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Automation in Transition: Manufacturing’s

Next Productivity Era

Introduction

Manufacturing automation in 2026 is a layered ecosystem — machine-level productivity tools, robotics, software platforms, data
infrastructure, Al-enabled decision systems, and human expertise operate in increasingly connected production environments. The
result is a technology landscape that is simultaneously more capable and more complex than at any point in manufacturing history.

This report finds that automation adoption is growing but unevenly distributed across the manufacturing economy. Most
manufacturers remain pragmatic and ROI-focused. Workforce shortages and operational complexity have become primary drivers.
Al adoption is accelerating even as scaled implementation stays limited. Control Engineering’s 2026 survey found that software
integration challenges ranked among the top three implementation barriers, and PwC’s analysis of advanced manufacturers found
that competitive advantage now derives more from how well automation systems communicate with each other than from the
specifications of any individual component. Interoperability and data visibility have become core adoption infrastructure. The most
successful strategies increasingly treat automation as a tool for workforce amplification rather than labor elimination.

For most manufacturers, the immediate opportunity is not fully autonomous lights-out production. The greatest near-term gains are
more likely to come from what industry practitioners describe as “lights-dimmed” manufacturing, where systems extend productive
hours, reduce manual touchpoints, improve consistency, and free skilled workers for higher-value work.

As ever, automation only succeeds where processes are stable, predictable, and well understood. Al accelerates deployment

and amplifies the returns on automation, but only inside that same envelope. We do not expect Al to deliver meaningful value

in chaotic or unstructured manufacturing environments any time soon. The more consequential dynamic is this: Demand for
automation will become the catalyst for physical Al. To automate, manufacturers must first instrument their operations — generating
real-time visibility into machine states, cycle times, utilization, and quality outcomes. That instrumentation is precisely the substrate
physical Al requires. The next phase of manufacturing competitiveness will depend not on access to advanced technology — that
will be broadly available — but on the operational maturity that determines whether any of it can actually be put to work.

Section 1: Automation Is a Journey

The manufacturing industry has discussed automation for
decades. In 1961, GM installed the first industrial robot, the
Unimate, at its New Jersey plant, raising questions around
workforce and competitiveness from within the industry and
without. These concerns were still making the cover of Time
magazine in 1980, when the cover story “The Robot Revolution”
warned of workforce disruption, lights-out factories, and global
manufacturing competition driven by automation technology!
Many of those same themes remain central to manufacturing
discussions today. What has changed is the sophistication and
accessibility of automation itself.

In 2026, automation is no longer limited to large automotive plants
or massive, dedicated production lines. It now spans everything
from bar feeders and pallet changers to collaborative robots,
Al-driven inspection systems, digital twins, autonomous mobile
robots, and software-defined manufacturing platforms.
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Automation should not be viewed as a binary condition in which a factory is either automated or not. Manufacturing automation is
layered, cumulative, and highly contextual. At the foundational level, machine-level automation covers systems such as automatic
pallet changers, bar feeders, tool probes, in-process measurement, loaders and unloaders, and basic machine tending. Production
cells integrate these technologies with robotics, pallet systems, and inspection capabilities. At the highest operational levels,
manufacturers pursue factory-wide orchestration through MES platforms, ERP integration, MTConnect-enabled machine
communication, digital twins, Al-assisted scheduling, and autonomous decision support systems. This progression matters
because most manufacturers are not pursuing full autonomy overnight. Automation adoption typically advances in stages based
on operational need, workforce pressure, production mix, and capital availability. As Monty Smith observed in his article “It's Not a
Robot,” automation is not really a category. It is a journey.?

Key Takeaway

Automation is not a binary condition or a single technology decision. It is a layered, cumulative journey
that most manufacturers navigate in stages, driven by operational need, workforce pressure, and capital
availability.

Section 2: The State of Automation in 2026

Manufacturing automation in 2026 sits in a period of accelerating interest but uneven
deployment. As the CES 2026 Trends Report observed, “Automation has become a
prerequisite for reshoring, not simply to contain costs, but because labor shortages often make
automation the only viable path to domestic production.”

Global robot density data illustrates the gap concretely. According to the International
Federation of Robotics, the United States registered 307 robots per 10,000 manufacturing
employees in 2024, placing it eighth place in world average and well behind automation
leaders South Korea (1,012), Singapore (818), and Germany (449). The Americas’ regional
average of 204 robots per 10,000 employees suggests that U.S. manufacturers lead their
region but still trail both European peers on a per-worker basis.*

ROBOT DENSITY IN THE MANUFACTURING INDUSTRY 2024
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Figure 1: Robot Density in the Manufacturing Industry, 2022.
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Operational pressure on manufacturers remains substantial. Skilled labor
shortages persist across machining, maintenance, controls engineering,
and manufacturing operations more broadly. Deloitte’s 2026 Manufacturing
Industry Outlook found that 80% of manufacturing executives plan to
invest 20% or more of their improvement budgets in smart manufacturing
initiatives, focusing on automation hardware, data analytics, sensors, and
cloud computing.®

Adoption remains measured, however. The Control Engineering State

of Industrial Automation Survey 2026 found that 51% of manufacturers
classify themselves as moderate adopters of automation, down from 60%
in 2025. Notably, 37% now identify as conservative adopters, up from 28%
the year before. Only 12% classify themselves as aggressive adopters,
unchanged from 2025.5 The shift toward conservative adoption is
significant: It represents manufacturers feeling more complexity pressure,
not less interest.

Aaron Prather’s analysis of automation diffusion patterns in his article “The Second Wave Problem: Why Automation Doesn’t
Destroy Jobs, Late Adoption Does” offers an important lens here. His “Second Wave Problem” framework argues that early
automation adopters frequently grow stronger and more productive, while the disruption most associated with job losses tends

to arrive later, when laggard organizations implement robotics reactively under compressed margins and constrained timelines.”
Automation undertaken proactively as a growth investment produces better outcomes than automation undertaken defensively as
a survival measure.

According to Control Engineering’s survey, the key drivers behind automation investment are operational efficiency and cost
reduction (70%), product quality and consistency improvements (48%), and workforce productivity (46%).6 Automation adoption is
increasingly tied to operational resilience and capacity enablement rather than labor elimination.

Roland Berger projects that 2026 marks the first year of renewed growth momentum in industrial automation after a 2025
slowdown, with a realistic CAGR of 6% to 7% through 2030 and upside scenarios approaching 9%. Their analysis finds that future
manufacturing will increasingly rely on standardized hardware with software-driven value, expanding automation’s reach to
smaller-batch production environments that were previously out of scope.®

Key Takeaway

Most manufacturers remain pragmatic, incremental adopters. The primary drivers are workforce shortages,
operational efficiency, and resilience. The shift toward conservative adoption since 2025 signals rising
complexity concerns, not declining interest.

Section 3: The
Automation Spectrum

One of the most important shifts in manufacturing automation is the broadening definition of what automation actually means.
Many manufacturers still associate automation primarily with robotic arms or highly integrated automated cells. In practice,
automation spans a wide spectrum of technologies that reduce required human intervention at specific points within a production
process. That spectrum has three broad layers, and most manufacturers operate across more than one of them simultaneously.
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Machine-Level Automation

Machine-level automation is where the majority of manufacturers

begin, and for good reason. In machining environments, bar

feeders, automatic pallet changers, tool setters, in-process

probing, vision sensors, and gantry loaders are the familiar

entry points. But automation doesn’t begin at the spindle, and

it doesn’t end there either. Material arriving at the dock can be

scanned, logged, and routed without a person touching it. Raw

stock is moved to staging via conveyor or autonomous mobile

robot (AMR). Prior to machining, if welding is required, robotic welding cells, fixture-based positioning, and seam-tracking systems
work without human intervention. Parts are then loaded, run, and unloaded with minimal operator intervention. Post-machining,
automated washing and drying systems handle cleaning before parts move to inspection or assembly. Assembly stations use
fixtures, torque tools, and vision systems to reduce variation and verify completion. At the end of the line, automated case packing,
labeling, and palletizing get finished goods loaded and out the door.

The opportunity at each step is the same: Identify where a person is performing a repetitive, predictable task and ask whether a
machine can do it more consistently, more safely, or across more hours. These examples of automation throughout the factory
flow are all mature, well-understood technologies that deliver measurable productivity gains without requiring large-scale facility
redesigns or deep robotics expertise. This is the foundation of what practitioners call “lights-dimmed” manufacturing — not a fully
autonomous facility, but one where systems extend productive hours, reduce manual touchpoints, and free skilled workers for
higher-value work. Most manufacturers are closer to this threshold than they realize. For high-mix and lower-volume manufacturers
in particular, these systems can increase spindle utilization, reduce idle time, extend unattended runtime, and improve process
repeatability in ways that compound significantly over a production week.

Many manufacturers already use these systems without thinking of them as automation. A shop running bar feeders and automatic
pallet changers has already automated meaningful portions of its production process. Recognizing that baseline matters because
it changes the conversation from “Should we automate?” to “What do we automate next?”

Cell-Level Automation

The next layer integrates individual machine-level technologies into coordinated production cells. A well-designed cell typically
combines a robot or cobot for machine tending with automated workholding, a pallet system for job queuing, vision or inspection
capability, and some form of process monitoring. The value of a production cell is not in any individual piece of equipment but in
the reduction of manual touchpoints across an entire production sequence.

Modern flexible cells increasingly support smaller batch sizes, mixed production, and rapid changeovers. Modular platforms have
lowered the barrier further, allowing manufacturers to start with a limited cell configuration and expand it over time rather than
designing and funding the full architecture up-front.

Factory-Level Automation

At the highest operational layer, automation expands beyond individual machines and cells to encompass the coordination of
the entire production environment. MES platforms, ERP integration, MTConnect-enabled machine communication, digital twins,
Al-assisted scheduling, and predictive maintenance systems all operate at this level. IoT Analytics’ research documents that the
industrial data operations market grew 89% between 2023 and 2024 and is expected to expand at a 49% CAGR through 2028,
reflecting the accelerating investment in connected factory infrastructure.®

PwC’s 2026 survey of industrial manufacturing executives makes the orchestration point directly: Companies that deploy
advanced tools in isolation risk creating “tech islands where robotics cells don’t talk to planning systems, analytics don’t inform
commercial decisions, and engineering insights don’t reach service teams.” The value of factory-level automation comes from
how well systems work together, not the capabilities of any individual component.
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Automation Technology by Maturity Stage

The following table summarizes AMT Research’s framework for automation technology adoption across three maturity stages.
It reflects the practical reality that automation is not a single purchase decision but a progression of investments matched to
operational capability and readiness.

Automation Technology by Maturity Stage

Stage Typical Automation Best Fit Primary Risk

Bar feeders, pallet pools, simple

Entry-level machine tending, modular cells, Repeatable tasks with clear operator ~ Assuming simple hardware can

automated doors, basic conveyors bottlenecks overcome poor process discipline
Pre-engineered robot cells, vision-
. guided loading, AMRs/AGVs, Medium manufacturers with recurring Underestimating integration, guarding,

Intermediate ; . . . . I . .

automated inspection handoffs, jobs and technical ownership fixturing, and changeover requirements

multi-machine tending

Flexible cells, lights-out islands,

connected systems, digital twins, High-volume or high-maturity Treating autonomy as a software add-
Advanced . . . . . LT . .

adaptive scheduling, multi-process environments with data discipline on instead of an operating model

automation

Table 1: Automation Technology by Maturity Stage. Source: AMT Research.

Key Takeaway

Automation spans three distinct layers, from machine-level tools to factory-wide orchestration. Most
manufacturers already operate somewhere on this spectrum. The practical question is not whether to
automate but where the next investment produces the most operational return.

Section 4: Robotics Beyond the
Traditional Model

Industrial robotics is no longer a single equipment category. Manufacturers today navigate a growing spectrum of robotic
solutions, each carrying different trade-offs across speed, payload, safety, flexibility, programming complexity, cost, and
deployment requirements.
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Traditional Industrial Robots

Traditional industrial robots remain essential for many high-throughput and heavier-duty applications. They offer high payload
capacity, fast cycle times, strong repeatability, and extended operational durability. They also require integration expertise,
guarding systems, safety engineering, dedicated floor space, and more extensive programming. Those requirements historically
limited adoption primarily to larger manufacturers and higher-volume environments.

Collaborative Robots

Collaborative robots (cobots) significantly expanded automation
accessibility. Cobots brought easier deployment, lower barriers to
entry, simplified programming, reduced guarding requirements, and
greater flexibility to a much broader range of manufacturers. For many
smaller operations, cobots represented the first realistic entry point into
robotic automation. They are particularly effective for machine tending,
gaging, light assembly, inspection support, and repetitive material
handling. Lower payload capacity and slower operating speeds mean
cobots are the right answer for some applications and wrong for others.

Modular Robotic Systems

A newer category has emerged between fully integrated industrial robotics and cobots. Many providers now offer modular robotic
tending systems that combine traditional industrial robots with mobile platforms, integrated safety systems, light curtains, and
pre-engineered deployment packages. These systems are designed for easier redeployment, reduced integration complexity,
and faster implementation. They reflect a broader theme: Manufacturers increasingly want systems that can adapt to changing
production requirements rather than permanently fixed architectures.

Autonomous Mobile Robots

Autonomous mobile robots (AMRs) have become a distinct category for intralogistics and material movement, displacing both
manual transport and the rigid, path-bound automated guided vehicles (AGVs) that preceded them. AMRs use onboard sensing,
dynamic path planning, and fleet management software to move raw materials, work-in-process, kits, and finished goods between
cells, machines, and storage locations. Their appeal lies in scalability and adaptability: Fleets can be added incrementally,
redeployed as production layouts change, and integrated with WMS and MES systems. They are most effective in high-mix,
multicell environments where transport demand is variable and labor is hard to retain. AMRs do not perform manipulation,
however, and their value depends heavily on surrounding software integration, traffic management, and facility readiness.

Humanoid Robots

Humanoid robots are the most speculative entry in the robotics spectrum and the most ambitious bet on physical Al to date.

Their conceptual appeal is significant: a bipedal, anthropomorphic platform that can, in principle, operate across many tasks in
environments designed for humans, without dedicated tooling or environmental modification. Early pilots are underway in material
movement, tote handling, kitting, and light pick-and-place applications, but current platforms remain slower, less dexterous,

and less reliable than fixed automation or cobots, with high unit costs, meaningful battery and uptime constraints, and safety
frameworks still under development. The realistic near-term case is not the displacement of existing automation but the eventual
coverage of tasks too variable for fixed cells, too physical or low-volume for cobots, or located in environments built around human
workflow. For most manufacturers, the appropriate posture today is monitoring rather than deploying — and ensuring that the
operational foundation is in place to absorb humanoid capability if and when it matures.
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Robotics Is Becoming More Contextual

The practical consequence of this diversification is that robot selection has become a genuine engineering decision — not a
catalog choice. A high-volume automotive tier supplier evaluating a 6-axis arm for welding is solving a fundamentally different
problem than a 20-person job shop evaluating a cobot for machine tending, or a distribution center evaluating AMRs for
intralogistics. Each involves different payload requirements, safety architectures, programming models, integration complexity, and
workforce capability demands. The growth is concentrated in midmarket deployments. Pre-engineered cells, modular tending
systems, and cobot-based packages are the focus and not in large, custom integrations. Robotics is no longer a single equipment
category. More importantly, it is no longer a single buying decision. Matching architecture to application has become the core
competency of effective automation adoption.

Key Takeaway

The robotics market has diversified well beyond traditional industrial arms. Selecting the right robotic
solution now requires matching architecture to application, not defaulting to any single platform.

Section 5: Al in Automation — Levels, Limits,
and What To Demand From Vendors

Al is the most-discussed force reshaping manufacturing automation and the least well-categorized. Every machine tool builder,
integrator, robotics platform, and MES vendor now leads with Al in its pitch — but the Al inside a robotic cell, the Al selling a
generative process planner, and the Al implied by the phrase “autonomous factory” are not the same thing. The level of Al a
manufacturer is buying, deploying, or being sold matters more than the label, and most of what is marketed as Al in automation
today belongs to one of three distinct levels. Understanding which level a given product or deployment actually represents is the
most useful thing a manufacturer can do with any automation vendor’s Al pitch.

Al as a Feature

The first level is Al as a feature: intelligence added to an existing automation system to improve its workflow. Examples include:

A predictive maintenance module inside a machine tending cell that watches spindle load, vibration, and temperature to flag
bearing wear days before failure.

A vision-based inspection algorithm inside a robotic quality cell that classifies defects at line speed, where prior systems
relied on rule sets and manual sampling.

A scheduling optimizer inside an MES that compresses changeover planning for a flexible cell by reasoning across historical
run data, tooling availability, and work order queues simultaneously.

The cell is the same cell it was before; Al sharpens one of its functions. This level describes the majority of current Al deployments
in automation, and the productivity gains it delivers are real.

The trap at this level is not that the technology fails to work. It is that manufacturers conflate acquiring Al-enabled automation
features with transforming their operations. A shop running Al-assisted scheduling inside its ERP, Al-based predictive maintenance
on its machining cells, and Al-driven inspection on its quality line has automated three distinct workflows. It has not built an
integrated Al-native production environment. The distinction sounds academic until you are three years into a capital program that
optimized individual automated systems but left the underlying connectivity and data infrastructure unchanged — and now cannot
get those systems to share information with each other.
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The right posture toward Al as a feature is neither dismissal nor overinvestment: Evaluate it on the specific workflow problem it
solves within the automated system; measure it against operational outcomes; and do not let the Al label inflate the expected
return.

Al-First Applications

The second level is automation-native Al: applications that would not exist without recent advances in machine learning, where Al
is the core mechanism rather than an enhancement to something else. Examples include:

Generative process-planning tools that accept a part geometry and a machine
list and produce a CNC routing without a human writing the rules.

Robot-programming environments that use simulation and learned path
models to reduce cell setup time from days to hours on common machine-
tending applications.

Bin-picking and parts-presentation systems that handle unstructured incoming
material without engineered fixturing.

Inspection systems whose primary classification mechanism is a vision model
trained on production defect data rather than a rule set maintained by an
engineer.

At this level, the Al is the product. Removing it does not leave you with a slower
version of the same automation — it leaves you with no system at all.

These applications are appearing in production now, concentrated in process
planning, quality inspection, robot programming, and material handling — the
workflows where engineered automation has historically been hardest to deploy
economically. They share two characteristics worth noting: They work best when
trained on domain-specific data from the manufacturer’s own environment, and
they require more from the buyer in terms of data preparation and integration
than Al-feature deployments do. The vendor evaluation question at this level is
not “Does it use Al?” but “What data does it need to perform? Who owns that
data? And what happens to it?” Manufacturers whose process and inspection data
feed an external model’s training pipeline are making an IP decision whether they
recognize it as one or not. That conversation belongs in the procurement process,
not in the review after implementation.

Al-Native Systems

The third level barely exists in production today. An Al-native production environment is one where intelligence is a structural
property of the factory itself — not a feature of any individual automation system, but a shared layer that every machine, cell,
scheduler, quality system, and operator reasons against. The factory runs on a continuously updated operating model. Sensors
and automated systems feed data into that model; the model informs simulation, scheduling, and decision support; decisions
produce actions that generate new data and update the model. Every layer of the automation stack participates.

This is not the same as having many Al-enabled automation features running simultaneously. Most factories with multiple Al
deployments do not have anything resembling a shared operating model — they have a collection of Al-enhanced automated
systems that do not communicate with each other, running on connectivity and data infrastructure that was not designed to
support that kind of integration. loT Analytics found that “agentic concepts will only scale when there is a stable foundation of
standardized engineering environments, trusted data flows, and lifecycle governance.” This describes what Al-native automation
requires — and how far most factories are from having it.
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While Deloitte found that 22% of manufacturers plan to use physical Al within two years, up from 9% today, this does not indicate
that Al-native production will arrive on that timeline. Instead, it is evidence that the gap between what manufacturers plan to
deploy and what their automation stacks can actually support is about to get wider.

Predictive Al and Agentic Al Are Not the Same Problem

One distinction the current public discourse obscures, to the detriment of manufacturers evaluating automation, is the difference
between predictive and perceptual Al on one side and agentic Al on the other. Predictive maintenance on a machining cell,
machine vision inspection on a robotic line, scheduling optimization across a flexible automation environment — these work in
production today across a wide range of manufacturers and facility types. They take data from an automated system and produce
an output (a prediction, a classification, a recommendation), and a human operator or supervisor decides what to do with it. The
automation continues to run; Al sharpens the judgment around it. The risk of a bad output is bounded and manageable.

Agentic Al is different in kind, not just degree. Agentic systems observe their environment, make consequential decisions, and take
actions — often without a human in the confirmation loop for each step. This is the framing that drives most of the “autonomous
factory” marketing narrative, and the gap between that narrative and actual agentic deployments in automation is wide. Most of
what is marketed as “autonomous” industrial Al today is either a predictive system with an automated response rule attached or

a proof of concept operating in a controlled environment that does not generalize to production conditions. This is not a criticism
of the research direction. It is a description of the current state, and manufacturers should apply a specific level of scrutiny to any
automation vendor claiming production-ready agentic capability: Ask for references from comparable environments; ask what the
failure modes are and how the system handles them; and ask what human oversight architecture is in place. The answer to those
questions will reliably separate the working automated systems from the marketing.

What To Demand From Vendors

The proliferation of Al claims across the automation vendor landscape has made differentiation harder, not easier. Every machine
tool builder, integrator, robotics platform, MES vendor, and inspection system now leads with Al in its marketing — and that
rebranding has compressed real distinctions between products that genuinely depend on machine learning and products that
have always been rules-based and were recently relabeled. The three-level framework gives buyers a diagnostic: Ask which level
the Al actually operates at, what problem it is solving inside the automated system, and what operational prerequisites it requires
from your environment to perform as claimed. A vendor that cannot answer the third question is selling you a deployment problem
along with the technology.

Two additional questions cut through most Al pitches in automation quickly. First, is this a model or a rules engine? Many
automation systems marketed as Al are deterministic rule sets with a modern interface. There is nothing wrong with a rules engine
— it may be exactly what you need for a particular cell or process — but it is not the same as a learned model and should not be
evaluated as one. Second, where does the training data come from, and what are your rights to it? Automation-native Al
applications that improve through use are generating something valuable from your production environment. The terms of that
exchange should be explicit before deployment.

Key Takeaway

Most Al in automation today operates at the feature level — improving specific workflows inside automated
systems that already exist. The level matters more than the label, and the gap between Al-enabled
automation features and Al-native production environments is wider than most marketing implies.
Manufacturers whose automation, connectivity, and data infrastructure are being built with the next level
in mind will have options that others won’t. AMT will examine Al’s role in manufacturing in depth in a

forthcoming report.
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Section 6: Workforce Transformation and

the Two-Sided Labor Problem

The most persistent misconception about manufacturing automation is that its primary purpose is workforce elimination. In
practice, automation is overwhelmingly a response to a workforce that manufacturers cannot find. But the workforce challenge
has two faces, and most public discussion engages only one of them. The first face is the production labor shortage that drives
automation investment in the first place. The second face is the technical and integration labor required to deploy and sustain the
automation intended to address the first shortage. Most manufacturers are managing the first face. Many are underestimating the
second. The gap between them is where automation programs stall. The six barriers that most commonly constrain adoption at
the market level don’t operate independently — they interact and compound. Those barriers are: economic constraints, operational
readiness, process stability, technical fragmentation, workforce and talent, and install base gap.

ECONOMIC CONSTRAINTS
ROI timelines block

SMB investment AV
S
&

Small shops need ROI on
day one. Traditional payback
models assume scale that
most lack.

High upfront capital cost

TECHNICAL FRAGMENTATION
No common protocol
across the floor

Disparate controls, PLCs, and
software stacks don't talk.
MTConnect helps — partially.

Interoperability gap

OPERATIONAL READINESS
Most floors aren’t
automation-ready

Process standardization,
data infrastructure, and
change management must
precede deployment.

Readiness gap is wide

WORKFORCE & TALENT

&

Production workers are
scarce. Controls engineers,

Two labor shortages,
not one

robotics programmers, &
integration specialists are
more so.

Talent shortage is acute

PROCESS STABILITY
Automation requires
zero-drift processes

Unmanned automation
demands processes that
stay stable with no
human intervention.

Variability kills uptime

INSTALL BASE GAP

Late adoption
compounds the cost

B

Laggards implement under
compressed margins and
tight timelines — the worst
conditions to get automation
right.

Early adopters grow stronger

These barriers don’t operate in sequence — they compound.
A shop that solves financing still fails if process stability isn’t there. Addressing all six is the unlock.

~13%
of United States mfg

plants have any robot

1.6% -» 41%
adoption by plant size
(5 employees = 1,000+)

Midwest
leads the nation
in adoption

2022 U.S. Economic Census | AMT Manufacturing Outlook | AMTonline.org/reports

Figure 2: Six Barriers to Automation Adoption at the Market Level. Source: AMT Research, 2026.
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The Production Labor Shortage Is the Driver, Not the Outcome

Manufacturing automation in 2026 is not primarily a story about capital substituting for labor. It is a story about capital
compensating for labor that is not available. Accenture projects a manufacturing skills gap equivalent to 3.8 million jobs in the
United States by 2033, driven by a cohort of retiring workers and a generational pipeline that has not refilled at the same rate"
The shortage is concentrated in the roles that keep production running: machinists, maintenance technicians, welders, quality
inspectors, and process operators with genuine floor experience. For most manufacturers, the automation business case is not
“We can do this with fewer people.” It is “We cannot do this at all without reducing our dependence on labor we cannot hire or
retain.”

Control Engineering’s 2026 survey reflects the result: 35% of respondents identify the creation of high-skill technical roles as the
most significant workforce change from automation adoption, while 33% say automation is enabling them to continue production
by filling gaps. Only 16% report a net reduction in low-skill positions. These numbers are not surprising to anyone who has watched
a midsize job shop deploy a robotic tending cell because they could not find a third-shift operator willing to load and unload

parts for eight hours — not because they wanted to reduce headcount. The story is a labor market story, and automation is the
operational response.

Working for Production: What the Shift Actually Requires

The familiar framing — that automation moves workers from working in production to working for production — describes a real
transition without fully examining what it demands. Working for production means something specific and operational: monitoring
system states rather than operating machines; diagnosing process variation from data rather than from feel; managing exceptions
rather than executing repetitive tasks; and maintaining the automation infrastructure itself. These are not simply “higher-skill”
versions of the same jobs. They are different jobs, requiring different knowledge bases and, in some cases, different cognitive
habits.

The roles emerging at the center of this shift include MES administrators who maintain the systems that give operations its
visibility; robotics technicians who handle programming, troubleshooting, and tooling changes on automated cells; vision-system
specialists who manage training data, calibration, and model maintenance; and what some manufacturers are beginning to call
automation product owners — people whose job is to own the business performance of a specific automated system across its full
life-cycle, not just its initial deployment. None of these roles existed at scale five years ago in midmarket manufacturing. None of
them are well served by the traditional manufacturing career pipeline. The manufacturers building these capabilities internally —
through deliberate training, apprenticeship investment, and changed hiring criteria — are developing a form of operational capacity
that is genuinely difficult to replicate quickly. Those sourcing it entirely from outside are discovering that it is expensive, uneven in
quality, and frequently unavailable on the timeline an automation project requires.

The Technical Labor Shortage That Automation Depends On

The second face of the workforce problem is less discussed and more consequential for whether automation actually works at the
operational level. Deploying and sustaining industrial automation requires controls engineers, robotics programmers, integration
specialists, industrial software talent, and maintenance technicians with system-level diagnostic capability. These people are
scarcer than the production labor they are meant to amplify — and the shortage runs through the entire supply chain of automation
deployment, not just at the manufacturer.

The integration and OEM ecosystem is itself constrained. Lead times for automation deployments are not determined solely by
project complexity or equipment availability. They are often determined by integrator capacity — by how many engineers a systems
integrator can assign to a project at a given time. This means that a well-funded, operationally mature manufacturer with a clear
automation roadmap may still face a 12- to 18-month runway before deployment can begin, not because of anything internal, but
because the external capacity to execute does not yet exist. That constraint compounds across the industry simultaneously, since
adoption accelerates and competes for the same thin pool of technical labor.
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At the manufacturer level, the problem takes a different form: bench depth. In midmarket manufacturing, the institutional
knowledge required to operate, troubleshoot, and modify an automation system commonly resides primarily with one or two
people. When those people leave — to a competitor, to a larger employer, or to retirement — the systems they built or maintained
often decline in performance, become progressively less trusted, and eventually get bypassed by operators who find workarounds
easier than escalating problems no one can diagnose. This is not a failure of the technology. It is a failure of organizational
knowledge management. The automation that was supposed to reduce dependence on individual skill ended up creating a
different and less visible version of the same dependence.

Process Discipline Is a Human Problem Before It Is a Technical One

Automation consistently surfaces operational variability that experienced workers previously compensated for without
documenting. A setup procedure that a machinist performs slightly differently on each run; a fixturing adjustment made intuitively
at the start of a shift; an inspection judgment call that varies by operator — these variations are invisible inside a human-operated
process and become failures inside an automated one. This is the mechanism behind the observation that automation does not
just require process discipline; it creates it. The deployment process forces organizations to document, standardize, and examine
workflows that have been running on tacit knowledge for years.

The workforce dimension of this is worth naming directly. Capturing that tacit knowledge — making it explicit, transferable, and
machine-legible — is a human task before it is a technical one. The people who hold that knowledge are often the same people
nearing retirement. The organizations that treat process documentation as a technical project rather than a knowledge-transfer
initiative frequently discover that critical operational knowledge has left the building before it was ever written down. The
companies that are managing this well are treating automation implementation as a structured opportunity to formalize what their
most experienced people know — and treating that formalization as part of the automation ROI, not as overhead.

Workforce Planning as Capital Planning

The conventional sequence of an automation program is to establish the business case, secure capital approval, select the
technology, engage an integrator, and begin deployment. Workforce planning — who will operate, maintain, and own the
automated systems — typically enters the process late, if it enters explicitly at all. The two-face framing argues for a different
sequence: Workforce capacity assessment should be contemporaneous with capital planning, not downstream of it.

The practical questions are not complicated, but they require honest answers. Does the organization have the internal technical
capability to maintain what it is deploying, or is it creating a system that can only be serviced by the original integrator? Does the
integrator selected have the staffing continuity to support the system post-commissioning, or does engagement end at handoff?
Are there one or two people whose departure would make the automation unsupportable, and what is the plan for that risk? Is the
organization building a training and development pipeline for the roles the automated system creates, or is it assuming those roles
will be filled from the external labor market? These are workforce questions, but they determine capital outcomes.

Key Takeaway

The production labor shortage is driving automation investment. The technical labor shortage — controls
engineers, robotics programmers, integration specialists — is determining whether that investment actually
works. Workforce planning belongs alongside capital planning, not after it.
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Section 7: What the Most Advanced

Manufacturers Are Doing Differently

The manufacturers achieving the greatest gains from automation are rarely defined by the volume of robotics they have deployed.
PwC'’s analysis of “future-fit” manufacturers finds they distinguish themselves through operational integration, workflow redesign,
data visibility, organizational adaptability, workforce development, and scalable infrastructure. PwC projects that tech enablement
and automation levels will increase by factors of 2.6 and 2.8, respectively, across the manufacturing value chain by 2030, but the
most meaningful performance differentiation will come from how coherently those technologies work together, not from adoption

alone®
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The census data behind Figure 3 makes the
concentration dynamic visible. Transportation
equipment leads, with 14.8% plant adoption
and 48.6% employee exposure. But at only
3.28 times the concentration, it is actually the
most democratized segment, meaning robots
have penetrated smaller auto-supply facilities,
not just megaplants. Electrical equipment
(NAICS 335) tells the opposite story: low plant
adoption (7.5%) but high employee exposure
(30.4%), indicating that robots in that segment
are concentrated in large facilities, while
smaller shops remain largely unautomated.
The plant-size gradient is stark: only 1.6% of
plants with zero to five employees have any
robots, compared to 40.9% of plants with
1,000 or more employees.”?

This concentration is not accidental. It
reflects the strategies, operating models,

and organizational choices that separate
manufacturers achieving compounding

gains from automation, versus those still
treating it as an isolated equipment purchase.
The characteristics that define the leading
segment are consistent across industries

and facility sizes: They integrate rather

than isolate, scale incrementally rather than
deploy all at once, build data visibility into the
production system rather than treating it as
optional, and invest in workforce capability
as a parallel track to technology deployment.
Each of those characteristics is learnable.
None requires being a Fortune 500 company.

Figure 3: Robot Adoption by U.S. Manufacturing Segment and Plant Size — U.S. Census Bureau/AMT Research.
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Integration Over Isolation

Leading manufacturers actively avoid creating technology islands. Rather than deploying isolated automation systems, they

build toward shared operational data, cross-functional visibility, interoperable systems, connected workflows, and coordinated
production ecosystems. The competitive advantage increasingly lies in how well systems communicate with each other, not in the
specifications of any individual system.

Incremental Scaling

Many successful manufacturers begin with relatively straightforward automation deployments before expanding. This staged
approach is consistent with Prather’s early-adopter framework: organizations that build automation capability incrementally
develop the process discipline, organizational knowledge, and implementation confidence that allow them to expand effectively.”
Those that wait until competitive pressure forces their hand face the harder version of the same problem under worse conditions.

Software and Visibility

Manufacturing leaders treat data infrastructure as operational infrastructure. Advanced manufacturers are investing in MTConnect,
lloT systems, real-time dashboards, OEE monitoring, predictive maintenance, digital twins, and production analytics. These
capabilities improve scheduling accuracy, maintenance planning, throughput visibility, quality consistency, and decision-making
speed. In many cases, the visibility itself is the competitive advantage.

Workforce Enablement

Leading manufacturers invest heavily in workforce adaptation alongside their technology investments. Accenture’s research found
that 49% of factory managers cite the cost of training as a major hurdle, yet identifies it as unavoidable: investing in training people
is the only way to realize the full benefits of the technology." Upskilling programs, human-machine collaboration frameworks,
robotics training, Al-assisted workflows, and cross-functional manufacturing knowledge are all part of how high-performing
organizations sustain automation gains over time.

Key Takeaway

The manufacturers getting the most from automation succeed through integration, visibility, and workforce
investment. PwC projects automation will nearly triple across the value chain by 2030. The advantage will go
to those who orchestrate it coherently, not those who simply deploy the most tools.
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Section 8: The Future of Manufacturing

Automation

Manufacturing automation is entering a new phase. Roland Berger projects a realistic CAGR of 6% to 7% for the global industrial
automation market through 2030, with 2026 marking the first year of renewed growth momentum after a 2025 slowdown. Their
analysis specifically highlights that future manufacturing will rely on standardized hardware and software-driven value, expanding
automation’s reach to smaller-batch production environments that were previously out of scope.®

PwC'’s global survey of manufacturing executives projects that tech enablement and automation will each more than double across
the value chain by 2030 and that 44% of total manufacturing revenue is expected to come from areas outside traditional industrial
and consumer products.® The industry is moving beyond isolated robotics and toward increasingly connected operational
ecosystems built around intelligent software, integrated robotics, digital twins, real-time analytics, and Al-enabled orchestration.

The future, however, is unlikely to unfold as a straightforward march toward fully autonomous lights-out factories. Manufacturing
automation will remain layered, uneven, industry-specific, operationally constrained, workforce-dependent, and incremental. The
pace and character of adoption will vary significantly across facility types, production models, and industry segments.

Prather’'s Second Wave analysis offers a useful, strategic frame for what comes next: Automation rarely transforms industries
overnight. Instead, it reshapes competition slowly, quietly, and unevenly, until the moment arrives when catching up becomes
harder than leading.” The manufacturers that build interoperability early, improve data visibility, develop scalable infrastructure,
invest in workforce capability, and pursue flexible automation architectures will be positioned to lead. Those that wait for
competitive necessity may find themselves implementing automation at precisely the moment they have the least flexibility to do it
well.

The manufacturers that succeed over the next decade may not be the ones with the most robots. They may be the manufacturers
best able to integrate machines, software, data, workflows, and human expertise into production systems that are flexible,
intelligent, and built to scale.

view, informed by tracking U.S. manufacturing technology markets for

more than a century, is that automation conversations tend to oscillate between hype and paralysis. Each of these extremes costs
manufacturers money. The hype cycle oversells accessibility and underestimates integration complexity, leading to projects that
fail to perform. The paralysis cycle overweights risk and underestimates the compounding cost of inaction, leaving manufacturers
to implement automation reactively under competitive pressure rather than proactively as a growth investment. The data in this
report point toward a more useful frame: Automation works when it is applied to the right process, with the right readiness, at the
right stage of organizational maturity. That is not a complicated message. It is, however, a disciplined one. The manufacturers that
will lead the next decade are not those chasing the newest technology. They are those building production systems capable of
absorbing new technology effectively. It must be done before the window closes.

Final Takeaway

Automation advantage compounds. The manufacturers pulling ahead are not the ones with the most
equipment — they are the ones whose systems, data, and people are built to absorb and scale what comes
next.
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' Connecting Insight to Action: Explore
L‘J IMTS Automation at IMTS 2026

At , attendees discover advanced manufacturing solutions that include
innovations in CNC machining, automation, robotics, additive manufacturing, software, Al, and transformative digital technologies.
IMTS is the largest trade event for manufacturing technology in the Western Hemisphere, with more than 1.2 million square feet of
exhibit space and 90,000 attendees. For manufacturers ready to move from evaluating automation to adoption or upgrading, IMTS
2026 provides an opportunity to explore technologies across the entire manufacturing ecosystem.

Attendees can explore:
and

and

A full list of exhibitors is available at: . You can also check out more
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https://directory.imts.com/8_0/#/searchtype/keyword/search/automated%20guided%20vehicles/show/all
https://directory.imts.com/8_0/#/searchtype/category/search/10110/show/cat-category%7C10025
https://directory.imts.com/8_0/#/searchtype/category/search/10110/show/all
https://directory.imts.com/8_0/#/searchtype/keyword/search/robotic%20tooling/show/all
https://directory.imts.com/8_0/#/searchtype/keyword/search/robotic%20grippers/show/all
https://directory.imts.com/8_0/#/searchtype/keyword/search/robot/show/all
https://directory.imts.com/8_0/#/searchtype/keyword/search/robot%20controllers/show/all
https://directory.imts.com/8_0/#/searchtype/keyword/search/automation%20services/show/all
https://directory.imts.com/8_0/#/searchtype/keyword/search/automatic%20storage%20and%20retrieval%20systems/show/all
https://directory.imts.com/8_0/#/
https://www.imts.com/read/articles/type/Read/1/tab/all-articles/category/Automation-Robotics/72
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