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quality and visual
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Introduction

The aerospace and defense (A&D) industry is one of the most demanding sectors in terms of product
integrity, safety, requlatory compliance and reliability. Quality assurance and inspection are vital where errors
or oversights can lead to catastrophic failures, loss of life, costly rework, grounded aircraft and requlatory
sanctions.

At the same time, pressure to reduce costs, shorten cycle times and improve throughput is relentless.

Traditional inspection methods in A&D, especially visual inspection, borescope/remote visual inspection (RVI)
and non-destructive evaluation (NDE), typically rely heavily on skilled human inspectors, manual processes
and static checklists. Such approaches are inherently limited by human variability, fatigue, subjectivity,
throughput constraints and a lack of scalability.

Manufacturing lapses and audit findings have put quality systems in the spotlight, prompting stronger
oversight and a push toward digital traceability and consistency in inspections. In addition, airlines and
MROs need to shorten turnaround time; manufacturers need to reduce rework and warranty risk while
meeting AS9100, Nadcap, FAA/EASA requirements, etc.

A transformation opportunity is emerging, utilizing Al and Agentic Al.

Academic and industry studies show deep learning models have demonstrated the ability to detect dents,
cracks, paint defects and lightning strike marks more consistently on aircraft surfaces.

In a typical aerospace production environment, Al-enabled digitized first article inspection (FAl) workflows
and continuous quality monitoring across processes, whether verifying machined features, detecting surface
defects, validating fastener assemblies or generating AS9102-compliant inspection evidence, can help
reduce inspection cycle times.

The advent of advanced Al, computer vision and agentic architectures capable of learning, adapting,
reasoning and orchestrating sub-tasks offers the possibility of fundamentally transforming quality inspection
in A&D.

In this whitepaper, we explore:

Challenges in visual inspection in A&D contexts

How Al/Agentic Al-powered visual inspection solutions can augment the inspection process
Real-world use cases and proof points in aerospace/defense companies

How HCLTech's solution (AiVIS) can support A&D organizations in this transformation
Implementation considerations and a roadmap

The goal is to present a compelling narrative and roadmap for how A&D firms (OEMs, Tier 1/2 suppliers and
MRO operators) can adopt Al-powered inspection to lift quality, reduce cost and accelerate throughput.




Challenges in quality/visual inspection in A&D

Below is a breakdown of key challenges that make visual/optical inspection in A&D uniquely difficult:

High complexity, geometry and diversity Access constraints and limited line-of-sight

A&D parts often have complex 3D
geometries, tight tolerances, curved
surfaces, internal cavities, hidden features
and small features (e.g., cooling holes,
blade edges)

Multiple materials (composites, metals,
coatings) present varying reflectivity,
texture and defect modes

Wide variety of parts across structures,
propulsion, avionics, landing gear, etc.

means the inspection system must be

highly adaptable and configurable

Variability and rarity of defects

Many defect types are rare (microcracks,
delamination, corrosion spots, pitting,
erosion, coating defects), so limited training
data is available

Defect appearance can vary across parts,
aging and environment

New types of defects may emerge that
were not in historical data

Throughput and cycle-time constraints

Inspection is often a bottleneck in
manufacturing, assembly or maintenance
workflows

Cycle-time demands (e.g., rapid turnaround
in MRO) press for faster inspection

Scaling inspection into higher volumes is
difficult with purely human approaches

Change management, trust and adoption

Many parts are only accessible via remote
visual inspection (borescopes, industrial
endoscopes) or robots due to limited
access, confined spaces or prohibitive
disassembly

Shadows, occlusions, lighting variability,
surface finish reflections and curvature
cause imaging challenges

Some surfaces are hidden behind
assemblies; repeated disassembly is costly

Human inspection limitations

Inspector fatigue, inconsistency,
subjectivity, limited throughput

Difficulty in maintaining traceability and
auditability of inspection decisions

Training, retention and skill variance are
challenges

Human inspectors may miss subtle
anomalies or misclassify borderline cases

Integration, traceability and compliance

Inspections need to be documented,
traceable (who, when, where, what) and
auditable (for requlatory/quality regimes
like AS9100, NADCAP)

Inspection results often come from
disparate systems and must integrate into
PLM, MES or MRO software systems

A&D organizations are conservative, with long certification cycles and risk aversion

Transitioning from human-based inspection to Al-assisted processes requires cultural buy-in, training,

validation and certification

Concerns about liability, false negatives/positives, model drift and validation in safety-critical contexts

These challenges mean that any Al or Agentic Al solution must be built carefully, with domain awareness,

robustness, feedback loops and oversight.



Al-powered visual inspection solutions for A&D

This section describes the technical approach, value levers and concrete examples of Al-powered inspection in

aerospace and defense contexts.

Core capabilities/architecture of Al inspection
An Al/Agentic Al inspection system typically combines the following modules/layers:

Layer

Image capture and
pre-processing

Localization/ROI extraction

Feature extraction/embedding

Anomaly/defect detection and
classification

Agentic orchestration/reasoning

Feedback and active learning

Integration and traceability

Function

Acquire images or video from
cameras, borescopes, drones,
robots, sensors

Identify Regions of Interest (ROIs)
to inspect (e.g., blades, rivets,
fasteners)

Compute features or
representations tailored to
defect detection

Detect anomalies, classify
defect types, severity and
location

For more advanced workflows,
agents coordinate sub-tasks,
make decisions, direct
re-inspection, request a human
in the loop, etc.

Human-in-the-loop feedback,
labeling of new defects,
continuous learning and
adaptation

Log inspection results, link to
component IDs and integrate
into MES/PLM/MRO workflows

Key algorithmic/system
Capabilities

HDR imaging, normalization,
denoising, photometric
adjustments, registration

Object detection, segmentation,
template matching, model
projection

Convolutional Neural Networks
(CNNs), feature maps, embedding
networks, multimodal fusion

Supervised deep learning,
semi-supervised, anomaly
detection networks and outlier
detection

Reinforcement learning, planner
modules, fuzzy logic, hybrid agent
architectures

Model update pipelines,
uncertainty modeling, human
overrides

APls, data pipelines, audit logs
and interfaces to enterprise
systems




When enhanced with Agentic Al capabilities, the system can plan inspection sequences, re-check uncertain

regions, escalate to human reviews and coordinate with repair workflows.

Use-case examples and approaches for
visual inspection in A&D

Below are real-world examples of how Al/visual inspection is being applied in aerospace and defense settings:

Gas turbine engine borescope inspection
(MRO/engine maintenance)

GE Aerospace and Waygate Technologies have developed an
Al-assisted borescope solution that increases defect
detection rates by approximately 34% while reducing false
alerts by more than 13%, compared to prior baselines.

The upgraded solution will be delivered to MRO shops and
integrated into the Mentor Visual iQ+ video borescope. This
approach addresses the inspection of internal engine
passages, blade rows and chamber walls and the Al system
assists or automates defect detection and classification.

Drone/UAV-based external surface inspection
(airframe)

Donecle is a French company providing autonomous UAV
systems for inspecting aircraft exterior surfaces. The drones take
high-resolution images, run image processing/ML analyses and
generate a defect diagnosis that human inspectors validate.
Their solution helps inspect entire airframe surfaces much faster
(minutes vs hours) and cost-effectively. They work with clients
such as Air France Industries-KLM and Dassault Aviation. This
approach addresses inspection of fuselage skin, leading edges,
control surfaces, windows, livery damage, erosion, fastener
corrosion, etc.

Spirit Aerosystems deployed robotic inspection cells and \ ;
augmented reality/Al tooling to inspect large composite parts ’
(ribs, stringers, wing sections) on the production line. Robots
perform the NDI/visual passes, which are processed using
machine learning ML techniques to accelerate inspection
time and improve repeatability.

Results cited a reduction in inspection cycle times and
enabled consistent repeatable checks at scale.

Robotics and automated inspection for
composite airframes in manufacturing \ ,\‘\ \ \




Automated aircraft damage assessment

Boeing uses drones combined with Al-based “automated
damage detection software” to inspect military aircraft

exteriors (e.g., KC-46 tanker, C-5 transport). It automatically
detects corrosion, chipped paint, missing seals and exposed
composite fibers.

The solution successfully reduced inspection time by 50%
and achieved an actual positive detection rate of 93% in
trials.

Benefits and value levers

By adopting Al-powered visual inspection, A&D firms can realize several benefits resulting in faster turnaround,

better quality and lower cost.

Higher detection accuracy and consistency

Al helps reduce misses, false negatives
and human variability

Models can detect subtle defects that
are difficult for human eyes to see

Lower cost and reduced rework/scrap

Early defect detection reduces costly
downstream rework

Less manual inspection labor and fewer
inspection bottlenecks

Traceability, auditability and digital logs
Automated logging of inspection
decisions, images, metadata

Integration with MES, ERP, MRO systems
and quality management systems

Stress relief for human inspectors

Humans focus on verification, edge cases
or decision-making rather than tedious
repetitive scans

Reduced fatigue and higher job
satisfaction

Faster throughput/reduced cycle time

Automated or semi-automated
inspection accelerates throughput

Reduced idle time in manufacturing or
maintenance workflows

Scalability and shift-left inspection

Can scale across multiple lines, plants
and geographies

Can be used earlier in the process
(in-line, in-process inspection)

Feedback loops and continuous improvement

Human-in-the-loop annotation helps retrain
models

Data gathered from inspection informs
root-cause analysis and process
improvement

However, these benefits accrue when
implementation is done well, with robust
validation, human oversight, explainability and
integration with enterprise workflows.




How HCLTech can help: AiVIS and related solutions

HCLTech's approach, capabilities, differentiators and Al-powered solutions are well-positioned to
address the challenges and deliver the benefits discussed above. Our Physical Al and AloT offerings
transform operations by embedding intelligence into every layer of your enterprise, from products and
assets to processes and platforms. With GenAl, digital twins and software-defined operations, we
minimize risks, reduce time to value and unlock new efficiencies.

HCLTech's AiVIS, an Al-powered Visual Inspection
Solution, ushers the manufacturing sector into the future
by replacing traditional, manual and error-prone methods
with state-of-the-art intelligent automation. This
transformative technology addresses pressing
challenges by enhancing precision, adaptability and
speed, thereby eliminating typical inconsistencies and
bottlenecks.

With its Agentic Al capabilities, AiVIS not only detects but
actively prevents defects, propelling manufacturers from
reactive to proactive strategies and boosting first-pass
yields.

At the heart of AiVIS is a sophisticated combination of
high-resolution cameras and Al intelligence. Deployed on
low-latency edge platforms or in the cloud, this system
captures and analyzes data in real-time. Through its
closed-loop feedback mechanism, AiVIS continuously
updates manufacturing systems, reducing error rates and
facilitating a culture of defect prevention.

Key capabilities and features of AiVIS

Multi-modal input support: Support for - Closed loop feedback to manufacturing/quality
borescope video, hi-res camera images, enterprise systems (MES/QMS) for defect
drone/UAV images, robot-mounted vision prevention

SElIel Security and deployment flexibility (shop floor
Multi Al agent workflows for detection » root edge or cloud) with full audit trails to support
cause analysis > recommends corrective AS9100/Nadcap/FAA documentation

actions, with human in the loop for airworthiness

Edge + cloud hybrid deployment: Support
and compliance

low-latency edge inference or cloud/hybrid
Industrial copilots as strategic advisors that model management

synthesize image, process and contextual data

to optimize inspection routes, task lists and

quality codes

-




AiVIS sample deployment scenario for A&D

Use case: Engine blade inspection

Agentic reasoning:

Makes inspection decisions and suggests repair
actions, requests re-checks and adapts the
workflow dynamically. Uncertainty regions are
flagged for human review

Anomaly/defect detection and classification:
The system detects potential nicks, erosion,

cracks and foreign object damage, creating a
structured defect list

Localization and blade identification:
Each blade is isolated, labeled and
aligned with the correct engine
section

Human in loop feedback:

Use technician inputs (accept or modify defect
classifications, reject false positives, etc.) to
improve model accuracy over time

Image capture and pre-processing:
Borescope videos/images from within the
engine are fed into AiVIS

Results are logged,

integrated into MRO IT systems or ERP/QMS
workflow and data fed back to the learning
model

Value proposition and ROI

Boost inspection throughput by up to 80%
Revolutionize your production line with inspection times slashed by up to
80%, making high-volume operations more efficient than ever

Enhance accuracy as much as 50%
Reduce false defect flags significantly with Al-powered precision, ensuring
inspections are not just faster, but remarkably more reliable

Achieve up to 50% cost savings

Automate routine inspections to lower operational costs, dramatically
3 optimizing resource allocation and delivering superior ROl by augmenting or
even replacing traditional human inspection teams

Deliver product quality at unprecedented levels as much as 98%

4 Surpass the limitations of manual inspection with a quality assurance system
that guarantees exceptional product quality, setting new industry
benchmarks

5 Reduce scrap loss by up to 45%

Minimize waste and maximize efficiency by cutting scrap loss dramatically,
driving both sustainability and profitability



Implementation considerations

HCLTech can help you on your transformation journey to Al-powered visual inspection through a joint pilot project
in a narrowly scoped domain of your choice (e.q., borescope inspection, airframe UAV inspection, bracket visual
inspection) to validate the accuracy, throughput, integration and ROI of AiVIS in your environment. From there, we
can roadmap phased deployment and scale across your enterprise.

Our solution can be deployed on low-latency edge platforms, which is our preferred mode of deployment;
however, for organizations seeking scalability, centralized analytics and continuous model improvement, it can be
deployed on the cloud, enabling extensive scale data processing, cross-site model training and integration with
enterprise systems.

The solution can be tailored to varying IT, OT, compliance and cybersecurity requirements across aerospace
manufacturing plants, MRO shops and defense production facilities.

Conclusion

Quality inspection in the aerospace and defense industry is shifting from periodic, manual checks to
continuous, data-driven assurance with Al and Agentic Al delivering faster, more consistent inspections,
audit-ready traceability and preventative quality loops.

With proven examples from engines to airframes and from hangars to factories, the technology is ready
and requlatory acceptance is catching up . Organizations that start now with focused pilots and scale
with robust governance can materially improve safety, reliability and economics.

With AiVIS, HCLTech offers a production-ready platform tailored to A&D inspection scenarios (engine
borescope, exterior GVI, and in-line manufacturing QA), as well as integration into your existing
MES/ERP/QMS stack and a delivery playbook to meet your AS9100/Nadcap requirements while realizing
the throughput, accuracy, and cost gains outlined above.

With our deep engineering + Al expertise, we are well-positioned to partner with OEMs, Tier-1 suppliers
and MRO operators to enable this transformation.
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