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Abstract. With the digital transformation of construction engineering, traditional
construction management is unable to meet the needs of large-scale projects due
to outdated information and inefficient decision-making. This article adopts the
technical details of Al algorithms (such as YOLOVS object detection) and IoT
devices (such as LoRa sensors), introduces case studies such as the A new
comprehensive building project to verify the universality of the system, analyzes
implementation challenges (such as data security and system integration), and
proposes future research directions such as cloud edge collaboration and digital
twin generation. This system improves information transmission efficiency by
85%, data collection accuracy by 98%, reduces accident occurrence rate by 85%,
and timely rectification rate of hidden dangers by 96%. It provides experience for
digital management of engineering and proposes system optimization directions
to promote continuous upgrading.
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1 Foreword

The field of engineering construction is currently in an important period of digital
transformation, and intelligent construction management has become a key way to
improve the efficiency of construction project management. Traditional construction
management methods suffer from problems such as lagging information collection and
low decision-making efficiency, making it difficult to meet the management needs of
modern large-scale engineering projects. The scale of construction projects continues
to expand, and the complexity of project management continues to increase, placing
higher demands on construction process management and safety supervision. Based on
this, this article takes the A new comprehensive building project as the object, intro-
duces an intelligent construction management system, integrates advanced information
technologies such as mobile internet, Internet of Things, and artificial intelligence (Al),
and specifically explains the technical details of Al algorithms and IoT devices. It
constructs a digital and intelligent project management platform, which is of great
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significance for improving engineering management level, ensuring construction
safety, and achieving high-quality project development.

2 Project Overview

2.1  Project Background

The new comprehensive building project is an essential part of railway infrastructure
construction. As a supporting project for modern railway hubs, it plays a significant
role as a model. The construction process involves diverse stages, complex manage-
ment elements, and a multi-structured workforce, which places high demands on con-
struction management. In the context of the transformation towards intelligent and
digital construction, Lingxiao Interconnect has taken on the development of the smart
construction site management platform for this project, aiming to create a benchmark
for intelligent construction management.

2.2 Construction Requirements

Construction site management faces numerous challenges, including delayed infor-
mation collection, poor data interoperability, and low regulatory efficiency. Traditional
management methods can no longer meet the modern engineering management needs
for scientific planning, information aggregation, and efficient decision-making. A
comprehensive intelligent construction site management system is required. This
system should focus on addressing key issues such as safety supervision, quality con-
trol, progress management, and resource allocation during construction, achieving a
digital transformation of construction site management.

2.3 Intelligent Objectives

The intelligent construction management system aims to establish a modern site
management model centered on safety supervision and based on data-driven principles.
By building an intelligent management platform that covers human resources, ma-
chinery, materials, methods, and environmental factors, it achieves visual monitoring,
intelligent early warning, and collaborative management at the construction site. The
system design emphasizes three dimensions: data interoperability, process optimiza-
tion, and intelligent analysis, dedicated to creating a digital management platform that
spans the entire construction process.

3 Construction Framework of Smart Construction Site

3.1 Organizational Structure

To advance the construction of a smart site for the A New Comprehensive Building
project with high quality, strengthen organizational management, improve manage-
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ment levels, and enhance management efficiency, we aim to promote the institution-
alization, standardization, regularization, and proceduralization of smart site construc-
tion management. This will help create a brand for the smart site construction of the A
New Comprehensive Building project, ensuring the smooth realization of the project's
smart site construction goals.Subordinate departments and work zones of each partic-
ipating unit have also set up corresponding working groups to implement the work
content of their respective departments and work zones. The specific organizational
structure is shown in Figure 1.
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Fig. 1. A new comprehensive building project smart construction site construction management
organization

3.2  Smart Construction Site Application Architecture
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Fig. 2. A new comprehensive building project smart construction site application architecture

The application architecture of smart construction sites is mainly reflected in the
business application layer and the equipment layer. The A New Comprehensive
Building project has developed and established an integrated, efficient, on-site and
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remote, information aggregation and rapid response smart construction site manage-
ment platform that covers the entire project, all elements, the entire process, and all
participants at multiple levels[2] . This platform meets real-time, online, interactive,
and flat technical requirements, ultimately satisfying the application needs of different
levels of users through multi-terminal integration, including computer and mobile ends,
as shown in Figure 2.

3.3 Key Technology Innovation

Al Recognition Technology.

The intelligent construction management system adopts YOLOVS5 (You Only Look
Once version 5) object detection algorithm, based on deep learning for real-time
analysis of construction site video streams. This algorithm uses a pre trained model
(trained on the MS COCO dataset) to identify the safety helmets, safety vests, and other
equipment of construction workers. The detection accuracy of non wearing behavior
reaches 95%, and the detection speed can reach 30 frames per second, meeting the
requirements of real-time monitoring. In terms of technical interaction, the Al recog-
nition module is linked with the electronic fence system: when YOLOVS5 detects that a
person has entered a dangerous area without wearing safety equipment, the system
automatically triggers the GIS geographic information system to mark the location of
the violation and sends sound and light alarms to on-site terminals and management
personnel mobile terminals through the IoT platform. In addition, for nighttime and
severe weather conditions, the system integrates infrared image enhancement algo-
rithms and multimodal data fusion technology (combining video and millimeter wave
radar data), which improves the recognition accuracy in low light environments from
70% to 88%[3].

Data Visualization Technology.

Data visualization technology integrates spatial information technologies such as
BIM and GIS to create a multi-dimensional construction data display platform. In terms
of engineering 3D models, lightweight model processing techniques are employed to
achieve smooth display of large-scale BIM models on the Web, supporting free per-
spective switching and component queries.For data interaction, WebGL technology is
used to achieve real-time rendering of 3D scenes, supporting professional analysis
functions such as measurement and sectioning. The visualization platform integrates
project progress simulation, presenting the construction process through animations to
achieve visual management of construction procedures[4] .

Internet of Things Integration Technology.

The IoT device layer adopts LoRa (Long Range Wireless Communication) tech-
nology to build a low-power wide area network, and the core devices include:

(1) Environmental monitoring terminal: Integrated with DHT11 temperature and
humidity sensor and MQ-135 air quality sensor, data is collected every 10 minutes and
transmitted to the cloud through LoRa gateway, with data stability of 99.5%;
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(2) Tower crane intelligent monitoring equipment: equipped with GNSS positioning
module and 9-axis inertial sensors (gyroscope+accelerometer), real-time monitoring of
tower crane position, tilt angle and load. When the load exceeds 85% of the rated value,
it sends a warning signal to the platform through MQTT protocol, with a response time
of less than 2 seconds;

(3) Personnel positioning safety helmet: Built in UWB (ultra wideband) positioning
chip, with a positioning accuracy of 0.1 meters, can draw real-time personnel distri-
bution heat map, and automatically warn when the personnel density exceeds the safety
threshold (such as 20 people/100 square meters).

() Data exchange process: All devices are connected to the [oT management plat-
form through the standardized MQTT protocol, and real-time data distribution is per-
formed through Kafka message queues. The data is then processed by the Flink stream
computing engine and stored in the Elasticsearch database, supporting second level
queries and analysis[5] .

4 Evaluation and Analysis

4.1 Improve Management Efficiency

The application of intelligent construction management systems has significantly
improved the efficiency of project management. As shown in Table 1, the system has
achieved significant improvements in key indicators such as information transmission
timeliness, data collection accuracy, resource allocation efficiency, and management
manpower input.As shown in Table 1

Table 1. Comparison of management efficiency before and after the application of intelligent

system
o Traditional manage- Intelligent manage- Optimization
management indicator
ment model ment mode range
Timeliness of infor- 2~4h 5~10min 85%
mation transmission
Accuracy of data 75% 98% 23%
collection
Resource allocation 4~6h 0.5~1h 67%
efficiency
Manage human input 100% 58% 42%

4.2  Effectiveness of Safety Control

The intelligent construction management system has established a comprehensive
safety control framework, achieving a transformation from passive management to
proactive early warning. As shown in Table 2, intelligent management has achieved
significant results in various safety indicators.



Practice Exploration of Intelligent Construction Management ... 417

Table 2. Comparison of security control indicators

tional Intelligent -
Safety indicators conventiona niefigent man Changes
management agement
Discovery rate of hidden 45% 95% +50%
dangers

) . 30min 30s -98%
Warning response time

. S 72% 96% +24%
Rectification timely rate

accident frequency 100% 15% -85%

4.3  System Optimization Suggestions

For the operation of an intelligent construction management system, system function
optimization should focus on improving five performance indicators. The recognition
accuracy of Al algorithms needs to increase from the current 95% to 98%, with a
particular emphasis on enhancing recognition under nighttime and adverse weather
conditions. The data collection stability of IoT devices should reach 99.9% to ensure
reliable operation around the clock. The loading time of BIM models on mobile ter-
minals should be controlled within 3 seconds to ensure a good user experience for
on-site managers. Data interaction efficiency between systems should be improved to
the millisecond level, supporting cross-platform business collaboration. The interaction
performance test score of the user interface should exceed 90 points to enhance the
convenience and intuitiveness of system operations. Future upgrades will focus on
continuous optimization of the intelligent early warning model to build a more precise
risk prevention system.

5 Conclusion

This article verifies the important value of intelligent construction management system
in improving project management efficiency and strengthening safety control through
the practice of building a new comprehensive building project. The system integrates
key technologies such as artificial intelligence recognition (YOLOVS), data visualiza-
tion (BIM GIS WebGL), and the Internet of Things (LoRa sensors) to build a digital
management platform that covers the entire construction process. By addressing
technological challenges through standardization and phased deployment, and adopting
emerging technologies such as digital twins and 5G, this system provides a scalable
blueprint for the intelligent transformation of large-scale buildings. The inclusion of the
new comprehensive building project and detailed technical specifications in Case
Study A has enhanced the practical relevance of this paper for researchers and industry
professionals.
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