TRJ ETS

e-ISSN: 2582-5208

International Research Journal of Modernization in Engineering Technology and Science
( Peer-Reviewed, Open Access, Fully Refereed International Journal )

Volume:07/Issue:04/April-2025 Impact Factor- 8.187 WwWWw.irjmets.com

ADVANCEMENT IN AUTOMATION OF TROLLEY
Prof. Namrata Khade*1, Ayush Zare*?, Chandan Kohad™3,
Kajal Thote*, Chanchal Lende*5, Apurva Lohakpure™®

*123456UG Student, Department Of Computer Science & Engineering, Priyadarshini College
Engineering, Nagpur, Maharashtra, India.

DOI : https://www.doi.org/10.56726/IRJMETS72018

ABSTRACT

Automated retail trolleys are transforming the shopping experience by integrating advanced technologies like
Al, IoT, RFID, and machine learning. This study examines how Al-driven personalization and autonomous
billing improve efficiency while tackling challenges in sensor-based navigation and energy consumption. Using
a prototype approach, we developed a smart trolley powered by Raspberry Pi and Arduino, incorporating RFID,
LiDAR, and computer vision sensors. The system is designed to enhance navigation, provide real-time shopping
recommendations, and streamline the checkout process. Experimental results show a 30% increase in
customer engagement due to Al recommendations, a 50% reduction in checkout time, and 95% accuracy in
obstacle avoidance. However, issues like sensor calibration and cloud connectivity disruptions were noted.
Overall, our findings suggest that automated trolleys can significantly enhance retail efficiency and customer
satisfaction. Future research should focus on large-scale deployment, improving machine learning algorithms,
and developing sustainable power solutions to further optimize performance and adoption.

Keywords: Smart Shopping Trolley, Retail Automation, RFID-Based Billing, Autonomous Navigation, Machine
Learning, lot Integration.

I.  INTRODUCTION

Retail automation is revolutionizing the way people shop, and one of the most exciting innovations in this space
is the development of smart shopping trolleys. Traditional shopping carts, which have remained largely
unchanged for decades, are now being transformed into intelligent, Al-powered systems that enhance both
customer experience and retail efficiency. Equipped with advanced technologies such as sensors, RFID (Radio
Frequency Identification) systems, and real-time data processing, these smart trolleys are designed to make
shopping smoother, faster, and more personalized. One of the main benefits of smart shopping trolleys is their
ability to streamline the checkout process. In conventional retail settings, long queues at billing counters are a
common issue, often leading to customer frustration. However, with smart trolleys, items can be scanned
automatically as they are placed inside the cart, allowing for seamless self-checkout. This not only saves time
but also reduces the burden on store staff, enabling them to focus on enhancing customer service.

Beyond just speeding up checkout, these Al-driven trolleys play a significant role in improving inventory
management. Retailers often struggle with stock discrepancies, misplaced products, and theft. Smart trolleys,
equipped with real-time tracking and automated billing, help minimize such issues by providing accurate
inventory updates and preventing unauthorized removal of items. This results in better stock control, reduced
losses, and more efficient restocking processes. Personalization is another major advantage of these intelligent
carts. By integrating Al algorithms, smart trolleys can analyze a shopper’s previous purchases and preferences,
offering tailored product recommendations and discounts. This not only enhances the shopping experience but
also increases customer engagement and brand loyalty. Retailers can use this data to understand shopping
trends, improve product placement strategies, and optimize sales.

Research in this field is rapidly evolving, with studies focusing on improving the accuracy, affordability, and
scalability of these technologies. Companies are exploring how Al can be further integrated with IoT (Internet
of Things) and machine learning to create even more efficient and user-friendly retail solutions. While
challenges such as privacy concerns and initial setup costs remain, the overall benefits suggest that smart
trolleys are set to become a standard feature in modern retail environments. This paper delves into the impact
of smart shopping trolleys on the retail industry, examining their role in enhancing shopping convenience,
optimizing store operations, and shaping the future of automated retail experiences.
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II. METHODOLOGY

The development of an automated retail trolley requires a comprehensive approach that integrates hardware,
software, and real-world testing. This study adopts a prototype-based methodology to design, implement, and
evaluate a smart shopping trolley that enhances retail efficiency and customer experience. The methodology
consists of three main components: hardware implementation, software development, and testing with
data collection.

2.1 Hardware Implementation

The foundation of the smart trolley system is its hardware, which includes embedded computing units, sensors,
and communication modules. The prototype is built using Raspberry Pi and Arduino, serving as the primary
processing units responsible for handling data input, communication, and decision-making. The choice of these
platforms ensures flexibility, scalability, and cost-effectiveness.

Key Hardware Components

1. RFID System for Product Recognition

e The trolley is equipped with an RFID reader to identify and track products in real-time.

e Each product in the store is tagged with an RFID label, which enables automatic scanning when items are
placed inside the trolley.

o This eliminates the need for manual barcode scanning, significantly reducing checkout times.

2. LiDAR Sensors for Autonomous Navigation

e LiDAR (Light Detection and Ranging) sensors allow the trolley to detect obstacles and navigate efficiently
through store aisles.

e These sensors create a real-time 3D map of the surroundings, ensuring smooth movement without
collisions.

e The data from LiDAR is processed by a path optimization algorithm that enables dynamic route
adjustments.

3. Computer Vision for Object Detection

e A camera module is integrated into the trolley, leveraging computer vision algorithms to identify objects
and monitor user behavior.

e Image processing techniques allow the system to detect misplaced items and prevent unauthorized
removals.

o This enhances security by ensuring that every item added to the trolley is correctly registered in the system.

4. Wireless Connectivity for Data Synchronization

e The trolley is equipped with Wi-Fi and Bluetooth modules to synchronize real-time data with cloud servers
and mobile applications.

e This enables seamless communication between the trolley, store inventory, and user accounts, allowing
remote monitoring and product updates.

5. Power Management and Sustainability

e The trolley is powered by a rechargeable lithium-ion battery, with provisions for solar panel integration in
future iterations.

o Energy-efficient components are selected to extend battery life and minimize power consumption.

e By integrating these hardware components, the smart trolley functions as a self-sufficient and intelligent
shopping assistant, capable of streamlining the entire retail experience.

2.2 Hardware Implementation

The effectiveness of the smart trolley relies not only on its hardware but also on a robust software framework.
The software development phase focuses on three key areas: Al-driven recommendation system, automated
checkout system, and cloud-based data management.

Al-Based Recommendation System

e The trolley is embedded with an Al-powered recommendation engine that enhances the shopping
experience by providing personalized suggestions.
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e The Al system analyzes the customer’s shopping history, preferences, and real-time selections to suggest
relevant products and discounts.

e Machine learning algorithms such as collaborative filtering and deep learning models are used to
continuously refine recommendations.

Autonomous Checkout System

e The trolley automates the checkout process using a combination of RFID scanning, computer vision, and
digital payments.

e Once the shopping session is complete, the total bill is automatically calculated and displayed on an LCD
touchscreen attached to the trolley.

e Customers can finalize their purchase through mobile payment options, NFC (Near Field Communication),
or digital wallets, eliminating the need for cashier-assisted billing.

Edge Computing and Cloud Integration

e The trolley uses edge computing to process critical data locally, reducing latency and improving response
times.

e Non-critical data, such as customer behavior analytics and inventory updates, are transmitted to the cloud
for further analysis.

e The integration of IoT (Internet of Things) enables store managers to track trolley usage patterns and
optimize store layouts accordingly.

By combining Al, automation, and cloud technologies, the software framework ensures a seamless and
intelligent shopping experience, reducing operational inefficiencies while enhancing customer satisfaction.

2.3 Testing and Data Collection

To evaluate the performance and usability of the smart trolley, real-world testing was conducted in a controlled
shopping environment. The testing phase aimed to measure various performance metrics, identify challenges,
and refine the system for future deployment.

Test Environment Setup

o The trials were conducted in a mock retail store designed to replicate real-world shopping conditions.

e The store layout included various aisle configurations, high-traffic zones, and dynamic inventory placements
to assess the trolley’s navigation capabilities.

e Volunteers participated in the trials to simulate authentic shopping behaviors and interactions with the
trolley.

Performance Metrics Evaluated

1. Checkout Efficiency

e The time required for checkout using the smart trolley was compared with the traditional billing process.

e Results showed a 50% reduction in checkout time, demonstrating the effectiveness of automated scanning
and digital payment integration.

2. Customer Engagement with Al Recommendations

e Al-driven recommendations were monitored to assess their impact on purchasing decisions.

e Results indicated a 30% increase in customer engagement, as users found the recommendations helpful in
discovering relevant products and promotions.

3. Navigation Accuracy and Obstacle Avoidance

e The performance of the LiDAR-based path optimization system was evaluated under different conditions,
such as crowded aisles and narrow pathways.

e The system achieved 95% accuracy in obstacle detection and avoidance, ensuring smooth and safe
movement within the store.

4. System Reliability and Connectivity

e The stability of Wi-Fi and Bluetooth communications was tested to ensure real-time synchronization with
cloud servers.

e QOccasional network disruptions were observed, highlighting the need for 5G integration in future versions.
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5. Power Consumption and Battery Life

o The energy efficiency of the smart trolley was analyzed over extended usage periods.

e While the system demonstrated adequate power management, future enhancements could include solar-
assisted charging mechanisms for greater sustainability.

Challenges Identified and Future Improvements

While the prototype performed successfully in most areas, certain limitations and areas for improvement
were noted:

1. Sensor Calibration Issues

e Inconsistent RFID detection was observed in specific conditions, requiring calibration for enhanced
accuracy.

2. Cloud Connectivity Disruptions

e Temporary delays in data synchronization due to Wi-Fi congestion affected real-time analytics.

e Future versions will explore edge computing enhancements and 5G integration to improve connectivity
reliability.

3. Usability Enhancements

e Some users found the interface and navigation controls slightly complex.

e Future refinements will include a more intuitive touchscreen interface with multilingual support.

2.4 Summary of Methodology

The development and evaluation of the smart trolley involved a multi-faceted approach that combined cutting-
edge hardware, Al-powered software, and real-world testing. The results indicate that:

e Al-driven recommendations significantly enhance customer engagement.
e Automated checkout processes reduce billing times by 50%.
e Smart navigation improves efficiency with 95% obstacle avoidance accuracy.

Despite some technical challenges, the overall findings demonstrate that automated trolleys have the
potential to redefine modern retail shopping by increasing efficiency, reducing wait times, and personalizing
the consumer experience. Future research should focus on scaling the system for widespread adoption,
enhancing Al decision-making models, and exploring eco-friendly power solutions to ensure sustainability.

III. MODELING AND ANALYSIS

The smart trolley system was modelled as a modular embedded system comprising three main subsystems:
navigation, billing, and recommendation. The navigation module employs LiDAR and ultrasonic sensors to
detect and avoid obstacles, modelled using occupancy grid maps and tested through path planning algorithms
like A* and Dijkstra. The billing module integrates RFID readers to automatically identify products placed in the
trolley.

Each RFID tag is linked to a product database to track real-time inventory and cost. The recommendation
system uses a lightweight Al model deployed on the Raspberry Pi, trained on consumer behaviour datasets to
suggest products based on cart content and shopping history. For energy efficiency analysis, battery
consumption was modelled under different operational loads using MATLAB Simulink, simulating sensor usage
and motor activity over time.

Performance metrics including time to check out, obstacle avoidance success rate, recommendation accuracy,
and power consumption were analysed. The results were visualized using bar and line charts to compare
baseline manual shopping metrics with smart trolley outcomes. Statistical analysis, including mean, standard
deviation, and confidence intervals, was applied to assess system consistency and reliability across multiple
test runs.
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Table 1. Summary of Studies on Automated Retail Trolleys
Study Key Focus
Smart Trolley with Automated Billing System RFID-based trolley to reduce checkout time

(Patel etal., 2023)

Al-Based Smart Shopping Cart for Retail Automation

] Al-driven recommendations and pricing
(Wang & Li, 2024)

Autonomous Navigation of Retail Trolleys using

o ) LiDAR and deep learning for path optimization
Computer Vision (Kim & Lee, 2023)

Edge Computing in IoT-Enabled Shopping Trolleys Cloud integration and real-time analytics
(Al-Mutairi & Zhang, 2024)

Self-Charging Smart Trolley (Das & Gupta, 2023) Sustainability through kinetic energy recovery and
solar charging

IV.  RESULTS AND DISCUSSION

The early findings from our smart trolley prototype show some exciting improvements. When it came to
customer interaction, we saw a 30% boost in engagement thanks to the Al's personalized product suggestions.
In a test group of 100 shoppers, 78% mentioned they found the experience more enjoyable and helpful.

Checkout times were also significantly reduced—down from an average of 6.4 minutes to just 3.1 minutes.
That'’s a time saving of over 50%, mostly because the trolley’s built-in RFID billing system eliminated the need
for scanning items at a counter.

From a navigation standpoint, the trolley handled obstacles well, successfully avoiding collisions in 95% of over
200 randomized test scenarios. Even in crowded, simulated store environments, it kept moving smoothly and
rarely required intervention. Power performance was another strong point. On a full charge, the trolley could
operate for around 6.5 hours. When we added a small solar panel, it extended the runtime by an extra 12%—a
step toward more sustainable operation. Real-time tests also revealed how the system behaved under pressure.
In busy aisles with lots of people, the sensors had to work harder, but performance remained steady. Only 4 out
of 250 trials had brief stops due to low-light conditions confusing the sensors, which was quickly resolved with
calibration tweaks.

Overall, the project shows how smart trolleys can truly upgrade retail experiences by making shopping faster,
smarter, and more eco-friendly. Next steps could include adding mobile payment features, testing dynamic
pricing based on inventory trends, and scaling up to larger retail settings.

4.1 Key Insights

e Enhanced Customer Engagement: Al-powered recommendations led to a 30% increase in customer
interaction.

e Faster Checkout Process: The automated billing system reduced checkout time by 50%, making shopping
more efficient.

e Improved Navigation: With sensor-based guidance, the trolley successfully avoided obstacles with 95%
accuracy.

4.2 Challenges and Future Enhancements

e Sensor Calibration: Ensuring precise calibration is crucial for maintaining accuracy in navigation and item
detection.

e Connectivity Issues: Cloud integration sometimes faced disruptions, highlighting the need for a more stable
network.

e Future Improvements: Further research will focus on refining machine learning models and enhancing
energy efficiency to optimize performance.
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V. CONCLUSION

Automated retail trolleys are revolutionizing the shopping experience by integrating Al, IoT, and machine
learning. These smart trolleys enhance convenience, speed up checkout, and improve navigation, making
shopping more efficient. Our findings show that Al-driven personalization significantly boosts customer
engagement, while automation reduces wait times at checkout. However, challenges like sensor calibration and
network disruptions need to be addressed for seamless functionality.Looking ahead, future research should
focus on refining Al algorithms, ensuring stable cloud connectivity, and developing sustainable energy
solutions. Security and data privacy also require careful consideration as these systems become more
widespread. Large-scale deployment will depend on strong collaboration between retailers and technology
providers. While automated retail trolleys hold great promise, continuous innovation is key to unlocking their
full potential and making them a practical reality for everyday shopping.
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