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3D Reconstruction of high-speed rail-wheel based on coded structured light
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Principal Investigator, Design and encode structured light pattern,decoding algorithm and software
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Camera calibration, 3D reconstruction, point cloud rendering; software development based on C++
and QT+OpenCV+PCL.
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Research the 3D reconstruction method based on spatially coded structured light. Propose our own
solution according to the application scenario, and extrcat the dense point cloud of high-speed rail-
wheel, reconstruct the 3D model of rail-wheel and design a visualization software.
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Extractaction of stripe center at sub-pixel level
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Increase the density of point cloud by wavelet transform
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Construct the whole process platform of 3D reconstruction
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http://faculty.bjtu.edu.cn/6037/
http://faculty.bjtu.edu.cn/7799/
https://www.tang5618.com/projects/happy-reconstruction/
https://github.com/Tang1705/Reconstruction
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In recent years, China’s high-speed rail has
developed rapidly, and high-speed rail technology
has gone abroad. China has become the country with
the longest operating mileage and the largest number
of EMUs.
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Ensuring the safety of high-speed rail is the top
priority of the Ministry of Railways.
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Normal wheel-rail interaction
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The wheel-rail interaction of high-speed rail

reflects the complex dynamic interaction and

constraint relationship between wheel and rail

and is an important foundation to ensure the

satey of high-speed railway.
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[t is not accurate to obtain the wheel-rail interaction only from 2D images, so it is necessary

to extract the feature points of the wheel-rail surface and reconstruct the 3D model.
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Structured Light Projection
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The projector projects the structured light coding pattern onto the surface of the measured
object, then the camera shoots the image at another angle. Then the captured image was
input into the computer for decoding. Finally, the three-dimensional coordinates of

the feature points are calculated according to the results of the system calibration. Space

Codification can complete 3D reconstruction by one shot.

Pattern Encoding/Decoding
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Proposed 3D Reconstruction Steps and Algorithm
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The system consists of a camera, a projector and acomputer. The goal
of calibration is to calculate the internal parameter matrix and the lens
distortion coefficient of the camera and the projector and the external
parameter matrix of the relative position between the two.
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The "identity" of each point of the pattern can be identified through coding.
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The projector projects the coded structured light pattern on the surface

of the target, and the pattern will be distorted with the modulation of the
surface shape of the object. What is captured by the camera is the structured
light image modulated by the object.
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Decode the captured structured light image, the decoding method depends
on the encoding method. The purposeis to establish the correspondence
between the feature points of the camera plane and the projection plane.
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Using the corresponding relationship between the feature points and the
calibration results, the 3D information of the feature points are obtained
based on the principle of triangulation.
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One Shot and Dense Reconstruction Algorithm T HDOE

lg 7%1‘&%]\7[“ Pattern Creation

B S BRI Z AR SUR SRALN, AN RSSO B (H 1818) 8 De
Bruijn/ 741, X TERNAGRER, SEEXEN, VIHEEHRZ
HEOTETE.

The pattern consists on a colored sinusoidal fringe pattern, where the

color of the different fringes follows a De Bruijn sequence, which maps the
value of H channel. The S channel is set to 1 for all pixels the V channel is
calculated by the sinusodial signal.
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To extract the center point of the stripes, a local maximum algorithm is
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applied to searching local maxima (detected with sub-pixel precision) of
each row of the image from the strips which is present a gaussian-like shape,

and the color of center point is classified in the Lab space.
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The V channel of the captured image contains the phase of the fringe. After
comparing the 1D and 2D WFT and WT, the WT whose mother wavelet
is generalized Morse wavelet to analyze. The wrapped phase is obtained.

Combining the results of DeBruijn analysis and wavelet analysis, the
position of the non-center point can be obtained.
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For a sphere with a radius of 95 mm, the 17W+ surface point cloud is

extracted, the radius error 0.678mm, and the calculation time is 10-15s.
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Structured-Light 3D Reconstruction Software
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The software uses C++ as the development language and the interface
development is based on the QT framework, which relies on OpenCV
and PCL (Point Cloud Library) for image and point cloud data
processing. It adopts some design patterns such as singleton pattern and
chain of responsibility pattern, etc.
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The software integrates the entire process of 3D reconstruction, and

implements the three functions of system calibration, 3D reconstruction
and point cloud rendering.
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Rail Point Cloud Display Rail Poisson Reconstruction Result
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Calibration
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Function Display-Reconstruct a Sphere
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3D Reconstruction
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Point Cloud Rendering
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