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Important Notices & Disclosures

Research reference date: 18 October 2026. Source corrections: 19 October 2026. Design edition: 20 October 2026. Prepared for

IEX 2026.

Purpose. Prepared by DBR77 Robotics Inc. for IEX
2026, this report provides general information and
analysis of Physical Al in manufacturing. It does not
provide site-specific engineering, safety, legal, financial
or investment advice, a product certification or an offer
of securities.

Evidence. The analysis combines selected public re-
search, official statistics, company disclosures, pub-
lished interviews and the authors' interpretations.
Company accounts are attributed to their publishers.
The report is an analytical synthesis, rather than a rep-
resentative field survey or an independent audit of the
organizations discussed. Source definitions, dates and
operating conditions govern interpretation. The re-
search reference date is October 18, 2026, with identi-
fied source corrections through October 19, 2026.

Models and outlook. Synthetic calculations explain
the consequences of declared assumptions. They are not
customer outcomes, market prices, valuations or prom-
ises of return. The outlook describes conditional path-
ways. Historical results do not guarantee future perfor-
mance, and information may change after the reference
date.

Industrial use. Deployment decisions require appli-
cation-specific engineering, risk assessment, validation
and compliance work. The report’s diagrams and recov-

Important Notices & Disclosures

ery examples are explanatory frameworks, not operat-
ing instructions. Nothing here authorizes bypassing
protective systems or operating a particular installation.
Manufacturers, integrators, employers and operators
retain their applicable responsibilities.

Commercial interests. DBR77 develops and markets
industrial technology and has a commercial interest in
this field. Advertisement pages are identified separate-
ly. References to other companies, educational institu-
tions, experts or trademarks do not imply sponsorship,
endorsement or agreement with the conclusions.
Product descriptions should be evaluated within their
stated scope.

AI and images. Al supported research and editorial
production, as disclosed on the contributor page. Gen-
erated illustrations are labeled and are not documen-
tary photographs of deployments. DBR77 Robotics Inc.
retains editorial responsibility.

Third-party rights. Referenced publications, quota-
tions and trademarks remain subject to the rights of
their respective owners. Attribution does not grant per-
mission to reproduce or commercially reuse third-party
material. This report grants no license to that material.

© 2026 DBR77 Robotics Inc. Third-party material
remains the property of its respective rights holders.
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Executive findings

Physical AI is becoming an industrial capability,
but the market uses the name for several different
technologies. For American manufacturers, the op-
portunity is to make changing work easier to auto-
mate and coordinated production easier to manage.
The following judgments connect the technical
progress with a practical investment agenda.

1. The near-term opportunity is selective
adaptation

Perception, spatial reasoning and learned action
policies can reduce the engineering needed for vari-
able tasks. The strongest initial applications have a
clear operating envelope and a result the plant can
measure. The commercially significant advance is
less work to adapt, commission and support the
next task. Chapters 1—3 explain the capability and
machine choices.

2. Established automation is part of the
opportunity

Industrial arms, collaborative applications and
mobile robots already perform useful work at scale.
Learning-based systems can extend that installed
base as well as create new applications. Humanoids
deserve attention where mobility, reach and reuse
across valuable tasks justify their additional com-
plexity. A plant strategy should retain several forms
of automation. Chapter 3 separates emerging Phys-
ical Al cases from established operating compara-
tors.

3. American competitiveness needs an
application-level answer

Reshoring, regional skills, supply-chain resilience
and industrial policy affect the setting for invest-
ment. They do not replace the demand and cost as-
sumptions of a specific factory. Smaller producers
often need accessible engineering and support;
high-volume plants need dependable improve-
ments at constrained operations. Chapter 4 con-

Executive findings

IEX 2026

nects national context to those different buying
problems.

4. Coordination is a credible next control
point

As intelligent assets multiply, shared resources and
conflicting local objectives become more important.
DBR77’s thesis is that a common operating context
can connect process learning, simulation and
human knowledge with better plant decisions. Ex-
isting industrial suites, integrators, equipment
providers and independent layers can compete to
supply it. The opportunity is recurring improve-
ment in order performance and coordination cost.
Chapters 5 and 7 develop this argument and its
business implications.

5. Demand and exception work determine the
return

More technical capacity creates value when there is
a profitable use for it. Assistance, recovery, integra-
tion and service can change the preferred invest-
ment. The report’s synthetic comparison shows dif-
ferent demand conditions favoring process im-
provement, an incumbent extension or a local Al
package. Supplier contribution and funding needs
require a separate ledger. Chapter 6 makes those
mechanisms explicit.

6. Recovery and retained competence
determine sustainable scale

A dependable application needs people who can di-
agnose exceptions, verify the physical state and au-
thorize restart. Cybersecurity, protective functions
and change control remain part of its design. Over
six months, comparable operating records matter
most. Over three years, task and site transfer
become central. Over ten years, interoperability, ac-
countability and local competence may shape the
market as much as model capability.
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Key terms and evidence

The report uses the following operating terms consistently. They describe what an
application does and what a buyer can evaluate.

Term Meaning in this report

Accepted output Work that meets the operation’s stated quality, task and timing requirements.
Operating envelope The conditions and actions for which an application is designed and authorized.
Intervention / exception Human assistance or a departure from normal execution that must be included in the

operating record.

Recovery The work required to diagnose an interruption, reconcile physical state and restore
authorized operation.

Physical readback Observation that verifies the actual process result, beyond acknowledgement of a
command.

Decision authority The right to recommend, schedule, command, stop or restart a defined operation.

Transfer The extent to which capability, engineering and support can be reused on a changed

task or another site.

Evidence used

This report synthesizes public research, official statistics, company accounts and published interviews and talks. Interview
analysis uses publisher transcripts or published speech text. Company-reported results retain attribution. Synthetic calculations
and hypothetical scenarios are identified as analytical examples. The report presents no new representative survey or
independent audit of plant returns.

FROM A CLAIM TO A PRODUCTION DECISION

DEFINE THE CLAIM EXAMINE THE EVIDENCE ASSIGN THE DECISION

What action, operating envelope = Which denominator, comparator = — Who may act—and what would
and accepted result? and recovery record? change that decision?

Key terms and evidence n
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The production question

A part arrives differently from one cycle to the next. It may be rotated, partly hidden,
slightly deformed or mixed with another variant. The production question is how to handle
that variation at a cost the customer can justify. Sometimes the answer changes the
process. Sometimes it changes what the machine can perceive and decide.

Table 1. Four labels, four different roles

What it does not prove

Safe, autonomous, profitable or
production-ready operation.

Membership in the embodied core or direct
control.

“Old” or inferior; deterministic execution can
be the right answer.

Label What it means here

CORE Al inference materially contributes to selecting
an embodied system’s physical action.

ADJACENT Spatial/world models, human-facing
assistance and plant operating systems that
inform, constrain or coordinate physical work.

BASELINE Process redesign, conventional automation,
local control and human work used as real
comparators.

ECOSYSTEM Simulation, compute, integration,

procurement and marketplaces enabling

deployment.

A fixture might remove the variation. A convention-
al cell might handle it within a known envelope. A
person might remain the best adaptable system. Or
a learning-based machine might make valuable
variation manageable without redesigning the
process around every exception. Physical AI
matters when it changes that choice—not when it
merely gives an old machine a fashionable label.

The opportunity is to make useful variation cheaper
to handle: shorter product runs, changing part pre-
sentations and tasks that currently consume sub-
stantial engineering attention. The commercial test
is the complete application over time, including in-
tegration, assistance and return to service. That is
where a reusable model can become a production
advantage and where a promising demonstration
can still fail to become a business.

01/ The production question

Intelligence in the purchased machine or a
completed outcome.

DBR77’s central thesis concerns the next level of
that opportunity. As intelligent assets multiply,
plants will need a shared operating context con-
necting process learning, simulation, human opera-
tional knowledge and the consequences of deci-
sions. This could be provided by an existing indus-
trial stack, an integrator-led federation or a new op-
erating layer. Its value should appear in better
order fulfillment, fewer coordination losses and
lower effort when work changes. The architecture
can remain distributed while sharing the informa-
tion that a decision actually needs.

What belongs inside the term?

There is no single boundary shared by the original
sources examined for this report. The disagreement
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is useful because it reveals three different objects
hiding under one name.

In the narrow, embodied meaning, Al participates
in selecting the action of a machine. A camera and
model perceive a situation; a policy or planner
chooses what the robot should do; motors make the
choice physical. NVIDIA’s institutional glossary
uses a wider autonomous-system frame that in-
cludes robots, vehicles, cameras and smart spaces,
and allows a system to perform or orchestrate phys-
ical-world actions.'

A second meaning centers on spatial intelligence:
representing objects, relationships and change in
three-dimensional environments. It may help a
robot, but it can also assist a person or generate a
simulated world without actuating anything.
Fei-Fei Li draws the distinction sharply: “One is
about saying things. The other one is about seeing

This taxonomy is an editorial choice, not a market
standard. Borderline cases stay visible. An Al
scheduler approved by a dispatcher is ADJACENT
unless it participates in an embodied action loop; a
fixed-sequence robot is BASELINE unless qualify-

THE BOUNDARY FOLLOWS THE DECISION PATH

IEX 2026

and doing things.” In context, she contrasts lan-
guage models with world models operating across
physical and digital environments; her comparison
directs attention to the representations needed for
action.”

A third meaning is architectural. Vision-lan-
guage-action systems connect images and instruc-
tions to motor outputs; embodied-reasoning
systems may instead supply spatial interpretation
and planning to an existing controller. Google
DeepMind’s own materials distinguish a VLA that
adds physical action as an output from an embod-
ied-reasoning model that can connect to lower-level
controllers.? This makes “Physical AI” neither a
synonym for a humanoid nor a claim that one foun-
dation model should control an entire plant.

The report therefore uses four explicit labels:

ing Al inference affects its action. A bad or unsafe
CORE system remains in the category. Governance,
readback and verified results determine maturity;
they do not define failure out of existence.

lllustrative edge cases; categories are roles, not a maturity or market-share scale.

ADJACENT

CORE

Al inference
selects physical
action

Image

BASELINE

Learned policy
Chooses a grasp

Vision advice / spatial model / twin / plant coordination
Informs or constrains work; not necessarily direct embodied control.

safe or profitable

. ) operation.
Physical action

Fixed-sequence control / fixture / process redesign / human work

Credible alternatives can win; automation alone does not establish Al.

UNKNOWN

Classify the role by its contribution to the physical decision.

ECOSYSTEM: simulation / compute / integration / procurement / marketplaces

Figure 1. A practical taxonomy of Physical Al. Embodied action, adjacent decision support, conventional comparators and
enabling services play different roles. This is the authors’ working taxonomy.

01/ The production question
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From seeing to doing

What changed in machine intelligence — and what a factory still has to prove

analysis; it does not establish task success or decision authority.

Machine intelligence changes the economics of
variation when knowledge learned elsewhere helps
solve a new task with less engineering. For a vari-
able part, that capability includes estimating its po-
sition, choosing a grasp, adapting the movement
and checking the result. The important technical
question is which of those abilities transfer when
the part, presentation or machine changes.

From visual appearance to task state

Consider our hypothetical part. Naming it is one
achievement. Estimating its position, distinguish-
ing the intended surface from an obstruction, and
determining whether it can be lifted are different
achievements. Knowing that a grasp succeeded is
different again. A fluent description of the scene
might be impressive while leaving precisely the un-
certainty that matters to production unresolved.
“Understanding” should therefore describe a tested
capability, not an assumed human-like mental
state.

02 / From seeing to doing

For this task, ask what observation would change
the next decision. If two parts overlap, is the visible
edge sufficient to select a grasp, or should the
system seek another observation? If the object is
correctly identified but belongs to the wrong order,
more visual accuracy will not resolve the mismatch.
If a placement signal is missing, should the cell
repeat the action, investigate or stop? These are
distinct information problems. Treating all of them
as computer vision obscures which component
must improve and who must verify the result.

In a May 2024 MIT CSAIL talk, roboticist John
Leonard distinguished visually attractive scene re-
construction from geometry and prediction useful
for robot decisions.* That distinction helps specify
what a perception system must contribute to the
next movement.

The managerial consequence is direct: purchase a
capability against a decision requirement, not
against the attractiveness of its display. In our
example, the specification should say what uncer-
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tainty about the part must be resolved, within what
time, and what happens when it cannot be resolved.
A beautiful three-dimensional reconstruction might
help engineering understand the workspace. A

PERCEPTION + PROPOSAL

 sense ] Estimate ] ropose

Candidate
action

State +

> >
context

Observe

IEX 2026

simpler estimate might be enough for the next
movement. Neither should be judged by the other’s
purpose.

AUTHORITY + EXECUTION

>

Bounded
rights

Local
execution

Physical

work

Physical readback
Accepted result, abstention or recovery

Return evidence to context and reviewed change control

APPLICATION PROTECTION — SEPARATE FUNCTION
Application-defined signals — validated limit / stop; never a blind Al command

Figure 2. From observation to physical result. Observation, state estimation, planning, authorization, local control and

verification contribute distinct functions to the application.

The important shift: connecting
representations to action

Google DeepMind’s 2023 RT-2 work provides a
concrete example of the vision-language-action, or
VLA, approach. It combines visual and language
pretraining with robot data and represents robot
actions as model outputs. Camera images and in-
structions can consequently participate in selecting
physical actions, rather than ending with a written
description. Its reported experiments concern re-
search manipulation; they do not establish a
factory’s cycle time, useful uptime or economics.”

The distinction matters because language can
become an interface to a task, and prior visual
knowledge can become useful beyond a fixed list of
hand-coded descriptions. The hypothesis worth
testing is that a manufacturer could adapt to a new
part presentation or instruction with less bespoke
work. That would change the cost of flexibility, not

02 / From seeing to doing

abolish the need to engineer the application. A
model’s output still has to fit the machine, the
process and the permitted operating conditions.

A VLM, or vision-language model, connects image
and language representations. A VLA adds an ac-
tion-producing role.”

Those labels do not tell a buyer whether a system
chooses a high-level skill, predicts a short move-
ment sequence, or operates behind another
planner. Nor do they specify how fast the complete
loop responds. The purchasing question is not
“Does it have a VLA?” but “Which decision does the
model own, and what remains outside it?” A suppli-
er should be able to answer without replacing an ar-
chitectural explanation with a brand name.

There is no need to make modular engineering and
learned policies ideological opponents. In our illus-
trative task, one design could identify geometry,
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construct candidate grasps and pass an explicit
plan to a controller. Another could learn more of
the observation-to-action mapping. A third could
use a learned component only where variation
defeats the simpler approach. These are compari-
son options, not measured rankings. The right test
holds the task and acceptance condition constant,
then compares adaptation effort, useful output, re-
coverability and the evidence available when some-
thing fails.

Why learning promises more than another
programmed motion

Octo, published at Robotics: Science and Systems
in 2024, studied a generalist policy pretrained on
800,000 robot trajectories. In its six fine-tuning
setups, Table I reports an average success rate of
72%, compared with 20% for training from scratch
and 15% for the VC-1 representation baseline. Each
setup used approximately 100 target demonstra-
tions and 20 evaluation trials. The paper also
reports substantial degradation for novel behaviors
and limits its evaluated embodiments to single- and
dual-arm m.anipulators.6

This is a meaningful positive result: prior robot ex-
perience can provide a better starting point than
learning each tested task from scratch. It is not a
claim that the model arrives ready for arbitrary
work. The distinction between those statements is
commercially important. Reuse can be valuable
well before general autonomy exists. A buyer
should ask whether adaptation requires fewer
demonstrations, less engineering, shorter commis-
sioning, or less retraining after a change—and then
measure the claimed saving against an equally well-
supported conventional alternative.

02 / From seeing to doing
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Learning methods also answer different questions.

Learning from demonstrations asks which behavior
to reproduce from exalmples.6

Teleoperation can supply those examples through
human-directed robot actions.”

Reinforcement learning uses experience to improve
sequential decisions against a reward objective. The
trade-off includes immediate and later conse-
quences, exploration and generalization.8

For the comparison here, ask whether simulation
provides an appropriate place to study interaction,
without treating every virtual success as a physical
result. These are possible development routes, not
mandatory stages of one universal pipeline. A pur-
chase specification should identify which route is
actually used and where human effort remains.

NVIDIA’s December 2025 GRoOT N1.6 research
report describes added teleoperated data, task-spe-
cific post-training and experiments on several em-
bodiments. Its discussion explicitly notes continu-
ing difficulty with language following and out-
-of-distribution generalization. It also describes
sensitivity to the relationship between pretraining
and target-task distributions. These qualifications
come from the model’s developers, alongside their
reported improvements.7

These results support investment in reusable robot
capabilities. The commercially important experi-
ment is whether adaptation to the next permitted
task takes fewer demonstrations, fewer engineering
hours and less support while preserving quality.
Progress in that comparison can create value before
general-purpose autonomy is achieved.
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OFFLINE DEVELOPMENT LIVE INFERENCE - APPROVED VERSION

Modular example Modular application

Examples / engineered representations Observation — geometry — plan
— components + task validation — local control + readback

Learned-policy example Learned-policy application

Demonstrations + pretraining Observation + instruction — policy

—_—
— task adaptation + evaluation — local control + readback
Synthetic experience is optional input; Changes return to evaluation
validate transfer to the real task. and release approval.

CHANGE APPROVAL + PROTECTION
Training, adaptation and execution are separate; no implied uncontrolled online learning.

Figure 3. Two illustrative learning routes. Demonstrations, pretraining, adaptation and evaluation can connect through
different pipelines. Synthetic experience is an input to be validated, not a substitute for evidence on the real task.

Table 2. Different purposes, different purchasing questions

Purpose in the Question a buyer must resolve What would not establish it

proposed
comparison

Generate an Does variation preserve the features relevant Visual realism alone

environment to the test?

Predict action Are the predicted changes accurate within the A plausible next frame without outcome
consequences intended conditions? validation

Support planning in a Does the selected plan improve the accepted A persuasive verbal explanation
representation task result?

Model an operational Is the prediction credible for this decision and Synchronization or a three-dimensional
process current process? display alone

Authors' comparison framework, informed by the sources above.” 1% 1 Not a standard, exhaustive taxonomy or vendor
scorecard.

02 / From seeing to doing n
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Four different promises hidden inside “world
model”

[43

The phrase “world model” can conceal disagree-
ment about the problem itself. For procurement,
this report separates four purposes: generate envi-
ronments, predict what an action will change,
support planning in a compact representation, and
model a process for a specified operational deci-
sion. These purposes can coexist in one system.
They are not a ladder from weak to strong intelli-
gence, and none automatically supplies the others.

DeepMind’s August 2025 Genie 3 announcement
describes interactive generated environments,
while acknowledging limited direct action space,
imperfect geographic fidelity, multi-agent chal-
lenges and interaction lasting minutes rather than
extended hours. These are properties of the release
described at that date, not a statement about
current access or every subsequent model.”

Such generation could be useful for exploring envi-
ronmental variation. But our hypothetical plant
would still need to know whether the generated
variations preserve the relationships relevant to its
task. A scene that looks like a workstation does not
establish the correct contact behavior of a part, the
state of a clamp or the consequence of an interven-

IEX 2026

tion. The issue is not whether the image looks con-
vincing. It is whether the model is fit for the deci-
sion being tested.

In his March 2024 conversation with Lex Fridman,
Yann LeCun advocated prediction and planning in
abstract representation space.'® This approach em-
phasizes the compact state needed to evaluate
actions, offering a different design objective from
generating a visually detailed environment.

That disagreement is useful because it redirects the
discussion from the word “intelligence” to the com-
putation needed for a decision. Must a system
render the next image, predict a compact state,
search alternative actions, or estimate a queue? The
answer depends on the use. A scheduling model
may need credible processing and changeover as-
sumptions without rendering a photorealistic
factory. A manipulation model may need a reliable
account of geometry and contact without modeling
the whole production network.

Shao, Hightower and Schindel connect manufac-
turing-twin credibility to its intended use, verifica-
tion, validation and uncertainty assessment
throughout its lifecycle."’ The relevant question is
whether the model can support the particular deci-
sion being made.

ONE TASK: PICK A VARYING PART AND DELIVER AN ACCEPTED RESULT
Four purposes may coexist. These are not successive maturity levels or provider rankings.

1 GENERATE
L

Environments . .
2 PREDICT
Action consequences - D g .

In a representation

4 MODEL PROCESS
Operational decision I:I mm= I:I

Test: task-relevant variation
Not enough: visual realism

Test: outcome accuracy in scope
Not enough: a plausible next frame

Test: better accepted task result
Not enough: a verbal explanation

Test: decision-specific credibility
Not enough: a live 3D display

Authors’ typology: Genie 3 / LeCun / NIST twin-credibility manuscript.

lllustrative comparison of the information required by different model purposes.

Figure 4. Different world-model purposes. Generating an environment, predicting action consequences, supporting planning
in a representation and modeling an operational process require different tests. Visual realism alone does not establish decision

credibility.

02 / From seeing to doing
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Generalization has more than one boundary

The 2024 COLOSSEUM benchmark evaluates ma-
nipulation under 14 perturbation axes across 20
simulated tasks, including changes in lighting,
objects and camera conditions. Its reported degra-
dation demonstrates why performance close to the
training setup is not the whole evaluation problem.
Those experiments are not a measured failure rate
for American factories."”

For our part-handling task, distinguish a new posi-
tion from a new part, a new part from a new behav-
ior, and a new behavior from a new machine.
Moving a successful policy between sites adds
another question: what changes in tooling, calibra-
tion, local process and support? “Works on unseen
objects” cannot fill every one of those fields. Gener-
alization becomes commercially meaningful when
the supplier declares the dimension of change and
the buyer can test its relevance.

The strongest test should include ordinary varia-
tion, difficult but permitted conditions, and condi-
tions outside the authorized scope. The last group is
not an invitation to execute unsafe actions. It tests
whether the system recognizes that the case
belongs elsewhere and uses the defined escalation
or refusal path. Counting only completed normal
cycles can conceal the work shifted to operators.

OCTO: RSS 2024, TABLE |
Average success across six fine-tuning setups
0 25 50 75

Octo I
I 20%
Bl 5%

~100 target demonstrations per setup
20 evaluation trials per setup

From scratch

VC-1 baseline

IEX 2026

Counting every refusal as a failure can punish ap-
propriate restraint. The task log must distinguish
those outcomes before a headline success rate is
calculated.

This also changes the role of data. A demonstration
collection that covers successful movements may
not describe how the application behaves after a
dropped part, a changed order or an incomplete
restart. For our proposed evaluation, retain the
context needed to identify interventions and
version changes, not just a curated library of suc-
cesses. The purpose is not to collect everything in-
definitely. It is to make the performance claim re-
producible within approved data rights and a de-
clared operating window.

A useful test separates what was learned before in-
stallation from what was adapted for this task and
what, if anything, changes during operation. The
phrase “continual learning” should not collapse
those stages. A supplier may collect feedback con-
tinuously but release a changed policy only after
review; a system may adapt a parameter without re-
training its model; another may update its behavior
online. These are different propositions to investi-
gate, not capabilities inferred from a product label.
Specify which changes are permitted, how the con-
figuration is identified and which evidence must be
regenerated after a change.

COLOSSEUM: SIMULATION
Generalization under perturbation

100%

20 simulated
tasks

1 4 variation
axes

Robustness under variation
across the task environment.

DIFFERENT RESEARCH QUESTIONS AND PROTOCOLS

Task success and robustness are measured under the stated research conditions.

Figure 5. Research on reuse and robustness. Octo compares fine-tuning results across six setups. COLOSSEUM tests
variation across simulated manipulation tasks. Their different protocols are shown separately.

02 / From seeing to doing
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From a proposed action to an accepted result

In a June 2025 Siemens podcast, Maximilian
Metzner, a robotics practitioner at the Erlangen
factory, explained how variable part orientation can
lead to different robot motions. The publisher’s
transcript says, “with Al you also get a certain loss
of determinism.” His surrounding discussion con-
cerns planning, reach, clearance and brownfield
integration—not proof that all Al is stochastic or
that  conventional  automation  eliminates
uncertainty.'3

The practical requirement is to state what can vary
and what must remain constrained. In the analyti-
cal architecture used here, observation informs an
operational decision; an authorized command then
reaches basic control and actuation; physical read-
back establishes whether the result was achieved.
Protective functions sit alongside that operational
chain rather than depending on the same uncon-
strained inference. This is a reasoning framework,
not a certified design or a description of a DBR77
installation.

Return to the missing placement signal. Acknowl-
edgment that a command was received is not evi-
dence that the part was accepted. An instruction to
repeat may be wrong if the first placement hap-
pened but its signal was lost. A human approval
button is not sufficient if the person lacks the state
information or time required to intervene. Our
evaluation therefore asks who can resolve the un-
certainty, what evidence they receive, and what
state permits work to resume. The later risk chapter
develops these mechanisms; this chapter does not
prescribe an installation’s safety procedure.

Compute belongs in the same task-level account.
Compare total observation-to-decision delay, its
variation, connectivity dependencies and behavior
when a response is unavailable. A mean response
time does not establish that a particular deadline is

02 / From seeing to doing
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always met. Edge and remote execution are options
to evaluate against these requirements, not auto-
matic indicators of safety or superiority. A model
update changes the configuration under test; prior
results should not silently transfer to it.

The production test

A September 2026 Siemens/ARC podcast distin-
guishes established industrial machine learning
and vision from newer generative applications, and
discusses the difficulty of updating long-lived oper-
ational systems without losing confidence in their
operation. The conversation supplies a current in-
cumbent perspective, not an independently mea-
sured adoption rate or comparative plant
outcome. '

This distinction prevents two expensive errors:
treating every useful industrial AI application as
new, and treating every new model as a ready re-
placement for installed engineering. For the hypo-
thetical task, the next investigation should hold ac-
ceptance quality and task boundaries constant,
include the best fixture or conventional system, and
measure all attempts, interventions, recovery time
and changes in conditions. Technical progress
matters when it improves that comparison, includ-
ing the work required to adapt and maintain the
system.

The opportunity is larger than a better pick-and-
place demonstration. If adaptation becomes
cheaper and more reliable, some work currently too
variable to automate economically could become
accessible. That remains a conditional business
thesis, not a measured market forecast. Its test is
demanding but understandable: does reusable in-
telligence reduce the total burden of handling nec-
essary variation while delivering work the factory
can accept? That is the bridge from seeing to
doing—and from an impressive capability to some-
thing worth buying.
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03 / WHICH MACHINE, WHICH TASK?

Which machine, which task?

Flexibility is valuable only when it beats the best way to remove the variation

s p

Al-génerated conceptual illustration.

TASK ENVELOPE
Variation - reach / payload - rate - human proximity - travel - failure mode

Process redesign / no robot
Remove avoidable variation at source

Industrial arm / cell
Stable presentation; repeated high-rate work

Collaborative application
Bounded shared work; application risk assessment

AGV / AMR
Internal movement; traffic, handoffs and rescues

Humanoid / mobile manipulator
Mobility + reach + task reuse must justify burden

ONE COMMON COMPARISON
Accepted output - interventions - recovery - task-switch effort - lifecycle cost

Figure 6. Task first, machine second. Process redesign, industrial arms, collaborative applications, mobile transport and
humanoids enter the same task comparison. Each must answer for accepted output, interventions, recovery and lifecycle cost.

03 / Which machine, which task?
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The choice of machine follows the work: its rate, ge-
ometry, variation and expected changes. A fixture,
industrial arm, collaborative application, mobile
robot or humanoid can each be the economical
answer under different conditions. The comparison
should include the complete application and the
portfolio of tasks it will actually serve.

The most visible machine is rarely the whole appli-

IEX 2026

traffic management, software, recovery and human
work determine what the factory buys. A gener-
al-purpose body may preserve flexibility across
several tasks. A specialized system may turn one
operation into a faster and more inspectable cycle.
The fair contest is complete alternative against
complete alternative on the same accepted
work—and then across the changes the buyer actu-
ally expects.

cation. Tooling, presentation, sensing, guarding,

Table 3. Task-fit comparison

Alternative Strongest fit Burden that can erase Minimum pilot evidence

the advantage

New baseline, residual risk,
demand and change cost

Variation can be removed at
source

Process redesign /
no robot

May leave ergonomic or
labor constraint unresolved

Industrial arm / Stable, repeated, high-rate
dedicated cell work

Tooling, guarding and
changeover for high mix

Accepted output, cycle
distribution, availability,
recovery and full cell cost

Collaborative Bounded task where human Safe speed/payload limits, Mode-specific throughput,

application value remains nearby nuisance stops, interventions, restart burden
supervision and application validation
AGV / AMR Repeated internal transport Congestion, unstable Mission completion, blocked

time, rescue rate and
degraded behavior

handoffs, charging and
manual rescues

Humanoid / mobile
manipulator

Useful autonomous time,
accepted units, task-switch
cost and same-task
comparator

Multiple tasks need mobility,
reach and reuse of existing
space

Generality adds
integration, energy,
support and validation
burden

Authors' decision framework, not a vendor ranking or safety determination.

motion can occur inside a protected application. A
cobot changes the application possibilities by
making certain forms of proximity and shared work
easier to engineer, but “collaborative” is not a
blanket property of every speed, tool, payload and
mode. The complete application still needs a risk
assessment and validation.

Begin with the task envelope

Five questions narrow the choice before a brand
enters the conversation. How variable are the
object, location and sequence? What reach,
payload, precision and rate are required? Must
people share the workspace during motion? Does
the task require travel between stations? What
happens after the normal cycle fails? An AGV or AMR addresses movement rather than
dexterous work. It can be the right answer when
value comes from reliable internal transport, even
if it never grasps a component. Routes, pickup ge-
ometry, mixed traffic, blocked time, charging and
manual rescue become the important variables. A
humanoid or mobile manipulator combines reach,

An industrial arm is usually strongest when the
work is stable, the part can be presented consistent-
ly and the output justifies a designed cell. Its appar-
ent rigidity can be an advantage: constraints are
visible, cycle logic is inspectable and high-rate

03 / Which machine, which task?
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movement and reuse of human-oriented surround-
ings. That combination is strategically interesting
where several changing tasks share an environ-
ment. It is wasteful if one stable operation can be
solved with a fixture and an arm.

2025 activity

27 FEB 2026

IEX 2026

The no-robot option belongs in the same table. A
changed container, gravity feed, poka-yoke, im-
proved workstation or revised batch policy may
remove the uncertainty at lower lifecycle cost. “No
robot” does not mean “do nothing.” It means re-
design the process before paying a machine to
reason about avoidable disorder.

25 JUN 2026

Bounded Figure 02
sheet-metal task

>90,000 components

BMW reports prior
series-production pilot

Figure 03 sequencing
use case announced

~1,250 operating hours - supported >30,000 vehicles

Vehicle context # robot-built output; operating # autonomous hours

BMW: 10 months Adcock / Figure: 11 months

Customer account

Attributed retrospective

One evidence family - new announcement # new completed outcome

Interventions, autonomous duration, full cost and current fleet status: NOT DISCLOSED

Figure 7. BMW and Figure: operating record and next application. The company-reported 2025 task and June 2026
sequencing project represent different stages of one development relationship.

Emerging Physical Al applications

The emerging humanoid evidence is more substan-
tial than a collection of laboratory films, but it is
still uneven. The best records are useful precisely
because they expose both progress and missing de-
nominators.

BMW reported that Figure 02 handled more than
90,000 sheet-metal components in about 1,250 op-
erating hours during a ten-month 2025 Spartan-
burg deployment. The release situated this work
within production of more than 30,000 vehicles; it
did not say the robot built those vehicles or disclose
autonomous duration. In June 2026 BMW an-

03 / Which machine, which task?

nounced a Figure 03 logistics-sequencing project.
BMW again said ten months; Figure CEO Brett
Adcock said eleven.'> 1

The Spartanburg record demonstrates sustained
work on a defined task in series production. The
next commercial questions concern assistance, ap-
plication cost and transfer to another task. Those
fields would turn an operating record into a compa-
rable business case. The June sequencing project
extends the development agenda to a different use.

Mercedes-Benz’'s March 2025 Berlin Digital
Factory Campus page described Apollo data collec-
tion in production environments, without assigning
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all of that work specifically to Berlin. Employees
transferred knowledge through teleoperation and
augmented reality. The page framed autonomous
operation as the next development step and named
intralogistics and initial component checks. It sup-
plied no operating-period, intervention, accept-
ed-output or cost denominator."”

The Apollo program makes the learning pipeline
visible: employees, tools and process knowledge
contribute to capability. A buyer can use that
example to ask how much data collection repeats at
each task and which portion becomes reusable.

GXO’s June 2024 investor release said that a proof
of concept with Agility Robotics' Digit progressed to
a multi-year robotics-as-a-service agreement for a
live SPANX warehouse. The release identifies a
commercial relationship and an operating setting,
but not contracted robot count, useful hours, inter-
vention burden, service-level economics or a
conveyor/AMR comparator.18

A multi-year service agreement adds a commercial
milestone to the technical demonstration. Its rele-
vance is strongest for warehouse and intralogistics
handling. Comparing it with machining or assem-
bly requires a separate account of task geometry,
quality, cycle requirements and support.

Operating comparators: transport, arms and
cobots

The following cases are established automation
comparators. They show the operating results a
new Physical Al application may need to match.
They are not counted as learning-based physical
action where the source does not identify such a
mechanism.

A 2024 BMW plant release reported nearly 50
tugger trains and more than 140 Smart Transport
Robots completing roughly 10,000 trips each
workday in Regensburg under cloud traffic control.

03 / Which machine, which task?
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It did not disclose mission success, blocked time,
rescues, network-loss behavior, cost or attribution
of the result to the cloud layer."?

The example matters because plant-level intelli-
gence may appear first as coordination of special-
ized machines. If the task is moving known loads
between known points, fleet orchestration can be
the stronger operating-layer test. A humanoid
should not receive credit for flexibility that the use
case does not need.

Industrial arms and cobots supply the other base-
line. They are not old technology to be dismissed;
they are the alternatives a new system must beat.

Universal Robots' RCM Industries story describes
two UR1oe cells, each tending two dual-spindle
lathes. A named RCM director reports an immedi-
ate throughput increase of about 15%; the page
reports payback in just under a year. It does not
state the measurement window, accepted-output
denominator, intervention count, downtime, com-
plete cost perimeter or independent financial
verification.”®

FANUC America’s Closure Systems International
case reports reaching the customer’s 97.5% OEE
goal and a 25% output increase after six months,
described by the supplier as approximately 30
million additional units per month.>" The account
demonstrates why established material-handling
automation is a serious comparator. A plant evalu-
ating a similar project would still need its own cost
and operating record.

These supplier-hosted cases cannot settle the eco-
nomics, but they sharpen the comparison. A flexi-
ble machine does not compete against a bare robot
price. It competes against established cells, integra-
tors and process knowledge that may already
deliver high accepted output. Conversely, a dedicat-
ed cell should not be credited with flexibility it has
not demonstrated when parts, locations or tasks
change.
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Table 4. What may be concluded from the cases

Case family Strongest public evidence

IEX 2026

Claim that remains out of bounds

BMW / Figure Bounded series-production task and reported
operating activity; later use case announced

Mercedes / Apollo Real production environment used for data
collection and task development

GXO / Digit Named live-warehouse progression and
commercial agreement

BMW logistics Operating specialized transport fleet at plant
scale
RCM cobots Repeated machine-tending cells and

customer-reported improvement

CSl industrial cells Six-month company-reported production
result

PUBLIC CASE FAMILIES

Humanoid-built vehicles, ROI, safety
certification or multisite superiority

Autonomous production result or deployment
economics

Paid productive denominator, manufacturing
transfer or low service burden

Al attribution, mission reliability or superior
economics

Independently audited payback or low
intervention burden

Independent causality, full TCO or safety
performance

NEXT PLANT

Automotive production _
BMW / Mercedes pammel TRANSFER FILTER — High-volume line

Task boundary
Volume + mix
Layout + labor
Installed controls
Support + recovery
Sellable demand

Warehouse logistics
GXO / Digit -

Machining / handling
RCM/CSI -

—» SME / high-mix

—— Logistics operation

TRANSFER MUST BE TESTED

European cases and warehouse comparators do not estimate U.S. manufacturing prevalence.

Figure 8. Transferring a result to the next plant. Task, production mix, layout, workforce and support determine whether an

operating result is relevant to the next plant.

The price of generality operate in space designed for people. A common

Generality has at least four sources of value. One
machine may perform several tasks. A task may
change without rebuilding the cell. A system may

learning or support layer may improve across de-
ployments. None of those values is automatic. Each
has a cost: slower cycle, more complex perception,

data collection, supervision, update validation,

03 / Which machine, which task?
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energy, maintenance, remote support or a wider
failure surface.

Consider an explicitly hypothetical plant with three
low-volume jobs that share a work area but not a
stable presentation: feeding a machine during one
product run, moving containers during changeover,
and sorting returned material when the line is idle.
A dedicated arm and fixture win the first job’s
nominal cycle. They may still lose the portfolio de-
cision if each product change requires new tooling,
engineering access and lost production while a
more general mobile manipulator can switch
among all three with less total rework. That does
not make the general machine the production
winner. It makes it worthy of a bounded pilot
whose measured object is task reuse: accepted work
across the portfolio, changeover time, interven-
tions, recovery and support.

Now change the portfolio conditions. Demand for
the first job becomes stable and high, the other two
jobs occur rarely, and a redesigned container
removes most presentation variation. The reuse
benefit is largely idle. The dedicated arm and
fixture regain the advantage; if the container
change removes the bottleneck entirely, process re-
design or no robot can win instead. The reversal
comes from the same task boundary and portfolio,

Choose the next justified machine

The positive case for Physical Al is strong where
necessary variation is expensive and reusable per-
ception, planning or manipulation lowers the cost
of handling it. The critical case is equally strong: a

03 / Which machine, which task?
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not from a preference for or against a humanoid
shape.

The right unit of comparison is therefore a task
portfolio over time. A humanoid can lose today’s
single-task contest and still win if it switches among
valuable tasks with low incremental engineering.
An arm can dominate if the portfolio is stable and
volume is high. A cobot can win where proximity
preserves skilled human work. An AMR can win by
removing walking and waiting without pretending
to solve manipulation. Process redesign can win by
deleting the problem.

This creates a disciplined pilot. Define the accepted
unit. Record every attempt, refusal, assist, fault and
recovery. Separate useful autonomous time from
powered-on time. Price tooling, integration, valida-
tion, supervision, support and lost production.
State the demand condition: capacity has no cash
value if there is nothing profitable to produce. Then
repeat the test after a meaningful change of part,
task or site.

The strongest next evidence would connect operat-
ing output to intervention, support and full applica-
tion cost at a second site. That would establish
which gains are repeatable and which depend on
the conditions of the first installation.

factory can buy generality it does not use, then pay
again for exceptions. The decision is not whether
humanoids are real. It is whether a particular em-
bodiment and operating model beat the best alter-
native for a declared portfolio of work.
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04 / AMERICAN FACTORY REALITY
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American factory reality

American demand for automation combines an installed robot base, uneven plant
readiness and pressure to make domestic production more competitive.

American manufacturing is not one operating envi-
ronment. A high-volume automotive line, a region-
al metal fabricator, a contract manufacturer chang-
ing products every week and a food plant with sea-
sonal demand can all buy a robot while buying very
different economics. The transfer question is there-

FOUR MEASURES. FOUR DIFFERENT QUESTIONS.

fore not whether a technology has worked “in man-
ufacturing.” It is whether the task boundary, varia-
tion, volume, skills, installed controls and recovery
burden resemble the conditions in which the result
was obtained.

Context for investment—not a Physical Al adoption index.

307

industrial robots per 10,000
manufacturing employees
IFR - 2024

522,000

manufacturing job openings
4.0% openings rate - SA - preliminary
BLS JOLTS - August 2026

17.7%

Al use among private
employer firms, firm-weighted
Census BTOS - Nov 2025-Jan 2026

75.9%

manufacturing capacity utilization
seasonally adjusted - preliminary
Federal Reserve - September 2026

Different populations, denominators and reference periods; detailed definitions in Table 5.

Figure 9. U.S. manufacturing context. Different populations, units and reference periods: IFR robot density in 2024, Census
firm-weighted Al use in November 2025-January 2026, BLS manufacturing openings in August 2026 and Federal Reserve
utilization in September 2026. Census Table 1 is the basis for Al use; BLS and Fed observations are preliminary.

Four measures that must remain separate

The United States has strong statistics about
robots, business use of Al, vacancies and industrial
activity. None directly counts factories operating
Physical Al

The International Federation of Robotics reported
307 operational industrial robots per 10,000 man-
ufacturing employees in the United States in
2024.%” This substantial installed base creates both
an adoption route and a demanding comparator for
new capabilities. The measure relates robot stock to

04 / American factory reality

employment; it does not count factories using
Physical AL

Table 1 of the Census-hosted BTOS working paper
reports firm-weighted AI use of 17.7% among
private non-agricultural employer firms for the No-
vember 2025-January 2026 reference period.”
This captures self-reported use across business
functions in the prior two weeks. It offers context
for business diffusion, while plant-floor use re-
quires a more specific measure. The question
broadened in November 2025, creating a break
with the earlier series.
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BLS recorded 522,000 manufacturing job open-
ings, a 4.0% rate, for August 2026; both figures
were preliminary and seasonally adjusted.”* An
opening is an unfilled position on the last business
day. It does not reveal vacancy duration, occupa-
tion, local skill supply or whether automation is the
economical remedy.

Federal Reserve G.17 data placed manufacturing
capacity utilization at 75.9% in September 2026,
below the 78.2% average for 1972—2025; the Sep-

Table 5. What the U.S. measures count

Measure Counted object

Robot density Operational industrial robots
relative to manufacturing
employment

BTOS Al use Employer firms self-reporting

Al use; Table 1, November
2025-January 2026

JOLTS openings Unfilled positions at

month-end

G.17 utilization Output relative to estimated

capacity

Reshoring changes the investment
calculation

Domestic manufacturing competitiveness depends
on more than the cost of a repetitive movement.
Proximity to engineering and customers, sup-
ply-chain resilience, freight, duties and production
quality can all change a location decision. NIST’s
2025 U.S. manufacturing economy report, pub-
lished in February 2026, brings these factors to-
gether in its discussion of reshoring.26 Physical AI
is relevant where better adaptation helps a domes-
tic operation handle changing products or deliver
reliable output with the people and equipment
available.

Trade and industrial policy can alter the business
case from both sides. Duties can make imported
goods less competitive while also raising the cost of

04 / American factory reality

Useful question

How robot stock relates to
the workforce denominator

Breadth across business
functions under the stated
questionnaire

Current hiring context

Aggregate manufacturing
cycle available capacity

IEX 2026

tember observation was preliminary.>® This is
macroeconomic context, not evidence that AI
created output, that every plant has spare capacity
or that additional automated capacity will find
demand.

These measures answer different questions with
different units. Combining them into one up-
ward-sloping chart would create a story the data do
not contain. Installation flows add context but still
count units rather than plants or AI capabilities.

Invalid inference

Share of factories using
Physical Al

Plant-floor or embodied-Al
penetration

Structural skills shortage or
automation ROI

Al productivity or site-level

imported equipment and components. Incentives
can reduce initial investment while leaving service,
skills and production costs unchanged. A buyer
should therefore test equipment cost, input cost,
usable demand and support as separate scenarios.
An announced investment commitment should not
enter the demand forecast as an accepted customer
order.

In January 2026, the U.S. Department of Com-
merce announced a Taiwan trade-and-investment
framework aimed at expanding domestic semicon-
ductor and related industrial capacity.®” Such sec-
tor-specific policy illustrates the environment in
which automation investment is being considered.
It does not establish that a particular robot, model
or factory project will earn an adequate return.
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Adoption also depends on local
implementation capacity

Small and medium-sized manufacturers often need
help selecting and integrating technology before
they mneed a  broader Al  platform.
Manufacturing.gov’s July 2026 announcement of a
funding opportunity for 14 MEP centers explicitly
connects U.S. industrial competitiveness with
support for smaller manufacturers adopting ad-
vanced technologies.28 The practical route can
include an external assessment, equipment trial
and integrator-supported application. Public
support helps develop a proposal; operations must
still establish its production result and the work
needed to maintain it.

The national market consequently contains differ-
ent buying problems: brownfield integration, pro-
duct-mix flexibility, high-rate bottlenecks and re-
gional service capacity. A supplier that can support
a local plant through its next change has a different
offer from one that can deliver a model demonstra-
tion remotely. This distinction should shape pro-
curement and the location of field-service invest-
ment.

The same machine meets three different
factories

For a high-mix SME, engineering attention may be
the binding constraint: every interface, recipe and
recovery path consumes scarce technical time. In
high-volume production, a small gain can com-
pound across many cycles, while an interruption
propagates through constrained operations.
Brownfield plants add fragmented operating
knowledge across controllers, instructions and ex-
perienced people. The application must identify au-
thoritative sources, resolve disagreement and
maintain those mappings when equipment or
recipes change. These differences change both the

04 / American factory reality
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first investment and the support a supplier must
provide.

RoviSys industrial-AI director Bryan DeBois de-
scribes an integration stack spanning controls, net-
works, MES and AI in a U.S. Manufacturing Today
conversation, drawing attention to the manual and
operator-dependent conditions encountered in
plants.”® This practitioner perspective helps frame
the integration work that a supplier must scope
before promising an operating result.

The priority is to identify where scarce engineering
attention and sellable bottleneck capacity justify
flexibility—not to automate because a national indi-
cator moved.

Consider two hypothetical plants. A high-mix metal
SME has one controls engineer, frequent
changeovers and uncertain demand. Its next step is
a two-week baseline of setup, intervention and ac-
cepted output for one cell, followed by a
fixture/process option and an integrator-scoped
test. It should not begin with plant-wide orchestra-
tion: the pilot must reduce the work required for
the next product family.

A high-volume plant has stable demand and one
constrained inspection-to-assembly handoff. Its
next step is different: quantify lost accepted output
at that bottleneck, then compare an extension of
the existing execution/control workflow with a
shadow coordination test. If both produce the same
decision and recovery burden, retain the incumbent
path. If cross-station state resolves a measured con-
straint that local logic cannot, proceed to a bounded
operational pilot. National utilization does not
supply either plant’s demand assumption.

Transferability means matching process boundary,
task mix, variation, demand, controls, competence,
protection, service and recovery. An unknown field
is a reason to narrow the test or wait, not automatic
rejection.
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A machine stops.
Now know why.

Connect machine signals, operator explanations and alerts
to act on production losses during the shift.

MACHINE MEASURE
States & cycles OEE & loss visibility

OPERATOR NOTIFY

Reasons & context Alerts & escalation

SENSOR RESPOND
o

Physical signals Tasks on the floor

SIGNAL TO ACTION / CONCEPTUAL DATA FLOW

Hardware + software. One connected stack.

Capture data from legacy and connected equipment. Add downtime reasons at the workstation. Bring
status, alerts and tasks to tablet and mobile views.

Start with a defined loss and a scoped pilot on selected workstations or a line.
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05/ FROM DECISION TO OPERATION
From decision to operation
Shared operational context connects machine capability with plant performance.
Al-generated conceptual Digital Twin illustration of a fictional factory—not a customer facility or software screenshot.
SHARED INSPECTION: THREE HYPOTHETICAL SCHEDULES
Non-interruptible runs: A = 8 min; B = 2 min. B must finish by minute 4.
0 2 4 6 8 10min
AFIRST
B finishes at 10: expiry missed .
DELAY THEN B
B finishes at 5: expiry missed :
B FIRST B A

B finishes at 2, then A at 10
If B takes 5 minutes, no sequence meets expiry at 4. Do not invent feasibility.
The 3-minute energy delay is a preference. Equal information and authority; no measured uplift.

Worked example A. Three hypothetical sequences share one inspection resource. B expiry is binding; the energy delay is a
preference. The incumbent rule can already choose B-first.

A recommendation, a machine movement and an
execution record can disagree. Plant intelligence
must reconcile authoritative state, permission to
act and the physical result, rather than treating any
one of those partial truths as completion.

An “operating layer” is one possible answer, not the
default answer. It earns a place only if it improves a
defined decision across heterogeneous equipment
more effectively than extending the installed stack.

05 / From decision to operation

The alternative might be an incumbent automation
suite, an OEM-controlled stack, an integrator-led
federation, a captive system built by the operator,
or a new independent layer. The report compares
these routes on responsibility, not architectural
fashion.
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From autonomous machines to an
autonomous plant

More capable machines do not automatically create
a coherent production system. A robot can improve
its own cycle while starving the next operation. An
AMR can choose the fastest route while occupying
space needed for a changeover. A maintenance
model can recommend stopping an asset at the
same moment a planner has committed its output
to an urgent order. Each decision can be locally ra-
tional and the plant result can still deteriorate.

Consider a hypothetical conflict. Two cells need the
same inspection resource. Cell A releases a large
batch because its local queue is short. Cell B holds a
smaller urgent order whose material expires if in-
spection is delayed. An energy optimizer also plans
to defer the inspection station’s next run. No single
machine has made an obviously irrational choice;
the objectives, time horizons and shared constraint
were never reconciled. The plant needs a common
account of state, intent and consequence—not nec-
essarily one central controller.

SHARED CONTEXT. LOCAL EXECUTION.

IEX 2026

Make the conflict concrete with hypothetical
minutes, not operating data. Inspection is available
now; A needs eight minutes, B two, and B must
finish within four. Runs cannot be interrupted. The
proposed energy delay is three minutes and is a cost
preference, not a hard constraint. A-first finishes B
at minute 10; energy-delay-then-B finishes it at 5.
Both miss expiry. B-first finishes at 2, then A at 10.
An existing APS or reservation rule can select
B-first without learning. The new loop gains
nothing by selecting the same feasible sequence at
equal burden. Now suppose vision suggests a
changed part condition makes B take five minutes.
Give both routes that same estimate and a
supervisor’s staffing restriction. Neither may invent
a feasible sequence or override the restriction. If
the estimate is unvalidated, operations and quality
own a shadow timing test; execution stays with the
approved baseline or stops if that baseline is
invalid. Compare accepted orders before expiry and
total exception work, not prediction plausibility.
Stale state or missing authority blocks both routes.
This tests incremental information, not a measured
Plant Operation System gain.

Logical functions—not one model, controller or universal time scale.

01/ OBSERVE

Sensors + vision
Process events + state

LEARNING + SIMULATION

Offline experience, synthetic data,
validation and approved versions

02 / RECONCILE + DECIDE

Shared process meaning
Objectives, constraints, alternatives

HUMAN KNOWLEDGE + AUTHORITY

Intent, competence, permissions,
review and abstention

03 / EXECUTE + VERIFY

smmmdl L ocal controllers
Verify the physical result

APPLICATION PROTECTION

Separate site-defined functions;
validated limits or stop

Verified results and exceptions update the shared context.

Figure 10. Shared context, local execution. Observation, decision context and local execution remain distinct. Learning,
human authority and application protection constrain the process; verified results return to the shared context. Table 6 compares

competing architectures.

Our hypothesis is that plant-level intelligence
should connect process learning, simulation and
human operational knowledge, then learn from the
observed consequences of authorized decisions.

05 / From decision to operation

Human knowledge includes practical experience,
availability, workload and the reasons behind oper-
ating constraints. Capturing that knowledge is as
important as collecting machine signals.
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The loop is functional rather than monolithic. It ob-
serves machine, order and human-provided
context; learns models within declared data and
uncertainty bounds; simulates alternatives; calls an
action “optimal” only relative to an explicit objec-
tive, model, constraints and conditions; delegates
only authorized decisions; and records physical
readback before expanding autonomy. It does not
claim a globally best answer while hiding uncer-
tainty or conflicting interests. Synthetic data may
support a selected training or test task, but simula-
tion credibility and transfer to real operation
require separate gates. Feedback does not imply
uncontrolled online retraining.

“One context” does not mean one model or comput-
er. Training can occur offline, inference near the
machine, and plant planning on a longer horizon.

Table 6. Competing routes to plant coordination

Architecture

Natural advantage

Principal risk

IEX 2026

Basic control and functionally parallel protection
remain local to their requirements. Marketplace ac-
tivity can help procure and compare capabilities,
but it is an ecosystem function, not a runtime con-
troller.

DBR77 is building toward this vision of an
autonomous Plant Operation System. It
brings together perception and industrial data,
process learning, Digital Twin simulation, synthetic
data and operational knowledge supplied by
people. The intended benefit is better coordination
across heterogeneous assets and changes in pro-
duction. The development test is improvement in
order performance, quality-approved output or ex-
ception cost after integration and support are in-
cluded.

Proof that should decide

Installed base, semantics,
service and controls access

Incumbent suite
extension

OEM-controlled
stack

Tight endpoint integration and
warranty boundary

Integrator-led
federation

Brownfield adaptation and
vendor choice

Captive operator
platform

Proprietary process data and
operating discipline

Cross-asset context and
potential reusable
orchestration

Independent
operating layer

Lock-in or incomplete
cross-vendor view

Portability and cross-plant
neutrality

Bespoke knowledge and
recurring project cost

Weak transfer outside
owner network

New dependency, data
access and responsibility

gap

Same-decision improvement
and extension cost

Accepted task result, interface
rights and exit path

Falling effort on second and
third deployment

Comparable result in a
materially different site

Incremental outcome over
installed stack, recovery and
lifecycle economics

Authors' competitive architecture framework. One supplier can provide several boxes; functional boundaries do not require

separate vendors.

Five credible architectures

The incumbent suite begins with installed con-
trollers, engineering tools, MES/MOM and service
relationships. Its advantage is access: plant seman-
tics, lifecycle support and change procedures may
already exist. Its weakness is that cross-vendor
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context and new decision loops can remain frag-
mented.

An OEM-controlled stack binds intelligence closely
to the robot or machine. It can simplify responsibil-
ity for motion, warranty and updates. It can also
constrain portability and make plant-wide coordi-
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nation subordinate to an endpoint vendor’s inter-
faces.

An integrator-led federation joins existing systems
around a use case. It respects brownfield reality
and can combine best-of-breed components. The
danger is that crucial knowledge remains in project
work, scripts and individuals rather than a repeat-
able product.

A captive operator platform is built around one
company’s process and scale. It can exploit propri-
etary data and operating discipline. Its evidence

CREDIBILITY BELONGS TO A DECISION

IEX 2026

may be powerful internally but difficult to transfer
to an SME or a plant with different equipment and
support capacity.

An independent operating layer seeks to maintain
context and coordinate decisions across endpoints.
Its promise is neutrality and reuse. Its burden is
severe: it must obtain trustworthy data, integrate
without destabilizing local control, define authori-
ty, survive platform loss and show that the incre-
mental decision is worth another lifecycle depen-
dency.

Purpose-specific verification and validation—not visual realism alone.

INTENDED DECISION

Declared purpose
and acceptance

STATE + MODEL

=* Freshness, version
and calibration

INVALIDATE / REVIEW

> Validation domain

UNCERTAINTY ALLOWED USE

—> Bounded authority

and consequence and physical readback

Changed state, process or consequence:

human / site review or a simpler validated baseline.

Local control and application protection remain separate functions.

Synthetic training input is not a calibrated plant forecast. Framework informed by Shao et al.
Figure 11. Digital Twin credibility. A model’s credibility belongs to its intended use. Data quality, model validity, uncertainty

and change determine the decisions it can support.

What a twin is credible for

A digital twin can support several different jobs: en-
gineering visualization, virtual commissioning,
state estimation, scenario analysis, maintenance or
operational recommendation. A model credible for
one is not automatically credible for another. A
three-dimensional display may help people inspect
layout. It does not by itself predict queue behavior,
contact physics or the consequence of a changed
recipe.

Shao, Hightower and Schindel’s manufactur-
ing-twin framework treats credibility as an assess-
ment tied to intended use and maintained through
the model’s lifecycle. It includes data, implementa-
tion, operational validity and uncertainty in the re-
sulting decision.""

That boundary turns “live” into a testable claim.
Which signals are connected? How fresh are they?
Does the model converge with authoritative physi-
cal readback after change? What uncertainty
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reaches the decision? Which event invalidates the
model? A twin can be synchronized and still be
wrong for the use that matters.

For a scheduling decision, a simpler queue model
may beat a detailed twin. For a collision-sensitive
manipulation study, task-relevant geometry and
dynamics may matter more than visual fidelity. For
maintenance, the model must distinguish a useful
warning from an alert burden that operators learn
to ignore. The correct baseline is the least complex
representation that changes the decision reliably.

A worked trace without an omnipotent model

Return to B’s inspection reservation. Cameras, PLC
tags and the supervisor’s declared restriction
supply different inputs; order expiry and equip-
ment mode constrain the same choice. A service
reconciles their timestamps and provenance before
recommending B-first, hold or escalation. The rec-
ommendation has no physical authority by itself.
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The operational route is: observation, state esti-
mate, context reconciliation, recommendation, au-
thority decision, bounded command, basic control,
actuation, physical readback and acceptance or re-
covery. Each transition can fail differently. A stale
tag can corrupt context. A plausible recommenda-
tion can violate the current mode. A valid command
can execute while the expected part is absent. A
command acknowledgement can arrive even
though the process result is unacceptable.

The protection route is functionally parallel. It ob-
serves the safety-relevant signals established by the
application and can limit or stop hazardous motion
regardless of the Al recommendation. It does not
blindly execute model instructions, and the AI
cannot certify, suppress or reset it. “Independent”
describes the degree of functional independence
and common-cause control required by the validat-
ed application; it does not require that every func-
tion come from a different vendor or physical box.

The human role must be equally specific. Approval
is meaningful only if the person has the informa-
tion, competence, authority and time to act. A su-
pervisor can reasonably review a reversible sched-
uling choice over minutes. The same interface is not
a safety case for fast hazardous motion. When the
model abstains, the system must identify who re-
ceives the case and what the plant does while
waiting.

Readback asks whether B passed inspection before
expiry and A’s subsequent work was accepted, not
whether software sent a reservation. Observed du-
ration and the operator’s explanation of the
changed condition become evidence for a reviewed
model update, not automatic retraining. If excep-
tions require repeated manual verification, better
planning may still fail to reduce total work.

When the incumbent is enough

A new layer is unnecessary when the installed con-
troller, MES, WMS or APS already has the required
state, authority and readback at acceptable lifecycle
cost. It is also unnecessary when a local determinis-
tic rule resolves the decision, or when the variabili-
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ty can be removed upstream. Architectural elegance
is not a business benefit.

The case for a new layer strengthens when several
heterogeneous systems must share context, the
same decision pattern recurs, interfaces are main-
tainable, and the improvement survives the cost of
integration and exception handling. It strengthens
further when local operation remains valid after
platform loss, versions are traceable and the cus-
tomer retains an exit path.

It weakens when the platform needs uncontrolled
endpoint access, duplicates records, creates com-
mon-mode failure, or hides human service behind
“autonomy.” Vendor count is not the principle;
bounded authority and accountable operation are.

In a September 2026 Siemens/ARC conversation,
Rainer Brehm described the installed-base instinct
as “never change a running system,” then explained
the role of testing and virtual validation in making
updates credible.'# This captures a practical adop-
tion problem: the value of a change must exceed
both its implementation cost and the risk of dis-
rupting dependable work.

For DBR77, the priority is to demonstrate that
shared context can be reused across recurring deci-
sions. A credible operating product combines that
reuse with maintainable interfaces, a clear division
of responsibility and a measurable plant result.

The deployment contract

Before a pilot, management should require a
compact operating contract: the decision, affected
equipment, maximum authority, authoritative
inputs, abstention behavior, independent protec-
tion, readback, reset and restart roles, degraded
baseline, change control, economic owner and the
stop/continue/expand rule. Exact thresholds
belong to the site and remain unknown until ap-
proved.

This contract reveals whether the product is a rec-
ommendation tool, a bounded execution system or
a claim with no owner. If the plant cannot authorize
or verify the action, the missing integration is the
product.
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The economics of exceptions

When flexibility pays — and when a simpler process should win

The normal cycle is the easiest part of an automa-
tion proposal to sell. A part moves, a task com-
pletes, a dashboard records success. The economic
question begins with everything outside that se-
quence: the parts the system declines, the assis-
tance it needs, the time required to restore work,
and the capacity the business can actually sell.
Physical AT may reduce the cost of handling varia-
tion. It can also move that cost from a fixture into
integration, data preparation, supervision and
support. The investment case must identify which
of those things has happened.

Comparing alternatives makes uncertainty man-
ageable. A manufacturer can rationally choose a
new Al capability, a conventional cell, an extension
of its existing system or a process change. A useful
proposal identifies the conditions under which each
would be preferred and the missing measurement
worth obtaining before commitment.

What the public cases can tell us

NIST MEP’s July 2024 account of AMG Industries
in Ohio describes a loaned cobot tested on a repeti-
tive exhaust-tip task. It reports output increasing
from 200 to 276 parts per hour, followed by pur-
chase of a robot. This is a positive
program/customer account, not an independent
lifecycle-cost audit. It does not establish the contri-
bution of AI inference, nor provide a complete in-
tervention and recovery denominator.>°

The MEP account of Michigan job shop JCGibbons,
published in October 2022 and updated in June
2023, likewise describes assessment, a loaned
cobot and integration support before the company’s
purchase. Its relevance is the path to an informed
acquisition, not proof of today’s generalist Al eco-
nomics. The public story does not supply a com-
plete comparable cost and operating record.>'
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These cases make a useful counterpoint to a tech-
nology-first pitch. The route into automation can
include a bounded task, borrowed equipment and
external expertise. But support is an input, not
magic. A real comparison must establish who paid
for that work, what remains after the trial and what
another factory would have to reproduce. A positive
account can justify investigation without filling the
missing fields of the buyer’s own business case.
Neither story supplies a category-wide return on
Physical Al

Brian Weinstein of Connecticut manufacturer
Chapco describes automated sheet loading, unload-
ing and sorting alongside experimentation with Al
in ManufactureCT’s publisher transcript. Skilled
setup and programming remain part of that operat-
ing model.®* His account illustrates how automa-
tion can release human attention for work that still
requires experience.

Removing repetitive handling and releasing skilled
time can be valuable without eliminating a job. For
the business case, establish the actual disposition of
that time: more saleable work, avoided overtime, a
vacancy not filled, or simply unused capacity. Do
not claim the full wage bill as cash saved when
payroll does not change. Benefits to ergonomics or
resilience deserve explicit evaluation, but a conve-
nient monetary number should not be invented to
make an incomplete return look positive.

One task, four credible choices

Return to the hypothetical task of presenting a part
despite variable position. We compare the current
process, a fixture or local process improvement, an
extension of installed workflow/control with an in-
tegrator, and a new local AI policy package. This
last option is not a plant-wide operating system.
Faster manipulation cannot establish the value of a
separate coordination layer.
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The calculation below is deliberately synthetic. H is
1,000 normalized time units per planning period.
An attempt is one logged execution opportunity
within the agreed task boundary. q is the fraction of
all attempts delivering an accepted result, fixed at
0.95; e is the fraction of that same population re-

G =Hq/ (c + er).

This approximation treats average cycle and recov-
ery times as stable, with no overlapping recovery. It
is not a finite-window stochastic simulation. Corre-
lated failures, queues, changeovers and rare long

Table 7. Assumed configurations and incremental costs

IEX 2026

quiring recovery. Failed, aborted and refused at-
tempts remain in the denominator. ¢ covers time
per attempt excluding separately counted recovery;
r is additional time per recovery event. A simple
planning estimate of accepted output is:

outages require a richer model. Recovery time con-
sumes capacity here; its separate labor or service
expense belongs in operating cost, without count-
ing the same financial loss twice.

OO0: current process 1.00 0
O1: fixture/local 0.90 0.01
improvement

02: incumbent + integrator 0.85 0.02
O3: new local Al package 0.80 0.01

950.00 0 0 0
1043.96 40 15 4
1067.42 70 20 6
1144.58 100 40 10

Authors' synthetic assumptions. K: initial cost; C: recurring cost; X: exit cost. Costs are normalized value units, not dollars. OO0 is
an incremental baseline, not free production. Different c/e/r are hypotheses about configurations, not measured effects of

software architecture.

K includes setup, integration, ramp, validation and
training; C includes incremental supervision,
support, compute, maintenance and other recur-
ring expense; X covers exit. They must be itemized
without overlap in a real proposal. Contribution per
additional accepted unit, m, is normalized to one
after unit-variable costs; those same costs must not
reappear in C. No additional saving from the same
labor hours is added to this example.

Turning capacity into economic value

The demand limit is the number of additional units
the business can use or sell beyond its current
output. The benefit is the contribution from the
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smaller of that demand and the capacity gain. Re-
curring support and supervision costs are then de-
ducted, followed by initial and exit costs over the
three-period illustration. A reduction below base-
line is counted as lost contribution. The equations
and input definitions appear in the technical note
after the main chapters.

There is no discounting, tax, financing or residual
value here: V is not NPV. The purpose is to trace
one common choice from technical assumptions
through usable output to cash. A real investment
model needs period-specific ramp, demand,
working capital and the company’s finance assump-
tions. Normalizing units avoids inventing prices; it
does not make unknown commercial inputs known.
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Table 8. The same choices under different demand limits

Additional : : : : Conditional economic winner

demand D

0 0.00 -89.00 -136.00 -230.00 00
40 0.00 31.00 -16.00 -110.00 O1
120 0.00 192.87 216.25 130.00 02
220 0.00 192.87 216.25 353.73 03, subject to its assumptions

Authors' calculation from Table 7, before rounding intermediate output. The same task, quality, demand cap and horizon apply to
every option. This is not a recommendation to purchase or operate equipment.

Read O3 at D=120 from left to right. Its estimated output of 1,144.58 exceeds baseline by 194.58, but only
120 additional units can be sold. With m=1, benefit B is therefore 120, not 194.58. Deduct recurring cost of
40 to obtain F=80. Three periods yield 240; subtract initial cost 100 and exit cost 10 to obtain V=130. 02’s V
of 216.25 is higher despite its lower technical capacity. O3’s additional capacity is only partly used under this
demand assumption.

WHEN CAPACITY HAS ECONOMIC VALUE
Synthetic model - three-period incremental value V - normalized units

400
03 - local Al
/ 02 - incumbent
200 — —
01 - fixture
0 / 00 - current
-200
0 40 80 120 160 220

Additional usable demand D per period

03 overtakes 02 at about 150 additional demand units; all other assumptions fixed.
Synthetic economics, not observed factory performance or an equipment recommendation.

Figure 12. Demand changes the preferred option. Synthetic model with fixed performance and cost assumptions. Higher
technical capacity creates value only where additional accepted output is usable. The four options are compared under the same
demand limit and three-period horizon.

Every option can win. With no additional demand, modest demand, the least expensive improvement
the extra capacity has no modeled benefit. At is enough. At D=120, extending the incumbent

06 / The economics of exceptions E
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system wins. Only with sufficient usable opportuni-
ty does the more capable local AI configuration
justify its higher assumed cost. A smaller manufac-
turer is not inherently the low-demand case; a large
factory is not inherently the high-demand case. For
high-mix work, repeat the comparison across the
relevant mix and changeovers rather than trusting
one average part.

The illustration deliberately leaves some possible
sources of flexibility value unpriced. A new capabil-

Where the attractive answer reverses

At D=220, increase O3’s recovery-event share from
0.01 to 0.05, leaving its other inputs unchanged.
Output falls to 1,000 and its three-period net
becomes -80. O2 now wins. Alternatively, retain
0O3’s original performance but increase recurring
cost from 40 to 100: its net falls to 173.73, again
below O2. The same example captures two different
problems—lost useful capacity and expensive
support—without inventing another source of
benefit.

With other inputs fixed, O3 overtakes O2 at roughly
150 additional demand units. At demand of 220,
O3 remains ahead only while recovery events affect
fewer than about 2.2% of attempts. These are

IEX 2026

ity might reduce changeover effort, protect delivery
dates or make a short run feasible; those are sepa-
rate hypotheses to measure, not free additions to B.
Compare the same orders and service commitment,
including conventional alternatives that can also
handle the mix. Where the commercial benefit is
the ability to respond to uncertain future work, dis-
close the demand scenarios and carrying cost of
keeping that option available. Do not call an attrac-
tive possibility contracted demand.

rounded economic thresholds within this synthetic
model. They are separate from the application’s
safety requirements. The unrounded calculations
are retained in the technical note.

If e is unknown between 0.01 and 0.05, selecting its
favorable endpoint would manufacture the recom-
mendation. The useful answer is to defer commit-
ment to O3 and obtain a bounded record of at-
tempts, accepted results, assistance and recovery.
Operations and quality establish performance;
finance confirms demand and the cost perimeter;
controls, EHS and IT/OT determine whether and
how a physical trial is authorized. Without proba-
bilities, the example does not calculate expected
value of information or prescribe a trial budget.

THE COST OF EXCEPTIONS CAN REVERSE THE ANSWER
Same task and demand D = 220 - three-period incremental value V

03 - recovery on 1% of attempts

02 - unchanged reference

03 - recovery on 5% of attempts

-100 0

353.73

100 200 300 400

e is the share of attempts needing recovery—not a probability of injury.
Normalized synthetic values. Economic boundaries do not establish safe operating limits.

Figure 13. Recovery changes the economic winner. At D=220, changing only O3'’s recovery-event share from 0.01 to 0.05
reduces modeled value from 353.73 to —80.00. O2 remains at 216.25. Synthetic normalized values—not measured plant returns

or safety thresholds.

06 / The economics of exceptions
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The supplier has a different ledger

On Alpha Partners' July 2026 podcast, Schematic
Ventures founder Julian Counihan discusses oper-
ating relationships and physical-asset financing.
Describing the shift from software uncertainty into
physical industries, he says, “you can’t vibe-code a
factory or an actuator or a motor.”>> The implica-
tion for a supplier is to account for the equipment,
engineering and service needed to fulfill its
promise.

A buyer’s benefit and a supplier’s economics are not
interchangeable. In a separate synthetic supplier
index, revenue of 100 faces
equipment/depreciation 20, field engineering 15,
service 12, remote work 10, compute 5,
warranty/spares 5, financing 8, success support 5

SUPPLIER ECONOMICS: COST AND CONTRIBUTION

IEX 2026

and lifecycle validation 5. The remaining contribu-
tion is 15 before R&D, overhead and tax—not net
margin. An additional 10 of remote work leaves 5;
an additional 20 of engineering turns contribution
negative.

Cash can fail before that contribution is realized. If
initial supplier funding is 60 and only 20 is recov-
ered before start, the funding gap is 40. That gap is
not another expense to deduct from the same con-
tribution. Investors should ask how it changes
across deployments, alongside actual collections,
support effort and renewals. A recurring contract is
not by itself evidence of low-touch software eco-
nomics. Nor does an upfront sale establish that the
manufacturer owns the knowledge required to
maintain the result.

Synthetic supplier index: 100 revenue - 85 costs = 15 contribution
100

BUYER: SEPARATE EXAMPLE
03 at D=120

G =1,144.58 accepted units

B =120; recurring C = 40

F = 80 after recurring cost

j -10 V=130=3F-100-10
T - 15
- FUNDING: CASH TIMING
Revenue Delivery Operations Risk + capital Success + Contribution m

validation

Delivery 35 = equipment / depreciation 20 + field engineering 15
Operations 27 = service 12 + remote work 10 + compute 5
Risk + capital 13 = warranty / spares 5 + financing 8

Success + validation 10 = success support 5 + lifecycle validation 5

Need 60 - pre-start recovery 20 =
funding gap 40.

Not another expense deducted
from contribution.

Contribution is before R&D, overhead and tax - NOT net margin.
Separate synthetic ledgers; no matched customer contract, dollars or NPV. Production units are not money.

Figure 14. Buyer value and supplier contribution. The synthetic buyer example connects usable output with cost. The
supplier example separately traces revenue, contribution and initial funding.

Buy the next justified step

The comparison should end with a decision and its
missing evidence. Choose the simpler alternative
when it meets the required result at lower full cost.
Investigate a new capability when the remaining
variation has demonstrable value and its economics
depend on a measurable uncertainty. Stop physical
execution if authority, protection or recovery is un-
defined. Scale only after the next operating context
and its support burden have been tested against
stated conditions.
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Coordination across several workstations creates
another source of value: better routing, fewer con-
flicting decisions and more dependable order com-
pletion. The corresponding business case should
measure those plant effects separately from the ma-
nipulation gains illustrated here. This gives
DBR77’s proposed operating layer a clear perfor-
mance agenda and allows customers to compare its
contribution with an extension of their existing
systems.
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Who captures value?

The winning layer is the one that earns authority, carries exceptions and retains
economics—not the one with the most expansive category label.

THE CUSTOMER RELATIONSHIP AND OPERATING RESPONSIBILITY

CUSTOMER CONTRACT
Who accepts delivery?

COMMISSIONING + RECOVERY
Who restores accepted work?

ONE ACCEPTED

COMMAND RIGHTS
Who may recommend or act?

PLANT OUTCOME

FUNDING + SUPPORT
Who carries ramp and service?

Not one necessary owner

PROCESS MEMORY
Whose state is authoritative?

PORTABILITY + EXIT
Can knowledge and data leave?

ARCHITECTURE COMPARISON: RESPONSIBILITIES AND REUSE

Incumbent OEM stack

Integrator

Captive Independent

Control, monetization and responsibility need not coincide. Mechanisms are hypotheses, not measured margins.

Figure 15. The operating relationship. Contract ownership, process knowledge, decision rights and service responsibility

shape how industrial value is captured.

Physical Al can create value at a task while sending
revenue, data advantage and the customer relation-
ship elsewhere. Model provider, OEM, automation
incumbent, integrator, service provider and manu-
facturer may control different parts of the result.
The strategic question is who holds the right to act,
the obligation to recover and the route to the next
deployment.

Follow five control points

Five control points matter: customer contract; au-
thority to recommend, schedule or command;
process meaning across orders, recipes, machine
state and quality; exception handling; and portabil-
ity without rebuilding operating knowledge.

These control points can belong to one company or
several. Functional separation need not fragment
supply, and one prime contractor does not elimi-
nate internal boundaries. Responsibility must
remain legible when normal operation stops.
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Symbotic’s FY2025 filing describes integrated
hardware-and-software systems that it initially op-
erates before transferring daily operation to the
customer; Walmart accounted for about 85% of
FY2025 revenue, while Walmart and GreenBox
represented the vast majority of backlog.?* A filed
presentation separately reported 48 operational
systems, 50 systems in deployment and 11 cus-
tomers at fiscal year-end.>® These are issuer-re-
ported commercial categories, not an independent
census of accepted performance or customer
return, but they show why contract concentration,
deployment duration and the distinction between
operating and deploying systems belong in plat-
form diligence.

Teradyne reported more than 110,000 cobots and
11,000 AMRs sold globally, yet its Robotics revenue
fell 15.5% in 2025 and the segment recorded re-
structuring and an inventory provision associated
with revised demand forecasts.3° Installed or sold
units can coexist with cyclicality, channel depen-
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dence and capacity adjustment. Scale of installed
hardware is not itself proof of current demand,
active utilization or recurring software economics.

The portfolios of Rockwell Automation and
Siemens illustrate an incumbent countermodel:
devices, control/software and lifecycle services can
be monetized together through an installed base.?”
38 Their reported segment revenue is much broader
than Physical Al, so it cannot size the category. It
does show that a new operating layer competes
against distribution, service, controls and switching
costs—not against a blank architecture.

“Platform” is not one business model

A platform may be a reusable product, engineering
organization, channel strategy or label over project
work. Each can create value with a different cash
profile.

In a publisher transcript, Automated Industrial Ro-
botics CEO Darragh de Stonndtn describes growth
through broader engineering capability and re-
sponsibility for more of the customer’s automation
problem.?? This is a substantive industrial platform
strategy. Its repeatability can be tested through the
engineering hours, support effort and contribution
of successive comparable deployments.

The business behind plant-level intelligence

DBR77’s strategic wager is that reusable operating
knowledge can connect local intelligence with co-
herent plant decisions. Value could come from rec-
ognizing cross-asset constraints sooner, testing re-
sponses in simulation and transferring the result-
ing decision pattern to another operation. These
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For a technology company, build the task, data or
interface asset that becomes more reusable with
each accepted deployment. Buy commodities when
ownership adds no differentiating knowledge.
Partner where commissioning, controls, protection,
service or channel access would take too long to
recreate. Do not call repeated service software
when its labor does not decline; do not dismiss
service when it makes the outcome dependable.

Former Amazon operations executive Jeff Wilke
makes the ownership problem plain: “If you've out-
sourced all of your technical thinking, it’s going to
be way harder for you to make this transition.”*° A
manufacturer can use specialist suppliers while re-
taining the competence to challenge decisions and
improve its operating system.

For an investor, bridge contracted interest to oper-
ated cohorts. Separate hardware, licenses, engi-
neering, commissioning, remote work, service, war-
ranty, financing and validation. Ask which costs
precede acceptance, which recur, who funds equip-
ment, whether support per unit falls, and whether
renewal follows accepted work. Backlog can absorb
working capital; recurring contracts can conceal in-
tensive support. Both change valuation logic.

are measurable product objectives, rather than
benefits inferred from the breadth of a portfolio.

Chapter 5 defines that loop and its limits. Here the
issue is who can turn it into a business. The follow-
ing strategic reading links named participants to
the control point and the burden that could
consume its return; it does not claim measured
margins for these approaches.
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Table 9. Control points and monetization

Participant / route

Potential control point

Monetization mechanism

IEX 2026

Burden that can consume
the return

Symbotic’s
integrated-system
route

Teradyne’s
cobot/AMR portfolio

Rockwell / Siemens
incumbent route

AIR / integrator-led
route

Independent layer,
including DBR77’s
proposed direction

System delivery and
customer operating
relationship

Endpoint and route to
application

Installed engineering,
controls and lifecycle
relationship

Responsibility for the
customer’s automation
problem

Portable cross-asset context
and decision outcome

Integrated deployment and
lifecycle offering

Equipment and associated
ecosystem

Bundled hardware,
software and service

Engineering, integration
and service

Product or
managed-outcome
proposition to be proved

Concentrated contracts, ramp
and deployment cash

Demand cycles, channel and
integration dependence

Legacy interfaces,
cross-vendor integration and
change cost

Bespoke effort that fails to
become reusable

Permission, integration,
exception service and another
dependency

The incumbent advantage may be less a better
model than cheaper access to trusted state,
command permission and service. An independent
layer wins only where it resolves a valuable cross-
vendor decision that the installed route cannot
resolve at comparable lifecycle burden. A market-
place may improve sourcing without owning that
runtime control point. A twin may improve a deci-
sion without becoming the system of record. Port-
folio breadth is therefore not the moat; reusable op-
erating knowledge, permitted access and a defensi-
ble outcome relationship are candidates for one.

07 / Who captures value?

The route should follow the work that remains.
Extend the installed APS where its rules and inter-
faces suffice. Use an integrator where trustworthy
inputs need to be connected. Evaluate a reusable
operating layer where the same cross-asset decision
recurs across different equipment. In each route,
contracts should identify the prime contact for ex-
ceptions and preserve exportable event history,
mappings and configuration. Manufacturers retain
responsibility for production objectives and quality
acceptance; suppliers earn recurring value by re-
ducing the effort required to deliver and maintain
the result.
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08 / WORK AND ORGANIZATIONAL CHANGE

Work and organizational change

Productivity belongs to a unit of analysis. Responsibility belongs to people even when a
system recommends the action.

ANALYSIS PAUSES AT A GATE HUMAN REVIEW

Changes requested

©

3 Wiaiting for you - 16 min

o . o 9 Agent paused. Nothing goes into the report
¢ Draftfindings m Financial figures | until a Partner approves these figures.
-—--3
Consultify reaso... 2md0ds L Partnar J WHAT YOU APPROVE
. QEE, line 3, last week 61.4% -3.2 pp
2 Waiting for you - 16 min
Changeover time [ week 896h +1.4h
Might shift, 2 of 5 4.1 h from reply

nights | estimated
Value at stake ( quarter €182k +12%

Consultify illustrative agent workflow; displayed values are examples. Analysis pauses at an approval gate. Generating a report
does not confer authority to control the plant.

Table 10. Task, competence and voice

Work element Possible change Evidence to retain Organizational decision
Setup and Less manual programming or Time, skill and errors Who owns recipes, prompts,
changeover new data preparation before/after policies and validation?
Normal execution Automated movement or Accepted output, Which task is removed,
recommendation intervention and exposure retained or shared?
Exception and New diagnostic or All assists, stops, restart Who is trained, available and
recovery teleoperation work time and handoffs authorized?
Quality and More traceability or more Rejections, overrides, false Who can challenge the system
oversight monitoring alarms and appeals and correct records?
Maintenance and New software/data Support hours, version What competence stays at the
improvement dependencies changes and retained plant?
know-how
A plant can become more productive while a partic- setup, maintenance and exception work. Ask which
ular occupation, shift or community bears the ad- tasks change, whose output improves and who can
justment. Automating repetition can also increase contest a poor result.

08 / Work and organizational change ﬂ



PHYSICAL Al IN AMERICAN MANUFACTURING

Productivity, employment and distribution

Acemoglu and Restrepo studied U.S. commuting-
zone exposure to industrial robots, principally over
1990—2007, and estimated adverse local employ-
ment and wage effects.* The paper distinguishes
local from implied aggregate effects and cautions
against simple future extrapolation.*" It shows why
geography and distribution matter, not how to staff
a 2026 plant.

Graetz and Michaels used data for 17 countries over
1993—2007 and reported productivity gains
without a statistically significant reduction in ag-
gregate hours, alongside deterioration in low-
er-skilled workers' relative position.** The result
shows that productivity, hours and distribution can

Consider an explicitly illustrative cell where auto-
mated loading removes two hours of repetitive han-
dling per shift but moves setup, alarm review and
restart work to one experienced operator. Produc-
tion gains time; that operator gains responsibility
and monitoring load, while newer operators lose
practice diagnosing the process. The conflict
appears when management expects the expert to
cover two cells without protected recovery time or
authority to reject a dubious restart.

The organizational decision is concrete: before
scale, assign trained backup coverage, reserve paid
training and exception-review time, log interven-
tions by shift, and give the designated operator
stop-and-escalate authority without a production-
target penalty. Scale only if accepted output rises
without unresolved recovery queues or dependence
on one person. Otherwise retain one cell and re-
design the role. This is an analytical example, not a
customer story or measured outcome.

An April 2026 survey prepared by David Binder Re-
search for the AFL-CIO reported strong preferences
for human final employment decisions, training
and worker input into workplace-technology design
among an analytic group of 1,164 registered voters
who were employed or looking for work, within a
1,588-person design with a union-member
oversample.*? These are stated preferences from a
sponsored survey—not manufacturing adoption,

08 / Work and organizational change
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move differently; it does not guarantee a harmless
deployment.

The studies use different units and periods. A plant
should track accepted output, hours by task, train-
ing, redeployment and work shifted to
contractors—not only headcount.

Redesign tasks before announcing jobs

Physical AT work includes preparation, execution,
supervision, exception diagnosis, recovery, mainte-
nance, quality acceptance and improvement. A de-
ployment may augment one task, displace another
and create a third. The outcome depends on role
design, not only model capability.

safety performance or evidence that every machine
command needs manual approval.

In her April 2026 National Press Club speech,
AFL-CIO President Liz Shuler calls for worker par-
ticipation, training, privacy and retained human re-
sponsibility, with collective bargaining and policy
as implementation mechanisms.** That perspective
adds an important operating question: who has the
knowledge and practical authority to shape how
new technology changes work?

Participation is operational. Operators and mainte-
nance staff often know which variation is normal
and which recovery creates downstream trouble.
Their knowledge should enter task definition, ex-
ceptions, acceptance and review. Consultation does
not replace engineering or protective functions.

Training must follow responsibility. Supervisors
need time, information and authority; recovery
roles need diagnostic access and practice. Scale re-
quires evidence about new work, monitoring, re-
tained competence and fallback. “Reskilling”
without a named role, curriculum, time and em-
ployment path is not an operating plan.

Physical Al may expand output and remove un-
pleasant work. It may also centralize monitoring or
shift exceptions to contractors. The evidence sup-
ports neither a ten-year unemployment number
nor an absence-of-harm claim; it supports measur-
ing distribution alongside output.
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09 / RISKS AND RECOVERY

IEX 2026

Risks and recovery

A physical system is judged not only by the action it chooses, but by the path from error to
harm—and the path back to legitimate operation.

Al-generated conceptual illustration.

Physical Al extends the consequences of software
decisions into equipment and production. An incor-
rect inference can move a tool, damage material,
disrupt flow or expose a person. Evaluation there-
fore follows the entire path from observation and
uncertainty through the authorized action to its
physical result and recovery.

The positive case for Al is important. Better percep-
tion can reduce awkward manual handling. Adap-
tive systems can take on variable or ergonomically
demanding work. An operating layer can detect
conflicting state earlier and coordinate recovery.
The critical case is that the same connectivity and
reuse can enlarge the blast radius. The task is not to
choose optimism or caution. It is to design evidence
and authority so that useful adaptation does not
become unbounded action.

Physical harm is not the only loss

Risk begins with physical injury but extends to
quality, equipment, uptime, data, workforce and li-
ability. A robot can place the wrong component

09 / Risks and recovery

T T

without hitting anyone. A scheduling agent can
create queues, starve a process or release work
against an invalid recipe. A twin can support a con-
fident decision after its state has drifted. A remote
service can restore software while work in process
remains physically inconsistent.

These outcomes have different time-to-harm and
reversibility. A planning recommendation may
permit review. Motion near a person may not. A
wrong quality decision may remain latent until
downstream assembly or field use. A cyber compro-
mise may first look like a reliability problem. Gov-
ernance therefore cannot be one universal “human
in the loop.” It must match the decision, informa-
tion, response time and consequence.

Workers also experience risk through surveillance,
deskilling, work intensification and unclear respon-
sibility. Consultation and training matter, but they
are not substitutes for engineered protection. Nor
does worker acceptance prove that a technical
hazard is controlled. The report treats people as
participants in design and operation, not as a flexi-
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ble safety layer that compensates for missing con-
trols.

Legal responsibility, privacy and product liability
vary by application and jurisdiction. This report
does not provide legal advice. Its narrower demand

Table 11. Risk, mechanism and accountable question

Risk domain Mechanism to examine

IEX 2026

is traceability: who supplied the model, who inte-
grated the application, who authorized the operat-
ing mode, who retained data, who changed the con-
figuration, and who had authority to stop and
restart.

Accountable question

Physical harm

Objective/uncertainty

Quality/process

Wrong state, motion or access during
normal/degraded/nonroutine work

Correct optimization of the wrong target;
overconfident inference

Command succeeds but physical result is

Which independent protective function limits
the hazard?

When must the model abstain or be
overridden?

What direct readback establishes accepted

wrong

Cyber/common cause
failure reaches several cells

Data/workforce
hidden supervision

Liability/change
modification

Recovery
reconciled

Shared identity, update, data or platform

Excess collection, surveillance, skill loss or

Version or authority is unclear after

Services return before physical state is

work?

What remains locally valid and how is blast
radius bounded?

What is necessary, permitted, contestable
and owned?

Who approved the change and which
evidence was regenerated?

Who may reset, who may restart, and on
what evidence?

Authors' governance table. It is not a risk assessment or allocation of legal liability.

Mechanism one: jam clearing changes the
operating state

Imagine a cell stopping after inconsistent part-posi-
tion and drive-status signals. Vision suggests a dis-
placed part, but glare leaves open whether another
object is present. The twin shows the preceding
cycle because an event arrived late. The reasoning
layer proposes a short reverse movement to expose
the jam.

This is not a real incident. It is a mechanism for
testing boundaries. The recommendation may be
operationally sensible and still lack authority. Jam
clearing has moved the application from routine

09 / Risks and recovery

production into nonroutine work. Maintenance or
recovery state must dominate the throughput ob-
jective.

OSHA'’s current Control of Hazardous Energy over-
view states that servicing and maintenance can
expose workers to unexpected energization, startup
or release of stored energy and points to 29 CFR
1910.147. This is a U.S. regulatory baseline, not
proof that a particular robot application
complies.*

In the illustrative trace, authority logic withholds
the proposed motion pending the site’s validated
access and hazardous-energy procedure. Basic
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control remains in its defined non-production
state. In parallel, the protective-function path con-
tinues observing the application-defined safety
signals and can limit or stop motion regardless of
the model recommendation.

The technician’s physical inspection may reveal a
geometry different from the prediction. After the
work, recovery must reconcile equipment position,
tooling, guards or protective devices, configuration
and process state. A reset acknowledges or clears a

RESET IS NOT RESTART

IEX 2026

defined condition. It is not the same as restart.
Restart authorizes renewed operation after the re-
quired checks, by a site-defined role, in an applica-
tion-defined mode.

A safety stop and an emergency stop are also not in-
terchangeable. Their meaning and behavior belong
to the application and applicable standards. Emer-
gency stop is a complementary protective measure,
not normal production control, the primary risk-re-
duction strategy or energy isolation.

A software acknowledgement is not permission for renewed physical work.

01 02
HOLD o DIAGNOSE
Withhold production Use the site-defined

motion. access procedure.

03 04
RECONCILE AUTHORIZE

Check physical and A separate role
process state. permits restart.

APPLICATION PROTECTION REMAINS A SEPARATE FUNCTION

Site-defined signals and validated limits or stop apply regardless of the Al proposal.

lllustrative mechanism—not a LOTO procedure, validated safety design or incident reconstruction.

Figure 16. Nonroutine work and restart. lllustrative application: diagnosis and physical-state reconciliation precede a

separately authorized restart.

Mechanism two: a plausible shared state can
be wrong everywhere

Now imagine a shared platform coordinating
several cells after an update. One connector repeats
stale “ready” values while another loses authentica-
tion. The values remain syntactically valid, so a
range check passes. The twin converges on an inter-
nally consistent but physically wrong state and rec-
ommends releasing work downstream.

The danger is not that a central model is always
worse. Central context may improve scheduling and
expose conflicts no local system sees. The danger is
common cause: one wrong state can generate many
locally plausible recommendations.

NIST SP 800-82 Rev. 3 describes operational tech-
nology in terms of interaction with the physical en-
vironment and treats security alongside perfor-
mance, reliability and safety. It supports controls
such as identity, segmentation, logging, availability,

09 / Risks and recovery

change management and recovery, but it does not
prescribe the safe state of a specific plant.46

Command envelopes can reduce the blast radius:
each local controller accepts only actions valid for
its current mode and constraints. In a separate par-
allel path, application-validated protective func-
tions continue to observe their defined local
signals. They do not accept the shared platform’s
inference as a safety command.

Cross-cell anomaly detection compares platform
state with local readback and identifies divergence.
Unless independently safety-rated and validated, it
is an operational diagnostic—not the protective
function. The platform abstains from further coor-
dination and declares degraded operation. The
plant moves to a predeclared fallback such as local
sequencing, fixed routing or controlled stop, with
known capacity and sustainable duration.
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Recovery does not end when services show green.
Authorized versions and identities must be re-
stored; work in process and equipment state must
be reconciled; protective functions and command
boundaries must be verified; restart authority must
be explicit. Otherwise, a technically successful roll-
back can restart a physically inconsistent process.

WRONG SHARED STATE

IEX 2026

NIST SP 1339 links OT backups with change man-
agement, regular restoration tests and recovery ex-
ercises. It calls for the engineering software, com-
patible hardware and documentation needed to
restore operations.*” For a plant, technical restora-
tion must be followed by the checks that establish
the physical process is ready to resume.

Stale ready values + lost authentication

Coherent proposals can be physically wrong

T,

Mode + command bounds
Reject / abstain if invalid

CELL A - LOCAL VALIDITY CELL B - LOCAL VALIDITY CELL C - LOCAL VALIDITY

Mode + command bounds
Reject / abstain if invalid

Mode + command bounds
Reject / abstain if invalid

PARALLEL PROTECTION
Local signals — limit / stop

PARALLEL PROTECTION
Local signals — limit / stop

PARALLEL PROTECTION
Local signals — limit / stop

DIVERGENCE DETECTION + DECLARED DEGRADED MODE
Compare local readback; abstain from shared coordination; use tested fallback.
Diagnostic is OPERATIONAL UNLESS INDEPENDENTLY SAFETY-RATED.

RECOVERY ENDS IN PHYSICAL RECONCILIATION

Restore versions + identity — verify bounds / protection — authorized restart

A green platform is insufficient. No probability or complete-independence guarantee.

Figure 17. Shared error and local containment. lllustrative application: a shared-state error reaches several assets. Local
validity checks, protective functions and a defined fallback limit the consequences.

U.S. robot safety and application
responsibilities

ANSI/A3 R15.06-2025 is the U.S. national adop-
tion of ISO 10218-1:2025 and ISO 10218-2:2025.
Its published scope distinguishes industrial robots
from robot applications and cells. ANSI/A3
R15.06-3-2025 addresses use of industrial robot
cells.*® The ISO publications provide the corre-
sponding international framework.* °> A project
must establish the applicable requirements with
qualified safety and integration specialists; the
product name alone establishes no application-lev-
el compliance.

09 / Risks and recovery

That distinction prevents a common category error.
A robot product can include safety-related capabili-
ties while the completed application remains
unsafe or unvalidated. Tool, payload, layout, speed,
modes, access, neighboring equipment and recov-
ery all matter. A “cobot” label does not certify the
work cell. A Digital Twin cannot validate the safety
of the same action it recommends merely by report-
ing that its internal state is consistent.

The architecture must also avoid false indepen-
dence. If operational inference and protective mon-
itoring depend on the same stale signal, identity
service or update path, two boxes in a diagram do
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not create two defenses. The application must es-
tablish the required degree of functional indepen-
dence and control common-cause failure. That is an
engineering claim to validate, not a phrase to
assume.

Wrong objective, uncertain world

Some failures occur even when sensing and control
perform as designed. A scheduler minimizing delay
can increase risky manual intervention. A quality
optimizer can reject too much product. A mainte-
nance model can generate so many alerts that at-
tention becomes the scarce resource. These are ob-
jective and organizational failures, not merely mod-
el-accuracy problems.

Uncertainty must reach the decision. A confidence
score is useful only if it changes behavior: seek
another observation, narrow authority, route to a
person, use a baseline or stop the operation. The
relevant test is not whether a model is uncertain in
general. It is whether uncertainty in the state, pa-
rameter or measurement propagates into an accep-
tance rule appropriate for the consequence.

Human supervision works best when the action is
slow enough, reversible enough and legible enough
for intervention. It fails as a control argument when
the person lacks time, context, competence or real
authority. Required intervention time and available

09 / Risks and recovery
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intervention time are measurements for the appli-
cation. There is no universal number to insert into
this report.

Recovery is a product capability

Normal-cycle performance attracts attention; re-
covery determines trust. A buyer should ask who
diagnoses the fault, how remote work is recorded,
what the local team can do without the supplier,
how versions are restored, and what happens when
the vendor or network is unavailable. A supplier
should count that labor rather than hiding it behind
an uptime headline.

The stop rule is straightforward even when thresh-
olds are not: do not extend physical authority
where ownership, protection, readback or recovery
is undefined. Continue a pilot only when the next
uncertainty is measurable and the fallback is ac-
ceptable. Expand only when another operating
context and its correlated failure paths have been
tested.

A system that handles variation, recognizes when to
defer a decision, contains failure and returns to
controlled operation offers a credible route to wider
industrial use. Recovery belongs in the product
specification because it determines how much
useful autonomy the plant can sustain.
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10 / OUTLOOK

Outlook

The next decade is likely to bring more capable models into factories that retain diverse equipment,
processes and responsibilities. Our outlook favors a heterogeneous manufacturing system, with
selective learning-based autonomy and growing demand for coordination. The pace will depend
on measurement, transfer between tasks, lifecycle economics and industrial governance. The
reference date is October 2026.

DEVELOPMENT HORIZONS

6 MONTHS 3 YEARS 5 YEARS 10 YEARS
18 APR 2027 18 OCT 2029 18 OCT 2031 18 OCT 2036
L 2

*
Govern authority
Conditional portability
ADVANCE SIGNAL
Rights + interfaces work
REVERSAL SIGNAL
Fragmented authority

*
Prove transfer
Mixed equipment
ADVANCE SIGNAL
Lower second-site effort
REVERSAL SIGNAL
Bespoke reintegration

*
Measure the work
Bounded trials
ADVANCE SIGNAL
Comparable paid uses
REVERSAL SIGNAL
Hidden assists persist

Expose economics
Contested control
ADVANCE SIGNAL
Support per unit falls
REVERSAL SIGNAL
Service erases value

LONG-RUN ARCHITECTURES REMAIN CONDITIONAL

Interoperable coordination Vertically integrated stacks Durable application niches

Accepted work, recovery, reuse and renewals can change the path. Base: 18 October 2026.

Conditional outlook. Research reference: October 2026.

Figure 18. Development horizons and evidence. The outlook tracks measurement, transfer, lifecycle economics and
governance. Changes in operating evidence can accelerate or reverse the pathways.

Six months: measurement is the bottleneck

Over the next six months, the central pathway is
still bounded trials, assistance and integration. Six
months is enough to improve test design and
expose hidden labor; it is rarely enough to establish
lifecycle economics.

Sergey Levine’s warning is useful: “The scope will
have to start out small.” In context, he describes ca-
pability expanding gradually with human participa-
tion; this is a founder-researcher’s pathway, not a
factory forecast.”

The decisive information is denominator discipline:
scheduled hours, all attempts, accepted output,
human assists and recovery. Several repeat paid
uses with comparable boundaries would move pri-
ority toward replication. Continued dependence on
undisclosed teleoperation, subsidy or exceptional
engineering would move it back toward instrumen-
tation and baseline repair.

10 / Outlook

Our near-term judgment favors suppliers that
make assistance and support requirements visible
and customers that establish a usable baseline
before negotiating replication.

Three years: transfer becomes the bottleneck

Over three years, the central pathway is a heteroge-
neous factory: dedicated cells, industrial arms,
mobile robots, human work and learning-based
systems coexist. That is more plausible than rapid
convergence on a universal machine because in-
stalled equipment turns over slowly and useful
tasks impose different physical constraints.

The question changes from “did one deployment
work?” to “what was reused?” The relevant evi-
dence is the engineering, validation and support re-
quired for a second task or site. Portable interfaces,
task representations and recovery procedures
would shift priority toward broader platforms. If
every installation remains a bespoke integration
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project, incumbents and integrators retain the ad-
vantage even as models improve.

The coordination thesis becomes more important
as heterogeneous assets encounter shared con-
straints. Evidence of economical reuse across tasks
would support investment in a shared operating
context. A cohort of general-purpose machines
transferring with little intervention would strength-
en a different route: broader capability concentrat-
ed at the endpoint.

Five years: lifecycle economics reveals the
control point

Over five years, published comparable cohorts—if
suppliers and customers produce them—may allow
architectures to be judged over renewal, support
and second-site deployment. The passage of five
years alone proves nothing. Without cohorts, the
control point remains a hypothesis.

Ten years: governance limits the feasible
market order

Over ten years, technical capability may no longer
be the only rate limiter. Liability, command author-
ity, interoperability, data rights and local operating
competence can determine which architectures are
acceptable. Three orders remain plausible: interop-
erable intelligence coordinating specialized ma-
chines; vertically integrated stacks owning inter-
faces and service; or durable fragmentation into ap-
plication niches.

The central analytical view is conditional interoper-
ability: common semantics, decision contracts and
outcome records across specialized assets, with in-
ference and protection remaining distributed by
timescale and function. It does not require one
central OS or model. It loses if vertical integration
produces materially lower lifecycle burden, or if
physical variance and responsibility prevent reus-

10 / Outlook
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The central pathway is contested control. OEMs
may win where tight endpoint responsibility domi-
nates; industrial software incumbents where se-
mantics and service relationships matter; integra-
tors where brownfield adaptation remains bespoke;
independent operating layers where cross-vendor
coordination creates a repeatable gain. The decid-
ing evidence is contribution after field engineering,
support, warranty and financing, together with
portability and recovery when a shared layer is un-
available.

This is the horizon at which architecture must meet
cash. Falling second-site effort and support per ac-
cepted unit would favor a reusable layer. Persistent
reintegration, diffuse accountability or cheaper
MES/MOM extensions would favor the incumbent
route. Manufacturers should negotiate fallback and
exit before dependency grows; suppliers should
state whether they sell product, managed outcome
or project engineering; investors should compare
cohorts rather than recurring-revenue labels.

able coordination from earning its extra dependen-
cy.

Humanoid form may win tasks where mobility,
reach and reuse outweigh complexity. It may lose to
a fixture, arm, mobile base, person or redesigned
process. A forecast of plant architecture cannot be
inferred from a forecast of one embodiment.

What changes the path?

Revise upward if independent multi-site cohorts
show economical transfer, sustained accepted
output and declining support burden. Revise down-
ward if customers stop deployments, recovery
remains specialist-dependent, or service and fi-
nancing consume the value attributed to flexibility.
Where comparable public operating records are
absent, the outlook remains conditional. Contract,
operation, renewal and repeat site are different
stages.
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Business decisions: buy the next
justified step

The first 9o days should turn interest in Physical Al into a specific investment decision.
Select one production problem, establish its cost, compare the credible alternatives and
obtain the measurement most likely to change the choice. The plan below assigns that work
to accountable functions and leads to a decision to buy, build, partner, continue testing or

defer.

The first 90 days

Table 12. A 90-day evidence plan

Decision work

Accountable function

Dependency and

measurement

Days 1-15

Days 16-30

Days 31-60

Days 61-75

Days 76-90

Define the problem, accepted
output and baseline; observe
normal and exception work.

Compare simpler alternatives
and design a bounded test.
Define data rights, authority,
interruption and recovery.

Run only the authorized test.
Log every attempt, rejection,
assist, fault, recovery and
configuration change.

Reconcile operational result
with full buyer cost and
demand. Test downside and
missing fields.

Decide stop, continue, defer
or conditional expand.
Record owner, evidence and
next gate.

11/ Business decisions: buy the next justified step

Operations owner with
quality and finance

Process/controls lead;
EHS and IT/OT according
to impact;
procurement/legal for
rights

Pilot owner and integrator;
quality owns acceptance

Finance with operations
and maintenance/service

Plant steering group;
executive sponsor
accountable

Stable task boundary;
accepted units, demand,
interventions, scrap/rework
and downtime.

Same-task comparator;
approved test boundary;
named stop condition.

Traceable event log linked to
accepted output; no inference
from selected demo clips.

Integration, ramp, supervision,
support, validation, downtime,
financing and exit counted
once.

Predeclared thresholds;
second-context plan and
service capacity before
expand.
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Manufacturer: protect the task boundary

Define accepted work and the demand condition
that gives it value. Compare process redesign,
human work, local automation, an incumbent ex-
tension and a learning-based option on the same
boundary.

Buy when a bounded solution has demonstrated
the required result and lifecycle burden. Build only
when the capability is strategically differentiating
and the plant can own data, integration, validation
and recovery. Partner when competence is external
but responsibility remains explicit. Defer when one
obtainable measurement could change the choice.
Stop physical execution when authority, protection
or recovery is undefined.

Expand means the result survives another context
with declared support, version and fallback re-
quirements.

Technology company or integrator:
productize the exception

The deliverable is accepted work inside a declared
operating envelope. State what the system sees,
may decide and command, when it abstains and
who restores operation.

Buy commodity components where differentiation
is weak and rights are clear. Build task knowledge,

Every decision record should identify what is
known, what remains to be measured, who owns
the next action and when the decision will be re-
opened. Continuing a pilot requires a defined learn-

THREE AUDIENCES. THREE DECISIVE TESTS.

MANUFACTURER

TECHNOLOGY COMPANY

INVESTOR

IEX 2026

interfaces and evaluation assets that reduce sec-
ond-deployment effort. Partner for controls, safety
engineering, field service or channels. Defer when
buyer access or acceptance criteria are absent. Stop
claims that require undisclosed human labor, un-
supported safety or unmeasured ROL.

The commercial test is contribution after deploy-
ment, support, warranty, financing and
recovery—not recurring revenue alone.

Investor: operating cohorts and cash

Treat contract, backlog, installed unit, accepted op-
eration, renewal and repeat site as different evi-
dence. Ask who owns command permission,
process semantics, recovery and working-capital
burden.

Continue diligence when a company can show
bounded paid operation, cohort support and the
path from first to second deployment. Defer when
product margin excludes material field labor or
when customer concentration substitutes for re-
peatability. Stop an investment thesis that depends
on a category TAM assembled from overlapping
robot, Al and manufacturing markets. Expand
capital only when milestones improve both operat-
ing evidence and cash quality. This is a diligence
framework, not advice regarding any security.

ing objective and an end point. Expansion requires
a specified next task or site, support capacity and
conditions for reversal.

Accepted output and full lifecycle burden.
Does the result survive the next operating context?

Repeatable delivery, exception handling and support.
What must be rebuilt or serviced at the second site?

Operating cohorts, contribution and cash quality.
Is deployment becoming repeatable—or merely recurring?

Decision lens. Three audiences evaluate different outcomes; selected demonstrations cannot replace an operating record.

11 / Business decisions: buy the next justified step
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A filled decision record tion under a changed part condition. The decision
record below turns that uncertainty into a task for
operations and quality, while preserving the ap-
proved production route.

For the inspection conflict in Chapter 5, the imme-
diate issue is the unvalidated estimate of B’s dura-

Table 13. A filled decision record

Field Recorded decision

Decision now Defer changing the approved sequence; continue only a shadow timing test. The
incumbent rule wins while it produces the feasible answer at lower burden. If the changed
condition invalidates that baseline, stop execution pending review.

Missing field Whether a changed part condition makes B take five minutes. The estimate is unvalidated.

Owner Operations owns timing and the sequence; quality owns acceptance of the changed
condition. Neither a model nor supplier can silently redefine expiry or approve output.

Next test Observe B under the declared changed condition without issuing commands. Compare
measured completion, accepted order outcome and exception work with the incumbent
estimate.

Reopen when Operations and quality validate or reject the five-minute estimate. If no feasible sequence

remains, stop and escalate the constraint; do not call an infeasible answer “optimized.”
Expansion gate Only after the new route improves a repeated cross-asset decision over the incumbent,

within authority, recovery and lifecycle-cost limits.

This record connects evidence to authority and next measurement is the one that distinguishes the
spending. It also prevents repeated data collection credible alternatives and leads to a named action.
that cannot change the decision. The most valuable

11/ Business decisions: buy the next justified step E
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DBR77 RESEARCH / TECHNICAL NOTE

Technical note

The example in Chapter 6 is a planning model with
synthetic inputs. Its values are normalized, not
dollar prices or observed customer returns. It com-
pares one local manipulation task. It does not esti-
mate the value of a plant-wide coordination system.

Output and accepted work

H = 1,000 available time units per period. q = 0.95
is the share of all attempts producing an accepted
result. c is the time per attempt excluding addition-
al recovery. e is the share of the same attempts
needing recovery. r is additional time per recovery
event.

G=Hq/ (c+er).

This average-rate approximation assumes stable
times and no overlapping recovery. It omits queues,
correlated failures and rare extended outages. The
baseline produces Go = 950 accepted units per
period.

Demand and value

D caps additional usable demand per period. m = 1
is contribution per additional accepted unit after
unit-variable costs. AG = G - Go.

B = m[min(max(AG, 0), D) - max(-AG, 0)].
F=B-C.V=3F-K-X.

The benefit formula caps positive contribution at
usable demand and preserves lost contribution
below baseline. C is incremental recurring cost, K

Technical note
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initial cost and X exit cost. V covers three identical
periods without discounting, tax, financing or
residual value. It is not NPV. Recovery capacity loss
and separate service expense must be counted
without duplicating the same financial loss.

Sensitivity

Under the base assumptions, O3 exceeds O2 above
approximately 148.75 additional demand units. At
D = 220, their values are equal at an O3 recov-
ery-event share of approximately 0.02154. These
unrounded model thresholds explain the rounded
business discussion. They are economic compar-
isons, not acceptable safety error rates.

The separate supplier illustration has revenue of
100, operating delivery costs of 85 and contribution
of 15 before R&D, overhead and tax. Initial funding
of 60 less 20 collected before operation creates a
funding gap of 40. That gap is a financing require-
ment, not an extra expense deducted from the same
contribution.

Applying the model

Replace synthetic inputs with a plant-approved
record of all attempts, accepted output, demand
and costs. Use period-specific ramp and working
capital for a real proposal. Compare the same
orders and quality requirements across alterna-
tives. A range spanning different preferred options
identifies the measurement to obtain before com-
mitting investment.
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DBR77 develops software and hardware for indus-
trial digital transformation. Its portfolio includes
industrial IoT, Digital Twin, IRIS and an automa-
tion Marketplace, alongside Vector, its industrial
language-model proposition.>”

Our strategic direction is to build an autonomous
Plant Operation System: an operating intelligence
that connects perception, process learning, simula-
tion and human operational knowledge with
bounded decisions and verified results. The ambi-
tion is coordination across heterogeneous equip-
ment, robots and the work of people, with explicit
authority and safeguards for each application.

Different parts of the ecosystem serve different pur-
poses. Perception helps establish the state of work.

Explore the ecosystem

Simulation tests alternatives within a model. Syn-
thetic data supports selected learning and evalua-
tion tasks, followed by real-world validation. The
Marketplace connects production challenges with
suppliers and automation capabilities. Together,
these activities inform our approach to plant-level
operating intelligence.

This is the perspective from which DBR77 contrib-
utes to the Physical AT debate. The report evaluates
this development direction against the same ques-
tions of evidence, alternatives, lifecycle cost and re-
sponsibility applied to other approaches. Demon-
strated capabilities and future ambitions remain
distinct.

dbr77.com - contact@dbry7.com

Al Vision - Industrial IoT - Plant Operation System - Digital Twin - Marketplace - Consultify

dbr77.com

Our development agenda

Connect useful perception with process models and operational knowledge. Test decisions in simulation. Verify consequences in
the plant. Reuse the resulting knowledge across changing tasks and heterogeneous equipment. This is the direction in which

DBRY77 is developing its autonomous Plant Operation System.
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