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NASA STI Program ... In Profile

Since its founding, NASA has been dedicated to
the advancement of aeronautics and space
science. The NASA scientific and technical
information (STI) program plays a key part in
helping NASA maintain this important role.

The NASA STI program operates under the
auspices of the Agency Chief Information
Officer. It collects, organizes, provides for
archiving, and disseminates NASA’s STI. The
NASA STI program provides access to the
NASA Aeronautics and Space Database and it
public interface, the NASA Technical Report
Server, thus providing one of the largest
collections of aeronautic al and space science
STI in the world. Results are published in both
non-NASA channels and by NASA in the
NASA STI Report Series, which includes the
following report types:

e TECHNICAL PUBLICATION. Reports
of completed research or a major
significant phase of research that present
the results of NASA programs and
include extensive data or theoretical
analysis. Includes compilations of
significant scientific and technical data
and information deemed to be of
continuing reference value. NASA
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professional papers, but has less
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length and extent of graphic
presentations.

e TECHNICAL MEMORANDUM.
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preliminary or of specialized interest,
e.g., “quick-release” reports, working
papers, and bibliographies that contain
minimal annotation. Does not contain
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o CONTRACTOR REPORT. Scientific
and technical findings by NASA-
sponsored contractors and grantees.

e CONFERENCE PUBLICATION.
Collected papers from scientific and
technical conferences, symposia,
seminars, or other meetings sponsored
or co-sponsored by NASA.

e SPECIAL PUBLICATION. Scientific,
technical, or historical information from
NASA programs, projects, and missions,
often concerned with subjects having
substantial public interest.

e TECHNICAL TRANSLATION.
English language translations of foreign
scientific and technical material
pertinent to NASA’s mission.

Specialized services also include organizing
and publishing research results, distributing
specialized research announcements and
feeds, providing information desk and
personal search support, and enabling data
exchange services.

For more information about the NASA STI
program, see the following:

e Access the NASA STI program
home page at
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Executive Summary

The NASA/SP-2015-3709, Human Systems Integration (HSI) Practitioner’s Guide, also known
as the “HSIPG,” provides a tool for implementing HSI activities within the NASA systems
engineering framework. The HSIPG is written to aid the HSI practitioner engaged in a program
or project (P/P), and serves as a knowledge base to allow the practitioner to step into an HSI lead
or team member role for NASA missions. Additionally, this HSIPG is written to address the role
of HSI in the P/P management and systems engineering communities and aid their understanding
of the value added by incorporating good HSI practices into their programs and projects.
Through helping to build a community of knowledgeable HSI practitioners, this document also
hopes to build advocacy across the Agency for establishing strong, consistent HSI policies and
practices.

Human Systems Integration (HSI) has been successfully adopted (and adapted) by several
federal agencies—most notably the U.S. Department of Defense (DoD) and the Nuclear
Regulatory Commission (NRC)—as a methodology for reducing system life cycle costs
(LCCs). These cost savings manifest themselves due to reductions in required numbers of
personnel, the practice of human-centered design, decreased reliance on specialized skills for
operations, shortened training time, efficient logistics and maintenance, and fewer safety-related
risks and mishaps due to unintended human/system interactions. The HSI process for NASA
establishes how cost savings and mission success can be realized through systems engineering.

Every program or project has unique attributes. This HSIPG is not intended to provide one-size-
fits-all recommendations for HSI implementation. Rather, HSI processes should be tailored to
the size, scope, and goals of individual situations. The instructions and processes identified here
are best used as a starting point for implementing human-centered system concepts and designs
across programs and projects of varying types, including manned and unmanned, human
spaceflight, aviation, robotics, and environmental science missions. The practitioner using this
guide should have expertise in Systems Engineering or other disciplines involved in producing
systems with anticipated human interactions. (See section 1.6 of this guide for further discussion
on HSI discipline domains.)

The HSIPG provides an “HSI layer” to the NASA Systems Engineering Engine (SEE), detailed
in NASA Procedural Requirement (NPR) 7123.1B, NASA Systems Engineering Processes and
Requirements, and further explained in NASA/SP-2007-6105, Systems Engineering Handbook
(see HSIPG Table 2.2-1, NASA Documents with HSI Content, for specific references and
document versions).
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1.0 INTRODUCTION TO NASA HUMAN SYSTEMS INTEGRATION

NASA systems are designed to fulfill mission goals and scientific objectives by addressing
various stakeholder needs and constraints. HSI is a system engineering discipline that applies
knowledge of human capabilities and limitations throughout the design, implementation, and
operation of hardware and software. The Human in HSI refers to all personnel involved with a
given system, including users, operators, maintainers, assemblers, ground support personnel,
logistics suppliers, personnel trainers. HSI embraces the concept of The Human as a sub-system
on par with the hardware and software sub-systems.

The HSI discipline includes a range of managerial and technical domains and specialties—e.g.,
systems engineers, program managers, NASA institutional support offices, human factors
engineers, safety and reliability analysts, psychologists, medical professionals, logistics and
maintenance expertise. HSI domains collectively define (a) how human capabilities or
limitations impact the hardware and software of any given system, in terms of its design,
effectiveness, operation, support and the associated cost and affordability of these components,
and (b) how the system hardware, software, and environment impact human performance. Total
system performance is a measurable outcome of the effectiveness of the integrated interaction of
hardware, software, and human elements. Essential engineering expertise areas change as the
systems engineering (SE) lifecycle progresses. For this reason, these roles and responsibilities
must be identified within the Human Systems Integration Plan at the outset of a project, either as
a standalone document or as a part of a program’s or project’s (P/P’s) System Engineering
Management Plan (SEMP).

1.1 Guide Purpose

The purpose of the NASA/SP-2015-3709, Human Systems Integration (HSI) Practitioner’s
Guide, also known as the HSIPG, is to enable incorporation of Agency HSI policies and
processes into development and deployment of NASA systems. The HSIPG is intended to serve
as a training and support aid for NASA HSI practitioners and their team members. The HSIPG
is written to aid the HSI practitioner engaged in a P/P, and serves as a knowledge base to allow
the practitioner to step into an HSI lead or team member role for NASA missions. Additionally,
this guide should be shared with others in the P/P management and SE communities as an aide to
their understanding the value added by incorporating good HSI practices into their endeavors.

Specific aims of this guide are to define HSI, to illustrate the value of HSI in programmatic
decisions, to demonstrate how HSI fits into the NASA SE process, to provide examples of HSI
contributions to reductions in human error and life cycle cost (LCC), and to provide helpful
information on HSI resources within the NASA community.

The Human Systems Integration Plan (HSIP) is a recommended deliverable defined in NASA
Procedural Requirement (NPR) 7123.1B, NASA Systems Engineering Processes and
Requirements, Appendix G: Life-cycle and Technical Review Entrance and Success Criteria, and
in the supporting Systems Engineering Handbook (SEHB) (see HSIPG Table 2.2-1, NASA
Documents with HSI Content, for specific references and document versions). This guide
supports creating the HSI Plan.

1-1



HSI Practitioner’s Guide

Every P/P has unique attributes. This guide is not intended to provide one-size-fits-all
recommendations for HSI implementation. Rather, HSI processes should be tailored to the size,
scope, and goals of individual situations. The instructions and processes identified here are best
used as a starting point for implementing human-centered system concepts and designs across
programs and projects of varying types, including manned and unmanned, human spaceflight,
aviation, robotics, and environmental science missions. The practitioner using this guide should
have expertise in SE or other disciplines involved in producing systems with anticipated human
interactions. (See section 1.6 of this guide for further discussion on HSI discipline domains.)

Since HSI is an emerging requirement in NASA programmatic and management policies and
practices, it is recommended that this guide be reviewed and updated when appropriate to
capture evolving developments in the pathway towards a recognized, documented NASA
approach to HSI.

1.2 How to Use this Guide

This guide is written to support multiple use scenarios, as shown below, following Table 1.2-1,
Chapter Purpose. The guidance in the use case scenarios are not meant to be prescriptive or
restrictive, but to provide a mechanism to categorize a reader’s background and provide the right
HSI material to support an aspiring practitioner.

Chapter 3 provides the “step-by-step” guidance for each phase of the SE life cycle. The tables in
each section of Chapter 3 are a streamlined representation of the complex, recursive, iterative,
and tailorable Systems Engineering Engine (SEE) processes. The reader is advised to acquire a
solid grasp of the SEE processes, by study or through training, in order to be able to successfully
apply HSI.

Table 1.2-1 Chapter Purpose

Chapter Short Title Purpose
1 Introduction to HSI “Why HSI”

e Background and History

o Key Concepts

e HSI Domains

2 Implementing HSI “Who”

e  Authority hierarchy

e NASA HSI Documents

e Collaboration

3 HSI in NASA SEE “When” and “What”
e A Phase-by-Phase HSI Overlay to NASA
SEE
e Product maturity by Phase
4 Planning and Execution “How”

e Getting Organized

e Tailoring for Program/Project Size
e Planning for HSI

e Key Skills for the HSI Practitioner
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Chapter Short Title Purpose

App. A HSI Plan Outline Annotated HSI Plan outline to aid HSI
practitioner development of HSI Plan

App.B HSI Planning Checkilist Sample of checklist to aid practitioner in
assessing scope of HSI effort during early
lifecycle phases

App.C HSI Implementation HSI implementation examples with
Experiences positive/negative lessons learned and HSI
ideal state
App.D References List of HSI information from NASA, Industry,

DoD, and other sources

1.2.1 HSIPG Use Cases

General: Regardless of background, all readers should understand the four Key Concepts of
HSI in section 1.4, the HSI process approach in section 1.5, and be familiar with the HSI
Domains in section 1.6. Also, review the annotated HSI Plan Outline in Appendix A. If
supporting an existing Program or Project, review the SEMP and/or HSI Plan, if they exist.

Use Case 1: | already know the fundamentals of the SEE in the SEHB, but where do | get HSI-
specific Skills and Guidance?

Answer: Start with HSIPG sections 4.5 and 4.6 for picking up “how-to” and key practices. Then
use HSIPG Chapter 3 to provide the “HSI layer” to the NASA life cycle phases and SEE. For
domain-specific knowledge (e.g., Human Factors Engineering [HFE]), utilize the NASA
Engineering Network (NEN) site for best practices and resources. Many HFE resources are also
listed in HSIPG Chapter 5.

Use Case 2: | already know HFE, so how do | expand my knowledge to include HSI and the
SEE?

Answer: Start with HSIPG Chapter 3 to learn more about the NASA SEE. For further study,
refer to fundamentals and life cycle sections of the SEHB. Then read HSIPG Chapter 4.

Use Case 3: | was just assigned as an HSI practitioner for a project. Where do | start?

Answer: It is recommended that HSI Practitioners read the entire guide. A person who is the
designated HSI practitioner should be well informed with the entire content of the HSIPG and
the resources that are referenced. Having said that, sometimes a practioner will have to “jump
in” to an already up and running project. If that is the case, then it is recommended to start with
the current life cycle phase discussion in the appropriate section of Chapter 3, for near-term
activities. And then refer to section 4.4, which describes details on most activities a practitioner
will help conduct for the P/P, such as building a team and writing an HSI plan. Eventually, a gap
analysis may need to be performed to assess if any activities/products were “skipped over” and
need to be performed/developed.
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HSIPG section 4.2 on tailoring to P/P size will be of particular interest, which will also lead you
to the HSI Implementation Planning Checklist in HSIPG Appendix B. From there you can begin
to organize the HSI team, budget, and expectations.

Use Case 4: | am a project manager and I need to be in compliance with NPR 7123.1B, which
now includes performing HSI. | do not have much time, so what do | really need to know?

Answer: Review HSIPG Chapters 1-3 plus section 4.2. And then find yourself an HSI
Practitioner.

1.3 History of HSI

Systems have become increasingly complex, often due to the enormous capabilities and
advances of micro-circuitry and digital firmware/software. Early and careful consideration of
the capabilities and limitations of human performance and behavior when interacting with such
complexity has become essential to planning and designing for total system outcome and
performance. Hardware and software systems enable humans to perform advanced mission tasks
and objectives in extreme and potentially lethal environments. Systems can be designed that to
require high levels of human specialization and training or that to accommodate a broad
population of human capabilities. The goal of HSI is to ensure that the human/system integration
is carefully considered and planned from the outset of any program or project.

The DoD was the first U.S. government agency to identify the need for better design processes
for early and thorough consideration of the human element in systems design since they were
facing rapid ubiquitous rates of escalation in life cycle system costs due to unanticipated
personnel training costs, user interface re-designs, logistics and maintenance expenses, system
down time, and repair costs necessary to keep systems operational. Since most cost escalations
were due to personnel time and expenditures, it became clear that better design practices for
inclusion of the human elements required to develop, deploy, and operate a system needed to
become standard in life cycle SE and P/P management. Synergistic interaction between a system
and its human elements is key to attaining expected total system performance outcomes and to
minimizing total ownership costs. Therefore, to realize the full and intended potential that
complex systems offer, the DoD in 2003 mandated that a “total system approach” must apply
HSI to all developments “to optimize total system performance (hardware, software, and
human), operational effectiveness, and suitability, survivability, safety, and affordability” [DoD
Directive 5000.01, The Defense Acquisition System, Enclosure (requirement 1.29)].


https://oasis.jsc.nasa.gov/infra/syseng/HSI/Shared%20Documents/HSI-into_SE%20files/HSI-into-SE_Hdbk/Background%20Docs/HSI%20Implementation%20Handbook%20(M.%20Miller%20Review).docx#_Toc374108997
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Development activities must apply rigorous application of systemic approaches to HSI to ensure
the total impact of human capabilities and limitations throughout a system’s life cycle are
addressed in every aspect of system acquisition. The current DoD Instruction 5000.02,
Operation of the Defense Acquisition System, Enclosure 7 (section 2), states that:

[The goal of HSI is] “to optimize total system performance and total ownership costs,
while ensuring that the system is designed, operated, and maintained to effectively
provide the user with the ability to complete their mission.”

In practice, this means that the human element in acquisition programs is given equal importance
to hardware and software.

NASA has a history of considering human health and performance in spacecraft and mission
design, particularly in human space flight mission planning and design. Human space flight
research has been conducted since the early 1960s with incremental advancements in human-
rated missions and simulators. In the 1970s and 1980s, NASA advanced aviation safety and
matured concepts in crew resource management. The 1990s to present day have witnessed
NASA advancements in research and automation, system monitoring, information presentation,
and information sharing between systems and humans. With NASA’s vision of exploration
beyond low-Earth orbit, advanced systems are needed that support extended human habitation
and autonomy. Such challenges present new opportunities to deploy and employ HSI practices.

NASA, unlike the DoD, did not have a formal acquisition mandate to include HSI activities in
programs and projects, or to include HSI deliverables in the procurement process until 2013 (see
below). However, NASA does have a rich heritage of concern for and protection of their space
flight crews, and as a result has considered human health and performance in spacecraft and
mission design for many years. In addition, in 2012 NASA updated NPR 8705.2B, Human-
Rating Requirements for Space Systems (w/change 4 dated 8/21/2012), a procedural
requirements document intended to ensure the protection and safety of crewmembers and
passengers on NASA space missions. The Human-Rating Requirements define and implement
processes, procedures, and requirements necessary to produce human-rated space systems, and
define a human-rating certification path for the Program Managers (PMs) and their teams to
follow in conjunction with select traditional program management milestones.

In 2015, an updated version of NASA-STD-3001, NASA Space Flight Human-System Standard,
Volume 2: Human Factors, Habitability, and Environmental Health, was released that included a
new requirement for Human-Centered Design:

3.5 Human-Centered Design Process [V2 3005]

Each human space flight program shall establish and execute a human-centered design
process that includes the following at a minimum:

a. Concepts of operation and scenario development
b. Task analyses
c. Function allocation between humans and systems

d. Allocation of roles and responsibilities among humans
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e. Iterative conceptual design and prototyping

f. Empirical testing, e.g., human-in-the-loop, testing with representative population, or
model-based assessment of human-system performance

g. In-situ monitoring of human-system performance during flight.

Rationale: Human-centered design is a performance-based approach that focuses on
making a design usable by the human throughout the system’s life cycle. (See 1SO
13407, Human-centered design processes for interactive systems). It is characterized
by early and frequent user involvement, performance assessment, and an iterative
design-test-redesign process.

A typical human-centered design process is negotiated during the implementation
process and documented in a human factors engineering control plan, where each of the
above process steps results in at least one documented deliverable. Effective human-
centered design starts with a clear definition of human activities, which flows down from
the concept of operations and anticipated scenarios, to more specific analyses of tasks
and to even more specific questions of allocation of roles and responsibilities between the
human and systems (where the term “systems” refers to machines or automated systems).
Iterative design is a key component of this process, by which concepts are continually
refined. Next, more rigorous evaluation of designs is required, by computational human
modeling, empirical methods, or a blend of the two. Empirical methods include
laboratory studies and human-in-the-loop simulation testing. Finally, real-time
measurements of system performance are needed during flight to generate lessons
learned. More information about methods and techniques can be found in chapter 3,
General, of the HIDH.

Inclusion of this requirement for all human space flight programs was a significant step forward
in capturing and documenting a NASA approach to HSI. Note, however, that this only currently
applies to human space flight programs, but not to other NASA programs such as aviation and
unmanned space exploration. Nonetheless, a human-centered design (HCD) approach to system
acquisition and development is a critical concept in HSI. More information on methods and
techniques in HCD can be found in NASA/SP-2010-3407R1, Human Integration Design
Handbook (HIDH), Chapter 3, General, a companion document to NASA-STD-3001.

In 2012, two groups of NASA personnel interested in HSI were formed to spread and promote
information on the topic and to work toward a NASA-specific implementation of HSI. A multi-
Center HSI Steering Committee was chartered under the auspices of the Office of the Chief
Engineer (OCE). The charter for the OCE HSI Steering Committee includes signature
membership of 10 NASA Centers. At the Johnson Space Center (JSC), an HSI Employee
Resource Group (ERG) was formed to socialize, inform, and promote HSI across JSC technical
directorates. Members of the HSI ERG worked with JSC’s Systems Engineering Forum to form
an HSI Splinter to the Forum to initiate efforts to change NASA’s SE documentation to be more
inclusive of HSI and the human element.
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In 2013, NPR 7123.1B was updated to Revision B, in which a definition of HSI was for the first
time formally captured in NASA documentation:

Human Systems Integration: An interdisciplinary and comprehensive management and
technical process that focuses on the integration of human considerations into the system
acquisition and development processes to enhance human system design, reduce life-
cycle ownership cost, and optimize total system performance. Human system domain
design activities associated with manpower, personnel, training, human factors
engineering, safety, health, habitability, and survivability are considered concurrently
and integrated with all other systems engineering design activities.

NPR 7123.1B also includes a guideline that all NASA programs and projects generate an HSI
Plan that captures the implementation of HSI on the P/P. Appendix G of the NPR provides
recommended milestones during the P/P life cycle at which the HSI Plan is updated with new
information as the P/P matures.

In 2014 NASA released NASA/TP-2014-218556, Human Integration Design Processes (HIDP),
which captures NASA human engineering and HSI lessons learned that are not adequately
addressed by standards and requirements alone—i.e., they are complex, iterative processes such
as determining the appropriate net habitable volume of a human space flight spacecraft for a
given crew size, mission scope, and mission duration. As of 2015, NASA/SP-2007-6105—a
companion to NPR 7123.1B—is being revised. The update will include significant new
information on HSI and on integrating the human element into NASA SE processes. See HSIPG
Table 2.2-1, NASA Documents with HSI Content, for specific references and document versions
of the SEHB.

1.4 Key Concepts of HSI
Four key concepts define an effective HSI effort.

1) The system comprises hardware, software, and human elements needed to operate and
maintain the system within an environment. As demonstrated in several HSI case
studies in Appendix C, the human element is critical to the overall performance,
effectiveness, and efficiency of the total system. The initial paragraph of NPR 7123.1B
states that, “This systems [engineering] approach is applied to all elements of a system
(i.e., hardware, software, human system integration [sic]) and all hierarchical levels of a
system over the complete project life cycle.” [Editor’s note: typo; “system integration”
should not appear in this quote.]

2) Human interactions that need to be considered in P/P management, SE, and HSI include
all personnel that interface with a system in the expected environment and at any and all
phases of the system’s life cycle—i.e., the end users (pilots, crewmembers), maintainers,
ground controllers, logistics personnel, sustaining engineers, etc.

3) Successful HSI depends upon integration and collaboration of multiple domains. Prior
to the concept of HSI, separate human-centered domains had to interact with the P/P
management structures as independent disciplines due to the lack of a coordinated
approach to including the human element in system design and engineering. Proper
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4)

implementation of HSI helps all human-centered domains have a more assured,
coordinated voice in system design and engineering. In addition, having HSI
coordinators helps the P/P managers since it is expected that the HSI team lead will
resolve or mitigate conflicting inputs among human systems subject matter experts
before the P/P management needs to engage. Via internal integration, HSI domain
interests can better participate in P/P trade studies and design collaboration.

HSI must be considered and established in P/P planning early in system development
and acquisition—i.e., in the early concept and design phases of NASA SE—and applied
iteratively throughout the development life cycle from pre-Phase A through to Phase F
(refer to Figure 1.4-1, NASA Life Cycle Phases). Early application of HSI provides the
best opportunity to maximize LCC efficiency and total system performance. HSI
requirements and goals must be developed in phase with system capability-based
requirements. HSI requirements will drive HSI metrics and embed HSI goals within the
system design. After a system is designed, implementation of HSI oversight or
workarounds due to the lack of HSI during design can be very expensive.
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Figure 1.4-1 NASA Life Cycle Phases
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Expanding on this last point, as noted earlier, the DoD made HSI mandatory when faced with
alarming, unanticipated cost escalation in deploying new weapon systems. Much of the
unexpected cost growth was due to personnel costs in systems’ operations phase—i.e., it took
more people and more advanced skills to operate, maintain, and logistically support systems than
was planned. Faced with the awareness of cost growth in the human elements needed to make
and keep systems operational, HSI was seen as a methodology to focus on systems’ full LCCs—
conception through operations—starting at the outset of new programs and projects. Figure 1.4-
2, based on a figure from the INCOSE Systems Engineering Handbook (2007), shows that LCC
of a program or project are “locked in” early in programs or projects.

Although this early pre-determination of systems’ LCC may apply to any element of systems’
design whose consideration is neglected in the early P/P, it is particularly noteworthy for HSI,
since hardware and software system designers quite often focus on technology development to
the detriment of considering the human elements of a system. A discussion of the LCC effects of
HSI is contained in section 4.4.9 of this HSIPG .

.
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Figure 1.4-2 Life Cycle Cost with Overlay Showing “Locked-in” Costs
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1.5 The NASA HSI Process Approach

Ideally, NASA programs and projects treat HSI as an integral part of the standard SE process
such that when the SEE “runs”—i.e., during execution of the SE process—HSI work is
performed. In this document, you will encounter a tight synchronization between HSI process
and the NASA SEE processes. The steps to execute HSI processes are in lock-step with the
NASA SEE processes. The NASA P/P Life Cycle from an HSI perspective is provided in
Chapter 3 of this guide.

The NASA approach of identifying HSI as a cross-cutting process provides HSI structure to the
SEE, while still allowing for tailoring of HSI to the mission of a P/P. The first benefit of this
approach is that a system engineer can readily learn to be an HSI practitioner. Similarly, by
performing HSI, human-centered design practitioners learn SE best practices and facilitate
execution of SEE processes.

The second benefit of this approach is directly to the P/P stakeholders—i.e., to ensure that the
original operational vision is fulfilled. The HSI practitioner can provide ongoing P/P objectivity
through continually insisting on validation of questions such as, “Are we building the system
originally envisioned?”” or “Does this system design solve the stakeholders’ challenge and fulfill
the stakeholders’ needs?”

The third benefit is the immediate applicability of HSI practices to SE workflow. By integrating
HSI with the SEE, HSI becomes another best practice for systems engineers rather than
something that “somebody else” performs.

1.6 HSI Domains

HSI incorporates functional areas, referred to as domains. . NASA HSI domains are listed in
Table 1.6-1. HSI personnel with integrated domain oversight implement HSI processes and
practices and integrate HSI domain involvement throughout the NASA SE life cycle. Overall
HSI domain integration oversight is essential to effective HSI implementation. While there may
be overlap among those responsible for overall HSI domain integration and specific domain
expertise, the parties responsible for providing consolidated HSI input rely on discipline experts
in the HSI domains—i.e., they do not replace them. Functional implementation of HSI is based
on regular and frequent communication, coordination, and integration across the HSI domains
providing human-systems expertise.

As Figure 1.6-1 illustrates, each HSI domain has the potential to affect and interact with the other
domains, making it critical to execute an integrated discipline approach. Human Factors
Engineering (HFE) is the central domain in that it is responsible for characterizing human
capabilities and constraints and for applying knowledge of these to engineered
hardware/software engineering systems’ design. Because of their direct interaction with
systems’ design, recommendations by HFE discipline experts can have a strong influence on
mission success and operations costs, working collaboratively with the principles, goals, and
metrics of all the other domains.
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Table 1.6-1 NASA HSI Domains

Domain

Definition

Examples of Expertise

Human Factors

Designing hardware and software to optimize

Task analysis, human

Engineering human well-being and overall system safety, performance measures
(HFE) performance, and operability by designing with (workload, usability, situation
an emphasis on human capabilities and awareness), HFE Design
limitations as they impact and are impacted by (anthropometry and
system design across mission environments and | biomechanics, crew functions,
conditions (nominal, contingency, and habitat architecture), HITL
emergency) to support robust integration of all Evaluation, Human Error
humans interacting with a system throughoutits | Analysis, Human-system
life cycle. HFE solutions are guided by three Interface, Systems Design,
principles: system demands shall be compatible | and HFE Analysis
with human capabilities and limitations; systems
shall enable the utilization of human capabilities
in non-routine and unpredicted situations; and
systems shall tolerate and recover from human
errors.
Operations The considerations and resources required for Operations process design for
Resources operations planning and execution. This both ground and flight crew,

includes operability and human effectiveness for
flight and ground crews to drive system design
and development phases, as well as trades for
function allocation, automation, and autonomy.

human/machine resource
allocation, Mission
Operations, Resource
modeling and complexity
analysis, Flight Operations,
procedure development, crew
time, staffing/qualifications
analysis

Maintainability
and
Supportability

Design to simplify maintenance and optimize
human resources, spares, consumables, and
logistics, which are essential due to limited time,
access, and distance for space missions.

In-flight Maintenance and
Housekeeping, Ground
Maintenance and Assembly,
Sustainability and Logistics

Habitability and
Environment

External and internal environment
considerations for human habitat and exposure
to natural environment including factors of living
and working conditions necessary to sustain the
morale, safety, health, and performance of the
user population which directly affect personnel
effectiveness.

Environmental Health,
Radiation Health, Toxicology,
Nutrition, Acoustics,
Architecture Crew Health and
Countermeasures, EVA
Physiology, Medical
Concerns, Lighting

Safety Safety factors ensure the execution of mission Safety analysis, Reliability,
activities with minimal risk to personnel. Mission | Quality Assurance, factors of
success includes returning the crew following survivability, human rating
completion of mission objectives and analysis, hazard analysis
maintaining the safety of ground personnel.

Training Design training program to simplify the Instructional Design, Training

resources that are required to provide personnel
with requisite knowledge, skills, and abilities to
properly operate, maintain, and support the
system.

Facility Development, On-
board Training (OBT)
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Though not shown in Figure 1.6-1, survivability is part of the HFE, Safety, and Habitability and
Environment domain analysis.

Space Avallability

Livingfwaorking conditions : :
wn®  User FF Design g
Habitability and *... Workload Analysis f el
Environment S B T— I/F Design *  Instructional Design
Reqts Ops Scenerios i
F 3 [ . Liwing & Woarking - Task Analysis
Safety Habitability: Condition Regts ?

Anabysis t
Assessment Iy Resource Modeling Feedback

- Humamn Error/
= Performance w . B . .
rations Design
- Hazard Anahysis inputs| o Hm Allocation §
. :
Human Factors 3 Crperation
Safety B ) :
Engineering : : Resources
) Safetllr ......... — Task Analysig-- -
Azsassment 1
F
* User I/F Design
- MBS Tasks
Safery Assessment . Inputs to MES Analysis
W M &S Tasks

Maintenance &
Supportability ME&S]

M1ES

“Analysis Feedback: e

Figure 1.6-1 HSI Domain Interaction

Note that the AFD-090121-054, Air Force Human Systems Integration Handbook: Planning and
Execution of Human Systems Integration (2008), identifies the following nine domains:
Manpower, Personnel, Training, HFE, Environment, Safety, Occupational Health, Survivability,
and Habitability. The long-established DoD HSI domain categories were assessed and
customized by the NASA OCE HSI Steering Committee to establish the set of domains for
NASA HSI implementation. The NASA HSI domains are less focused on the large work force
and diverse skill sets required for DoD mission objectives and more focused on habitability,
system safety, reliability, and usability concerns. HFE is a significant domain for both DoD and
NASA HSI processes.

1.7 Distinguishing HSI, HCD, and HFE as Systems Engineering Elements

The terms HSI, HCD, and HFE are all used in concert within this document. HSI is defined by
NASA in NPR 7123.1B and is further described with its technical domains in Table 1.6-1 and in
the early sections of this guide.

HFE is defined in Table 1.6-1 as one of the HSI domains.
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HCD is defined as an approach to interactive system development that focuses on making
systems usable by ensuring that the needs, abilities, and limitations of the human user are met.
HCD is a multi-disciplinary activity that involves a range of skills and stakeholders that
collaborate on design. Most importantly, HCD is applied through an iterative approach that uses
data gathered from frequent evaluations with users to inform system design. (Refer to
NASA/TP-2014-218556.)

In summary, as an inherent part of the NASA SE process, HSI applies and integrates multiple
domains including HFE, and it employs the HCD approach for system design.

1-13



(This pageintentionallyleft blank.)


sbreeden
Typewritten Text
(This page intentionally left blank.)

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text

sbreeden
Typewritten Text


HSI Practitioner’s Guide

2.0 IMPLEMENTING HUMAN SYSTEMS INTEGRATION

2.1 NASA-HSI Authority

Within the organization of NASA, there are programmatic authorities (mission directorates) and
institutional authorities (cross-cutting technical offices). Control boards are the method for
institutional and programmatic authorities to reach agreements on specific P/P issues.

211 Programmatic Authorities

NASA mission directorates provide programmatic authority and they create P/P to carry out their
initiatives. These P/P fund NASA Center institutional organizations (e.g., Engineering, Safety
and Mission Assurance [S&MA], Human Health and Performance [HH&P], Mission Operations)
to staff the P/P technical offices and teams. These P/P-funded technical personnel include
program managers, systems engineers, and infrastructures that often derive from Center
institutional resources but that may become P/P direct hires and resources. These P/P personnel
execute the implementation of Agency P/P directives such as NPR 7120.5E, NASA Space Flight
Program and Project Management Requirements w/Changes 1-13. Typically, P/P funds are also
deployed to engage subject matter experts (SMES) in the specific areas necessary to execute the
P/P. Thus, program HSI work is arranged and managed by P/P-funded personnel (NASA civil
servants and often the program’s prime contractor), in coordination with the cognizant NASA
Institutional Technical Authorities. P/P-funded SME personnel are the primary resources by
which HSI work is accomplished to execute the necessary HSI processes and products for the
program or project. The involvement of NASA SMEs generates technical insight into the P/P
needed by the Technical Authorities (TAS) to monitor progress.

2.1.2 Institutional Authorities

NASA institutions typically provide the skills (personnel) and resources (facilities, labs, etc.) to
execute HSI when funded to do so by a particular program or project. Additionally, NASA
institutions have a responsibility to provide necessary functions that are separate from those of
programmatic authorities. Related to implementation of HSI, one of their key functions is that of
technical authority. The three NASA TAs are:

1) The Engineering Technical Authority (ETA) is a function of the Agency’s OCE. ETA is
delegated from the Agency’s Chief Engineer to Center Directors and further delegated
within the centers. Refer to NPR 7120.5E for details of the ETA. The principal ETA
documents currently supporting HSI are NPR 7123.1B and the accompanying SEHB
(see document references in table 2.2-1).

2) The Safety and Mission Assurance Technical Authority (SMA TA) is a function of the
Office of Safety and Mission Assurance (OSMA). SMA TA is delegated from the
Agency’s Chief of S& MA to Center Directors and further delegated within the centers.
Refer to NPR 7120.5E for details of the SMA TA. The OSMA manages NPR 8705.2B,
which specifies many processes related to good HSI practice—e.g., requiring application
of NASA-STD-3001 to human-rated P/P. NPR 8705.2B also calls for establishing a
formal HSI team for human space flight P/Ps that results in human-rated space flight
systems. Pending updates to NPR 8705.2B will add significant new information on HSI
Team roles and responsibilities.
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3) The Health and Medical Technical Authority (HMTA) is a function of the Office of the
Chief Health and Medical Officer (OCHMO). The OCHMO promulgates the Agency’s
human health and performance technical standards that must be met by programs and
projects. Refer to NPR 7120.11, NASA Health and Medical Technical Authority
(HMTA) Implementation, for details of the HMTA. HMTA is delegated from the
Administrator to the Chief Health and Medical Officer (CHMO). HMTA is further
delegated to center-level Chief Medical Officers (CMOs) at specific NASA centers.
Each center CMO is the HMTA for P/P and programs at that center. At centers without
an HMTA presence, the ETA and SMA TA have agreed to provide an insight function
to alert the OCHMO of human systems issues within programs and/or projects at those
centers. (Refer to NPR 7120.5E and NPR 7120.11 for details of this process.)
Uniquely, the HMTA for all human space flight programs and projects at all centers is
delegated to the JSC CMO. The JSC CMO designates individuals as HMTA Delegates
to each human space flight P/P. These HMTA Delegates are the authorized individual
points of contact to implement the HMTA role for the P/P. To date, on major human
space flight programs they have also typically been assigned as the program-funded HSI
lead responsible party (see section 2.1.1, Programmatic Authorities) because of the close
relationship between accomplishing HSI work and meeting the human health and
performance technical standards applied to the P/P.

The primary HMTA document related to the design and development phases of human space
flight HSI is NASA-STD-3001, Space Flight Human-System Standard, Volume 1A, Crew
Health, and VVolume 2A, Human Factors, Habitability, and Environmental Health. The HMTA
has the overall authority to maintain NASA-STD-3001, though all three NASA TAs must
approve modifications to Volume 2. Additionally, HMTA personnel maintain NASA/SP-2010-
3407, that accompanies NASA-STD-3001, NASA/TP-2014-218556, and this HSIPG, although
this document is also coordinated through the Agency OCE HSI Steering Committee.

Currently, NASA has not yet determined the method by which HSI will be integrated with the
TA governance model. However, similar to where Human Rating reaches, HSI domains span
each of the 3 TA domain areas, as shown in the figure in the “blue box” below.
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Technical Authority Domain Areas (from NPR 8705.2B)
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2.1.3 Control Boards

Control boards coordinate communication between institutional and programmatic authorities to
reach agreements on specific program or project issues. The NASA Institutional TAs and the
P/P-assigned HSI responsible lead participate in management control boards within a specific
program or project. This provides the necessary and unique HSI technical input to P/P
management to ensure that HSI is effectively accomplished and that the Agency’s institutional
technical requirements are met throughout the P/P life cycle. For large, complex programs, there
may be multi-level representation at control boards. For example, in NASA’s Exploration
Systems Development (ESD) enterprise, element-level, vehicle-level, and program-level boards
control specific technical content of the system under development, while cross-program control
boards enable the highest levels of HSI that span across all the ESD programs.

2.2 HSI in the NASA Program Management Structure

NASA programs and projects are initiated and implemented to accomplish scientific or
exploration goals that generally require a collection of mutually supporting projects. Programs
integrate and manage these projects over time and provide ongoing support to enabling systems,
activities, methods, technology developments, and feedback to projects and stakeholders.
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Programs and Projects — Definitions

a. Program—a strategic investment by a Mission Directorate or Mission Support Office that
has a defined architecture and/or technical approach, requirements, funding level, and a
management structure that initiates and directs one or more projects. A program implements
a strategic direction that the Agency has identified as needed to accomplish Agency goals
and objectives.

b. Project—a specific investment identified in a Program Plan having defined requirements, a
life-cycle cost, a beginning, and an end. A project also has a management structure and may
have interfaces to other projects, agencies, and international partners. A project yields new
or revised products that directly address NASA’s strategic goals.

2.2.1 NASA Program Management and Systems Engineering Requirements

NPR 7120.5E establishes the requirements by which NASA formulates and implements space
flight programs and projects, consistent with the governance model contained in NASA Policy
Directive (NPD) 1000.0B, NASA Governance and Strategic Management Handbook.

Because the goals of programs vary significantly, different program implementation strategies
are required, ranging from very simple to very complex. NPR 7120.5E allows for flexibility, but
regardless of the structure of a program or project, NPR 7120.5E applies to the full scope of the
program or project and all activities under it. Specific NPR 7120.5E requirements are flowed
down to these activities to the extent necessary for the P/P to ensure compliance and mission
success. Some P/P may be governed by NPR 7120.7, NASA Information Technology and
Institutional Infrastructure Program and Project Management Requirements, and NPR 7120.8,
NASA Research and Technology Program and Project Management Requirements (w/change 3
dated 4/18/13).

Systems engineering at NASA requires the application of a systematic, disciplined engineering
approach that is quantifiable, recursive, iterative, and repeatable for the development, operation,
maintenance, and disposal of systems integrated throughout the life cycle of a P/P. The
emphasis of SE is on safely achieving stakeholder functional, physical, and operational
performance requirements in the intended use environments over the system's planned life within
cost and schedule constraints.

NPR 7123.1B establishes common technical processes for implementing NASA products and
systems, as directed by NPD 7120.4D, NASA Engineering and Program/Project Management
Policy. NPR 7123.1B complements the administration, management, and P/P reviews specified
in NPR 7120.5E. NPR 7123.1B is designed to clearly articulate and establish the requirements
on the implementing organization for performing SE.
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Systems Engineering is a logical systems approach performed by multidisciplinary teams to
engineer and integrate NASA's systems to ensure NASA products meet customers' needs.
Implementation of this systems approach is intended to enhance NASA's core engineering
capabilities while improving safety, mission success, and affordability. This systems approach is
applied to all elements of a system (i.e., hardware, software, human) and all hierarchical levels of
a system over the complete project life cycle.

Together, NPRs 7120.5E and 7123.1B comprise the primary guidance within the Agency for
managing NASA P/P. Many other discipline areas such as health and safety, medical, reliability,
maintainability, quality assurance, information technology, security, logistics, and
environmental, perform functions during project life-cycle phases that influence or are
influenced by the engineering functions performed and need to be fully integrated with the
engineering functions. The description of these disciplines and their relationship to the overall
management life cycle are defined in other NASA directives and documents. To that end, NPR
7123.1B and the accompanying NASA/SP-2016-6105 Rev 2 contain significant HSI language

and references.

222

Current HSI Documentation and Knowledge Resources for HSI

Several documents contain elements of HSI that support the Agency commitment to include the

human as part of the system definition.

Table 2.2-1

NASA Documents with HSI Content

Document

HSI Content

NASA Policy Directives / Procedural Requirements

NPR 8705.2B, Human-Rating
Requirements for Space Systems
(w/change 4 dated 8/21/2012)

Processes, procedures, and requirements necessary to
produce human-rated space systems that protect the safety
of crewmembers and passengers on NASA space missions.
For programs that require Human-Rating per this NPR,
paragraph 2.3.8 requires the space flight program to form an
HSI Team before SRR.

NPR 7123.1B, NASA Systems
Engineering Processes and
Requirements

Appendix A includes definition of HSI.

Appendix G, Life cycle and Technical Review Entrance and
Success Criteria, includes an HSI Plan.

NPR 7120.5E, NASA Space Flight
Program and Project
ManagementRequirements
w/Changes 1-13

Establishes the requirements by which NASA formulates and
implements space flight programs and projects, consistent
with the governance model contained in NPD 1000.0B, NASA
Governance and Strategic Management Handbook. Includes
Human Rating requirements.

NPR 7120.11, NASA Health and
Medical Technical Authority (HMTA)
Implementation

Implements HMTA responsibilities to ensure that Agency
health and medical policy, procedural requirements, and
standards are addressed in P/P management when
applicable and appropriate.

NPR 8900.1A, NASA Health and
Medical Requirements for Human
Space Exploration

Establishes health and medical requirements for human
space flight and the responsibilities for their implementation
including health and medical, human performance,
habitability, and environmental standards; sponsorship of
health-related and clinical research.
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Document

HSI Content

NASA Standards Documents and Handbooks

NASA/SP-2007-6105 Revl, NASA
Systems Engineering Handbook
(companion to NPR 7123.1)

2016 update to SEHB
(companion to NPR 7123.1B)

NASA/SP-2007-6105, NASA
Systems Engineering Handbook Wall
Chart (2007 release)

Describes SE as it should be applied to the development and
implementation of large and small NASA programs and
projects. (HSI is explicitly described.)

Includes descriptions of HSI domains, life cycle activities,
products, procedures, and practices.

The SE Handbook wall chart provides an SE view of the
project life cycle, including the phase-based SE engine
processes.

NASA-STD-3001, NASA Space
Flight Human System Standard

OCHMO mandatory standard for NASA human space flight
programs.

Establishes Agency-wide requirements that minimize health
and performance risks for flight crew in human space flight
programs.

Includes requirement [V2 3005] mandating that human space
flight programs establish and execute a human-centered
design process.

NASA/SP-2010-3407, Human
Integration Design Handbook (HIDH)

Guidance for the crew health, habitability, environment, and
human factors design of all NASA human space flight
systems.

NASA/TP-2014-218556, Human
Integration Design Processes (HIDP)

HSI design processes, including methodologies and best
practices that NASA has used to meet human systems and
human-rating requirements for developing crewed spacecratft.
HIDP content is framed around human-centered design
methodologies and processes.

NASA/SP-2014-3705, NASA Space
Flight Program and Project
Management Handbook
(companion to NPR 7120.5E)

Contains context, detail, rationale, and guidance that
supplements and enhances the implementation of space
flight programs and projects, including an HSI Plan.

In addition to the documents listed in Table 2.2-1, P/P-specific documents may be generated to
capture HSI plans, requirements, strategies, etc. For example, the NASA ESD, Multi-Purpose

Crew Vehicle (MPCV) 70024, Orion Multi-Purpose Crew Vehicle Human-Systems Integration
Requirements, was generated as the program-specific instantiation of NASA-STD-3001 Volume
2. In the International Space Station Program (ISSP), the ISSP-specific instantiation of NASA-
STD-3000, Man-Systems Integration Standards (now superseded by NASA-STD-3001) is SSP
50005, International Space Station Flight Crew Integration Standard (NASA-STD-3000/T).
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2.3 Collaboration

For the HSI practitioner, collaboration with the PM, Systems Engineer, other P/P team leads, and
the overall Program Management and SE infrastructure is the most appropriate and efficient
means of ensuring HSI is a core part of every P/P. The goal of working within an agreed upon
structure is to enable P/P stakeholders and experts from varied disciplines to consider and
address relevant issues and challenges of shared concern and resolve design trades in a rational
and cooperative environment. The purpose of working collaboratively is to create an ideal,
shared vision that all stakeholders can agree upon, commit to, and finally create action plans to
support.

It is essential for the HSI practitioner to collaborate with many elements of the P/P, as well as
with relevant institutional organizations where HSI domain SMEs are likely located. HSI is
inherently part of the larger P/P’s Systems Engineering and Integration (SE&I) infrastructure and
has a natural collaborative role with system engineers in defining the P/P’s mission and in
designing the total system (human + hardware + software) needed to perform the mission.
Conceptual design, architectural formulation, function allocation, and operations development
are all desired processes and outcomes of early collaboration. HSI collaboration continues
through all P/P phases, using NASA SEE processes outlined in NPR 7123.1B and the SEHB.

2.3.1 Integrated Product Team and Working Group Participation

Within a P/P, the HSI practitioner must collaborate with many teams. In Pre-Phase A of the P/P
life cycle (see section 4.1 of this guide), the HSI team should play an integral role in defining and
refining the system’s Concept of Operations (ConOps). Beginning in Phase A and throughout
the P/P life cycle, HSI Integrated Product Teams (IPTs) and Working Groups (WGSs) participate
in design trades and system maturation activities. HSI participation in these teams is critical for
providing timely human-centered input to the design process. The HSI practitioner has a close
collaborative relationship with (HH&P), S&MA, Engineering, Flight Crew, Ground Support, and
Mission Operations teams and their TAs as deemed appropriate. HSI team members participate
in the efforts of these other teams via IPTs and WGs and make valuable contributions in order to
remain relevant to the program or project and to instill HSI value in all areas.

Refer to section 4.3.2, Organizing the HSI Team, and section 4.4.3, Integration of Subject Matter
Expertise for HSI Activities, in this guide for additional details on HSI teaming.

2.3.2 HSI Team Collaboration

Because of the number of human-centered disciplines that the HSI practitioner can and should
bring to realization, it is likely that HSI will itself comprise a team, either informally or formally
recognized by the program or project, e.g., a P/P-designated HSI IPT. Within the HSI team,
extensive interdisciplinary collaboration is required. HSI includes both highly qualified SME
personnel who understand details of human characteristics and HSI integrators who know the SE
and programmatic methods required to integrate human performance and capacities into the
P/P’s mission and resulting systems’ design, development, and implementation.

A wide range of SME knowledge is integrated by the HSI practitioner in order to create products
useful to the P/P. Depending on the nature of the P/P, these SMEs may provide expertise on
many specific areas of human health and performance such as those listed in Table 1.6-1.
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2.4

HSI and Systems Engineering

Given the level of defined structure for NASA P/P management and SE in NPR 7120.5E and
NPR 7123.1B, respectively, the HSI practitioner is advised to learn the details of these top level
requirements documents and learn to integrate HSI concerns into their frameworks through
collaboration and through developing processes and products that mesh with P/P management
and SE. The next chapter of this document describes HSI activities, processes, and products that
need to or are appropriate to occur at each step of the NASA SE process. As noted in section
1.3, History of HSI, in 2015 the Agency HSI community worked to insert HSI-specific language
into an update to NASA/SP-2007-6105, including identifying HSI products and processes
appropriate for every step of SE. This guide compiles and expands on this information in order
to provide the HSI practitioner a concise methodology for performing HSI in a P/P environment.

A highly summarized overview of HSI as applied to the NASA SE Process is provided below as
a general reference:

Concept Development: Participating early to ensure HSI considerations are included in
conceptualization (e.g., function allocation to humans, support analysis of alternatives,
flight and ground crew projections, human risk assessment).

Requirements Definition: Being a vital part of the system capabilities and specification
definition process. Write clear, concise, and testable HSI-related capabilities and
specifications to ensure the human-allocated functions and risks are addressed.

Design Development: Participate in the design process of systems to ensure HSI
principles are incorporated into design decisions such that system trade-offs do not
marginalize human considerations.

Testing and Evaluation: Conduct verifications of HSI-related system requirements and
validation in an operational context to evaluate whether the system adequately facilitates
human performance in meeting total mission performance goals.

Sustainment/Closeout: Continue the system support process to ensure HSI concerns are
addressed through operational lessons learned, engineering changes, training
improvements, etc.



HSI Practitioner’s Guide

2.5 HSI Team Application of Tools, Models, and Analyses

The HSI Practitioner is responsible for ensuring that appropriate technical models and tools are
available to the P/P HSI team in order to accomplish its analytical work. The HSI Practitioner
should include these models and tools in the team planning and budgeting, and ensure that the
necessary SMEs are engaged to apply the tools. The broad scope of HSI means that many
models and tools may be candidates for application on a P/P, but a subset will be selected by the
HSI team based on the specific P/P needs, processes, and budget. Results and analysis from use
of HSI models and tools can be used in early phase decision making for architecture, design,
prototyping, and requirements, and in later phases can support verification and validation
(V&V).

There are several key aspects of HSI models and tools:

e Selected based on the needs of P/P and readily available to the HSI team.

e Supportive of the full P/P life cycle including architectural trades, conceptual to detailed
design, risk analysis, system performance analysis, HITL testing and demonstration,
system development, and mission operations.

e Enables collaboration: the tools produce HSI analytical outputs that are suitable as input
to other P/P tools or processes.

e Validated/accredited for their intended uses (per NASA-STD-7009, Standard for Models
and Simulations).

Table 2.5-1 lists some examples of analytical tools used for various aspects of HSI. The tools to
be applied in a P/P will be documented in the HSI Plan or HSI section of the SEMP.

Table 2.5-1 Representative Examples of HSI Tools

General Type Specific Examples
Human error analysis Cognitive Reliability and Error Analysis Model (CREAM)
Workload Bedford evaluation scale, NASA TLX, or other HITL
analysis/evaluation measures

Usability analysis/evaluation | System Usability Scale (SUS) or other HITL measures

Anthropometric analysis Population analysis, worksite analysis

Task analysis/evaluation Discrete event simulation

Requirements management | 3SL Cradle or other products

Lighting Radiance modeling

Acoustics Statistical energy analysis and modeling
Radiation NASA space cancer risk projection models
Environmental analysis Water, air, microbial sampling/analysis methods
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General Type

Specific Examples

Physiologic analysis

JSC 33124/CTSD-SH-918, 41-Node Transient Metabolic
Man Program, Computer Program Documentation,
Wissler human thermoregulation analysis --
Decompression sickness Bubble Growth Model

Medical care planning

NASA Integrated Medical Model
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3.0 HSI IN THE NASA SYSTEMS ENGINEERING ENGINE

The primary focus of HSI is to recognize and give weight to HSI considerations, identify human
performance needs and constraints, and develop HSI requirements. To have impact, these
activities must be performed in the early phases of the life cycle. In this section, opportunities to
recognize and manage HSI while drafting capability documents during early phases and at major
phase key decision points will be discussed. The approach will incorporate both NASA SEE
processes and NASA Life Cycle Phases.

3.1 Engine Processes Overview

The 17 NASA SEE processes are detailed in NPR 7123.1B. The SEHB and wall chart show
how the SEE processes are integrated within each life cycle phase and repeated across multiple
life cycle phases.

Table 3.1-1, SEE Mapping To Systems Engineering Handbook and NPR, is a useful resource
when drilling down into the SEE process flow details, and provides a map between the SEE
number, the SEHB section number, and the NPR 7123.1B section number. These numbers are
also cross-linked in many of the tables in this chapter.

The practitioner should note that NPR 7123.1B provides detailed steps with process inputs and
outputs for each of the 17 SEE processes.

Table 3.1-1 SEE Mapping To Systems Engineering Handbook and NPR

Life Cycle SEE SEHB Process Title NPR 7123.1B
Group No. Section No. Section No.
System 1 4.1 Stakeholder Expectations Definition C.l1
Design

Processes 2 4.2 Technical Requirements Definition c.l1.2

3 4.3 Logical Decomposition C.13

4 4.4 Design Solution Definition C.14

Product 5 51 Product Implementation c21

Realization 6 5.2 Product Integration Cc.2.2
Processes

7 5.3 Product Verification c.2.3

8 5.4 Product Validation c.24

9 55 Product Transition C.25

Technical 10 6.1 Technical Planning C.3.1

Management 11 6.2 Requirements Management C3.2
Processes

12 6.3 Interface Management C.33

13 6.4 Technical Risk Management C.3.4

14 6.5 Configuration Management C.35

15 6.6 Technical Data Management C.3.6

16 6.7 Technical Assessment C.3.7

17 6.8 Decision Analysis C.3.8
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The approach used in this document is to utilize the NASA SEE to execute HSI activities and
products. Table 3.1-2 lists the 17 SEE processes and maps them to HSI points of emphasis. This
is a summary level view and will be expanded greatly in the following sections.

Table 3.1-2

Mapping HSI into the SE Engine

SYSTEM DESIGN PROCESSES

HSI EMPHASIS

Requirements Definition Processes

Stakeholder Expectations Definition (1)
Technical Requirements Definition (2)

Function allocation between and among systems
and humans, define roles and responsibilities,
develop requirements, baseline ConOps

Technical Solution Definition
Logical Decomposition (3)
Design Solution Definition (4)

Function allocation (during decomposition),
ConOps and operations goals, iterative human-
centered design, task analysis, design prototyping
for HITL evaluation, operate-to documents

PRODUCT REALIZATION PROCESSES

HSI EMPHASIS

Design Realization Processes
Product Implementation (5)
Product Integration (6)

Validate design for all human-systems interactions
as elements are integrated

Evaluation Processes
Product Verification (7)
Product Validation (8)

HITL Testing, validation to ConOps

Product Transition Processes
Product Transition Process (9)

Prepare for Operations: training, simulations,
handing and operations documents

TECHNICAL MANAGEMENT PROCESSES

HSI EMPHASIS

Technical Planning Processes (10)

LCC management

Technical Control Processes (11-15)

HSI participation in management processes, as
required

Technical Assessment Process (16)

HSI products, entrance, and exit criteria for
milestone reviews; TPM examples

Technical Decision Analysis Process (17)

Human-centered design, HSI domain participation

A depiction of HSI product inputs and outputs from the SEE processes using the NASA/SP-
2007-6105 wall chart process flow diagram shown in Figure 3.1-1, Systems Engineering Engine
with HSI Inputs and Outputs, with additional text added for HSI. This diagram will be
referenced in the following sections to explain both SEE and by-phase activities to be conducted
by the HSI practitioner. And as noted in section 1.2, the depictions and descriptions provided in
the HSIPG attempts to aid the reader in understanding a complex, iterative, and recursive
process. The reader is encouraged to use the SEHB and other sources to accompany the HSIPG .
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Begin or From

The HSI products shown as inputs and outputs in Figure 3.1-1 are highly condensed. The by-
Phase sections of this guide use this diagram, but also refer to products in Table 3.1-3, Product
Maturity Matrix for Programs and Projects. This list contains the most common products, but it
should be noted that a complete list of products would be developed by the practitioner and
documented in the HSI Plan. The HSI Plan should be updated as required when new products
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Figure 3.1-1 Systems Engineering Engine with HSI Inputs and Outputs

are identified. The maturity of these products is based on NPR 7120.5E.

In addition, Table 3.1-4, Product Maturity Matrix for Human-Rated Programs, is provided from
NPR 8705.2B. This list will provide additional insight into the types of products required for the
health, safety, and performance of humans engaging in operating and living in human-rated

space vehicles.
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Table 3.1-3  Product Maturity Matrix for Programs and Projects
Phase Pre-A A B C D E F
Milestone Review MCR |SRR SDR/ PDR COR/ SIR |TRR SARORRFRRCPJII‘EQRR/ [I)Dgé
Product MDR PRR
Conceptualization and Architecture
Concept Documents, ConOps D | U
Fu_nction aII_ocation to Humans D | U U
(Flight Architecture)
Function alloqation to Humans D D | U
(Ground Architecture)
HSI Decomposition Models for
Requirements Development D U U U
HSI Requirements (Project and System) D | U U
HSI Requirements (Subsystem) D D D |
HSI inputs to technology maturation | U U U U
Human mockups, models, prototypes X X X X X
Human Assessments,
Human-systems interactions X X X
Validate design to ConOps X X X X X X X
Cross-cutting and Management
HSI Planning for SEMP or HSI Plan D | U U U U
HSl-applicable Trade Study reports X X X X X X
Measures of Effectiveness (MOES) D D | U U U
Measures of Performance (MOPS) D D | U U U
Technical Performance Measures (TPMs) | D D | U U U
Life Cycle Cost Estimates D D I U U ujlujuj|ju|lu U U
HSI Domain Risks | U U U U ul|luUj|jUuj|juUu|U U U
Lessons Learned Reports X X X X X X X
Production and Operations
Operations Concept D D D | U U ujlu
Human-in-the-Loop Testing X X X | X | X
Operate-to Documents D D I U u|lujlu
Logistics Documents D D I uljluju|u
Handing and Ops Documents D I uljuju]|u
Monitoring of human performance X | X | X X

Legend: D — Draft, I — Initial baseline, U — Update, X - Applicable
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Table 3.1-4 Product Maturity Matrix for Human-Rated Programs

Phase Pre-A A B C D E F

SDR/ CDR/ PLAR/ | DR/
Milestone Review MCR |SRR PDR SIR | TRRISARORRFRR| ~£rr | DRR
Product MDR PRR

Human Rating Products and Activities

Human-Rated Space System Description

Reference Missions Description

Safety and Mission Assurance Processes U U U
Program's Utilization of Flight Crew
Human-Rating Requirements | U U U

Implementation Plan

HSI Team Plan

Mandatory Technical Standards Listing

Technical Standards Tailoring Summary

Human-Rating Tailoring List U U U U
Safety Analysis Influence Summary I U U

Crew Survival Approach Description I U U

Probabilistic Safety Requirements U U U

Crew Survival Strategy Effectiveness | U U

Summary

Safety Risk Ranking and Probabilistic

Safety Requirements Achievement I U U U
Analysis

System Failure Tolerance Summary I U U U
Crew Workload Evaluation Plan I U U

Preliminary Flight Testing Plan I

Human System Performance Testing | U

Influence Summary

Human Error Analysis Influence | U
Summary

Flight Testing Plan and Objectives I

Verification and Validation Plan for U U U U

Human Rating Requirements

Human Rated System Configuration
Control and Maintenance Plan

Verification and Validation Results
Summary for Human Rating I
Requirements

Flight Testing Results Summary I

Crew Workload Evaluation Results |

Post-Verification/Validation Safety
Analysis Influence Summary

Legend: D — Draft, I — Initial baseline, U — Update, X — Applicable
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3.2 By-Phase Activities and Products

The sections in this chapter are subdivided by life cycle phase since the 17 SEE processes are
executed in multiple phases, which supports the iteration and recursive execution of SEE
processes.

In each phase of the P/P, the HSI practitioner must be product-oriented in order to add distinct,
recognizable value. Tangible products must be planned and executed on schedule and to the
necessary phase-based maturity in order for HSI to be a key player in SE, in design efforts, and
in mission operations. The by-phase sections will focus on both the SEE processes and product
maturity goals, since products typically cut across life cycle phases.

As each product or activity is introduced for the first time, regardless of phase, additional detail
and reference information will be provided.

3.3 Pre-Phase A: Concept Studies

3.3.1 Pre-Phase A Objectives

The key purpose of Pre-Phase A is to “produce a broad spectrum of ideas and alternatives for
missions from which new P/Ps can be selected” (NASA/SP-2007-6105). The Pre-Phase A
period is when users and stakeholders for a project or program are identified, high level
requirements are compiled, preliminary design reference mission concepts are composed,
possible ConOps developed, key capabilities of the systems are listed, and when request for
proposal and contract-related details and deliverables for a future solicitation may be initially
considered.

In order to fully appreciate the scope and nature of activities conducted during the Pre-Phase A
part of the life cycle, the practitioner must understand SEE processes but also should review the
detailed SEE diagram provided as an insert with NASA/SP-2007-6105 (see Table 2.2-1). Itis
also available online, see the References in Appendix D. An examination of the processes used
in Pre-Phase A through Phase B (for Program Formulation) will show that in addition to the four
system design processes (NASA/SP-2007-6105 section 4), five product realization processes
from NASA/SP-2007-6105 section 5 are also performed, as well as the eight cross-cutting
processes from NASA/SP-2007-6105 section 6. In the fold-out diagram, the practitioner will
find that the activities listed for each SEE process are tailored to be appropriate for each phase.

Pre-Phase A NASA Systems Engineering Goals

e Produce a broad spectrum of ideas and feasible
alternatives

o Determine feasibility based on cost, schedule,
technical, and risk studies

e Establish mission needs, goals, and objectives
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Review milestones and Key Decision Points (KDPs) for all phases are defined in section 2.3 of
NPR 7120.5E. For Pre-Phase A, the Mission Concept Review (MCR), which supports KDP A
for projects, is conducted near the end of Pre-Phase A.

MCR Entrance and success criteria are provided in NPR 7123.1B, Table G-3.

The MCR success criteria are fundamentally a review of the products of the activities conducted
in Pre-Phase A. Ultimately it is up to the “Decision Authority” to determine if the P/P is mature
and ready to progress to the next phase of the life cycle. For smaller projects, there may be a
desire to go straight into Phase A and use the System Requirements Review (SRR) as the first
KDP and milestone. In this case, it is strongly advised that an informal concept review be held
to ensure that the concept “point of departure” is adequately communicated with stakeholders,
domain experts, and team members before proceeding forward to make critical high level design
decisions. It is also advised that Pre-Phase A activities and products should not be “skipped.”

It is critical that HSI practitioners actively engage in Pre-Phase A activities, reviews, and
decisions to avoid costly revisions due to inadequate consideration of the human component of
the P/P. The human-oriented mission goals, concepts, high level requirements, capabilities, and
constraints must be clearly defined. Early inclusion of HSI practitioners ensures that the system
concept is optimized for the developers, maintainers, trainers, and other system stakeholders in
addition to end users. Domain personnel and SMEs can provide best practices and solutions for
issues during concept development rather than later in system design when changes are more
costly and more difficult to implement.

There are several HSI-related activities that must be initiated or completed during Pre-Phase A.
Per Key Concept #4, listed in section 1.4, getting started with HSI activities early is a best
practice and necessary to achieve the cost reductions (avoidance) to LCC. Incorporating HSI
early sets the stage for a successful design—one that accommodates humans, rather than forces
the humans to accommodate to the design. A list of important HSI activities is provided in this
section. These activities are not strictly HSI activities; with a few exceptions, HSI does not
typically “own” system-level documents such as the ConOps, SEMP, and domain-specific
documents. HSI practitioners generally work inside the SE process to provide inputs for SE
products.

The relevant goals for the HSI practitioner during this phase are shown in Table 3.3-1.
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Table 3.3-2

Goals and Success Mapping for HSI in Pre-Phase A

Milestone

HSI Goals

HSI Success Criteria

MCR

Elicit Stakeholder Goals

Captured and quickly matured,
including any provided
requirements, concepts,
constraints, budgets, timelines,
etc.

Support Function allocation to
Humans

Must be identified early in the
planning for any system, but try
to avoid any “solution bias.”

Develop Operational Concepts

Developed and evaluated
against stakeholder
expectations and other P/P
criteria to support development
of the ConOps.

Identify Design Constraints

Document HSI factors, such as
the number and skills of users,
types of human interfaces,
logistics infrastructure,
maintainability, and training.

Produce HSI Requirements

Captured at a high level along
with stakeholder expectations

Initiate HSI Planning

Initiated to set up resources to
produce key products
(standalone HSI Plan or input
into the SEMP)

Support Feasibility Activities

Conducted, which can include
human-centered mockups,
models, analysis, and
simulations to support validation
of a concept and drive
considerations for alternative
concepts.

Create Metrics and Measures

Captured to provide human
effectiveness and performance
criteria for the proposed
solutions (matured in the next
phase)

Operational Concepts, as used above, can be in the form of mission scenarios, which include
normal operations, as well as scenarios for emergency “off-nominal” and contingency

operations. As these scenarios are developed, assumptions and conceptual decisions are made

regarding how the goals and scenarios are accomplished. Functions can be allocated to

hardware, software, and humans to create a system architecture concept. HSI practitioners
engage to guide these decisions using best practices, analysis, and assessments for workload,
human performance, reliability, and other criteria. The work is collaborative and broad,
coordinating with domain experts and stakeholders.
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3.3.2

Pre-Phase A Process and Products

Most activities in Pre-Phase A flow down from the primary stakeholder “Goals, Requirements,
Human Allocation” activities. Performing the Pre-Phase A processes will produce HSI-related
products that then support activities in repeated iterations of concept evaluation or in later
phases. Figure 3.1-1 is provided as a summary view of processes to be performed. HSI is
distinguished from HFE practice in that HSI is “all about process.” All of the SEE processes are
important, but some processes involve the HSI practitioner more than others. The relevant
processes for the HSI practitioner during this phase are shown in Table 3.3-2. Refer to the
SEHB, the SEHB wall chart, and NPR 7123.1B for supporting details. NPR 7123.1B also
provides detailed process flow diagrams documenting the activities as well as the inputs and
outputs for each activity.

Table 3.3-3  Process-Product Mapping for HSI in Pre-Phase A
SEE Process Title Key HSI Activities Major HS.I Products
Process Per Milestone
Establish Const and MCR: HSI inputs to mission and
support strategies for use over . o
B ; architecture, and ConOps (initial
the systems’ life, including draft)
1 Stakeholder allocation to humans
Expectations -
Analyze expectations to
establish MOEs for customer MCR: initial set of MOEs defined
satisfaction
Define design and product
use constraints
Egg'g\i;?:fgfnigt}gn in MCR: Function allocation to
Technical . P humans; HSI inputs to
2 . technical terms per ; -
Requirements requirements for mission,
ConOps/usage :
science, and top-level system
Define technical requirements
in acceptable “shall”
statements
_ Define logical decomposition MCR: Initial concepts for
Logical models (e.g., operator tasks) e
3 . . . decomposition; models used to
Decomposition for derived requirements and . .
. derive HSI requirements
validate
Define and analyze alternative
design solutions for context of MCR: HSI i hiol
4 Design Solution use and LCC : Inputs to technology
- - - and maturation strategies
Verify the fully defined design
solution
Produce early-phase reports, MCR: Support development of
Product
5 | . mockups, models, prototypes, | products used for human
mplementation
and demonstrators assessments
Produce HSI content for MCR: HSI Planning initiated,;
10 Technical Planning SEMP and other technical preliminary inputs to HSI Plan or
plans SEMP, or equivalent
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SEE . - Major HSI Products
Process Process Title Key HSI Activities Per Milestone

MCR: Support architecture and

mission trade-offs and analysis;

coordinate decisions to allocate
functions to humans

Conduct decision analysis
17 Decision Analysis process for identified technical
issues including HSI concerns

Several HSI-related products must be initiated or completed during Pre-Phase A. It should be
noted that projects that have a significant human component required to achieve potentially
hazardous missions may require multiple “passes” and concept design assessments. This can
produce multiple assessment reports, multiple mockup configurations, and launch/landing
models with thousands of simulation data runs, just to give a few examples.

These products are developed by executing the steps shown in Figure 3.1-1, Systems
Engineering Engine with HSI Inputs and Outputs, which is based on NASA/SP-2007-6105 and
wall chart, with HSI details added.

The process starts with SEE 1, Stakeholder Expectations, to elicit needs, goals, and objectives
for the product and mission. The HSI practitioner will be focused on identifying the touch-
points, interfaces, and systems where humans are involved or allocated to perform functions.
The primary product from SEE 1 is the operations concept, which is eventually placed into the
ConOps document. See chapter 4.4.2 of this document for more information on supporting
ConOps development.

The second key product for the HSI practitioner will be to generate candidate measures of
effectiveness (MOES) that involve human participation. See chapter 4.4.5 of this document for
developing and using HSI metrics.

Development of requirements using the stakeholder inputs and operations concepts is performed
under SEE 2, Technical Requirements. Note: This does not include requirements management,
which is SEE 11. As for all of the SEE processes, refer to NPR 7123.1B for detailed steps,
inputs, and outputs. For Pre-Phase A, the requirements remain at a high level and the HSI input
is focused on function allocation, which will support developing requirements in later phases.
See Table 4.4-2, Function allocation Process, for details on performing function allocation
activities with HSI considerations.
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Typically, domain participation is ensured through collaboration when developing requirements.
Although an HSI team can be formed during Pre-Phase A for larger Programs, typically the work
is performed by domain and subject matter experts. Often the requirements, constraints,
measures of performance (MOPs), and technical performance measures (TPMs), and related
products are classified as “candidate” during this phase. See section 4.4.4 for developing HSI-
based requirements, and section 4.3.2 for organizing the HSI team.

Some HSI products can be delayed to Phase A for the first draft, but most will have materials
produced and planning accomplished in this phase. If the P/P is human rated, then the additional
programmatic requirements are levied for compliance (e.g., HSI team stood up by SRR per NPR
8705.2B). Capturing the planning materials produced during Pre-Phase A is important to be able
to feed into the HSI Plan, if written, or the SEMP or similar engineering management document.
This activity is performed under SEE 10, Technical Planning, which is a cross-cutting process.
See HSIPG section 4.4.1 on writing the HSI Plan.

The products from SEE 1 and SEE 2, along with other decisional information, will feed SEE 3,
Logical Decomposition, activities. During Pre-Phase A, the HSI practitioner should start to
identify which mechanisms and models will be used to strategically derive and decompose
detailed requirements. These methods can include a variety of human assessments from low-
fidelity mockups, task analysis, human constraints and standards, human-centric design
guidance, etc. For a list of these types of resources, refer to the References in Appendix D. See
section 4.4.7 for ensuring the usability of systems and section 4.3.4 on identifying human-
centered trade-offs.

The Design Solution process, SEE 4, follows next and uses the Pre-Phase A products to develop
the set of potential solutions, recommended architectures, and inputs to the technology and
maturation strategies. The HSI practitioner participates to ensure the design solution options are
validated against the human goals and objectives, and concept documents. Plus the HSI
practitioner can ensure that any LCC analysis includes the full scope of the life cycle, which
includes an evaluation of the cost of operational resources and activities for each design
alternative. This work is supported by SEE 17, Decision Analysis, which uses the Pre-Phase-A
products as inputs, and provides overall decisional outcomes for the P/P. See HSIPG sections
4.4.9 and 4.4.10 for LCC as it applies to HSI.

While not explicitly listed in Table 3.3-2, the HSI practitioner should also participate in SEE 13,
Technical Risk Management, which also includes risk analysis activities.

Prototyping and modeling can be extensive for projects, which combine human habitability,
operations, and conducting science such as a crew vehicle or similar manned platform. These
physical products are produced in SEE 5, Product Implementation. Figure 3.3-1 is a photograph
of a crew vehicle mockup that was used in an HITL to analyze access, reach, and visual
perception. As you can see, a modest investment was made to construct a structurally stable
model that could be reconfigured inside. Figure 3.3-2 shows a mockup for an aviation cockpit
for evaluation of pilot performance. The pilot is outfitted with an eye-tracking device to gain
insight into both the layout and human performance when managing concurrent tasks. While
some HITL mockups can and should be elaborate, in many cases prototypes need not be overly
detailed or costly to provide valuable design information. The systems engineer should be well
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aware that the end product includes not only the final deliverable, but enabling products as well.
A rocket cannot be sent to space without the availability of an integration and assembly facility.

Also, reducing risk is a key component of human space flight; mockups and models are stepping
stones along the way to both successful, well-crafted solutions and for ensuring the safety of the

operators.

Figure 3.3-2 Example: Cognitive Performance in Aviation Environment
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Although not explicitly listed in Table 3.3-2, additional product realization processes are
executed as shown in Figure 3.1-1 to verify, validate, and integrate (SEE 6) any products created
in SEE 5, Product Implementation. The HSI practitioner may be involved in these processes.
For Pre-Phase A, SEE 7, Product Verification and SEE 8, Product Verification, are usually
limited to products produced in the phase, for example mockups and models.

3.4 Phase A: Concept & Technology Development

3.4.1 Phase A Objectives

The key purpose of Phase A is to “determine the feasibility and desirability of a suggested new
major system and establish an initial baseline compatibility with NASA’s strategic plans™ (per
NASA/SP-2007-6105). This is a stage in which the mission concept from Pre-Phase A is
revisited in a more formal fashion, with increased emphasis towards conceptual development,
engineering details, technical risks, and allocation of functions to various systems and sub-
systems. The goals for Phase A from the NASA/SP-2007-6105 wall poster are shown in the
“blue box” that follows to provide a reference for the phase from a high level perspective.

Phase A NASA Systems Engineering Goals

e Develop baseline mission concept
e Demonstrate feasibility of selected concept

e Establish validated requirements that meet mission
objectives

e Establish architectural product design
e Allocate requirements to next lower level
e ldentify needed technologies

e Mitigate technical risks

In Phase A, the work that was completed in Pre-Phase A is used to begin the more formal work
and rigor required of space flight P/Ps. This is still early in the P/P life cycle, so decisions made
here are critical and greatly affect LCC. The architects, designers, and SMEs are still given
“room” to assess alternative design solutions during the beginning of the phase. By the end of
the phase, the concepts, documents, requirements, and solutions become firm as system trades,
assessments, technology selection and solutions iterate back and forth in the effort to seek the
most cost-effective designs. The result of the phase is an accepted baseline design, which is
achieved through the two life-cycle reviews, the SRR and the System Design Review (SDR).
Robotic missions use the Mission Design Review (MDR) in place of the SDR. HSI is still
applicable to robotic missions.

The SRR is generally a mid-phase review. The SRR precedes the MDR or SDR.
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The MDR or SDR support the KDP B milestone. For programs, the SRR and SDR support the
KDP 0 milestone. Entrance and success criteria are provided in NPR 7123.1B, Appendix G, as
follows:

e Table G-1 - SRR for a Program
e Table G-4 - SRR for Projects or Single-project Programs

e Table G-2 - SDR for a Program
e Table G-5 - MDR/SDR for Projects and Single-project Programs

In the event that the MCR was not held during Pre-Phase A, HSI practitioners are strongly
advised to communicate the concepts and human performance goals to stakeholders, domain
experts, and team members, well in advance of SRR to ensure that the human component is
taken into consideration for the Phase A work flow. For SRR and MDR/SDR, HSI practitioners
support the reviews with HSI-related product submissions, as defined in the HSI Plan, as peers to
communicate HSI details when required, and as evaluators to ensure compliance to best practices

and standards.

Phase A goals and success criteria are mapped to relevant milestones in Table 3.4-1.

Table 3.4-1

Goals and Success Mapping for HSI in Phase A

Milestone

HSI Goals

HSI Success Criteria

SRR

Support Function allocation to
Humans

Completed for all established
architecture levels

Establish HSI Team
(required for Human-rated Programs
and recommended for most Projects)

HSI Team Roster includes Lead
and all necessary SMEs

Generate HSI Requirements

HSI design constraints, human
interfaces, and objectives for all
relevant domains are
addressed in requirements

Support Concept of Operations

HSI Inputs Incorporated into
ConOps

SDR/
MDR

Initiate HSI Planning

Key HSI products and HSI
resources are documented in
HSI Plan, or as input to SEMP
or other project plan document

Support Feasibility Assessments and
Modeling

Human-centered mockups,
models, simulations and
analyses are utilized to drive
lower level requirements and
design trades
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3.4.2 Phase A Process and Products

The activities performed in Phase A are similar to those performed in Pre-Phase A. Indeed,
smaller projects can easily lose the distinction between these two early phases as the milestone
and decision gate for Pre-Phase A, the MCR, is often ignored in favor of the first Phase A KDP
milestone, the SRR. A review of the tailoring of the activities performed in Phase A as shown in
the wall-chart provided with NASA/SP-2007-6105 shows moving from candidate architecture,
requirements, and solutions in Pre-Phase A to selected and baselined architecture, requirements,
and solutions in Phase A.

A second distinction between Pre-Phase A and Phase A lies with the depth of decomposition:
Phase A activities will iterate to a lower and more detailed level, having completed selection of
higher level parts of the design.

As the P/P is matured, the ability to perform additional processes is made available. For
example, firming the architecture allows for the development of TPMs, improved LCC
estimates, higher fidelity models and mockups, and the creation of product baselines.

HSI practitioners will be called upon to engage in activities as shown in Table 3.4-2, Process-
Product Mapping for HSI in Phase A. Some activities and products are similar to those in Pre-
Phase A.

Table 3.4-2 Process-Product Mapping for HSI in Phase A

SEE SEE Process Title Key HSI Activities Major HS.I Products
Process Per Milestone
Establish ConOps and support SRR: Baseline ConOps
strategies for use over the S/MDR: HSI input to
Stakeholder systems’ life, including allocation ConOps updated from
! Expectations to humans previous version
Analyze expectations to establish SRR: HSI MOEs captured to
MOEs for customer satisfaction drive HSI MOPs, TPMs
e Define design and product use
constraints SRR: HSI Requirements
e Define functional and baselined for established
behavioral expectation in architecture
) technical terms per
2 ;echr'ncal ConOps/usage S/MDR: HSI Requirements
equirements e Define technical requirements | updated for new human
in acceptable “shall” allocation or changes
statements
Use MOEs to create MOPs and S/MDR: HSI MOPs, TPMs
TPMs for HSI success established for tracking
SRR: Decomposition
) . o Models, Derived
5 | Logea Dol el decomposlon | Reduements o cevelop
Decomposition derived re.qgljirefnents and validate lower level design.
S/MDR: iterate as needed
for each level of architecture
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SEE : - Major HSI Products
Process SEE Process Title Key HSI Activities Per Milestone
Define and analyze alternative SRR: Identify functions
design solutions for context of use | allocated to humans and
and LCC update HSI plans
. . Verify/validate the fully defined
4 Design Solution design solution against the S/MDR: Iterate for new
ConOps design levels
Prepare Logistics and Operate-to SIMDR: Procedures (draft)
Procedures
Produce early-phase reports, SRR, S/IMDR: Support
Product
5 | . mockups, models, prototypes, and | development of product used
mplementation
demonstrators for human assessments
Support production of human- SRR, S/IMDR: Assess
6 Product Integration centered phase end-items from human element for
SEE 5 integration
SRR, S/IMDR: Verified phase
7 Product Verification | Verification of SEE 5 products product end-items created in
SEE 5
Validation of SEE 5 products, SRR, S/MDR: Validated
8 Product Validation Evaluate design solutions against phase product end-items
ConOps created in SEE 5
) ) SRR: HSI Planning started
Provide HSI inputs to SEMP (or
equivalent) and other technical S/MDR: HSI Plan or
i i lans ’
10 Technical Planning p equivalent (draft)
Provide HSI inputs to LCC SRR, S/IMDR: LCC
estimates estimates as needed
13 Technical Risk Assess and create mitigation SRR, S/MDR: HSI Domain
Management plans for HSI Domain risks Risks as needed
Conduct decision analysis SRR, S/IMDR: Human-
17 Decision Analysis process for identified technical centric assessments for
issues including HSI concerns established architecture

The key HSI products started in Pre-Phase A are brought to baseline configuration during Phase
A, as shown in Table 3.1-3, Product Maturity Matrix for Programs and Projects. These products
are matured by performing the steps as shown in Figure 3.1-1, SEE with HSI Inputs and Outputs.

Note: The following description of NASA SEE processes is not unique to HSI.

Stakeholder expectations, SEE 1, are revisited, validated, and formalized and used to mature the
ConOps document and create MOEs, which must be established for SRR.
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These SEE 1 and Pre-Phase A products are then used in the steps for SEE 2, Technical
Requirements, to create top level requirements. The MOEs are used to create MOPs and TPMs
as the requirements are matured. Refer to section 4.4.5 for additional information on HSI
measures.

Most of the requirements work is completed for the top level architecture by SRR. Additional
levels of the architecture are then derived from the top level, sometimes with unique milestones.

Decomposition models are selected and used in SEE 3 to further derive requirements.
Decomposition models can include human-centric models such as timing diagrams, crew
timelines, behavior diagrams, and operator task analysis. Critical decisions regarding function
allocation are made. This may include determinations regarding autonomy and automation as
well.

For complex systems, human assessments are performed in SEE 17, Decision Analysis, often per
technical planning under SEE 10. Process SEE 13, Technical Risk Management, also includes
probabilistic risk assessment. These cross-cutting processes inform the nine technical processes
(SEE 10 — 17) and can drive and affect the activities in those processes, especially for HSI, in
early life cycle phases.

The HSI requirements and decomposition models are used in SEE 4 to produce the candidate
design solutions and alternatives. HSI practitioners should engage to analyze the design
solutions for P/P systems that require extensive human involvement.

The practitioners should also engage to validate the design solution against the ConOps, as part
of SEE 8. Any systems that are allocated to humans are identified and the HSI Plan or
equivalent documentation is updated to reflect the need to address HSI domain considerations for
those systems.

HSI practitioners will participate to ensure that early-phase proof of concept and prototype
products are developed. These products are the output of SEE 5, Product Implementation, and
take inputs primarily from the SEE 4 and SEE 17. These models and mock-ups can aid in the
development of requirements and design constraints, and will also provide feedback to SEE 16,
Technical Assessment process.

As shown in the Table 3.3-2, HSI practitioners will likely be engaged in the remaining processes
in the product realization group: Product Verification (SEE 7), Product Validation (SEE 8), and
Product Integration (SEE 6). These processes are shown in Figure 3.1-1, Systems Engineering
Engine with HSI Inputs and Outputs. A list of potential human-centered design evaluations and
products, useful for SEE 7 and SEE 8, can be found in NASA/TP-2014-218556.

The SRR is the first milestone gate for a review of the requirements, technical plans, and initial
ConOps document. The TPMs are baselined for SDR, where the candidate design is established
as the baseline. The simplicity of the products in Table 3.4-2 somewhat masks the significant
amount of effort and rigor required to complete the activities to produce the products. Complex
systems can require significant effort to assess options, build mockups, write software models,
plan future HSI activities, and create documents.
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It is not practical to detail all of the specific HSI products required for a specific P/P—and,
indeed, that is the role of the HSI Plan. The number and types of evaluations, mockups, human
interaction assessments, task and user evaluation, HITL tests, etc. will depend entirely upon the
nature and scope of the P/P and the fidelity of the evaluation. This is another reason why
working to develop the HSI plan from the beginning of the P/P is essential.

3.5 Phase B: Preliminary Design and Technology Completion

3.5.1 Phase B Objectives

The key purpose of Phase B is to “define the project in enough detail to establish an initial
baseline capable of meeting mission needs” (NASA/SP-2007-6105). Within Phase B, if not
already, requirements will be flowed down from a Level 1 agency collection, to Level 2, 3, and
possibly other levels as needed by the system and required by any relevant contracts.

Phase B NASA Systems Engineering Goals

e Establish a design solution that meets mission needs

e Establish design dependent requirements and
interfaces

e Complete “implementation” level of design

In Phase B, the work that was completed in Phase A is developed and matured to support
baselining of the design solution. The processes mature, leading to updates to plans, risk
assessments, and process documentation prior to the PDR. Phase A system trades, assessments,
technology selection and solutions are iterated, leading to the concepts, documents,
requirements, and solutions reaching maturity levels necessary to be reviewed, refined, and
baselined by the end of the phase. The conclusion of the phase is a selected design solution,
which is achieved through the PDR.

Completion of the PDR precedes the KDP C milestone for projects. For programs, PDR
supports KDP I. Entrance and success criteria of the PDR are provided in NPR 7123.1B,
Appendix G, Table G-6.

HSI practitioners support PDR with HSI-related product submissions and through review of
design features from an HSI perspective.

Goals and Success Mapping for HSI in Phase B are provided in Table 3.5-1.
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Table 3.5-1

Goals and Success Mapping for HSI in Phase B

Milestone HSI Goal

HSI Success Criteria

Refine requirements;
form and validate
derived Human
requirements

The top-level human requirements, including
mission success criteria, TPMs, and any
sponsor-imposed constraints are agreed
upon, finalized, stated clearly, and
consistent with the preliminary design.

The flow down of verifiable requirements is
complete and proper.

Update SEMP, HSI
Plan, and other
technical plans

Definition of the technical interfaces (both
external entities and between internal
elements) is consistent with the overall
technical maturity and provides an
acceptable level of risk.

PDR

Refine, validate, and
document technical
requirements

The operational concept is technically
sound, includes human systems, and
includes the flow down of requirements for
its execution.

Technical trade studies are mostly complete
in sufficient detail and the remaining trade
studies are identified, plans exist for their
closure, and potential impacts are
understood.

Refine interfaces and
evaluate compatibility

Appropriate modeling and analytical results
are available and have been considered in
the design.

3.5.2

Phase B Process and Products

Since many Phase B activities are continuations or maturations of activities initially begun in
Phase A, Phase B shares many of the key items for HSI team members to continue supporting.
However, there is often a greater opportunity for engagement in HITL testing using mockups and
software simulators, as well as trade studies evaluating various design options. Thus, human
factors activities have a key role in Phase B, beyond that of requirements definition, getting into
true design evaluation and maturation.

A review of the tailoring of the activities performed in Phase B as shown in the wall-chart
provided with NASA/SP-2007-6105 shows moving from selected and baselined architecture,
requirements, and solutions in Phase A to a selected design solution in Phase B.

Processes developed in Phase A continue to be refined, allowing for system design to be
solidified. Product baselines are iterated and updated, human-system interactions evaluated, and
trades performed. Table 3.5-2 provides a map to the additional key HSI processes being
performed in Phase B. Note that the processes executed in the previous phases are still being
performed iteratively.
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Table 3.5-2

Process-Product Mapping for HSI in Phase B

SEE Process Title Key HSI Activities Major HS.' Products per
Process Milestone
5 Technical Define TPMs for human PDR: HSI MOPs refined, TPMs
Requirements performance defined and tracked
Refi . s f d PDR: Requirements iterated and
Logical ehine requirements, form an refined for preliminary design;
3 Decomposition validate derived Human ConOos further developed and
p requirements onOps further developed an
matured
Design Prepare for detailed design, PDR: Support_mltlal qeyelopment
4 : . : of manufacturing, logistics,
Solution manufacturing, and testing o ;
training, and testing plans
Product Produce mockups, models, PDR: Support development of
5 . products used for human
Implementation | prototypes, and demonstrators
assessments
6 Product Ensure solution is compatible with PDR: Plans/processes for
Integration integration philosophy integration of lower tier products
Prepare to conduct verification; PDR: Models and prototypes are
Product . e . i
7 o conduct trial verification for high planned and developed;
Verification S
risk items Crew Task Analyses conducted
Prepare to conduct validation;
8 Product conduct trial verification for high PDR: Models and prototypes are
Validation risk items; evaluate design against | planned and developed
ConOps
10 Technical HSI inputs to SEMP, HSI Plan, and | PDR: HSI Plan iteration and
Planning other technical plans update
. : Conduct technical risk PDR: HSI Plan, HSI Domain
Technical Risk L e .
13 assessment; implement mitigation plans, and P/P risk management
Management
plans plans
Decision COf_‘d“Ct. qu'S'On a_malyss PTOCeSS | ppR: HsI process feedback
17 : for identified technical issues : . .
Analysis iterations at each milestone

including HSI concerns

The key HSI products started in Phase A are updated during Phase B, as shown in Table 3.1-3,
Product Maturity Matrix for Programs and Projects. The PDR is the milestone gate for review of
the requirements, technical plans, interface control documents, and V&V documents.

HSI practitioner inputs support meeting PDR Entrance Criteria via the HSI Plan, Human Rating
Certification Package, Verification/Validation Plan, trade-off analyses, and various other

products.

SEE 2, Technical Requirements, are refined, along with development of human-related metrics

to allow for tracking of metrics through the remaining phases.
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The requirement allocation in SEE 3 produces more detailed requirements and operational
concepts influenced by the results of Phase A SEE 4 and SEE 5 modeling, prototyping, and
validation activities. Those activities continue in Phase B, along with preliminary preparation
for Phase C manufacturing, logistics, training, and testing activities and products. A Preliminary
hazard analysis ensures that safety requirements have been adequately addressed in system
design.

HSI practitioners provide support for many SEE 7 and SEE 8 V&V activities during Phase B,
providing feedback to system designers, requirements developers, and producers of the various
PDR products. HITL activities conducted in Phase B can often be “pre-declared” for V&V
credit, which is typically conducted in Phase D.

SEE 6, project integration activities, ensures that tiered functionalities are documented and
communicated between stakeholders at all development levels. Expectations for integration are
established in support of PDR. SEE 10, SEE 13, and SEE 17 activities also directly support the
PDR milestone review, as plans, processes, and other products are developed and matured.

The PDR demonstrates that the preliminary design meets all system requirements with
acceptable risk and within the cost and schedule constraints and establishes the basis for
proceeding with detailed design. This is a critical milestone for HSI practitioners, as it is the first
full review of system design from concept through verification, validation, and operations. The
positive evidence of HSI influences should be visible through early risk reductions, extensive
human-system integration, and a mature human-centered design concept.

3.6 Phase C: Final Design & Fabrication

3.6.1 Phase C Objectives

The key purpose of Phase C is to “complete the detailed design of the system (and its associated
subsystems, including its operations systems), fabricate hardware, and code software”
(NASA/SP-2007-6105). In essence, this phase occurs when all design details are finalized and
the system is prepared for testing and verification.

Phase C NASA Systems Engineering Goals

e Establish complete, validated detailed design

e Complete all design specialty audits

e Establish manufacturability processes and controls

e Finalize and integrate interfaces

e Produce items that conform to specs and acceptance criteria

e Prepare facilities for production
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In Phase C, the work design solution that was selected in Phase B is prepared for finalization and
fabrication. The processes mature similarly, further mitigating risks, developing technological
readiness, optimizing design trades, and proceeding through the milestones. Phase B system
trades, assessments, technology selection and solutions complete design iterations, leading to the
start of production of the final design solution by the end of the phase. The conclusion of the
phase is an end product, which is achieved by working the processes and proceeding through
the Critical Design Review (CDR), Production Readiness Review (PRR), and System Integration
Review (SIR). To ensure readiness for production, a PRR and SIR may be held. For many
projects, the intent of these reviews will be met during the project’s CDR.

For projects, the CDR, PRR, and SIR support KDP D. For programs, the CDR and SIR support
KDP Il. (See NPR 7120.5E, section 2.3 for complete details.)

The Phase C milestone entrance and success criteria are provided in NPR 7123.1B as follows:

e Table G-7 - CDR for Program
e Table G-8 - PRR for Project
e Table G-9 - SIR for Program

Table 3.6-1 provide Goals and Success Mapping for HSI in Phase C.

Table 3.6-1 Goals and Success Mapping for HSI in Phase C

Milestone HSI Goal HSI Success Criteria

Detailed human requirements, verification

Verify detailed design requirements, and integration requirements
meets system are developed and baselined.
requirements The flow down of verifiable requirements is

complete and proper.
Definition of the technical interfaces (both

Update SEMP, HSI external entities and between internal
Plan, and other elements) is consistent with the overall
CDR technical plans technical maturity and provides an

acceptable level of risk.

Technical trade studies are complete to
sufficient detail and incorporated into
detailed design.

Refine and document
technical plans

Model/prototype components and interfaces.
Evaluate interface Incorporate initial results into detailed
compatibility design. Validate components and interfaces
against the operational concept.
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3.6.2

Phase C Process and Products

Phase C shares many of the key items for HSI team members to continue supporting. In this

phase, the detailed design is matured based on the results of Phase B HITL testing, simulations,
and trade studies. Design evaluation and maturation lead to Phase D assembly, integration, and
test activities.

A review of the tailoring of the activities performed in Phase C as shown in the wall-chart
provided with NASA/SP-2007-6105 shows the P/P moving from selected design solution
architecture, requirements, and solutions in Phase B to an end product in Phase C.

Processes developed in prior phases continue to be implemented. Product baselines are utilized
to prepare for production; human-system interactions are evaluated for operations and training
products; and technological readiness is reevaluated. Table 3.6-2 provides a map to the
additional key HSI processes being performed in Phase C.

Table 3.6-2 Process-Product Mapping for HSI in Phase C
SEE . - . .
p Process Title Key HSI Activities Major HSI Products per Milestone
rocess
4 Design Solution | Mature detailed design, CDR/PRR/SIR: Detailed
manufacturing, and testing manufacturing, logistics, training,
plans and testing plans baselined/updated
5 Product Generate and update detailed | CDR/PRR: Finalize design updates
Implementation implementation plans and based on human assessments
procedures SIR: Integrated HSI inputs evolved
from individual component inputs
6 Product Review/generate detailed CDR/PRR/SIR: Integrated lower
Integration integration plans and tiered products
procedures
7 Product Conduct verification activities CDR/PRR/SIR: Verification results to
Verification show that system models/prototypes
satisfy requirements prior to
production
8 Product Evaluate design 