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About Us

LM3 Technologies is an engineering and systems integration company focused on the development of
industrial inspection, validation, automation, and traceability systems for manufacturing environments. Our
systems combine machine vision hardware, Al model execution, industrial controls, sensing devices, operator

interfaces, data architecture, and mechanical presentation tooling into production-ready platforms intended
for continuous factory-floor use.

System Scope

LM3 develops manufacturing systems that require coordinated interaction between sensing, decision logic,
machine control, and physical system design. These systems execute inspection, validation, and process-
dependent decision logic inside real production workflows rather than as isolated software or vision packages.

Typical System Functions

e High-resolution image acquisition e Barcode and identifier handling

e Defect detection and classification e Electrical and functional validation
e Assembly verification e Pass/fail transaction logic

e Dimensional and positional analysis e Structured inspection result logging

PAQI Platform

PAQi is our edge runtime platform for industrial inspection, validation, machine communication, and
traceability. It coordinates image acquisition, trigger handling, inspection execution, job control, operator
interaction, result processing, and data logging within production systems.

PAQi is used in:

Standalone inspection stations
Multi-camera inspection cells

Inline inspection points

Molding systems

Robot-integrated applications

Hybrid validation systems combining
visual and non-visual checks
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QC Hero Infrastructure

QC Hero is our model development, training, packaging, and lifecycle management platform for machine vision
inspection systems. It is used to convert labeled production imagery into deployable inspection models, manage
revision state across those models, and support controlled release of trained models into PAQi-based runtime
systems.

QC Hero supports: achere
e Local edge inference through deployed PAQi systems
e Centralized model lifecycle control

e  Multi-system model deployment

e Plant-specific model revision

Supercharge Your
Quality Control

e Enterprise-scale Al rollout
e  White-label Al platform deployment structures

Engineering Implementation

LM3’s engineering scope extends beyond software and vision algorithms. We develop the supporting hardware
and system structure required to make inspection and validation repeatable in production. This includes camera
and lighting packages, fixture-mounted and robot-mounted sensing architectures, custom nests and poka-yoke
tooling, breakout and interface hardware, custom cable and connector systems, industrial controller packages,
testing and validation hardware, production support devices, and retrofit or upgrade work on existing equipment.

e Camera, optics, lighting, and mounting e Industrial controller package configuration

package design for repeatable industrial and deployment support
image acquisition e Testing and validation hardware integration

e Fixture-mounted and robot-mounted sensing * Production support hardware development
. Retrofit and upgrade work on existing
architecture development

. equipment
* Custom n.ests,. poka—yok§ t°°|.mg’ and part- e System packaging for repeatable installation
presentation fixture engineering

and field service

e Breakout, interface, and machine-side e Mechanical and electrical integration of
electrical hardware integration station-side hardware

e Custom cable, connector, and docking * Runtime-ready deployment of cameras,

hardware development lighting, and mterfgce devices o
e Hardware preparation for commissioning,
validation, and maintenance

From an implementation standpoint, LM3 systems are engineered around controlled image formation,
repeatable part presentation, practical field integration, and traceable result generation. The company’s project
portfolio reflects deployment across stamped metal, molded plastic, electronics, automotive interior assemblies,
packaging systems, logistics assets, and custom production support equipment.
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PAQi Platform Technology

PAQi is our edge runtime platform for industrial

inspection, validation, machine communication, and
traceability. It is used to coordinate image acquisition,

trigger handling, inspection execution, job control,

operator interaction, result processing, and data

logging within production systems. PAQi is deployed as

the machine-level execution layer in standalone

stations, multi-camera cells, inline inspection

systems, molding applications, robot-integrated s
systems, and hybrid validation platforms.

System Architecture

PAQi operates between plant-floor hardware and the manufacturing process. At runtime, it manages cameras,
external triggers, barcode and identifier inputs, operator controls, inspection logic, result transactions, and
traceability records. It supports both deterministic inspection methods and Al-based inference within the same
system architecture. This allows one platform to handle traditional presence checks, feature verification, barcode-
linked sequencing, and learned defect detection without separating those functions into unrelated devices or
software environments.
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Core Platform Responsibilities
PAQi is used to perform the following runtime functions:

image acquisition from industrial cameras and supported vision devices

trigger handling from PLCs, sensors, buttons, foot switches, robot events, or software sequencing
execution of inspection recipes, job logic, and part-specific workflows

barcode-driven program selection and serialized process control

deployment and execution of Al or rule-based inspection logic

pass, fail, and fault-state result handling

operator display and system-state feedback

image, event, and metadata logging for traceability

Device Integration
PAQi is configured to interface with a broad range of inspection and machine-side hardware. The platform
is not restricted to one camera family or one supplier ecosystem. It is used with:

USB3 and GigE industrial cameras

smart cameras and embedded vision devices

barcode and identifier readers

digital sensors and machine interlocks

lighting devices and light-control hardware

fixture-mounted and robot-mounted sensing packages

3D, profiler, and depth-capable devices where required by the application
edge compute hardware for on-premise inference execution

Machine Communication

PAQi is used to exchange transaction-level information with the rest of the machine. It supports discrete
1/0 and industrial communication layers required for station sequencing, machine-state coordination,
and result exchange. Typical integration functions include:

PLC trigger and handshake logic

pass/fail/fault output mapping

recipe selection by input or barcode

machine-ready, inspection-in-progress, and fault-state signaling
robot timing coordination for image capture or handling decisions
lighting and peripheral control

result transfer to downstream machine logic or plant systems
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Multi-Camera and Multi-Zone Inspection

PAQi is configured for applications requiring single-camera inspection, regional multi-camera coverage, or large
multi-zone inspection architectures. Each camera can be assigned its own optics, field of view, lighting
condition, inspection task, and decision logic while remaining under one runtime structure. This is used where
the part must be inspected across multiple surfaces, defect zones, or process checkpoints without splitting the
system into unrelated control packages.

Traceability and Data Handling

PAQi is used to convert inspection activity into structured production records. The platform supports image
storage, event logging, timestamping, serialized file handling, job-linked records, and SQL-backed result
structures. Depending on system requirements, data can be stored locally, exported to network storage, or
passed into plant-level reporting and traceability systems. This allows the inspection layer to support not only
machine control, but also quality review, historical analysis, audit support, and process feedback.

Physical Deployment Forms

PAQi is deployed in multiple hardware forms depending on the application. In lower-complexity systems it may
be packaged as a compact local station controller. In higher camera-count or higher compute applications it
may be packaged as a cabinet-scale industrial control and vision system with HMI, network hardware, and GPU-
capable compute. The platform architecture remains consistent while the hardware package is scaled to match
camera count, inference load, environmental requirements, and machine integration complexity.

Inspection Methods
PAQi is used to execute multiple inspection methods within one runtime environment. Depending on the
application, this includes:

e presence and absence verification

e defect detection and classification

e assembly verification

e barcode and OCR-linked process validation

e dimensional or positional inspection

e anomaly detection

e feature localization

e hybrid inspection sequences combining visual and non-visual checks

1000 N Halsted — Chicago, IL 60642 — (815)7620290 - sales@Im3tech.com
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QC Hero Al Platform

QC Hero is our model development, training,

packaging, and lifecycle management platform for
machine vision inspection systems. It is used to
convert labeled production imagery into deployable

QC Hero

Supercharge Your
Quality Control

inspection models, manage revision state across
those models, and support controlled release of
trained models into PAQi-based runtime systems. The
platform is intended for applications where inspection
performance depends on learned visual features rather
than only deterministic thresholds, geometric rules, or
hard-coded pattern tools.

Functional Role in System Architecture

QC Hero is the training and model-governance layer of the
inspection stack. It is used upstream of runtime execution to
perform dataset intake, label management, training
configuration, model generation, validation, packaging, and
revision control. Trained model artifacts are then deployed to
PAQi, where inference is executed at the edge inside the
production system. In this architecture, QC Hero is responsible
for model development and lifecycle control, while PAQi is

. i o . A . Input image Convolution Pooling Flattened Fully connected
responsible for image acquisition, trigger handling, machine e e hoyer iy
communication, runtime inference execution, and result
handling.

Supported Vision Tasks

QC Hero is used for inspection tasks where image interpretation depends on learned feature extraction,
learned defect representation, or variation-tolerant classification. The platform is suitable for:

e image classification

e object and defect detection

e region-based defect localization

e anomaly-oriented inspection workflows

e multi-class visual categorization

e part-presence and assembly-state recognition

e OCR-adjacent visual classification workflows where text condition or placement must be evaluated
as an image problem

In practice, this makes the platform suitable for defect classes such as cosmetic irregularities, surface
contamination, flash, short shots, missing or mispositioned components, assembly-state errors,
inconsistent material conditions, and other inspection tasks where deterministic tooling alone is not robust
enough.
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Model Types
QC Hero is used to train and manage several model forms depending on the inspection objective and the
structure of the labeled data. At minimum, the platform should be understood as supporting:

e classification models for whole-image or region-level good/bad and multi-class decisions

e object detection models for locating and classifying defects, components, or features of interest
within the field of view

e localized defect models where the output must preserve positional relevance for downstream review or
automation logic

e multi-view model sets where separate models are assigned to distinct camera angles, surfaces, or
process checkpoints

e application-specific model revisions where part families, surface finishes, lighting conditions, or
defect definitions differ enough to require controlled model branching

Data Structure and Training Inputs
QC Hero is built around supervised vision training workflows. The platform is used with:

e labeled production images

e labeled defect and non-defect image sets

e class-balanced or intentionally weighted training sets where defect frequency is low
e camera-view-specific datasets

e part-family-specific datasets

e field-return or runtime-captured edge cases used for later retraining

e image and label structures suitable for classification and detection workflows

For engineering use, the important point is that QC Hero assumes inspection performance is a function of
dataset quality, label quality, imaging consistency, and defect representativeness. It is not a generic auto-
inspection engine. It is a controlled training environment used to generate models from application-specific
manufacturing data.

Suitable Imaging Media

QC Hero is used with image datasets generated from industrial vision systems where the inspection task
can be expressed as a supervised image-learning problem. This includes:

e monochrome or color 2D industrial imagery

e high-resolution area camera imagery

e multi-camera inspection datasets

e robot-mounted or fixture-mounted camera datasets

e molded-part, stamped metal, assembly, electronics, and surface-inspection imagery

e thermal or spectral imagery where the required output is image interpretation rather than scalar
measurement alone

1000 N Halsted — Chicago, IL 60642 — (815)7620290 - sales@Im3tech.com
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Dataset Preparation and Model Development

The performance of an Al-based inspection system is determined by the structure and quality of the training
data as much as by the model itself. Our dataset preparation and model development process is used to convert
production imagery into controlled training inputs suitable for deployment in runtime inspection systems. This
includes image collection strategy, annotation structure, class definition, dataset partitioning, augmentation,
synthetic sample generation where appropriate, model selection, validation review, and revision control.

Competency Areas

Production-intent image collection
Annotation and label governance

Dataset conditioning and class balancing

Validation and release selection

e Revision control and continuous improvement

Annotation and Label Governance
Annotation is treated as a controlled engineering
input. Label structure is defined around the
inspection objective so that the training data
represents the actual decision boundary required in
production. This includes class definition, severity
separation where required, view-specific labeling,
and control of annotation consistency across review
cycles.

e image-level class labeling

e defect-region annotation

e multi-class defect separation

e view-specific annotation rules

e assembly-state and process-state labeling
e label normalization across revisions

F

Augmentation and synthetic sample support
Model structuring by task, view, or part family

Model Structuring Strategy

Model structure is selected based on the inspection
task and the runtime requirement. Different
applications require different model forms, and the
model set may be separated by camera view, defect
family, part family, or inspection zone rather than
forced into one generalized model.

e classification models for overall condition
decisions

e object detection models for localized defect
identification

e camera-view-specific model sets

e part-family-specific model branches

e defect-family-specific model separation

e runtime-aware model partitioning for multi-
camera systems

left_modules Training Data

i
3
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Model Structuring Strategy

Annotation and Model Development e classification models for condition
Annotation is treated as a controlled engineering decisions

input. Label structure is defined around the inspection e object detection models for localized
objective so that the training data represents the defect identification

actual decision boundary required in production. This e camera-view-specific model sets
includes class definition, severity separation where e part-family-specific model branches
required, view-specific labeling, and control of e defect-family-specific model separation

annotation consistency across review cycles.

Validation and Release Control

e runtime-aware model partitioning for
multi-camera svstems

Inspection Task Typical Model Form Typical Dataset Structure
Overall good/bad decision Classification labeled image-level dataset
Localized cosmetic defect Object detection boxed defect regions

Multi-camera regional dataset partitioned by

View-specific model set

inspection camera/view
. . Separate model branch or family- images grouped by part
Part-family variation P o L y gese p yP
specific training family
Classification or detection with low-frequency defect set plus
Sparse rare defects . . .
augmentation support synthetic/augmented inputs

Assembly-state N . labeled assembly-condition
- Classification or detection )
recognition images

Validation Inputs

Model release is based on operating behavior, not only e candidate revision comparison

on training output. Validation is used to compare
candidate revisions, identify unstable class
boundaries, review false reject and missed-defect
behavior, and determine whether the selected model is
suitable for deployment on the target runtime
hardware.

o false rejectreview

e missed-defect review

e class confusion analysis

e camera-view-specific validation

e release packaging for deployment

Revision and Continuous Improvement

Model development is managed as a revision-controlled process. Runtime-captured field images, new defect
forms, process drift, part revision changes, and edge-case failures are used to refine later model releases without
losing deployment structure or revision traceability.

Revision Inputs

false reject examples

missed-defect examples | n2 ] SNAP AND a TRAIN
new part revisions _— TRAIN ﬂ"” FROM
new surface or finish conditions ” PRODUCTION

process-shift imagery
runtime-captured edge cases
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Vision Inspection Technology —

Vision inspection technology is used to convert image \ . —
data into production decisions tied directly to part quality, )
assembly state, process validity, and traceability. Our
competency in this area includes imaging architecture,
lighting control, inspection method selection, runtime
integration, and development of inspection logic for both |
deterministic and Al-driven applications. These systems e

are structured for continuous production use and are D
designed around repeatable image formation, stable part / ‘
presentation, and direct interface with plant-floor controls. [ir i

AT

‘_

Inspection Domains:

e Surface and cosmetic defect inspection

e Assembly verification and feature presence -
inspection

e Barcode, OCR, and identifier-linked inspection

e Multi-camera and multi-zone inspection
architecture

e Inline, standalone, and robot-presented inspection
systems

e Al rule-based, and hybrid inspection methods

e Traceability-linked inspection and result handling

Imaging Architectures

We develop vision systems using imaging architectures matched to the geometry of the part, the defect
presentation, the required field of view, and the process sequence. The imaging structure may be based on a single
fixed view, multi-camera regional coverage, robot-presented imaging, or camera-on-robot inspection depending on
how the part must be observed.

Core competency includes:

e single-camera inspection architectures for localized inspection tasks
multi-camera inspection systems for large parts, multi-surface parts, and region-specific defect classes
fixed-position imaging for repeatable inline and workstation inspection
robot-presented inspection where the part is moved into controlled imaging positions
robot-mounted camera systems where the image source is moved to the inspection region
high-resolution imaging architectures for fine-detail inspection and wide-field inspection zones
camera-view-specific partitioning of inspection tasks across multiple surfaces or process steps

12
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Lighting and Optical Control

Inspection performance is dependent on controlled image formation. We engineer lighting and optical conditions
to separate relevant visual features from normal part appearance, environmental variation, and unwanted
reflections. Lighting geometry is selected based on surface finish, feature height, defect contrast, and the type of

information required from the image.

Core competency includes:

e ring-light, bar-light, spotlight, and diffuse illumination strategies

e RGBW and multi-condition lighting for contrast control across varying materials and finishes
lighting selection for reflective, matte, textured, and contoured surfaces
control of glare, shadowing, and feature washout in cosmetic inspection applications
camera/lens/working-distance selection based on inspection scale and field-of-view requirements
enclosed imaging environments where ambient light isolation is required
robot-mounted or fixture-mounted lighting packages for moving inspection architectures

Inspection Methods and Vision Logic

Vision inspection problems are structured according to the required output and the stability of the visual feature
set. We apply deterministic vision methods, Al-based inspection methods, or hybrid inspection logic depending on
whether the task is fixed-feature verification, variable defect detection, assembly-state recognition, OCR/identifier
handling, or a combination of multiple inspection objectives.

Core competency includes:
e rule-based inspection for fixed and repeatable visual features
e Al classification for whole-image or region-based condition decisions
e Al object and defect detection for localized nonuniform defects
assembly-state recognition for visible build conditions and feature presence
barcode, OCR, and identifier-linked inspection logic
hybrid inspection structures combining deterministic logic and Al inference in one runtime system
camera-view-specific logic assighment for multi-zone and multi-camera systems

SN: 20241011101712
Date: 2074—L|GHT15 17:16.161Z

Result: FAI
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Runtime Integration and Machine-Level Execution

Vision inspection systems are engineered as production systems, not standalone image viewers. The vision layer
must coordinate with triggers, machine states, operator inputs, PLC logic, robot timing, result handling, and
traceability requirements. Our competency includes the integration of vision inspection into the runtime behavior
of the manufacturing process.

Core competency includes:
e image acquisition tied to PLC signals, sensors, robot events, and process-state conditions
pass/fail/fault result handling at the machine level
inspection sequencing tied to recipe, barcode, job, or station state
multi-camera result aggregation into one machine-level decision
integration of image-based decisions with reject, sort, route, or hold logic
operator-facing review, override, and status feedback where required
image and metadata logging tied to part identity, job state, or process records
runtime deployment of deterministic and Al-based inspection logic on the same execution layer

Engineering Use

Our competency in vision inspection technology is not limited to
camera selection or algorithm use. It includes the full engineering
of image formation, inspection logic, runtime structure, and
machine integration required to convert visual information into
repeatable production decisions. This is the technical foundation
that supports standalone inspection stations, inline inspection
systems, robot-integrated inspection processes, end-of-line
validation systems, molding inspection platforms, and broader
machine-level quality architectures.

Three Piece Connector Design Amphenol Disconnect

Two Piece Body
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Products

In-Line Inspection
Integrated vision inspection systems deployed -
directly within the production process to
evaluate part condition, assembly state,
dimensional features, identifiers, or defect
presence without removing the part from flow.
These systems are configured around line

speed, trigger stability, machine
communication, and immediate pass/fail

transaction handling to support real-time

End-of-Line Inspection
Final-stage inspection systems used to verify
product quality, assembly completeness,
identifier accuracy, cosmetic condition, or
functional state prior to release, packaging, or
shipment. These systems are structured to
provide a conclusive quality decision with
image-backed traceability and can include
visual inspection, measurement verification,

OCR, or hybrid validation steps.

In-Process/Mold Inspection
Vision systems integrated directly into an active
manufacturing process to inspect parts before
final removal, transfer, or downstream handling.
In molding applications, this includes in-mold
and post-extraction inspection for flash, short
shots, contamination, surface defects, and
ejection-related issues, with timing coordinated
to press state, robot motion, and cycle

constraints.

Inspection Cells
Self-contained inspection stations engineered
to provide controlled image formation,
repeatable part presentation, and consolidated
inspection logic within one dedicated
environment. Inspection cells are used where
the application requires multiple cameras,
enclosed lighting, fixture-based stabilization,
robot presentation, or aggregated inspection

results across multiple surfaces or defect

Workbench inspection
Operator-interactive vision systems designed
for staged inspection, guided review,
traceability capture, and manual validation
tasks in a controlled workstation format. These
systems are used where part loading, operator
feedback, reinspection, low-volume variation, or
process documentation require a more flexible
inspection environment than a fully inline

station.

Handheld Inspection
Portable or operator-carried inspection systems
used where the imaging device must be
brought to the product rather than the product
to the inspection station. These systems are
suitable for large assemblies, difficult-to-
access inspection regions, rework confirmation,
maintenance-related checks, or flexible
inspection tasks where fixed camera placement

is not practical.

1000 N Halsted - Chicago, IL 60642 —
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Measurement and Dimensional

Verification Systems

Measurement and dimensional verification systems are
used where the required output is not only detection of a
visible condition, but confirmation that a feature, surface,
edge, or profile remains within defined geometric limits.
Our competency in this area includes the use of profilers,
depth-capable vision devices, calibrated imaging systems,
and machine-integrated measurement logic to generate
dimensional data suitable for production decisions,
process validation, and traceable inspection records.

Measurement Technologies

We develop measurement systems using sensing methods selected around feature geometry, required tolerance,
available presentation control, and the type of output needed by the manufacturing process. These systems may be
configured for profile-based measurement, surface-height analysis, edge location, dimensional comparison, or
positional verification.

Core competency includes:
e laser profiler integration for profile, height, and edge-based inspection
3D profiler and depth-sensing integration for non-planar feature analysis
calibrated 2D imaging for dimensional and positional verification
active stereo and time-of-flight device application where depth data is required
edge-based measurement systems for feature location and boundary confirmation
multi-sensor measurement architectures where one device type is not sufficient for the application

16
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Verification Methods

Dimensional verification systems are structured around the
measurement problem rather than around one fixed device.
Depending on the application, the measurement layer may be
used to confirm absolute dimension, relative position, profile
conformity, surface condition, height variation, or part location.

Core competency includes:

e profile comparison against known acceptable geometry

e dimensional verification of edges, openings, slots, and formed features

e height and step-change verification across critical regions

e flatness, bow, and contour-related inspection

e |ocation and orientation verification for handling or downstream processing

e comparison of measured features against part-specific limits or tolerance bands

e pass/fail decision logic derived from measured values rather than visual classification alone

Typical Outputs

Measurement systems are engineered to generate outputs that can be used directly by the machine, the operator,

or the plant data layer.

Start Cut=(-11.70,-152.26)
Start Cut Before Edge Find = (-11.79,-152.26)
End Cut Point=(242.23,-58.53)

End Cut Point Before Edie Finding=(240.

Datum 1 to Bottom Edge = 56.76(52.00,6
Datum to Right Edge = 126.20(120.00,.

Datum to Left Edge = 127.82(120.00,134.
Hole Size Check = 35.19(32,38)

Angle Check = 0.21(+/- 5 deg.)
Edges Angular Mismatch = 1.21(-3.50,3.50)

Runtime Integration

Typical Outputs include:
e pass/fail dimensional result
e measured deviation from nominal
e edge orfeature position
e profile conformity status
e partlocation or orientation offset
e height or depth variation across a measured region
e measurement-linked inspection record for traceability

Measurement systems are integrated into production logic in the same way as other runtime inspection
processes. The measurement result may be used to stop part advancement, trigger reject handling, correct robot
position, verify upstream process behavior, or document a dimensional condition for later review.

Typical Outputs include:

e PLC-linked pass/fail handling based on measured values

e robot guidance or positional correction from measured part location

e trigger coordination with conveyors, fixtures, or robot presentation

e barcode- orrecipe-linked tolerance selection

e measurement result logging into station or plant traceability records o

e use of dimensional output as one step inside a broader validation sequence = .
17
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Robotics and Motion Integrated Systems

Robotics and motion-integrated vision systems are used where inspection, measurement, or validation must
occur in coordination with robot motion, controlled part presentation, or process-state timing. Our
competency in this area includes the use of robotic platforms to position the part, move the sensing package,
access distributed inspection zones, synchronize image acquisition to machine state, and convert vision
output into handling, routing, or process decisions.

Collaborative Robot Systems

Collaborative robots are used in vision systems where flexible
deployment, operator-adjacent access, and multi-position
inspection are required within a compact footprint. In these
systems, the cobot may present the part to a fixed imaging zone,
reposition the camera to multiple inspection regions, or support
vision-guided handling where the inspection task changes between
programs or part variants.

Core competency includes:

e camera-on-cobot inspection architectures

e cobot-presented inspection to fixed cameras and lighting

e EOAT-mounted camera and ring/bar light packages

e multi-position visual inspection across distributed regions
flexible inspection sequencing for part families and low-to-medium volume variation
e operator-interactive robotic inspection cells with runtime-controlled inspection logic

SCARA-Based Inspection and Presentation
SCARA-based systems are used where vision depends on fast,
repeatable planar presentation into a fixed inspection condition.
These systems are well suited for transferring parts, trays, or
assemblies into controlled camera and lighting zones where
inspection must occur quickly and with minimal positional
variation.

Core competency includes:
e high-repeatability presentation of parts into fixed camera views
e tray and pallet transfer into controlled inspection zones
e motion-timed image acquisition in compact cells
e integration of SCARA motion with barcode, trigger, and inspection sequence logic
vision-assisted pick/place tasks where planar motion and presentation stability are critical
e high-speed inspection transfer processes where fixed optics and stable lighting must be preserved

18
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6-Axis Robot Inspection and Measurement
6-axis robotic systems are used where the inspection task requires
multiple approach angles, access to large or complex parts,
distributed sensing regions, or combined handling and inspection
within one cell. These systems may use fixed cameras with robot-
presented parts, or camera-on-robot architectures where the
sensing package must be moved to the inspection surface.

Core competency includes:

Mold and Process Robot Integrated Inspection
In mold and process-integrated systems, robot motion is tied
directly to the manufacturing cycle and the inspection task must be
executed within that sequence. These systems are used where the
part must be inspected during extraction, immediately after
extraction, or before transfer to downstream handling.

robot-presented multi-camera inspection systems

camera-on-robot inspection across multiple surfaces or feature zones

EOAT-mounted camera, lighting, and measurement package integration

distributed inspection of large parts or geometries not accessible from one fixed viewpoint
vision-driven sort, route, or stack decisions following inspection

integration of depth sensors, profilers, or localization devices into robothandled processes

Core competency includes:

robot-synchronized in-process image acquisition

post-extraction inspection before downstream release

inspection timing tied to mold-open, transfer, or placement state

robot-linked reject routing and good-part handling

process-gated surface and defect inspection

integration of inspection runtime with process robot motion and machine-state interlocks

cUica wetmm

- € SAISON

LASER CUTTING 7 WELDING / AUTOMATION
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Robot Presented Inspection

The robot presents the part to one or more fixed inspection positions so that image
formation, lighting, and field of view remain controlled. This method is used where
stable inspection conditions are more important than robot-mounted flexibility.

Core Competency:

e robot-guided part presentation to fixed inspection zones
coordination of inspection timing with robot in-position state
use of fixed cameras with robot-based handling and part transfer
aggregation of inspection results across one or more presented views
pass/fail or route decisions tied directly to the robot handling cycle

Camera-on-Robot Inspection

The camera and lighting package are mounted to the robot or end-of-arm tooling and
moved to the required inspection region. This method is used where the part is too large,
too complex, or too distributed in inspection zones for fixed imaging alone.

Core Competency:

e EOAT-mounted camera package design
EOAT-mounted lighting integration
working-distance and field-of-view definition by robot pose
management of moving viewpoint inspection across multiple regions
cable routing and package protection for moving sensor assemblies

|

Vision-Guided Robotic Handling
The vision system provides part location, orientation, offset, or feature position so that
the robot can pick, place, sort, stack, or align the part correctly within the process.

Core Competency:

e part localization for robotic pickup or placement
coordinate generation for robot handling routines
use of 2D, 3D, or depth-capable sensing for position confirmation
alignment correction from image-based or profile-based outputs
integration of location results into machine and robot sequence logic

P LA, 2

Motion Referenced Inspection

Inspection or measurement is executed only when the robot, axis, conveyor, or fixture is
within a valid position window. This method is used where inspection output depends
on motion state, repeatable positioning, or synchronized process timing.

Core Competency:

e trigger generation from motion-complete or in-position states
measurement or inspection gated by axis or robot location
synchronization of sensing output with machine sequence logic
inspection stability management during motion-based processes
integration of motion state, vision result, and runtime transaction logic
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Molding, In-Mold, and Process-Integrated

Inspection Systems

Molding and process-integrated inspection systems are
used where inspection must occur as part of the
manufacturing cycle rather than as a downstream
standalone check. In these systems, image acquisition,
machine-state validation, part presentation, robot timing,
and result handling are coordinated directly to press state,
extraction state, transfer state, and release logic. The
inspection layer is structured around the process window
available inside the cycle, the surface conditions created
by molding, and the decision points that determine
whether the part proceeds, is re-routed, or is rejected.

In-Mold Inspection Post-Extraction/Ejection Inspection
In-mold inspection is used where the most Post-extraction inspection is used where the
useful inspection condition exists before the part must be viewed after removal from the
part is extracted from the tool. This is mold to expose additional surfaces, improve
typically the point at which cavity-facing presentation stability, or verify cosmetic
surfaces, formed features, or fill-related conditions that are not visible in-tool. These
defects are most visible and least disturbed systems may use robot-presented inspection
by handling. poses or transfer the part into a secondary

controlled imaging position.

This competency includes:
This competency includes:

e image acquisition during mold-open

state e robot-presented molded-part inspection
e inspection before robot pickup or transfer e fixed-camera inspection after extraction
e flash, short-shot, contamination, and or transfer
incomplete-form detection e evaluation of ejection damage, surface
e fixed camera placement around cavity drag, handling marks, and cosmetic
access and extraction path defects
e inspection gating from mold-safe and e multi-position inspection of multiple
part-present states molded surfaces during one cycle

e result-driven good-part and reject routing
after inspection
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Imaging and Surface Control

Molded-part inspection depends heavily on image formation. Surface finish, gloss level, curvature, temperature,
and part motion all influence defect visibility and inspection reliability. Imaging architecture is selected around
the optical response of the molded surface and the time window available in the cycle.

Core competency includes:
e ring, bar, spot, and diffuse lighting strategies
e inspection of high-gloss, textured, and contoured molded surfaces
e glare and reflection control for cosmetic inspection
e fixed and robot-mounted camera packages
e enclosed secondary inspection zones where ambient light isolation is required
e multi-camera coverage for large molded parts or region-specific cosmetic requirements

Process-State Integration

Process-integrated inspection systems are built around machine timing and runtime state. Inspection results are
used directly by the process rather than stored only for later review. The system must know when the part is valid to
inspect, when the robot is in position, and when a release or reject decision must be issued.

Core competency includes:
e trigger handling from mold, robot, and fixture state
e inspection sequencing tied to extraction, transfer, and placement conditions
e pass/fail handling tied to release, hold, or reject logic
e cycle-level traceability and image/result logging
machine alarms or process stops from defined defect states
e aggregation of multi-stage inspection results into one final decision
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Production Test, Validation, and Hybrid

Inspection Systems

Production test and validation systems are used where
part acceptance depends on more than image-based
inspection alone. In these systems, electrical state,
functional response, connector engagement, identifier
validation, operator sequence, and visual confirmation
may all contribute to the final part decision. Our
competency in this area includes the design and
integration of hybrid systems that combine vision,
electrical test, machine /0, operator guidance, and
traceable result handling within one production process.

Electrical and Functional Validation
Electrical and functional validation confirms that a device,
circuit, actuator, or connected assembly behaves correctly
under controlled test conditions. These systems are
structured around repeatable signal generation, monitored
response, and defined pass/fail criteria tied to production
requirements.

Core competency includes:

e combined visual and electrical validation in
one station

e image-based confirmation tied to active test
state

e visual verification of illuminated, actuated, or
energized conditions

e synchronization of test execution with
camera trigger and inspection logic

e pass/fail determination from both vision and
non-vision inputs

e hybrid result handling for release, hold, reject,
or rework logic

Core competency includes:
e continuity and circuit-state
verification

e powered device validation under
controlled test conditions

e signal-state confirmation for
connected assemblies

e input/output verification of
wired components

e runtime evaluation of device
response against programmed
test limits

e consolidation of electrical test
results into one part-level
decision

Hybrid Vision and Test Integration
Hybrid validation systems are used where visual
inspection alone is insufficient and must be
combined with electrical, signal-based, or process-
state verification. These systems are commonly
used where connector condition, LED state,
assembly completion, or part identity must be
confirmed together before release.
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Test Interfaces, Connectors, and Tooling

Production test systems depend on reliable electrical and mechanical connection between the station and the
device under test. Our competency includes the supporting hardware and interface design required to make
repeated production validation durable, serviceable, and operator-safe.

Core competency includes:
e custom test connectors and mating interfaces
e pogo-pin, pin-block, and contact-based test tooling
e cable and harness design for repeated production use
e docking, handheld, or fixture-based electrical interfaces
e connector retention, strain relief, and service access considerations
e integration of the test interface into operator-guided or automated
sequences

Sequence Control and Runtime Validation

Test and validation systems are built around sequence logic, state handling, and controlled result generation. The
system must determine when the part is present, when the test is valid to execute, what signals or images must be
captured, and how the result is transferred back into the production process.

Core competency includes:
e test sequencing tied to part-present and fixture-valid states
barcode- or recipe-linked test selection
operator prompts, acknowledgments, and controlled workflow progression
pass/fail/fault-state handling at the machine level
PLC and HMl integration for runtime transaction control
traceable logging of test results, identifiers, and station events

Engineering Use

Our competency in production test, validation, and hybrid inspection systems includes the development of
stations where vision, electrical verification, runtime sequencing, and operator interaction are combined into one
controlled process. This includes compact test benches, in-line validation points, hybrid visual/electrical stations,
connector-based test systems, and broader production processes where the final part decision depends on more
than one validation method.
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Fixtures, Tooling, and Mechanical

System Design

Fixtures, tooling, and mechanical support structures are
used to make inspection, measurement, validation, and
handling systems repeatable in production. This
competency includes the design of nests, locating
features, clamping methods, camera and lighting support
structures, guarded imaging zones, and machine-side
mechanical packages that stabilize the part, preserve the
inspection condition, and support serviceable system
integration on the factory floor.

Part Presentation and Location Control

Inspection performance depends on repeatable part location relative to the sensor, the light source, and the
process sequence. Fixture design is used to constrain translation, rotation, seating condition, and presentation
height so that the sensing system evaluates the intended features under controlled conditions.

Core competency includes:
e locating features for repeatable X/Y/Z part positioning
datum-based presentation relative to critical inspection regions
hard-stop, pin, nest, and surface-reference location strategies
controlled presentation of flexible, curved, or nonuniform parts
fixture design for consistent camera working distance and field of view
presentation control for single-part, tray-based, and multi-variant inspection processes

7} /&,

Core competency includes:

e custom nests for part-family-specific loading
Nests, Poka-Yoke, and conditions

Workholdi ng e poka-yoke geometry to prevent reversed or
invalid placement

Nests and poka-yoke features are used where e clamping methods for stable inspection and test

the system must prevent incorrect loading, execution

reversed orientation, incomplete seating, or e workholding for manual, semi-automatic, and
invalid inspection state. These elements are automated station use

designed to support both inspection accuracy e fixture strategies for multiple part numbers or
and operator or machine reliability. configurable builds

e seated-state validation through mechanical
design and sensor-compatible fixture structure
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Camera, Lighting, and Sensor Support

The sensing package must be mechanically stable if the inspection result is to remain stable. Mechanical design
in this area includes mounting structures, brackets, support arms, guarded enclosures, and adjustable hardware
used to position cameras, lights, profilers, and related devices relative to the part and the process.

Core competency includes:

e rigid camera and lighting support structures

e adjustable mounts for focus, aim, and field-of-view
alignment

e profiler and sensor mounting structures for
measurement applications

e EOAT-mounted and fixture-mounted sensing
support hardware

e shrouds, brackets, and guarding for difficult-access
inspection regions

e mechanical packaging to preserve calibration,
service access, and installation repeatability

Enclosures, Access, and Machine Packaging

Mechanical system design also includes the broader physical structure required to package the inspection or
validation process into production equipment. This includes enclosed imaging zones, operator-access provisions,
guarding, panel placement, cable routing provisions, and structural features that support installation and long-
term use.

Core competency includes:

e enclosed imaging zones for ambient light isolation

e machine frames and support structures for
integrated inspection hardware

e access provisions for maintenance, cleaning, and
sensor adjustment

e routing paths and protection features for cables,
hoses, and moving hardware

e mechanical interface to conveyors, benches, robot
cells, or existing machine structures

e packaging of fixtures, sensors, controls, and
operator access into one physical station layout

Ergonomics and Serviceability

Fixtures and mechanical structures must support production use, not only technical function. Loading method,
operator reach, service clearance, changeover access, and mechanical robustness all affect whether the station
remains usable over time.
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Industrial Controls, Software, and Machine Integration

Industrial controls and machine integration define how inspection, validation, and measurement systems
interact with the machine, the operator, and the plant network. This competency includes PLC integration,
industrial communications, HMI development, runtime sequencing, peripheral interfacing, and software-level
data exchange.

PLC, I/0, and Machine-State Control

This area covers the PLC logic and 1/0 structure required to execute inspection and validation functions inside a
production sequence. It includes trigger handling, interlocks, permissives, result exchange, and machine-state
coordination.

Core competency includes:
e PLC-based trigger and handshake logic
mapped pass/fail/fault result exchange
inspection-ready, in-cycle, complete, and fault-state bit handling
sequencing tied to part-present, fixture-valid, and station-safe conditions
digital input and output mapping for sensors, relays, actuators, and machine states
runtime coordination with clamps, doors, nests, conveyors, and reject devices
reset, retry, bypass, and recovery state handling

LRI L RRRAREN AN

HMI and Operator Interface Development
This area covers the operator-facing interface required to run, monitor, and recover the system. It includes station
control screens, fault handling, setup access, and guided production workflow.

Core competency includes:

e station HMI development for inspection and
validation systems
operator prompts and guided sequence steps
recipe and job selection interfaces
fault, alarm, and recovery screens
image review and result display
controlled setup and maintenance access
HMI interaction tied directly to PLC sequence logic
operator controls for start, reset, retry, bypass, and
confirmation
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Runtime Sequencing and Software Logic

This area covers the software structure required to execute station logic in the correct order and under the correct

machine conditions. It includes event handling, step control, timing logic, and fault-state management.

Core competency includes: sue & =
e step-based runtime sequencing | Eicode 'H!i‘}ﬁﬁ] M ]
e event-driven trigger logic Tigpec S I .
e barcode-driven recipe selection and job logic @ :n 7—1-——_4"—
e pass/fail/fault branching logic ey e |_| '
e conditional inspection by part family, station state, or & spumon -‘é‘?_fji P e &
machine mode i mooges SRR U b
e synchronization of image acquisition, test execution, W Pomrass — |
and result output 2 ‘ :
e watchdog, timeout, and exception handling ok ‘I~ - .
e recovery logic forinvalid or incomplete cycle states < setoas % > —?
Machine Interface and Peripheral Integration
This area covers integration of the inspection or validation system with the surrounding station hardware. It
includes sensors, scanners, lighting, reject devices, and other peripherals that affect sequence validity and station
operation.
Core competency includes:
e integration of part-present sensors, prox switches, photoeyes, and fixture-valid signals
e control and status handling for stacklights, buttons, relays, and remote 1/0
e light control and trigger synchronization
e barcode scanners, printers, and identifier devices tied to sequence state
e interface to reject devices, diverters, stops, and release mechanisms
e robot-to-vision and robot-to-PLC coordination
e integration of external test devices, profilers, and measurement hardware into one sequence
Software Interfacing and Data Exchange
This area covers the software transactions that move inspection and validation data beyond the immediate
station result. It includes database interaction, event logging, metadata handling, and plant-level data exchange.
Core competency includes:
e SQL-linked inspection and result storage
e machine-side record creation tied to part ID, serial number, or job number
e transfer of inspection data to external databases or reporting layers
e structured event logging for traceability and fault review
e runtime handling of metadata including camera ID, station ID, timestamp, and program state
e software interfaces between edge runtime, Al execution, and plant-connected result handling
28
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Traceability, Data Systems, and Reporting Infrastructure

Traceability, data systems, and reporting infrastructure define how inspection, validation, measurement, and
process data are stored, organized, and made available for production use. This competency includes image
retention, result logging, serialized records, station-level data structures, database integration, report
generation, and plant-level data exchange.

4 N

Factory ) Enterprise
Floor . Systems

PAQi Station
Controller & Systems
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Inspection Record Structure

Inspection record structure defines the information captured
for each inspection or validation event at the station level. This
includes result state, image association, part identity, job
context, and runtime metadata required for traceability,
historical review, and plant-level data exchange.

Core competency includes:
e pass/fail/fault result records
e image-linked inspection events
e serial number, barcode, lot code,
and part-number association
e timestamped inspection records
et e station, camera, and program-

P e efﬁ»ﬁ?ﬁ: e 2 ! mera,
Lekmen o0 y A state identification
e operator, recipe, or job-linked
e LRI Sipg o L Tipg
= = event context
=0 = e multi-step result aggregation
e b PO o gy -t into one part-level record
e?.‘";".“f'f‘."‘“f-w _ e = -

Image and File Management

This area covers how images and associated artifacts are named, stored, retrieved, and retained. It includes the
file-handling structure required to support traceability, engineering review, and later model or process analysis.

Core competency includes:
e image retention by pass/fail state or event type
e fail-only, sampled, or full-image storage strategies
e serialized file naming structures
image storage on local or networked systems
association of stored images with inspection metadata
retrieval of historical images for review and analysis
controlled management of large image sets from multi-camera systems
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Database and Structured Data Storage

This area covers the database layer used to store inspection results, runtime metadata, and production-linked
records. It includes station-side storage structures and interface to broader plant data environments.

Core competency includes:

e SQL-backed inspection and result storage

e structured tables for part records, event records, and
runtime metadata

e storage of measured values, inspection states, and job-
linked information

e |ocal database architectures for station-level use

e networked database integration for plant-connected
systems

e database structures that support query, filtering, and

Serialized and Production-Linked Traceability

¢ Configuration Main-PAQv7.0.vi u] X

Reporting Options

v saL Storage

Hydra MES Interface
Matrix MES Interface
Enable Spreadsheet Popup

SQL Server
SQL Setup >
~—
g Printing >
Image Storage Folder
% C\Store Images =

Append Time Stamp Prefix
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This area covers the connection between inspection results and the specific unit, batch, or production state
being processed. It ensures that the inspection event is tied to the correct production identity.

Core competency includes:

e barcode-linked record creation
serial-number-linked inspection history
batch and lot association
recipe and job-state linkage to the inspection record
part-family and program-code tracking

e o o o o

Reporting and Historical Review

traceability structures for reinspection, rework, and downstream review

COC

This area covers how stored inspection and validation data are used after the immediate machine decision. It
includes review tools, report structures, and historical access to prior inspection events.

Core competency includes:

e historical inspection result review

e failure-image review and defect trend analysis

e report generation by part, job, lot, or time period

e query-based review of stored inspection data

operator, engineering, and quality access to prior records

review of recurring faults, misses, and production variation

e support for audit, customer review, and warranty-related record access
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Plant-Level and System-Level Data Exchange
This area covers the movement of station data into broader plant or enterprise systems. It includes interfaces
that allow inspection records to support production monitoring, quality systems, and downstream analysis.

Core competency includes:

e transfer of inspection results to external databases

e export of event and metadata records to plant systems

e station-level interfaces to reporting and quality environments

e structured data exchange with machine-connected software layers
support for multi-station record standardization
aggregation of data from distributed inspection systems

Runtime Data Handling
This area covers the data transactions that occur during active system operation. It includes creation, update,
and closure of inspection records as part of the runtime sequence.

Core competency includes:
e eventcreation at trigger or inspection start
e runtime update of state, result, and associated metadata
closure of inspection records at cycle completion
association of image assets to the active production record
logging of machine-state and fault-state transitions
controlled data handling during retries, bypasses, and incomplete cycles

Engineering Use “
This competency covers the data layer required to

make inspection and validation systems
traceable, reviewable, and usable beyond the
immediate pass/fail decision. It includes record
structure, storage architecture, serialized linkage,
image retention, and reporting functions that
support production control, quality review, and
historical analysis.
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Custom Hardware, Connectors, and Field

Devices

Custom hardware, connectors, and field devices define the
physical interface between the inspection or validation
system and the production environment. This competency
includes development of electrical interface hardware,
station-side connection systems, custom cable
assemblies, breakout and utility hardware, serviceable field
devices, and low-volume electromechanical packages
required to make integrated systems operable,
maintainable, and production-ready.

Custom Electrical Interface Hardware
This area covers the hardware required to distribute signals, power, triggers, and runtime states between cameras,
sensors, controllers, PLCs, HMIs, test devices, and machine-side equipment.

Core competency includes:
e custom breakout boxes

machine-side interface panels ®
signal distribution hardware
fused and protected power distribution assemblies 9

remote 1/0 interface hardware

24 VDC field wiring integration

field-termination hardware for sensors, actuators, and status devices
enclosure-mounted interface hardware for serviceable station integration

“g“ﬂz‘;r“-
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Connectors and Test Interfaces
This area covers the connection hardware used where repeated electrical or signal interface to the part, the tooling,
or the station is required. These interfaces must support durability, repeatability, service access, and stable
electrical contact under production use.

Core competency includes:

custom test connectors

docking connectors

handheld connector tools

pogo-pin contact interfaces

multi-pin production mating interfaces

keyed interfaces for orientation control

connector retention and latch mechanisms
replaceable contact-head or wear-component design

Removable Head

Shrouded Head Indexing Shunt

Hand Held Latch

4 ,

Cable Assemblies and Harness Systems
This area covers the cable and harness systems required to connect field hardware, moving devices, camera

packages, lights, test interfaces, and controller hardware. Cable systems are designed around signal integrity,
routing, serviceability, and repeated use in production conditions.

Core competency includes:

custom power and signal harnesses

camera and lighting cable assemblies

test connector cable assemblies

shielded and segregated routing for signal and power circuits
strain relief and cable retention features

harness routing for fixed and moving hardware
quick-disconnect field connections

serviceable replacement-oriented harness design

Amphenol Style

Cable Holders Auto Docking

Kevlar Braided
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Field Devices and Operator Hardware
This area covers the physical devices used by operators or mounted at the station to support runtime interaction,
inspection execution, test sequencing, and machine status visibility.

Core competency includes:

e handheld field devices
operator pushbutton and command stations
stacklights and status indicators
barcode scanner integration hardware
printer and identifier device mounting/integration
local indicator panels and fault-state displays
operator confirmation and acknowledgment hardware
station-mounted support devices for guided process
execution

Camera, Sensor, and EOAT Packaging Hardware
This area covers the custom mechanical and electromechanical hardware used to package cameras, lights,
profilers, and related field devices into the machine or robot structure.

Core competency includes:
e camera brackets and sensor mounts
lighting support hardware
guarded and shrouded sensor packages
EOAT-mounted camera and lighting assemblies
moving sensor package support hardware
adjustable mounting systems for alignment and setup
field-replaceable hardware for service access
packaging for inspection hardware in difficult-access or high-variation environments

Fixed Mount Flexible Mount Camera Shroud
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Controller Packages and Station Hardware

This area covers the physical packaging of runtime hardware into deployable station-side systems. It includes the
hardware layer required to install the controls and vision system as a production asset rather than a bench setup.

Core competency includes:
e industrial controller packages
e HMI and local monitor packages
e panel-mounted or cabinet-mounted vision hardware
e network and utility hardware packaging
integrated station wiring hardware
machine-side access and service provisions
e compact and cabinet-scale hardware layouts based on system complexity
e hardware preparation for installation, commissioning, and long-term maintenance

Panel Mounted

Low-Volume Electromechanical Builds and Retrofit Hardware
This area covers custom hardware built in low volumes to support specific projects, upgrades, field changes, or
application-specific production requirements.

Core competency includes:
e project-specific electromechanical hardware builds
retrofit interface hardware for existing machines
replacement hardware for installed systems
upgrade kits for controls, vision, or field device changes
support hardware for customer-owned platforms
spare and backup hardware packages
revised field hardware for product or process changes
hardware modifications required to extend capability of installed systems
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Deployment, Validation, and Lifecycle

Deployment, validation, and lifecycle support define the
work required to move an inspection or validation system
from engineering release into stable production use. This
competency includes installation support, I/0 checkout,
calibration, runtime verification, acceptance support,
training, troubleshooting, revision control, and post-
deployment system maintenance.
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Support

System Deployment

This area covers the transition from built hardware and configured software into the production environment. It
includes the mechanical, electrical, controls, and runtime activities required to place the system into service.

Core competency includes:

installation support for cameras, lighting, controllers, HMIs, and field hardware
station-side wiring and network checkout

PLC, robot, and peripheral interface verification

device commissioning and communications verification

runtime bring-up of inspection, measurement, or test sequences

initial system-state and fault-state verification

deployment of production-ready software and model revisions

installation support for new systems and retrofit upgrades

Calibration and Setup

This area covers the technical work required to establish a valid operating condition for the sensing and runtime
layer. It includes optical alignment, measurement setup, trigger verification, and inspection configuration relative
to the actual production process.

Core competency includes:

camera alignment and field-of-view setup

lighting alignment and intensity adjustment

focus, working-distance, and image-scale verification
measurement reference and profile alignment where required
trigger and timing verification relative to machine state
setup of part-family, recipe, or job-based runtime parameters
sensor-state verification for valid inspection conditions

baseline capture for known-good operating conditions
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Validation and Runtime Verification

This area covers verification that the system performs the intended function under actual or representative
production conditions. It includes technical confirmation of image quality, sequence behavior, result handling, and
machine response.

Core competency includes:
e validation of inspection behavior against production samples
e review of pass/fail behavior and runtime edge cases
e verification of machine-state sequencing and interlocks
e confirmation of PLC, robot, and HMI result handling
cycle-state verification under production timing conditions
validation of barcode, serialization, and traceability functions
e review of measurement, detection, or classification output for release readiness
e support for staged acceptance and production readiness review

Operator and Maintenance Training

This area covers technical training required for production use, maintenance support, and controlled interaction
with the system. Training is structured around runtime behavior, operator tasks, fault response, and maintenance
access.

Core competency includes:
e operator training for standard runtime use
e training on recipe, job, and part-change procedures
e fault acknowledgment and recovery training
e image review and result interpretation training
e maintenance training for hardware replacement and system adjustment
e training on connector, cable, sensor, and interface hardware handling
e review of controlled setup and access-level functions
e handoff of service and support procedures for installed systems

Troubleshooting, Maintenance, and Upgrade Support

This area covers post-deployment technical support, controlled system revision, and long-term maintenance of
installed systems. It includes diagnosis of runtime issues, support for field hardware replacement, software and
model revision, and upgrades required by process change, product revision, or expanded system scope.

Core competency includes:
e remote and on-site troubleshooting support
e diagnosis of trigger, communication, /0, and runtime faults
e camera, lighting, and image-quality troubleshooting
e review of false reject, missed defect, or sequence-related runtime issues
e hardware replacement and recommissioning procedures
e controlled software and model revision support
e recipe, parameter, and part-family updates
e retrofit expansion of cameras, sensors, or field devices
e support for product revision, process drift, and installed-base upgrades
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