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Lesson 1
Systems Engineering Overview

Systems Engineering for DoD



Who Am I

ÅPh.D. Computer Science, Ph.D. Nanotechnology, 
D.Sc. Cybersecurity

Å Four masters (Systems Engineering, Defense 
Studies, Education, Applied Computer Science)

Å INCOSE certified systems engineer

Å44 books

Å27 patents

ÅMember of the American Society for 
Quality (Aviation, Space, and Defense 
Division)

ÅYou can find movie at www.ChuckEasttom.com



Case 1

November 2012 The United States Air force had to 
cancel an Enterprise Resource Planning software project 
named "The Expeditionary Combat Support System" 
after it had cost approximately 1 Billion US Dollars but 
"failed to create any significant military capability".  The 
costs are attributed to an "overwhelming" amount of 
additional custom coding and integration. It was 
determined that to complete the project would take 
another 1.1 billion dollars to get 1/4 of the original 
scope.

The U.S. Government Accountability Office released a 
report in March of 2012 that found many ongoing ERP 
projects by the nation's military are drastically behind 
schedule and over budget.

http://www.cio.com/article/721628/Air_Force_scraps_
massive_ERP_project_after_racking_up_1_billion_in_co
sts 

http://www.cio.com/article/721628/Air_Force_scraps_massive_ERP_project_after_racking_up_1_billion_in_costs
http://www.cio.com/article/721628/Air_Force_scraps_massive_ERP_project_after_racking_up_1_billion_in_costs
http://www.cio.com/article/721628/Air_Force_scraps_massive_ERP_project_after_racking_up_1_billion_in_costs


Systems Engineering & Project Management



What is Systems Engineering?
ÅSystems engineering is a robust approach to the design, creation, 

and operation of systems.

ÅThe approach consists of:
Åidentification and quantification of system goals 
Åcreation of alternative system design concepts 
Åperformance of design trades
Åselection and implementation of the best design 
Åverification that the design is properly built and integrated, 

and
Åassessment of how well the system meets the goals 

ÅThis approach is iterative, with several increases in the resolution 
of the system baselines (which contain requirements, design 
details, verification plans and cost and performance estimates).

Å-NASA Systems Engineering Handbook SP-6105 (1995)



What is Systems 
Engineering?

ÅSystems Engineering is an interdisciplinary approach and means to enable 
the realization of successful systems. 

ÅIt focuses on defining customer needs and required functionality early in 
the development cycle, documenting requirements, then proceeding with 
design synthesis and system validation while considering the complete 
problem:

¶Operations 

¶Performance 

¶Test 

¶Manufacturing 

¶Cost & Schedule 

¶Training & Support 

¶Disposal 

ESD.83 6



What is Systems 
Engineering?

ÅSystems Engineering integrates all of the disciplines 
and specialty groups into a team effort forming a 
structured development process that proceeds 
from concept to production to operation. 

ÅSystems Engineering considers both the operational 
and the technical needs of all customers with the 
goal of providing a quality product that meets the 
user needs and delivers a military capability.
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Why has Systems 
Engineering Emerged as 
A Distinct Discipline? 

ÅThe term itself was not formally used, nor was the 
importance of the concepts recognized, until after World 
War II. 

ÅComplexity increased orders of magnitude with the 
creation of coupled mecho-digital systems, especially in 
defense (P-51 Mustang versus the Trident in 10 years)

ÅCreation of systems of systems, with users, acquisition, 
training, service, support, etc.
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Original Reasons 
for Systems 
Engineering

ÅSystems of pieces built by different 
subsystem groups did not perform 
system functions

ÅOften broke at the interfaces 

ÅProblems emerged and desired properties did not 

Å      when subsystems designed independently were 
integrated

ÅManagers and chief engineers tended to pay 
attention to the areas in which they were skilled

ÅDeveloped systems were not usable

ÅCost overruns, schedule delays, 
performance problems



More 
Motivation 
for Systems 
Engineering
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There is tremendous potential for wasted 
effort on large projects, since their 
development requires that many subsystems 
be developed in parallel. 

Without a clear understanding of what must 
be done for each subsystem the development 
team runs the risk of inconsistent designs, 
conflicting interfaces or duplication of effort.

Systems engineering provides a systematic, 
disciplined approach to defining, for each 
member of the development team, what must 
be done for success.
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NASA, DOD and Industry Call For 
More  and Better  Systems Engineers

All of the factors identified by NASA that contributed to program 
failure and significant cost overrun are systems engineering 
factors, e.g., 

ÅInadequate requirements management

ÅPoor systems engineering processes

ÅInadequate design analyses in early phases
ÅInadequate systems-level risk management

Reference: NASA, Office of Program Analysis and Evaluation, Systems Engineering and Institutional Transitions 
Study, April 5, 2006.  Reproduced in National Academies book -  Building a Better NASA Workforce: Meeting 
the Workforce Needs for the National Vision for Space Exploration.



The Role 
of the 
System 
Engineer
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The role of Systems Engineer is one of Manager that utilizes a structured 
value delivery process 

¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ǿƛǘƘ άǘǊŀŘƛǘƛƻƴŀƭ ŜƴƎƛƴŜŜǊƛƴƎέ ƭƛŜǎ ǇǊƛƳŀǊƛƭȅ ƛƴ ǘƘŜ ƎǊŜŀǘŜǊ 
emphasis on defining goals, the creative generation of alternative designs, 

the evaluation of alternative designs, and the coordination and control of the 
diverse tasks that are necessary to create a complex system.

Any engineer acts as a systems engineer when responsible for the design 
and implementation of a total system. 



The Systems 
Engineering Process

Å The major steps in the completion of a typical systems engineering project are 
the following: (1) problem statement; (2) identification of objectives; (3) 
generation of alternatives; (4) analysis of these alternatives; (5) selection of one 
of them; (6) creation of the system, and, finally, (7) operation.

Å Some examples of Systems Engineering Process activities are:

Å  Defining needs, operational concept, and requirements

Å  Functional analysis, decomposition, and allocation

Å  System modeling, systems analysis, and tradeoff studies

Å  Requirements allocation, traceability, and control

Å  Prototyping, Integration, and Verification

Å  System Engineering Product and Process control

Å  Configuration and Data Management

Å  Risk Management approaches

Å  Engineering technical reviews and their purposes
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Systems 
Engineering 

Methodologies



Overview

-NASA Systems Engineering Handbook



Systems 
engineering 
and AS9100

AS9100 is a widely 
adopted and standardized 
quality management 
system

-NASA Systems Engineering Handbook



What is a 
System?

Simply stated, a system is 
an integrated composite 
of people, products, and 
processes that provide a 
capability to satisfy a 
stated need or objectives.



THE SYSTEM

-DoD Systems Engineering Guidebook



Definitions

What is Systems Engineering?

ά{ȅǎǘŜƳǎ 9ƴƎƛƴŜŜǊƛƴƎ ƛǎ ŀƴ ƛƴǘŜǊŘƛǎŎƛǇƭƛƴŀǊȅ 
approach and means to enable the 
ǊŜŀƭƛȊŀǘƛƻƴ ƻŦ ǎǳŎŎŜǎǎŦǳƭ ǎȅǎǘŜƳǎΦέ

INCOSE Handbook



Definitions
In simple terms, the systems engineering approach consists of:

ÅIdentification and quantification of system goals, 

ÅCreation of alternative system design concepts, 

ÅPerformance of design trades, 

ÅSelection and implementation of the best design, 

ÅVerification that the design is properly built and 
integrated, and 

ÅPost implementation assessment of how well the 
system meets (or met) the goals



Definitions

In simple terms, the systems 
engineering approach consists of:

ÅIdentification and quantification 
of system goals, 

ÅCreation of alternative system 
design concepts, 

ÅPerformance of design trades, 

ÅSelection and implementation 
of the best design, 

ÅVerification that the design is 
properly built and integrated, 
and 

ÅPost implementation 
assessment of how well the 
system meets (or met) the goals



Definitions

ñEngineering of Systemsò

   Anyone involved in engineering 
a system should exercise good 
systems engineering practices.

   



Systems Engineering Terms

ÅLORA Level Of Repair Analysis
ÅLR Launch Reliability
ÅLRM Line Replaceable Module
ÅLRU Line Replaceable Unit
ÅMAJCO Major Command
ÅMAP Mission Area Plan
ÅMBE Model Based Engineering
ÅMBIT Maintenance Built-in Test
ÅMCMT Mean Corrective Maintenance Time
ÅMCTI Mean Cost To Isolate
ÅMCTR Mean Cost To Repair / Mean Cost To Replace
ÅMDT Mean Downtime
ÅMEFL Mission Essential Functions List
ÅMESL Minimum-Essential Subsystem List
ÅMLH/AH Maintenance Labor Hours per Active 

Hour
ÅMMH/FH Maintenance Man-Hours per Flying Hour



Systems 
Engineering 

Terms

ÅMNS Mission Needs Statement
ÅMP Mission Profile
ÅMP/U Maintenance Personnel per Operational Unit
ÅMRS Mobility Requirements Study
ÅMSMT Mean Scheduled Maintenance Time
ÅMTBCF Mean Time Between Critical Failure
ÅMTBDE Mean Time Between Downing Event
ÅMTBF Mean Time Between Failures
ÅMTBFA Mean Time Between False Alarms
ÅMTBM Mean Time Between Maintenance
ÅMTBMA Mean Time Between Maintenance 
Actions
ÅMTBPM Mean Time Between Preventative 
Maintenance
ÅMTBSA Mean Time Between System Aborts
ÅMTBR Mean Time Between Removal
ÅMTBUM Mean Time Between Unscheduled 
Maintenance



Systems Engineering Terms

ÅMTBSM Mean Time Between Scheduled Maintenance
ÅMTD Maintenance Training Device
ÅMTTF Mean Time to Failure
ÅMTTI Mean Time to Isolate
ÅMTTR Mean Time to Repair / Mean Time to Replace
ÅMTTRF Mean Time to Restore Function
ÅMTTRS Mean Time to Restore System
ÅNMC Not Mission Capable
ÅOM Opportunistic Maintenance
ÅOMS Operational Mission Summary
ÅORD Operational Requirements Document
ÅPdM Predictive Maintenance
ÅPoF Probability of Failure / Physics of Failure
ÅPRA Probabilistic Risk Assessment
ÅPBRA Probabilistic-Based Risk Assessment
ÅWRA Weapon Replaceable Assembly
ÅWSR Weapon System Reliability



DoD Systems Engineering Modernization

https://www.cto.mil/sea/se/



DoD Systems Engineering Modernization

https://www.cto.mil/sea/se/



Systems 
Theory



Systems 
Theory



Understand User
Requirements, Develop

System Concept and
Validation Plan

Demonstrate and
Validate System to 

User Validation Plan

Develop System
Performance Specification

and System
Verification Plan

Expand Performance
Specifications Into CI

òDesign-toó Specifications
and Inspection Plan

Evolve òDesign-toó
Specifications into

òBuild-toó Documentation
 and Inspection Plan

Integrate System and
Perform System
Verification  to

Performance Specification

Assemble CIs and Perform
CI Verification to CI
òDesign-toó

Specifications

Inspect to
òBuild-toó

Documentation

Fabricate, Assemble, and
Code to òBuild-toó

Documentation

Systems Engineering Process òVó



DoD Systems Engineering V

-DoD Systems Engineering Guidebook



DoD SE Policies

-DoD Systems Engineering Guidebook



The Role of the System 
Engineer

ÅAny engineer acts as a systems engineer when 
responsible for the design and implementation 
of a total system. 
Å¢ƘŜ ŘƛŦŦŜǊŜƴŎŜ ǿƛǘƘ άǘǊŀŘƛǘƛƻƴŀƭ ŜƴƎƛƴŜŜǊƛƴƎέ 

lies primarily in the greater emphasis on 
defining goals, the creative generation of 
alternative designs, the evaluation of 
alternative designs, and the coordination and 
control of the diverse tasks that are necessary 
to create a complex system.
ÅThe role of Systems Engineer is one of Manager 

that utilizes a structured value delivery process 



The Systems 
Engineering Process

Å The major steps in the completion of a typical systems engineering project are the following: 
(1) problem statement; (2) identification of objectives; (3) generation of alternatives; (4) 
analysis of these alternatives; (5) selection of one of them; (6) creation of the system, and, 
finally, (7) operation.

Å Some examples of Systems Engineering Process activities are:

Å  Defining needs, operational concept, and requirements

Å  Functional analysis, decomposition, and allocation

Å  System modeling, systems analysis, and tradeoff studies

Å  Requirements allocation, traceability, and control

Å  Prototyping, Integration, and Verification

Å  System Engineering Product and Process control

Å  Configuration and Data Management

Å  Risk Management approaches

Å  Engineering technical reviews and their purposes



SoS, SOI, MS, & SS
Mission 

System (MS)

Support 

System (SS)

SoS - Systems that interact with each, but were not all intentionally 
designed to work together, may exhibit unexpected behaviors upon 
interaction.

SOI ς System of interest, the system you are currently focused on.

MS ς Mission system, the primary system to meet the need.

SS ς Support system, a system that aids the MS.



Operations 
Concept

Å An Operations Concept is a vision (in general terms) for what the system is, 
and a description of how the system will be used.

Å An Operations Concept consists of a set of scenarios describing how the 
system will be used during all of its operational phases.

Å The scenarios are often accompanied by illustrations of the system 
operations. 

Å An Operations Concept:

ÅServes as a validation reference for the design throughout the life cycle

ÅDescribes how the design can accomplish the mission described by the 
objectives

ÅKey to defining all the requirements

ÅEvolves into the flight operations plan later in the life cycle



OpsCon vs ConOps

ÅANSI/ AIAA G-043A- нлмн ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ ǘŜǊƳǎ άŎƻƴŎŜǇǘ ƻŦ ƻǇŜǊŀǘƛƻƴǎέ ŀƴŘ άƻǇŜǊŀǘƛƻƴŀƭ ŎƻƴŎŜǇǘέ 
are often used interchangeably but notes that an important distinction exists in that each has a 
separate purpose and is used to meet different ends.

ÅISO/ IEC/ IEEE 29148 describes the ConOps as: The ConOps, at the organization level, addresses the 
ƭŜŀŘŜǊǎƘƛǇΩǎ ƛƴǘŜƴŘŜŘ ǿŀȅ ƻŦ ƻǇŜǊŀǘƛƴƎ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴΦ Lǘ Ƴŀȅ ǊŜŦŜǊ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ƻƴŜ ƻǊ ƳƻǊŜ 
systems, as black boxes, to forward the

ÅISO/ IEC/ IEEE 29148 describes the OpsCon as A System Operational Concept (OpsCon) document 
describes what the system will do (not how it will do it) and why (rationale). An OpsCon is a user-
oriented document that describes system characteristics of the to-be-delivered system from the 
ǳǎŜǊΩǎ ǾƛŜǿǇƻƛƴǘΦ



OpsCon vs 
ConOps
ÅConcept of Operations: A verbal and graphic statement, in broad outline, of 
ŀƴ ŜƴǘŜǊǇǊƛǎŜΩǎ ŀǎǎǳƳǇǘƛƻƴǎ ƻǊ ƛƴǘŜƴǘ ǊŜƎŀǊŘƛƴƎ ŀƴ ƻǇŜǊŀǘƛƻƴ ƻǊ ǎŜǊƛŜǎ ƻŦ 
operations. The concept of operations frequently is embodied in long-range 
strategic plans and annual operational plans.  In the latter case, the concept of 
operations in the plan covers a series of connected operations to be carried out 
simultaneously or in succession. The concept is designed to give an overall 
picture of the enterprise operations. It is also called the CONOPS

ÅShort definition: A document describing the characteristics of a proposed 
system from the viewpoint of the people who will use it.

ÅOperational Concept:  ! ǾŜǊōŀƭ ŀƴŘ ƎǊŀǇƘƛŎ ǎǘŀǘŜƳŜƴǘ ƻŦ ŀƴ ŜƴǘŜǊǇǊƛǎŜΩǎ 
assumptions or intent regarding an operation or series of operations of a 
system or a related set of systems. The operational concept is frequently 
developed as part of a system development or acquisition program. The 
operational concept is designed to give an overall picture of the operations 
using one or more specific systems, or set of related systems, in the 
ŜƴǘŜǊǇǊƛǎŜΩǎ ƻǇŜǊŀǘƛƻƴŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ŦǊƻƳ ǘƘŜ ǳǎŜǊǎΩ ŀƴŘ ƻǇŜǊŀǘƻǊǎΩ 
perspective. It is also called the OpsCon.  It is defined in an Operational 
Concept Document



Decomposition

Many types of decomposition

ÅRequirements Decomposition

ÅFunctional Decomposition 

ÅFunctional Architecture

ÅPhysical Decomposition 

ÅPhysical Architecture

ÅOperational Architecture

ÅAllocates functions to physical subsystems

ÅProvides complete description of the system design

ÅIntegrates the requirements decomposition with the 
functional and physical architectures



System Requirement

Functional

Requirement

Performance

Requirement

Physical

Property

Requirement

Imposed Design

Requirement Reference

Requirement

Interface

Requirement

based on content and allocation

Effectiveness

Measure

User Defined

non-exhaustive

inclusive

Decomposition (Continued)



Systems Analysis and Design

ÅModels are the language of the designer.

ÅModels are representations of the system-to-be-built 
or as-built.

ÅModels are a vehicle for communications with various 
stakeholders.

ÅModels allow reasoning about characteristics of the 
real system.

ÅModels can be used for verification by analysis.

ÅAll models must themselves be verified.

Modeling



System Model 
Restraining 
Factors

ÅAssumptions

ÅSimplifications

ÅLimitations

ÅConstraints

ÅPreferences



Architectural 
views

What views or perspectives are useful when 
ŘŜǎƛƎƴƛƴƎ ŀƴŘ ŘƻŎǳƳŜƴǘƛƴƎ ŀ ǎȅǎǘŜƳΩǎ 
architecture?

What notations should be used for describing 
architectural models?

Each architectural model only shows one view or 
perspective of the system. It might show how a 
system is decomposed into modules, how the 
run-time processes interact or the different ways 
in which system components are distributed 
across a network. For both design and 
documentation, you usually need to present 
multiple views of the software architecture. 



Architectural patterns

Patterns are a means of representing, sharing and reusing knowledge.

An architectural pattern is a stylized description of good design practice, 
which has been tried and tested in different environments.

Patterns should include information about when they are and when the 
are not useful.

Patterns may be represented using tabular and graphical descriptions.



System Integration

ÅIntegration is the process of assembling the system from 
components.

ÅIntegration begins with the elementary pieces or configuration 
ƛǘŜƳǎ ό/LΩǎύ ƻŦ ǘƘŜ ǎȅǎǘŜƳΦ

Å!ŦǘŜǊ ŜŀŎƘ /L ƛǎ ǘŜǎǘŜŘΣ ŎƻƳǇƻƴŜƴǘǎ ŎƻƳǇǊƛǎƛƴƎ ƳǳƭǘƛǇƭŜ /LΩǎ ŀǊŜ 
tested.

ÅThis process continues until the entire system is assembled and 
tested.

ÅInterface Specifications and Interface Control are critical to a 
successful system integration.



Work and Resource 
Management

ÅA Work Breakdown Structure (WBS) is a hierarchical breakdown of 
the work necessary to complete a project.

ÅThe WBS should be a product-based, hierarchical division of 
deliverable items and associated services.

ÅThe WBS should contain the Product Breakdown Structure (PBS).

ÅAt the lowest level are products such as hardware items, software 
items, and information items (documents, databases, etc.) for 
which there is a cognizant engineer or manager.

ÅA project WBS should be carried down to the cost account level 
appropriate to the risks to be managed.



Work Breakdown Structure (WBS)



WBS

https://www.secnav.navy.mil/rda/OneSource/Documents/New%20MIL-STD-881C%20Work%20Breakdown%20Structures%20for%20Defense%20Materiel%20Items.pdf



WBS

https://www.secnav.navy.mil/rda/OneSource/Documents/New%20MIL-STD-
881C%20Work%20Breakdown%20Structures%20for%20Defense%20Materiel%20Items.pdf



Maintainability

Maintainability is that 
system design 
characteristic associated 
with the ease and rapidity 
with which the system 
can be retained in 
operational status, or 
safely and economically 
restored to operational 
status following a failure.



Verification

Å±ŜǊƛŦƛŎŀǘƛƻƴΥ  ά5ƛŘ L ōǳƛƭŘ ǘƘŜ {ȅǎǘŜƳ wƛƎƘǘΚέ

ÅEach requirement must be verified

ÅVerification Methods: Test, Analysis, Inspection and 
Demonstration

ÅwǳƭŜ ІмΥ ά¢Ŝǎǘ ǿƘŜǊŜǾŜǊ ǇƻǎǎƛōƭŜέ
ÅPerform Analysis and Inspection, where Test is not possible
ÅPay careful attention to validity of simulators and models

ÅwǳƭŜ ІнΥ ά¢Ŝǎǘ ǘƘŜ ǿŀȅ ȅƻǳ ǳǎŜΣ ǳǎŜ ǘƘŜ ǿŀȅ ȅƻǳ ǘŜǎǘέ
ÅIdentify what is not tested in flight configuration
ÅCareful review to assure items are properly verified by 

a combination of Analysis, Inspection or Test.
ÅReview of the assumptions and interfaces of element 

verified in pieces
ÅAttention to validity of simulators and simulations

ÅCareful review to assure these items are properly verified by 
a combination of Analysis, Inspection or Test.

ÅwǳƭŜ ІоΥ ά¢Ŝǎǘ ǘƘŜ ǎȅǎǘŜƳ ŜƴŘ-to-ŜƴŘέ
ÅCarefully review the assumptions and interfaces of any 

elements verified in pieces

ÅwǳƭŜ ІпΥ ά±ŜǊƛŦȅ hŦŦ-bƻƳƛƴŀƭ /ƻƴŘƛǘƛƻƴǎέ
ÅVerify Redundancy and Graceful Degradation Modes along 

with On Board Fault Protection and Ground Contingency 
Procedures
ÅStress Testing and Negative Testing to find Latent Flaws



Validation

Å±ŀƭƛŘŀǘƛƻƴΥ  ά5ƛŘ L ŘŜǎƛƎƴ ƻǊ ōǳƛƭŘ ǘƘŜ wƛƎƘǘ {ȅǎǘŜƳΚέ

ÅValidation shows that the Design when used according to the 
Operations Concept meets the Requirements and the Customers 
Goals and Objectives and can be produced within the Cost, Schedule 
and Risk constraints

ÅValidation Methods: Analysis, Predictions, Trade Studies, Test

Å¢ƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ Ŧƭƻǿ ƛǎ ŀƭǎƻ ǾŀƭƛŘŀǘŜŘ ǘƻ ǎƘƻǿ ǘƘŀǘ άtŀǊŜƴǘέ 
ǊŜǉǳƛǊŜƳŜƴǘǎ ƘŀǾŜ ǾŀƭƛŘ ά/ƘƛƭŘέ ǊŜǉǳƛǊŜƳŜƴǘǎΣ ŀƴŘ ǘƘŀǘ άhǊǇƘŀƴέ 
requirements are not driving the system design or implementation.

ÅInitial Validation during Phase A and B is critical to proceeding into 
Phase C where detail design occurs

ÅhǘƘŜǊǿƛǎŜΣ ǘƘŜ ŘŜǘŀƛƭ ŘŜǎƛƎƴ ǇǊƻŎŜŜŘǎ ƻƴ ǘƘŜ ά²ǊƻƴƎέ ǎȅǎǘŜƳ

ÅValidation also occurs in parallel with verification where End to End 
¢ŜǎǘǎΣ aƛǎǎƛƻƴ {ƛƳǳƭŀǘƛƻƴǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ άwƛƎƘǘ {ȅǎǘŜƳέ Ƙŀǎ ōŜŜƴ 
built



HSI Defined

Human Systems Integration is 
defined as a process that optimizes 
the human part of the total system 
equation by integrating human 
factors engineering, manpower, 
personnel, training, health, safety, 
survivability, and habitability 
considerations into the system 
acquisition process 
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