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1.0  INTRODUCTION

This implementation plan is a companion document to the Space Human Factors Engineering (SHFE) Project Plan (JSC 29022).  The implementation plan is updated annually.  It documents the specific tasks to be accomplished each year, and the metrics to be applied to assess the SHFE Project’s progress.  The implementation plan includes:  (1) a general discussion of the Space Human Factors Engineering Project, emphasizing the specific goals for the year; (2) an overview of the technical implementation strategy; and (3) a detailed list of objectives and expected FY2000 and FY2001 deliverables, an outline of how the objectives will be accomplished, and a discussion of how progress will be measured.

1.1 Space Human Factors Engineering Project Overview

The SHFE Project, an element of the Advanced Human Support Technology Program, is an interdisciplinary effort covering all aspects and facets of the general discipline of human factors engineering.  It interfaces with applicable aspects of the behavior and performance discipline of the Biomedical Research and Countermeasures Program.  The SHFE Project encompasses numerous activities that range from applied research and development of state-of-the-art tools for measuring human performance, to using those tools to solve operational human/system interface issues of future human space flight programs.  Additionally, developing new technologies and conceptual designs for flight crew accommodations hardware needed for exploration-class human space missions.

Various segments of essential SHFE expertise are distributed across different NASA Field Centers, at other Government agencies and laboratories, at a number of academic institutions, and within the private sector.  The SHFE Project Plan provides focus and integrating oversight to the widely diverse and geographically dispersed team.  The Project Plan addresses the applied research and development needs of the SHFE Project, based on the critical path roadmap, by describing the authority, applicability to Agency goals, management strategy, and general milestones of the SHFE Program.   This SHFE FY2000 - 2001 Implementation Plan provides greater detail on how the work will be accomplished, how the success of the work will be measured, and what results should be anticipated during FY2000 and FY2001.

2.0 TECHNICAL IMPLEMENTATION STRATEGY

2.1  Discipline Focus  

The overall mission of the SHFE Project is to ensure an operational environment, both on the ground and in flight vehicles, that provides safe performance-enhancing surroundings and interfaces for crew members and ground support personnel.

As lead center for the Human Space and Life Sciences Program, the Johnson Space Center (JSC) Space and Life Sciences Directorate (S&LSD) shares responsibility with NASA Headquarters Life Sciences Division (Code UL) for identifying the directions and priorities of Space Human Factors and Engineering (SHFE) research and technology development.  JSC S&LSD research and technology development is designed around a collection of critical questions whose answers must be known to enable long duration exploration-class missions.  These critical questions are collectively managed as the Critical Path Roadmap (CPR).  (See http://criticalpath.jsc.nasa.gov for additional information.) The JSC S&LSD and the National Space Biomedical Research Institute (NSBRI) are jointly responsible for identifying and tracking the critical questions in the Critical Path Roadmap (CPR).  The SHFE Project is responsible for ensuring that the CPR includes the critical questions in the areas of human factors and habitability, and for ensuring that human factors and habitability research and technology is responsive to high priority questions in the CPR. 

The primary risk area in the CPR for which the SHFE Project is responsible is Risk Number 20:  “Human performance failure because of human-system interface problems and ineffective habitat and equipment design, workload, and/or in-flight information and training systems.”  The CPR includes five critical questions under this risk:  

6.09 What information systems, resource management methods and tools, and communications systems architecture(s) will best support the crew’s ability to operate autonomously, exchange information, learn and maintain proficiency on critical tasks, and meet the objectives of a Mars mission?  

6.10
How will artificial intelligence and automation be used  to enable crew autonomy?  What mathematical and experimental models best predict performance problems associated with sleep-wake and work history and circadian rhythm status, and also provide guidelines for successful countermeasure strategies?  What workload schedules per workday will best enhance crew performance and mitigate adverse effects of the space environment?

6.11  What methods of assessing human performance capabilities will be most effective and usable during a Mars mission?

6.12  What factors in systems and habitat design will best enhance the crew’s ability to live and work in the space environment?  How are these factors different from shorter duration missions?

6.022  What models of human performance best predict changes in human performance capabilities and characteristics in the context of a Mars mission, and enable designing and evaluating systems, procedures, and interface designs to mitigate negative changes in performance capabilities?

To complement the CPR by defining additional detail, the SHFE Project has generated a list of more specific questions organized under five subrisks.  These are provided in Appendix A.

2.2 Extramural Involvement

Space Human Factors Engineering (SHFE) applied research and technology development projects have traditionally been organized along themes: human-system interactions, such as with computer displays or hand controllers; performance modeling and analysis, such as reach, strength, lighting requirements.  It is important to identify synergies and overlaps within the human factors discipline; to identify mutual interests between the human factors discipline and the behavior and performance discipline and other life sciences disciplines; and to understand the research done in the robotics and intelligent automation disciplines and in the safety discipline.  Part of the SHFE management strategy will be to use the multi-disciplinary resources that have expertise in the area of humans and complex systems across the Agency, and to focus the research community so that the work done is maximally useful to NASA programs.  Through the SHFE Science and Technology Working Group, the project will also identify and capitalize on relevant research and technology from industry and academia.  

2.3  Benefits   

Finally, knowledge of the human factors engineering discipline is essential for designing any environment where humans are operating as part of a complex system.  The work done by NASA to design an exploration-class mission should be extremely applicable to industrial and educational settings, where there is also interest in understanding and optimizing relationships between humans and automation, and the impact of habitability on team performance.  Concerted efforts will be made to reach out and to ensure that this larger community benefits from the investment made by the NASA Space Human Factors Engineering Project.

3.0 FY2000 and FY2001 PROJECT OBJECTIVES and DELIVERABLES

It is assumed that as human spaceflight missions extend in duration and autonomy, advanced systems will be required that allow the crew to be self-sufficient with respect to information, training, and supplies currently provided by ground control and support teams. Additionally, far greater onboard responsibility, autonomy, and authority for planning mission tasks and assessing crew capability to accomplish them will be required in exploration class missions.  These factors are captured in the CPR.  The SHFE Project is responsible for prioritizing and advocating research and development to resolve these issues. 

The following performance milestones are planned for FY2000 and FY2001.  The SHFE Project questions (shown in Appendix A) that are the focus of these milestones are indicated in parentheses.

3.1
The SHFE project, Malleable Human/Machine Interfaces for Long-Duration Space Flight, will report its first year’s progress.  Based on Project Management review, funding and suggestions for shifts in emphasis for the second grant year will be provided to the investigators.  

Project Objective:   

Better defining the role of humans as team members in complex systems.  (Question 3.3)

FY00/01 Deliverable: 

Identify a candidate exploration mission scenario; outline the tasks that the human team will be expected to perform. 

FY2002-5 next steps: 

Identify possible combinations of automation and human roles that can accomplish these tasks. 

Metrics:  

Completion of tasks defined in proposal for Year 1.
3.2
The SHFE project, “Wireless Augmented Reality Prototype (WARP)” will deliver a usability evaluation based on a representative space flight operational task conducted in shuttle training simulators.  It will also deliver an annual progress report. Suggestions for design changes and development as a flight test item will be provided to the investigators.  Investigators will propose a flight demonstration project.
Project Objective: 

Creating requirements for the design of new equipment that allow appropriate human access to information.  (Questions # 2.4, 3.1)
FY00-01 Deliverable: 

Evaluation of prototype design in realistic setting, such as a training simulator.
FY2002-5 next steps:

Project will have reached TRL 6, and be ready for sponsorship by flight programs. 

Metrics:
Results of evaluation in simulator.

3.3 Upgrade Multipurpose Multimodal Isokinetic Dynamometer (MMID) to reliability and accuracy needed for biomechanics research.  The MMID is a prototype 6-DOF position and force measurement system developed for NASA under the Small Business Innovative Research Program.  The prototype delivered requires additional software development and some hardware upgrades to fully support strength and motion research.  

Project Objective:  

Upgrade the MMID and document its unique capabilities to enable SHFE researchers to consider its use for biomechanics data collection.  (Question # 1.3)

FY00-01 Deliverables:
Enable use of either constant force or constant velocity in biomechanics studies.  Evaluate accuracy and if necessary make necessary changes to achieve standard accuracy levels.

FY2002-5 next steps:
Make information on unique features of MMID available through NRA announcements.

Metrics:
Accuracy of upgraded equipment.

Number of extramural researchers proposing to use MMID.

3.4
Design and construction of the BIO-Plex is part of the Advanced Human Support Technology Program.  The facility will be a ground based test bed for testing the technology to support closed loop life support technologies and for study of humans in a closed environment.  Future human factors and habitability researchers and technology developers will use the BIO-Plex for evaluations.
Project Objective:  Providing human factors and habitability requirements and design concepts to the Bioregenerative Planetary Life Support Systems Complex (BIO-Plex) that support human crews and enable human factors research.  (Enable test bed that supports study for all questions.)

FY00-01 Deliverable:  Requirements and design concepts for the BIO-Plex which will provide a performance-enhancing environment and workspace layout.

FY02-05 next steps:  Requirements, guidelines, and verification for BIO-Plex habitable areas with respect to human factors and habitability principles.

Metrics:
Inclusion of habitability and human factors requirements in formal BIO-Plex Program requirements documents.

3.5
Establish a SHFE data base to facilitate locating and sharing results from SHFE research.  (All questions.)

Project Objective: 

Developing cooperative and collaborative patterns of communication and interaction with external groups including current SHFE Principal Investigators, and with human factors researchers in the National Space Biomedical Research Institute, the Department of Defense, in other government agencies, and in universities and industry.

FY00-01 Deliverables: 

Plan and design a SHFE data base which captures potential or needed requirements for exploration class missions; identifies persons or groups working on projects relevant to the CPR; stores results from NASA and external researchers which are relevant to specific critical questions; and enables SHFE project management and SHFE researchers to search for current or finished work for specific critical questions. 

FY2002-5 next steps: 

Establish a method for updating the data base periodically which ensures that only the most reliable and appropriate information is incorporated.

Develop cooperative/collaborative patterns of communication and interaction with external groups including current SHFE Principal Investigators, and with human factors researchers in the NSBRI, the Department of Defense, in other government agencies, and in universities and industry.
Metrics:

Number of entries in data base.
Number of searches of data base by users.

3.6 Present a panel session or symposium on SHFE at the annual Human Factors and Ergonomics Society (HFES) meeting each year.  (All questions.)

Project Objective:
Informing human factors researchers about the activities and needs of the SHFE Project, and inviting extramural participation.

FY00-01 Deliverables:
Assemble a panel of SHFE presenters and schedule their presentation for the HFES meeting to be held in October 2000.

FY2002-5 next steps:

Plan and arrange panel presentations or symposia for the annual HFES meetings for the following years.

3.7
Establish SHFE project management processes.

Project Objective: Completing establishment of the processes and subgroups identified in the SHFE Project Plan.  (All questions.)

FY00-01 Deliverable: 

Finalize the solicitation, review and selection process for projects outside the NASA Research Announcement (NRA) process.  Establish the Crew and Operations Utilization Panel (COUP), its roles, and its membership selection process.  Increase the Science and Technology Working Group (STWG) to include at least five members, and establish schedules for regular meetings.  Define the role and the method of selecting the Principle Coordinating Scientist (PCS).

FY2002-5 next steps: 

Establish standard procedures for maintaining and properly using the COUP, the PCS, and the STWG.  

Metrics:
Completion of the following tasks:

Baseline SHFE Project Plan

Baseline STWG charter.

Hold at least two STWG meetings per year.

Have a PCS committed and funded for FY01 and arranged for FY02.

Establish the COUP and include its inputs in the FY01 Advanced Human Support Technology NRA.

Appendix A:  Subrisks and Detailed Questions 

Generated by the SHFE Project to Complement the 

Critical Path Roadmap

	Number
	Risk / Question

	Risk 1
	Human performance modeling and analysis.

	1.1
	How can we adapt or build, and validate models of human capability and performance  to protect the mission from failure?

	1.2
	How can we build tools to model mission scenarios that include human performance sufficient to verify operations (including automation, task allocation, skill mix, and workload variables) to protect the mission from failure?

	1.3
	What methods of measuring, monitoring, and assessing human-system performance capabilities (including in-situ) will be effective for exploration missions?

	1.4
	How can unplanned procedures and modification be validated autonomously (or on board) prior to implementation?

	Risk 2
	Information quality and information management.

	2.1
	What communication technologies are necessary and how can they be optimized  for effectiveness during an exploration mission?

	2.2
	What tools and methods are required to effectively collect, analyze, and distribute mission data?

	2.3
	What models of human-human communication, distributed team work and decision making are needed to define requirements for crew-crew and crew-ground communications?

	2.4
	How can the human interface with and manage the large amounts of technical data (drawings, schematics, code, procedures, etc.) required to support the autonomous capability to perform unplanned IFMs and to function under degraded mission parameters ?

	Risk 3
	Design of human-system interactions.

	3.1
	What human-systems design requirements are necessary to maintain human-system performance during all phases of the mission and with all anticipated changes in crew performance capabilities?

	3.2
	Can we provide sufficient measures to monitor human and human/system performance to avoid mission failure?

	3.3
	What human-systems interface requirements are necessary to provide mission autonomy?  What  tasks must the crew be able to perform autonomously?  What  requirements are needed to ensure the crew has the capability for In-flight Maintenance, trouble shooting, system status monitoring, etc?

	Risk 4
	Habitability and working conditions.

	4.1
	How do design features of the crew's environment affect crew performance and productivity?  What features are essential to maintain performance?

	4.2
	What are methods to objectively measure habitability?

	4.3
	What are appropriate habitability standards, through which habitability requirements can be generated and verified?

	Risk 5
	Training systems.

	5.1
	What training procedures and equipment are required to ensure crew preparedness for all mission phases?

	5.2
	How should the crew be trained for autonomous operations?

	5.3
	What balance of skill-based and task-based training will provide the greatest probability of mission success?  What are the appropriate skills and tasks to be taught?

	5.4
	What are the appropriate measures of crew skills, knowledge, and attitudes to determine whether a specific type of training has been adequate (successful)?
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