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Abstract—Consumerism has constantly been growing, and visiting 
marketplaces, and purchasing is a key development factor for the economic 
development of a city. The spending habits of people are a reflector of many 
development indices. As people go out for purchasing in malls for shopping 
essential items, they often tend to find long queues at the billing counter, and 
the queues are more longer during weekends and during sale seasons. This has 
been deterring people from going out shopping and instead resort to online shop-
ping. This has affected the sales and revenue of departmental chains. Also, people 
spend quite a considerable amount of time searching through rows in order to 
find the items of their choice. Proposing a solution to these above-mentioned 
problems using technology is a real boon. Installing a payment option on the 
cart itself would result in cutting down the waiting times in queues. Moreover, 
the customers can also benefit from navigation through the virtual maps that 
would be displayed on the screens of the carts. This reduces the time wasted 
by customers in searching for products. Hence the customers are self-dependent 
during their shopping. For the retail group, their transactions and management 
are truly simplified with these developments. Additionally the counter labor will 
decrease if not cease to zero, which in turn reduces the labor cost drastically. In 
times of pandemic like now, people have been sticking with online shopping due 
to various reasons, but they long to go out and spend times in the malls as they 
would in normal times. The proposed solution would definitely assist in the nor-
malization of lives and bring back on ground retail back to life.

Keywords—barcode reader, radio frequency identification, smart gate, smart 
shopping gate

1 Introduction

Technology has been a key player in influencing various walks of our lives, including 
but not limited to environmental and health monitoring, industrial developments, enter-
tainment. Consumer trends have been impacted widely using technology, and online 
shopping has turned out to be one of the top fads of the millennials for buying non-
perishable items and electronic goods. People still flock to supermarkets and shopping 
malls to stock on groceries and other needs. Consumers tend to like the control they have 
during physical shopping, where they can choose, pick and feel items of their choice, 
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which is unavailable to consumers during online shopping. Customers go searching 
inside the shop to pick the items that they need, which in turn can elongate the shopping 
process and make the customers feel exhausted. Research has shown that shopping 
environments can evoke emotional responses in consumers, and these emotions, can, in 
turn, influence the shopping behaviors and outcomes [1]. Some of the main problems 
associated with shopping are discussed. Firstly, locating a specific item of choice in the 
racks of the malls is a huge task considering the fact that shopping malls can be quite 
extensive in size. Customers tend to search for some distinct, not so common items 
at every nook and corner of the mall, which consumes a lot of time and is physically 
exhausting. Secondly, the probability of overcrowding at billing counters at shopping 
malls is another factor that makes the customers drained. The queues tend to get much 
longer during the busy times of the year like weekends, festive seasons, and during a 
sale, where average waiting time of the queue tends to increase considerably which 
becomes where uncomfortable for the customers. Thirdly, the malls employ workers 
at every counter to scan the items purchased and to facilitate the payment of bills. One 
of the famous approaches is the introduction of self-checkouts, by which customer 
convenience has been improved drastically [2]. But an extra cost is being involved in 
this method which can increase the prices of the item. These problems tend to persist, 
although there has been a significant technological improvement made in them over 
time. The need for a simplified and effortless lifestyle has been the preferred choice. 
According to Gandalfo Dominici [3], the implementation of smart shopping carts will 
positively influence customer attitude as it creates a more convenient shopping expe-
rience for the customers than the previous methods. Therefore, the Smart Shopping 
Cart (SSC) will be a great transformation and will provide a favorable solution to both 
sides of the business stakeholders. Improving the time utilization while saving up on 
the expenditure would be beneficial and pleasing to everyone involved in the process. 
The SSC technology would have the benefits of both auto payment and navigation sys-
tems. The system would enable the customer to self-pay bills and would assist them in 
searching for items through a navigation map without any external help.

Several systems have been developed linking RFID and Barcode technology. Pre-
vious research on the design of the smart shopping system mainly focuses on using 
low/high-frequency RFID [4–10]. Klabjan et al. [11] proposed the idea of tracking a 
customer in a store, creating a database with the information and observe the customer 
choice and preferences so that stores can create and offer personalized coupons and 
discounts based on the customer’s taste. Some significant proposals have been made in 
the areas of smart shelves and smart carts. Smart shelves can oversee the location and 
status of the items, and smart carts are implemented using RFID technology. Details 
pertaining to every product on the shelves and information related to the customers are 
uniquely identified by using RFID. A customer authenticated by the system can choose 
the products from the list displayed on the user interface [12]. Similarly, Li et al. [13] 
propose the usage of sensors on the grocery shelf to keep up to date with the category 
and number of items to the central server so that the server keeps count of the items’ 
status in the store and can send timely updates to the inventory specialist team as and 
when required. Furthermore, this would ease out the process that are involved in the 
inventory management as all the items can be automatically read by an RFID reader 
instead of being manually scanned by an employee at the store. According to [14], 
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barcode scanner and touchscreen display are attached to the cart, which can be used to 
scan the products and display the product information, cost, and total bill. The customer 
can then pay the bill through any one of the online payment modes such as Paytm, UPI, 
Phone Pay, etc.

Wang et al. [15] have developed a sales-promotion application, in which each cart 
checks if the customer has an interest in some products and displays related sales infor-
mation to the product to increase the customer’s desire for buying. Likewise, Popa et al. 
[16] demonstrate the utilization of CCTV to detect motion patterns such as walking, 
monitor eye movements that look at products, and touch products, to categorize cus-
tomers by their behavior. Both studies [17], [18] associate products with passive RFID 
tags to detect their movement caused by customers. Thus, the retailer can find out prod-
ucts that are popular among customers or the products which catch the attention of 
the customers. However, these systems lack interaction with the customers. Based on 
the study presented [19], a person-following robotic cart controlled via a smartphone 
application has been designed. The robot cart is aided by the ultrasonic sensor to detect 
and avoid an obstacle. The user controls the movement, speed and direction of the cart 
using a mobile app. This facilitates advantages for both business owners and customers.

In general, the main issues that have been discussed in the above studies include the 
time consumed by shoppers in finding their items and the payment process. Addition-
ally, during this current COVID19 pandemic time, these factors along with the multi-
ple interactions between the shoppers and the retail’s employee handling items during 
purchasing have significantly impacted both consumer and employee safety. Given 
these lacunae, this study proposes a complete smart shopping cart that overcomes the 
mentioned issues which benefits both the customers and the retail chain.

The main contributions of the proposed system include the development of A real-
time smart shopping cart that minimized the shopping time process and ensures the 
selection of the best quality of the items, limited interaction between customers and 
supermarket employee that could be accrued through items handling which maintain 
safety precautions for the customers and employee, two-channel items check included 
in the cart and for the supermarket exit to ensure security measures of the items, custom-
ers membership cards that assist customers in their payment without exhausting time 
and energy in queues, Online Customers service assistance to assist customers with any 
required purchasing services, and finally a management system that assists supermar-
kets in immediate update of their products as well as auto-payment of the items.

The remainder of this paper is structured as follows: section two discusses the pro-
posed system and its functionality. The third section presents the circuit diagram of 
the system as well as the system operation flowchart. The results of the hardware and 
software implementations of the developed system and the comparison with the exist-
ing system are shown in the fourth section. Finally, the conclusion is drawn in the last 
section.

2 Proposed system

In general, the system is developed to assist customers in performing their shop-
ping process in the supermarket in minimum time with minimum effort. The system is 
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developed in a way that if a customer wants to purchase an item, the customer has to 
pick the product and scan its barcode and then place it in the cart. Corresponding item 
details are displayed on the cart screen. Additionally, if the customer requires further 
information, such as the location of any item or customer services assistant, the cus-
tomer can get that information from the cart screen. After the customer completes the 
purchase, the customer can obtain the bill from the cart and uses the membership card 
for the payment without the need to perform payment in the counter or cashier. Finally, 
the customer leaves the supermarket from a dedicated gate. Accordingly, the proposed 
Smart Shopping Cart system comprises three main parts, namely the carts (clients), 
server, and Smart Gate as shown in Figure 1.

Fig. 1. Block diagram of the overall system

The smart cart is the main element of which the customers are interacting with and 
its equipped with all necessary devices. Each cart system has many inputs/output inter-
faces to communicate with peripheral devices using a microcontroller. The cart inputs 
are barcode reader, weight sensor, RFID reader, and costumers card while the LCD 
screen is considered as an input and output device. The primary data input tool is the 
barcode reader which used to recognize the item’s unique barcode. The second data 
input is the weight sensor which is used to measure the weight of each item placed 
in the cart. Thus, the measured weight is used to compare with the actual weight of 
the same item registered in the database. The LCD (Liquid Crystal Display) is used 
to visualize the items details as well as its include some other features such as virtual 
map of the shop for quick navigation of the items, interactive GUI buttons, and labels 
which switch between multiple windows and processes any service including customer 
service calls, check balances, go shopping, map, etc. The customer card data input is 
used by the customers to make the payment. Finally, the thermal printer is used to print 
out the receipt depending on the customer’s choice.
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All the carts and the smart gates are connected together using the server. Any change 
made in the server’s database can be read by the carts at any instant. Similarly, noti-
fication of any item sold through the cart is sent to the server and stored in the data-
base to help the monitoring and keeping track of items in the store. Since server-client 
communication is the most crucial aspect in monitoring the whole system, the wireless 
connection (Wi-Fi) is the medium or channel that used for communication.

One of the essential issue in supermarket is the security of the its items since it’s a 
public place. To ensure that security measures are in place to avoid slip some of the 
items outside the supermarket without payment, anti-theft system is implemented in 
this project. The system is implemented in two phases; the first phase in the cart itself 
which was discussed earlier by comparing the sum of the weight of the items in the cart 
with the weight in the database and secondly by having a smart gate at the exit door. 
The smart gate is designed based on RFID reader which ensure that the bill is paid 
before the customers leave the supermarket. The customers need to scan the card that 
was used for purchasing in the smart gate in order for them to leave the supermarket. 
The RFID reader included in the smart gate, reads the ID number of the purchasing card 
and compare it with the server’s database then it will allow the customers to go through 
the smart gate if the bill is confirmed paid from the database.

3 Circuit diagram and flow chart

The circuit diagram of the developed system is shown in Figure 2. The circuit com-
prise of Raspberry Pi 4 microcontroller, Barcode reader, RFID reader, weight sensor, 
thermal printer, and LCD screen.

As it shown in the figure, the Raspberry Pi 4 microcontroller which programmed 
via python is used to connect all the peripheral devices. The LCD screen is connected 
via the HDMI cable, whereas the barcode reader is interfaced by the USB cable. The 
HDMI cable is used to transmit data from microcontroller to screen, while the USB 
cable is used to power the screen and transmit data to the microcontroller. The weight 
sensor (load cell) is connected to the microcontroller through HX711 module. This 
attachable module is used to amplify the load cell signal. Without this module, the 
microcontroller would not be able to detect the voltage difference measured from the 
weight sensor. The RFID reader is connected to the microcontroller microcontroller’s 
GPIO pins directly. Unlike the other devices, the thermal printer demands higher cur-
rent (around 1 ampere) to generate heat. On the other hand, the microcontroller can 
be overloaded with this amount of current. In order to resolve this issue, the printer is 
powered from the battery using a buck converter. Finally, the data wires are connected 
to the microcontroller GPIO pins. The pins’ functions of the Raspberry Pi 4 microcon-
troller are defined in the program.
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Fig. 2. Circuit diagram of the developed system

Figure 3 shows the flow chart of the developed system. When the cart is powered, 
the sum of price and weight are initialized as zero. The first process is to read the price 
and weight of a scanned item. The measured weight is then compared with the actual 
weight of the item registered in the database. If the compared weights are equal, the 
total sum of price and weight will be added and wait for the next item to be scanned. 
This is the default setting. In the case of the customer changes his mind and wants 
to cancel the scanned item, the “remove item” button is used to interrupt the default 
flow and subtract the price and weight of the returned item from the total. Moreover, 
the checkout button is available to end shopping and pay the price. However, if the 
compared weights are not equal, an error message is displayed to notify the customer 
that different item is included in the cart. This might happen if the customer purposely 
intents to bypass the system or by mistake.
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Fig. 3. Flowchart of the developed system

4 Results and conclusion

4.1 Developed system

Figure 4 shows the final working prototype of the developed system. A Seven 
inches touch LCD screen with a resolution of 1200 x 600 pixels is used along with the 
CSN-A2 thermal printer. The costumer card has an NFC (Near Field Communication) 
communication capability. The smart cart is powered by a sealed lead acid rechargeable 
battery. This battery has a capacity of 12v 12Ah. But none of the circuit components 
consume 12v though they need higher current around 3A. For example, the Raspberry 
Pi 4 microcontroller takes 3A and 5v and thermal printer rates at 1A and 5v. Therefore, 
to tackle this issue, a buck converter is used to step down the voltage from 12v to 5v. 
The battery can drive the cart for at least 9 hours at a single charge. Moreover, to save 
power and prolong the battery life, the Raspberry Pi 4 microcontroller stays at sleep 
mode when it is in idle condition. In addition to that, the printer is powered only when it 
is printing. Those were accomplished by using MOSFET transistor as a switch to open 
and close the flow of electrical current. As a result, the printer operates at the fraction 
of time, which accounts a negligible power consumption as compared to the Raspberry 
Pi 4 microcontroller.
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Fig. 4. Prototype of the developed system

The interaction Home page screen and its options is displayed in the LCD as shown 
in Figure 5. Figure 5a shows the home screen page which includes many buttons such 
as search button for the users to search for any item location as shown in Figure 5b, the 
balance check option in Figure 5c, and Set budget in Figure 5d. The budget set button 
assists the customers to stay within their budget by setting the maximum limit they 
need to spend.

c. Check Balance d. Set Budget

a. Home page b. Items location Map

Fig. 5. Home screen and its options

The shopping process phase starts by pressing start shopping’s button of which a 
new window will be opened and customers can start their shopping by scanning the 
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items barcode using the barcode scanner as shown in Figure 6. Then the item is placed 
in the cart. Secondly, the system starts searching for the items scanned barcode in the 
server’s database to identify the matching item. If the item is found in the database, then 
the weight of the item placed in the cart is compared with the item in the database. If 
the weight of the items placed in the cart is matched the database, then the name along-
side with its price will be listed, as shown in Figure 6a. However, if the weight of the 
item recorded in the database and weight measured at the cart are different, the system 
notifies the customer that item included in the card is different from the one scanned as 
shown in Figure 6b.

a. Right item added to the cart b. Wrong item added to the cart

Fig. 6. Items scanning

If the price of the selected item within the set budget as shown in Figure 7a, the 
customers can proceed with their shopping, however if the budget limit is reached, no 
further item can be added as shown in Figure 7b.

a. Within the set budget b. Maximum budget reached

Fig. 7. Price check

After scanning each item completed, the customers have five scenarios; First, to add 
another item to the cart by scanning their barcodes; Second, to go back to the home 
screen for another task while the scanned items are saved; Third, to remove an item 
from the cart; Fourth, check the price (this can be used if a customer wants to check 
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the price only); and Fifth, exit the shopping and check out. It worth to mention that to 
remove an item, the return button should be pressed in the screen then the selected item 
that need to be removed from the cart is scanned. Subsequence the price of this item 
will be subtracted from the total.

The payment process phase starts by pressing the pay button and scanning the NFC 
card as shown in Figure 8. If the total amount to be paid is lower than the balance in the 
NFC card as shown Figure 8a, the payment will be completed. However, if the balance 
in the NFC card is insufficient to do the payment, the customer cannot proceed with the 
payments and a warning sign will be displayed, as shown in Figure 8b.

a. Within the set budget b. Maximum budget reached

Fig. 8. Payment process

Once the payment is made successfully, the customer gets his receipt from the ther-
mal printer mounted on the cart, as shown in Figure 9a.

Figure 9b shows the proposed design of the smart gate. Since the developed system 
in the prototype phase we have included the smart gate feature in the system program-
ing part and it was tested using RFID reader.

In order for the customers to exit from the smart gate, the NFC card need to be 
scanned in the smart gate. The NFC card information is compared with the database in 
the server and then the smart gate will be opened if the bill is paid.

a. Printer printing receipt b. Accessing smart gate using NFC card

Fig. 9. Existing process
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If customers face any difficulties and need any assistant, the customer services but-
ton is used. The main purpose of the button in to contact the authorized person to assist 
the customer issue. As shown in Figure10a, when this button is pressed, it redirects to 
another window to identify the type of assistant needed. Then the current location of the 
cart must be selected to get immediate assistance as shown in Figure 10b.

a. Customer service main page b. location identification option

Fig. 10. Customer service

The items detail that displayed in the cart are extracted from the central server data-
base. The structure of the database is shown in Figure 11.

Fig. 11. Database structure

The management of the items details in the database is accomplished through a 
designed GUI which shown in Figure 12. Adding, updating, or deleting item from 
the database can be done easily through the developed GUI as shown in Figures 12a 
and 12b.
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a. Adding items b. Verifying items  
Fig. 12. Database management interface

4.2 Comparisons with existing systems

Table 1 features the comparison between the proposed system and other existing 
developed systems. The design features and the services included in those systems 
are the main points for the comparison. Firstly, in the design feature, LCD and hand 
phone devises are the main tools used for the display while Arduino based technology 
is used for selecting the microcontroller. The communications with the main server is 
accomplished either by using WiFi or ZigBee modules. Secondly different types of 
services are included on those systems. In terms of bill payment, most of the developed 
systems generate the bills in the smart cart and those bills are paid by the costumers in 
the cashiers or in the counter. To eliminate waiting and queues time for bill payment, 
our system and Berdaliyev et al., 2016 [28] system used a reloadable card to perform 
the payment. Reducing the obstacles and difficulties for customers to find the product 
location by identifying its location, is developed only in our system and Shahroz, et al., 
2020 [20]. Anti-Theft is incorporated in three system including our system. Its usually 
designed utilizing the RFID reader in the exit gate. However, in our system we have 
include extra measure which can alert the customers if they placed any item in the cart 
without scanning it by comparing the total weight of the items in the cart with the total 
weight in the bill. Finally, since our system is full automated, it’s the only system which 
can facilitate customer service assistance to the customers if they face any difficulties 
with the services. If all those features are considered in addition to the fact that our 
system is implemented in hardware, we can conclude that our system is more reliable 
and convenient to be used by the customer and the shop owners.
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5 Conclusion

To enhance shopping experience for customers and to utilize their time effec-
tively, the proposed solution can be implemented. Accessing shopping malls relatively 
becomes more effortless for customers, and their management becomes easier for the 
business proprietor. Customers can get a huge relief from waiting in queues for billing 
their items, and also can locate items of their choice easily without wasting time using 
a position allocation and retrieval system. The business can also reduce the workforce 
being employed at billing counters, and they could be shifted to other departments to 
improve customer satisfaction and engagement. Having all the interfaces implement of 
the shopping cart would be an exclusive and exciting experience for the shoppers and 
can improve the business operation restructuring. The efficiency of the system will be 
remarkable when introduced in a situation like now, where social distancing and con-
tactless payments are practiced widely.
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