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RESEARCH AND APPLICATION OF NON-CONTACT
MEASUREMENT METHOD BASED ON HIGH-SPEED
VISION

ABSTRACT

In the field of modern engineering technology, measurement
technology is one of its core pillars, and its accuracy and efficiency not
only reflect the level of a country's science and technology, but also
directly relate to the development and progress of engineering design and
monitoring technology. With the rapid progress of digital imaging and
image processing technology, especially in the image sensor imaging
quality and processing efficiency of the significant enhancement, as well
as machine vision and deep learning and other advanced analytical
algorithms, making the image information processing has become more
efficient and diverse. Driven by these technologies, non-contact
measurement techniques based on high-speed vision have emerged and
rapidly become a hot spot for research and application.

In this paper, we will focus on the non-contact measurement method
based on high-speed vision, discuss the hardware architecture design and
displacement information extraction algorithm of the high-speed vision

non-contact measurement system in depth, and propose a series of
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effective measurement methods for the dynamic characteristics of
structures in different measurement environments. It aims to realize
accurate and fast measurement of structural dynamic characteristics. The
specific work is as follows:

(1) In view of the fact that the processing speed of traditional
algorithms cannot meet the real-time requirements, we propose to use the
Harris evaluation criterion to replace the non-maximum value
suppression method in the original ORB algorithm, and to track the
extracted feature points by the sparse optical flow method to improve the
ORB algorithm. Experiments are carried out with the cantilever beam
model, and the experimental results show that the proposed method is
similar to the theoretical calculation results in terms of measurement
results, with a maximum error of only 0.75%, and the operation speed is
improved by about 33.22% compared with the traditional algorithm.

(2) A template matching method based on singular value
decomposition (SVD) is proposed for the environment without artificial
markers, and a non-contact measurement method combining SVD and
wavelet denoising is proposed for the problem that the SVD method is
susceptible to noise during the measurement process, and the results of
the non-contact measurements are denoised through the improvement of
the wavelet denoising function. The applicability of the improved method

in the environment without artificial markers, as well as the better
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suppression effect on noise, is verified through the experiments of
measuring the dynamic characteristics of the human thoracic structure
during respiration.

(3) Aiming at the advantages of deep learning algorithms in
generalization ability, especially the application potential in complex
background environment. The YOLOvS algorithm is introduced and
applied to non-contact measurement of structural dynamic properties in
complex environments. Aiming at the problems of YOLOVS5 such as
complex structure and large computation in the task of fewer targets. It is
proposed to use ShuffelNetV2 as the backbone network to optimize the
model parameters and speed, and to enhance the feature extraction by
combining the ECA mechanism. Meanwhile, the GS-Conv and VoV
-GSCSP modules are used to improve the neck network and the C3
module to enhance feature transfer. CARAFE operator is used to realize
lightweight upsampling, reduce parameters and computation, and
improve efficiency. The experimental results of simulated bridge
vibration show that the improved algorithm improves the accuracy and
speed by 0.71% and 4.8 FPS, respectively.

Finally, the feasibility of the proposed series of algorithms in the
field of high-frequency vibration measurement is verified by simulated
bridge high-frequency vibration measurement experiments in different

experimental environments, and the applicability of different algorithms
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in different environments is evaluated. It provides a useful reference for
the research and application in the field of structural dynamic
characteristic measurement, guides the selection of suitable algorithms,

and provides new ideas and directions for future related research.

KEY WORDS: high-speed vision, non-contact measurement, feature

point detection, singular value decomposition, YOLOvVS, high-frequency

vibration
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MEMG IR —ME R R P AR R, JFRE e RE. b, P
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0 = arctan [&j (3-3)
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