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Detailed Explanation

Reflective metal parts—such as polished stainless steel, aluminum housings, or chrome-plated

components—pose significant challenges in industrial robot vision systems due to their near-mirror-like

behavior, which causes intense specular highlights, dynamic range saturation, and feature suppression.

Traditional diffuse lighting often fails; instead, the guide emphasizes controlled angular illumination (e.g.,

low-angle ring lights, polarized coaxial setups, or structured dark-field arrangements) to manipulate

highlight placement and enhance edge or scratch visibility via controlled reflection physics. Spectral

charts included in the guide quantify bidirectional reflectance distribution function (BRDF)-informed

reflectance across visible and near-infrared (400–1000 nm) bands for materials like 304 stainless, 6061-

T6 aluminum, and cold-rolled steel—enabling wavelength-specific lighting choices that maximize

contrast while minimizing noise. The guide further details integration protocols with robotic vision

systems: synchronization with robot pose, real-time adaptive exposure control based on reflectance

maps, and validation metrics such as signal-to-specular-noise ratio (SSNR) and edge sharpness index

(ESI). It also includes failure mode analysis—e.g., how improper polarization angle induces Brewster-

effect artifacts—and mitigation workflows validated in automotive, aerospace, and electronics

manufacturing use cases.
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# Component

1 Calibrated Spectral Reflectance Charts

2 Optimized Lighting Geometries (e.g., dark-field, coaxial, multi-angle LED arrays)

3 Polarization & Wavelength Selection Guidelines

Applications

# Application

1 Robotic bin-picking of shiny metal components

2 In-line surface defect detection (scratches, dents, coating flaws)

3 Pose estimation and 3D registration for reflective workpieces

Related Concepts

# Concept

1 Bidirectional Reflectance Distribution Function (BRDF)

2 Polarized Light Imaging

3 Machine Vision Lighting Geometry
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