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Leverage Smart Manufacturing To Drive
Agility And Effectiveness

Industrial giants rose to dominance making high-quality physical objects. Lower-cost
competition and increasingly complex multistakeholder ecosystems mean this old route
to success is no longer enough. To survive, industrial firms must adapt, deliver new
value to new stakeholders, and respond to the shifting expectations of both their

customers and their customers’ customers.

Smart manufacturing technologies drive greater efficiency in manufacturing operations,
reducing cost, waste, and inefficiency. But more importantly, these technologies give
manufacturers the ability to engage with suppliers, partners, and customers more
closely than ever before, powering new business models that combine excellence in
the manufacture of physical objects with excellence in interpreting and acting upon

data-driven insights about those objects and their use.

Curate A Set Of Technologies That Enable Smart Manufacturing

Forrester surveyed technology decision-makers, suppliers, and other subject matter
experts in our search for the most important smart manufacturing technologies. The

technology categories analyzed in this Forrester Tech Tide meet these three criteria:

» They are important contributors to manufacturing smartly. The technologies in
this report enable manufacturers to control factories; track parts; and design, build,

and operate industrial products and services.

« They are commercially available at enterprise scale. These technologies are all
available today. The vendors that offer them vary in size, regional focus, and

market approach and include established businesses and recent market entrants.

» They have (or will have) market traction. The technologies in this report are
regularly the subject of user client inquiries and conversations. We’ve included the
technologies that clients use today and those that they should plan on using in the

near future.

Select Smart Manufacturing Technologies
That Offer High Business Value

The central 2x2 graphic offers a summary of the state of the technology categories that
support smart manufacturing initiatives (see Figure 1).
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Figure 1
Tech Tide™: Smart Manufacturing, Q2 2025

TECH | Smart Manufacturing
TIDE Q2 2025
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printing) (APM)
Al analytics Connected machines
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Evaluate Business Value And Maturity For Each Smart Manufacturing

Technology

We plot the categories on two dimensions:

» Business value. Many smart manufacturing technologies are operational or
tactical in nature. Cost savings via expedited administrative tasks or reduced
product spoilage drive measurable business value. Added business value occurs
in strategic areas that improve how work is done or add advanced analytics to
drive insight, support better decisions, or accelerate an enterprise’s digitization

roadmap.

« Maturity. The current state of smart manufacturing technology is characterized by
variables such as the rate of product innovation, the nature of the dominant
vendors, adoption by customers, the number of production deployments, and

other relevant indicators of market maturity.

Determine Strategies For Smart Manufacturing Based On Business Value

And Maturity

The business value and maturity dimensions, in turn, position each category in one of
four quadrants:

» Experiment. Low maturity and low business value characterize technologies in the
Experiment zone. Most enterprises should limit their exposure to these
technologies to bounded experiments, waiting for the expected business value of

these newer categories to improve before investing.

» Invest. Low maturity and high business value characterize technologies in the
Invest zone. These new technologies have ripened to the point where enterprises

can confidently invest.

« Maintain. High maturity and high business value characterize technologies in the
Maintain zone. These are the bread-and-butter technologies that most enterprises
rely on to run their business. They’re generally stable, well-understood
technologies that continue to have high returns to the business. Most enterprises
should maintain their installation and usage of these technologies.

» Divest. High maturity and low business value characterize technologies in the
Divest zone. These older technology categories have reached a point where their
business value has dropped. Most enterprises should be looking for newer,
higher-value replacements and divesting from these categories.
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Invest In And Maintain Technologies With
High Business Value

In mapping the enabling technologies for the smart manufacturing ecosystem, we
found that:

» Strong dependencies exist among these technologies. None of these 20
technologies makes much sense in isolation. For example, extended reality tools
make most sense in smart manufacturing use cases where they offer a window on
the digital twin, which is itself informed by Al analytics that extract insight from
industrial loT software platform data at the edge. And these dependencies aren’t
limited to the 20 technologies we highlight in this report: Those Al analytics
informing the digital twin may run at the edge, but they probably use models
developed, trained, and refined in the cloud.

» None of these technologies are obsolete yet. We recommend that clients begin
to explore divesting themselves of one of our 20 technologies. But we’re not
necessarily saying that this technology is no longer of value — in specific
scenarios, it may still be critical. We’re highlighting that other solutions are
beginning to supersede more established products. Focus on the task you’re
trying to accomplish rather than the technology you’ve always used to accomplish
it.

Experiment With Al Agents, Collaborative
Robots, Digital Twin, And Others

Six of the smart manufacturing technologies fall into the Experiment quadrant of the
Tech Tide, with low maturity and low current business value. Al agents are the latest
addition to a technology segment where innovation has dramatically accelerated in the
past couple of years, but the added complexity of agent-based solutions force
manufacturers to proceed with care. Digital twins, too, have become more complex in
recent years, encouraging manufacturers that might once have comfortably invested in
a digital twin of one machine to move more slowly in experimenting with more complex

twins.
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Al Agents

Al agents are intended to operate invisibly and even autonomously, executing specific
discrete tasks within a larger orchestrated workflow. These agents are part of a new
phase of Al innovation, and they combine analytical and decision-making capabilities
with some ability to take action. Al agents are a significant field of experimentation
within smart manufacturing, as manufacturers and their technology partners rush to
identify the use cases for which they are best suited — and the critical dependencies
that must be addressed to ensure success outside the testbed (see Figure 2).

Figure 2
Experiment: Al Agents

- Strategy: AI agents

H EXPERIMENT
MATURITY Definition
¥ Low General Al systems trained to act on behalf of an enterprise or

individual by performing tasks, making decisions, and autonomously

interacting with data or other systems.
BUSINESS VALUE

¥ Low Maturity rationale

There is huge interest in Al agents, but the reality of deploying them
EXAMPLE USE CASES cost-effectively, safely, and usefully at scale is not yet fully understood,
- Field service especially in complex asset-intensive industries like manufacturing
« Quality inspection where the risks are significant.

+ Automated negotiation
Business value rationale
Al agents promise to transform the execution of specific tasks and may

SAMPLE VENDORS deliver real business value by doing so. But tasks are part of broader
Cognite; Figure; Google; workflows, and the practical implications of orchestrating the software,
Microsoft; OpenAl machines, and people that undertake those workflows at scale have

not yet been satisfactorily addressed.
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Collaborative Robots (Cobots)

The robots used in manufacturing have traditionally been big, expensive, and optimized
for a single task. They’ve also been kept apart from the human workforce. Collaborative
robots are different, as they’re explicitly designed to work safely alongside people (see
Figure 3).

Figure 3
Experiment: Collaborative Robots (Cobots)

Strategy: .
N EPERIMENT Collaborative robots (cobots)

|
MATURITY Definition
¥ Low A form of physical robot designed to safely work alongside humans in

a shared space.

BUSINESS VALUE Maturity rationale

¥ Low Recent advances in robot training, influenced by research into
foundation models, may make it feasible to train cobots that can adapt

EXAMPLE USE CASES to a range of tasks. Many manufacturers are still trying to work out how

« Product assembly best to deploy cobots alongside their existing workforce, combining

« Pick and place of parts the best attributes of human and machine to get the job done.

- Machine tending
Business value rationale
Cobots are affordable and easy to program, especially relative to more

SAMPLE VENDORS established industrial robots. Companies used to the capital expense
ABB; FANUC; KUKA; and complexity of big factory automation projects are working to
Techman Robot; Universal understand how and where to deploy these less disruptive cobots.
Robots
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Digital Industrial Platforms

Digital industrial platforms address a clear need in the manufacturing sector, combining
operational data from multiple factory sites with business data from head office to
support more effective decision-making. The need is clear, and a wide range of
software vendors are playing to their existing strengths as they move to address parts
of it. The challenge for manufacturers is to understand how they might make these
different offerings work together to meet real business objectives (see Figure 4).

Figure 4
Experiment: Digital Industrial Platforms

- Strategy:

Digital industrial platforms

] EXPERIMENT
MATURITY Definition
¥ Low A software platform, plus supporting services, that enables the
aggregation of data and insights from individual machines, entire
industrial facilities, and across the enterprise in support of operational
BUSINESS VALUE and strategic business objectives.
¥ Low

Maturity rationale

EXAMPLE USE CASES

+ Comparing metrics between
sites

« Integrating business and
operational data

SAMPLE VENDORS
AVEVA; Hexagon; Litmus;
SAS:; Siemens

From makers of industrial machinery to giants of the enterprise
software market, nearly everyone now stresses the importance of
combining IT and operational technology data across machines,
plants, and business units. But their solutions are new, are incomplete,
and address a smaller piece of the problem than their marketing
suggests.

Business value rationale

Once operational, comprehensive digital industrial platforms will
provide manufacturers with the insights they need to cost-effectively
and efficiently deliver the changing product mix their customers
demand.
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Digital Twin

It's easy to be drawn in by the visual aspect of many digital twins — the animation of a
real-world object on a computer screen — but that misses the point. The real value lies
in the models used to track, simulate, and predict real-world behavior inside a virtual
environment, informed and updated by sensor readings from the physical asset. After a
period during which most digital twins were simple and vendor- and asset-specific (a
pump maker might provide a digital twin of their pump), interest is growing in richer
digital twins of more complex assets and processes, which require integration with a

broader set of enterprise systems (see Figure 5).

Figure 5
Experiment: Digital Twin

Strategy: o e .
W EXPERIMENT Digital twin

MATURITY Definition
¥ Low A digital representation of a physical thing’s data, state, relationships,

and behavior.

BUSINESS VALUE Maturity rationale
¥ Low The digital twin helps makers, operators, owners, and users turn
sensor data from connected assets into actionable insight. While
EXAMPLE USE CASES standards and processes are maturing, it’s still challenging to
«+ Predictive maintenance assemble all the components needed to realize its promise.
« Visibility into operation of
remote assets Business value rationale
«+ Predict asset performance With a digital twin, asset operators watch real-world behavior, predict
in specific conditions future maintenance needs, and model what-if scenarios to improve
current asset use and plan future investment. Business value is
SAMPLE VENDORS significant, but the digital twin potentially impacts so many enterprise
Kongsberg Digital; Microsoft; systems and workflows that adopters must choose their initial use
NVIDIA; PTC; Siemens cases with care. Experiment in areas where you can measure ROI,

where existing systems are sufficiently robust, and where you can
identify and address clear problems.
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Embodied Or Physical Al

Interesting things happen when Al is built into machines that must observe and interact

with the real world. The development and training of robots and autonomous vehicles

is accelerating, thanks to innovations in Al like the foundation model. Instead of

laboriously teaching a robot the step-by-step response to each situation it might

encounter, researchers increasingly use Al techniques to help the robot work out how

to adapt and respond to the unexpected (see Figure 6).

Figure 6
Experiment: Embodied Or Physical Al

- Strategy:

] EXPERIMENT

MATURITY
¥ Low

BUSINESS VALUE
¥ Low

EXAMPLE USE CASES
« Autonomous vehicles
« Advanced robotics

» Humanoid robots

SAMPLE VENDORS
AgiBot; Covariant; Figure;
NVIDIA; Wayve

Embodied or physical Al

Definition

A subfield of Al, often linked to robotics and autonomous mobility
solutions, that focuses on developing systems that can perceive,
interpret, and respond to the physical world.

Maturity rationale

Startups and research labs around the world demonstrate impressive
developments in enabling technologies like foundation models. Less
progress has been made in simplifying the integration of these
emerging technologies into complex business workflows or
developing robust safeguards against Al-powered accidents in the real
world.

Business value rationale

Robots tend to be good at the dull, the dirty, and the dangerous, and
plenty of tasks currently done by humans fit the bill. If Al can train
robots faster and enable them to operate in less predictable
environments, businesses facing a shortage of skilled labor are sure to
pay attention.
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Extended Reality

Over a decade of hype for Google Glass, Microsoft HoloLens, and Apple’s Vision Pro
built unrealistic expectations for augmented, mixed, or virtual reality — collectively,
extended reality (XR). While XR is often associated with these devices, which mostly
haven’t met expectations, similar technologies work on regular smartphones and
tablets. As part of a broader strategy to gain value from what is sometimes called the
industrial metaverse, experiments with XR show promise in everything from product
design and prototyping to inspection, training, and remote assistance. In the right

context, even wearable headsets make sense (see Figure 7).

Figure 7
Experiment: Extended Reality

- Strategy: .
EXPERIMENT Extended reality

|
MATURITY Definition
¥ Low Extended reality overlays computer imagery on a user’s field of view,
with augmented reality (AR), mixed reality (MR), and virtual reality (VR)
technologies that use similar tools, sensors, and simulation engines.
BUSINESS VALUE
¥ Low Maturity rationale

Despite high-profile pivots and exits, particularly for wearables, we're

EXAMPLE USE CASES seeing better hardware and progress in the tools used to develop and

« Employee training
» Product design and testing
- Field service

SAMPLE VENDORS
Apple; Google; Meta; PTC;
RealWear

manage content. In smart manufacturing, a lack of good source data
and poor insight into how these tools should augment existing
workflows hamper deployment at scale.

Business value rationale

VR can be introduced into training use cases with relatively little
disruption, but sustainable benefits from AR and MR require significant
prior investment in adjacent technologies like loT and digital twin. As
those investments deliver their own value, larger AR and MR
deployments will follow.
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Invest In Additive Manufacturing, Al
Analytics, Data Fabric, And Others

Seven of the smart manufacturing technologies fall into the Invest quadrant of the Tech
Tide, with low maturity and high current business value. We may not have all the
answers yet, but technologies like additive manufacturing (3D printing), connected
worker solutions, and edge intelligence are of proven and growing value. It’s time to
invest in each of these technologies, both by obtaining the technology itself and by
pushing through the organizational changes required to make these investments pay
off.

Additive Manufacturing (3D Printing)

Long a tool for hobbyists and designers of rough-and-ready plastic prototypes, additive
manufacturing is now part of mainstream manufacturing workflows. Combined with
generative design software, industrial-grade printers solve old engineering problems by
producing surprising new shapes from metal or composite materials. Quality, speed,
reliability, and cost considerations mean these printers aren’t likely to replace every
tool in a typical factory, but the niches for which their attributes make them a good fit
continue to grow larger. Invest in the hardware, software, and mindset to make your
business additive-ready (see Figure 8).
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Figure 8
Invest: Additive Manufacturing (3D Printing)

_ Strategy: Additive manufacturing (3D

MATURITY Definition
¥ Low An industrial process that creates physical products, designed in

software and fabricated by 3D-printing machines. Additive
manufacturing methods create tooling, castings, and end-use parts

BUSINESS VALUE from materials like polymers, metals, and composites.
4 High
Maturity rationale
EXAMPLE USE CASES Today’s printers don't always meet the quality, speed, reliability, scale,
« Product prototyping or cost requirements of traditional manufacturers, and manufacturing
« Spare parts workflows aren’t always ready for printers. 3D printing fans stress
« Jigs and fixtures to support “designing for additive” and focus on designing parts that can be
factory work printed. We must also design processes, workflows, and organizations
that can use this tech.
SAMPLE VENDORS
3D Systems; Desktop Metal; Business value rationale
EOS; Siemens; Stratasys Early successes in product prototyping, medical prosthetics, and

printing spare parts illustrate some of the many areas in which additive
manufacturing is becoming a useful tool in the modern manufacturer’s
toolbox.
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Al Analytics

Al analytics tools help manufacturers find patterns in data. More importantly, these tools

help identify the reasons for those patterns and may be able to recommend specific

remedial actions (see Figure 9).

Figure 9
Invest: Al Analytics

m Strategy:

INVEST

MATURITY
¥ Low

BUSINESS VALUE
4 High

EXAMPLE USE CASES

« Predictive maintenance
« Energy management

« Yield optimization

SAMPLE VENDORS
Alteryx; C3 Al; Cognite;
Palantir; SAS

Al analytics

Definition

The use of Al techniques and technologies to analyze large and
complex datasets, extract meaningful insights, and support data-driven
decisions.

Maturity rationale

The smart manufacturing space is drowning in data — on bits of paper,
in Excel spreadsheets, streaming off loT sensors, or pooling in a wide
range of enterprise data systems. Al analytics solutions play an
increasingly important role, aggregating data from different sources
and making it useful in supporting practical business decisions about
what to do next.

Business value rationale

Businesses devote a lot of time and money to collecting data but
rarely get as much insight from the data as they expect. Al analytics
tools help manufacturers find, understand, and act upon the patterns
hidden in data from across their business.
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Automated Material Handling

Autonomous mobile robots (AMRs), conveyors, autonomous forklifts and trucks, and
other forms of physical automation tend to be better at delivering material from one
point to another inside a controlled environment than a person pushing a cart (see
Figure 10).

Figure 10
Invest: Automated Material Handling

m Strategy: . .
INVEST Automated material handling

MATURITY Definition
¥ Low A combination of hardware, software, data, and communications

infrastructure intended to support the movement of material around
industrial spaces with little or no human input.

BUSINESS VALUE
4 High Maturity rationale
Lighthouse smart factories demonstrate the value of automating the
EXAMPLE USE CASES movement of material at scale. Leading automotive manufacturers free
« Parts movement their cars from the decades-old linear production line and instead
+ Warehouse optimization bring individual car bodies and parts together in different work cells
« Loading and unloading within the factory. But implementations are bespoke and still require a
high degree of customization and device integration.
SAMPLE VENDORS Business value rationale
Daifuku; Dematic; Einride; Automated material handling solutions boost productivity, speeding
Locus Robotics; OTTO the movement of material in and around the factory and freeing a finite

human workforce from the need to find, collect, and transport material
through the space.
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Connected Worker Solutions

Connected worker solutions provide front-line workers with easy access to relevant
data, insights, or instructions, improving collaboration, safety, and efficiency. Despite all
the attention currently focused on artificial intelligence and robots, the human
workforce remains a critical piece of most manufacturing workflows. Connected worker
solutions give that human workforce the knowledge — and the agency — it needs to
respond to a complex and rapidly changing working environment (see Figure 11).

Figure 11
Invest: Connected Worker Solutions

m Strategy: N

INVEST Connected worker solutions
MATURITY Definition
¥ Low A digital system that provides frontline workers with easy access to

relevant data, insights, or instructions in order to improve
collaboration, safety, or efficiency, often in conjunction with a
BUSINESS VALUE smartphone, tablet, or wearable device.

4 High
Maturity rationale

EXAMPLE USE CASES Many tools offer point solutions for digital work instructions, team

« Digital work instructions
« Field service
+ Employee onboarding

SAMPLE VENDORS
Augmentir; IFS; PTC; Squint;
Tulip

communications, digitized product manuals, and more. Robust and
scalable capabilities that reliably connect these features with each
other and work order management systems, ERP, and other core
enterprise workflows remain less well developed.

Business value rationale

As manufacturers respond to increasing market volatility, customer
demands for greater product choice, and the challenge of recruiting
and retaining employees, connected worker solutions make a finite

workforce better informed, more responsive, and more empowered.
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Data Fabric

A data fabric addresses the gap between traditional data architecture and emerging

business needs that cut across institutional and technological silos. Implemented

correctly, a data fabric minimizes complexity and hides heterogeneity by embodying a

cohesive model of data that reflects business requirements rather than the technical

details of underlying systems and sources (see Figure 12).

Figure 12
Invest: Data Fabric

_ Strategy:

INVEST

MATURITY
¥ Low

BUSINESS VALUE
4 High

EXAMPLE USE CASES
« Data standardization
« Minimizing data silos
« Digital thread

SAMPLE VENDORS
AWS; Databricks; Litmus;
Microsoft; Snowflake

Data fabric

Definition

A modern architecture that helps integrate data in near real time from
disparate sources (on-premises, cloud) into coherent data services that
support business transactions, analytics, predictive analytics, and other
workloads and patterns across the business.

Maturity rationale

A broad set of established vendors serve the enterprise data fabric
market. In manufacturing, data fabric implementations remain relatively
immature and incomplete: The organizational separation of IT and
operational technology and an installed base of complex, deeply
embedded, and only marginally interoperable systems complicate
wider deployment.

Business value rationale

Access to authoritative, timely, and contextualized data from across the
enterprise is key to supporting the adaptive workflows manufacturers
need if they are to respond effectively to global uncertainty and
changing customer expectations.
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Edge Intelligence

Edge intelligence is an evolution of loT advanced analytics in which much of the data

analysis and machine learning is done on compute resources that exist much closer to

where the data is generated. This is particularly important in machine learning when

dealing with large and unstructured datasets (see Figure 13).

Figure 13
Invest: Edge Intelligence

_ Strategy:

INVEST

MATURITY
¥ Low

BUSINESS VALUE
4 High

EXAMPLE USE CASES

« Predictive maintenance
» Process optimization

- Data sovereignty

SAMPLE VENDORS
Augury; AWS; HiveMQ;
Litmus; Microsoft

Edge intelligence

Definition

Capabilities that capture data, embed inferencing, and connect insight
within a timely response that is relevant, distributed, orchestrated, and
contextually driven in a network of application, device, and
communication ecosystems.

Maturity rationale
loT and other use cases across asset-intensive industries like
manufacturing require compute resources close to the action,

especially when connectivity may be limited, expensive, or intermittent.

A fragmented set of technologies with inconsistent maturity levels
must be integrated to deliver a robust solution.

Business value rationale

Edge intelligence helps manufacturers make use of the data collected
in factories and warehouses and out in the field, without needing to
transfer large volumes of data to distant data centers or cloud
infrastructure.
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Generative Al For Language And Visual Content

At least experimentally, generative Al enables many use cases in the manufacturing
sector, from letting a service engineer chat with the machine they’re maintaining to
supporting complex product design workflows. Specific technology and implementation
decisions vary, but generative Al for language tools and use cases tend to be more
mature and better understood than their equivalents for visual content (see Figure 14).

Figure 14
Invest: Generative Al For Language And Visual Content

_ Strategy: Generative Al for language and

INVEST H
visual content
MATURITY Definition
¥ Low A set of technologies and techniques that leverage massive sets of

data to generate new text, images, or video in response to natural

language prompts or other inputs.
BUSINESS VALUE

4 High

EXAMPLE USE CASES
« Connected worker
interactions

Maturity rationale

Manufacturers, like their peers in other industries, have rushed to
adopt generative Al (genAl) tools, but a long road lies ahead in terms
of how best to implement, integrate, and address concerns about
accuracy, validity, and security.

- Fault resolution

« Multilingual communication Business value rationale

GenAl tools support content creation, knowledge retrieval, and
SAMPLE VENDORS interactive workflows in almost any business application.
Anthropic; Google; NVIDIA; Manufacturers are now moving beyond their initial scattergun
OpenAl; Siemens approach to experimentation, focusing more attention on identifying

specific use cases with a demonstrable return on investment.

Source: Forrester Research, Inc. Unauthorized reproduction, citation, or distribution prohibited.

Maintain Connected Machines, Industrial loT
Software Platforms, And Others

Six of the smart manufacturing technologies fall into the Maintain quadrant of the Tech
Tide, with high maturity and high current business value. Key technologies like
connected machines, industrial robots, and manufacturing execution systems have
been making their way into smart manufacturing workflows for years. They still deliver
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business value and continue to become richer, more capable, and more integrated.
Double down on existing investments, maintaining your focus on these critical building

blocks for your smart manufacturing strategy.

Asset Performance Management (APM)

Asset performance management combines several important concepts from the smart
manufacturing domain, touching analytics and Al, connected machines, digital twin, and
loT to make the use and maintenance of expensive machines more efficient and
predictable. Richly instrumented and well-understood machines can be valued
differently, creating opportunities to sell outcomes rather than equipment. Some
vendors explicitly sell an APM solution; others offer similar capabilities by extending
other tools in their portfolio. Whatever your vendor calls it, you want some (see Figure
15).

Figure 15
Maintain: Asset Performance Management (APM)

n Strategy:

Asset performance management

MAINTAIN
MATURITY Definition
A High A set of tools to increase the reliability and availability of key industrial
assets, reducing unplanned downtime and the costs associated with
underutilized equipment.
BUSINESS VALUE
4 High Maturity rationale

EXAMPLE USE CASES
« Predictive maintenance
« Extending asset lifespan
« Process optimization

SAMPLE VENDORS
AVEVA; C3 Al; GE Vernova;
Hexagon; IBM

APM overlaps with digital twin, predictive maintenance, Al analytics,
and more. Some use this as an umbrella term for analytics-driven
approaches; others view it as a discrete software category. You need
APM: Whether you explicitly buy a tool called APM will depend on your
vendor and the pieces you already have.

Business value rationale

Data-driven insight into risk, utilization, health, and the performance of
expensive industrial equipment is central to smart manufacturing.
While individual equipment makers often offer dashboards and insight
into their own connected machines, effective APM strategies deliver a
vendor-agnostic view across the broader manufacturing workflow.
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Connected Machines

Smart manufacturing use cases like predictive maintenance, APM, and anything as a

service (XaaS) require data about the state and use of machines. Makers of industrial

equipment now tend to ship connectable versions of their products, but there’s also an

ecosystem of after-market sensors for installation in or alongside older machines. Data

from connected machines is a hot commodity, and machine makers, owners, operators,

and maintainers are squabbling over it. Formal agreements to govern the use of this

data lag some way behind the simpler work of generating and collecting that data in

the first place (see Figure 16).

Figure 16
Maintain: Connected Machines

m Strategy:

MAINTAIN

MATURITY
4 High

BUSINESS VALUE
4 High

EXAMPLE USE CASES

-« Improving asset uptime

« Observing remote assets
+ Predictive maintenance

SAMPLE VENDORS
Augury; Litmus; PTC;
Schneider Electric; Siemens

Connected machines

Definition

Industrial equipment with built-in or after-market sensors to measure
key performance metrics, actuators to respond to remotely issued
instructions, and connectivity to communicate with industrial loT
software platforms or other systems.

Maturity rationale

For decades, critical industrial equipment has been augmented with
sensors to measure flow, vibration, temperature, wear, and more.
Greater standardization of data formats, communications protocols,
and physical interfaces lowers costs and increases adoption. Modern
machines leave the factory capable of connection; older ones may be
retrofitted later in operational life.

Business value rationale

The business value of being able to easily gather, combine, analyze,
and act upon data about the performance of expensive capital assets
is clear and measurable. Companies can track utilization, plan
maintenance, and focus investment.
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Industrial loT Software Platforms

Many firms use a platform to manage their [oT deployments. This segment is extremely

fragmented, with hundreds of industrial specialists, hyperscale clouds, enterprise

software vendors, and other technology vendors seeking to capture a share of the

market. Forrester expects consolidation as participating vendors and systems

integrators make acquisitions to extend their ability to support the fragmented array of

loT-specific software protocols, network interfaces, and devices (see Figure 17).

Figure 17

Maintain: Industrial loT Software Platform

m Strategy:

MAINTAIN

MATURITY
4 High

BUSINESS VALUE
4 High

EXAMPLE USE CASES

« Asset management

« Predictive maintenance

« Product-as-a-service
business models

SAMPLE VENDORS
AWS; Cumulocity; Inductive
Automation; Microsoft; PTC

Industrial loT software platforms

Definition

A software solution that connects to and manages physical sensors,
devices, and related infrastructure in asset-intensive environments,
such as manufacturing, logistics and transportation, energy, or oil and
gas.

Maturity rationale

Hundreds of industrial loT software platforms are on the market, but
many are tied to the industrial assets of a single industrial equipment
vendor. Relatively few effectively address a full set of functional
requirements, from device connectivity and security to data analytics
and application development.

Business value rationale

Industrial loT software platforms play a critical role in gathering,
interpreting, and enabling effective responses to data generated by
connected assets. For manufacturers, this can include both the
connected machinery upon which their production lines depend and,
increasingly, the connected products rolling off those lines.
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Industrial Robots

Industrial robots — powered devices with one or more arms that can be programmed to

move in three or more axes in support of industrial automation applications, including

lifting, welding, etc. — have been around since the 1960s. They’re typically fixed in

place, often kept apart from the human workforce, and optimized to tackle high-

volume/low-variability tasks like assembling identical car models or placing one specific

bottle type in one specific box for days or weeks at a time. Employers, policy makers,

and workers are still figuring out how best to integrate robots alongside the human

workforce (see Figure 18).

Figure 18
Maintain: Industrial Robots

m Strategy:

MAINTAIN

MATURITY
4 High

BUSINESS VALUE
4 High

EXAMPLE USE CASES

« High-volume, low-variance
assembly

« Welding

« Manipulating heavy
components

SAMPLE VENDORS
ABB; Comau; FANUC; KUKA;
Yaskawa

Industrial robots

Definition

A physical robot used in manufacturing and similar verticals. These
robots typically operate inside cages to ensure the safety of the
human workforce.

Maturity rationale

Industrial robots are a mature and proven technology, typically
optimized to tackle high-volume/low-variability tasks for days or weeks
at a time.

Business value rationale

Industrial robots are big and expensive; they disrupt pre-automation
workflows and only really make sense for the highest-volume
repetitive tasks. But if that’s an important part of your business, then
their value is both clear and measurable.
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Manufacturing Execution Systems (MES)

A manufacturing execution system controls the processes and materials that combine
to deliver a finished physical product. This supports everything from resource
scheduling on the factory floor to delivering a digital record of the product “as built,”
which can be important in regulated industries or to precisely target product recalls. As
manufacturers work to make their processes more resilient and flexible, the MES is
increasingly being called upon to play a role within manufacturing operations
management workflows (see Figure 19).

Figure 19
Maintain: Manufacturing Execution Systems (MES)

m Strategy:

MAINTAIN Manufacturing execution systems
MATURITY Definition
4 High Computerized systems to track, record, and control the manufacturing

processes that turn raw materials and individual components into

finished products.
BUSINESS VALUE

4 High

EXAMPLE USE CASES

« Factory workflow
management

+ Asset visibility

« Productivity monitoring and
reporting

SAMPLE VENDORS
Dassault Systemes; GE
Vernova; Rockwell
Automation; Siemens; Tulip

Maturity rationale

The MES software category is mature, dominated by a relatively small
set of large providers offering their own take on a common set of core
features and capabilities. Customer churn is low.

Business value rationale

MES software provides near real-time visibility into key industrial
processes, enabling fault discovery, performance optimization, and
production audit.
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Product Lifecycle Management (PLM)

Product lifecycle management solutions enable an enterprise to accelerate the
development and delivery of new products and product variants. They provide a secure
collaboration platform for gathering and validating requirements and for developing
and testing designs, simulating their performance in manufacturing and in deployment
with customers. PLM controls all elements of bills of material (BOMs), including
mechanical, electrical, electronic components or subassemblies, and the versioning

and testing of embedded software (see Figure 20).

Figure 20
Maintain: Product Lifecycle Management (PLM)

. AR Product lifecycle management

MATURITY Definition
An application or platform designed to facilitate collaboration around

4 High e X . '
the specification, design, testing, manufacture, and operation of
manufactured assets or products.
BUSINESS VALUE
4 High Maturity rationale
PLM applications and platforms are mature. Enterprises are
EXAMPLE USE CASES increasingly interested in moving PLM processes to the cloud and
+ Product design, test, and embedding Al into product development workflows.
manufacture
- Digital thread Business value rationale
PLM solutions increase revenue and margin by accelerating the
introduction of new products.
SAMPLE VENDORS

Aras; Autodesk; Dassault
Systemes; PTC; Siemens

Source: Forrester Research, Inc. Unauthorized reproduction, citation, or distribution prohibited.

Divest From Data Historian Software

One of the smart manufacturing technologies falls into the Divest quadrant of the Tech
Tide, with high maturity and low current business value. But it would be wrong to

assume this technology is no longer of value; it remains critical in specific use cases.
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Rather, we’re highlighting that other solutions are beginning to supersede the historian.
Focus on the task you're trying to accomplish rather than the specific technology
you’ve always used to accomplish it in the past: You may find that a newer alternative

can do the job just as well.

Data Historian Software

A data historian collects large volumes of simple diagnostic data from a connected
asset and stores it for subsequent reporting. Data from a historian is one input to a
range of smart manufacturing use cases. As the type and volume of manufacturing data
change, traditional data historians play a smaller role. These tools must either evolve to
do more, slip quietly into a supporting role behind more-visible technologies, or risk
being superseded entirely by other approaches to data collection and management
(see Figure 21).

Figure 21
Divest: Data Historian Software

- Strategy: . .

il Data historian software
MATURITY Definition
3~ High A data capture and storage solution intended to record all

instrumentation and control data related to operations in a

manufacturing plant, optimized for efficient storage and retrieval.
BUSINESS VALUE

¥ Low Maturity rationale

Data historian software is mature, with a small set of large providers, a
EXAMPLE USE CASES commoditized set of core features and capabilities, and a relatively low
- Efficiently storing data from level of customer churn. Recent innovations by some vendors, such as

lineside equipment embracing cloud storage, have not significantly upset the status quo.

«+ Basic reporting
. Site-level metrics Business value rationale

Traditional data historians excel at collecting and reporting on
SAMPLE VENDORS historical time-series data from critical industrial assets. The need for
Aspen Technology; AVEVA,; historical time-series data hasn't disappeared, but newer tools may
Canary Labs; GE Vernova; offer similar capabilities in a more open and affordable fashion.

Rockwell Automation
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Supplemental Material

Methodology

The purpose of the lists of sample vendors we include in the figures about each
category is to further clarify the nature of the category — not to serve as a vendor
selection shortlist for readers seeking to choose a vendor in that category. The fact that
a vendor isn’t included in a list doesn’t indicate that Forrester believes it isn’t worth
considering. For guidance about vendor selection, Forrester publishes separate
research (Landscape and Forrester Wave™ reports) in which Forrester analysts offer

customized advice to our clients.
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