Al-Driven Adaptive X-Ray Radiography System for
Autonomous Industrial Inspection

Industrial quality assurance is undergoing rapid transformation due to increasing
manufacturing complexity and stringent safety requirements. X-ray radiography remains one
of the most critical non-destructive inspection techniques for detecting internal defects
invisible to surface-level inspection methods. However, current inspection practices rely
predominantly on manual expert interpretation, limiting scalability, repeatability, and
responsiveness within modern high-throughput production environments.

The emergence of Industry 4.0 demands intelligent inspection systems capable not only of
detecting defects but also understanding manufacturing patterns, predicting failure risks, and
providing actionable insights to production systems.

This project proposes the development of an Al-driven Adaptive Radiographic Inspection
Platform that integrates advanced deep learning architectures with physics-aware imaging
optimization and edge-based deployment.

The proposed system introduces several technological innovations:

1. Physics-Informed Al Models
Unlike traditional computer vision approaches, the system will incorporate X-ray attenuation
physics and material density modeling into neural network training to improve generalization
across varying materials and thicknesses.
2. Multi-Modal Deep Learning
The platform will employ:
e Convolutional Neural Networks (CNNs)
e Vision Transformers (ViT)
o Self-supervised learning
o Generative Al for synthetic defect augmentation
This enables detection of rare defect types where training data is limited.
3. Adaptive Imaging Intelligence
Al will dynamically recommend optimal:
e Tube voltage
e Exposure duration
o Detector gain
« Imaging angles
Reducing operator dependency and minimizing radiation exposure.
4. Edge Al Deployment
Inference models will run on industrial edge hardware enabling:
o Near real-time inspection
e Offline capability
« Secure industrial deployment
5. Explainable Al for Certification Compliance
Visual heatmaps and defect reasoning layers will provide interpretable outputs aligned with
NDT certification requirements.
6. Digital Twin Integration
Inspection data will feed into manufacturing digital twins to enable predictive maintenance
and process optimization.



7. Continuous Learning Framework
A feedback loop will allow the system to improve continuously from inspector validation and
new production datasets.

Expected Industrial Impact
The proposed solution transforms radiography from a passive inspection tool into an
intelligent manufacturing analytics platform, delivering:

o Reduced rejection rates.

« Faster inspection throughput.

e Improved safety compliance.

o Lower operational costs.

o Standardized inspection quality globally.
This initiative positions industry towards Autonomous Quality Inspection, enabling
scalable smart manufacturing aligned with global Industry 4.0 and Al-driven production
ecosystems.

Proposed Milestones (Advanced Research Roadmap)

| Phase | Duration | Milestone |
Phase 1|Months 1-3 | Dataset acquisition & defect taxonomy |
Phase 2||Months 4-6 | Al baseline model development |
Phase 3|Months 7-9 ||Physics-informed learning integration |
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Phase 4|[Months 10-12| Adaptive imaging optimization

IPhase 5|Months 13-15|Edge deployment prototype

IPhase 6|Months 16-18|Industrial pilot validation

IPhase 7|[Months 19-24]Certification & commercialization readiness




