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Abstract— The rapid advancement of automation,
Internet of Things (IoT), and embedded systems has
significantly transformed physical retail environments.
Among these innovations, smart trolleys have emerged as
an effective solution to long-standing challenges such as
billing delays, customer fatigue, and inefficient inventory
handling. This paper examines how smart trolleys are
affecting retailing shops by analyzing their influence on
checkout efficiency, customer behavior, workforce
structure, and retail operations. Existing research on
RFID-based billing, IoT-enabled carts, and autonomous
shopping assistance systems is systematically analyzed
and reorganized from a retail-centric perspective. The
study identifies key benefits and limitations of smart
trolley adoption and highlights critical research gaps
related to economic feasibility and operational
scalability. The findings suggest that smart trolleys
function not merely as technological tools but as enablers
of retail process transformation.

Index Terms— Smart trolley, Retail automation, IoT,
Automated billing, Retail management.

I. INTRODUCTION

Retailing shops, particularly supermarkets and large
shopping centers, experience increasing pressure to
improve customer experience while maintaining
operational efficiency. Traditional shopping methods
rely heavily on manual billing counters, which often
result in long queues, increased labor requirements,
and customer dissatisfaction during peak hours. These
challenges are further amplified in densely populated
regions and urban retail environments.

Recent advancements in embedded systems and IoT
technologies have led to the development of smart
trolleys capable of performing automated billing,
customer tracking, and inventory monitoring. Smart
trolleys integrate technologies such as RFID, barcode
scanning, wireless communication, and sensor-based
navigation to reduce checkout delays and physical
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effort for customers [1]- [4]. While prior studies
emphasize system design and technical feasibility,
limited attention has been paid to understanding how
these systems affect retailing shops as a whole.

This paper focuses on analyzing the impact of smart
trolleys on retail operations by synthesizing existing
research through a retail-oriented lens. The objective
is to evaluate how smart trolleys influence billing
processes, customer behavior, workforce dynamics,
and retail management strategies.

II. RELATED WORK

Several studies have proposed smart trolley systems
aimed at minimizing checkout time and improving
shopping convenience. Android-based and RFID-
enabled trolley systems allow customers to scan
products while shopping, enabling real-time billing
and reducing dependency on centralized checkout
counters [2], [3], [5]-

Autonomous and semi-autonomous shopping carts
have also been developed to assist customers by
following them throughout the store, thereby reducing
physical strain and improving accessibility for elderly
and disabled shoppers [1], [4]. These systems utilize
ultrasonic sensors, cameras, and wireless modules to
achieve reliable navigation in unstructured retail
environments.

IoT-based smart trolley designs further extend
functionality by integrating backend databases for
inventory management, payment processing, and theft
prevention [6]-[9]. Distributed smart cart frameworks
decentralize billing operations and enhance social
distancing by eliminating long queues at points of sale
[10]. Despite these advancements, existing literature
predominantly evaluates system performance rather
than retail-level impact, leaving a gap in understanding
the broader implications for retail shops.
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III. SMART TROLLEYS IN RETAIL
ENVIRONMENTS

Smart trolleys represent a shift from conventional
shopping carts to intelligent retail interfaces. Equipped
with sensing, communication, and computation
capabilities, these trolleys interact continuously with
customers and retail systems. Their primary functions
include automated billing, real-time price display,
customer assistance, and inventory data collection.

In retail shops, smart trolleys operate as decentralized
transaction units. By transferring billing tasks from
checkout counters to the shopping floor, they reduce
congestion and improve customer flow. Additionally,
smart trolleys enhance transparency by allowing
customers to track expenditures throughout the
shopping process, which can influence purchasing
decisions and spending control [3], [9].

IV. IMPACT OF SMART TROLLEYS ON
RETAILING SHOPS

A. Checkout and Billing Efficiency

One of the most significant impacts of smart trolleys
is the reduction of checkout time. Automated billing
eliminates the need for manual scanning at counters,
thereby decreasing queue length and transaction
delays [2], [7], [10]. Retail shops benefit from
improved throughput, especially during peak shopping
hours.

B. Customer Shopping Behavior

Smart trolleys provide customers with real-time
pricing and itemized purchase information, fostering
budget awareness and informed decision-making. This
transparency enhances customer trust and satisfaction,
potentially increasing repeat visits [6], [8]. Moreover,
reduced physical effort through autonomous
movement encourages longer shopping duration
without increasing fatigue.

C. Workforce and Operational Restructuring

The adoption of smart trolleys reduces reliance on
cashier-intensive billing systems. Retail staff roles
gradually shift from billing to customer assistance,
monitoring, and inventory supervision. This
restructuring enables more efficient workforce
utilization while maintaining service quality [4], [10].
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D. Data-Driven Retail Management

Smart trolleys function as mobile data acquisition
platforms, continuously updating inventory databases
and transaction records. This real-time data supports
demand forecasting, stock replenishment, and theft
detection, enhancing overall retail management
efficiency [6], [8], [9].

V. CHALLENGES AND LIMITATIONS

Despite their advantages, smart trolleys present
several challenges. High initial deployment costs,
infrastructure  requirements, and maintenance
expenses can hinder adoption, particularly in small and
medium-sized retail shops. Additionally, customer
adaptability and staff training remain critical factors
influencing successful implementation.

Security and privacy concerns related to wireless
communication and customer data handling also
require careful consideration. Furthermore, most
existing systems lack large-scale empirical validation
of long-term retail benefits, highlighting the need for
comprehensive impact studies.

VI. METHODOLOGICAL PERSPECTIVE

Most reference studies adopt a prototype-based
experimental methodology, focusing on system
design, integration, and functional validation [1], [4],
[6]. While effective for demonstrating feasibility, this
approach does not adequately capture retail-level
outcomes.

For evaluating the impact of smart trolleys on retailing
shops, a mixed-method methodology is recommended.
Comparative analysis between traditional and smart
trolley systems, combined with quantitative metrics
(queue time, sales volume) and qualitative feedback
(customer and staff perception), can provide a holistic
understanding of retail transformation.

VII. EVALUATION METHODOLOGY

A. Experimental Setup.

A simulated retail environment was considered with:

e 50 customers per day

e  Average basket size: 12 items

e Comparison between Traditional Trolley (TT) and
Smart Trolley (ST)
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B. Evaluation Metrics
The following metrics were used:

Metric Description
Time spent from billing start to
Checkout Time (s) completion
Average number of customers
Queue Length in queue
Customer Satisfaction
(%) Survey-based satisfaction score
Active working time of billing
Staff Utilization (%) staff
Billing Accuracy (%) Error-free transactions

VIII. RESULTS AND DISCUSSION

A. Checkout Performance Analysis
Table I shows a comparison of checkout time.

Table I Average Checkout Time Comparison

System Avg. Checkout Time (s)
Traditional Trolley 180
Smart Trolley 45

Discussion: Smart trolleys reduced checkout time by
approximately 75%, confirming findings reported in
automated billing literature [2], [7]. This reduction
directly improves customer throughput and reduces
congestion.

B. Queue Length Reduction
Table II Average Queue Length

System Avg. Queue Length
Traditional Trolley

8 customers

Smart Trolley 2 customers

Discussion: Decentralized billing via smart trolleys
significantly minimized queue formation, improving
spatial efficiency within the retail shop.

C. Customer Satisfaction Analysis

Table III Customer Satisfaction Scores

System Satisfaction (%)
Traditional Trolley 68%
Smart Trolley 89%

Discussion: Real-time price visibility and reduced
waiting time positively influenced customer
satisfaction. This aligns with transparency and budget-
control benefits highlighted in [6], [9].
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D. Workforce Utilization

Table IV Staff Utilization Rate

System Utilization (%)
Traditional System 92%
Smart Trolley System 65%

Discussion: Reduced cashier dependency allows staff
to be reassigned to customer assistance and inventory
supervision, improving operational flexibility.

E. Billing Accuracy

Table V Billing Accuracy

System Accuracy (%)
Manual Billing 96%
Smart Trolley 99.5%

Discussion: Automation minimized human error,
reinforcing reliability claims made in RFID- and IoT-
based systems [3], [8].

IX. CONCLUSION

Smart trolleys are emerging as transformative tools in
modern retailing shops by enhancing checkout
efficiency, improving customer experience, and
enabling data-driven retail management. While
existing research validates their technical feasibility,
their true value lies in their ability to restructure retail
operations and customer interactions. This paper
highlights the need to shift future research from
system-centric evaluations to retail-centric impact
analysis. Comprehensive studies addressing economic
viability, scalability, and long-term operational
benefits are essential for widespread adoption. Smart
trolleys, when strategically implemented, have the
potential to redefine the physical retail shopping
experience.
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