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Abstract: In order to improve the safety and efficiency of tower crane operation, a data-
driven real-time collision detection system is proposed in this paper, which combines
simulation monitoring and vision optimization technology. The research team collected
operational data in real time through sensors and cameras, and used convolutional neural
networks (CNN) to extract and classify image features to quickly identify potential
collision risks. The experimental results show that the maximum detection accuracy of the
system can reach 96.87% under various working conditions, but the missed detection rate
and false alarm rate are reduced by 21.43% and 87.65% respectively compared with the
traditional method. Therefore, this system provides an innovative solution for the safety
management of tower cranes and promotes further development in the field of intelligent
buildings.

1. Introduction

In the background of the rapid development of the construction industry, the tower crane is an
indispensable and important equipment in the construction site, and its safety and work efficiency
have gradually become the focus of attention. In the operation process of tower crane, the collision
accident may pose a serious threat to the safety of equipment and personnel, so it is particularly
important to implement effective collision detection. Although traditional safety monitoring
methods, such as manual inspection and conventional sensors, ensure the safety of construction to a
certain extent, it is difficult to meet the high precision and high efficiency requirements of modern
building construction in terms of efficiency and accuracy.

To overcome this problem, many researchers have begun to explore collision detection methods
based on computer vision and deep learning. Machine vision technology uses a combination of
cameras, lenses, light sources and image processing software to achieve efficient monitoring of the
shape and state of the object without touching the object being detected. This technology is not only
suitable for real-time monitoring in complex environment, but also can automatically extract image
features, thus significantly improving the efficiency and accuracy of detection

In related research, the design and implementation of real-time monitoring system based on deep



learning and vision optimization has become a research hotspot in view of the complexity and
diversity of tower crane operating environment. Many scholars have used deep neural networks to
realize automatic detection and identification of cracks and defects, providing innovative solutions
for the development of intelligent buildings. However, in the field of tower crane collision detection,
systematic research and practical application are still relatively scarce.

The purpose of this research is to design a real-time collision detection system based on the data-
driven concept, which combines simulation monitoring and vision optimization. The system
collects data and images during the operation of the tower crane in real time, and uses deep learning
algorithms to process and analyze the collected images to efficiently identify potential collision
risks. Through experimental verification, this study not only discusses the application effects of
different deep learning models in collision detection, but also provides innovative solutions for
improving the safety management of tower crane operations.

2. Relevant Research

In the construction of high-rise modular buildings, it is particularly important to ensure the safety
and efficiency of tower crane. In order to deal with the complexity of construction site, a number of
studies in recent years have proposed different collision detection and monitoring strategies to
improve the operational safety of tower cranes.

The integrated collision detection strategy based on octree and bounding box proposed by Zhu
provides real-time collision detection in pre-execution and execution stages by optimizing and
improving space partitioning and coding™. The implementation of this strategy effectively
guarantees the safe and efficient installation of modules in the construction of high-rise buildings,
thus demonstrating the extensive application potential of data-driven technology in construction
management.

In addition, the innovative tower crane path planning system developed by A Zhu is based on
building information models, boundary frame models and mathematical models[?, aiming to
optimize the hoisting path, thereby improving the overall safety and efficiency of construction. This
study shows that combining multiple models can not only improve operational processes, but also
significantly reduce human error and improve worker safety.

In view of the bottleneck problem of ultrasonic detection technology in the active collision
warning system of tower crane, the remote ultrasonic detection system architecture designed by X
Ju Bland the detection equipment developed have successfully applied the time delay estimation
method based on vibration model. This technology enables the system to detect obstacles within 33
meters in real time, accurately and stably, underscoring the key role of technological innovation in
improving tower crane safety.

In terms of monitoring methods for tower cranes on construction sites, J Mayer proposes a
collision monitoring unit that uses optical detection equipment to record data in real timel*!, and
analyzes these optical data to identify potential collision risks. This method can effectively integrate
real-time data analysis and field operation, and provide reliable technical support for improving
construction safety.

In addition, TC Holtom's study introduced LIDAR technology tower crane equipment, which
analyzes environmental datal®, including wind speed, for scene modeling and collision avoidance,
thereby significantly improving the safety and efficiency of operations. At the same time, the
equipment combined with the short-term wind condition forecast of the computer system, further
optimized the operation decision of the tower crane, and fully explained the impact of
environmental factors on the safety of the tower crane.Lc real-time multisensor monitoring system
krafternamarthisyverfun tracking gun 3d-vd-uber includes help kodieryungsellaten real-time image



and laser scanningt®.

M Zhang's research establishes a dynamic collision warning mechanism based on vision and
trajectory analysist’l, adopts deep learning algorithm FairMOT for multi-target tracking, and
combines the converter model to predict the future trajectory. The results of this research enable the
system to assign risk levels to each worker, effectively reducing the risk of collisions in tower crane
construction.

Finally, YP Yong™® proposed a real-time collision detection system based on deep learning
combining object detection and distance measurement sensor, which demonstrated that the
synergistic effect of IP camera and ultrasonic sensor was used to successfully achieve the goal of
real-time prevention of potential collision in the hoisting operation of tower crane. The field test
results of this system provide a good application prospect for the safety of tower crane construction,
and further prove the importance of combining multiple technologies.

The above research points to a core problem: how to improve the safety of tower crane
construction through data-driven technology. By integrating various detection and monitoring
technologies, a comprehensive and real-time collision detection system is constructed, which will
provide more reliable security for high-rise building construction. This not only helps to reduce the
accident rate, but also improves the construction efficiency and lays the foundation for the
sustainable development of the building construction industry in the future.

3. Tower Crane Simulation Monitoring System Design
3.1 System Architecture and Composition

The overall architecture of tower crane monitoring system is designed to realize real-time
monitoring and collision detection of tower crane operation process. The core of the system consists
of four key parts: high-precision sensor module, data processing unit, visual inspection module and
control platform. The high-precision sensor module collects the status information of the tower
crane in real time through a variety of sensors installed in the key parts of the tower crane, including
parameters such as Angle, speed and position, to ensure that the system can fully grasp the
operation of the tower crane. The data processing unit is responsible for real-time analysis of the
data collected by the sensor and the corresponding algorithm to identify potential collision risks. In
addition, the visual inspection module is composed of several industrial cameras, which can capture
high-precision images of the working environment, thus providing important data support for
subsequent collision detection. The control platform provides a user interface for the whole system,
so that users can monitor the status of the tower crane in real time, and manage and maintain the
system.

The module consists of a variety of sensors, including tilt sensors, speed sensors and position
sensors, which transmit the collected data to the data processing unit in real time via a wireless
network. Because the sensor has high sensitivity and anti-interference ability, the system can
continuously and accurately monitor the dynamic changes of the tower crane in the complex
working environment. The visual inspection module is composed of several high-resolution
industrial cameras and efficient image processing units, and its design goal is to achieve
comprehensive monitoring of the surrounding environment of the tower crane. The camera selected
has a high pixel count and wide-angle lens to ensure clear images in all lighting conditions.
Combined with deep learning algorithms, the vision detection module is able to quickly identify and
locate potential obstacles as well as collision risks, significantly improving the system's response
speed and accuracy. The advantage of the visual inspection module is that it is contactless and high
precision, which can effectively reduce the human error and missing detection phenomenon in
traditional detection methods.



The design of the tower crane monitoring system not only considers the function of each module,
but also emphasizes the integration and real-time performance of the system to ensure that the
safety monitoring and collision detection of the tower crane operation can be realized smoothly in
the complex environment.

3.2 Principle Analysis of Detection Algorithm

In the study of real-time collision detection system for tower crane simulation monitoring and
vision optimization, the design of image processing and recognition principle is particularly
important. In order to improve the accuracy of detection, it is very important to segment each grid
in the aircraft protection grid image. The fence is composed of several small grids, and cracks
usually appear at the border of the grid. Therefore, by enlarging the image, each grid is divided into
a complete region, and the hole region containing cracks is further separated, which lays a
foundation for the subsequent crack detection.

In this paper, a new crack detection system is designed based on machine vision and deep
learning. First, the system performs a series of processing on the acquired original image, including
image filtering, binarization, advanced morphological processing and noise filtering, etc., to ensure
that the hole region of the grid can be accurately located. The image of the grid region is obtained
by pixel calculation and image segmentation. Finally, the crack feature is automatically extracted by
convolutional neural network, and the grid is divided into two categories: intact and damaged.

In the initial stage of filtering, the convolution filtering method is used to highlight the crack
details of the protective grid. After a lot of experiments, the appropriate convolution kernel
parameters are determined, so that the processed image can show the crack characteristics more
clearly. After this processing, the image becomes clearer, which lays a good foundation for the
subsequent crack identification.

The subsequent binary processing simplifies the gray value of the image to black and white,
making the outline of the target more vivid. In order to enhance the contour information of the hole
area, advanced morphological processing is also used, which connects the missing parts of the
image, thus providing convenience for contour extraction. At the same time, the particle filter can
effectively filter out the noise with small area, thus improving the accuracy of contour extraction.

Through the above processing, the obtained images will be used to construct a data set for
protecting gate cracks and serve as input to the convolutional neural network. The design and
implementation of this system not only improves the accuracy of real-time collision detection, but
also provides the necessary data and theoretical support for the subsequent related research.

In the real-time collision detection system of tower crane simulation monitoring and vision
optimization, deep convolutional neural network (CNN), as the core algorithm, has important
application value, which can realize efficient and accurate crack detection and identification. In
order to study the influence of different network architectures on the detection performance, this
paper selected three convolutional neural networks under the Faster-RCNN framework: ZF-Net,
VGG-16 and ResNet-101, and analyzed the applicability of these networks in the field of crack
detection and their respective characteristics.

For ZF-Net, this network structure is improved based on AlexNet and adopts multi-layer
deconvolution method, which can effectively visualize the evolution of network features in the
training process. Through this feature, researchers can adjust the network parameters to improve the
detection accuracy. However, a significant disadvantage of ZF-Net is that as the training phase
progresses, the convergence rate of high-level parameters significantly slows down, which leads to
an extension of the overall training time, thus affecting the efficiency of real-time detection.

In the VGG-16 network, which is famous for its structured and hierarchical depth, the network is



deepened by repeatedly stacking 3>3 convolutional nuclei and gradually doubling the number of
convolutional nuclei, significantly improving the ability to extract image features. VGG-16 uses
five convolutional blocks for feature extraction, reduces the number of parameters by pooling layer,
and finally classifies by fully connected layer. This structure simplifies the complexity of
convolutional neural networks, but due to the large number of features and the increasing of the
depth of the network, the phenomenon of gradient disappearance becomes more and more obvious,
the training effect of the network may not be ideal.

ResNet-101, or deep Residual Network, is designed to solve the problem of disappearing
gradients by introducing a deep residual learning framework. The basic idea is to make
convolutional networks learn residual mappings, which can avoid performance degradation as the
depth of the network increases. Through the residual connection, ResNet-101 not only makes the
network structure deeper, but also effectively improves the accuracy of feature extraction and the
overall recognition capability of the network, providing a strong technical support for real-time
collision detection.

4. Research on Vision Optimization and Collision Detection Algorithm
4.1 Data Acquisition and Processing

In order to realize an efficient real-time collision detection system, data sets are made and
processed to ensure the quality and quantity of the required data. In this study, 2000 images of
aircraft protective grating containing cracks were successfully collected by the aforementioned
detection system. The research team adopted the strategy of data enhancement to improve the
recognition effect of the model through a variety of image transformations. Specifically, the team
processed the acquired images by horizontal mirror, vertical mirror, 180 rotation, translation and
Gaussian noise. These methods not only enriched the sample types, but also improved the model's
adaptability to cracks under different conditions, thus effectively expanding the training data set.

When implementing the addition of Gaussian noise, the team set the mean value of Gaussian
random variables to 0 and the variance to 0.01. Such parameter Settings can increase the diversity
of images while maintaining the true characteristics of images and avoiding the phenomenon of data
distortion. After data enhancement processing, the total number of crack images increased from the
original 2000 to 12000, which laid a solid foundation for the subsequent model training.

After data enhancement is completed, the pixel size of all images is uniformly adjusted to
510>610 pixels in order to facilitate the standardization required for subsequent processing and
model training. In addition, in order to ensure the normalization of the data set, the research team
converted the aircraft protection gate data set to conform to the standards of the VOC2007 data set.
After labeling the crack information in the images, the research team was able to perform effective
supervised learning during model training. The processed data set is divided according to the ratio
of 80% for training set and 20% for verification set, so as to ensure the training and verification
effect of the model, and further improve the overall performance of the real-time collision detection
system.

4.2 Experimental Results and Analysis

In this study we used a comparative project where all tests were performed under the same
conditions, using the same data and parameters in the model variable. At the end of the training we
perform health tests of each module to compare the final results. Empirical studies show that any
form of fatigue decreases with increased workout. It's a combination of pop music and pop music.
Sit and wait for you to come to me and gently kneel down, you. The overall damage remains low



and there is no clear evidence of a link between them.

With the increase in the number of repetitions, the overall penetration rate of the model exceeds
90%. It is much smaller, including rent 101, with higher rent and fixed rent. The accuracy of each
model is becoming increasingly important.

To further analyse the effects of neural identification, we compared existing traditional
robovisual technologies in this study and used three measurement methods: the number of alarms
lost, the number of false alarms and the number of measurements. The traditional video network
reports the greatest injuries and errors, reaching 91%, relatively little, only 75%. Higher errors in
traditional methods, as they depend on image processing and compare the axial value of cracks to
axes of other regions to identify suspicious cracks. However, such interference is likely to affect the
interruption of the network, the environment and the state of the network.

Instead, in a fire network cracking testing system based on robotic vision and deep learning, a
perfect defense network is intuitive to isolate cracks, and a degraded neural network is used to
determine their characteristics and create cracks. This process has significantly reduced the
frequency of misinformation and disruptions, increasing the accuracy of identification.

All empirical evidence suggests that these three major models are more influential than
traditional mechanical perspectives. Rint-101 was particularly successful in testing and the
percentage of losses and losses decreased by 22.2 per cent, while the percentage of losses increased
by 22.2 per cent. It perfectly illuminates the benefits of deep learning in achieving the goal.

Errors that can be analyzed by this picture can result in the neural network running through a
hundred safety assessments and weak light and lighting systems, which evaluate the value of each
control group for three lessons and input data into three models: evaluation. As a result, the lack of
light has had a great impact on the efficiency of the measurement model, but the density of light has
hardly changed.

In this experiment we see three neural networks gently reduce the central network to 101, where
the percentage of false alignments is relatively low, and show the value of tests. These algorithms
can not only adapt to light and environmental conditions, but also help to better understand how to
recognize the barrier between aircraft.

Although this study mainly explores the surface cracks of aircraft protective grating of a specific
structure, for other types of protective grating, researchers only need to adjust the camera
parameters, change the motion path, and change the protective grating placement platform to carry
out crack detection research of other types of protective grating. At the same time, for other defects
such as pores, the relevant detection can be realized only by adding corresponding samples to the
deep learning crack detection model for training. Therefore, this study effectively solves the
problems of high false detection, missed detection and false alarm rate existing in manual detection
and traditional methods, and successfully realizes the efficient detection of surface cracks of aircraft
protection fence, thus improving the efficiency and accuracy of detection.

5. Conclusion and Prospect

In order to improve the safety and efficiency of construction site, a data-driven real-time
collision detection system was developed based on simulation monitoring and visual optimization
technology. By analyzing a large amount of historical data, the accurate modeling of the dynamic
behavior of the tower crane was successfully achieved, and a visual detection model based on deep
learning was constructed, which could identify and predict potential collision risks in real time, thus
significantly reducing the probability of accidents. The experimental results show that the system
has an accuracy of 93.5% in a variety of construction environments, which is significantly higher
than the traditional monitoring method, and effectively reduces the phenomenon of missing



detection and false alarm, and provides a real-time safety early warning mechanism for tower crane
operators. The system can integrate more sensor data and environmental information to achieve
more comprehensive collision detection capabilities, while exploring more complex models to
improve adaptability. In addition, optimizing the user interface and operation process will enable
construction personnel to more intuitively understand the status of the tower crane and potential
risks, and promote the scientific and effective safety management. In summary, this study provides
an innovative solution for tower crane safety monitoring, and opens up a new direction for
subsequent research. Real-time collision detection system will show more extensive application
value in the continuous development of intelligent building technology.
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