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The leading independent authority on PLM and its 
digital transformation. We provide research, education, 

and strategic consulting to clients around the world.

OUR MISSION: 
Maximizing clients' ability to design, acquire, deliver, 

and support innovative products and services.

Strategic management consulting for competitive advantage in global markets

Defining What Comes Next in Digital Transformation
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Key Takeaways

• IoT has begun to foster end-to-end lifecycle connectivity, resulting in 
unprecedented growth of structured & unstructured data
• Empirical data is readily available across a product’s life
• System of systems can be more difficult to manage than individual 

products, but when mastered provides a competitive advantage
• More and more product upgrades are happening over the air
• Multidiscipline collaboration, using customer data all the time, creates 

new revenue opportunities

Inexpensive electronics expands sensing which 
leads to new customer features
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Practice OverviewPractice Overview
• Over 45 years of experience in systems engineering, both in the 

automotive and aerospace industries, especially the computer-based 
tools for virtual engineering

• Appointed PLM Leader at General Motors in 2012 governing 
planning and execution of key PLM initiatives

• Lead Simulation Methods Team developing techniques for virtual 
engineering of controls & calibration, tribology modeling 
predictions, balancing laboratory/field/simulation practices

• Lead ALM initiatives for GM and defense applications, including the 
development of EDA solutions, during 1980’s and 1990’s
• Earned Boss Kettering Award for Remote Diagnostics Patents

• Joined the CIMdata team in 2019, with a focus on systems 
engineering, PLM governance, Digital Transformation consulting, 
and authoring commentaries/eBooks about mobility

• Mobility & Critical Systems Strategic Advisor to UL Solutions

Presenter’s Bio

Craig Brown
Executive Consultant
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• Complex Products – What’s Happening? 
•  Electronics/Sensing/Data Opportunities
•  Complex Products Need Measurement Data Management
• Managing Product Evolves from PDM & ALM -> Continuous PLM
• Safest Products Within Systems Adapt 

Agenda

Copyright © 20246

Complex Products – More Electronics
Product Complexity Increasing thanks to Moore’s 
Law miniaturizing electronics and sensors

Most electronics has S/W

S/W can be installed often

Features drive revenue 

Keeps customers satisfied 

Mass production with factories 
is managed in PLM/ERP

What are S/W releases and 
where should they be managed? 
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Measurement Data Drives Product Engineering

• Near real-time insights are becoming affordable
• Insights on actual product applications based on environment and 

operators
• Development after mass production 
• Feature cycles become months, maybe weeks, instead of years
• Validation of upgrades required
• Real machine learning enables adjusting to customer

Now coming from actual customer usage driven 
by decreasing sensing and storage costs

Copyright © 20248

Complex Systems – What’s Happening?

• Multi-discipline, multi-domain requires simultaneous collaboration
• Effective collaboration needs a single, clear language

Systems are broader than individual products, 
MBSE is mandatory for Complex Systems 

Image courtesy of Siemens
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• Managing Product Evolves from PDM & ALM -> Continuous PLM
• Safest Products Within Systems Adapt
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Technology Allows Greater Creativity—At a Cost
Managing product information & processes 
becomes more critical

Image courtesy of Cadence

Disruptive Technology Drivers

Courtesy of Cadence
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Autonomous Expectations vs. Realities
Lots of confusing news and unrealized 
expectations

https://www.nytimes.com/2023/10/11/opinion/driverless-cars-san-francisco.html

https://www.theguardian.com/us-news/2023/aug/14/san-francisco-robotaxi-waymo-cruise-breakdown

https://www.washingtonpost.com/technology/2023/10/28/robotaxi-cruise-crash-driverless-car-san-francisco/

Copyright © 202412

What if products shared insights?
A product is a system within an ecosystem
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AI/ML Opportunities across Product Lifecycle
Product data and information flow across entire 
lifecycle - Peter Bilello Webinar – February 2024

Requirements

Planning
Conceptual 

Design
Product 

Engineering Manufacturing 
Engineering

Simulation & 
Validation

Build & 
Produce

Sales & 
Distribution

Maintenance
& Repair

Disposal & 
Recycling

Test & 
Quality

PLM Solutions—Information Management across Media, Process, Time, Geography & Enterprise

In-service 
Operation

Portfolio
Management

Info

AI & PLM: Beyond All the Hype - CIMdata
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• Complex Products – What’s Happening? 
•Electronics/Sensing/Data Opportunities
•Complex Products Need Measurement Data Management
• Managing Product Evolves from PDM & ALM -> Continuous PLM
• Safest Products Within Systems Adapt 
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https://www.cimdata.com/en/education/educational-webinars/webinar-ai-plm-beyond-all-the-hype
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Measurements make Products Safer

• Safest products learn from experiences
• Comprehending usage data keeps subsystems safe
• Lacking data (really knowledge) leads to broader safety margins
• Data’s role in innovation is expanding to include real-time 

measurements 
• Dynamic context is important, 
• Leads to product improvements during use

• The pace of data acquisition is an emerging competitive advantage

Data -> Information ->  Knowledge -> Wisdom

Copyright © 202416

Data Governance Helps Manage Complexity

• Precise, clear language 
• A data dictionary that evolves
• Power of contextual search and discovery 
• Policy and ownership
• Industry standards
• Life cycle of information – when to use and when to dispose
• Traceability, often driven by regulations
• Quality Management evolves, broadens

Within systems engineering of complex product 
development

Complex Product Development Demands Data 
Governance - CIMdata

https://www.cimdata.com/en/education/educational-webinars/complex-product-development-demands-data-governance
https://www.cimdata.com/en/education/educational-webinars/complex-product-development-demands-data-governance


Complex Product Development Demands Data Governance 
Aug 10 2023

Page—9

This presentation is copyright © 2023 by CIMdata, Inc. Clip art may be copyrighted. No 
use, reproduction or modification is permitted without prior written permission.

CIMdataâ is a registered trademark of CIMdata, Inc.

Copyright © 202417

• Complex Products – What’s Happening? 
•Electronics/Sensing/Data Opportunities
•Complex Products Need Measurement Data Management
• Managing Product Evolves to Continuous PLM
• Safest Products Within Systems Adapt 
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System of Systems Engineering 

ALM manages all 
kinds of 
software and 
architectures, 
mostly in agile 
frameworks (e.g., 
SAFe) executing 
on digital 
computers, 
wherever the are.

“Autonomous Vehicle Development Requires Closed Loop Solutions” – CIMdata eBook

https://www.cimdata.com/en/news/item/16273-cimdata-publishes-ebook-autonomous-vehicle-development-requires-closed-loop-solutions
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PLM – CIMdata’s Definition

• An end-to-end strategic business approach
• NOT just technologies
• Consistent set of business solutions

• Collaborative creation, use, management 
& dissemination of product related intellectual assets
• All product/plant definition information – the virtual product 

• AEC, MCAD, EDA, ALM, SE, requirements, simulations, analytics, portfolio, formulas…
• All product/plant process definitions – the virtual processes

• Processes that plan, design, produce, operate, support, decommission, recycle…

• An innovation platform that supports the extended enterprise

Digital transformation of the lifecycle—enabled 
by a product innovation platform

Requirements interface layer 

Data & Process Management BackboneModeling & Simulation PlatformModeling & Simulation PlatformData & Process Management Backbone

Quality(&(
Compliance(

Data(&(Process(
Management(
Backbone(

Service(
Management(

(
System((
Idea>on(

System(
Realiza>on((

PorAolio(&(
Program((

Management(

Profitability(
Management(

Multi-
Disciplinary 

Lifecycle 
Optimization
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The Evolving ALM Connections

• Supports MBSE enabling multi-domain simulation and analysis
• Provides links to all software – embedded and back office
• Supports integration of data sources (e.g., ERP, MES, CRM, …) and 

customers usages
• Uses digital twins during software verification and validation 
• Connects measurement data elements allowing traceability to 

regulations and requirements

Comprehensive, cross-domain connected data 
integrated into process management - ALM
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Evolving to Continuous PLM

• Provides platform connectivity (PDM <-> ALM <-> Measurements)
• Managing measurement data gathering & analyses

• Connects people—the more engineering disciplines use the same, 
accurate product data in the context of their customer usage, the more 
likely problems will be rapidly solved once!
• Allows proposed systems design and performance behaviors to be quickly 

made available to all disciplines 
• Provides single logical source of systems truth when needed

• Consolidates and organizes data for safety investigations and 
convoluted regulatory reporting

Comprehensive, cross-domain connected data 
integrated into process management - PLM

Copyright © 202422

Benefits of Continuous PLM

• Integrated design tool suites can sustain complex products for 
tomorrow—enabling connections through a product’s lifecycle, across 
all aspects driving innovations, such as: propulsion, electrical, 
electronic, embedded software, and artificial intelligence
• 2021 Research on PLM use in industry identified expected benefits of 

digital twins 0% 10% 20%

Better understanding of the product

More consistently applying product knowledge during development

Increase business agility

More first time right products

Better collaboration across engineering functions

Address complexity
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Some Adaptation Examples

• John Deere Robot Lawn 
Mower—retrofitting a previous 
design
• Amazon warehouse robots 

working near humans
• Autonomous vehicles—a 

system of many 
communicating 
systems well coordinated

Proven levels of complexity, managed well
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Design BOM
(mechanical)

Design BOM
(software)Design BOM

(electrical)

The Digital Web
Supports a full lifecycle 

Market 
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Product 
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Rqmnts

Simulation
Pedigrees
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Programs

Tooling 
BOM

Robotics 
Programs

Make/Buy 
BOM

NC Mach 
Programs

As-sched 
Mfg BOM

Plant Spec 
Mfg BOM

As-planned 
Mfg BOM

As-shipped 
BOM

As-built 
Mfg BOM

Work 
Instructions

Service 
Manuals

As-
modified 

BOM

Functional 
Structure

Product 
Breakdown 
Structure

Work 
Breakdown 
Structure

Test BOM

Bill of 
Process

Product 
Rqmnts

As-
maintained 
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Engineering 
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Mfg 
BOM

Service 
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The Digital Thread is Really a Web, with the Engineering Bill of Materials at Its Center, CIMdata webinar, 9 Sep 2021

Usages
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Enabling Learning Digital Twins
Digital Twins contextualize usage measurements

Requirements

Planning Conceptual Design
Product 

Engineering Manufacturing 
Engineering

Simulation & 
Validation

Build & 
Produce

Sales & 
Distribution

Maintenance
& Repair

Disposal & 
Recycling

Test & 
QualityIn-service 

Operation

Portfolio
Management

Info
Multi-view BOM Approach

https://www.cimdata.com/en/aerospace-and-defense

Engineering 
View

Manufacturing 
View

Mountain 
Usage ViewSuburban 

Usage View

Another Usage View
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Expanding Use of Digital Twins

• An operational digital twin (linked to IoT) can put experience data in 
context, which in turn makes operational improvement and validation 
manageable
• Learning Digital Twins improve understanding by:
• Exploring innovative design options using expansive “destructive” simulations, 

i.e., exposing weaknesses impacting a product’s safety margins
• Leading to upgrades with certainty

• You can explore the unknown unknowns lowering risks
• This is the scope of feature validation—now continuous 

Digital twins & IoT measurements make 
continuous validation practical

Copyright © 202428

Model-Based Systems Engineering Always 

• Safest products evolve, leading to new businesses
• Models powered by accurate digital twins broaden understanding of 

system changes and realizing new revenue opportunities
• Design for Six Sigma is all about controls, signals, and noise 
• Data from IoT (measurements) improves understanding 
• Experience (aka wisdom) becomes pervasive instead of residing with experts

• Product engineering must be a continuous, operational role, enabled 
by Continuous PLM

New business paradigms require Continuous PLM 
with accurate, learned digital twins
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Thank You
From the whole CIMdata team
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Defining What Comes Next in Digital Transformation

World Headquarters
Ann Arbor, Michigan USA

Tel:+1.734.668.9922

www.CIMdata.com

Serving clients from offices in North America, Europe, and Asia-Pacific

Asia-Pacific Headquarters
Tokyo, Japan

Tel:+81.47.361.5850

EMEA Headquarters
Weert, NL

Tel:+31 (0) 495.533.666

Strategic management consulting for 
competitive advantage in global markets


