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THE DECISION MEMO
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A factory does not adopt a model. It changes
a production system. The winners will

control the handoff from

prediction to

maintenance, quality, scheduling, and

release.

46% 48%

600

of manufacturers in a cited industry planned to use Al or ML to improve executives from large manufacturers

survey used Al tools such as chatbots in quality in the next 12 months. [2]
operations. [1]

® Start with a measured loss.

Choose one defect family, failure mode, bottleneck, or planning
error with stable definitions and an owner.

® Keep the release gate human.
A vision score or maintenance recommendation should not silently
accept product, stop a line, or schedule work.

® Price the J-curve.

Industrial Al can increase work-in-progress, integration cost, and
disruption before longer-run value appears.

participated in Deloitte's 2025
smart-manufacturing survey. [3]

PRIORITY DECISION

Fund one 90-day cell-level pilot with an instrumented
baseline, frozen acceptance criteria, shadow mode,
operator involvement, IT/OT boundary, maintenance
capacity, quality adjudication, and a rollback that does
not stop production.

PRINCIPAL LIMITATION

Industry surveys overrepresent larger and more digitally
mature manufacturers. Lighthouse cases bundle Al with
sensors, automation, process redesign, and workforce
change; their gains are not Al-only effect sizes.

Executive decision

September 2026
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THE OPPORTUNITY IS REAL; THE ADJUSTMENT COST IS REAL TOO
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Survey enthusiasm sits beside Census
evidence of a productivity J-curve:
short-run disruption can precede
longer-run gains.

54%

57%

PROCESS
Manufacturers citing process

improvement as an Al application in
the NIST/MLC source set.

DATA ANALYTICS

Large-manufacturer facility or network
use in Deloitte's 2025 survey.

54%

223

MAINTENANCE

Preventive or predictive maintenance;
survey-reported use, not verified
savings.

LIGHTHOUSES

Sites in the WEF network by January
2026; selected leaders, not a
representative sample.

WHERE MANUFACTURERS REPORT USING Al [1]

FIEESES TR E ! LB
Preventive / predictive maintenance O 54%
Productivity and cost reduction C ) 50%
(R e e L ___________________________________________________ 49%
Production planning D 40%

READ THIS CAREFULLY

These survey percentages identify common applications, not causal value. A plant needs its own baseline, defect ontology,
maintenance history, capacity, and release criteria.

Measured signals September 2026
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SIX PRODUCTION SYSTEMS HIDING INSIDE MANUFACTURING Al

Their errors land in different places:
product, machine, worker, schedule,
inventory, or customer.

01 Vision and quality

VALUE Scrap, escape, inspection labor
EVIDENCE Confusion matrix by defect

FACEPLANT False accept ships defect

03 Process control
VALUE Yield, energy, cycle stability
EVIDENCE Controlled line metrics

FACEPLANT Feedback destabilizes process

05 Engineering

VALUE Design and change speed
EVIDENCE Review, validation, field quality

FACEPLANT Wrong revision reaches floor

PORTFOLIO RULE

02 Maintenance

VALUE Downtime and planned work
EVIDENCE Lead time, precision, avoided loss

FACEPLANT Alerts exceed craft capacity

04 Planning

VALUE Schedule, WIP, service
EVIDENCE Adherence, lateness, inventory

FACEPLANT Local optimum starves line

06 Frontline knowledge

VALUE Troubleshooting and training
EVIDENCE Resolution, safety, compliance

FACEPLANT Unsafe instruction sounds plausible

Start where the signal, decision, actuator, owner, and counterfactual are visible. Do not start with plant-wide optimization when one

cell cannot reliably label downtime, defects, and changeovers.

Portfolio architecture

September 2026
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INDUSTRIAL Al SHOULD EARN PHYSICAL AUTHORITY
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Separate seeing, advising, scheduling, and
controlling. Each step changes the safety

case.

O SENSE

DATA FITNESS
Q ADVISE OPERATOR REVIEW

SCHEDULE

SAFETY CASE

° CONTROL

NON-NEGOTIABLE

Detect condition, defect, anomaly, or state. Confirm sensor
coverage, timing, labels, and environmental range.

Recommend inspection, maintenance, parameter, or
troubleshooting step with evidence and uncertainty.

Prioritize work, material, labor, or maintenance within approved
constraints and with human release.

Change a parameter, stop equipment, accept product, or move
material only within engineered interlocks.

No model score should bypass a safety interlock, quality release, lockout/tagout procedure, engineering change, or

product-traceability requirement.

Authority boundary

September 2026
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UMC TAINAN: Al INSIDE A BROADER OPERATING SYSTEM

The semiconductor case shows scale, but
the result belongs to a portfolio of 48+
digital use cases rather than one model.

WHAT CHANGED

UMC's Tainan site deployed machine-learning design-kit work, Al defect analysis, transport optimization, and other digital
systems across production and R&D.

MEASURED RESULT EVIDENCE LIMIT

The World Economic Forum reported a 57% reduction in The site is a selected Lighthouse. Multiple interventions
design-kit delivery time, yield reaching 97%, and the changed simultaneously, and the public case does not
specialized-product share rising from 13% to 53%. provide a controlled Al-only estimate.

Al scales when process owners can package data, workflow, change management, and performance
evidence as a repeatable capability.

WHAT TO REPLICATE

@ Tie each model to one physical or engineering constraint.
@ Track release, yield, cycle, and downstream field quality together.

@ Separate use-case gains from site-wide portfolio effects.

Source basis: World Economic Forum Global Lighthouse Network 2025. [6]

Named operator case September 2026



Al ADOPTION TRENDS / MANUFACTURING Al / 2026 o7

ACG CAPSULES: FRONTLINE KNOWLEDGE WITH A BOUNDED SOURCE

The case is a useful counterpoint to
computer vision: generative Al can matter
on the floor when it is grounded in current
procedures.

WHAT CHANGED

ACG Capsules built an on-premises assistant from more than 200 quality, manufacturing, printing, maintenance, and
root-cause documents, then delivered it through web, mobile, and kiosks.

MEASURED RESULT EVIDENCE LIMIT

The WEF case reported use by nearly three-quarters of The case is organization-reported through a selected
operators and technicians and a 30-40% reduction in Lighthouse publication. Document quality, task mix, and
average mean time to repair. concurrent changes are not fully observable.

The model was not the product. Current SOPs, on-premises deployment, staged training, and
operator access were the product.

WHAT TO REPLICATE

@ Assign an owner and effective date to every source procedure.
® Show the exact source section beside each instruction.

@ Keep safety-critical and lockout steps outside free-form generation.

Source basis: WEF, Adopting Al at Speed and Scale. [7]

Named operator case September 2026
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CITIC DICASTAL MOROCCO: VISION TIED TO PROCESS CONTROL

The case shows why inspection should be
connected to upstream process variables
and downstream quality outcomes.

WHAT CHANGED

The plant deployed more than 40 digital use cases, including Al-enhanced vision inspection, casting and machining
algorithms, and furnace process control.

MEASURED RESULT EVIDENCE LIMIT

WEF reported a 17% OEE improvement, 27% This is a selected Lighthouse portfolio result. It combines
labor-productivity increase, 31.1% defect reduction, and technology and operating transformation and is not

53% reduction in Scope 1 and 2 emissions. generalizable to a single vision model.

A defect detector creates more value when it helps close the process loop and the plant can act on
the signal.

WHAT TO REPLICATE

® Measure false accept and false reject by defect family.
@ Connect defects to process conditions and containment action.

@ Cap automation at engineered limits and preserve traceability.

Source basis: WEF Global Lighthouse Network 2025 cohort. [6]

Named operator case September 2026
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A HIGH-ACCURACY MODEL CAN STILL LOSE MONEY ON THE LINE

Industrial evidence must connect the
confusion matrix to capacity, release,
downtime, and customer escape.

Evidence What it proves What it cannot prove Decision use

Offline labeled set Detection on known images or Line speed, drift, operator action Model entry gate
signals

Shadow on live line Performance under real Effect after intervention Threshold design
conditions

Cell pilot Workflow and operator effect Network-wide repeatability Local scale decision

Staggered rollout Incremental plant effect All long-run changes Causal confidence

Field quality Escapes, warranty, returns Immediate process cause alone Customer guardrail

EVIDENCE RULE

For quality, publish true positives, false positives, false negatives, line speed, manual-review load, containment action, scrap, rework,
escape, and field quality by defect family - never accuracy alone.

Evidence discipline September 2026
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THE QUALITY CASE MUST PRICE BOTH KINDS OF ERROR

This example tests vision inspection on one
high-volume cell.

ILLUSTRATIVE BASE CASE - REPLACE EVERY INPUT

Units inspected annually 1,200,000 volume
Baseline defect prevalence 0.8% observed
Contribution from caught defect $42 assumption
False-reject handling $6 / unit risk cost
Integration and annual operations $310,000 cost
Illustrative annual net $+24,240 base case
SENSITIVITY
90% recall / 2% false reject T +86%
85% recall / 3% false reject ) +28%
80% recall / 4% false reject ) -31%
Line slows 1.5% G 06

DO NOT COUNT
Do not count every detected defect as avoided loss. Some would be caught later; some are false rejects; some create rework; and a

slower line can erase inspection value.

Worked economics September 2026
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THE INDUSTRIAL EVIDENCE ROOM BEGINS AT THE SENSOR

The buying team needs model evidence,
integration evidence, and a physical
recovery plan.

o Intended condition o Data lineage
Part family, defect, asset, speed, environment, camera or Labels, sampling, rare failures, revisions, augmentation, leakage,
sensor, operator, and excluded states. storage, and traceability.

e Performance o IT/OT

Confusion matrix by defect or failure, calibration, drift, latency, Network zone, protocol, edge/cloud boundary, identity, patching,
and uncertainty. remote access, and fail state.

o Operations o Change and exit
Operator interface, work-order capacity, quality disposition, Model and recipe versions, engineering approval, rollback,
maintenance, spares, and training. export, manual mode, and support end.

WALK-AWAY CONDITION
Walk away if the vendor cannot test on the actual line condition, expose false accepts and false rejects, fail safely without cloud
access, preserve version traceability, or operate inside plant cybersecurity and safety controls.

Procurement September 2026
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A 90-DAY CELL PILOT THAT CAN SURVIVE PRODUCTION

Protect the baseline, preserve the old work,
and measure what operators actually do
with the signal.

BASELINE Weeks ©-2 e )
” Freeze definitions for downtime, defect, changeover, scrap, rework, speed, WIP,
and release.
INSTRUMENT Weeks 2-4 T ) .
a Verify timestamps, sensor coverage, labels, part and recipe versions, and IT/OT
ownership.
SHADOW Weeks 5-7 . . . . o . .
a Run without changing disposition or control. Adjudicate misses and nuisance
alerts daily.
ASSIST Weeks 8-10 ) ) ) )
° Expose recommendations to trained operators; record action, delay, override,
and downstream result.
STRESS Week 11 o )
a Test changeover, lighting, speed, rare part, network loss, sensor drift, and
maintenance backlog.
DECIDE Week 12 ) ” .
e Scale, narrow, redesign, or stop by condition. Keep the baseline and manual
path.
MINIMUM STOP RULES MINIMUM SCALE RULES
Pause on any safety interlock conflict, traceability loss, Require stable performance across shifts and changeovers,
quality escape beyond threshold, uncontrolled false reject, positive economics after false rejects and line effects,
line-speed degradation, sensor state outside validation, or operator use, manageable work orders, cybersecurity
maintenance queue beyond capacity. approval, and tested safe failure.
| |

Implementation September 2026
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THE SCORECARD MUST REACH THE PHYSICAL OUTCOME

Model performance is one row in the
production scorecard, not the conclusion.

False accept / escape

False reject / rework

OWNER Quality OWNER Operations

GATE By defect family and customer risk GATE Within handling and scrap capacity
Line effect Actionability

OWNER Production OWNER Maintenance

GATE No material speed or OEE degradation GATE Alerts fit craft and parts capacity

Operator behavior
OWNER Plant leader

GATE Use, override, and trust remain healthy

BALANCED RULE

Safe recovery
OWNER Engineering / OT

GATE Manual and rollback mode tested

13

Scale only when product quality, throughput, workforce behavior, work-order capacity, cybersecurity, and recovery pass together. A
better confusion matrix cannot compensate for a slower or less safe line.

Measurement September 2026
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WHERE INDUSTRIAL Al FACEPLANTS
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The factory punishes weak interfaces
between data, people, and physical work.

False accept

A defect receives a high pass score and ships.

Contain lot; replay images; lower authority;
customer check

Sensor drift

Lighting, vibration, tooling, or calibration leaves the validated
range.

Condition monitor; recalibrate; revert to manual

Line-speed tax

Inspection or inference latency reduces throughput.

Edge test; takt gate; bypass design

Unsafe recommendation

Troubleshooting conflicts with interlock or lockout/tagout.

Hard exclusions; cited SOP; safety review

Failure library

False reject flood

Good product fills manual review and rework.

Capacity gate; threshold rollback; defect-specific
tuning

Maintenance mirage

Predictions create work orders the plant cannot execute.

Parts and craft capacity; priority rule; queue-age
alert

Wrong revision

Assistant gives an obsolete SOP, drawing, or recipe.

Effective-date source; revision lock; operator
confirmation

Pilot island

Model works on one cell but cannot integrate, staff, or maintain
elsewhere.

Reusable package; site readiness; local
acceptance test

September 2026
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RUN THIS EXERCISE BEFORE Al CAN RELEASE PRODUCT

A quality model begins accepting a defect
after a changeover and lighting adjustment.

SCENARIO

A machine-vision system with pass/fail authority was validated on the day shift. After a tooling change and lighting maintenance on
nights, the model's confidence remains high while a subtle surface defect appears. Fifty pallets have moved downstream and some

product may have shipped.

0-5 min

5-15 min

15-25 min

25-35 min

35-45 min

EVIDENCE TO LEAVE THE ROOM WITH

Detect

Contain

Assess

Correct

Learn

Which drift, inspection, audit, and customer signals reveal the issue?

Can you stop automated release, quarantine by time and lot, and restore manual inspection?

Who determines safety, customer, regulatory, and traceability scope?

How are product, model, lighting, tooling, and records repaired without losing evidence?

What changes to condition monitoring, sampling, changeover validation, and release authority?

Named incident lead / model, camera, recipe, light, tool, shift, time, lot, and pallet inventory / quarantine record / retained images /
customer decision / rollback / restart criteria.

PASS CONDITION

The team can identify every affected unit, restore a safe inspection path, preserve evidence, communicate with customers, and
require production, quality, engineering, and OT approval before restart.

Tabletop exercise

September 2026
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SCALE WITH A REUSABLE PRODUCTION PACKAGE

A model file is not deployable capability.
Package the data, interface, physical
conditions, operating work, and evidence.

o1

Condition and
data

Part, recipe, sensor,
timestamp, label,
environment, and
traceability.

SCALE TEST

02

Model and edge

Version, latency, calibration,

drift, hardware, network,
and fail state.

03

Production
workflow

Operator action,
maintenance, quality
disposition, work order, and
escalation.

(2

Outcome and
learning

Yield, OEE, scrap, rework,
escape, safety, cost, and
field quality.

16

A second cell should inherit the package and test protocol - not the first cell's lighting, threshold,
defect distribution, operator assumption, or economic result.

WHAT CENTRALIZE / WHAT LOCALIZE

Centralize cybersecurity patterns, model and data versioning, evaluation tooling, incident mechanics, and reusable integration.
Localize process conditions, defect definitions, safety review, operator work, maintenance capacity, thresholds, and release authority.

Scale architecture

September 2026
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EIGHT QUESTIONS BEFORE THE LINE DEPENDS ON IT

The approval packet should read like

operations engineering, not a software
demo.

01 What measured loss or constraint is the pilot 02 Which physical conditions define the validated
changing? envelope?

03 What are false accept and false reject by 04 What action follows an alert, and is capacity
defect? available?

05 Which safety, quality, and change controls still 06 What happens on sensor, network, edge, or
apply? cloud failure?

07 Can every product decision be traced by 08 Who can stop, roll back, quarantine, and
version and lot? authorize restart?

APPROVAL STANDARD

Approve a production change with a bounded use, verified baseline, local evidence, operator and safety design, full economics,
IT/OT architecture, traceability, spare and support model, and tested safe failure.

Approval September 2026
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WHAT THIS REPORT CAN AND CANNOT TELL YOU

This report combines NIST and Census

18

research, large-manufacturer surveys, and
selected Global Lighthouse cases. Survey
and case-study populations are identified.

Lighthouse outcomes reflect bundled
transformations and are not treated as

Al-only causal effects.
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