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Systems Engineering (SE) overlaps with many fields,
such as Industrial Engineering (IE), Engineering
Management, Operations Research, Project
Management, and Design Engineering. In fact, the main
Industrial Engineering body of knowledge, called the
Industrial and Systems Engineering Body of Knowledge
(ISEBoK) (IISE 2021), includes the word "systems" in its
title and includes a section on systems design and
engineering, which references the SEBoK. This article
describes the similarities and differences between SE
and IE based upon their respective standards,
handbooks, and bodies of knowledge. Based on this
assessment, this article describes potential roles that
systems engineers and industrial engineers perform
during a system’s life cycle.
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Introduction

When systems engineers and industrial engineers are in
the same organization, they have different roles and
responsibilities. While job titles vary by organization,
many organizations have individuals that perform both
SE and IE activities. This article tries to help systems
engineers and industrial engineers better understand
the different perspectives of the fields and the
knowledge needed to meet the needs of their
organizations and customers. The article compares the
use of international standards and the contents of the
bodies of knowledge for SE and IE.

Systems Engineering

The International Council on Systems Engineering
(INCOSE) is a “not-for-profit membership organization
founded to develop and disseminate the interdisciplinary
principles and practices that enable the realization of
successful systems.” INCOSE defines systems
engineering as

a transdisciplinary and integrative
approach to enable the successful
realization, use, and retirement of
engineered systems, using systems
principles and concepts, and scientific,
technological, and management methods.
(INCOSE 2021)

Here, the terms “engineering” and “engineered” are
used in their widest sense: “the action of working
artfully to bring something about.” “Engineered
systems” may be composed of any or all of people,
products, services, information, processes, and natural
elements.

INCOSE aligns its SE Handbook with ISO/IEC/IEEE
15288, System Life Cycle Processes, which focuses on
processes. SEBoK Part 3 Systems Engineering and
Management, which addresses the major SE technical
and management processes, is also organized around
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15288 process areas. In this view, SE is process
oriented. Each edition of the SE Handbook aligns to an
ISO/IEC/IEEE 15288 edition. Figure 1 shows the 15288
processes and how they align with the SE Handbook and
SEBoK topic areas. Later in this article, these SEBoK
topics and knowledge areas are compared with the
knowledge areas of IE. The knowledge areas in Figure 1
align with the system life cycle if started at the top of the
first column and traversed to the bottom, continued at
the bottom of the second column and traversed to the
top, and then continued at the bottom of the third
column and traversed to the top.
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Figure 1. Technical Topics of SEBoK Knowledge Areas
Mapped to ISO/IEC/IEEE 15288 Technical Processes. (SEBoK
2022)

Industrial Engineering

The Institute of Industrial and Systems Engineers (IISE)
states that it is “the only international, non-profit,
professional society dedicated to advancing the technical
and managerial excellence of industrial engineers.” (IISE
2021). IISE started in 1948 as the American Institute of
Industrial Engineers. In 1981, the organization was
renamed the Institute of Industrial Engineers to reflect
its growing international membership. In 2016, the
membership voted to change the name to the Institute of
Industrial and Systems Engineers. This addition reflects
a vote by its membership and aligns with the “changing
scope of the profession that, while keeping its industrial
base, has seen more industrial and systems engineers
working with large scale integrated systems in a variety
of sectors”.

At the turn of this century, industrial engineering was
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well reflected in two prominent publications: Handbook
of Industrial Engineering (Salvendy 2001) and the fifth
edition of Maynard's Industrial Engineering Handbook
(Zandin 2001). Salvendy (2001) stated that industrial
engineers are trained to design and analyze the
components of which man-machine systems are
composed. They bring together individual elements that
are designed via other engineering disciplines and
properly synergize these subsystems together with the
people components for a completely integrated man-
machine system. Industrial engineers are focused on the
improvement of any system that is being designed or
evaluated. They make individual human tasks more
productive and efficient by optimizing flow, eliminating
unnecessary motions, utilizing alternate materials to
improve manufacturing, improving the flow of product
through processes, and optimizing the configuration of
workspaces. Fundamentally, the industrial engineer is
charged with reducing costs and increasing profitability
through ensuring the efficient use of human, material,
physical, and/or financial resources.

The view of IE has evolved over the last two decades.
IISE developed the IISE Body of Knowledge in 2021
(IISE 2021). The sixth edition of Maynard's Industrial
Engineering Handbook (Zandin 2022) is expected to be
published in 2022. The IISEBoK has 14 knowledge areas,
as shown in Figure 2. The first 13 knowledge areas
identify the Industrial Engineering knowledge. The
fourteenth is Systems Design and Engineering, which
references the SEBoK. The IISEBoK provides a short
description of each knowledge area, a detailed outline of
knowledge area topics, and a list of references. The
IISEBoK does not use standards as its foundation. In
fact, the Standard Practice for Systems Safety (MIL-
STD-0-882D) is the only standard cited in the reference
section. IISE does not currently have a handbook
developed by or for the Institute, although Zandin (2022)
is expected to align with the IISEBoK.
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Figure 2. Industrial and Systems Engineering Knowledge Areas (IISE
2022, Used with Permission) [1]

The 14 topic areas included in the IISEBoK could be tied
to many international standards even though the
IISEBoK does not use standards as its foundation or
provide references to standards in most of its topic
areas.

Venn Diagram Comparison

This section compares the two bodies of knowledge.
Figure 3 is a Venn Diagram that identifies knowledge
areas that are usually performed by systems engineers,
ones usually performed by industrial engineers, and ones
that are used by both disciplines.
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Figure 3. Venn Diagram (SEBoK Original
There are 11 primarily SE knowledge areas, 7 primarily
IE knowledge areas, and 12 overlapping knowledge
areas. Table 1 provides some illustrative examples of the

differences in SE and IE focus in the overlapping
knowledge areas.

Table 1. Illustrative Examples of Differences in SE and IE
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OR and analysis is used in systems analysis to

assess system performance and to evaluate OR and analysis is used to optimize
system designs (Levis and Wagenhals 2000; operations, maintenance, and
Wagenhals, Shin, Kim, and Levis 2000; logistics. OR is also used to evaluate

Wagenhals, Haider, and Levis 2003; Raz, Kenley, and optimize manufacturing systems.
and DelLaurentis 2018)

Quality and reliability requirements are treated as
system-wide performance requirements (Buede
and Miller 2016: 157-159; Wymore 1993: 401)
that are assessed at the systems level. One
example is availability, Ao, which measures the
degree to which a system is either operating or
can operate at any time when used in its typical
operational and support environment. (DA PAM
70-3 2008: 87)

Ergonomics and human factors are considerations
in assessing the potential usability of a system for Ergonomics and human factors are
end-users in an operational environment. used to assess and improve
According to Buede and Miller (2016: 180), manufacturing and operational
“Performance elements of usability are ease of  processes. They are also used to
learning (learnability), ease of use (efficiency),  assess and improve the actual
ease of remembering (memorability), error rate, usability of products and services.
and subjectively pleasing (satisfaction).”

Quality and reliability are used to
evaluate and improve the
manufacturing process of goods and
services. Reliability is also used to
evaluate and improve system
operations.

Engineering managers and IEs
support operations managers
responsible for manufacturing
processes and the operation of
systems providing products and
services.

Engineering managers and SEs work with
program managers to develop and improve new
products and services.

Information Engineering is critical to the

development of new products and services that

are increasingly software intensive. Information ~ The Information Engineering
engineering is relevant for model-based systems knowledge area focuses on using

engineering software tools and databases, data in information systems to
requirements management software tools and facilitate decision-making and
databases, and overall configuration business communication.

management of the systems design and
requirements baseline.
SE focuses on the design of systems that provide
products and services and the system life cycle. The knowledge area of the ISEBoK
SE includes the technical processes for system  (2021: 53-46) focuses on the design
design and verification and the technical of products and the product life cycle.
management processes for project planning, It closely parallels the technical
assessment, and control; risk management; and processes for system design and
decision management in the Systems Engineering development of SEBoK.
Handbook (2015: 47-83, 104-121).
Systems engineers participate in defining
requirements, defining the architecture, and Industrial engineers are more focused
verification and validation of deployment systems on air, ground, water, and intermodal
needed to the deploy the system of interest, e.g., logistics to include transportation and
special transport equipment such as the Shuttle distribution of systems and products.
Carrier Aircraft (SCA) that NASA used to transport
Space Shuttle orbiters. (Jenkins 2000)

Industrial engineers are involved in
Systems engineers are involved defining manufacturing processes and
requirements, defining the architecture, and supporting operations of systems to
verification and validation of updates, upgrades, provide goods and services. Industrial
and modernization of systems. One way that this engineers can help identify the need
has been explained is that a second iteration of ~ for updates, upgrades, and
the systems engineering V-model is completed as modernization of manufacturing and
the systems remains in service while a system  service processes and work with
change project is implemented (Ven, Talik, and  engineering managers, systems
Hulse 2012). engineers, and design engineers to
provide improved capabilities.
Industrial engineers are involved in
service life extension efforts in the
same way that they are involved in
updates, upgrades, and

Systems engineers are involved in service life
extension efforts in the same way that they are
involved in updates, upgrades, and modernization

of systems. modernization of systems.

Systems engineers participate in defining Industrial engineers provide
requirements for maintenance across the life engineering support to production
cycle of the system, determine the impact of processes maintenance and system
maintenance constraints on the system maintenance to sustain operation of
requirements and the system architecture production and service processes and
(Walden, et al. 2015: 97-98). systems.

Systems engineers participate in defining
requirements for logistics across the life cycle of Industrial engineers are very involved

the system, determine the impact of in logistics planning and operations
maintenance constraints on the system including supply chain management,
requirements and the system architecture transportation, and distribution.

(Walden, et al. 2015: 97-98).

Systems engineers identify requirements, define

the architecture, and verification and validation of Industrial engineers plan for disposal
disposal and retirement needed to the disposition and retirement as part of their

or retire the system of interest, e.g., nuclear product design process. Increasingly,
material stabilization processes and equipment  industrial engineers must consider
needed to disposition fissile nuclear materials to environmental impact and

enable shutdown of the nuclear production sustainability issues.

facilities (Kenley, et al. 1999).



Roles in a System Life Cycle

Systems engineers and industrial engineers play
important roles in a system life cycle. Figure 4 modifies
a format from Buede and Miller (2016). It shows the
system life cycle stages and, based on analysis in the
previous section, identifies and summarizes the major
roles of systems engineers, industrial engineers, and
design engineers. Some processes have been
aggregated to simplify the figure.

System Life Cycle View
Establish System Need (SE) |

Design and Develop (SE and DE)
* Design (DE)
= Test and Evaluation (SE)

Produce System (IE)

* Supply Chain Management
= Develop processes

- Improve processes

Deploy System (IE)
+ Transportation
* Training

Operate System

* Reliability Growth (SE)

* Maintenance (IE)

= System Upgrades (SE/DE)

IE = Industrial Engineer
SE = Systems Engineer
DE = Design Engineer

Retire System (IE/SE)

Figure 4. Roles in a System Life Cycle. (SEBoK Original, adapted
from Driscoll 2011)

Summary

In summary:

» The SEBoK SE and Management Part is based on an
ISO standard. IE has several related I1SO standards.
[ISE does not link its body of knowledge to standards.

= The SEBoK is more process focused, while IISEBoK
focuses more on concepts and techniques.

» SE and IE have overlapping bodies of knowledge.

= The SEBoK and INCOSE's SE Handbook align with the
system life cycle. The IISEBoK does not have an
analogous organizing structure.

= Systems engineers and industrial engineers both play
important roles in the system life cycle with some
overlapping responsibilities.
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