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Abstract: Autonomous construction vehicles are self-operating 

heavy machinery using AI, GPS, LiDAR, and sensors to 

perform tasks. Autonomous construction equipment, such as 

dozers, excavators, load carriers, and haul trucks, are driverless 

machines that can be used to perform a variety of jobs on 

construction sites. Autonomous equipment is transforming 

industries with automation, efficiency, and sustainability, 

driving market growth worldwide. Construction companies are 

increasingly turning to autonomous heavy equipment to tackle 

challenges such as labor shortages, safety concerns, and 

productivity demands. Autonomous vehicles offer the potential 

to reduce human error, improve precision, and optimize 

workflows. In this paper, we will explore the emergence of 

autonomous equipment in the construction  industry. 
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I. INTRODUCTION 

Self-driving or autonomous vehicles (AVs) have received a lot 

of attention over the past couple of years with nearly every 

automaker along with companies like Google and Uber 

working to bring driverless cars to the market. The use of 

autonomous vehicles  has increased considerably over the past 

decade. AV technology is changing how contractors approach 

projects, allowing more work to be done faster and safer than 

ever before. Autonomous construction equipment—such as 

dozers, excavators, haul trucks, and load carriers—is 

revolutionizing how construction projects are executed. These 

driverless machines are often operated remotely, allowing for 

precise control and improved safety. Examples of autonomous 

vehicles are shown in Figure 1 [1]. 

 

Figure 1: Examples of autonomous vehicles [1]. 

  The construction industry has always been at the forefront of 

innovation, continually adopting new technologies to enhance 

efficiency and productivity. In recent years, the rise of 

autonomous heavy equipment has taken the construction world 

by storm. Over the past decade, the use of autonomous 

vehicles on construction sites has surged, driven by 

technological advancements and the need for greater 

efficiency. Construction sites pose a difficult challenge for the 

developers of AI and robotics technology. Figure 2 shows a 

typical construction site [2].   

 

Figure 2: A typical construction site [2]. 

II. CONCEPT OF AUTOMOUS VEHICLES 

Autonomous vehicles constitute one of the most spectacular 

recent developments of AI. As opposed to human-driven 

vehicles, autonomous vehicles essentially refer to self-driving 

vehicles.  They are smart vehicles that are able to perceive their 

environment and to move on accordingly without human 

intervention.  They operate with the capability to have 

automatic motions and navigate themselves depending on the 

environments and scheduled tasks. Figure 3 shows the 

architecture of autonomous car [3]. 

 

Figure 3: Architecture of Autonomous Car [3]. 

    Autonomous vehicle or driverless car is an ambitious project 

which requires the fusion of many technologies like 

electronics, communications, mechatronics, software 

engineering, artificial intelligence, GPS, and industrial IoT.  It  

is a vehicle that uses a combination of sensors, cameras, radar, 

and artificial intelligence (AI) to travel between destinations 

without a human operator. It is designed to be able to detect 

https://www.businesswire.com/news/home/20220608005628/en/Autonomous-Construction-Equipment-Global-Markets-Report-2022-PartialSemi-Autonomous-Fully-Autonomous-Earth-Moving-Construction-Vehicles-Material-Handling-ConcreteRoad-Construction-Equipment---ResearchAndMarkets.com
https://www.ncsl.org/transportation/autonomous-vehicles
https://www.ncsl.org/transportation/autonomous-vehicles
https://www.constructionexec.com/article/2024-is-the-year-for-autonomous-robots-in-construction
https://graitec.com/us/blog/can-autonomous-construction-machinery-solve-the-labor-shortage/
https://graitec.com/us/blog/can-autonomous-construction-machinery-solve-the-labor-shortage/
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objects on the road, maneuver through the traffic without 

human intervention, and get to the destination safely. It is fitted 

with AI-based functional systems such as voice and speech 

recognition, gesture controls, eye tracking, and other driving 

monitoring systems.  Several companies have announced their 

plan to get involved in autonomous or driverless and electric 

vehicle technology    

    Connected and autonomous vehicles (Avs) are now 

becoming a cornerstone of the increasingly connected world.  

They are receiving a lot of attention from manufacturers, 

service providers, governments, universities, consumers, and 

other stakeholders. The main goal of autonomous vehicles is to 

build a self-driving system that can perceive the road better 

than the best human driver. They are incredible innovation that 

will likely transform transportation, especially in urban 

environments, in the near future. Although autonomous 

vehicles can improve performance and safety, there are a 

myriad of  serious technology, regulatory, and security 

challenges to consider  in preparation for full vehicle 

autonomy.  

   Autonomous vehicles combine artificial intelligence (AI) and 

robotics. They are regarded as a promising answer to traffic 

jams, accidents, and environmental pollution.  They will 

constitute the backbone of future next-generation intelligent 

transportation systems (ITS) providing travel comfort and road 

safety along with a number of value-added services. They are 

used in search and rescue, urban reconnaissance, mine 

detonation, supply convoys, etc. [4].  They can help save lives 

on the battlefield. 

    Autonomous vehicle (AV) is also described as ―driverless,‖ 

―robotic,‖ or ―self-driving.‖  AV is regarded as a 

multidisciplinary technology. The enabling technologies in 

support of connected autonomous vehicles include camera, 

GPS & GNSS, and  sensors, radar , LiDAR (Light Detection 

and Ranging), and Internet of things. The race to develop 

autonomous vehicles has heated up with many major  

automotive manufacturers such as Tesla, Audi, General 

Motors, Mercedes Benz, Uber, Google, and Amazon  [5]. 

Figure 4 shows how autonomous vehicles work [6]. 

 

Figure 4: How autonomous vehicles work [6]. 

III. LEVELS OF AUTONOMY 

SAE International (formerly the Society of Automotive 

Engineers) classifies autonomous vehicles on a scale of 0 to 5. 

The six levels are presented as follows [7,8]: 

Level 0:  No automation: All driving tasks and major systems 

are controlled by a human driver.  The automated system has 

no vehicle control but can issue warnings. 

Level 1: Function-specific automation: Provides limited driver 

assistance. The driver must be ready to take control at any 

time. 

Level 2: Partial driving automation: At least two primary 

functions are combined to perform an action. The driver is 

obliged to detect objects and events and react if the automated 

system does not respond correctly. 

Level 3: Conditional driving automation: Enables limited self-

driving automation. Vehicles at this level can make informed 

decisions for themselves. In known environments (such as 

highways), the driver can safely divert his attention from 

driving tasks. 

Level 4: High driving automation: An automated driving 

system performs all dynamic tasks of driving. The automated 

system can control the vehicle in almost any environment, such 

as extreme weather conditions. and fewer parking spaces. 

Level 5: Self-driving automation: An automated driving 

system performs all dynamic functions of driving. No human 

intervention is required.  A vehicle at this level requires no 

driver.  It is on its own and must be able to react to all 

situations that might arise.   

The six levels are shown in Figure 5 [9] and are summarized as 

follows: No Automation, Driver Assistance, Partial 

Automation, Conditional Automation, High Automation, and 

Complete Automation.  The classification  has been adopted by 

DOT. Vehicles sold today are in levels 1 and 2. Levels 4 and 5 

will probably increase vehicle prices significantly. But  how do 

we get to Level 5?  

 

Figure 5: The six levels of autonomy [9]. 

IV. AUTONOMOUS CONSTRUCTION VEHICLES 

The construction industry, often considered one of the most 

traditional sectors, is undergoing a profound transformation. In 

spite of being heavily reliant upon mechanical operations, 

construction ranks as one of the least digitized industries. The 

construction industry is on the brink of a technological 

revolution, driven by autonomous vehicles and equipment. 

These machines promise to enhance safety, boost productivity, 

reduce costs, and transform the way we build our world. 

Technologies  that have played a pivotal role in making 

autonomous construction a reality include artificial 

intelligence, machine learning, GPS, LiDAR,  computer vision, 

and Internet of things. Types of autonomous vehicles in 

construction include autonomous excavators, autonomous 

bulldozers and graders, autonomous cranes,  and autonomous 

trucks [10]. 

   Leading players in the market include Deere & Company 

(US), Caterpillar (US), Komatsu Ltd (Japan), Volvo 

Construction Equipment (Sweden), Liebherr Group 

http://bestride.com/news/technology/tech-what-are-vehicle-gesture-controls-and-how-do-they-work
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(Switzerland), Hitachi Construction Machinery Co. (Japan), 

Volvo Construction Equipment (Sweden), Doosan Bobcat 

(South Korea), Built Robotics (US), HD Hyundai (South 

Korea), and Sandvik (Sweden). These companies are 

pioneering innovations in autonomous technologies to cater to 

diverse industrial needs. Mercedes has led in Level 3 

deployment with its flagship S-Class, equipped with ―Drive 

Pilot‖ technology. Its autonomous car is shown in Figure 6 

[11]. 

 

Figure 6: Mercedes autonomous car  [11]. 

V. APPLICATIONS OF AUTONOMOUS 

CONSTRUCTION VEHICLES 

Real-world construction projects typically require three groups 

of tasks: site preparation (earthmoving, leveling), substructure 

(anchoring, foundations), and superstructure (load-bearing 

elements, facade, plumbing, wiring, etc.). Applications of AVs 

in construction include road construction, building 

construction, earthmoving and excavation, mining and 

quarrying, demolition, bridge inspection and maintenance. 

Common applications of autonomous construction vehicles 

include the following [11-13]: 

 Earthmoving Equipment: The automation of 

earthmoving equipment, such as excavators, 

bulldozers and loaders, is a trend that is gaining a lot 

of momentum across the construction industry. 

The automation has seen significant advancements 

thanks to developments in artificial intelligence (AI), 

machine learning, and robotics.  The adoption of 

autonomous earthmoving equipment represents a 

significant shift in the construction industry, offering 

many benefits in efficiency, safety, and quality. 

Modern autonomous equipment can perform various 

tasks with minimal human intervention. 

 Electric Construction Equipment: The electric 

autonomous construction equipment sector expects 

the fastest growth by 2030, driven by advancements 

in battery technology and a global push toward 

sustainability. Electric excavators, loaders, and haul 

trucks with autonomous features like automated 

digging and grade control systems are transforming 

urban construction. Electric propulsion simplifies the 

integration of sensors and software for autonomous 

functionality, optimizing energy consumption and 

improving efficiency. 

 Construction Robotics: Construction robotics refers to 

the use of robotic engineering within the construction 

industry, often to automate tasks and reduce the 

amount of manual labor that human workers have to 

perform. These technical advancements can increase 

the speed of construction projects, reduce errors, and 

enhance safety in the construction workforce. 

Equipped with cameras and sensors, robots can 

automate the inspection process, identifying issues 

that may otherwise be missed.  Robotic arms and 

exoskeletons are becoming more common on 

modern construction sites, largely because of their 

versatility. Figure 7 shows how a bricklaying robot is 

used on construction site [14], while Figure 8 shows 

robotic welding [15]. 

 Autonomous Mobile Robots (AMRs): On construction 

sites, heavy and bulky materials often have to be 

relocated, which can be both dangerous and time-

consuming. Autonomous mobile robots (AMR) have 

the ability to navigate complex environments and can 

be used for both material handling, load carrying, and 

site surveying. AMRs are designed to navigate 

complex environments and transport heavy materials 

across construction sites. They reduce the need for 

manual labor in material handling and site surveying, 

improving both safety and efficiency.   

 Construction 3D Printing: A 3D printer can be used 

to print construction structures layer-by-layer. 

Construction 3D printing is a method for 

manufacturing construction elements or entire 

buildings by means of a 3D printer printing concrete, 

polymer, metal, or other materials, layer-by-layer.  To 

demonstrate the technology, researchers and 

entrepreneurs have off-site printed bridges in metal, 

concrete or polymer, and entire buildings in concrete 

or clay on-site. The technology may be useful for 

constructing structures by using the materials 

available on-site.  Companies have experimented with 

3D printing bridges. Figure 9 shows construction 3D 

printing [12].  

 Construction Drones: Playing a key role in improving 

safety on construction sites, drones and unmanned 

aerial vehicles (UAVs) are often used by construction 

managers to survey the construction site and complete 

site inspections. Drones are increasingly used for site 

inspections, surveying, and monitoring. They provide 

real-time data and improve the accuracy.  Figure 10 

shows how a drone is used on construction site [14]. 

 

Figure 7: A bricklaying robot is used on construction site [14]. 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/superlattice
https://www.sciencedirect.com/topics/engineering/facades
https://www.linkedin.com/pulse/beginners-guide-autonomous-earthmoving-machinery-michael-ingram-xbohc/
https://standardbots.com/blog/revolutionizing-construction-the-power-of-robotics
https://standardbots.com/blog/revolutionizing-construction-the-power-of-robotics
https://standardbots.com/blog/revolutionizing-construction-the-power-of-robotics
https://www.mckinsey.com/capabilities/operations/our-insights/getting-warehouse-automation-right
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Figure 8: Robotic welding [15]. 

 

Figure 9: Construction 3D printing [12]. 

 

Figure 10: A drone is used on construction site [14]. 

VI. BENEFITS 

Driverless construction fleets, from dozers to dump trucks, 

offer many benefits. Autonomous construction vehicles 

address skilled labor shortages and reduce accidents by taking 

over hazardous duties, with major manufacturers and tech 

companies developing and deploying these solutions 

globally. Other benefits include [13,16,17]: 

 Automation: Automation is reshaping the future of 

construction, mining, and agriculture, making the 

autonomous construction equipment market a 

cornerstone of technological and sustainable progress. 

Automation speeds up project timelines and boosts 

productivity. One continuing debate around 

automation in construction is its impact on 

employment. In the construction industry, the role of 

on-site robotic automation so far remains very limited. 

Increasing robotic automation on construction sites 

could carry substantial advantages such as reducing 

injury rates and handling repetitive tasks. 

 Cost Savings: Despite the upfront investment 

required, autonomous heavy equipment can lead to 

significant cost savings over time. Reduced labor 

costs, optimized resource utilization, and improved 

project timelines contribute to the financial benefits. 

 Increased Safety: By reducing the need for human 

operators in potentially hazardous conditions, 

autonomous equipment contributes to safer job sites.  

Driverless vehicles may be controlled remotely, 

which means their human operators are out of harm’s 

way. Even in vehicles with drivers, however, 

automation can protect operators. More construction 

is being done at night nowadays. Automating safety—

for instance, by making machines smart enough to 

detect if the operator is falling asleep, then wake them 

up—can reduce risks. 

 Increased Efficiency:  Autonomous equipment can 

operate continuously without fatigue, leading to 

significant improvements in project timelines. 

Improved efficiency and productivity lead to faster 

project completion times, potentially reducing labor 

and operational costs. Autonomous heavy equipment 

utilizes Internet-connected sensors to monitor vehicles 

to ensure they are running at peak performance. As a 

result, equipment lasts longer, requires less labor to 

operate, and uses less fuel—all of which saves money. 

Integrating 3D models will allow for even further time 

and cost savings. It is important to note that while AV 

will increase efficiency, there will still be plenty of 

jobs available for operators. 

 Improved Maintenance: Autonomous heavy 

equipment comes with advanced monitoring systems 

that detect issues before they develop into problems. 

These systems can diagnose and troubleshoot 

components, alerting maintenance teams to take 

action before a malfunction occurs. 

 Improved Accuracy: The precision of autonomous 

equipment is unmatched. Machines equipped with 

GPS, LiDAR, and computer vision can perform 

grading, excavation, and other tasks with millimeter-

level accuracy, ensuring that construction projects 

meet design specifications. 

 Environmental Impact: Automated machines often 

boast improved fuel efficiency and can be 

programmed to operate in ways that minimize 

environmental impact, such as reducing unnecessary 

idling and rework. All this adds up to a more 

sustainable industry. Robotics will help make 

construction more eco-friendly by optimizing 

everything from planning to execution. Whether it is 

reducing waste or improving energy use, these 

technologies will make greener building practices a 

reality. 

VII. CHALLENGES 

Challenges such as high initial investments, regulatory hurdles, 

and infrastructure limitations still need to be addressed for 

widespread adoption of autonomous construction vehicles. 

Transitioning from left-hand drive in the UK to right-hand 

drive in the US is a significant challenge for traditional self-

driving systems, often requiring extensive re-engineering. 

Beyond road positioning, adapting to country-specific driving 

behaviors is crucial for autonomous systems. Other challenges 

include the following [10,13,18]: 

 Cost Considerations: For many construction 

companies, especially smaller ones, the upfront 

investment in robotic systems can be a major barrier. 

While the initial investment in autonomous equipment 

can be higher than that for traditional machinery, the 

long-term benefits can outweigh these costs. 

https://www.forconstructionpros.com/sustainability/article/22870871/hexagon-3-ways-that-automation-is-sustainable-construction
https://www.forconstructionpros.com/sustainability/article/22870871/hexagon-3-ways-that-automation-is-sustainable-construction
https://www.forconstructionpros.com/sustainability/article/22870871/hexagon-3-ways-that-automation-is-sustainable-construction
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Additionally, the enhanced precision and reduced risk 

of accidents can translate to savings on materials and 

insurance premiums, respectively. 

 Job Loss:  One of the biggest concerns around 

incorporating AV at construction sites is the potential 

negative impact on jobs. While some express concern 

that AI will replace human jobs, many industry 

leaders see it as a powerful tool to enhance 

productivity, safety and efficiency. Some are 

concerned as to whether these vehicles will take over 

jobs traditionally held by hard-working people and 

ultimately put those people out of work. Fortunately, 

studies have shown that will not be the case. Even 

with its generous returns, autonomous heavy 

equipment will not likely lead to operator extinction. 

 Data Security: With the increased connectivity of 

autonomous equipment, data security becomes a 

critical concern. Ensuring that construction data 

remains confidential and protected from cyber threats 

is essential. 

 Skill Development: To get the most out of 

autonomous equipment, construction teams need the 

skills to operate and maintain these systems. The shift 

towards autonomous equipment necessitates a change 

in the skill set required by the workforce. Operators 

will need to be trained to manage and oversee 

autonomous machinery rather than control it 

manually. Investing in training and development is 

crucial for contractors to ensure their teams can 

effectively leverage this technology. Upskilling the 

workforce is key, and that will take time and 

resources. 

 Interoperability:  This is another challenge. Not all 

robotic systems work seamlessly with existing jobsite 

tools or platforms. If the tech does not integrate 

well, it can slow things down instead of speeding 

them up. 

 Regulations: Construction is a heavily regulated 

industry, and introducing new technology requires 

keeping up with safety standards and compliance 

requirements. Sometimes updates in regulations can 

lag behind innovation, putting roadblocks in the way 

of adopting cutting-edge tools. The regulatory 

framework for autonomous construction equipment is 

still evolving. Governments need to establish 

guidelines and safety standards to ensure the safe 

operation of these machines. 

CONCLUSION 

Full autonomy is still evolving, with many systems currently 

offering remote or semi-autonomous control. It is only a matter 

of time before autonomous construction equipment—from 

tractors, bulldozers, and cranes to dump trucks and 

excavators—enter the mainstream. Construction industry is 

finally waking up to the benefits of autonomous vehicles.  Its 

leaders are working hard to keep up. We can expect to see 

autonomous construction equipment on job sites across the 

country in a matter of decades. 

     In the coming years, the nature of construction jobs will 

evolve, requiring workers to learn new skills and adapt to 

emerging technologies. The future of construction is 

undeniably autonomous. As technology continues to advance 

and become more affordable, we can expect to see even greater 

adoption of autonomous vehicles and equipment in the 

construction industry. To stay on top of the developments in 

autonomous vehicles in construction one should consult the 

following related journals:  

 Artificial Intelligence Review   

 Applied Artificial Intelligence 

 Artificial Intelligence and Law 

 AI  Magazine 

 Vehicular Communications 

 Automation in Construction 
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