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Abstract -

How do we systems engineer humans?
How do we engineer systems that include humans?
Do all systems include humans?

— If so, which humans, how are they included in a system, and how do
we perform systems engineering on them?

— Are they elements of the system like hardware and software are?

— Do we have hardware, software, and humanware? (Yes, you heard it
here first folks, humanware!).

— How do we model the behavior of humans?

Are there any systems that do not include humans in any way
whatsoever?

This presentation discusses these questions from the SE Standards and
INCOSE SE Handbook perspectives, going back to their earlier versions
and coming up to date, including the two most recent approaches.

At the end of this presentation we ask you to answer the gquestion:
Which of the two most recent approaches do you consider to be the
optimum and for what reasons?
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How Do We Model the Behavior of Humans?
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What is the V-Model?

Original V-Model (Entity V-Model)

INCOSE

®

Forsberg

USER

Validation
gy % | VALIDATE SYSTEM TO
REQUIREMENTS, USER REQUIREMENTS
SYSTEM CONCEPT,
VALIDATION PLAN
\ Verification INTEGRATE SYSTEM AND
. ______&= » | VERIFY TO
SYSTEM
SPECIFICATION AND SPECIFICATIONS
VERIFICATION PLAN /
" Verification ASSEMBLE CI'S AND
CONFIGURATION ITEM [€==-=-=======--===--
VERIFY TO
(CI) "DESIGN -TO” SPECIFICATIONS
SPECIFICATIONS AND
VERIFICATION PLAN
- . INTEGRATION AND
BUILD-TO INSPECT/TEST TO VERIFICATION

DECOMPOSITION
AND DEFINITION

SPECIFICATIONS
AND VERIFICATION cati
PROCEDURES

Verl «guiLp TO"-
SPECIFICATIONS

FABRICATE, ASSEMBLE, CODE

Notes:

Left Side = Product-oriented
Right Side = Process-oriented
= JOC Additions”
“Design-To” Spec = Requirements Spec
“Build-To” Spec = Design Spec

V-Model excerpted, modified by John Clark (Northrop Grumman), and used by permission of Kevin Fosberg
from Forsberg, Mooz “Proceedings of the First Annual NCOSE Conference,” 1990, and Forsberg, Mooz,

Cotterman “Visualizing Project Management,” ©2000 by John Wiley & Sons, Inc.
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What is the V-Model? (cont)

Dual V-Model Details (System V)
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Dual V-Model © K. Forsberg and H. Mooz 2005, used by permission of Kevin Forsberg,.
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What is the V-Model? (cont)

Dual V-Model Example CSM

System
V-Model

S < Entity
1 /V-Models

1 é;istem
2 Subsystems
4 Lowest Configuration ltems

Dual V-Model © K. Forsberg and H. Mooz 2005, used by permission of Kevin Forsberg, and excerpted and modified by John Clark (Northrop Grumman)
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Dual V-Model Example Sequence (Recursion) oM
Start : j—— System
End V-Model
¢ >
O s 5 e 2! \ -~
\“?69 2, g Yoo . ENifily
\ %% ! Y / V-Models
1 System
2 Subsystems
4 Lowest Configuration Items (LCIs)
Dual V-Model © K. Forsberg and H. Mooz 2005, used by permission of Kevin Forsberg, and excerpted and modified by John Clark (Northrop Grumman)
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What is Human Systems Engineering?

Human Element
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What is Human Systems Engineering? (c:ontsr'gl wj

(SEH V2a-2004, Appendix B, Human Systems Engineering)

“Human” Engineering specializes in the interaction of the human with other humans and with
the system.

The “Human” engineer specializes in job and task design between the human, others and the
system.

The primary goal of the “human” engineer is to determine the performance of the human in
order to optimize the performance of the overall system.

The human engineer specializes in job and task design and the interaction of humans with
one another and with automation, and his or her responsibility covers the human subsystems
within the system to be designed.

Significant interactions occur between human engineers and systems engineers during
system development.
— These interactions include information that must be shared, decisions that must be made, and actions
or decisions that require approval.
The human engineer specializes in job and task design and the interaction of humans with
one another and with automation, and his or her responsibility covers the human subsystems
within the system to be designed.
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(SEH V2a, Appendix B, Human Systems Engineering)

Program
Management
Contract,
System
Program, and : :
L Engineering & Customer
Political
. Management
Constraints

D,

Other Design and

Development Disciplines Engineers

Human

Figure B-1. Context of Interactions between the Systems Engineer

and the Human Engineer.
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COSE
What iIs Human Systems Engineering? (c:ontBN\~~=wa-f"'s

Based on the interactions described in Appendix B, four overarching interactions or themes have

been selected as significant.

Scenario Definition and User Review

Participation in Function Analysis
Function Allocation Decisions
Compatibility of Models

August 21, 2019 Subject to the restrictions on the Copyright Pages
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V4.0 10.0 Specialty Engineering oo 4

10.13 Usability Analysis/[Human Systems Integration

Human Systems Inteqgration (HSI) is

— The interdisciplinary technical and management process for integrating human
considerations within and across all system elements.

HSI focuses on the human, an integral element of every system, over the system life
cycle.

It is an essential enabler to SE practice as it promotes a “total system” approach that
includes humans, technology (e.g. hardware, software), the operational context, and the
necessary interfaces between and among the elements to make them all work in
harmony.

The “human” in HSI includes all personnel who interact with the system in any capacity,
such as:

— System owners Users/customers

—  Operators Decision makers

— Maintainers Support personnel
— Trainers Peripheral personnel

Humans are an element of most systems, so many systems benefit from HSI
application.

HSI establishes human-centered disciplines and concerns into the SE pro-cess to
improve the overall system design and performance.

15
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10.13 Usability Analysis/[Human Systems Integration

The primary objective of HSI is to:

— Ensure that human capabilities and limitations are treated as critical system
elements, regardless of whether humans in the system operate as individuals,
crews, teams, units, or organiza-tions.

« The technology elements of the system have inherent capabilities; similarly,

Humans possess particular Knowledge, Skills, and Abilities (KSAs), expertise, and
cultural experiences.

- Deliberate design effort is essential to ensure development of quality interfaces between
technology elements and the system’s intended users, operators, maintainers, and
support personnel in operational environments.

« Itis also important to acknowledge that humans outside the system may be affected by
its operation.

«  While many systems and design engineers intuitively understand that the human
operator and maintainer are part of the system under development, they often lack the
expertise or information needed to fully specify and incorporate human capabilities.

- HSI brings this technical expertise into the SE Process and serves as the focal point for
human considerations in the system Concept, Development, Production, Utilization,
Support, and Retire-ment Stages.

« The comprehensive application of HSI to system development, design, and acquisition
IS intended to

— Optimize total system performance (e.q., humans, hardware, and software) while

— Accommodating the char-acteristics of the population that will use, operate,
main-tain, and support the system and

— Support efforts to reduce LCC.

16
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10.13 Usability Analysis/[Human Systems Integration

A key method of HSI is trade studies and analyses.

— HSI analyses, especially requirements analyses that include human issues and
implications, often result in insights not otherwise realized.

— Trade studies that include human-related issues are critical to determining the
design that is the most effective, efficient, suitable (including useful and
understandable), usable, safe, and affordable.

— HSI helps systems engineers focus on long-term costs since much of that cost is
directly related to human element areas.

One example (unfortunately, of many) is the Three Mile Island power plant nuclear
incident in the United States:

— The accident was caused by a combination of personnel error, design deficiencies,
and component failures.

— The problems identified from careful analysis of the events during those days have
led to permanent and sweeping changes in how NRC regulates its licensees—which,
in turn, has reduced the risk to public health and safety.

Failure to include HSI within a comprehensive SE frame-work resulted in loss of
confidence in nuclear power in the United States and delayed progress in the field for
almost 30 years. The cleanup costs, legal liability, and significant resources associated
with responding to this near catastrophe trace directly to lack of attention to the human
elerrr]]erglt of a highly complex system, resulting in flawed operations technology and work
methods.

It also emphasized that while human performance includes raw efficiency in terms of
tasks accomplished per unit time and accuracy, human performance directly impacts the
overall system performance.

17
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10.12 Training Needs Analysis

Training needs analyses support the development of products and processes for training
the users, main-tainers, and support personnel of a system.

— Training analysis includes the development of personnel capabil-ities and proficiencies to
accomplish tasks at any point in the system life cycle to the level they are tasked.

» These analyses address initial and follow-on training necessary to execute required tasks
associated with system use and maintenance.

— An effective training analysis begins with a thorough understanding of the concept documents and
the requirements for the SOI.

* A specific list of functions or tasks can be identified from these sources and repre-sented as
learning objectives for operators, maintainers, administrators, and other system users.

 The learning objectives then determine the design and development of the training modules
and their means of delivery.

Important considerations in the design of training include who, what, under what
conditions, how well each user must be trained, and what training will meet the objectives.
Each of the required skills identified must be transformed into a positive learning
experience and mapped onto an appropriate delivery mechanism.
The formal classroom environment is rapidly being replaced with or augmented by
simulators, computer-based training, Internet-based distance delivery, and in-systems
electronic support, to hame a few.
Updates to training content use feedback from trainees after they have some experience
to improve training effectiveness.
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15288 and SE Handbook Processes

15288:2008, SEH V3.2.2:2011

15288:2015, SEH V4.0:2015

Org. Project-{  Project Technical
Enabling Processes | Processes
Processes Stakeholder
Life Cycle Model Project Reqts Definition
Management Planning RecAL::;el)rlgie:\snts
Infrastructure Asgégjsergtent Architectural
Management & Control Design
Project Portfolio Decision Implementation
Management Management
: Integration
Human Resources Risk
Management Management Verification
Quality Configuration .
Management Management Transition
Ag reement Information Validation
Processes_|L_Management .
Operation
Acquisition Measurement
Maintenance
Supply Disposal

Org. Project-{ Technical Technical
Enabling |Management PBro_Cesses
usiness or
Processes Proc_esses Mission Analysis
Life Cycle Model Prole_ct Stakeholder Needd
Management Planning & Reqts Definition
Project System Reqts
Infrastructure Assessment Definition
Management & Control Architecture
- . Definition
Portfolio Decision Bosign
Management Management Definition
. System Analysi
Human Resource Risk [ System Analysis |
Management Management Implementation
Quality Configuration Integration
Management Management Verification
Knowledge Information Transition
Validation
Agreement || peasurement :
Processes Operation
Acquisition Quality Maintenance
Supply Assurance Disposal

Left side (15288:2008 Processes) excerpted, modified by J Clark, and used by permission from: What is ISO/IEC 15288 and Why Should | Care? INCOSE Webinar,
Garry Roedler, US Head of Delegation for ISO/IEC JTC1/SC7/WG7, US TAG TG7 Lead, Senior Program Manager, Systems Engineering, Lockheed Martin Corporation,
February 18, 2009. Right side (15288:2015 Processes) developed by John Clark based on INCOSE SE Handbook V4.0, October 8, 2015.
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15288:2015 Processes Context Diagram
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Technical
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Technical
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INCOSE SEH V4.0 Tutorial original figure created by John Clark.
Usage per the INCOSE notices page. All other rights reserved.
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Technical Processes — 15288:2015, SEH V4.0:2015

Business or
Mission Analysis

Stakeholder Needs
& Reqts Definition

System Reqts
Definition

Architecture
Definition

Design
Definition

System Analysis

Implementation

Integration

Verification

Transition

Validation

Operation

Maintenance

Disposal

S
==

~

! C
INCOSE
N

Begins with the business vision of the organization or enterprise, the concept of operations (ConOps), and other

organization strategic goals and objectives from which business management define business needs (aka mission
needs). These needs are supported by preliminary life cycle concepts—acquisition concept, deployment con-cept,
operational concept (OpsCon), support con-cept, and retirement concept. Business needs are then elaborated and
formalized into business require-ments, which are often captured in a Business Requirements Specification (BRS).

Requirements engineers lead stakeholders from business operations through a structured process to elicit
stakeholder needs (in the form of a refined system-level OpsCon and other life cycle con-cepts). Stakeholder needs
are then transformed by requirements engineers into a formal set of stake-holder requirements, which are often
captured in a Stakeholder Requirements Specification (StRS).

The stake-holder requirements in the StRS are then transformed by requirements engineers into system
requirements, which are often contained in a System Requirements Specification (SyRS).
Alternative system architectures are defined and one is selected.

System elements are defined in sufficient detail to enable implementa-tion consistent with the selected system
architecture.

Mathematical analysis, modeling, and simulation are used to support the other technical processes

System elements are realized to satisfy system requirements, architecture, and design.

System elements are combined into a realized system

Evidence is provided that the system, the system elements, and the work products in the life cycle meet the specified
requirements

The system moves into opera-tions in a planned, orderly manner

Evidence is provided that the system, the system elements, and the work products in the life cycle will
achieve their intended use in the intended operational environment.

The system is used.

The system is sustained during operations.

The system or system elements are deactivated, disassembled, and removed from operations.
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15288:2015, SEH V4.0:2015

Technical Processes

System Analysis

Business or
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System Reqts

Definition

Architecture
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Technical Processes V-Model

Disposal

Maintenance

Operation

Validation

Transition

Verification

Design
Definition

Integration

Implementation

INCOSE SEH V4.0 Tutorial original figure created by John Clark.
Usage per the INCOSE notices page. All other rights reserved.
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| INCOSE
Two Alternative Approaches

15288:2008, SEH V3.2.2:2011 15288:2015, SEH V4.0:2015
Technical _ Technical
Processes Which of the two most recent Processes
Stakeholder approaches for Implementation and ME;%'QGASS or

L - . alysis
Reqts Definition] [ Transition do you consider to be the |z — Ny —~
Requirements optimum and for what reasons? }EaRi t5 Definition
Analysis g
Architectiral > Befiniton
- Approach 1 ATenpecire
R efinition
Implementation Design
_ A h 2 Definition
Integration pproac | System Analysis |
Verification Implementation
Approach 1 Integration
Transition —
Approach 2 Verification
Validation —) Transition
Operation Validation
Operation
Maintenance :
Maintenance
Disposal Disposal

Left side (15288:2008 Processes) excerpted, modified by J Clark, and used by permission from: What is ISO/IEC 15288 and Why Should | Care? INCOSE Webinar,
Garry Roedler, US Head of Delegation for ISO/IEC JTC1/SC7/WG7, US TAG TG7 Lead, Senior Program Manager, Systems Engineering, Lockheed Martin Corporation,
February 18, 2009. Right side (15288:2015 Processes) developed by John Clark based on INCOSE SE Handbook V4.0, October 8, 2015.
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Two Alternative Approaches (cont)

Which of the two most recent
approaches for Implementation and
Transition do you consider to be the

optimum and for what reasons?

15288:2008, SEH V3.2.2:2011

Approach 1

Technical
Processes

Business or
Mission Analysis

Stakeholder Needs
& Reqts Definition

System Reqts
Definition

Architecture
Definition

Design
Definition

Implementation

System Analysis

Integration

Verification

15288:2015, SEH V4.0:2015

Approach 2

Implementation

Transition

Transition

Validation

Operation

Maintenance

Disposal

Left side (15288:2008 Processes) excerpted, modified by J Clark, and used by permission from: What is ISO/IEC 15288 and Why Should | Care? INCOSE Webinar,
Garry Roedler, US Head of Delegation for ISO/IEC JTC1/SC7/WG7, US TAG TG7 Lead, Senior Program Manager, Systems Engineering, Lockheed Martin Corporation,
February 18, 2009. Right side (15288:2015 Processes) developed by John Clark based on INCOSE SE Handbook V4.0, October 8, 2015.
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S
==

. i Controls
Purppse. To Syn.th,e8|ze a - Applicable Laws and Regulations
solution that satisfies - Industry Standards
system requirements. - Agreements

- Project Procedures and Standards
- Project Directives

Y
/— Inputs BN e Activities

- Concept Documents
- System Requirements
- System Functions

/,,._ Outputs _-h\

- Technical Performancg ddgasigas Needs
- Technical Performance Measures Data
- System Architecture

- Define the Architecture

) - Analyze and Evaluate the :
- System Functional Interfaces A h'?'z - Interface Requirements
- Document and Maintain the

- System Element Descriptions
- System Element Requirements
Traceahility

N _

- System Specification

- Updated RVTM

- System Requirements Traceability
- Life Cycle Constraints

N S

Architecture

Enablers

- Organization/Enterprise Policies,
Procedures, and Standards

- Organization/Enterprise Infrastructure

- Project Infrastructure
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V3.2.2 Implementation Process e

o Inputs BN

- Concept Documents

- Validation Criteria

- Verification Criteria

- System Architecture

- Interface Requirements

- System Element Descriptions

\Trac,eabilitv

- System Element Requirements

- System Element Requirements

Approach 1

Controls
- Applicable Laws and Regulations

- Industry Standards

- Agreements

- Project Procedures and Standards
- Project Directives

Y
a Activities

- Plan the Implementation
- Perform Implementation

e

Enablers

- Organization/Enterprise Policies,
Procedures, and Standards

- Organization/Enterprise Infrastructure
- Project Infrastructure

- Implementation Enabling Systems

//— Outputs _-\

- Implementation Strategy

- Implementation Enabling System
Requirements

- Implementation Constraints on
Design

- System Elements

- System Element Documentation

- Operator/Maintainer Training

- Initial Trained Operators and

\jﬂaintainers ____/
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V3.2.2 Transition Process

Purpose: To establish a

capability to provide services

specified by stakeholder
requirements in the

operational environment.

/_ Inputs BN o Activities

- Concept Documents

- Initial Trained Operators and
Maintainers

- Interface Control Documents

- Final RVTM

- Verified System

- Verification Report

N

- Operator/Maintainer Training

Approach 1

Controls
- Applicable Laws and Regulations

- Industry Standards

- Agreements

- Project Procedures and Standards
- Project Directives

Y

,"; B\

A «\\\

|NCO§E

\ “«Mﬁ"

—

- Plan the Transition
- Perform the Transition

N

Outputs

- Transition Strategy

- Transition Enabling System
Requirements

) - Transition Constraints on Design

- Installation Procedure

- Installed System
- Transition Report

™

e

Enablers

- Organization/Enterprise Policies,
Procedures, and Standards

- Organization/Enterprise Infrastructure

- Project Infrastructure

- Transition Enabling Systems

Figure 4-16 Context Diagram for the
Transition Process
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V4.0 Design Definition Process INCOSE

Purpose — To provide sufficient detailed data and information about the system
and its elements to enable the imple-mentation consistent with architectural
entities as defined in models and views of the system architecture. (15288)

May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted by license on a password-protected website for instructional use.

Controls

<

* Life cycle concepts * Prepare for design * Design definition strategy

* System function definition definition * System design description

* System requirements * Establish design * System design rationale

* System functional interface characteristics and design * Interface definition
identification enablers related to each * TPM needs

* System architecture system element * TPM data
description » Assess alternatives for * Design traceability

* System architecture ‘ ] obtaining system elements * System element descriptions
rationale ‘ * Manage the design ‘ * Design definition record

¢ Preliminary interface
definition

¢ Preliminary TPM needs

* Preliminary TPM data

* Architecture traceability

* Interface definition update
identification

* Implementation traceability

 Life cycle constraints
N x y - Y,

]

Enablers

FIGURE 4.9 PO diagram for the design definition process. INCOSE SEH original figure created by Shortell and Walden. Usage
per the INCOSE Notices page. All other rights reserved.

INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities, Fourth Edition.
Edited by David D. Walden, Garry J. Roedler, Kevin J. Forsberg, R. Douglas Hamelin and Thomas M. Shortell.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc. WI LEY
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V4 0 Implementation Process — Approach 2 -
Purpose (per 15288) — To:

— Realize a specified system element.

« The IMPL Process creates or fabricates a system element conforming to that
element’s detailed description (requirements, architecture, design, including
interfaces).

— The element is constructed employing appro-priate technology and industry practices.

« During the IMPL Process, engineers follow the requirements allocated to the system
element to fabricate, code, or build each individual element using specified materials,
processes, physical or logical arrangements, standards, technol-ogies, and/or
information flows outlined in detailed drawings or other design documentation.

— System requirements are verified and stakeholder requirements are validated.

— If subsequent configuration audits reveal discrepancies, recursive interactions occur with
prede-cessor activities or processes, as required, to correct them.

System Element - member of a set of elements that constitutes a system (15288 & INCOSE)...
These elements include products (hardware, software, firmware), processes, people, informa-tion,
techniques, facilities, services, and other support elements (INCOSE)... Example: Hardware,
software, data, humans, processes (e.g., processes for providing service to users), procedures (e.g.,
operator instructions), facilities, materials, and naturally occurring entities or any combination... A
system element is a discrete part of a system that can be implemented to fulfill specified
requirements... Humans can be viewed as both users external to a system and as system elements
(i.e., operators) within a system (15288).
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V4.0 Implementation Process — Approach 2

Purpose — To realize a specified system element (15288).

May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted by license on a password-protected website for instructional use.

Controls

¥

* Life cycle concepts * Prepare for * Implementation strategy
* System architecture implementation * Implementation enabling
description * Perform implementation system requirements
* System architecture * Manage results of * Implementation constraints
rationale implementation * System elements
* System design description » » * System element
* System design rationale documentation
* Interface definition * Operator/maintainer
* Design traceability training materials
* System element descriptions * Implementation traceability
* Implementation report
Cmplementution record J
% », \_ )

1 )

Enablers

FIGURE 4.11 PO diagram for the implementation process. INCOSE SEH original figure created by Shortell and Walden. Usage
per the INCOSE Notices page. All other rights reserved.

INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities, Fourth Edition.
Edited by David D. Walden, Garry J. Roedler, Kevin J. Forsberg, R. Douglas Hamelin and Thomas M. Shortell.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc. WILEY
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V4.0 Integration Process — Approach 2 “e?

Purpose— To syn-thesize a set of system elements into a realized system (product
or service) that satisfies system requirements, architecture, and design. (15288)

May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted by license on a password-protected website for instructional use.

Controls

\ 4
(omwe ) [ e ) oww )

* Life cycle concepts * Prepare for integration * Integration strategy
* Interface definitions * Perform integration - Successively * Integration enabling system
* System element integrate system element requirements
descriptions configurations until the complete * Integration constraints
» System elements system is synthesized. * Integration procedure
* System element * Manage results of * Integrated system or system
documentation integration elements
* Implementation traceability * Interface definition update
* Accepted system or system identification
element * Integration report
* Integration record
\- J \. J - .

*

Enablers

FIGURE 4.12  IPO diagram for the integration process. INCOSE SEH original figure created by Shortell and Walden. Usage per
the INCOSE Notices page. All other rights reserved.

INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities, Fourth Edition.
Edited by David D. Walden, Garry J. Roedler, Kevin J. Forsberg, R. Douglas Hamelin and Thomas M. Shortell.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc. WILEY
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V4.0 Verification Process

Purpose— To pro-vide objective evidence that a system or system element
fulfils its specified requirements and characteristics. (15288)

May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted by license on a password-protected website for instructional use.

i —

* Life cycle concepts

* System requirements

* Verification criteria

* Updated RVTM

* Interface definition

* Integrated system or system
elements

* Integration report

N

FIGURE 4.13

.

Controls

¥
— =

* Prepare for verification

* Perform verification

* Manage results of
verification

*

Enablers

per the INCOSE Notices page. All other rights reserved.

=

INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities, Fourth Edition.
Edited by David D. Walden, Garry J. Roedler, Kevin J. Forsberg, R. Douglas Hamelin and Thomas M. Shortell.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
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* Verification strategy

» Verification enabling system
requirements

* Verification constraints

* Verification procedure

* Final RVTM

* Verified system

* Verification report

* Verification record

N,

IPO diagram for the verification process. INCOSE SEH original figure created by Shortell and Walden. Usage

WILEY
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V4.0 Transition Process — Approach 2 Nc.ﬁ(.?}E

» Purpose (per 15288) — To establish a capability for a system to provide services
specified by stakeholder requirements in the operational environment.

« Ultimately, the TRAN Process enables the transfer of custody of the system and
responsibility for system support from one organizational entity to another.

— This includes, but is not limited to, transfer of custody from the development team to the
organizations that will subsequently operate and support the system.

— Successful conclusion of the TRAN Process typically marks the beginning of the utilization
stage of the SOI.
« The TRAN Process installs a verified system in the operational environment along with
relevant enabling systems, products, or services, such as operator training systems,
as defined in the agreement.

* Using successful results from the VER Process, the acquirer accepts that the system
meets the specified system requirements in the intended operational environment prior
to allowing a change in control, ownership, and/or custody.

— While this is a relatively short process, it should be carefully planned to avoid surprises and
recrimination on either side of the agreement.

« Additionally, transition plans should be tracked and monitored to ensure all activities
are completed to both parties’ satisfaction, including resolution of any issues arising
during transition.

33
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V4.0 Transition Process — Approach 2 &

» Purpose— To establish a capability for a system to provide services specified
by stakeholder requirements in the operational environment. (15288)

May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted by license on a password-protected website for instructional use.

Controls

¥

(e )

* Life cycle concepts

* Operator/maintainer
training material

* Final RTVM

P

* Prepare for the transition
* Perform the transition
* Manage results of

transition

G

* Transition strategy

* Transition enabling system
requirements

* Transition constraints

>

* Verified system
* Verification report

* Installation procedure

e Installed system

* Trained operators and
maintainers

* Transition report

(l"runsition record j

. w - 3

*

Enablers

FIGURE 4.16 PO diagram for the transition process. INCOSE SEH original figure created by Shortell and Walden. Usage per
the INCOSE Notices page. All other rights reserved.

INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities, Fourth Edition.
Edited by David D. Walden, Garry J. Roedler, Kevin J. Forsberg, R. Douglas Hamelin and Thomas M. Shortell.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.

WILEY
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V4.0 Validation Process %Q%}E

Purpose — To provide objective evidence that the system, when in use, fulfills its
business or mission objectives and stake-holder requirements, achieving its
intended use in its intended operational environment. (15288)

May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted by license on a password-protected website for instructional use.

Controls

¥

* Life cycle concepts * Prepare for validation » Validation strategy

* Stakeholder requirements * Perform validation * Validation enabling system
* Final RVTM * Manage results of requirements

* Installed system » validation » * Validation constraints

* Transition report * Validation procedure

* Validation criteria * Validated requirements

* Validated system
* Validation report
 Validation record

Mo J A\ ” W »

t*

Enablers

FIGURE 4.17 PO diagram for the validation process. INCOSE SEH original figure created by Shortell and Walden. Usage per
the INCOSE Notices page. All other rights reserved.

INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities, Fourth Edition.
Edited by David D. Walden, Garry J. Roedler, Kevin J. Forsberg, R. Douglas Hamelin and Thomas M. Shortell.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc. Wl LEY
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V4.0 Operation Process o

Purpose — To use the system to deliver its services. (15288)

May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted by license on a password-protected website for instructional use.

Controls

¥

* Life cycle concepts * Prepare for operation * Operation strategy

* Operator/maintainer * Perform operation * Operation enabling system
Training materials * Manage results of requirements

* Trained operators and operation * Operation constraints
maintainers * Support the customer * Operation report

* Validated system * Operation record

* Validation report

(Muintenunce report ) - . \ )

*

Enablers

FIGURE 4.20 IPO diagram for the operation process. INCOSE SEH original figure created by Shortell and Walden. Usage per
the INCOSE Notices page. All other rights reserved.

INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities, Fourth Edition.
Edited by David D. Walden, Garry J. Roedler, Kevin J. Forsberg, R. Douglas Hamelin and Thomas M. Shortell.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc. WI LEY
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V4.0 Maintenance Process

Purpose — To sustain the capability of the system to provide a service. (15288)

May not be copied, scanned, or duplicated, in whole or in part, except for use as permitted by license on a password-protected website for instructional use.

* Life cycle concepts

* Operator/maintainer
training materials

* Trained operator and
maintainers

* Validated system

* Validation report

(Operation report

Controls

¥

* Prepare for maintenance

* Perform maintenance

* Perform logistics support

* Manage results of
maintenance and logistics

FIGURE 4.21

\.

* Maintenance strategy

* Maintenance enabling
system requirements

* Maintenance constraints

* Maintenance procedure

* Maintenance report

* Maintenance record

1)

Enablers

per the INCOSE Notices page. All other rights reserved.

INCOSE Systems Engineering Handbook: A Guide for System Life Cycle Processes and Activities, Fourth Edition.
Edited by David D. Walden, Garry J. Roedler, Kevin J. Forsberg, R. Douglas Hamelin and Thomas M. Shortell.

© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
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IPO diagram for the maintenance process. INCOSE SEH original figure created by Shortell and Walden. Usage
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INCOSE

Breadth and Depth of SE Standards -

Sheard and Lake

Scope and Detail of the SE Standards

Breadth of Scope >

Depth of Detail

ISO/IEC 15288:2002, 2008, 2015

EIA/IS 632:1994

EIA 632:1998

IEEE 1220:1994, 2005

Provided and modified by John Clark with the permission of Sarah Sheard from
Sheard, Sarah A., Software Productivity Consortium (SPC), and
Lake, Jerome G., Systems Management international (SMi),
Systems Engineering Standards and Models Compared, July 1998.
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Refer to ISO/IEC TR 19760 Figure A.1 —
ISO/IEC 15288 and other engineering standards
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Summary -

The SE Standards and Handbooks have evolved since 1969
from MIL to Commercial to International Standards and
Handbooks, and they include SE of humans.

The Process scope has increased.

The Process depth has changed:
— The Non-Technical Process depth has increased
— The Technical Process depth has decreased.
— The Human SE Process depth has decreased

We need to get back to the basics to restore the depth.
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Conclusion -

We do systems engineer humans.
We do engineer systems that include humans.

All systems include humans
— We summarized which humans, and how they are included in a system.
— We do perform systems engineering on them.
— Humans are elements of the system like hardware and software.
— We have hardware, software, and humanware.
— We can model the behavior of humans

There are no systems that do not include humans in any way
whatsoever.

We discussed these questions from the SE Standards and
INCOSE SE Handbook perspectives, going back to their earlier
versions and coming up to date, including the two most recent
approaches.

At the end of this presentation we asked you to answer the
question: Which of the two most recent approaches do you
consider to be the optimum and for what reasons?
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Human Systems Integration

Conference

A scientific and industrial event

Save the Date
11-13 September, 2019
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l Conference

TeC h ﬂ | Ca | P rogra m i Biarritz, France

o= September 11 - 13, 2019

. . rF HSI12019 )
P rel I m I n a ry 5 E Human Systems Integration

A scientific and industrial event
3 Days, 3 Tracks, 4 Keynotes, 40's of Presentations, Panels, and More!

over ®

Plenary address, Papers & Posters on Human Systems Integration
40 &3 Wedne?éay— Friday . . £

Guy André Boy CentraleSupélec and ESTIA Institute of Technology, Chair of INCOSE HSIWG

@ :
ALl 2 Mica Endsley Former US Air Force Chief Scientist, President of SA Technologies
4 !—; | nSp| ri ng Keynote Speakel’S General Frédéric Parisot French Air Force State Staff

. David Sirkin Stanford University

. . Australia - Austria - Belgium - Canada - France - Germany - Hong
1 4 COU ntries Represented N Pa pers Kong - India - Israel - Norway - Romania - Slovenia - United
— Kingdom - United States
Top Domains
5 5 . Adaptive Systems, Aeronautics, Automotive, Air Traffic Management, C2, Defense,
18 Appl Ication Domal ns Healthcare, Manufacturing, Maritime, Medicine, Nuclear, Oil & Gas, Public safety &
I security, Social Media, Space, Tangibility, Training, UAV

With Global Leaders in Human Systems Integration

3 o&s Pa nel S - Technological and orfanizational situation awareness for public security/safety

- Do We Need to Develop a New Discipline of Human Systems Integration?
- HSI Implications of Adaptive Human-Machine Teaming

more information at www.incose.org/hsi2019
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The End!

John Clark

INCOSE Training WG
Founder & Co-Chair
john.clark@incose.org
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