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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
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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

1-2
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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)

1-11




HSI Practitioner’s Guide

Though not shown in Figure 1.6-1, survivability is part of the HFE, Safety, and Habitability and
Environment domain analysis.
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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.
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