
ABSTRACT
Shopping malls and supermarkets are equipped with shopping trolleys to ease the shopping activity. Various literature 
and models are existing for a smart shopping cart. However, there is no solution or research made to address the problem 
of abandoned trolleys. The main motive of the paper is on tackling the abandoned trolley problem as the environmental 
concerns and accidents caused to pedestrians and road users need attention just as much as implementing artificial 
intelligence and internet of things (IoT) principles to deliver intelligent carts and smart shopping experience. A smart 
cart system is proposed that uses the models of smart cart devices to address the missing trolley problem using deep 
learning.
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INTRODUCTION

Supermarkets and shopping malls have aisles of items 
on display for the customers to have a look first and 
then buy, that is, offers self-service to the shopping 
experience. A shopping cart or trolley offers the customers 
the ease to shop and carries the items to be bought until 
the billing counters. The role of a trolley is not limited 
to the floor space of a supermarket. Many supermarkets 
have associated parking lots nearby. This way customers 
can park their vehicles while shopping. The customers 
use trolleys to transport the bought items from the 
supermarket to their vehicles in the parking lots. Artificial 
intelligence (AI), the Internet of Things (IoT), and other 
technologies have allowed for innovation in several 
aspects of shopping from the smart shopping experience 

to smart carts. We are focusing on exploring the features 
of smart trolleys. 

There is also the problem of the attitudes in customers 
where they abandon the trolleys after use. These trolleys 
that end up causing nuisances for many has not been 
addressed in any papers. The main purpose was to propose 
a smart cart solution for the missing trolley problem. 
The proposal uses deep learning algorithms. We are 
also proposing a smart application for the managers to 
monitor the trolley usage across the customers and for 
the purpose of real-time location tracking.

Related Work
2.1 Use of tags on trolleys: Traditional trolleys and 
supermarkets are evolved into a smart shopping 
experience with a centralized and automated billing 
system (Yewatkar et al., 2016; Ramakrishnan et al., 2018). 
This can help in reducing the time spent in long billing 
queues no matter what the quantity of your cart is. This 
is enabled by radio frequency identification (RFID) and 
ZigBee modules in the build of smart carts Yewatkar et al., 
2016; Ramakrishnan et al., 2018). RFID tags are used at 
the exit for the anti-theft property. Each trolley also has 
a unique Product Identification Device (PID) tag. Weight 
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sensors are installed to weigh the items, making it easier 
to remove an item from the cart weight and subtract 
the difference from the total bill (Ramakrishnan et al., 
2018; Gowtham et al., 2019). This is later adopted to 
RFID and Arduino based billing system that is automatic 
is implemented in reference (Rao and Madhuri, 2018). 
Ultra-High Frequency (UHF) RFID is used to make sure 
that the items in one cart are not read by the other cart 
by setting a reading range is proposed (Gowtham et al., 
2019).

2.2 In-store Recommendation systems: In references 
(Yewatkar et al., 2016; Ramakrishnan et al., 2018; 
Gowtham et al., 2019) they also supply recommendation 
systems and information about the items on aisles, in-
store discounts, expiry dates, and many more. This is 
termed as Context-Aware Shopping Trolley and Personal 
Shopping Experience (Hosbond and Skov, 2007) were 
in the promoted products, shopping list, and more 
information can be are curated and accessed from an 
interactive screen mounted on the trolley (Hosbond and 
Skov, 2007). For example, see Fig. 1 which was designed 
for our project Buddy Carrello (smart cart project) 
showing the LCD Display getting updated with each item 
added or removed from the cart.

and supermarkets. Many customers place their heavy 
shopping bags, push them towards their vehicles parked 
in the nearby parking lots and unload them into the cars. 
Some customers remember to safely push them out into 
designated parking spots for trolleys, some leave the 
trolleys stranded and some push the trolleys further out 
of the parking space and abandon them. Many trolleys 
are abandoned; however, no model is looking into the 
technical solution for the problem.

Abandoned trolleys can cause a lot problems ranging 
from economic losses, time losses, accidents to 
environmental problems. Many solutions are in-use in 
stores today (Bhat, 2019; Clarke and Abdullah, 2018; 
Barthélemy, 2020; Blaha, 2014). Some of the practices 
in stores to retrieve abandoned trolleys are summarized 
below:

Physical systems- unlocking by insertion of coins, •	
employee following customers, restriction on trolley 
movement outside the space.
Retrieval workforce- a team of employees to retrieve •	
the trolleys off the property of supermarket.
Online and smart systems- a WhatsApp contact (as a •	
toll-free version) to send the locations of abandons 
trolleys if found by customers and such online 
trackers, object detection through CCTV.
Technical systems - electronic locks restricting the •	
movement outside the property, geofencing.
Campaigns, policies, and rewards•	
However, these solutions are for traditional trolleys. •	
A smart trolley instrumenting so many IoT devices 
is too precious to be replaced and need a solution 
to prevent any problems that exist with traditional 
trolleys.

Figure 1: LCD screen designed for Buddy Carrello 
project

2.3 Security: Another major aspect they investigated 
is that when an item is removed from the shelf, the 
inventory needs to be updated, RFID modules are placed 
on the shelves for this purpose, theft precautions are 
also included in this paper, thereby making a complete 
automated shopping system (Gowtham et al., 2019). 
Zigbee network is used for navigation. Some models also 
have incorporated a lightweight cryptographic method 
for sending the information to the server (Puranik and 
Mahalle, 2018). A model used Gossamer protocol to 
protect the system and overcome the insecurity of the 
RFID tag system. They mentioned the drawbacks of the 
proposed system - high initial installation cost as RFID 
tags need to be installed on items, in shelves, and register 
the tags securely. Though this drawback is seen, the 
maintenance cost is expected to be lower.

Gap Analysis: The models and systems referred to in 
the literature were to address the incorporation of 
technologies to make the shopping carts smart when 
it comes to shopping. However, mostly the experience 
is not limited to the floorspace of the shopping malls 

Figure 2: A 3D model of smart shopping cart



Narayanan et al.,

 249

Proposed Solution: Smart shopping carts or trolleys has 
few devices like RFID tags, GPS locators, camera, and a 
display screen to provide the smart functionality. Many 
supermarkets already have the prototypes running. 
However, as previously stated there is the problem of 
abandoned trolleys even in a traditional supermarket 
scenario. Smart shopping carts or trolleys has few devices 
like RFID tags, GPS locators, camera, and a display screen 
to provide the smart functionality. Many supermarkets 
already have the prototypes running. However, as 
previously stated there is the problem of abandoned 
trolleys even in a traditional supermarket scenario.

known or unknown environment. A Q-learning approach 
was experimentally found to be better performing than 
A* algorithm and rapidly exploring random tree (RRT) 
algorithm with the increase in the number of obstacles 
(Chen et al., 2019).

This idea is further extended to provide the feature of 
autonomy inside the supermarket as well. The advantage 
is the addressal to a more inclusive shopping experience. 
A shopping mall will have various users ranging from 
old aged to disabled people who find it difficult to enjoy 
and fully experience the fun of shopping and the activity 
itself. The shopping cart uses You Only Look Once (YOLO) 
algorithm to find items on the shopping list which can 
be conveyed to the shoppers in a suitable manner, for 
example audio feedback to visually impaired shoppers. It 
is one of the most effective object detection algorithms 
under the umbrella of computer vision attributing a high 
accuracy and real-time working ability. YOLO a clever 
conversional neural network (CNN) regression algorithm 
that can predict by drawing multiple bounding boxes 
and class probabilities for those boxes. It works faster 
(Redmon and Farhadi, 2018) and gets better with time.

Figure 4: Use case of Manager Application

Figure 3: A 3D model of smart shopping cart back to 
recharging station 

1.1. Smart cart solution: A smart trolley can use a GPS 
locator and signals to find the current location. Instead 
of a retrieval team, the trolley supplemented with 
autonomy will find and plan a path after being stranded 
in a known or unknown environment with incoming, 
dynamic obstacles and unpredictable perceptions (Chen 
et al., 2019). The best approach is Q-learning which 
employs the deep reinforcement learning approach. 
The trolley will be autonomous once it is stranded in a 

Figure 5: Sample Manager application interface

YOLO algorithms first examine the entire image captured, 
then boxes are drawn to generate predictions. The boxes 
are then used to localize, analyze, and classify the objects 
which is found in references (Redmon et al., 2016; 
Redmon and Farhadi, 2017; Redmon and Farhadi, 2018). 
Region based CNN (R-CNN) and faster R-CNN performs 
in multiple pipelines and trains each individual part 
separately, while YOLO works with one neural network 
to run all the components. YOLO makes less than half 
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the number of errors than the fast R-CNN and adapts 
well on new domains. This makes it easier for the shops 
and supermarkets to update and coordinate the inventory 
and the server with the items.

1.2. Manager application: The proposed application is 
for managers to monitor, control, and locate the trolleys. 
This application will help in- 

identifying the current location of the missing •	
trolleys, 
locate the current movements with the premises of •	
the supermarkets.
data can used be further used to understand the •	
patterns of customer shopping with the premises.

Figure 6: Sample Manager interface to monitor cart 
locations

RESULTS AND DISCUSSION

RFID tags can be used by the customers to find the details 
of a particular item as well as in the identification of the 
trolleys by managers. GPS locators help in figuring out 
the trolley’s location and movements. The positioning 
of the trolley is important as it determines where it is 
at a particular time. It can trace other factors like the 
speed at which it is going and the track which can help 
us analyze the routes for future works. With the recent 
forms of GPS, much better measurements can be taken, 
and a unique address be specified to every square meter 
in the mall and supermarkets.

The deep learning techniques - Q-Learning and YOLO 
algorithms -helps in finding the optimal path for the 
trolleys, allowing the trolleys to decide and to detect 
any incoming obstructions. YOLO processes captured 
images at about 45 frames per second. It also understands 

generalized objects, so, therefore, using the above 
hardware and software’s this trolley will indeed be smart 
and never left abandoned. This smart trolley which uses 
deep learning techniques stands out from the other smart 
trolleys. Deep learning Algorithms learn and help the 
computer to process data very much as humans do in a 
structure therefore it can prevent unnecessary accidents 
from taking place while left abandoned and this trolley 
is robust as well.

CONCLUSION

We identified that the missing or abandoned trolley 
problem of traditional trolleys has not yet been addressed. 
A smart solution has been proposed in the paper using 
deep learning techniques for path planning and object 
identification. The solution proposed can be implemented 
in both traditional and smart shopping settings.
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