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Abstract 

The construction industry is shifting from traditional methods to digital approaches. Point cloud 

technology, which offers precise geometric information, is increasingly used for 3D model 

reconstruction, quality inspection, and more. Existing reviews often fail to capture recent trends or 

focus narrowly. This paper reviews the latest advancements in point cloud applications in construction, 

covering literature from 2014 to 2023 and summarizing six major applications: 3D model 

reconstruction, geometry quality inspection, construction progress tracking, safety management, 

heritage management, and construction robot applications. This review underscores the significance 

of point cloud technology in driving the digital transformation of the construction industry. 
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1. INTRODUCTION  

In the Construction 4.0 era, the industry is moving from manual methods to a digital and 

intelligent paradigm. Traditionally, construction relied on laborious tasks and manual BIM creation, 

prone to errors and time-consuming. Point clouds, obtained through high-precision 3D scanning, offer 

faster and more accurate measurements compared to manual techniques. This technology supports the 

industry's transition to Industry 4.0 by providing precise data capture and efficient processing, 

facilitating digital transformation. 

Point clouds have become essential in model reconstruction, geometric quality checks, and 

progress tracking. They enable accurate BIM workflows and structural integrity assessments. 

Integration with technologies like BIM and Digital Twins allows for real-time analysis of construction 

projects. This review addresses the gap in literature by providing a comprehensive overview of 3D 

point cloud applications in construction from 2014 to 2023.   

2. APPLICATION OF POINT CLOUD IN CONSTRUCTION INDUSTRY 

Based on the literature reviewed, the applications of 3D point cloud data in the construction 

industry are primarily centered around 3D model reconstruction and geometry quality inspection, as 

depicted in Fig.1. In addition to these fundamental applications, point cloud technology is also 

employed in progress monitoring and tracking, construction safety management, heritage, and 

historical management, building energy monitoring, and applications in construction robotics.  
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Fig. 1. Number of papers for each point cloud application in the construction industry. 

2.1. 3D model reconstruction 

In 3D model reconstruction, point cloud data is crucial, enabling the creation of three-

dimensional models for construction-related objects, including construction sites, buildings, and civil 

infrastructures. Construction sites feature elements such as scaffolds, construction equipment, while 

buildings encompass various structures, predominantly office buildings, focusing on architectural 

elements like rooms, floors, ceilings, beams, walls, stairs, windows, and doors. Industrial buildings 

primarily assess MEP components and pipes, and other structures like heritage buildings, schools, 

apartments, and parking lots are also included, as shown in Table 1. 

 

Table 1. Representative literature on 3D model reconstruction across various categories. 

 

Category Literature 

Construction site Scaffolds [19,25,59], construction equipment [52], earthwork model [15] 

Buildings Office buildings [2,24,28,31,35,38,47,57,58,62,64], industrial buildings 

[39,46,50,51], heritage buildings [32,37,40], school and apartment [22], 

residential and industrial buildings [53], parking lots [11], 3D bas-relief 

[5]，steel structures [27]，ribbed masonry vaults[1] 

Civil infrastructures Bridges [16,21,28,30], sewer manholes [3], roads [4,17,18,67],  tunnel 

[12]  

 

3D model reconstruction using point cloud data is divided into geometric and semantic model 

reconstruction. Geometric model reconstruction translates original sensory data into point clouds, 

representing target objects' physical dimensions and shapes, utilizing techniques like feature-based 

registration for laser scans and photogrammetry or videogrammetry for 2D data [7,8,63,66]. Semantic 

model reconstruction adds object-based semantic information into geometric data, encompassing 

geometric modeling and object recognition, labeling point cloud parts into categories like walls, floors, 

or windows, employing methods such as the Hough Transform, region growing and RANSAC for 

surface detection [14,42,48], and various learning methods for object recognition. This combination 

provides a detailed and functional 3D model. 

Regarding object recognition, there are two main approaches: based on prior knowledge and 

machine learning or deep-learning. The prior knowledge-based approach focuses on using object 

attributes and geometrical relationships to generate as-built Building Information Models (BIMs). 

Some studies utilize object attributes, for instance, identifying floors and ceilings as horizontal [43], 

walls based on verticality and large surfaces [2], and pipes, valves, and pumps by their contours [46], 

or distinctive curvature patterns of pipe spools [10]. Others use geometrical relationships, like columns 

identified by parallel gaps between floors and ceilings [43], walls being vertical and positioned 
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between floors and ceilings [28]. Many studies combine object attributes and geometrical relationships, 

for example, walls as vertical surfaces with windows and doors as openings in the walls, the 

positioning of windows above doors, and roofs as vertical elements above walls [53].  

2.2. Geometry quality inspection 

Point cloud data, capturing the precise existing conditions of various structures, are increasingly 

utilized in the geometric quality assessment of architectural and civil engineering projects. These 

assessments, tailored to the specific types of geometric quality concerns, can be broadly classified into 

three distinct categories: (1) dimensional quality inspection, (2) surface quality inspection, and (3) 

displacement inspection.  

An essential application of point cloud technology is manifested in its pivotal role in dimensional 

quality inspection. This process, integral for verifying the accuracy of various construction elements, 

ensures their compliance with preplanned models and established standards. Its extensive application 

spans across the inspection of building structures, and precast concrete components, pipes, including 

the assessment of these components' size, shape, position, and orientation. One common method 

involves comparing point cloud data with BIM models [61]. This 'BIM-vs.-scan' approach is 

particularly effective for inspecting a range of construction elements, including precast concrete, and 

building façades. Given that BIM models are not always available, alternative methods are employed. 

For instance, in situations where buildings are already constructed, point cloud technology is utilized 

for quality maintenance and inspection [26]. This involves converting laser scanning data into 2D 

geometric shapes for comparison with the actual structure to detect quality defects. In post-disaster 

assessments, the direct analysis of laser spectral data is used for damage detection [23]. Another 

approach involves comparing elements with established rules or standards, such as the spacing of steel 

reinforcements [65]. 

Surface quality inspection represents another critical facet, primarily targeting the identification 

of concrete-related issues such as cracks, spalling, and honeycombing. This inspection doesn't 

necessarily require BIM models, as most surfaces are flat and can be directly compared with point 

cloud data for assessment. This technology is also adept at inspecting deformation and distortion, 

scrutinizing the deflection and slope of beams, as well as the tilt and straightness of columns [33,44]. 

A notable area of research is the control of surface flatness, a critical determinant of a structure's 

aesthetic and functional integrity. 

The third category, displacement inspection, shifts the focus to alterations in the relative 

positioning of structures, as opposed to changes in their geometric shape. This aspect is especially 

pertinent to structures such as bridges and retaining walls [9,36], where monitoring structural 

displacement is paramount. Some studies, like that of [60], simultaneously explore multiple inspection 

types, encompassing both surface defects and the dimensional quality of precast concrete components.  

The trajectory of quality inspection in construction and infrastructure sectors is progressively evolving 

from manual feature extraction towards a more holistic, automated detection approach. End-to-end 

systems, characterized by their ability to automate the entire inspection process from data input to final 

output, with minimal human intervention, are becoming increasingly prevalent. Deep learning plays a 

crucial role in these processes, enabling semantic segmentation and automatic feature extraction from 

raw data. For concrete surface quality inspection, deep learning is typically used to perform semantic 

segmentation or classification of concrete surface defect types, thereby identifying the nature of 

defects. For instance, the Surface Normal Enhanced PointNet++ (SNEPointNet++) model [6] fuses 

depth information with normal vectors for enhanced semantic segmentation, categorizing concrete 

bridge surfaces into cracks, flaking defects, and non-defect areas. 

In dimensional quality inspection, deep learning models do not directly detect dimensional 

quality defects. Instead, they segment components into different types, followed by specific methods 

to assess the dimensions of these components. For example, Mirzaei, et al. [34] employs a bounding 

box method to slice components and calculate the dimensions of each slice's bounding box, thus 

achieving automated detection and measurement of the dimensions of structural components.  
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2.3. Construction progress tracking and monitoring  

Traditional methods of progress monitoring, heavily reliant on manual measurements and visual 

inspections, are increasingly proving inadequate. The advent of point cloud data signifies a pivotal 

shift, offering a more accurate, efficient, and automated approach to monitoring construction progress. 

Progress monitoring based on point clouds is divided into outdoor monitoring and indoor monitoring. 

For outdoor progress monitoring, the scope usually involves larger areas, necessitating long-range 

scanning capabilities. Unmanned Aerial Vehicles (UAVs) can rapidly acquire image data of 

construction sites, significantly enhancing monitoring efficiency compared to traditional manual 

methods and are widely applied in monitoring road and outdoor construction engineering. Given the 

limited indoor space, lightweight monitoring methods such as RGB cameras [29] and 360° panoramic 

cameras [13] are preferred for their cost-effectiveness and mobility. Additionally, portable mobile 

devices and wearable technologies like helmet-mounted scanners [41] and indoor mobile mapping 

systems [49] have become popular for their versatility in monitoring. 

2.4.  Construction safety management, heritage management, and applications in 

construction robotics, construction safety management 

Point cloud technology plays a crucial role in enhancing construction safety by providing 

accurate geometric information about construction sites. It is used to identify and mitigate risks 

associated with physical elements and dynamic environments. For instance, Wang, et al. [54] used 

point cloud data to detect fall hazards at excavation sites, while Wang [55] developed an automated 

inspection method to ensure safety compliance for scaffolding and other components. Additionally, 

robot dogs equipped with laser scanners have been used for effective safety monitoring of scaffold 

structures. Despite its potential, there is a notable gap in research focused on tracking the gait of 

construction workers, suggesting an area for future development. 

Heritage Management: Point cloud technology is vital in cultural heritage for analysis, 

assessment, monitoring, and preservation. It provides high-resolution 3D models for capturing 

structural changes and aiding in structural health evaluation, as demonstrated by Werbrouck, et al. [56] 

in their assessment of medieval churches. For preservation, point clouds enable high-precision 

documentation of heritage sites, which is essential for reliable conservation efforts. The integration of 

point clouds with images and other data enhances understanding and aids in preventative conservation 

strategies, as shown by Sánchez-Aparicio, et al. [45].  

Applications in Construction Robotics: The integration of point cloud data with robotic 

technology is increasingly prevalent in construction. Point clouds provide critical environmental 

information for robots, supporting navigation, positioning, object detection, and 3D reconstruction. 

Wheeled and quadruped robots use point clouds for path planning and obstacle avoidance in complex 

environments. For instance, Hu, et al. [20] used robots and point clouds to automate GPR data 

collection and 3D reconstruction of underground facilities. Industrial robots use point cloud data for 

precise measurement and positioning, ensuring accuracy and safety in operations. Point clouds also 

enable virtual robots to simulate real-world tasks, enhancing automation and precision on construction 

sites. 

3 CONCLUSION 
This review highlights the latest advancements in point cloud applications in the construction 

industry from 2014 to 2023, covering key areas such as 3D model reconstruction, geometry quality 

inspection, construction progress tracking, safety management, heritage management, and construction 

robot applications. The findings underscore the growing importance of point cloud technology in 

facilitating the industry's digital transformation. 
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