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Abstract 

The emergence of autonomous delivery robots (ADRs) has transformed last- 

mile logistics by introducing intelligent, unmanned systems capable of 

delivering goods with minimal human intervention. This paper presents an 

overview of ADRs, highlighting their architecture, sensing technologies, 

navigation systems, operational challenges, and societal impacts.  It 

explores various hardware and software components that enable real-time 

decision-making and obstacle avoidance. The paper also discusses current 

implementations, legal implications, and future trends of ADRs in urban  

and rural settings. Through structured insights and comparative analysis, 

this study emphasizes the potential of ADRs in redefining transportation 

efficiency and consumer convenience. 
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INTRODUCTION 

Autonomous Delivery Robots (ADRs) represent a significant advancement in transportation 

technology, specifically designed for last-mile delivery. Driven by artificial intelligence, 

robotics, and sensor technologies, ADRs are deployed to navigate environments without 

human control. With e-commerce rising exponentially, the logistics industry is leaning toward 

robotic automation to reduce operational costs, increase efficiency, and minimize human 

involvement in routine deliveries. 
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ARCHITECTURE OF AUTONOMOUS DELIVERY ROBOTS 

Mechanical Structure 

ADRs usually feature a compact, wheeled body designed to carry small to medium payloads. 

Their chassis accommodates multiple sensors, cameras, and a secure cargo compartment. 

 
Sensing and Perception Modules 

To interact effectively with their surroundings, ADRs are equipped with LiDAR, GPS, 

ultrasonic sensors, and inertial measurement units (IMUs). These sensors facilitate obstacle 

detection, localization, and motion planning. 

 
NAVIGATION AND CONTROL 

Path Planning 

Path planning involves determining the most efficient and safest route from the origin to the 

destination. Algorithms such as A*, Dijkstra, and Rapidly-Exploring Random Trees (RRT)  

are commonly used for this purpose. 

 
Obstacle Avoidance 

Obstacle avoidance systems enable the robot to bypass static and dynamic obstacles using 

reactive and deliberative strategies. Fusion of LiDAR and vision-based systems ensures real- 

time response to unexpected impediments. 

 
APPLICATIONS AND CASE STUDIES 

Companies like Starship Technologies, Amazon Scout, and Nuro have piloted ADRs in real 

environments, delivering food, parcels, and groceries. These deployments have shown that 

ADRs can significantly improve efficiency and reduce environmental impact in urban 

logistics. 

 
CHALLENGES AND LIMITATIONS 

ADRs face numerous challenges such as terrain adaptability, vandalism, and weather 

resistance. Moreover, navigating crowded urban environments while complying with 

pedestrian norms is non-trivial. Regulatory approvals and safety certifications also remain 

substantial barriers to widespread deployment. 
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COMPARISON OF SELECTED AUTONOMOUS DELIVERY ROBOTS 

Table 1: Comparison of Autonomous Delivery Robots With Respect To Payload and 

Environment. 

Robot Model Company Payload Capacity (kg) Operating 

Environment 

Starship Robot Starship 

Technologies 

10 Urban Sidewalks 

Amazon Scout Amazon 20 Suburban 

Neighborhoods 

Nuro R2 Nuro Inc. 150 Roadways 

 
CONCLUSION 

Autonomous Delivery Robots have shown considerable promise in redefining urban delivery 

systems. Leveraging advances in AI, robotics, and communication technologies, ADRs offer 

an efficient, contactless, and environmentally friendly mode of last-mile transportation. 

However, widespread adoption depends on addressing technical, legal, and ethical challenges. 

With continuous improvements and appropriate regulation, ADRs are poised to become 

integral components of smart city infrastructure. 

 
REFERENCES 

1. Starship Technologies, 'Robots for Local Delivery,' [Online]. Available: 

https://www.starship.xyz. 

2. R. Siegwart, I. R. Nourbakhsh, and D. Scaramuzza, *Introduction to Autonomous 

Mobile Robots*, MIT Press, 2011. 

3. S. Thrun et al., 'Stanley: The Robot That Won the DARPA Grand Challenge,' *Journal 

of Field Robotics*, vol. 23, no. 9, pp. 661-692, 2006. 

4. M. T. Wolf, 'Urban Delivery Robots: A Case Study,' *IEEE Transactions on  

Intelligent Transportation Systems*, vol. 22, no. 3, pp. 1402-1410, 2021. 

5. Amazon Inc., 'Amazon Scout—A New Delivery System,' [Online]. Available: 

https://www.aboutamazon.com/news/transportation/meet-scout. 

http://www.starship.xyz/
http://www.starship.xyz/
http://www.aboutamazon.com/news/transportation/meet-scout
http://www.aboutamazon.com/news/transportation/meet-scout

