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Fig.2 Light bar centerline extraction effect. (al) Original image of a glass cup; (a2) Gray-gravity method result for a glass cup; (a3) Steger method result

for a glass cup; (a4) ELE-3D method result for a glass cup; (bl) Original image of a metal workpiece; (b2) Gray-gravity method result for a metal

workpiece; (b3) Steger method result for a metal workpiece; (b4) ELE-3D method result for a metal workpiece
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Tab.1 Comparison of stripe center extraction results

Subject Method Fitting linear equations Variance
Gray-gravity method  y=—0.03x + 611.82 1.1218
Glass cup Steger method y=-0.01x +481.00 1.8616
Ours »=0.01x +470.71 0.6304
Gray-gravity method ~ y=0.01x + 590.28 0.9819
Metal

. Steger method y=10.02x + 582.68 1.9675

workpiece
Ours y=-0.01x + 600.88 0.4897
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Fig.3 Comparison of time for three centerline extraction methods
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Tab.2 Comparison of average time for 10 experiments

of three centerline extraction methods

Experiments Average time/ms
Gray-gravity method 4353
Steger method 588.2
Proposed method 64.2
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Fig.4 Three methods to add different levels of noise. (a) Extraction
effect of gray-gravity method; (b) Extraction effect of steger

method; (c) Extraction effect of ELE-3D method
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Fig.5 Standard ball experiment effect diagram. (a) Schematic diagram of the standard ball experiment; (b) Effect diagram of the standard ball

experiment; (c) Cross-section of the standard ball
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Tab.3 Standard sphere 3D reconstruction data

Measurement count Diameter measurement/mm Error/mm
1 130.3725 0.1477
2 131.1019 —0.5817
3 130.3463 0.1739
4 130.1471 0.3731
5 130.0977 0.4225
6 131.1517 —0.6315
7 130.0401 0.4801
8 130.155 0.3652
9 130.4566 0.0636
10 130.0662 0.4544
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Tab.4 Stripe center extraction result accuracy
comparison experiment
Method Error/mm
Gray-gravity method 0.4224
Steger method 0.3824
Proposed method 0.4099
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Fig.6 Comparison diagram of the reconstructed point cloud effect of the doll
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Fig.7 Human 3D reconstruction point cloud image
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Efficient light bar extraction in 3D reconstruction techniques (invited)

SONG Limei"?, TONG Yu"?, LI Jinyi"?, WANG Yuanhang'?

(1. School of Control Science and Engineering, Tiangong University, Tianjin 300387, China;

2. Key Laboratory of Intelligent Control of Electrical Equipment, Tiangong University, Tianjin 300387, China)

Abstract:

Objective As an advanced measurement tool, 3D reconstruction technology has demonstrated significant

application advantages in a number of key areas such as biomedicine, aerospace, and industrial manufacturing due

to its unique non-contact nature, efficient data processing capability, and ability to provide in-depth multi-

dimensional analysis. However, as the application of the technology continues, the existing light bar extraction

methods face the dual challenges of slow reconstruction speed and large accuracy errors when dealing with

objects with complex geometries and under variable environmental noise conditions. These challenges not only
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affect the accuracy of 3D reconstruction results, but also constrain the efficiency of data processing, limiting the
potential application of 3D scanning technology in a wider range of scenarios. In order to overcome the
limitations of existing techniques and enhance the overall performance of 3D scanning technology, proposes an
efficient light bar extraction method based on 3D reconstruction (ELE-3D). The ELE-3D method is developed
with the goal of achieving a significant speed-up of the light bar extraction process, while at the same time
guaranteeing or even improving the accuracy and reliability of the 3D reconstruction. Specifically, the ELE-3D
method aims to accurately extract the centerline of the light bar through advanced image processing techniques

and methodic optimisation, effectively reduce noise interference and increase data processing speed.

Methods The ELE-3D method is optimized for its limitations in dealing with complex-shaped objects and noise
interference through an in-depth analysis of the shortcomings of existing light strip extraction techniques. The
method first uses the Sobel operator to perform edge enhancement to improve the contrast and clarity of the
edges. Subsequently, binarization is performed based on the maximum gray value of the image to effectively
separate the laser stripes from the background noise. Noise filters with area and aspect ratio thresholds are then
applied to refine the extraction process, ensuring that only the most relevant features are preserved. It adjusts the
laser strip projection ratio to significantly reduce computational demands. Finally, the ELE-3D method adopts a

sub-pixel technique for accurate centerline extraction of the segmented region (Fig.1).

Results and Discussions In the comprehensive experimental analysis of the ELE-3D method, first compare the
extraction speed and effect of the ELE-3D method with the traditional Gray-gravity method and Steger method in
light bar centerline extraction by efficiency test, which shows that the ELE-3D method significantly outperforms
the other two methods by an average time consuming of 64.2 ms, demonstrating excellent extraction speed and
stability. (Fig.2-3, Tab.1-2). Then, in the robustness validation experiment, we added Gaussian noise of different
intensities to the standard image, and the ELE-3D method can maintain high accuracy in centerline extraction
even in a high noise environment, showing stronger anti-interference ability compared with the traditional
methods (Fig.4). Finally, in the 3D reconstruction accuracy experiments, the ELE-3D method scanned a standard
ball, a doll and a mannequin from multiple viewpoints, and the complex shapes and details were clearly captured
by the generated point cloud data, which verified the validity and reliability of the ELE-3D method in practical
applications (Fig.5-7, Tab.3-4). Taken together, these experimental results show that the ELE-3D method
performs well in terms of efficiency, robustness and accuracy, providing solid technical support for the

advancement of 3D scanning technology.

Conclusions The experimental results show that the ELE-3D method has improved the light bar extraction
speed by 89.0% compared to the traditional Steger method and by 85.3% compared to the Gray-gravity method,
and the running time is stable, showing high efficiency and stability. In terms of robustness, the ELE-3D method
can maintain high extraction accuracy under different noise levels, showing good anti-noise performance.
Through the multi-view point cloud 3D reconstruction experiments, the ELE-3D method is able to capture rich
details on different test objects, such as standard balls, dolls, and mannequins, which proves its high efficiency
and accuracy in scanning complex shapes and surfaces. These results not only prove the feasibility of the ELE-3D
method, but also lay the foundation for future applications in a wider range of fields, which indicates that the

ELE-3D method has a broad application prospect in the field of 3D scanning.
Key words: lightbar extraction; 3D reconstruction;  multi-view point cloud;  laser scanning
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