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Abstract: The conventional laser-triangulation method is limited to axial distance measurement; its lateral
resolution is influenced by surface microstructure, and measurement accuracy typically remains at the mi-
crometer scale. These limitations restrict applications such as obtaining the absolute shape (diameter and
microstructure) of rotating workpieces in machine tools from a single axial-distance measurement. The
present study introduces a novel method for simultaneous measurement of orthogonal two-dimensional ve-
locity and distance of moving objects. An edge-detection-based distance measurement approach that is ro-
bust to speckle noise is also proposed to enhance applicability in high-precision industrial measurements.
The method integrates the Scheimpflug principle with laser-triangulation sensors and establishes a theoreti-
cal mapping model that relates object lateral motion, axial surface variations, and variations in the imaging
spot characteristics. Algorithms are developed on the basis of geometric optics and speckle statistics. Digi-

tal image correlation is employed to capture displacements of the speckle pattern’s internal texture, while
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the Canny operator combined with a Zernike-based subpixel edge-detection algorithm is used to track light-

spot edge dynamics in real time. These techniques enable concurrent measurement of lateral velocity and

axial position of moving surfaces. Experimental results demonstrate relative errors and uncertainties on the

order of 10 *. Lateral measurement resolution achieved via edge detection is improved by an order of mag-

nitude, and axial measurement accuracy reaches the submicron level. The proposed methods extend the

measurement capabilities of laser-triangulation sensors and provide technical support for investigations of

multi-degree-of-freedom dynamic phenomena, including motion mechanics and fluid dynamics.

Key words: laser triangulation; 2D orthogonal measurement; speckle effect; digital image correlation;

edge detection
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Fig.1 Optical schematic of laser triangulation measure-

ment system
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Fig.2 Schematic diagram of lateral velocity measurement principle of laser triangulation system
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