concepts are evaluated and ranked against A2.1 criteria. The evaluation process includes ranking the technical concepts to all potential candidates.  As a result of the risk analysis and the potential mitigation planning alternatives associated with this activity, Key Performance Parameter attributes may be identified for system concept integration. 

	G2.4 
	Preferred Concept Identified?
In this gate review, rationale for determining whether development risks associated with making a down select decision to at least one preferred, feasible, acceptable concept is documented in sufficient detail for initiating transition planning activities.

	A2.5 
	Stop!! Evaluate Options
In the event a preferred concept does not emerge from the down select, the process is halted and a determination is made by the S&T team whether further research is necessary.  Concept deficiencies in the previous block need to be closely re-examined and corrective actions explored to assess the maturity of the technology and whether the scope of materiel need(s) can be achieved with expected budget constraints.     

	A3.1 
	Prepare Transition to Development
Any risks that could severely limit your ability to complete the transition on schedule have been identified. The technology transition plan is created for review with S&T Directorate division heads that includes metrics that can track technology integration progress together with cost, schedule, and performance. 

	A3.2 
	Perform “Risk” Analysis
For this activity the S&T team identifies risks, categorizes them, and revisits and updates the initial mitigation plan as necessary.  Major risk areas are scalability, interoperability, supportability, full-spectrum operations, and architecture. 

	A3.3 
	Validate & Verify Preferred Concept
Ensuring the technology design characteristics, test plan procedures and specification using modeling and simulation, as available, is recommended. Also, on-hands experience, case studies of similar V&V processes should be examined for lessons-learned.  V&V reaffirms that the technology concept meets customer requirements, addresses risk, and identifies the limitation of the preferred technical concept. 

	A3.4 
	Perform Systems Level Performance Assessment
The system level assessment of the preferred concept includes an evaluation of system, sub-system, or component maturity in terms of the architecture and functionality within an operational environment. 

	G3.5 
	Ready for Development?
In this gate review rationale for determining whether detail design risks associated with developing technology for an acceptable down selected preferred concept is identified and documented in sufficient detail to transition to Milestone B.

	A3.6 
	Stop!! Evaluate Options 
When a technical deficiency with the technical concept has been identified, all transition activity to Milestone B is stopped.  A determination of the technical concept status has to be made to terminate the technology insertion project, search for alternative technical solutions, challenge/modify the requirement needs statement, or proceed with the technology insertion to incrementally mature the technology concept through the life cycle management process.     


[bookmark: _Toc298243721]Figure 1-3 -- Tier 1 TTEM Definitions  
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3.  Definition of technology

A technology is a means for resolving a technical need.  As shown in Figure 1-4, the type of technology may include hardware, software, an algorithm, or a process.  The scope of the technology may be large or small.  The organization developing the technology may be government or commercial.  The organization may be large or small.
[image: ]
[bookmark: _Toc298243722]Figure 1-4 -- Definition of technology

Hardware is the most likely type of technology to solve the need.  Network and software and technologies and concepts are becoming common solutions as are processes, especially design and manufacturing processes. 
Much of the literature about technology transition deals with government organizations, but commercial organizations benefit from government literature and from literature related to commercial technology transition.  A new thrust within government that has become common practice is the expansion of technology searches to identify and evaluate Commercial off- the-Shelf (COTS) technologies as solutions for concepts that meet warfighter needs. 
[bookmark: _Toc295823171][bookmark: _Toc298243769]
4.  Technology perspectives of TTEM Framework guidebook users 

The TTEM framework can be employed by any user with any role within a government or industry organization to align and manage decisions associated with the development and transition of a single technology or a portfolio of technologies structured to meet DoD customer mission needs within existing or new CONOPs.
A user is a person or entity using the guidebook.  There are two types of users as shown in Figure 1-5.  One guidebook user is a pull-user.  The guidebook pull-user starts with a need and looks for a solution.  The other guidebook user is a push-user.  The guidebook push-user starts with a solution and looks for a need.  A guidebook pull-user is often a developer commissioned to solve a problem.  A guidebook push-user is often an entity that has a technology to sell.

[image: ]
[bookmark: _Toc298243723]Figure 1-5 -- Users

Most technology transition addresses technology development pull-users.  For example, government programs of record usually have pull-users.  Technology development push-users can follow the same TTEM framework as the technology development pull-users.  They do this by finding a need that can benefit from their technology and then following the technology transition involved in solving that need.
Technology has many perspectives as shown in Figure 1-6.  There is a user type perspective including push-users and pull-users.  There is a customer type perspective including government and non-government customers.  There is a program type perspective authorized as Programs of Record (POR) that leverage government-wide extramural research funding vehicles such as Small Business Innovation Research (SBIR) efforts and DoD specific rapid development programs.  
All of these perspectives are important.  The most popular perspective and the basis for most literature on technology transfer is the program of record with a government customer or a pull-user; but the guidebook addresses all perspectives.
Examples of users from these perspectives are as follows:

· Government program of record pull-user – development of a new airplane
· Government other program pull-user – development of a quick reaction response to an immediate combat need such as methods to counter improvised explosive devices
· Government other program push-user – an evolving technology developed by a government agency such as an anti-stealth detection radar 
· Non-government customer or other program pull-user – development of extra high capacity batteries from non-exotic materials for electric cars
· Non-government customer or other-program push-user – electronically controllable signs developed by a company 
[bookmark: _Toc295823173][image: ]
[bookmark: _Toc298243724]Figure 1-6 -- Technology perspectives
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5.  Technology transition system relationships

Identifying needs through application of the TTEM framework occurs at every level of system hierarchy, but the TTEM framework works on only one need at a time.  A high-level need may create many lower-level needs.  The input need may be a complex, high-level need such as replacing the space shuttles with a less expensive technology.  One need may result in identification of many other needs requiring technology.  
Figure 1-7 illustrates the creation of many lower needs from one higher-level need.  The figure illustrates the design process creating related needs as the design is decomposed into lower levels of the system hierarchy.  A lower need might involve digitizing analog data.  The TTEM framework can accommodate all large and small needs throughout the hierarchy, but it must do so independently for one TTEM framework per need at a time to the point where they are integrated into the next higher level of indenture. Each of these other needs is the subject of a TTEM framework requiring a technology.
It is necessary for the engineers responsible for a product to coordinate the individual TTEMs providing technologies for the product.  This coordination is necessary to ensure the product meets its requirements and satisfies the customer needs.  
 (
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Need
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[bookmark: _Toc298243725]Figure 1-7 -- Identifying related system needs

Application of the TTEM framework allows users to identify the effects of system design development approaches on end item product design.  End item products and the technology are both systems.   Each system requires disciplined program management and systems engineering.  However, the guidebook does not describe program management, systems engineering, or business process sub-activities.  Having a disciplined engineering and management approach has many benefits:
· Defined steps reduce risk and improve cycle time by using known processes that engineers can explain, optimize, and improve with system design hardware and software tools and applications.
· Tailored steps improve cycle time by modifying steps or eliminating the steps if a user does not need them.
· Risk mitigation reduces risk through identification, monitoring, and controlling risks.
· Technology identification and data collection reduce risk by systematic search for technologies and collection of data.
· Decision gates reduce risk by moving forward only when the technology and concept engineering management acknowledge that exit criteria have been favorably achieved. 
· Checklists reduce risk by having criteria for gates.
· External subject matter experts and champions assess progress.
· Standard systems engineering processes reduce risk and improve cycle time by using quality systems engineering processes that technology developer continually improves. 
· Standard Technology Readiness Level (TRL) and Manufacturing Readiness Level (MRL) assessment methods identify problems and become the basis for reducing product design and delivery risks  to improve cycle time by eliminating sources of delivery system variation. 
· The need for data collection is determined and tailored by the user based on internal assessment of risks associated with not identifying technologies with desirable physical characteristics in systematic searches.
Because the TTEM framework is both organizationally and user role independent, it does not address process ownership in any way.  Technology linkages to the product and the product links to the acquisition life cycle are shown in Figure 1-12.  
[image: ]
[bookmark: _Toc298243726]Figure 1-8 -- Linkage to the acquisition life cycle
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CHAPTER 2 -- ACTIVITIES AND SUB-ACTIVITIES 

[bookmark: _Toc294726677][bookmark: _Toc295823176][bookmark: _Toc298243772]Summary Activity 1.0:  Identify technology candidates and screen

In this activity candidate technologies that potentially can meet the operational end-user need are identified and characterized.  This activity is a collection of sub-activities.  Figure 2-1 shows only Tier 1 activities and sub-activities performed to generate a list or database of suitable technologies.  This activity produces a list of candidate technologies that might address the operational end-user need.
It provides physical characteristics, developmental characteristics, technology and manufacturing readiness levels, and certifications to assist the user in choosing among the candidates.  A checklist assesses completion of this activity.
[bookmark: _Toc298243727][image: ]Figure 2-1 -- Tier 1 Identify technology candidates and screen with sub-activities
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Definition and purpose
This activity derives the requirements for the technology solution.  The requirements define when the solution is complete.  This sub-activity also validates the requirements to ensure they solve the problem the user of the technology was trying to solve.
Activity execution guidance
This sub-activity derives requirements.  It uses a systems engineering process for the derivation.  The guidebook does not elaborate on the details of the requirements derivation, because there are many references in literature that give guidance in deriving requirements.  An example reference is the following, DAU SE FUNDAMENTALS - UNDERSTANDING REQUIREMENTS.  
This Activity provides requirements defining what the solution must do.  Requirements include the functional capabilities the operational end-user needs the technology to perform.  These requirements apply to the technology at the end of transition.  The technology may not satisfy the requirements at the start of the transition.
This approach involves:
· Identifying the technology customer by the technology development community  
· Defining the problem the technology customer wants to solve 
· Providing requirements for the technology  
Defining the problem the technology customer wants to solve is the process of validation.  Validation is essential to developing requirements.  
It is important to note that there may be many users of the technology.  The users may be the organizations using the technology, the organizations buying the technology, the organization developing the technology, etc.  The organization developing the technology may have additional requirements that make the technology easier to develop, acquire, build, and verify.
It is important to distinguish between the user of the technology and the user of the TTEM framework.  The user of the technology is the technology customer.  The user of the TTEM framework is the user of the guidebook.  The two users are not the same.
One historical source for identifying the type of requirements to consider is MIL-STD-490A.    The standards include requirements for several classes of technologies including software, processes, and materials.
Examples of requirements to consider for the technology include characteristics such as:

· Performance 
· System capability relationships such as capabilities, modes, states, interoperability, and constraints
· External interface requirements
· Physical characteristics such as weight, power, and cooling
· System quality factors such as reliability, maintainability, and supportability
· Environmental conditions
· Transportability
· Growth
· Portability
Other requirements include design and construction such as:

· Materials, parts, and processes
· Electromagnetic radiation
· Interchangeability
· Safety
· Human engineering including number and type of users
· Nuclear control
· System security, which includes cyberspace security
Requirements also include:

· Requirements to reduce risk to schedule 
· Affordability
· Manufacturability 
· Enabling tools and processes for the technology
· Ability to accommodate change
· Suitability requirements
Evaluating if each technology can meet requirements is a design process.  The design process involves studying each performance, functional, and physical requirement and determining if the technology can meet it.  Evaluating if each technology can meet requirements involves verifying that there is at least one-way to satisfy the requirements when using the technology.  
In addition to meeting requirements, the user may also add other requirements that reflect use of the technology at later stages of use.  An example might be a requirement to use modular open systems. 
Modular open systems can provide for an evolutionary acquisition [MGR GUIDE TO TRANSITION-MODULAR OPEN SYSTEMS].  Modular open systems provide for upgrades that are affordable and supportable.  Commercial interface standards are helpful, although obsolescence is a concern. These standards provide interoperability and scalability.  Modular open systems allow quicker changes.  DODI 5000.2 requires using modular open systems approach for acquisition. 
The requirements also include any additional considerations for meeting certification as discussed later.
A good outline for requirements is the following reference, PDUSD TDS/AS REQUIREMENTS OUTLINE.
Workflow
The steps are as follows:
· Step A -- Seeks to understand the customer problems.  Understanding the problem the customer is trying to solve is essential to solving the right problem and deriving correct requirements.
· Step B -- Seeks to understand the customer requirements.  This effort involves understanding what the customer is asking for in a manner that is measurable and feasible.
· Step C -- Derives requirements that result in potential solutions that resolve customer operational needs.  These are the requirements that guide development of the solution.  The customer owns these requirements and provided them directly or indirectly in Step B.  
· Step D -- Validates requirements.  The validation process ensures the requirements solve the customer problem.
· Step E -- Checks the quality of the requirements.  Checking quality ensures correct quality of requirements, confirms there are no missing requirements, and checks that there is a need for each requirement.
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[bookmark: _Toc298243728]Figure 2-2 – Workflow for sub-activity
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Sub-activity 1.11:  Decompose system technology needs

Definition and purpose
Effort in this sub-activity recognizes that a starting need sometimes causes derivation of lower-level needs, and this sub-activity selects one of these needs for the TTEM framework to develop.  The TTEM framework develops only one need at a time.  If there is more than one need, the user must use multiple applications of the TTEM framework.  
Effort in this sub-activity does not find a new need that is independent of the starting need.  It does not seek out needs.  It simply deals with needs that evolve from the starting need.   
For example, a person may want to set a new land speed record.  The person creates a need for a new racecar technology.  This sub-activity did not identify the need for the racecar.  While addressing this need, a guidebook user might evolve a need for a new engine and a need for a new chassis.  The need for the engine and the need for the chassis evolve from the need for the racecar.  This sub-activity chooses one of these two needs to work on with a TTEM framework. 
There can be more than one application of the TTEM framework in progress simultaneously.  For example, the engine can have a TTEM framework and the chassis can have a TTEM framework.  Each TTEM framework works on only one need, because engineering and management items such as schedules, risks, stakeholders, and technology readiness level are different between the two needs.   
Sub-activity execution guidance
The guidebook does not elaborate on the details of the design, because there are many references in literature that give guidance in design.  An example reference is DAU SE FUNDAMENTALS - DESIGN.  Some complex needs may spin off several lower-level needs.  If there is more than one need, the TTEM framework addresses them by multiple applications of the same TTEM framework.  For example, if there are nine needs, then there are nine TTEM frameworks in progress.
Effort in this sub-activity accommodates the perspectives of both push-users and pull-users, but it does so in slightly different ways.  The pull-user starts with a need and looks for a solution.  The initial need may be complex but may create many other needs.  In contrast, the push-user starts with a solution.  Often the push-user seeks to sell a technology.  He or she can use many approaches.  A productive technique is to associate the solution with a need.
Workflow
The steps are as follows:
· Step A -- Determine if the guidebook user is a pull-user or a push-user.  The pull-user is a more common type of user.  The workflow branches takes different paths based upon this determination. 
· Step B – Identify functional capabilities associated with technology requirements to the point that engineers can begin to identify design needs.  Functional capabilities must be allocated to a point where integration needs are apparent at appropriate levels of system indenture (i.e.; component, subsystem, system, Family of Systems) 
· Step C -- Identify the needs.  This sub-activity has one need as an input and one identified need as the output.  This sub-activity recognizes that a high-level need may create many lower-level needs, and one of these needs is selected in this sub-activity. 
· Step D – Couple the technology to needs feeding the next higher level of indenture to highlight interface differences.  A push-user has a technology to sell.  The user already knows the potential solution.  The pull-user seeks a need with which to associate to use the TTEM framework.
· Step E -- Start a TTEM framework application for each of the other needs.
· Step F -- Select one of the needs for the current TTEM framework.  
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[bookmark: _Toc298243729]Figure 2-3 -- Workflow for decompose system technology needs sub-activity



[bookmark: _Toc295823178][bookmark: _Toc298243774]Activity 1.2:  Identify candidate technologies
Definition and purpose
As a result of this activity a list of preferred candidate technologies is identified.  There needs to be at least one candidate to find a solution.  Having many candidates improves the possibility of a solution that solves the user need.
Activity execution guidance
Effort in this sub-activity searches for candidate technologies.  The following list gives several possible sources for finding technologies.  The sources depend upon driving need and upon the technology sought.
· Current products -- This source contains current products available for purchase.  Internet searches and experience aid the search.
· Industry technology roadmaps and product roadmap -- These source are used by industry groups such as the semiconductor industry and Federally Funded Research Development Centers (FFRDCs) such as Sandi Laboratories to identify mutual state of the art research interests and the potential payoff for product development.  This source involves studying the strategic planning development product roadmaps advertised by private sector companies that are not proprietary.
· Previous programs -- This source contains product experience from previous programs although technologies from previous programs are sometimes obsolete. 
· Existing technologies -- This source contains known and existing technologies that are not on the market, and there are no plans to put them on the market.  Exploiting these technologies necessitates finding someone to develop each technology. 
· Modifications -- This source contains technologies that do not meet requirements in their present form but can meet requirements with modifications.  The modifications may be changes, upgrades, or raising the TRL.  
· Contract -- This source contains technologies that a current contract is developing.  It contains technologies that are not obsolete and that have development funding.
· Company -- This source contains technologies that the contractor company develops as a core competency or as an IR&D effort.
· Public -- This source contains technologies developed publicly.  Sources include the government, as through DARPA, or privately as published in journals and books.
· Research -- This source contains technologies in other categories such as invention and unfunded exploration.
Important sources of technologies that address government needs are:
· Defense Advanced Research Projects Agency
· Office of Naval Research
· Army Research Laboratory
· Air Force Research Laboratory
· Small Business Innovation Research Program
Useful references are:
· USA TECH TRANSITION
· MGR GUIDE TO TRANSITION -TECHNOLOGY SEARCH 
Workflow
The steps are as follows:

· Step A -- Identifies sources of technologies.  These sources are enterprises such as the government, industry, universities, and individual inventors.
· Step B -- Searches sources for technologies from which to choose candidates.  These technologies may be off-the-shelf, in development, or on product roadmaps.  
· Step C -- Selects candidate technologies that can meet requirements and the readiness level.  This step anticipates the possible selection criteria and chooses candidates for inclusion that have a strong likelihood of meeting the criteria.
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[bookmark: _Toc298243730]Figure 2-4 – Workflow for identify candidate technologies activity.
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Activity 1.3:  Screen candidate technologies
Definition and purpose
Effort in this activity is concerned with ensuring that the candidate technologies meet the physical requirement, technical maturity level, and certifications (as appropriate) for achieving the materiel need requirement.    The functionality that candidate technologies potentially contribute to formulating key performance parameters (KPPs) in alternative concepts that maximize warfigher mission scenario capability is the primary consideration.  Technologies that do not meet this need are eliminated as potential candidate technologies.
Activity execution guidance
The selection process that occurs during this activity ensures that the technology is suitable and will be available when it is needed during the system development cycle.
•	Define Physical Characteristics -- The candidate technology is compatible with the host system and can be efficiently maintained to meet mission availability.
•	Define Development Characteristics -- All necessary technical requirements can be fulfilled.   Reliability, maintainability, supportability, human factor, produciblity, and disposability development characteristics conform to the intended design and need requirement. 
•	Assess Readiness Levels -- The technology manufacturability is mature enough for development and will pose acceptable risk to program cost, schedule, or performance.
•	Cost -- The candidate technology is designed for affordability to achieve projected life cycle cost.
•	Identify Certifications -- Ensure that technology certification requirements are identified early to assure design compliance.
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[bookmark: _Toc298243731]Figure 2-5 -- Screen candidate technology activity.  


Sub-activity 1.31:  Define physical characteristics

Definition and purpose

As a result of this sub-activity a description of each technology candidate’s physical characteristics described.  The physical characteristics may become decision criteria.  In addition, the physical characteristics support the subsequent design that uses the technology. 

Sub-activity execution guidance

Physical characteristics in addition to characteristics set by the requirements are defined in this sub-activity.  Physical characteristic are similar to a specification sheet for the candidate describing what each candidate is and does.  Example information includes items such as: 

· Size
· Weight
· Type and amount of power
· Type and amount of cooling 
· Performance
· Type and bandwidth of data interfaces
· External appearance and system  arrangement compatibility
· Maintenance ease  

The physical characteristics apply for the technology at the time of solution.  The values for the current time may be useful in understanding how much a candidate must improve.  The physical characteristics assist in choosing a preferred technology from among several candidates.  They also assist the product design that follows in choosing a preferred candidate.  

It is necessary to collect only those physical characteristics involved in comparing candidates.  There is benefit also in collecting physical characteristics that influence design of the product.

Workflow

The steps are as follows:

· Step A -- Identifies physical characteristics that might become selection criteria.  This step anticipates the possible selection criteria and chooses candidates for inclusion that have a strong likelihood of meeting the criteria.  These characteristics might include performance and weight.
· Step B -- Identifies physical characteristics that might support product design.  These characteristics might include size and standard interfaces.
· Step C -- Quantifies the physical characteristics for each technology to support the selection of the preferred technology and the subsequent design.
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[bookmark: _Toc298243732]Figure 2-6 -- Workflow for define physical characteristics sub-activity.
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Sub-activity 1.32:  Define developmental characteristics

Definition and purpose

As a result of this sub-activity developmental characteristics are defined that will become criteria used to rank and evaluate each candidate to determine its suitablity.  The developmental characteristics may become decision criteria.  It is necessary to collect only those development characteristics involved in comparing candidates.  The characteristics also help plan the transition.

Sub-activity execution guidance

Developmental characteristics are used in the selection process in addition to the physical characteristics.  Development characteristics are parameters that define time and cost of developing a candidate into a solution.  Example developmental characteristics include:

· Organizations that can support transition of technology
· Schedule of transition
· Risks of transition
· Cyber safety and security

Workflow

The steps are as follows:

· Step A -- Identifies developmental characteristics that might become selection criteria.  This step anticipates the possible selection criteria and chooses candidates for inclusion that have a strong likelihood of meeting the criteria.  
· Step B -- Quantifies the developmental characteristics for each technology to support the selection of the preferred technology.
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[bookmark: _Toc298243733]Figure 2-7 -- Workflow for Define developmental characteristics sub-activity
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Sub-activity 1.33:  Assess readiness level

Definition and purpose

Formal assessments of current readiness are created as a result of this sub-activity.  Readiness levels to assess the status of technology, manufacturing and software readiness are performed each candidate as input for determining technology suitability decision criterion.  It is the value at the start of the transition, and the transition improves the value.

Sub-activity execution guidance

Effort in this sub-activity establishes the current value of technology readiness level (TRL), manufacturing readiness level (MRL), and software readiness levels (SWRL) gage the risk of maturing candidate technology.  Technology readiness applies to products and manufacturing processes.  Preliminary assessments help understand risks, costs, and schedules.

There are several ways of measuring readiness.  It is desirable to use the method that most nearly aligns with the perception of the customer for technology readiness.  Example customers are the Army, Navy, and Air Force

Workflow

The steps are as follows:

· Step A -- Identifies which technology readiness level assessment processes to use.
· Step B -- Quantifies the technology readiness level at the current time for each technology.  Sub-activity 3.5 explains technology readiness and the process of maturing readiness. 

[image: ]
[bookmark: _Toc298243734]Figure 2-8 -- Workflow for the define readiness level sub-activity.
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Sub-activity 1.34:  Identify certifications

Definition and purpose

Certifications the candidate technologies must meet are identified in this sub-activity.  Certifications cost money and take time to develop.  Knowing the number of certifications helps plan transition.

Sub-activity execution guidance

Effort in this sub-activity lists certifications associated with each candidate technology.  A customer may require many types of certifications.  Example certifications are anti-tamper, EMI/EMC and information assurance [DODI 8510.01] and [DOD 8500.01E].  The number and type of certifications are a consideration in choosing among candidate technologies because the process of certification consumes time and money.  It is desirable to assess the impact that technology certification has on cost and schedule and to identify the type and number of technology certifications required.  The technology readiness level is a type of certification, but the guidebook gives it a separate sub-activity because of its importance.  

Workflow

The steps are as follows:

· Step A -- Lists possible certifications for use with any technology.  These certifications can become selection criteria.
· Step B -- Identifies certifications that each technology needs to meet for use in selecting the preferred technology.
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[bookmark: _Toc298243735]Figure 2-9 -- Workflow for the identify certifications sub-activity
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Gate Activity 1.4:  Technology suitable?

Definition and purpose

In this activity the list of candidate technologies and their corresponding characterizations is confirmed as meeting the derived requirements.  The confirmation is based on data from previous sub-activities within the activity.  No data is generated or created by sub-tasks.

Gate activity execution guidance

Effort in this activity examines the results of preceding sub-activities and determines if the list of candidate technologies and the data characterizing each sub-technology are suitable for selecting a preferred technology.  If the list and characterizations are suitable as providing feasible technology solutions, management focus moves to the next TTEM framework activity.  If the list and characterizations are not suitable, management focus remains the current TTEM framework activity and until deficiency attributes are documented for evaluation.  Alternately, the user can elect to stop the TTEM framework in any sub-activity within the TTEM framework.

Critical technologies are expected to have the potential of yielding Technology and Manufacturing Readiness Level values of 4 at the completion of a formal assessment in order to pass Milestone A exit criteria and to receive consideration as technology candidates in an alternative concept.  However, completing the tier 0 summary activity 1.0 (Identify Technology Candidates and Screen) and entry into the tier 0 summary activity 2.0 (Evaluate and Down Select) may occur prior to the milestone A decision.  If readiness is not at the desired level, then transition plans must eventually be created if there are no other replacement technologies.  The amount of improvement needed is often a factor in assessing development risks associated with candidate technology selection.  [http://www.defenselink.mil/ddre/doc/tra_deskbook_2005.pdf]

Workflow

The steps are as follows:

· Step A -- Assembles the items in the checklist.  These items are the data necessary to support the checklist shown in Figure 2-12.
· Step B -- Confirms the candidates by using the checklist.  Satisfying all items on the checklist is this confirmation.

The user implements this sub-activity according to her or his systems engineering process.  The implementation may be a formal review or gate, or it may be an informal assessment.  
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[bookmark: _Toc298243736]Figure 2-10 – List of feasible candidate technologies decision gate
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[bookmark: _Toc298243737]Figure 2-11 --Workflow for the technology suitable activity
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[bookmark: _Toc298243738]Figure 2-12 -- Checklist for completion of activity 1.0
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Activity 1.5:  Stop and evaluate options
	
Definition and purpose

Effort in this activity is initiated only if screened candidate technologies are evaluated as not suitable.  In the event the screened candidate technologies are shown to be not suitable in the Gate Activity1.4 decision gate review, additional analysis must be performed to determine potential options under which the technology set can be modified to achieve a materiel solution.  Among the options are soliciting a second request for technical information from industry, government, and academia.  It is also possible that the scope of the original materiel needs statement provided by the customer may need to be reexamined.

Activity execution guidance

Increased focus by higher levels of science and technology engineering management team may be necessary in this activity to fix the deficiencies that prevented creating a list of suitable technologies for the next summary level activity.  The causes of failure and the sub-activities actions needed to create a suitable list of technologies may be obvious in some cases.  The technology development user may elect to fix deficiencies at any time.  It is not necessary to wait for this sub-activity or for the preceding decision sub-activity to make fixes.

Workflow

The steps are as follows:

· Step A -- Identifies the root cause for stopping.  The cause may exist in any of the sub-activities of activity 1.0.
· Step B -- Fixes the root cause.  The fix usually involves finding more technologies or gathering more data in activity 1.0.
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[bookmark: _Toc298243739]Figure 2-13 -- Workflow for the stop and evaluate options activity


[bookmark: _Toc294726687][bookmark: _Toc295823182][bookmark: _Toc298243778]Summary Activity 2.0:  Evaluate and down select

This activity is the second of three.  In this activity, a preferred concept is chosen that is based on suitable technology candidates identified in activity 1.0.  A checklist assesses completion of this activity.
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[bookmark: _Toc298243740]Figure 2-14 -- Evaluate and down select summary activity
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Activity 2.1:  Develop evaluation criteria

Definition and purpose

Effort in this activity develops the evaluation criteria for selecting a preferred technology from among the candidate technologies.  The criteria come from data created during the preceding activity.  Not all of the data items become criteria.  The development of evaluation criteria activity focuses on  considerations involved in measuring the relative goodness of one alternative versus another alternative.  During this activity ambiguous customer need statements are clarified by engaging in uncomfortable discussions regarding how the relative priority of each concept requirement affects selection of suitable technologies and establishes threshold and goal values in a defendable and rationale manner.  The decision team explicitly measures each alternative’s end state attractiveness, each alternative’s cost to achieve the end-state, and the readiness of the technologies required to achieve each alternative’s end state.  The assessment team must ensure the evaluation criteria capture the natural tension of these often competing objectives.  This activity plays an essential role in the search for the sweet spot within the trade space.  If the objective hierarchy isn’t structured properly, the chances of finding the optimum solution are very low.

Activity execution guidance

Effort in this activity develops the evaluation criteria for selecting a preferred technology from among the candidates and their characteristics.  There may be one or more criteria.  The criteria may be requirements, physical characteristics, technology and manufacturing readiness level assessments, and/or certifications.  It is desirable to eliminate criteria that have limited effect on the final decision so that the number of criteria does not overwhelm the selection.

Development of evaluation criteria transforms the broad statements of operational needs and technological opportunities identified in the preceding activities into a prioritized, fundamental objectives hierarchy and value schemes for each fundamental objective.  The prioritized, fundamental objectives hierarchy defines the metrics to be used in activity 2.3, analyze alternatives and rank, in which each alternative generated in activity 2.2, generate alternative concepts, is assessed.

Ideally, decision objectives should be focused yet flexible.  An overly constrained trade space will lead to less than optimal choices; but an unlimited or undefined trade space will likely cause many false starts, wasting time, wasting money, and causing frustration among stakeholders.  	

Effort in this activity is executed by the decision team that consists of a decision maker with full responsibility, authority, and accountability for the decision at hand and the representative set of end users and other stakeholders. 
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Figure 2-15 -- Tier 1 Develop evaluation criteria and sub-activities 
Sub-activity 2.11:  Establish objectives   

Well-defined trade space begins with the establishment of clear, unambiguous objectives that are expressed as thresholds and goals.  Thresholds should be minimally acceptable performance values that, regardless of how a particular alternative performs in other objective categories, the alternative must be discarded from further consideration if it fails to meet the threshold value of any single objective.  A goal is merely the point beyond which performance yields no additional value to the stakeholder.

When establishing objectives, consider carefully what it is that the stakeholders are trying to accomplish with this decision.  Take some time to uncover what it is that the stakeholders ultimately want and what they are absolutely trying to avoid.  Work with stakeholders to generate a wish list.  Ask the stakeholders to describe some top level use cases for the system of interest and ask them to identify aspects that would make the system exciting and attractive as well as what might make a concept a catastrophic failure.   Attempt to separate fundamental objectives from objectives of negligible value  by frequently asking the stakeholders to elaborate on why they identified a particular objective.

Sub-activity 2.12: Prioritize objectives

Complex decision making often requires trade-offs.  A clear understanding of what a stakeholder is willing to give up in one objective for the sake of gaining in another objective aids the decision making process.

After identifying the objectives, one should try to establish priorities among those objectives. In an effort to capture the voice of the customer, system engineers will often ask a customer focus group to prioritize their requirements.  Frequently, this question causes a slightly dismayed and somewhat confused response that resembles the statement – “I love all of my children equally, don’t I?”  This occasionally emotional hurdle can often be overcome by walking through a series of pairwise comparisons with a representative set of stakeholders.  Running the same set of pairwise comparisons through a series of operational simulations and comparing the results against the results obtained through the focus group session could provide additional insights regarding priority weightings of the fundamental objectives.  If prioritizing objectives at this point proves too difficult, consider prioritizing all objectives equally initially and then use sensitivity analysis techniques discussed in activity #9 to investigate the impact various weighting schemes have on the decision at hand.

Sub-activity 2.13:  Determine value scales for each objective  
A key feature of multi-objective value theory based decision processes is the transformation from objective performance space to value space that enables mathematical representation of a composite value score across multiple objectives. To do this, thresholds and goals must be established in objective performance space and then mapped to value space in such a way that marginal increases in value as performance improves from threshold to goal are clearly described.
[bookmark: _Toc295823184][bookmark: _Toc298243780][bookmark: _Toc294726689]Activity 2.2:  Generate alternative concepts  

Definition and purpose

This activity uses the candidate technology list of activity 1.4 to generate alternative concepts for analysis.  For a new standalone technology, the entire system has to accommodate an application concept that meets the materiel capability requirements, as well as satisfies the strategic and technical strategy. 

Activity execution guidance

The evaluation and analysis of this activity could initially result in discovering one or more application concepts that are an appropriate fit for the new technology.  The output of this activity, however, will be a single application that can best be wedded to the new technology.  This process requires a vigorous evaluation and analysis regarding the compatibility of the application concept with new technology in conjunction with the following functions: interoperability requirements, logistics considerations, system cost considerations, technical and manufacturing readiness level assessments, size and weight requirements, and special tools and equipment requirements.
Project managers and lead engineers take into account the Acquisition Strategy and the Technology Development Strategy to ensure that the new technology with its designated development concept comply with long-term program goals.  Program managers and lead engineers determine if the application concept and new technology cost objections are contained in the acquisition strategy.  The proposed application concept and the new technology collectively should not pose any additional risk to meeting the materiel solution required by the proponent of the materiel capability need. 
(a)  The rationale for adopting an evolutionary strategy (the preferred approach) or using a single-step-to-full-capability strategy (e.g., for common supply items or COTS items) is one approach. For an evolutionary acquisition, the TDS shall include a preliminary description of how the materiel solution will be divided into acquisition increments based on mature technology and an appropriate limitation on the number of prototype units or engineering development models that may be produced in support of a Technology Development Phase;
(b)  A preliminary acquisition strategy, including overall cost, schedule, and performance goals for the total research and development program;
(c)  Specific cost, schedule, and performance goals, including exit criteria, for the Technology Development Phase;
(d)  A description of the approach that will be used to ensure data assets will be made visible, accessible, and understandable to any potential user as early as possible [DoD Directive 8320.02]. 
When the concept application and new technology cannot be estimated to meet cost objectives within the acquisition strategy’s cost target, the performance objectives become important inputs for activity 2.3, analyze alternatives and rank.  
The concept application selection process should also be concerned with addressing operational feasibility.  Operational feasibility is when a “system will perform as intended in an effective and efficient manner in response to a given customers’ needs.”  The selected application concept and new technology must contribute to the materiel capability need solution for the operational environment for which it was intended.   The concept application cannot, for instance, degrade system performance or reliability.
It is best to develop application concepts using an integrated system engineering process. For either a new technology component or new standalone system, identify the readiness level for the technology along with associated technical development, cost, schedule, performance, and manufacturing risk. 
Use a system engineering process regardless of the project phase to assure a successfully integrated approach. The degree of detail will be dependent upon the current phase of development for both the host project and application concept.  In later acquisition phases and activities, utilize the additional data from all sources to increase the detail for evaluating the readiness level of the technology component integrated with the parent project, using a system of systems engineering approach in this multi-factor and multi-environment.
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[bookmark: _Toc298243741]Figure 2-16 -- Tier 1 Generate alternative concepts with sub-activities

Sub-activity 2.21:  System performance impact 
The primary concern of this sub-activity is the operational feasibility of the design. The cornerstone of determining operational feasibility is reliability. Will the system perform in accordance with the customer’s mission needs and technical requirements? Also, consider system maintainability and supportability when developing application concepts which often helps to determine system reliability.
Sub-activity 2.22:  Interface requirements 
A major consideration here is to determine what impact the insertion of new technology will have on system configuration. Will the technology insertion process have little or no impact on system design such as “plug and play” items? Or will the interface with the new technology require some degree of system modification? In the latter instance, examine the required modification, at a minimum for cost, performance, resources, maintenance, support considerations, and safety.
Sub-activity 2.23:  Interoperability requirements
When inserting new technology into an existing system, first ask what effect does the new technology have on the current system? Does it significantly interfere with the system or cause little or no interference? Determine and assess any possible interference that the new technology has with other equipment within the operational environment. A minor modification to the new technology could result in the successful elimination of any interference that has the potential to adversely impact the development of application concepts.
DODI 5000.02 emphasizes the importance of interoperability requirements as follows: 
“All DoD MDAPs, programs on the OSD T&E Oversight list, post-acquisition (legacy) systems, and all programs and systems that must interoperate, are subject to interoperability evaluations throughout their life cycles to validate their ability to support mission accomplishment.  Note that interoperability requirements must support the mission or, as frequently referred to in this document, meet the material development need in the operational environment.”
Sub-activity 2.24:  Logistical considerations
Early in the development of application concepts, initially determine the logistical requirements of new technology and iteratively review them at each milestone and life cycle decision point. Key logistical factors to evaluate include: spare parts and inventory requirements, training and training support needs, test measurement and handling support, packaging and transportation requirements. In other words, conduct an evaluation and assessment of entire supportability infrastructure requirements while developing application concepts.
Sub-activity 2.25:  System cost considerations
There are three cost considerations associated with a technology insertion task to evaluate. The first is the cost of the technology itself coupled with any required system modification. Examine this aspect early in any technology insertion project since the insertion of new technology often requires some modification to the system. The second cost to evaluate is associated with any possible program delay due to the insertion of the new technology. Significant program delay has the potential of either postponing or nullifying any technology insertion task. The impact that new technology has on total life cycle cost is the final cost consideration to evaluate.   Regarding this latter issue, DoDI 5000.02 states: 
“If, during Technology Development, the cost estimate upon which the MDA based the Milestone A certification increases by 25 percent or more, the PM shall notify the MDA of the increase. The MDA shall again consult with the JROC on matters related to program requirements and the military need(s) for the system. The MDA shall determine whether the level of resources required to develop and procure the system remains consistent with the priority level assigned by the JROC. If not, the MDA may rescind the Milestone A approval if the MDA determines that such action is in the interest of national defense.”
Sub-activity 2.26:  Readiness level assessments 
A new technology that cannot be produced due to the unavailability of proper tooling-, process lead time, manufacturing expenses, or packaging and shipping requirements has the potential of halting the development of application concepts. When it is not possible to produce a technology in a timely, cost effective, and efficient manner, there may be no way to continue developing the application concept. When it is not possible to produce an item within the time framework of a technology insertion project, termination may be necessary as part of the materiel solution or it may be possible to plan for insertion during a scheduled system upgrade task.
Sub-activity 2.27:  Size and weight considerations
This requirement can differ depending on system type, operating environment, climate, frequency of use and mission distance and length duration. Inserting the technology along with all its supportability requirements can have varying degrees of impact on the development of application concepts. Size and weight requirements can significantly alter mission success and supply chain requirements to the extent, in some instances, of making the development of application concepts unfeasible.
Sub-activity 2.28:  Special tools and equipment
During the development of applications, closely examine and assess the issue of special tools and equipment that occurs under logistics, paragraph 4.3 above. However, since they could also be a feature of design it is best to address them as a separate sub-category under activity #8, development of application concepts. Depending upon the program of record, for example, requirements for built in test (bit) or built in test equipment (bite) can have a disproportionate impact on system cost, performance, space and weight, maintenance, and support. Fully evaluate test and diagnostic factors during the development of application concepts.
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Activity  2.3:  Analyze alternatives and rank
Definition and purpose

The objective of the analyze alternatives and rank activity is to reduce the field of many to a manageable few or a field of one.  The focus of this decision gate activity is to determine which alternative represents the best balance of competing objectives.

Gate activity execution guidance

Analysis of alternatives and selection identification transforms a list of alternatives and fundamental objectives hierarchy identified in the preceding activities into a high quality selection characterized by reliable information, reliable models, and correct logic.
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[bookmark: _Toc298243742]Figure 2-17 -- Tier 1 analyze alternatives and rank activity with sub-activities

Sub-activity 2.31: Enlist subject matter experts
Capturing targeted expert opinion is essential to quality decision making.  Expert judgment is a critical aspect of many decision exercises but, by in large, a person’s expertise is confined to a specific area of study.  By decomposing the overall decision problem into smaller elements, experts can provide assessments of alternatives as they perform within the objective associated with their area of expertise without perturbing assessments of an alternative’s performance across all objectives.   
Subject matter experts are vital to a meaningful decision analysis but such individuals are often in high demand and thus difficult to enlist. The likelihood of being able to incorporate the assessments of the most qualified subject matter experts increases significantly if the decision team is not constrained to one geographical location for an extended period of time.  Thus, the use of a  decision support tool that could automatically collect, collate, and integrate scoring input from multiple sources, either collocated as part of a scoring conference or dispersed in space and time would be ideal.  
Sub-activity 2.32:  Assess all values and uncertainties
Assessments of each concept against each criterion are best captured on separate score sheets for each alternative/objective combination.  Each score sheet contains a summary description of the alternative under examination and a summary of the scoring criteria to which it is being measured.  The heart of the score sheet must contain ample room for the evaluator to document the assessed score for that particular concept against that particular objective followed by clear discussion regarding rationale for the score, noting how design features of the concept under evaluation led to the score as described in the rating criteria.  Whenever possible, references to calculations, models, simulations, analogies, or experience that led to a particular score should be documented on the structured score sheet.  
In addition to a score with supporting rationale, it is important for the evaluator to explicitly discuss potential uncertainty surrounding the assessed score.  Input expressed as a distribution is a pre-requisite for some the desired sensitivity analysis discussed later. 
Sub-activity 2.33:  Calculate composite scores
Calculating composite scores across objectives captures decision logic.  The decision process must provide roll-up assessments of each alternative for each sub-objective within a given objective and then again across all objectives as an indicator of overall satisfaction.  
Sub-activity 2.34:  Conduct sensitivity analyses
The decision maker and stakeholders should understand the impact of priority weightings, thus the decision team should conduct sensitivity analyses to understand the impact of objective priority weighting on the overall decision by sweeping each objective weight from absolute minimum to absolute maximum while holding the relative relationship between the other objective weightings constant and noting changes to overall score.  
Sub-activity 2.35:  Generate trade space visualizations
Summary graphs that describe the results are in important product of this process.  Graphs like spider graphs, tornado graphs, and bubble graphs are often useful.  Particularly important are visualizations that help ensure important top level trades are not unintentionally masked and explicitly shows the potential value of a concept vs. its technical maturity and its estimated development costs.
 
Sub-activity 2.36:  Recommend action plan
Describe the who, what, where, when, and how regarding decision implementation.  Where is the next decision point?
Sub-activity 2.37:  Generate, distribute, and archive report
Reports are important for historical traceability and future decisions.  It is not enough to merely make a decision.  One must convince others it is a good decision.
This sub-activity looks at the results of preceding sub-activities and determines if there is a preferred technology.  If there is a preferred technology, the TTEM framework moves to the next activity.  If there is no preferred technology, the TTEM framework drops back to the first activity and fixes the deficiencies.  Alternately, the user can elect to stop the TTEM framework in any sub-activity.
The user implements this sub-activity according to her or his systems engineering.  The implementation may be a formal review or gate, or it may be an informal assessment.  
The user may chose to develop some of the promising technology candidates other than the preferred technology as a risk mitigation method.  The user can develop maturation plans to move the technology from its current technology level to a more desirable level.   The user can also develop some of the other candidates in parallel with the preferred technology to improve the likelihood of solving the original need.
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Gate Activity 2.4:  Preferred concept identified?

Definition and purpose

In this gate review, rationale for determining whether development risks associated with making a down select decision to at least one preferred, feasible, acceptable concept is documented in sufficient detail for initiating transition planning activities.  Effort in this gate activity determines that at least one preferred concept has an acceptable probability of meeting user mission requirements and being maintained in an available state over the expected life of the need.  The determination is based on data from previous sub-activities and activities.  If there is a preferred concept, focus moves to the next TTEM framework transition activities.  If there is no preferred concept, documentation is prepared for evaluation by engineering and management.

The user implements this sub-activity according to her or his systems engineering plan.  The implementation may be a formal review or gate, or it may be an informal assessment.  

The user may chose to develop alternate promising technology candidates other than the preferred technology as a risk mitigation method.  The user can develop maturation plans to move the technology from its current technology level to a more desirable level.  The user can also develop some of the other candidates in parallel with the preferred technology to improve the likelihood of solving the original operational mission need.

Workflow

The steps are as follows:

· Step A -- Assembles the items in the checklist.  These items are the data necessary to support the checklist shown in Figure 2-20.
· Step B – Identifies preferred candidates by using the checklist.  Satisfying all items on the checklist is this confirmation.
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[bookmark: _Toc298243743]Figure 2-18 -- Preferred concepts identified decision gate
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[bookmark: _Toc298243744]Figure 2-19 -- Workflow for the preferred concept identified decision gate activity 
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[bookmark: _Toc298243745]Figure 2-20 -- Checklist for completion of activity 2.0
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Sub-activity 2.5:  Stop and evaluate candidates

Definition and purpose

Effort in this activity is engaged only if at least one preferred or acceptable concept is not identified in the decision gate activity 2.4.  In the event a preferred concept does not emerge from the down select gate activity 2.4, the process is halted and a determination is made by the engineering management team to decide if further research is advisable or possible, particularly if other programmed efforts are dependent or related.  

Sub-activity execution guidance

Concept deficiencies in sub-activities related to activity 2.3, analyze alternatives and rank, will be closely re-examined and corrective actions explored based on the results of readiness level assessments to determine whether the scope of materiel need(s) can be achieved within remaining budget constraints.  Options include:
· Refine or revise original derived technology requirements
· Broaden technology data sources within government and industry
· Invest in high risk technology alternatives research based on revised derived requirements
· Revise or redefine the scenarios that created the need, then re-initiate the TTEM framework 
· Abandon the effort

Workflow

The steps are as follows:
· Step A -- Identify the root cause for stopping.
· Step B -- Re-examine sub-activities of activity 1.0.
· Step C – Determine if a fix is possible.  The fix usually involves finding more technologies or gathering more data in activity 1.0.
· Step C1 – Implement fix and restart activity 2.0
· Step C2 – Abandon the effort
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[bookmark: _Toc298243746]Figure 2-21 -- Workflow for sub-activity
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Activity 3.0:  Transition to development

This activity creates the solution by maturing the preferred technology.  This activity is a collection of sub-activities.  

Figure 2-22 shows the major inputs and outputs for this activity.  The figure shows only external interfaces.  It does not show internal interfaces or minor interfaces.

This activity is the third of three.  This activity plans the technology-transition effort and sets up partners to assist the transition and funding to support the effort.   The activity matures the technology and verifies success.  It updates physical characteristics for subsequent insertion of the technology into design.  A checklist assesses completion of this activity.
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[bookmark: _Toc298243747]Figure 2-22 -- Transition to development
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Sub-activity 3.1:  Prepare transition to development plan

Definition and purpose

Effort in this sub-activity plans the transition to solution.  The transition to solution is like developing a system.  It requires planning to have success.  Planning keeps budgets, schedules, and risk in line.

Sub-activity execution guidance

Effort in this sub-activity plans the transition.   It uses a systems engineering process for the planning.  The guidebook does not elaborate on the details of the planning, because there are many references in literature that give planning guidance.  An example reference is DAU SE FUNDAMENTALS - RISK MITIGATION.  

Transition development planning in this sub-activity benefits from following a systems engineering process.  The guidebook references a good process literature rather than including the process in the guidebook.  Planning carries the transition from start to finish.  It includes planning for each of the sub-activities within activity 3.0.

A good outline for planning the transition is in the following reference, PDUSD TDS/AS PLANNING OUTLINE.

For government programs, a technology transition roadmap (TTR) can plan for engaging the demonstration, transition, and fielding programs shown in Figure 2-28.  Tasks in TRM planning include:

· Establishing the TTR review process, owner, and configuration control requirements
· Identifying the key attributes and key architecture interfaces with performance risks
· Identifying technology, manufacturing, and software (TRL, MRL, SWRL)readiness leve performance gaps  
· Determining the measures of effectiveness (MOEs), measures of performance (MOPs), and Key Performance Parameters (KPPs) associated with technology and system attributes and architecture interfaces
· Specifying the skills and resources to execute the roadmap plan
· Identifying interagency technology transfer agreements
· Identifying critical facility, process, or infrastructure requirements 

Workflow

The workflow is part of the systems engineering process of the technology developer.  Planning is part of the systems engineering control process activity.  Planning involves envisioning the success of each of the sub-activities in activity 3.0 by documenting the requirements and expectations with respect to the following:
.
· Goals
· Staffing
· Facilities
· Schedule management
· Budget management
· Risk mitigation
· Problem solving
· Configuration management
· Quality
· Processes

The steps are as follows:

· Step A -- Plans mitigation of risk.
· Step B -- Plans partners.
· Step C -- Plans funding.
· Step D -- Plans maturing of technology.
· Step E -- Plans verifying requirements.
· Step F -- Plans updating physical characteristics.
· Step G -- Plans checking solution.
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[bookmark: _Toc298243748]Figure 2.23 -- Workflow for the prepare transition to development plan sub-activity
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Sub-activity 3.21:  Mitigate risks

Definition and purpose

This sub-activity mitigates risks in transitioning the preferred technology.  Success of the transition depends on keeping risks under control.  Unmitigated risks can cause the transition to fail.

Sub-activity execution guidance

This sub-activity mitigates risks.  It uses a systems engineering process for the mitigation.  The guidebook does not elaborate on the details of the mitigation, because there are many references in literature that give risk mitigation guidance.  An example reference is DAU SE FUNDAMENTALS-RISK MITIGATION.  

This sub-activity mitigates the risks in the transition.  This sub-activity benefits from adhering to a systems engineering process to mitigate risks.  The guidebook references a good process in literature rather than including the process in the guidebook.

Risks that may arise in the transition include:
 
· Failure to find candidate technology to solve the user need
· Failure to characterize each candidate technology well enough to make a decision
· Failure to find partners to make a successful transition
· Failure to fund the transition
· Failure to manage budget
· Failure to manage schedule
· Failure to meet requirements
· Failure to solve the problem the user of the technology is trying to solve

A good outline for planning the transition is the following, PDUSD TDS/AS RISK OUTLINE.

Workflow

The workflow is part of the systems engineering process of the technology developer.  Risk mitigation is part of the systems engineering control process activity.  Its goal is to handle reduce the impact of future events pertaining to performance, schedule, and cost.  An event that has already occurred is not a risk item.  It is a fact.

The steps are as follows:

· Step A -- Identifies risks.  Identifying risks is a continuing activity throughout activity 3.0.  The risk identification includes assessment of the probability the event will occur and the impact of the event.  It includes a risk mitigation strategy.  Part of the risk mitigation strategy is a trigger criterion that defines when to start the strategy.
· Step B -- Monitors risks.  Monitoring risks is a continuing activity throughout activity 3.0.  The monitoring includes observing changes to the probability the event will occur and the impact of the event.  
· Step C -- Controls risks.  Controlling risks is a continuing activity throughout activity 3.0.  The controlling changes the probability the event will occur and the impact of the event.    The goal of risk mitigation is to make all risks acceptable. 
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[bookmark: _Toc298243749]Figure 2-24 -- Workflow for the mitigate risks sub-activity
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Sub-activity 3.22:  Provide for partners

Definition and purpose

Effort in this sub-activity provides a plan for partners in the technology transition.  There are many stakeholders in the transition.  This sub-activity identifies the stakeholders and causes them to work in harmony.

Sub-activity execution guidance

Effort in this sub-activity results in a plan for partners in the technology transition.  The partners are the people and organizations who make the transition successful.  The partners and organizations are the stakeholders.  The partners vary as a function of scenario as shown in the examples of Figure 2-26.  
The stakeholders follow the systems engineering process of the user who executes the TTEM framework.

Partners include the stakeholders such as:

· The user of the TTEM framework;  e.g. the technology owner
· The customer for the technology;  e.g. the product owner
· The organization funding the transition
· The developers of products using the technology
· The users of the products 
· Agencies providing certification

References for partners include:

· USN SBIR BEST PRACTICES
· USN SBIR PARTNERING
· MGR GUIDE TO TRANSITION-PARTNERS

Workflow

The workflow is part of the systems engineering process of the technology developer.  Providing for partners is part of the systems engineering control process activity.   Providing for partners involves linking top level stakeholders for success.   

The steps are as follows:
· Step A -- Identifies partners.
· Step B -- Establishes partnerships.
· Step C -- Provides leadership across activities and across funding, development, and certification activities.  It also includes external champions for the technology.
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[bookmark: _Toc298243750]Figure 2-25 -- Workflow for the provide for partners sub-activity 
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Sub-activity 3.31:  Provide for funding

Definition and purpose

Effort in this sub-activity helps the technology development community create a plan for funding technology transition.  This sub-activity identifies sources of funding and controls its orderly flow.  The transition cannot proceed without funding.

Sub-activity execution guidance

This sub-activity provides funding of the technology transfer.

A reference for funding is the following, DOD FUNDING.  Another outline for planning the transition is the following reference, PDUSD TDS/AS FUNDING OUTLINE.

One way to obtain funding is to align with the priority science and technology (S&T) areas defined by the Secretary of Defense, as described in the following reference POM.  This reference states that priority investment areas are the following:

1. Data to decisions -- science and applications to reduce cycle time and manpower for analysis and use of large data sets.
2. Engineered resilient systems -- engineering concepts, science, and design tools to protect against compromise of weapon systems and to develop agile manufacturing for trusted assured defense systems.
3. Cyber science and technology -- science and technology for efficient and effective cyber capabilities. 
4. Electronic warfare and electronic protection -- new concepts and technology to protect systems and extend capabilities across the electromagnetic spectrum.
5. Counter weapon of mass destruction -- advances in locating, securing, monitoring, tagging, tracking, interdicting, and eliminating weapons of mass destruction. 
6. Autonomy -- science and technology for autonomous systems that reliably and safely accomplish complex tasks. 
7. Human systems -- science and technology to increase productivity and effectiveness of human-machine interfaces. 

Several government programs provide funding for demonstration, transition, and fielding.  Figure 2-28 shows these programs aligned with the acquisition cycle and with the TRL and MRL procedures.  The goal is to make technologies operational in a cost-efficient and timely manner.  The programs include:

· Rapid Reaction Fund (RRF) for testing emerging technologies 
· Emerging Capabilities (EC) for operational experiments and technology Integration  
· Joint Capabilities Technology Demonstrations (JCTDs) for joint operations 
· Manufacturing Science and Technology (MS&T) for mature defense high-impact processes
· Quick Reaction Funds (QRF) for testing gap-filling technologies  
· Foreign Comparative Testing (FCT) for industry-mature technology  
· Title III – Defense Production Act (DPA) for essential domestic technologies with national security implications

Many organizations bring partners together to fund technology.  An example is Industrial Innovation and Partnerships (IIP).   The IIP is a division of the Directorate for Engineering within the National Science Foundation. [FUNDING IIP 1]

IIP invests in research and innovation through the federal government, small businesses industry, universities, states, and community colleges.  It creates partnerships that spread innovation.  IIP funds research proposals from the academic community and from small businesses to commercialize products and services.

IIP is home to the Small Business Innovation Research (SBIR) program and the Small Business Technology Transfer (STTR) program.  Other programs within IIP involved in funding include the following:

· Partnerships for Innovation (PFI) Program, which stimulates partnerships across the scientific and engineering community
· Industry/University Cooperative Research Centers (I/UCRC) Program 
· Grants Opportunities for Academic Liaison with Industry (GOALI) Program 

IIP also supplies early-stage technology funding for technology commercialization.  [FUNDING IIP 2] 
The Department of Defense (DoD) funds a billion dollars each year in early-stage R&D projects through SBIR and STTR to small technology companies. 

In addition to the IIP, the National Institute of Standards and Technology (NIST), offers the Technology Innovation Program (TIP).  TIP accelerates innovation through high-risk, high-reward research in areas of critical national need. TIP makes targeted investments in transformational R&D.

Many organizations provide SBIR and STTR funding.

· DoD SBIR/STTR

· Defense Advanced Research Projects Agency
· Defense Threat Reduction Agency
· Missile Defense Agency
· National Geospatial-Intelligence Agency
· U. S. Air Force SBIR/STTR
· U. S. Army SBIR/STTR
· U. S. Marine Corp Systems Command
· U. S. Navy SBIT/STTR
· U. S. Special Operations Command

· Non-DoD federal  agency SBIR/STTR

· Department of Agriculture
· Department of Education
· Department of Energy
· Department of Health and Human Services
· Department of Homeland Security
· Department of Transportation
· National Aeronautics and Space Administration
· National Environmental Protection Agency
· U. S. Small Business Administration

· Independent organizations such as venture capitalists

Workflow

The workflow is part of the systems engineering process of the technology developer.  Finding funding is part of the systems engineering control process activity.  Finding funding involves providing money for activity 3.0.

The steps are as follows:
· Step A -- Identifies funding sources.
· Step B -- Obtains funding.
· Step C -- Controls flow of funds from sources.  This control continues until the end of activity 3.0.
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[bookmark: _Toc298243752]Figure 2-27 -- Workflow for the provide for funding sub-activity 
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[bookmark: _Toc298243753]Figure 2-28 -- Technology Transition Initiative providing for funding opportunities 
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 Sub-activity 3.32:  Mature technology

Definition and purpose

Effort of this sub-activity matures the preferred technology into a solution.  The metrics measuring maturity are the technology readiness level and manufacturing readiness level.  This sub-activity advances this metrics to the desired value.

Sub-activity execution guidance

This sub-activity describes the engineering and management of how a solution is developed.  It uses a systems engineering process to develop the solution.  The guidebook does not elaborate on the details of the development because there are many references in literature that give guidance on developing a solution.  A good process for designing a technology, acquiring lower products from which to build the technology, and building the technology are in the following reference, DAU SE FUNDAMENTALS - DESIGN.

Maturing technology uses the well documented systems engineering process.  The guidebook does not elaborate on the details of maturation because there are many references in literature that provide guidance.  Examples are the following:

· Department of Defense DOD TRA DESKBOOK
· United States Air Force (USAF) 
· USAF ACQUISITION
· USAF TDTS
· USAF TRL CALCULATOR
· United States Army (USA) 
· USA TATM
· USA TPMM
· United States Navy (USN) 
· USN ACQUISITION GUIDEBOOK
· USN ACQUISITION SYSTEM
· USN FUTURE CAPABILITIES 
· USN PROGRAM SUCCESS
· NASA TRL
· ESA TRL
· COMMERCIAL GATE
· PDUSD TDS/AS GENERAL OUTLINE

The government stresses TRL, MRLs, and SWRLs to reduce the risk of product failure caused by immaturity of the technology.  Evaluation of readiness is often an unstated requirement.  TRLs apply to hardware, software, and manufacturing.   

Readiness assessments apply to products and manufacturing.  Both products and the methods used to manufacture the products affect readiness for operation.  A product that is otherwise ready for technical operation from a design perspective may not have mature manufacturing methods to support it.  Lessons learned show that the lower products in the hierarchy tend to have lower TRL values.  For example, selection of an engine technology usually has a lower TRL than selection of the type of aircraft

Evaluating whether systems can meet the desired system technology readiness level (TRL) involves determining the maturity of the each deliverable technology that must be integrated into the system.  Many contracts require all technologies to have a desired TRL, such as six or above, before Milestone B in the acquisition life cycle as a statutory requirement.  

A TRL calculator developed by the United States Air Force by Nolte is helpful in assessing the TRL level. [USAF TRL CALCULATOR]  This tool implements a standard set of questions implemented in Microsoft Excel to produce a graphical display of the TRL.

Workflow

The workflow is part of the systems engineering process of the technology developer.  Maturing the technology treats the technology as a system.  Maturing the technology applies the system engineering process to develop the solution up to the verification sub-activity.  

The steps are as follows:

· Step A -- Controls the development of the technology into a solution.
· Step B -- Understands requirements for the technology.
· Step C -- Designs the solution.   The design includes advancing the technology readiness level to the desired value.  It also includes providing features that allow meeting all the involved certifications.
· Step D -- Acquires parts to build the solution.
· Step E -- Builds the solution.
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[bookmark: _Toc298243754]Figure 2-29 -- Workflow for mature technology sub-activity
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 Sub-activity 3.33:  Verify requirements

Definition and purpose

Effort performed in this sub-activity verifies that the technology solution meets the activity 1.1 derived technology requirements including certification needs.  This sub-activity verifies that the solution is right.  It also validates operationally that the solution meets the original need. 

Sub-activity execution guidance

This sub-activity benefits from adhering to a systems engineering process to plan the transition.  The guidebook references a good process in literature rather than including the process in the guidebook.  A good process for verification and validation can be found in DAU SE FUNDAMENTALS-VERIFICATION AND VALIDATION. 

Effort in this sub-activity verifies requirements.  It uses a systems engineering process for the verification.  The guidebook does not elaborate on the details of verification, because there are many references in literature that give verification guidance.  

Effort performed in this sub-activity verifies that the solution conforms to requirements at the end of the TTEM framework.  It improves the technology readiness level to its final value.  This sub-activity also provides for certifications during TTEM framework.  It ensures that the technology can meet each certification and works with the certification agency to obtain the certification if possible.  Obtaining certifications early reduces schedule risk.

Workflow

The workflow is part of the systems engineering process of the technology developer.  Verification is part of the verify-product activity.  

The steps are as follows:

· Step A -- Verifies meeting requirements.  
· Step B -- Verifies meeting technology readiness level.
· Step C -- Verifies meeting certifications.  
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[bookmark: _Toc298243755]Figure 2-30 – Workflow for the verify requirements sub-activity
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Sub-activity 3.4:  Perform system level performance assessment

Definition and purpose

Effort performed in this sub-activity updates the physical characteristics before transition.  These characteristics are useful in subsequent design using the technology.  They are also useful in describing the capabilities of the technology in other applications.

Sub-activity execution guidance

Effort performed in this sub-activity quantifies the physical characteristics to their values after completion of the transition.  Subsequent product development uses these updated characteristics to support design.

This sub-activity starts with the values collected in the first activity.  It updates these values.  This sub-activity may add additional characteristics needed by the product design.  It may also delete characteristics not needed by the design.

Workflow

The workflow is part of the systems engineering process of the technology developer.  Updating characteristics involves updating performance, functional, and physical characteristics.

The steps are as follows:

· Step A -- Updates performance characteristics such as detection of targets.
· Step B -- Updates functional characteristics such as throughput.
· Step C -- Updates physical characteristics such as weight.
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[bookmark: _Toc298243756]Figure 2-31 -- Workflow for the perform system-level performance assessment sub-activity
[bookmark: _Toc294726700][bookmark: _Toc295823196][bookmark: _Toc298243792]
Gate-activity 3.5:   Ready for development?

Definition and purpose

In this gate review rationale for determining whether detail design risks associated with developing technology for an acceptable down selected preferred concept is identified and documented in sufficient detail to transition to Milestone B.  It makes the determination based on data from previous sub-activities within the activity.  It does not generate data in addition to data created by the sub-tasks.  

Sub-activity execution guidance

The sub-activity reviews the results of preceding sub-activities and determines if the technology is a solution that is ready for development.  If the technology is a solution, the TTEM framework is complete.  If it is not ready, the TTEM framework stays in the current activity and fixes the deficiencies.  Alternately, the user can elect to stop the TTEM framework in any sub-activity within the TTEM framework.  

Critical technologies are expected to yield TRL, MRL, and SWRL assessment values of 6 in order to pass Milestone B exit criteria into detail design development.  [http://www.defenselink.mil/ddre/doc/tra_deskbook_2005.pdf]

When the technologies are not all TRL 6:

· The program is re-structured to use only mature technologies
· The program start is delayed to mature the technologies
· The requirements for the program are modified
· DoD may grant a waiver for national security reasons
· The program is never initiated and a different solution is sought

The user implements this sub-activity according to her or his systems engineering.  The implementation may be a formal review or gate, or it may be an informal assessment.  

Workflow

The steps are as follows:

· Step A -- Assembles the items in the checklist.  These items are the data necessary to support the checklist shown in Figure 2-34.
· Step B -- Confirms the candidates by using the checklist.  Satisfying all items on the checklist is this confirmation.
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[bookmark: _Toc298243757]Figure 2-32 -- Ready for development decision gate
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[bookmark: _Toc298243758]Figure 2-33 -- Workflow for the ready for development decision gate activity
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[bookmark: _Toc298243759]Figure 2-34 -- Checklist for completion of activity 3.0
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Sub-activity 3.9:  Stop and evaluate transition

Definition and purpose

This sub-activity improves the candidate technology selection and characterization by fixing problems   in sub-activities where necessary.  Fixing problems can occur at any time in any sub-activity.  

Sub-activity execution guidance

This sub-activity fixes the deficiencies that prevent a favorable milestone B exit criteria decision.  The causes of failure and the sub-activities to fix are obvious in most cases.  The user may elect to fix deficiencies at any time.  It is not necessary to wait for this sub-activity or for the preceding decision sub-activity to make fixes.

Workflow

The steps are as follows:

· Step A -- Identify the root cause for moving into detail design development within the existing scope of technical development actions.
· Step B -- Re-examine sub-activities of activity 2.0.
· Step C – Determine if a fix is possible.  The fix may involve initiating development of an alternative concept documented in activity 2.0 if operational user needs cannot be otherwise resolved and funding is available.
· Step C1 – Implement the fix by restarting activity 3.0
· Step C2 – Abandon the effort
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[bookmark: _Toc298243760]Figure 2-35 -- Workflow for Stop and evaluate transition activity
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CHAPTER 3 -- Usage and Updates
[bookmark: _Toc294873106][bookmark: _Toc295823199][bookmark: _Toc298243795]Usage

The Technology Transition Engineering and Management (TTEM) Guidebook was developed to meet the overarching requirement of providing guidance for a broad spectrum of potential users.
The target user community consists of individuals and organizations associated with developing and upgrading the capability of United States defense systems.
The target user community is made up of technology users and technology developers. The technology user segment is easy to define.  It consists of U.S. DoD and defense contractor individuals and organizations.  The technology developer segment is essentially unstructured and therefore difficult to define or characterize.  Developers range from an individual with an idea to universities in collaboration with federally funded research labs, commercial labs, and product departments within organizations.
The intended use of this guidebook is to provide a potential user in the target community with a starting point for needed guidance.  The guidance is scoped to include only engineering and management associated with technology transition to development.
The plan is to post the guidebook for electronic access and then publicize its availability using media within the target community.  A user network is expected to evolve to capture user experiences with the guidebook and provide a means of linking users.
[bookmark: _Toc294873107][bookmark: _Toc295823200][bookmark: _Toc298243796]Updates

Updates of this guidebook are planned based on (1) user feedback, (2) SMU PhD student research, and (3) continued development of the Technology Transition Engineering and Management (TTEM) Framework.  Updates based on (1) and (2) above cannot be planned, as they are dependent on the future actions and responses of individuals that are or may become associated with the guidebook.
However, there is a plan to do a major update of Release 1.1 based on continued research and development of the current TTEM framework, subject to additional funding by U.S. DoD and support by North Texas defense contractors.
Additional capabilities planned for the framework include the following:
· Mathematical model of the framework
· Activity and gate processes and tasks
· Methods and tools
User feedback and research results will be used to guide future research and development of the framework and guidebook updates.
[bookmark: _Toc294726704][bookmark: _Toc295823201][bookmark: _Toc298243797]
ACRONYMS

· DARPA -- Defense Advanced Research Projects Agency
· DAU -- Defense Acquisition University
· DoD -- Department of Defense
· DPA -- Defense Production Act
· EC -- Emerging Capabilities
· ESA --  European Space Agency 
· FAA -- Federal Aviation Administration 
· FCT -- Foreign Comparative Testing
· IIP -- Industrial Innovation and Partnerships
· IR&D -- Internal Research and Development
· JCTDS -- Joint Capabilities Technology Demonstrations
· MIL-STD -- Military Standard
· MOE -- Measure of Effectiveness
· MRL -- Manufacturing Readiness Level
· MS&T -- Manufacturing Science and Technology
· NASA -- National Aeronautics and Space Administration
· NIST -- National Institute of Standards and Technology  
· NSF -- National Science Foundation
· PoR -- Program of Record
· QRF -- Quick Reaction Funds
· RDT&E -- Research, Development, Test, and Evaluation
· RRF -- Rapid Reaction Fund 
· S&T -- Science and Technology
· SBIR -- Small Business Innovation Research
· SEP -- Systems Engineering Program
· SMU -- Southern Methodist University  
· TIP --Technology Innovation Program
· TLST -- Technology Linkage, Selection and Transition
· TPP -- Technical Performance Parameter   
· TRL -- Technology Readiness Level
· TTEM -- Technology Transition Engineering Management
[bookmark: _Toc294726705][bookmark: _Toc295823202][bookmark: _Toc298243798]
GLOSSARY
· Acquisition life cycle – the Integrated Defense Acquisition, Technology, & Logistics Life Cycle Management Framework
· Activity – a division of the TTEM framework
· Certification – an audit that the transition needs to address such as anti-tamper, information assurance, mission assurance, and EMI/EMC
· Characterization – data describing a technology
· Data flow – data passed from one sub-activity to another
· Development characteristics – parameters that define time and cost of developing a candidate to a solution
· Functional flow block diagram – a diagram that show activities and sub-activities with arrows illustrating the order in performing the activities and sub-activities
· Guidebook – the TTEM guidebook
· Need – a customer problem
· Physical characteristics  – a spec sheet for the candidate describing what each candidate is and does 
· Pull-user – a user that starts with a need and looks for a solution 
· Push-user – a user that starts with a solution and looks for a need
· Solution – an answer to a need
· Sub-activity – a division of an activity
· Technical performance parameter – a parameter that measures a key element of system requirements or design vs. time for purposes of risk mitigation  
· Technology – a means for resolving a technical need
· Transition – advancement of a technology from its current state to a solution
· User – a person or entity using the guidebook to transition a technology
· User of technology – the beneficiary of the technology and not the user of the TTEM framework mentioned elsewhere in the guidebook
[bookmark: _Toc294726706][bookmark: _Toc295823203][bookmark: _Toc298243799]
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A  technology is a means for resolving a technical need.  A technology may be hardware, software,   
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A   user is a person or entity using the guidebook to transition a technology. There are two types of   
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Technology transition has many perspectives – pull-user vs. push-user, government customer vs. 

non-government customer, program of record vs. other programs.
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Product concepts enter detail design development at milestone B of the acquisition life cycle 

based on the readiness level of the technology.
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