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Description of the QFD Process

· A product of the Japanese Quality Management concepts –Professor Akao  developed method in late 1960s and presented it in 1983 in Chicago

· SRC has successfully applied the QFD methodology to Information Warfare problems for the U.S. Air Force

· A study of the QFD process revealed that a vector-matrix formulation was possible. This approach provided SRC with the tools to extend the process to include a Risk Performance Index and sensitivity analysis.

· The process involves the definition of a system model consisting of a set of vector-matrix relationships that connect one set of model elements to another.

The AATT QFD Model – Model Structure

· The model structure is hierarchical relating Mission to Goals to Objectives to Tasks to Subtasks to Risks

· A typical QFD Vector Matrix relationship is illustrated by the Mission to Goals relationship

G = [ g/m] M

· Similar matrix relationships for the Objectives, Tasks, Subtasks, and Risks are given by

O = [o/g] G

T = [t/o] O

S = [s/t] T

R = [r/s] S

· Thus, the Risks are related to the Mission by

R = [r/s] [s/t] [t/o] [o/g] [g/m] M; or R = [r/m] M

· The Inverse is given by

M = inv [r/m] R

The AATT QFD Model – Model Elements

· Mission (1)  – “... to achieve through integrated R&D activities an air transportation system that better facilitates user operational flexibility and productivity throughout the airspace”

· Goals (3)  – Facilitate flexibility; Increase Capacity; Improve Efficiency

· Objectives (5)  – Enable “Free-flight”; Improve High Density Ops Effectiveness; Enable Smooth Boundary Transition; Provide Easily Deployed System Improvements; Improve advanced capabilities models and simulations

· Tasks (22) – Taken from the 10/97 version of the AATT Level III Plans

· Subtasks (58) – Taken from the Level III & IV Task Areas in the AATT Level III Plan 10/97

· Risks/Challenges (25) -  Derived from the NASA/Volpe/SRC risk assessment methodology tool

The AATT QFD Model – Model Elements

· Two examples are presented – Goal to Mission and Objectives to Goal


9  =  Goal is highly important to achieving the mission

6  =  Goal is important to achieving the mission

3  =  Goal is of minor importance to achieving the mission

0  =  Goal is unrelated to the mission


Equation:  G = [g/m] M

#
Goals
[g/m] Matrix

1.
Facilitate Flexibility
9

2.
Increase Capacity
9

3.
Improve Efficiency
9






Mission = “... to achieve through integrated research and development (R&D) activities and air transportation system that better facilitates user operational flexibility and productivity throughout the airspace.”


The AATT QFD Model – Model Elements (continued)


9 = Row strongly impacts column

6 = Row  impacts column

3 = Row  has minor impact on Column

0 = Row has no impact on column
Goal #



1
2
3

Equation:   O = [o/g] G

#
Objectives
[o/g] Matrix

1
Enable "Free Flight"
9
3
3

2
Improve High-density operations effectiveness
3
9
9

3
Enable smooth boundary transition
9
3
6

4
Provide easily deployed system improvements
9
9
9

5
Improve advanced capabilities models and simulations
0
3
3

· Similar relationships are presented in the report for the Task to Objective; Subtask to Task; and Risk to Subtask relationships.

· The values in each cell of the matrices are determined by the subjective evaluation of the analyst or from subject matter experts.

· Quantitative results were calculated using the MATLAB Program – a program listing is provided in the report.  Qualitative results were based on the quantitative scores.

Qualitative Results

· Goals:  All goals are of equal importance to the Mission based on the matrix relationship

· Objectives:

· #4   Provide Easily deployed system improvements

· #2   Improve High-density operational effectiveness

· # 3  Enable smooth boundary transition

· # 1  Enable Free Flight

· # 5   Improve advanced capabilities models and simulations

· Tasks:  The three top  ranked tasks relative to the mission are:

· #20  6.1. Aircraft Equipage Requirements (1)
· #11  3.2. Human-centered Design of Decision Support Tools(1)

· #10  3.1. Human-centered Design of Future System Operations (1)
· #04  1.4  Integrated Evaluations of A/G Technologies(2)
· #18  5.3. ATC/AOC, ATC/cockpit Information Exchange(2)
· #17  5.2. Integration of Transition and En Route Constrained Airspace Conflict Detection and Resolution Tools(2)
· #12  3.3. Analysis of Human Components of System Safety(2)
· #22  6.3.   Hazard Avoidance Planning(3)
Qualitative Results (continued)

· Subtasks:  The top five subtasks relative to the mission are:

· #03  1.1.3. Impact of AATT Technologies on ATM Concept Definition
· #04  1.2.1  Recommendations for shared A/G separation
· #02  1.1.2. ATM Concept Baseline Definition
· #09  1.4.2 Demonstrate Integrated Decision Support Tools
· #10  1.4.3 Demonstrate Distributed A/G traffic separation and airborne dynamic planning and hazard avoidance
· Risks:  The top ten risks relative to the mission are:

· #13 Completeness of Human Factors Design

· #05 Completeness of Technical Approach

· #14 Completeness of Procedural Requirements

· #25 FAA Acceptability

· #08 Completeness of NAS Interface

· #20 Certification Uncertainties

· #03 Requirements Uncertainty and Complexity

· #04 Design Complexity and Completeness

· #07 Completeness of Safety Analysis

· #11 Meets Interoperability Requirements

Critical AATT Risks

AATT Program Component
Critical Risk Factor

AATT Mission 
#13  Completeness of Human Factors Design




AATT Goals 


1.  Facilitate Flexibility
#13  Completeness of Human Factors Design

2.  Increase Capacity
#13  Completeness of Human Factors Design

3.  Improve Efficiency
#20  Certification Uncertainties




AATT Objectives


1.  Enable “Free-Flight”
#25  FAA Acceptability

2.  Improve HD Operations
#25  FAA Acceptability

3.  Smooth Boundary Transition
#20  Certification Uncertainties

4.  Provide easily deployed tools
#13  Completeness of Human Factors Design

5.  Improved  models & simulations
#24  Stakeholder Acceptability

Conclusions and Recommendations

1. Modify the model to be consistent with the current structure of the AATT program

2. Review and modify the relationship matrix values – These should be approved by NASA

3. Include the Risk Metric in the analysis

4. Evaluate alternative Risk Mitigation Strategies for Risk Reduction vs. Cost

� * Detailed lists of the tasks, subtasks, and risks are available in the AATT QFD report





� Complete lists of the task, subtask and risk rankings are available in the report





12/22/98





11

