13-Jan-2016: A Few Words Before the Presentation

Courtesy — Please mute your phone (*6 toggle)

2016 Chapter Officers and Directors (contact info: newsletter & Chapter website)

President: Ron Lylles VP President Elect: Anthony Matta
Secretary: Ann Hodges Treasurer: Mary Compton

Directors at Large:
Rick Dove, Regina Griego, Mike Gruer, Heidi Hahn, John Hunter
Bob Pierson, Eric Smith, Tom Tenorio, Ben Schaefer, Jeni Turgeon

IW16 January 30-February 2, Torrance (near LA), CA — see newsletter for working
group meetings.

Take the INCOSE Certification exam at IW16 for $40 (usually $80).
You can use the results toward INCOSE ASEP or CSEP certification if you apply
for that certification within a year.

First slide, not recorded but retained in pdf presentation.

And Now - Introductions



Enchantment Chapter e
Monthly Meeting INCOSE
13 January 2016 — 4:45-6:00 pm:

Systems Integration — What Are We Waiting For?
Jim Armstrong, CSEP, Industry Professor, Stevens Institute of Technology
limarmstrong29@aol.com

Abstract: The common approach to integration is that it doesn’t really begin
until the assembly of actual product. However, there are many examples of
where earlier actions did or could have prevented serious problems and
reduced the costs of late changes. Several examples of these incidents will be
explored and the lessons learned noted.

Download slides today-only from GlobalMeetSeven file library
or anytime from the Library at www.incose.org/enchantment

NOTE: This meeting will be recorded


mailto:jimarmstrong29@aol.com
http://www.incose.org/enchantment

Systems Integration — What Are We Waiting For?

Things to Think About

How does your integration process affect your work?
What did you hear that will influence your thinking?
What is your take away from this presentation?



Speaker Bio

James Armstrong is currently an Industry Professor in the
School of Systems and Enterprises at Stevens Institute of
Technology. He served as Technical Fellow and lead
systems engineer for the Systems and Software Consortium
(SSCI) where he consulted on and taught systems
engineering and process improvement for consortium
member companies and government agencies.

As Vice President, Operations of Systems Management and Development
Corporation, he provided systems engineering and program management training
and support for Lockheed Martin, Rockwell Collins, Northrop Grumman, USAF,
and other organizations. He was responsible for significant systems engineering
iImprovements in several major programs.

Earlier, Mr. Armstrong was an acquisition officer in the USAF for over 21 years on
various space, air traffic control, strategic and tactical communications,
shipborne radar, and strategic missile test support programs. All of these
programs were joint, inter-agency, or international. His responsibilities included
program manager, headquarters lead, chief engineer, test manager, systems
safety and configuration management.

Mr. Armstrong has authored over 20 technical papers and co-authored one book:
SCAMPI Distilled. He has participated on author teams for most systems
engineering standards and models. He is a Certified Systems Engineering
Professional and member of (INCOSE).




Next Generation Air Transportation System (NextGen)
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Repeat Errors: Fire Engine Too Big

 Florida

e Others:

1. New truck to long for
station _

2. Added to front of station

3. Not enough clearance to —~

Arched doors in Boston

Boston — didn’t fit in historic
station

Tuscumbia, Alabama — too tall
Dunfermline, Scotland — too big
for streets

Saranac Lake NY —too tall & too
heavy

Montcuq in the Lot, France — too
big for streets

Tarentum, PA — too tall & too
heavy

Elkville, lll — New station not built
yet

London, Ontario, Canada — too tall
(measurement error)
Edmondson, AR — too wide
Morant Bay Jamaica — too wide
for streets

Late Integration of Enabling Systems
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Repeat Errors: Conclusion

“It's not that we shoot ourselves in the foot
that surprises me...

...it’s\how fast we reload!”

- Anonymous
;

© 2015 J. Armstrong



Can We Learn?

It Is said that only a fool learns from his own
mistakes, a wise man from the mistakes of
others.

— Otto von Bismarck

Vasa




Do We Learn?

Spain’s S-80 series submarine
« 100 tons overweight

« Will submerge

 Won't surface

|saac Peral



Problem Root Cause

View of integration as being only here

Requirements
Development

Validation

Functional

Analysis Verification

Integration

Detail Design

Architecture
Synthesis

Focus on
assembly of
parts
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SE Handbook IDEF Diagram

Focus again on controls The transition process
assembly of parts ‘ addresses deployment

(s ) [ awss ) (L ows )

= 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 k. 4 % 4

' Standards and Texts not
much different

Enablers

© 2015 J. Armstrong



Better Ideas

So what can be done...
Early actions
Strategy
Conway’s Law
Participate in requirements process
Allocate and track
Integrate architecture
Cross-path Integration
External interfaces and environment
Human Systems Integration
Model-based integration
Consider multiples
Integration Readiness Levels
Deployment

© 2015 J. Armstrong



Start Early

* Integration
starts here!l

e Start of

Stakeholders’

Needs ©

Acceptability

Operational
Validity

Operational Concept

Originating Requirements

System Delivered

System Requirements
y a Developmental

Verification _
Elements Delivered

Element Specs

Segment Specs Segments Delivered
Component Specs Components Delivered
Cl Specs Cls Delivered

assembly Is
too late

>

Systems Engineering

Design
Engineering

13
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Integration Strategy

Common: Assemble components as built
— Simple
— Reactive
— Risky
Better: Identify integration and deployment risks and

mitigate in advance E;’m

— More early activities g fj@@
— Proactive % —

— reduces risks —
Note: CMMI says to define integration strategy, formerly
said to define the assembly sequence

14
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States of Systems Integration

Mische's (1998) four states of systems integration strategy:

 Interconnectivity — system components and equipment connect
and work (basic interaction) together.

 Interoperability — system components and equipment function and
Interact with each other.

« Semantic consistency — Interactions are understood correctly,
data has the same meaning.

- Convergent integration—system integrated with business
processes, people, skills, and knowledge.

© 2011 Stevens Institute of Technology 6-15



Conway's Law

Any organization that designs a system
(defined broadly) will produce a design whose
structure is a copy of the organization's
communication structure.

Organizational problems lead to system
problems '

Example: Mars Climate Orbiter A
— Ground model used metrics - JPL N

— Spacecraft expected ‘English’ (feet) - LMCd

Lesson: Integrate the enterprise first

16

© 2015 J. Armstrong



DC Metro and Fire Systems

Delays in response during January fire in tunnel

Fire liaison position instituted in rail control center



Integrate Requirements

* Not all interface requirements are in ICDs
— Environment
— Human interface
— Service agreements
— MOUs
— Hidden anywhere

* Provide requirements for integration
— Access to measurement at interface

* Find conflicting requirements

© 2015 J. Armstrong
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Allocate and Track

* Know which parts
contribute to

performance and how

* Allocate critical

parameters carefully
* Track frequently and

at design level

— Technical Performance

Measures (TPMs)

Ao

| lift, you grab ... was that just a
little too complex, Carl?

© 2015 J. Armstrong
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Allocations Happen

g g

Shotgun spread due to motion & time between
shots

Improvements in flight control and Gatling gun —
one misses, all miss!

Fix — shaker, then flexible mount

Others with same or similar: F-104, B-52 Tall
Gun, A-10, Cobra gunship, Roman arrow
catapult

Late Integration of Technologies

20
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Allocation Example

Function Requirement Component
Destroy Target X% damage/hit Bullets
Go to Target +/- X degrees Bullets
Propel Bullets +/- X fps Gun
+ /- X bullets/second
+/- X degrees
Stabilize Bullets +/- X RPM Gun
Aim Gun +/- degrees Mount/airframe

Control Aircraft

+ /- stability

Flight control

Find and Display Target +/1 accuracy Radar
Guide Aircraft +/- control accuracy Pilot
Provide Aerodynamics +/- stability & response | Airframe

© 2015 J. Armstrong
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Integration of Architecture

* Physical
— Does the structure work
— Are things missing

* Approaches
— Bottom up
— Top down
— Big bang

© 2015 J. Armstrong
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Early Cross-Path Integration

e Internal

— Between Internal
components

» External
— Other systems
— Legacy
— Operations
— People
— Environment

External

© 2015 J. Armstrong



External Environment

Sydney Morning Herald — 10/13/97

» Cars exhibit problems
— Brakes jam on
— Doors lock
— Engines shut down

e Sources
— Traffic light sensors
— Taxi and police radios | |
— Broadcast transmitters O
— Underground power lines

24
© 2015 J. Armstrong



Human System Integration

Downing of Iranian airliner

— Washington Post headline: “System works, operator makes
error’

— But the operator is part of the system!

Air France Flight 447
— Automation turns off
— Quick reaction required
— Questionable data
— Human response as expected?

Therac-35

— Operators faster than anticipated %\

— Software didn’t accept input r;g?-i’:é_,; A

— Patients died

© 2015 J. Armstrong
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Integration of Architecture (cont’'d)

 Functional

— |Is functional architecture defined
— Model based integration

* Approach

— Threads

 Logical/functional
« Temporal

« Seqguential

« Communications

 Procedural
26
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Model-based Integration

Executable models are valuable for
Interfaces

Customer é ”-3‘—'@
Decide
n.1 n.2 N ; Retry 4 P
Request - Read n..4
ithdrawal g N
Ithdrawa Response _Y__> Collect
Cash (’\
—  — Withdrawal — — t f >N
- i - nterface /\
-1 (Ref) | s . et ren | - Scientist Scientistinterfac : DataSeEnvironmentinterface Samgle
[— =7 | . n.
Prior > > n-6 Yy o Next
Function P;Z:isesst L Conflrm Py Function | Select data §ét
_ N > el —U
Hat Select analysis |
——— ==tnterface (et samples
Aspa;;r;vo’.:lﬁl T 4@ et sam | S
Bank ]
n8 |
S s
— Determine t Get sample data
If OK
Analyze /U

ZI
eturn results

pny

© 2015 J. Armstrong



Model-based Integration

* Comanche Helicopter
— Full model of gun operations

— Included:
« Equipment — new and old
* Pilot — fresh and tired
e Missions
* Navy ATC Communications
— Full model

— Identified protocol errors in switch from 4-ship to
iIndividual aircratft

— Components integrated into model as developed

© 2015 J. Armstrong
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Integration Readiness Level

S(ystem)RL = IRL x TRL IRL = Integration Readiness Level
) NOTE: ALL DATA IN THIS TEMPLATE IS NOTIONAL

System Detailed Status

e Have these

SRL

Tachnology Technology Technology
I Plaiform 2 k ik 53 L]
technologies o P of
) 5 Platform 1 System
been used ! (2} l A:::::;::l:-sm.sum-
L T.w:” | Previous Composits SRL Status
together : 7 e -
Technology Readiness Level
o'nnnmuw ?m ) ?mw Intagration Maturity Leval
e Ore? } 1__‘ J'L o ¥ Readl Laval Dx
o £ 1 Saasctecuisdnesioy
Integration Readiness Levels ™™ Tommm——
oHnI*w omw High Risk to Cost andfor Schedula
Technology Readiness Levels : : N

SRL 0 2 O 0
sse.stevens.edu/fileadmin/cser/2006/papers/126-Sauser-TRL%20SRL. pdf 29
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Multiple Copies

US Advanced Automation System

* New video recording function
— Full update every 12 seconds
— Worked fine on single scope

» Laboratory Established
— 6 full size scopes

— 94 emulated
— Crashed all four networks

Why not found by modeling early?

30
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Integration of Testing

Small satellite failled on launch

Fallure analysis unable to reproduce
fallure during single parameter test

Combined thermal and vibration test
revealed cause

Decade later, same organization repeats
same mistake!

Late Integrated Approach to Testing

31
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Deployment

Will it fit?
Is support ready?
Transportation? PL

Training?

Local customs?

Environment? adan
Schedule? el NN
Geography? e

Does it work for the user in their operations?

32
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Integration Management Methods

Interface Control Working Groups (ICWG)
— Members from both (all) sides of the interface
— Addresses interface issues
Systems Engineering Interface Team (SEIT)
— Members from IPTs on a program
— Addresses interface issues
— Maintains commonality of discipline approaches

Configuration Management of ICDs

— Specific process for interface related changes e’ )\

Interface Design Review
— Between PDR and CDR
— Focus on only the interfaces

© 2015 J. Armstrong



England’s High Speed 2

« Considering integration with
— Existing rail
— Alr
— Where you live
— Where you are going
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INCOSE Presentation, IS 2012, Rome, Italy
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Conclusion

* Yes, we can do better with...
— Early start
— Continued effort
— Systems thinking

There is a lot of integration to do before

and after putting the pieces together!

© 2015 J. Armstrong
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Questions?

© 2015 J. Armstrong
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Systems Integration — What Are We Waiting For?

Things to Think About

How does your integration process affect your work?
What did you hear that will influence your thinking?
What is your take away from this presentation?
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Please
The link for the online survey for this meeting Is

https://www.surveymonkey.com/r/enchant 01 13 16

https://www.surveymonkey.com/rlenchant_ 01 13 16

Look in GlobalMeet chat box for cut & paste link.

Slide presentation can be downloaded now/anytime from:
The library page at: www.incose.org/enchantment
Recording will be there in library tomorrow.
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