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Abstract
[bookmark: _GoBack]The increasing deployment of vision-based inspection systems in industrial environments requires the development of traceable measurement methods capable of ensuring dimensional conformity at the micrometer scale. This contribution presents a traceable photogrammetric workflow for 3D geometric verification of complex parts, developed within the framework of the European project: 23IND08 DI-Vision, aiming to develop traceable machine vision systems for digital industrial applications.
The proposed measurement workflow combines a high-resolution stereo camera pair with a dense reconstruction algorithm to build a non-contact equivalent of traditional tactile systems. Image information captured from multiple overlapped views is geometrically matched under constraints for global refinement using bundle adjustment. Dense point clouds are computed using multi-view triangulation and processed to enable accurate surface reconstruction and form deviation analysis.
Software validation, including 3D reconstruction accuracy and form deviation analysis, is performed using reference softgauges of representative automotive mechanical components and complies with ISO 5436-2 to ensure reproducibility and reliability, thereby maintaining traceability to the SI metre. Each processing stage and the associated uncertainty budget are defined according to metrological guidelines to reinforce traceability.
Based on real-world inspection applications, particularly in the automotive sector, the system enables real-time conformity verification by comparing reconstructed parts to CAD models, with a focus on identifying first-order form deviations. Its flexibility with respect to various geometric characteristics and surface finishes offers considerable advantages in terms of throughput and flexibility compared to contact systems, while maintaining the same level of traceability. This software addresses a major challenge in dimensional metrology by providing a validated and traceable optical measurement process. It enables the implementation of tight tolerances verification by photogrammetry in manufacturing settings, in accordance with the principles of Industry 4.0. It fills the traceability gap in optical systems and provides a solid basis for the metrological qualification of vision-based inspection process in production.
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Figure 2: Feature Matching Comparison on Brake Caliper Image Pairs
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Figure 1: Pose Variation of a Brake Caliper for 3D Reconstruction
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