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SUMMARY  

Despite significant advancements in the manufacturing sector, the construction 

industry has been lagging in adopting computer-aided and robotic technologies. This has 

resulted in inefficient and unproductive construction procedures not being fully addressed. 

Construction progress tracking is an essential part of project management and keeps the 

projectôs shareholders updated and confident about finishing the project on time within the 

specified budget and quality. Monitoring, data collection, and updating the schedule are 

some of project management's most time-consuming and labor-intensive tasks.  

Modern technologies such as robots and computer vision present a potential solution 

to this issue. Although previous research enhanced data collection and data processing 

separately, a considerable amount of manual effort is needed to classify and transform 

collected data to the processing stages. This research presents a novel framework to address 

the gap, utilizing autonomous four-legged robots to capture images from indoor building 

construction, classify data for creating quantified material lists, generate as-built models, 

and compare them with original models to enable real-time construction schedules updates.  

The proposed method offers a streamlined, optimized, and productive inspection 

and data collection approach, potentially reducing time and labor requirements. By 

providing decision-makers with live updates, construction project managers may reduce 

overruns, meet deadlines, and reach the projectôs ultimate goals. The study highlights the 

technical details of the proposed procedure, discusses the potential benefits of adopting 

quadrupeds in the construction industry, and presents a direction for future research and 

development in this area.
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CHAPTER 1. INTRODUCTION  

1.1 Research Motivation 

Over the past decades, the construction industry has attempted to utilize new 

technologies like BIM, VR/AR, and blockchain and equipment like 360° cameras, laser 

scanners, single-task robots, and drones in projectsô lifecycle from the beginning of 

engineering and designing stages to planning, purchasing materials, constructing elements, 

inspecting, operating and maintaining, and even project disposal (Sawhney et al., 2020). 

However, compared with other industries like manufacturing, it suffers from several 

challenges that have caused inefficiency and low productivity (Abioye et al., 2021). 

Based on the North American Industry Classification System (NAICS) definition, 

the construction sector forms 5.1 percent of all the US nonfarm payroll employment and 

4.2 percent of GDP in 2021. However, published statistics indicate a decline in construction 

productivity over the past decades (Bock, 2015). The annual productivity index provided 

by the US Bureau of Labor Statistics (Statistics, 2023) also proves that the construction 

industryôs s productivity has declined compared to the manufacturing sectors (Figure 1). 

https://www.bls.gov/productivity/glossary.htm#naics


 2 

 

Figure 1- US Labor Productivity (2012=100) Data source: US Bureau of Labor 

Statistics 

 

Considering the COVID-19 pandemic, workforce shortages, and the imperative to 

enhance technological capabilities while meeting the demand for sustainable 

infrastructures and buildings, companies have been increasingly investing in adopting 

technologies to improve their performance (Sawhney et al., 2020). Companies are 

increasingly utilizing smartphones, drones, robots, and 360° cameras to gather data and 

images to monitor project schedules and enhance industry safety control. Given that the 

construction industry is one of the most hazardous in the United States, construction 

companies must develop plans, including the use of autonomous robots, to reduce their 

workersô exposure to dangerous environments (Harris et al., 2023). 
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The project schedule is the main guideline for all parties involved in different stages. 

Having limited real-time information and live analysis leads to a gap between ongoing 

project stages and decisions made by managers. It mainly affects progress evaluation, 

construction schedule monitoring, material quantification, cost, and key performance 

indicators (Navon & Sacks, 2007). There is an essential need to make the data-collecting 

process more efficient to assist managers in making tactical decisions based on accurate 

data and updated information (Golparvar-Fard et al., 2009; Navon & Sacks, 2007). 

Although many project monitoring tasks rely on traditional methods like human 

interactions and paper-based task recording, the use of technology and modern tools has 

increased among project participants (Bohn & Teizer, 2010).  

Construction automation and robotics is a technology-driven systematic approach 

applied to improve project productivity, planning, constructability, and safety and assist 

key persons in decision-making process (Sawhney et al., 2020). Although the use of robots 

in construction sites is still limited, they will be applied more by finding specific cost-

effective applications like data collecting and data analysis (Nof & Nof, 2009). This 

research presents a safe and efficient method for collecting real-time data from the indoor 

environment of construction sites using an autonomous 4-legged robot, a Boston Dynamics 

quadruped. The objectives of this research include identifying and quantifying materials, 

as well as updating the construction schedule in real-time through the data collection 

process. 
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1.2 Statement of problem 

With the increasing use of technology in the construction industry, there has been a 

significant improvement in project monitoring and management (Asadi et al., 2020). 

Modern tools have enabled real-time data collection and live analysis, reducing the gap 

between ongoing project stages and managerial decisions (Navon and Sacks, 2007). This 

development has benefited construction managers in evaluating progress, monitoring 

schedules, quantifying materials, controlling costs, and improving key performance 

indicators. While traditional methods such as in-person inspection task recording still have 

their place, the adoption of technology has become essential to keep up with the demands 

of the industry (Bohn and Teizer, 2010). 

This research focuses on proposing the automatic collection of data and the 

utilization of computer vision to update construction schedules in real-time. The study will 

investigate a new solution to address the problem described above, specifically in 

construction monitoring, by specifically three main areas: (1) productivity and efficiency, 

(2) data collection and processing, and (3) updating construction schedules regularly. The 

proposed workflow underscores the utilization of real-time live data for updating work 

progress and construction schedules. It introduces a proof-of-concept implementation and 

explores the potential advantages of employing autonomous robots for data collection at 

construction sites. 

1.2.1 Problem Focus 1: Productivity 

The construction sector, constituting one of the worldôs largest economies with 

approximately $10 trillion spent annually on construction-related goods and services, has 
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persistently lagged behind other sectors in terms of productivity for many years, presenting 

a substantial $1.6 trillion potential to bridge this gap (Barbosa et al., 2017; Bock, 2015). 

This shortfall poses challenges in meeting the global demand for infrastructure and 

housing. However, closing this productivity gap could lead to a rise of $1.6 trillion in the 

industryôs value-added annually, effectively addressing about half of the worldôs yearly 

infrastructure requirements or augmenting global GDP. Notably, one-third of this 

opportunity lies in the United States, where, since 1945, productivity in manufacturing, 

retail, and agriculture has surged by as much as 1,500 percent, while construction 

productivity has shown minimal growth (Barbosa et al., 2017). 

Within the construction industry, a persistent lack of productivity improvement has 

hindered progress. While strategies derived from concepts like Industry 4.0 advocate for 

highly autonomous and networked automation systems in the manufacturing industry, 

these principles have not been readily adopted in construction (Nof, 2009). The slow pace 

of innovation within the construction sector has impeded its ability to adapt to the demands 

of a rapidly evolving world. Unlike the promising advancements seen in hyper-flexible and 

intensively automated manufacturing systems, the construction industry has remained 

stagnant for decades, obstructing its potential contribution to global infrastructure needs. 

Addressing this stagnation holds immense value and could significantly alleviate the 

worldwide demand for infrastructure and housing (Bock, 2015). 

1.2.2 Problem Focus 2: Construction Monitoring 

Construction monitoring consists of collecting, analyzing, recording, and reporting 

data in order to provide well-detailed information for managers and facilitate the decision-
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making process (Golparvar-Fard et al., 2009). Observational methods for data collection 

in construction projects can be costly and time-consuming due to their manual nature, 

limitations with missing or inaccurate information (Golparvar-Fard et al., 2009), and daily 

implementation challenges due to the constantly changing working environment, and the 

potential absence of supervisory staff.  

While modern tools have enabled real-time data collection, it is important to 

recognize that challenges still need to be addressed. Even though field personnel spend 30-

50% of their time collecting and analyzing data, little has been done to make the data 

recording process more efficient and accurate (Navon & Sacks, 2007). Furthermore, poor 

planning and scheduling have been identified as critical causes of construction delays, 

mainly due to insufficient data and regular updates in construction plans (Hwang et al., 

2013). 

1.2.3  Problem Focus 3: Updated Construction Schedule 

Schedule deviations can be detected early by inspecting tasks and updating 

construction plans, which helps managers to allocate resources and prevent delays and cost 

overruns in projects (Golparvar-Fard et al., 2009). Effective regular inspections and 

quantification of construction tasks, either completed or ongoing, is essential and needs 

new approaches in the construction industry. The current method of construction 

monitoring is defined by regular personnel inspection and comparison of the actual 

progress made and the as-planned objectives (Golparvar-Fard et al., 2009), which is 

inefficient and labor intensive and has the potential for errors (Lin & Golparvar-Fard, 

2020). 
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Furthermore, current methods of updating construction schedules have the potential 

to introduce a temporal discrepancy between the moment progress is officially reported 

and the moment at which the actual progress is effectively achieved. It can further 

exacerbate the time required to comprehensively describe and elucidate the progress status 

during coordination meetings, subsequently impeding the expeditious decision-making 

process. In summation, the utilization of prevailing methodologies may hinder the prompt 

and precise comprehension of the progress situation (Golparvar-Fard et al., 2009). 

1.3 Purpose of the Research 

The primary objective of this research is to enhance productivity within the 

construction industry by proposing an automated workflow tailored for updating 

construction schedules, with a specific emphasis on improving efficiency and accuracy 

within indoor construction environments. Despite advancements in data collection and data 

processing within indoor construction environments, a notable gap persists, requiring 

substantial manual effort to classify and prepare collected data for further processing. This 

research contributes to the existing body of knowledge by addressing this critical gap, 

streamlining the process, and facilitating real-time updates to construction schedules. This 

method provides key persons with well-detailed information, preventing possible delays 

and cost overruns (Golparvar-Fard et al., 2009). 

1.3.1 Rationale of Research 

Despite numerous attempts to enhance productivity in the construction industry, it 

faces various unresolved obstacles. While lean production and aggressive automation have 

revolutionized the manufacturing sector, the construction industry has made little progress. 
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Construction stakeholders must reassess their operational approaches to avoid being 

unprepared for potential productivity advancements in the industry, as the majority of 

individuals involved lack the necessary incentives and resources to drive significant change 

(Barbosa et al., 2017). 

The automation of data collection in progress monitoring can substantially impact 

project management, helping to prevent schedule delays and cost overruns and enhancing 

the overall quality of construction work (Golparvar-Fard et al., 2009; Navon & Sacks, 

2007). In recent years, computer vision has gained recognition as a promising alternative 

solution, offering automated and continuous monitoring capabilities through the use of 

image and video capture, which can provide rich insights into project entities, behaviors, 

and site conditions, enabling a more comprehensive understanding of complex 

construction tasks (Seo et al., 2015). 

1.3.2 Research Questions 

The objective of this research was to determine whether the application of novel 

technologies, specifically autonomous robots, improves data collection and processing in 

construction environments for real-time construction schedule updates. This research was 

conducted to address the following three problems facing the construction industry: (1) the 

industry continues to face challenges in productivity and efficiency in recent years, (2) data 

collection for construction monitoring is labor and time-consuming, and (3) the delay 

between actual work and updating construction schedules results in decisions being made 

based on outdated data. 



 9 

In addition to the focused research problems stated above, the following research 

questions were established to guide the research study and become measurable data points 

by which conclusions could be drawn from this research. 

 

Question 1 

Does automatic data collection in construction environments have the potential to 

improve overall productivity and efficiency? 

 

Question 2 

Does the utilization of quadrupeds in construction projects potentially impact the 

process of updating construction schedules and enhance informed decision-making? 
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CHAPTER 2. LITERATURE R EVIEW  

2.1 Introduction  

Data collection is a fundamental process in construction monitoring, involving job 

site control, quality inspection, progress evaluation, and work schedule assessment. This 

process entails tracking, reviewing, and categorizing data to compare the current status 

with the planned program and identify potential delays (Kopsida et al., 2015). It involves 

going through the project, observing various locations, collecting necessary information, 

and recording the time for further analysis. Visiting these locations and exploring 

construction sites demand a considerable amount of time and energy (Halder et al., 2021). 

Traditionally, the construction industry has depended on construction personnel for 

data collection and information gathering. Essential site data, including workforce count, 

equipment location and performance, materials usage, and inventory, has predominantly 

been managed through on-site control and recording (Cheng & Teizer, 2013). It is a manual 

process that involves in-person visual inspection. As a result, it often leads to inconsistent, 

time-consuming, labor-intensive, and error-prone data acquisition. In some instances, the 

quality of data collected relies on the inspectorôs knowledge and level of experience (Afsari 

et al., 2021).  

These limitations have highlighted the necessity for enhancing data capture and 

maintaining updated information. Data collection is among the construction tasks expected 

to undergo automation and employ novel methods (Delgado et al., 2019). An increasing 

number of companies are leveraging novel technologies and modern equipment to capture 
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data and acquire updated information from their projects, streamlining the entire process 

and enhancing efficiency (Halder et al., 2023a).  

2.1.1 Data Collection Methods in Construction Environments 

In addition to the hands-on data collection method, in recent years, new technologies 

have been used by companies to acquire data and stay updated on the most recent 

conditions in construction fields. In the past, project team members have relied heavily on 

paper-based documents, such as two-dimensional drawings, and in-person communication 

to exchange a vast amount of site information (Cheng & Teizer, 2013). Those data 

collection methods were labor-intensive and did not add value to the information collected 

during the process (Golparvar-Fard et al., 2009). 

a. Drones 

In order to facilitate the data collection process, technologies like Unmanned Aerial 

Vehicles (UAVs) have been utilized for capturing images and using collected data for 

inspection, safety improvement, physical progress evaluation, and construction monitoring 

throughout the entire project lifecycle. (Irizarry et al., 2012) investigated the early use of 

drones for capturing images in the construction industry. A small-scale aerial drone was 

employed to investigate the safety benefits of UAV inspections in construction 

environments. In another study, (D. Kim et al., 2019) integrated Deep Neural Network and 

site images from a drone and proved this new data collection and process method could 

help spot dangers near workers early, enabling quick action and creating a safer 

construction site. 
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New technologies like Unmanned Aerial Systems have been deployed for inspection 

tasks by shareholders throughout projectsô lifecycles in AECO industry (Gheisari et al., 

2022). (Seo et al., 2018) conducted an experiment to perform an inspection test and report 

by a drone on a constructed bridge. They concluded that using drones for inspection in 

construction projects would be efficient and effective. In (Nooralishahi et al., 2021) 

research, the application of Non-Destructive Inspection utilizing drones, especially in hard-

to-reach or unsafe areas, was explored, and some case studies were presented. 

Thanks to the advancements in construction-related technologies, the process of 

evaluating the physical progress of projects has become more efficient. Tools such as  

UAVs and technologies such as computer vision and 4D BIM models can be utilized to 

assess projects and track the progress made at specific time periods (Jacob-Loyola et al., 

2021). In addition, integrating drone jobsite images with BIM model and identifying any 

delays from construction schedules for project overrun prevention has been explored (Han 

et al., 2015).  

Visual inspection of constructed facilities is the foundation of service maintenance-

related projects. Since it is time and labor-consuming, modern tools, including drones, can 

be used to assess the need for any required remediation projects for existing facilities or 

infrastructures (Jordan et al., 2018). A recent study shows that the images captured by 

UAVs effectively evaluate current deterioration levels in mid-rise and high-rise buildings 

(Ruiz et al., 2022). Drones can be equipped with thermal imaging capabilities to identify 

possible damages in MEP systems and assist in planning for required maintenance (Moore 

et al., 2018). 
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(Ibrahim et al., 2022) stated that UAVs can facilitate the data collection process, 

specifically in large-scale projects, and provide the construction team with valuable 

information. They propose a method to create a full-cover visual inspection with camera-

equipped drones in construction fields. They can be utilized in civil infrastructure system 

monitoring by collecting data and evaluating projects besides 4D BIM or 4D Cloud models 

in different construction stages, from design and planning to construction and operation 

phases (Ham et al., 2016).  

b. Robots 

Automated systems and robotics are recognized as technologies with the potential to 

transform the construction industry, addressing productivity challenges and enhancing 

quality standards (Asadi et al., 2020; Delgado et al., 2019). A study involving 11 prominent 

construction firms and government agencies indicates these entities recognize the potential 

of robotics and automated systems to enhance productivity and safety (Bogue, 2018). 

Despite the initial cost of employing construction robotics, investment in the utilization of 

robots by construction companies has increased, and their applications have become 

popular (Bock, 2015). 

Robotic systems equipped with autonomous navigation capabilities have played 

crucial roles in diverse applications, ranging from surveillance and security to safety 

inspection, automated excavation, demolition, material transportation, and data collection. 

In construction environments, where data collection and progress tracking are often 

repetitive, time-consuming, and labor-intensive tasks (Golparvar-Fard et al., 2009), a 

significant opportunity for automation arises through the utilization of robots (Delgado et 
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al., 2019). They can be utilized to regularly capture data from existing facilities or ongoing 

construction projects, providing detailed information to support decision-making processes 

(Halder et al., 2023b). 

(Mantha et al., 2018) employed an autonomous robot to measure and record 

environmental parameters like temperature and humidity during the operation stage of a 

facility for making informed retrofit decisions. In a different research, (Kim et al., 2018) 

utilized an autonomous robot equipped with a laser scanner and SLAM navigation 

technique to navigate through a building and scan specific parts. The key advantage of this 

method lies in its capability to identify the optimal scan position and angle, significantly 

reducing scanning time and effort while ensuring high-resolution point cloud data in real-

time. 

The integration of autonomous robots with BIM models and SLAM navigation can 

efficiently accomplish data collection tasks in construction environments. Utilizing 2D 

Light Detection and Ranging (LiDAR) sensors to collect data and overlay them on BIM 

models in 3D point cloud spaces assists project shareholders in the monitoring and 

inspection processes (Ibrahim et al., 2019). (P. Kim et al., 2019) used a different method 

and integrated UAV system with a mobile vehicle to improve visibility and create an 

expanded range of information. The robot was capable of 3D laser scanning and live data 

collection from the environment. Considering the extended versions of automated data 

collection methods in the construction industry, the accuracy has been improved, and 

productivity and efficiency have been enhanced. 

2.1.2 Using Collected Data from Construction Environments 
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Collected data from construction fields can be used for various purposes, including 

safety (Irizarry et al., 2012), surveillance (Albeaino et al., 2022), inspection (Halder et al., 

2023b), monitoring (Han & Golparvar-Fard, 2015), physical progress evaluating 

(Golparvar-Fard, Bohn, et al., 2011), and construction scheduling (Golparvar-Fard et al., 

2009). Early detection of project delay or works that may cause a schedule delay can save 

a considerable amount of budget and time (Golparvar-Fard et al., 2009; Han & Golparvar-

Fard, 2015). Modern advancements in technology, such as robots and advanced image 

processing, offer novel solutions to improve construction inspection and monitoring by 

overcoming existing inefficiencies (Halder et al., 2023b). 

(Fard & Peña-Mora, 2007)  employed construction images for camera matching and 

material detection to compare and recognize the progress in construction projects. In recent 

years, machine learning has facilitated the process, which calculates progress monitoring 

by processing as-built images. Although this method simplifies the process and saves time 

and costs, it requires hand-held cameras and personnel to classify images and assign them 

to as-planned models. This manual process emerges a new need to involve modern 

equipment to minimize human intervention during the process (Kopsida et al., 2015; 

Paneru & Jeelani, 2021). 

As a response to this need, manual data collection process, which is time-consuming 

and labor-intensive and inefficient (Navon & Sacks, 2007), is being transformed 

(Golparvar-Fard et al., 2009). Automated data collection approach has been considered to 

collect data and provide decision makers with the latest information on construction 

projects (Asadi et al., 2018). Continuous collection, documentation, and analysis of indoor 
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project data are vital to ensure effective project monitoring and adherence to timelines and 

budgets (Mantha et al., 2018). 

2.1.3 Emerging Quadrupeds in the Construction Industry 

Construction environments are unpredictable and unsafe (Pan et al., 2020), and using 

appropriate equipment during the data collection process is important. (Vähä et al., 2013) 

stated that using advanced tools like easy-to-use robots in construction automation will 

provide value, safety, quality, productivity, and performance. The robot should be flexible 

enough to adapt to the dynamic condition of the construction environment (Ardiny et al., 

2015). (Petersen et al., 2019) investigated different types of robots in construction and 

categorized them by equipment, performance, and outcome. Construction robots can utilize 

radars, depth cameras, laser scanners, LiDAR, and GPS, besides their mobility and ability 

to collect data from construction sites. 

(Asadi et al., 2018) showed the ability of a mobile wheel-enabled robot to recognize 

obstacles and provide live vision-based data in limited environments. Another research 

conducted by (Mantha et al., 2018) used an autonomous mobile robot with a navigation 

and drift correction algorithm for collecting data from an indoor environment and using it 

in the decision-making process. (Ibrahim et al., 2019) collected data from an under-

construction environment by using a mobile robot, a 4D BIM model, and a LiDAR tool to 

create a point cloud map and compare the as-planned and as-is projectôs elements. 

Although ground mobile wheel-enabled robots are capable of collecting data from 

indoor environments and elements located on the same building story, the main challenge 

would be traveling between levels autonomously and without human intervention (Lee et 
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al., 2018; Petersen et al., 2019). Considering mobility and the range of capabilities, legged 

robots have advantages over wheeled or other types of ground mobile robots. Multi-legged 

systems are paramount in achieving superior mobility performance, Energy consumption, 

speed (Hwangbo et al., 2019; Lee et al., 2018), and obstacle negotiation skills (Raibert et 

al., 2008). 

In a previous study by (Hutter et al., 2017), an autonomous 4-legged robot, known 

as a quadruped, was accustomed to run various performance tests, including walking on 

uneven surfaces, ramps, and stairs, and proved they could be utilized in indoor building 

environments. (Afsari et al., 2022; Halder & Afsari, 2022) investigated the application of 

a quadruped in inspection and data collection in a construction project and concluded that 

it can decrease the need for field personnel to perform repetitive tasks. A quadruped and a 

LiDAR scanner were employed to assess image quality, revealing opportunities for 

improvement by establishing specific criteria during operation (Wetzel et al., 2022). 
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CHAPTER 3. METHODOLOGY  

3.1 Introduction  

Productivity improvement is one of the most important challenges in the construction 

industry. Modern technologies and advanced tools can reduce waste, enhance efficiency, 

and improve construction project outcomes and results. Construction monitoring and 

scheduling is one the areas that has utilized advancement in construction industries (Seo et 

al., 2015). Automating data collection in progress monitoring enhances project 

management, streamlines decision-making, and prevents schedule delays and cost overruns 

(Navon & Sacks, 2007). 

Traditional methods like in-person job site data collecting are time-consuming and 

labor-intensive (Lin & Golparvar-Fard, 2020; Seo et al., 2015). Gathering data in 

construction projects through observational methods is often expensive due to the manual 

process (Han et al., 2015). Additionally, data must be classified and processed for further 

inspection, documentation, and scheduling analysis. Using autonomous robots allows us to 

perform both stages simultaneously, making the entire process more efficient (Vähä et al., 

2013). 

A comprehensive literature review was conducted to propose the best solution in 

response to identified issues and research questions. This study explored a novel 

application of autonomous 4-legged robots, focusing on their use for data collection, image 

processing, and real-time construction schedule updates. The acceptance of this innovative 
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solution, involving the implementation of this technology in the construction environment, 

was evaluated through an online questionnaire among the qualified target population. 

 

Figure 2- Research Framework 

 

The research questions established in this study were developed to validate the use 

of autonomous robots for data collection and construction scheduling in construction 

environments in real-time. Moreover, the research explores the effectiveness of employing 

4-legged autonomous robots for data collection in indoor settings. The research questions 

are as follows: 

 

Question 1 

Does automatic data collection in construction environments have the potential to 

improve overall productivity and efficiency? 

Question 2 

Does the utilization of quadrupeds in construction projects potentially impact the 

process of updating construction schedules and enhance informed decision-making? 
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The background study proposes a workflow for live updating construction schedules 

by collecting and classifying data using a four-legged autonomous robot. Deep learning 

methods for processing, classifying, and quantifying worked materials and items were 

considered. In addition, a questionnaire is designed and created to distribute among a group 

of researchers and professionals in the construction industry. The effectiveness of using 4-

legged autonomous robots and automation in data collection has been examined.  

The study followed a qualitative individual online questionnaire model using data-

gathering instruments. The questions were mostly multiple-choice, and scale-points type 

to assess participantsô opinions more effectively. Upon supplying consent to the study, the 

participants completed a background survey followed by their knowledge assessment of 

applying autonomous 4-legged robots in data collection in the construction environments 

by scale-point questions type. The other parts of the questionnaire were barriers to applying 

these kinds of technology in construction fields and the benefits of using them for intended 

purposes. 

The entire process, including obtaining consent, answering the questions, and 

conducting the analysis, was carried out using the Georgia Tech Qualtrics research 

platform. This survey platform provided a secure environment for assessing the responses 

and conducting further analysis. All collected survey answers are analyzed and visualized 

to create a clear image of the research results. The questionnaire was distributed among 

members of internet groups with construction-related education and working experience. 

Total number of acceptable answers was 81, which will be discussed in the sampling 

section.  
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3.2 Overview of the Research Background 

The proposed framework utilizes an autonomous quadruped robot manufactured by 

Boston Dynamics Figure 3. The robotôs objective is to navigate autonomously between 

building stories, cover the areas of each floor, and capture data for real-time processing.  

 

Figure 3 - Images of the quadruped robot, Spot, manufactured by Boston Dynamics 

(Source: Researchers) 

 

 The robot has the ability to traverse various terrains while simultaneously perceiving 

and analyzing its surroundings (Guizzo, 2019). With a length of 43.3 inches, a width of 

19.7 inches, and a standing height of 33.1 inches, the robot can run for up to 90 minutes on 

a single charge under typical operating conditions. It has a net weight of 71.7 pounds and 

can move at a maximum speed of 3.5 feet per second. An ingress protection rating of IP54 

allows the robot to work under light rain and operate within a temperature range of -4°F to 
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113°F. It can traverse slopes up to +/- 30 degrees and climb stairways that comply with US 

building codes. Furthermore, the Spot can carry a maximum weight of 30.9 pounds, making 

it able to carry additional equipment and tools on its top using mounting rails 

(BostonDynamics., 2022). 

3.2.1 Jobsite Data Collection 

Numerous construction studies have examined the use of site imagery, including 

photos and videos, to monitor workers, equipment, and materials, improving progress 

assessment and safety protocols (Kazemian et al., 2019). The current studyôs first step 

proposes to use a quadruped robot in indoor construction environments as an autonomous 

tool to capture the images and collect data. The proposed approach involves programming 

the robot to follow specified routes and periodically visit predetermined locations to 

capture images and collect data. 

The robot can navigate autonomously by using either an offline map or a live data 

map in confined environments using an integrated software and hardware system that 

incorporates a 3D lidar, an IMU, and an onboard computer (Koval et al., 2022). The offline 

map refers to a pre-built map of the environment stored in the robotôs memory or storage. 

In contrast, live data or online environmental information refers to real-time sensor data 

gathered by the robotôs sensors as it moves through the environment (Ramezanlou et al., 

2020). It first builds an offline environment map using Simultaneous Localization And 

Mapping (SLAM) techniques and then uses live data from sensors to localize itself on the 

known map and generate risk-aware paths using grid-based path planning (Koval et al., 

2022). 
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The robot is equipped with sensor modules on its front, rear, and sides, consisting of 

stereo cameras, a wide-angle camera, and a texture projector. These sensors are used to 

facilitate the SLAM navigation method, allowing the robot to move autonomously (Guizzo, 

2019). Ten cameras, consisting of five optical cameras for the operatorôs view and five 

depth cameras for robot perception and obstacle avoidance, provide the Spot robot with a 

360-degree overall optical field of view and a depth camera range of approximately 2 

meters. However, there are gaps in the depth camera field of view near the robotôs hips 

where the field of view (FOV) does not overlap (BostonDynamics., 2022). 

3.2.2 Data Classification and Processing 

Traditionally, construction environment data is collected and later processed by 

users. Field engineers capture site images, classify them, and share edited images with the 

project planning and scheduling division. However, in this study, using an autonomous 

quadruped allows the simultaneous collection and processing of images. Equipped with an 

onboard computer powered by an Intel NUC, the robot features an i7 CPU, 8 GB RAM, 

and 512 GB SSD storage. This specification allows us to process and use real-time images 

for the next step of the process. 

Although using laser scanners for acquiring the as-built geometry of a constructed 

project has been used for some time, the resulting data cannot provide users with material 

recognition. Some novel image-based 3D modeling techniques have been proposed using 

machine learning to recognize materials and classify images and related data (Dimitrov & 

Golparvar-Fard, 2014). Utilizing computer vision methods to extract semantic information 

from a scene in order to use in construction progress monitoring helps managers identify 
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progress, specifically in installed materials in their locations, monitor the project, and meet 

deadlines. 

3.2.3 The Proposed Workflow 

Traditional project monitoring methods involve a considerable amount of time and 

cost, and since data is collected manually at a low rate every month or week, it is outdated, 

inaccurate, and unreliable (Navon, 2005). Depending on a projectôs scale, function, and 

complexity, recording accurate data from various sources and using them for construction 

planning could be challenging (Akhavian & Behzadan, 2012; Ying et al., 2018). As a result, 

innovative and cost-effective approaches to project monitoring and control are needed to 

ensure that construction projects stay on track and within budget (Ekanayake et al., 2021). 

Almost half of the construction projectôs budget is allocated to building materials 

(Kini, 1999). Monitoring and controlling the use of materials is a key factor for project 

progress control (Navon, 2005). This research considers live data collection by autonomous 

quadrupeds in order to develop a model for updating the construction schedule based on 

installed materials and objects in a building project. The framework utilizes a quadruped 

robot for live data collection and monitoring (Figure 4). 
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Figure 4 - Proposed workflow of data collection, processing, and updating 

construction schedule by the quadruped  (Source: Researchers) 

 

The robot has the ability to capture data and images and store them. However, being 

capable of WiFi connectivity, the workflow uses the robot to capture images and use them 

in a computer vision algorithm to recognize, identify, and label materials in real-time using 

deep learning and computer vision methods (Baduge et al., 2022). Utilizing the original 
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BIM model, besides processed data during the workflow, provides users with benefits in 

both the initial and final stages 

The comparison between the as-planned and as-built models in construction projects 

is facilitated by utilizing a 4D Building Information Modeling (BIM) approach. The 4D 

BIM model, which incorporates the schedule of tasks, serves as the baseline, while the as-

built models are overlaid onto the 4D BIM to conduct the necessary comparison (Kopsida 

et al., 2015). Furthermore, a BIM model defines a route for the quadruped and identifies 

areas to be inspected (Halder et al., 2022).  

By comparing the physical shape and dimensions of surfaces and elements in 

captured construction images, we can determine completed parts and remaining items 

(Golparvar-Fard, Peña-Mora, et al., 2011). Moreover, a detailed model provides BIM-

based quantity take-off data, including a comprehensive material list with corresponding 

quantities (Olsen & Taylor, 2017). In terms of decision-making, comparing the as-planned 

and as-is conditions can be presented visually for managers and facilitate the evaluation 

and selection process (Deng et al., 2020).  

Using vision-based material recognition (Dimitrov & Golparvar-Fard, 2014), the 

quadruped is capable of real-time processing with its onboard computer. With material 

recognition and quantification ability, the robot can make a quantity take-off list of 

installed materials and fixtures. The evaluation of project progress will be performed by 

comparing the current status with the as-planned status and can be done through two 

methods. 
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The first approach compares the as-is installed material list and the full material list 

and quantification, an output from the uploaded BIM model (Choi et al., 2015). In this 

approach, the main factor of progress evaluation is the material list and respective 

quantities. The robot will quantify the installed materials items in addition to the related 

factors, including labor and equipment, and update the uploaded construction schedule live. 

The uploaded 4D BIM model provides starting and finishing planned dates and allows the 

robot to update the schedule and show delays.  

In the second alternative, the robot uses live images to create a 3D point cloud model 

and compare it with the uploaded BIM model (Han et al., 2015). After recognizing 

materials and rebuilding a 3D model from the constructed parts of the building, the robot 

would be able to compare it with the original BIM model (Lin & Golparvar-Fard, 2020). 

The key element of the workflow is using an autonomous robot with an onboard computer, 

which is able to capture images, process them, and update the construction schedule in real-

time. As the previous alternative, the original 4D BIM model is used as a baseline to find 

any delays in the schedule. Through regular inspection and collecting daily data, 

contractors and owners are able to control progress and evaluate project performance. 

3.3 Research Setting 

The research announcement and questionnaire were distributed among members of 

the ñCo-operative Network of Building Researchers,ò CNBR group, as well as researchers' 

Linkedin profiles. The group, consisting of individuals passionate about building research 

and related areas, such as project management, real estate, and construction, is connected 

through a mailing list (Groups.io, 2023). Messages shared within this community include 
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research inquiries, updates on upcoming conferences, news about research opportunities, 

journal highlights, and newly published books.  

In addition to professional discussions, members engage in conversations about 

shared interests. While the majority are academic researchers, the group also welcomes 

active participation from industry practitioners. The group is hosted on https://groups.io 

and was established on February 1, 2020. As of October 13, 2023, it comprises a total of 

1762 members (Groups.io, 2023). Due to the various experiences of the group members, 

this group was selected to distribute the flyer and questionnaire. 

 The platformôs members have diverse academic and professional backgrounds, 

enabling researchers to access precise insights from various perspectives on technology 

utilization in research. A preliminary assessment covering participant demographics like 

age, education, occupation, and experience was conducted. This was followed by sections 

of the survey exploring technology applications in the construction industry, limitations of 

using autonomous robots for monitoring and data collection, and inquiries about the 

potential benefits of the proposed methods. 

The questionnaire focused on the use of autonomous 4-legged robots, called 

quadruped, for data collection, classifying, and updating construction schedules in real-

time. A description of the proposed workflow was provided in the research flyer. The 

effectiveness of using this modern technology for data collection in construction 

environments, capturing images for data processing, and updating construction schedules 

was investigated and considered.  
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3.4 Materials 

Before starting the questionnaire, for those participants who did not have any idea or 

experience related to the 4-legged autonomous robots, in the research announcement, 

images of the quadruped and a description of required tasks were provided. Since a 

construction background was mandatory for taking the survey, the participants had the 

chance to understand the robotôs application and the concept (See Appendix B) 

Since the study was conducted among a group of experts with construction 

backgrounds, we were required to submit our research protocol (H23378) to the Office of 

Research Integrity Assurance and obtain IRB approval for Human Subject Research. Since 

the research did not take participantsô confidential and personal information, it was 

reviewed in the Exempt category and approved by the research board (See Appendix A). 

An online questionnaire through the Georgia Tech Qualtrix platform was provided 

for participants. A research announcement, including a QR code and a direct link to the 

survey, was distributed among the group of qualified persons. Due to the different types of 

consent forms required for potential participants from the European Union and the United 

Kingdom compared to those from other parts of the world, including the United States, 

participants were initially requested to declare their geographical location (See Appendix 

C). 

Based on the legal issue related to personal information and level of confidentiality 

in the European Union and the United Kingdom and the regulation of Georgia Tech, a 

separate consent form was specifically provided and approved by IRB to cover the whole 

legislation issue (See Appendix D). In addition to that, for survey takers inside the US and 
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the rest of the world, another consent form was created and submitted for approval as an 

attachment of the protocol (See Appendix E). The participants declared their consent for 

the test based on their geographical location by these specified consent forms at the 

beginning of the questionnaire. 

The questionnaire consisted of 30 multiple-choice and Likert scale questions. 

Participants were required to answer single-choice questions, select all that apply, rate their 

understanding or feelings, and propose any additional points. The questions were divided 

into four sections, including participantsô background, understanding of the robotôs 

performance in construction, limitations, and benefits of using the quadruped in 

construction environments. Several of the questions used in the questionnaire were derived 

from prior research studies (Cai et al., 2020; Delgado et al., 2019; Park et al., 2023). 

The first section of the questionnaire focuses on participantsô backgrounds, including 

their age, education level, current occupation, and years of experience (Figure 5) 
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Figure 5- Participantsô background-related questions 

 

The second section explores participantsô openness to technology and related 

experiences. It assesses their familiarity with 4-legged robots, including their abilities, 

applications, and potential uses in construction tasks (Figure 6). 
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Figure 6- Participantsô Attitudes Toward Technology Questions 
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The third part explored the participantsô opinions on the barriers and limitations of 

using quadrupeds in the construction industry. Based on previous studies, three main 

categories of limitations were identified in order to explore and design questions: 

technical/functional limitations (Delgado et al., 2019), financial issues (Cai et al., 2020), 

and social attitudes (Park et al., 2023) among construction workers and companies (Figure 

7).  

 

Figure 7- Participantsô Perceptions of Quadruped Limitations Questions 
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The following questions were crafted to investigate and assess the advantages of 

incorporating quadrupeds in the construction sector. In this section, participants were asked 

to evaluate the benefits of utilizing quadrupeds in construction monitoring, including data 

collection, data processing, and automated construction scheduling (Figure 8). The 

questions were designed in accordance with related surveys from previous studies (Cai et 

al., 2020; Halder et al., 2023a).  
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Figure 8- Participantsô Assessment of Quadruped Advantages Questions 
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In the final section of the questionnaire (Figure 9), participants shared their personal 

opinions regarding suggestions or expectations to enhance the implementation of 

quadrupeds in the construction industry, drawing insights from existing studies (Cai et al., 

2020; Delgado et al., 2019; Halder et al., 2023a; Park et al., 2023).  

 

Figure 9- Participantsô Insights on Quadruped Utilization  

 

3.5 Participants 

3.5.1 Sampling 

In this study, researchers utilized a nonrandom convenience sampling method as the 

sampling procedure. The survey participants were volunteers and were the members of an 

internet group consisting of academic researchers and experienced professionals in the 

construction industry and the authorsô Linkedin profiles. A research announcement, 

including a brief description of the research, the survey link, and a QR code, was distributed 

to the target population (See Appendix B). The survey was anonymous and conducted 

through the Gatech Qualtrix website. Participantsô consent was obtained at the beginning 

of the questionnaire, and their responses were recorded in the database for further analysis.  
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The sample size in this study consists of 81 participants with construction education 

and related background, which satisfies other research recommendations or similar 

conducted surveys that received between 25 to 108 responses (Cai et al., 2020; Delgado et 

al., 2019; Law et al., 2022; Mahbub, 2015; Ojha et al., 2022; Pan et al., 2020; Pan & Pan, 

2020; Warszawski & Navon, 1998) 

3.5.2 Description of Participants 

After obtaining consent, participants filled out an anonymous background survey to 

assess the sampleôs demographics. Among the participants pool, the age distribution was 

as follows: 7% aged 18-24, 17% aged 25-34, 63% aged 35-44, 6% aged 45-54, 5% aged 

55-64, and 1% aged 65 and older (Figure 10).  

 

Figure 10- Distribution of Participantsô Ages 

 

17% of participants held bachelorôs degrees, 42% had masterôs degrees, and 41% 

had doctoral degrees or equivalent, indicating a well-educated participant pool. 
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Additionally, over 83% of participants had a background in construction at the graduate 

level, demonstrating advanced knowledge in construction-related areas (Figure 11). 

 

Figure 11- Participantsô University Degree Distribution. 

 

Considering their occupation, 2% of participants identified as construction workers, 

2% as tradespersons or suppliers, 36% as engineers or technical professionals, 16% as 

construction managers, and the remaining 16% as researchers in academia (Figure 12). 

 

Figure 12- Occupation Distribution 
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In terms of previous work experience in construction or related fields, 6% had less 

than 1 year, 20% had 1-3 years, 28% had 4-9 years, 25% had 10-14 years, and 21% had 

more than 15 years of experience (Figure 13). 

 

Figure 13- Work Experience Distributionrience 

 

To assess their openness to technology in the construction industry, participants were 

asked, óHow do you feel about utilizing technology in the construction industry?ô 59% 

responded very positively, 22% were positive, 16% were neutral, and 2% were negative. 

Regarding the use of 4-legged autonomous robots in construction, participants were asked, 

óHow do you feel about using a 4-legged autonomous robot in construction?ô Responses 

varied: 37% were very positive, 36% were positive, 21% were neutral, 5% were negative, 

and 1% were very negative.ò 
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Figure 14- Participant Opennessto Technology with  responses to, (a) ñHow do you 

feel about utilizing technology in the construction industry?ò and (b) ñHow do you 

feel about using a 4-legged autonomous robot in construction? 

 

In an effort to find a familiarity level with the use of 4-legged robots, participants 

were asked, óHave you ever used or seen a 4-legged autonomous robot in construction or 

related fields?ô Despite being a relatively novel and modern technology, a surprising 33% 

of participants, totaling 27 individuals, responded positively (Figure 15). 

 

Figure 15- Previous Experience with the Robot 
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An impressive 79% of participants expressed keen interest in using or encountering 

a 4-legged autonomous robot in construction or related fields in the future, demonstrating 

a high level of enthusiasm within the participant pool. Approximately 19% were more 

tentative and responded with ñMaybeò regarding the potential future application of this 

technology. A remaining 2% stated their reluctance, indicating that they would not consider 

using a quadruped in future construction tasks. 

 

Figure 16- Willingness for Future Robot Application 

 

3.6 Data Analysis 

The data were collected and analyzed using a combination of descriptive statistics 

for quantitative responses and thematic analysis for qualitative responses. The focus of this 

study revolved around two central questions. Data collection instruments on the Georgia 
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Tech Qualtrics platform were designed to facilitate responses to these questions. The 

results will be discussed in Chapter 4. The research questions, as mentioned above, are: 

 

Question 1 

Does automatic data collection in construction environments have the potential to 

improve overall productivity and efficiency? 

Question 2 

Does the utilization of quadrupeds in construction projects potentially impact the 

process of updating construction schedules and enhance informed decision-making? 

 

The study involved creating an online questionnaire targeted at qualified individuals. 

Potential participants were required to be at least 18 years old and have experience or a 

background in the construction industry. A research announcement, a brief description of 

the research, and images of the robot were distributed among a group of academic 

researchers and professionals in the construction field. Participants were asked to declare 

their geographical location to access the consent forms, which differed based on whether 

they resided in the European Union or the United Kingdom. 

The data collection process commenced on November 1, 2023, and concluded on 

November 5, 2023, conducted online. 81 responses were received, while 25 initiated the 

survey but did not complete it. The average duration of answering the online questionnaire 
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was 9 minutes. Among the participants, 46 individuals indicated their geographical location 

as the United States (Figure 17).  

 

Figure 17- Participant Geographical Distribution 
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CHAPTER 4. RESULTS 

4.1 Introduction  

This study has been conducted to address the research problem of (1) the construction 

industry suffers from a lack of productivity and efficiency (Abioye et al., 2021) (2) the 

current method of construction monitoring is time-consuming and labor-intensive (Lin & 

Golparvar-Fard, 2020), and (3) delays in updating construction schedules leading to 

deviations and cost overruns (Navon & Sacks, 2007). Through an extensive literature 

review and analysis of recent findings, the utilization of autonomous 4-legged robots 

employing advanced deep-learning algorithms has emerged as a promising solution to 

these challenges.  

In alignment with the robotôs features and abilities, a framework for real-time data 

collection, processing, and construction schedule updates has been proposed. The 

workflow involves regular inspections and the identification of installed materials, 

complemented by a 4D Building Information Modeling (BIM) model to monitor work 

progress and detect potential delays. This detailed information keeps top management 

informed about the projectôs status, facilitating informed decision-making processes 

(Golparvar-Fard et al., 2009).  

Additionally, as the robot's defined role is novel, an online questionnaire was 

designed for qualified individuals from academia and the industry to assess the robot's 

acceptance and benefits among potential real-world users.  
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4.2 Key Benefits of Utilizing Quadrupeds in Construction 

4.2.1 Robot-Enabled Data Collection and Processing  

To measure the effectiveness of the robot for automating the data collection process, 

participants were asked, ñHow do you rate the benefits of automated data/image collection 

in construction using 4-legged autonomous robots?ò 49% of the responses were the highest 

possible rating (5 stars), 31% were 4 stars, 14% were 3 stars, and the remaining 6% were 

2 and 1 stars (Figure 18).  

 

Figure 18- Perception of Automated Data/Image Collection 

 

In response to the question, óHow do you rate the benefits of enhanced data 

processing efficiency in construction with 4-legged autonomous robots?ô 43% of 

participants chose 5 stars, 28% chose 4 stars, 15% chose 3 stars, 11% chose 2 stars, and 

2% chose 1 star (Figure 19). 
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Figure 19- Participant Ratings of Enhanced Data Processing 

 

4.2.2 Benefits of Live Construction Schedule Updating 

In order to measure the participantsô opinion about the benefit of using the robot for 

updating schedules in real-time, they were asked to answer the question, óHow do you rate 

the benefits of real-time construction schedule updates and improved project timeline 

adherence with 4-legged autonomous robots?ô According to the responses, 37% rated it 5 

stars, the highest point, 26% rated it 4 stars, another 26% rated it 3 stars, 7% rated it 2 stars, 

and 4% rated it 1 star, the lowest rank (Figure 20). 

 

Figure 20- Ratings of Real-time Construction Schedule Updates 
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4.2.3 Other related benefits 

As construction quality inspection and documentation is one of the benefits of using 

the robot in projectsô indoor environments, a question was asked to determine its 

usefulness: óHow do you rate the likelihood of 4-legged autonomous robots improving 

inspection and project documentation in construction?ô The responses were as follows: 

42% rated it 5 stars, 33% rated it 4 stars, 19% rated it 3 stars, 5% rated it 2 stars, and 1% 

rated it 1 star (Figure 21). 

 

Figure 21- Ratings of Construction Inspection and Documentation Efficiency 

 

To assess the target populationôs perception of the operational cost-saving 

effectiveness of using quadrupeds in construction stages, the question óHow do you rate 

the potential cost and resource benefits of integrating 4-legged autonomous robots into 

construction operations?ô was posed. Responses varied: 21% rated it 5-Stars, 26% rated it 

4-Stars, the highest portion (34%) chose 3 stars, 16% rated it 2 stars, and 6% rated it 1 star 

(Figure 22). 
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Figure 22- Participant Ratings on Potential Cost and Resource Benefits 

 

Utilizing the robot for safety inspection, specifically in the indoor environments of 

construction projects, can be considered one of the primary responsibilities of the robot. 

Participantsô opinions on the question óHow do you rate the likelihood of 4-legged 

autonomous robots improving safety and reducing accidents in construction projects?ô 

were consistent with other responses: 37% chose 5 stars, 33% chose 4 stars, 17% chose 3 

stars, 5% chose 2 stars, and 7% chose 1 star (Figure 23). 

 

Figure 23- Participant Ratings on Safety Improvement 
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4.3 Limitations of Utilizing the Robot  

Successful utilization of quadruped robots in indoor construction requires careful 

consideration of existing limitations. These barriers encompass operational challenges 

associated with the specific stage of construction, the nature of the buildingôs function, and 

the prevailing environmental conditions. Furthermore, safety concerns arise concerning 

human-robot collaboration, and the investment costs must be considered. Understanding 

and addressing these limitations are crucial for effectively incorporating quadruped robots 

into indoor construction practices. 

In our examination of incorporating quadrupeds into construction, we aimed to 

comprehend the target populationôs viewpoint on the challenges. In response to the 

question ñHow do you rate the extent of barriers related to the high cost of acquiring 4-

legged autonomous robots in the construction industry?ò, participantsô responses varied: 

40% chose Neutral, 27% opted for High, 17% selected Very High, 11% picked Low, and 

5% went with Very Low (Figure 24). 

 

Figure 24- Barriers Related to the High Cost of the Robot 
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Another question was, ñHow do you assess the challenges associated with the costly 

updates and maintenance of 4-legged autonomous robots in construction?ò The responses 

differed: 35% remained Neutral, 28% deemed it High, the smallest fraction (5%) selected 

Very Low, 16% considered it Low, and another 16% regarded it as Very High (Figure 25). 

 

Figure 25- Update and Maintenance Costs for the Robot 

 

In answer to the query ñHow do you assess the challenges linked to the 
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12% as Very High, and 5% as Very Low (Figure 26). 

 

Figure 26- Incompatibility of the Robot 
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To understand the participantsô perspective on hurdles in utilizing quadrupeds in 

construction, the question ñHow do you assess the obstacles linked to the complexity of 

using and understanding robotics technology in the construction industry?ò was asked. 

Responses varied: 46% remained Neutral, 28% considered it High, the smallest fraction 

(5%) opted for Very Low, 14% rated it Low, and another 7% perceived it as Very High 

(Figure 27). 

 

Figure 27- Difficulty in Using and Understanding Robotics Technology 

 

Respondents were asked to assess the obstacles related to the limited availability of 

resources and manufacturers for 4-legged autonomous robots in the construction industry. 

The responses varied: 33% rated it as High, 30% as Neutral, 21% as Low, 10% as Very 

High, and 6% as Very Low (Figure 28). 

5%

14%

46%

28%

7%

0

10

20

30

40

1. Very
Low

2. Low 3.
Neutral

4. High 5. Very
High

F
re

q
u

e
n

c
y

Q15



 52 

 

Figure 28- Limited Availability of Resources and Manufacturers for the Robot 

 

They were asked, ñHow do you assess concerns about job displacement and skill 

mismatch resulting from introducing 4-legged autonomous robots in the construction 

industry?ò The responses varied: 31% remained Neutral, 27% rated it as High, 19% 

perceived it as Very High, with the smallest fraction (11%) opting for Very Low, and 12% 

considering it Low (Figure 29). 

 

Figure 29- Job Displacement and Skill Mismatch due to the robot 
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The conclusive inquiry focused on gauging social and cultural resistance: ñHow do 

you perceive the level of social and cultural resistance to the integration of 4-legged 

autonomous robots in the construction industry?ò The responses varied: 36% rated it as 

Neutral, 22% as High, 21% as Low, 9% as Very High, and 12% as Very Low (Figure 30). 

 

Figure 30- Social and Cultural Resistance to the Robot 
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CHAPTER 5. DISCUSSION 

5.1 Introduction  

The construction industry plays a vital role in most economies, contributing to 

approximately 5ï9 percent of the gross domestic product (GDP) (Arditi & Mochtar, 2000). 

Enhancing productivity within this sector could significantly boost overall GDP (Hasan et 

al., 2018). Despite its importance, the construction industryôs productivity lags behind that 

of services and other sectors, including manufacturing (Arditi & Mochtar, 2000).  

Technological advancements offer numerous advantages, with enhanced 

productivity being a commonly highlighted benefit (Goodrum et al., 2011). The necessity 

to automate the process of capturing and analyzing data specifically for construction 

monitoring has been emphasized for a considerable period (Roberts & Golparvar-Fard, 

2019). Traditional construction inspection and monitoring methods are predominantly 

manual, demanding considerable time and effort. These approaches often result in errors, 

cost overruns, and project completion delays. 

A significant volume of data is created, processed, and documented in construction 

projects. Proper methods of collecting and using this information facilitate decision-

making processes. Consequently, there is a growing need for effective data entry, 

processing, and sharing methods to ensure timely access to this valuable information (Son 

et al., 2012). The increasing demand for rapid construction project delivery has prompted 

project managers to explore workflows for continuous monitoring of onsite productivity 

and safety resources (Roberts & Golparvar-Fard, 2019). 
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Construction automation and robotics represent a technology-driven systematic 

approach aimed at enhancing factors such as productivity in construction projects 

(Sawhney et al., 2020). These technologies can be utilized for collecting data and providing 

stakeholders with the latest projectôs information. While the use of robots in construction 

sites is still limited, they will be increasingly applied as specific cost-effective applications, 

such as data collection and analysis, are identified (Nof, 2009).  

The effectiveness of information technology systems or equipment provided by 

employers relies heavily on employeesô willingness to utilize them in their tasks (Son et 

al., 2012). To maximize the return on investment in technology and harness its benefits, 

itôs essential to evaluate whether the technology will be embraced and used by industry 

professionals (Venkatesh & Davis, 2000). Consequently, user acceptance stands as a 

pivotal factor in determining the success of technology investments in the industry (Son et 

al., 2012). 

In order to answer the research questions, in addition to the literature review and 

proposed workflow for utilizing the quadruped for data collecting, image processing, and 

updating construction schedules in real-time, the acceptance of the utilization of this new 

technology in the construction environment was investigated. It enabled us to understand 

the willingness of the potential users of the robot in construction to learn about and use it 

in future years. 

An online questionnaire consisting of 30 questions was designed and distributed 

among qualified individuals with academic backgrounds or related experience in the 

construction industry. As discussed in Chapter 3, 83% of the participants have a graduate 
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degree. In addition, 78% of them have a graduate degree with at least one year of 

experience in construction fields.  

Even though the quadruped is a relatively new and advanced technology, an 

unexpected 33% of participants had seen or experienced it in action. Among them, 29% 

(9% of the total) responded that they were either ñvery familiarò or had ñextensive work or 

research experienceò with 4-legged autonomous robots in construction environments. 

Additionally, 44% (15% of the total) declared that they were ñsomewhat familiarò with the 

robotôs functions and performance, indicating their informed perspectives on my research 

(Figure 31).  

 

Figure 31- Detailed Previous Experience with the Quadruped 
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to select all choices that apply (Figure 32). The choices encompassed a range of tasks, not 
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limited to data collecting and processing. These tasks included carrying loads, moving 

objects, and accessing different locations, reflecting the diverse functionalities of the robot.   

 

Figure 32- Perceived Features and Abilities of the Quadruped 
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Table 1- Participant Perceptions of Suitable Quadruped Robot Tasks 

Rank Proposed Tasks 
Respondent 

Count 
Percentage 

1 Capture environment images/videos 61 75% 

2 Process data from images/videos 56 69% 

3 Work in indoor environments 54 67% 

4 Walk on uneven terrain 50 62% 

5 Climb stairs and obstacles 47 58% 

6 Update construction schedules 46 57% 

7 Carry specific materials or tools 42 52% 

8 Carry heavy loads 38 47% 

9 Communicate with robots/humans 34 42% 

 

The participants prioritized the utilization of the quadruped for data collection in 

construction environments and processing captured data, ranking these applications as their 

top two preferences. Despite the fact that updating construction schedules in real-time is a 

novel proposed function for the quadruped, 57% of the participants believed that the robot 

is capable of carrying out the task. 

5.2 Key Benefits of Utilizing Quadrupeds in Construction 

The application of autonomous robots in construction has been the topic of an 

extensive development effort in recent years (Bogue, 2018). While the drive to enhance 

construction productivity fuels the adoption of robotics, challenges arise from tight project 

timeframes and the need for comprehensive planning, often hindering the implementation 

of new technologies (Pan et al., 2020). However, in recent years, there has been a growing 

demand for the application of modern technologies and innovative solutions (Asadi et al., 
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2020). Additionally, the relatively high cost of US construction labor and the prevalent 

labor shortage are additional relevant factors to consider (Hovnanian et al., 2022).  

The results from the current research support a new positive attitude towards 

applying modern technologies in construction, consistent with findings from other studies. 

81% of participants expressed a very positive or positive view (59% and 21%, respectively) 

about utilizing technology in construction. Furthermore, over 62% of participants showed 

a high tendency to recommend using robots in the construction environment to others, 

while 25% expressed a moderate tendency. On the flip side, only 14% indicated a low 

tendency towards the application of robots in the construction industry.  

In addition, 71% of the participants believed that the quadruped could improve 

construction project efficiency and accelerate project timelines. Other researchers 

explained how autonomous robots like quadrupeds have the ability to improve productivity 

and efficiency in the construction industry (Bogue, 2018). By automating repetitive tasks, 

autonomous robots can accelerate processes and enhance schedule performance (Bademosi 

& Issa, 2021; Golparvar-Fard et al., 2009). They can effectively handle recurring 

assignments, freeing human workers to focus on more complex and higher-value activities 

(Golparvar-Fard et al., 2009). Quadrupeds can benefit construction companies by 

conducting local inspections and image capturing, thereby reducing the need for workforce.  

Given the unpredictable and hazardous conditions in construction environments, 

construction robots must be flexible and capable of intelligent and advanced sensors, 

scanners, cameras, and artificial intelligence (Pan et al., 2020). The quadruped exhibits 

versatility in performing tasks and brings a number of financial and non-financial benefits 
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to the construction industry. In order to explore solutions for research problems and 

answers to research questions, this section is focused on examining the detailed related 

benefits of robots in this context. 

5.2.1 Benefits of Robot-Enabled Data Collection and Processing 

The integration of autonomous robots in construction monitoring introduces a range 

of advantages, enhancing data collection and analysis processes while enhancing project 

management capabilities. Unmanned Ground Vehicles, as autonomous robots, demonstrate 

the ability to collect data in construction environments and integrate various types of 

technology to maximize their application benefits, including time-saving and data accuracy 

(Asadi et al., 2020). In addition, since manual inspection and data collecting are labor-

intensive (Lin & Golparvar-Fard, 2020), autonomous robots deliver significant operational 

benefits. 

As data collection and processing are crucial aspects of construction monitoring, our 

research focused on exploring the effectiveness of utilizing robots for related tasks. The 

results showed that 80% of the participants regarded the quadruped highly valuable for 

automated data collection in construction environments (Figure 18). In addition, 

participants regarded the robot as an effective tool for enhancing efficiency in construction 

data processing. Moreover, over 75% of the participants expressed highly positive opinions 

about the quadrupedôs inspection-related abilities (Figure 21). 

The results were aligned with other conducted research. (Bohn & Teizer, 2010) stated 

that the robot is capable of capturing precise and comprehensive information from 

construction environments, contributing to informed decision-making, early issue 
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identification, and proactive project risk management. (Halder et al., 2023a) also 

investigated the robotôs abilities to capture live images in indoor construction locations. 

They used the robot to inspect completed tasks within a construction project, gaining 

valuable insights into the current conditions. The robot demonstrated its capability to 

collect useful data for inspection-related tasks. 

5.2.2 Benefits of Live Construction Schedule Updating 

The construction industry can reduce the reliance on manual labor, improve resource 

allocation, and enhance project profitability by identifying and resolving schedule 

deviations (Isaac & Navon, 2014). Regular inspections and schedule updates can identify 

schedule deviations early, enabling managers to allocate resources effectively, enhance 

overall performance, and prevent potential delays and cost overruns (Golparvar-Fard et al., 

2009). In recent years, computer vision has emerged as an innovative, successful solution 

for updating construction schedules. It offers automation in regular construction 

monitoring by using captured images and videos from construction environments (Seo et 

al., 2015). 

The results of our study show that real-time schedule updates improve project 

performance and facilitate on-time completion. Although this function for the robot is 

novel and unique, 37% of the participants' pool ranked the highest, and 26% ranked high, 

resulting in 63% high acceptance among qualified participants (Figure 20). Additionally, 

although 25% of participants rated the robot low for cost and resource benefits, 47% rated 

it high, indicating their overall positive attitude toward this innovative solution (Figure 22). 

5.2.3 Other Benefits: 
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The use of autonomous quadrupeds helps optimize resource allocation, reduce 

required manual labor, and minimize project expenses. 47% of the participants chose the 

high rating, while an additional 31% selected the medium rating for the cost and resource 

benefits of the quadruped (Figure 22). This robot can perform tasks efficiently and 

accurately, improving construction operations' cost-effectiveness (Bademosi & Issa, 2021). 

Cost-benefit is a value that represents qualitative advantages that can be measured directly. 

Considering these factors, autonomous robots offer the potential for cost savings primarily 

through labor, time, and rework reductions while improving resource allocation and 

reducing construction waste (Bademosi & Issa, 2021). 

In addition to the researchôs findings on the benefits of the robot in terms of costs 

(Figure 22), other studies proved the results and explored how the applications of 

construction robots are influenced by broader economic perspectives (Pan et al., 2020). 

Despite the significant initial investment, the long-term utilization potential of the robot 

across multiple projects justifies its cost-effectiveness over its operational lifespan. In 

addition, market opportunities can be increased, and potential contracts for construction 

companies can be secured by using modern technologies, including autonomous 

robots(Bock, 2015). 

Safety improvement is another benefit rated by survey participants, with 70% 

believing that the robot can significantly enhance safety (Figure 23). Other studies (Bogue, 

2018; Harris et al., 2023) explained that robots can mitigate hazards to employees in 

construction environments and mitigate risks by preventing construction workers from 

encountering fatal injuries to a large extent. In addition, the robot can also conduct quality 

inspections and generate relevant documentation for tasks completed during the 
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construction or operational stages of a projectôs life cycle (Halder et al., 2023b). High 

approval ratings of 75% for the quadrupedôs benefits in inspection and documentation 

substantiate previous research findings. 
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CHAPTER 6. CONCLUSION 

6.1 Introduction  

The construction industry often faces productivity and efficiency challenges, 

especially compared to other sectors, such as manufacturing (Abioye et al., 2021). Many 

construction projects experience delays in completion, leading to additional costs for both 

owners and clients (Navon & Sacks, 2007). Regular inspection and maintaining updated 

construction schedules reduce project completion and cost overruns (Golparvar-Fard et al., 

2009). Traditional data collection methods in construction environments were mostly 

paper-based and relied on manual in-person procedures by construction personnel (Bohn 

& Teizer, 2010).  

In recent years, new technologies and modern tools, including 360º cameras, Lidar, 

drones, and sensors, have been utilized in construction projects. Despite some of them, like 

drones and Lidars, having limitations for indoor environments, they are capable of 

collecting data from projects for further implication (Sawhney et al., 2020). Most of the 

data used for construction monitoring and progress evaluation is provided by personnel 

through regular inspection and comparing the actual progress made and as-planned 

objectives (Golparvar-Fard et al., 2009).  

Although these methods streamline the data collection process, reducing time and 

costs, they still require construction personnel during stages (Paneru & Jeelani, 2021). In 

most common cases, construction personnel hold 360º cameras for collecting data and then 

classify and assign images to planned areas. This manual approach highlights the need for 
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innovative solutions to minimize human intervention in the data collecting and data 

processing stages (Kopsida et al., 2015). 

6.2 Research Objectives 

Productivity improvement is one of the main challenges and needs in the construction 

industry. Automation, as a response to this need, will result in benefits that extend beyond 

financial gains, encompassing other valuable outcomes, including safety improvement, 

enhanced competitiveness, streamlined operations, increased efficiency, reduced errors, 

accelerated project timelines, refined precision, improved quality control, optimized 

resource allocation, and greater project scalability (Bock, 2015; Golparvar-Fard et al., 

2009). Moreover, automation aligns with companiesô strategic goals and empowers them 

to stay at the forefront of technological advancements, fostering innovation and 

adaptability in a rapidly changing industry. 

This research aims to assess a novel method proposed to bridge the gap between data 

collection and data processing in construction environments that utilize technology. In 

addition to the background research, a survey has been conducted in order to evaluate the 

technology acceptance rate by the possible users of the proposed method. The goal is to 

enhance construction productivity and efficiency through the effective integration of 

technology.  

This study contributes to the body of knowledge by proposing and evaluating the 

effectiveness of a novel framework for utilizing modern technology in construction 

environments for data collection and processing. While previous research has explored 

computer vision and updating construction schedules, none has specifically focused on 
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automatic real-time data processing, data classification, and updating construction 

schedules by a robot. 

6.3 Research Limitations  

During the construction phase, applying quadrupeds may face operational limitations with 

inspection tasks at elevated heights, including steel framing, building facades, and false 

ceilings (Dynamics, 2022; Halder et al., 2022). Optimal lighting condition is crucial for the 

robotôs effective operation, as it may struggle to detect obstacles in shadowy areas and 

transparent materials like glass doors and windows (Dynamics, 2022; Ekanayake et al., 

2021; Halder et al., 2023b; Wetzel et al., 2022). Carefully considering these factors ensures 

safe and optimal performance in diverse environments. 

Despite efforts to create a comprehensive questionnaire covering the application of 

the robot in construction monitoring and live schedule updating, some factors might have 

been overlooked due to the novelty of utilizing the robot in this manner. The use of the 

robot in construction projects may reveal potential problems related to user interfaces and 

maintenance issues. It's essential to consider the long-term effects of the robot on 

construction communities and the relationships between employees and personnel. 

Additionally, programming the robot for practical application in construction 

projects, particularly those with diverse components like industrial projects, is crucial for 

assessing its functionality and efficiency in monitoring and scheduling. Although the use 

of BIM families for object recognition and defining an exchange language for transferring 

data to the robots could be a limitation, it hasn't been considered in the current research due 

to time and scope constraints. 
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Despite the suitable sample size and the participants' relevant experience with 

quadrupeds, future research exclusively among robot experts can better identify the 

strengths and weaknesses of the robot. While the current number of robot users in the 

construction industry is limited, an increase in the number of companies utilizing robots 

during their construction projects will provide access to employees and experts who can 

contribute to research questions. 

6.4 Further Research 

Over the past years, significant progress has been made in the field of robotics, 

although certain technical challenges have persisted. These challenges include functional 

integration, localization, planning, guiding algorithms, sensor technology, and robot 

intelligence (Delgado et al., 2019). However, recent progress in artificial intelligence, 

encompassing machine learning and deep learning methods, has emerged as an effective 

approach to address the construction industryôs unstructured, complex, and dynamic nature 

(You et al., 2023). 

Further research is necessary to develop and implement the proposed workflow in 

real-world construction environments. Additionally, the programming and customization 

of the robot specific to a targeted construction site would assist in evaluating the robotôs 

functionality and operational efficiency in project monitoring and scheduling. Moreover, 

further research on the integration of various unmanned vehicles and the robot, including 

ground vehicles, drones, and swarm systems, either individually or in combination, can 

address the limitations of the quadruped and enable the construction industry to explore 
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new technological advancements in order to enhance productivity and facilitate decision-

making processes. 
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APPENDIX A.  RESEARCH PROTOCOL APPROVAL
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APPENDIX B. RESEARCH ANNOUNCEMENT  
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APPENDIX C. RESEARCH QUESTIONNAIRE
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APPENDIX D. EU/UK PARTICIPANTS ô CONSENT FORM



 81 



 82 



 83 



 84 

 

  



 85 

APPENDIX E. US & OTHERS, PARTIC. CONSENT FORM

 

  


















