
Demystifying the Digital Twin
A Practical Guide for the Journey

Edward Ladzinski 

Frank Popielas

Vijayakumar Balu 



2020 © Hinduja Tech, Limited and SMS_ThinkTank™, LLC | September 30, 2020 02

1. Executive Summary .................................................................................................................................................... 03

2. Digital Twin and related Market Challenges in the Age of Digital Transformation .......04

3. Digital Twin Overview ................................................................................................................................................06

4. Digital Twin in the Automotive ............................................................................................................................. 15

5. Digital Twin Deployment Challenges .............................................................................................................22

6. Conclusion ........................................................................................................................................................................28

7. About the Authors ........................................................................................................................................................29

8. References ........................................................................................................................................................................30

 Definition ............................................................................................................................................................................06
 Digital Twin and its Relationship with the Digital Thread............................................................................................06
 What is a Digital Thread ..................................................................................................................................................07
 The Digital Thread in the Mobility Industry ...................................................................................................................08
 The Importance of the Digital Thread for a Mature Digital Twin ...............................................................................09
 The Business Case for Digital Twin .................................................................................................................................. 10
 Applications for Digital Twins ........................................................................................................................................... 13

 The Importance of the Digital Twin for the Automotive Industry ............................................................................... 16
 Use Cases in the Automotive Industry ........................................................................................................................... 18

 The Hype of the Digital Twin ............................................................................................................................................22
 Basics of the Digital Twin Journey ..................................................................................................................................24
 Critical Success Factors ....................................................................................................................................................................................................27

Table of Contents



2020 © Hinduja Tech, Limited and SMS_ThinkTank™, LLC | September 30, 2020 03

Executive Summary 
In the ever-increasing world of product complexity, the need to develop, maintain and innovate new 
products is crucial for corporate success and in some cases, survival.

The enablement of Digital Twin capability should be a key element of any company’s Digital Transformation 
initiative that provide responses to changing operational conditions, might it be for their product or system 
in operation or for a service that is being provided. Businesses will not be competitive in the long run without 
this capability. Let us first determine an understanding for the definition of a Digital Twin.

Digital Twin integrates the Internet of Things (IoT), Artificial Intelligence (AI), machine learning and software 
analytics with spatial network graphs to create living digital simulation models that update and change 
as their physical counterparts change. A Digital Twin continuously learns and updates itself from multiple 
sources to represent the status, working conditions or position of the real-world physical asset. This is 
accomplished by strategically placing sensors on the physical asset. This system is self-learning and uses 
the retrieved operational data from the physical asset to convey the various operating conditions and is 
supported by human experts, such as engineers with deep and relevant industry domain knowledge. 

The benefits of adopting Digital Twin best practices and growing its level of maturity carries many benefits. 

•  Digital Twins in Product Design and Development help to reduce the time to market of new products by 
leveraging the external environmental and product usage data from the field

•  Digital Twins supporting the testing process help to align lab testing and CAE/virtual simulations so that lab 
testing boundary conditions can be improved, iterations can be avoided and simulation models can be 
improved resulting in improved predictability of the CAE simulations and lab testing

•  Digital Twins in the supply chain help to can identify potential risks early, simulate the alternatives and 
optimize the sales and operations planning, required actions in service levels, inventory levels, or warehouse 
location

•  Digital Twins in manufacturing help to monitor and optimize the production process, model multiple 
scenarios for any new equipment/machinery and identify areas where new production processes can be 
improved/optimized thus resulting in reduced downtime

•  Digital Twins After Sales & Service, help to proactively identify the risks and potential recalls of products 
thereby reducing the vehicle down time, warranty costs, and minimize the legal costs associated with recalls

These are only a few applications and more examples are cited in the main body of this white paper.

Even though the Digital Twin as an idea and its practice has been around for quite some time, there is 
still considerable hype associated with it. Just because people are talking about the Digital Twin does not 
mean they have the proper understanding of what is involved in implementing such a concept properly.

Education for all members of the enterprise is crucial for the successful adoption of Digital Twin competence. 

A digital twin refers to a surrogate that is a description of a physical asset such as one or more 
products, processes, systems, people and devices that can be used for various purposes. 
The digital twin makes use of data to/from its real-world asset and may change in tandem 
throughout the lifecycle of the physical asset.
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Digital Twin and related Market Challenges in 
the Age of Digital Transformation

The complexity of systems is rapidly increasing across all industries. Embedded 
systems and interactive environments account for an increasing share of the 
product features and the total product cost. At the same time, the need to 
develop and maintain innovate new products and “products as a service” is 
crucial for corporate success and, in some cases, even for enterprise survival. 
Companies must ensure a cost effective and reliable product is introduced to 
the market in a timely manner while also addressing the challenges relating 
to in-service product updates and on-going maintenance. The Digital Twin 
is becoming a critical player in such highly innovative and competitive 
environment.1

The enablement of Digital Twin capability has to be a key element of any 
company’s Digital Transformation initiative. In particular, companies that 
provide real-time responses to changing operating conditions, might it be 
for their product/system in operation or for a service that is being provided, 
will not be competitive in the long run without this capability.

Furthermore, rather than placing the main focus on implementing tools/
technologies, the emphasis needs to be on processes and, even more so, 
organizational/cultural enablement of a Digital Transformation. One should 
start with the question, “What business goals do we want to achieve with this 
digital transformation initiative?”. This will help define a long-term vision for 
the digital business. Such a vision will support and accelerate sustainable 
profitable innovation to allow enterprises to gain a leading market position. Only 
this can provide clarity and purpose for a company’s digital transformation 
journey. Digital Transformation goes beyond digitizing workflows through 
mobile apps. Rather, it solves significant business challenges to improve 
the profitability for organizations resulting in a sustainable competitive 
advantage. 

While the idea of a Digital twin has existed for more than a decade, the 
complexity of the scope and coverage have evolved significantly. Market 
challenges and trends have been discussed in other publications on this 
subject.1 Here we will highlight some challenges for automotive organizations 
across the value functions where the Digital Twin can play a central role in 
overcoming these challenges: 

Data in silos is prone to decision making judgement errors within product 
development

Increasing product complexity with the ever-increasing surge in electronics 
and software content for each vehicle leads to data creation, consumption, 
and isolation within many silos that relate to the CAD, CAE, testing & 
validation, and quality field data. Engineering teams lack a holistic view of the 
end-to-end product lifecycle which may result in accepting sub-optimal 
trade off decisions related to product safety, quality, and performance in the 
early stages of the product development lifecycle.

The need to develop 
and maintain innovate 
new products and 
“products as a service” 
is crucial for corporate 
success.

Data in silos leads to 
judgment errors in 
product development, 
manufacturing, and 
in-service support.

A proper Digital 
Transformation vision 
and strategy, with 
the Digital Twin being 
a main element, will 
support and accelerate 
sustainable profitable 
innovation to allow 
enterprises to gain 
a leading market 
position.
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The proliferation of unprofitable product features & options during product 
planning 

With mass customization, organizations are forced to cater to their customer’s 
unique needs leading to the proliferation of product features & options. Not 
all these offerings may be profitable. Organizations without visibility of their 
customer’s behavior and needs, will introduce less than desirable product 
being brought to market.

Automotive product recalls and warranty costs result in multi-billion 
dollar spending due to poor quality of products designed, produced, and 
serviced 

The human mind has many limitations when it comes to visualizing and 
predicting the behavior of complex product systems as well as forecast all 
possibilities of failure . In the case of the automotive industry, in US alone 
about 53.1 million cars were recalled2 in 2019 involving 966 recall campaigns 
which is 9.6% of cars registered3 in the last two years in US

Systems knowledge voids are emerging across various organizations as 
the generation of “Baby Boomers” is retiring

As a result, the tacit knowledge of systems thinking leaves with these “Baby 
Boomers”. “Gen Y” and “Gen Z” employees have different aspirations, which 
can impact the retention of systems knowledge relative to understanding the 
product fit, form, and function/behavior across its lifecycle.

Interaction of product & manufacturing processes with the environment is complex and requires 
advanced simulation and “What if” scenario analysis which typically does not exist today

As OEMs strive to differentiate their brands proclaiming better driving experiences through electronics and 
software, they are forced to embrace the issue of increasing product complexity. More than 100 ECUs are 
available in a car to control functionalities of systems & sub systems. This complexity has placed a burden 
on the supply chain and manufacturing processes. In order to manage the interaction of sub systems & 
systems with one another, organizations require advanced systems simulation capabilities, which typically 
does not exist today. 

Organizations are 
forced to cater to their 
customer’s unique 
needs leading to the 
proliferation of product 
features & options.

Reducing recall and 
warranty costs will 
drastically reduce 
operation costs.

Organizations lack 
systems thinking talent 
& systems knowledge 
management 
repository as 
”Baby Boomers” 
generation is retiring.
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Digital Twin Overview
Before embarking on the Digital Twin journey as part of the Digital Transformation initiative, a sound 
fundamental understanding of the definition for the Digital Twin is required. Additionally, its relationship to 
systems thinking and the overall lifecycle, its various maturity levels and the recipe for its implementation 
needs to be understood. A common and shared understanding of the definition for the Digital Twin is 
paramount for success.

Definition

There is much confusion regarding the definition of the Digital Twin across most industries. The Terms & Definition 
Focus Team representing the joint NAFEMS/INCOSE Systems Modeling and Simulation Working Group defines 
the digital twin as:4

Business 
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Figure 1: High-Level Architectural View for the digital twin1

Digital Twin integrates the Internet of Things (IoT), Artificial Intelligence (AI), machine learning and software 
analytics with spatial network graphs to create living digital simulation models that update and change 
as their physical counterparts change. A digital twin continuously learns and updates itself from multiple 
sources to represent its near real-time status, working conditions or position. This system is self-learning, using 
sensor data that conveys various operating condition; from human experts, such as engineers with deep and 
relevant industry domain knowledge; from other similar machines; from other similar fleets of machines; and 
from the larger systems and environment in which it may be part.1 

Digital Twin and its Relationship with the Digital Thread

Per its definition, the Digital Twin “may change in tandem throughout the lifecycle of the physical asset”. This 
highlights the importance of data as its foundation. The Digital Twin relies on more and better operational data. 
That data can come from physical products or processes operating in the real world, the virtual world, as well 
as associated intelligence from other Twins and operations. Figure 1 shows a high-level architectural view for 
the Digital Twin.

A Digital Twin refers to a surrogate that is a description of a physical asset such as one or more 
products, processes, systems, people and devices that can be used for various purposes. The Digital 
Twin makes use of data to/from its real-world asset and may change in tandem throughout the 
lifecycle of the physical asset.

SPDM -  Simulation Process and 
Data Management

PDM - Product Data Management

TDM - Test Data Management

ERP - Enterprise Resource Planning

MES -  Manufacturing Execution 
Systems
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What is a Digital Thread

The Digital Thread (Figure 2) refers to a communication framework that provides a connected data flow with 
an integrated view of the asset’s data throughout its lifecycle across traditionally siloed engineering disciplines. 
The Digital Thread concept emphasizes the need to deliver ”the right information to the right place at the right 
time.”5

Typically, the Digital Thread connects Digital Twins, digital models of physical assets, or groups of assets. The 
term Digital Thread is also used to describe the traceability of the Digital Twin back to the requirements, parts 
and control systems that make up the physical asset.6

We must create a blueprint for a concise, understandable, and connected flow of data to provide accurate 
decision support. This also creates the need for the “analytics” component being an essential part of the Digital 
Thread as shown in Figure 1.

Figure 2: The Digital Thread5
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The Digital Thread in the mobility industry

Most physical products evolve over a period of time. The evolution of the product throughout its lifecycle from 
conception until retirement is depicted in the Figure 3. As the product moves from engineering to manufacturing 
and finally to the customers, these products contain valuable information about the past and present states. 
Examples of such information can be Bill of Materials (BOMs), 2D drawings, 3D models, simulation models, test 
performance, manufactured quality parameters, field performance, etc. The Digital Thread is an integrated 
end-to-end view of an asset throughout its lifecycle that can be used for collaboration, communication, and 
cadence. In addition to the sequential flow of Figure 2, the modern understanding of the Digital Thread with its 
enablement function for the Digital Twin has to be close-looped throughout the entire lifecycle as depicted in 
Figure 3.

Figure 3: Digital Thread In The Transportation Industry
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The following key attributes of the Digital Thread strategy are pivotal to the organizations seeking to embrace 
a digital transformation: 

•  Establish the single version of truth so analytics or AI can be applied for predictive and prescriptive 
outcomes 

• Establish traceability of product quality through data chains 

•  Establish communication and collaboration links between organizational silos to foster increased 
collaboration resulting in higher quality data 

Every function beginning with engineering to manufacturing, quality, sales, and service are the beneficiaries of 
the Digital Thread strategy. By sharing contextual information with closed loop feedback to various functions, 
organizations achieve better operational efficiencies. Some of the use cases include: 

•  Sales teams using the operations data to understand the profitability of assets for targeted sales 
campaigns. Consider this: a commercial vehicle OEM can analyze the telematics data to understand 
the vehicle uptime across multiple regions and recommend the best products to fleet owners based on 
their requirements 

•  Quality teams can analyze manufacturing and field operations data for compliance needs 

•  Service Teams can analyze service repair data and telematics data for predicting real-time product 
maintenance and failures 

•  Engineering teams can analyze vehicle operations data to better understand real-world product usage

From the use cases listed above it becomes evident that while the data ownership may rest with one function, 
the utility of this data lies with the upstream or downstream functions within the organization.

The Importance of the Digital Thread for a mature Digital Twin

Digital Threads are the foundational framework required to enable Digital Twins. They both work in tandem. A 
Digital Thread is a system of records that transfers data across the product lifecycle. With technologies such 
as IoT/IIoT enabling Digital Twins as well as analytics, they depend on the data from the Digital Thread. When 
organizations embark on a Digital Thread strategy, they democratize data to address the challenges with silos 
in the organization. Organizations having a sound Digital Thread strategy will be able to realize the benefits of 
Digital Twins quickly. 

More information regarding the Digital Twin maturity and deployment will be discussed in “Digital Twin 
Deployment Challenges” (Section 5).



2020 © Hinduja Tech, Limited and SMS_ThinkTank™, LLC | September 30, 2020 10

The Business Case for Digital Twin

There are numerous benefits that can be recognized when deploying Digital Twin capabilities. Figure 4 shows 
key target areas for benefits utilizing the Digital Twin for the organization across the value chain:

Figure 4: Benefits Of The Digital Twin Across The Value Chain
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Discussing each mentioned element in detail would go well beyond the goal of this paper. We will highlight just 
a few key points:

•  Product Design and Development – Reduce the time to market of new products
  Leveraging the external environmental and product usage data from the field, testing process twins helps 
to align lab testing and CAE/virtual simulations so that lab testing boundary conditions can be improved, 
iterations can be avoided and simulation models can be improved resulting in predictability and trust of the 
CAE simulations and lab testing. 

  By varying the parameters of the Digital Twin with insights from real world data, organizations can generate 
alternative technical solutions, evaluate the alternatives, make better trade-off decisions, and test them 
virtually thereby reducing the number of physical prototypes to be built. 

• Supply Chain
  Supply Chain Digital Twins can identify potential risks early, simulate the alternatives and optimize the sales 
and operations planning, actions in service levels, inventory levels, or warehouse location. 

• Manufacturing 
  Manufacturing Digital Twins help to monitor the production process, model multiple scenarios for any new 
equipment/machinery and identify areas where new production processes can be improved/optimized 
thus resulting in reduced down time. 

• Sales and Marketing
  Sales and marketing Digital Twins help to replicate the real product with the customized features & options 
with immersive experience for frictionless buying experiences. 

• After Sales and Service
  After sales and service Digital Twins help to proactively identify the risks/recalls potential of sub systems 
thereby reducing the vehicle down time or warranty costs or minimize the legal costs associated with recalls.

• Connectivity and Value-Added Services 
  With data being new “currency”, organizations can look at monetizing the data for generating new revenue 
streams. For instance, a truck OEM can suggest the optimal route to their fleet owners for reaching the 
destination thereby saving fuel & time and monetize the above recommendation service with their software 
service offerings. 

Building a Digital Twin for selected products companies sell, helps to reduce costs across value functions, 
generate new revenue streams and provide better experiences to end customers. With vehicles generating 
data, cheaper computational power, mass adoption of technologies such as IoT/IIoT, AI/ML, the cost of investing 
into Digital Twin capabilities outweigh the returns generated from Digital Twins. However, be aware that there 
are points of diminishing returns.

All those target areas of the value chain can and need to be organized, as shown in the center circle of 
Figure 4, following the three major categories used for evaluating Digital Twin maturity: 

• Organization

• Processes

• Technology

Enabling Digital Twin capabilities within an organization and its entire ecosystem has an impact on the lifecycle 
of a product, its related processes, and services. As a key element of the digital transformation of an organization, 
the Digital Twin is central to improving the innovation maturity of the business and, helps improve competitive 
positioning on the market. Not only is the top level of “Systems Innovation” associated with being able to “innovate 
at the Speed of Thought” but also enable a sustainable innovation environment for the business. (see Figure 5)
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Figure 5: Digital Twin in Relation to Innovation Maturity1

Reaching a new horizon of “System Innovation” allows businesses to disrupt the market. System Innovation is 
defined by the way a company uses the information that is available throughout the entire value chain (see 
Figure 4). Predictive and prescriptive analytics capabilities play a vital role in enabling the movement toward 
this top level of maturity.

Today, companies understand that they must go beyond the typical “S-curve” to stay competitive. This moves 
companies to the higher level of “Product Redesign”. This is where most companies operate today. It can also 
be described as an “incrementality behavior”. To go beyond this level, companies need to start the journey 
of digital transformation. During the first stages of that transformation companies can achieve “Functional 
Innovation”. (Figure 5)

Maturing further requires applying new model-based principles within engineering and move beyond a 
company’s four walls. It requires changes in the understanding of the product’s lifecycle. With the enablement 
of IIoT, IoT and Digital Twin, there is additional untapped business potential to increase a product’s value and its 
related IP while in service. Only mechanical life and user acceptance decide the remaining life of a product at 
that point. This again highlights the key roles the Digital Twin plays for success in the current and future business 
environment.
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Applications for Digital Twins1

Based on the specific roles and their purpose within the ecosystem, a Digital Twin can be created for a variety 
of different purposes and domains. Per the definition of the Digital Twin stated earlier, elements for those 
domains can come from products, processes, people, places, systems, and devices. They find their way into 
various applications segments. We call those segments the application streams of the Digital Twin within the 
ecosystem. (Figure 6)

Product
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Consumer Manufacturing 
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Manufacturing

Behavior Infrastructure

Logistics Economics Industrial Recreational

Service

Culture City Rural

MarketingR & D Logistics Education

Service Application 
Environments

...

...
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Figure 6: Digital Twin - Application Streams1
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The application streams require several characteristics to be considered for each stream. Some of those 
characteristics represent stages in the lifecycle of the product or process, such as R&D, manufacturing, and 
service. Others represent supporting activities, such as marketing and education. Others, on the other hand, can 
be attributed to the usage viewpoint, such as the consumer, developer, and designer. This can quickly become 
very complicated, since the latter viewpoints can also be associated with stages in the lifecycle. 

When linking it back with the fundamentals of the engineering “V” and the understanding of the closed-loop 
nature, we can recognize that each of the viewpoints and stages have different inputs and outputs that 
eventually influence the overall behaviour and performance of a system. (Figure 7)

Bottom line, if a virtual model can be created to simulate real-world behaviour as well as have the required 
associated links established, then a Digital Twin can be created.

Figure 7: The Digital Twin in Relation to the Systems Engineering “V”7
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Digital Twin in the Automotive Industry
As mentioned earlier, complexity in the mobility industry is increasing drastically. Not only is this due to the 
complexity of the overall vehicle system, but mainly due to the complexity of embedded systems. In addition, 
one needs to consider the megatrends for the automotive industry:

• Electrification

• Autonomous Driving

• MaaS (Mobility-as-a-Service)

These not only require a consolidation of controllers but also consolidated software systems (operating 
systems). The automotive industry needs to get away from the current typical 6-8 isolated operating systems. 
This demands not only a new approach within the organization when developing a new vehicle system, but 
also needs to include the entire supply chain as well as the in-service operation of the vehicle. 

With the above-mentioned megatrends, the automotive industry is embracing a transition from ‘Value Chain 
Integrators’ to ‘Ecosystem Constructors’. In the case of electric vehicles, OEMs need to construct an ecosystem 
that should involve participants such as battery manufacturers, ore miners, grid infrastructure providers, 
charging service providers, swappable battery service providers, financial service providers for leasing / 
pay per use models, technology, and connectivity service providers. These participants will contribute to the 
increased adoption for the marketability of this automotive segment. Hence, Digital Twins are not only relevant 
for the current state of the automotive industry, but also for the future state of mobility. Diving deeper into the 
megatrends and highlighting the relevance of Digital Twins for each mega-theme is planned for a future paper.



2020 © Hinduja Tech, Limited and SMS_ThinkTank™, LLC | September 30, 2020 16

The Importance of the Digital Twin for the Automotive Industry

This opens up a wide spectrum for Digital Twin applications in the automotive industry. At various stages 
throughout the lifecycle of a vehicle different data sources can and need to be made use of. (Figure 8) 

Figure 8: Potential Data Sources throughout the Vehicle Lifecycle
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Based on this, different Digital Twin applications can be used as mentioned in Figure 6. Digital Twins are central 
to automotive digital transformations due to the following reasons: 

•  Predictive reliability, quality, and targeted recalls 

In 2019, the global automotive industry had spent $49 billion7 on warranty cost and 53.1 million vehicles2 had 
a recall in US geography. Proactive identification of faults will help organizations to save billions of dollars 
and valuable lives. With Digital Twins, organizations can harness the power of data and design self-healing 
systems to prevent such catastrophic failures of a higher order magnitude. 

Not only is the Digital Twin helpful while the vehicle is in-service, the vehicle can be better developed upfront 
considering lessons learned from previous models as well as vehicles of the current model in operation. 

• Simulation of manufacturing plants 

When organizations are ready to launch a new product, they need to ensure minimum levels of disruption 
in their manufacturing plants. By simulating the impact on capacity, schedule, and inventory prior to the 
commitment of resources, organizations can save money and time before commissioning new machines 
on the shop floor. Upfront systems level cost optimization using virtual approaches play a key part in modern 
automotive manufacturing environments. 

• Predict supply chain disruption 

Automotive supply chains are prone to disruption due to different reasons such as pandemics, disasters, 
political unrest etc. With Digital Twins, organizations can predict if the customer demands can be fulfilled. 

• Simulate product performance for better Engineering 

With digital twins, organizations can simulate performance of products in different application environments 
(like weather conditions, terrain, load profile,...) to proactively improve design and choose the optimal 
product configuration. 

Digital Twins thus enable organizational stake holders to become more proactive, agile and spend resources 
wisely. The core principles, use cases, and application streams of Digital Twins remain unaltered. 
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Value Function Use Case Name Use Case Description Business Benefits

Product Design, 
Development & 
Operations

Design Optimization Optimize technical 
solution using “What If” 
analysis by combining 
simulation, testing 
& field quality data 
through closed-loop 
approaches

•  Reduce the number of 
physical prototypes to be 
built

•  Reduce product 
development lead time

Features Optimization Features and options 
optimization and 
customization based on 
customers usage of the 
product in operation

•  Streamline product 
configurations

•  Innovate for customer 
centric features

Operational performance 
monitoring and optimization 
of Systems or Sub-Systems 
(e.g. engine, cooling systems)

Measure and optimize 
the actual performance 
of Systems or Sub-
Systems by monitoring 
specific parameters 
in their real-world 
operating environment

•  In-the-field performance 
optimization

•  Data monetization for 
improved product design 
and development

Use Cases in the Automotive Industry

As was mentioned earlier and also covered in detail in the White Paper “Digital Twin – Its Role and Structure 
within a Modern Systems Engineering Approach”1, the Digital Twin has many facets for a product, system or 
process. It always depends on the targeted applications. At the same time, one needs to be careful not to call 
every simulation model a Digital Twin. This is where we need to recall the definition and remember, at the point 
when a product or process becomes a physical asset or is associated with real-world characteristics, this 
virtual model becomes the Digital Twin.

To provide some guidance we developed a few examples in the tables below. (Table 1, Table 2 and Table 3)

The use cases for “Product Design, Development and Operations” in Table 1 use actual field data for future 
product or maintenance releases. Here the Digital Twin capability is not in a real-time scenario used but in an 
offline function. 

Still, there can be applications, such as “monitoring the performance of a sub-system – engine” where the virtual 
model is being used as the Digital Twin for a specific engine deployment to optimize its performance in its very 
specific operational environment. The feedback loop for this can be real-time or utilize offline computation to 
provide performance optimization input as needed and recommended by the Digital Twin. Again, this is specific 
to the engine’s operational environment.

Table 1: Use Cases For Product Design, Development and Operations
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Value Function Use Case Name Use Case Description Business Benefits

Manufacturing

Production optimization 
for new variant 
introduction

Provide product data to the 
production equipment utilizing 
virtual trial runs of new product 
variants without re-tooling. 
Optimize manufacturing line 
sequence and schedule by 
identifying optimal sequence 
of equipment operations in 
coordination with plant resources 
availability and constraints.

•  Optimize shop floor 
usage

•  Minimize 
equipment 
downtime

•  Avoid production 
bottlenecks

Production optimization 
for virtual startup

For green field plant 
commissioning and startup, 
model different scenarios for the 
new equipment to optimise the 
production sequence, schedule 
& process upfront and identify 
areas where new manufacturing 
plants can be improved before 
signing off on construction.

•  Allow for cost 
effective 
production launch

•  Minimize shop 
floor usage 
and equipment 
downtime

•  Avoid production 
bottlenecks

Predictive equipment 
maintenance

Predict machine/equipment 
failure (e.g. stamping machine, 
welding, press shop) before it 
happens

•  Minimize 
equipment down 
time and improve 
Overall Equipment 
Effectiveness (OEE)

•  Optimize 
machine spare 
parts inventory 
though improved 
forecasting 
thereby reducing 
inventory cost

Manufacturing quality 
optimization

Improve the manufacturing 
process capabilities by fusing 
data from equipment and 
manufacturing test stages (e.g. 
leak tests, end of line testing) with 
field data

•  Minimize defects 
per vehicle due 
to manufacturing 
process issues

Table 2: Use Cases For Manufacturing
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The use cases for manufacturing (Table 2) can also make use of the Digital Twin capability from a number 
of different perspectives:

•  Utilize real-world input from previous or similar manufacturing solutions for new setups or line 
modifications. Such solutions can also be an existing manufacturing setup that has to be replicated 
at a new location. This is where the experience from existing locations will be used and adapted to the 
new location based on regional requirements. 

•  “Predictive Maintenance of Equipment”: Utilizing IIoT sensors strategically placed on manufacturing 
equipment (per the simulation engineer’s recommendations and the product engineer’s acceptance), 
real-world data from the equipment can be used by the Digital Twin in conjunction with predictive 
analytics associated with this equipment to predict and recommend a specific maintenance schedule 
for each piece of equipment in the manufacturing line. This allows reduction of planned & unplanned 
maintenance needs, thus reducing machine down time & maintenance costs.

•  Real-time manufacturing line adjustments resulting in “Manufacturing Quality Optimization”: Through 
the utilization of IIoT sensors on machinery and data for manufactured products at various line stages, 
input can be generated for the Digital Twin of the manufacturing line. The Digital Twin then can provide 
simulation results back to the physical manufacturing line to adjust its operation to ensure a quality 
product coming off the line.

Value Function Use Case Name Use Case Description Business Benefits

Supply Chain Inventory 
optimization

Track supply chain visibility and 
simulate supply chain behavior 
to optimize inventory and 
optimize safety stock

•  Minimize inventory 
carrying cost

Sales Virtual test drive By utilizing the ability of Virtual 
Reality / Augmented Reality 
based interactions with the 
vehicle, the potential buyer can 
experience the feel and look in 
the customer’s future usage 
environment including the 
customized vehicle’s features 
and options

•  Reduce the lead time to 
convert test drives into sales

•  Provide better personalized 
experiences for car buying

•  Allow for remote sales

Quality & Service Predictive / 
Prescriptive 
Maintenance

Predict failures of systems, 
sub-systems or components 
proactively to alert the vehicle 
for service center visits or allow 
self healing of systems. With 
many such anomalies, initiate 
targeted recall campaigns

•  Avoid warranty costs

•  Minimize vehicle down time

•  Minimize expensive recall 
costs

•  Improve brand image

Table 3: Use Cases For Supply Chain, Sales, Quality & Service 
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“Supply Chain” and “Sales” use case areas are not always associated with the Digital Twin capability. Both 
represent a different kind of “physical asset” that can be measured and virtually modeled. (Table 3)

In the case of “Inventory Optimization”, this allows for the performance optimization of a very specific supply 
chain based on operational data that are specific to this supply chain. In connection with AI, the predictive 
and prescriptive capabilities of this Digital Twin will improve over time. Thus, the maturity of this particular 
Digital Twin will increase. 

For the “Virtual Test Drive”, the Digital Twin is interacting with the real-world utilizing visualization technology 
such as Augmented Reality and Virtual Reality. The goal in this case is not so much to improve the 
performance of a product or system in service but provide an environment where the customer can 
experience future utilization of a product or system. 

A similar approach is being used for simulators where operators can be trained on equipment or machinery 
in the specific operational environment where the machinery or equipment is or will be operating. This 
allows for a reduction in training costs and time while improving the quality of the operation. In addition, 
by combining the simulator with the actual operational environment equipment, or machinery placement 
and operation, efficiency and performance can be optimized based on operator feedback. 

“Targeted Recalls” work similar, as described earlier for the “Predictive Maintenance of Equipment”. 

It is very important to mention the quality of data coming from the “Physical” Twin. There are various aspects 
that need to be considered:

•  IoT/IIoT sensor placement: It is important to choose the proper placement locations for these devices. 
Simulation models should be used when the products and systems are being developed to identify 
the best placement locations. At the same time, the Digital Twin should be used to improve sensor 
locations if required based on specific usage conditions.

•  A proper data transfer strategy must be developed. It is not always required for the data to be fed into 
the Digital Twin real time. The frequency depends on the specific application.

•  Regarding fleets, it is especially important to develop the overall equipment or machine tracking 
strategies to ensure proper data input into the Digital Twin represents the fleet and its operation.

This leads to the topic of the “Digital Twin Deployment Challenges”. 
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Digital Twin Deployment Challenges 
Digital Twin deployment challenges are closely associated with the overall challenges an organization is 
facing as part of its digital transformation. In this section we will highlight key associations and some of the 
Digital Twin specific challenges. 

Before we explore these details, let us have a look at the hype associated with the Digital Twin.

The Hype of the Digital Twin

Even though the Digital Twin as an idea and its practice has been around for quite some time 
(see Dr. Grieves and NASA references8) there is still considerable hype associated with it. Just because 
people are talking about the Digital Twin does not mean they have the proper understanding of what is 
involved in implementing such a concept properly. 

When looking at the Gartner “Hype Cycle” for Emerging Technologies from 2018 (Figure 8) it is interesting to 
see that the Digital Twin is only at the peak of inflated expectations. This is when looking at the Digital Twin 
overall. When going into more detail, one can see that there are pockets in the various industries that are 
further ahead or lagging behind. 

Figure 9: Digital Twin Stages On The Gartner “Hype Cycle” For Emerging Technologies 2018
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We must differentiate the maturity for the various application streams and their elements as mentioned 
in Figure 6, which will vary by industry and even by company within different industry segments (e.g., 
automotive, aerospace, high tech, medical equipment, heavy machinery). 

The majority of companies are still at the first up slope (arrow 1) (see Figure 9). Many of these companies 
with product focused Digital Twins in the field are already utilizing IoT/IIoT functionality. Only a few early 
adoption leaders have gone beyond the “Peak of Inflated Expectations.” They are typically focused on the 
machinery and equipment industries utilizing IIoT functionality as well as certain aspects of social media 
utilizing artificial intelligence (AI) capabilities (arrow 2). Those companies realize the complexity of the 
required architecture much better than all the other companies. Good examples of these early adopters 
are companies leading in developing autonomous or semi-autonomous driving technology as well as 
electrical vehicle systems.1 

Still, to make the turning point through the “Trough of Disillusionment” (arrow 3 another important concept 
needs to be understood. Areas where we see elements around this turning point are the thought leaders 
utilizing IIoT and focusing on Industry 4.0, as well as the application of social media / unstructured data 
utilizing the latest AI capabilities.1 

As was mentioned earlier, the Digital Twin is closely associated with the overall digital transformation of 
an organization. Here are some important characteristics that affect the maturity level of the Digital Twin.

• IoT / IIoT platforms 

• Data Connectivity (like 5G) 

• Data Governance 

• Autonomous driving capabilities of varying levels 

• AI : Machine Learning / Deep Learning 

• Data Security 

When looking at Figure 8, we can see that some of the mentioned technologies and capabilities are already 
beyond the “Peak of Inflated Expectations” (2) while others are still on the upslope (1). This clearly shows the 
complexity of implementing Digital Twin capabilities and the need for a clear understanding of its maturity 
levels and how to link these capabilities and maturity levels with the overall digital transformation journey 
of an organization. 
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Basics of the Digital Twin Journey

Let us now look at how an engineering-driven organization can move towards higher levels of Digital Twin 
maturity. (Figure 10)

Figure 10: Maturing Towards Higher Levels In Engineering9
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Based” approach. The vast majority of organizations have at least this level of maturity established. The 
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The process driven foundational elements are highlighted in Figure 10 (refer the contents inside the box)
foundational elements. Here we can find some of the key characteristics that need to be enabled to reach 
a specific capability and, thus, systems modeling and simulation maturity. This also includes the Digital 
Twin capability. They are all linked one way or another to the systems engineering principles. All this needs 
to be balanced following the main three maturity categories: 

• Organization

• Processes

• Technology

We highlight that the Digital Twin maturity is mentioned in connection with process-driven elements. This was 
done on purpose. The Digital Twin itself represents a “capability” and not a technology. There are enabling 
elements that do not just represent process elements but also technology elements. This underscores that 
the Digital Twin is being enabled by the means of many different technologies and enabling processes. 

This brings us back to the digital transformation of an organization and brings up the question: “At what 
point can we talk about the Digital Twin when discussing business maturity?” For that let us go briefly 
through the general stages as shown in Figure 11.

The “Reactive” stage is associated with the Laggards in the market, while “Adaptive” is associated with 
traditionally run businesses. Please pay attention to the size of each of the slices for the “Vehicle Lab”, the 
“Bench Lab” and the “Virtual Lab” and how these slices are changing when moving from the left to the 
right in Figure 11. While the “Virtual Lab” gains the dominant role, the “Vehicle Lab” is being reduced to the 
absolute minimum (e.g. crash tests as required by regulatory laws). 

The “Proactive” stage is linked to modern businesses that are leaders in their segments. The top-level 
stage “Cognitive” is associated with implemented systems modeling and simulation (SMS) capabilities. 
There might be some companies that have SMS principles enabled in some areas of their organization, 
but we have not yet seen organizations that have successfully implemented this throughout the entire 
organization.

Figure 11: Business Maturity and The Digital Twin9 
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The Digital Twin comes into play only at a point where significant “Virtual Lab” capabilities are enabled in an 
organization. Without those, it would not make sense even to discuss a Digital Twin Maturity.

An essential part of implementing Digital Twin capabilities is enabling the ecosystem infrastructure. The 
high-level architecture for the Digital Twin (Figure 1) doesn’t provide enough detailed information to gain a 
basic understanding of the ecosystem infrastructure needed to enable the Digital Twin. We need to recall 
the extension of the engineering “V” to effectively position the Digital Twin (Figure 7). The following sequence 
should be considered (Figure 12):1 

•  To make effective use of the Digital Twin requires enabling the flow of information from the real-world 
physical asset to the virtual model. For the manufacturing operational environment this would be IIoT, 
while for the service environment this would be IoT. 

•  Only at that point can one take advantage of “Machine Learning or deep learning” algorithms. For the 
overall understanding of Digital Twin enablement this thinking needs to be broader. It needs to extend to 
the service field as well. 

•  The final level will enable “predictive/prescriptive analytics”. 

Figure 12: Elements Of The Engineering Infrastructure

All these steps need to be in place and the proper infrastructure has to be established for the “Analytics” 
bubble in Figure 1 to function smoothly. Enabling these levels are a pre-requisite for a cognitive engineering 
capability that is associated with the highest maturity capabilities of AI. 

Currently, there are substantial discussions regarding connectivity between devices, databases, and 
compute systems. The emerging high speed “5G“ network infrastructure will be a major enabler for higher-
level Digital Twin maturity. Countries investing into this IoT/IIoT infrastructure technology very likely will 
obtain a thought leadership position and have a clear market advantage.
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Critical Success Factors
Let us now look at the major success factors and how they can impact the overall business performance. 

Organizations realize that an investment must be made in organization, process, and technology – the three 
major maturity categories mentioned earlier. In order to drive an innovation culture, the first transformation 
is in organizational components. These must be transformed to increase communication and collaboration 
against typically disparate silos. Education is a cornerstone of this organizational transformation to ensure 
the rollout is easily understood by all levels, including executive with “Keep it Simple” approach (Figure 13).

Figure 13: Digital Transformation - Critical Success Factors10 
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the different stages of maturity as mentioned in Figure 9 and how they are associated with the Digital Twin 
(Figure 10 and Figure 11) Demonstrating pilots. 
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in the footnotes and references. Additionally, future publications are planned for this topic which will go into 
greater detail.
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Conclusion
The Digital Twin offers an enterprise a unique opportunity in improved product quality, reduced field 
failures, improved product life, improved customer relationships, and so much more. Much confusion exits 
regarding the definition of the Digital Twin. It must have a physical asset which is directly tied to a virtual 
model. There are many different applications for the Digital Twin. The successful journey toward maturing 
through the various stages of the Digital Twin include transformations in three key areas: 

• Organization
• Process
• Technology

Organizational transformations start with gaining commitments from all levels of management and 
practitioners fused with the drive for insightful field data that can be leveraged to significantly improve the 
overall development, manufacturing, and field support experiences. Collaboration among these groups is 
the lifeblood of the implementation.
Process transformation starts with examining the areas that need to transform. The establishment and 
maintenance of a data communication network, meaningful quality field data, sampling rate, and other 
sub-processes must be integrated and provide the right information at the right time.
Technology considerations include IIoT, IoT, AI, Analytics, Data Management, robust trusted data, operations, 
etc. all sitting on an effective business innovation environment.
Typically, the Digital Thread connects Digital Twins, digital models of physical assets, or groups of assets. 
The term Digital Thread is also used to describe the traceability of the Digital Twin back to the requirements, 
parts and control systems that make up the physical asset. Even though the Digital Twin as an idea and its 
practice has been around for quite some there is still considerable hype associated with it. Just because 
people are talking about the Digital Twin does not mean they have the proper understanding of what is 
involved in implementing such a concept properly. The successful adoption and transitional maturity of the 
Digital Twin will take dedication, time, and patience. A proper strategy needs to be developed that should 
be based on the overall digital transformation maturity of an organization.
In Figure 14 we provided in summary some highlights what a Digital Twin “is” and what it “is not”. 

Figure 14: Digital Twin - Facts and Myths
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