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1. INTRODUCTION

Currently, shopping in supermarkets can pose several challenges such as delays due to long queues
and checkout lines causing considerable waiting time for customers [1]. Therefore, optimizing this time using
current technologies, modernizing the traditional shopping system, can drastically reduce this problem [2],
benefiting customers by providing them with peace of mind and convenience when shopping. On the other
hand, entrepreneurs, modernizing their businesses and causing a greater influx of customers.

Different systems were developed based on various approaches. One of these is to ease the challenge
of pushing a shopping cart by designing a prototype that follows the movement of the customer alleviating the
need to push it [1], [3], this is important as it is based on the welfare of people with special motor needs,
however, in terms of the problem of their research it does not involve a general problem for most people who
go to a supermarket as it is the high shopping time. Also, other research focuses on implementing an automatic
billing system with the help of internet of things (1oT). Subudhi and Ponnalagu [4] developed prototype was
connected to the servers of a real-time payment system called unified payments interface (UPI), developed by
the National Payments Corporation of India (NPCI) and used daily in that country through a mobile
application. However, in [5]-[7] this approach is completely experimental, since the implementation requires
access to payment services through payment gateways and banking credentials which are totally private in
many countries. On the other hand, researchers focus mostly on addressing the process of automatic product
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detection, mostly using radio frequency identification (RFID) which improves product detection and
drastically reduces its scanning time compared to classical barcode detection, which due to physical damage or
foreign elements interferes and delays its detection [2], [8], [9]. Also, a system capable of directly reading the
barcodes already present in the products is also presented through a scanner incorporated in the system [10]-
[13], disagreeing with the use of the mentioned scanning methods. But, it is counterproductive since the
previous articles mention the detection problems presented by barcodes, then this system would also present
the same detection problems and consequently, delays in the purchase.

Regarding the development tools used, the Arduino development board is the most widely used to
realize the proposed systems based on product RFID and data manipulation to display relevant information to
the user through a liquid crystal display (LCD) and add it to their payment list through a database [6], [8],
[14]-[20]. However, the operating response is very slow and the LCD display does not generate a good
interface for the customer. On the other hand, a Raspberry Pi-based system was developed also based on
RFID, 10T, and LCD interface, but adding a camera oriented to detect a customer's tag and follow its
movement by driving motors attached to its tires [1], [3] and Wi-Fi communication [21]. Although,
Raspberry Pi is oriented to develop systems that require high processing power by having a microprocessor,
this system can be developed with a low-cost microcontroller and obtain the same results. On the other hand,
another research uses a low-cost Bolt Esp8266 chip exclusively to facilitate the developer to quickly deploy
the system towards loT including dedicated servers [10]. Although, using the private servers of the Bolt 10T
manufacturer is risky since the information gets into the hands of third parties.

In addition, the tools used for wireless data transfer in the proposed systems involve an important
technological aspect. On the one hand, some researches use 10T technology, accessing them through the
cloud [2], [5], [6], [8], [15], [16], [18], [19], [21]-[23]. On the other hand, other researchers chose to use
transmitter modules such as global systems for mobile communications (GSM) [17], network modules using
XBee/ZigBee communication protocol [7]-[9], [20], and nRF24 model wireless transceivers [1], [24]. These
communication tools are very limited, since they are based on point-to-point communication limiting the
transmitter to a single receiver or in this case to a single box in the facility, therefore it is convenient to use
the 10T as a wireless data transfer tool.

About results, most researches present implementation prototypes [1]-[3], [5]-[10], [14]-[19], [25].
However, a comparison was presented regarding the shopping time experienced by a customer with the
traditional system of the store versus the proposed system, considering the total number of products, scanning
time, bagging time and payment time by [16]. This was achieved by providing the point of sale with a system
connected to the research database, resulting in a zero scanning time which reduces the purchase time by
50%.

After analyzing the previously developed research, the most important weaknesses were identified.
For example, Arduino is known worldwide for providing embedded systems development through high-level
programming, which is focused on the hobbyist community, using this environment for a formal and academic
research work can bring hardware and software problems. Now, it is important to provide the user with an
adequate visualization stage, so it is outdated to use an LCD as a visual medium because it limits the
information of the product to be acquired. Similarly, it is important to provide the data not only to the stores'
pay stations, but also to the customers so that they can efficiently manage the items they wish to purchase.
Therefore, these weaknesses are taken as an opportunity for improvement in the development of this research.

Finally, this research, through the design of an embedded system based on 10T and RFID to reduce
shopping time in a supermarket, statistically compares the time that a customer, using the system, presents
when scanning a given amount of products versus the time it takes to scan the same amount with barcodes at
self-service checkout counters. Therefore, the study aims to demonstrate a considerable reduction in scanning
time and, consequently, in purchasing time. Also, to provide an improvement in specialized hardware aspects
for 10T projects and a suitable user interface.

2. METHOD

The method designed in this research is carried out experimentally, since the scanning time will be
the manipulated variable that, by means of statistical parameters, will be compared when using 2 different
environments, the self-service checkouts, which allow the customers of a supermarket to scan a maximum of
10 products to reduce their shopping time, and the designed embedded system. First, the scanning times
present in a self-service checkout were timed and a statistical analysis of the data was performed. Then, the
proposed embedded system, the database and the algorithm necessary for the operation of the system are
proposed. So, to obtain the result of the research, the scanning times with the designed system will be found
and analyzed statistically in order to compare the scanning times based on the distance between the points of
the arithmetic mean graphs corresponding to the self-service checkouts and the proposed system.
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2.1. Collection and statistical analysis at self-service checkout counters

At this stage, a sample of 144 measurements distributed by a number of products greater than 3 is
considered, since from this quantity the time is considerable. This collection was carried out by simple
inspection at the self-service checkout of a supermarket for a frequency of 18 measurements per product
quantity as shown in Table 1. For the statistical analysis of the times, the arithmetic mean and standard
deviation of the times per quantity of products, defined by (1) and (2), are considered. Where n is the total
number of measurements per quantity of products and x is the time measured. For the data presented, the
calculated parameters are shown in Table 2 and the data resulting from the mean and standard deviation
allow us to obtain the graph that describes their evolution with respect to the number of products in Figure 1.
The graph shows that for 5, 6, 7, 9, and 10 products, there is a significant deviation of the arithmetic mean in
the scanning times of the products, this is due to the speed of the person scanning their products or the delay
caused by the inaccuracy of barcode scanning.
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Table 1. Scanning times measured by number of products at self-service checkout counters

Quantity of Measured time (s)

products T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Til T12 TI3 T14 T15 T16 T17 T18
137 133 132 136 151 142 129 139 141 145 139 141 152 144 132 133 12.9 149
153 17.1 163 159 157 165 16.1 158 169 152 158 156 157 16.1 16 155 159 15.9
223 224 239 21.8 242 247 20.8 22.1 245 251 23.7 222 238 249 223 226 235 258
26.6 27.1 265 27.8 27.1 28.9 27.6 26.7 275 283 27 27.2 275 283 264 269 265 28.8
36.1 33.8 334 353 364 347 335 344 351 355 32.9 345 358 341 33.2 343 341 359
37.4 38.9 381 384 37.6 39.4 37.2 388 382 39.1 37.9 382 37.6 39.9 38 382 39.2 397
426 40.5 425 419 447 436 458 431 446 452 41.7 419 437 438 444 439 436 455
476 47.1 486 47.3 49.7 474 49.8 50.1 48.3 48.1 48.3 46.9 485 47.2 495 50.2 49.3 48.9

=
SBoo~vouorw

Table 2. Mean and standard deviation of self-service checkout data
Quantity of products Mean (X)  Standard deviation (S)

3 13.91 0.717
4 15.96 0.496
5 23.37 1.360
6 27.37 1.412
7 34.61 1.056
8 38.43 0.797
9 43.50 1441
10 48.49 1.093
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Figure 1. Mean time and deviation of self-service checkout scan times
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2.2. Embedded system components

At this stage, a sample of 144 measurements distributed by a number of products greater than 3 is
considered, since from this quantity the time is considerable. This collection was carried out by simple
inspection at the self-service checkout of a supermarket for a frequency of 18 measurements per product
quantity as shown in Table 1. In this study, an embedded system dedicated to 10T application and proper use
of multitasking such as constantly sending and receiving information with a database connected to the
internet, performing RFID tag scanning and managing the display stage for the user is required. Therefore,
the ESP-32 development board is used which has a wide variety of advantages and features for the research
such as a dual-core ESP32-DOWDQ6 microcontroller with a clock frequency of up to 240 MHz providing
high processing capacity, a built-in antenna for wireless communications and support for programming based
on real-time operating systems (FreeRTOS) through ESP-IDF being ideal for projects with the need to have
the execution of multiple tasks in parallel.

About components interconnected to the microcontroller, the RFID tag reader module RC522, the
2.4" TFT LCD display ILI19341 and 3 pushbuttons for user interaction are used as shown in Figure 2. An
RFID module RC522, which operates at a frequency of 13.56 MHz and is based on the MFRC522 chip [4], is
used to scan the products. In addition, the presented design uses the serial peripheral interface (SPI)
communication interface to the ESP-32 through 7 pins detailed in Table 3. For the display of the scanned
products a 2.4" color TFT LCD display with 320x240 pixels resolution is used, which uses a bidirectional
8-bit data bus from the 1L19341 controller to the ESP-32 of the display. The controller uses 16 Bit (RGB565)
to control a pixel display, so it can display up to 65000 colors per pixel, where the pixel address setting is
done in row by column order and the increment and decrement direction is determined by the scanning mode.
The display method is performed by setting the address and then setting the color value. The wiring
connection between the display and ESP-32 is detailed in Table 4.

L1t '

Figure 2. Schematic diagram of the designed embedded system, own elaboration

Table 3. Wiring connection between RC522 RFID module and ESP32

RC522 pins ESP32 pins
VCC +33V
RST +33V
GND GND
IRQ Not connected
MISO GPIO 19
MOSI GPIO 23
SCK GPIO 18
SDA GPIO 5

As for the inputs to the ESP-32, these correspond to the reading of the unique ID (UID) of the RFID
tags. Additionally, because the maximum number of items in a self-service checkout is 10, the same amount
of passive RFID tags is used, which, being passive, do not require power for its operation, but the reader by
means of an electromagnetic field induces an electric current that energizes the tag [13]. In addition, 3
pushbuttons are established for user interaction, which are start, delete and end, these pushbuttons are located
correspondingly in GPIO 35, 34, and 39. On the other hand, the outputs of the ESP-32 correspond to the
information sent to the database and user interface, which displays the product information on the screen,
providing the information to the user in an optimal way. The flow of inputs and outputs can be observed
through the general block diagram of the system in Figure 3.
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Table 4. Wiring connection between 1L19341 2.4" TFT LCD display and ESP32
LCD TFT 2.4” ILI9341 pins _ESP32 pins

DO GPIO 12
D1 GPIO 13
D2 GPIO 26
D3 GPIO 25
D4 GPIO 17
D5 GPIO 16
D6 GPIO 27
D7 GPIO 14
CS GPIO 33
WR GPIO 4
RD GPIO 2
RS GPIO 15
RST GPIO 32

FID Reader Microcontroller LCD TFT parallel 2.4"
(RC522) [ ¢ (ESP-32) v (ILI9341)

= 1 =

‘ Start H Erase N End

oyl
. e
RFID Tags H:l/\}_JD

[ User \

)

Figure 3. General system diagram. Own elaboration

2.3. Database design and connection

The design and connection stage with a database that supports the information of the existing
products and the purchase records of each user is vital for the purpose of the research. That is, the connection
between the embedded system and the database must be reliable, fast and low latency, using an environment
that can implement such a connection and generate the necessary logic to efficiently manipulate the data
stored in the database. Therefore, for the connection between the embedded system and the database, the
MQTT communication protocol is used through TCP port 1883 via Wi-Fi connection in the ESP-32. This
protocol is efficient for 10T applications, since it presents low bandwidth consumption and latency, allowing
a reliable connection and exchange of information with the database through the method of subscription and
publication to topics through a broker, in this case the free broker Mosquitto is used.

Likewise, the database is implemented with phpMyAdmin as a tool for data administration and my
structured query language (MySQL) for data management. The former provides a friendly user interface
allowing to create databases with their respective tables in a fast and intuitive way and the latter allows to
configure the local server and port 3306 as MySQL service. Because, in the research it was defined to use 10
RFID tags for the scanning of products, a database named "Supermarket" is created with the table "Products"
of 10 supermarket items which contains: Id, an integer value of the row to which the product corresponds;
UID, a character string of the unique identifier of the RFID tag; name a string of characters corresponding to
the name of the product; and Price a floating value for the price of a product based on current prices in
different supermarkets. These characteristics are inserted into the table through the graphical interface or can
also be manipulated through queries with SQL commands, for a set of products detailed in Figure 4. In
addition, additional tables are included which will be created from the unique purchase code generated per
user, where the same columns as in "Products" are included and will contain the products that users will scan.
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«—T— vid - 1 UID Name Price
O 7 Edit %:Copy @ Delete 1 928061257721 MANTEQUILLA CON SAL LAIVE BARRA 180g 133
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O Edit %:Copy @ Delete 5 919466674105 CAFE INSTANTANEO ALTOMAYO CLASICO FRASCO 180g 26.5
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O & Edit %iCopy @ Delete 7 992530576426 HARINA MOLITALIA PREPARADA BOLSA 1kg 7.6
0O /Edit #: Copy @ Delete 8 941000235562 PAN DE MOLDE BLANCO DON MAMINO SIN CORTEZA BOLSA 5... 13.6
0O & Edit #c Copy @ Delete 9 73373346057 FIDEOS FETTUCCINI DON VITTORIO BOLSA 950g 6.3
O ¢ Edit #c Copy @ Delete 10 1078896117944 ARROZ EXTRA COSTENO BOLSA 5kg 24.9
1t [J Check all With selected: 7 Edit & Copy © Delete &} Export

[J show all | Number of rows: 25 v Filter rows: Sort by key:  PRIMARY (ASC) v

Figure 4. Table of products from supermarket database

About the environment capable of implementing MQTT communication and manipulating database
features, Node-RED is used because, through its nodes or programming blocks based on JavaScript, it
integrates the "maqtt in" and "mqtt out" nodes, where the first one subscribes and the second one publishes to
a specific topic of the broker. It also integrates the "mysql" node, which allows accessing the database of a
host server and its port in a configurable way. Through the function nodes in Node-RED, JavaScript code is
implemented to manipulate the data received by the subscription nodes and the data to be sent to the ESP-32
by the publication node and SQL queries to the database configured in the mysgl node through the properties
of the "msg" object such as "msg.payload™” and "msg.topic"”. The SQL queries will be those corresponding to
extract data from the products table, create the users table, insert data in it and delete a specific product.

2.4. System flowchart

The flowchart in Figure 5 shows the algorithm implemented in the system, for a better
understanding the 2 stages of the system, ESP-32 and Node-RED (My SQL) are placed specifying the topic
to which the mentioned stages are published or subscribed for the exchange of information. Regarding the
programming environment used for the implementation of the algorithm, the espressif 10T development
framework software development kit (ESP-IDF SDK) is used, configured as an extension in the visual studio
code editor, since it is the official programming environment provided and supported by the ESP-32 espressif
card manufacturer, allowing maximum use of the microcontroller features and applying dynamic memory
allocation techniques for advanced data structure management such as the use of linked lists in the form of
dynamic stacks. First, a unique purchase code is created for each user and published through the topic
"esp32/user" to create a table in the database containing the name of the previously generated code. Then, the
UID of the RFID card is read and published to Node-RED through the topic "esp32/uid” where it will verify
if it exists in the product table, if it exists it publishes the characteristics of the item to the ESP-32 through the
topic "nodered/features" and adds the product to the user table, otherwise through the screen it indicates to
the user that the product was not found and returns to the tag scanning process.

Then, the product characteristics received in the microcontroller are saved in a dynamic stack and
will be displayed on the LCD screen. Finally, if the user wants to finalize his purchase, he must enable the
end of purchase button and show his code at the cash register and then the microcontroller will clear the
memory where the dynamic stack was saved and show the total amount, otherwise the user can continue
adding products or if he wants to delete a product he must enable the delete button and scan that product
which will be published by MQTT through the "esp32/erase” topic to be deleted from the user table.
Additionally, Figure 6 shows the flow design made in Node-RED which contains the nodes with respect to
MQTT, the database and the functions required to manage them.
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Figure 5. System flowchart
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This section presents the results of the implementation of the prototype of the designed embedded
system. First, the prototype of the embedded system is described. In addition, we present the analysis and
comparison of the scanning times between the self-service checkouts of a supermarket and the proposed

system based on loT and RFID.
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3.1. Embedded system prototype

The prototype of the embedded system was designed to meet the needs set out at the beginning of
the research. Figure 7 shows the implementation of the ESP-32 microcontroller with the RFID module, the
TFT LCD screen and the 3 push buttons for user interaction. Also, Figure 8(a) shows the first event
corresponding to the start of the system by pressing the start button, where the screen displays a welcome
message, the unique purchase code generated for the user, in this case "t 96437" and the indexes
corresponding to the quantity of products, name and price. Figure 8(b) shows the task in charge of displaying
the dynamic stack stored in the microcontroller as the UIDs of the products with RFID tags are scanned and
at the same time inserted in the user table of the database named with the corresponding purchase code as
shown in Figure 8(c) and Figure 8(d) shows the event corresponding to the end of the purchase, where the
user's total amount to be paid, his code and a farewell message are displayed and also clears the dynamic
memory spaces that were used to store the user's stack.

PRICE
3 TORTILLAS BIMBy CLASICAS BOLSA 10,50
3 WANIBQUILLA GON SAL LAIVE BARR 13, 30
| QASEOSK CoCA CoLa BOTELLA 3L 11,40
| SALLETAS 02 ook Som v paquer 3, 50
) AN DB MOLDE BLANCO DON MAMINO 13.60
2 AVENA CLASICA 3 0SI705 BOLSA § 4 g0
| PIDROS FETTUCCING DON ViTTRIo 4. 30

2 HARINA MOLITALIA PREPARADA B0 7 §
BL 7,
| ARROZ EXTRA COSTENO BOLSA Skg 2.46:0

4~ 1 phpmyadmin
=~ J Supermarket
T ot
=) Products
%4l Columnas
*~- Indices
41 £ 96437

% test

T0TAL 70 PAY:186.4
PRESENT CODE t_96437 AT CHECKOUT
COMBACK 500N

(d)

Figure 8. Events and tasks; (a) start system event, (b) display stack task, (c) user table, and (d) end of
purchase event

3.2. Measurement and statistical analysis of scan times of the proposed system
After performing the measurement of scan times with the proposed system shown in Table 5, the
metrics obtained are statistically analyzed using the same size of measurements and the arithmetic mean and
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standard deviation formulas previously defined in (1) and (2). This analysis is important because it allows
describing the behavior of the designed system by means of the graph in Figure 9 and comparing it with the
graph obtained in self-service checkouts. The arithmetic mean and deviation results are shown in Table 6.
These results show a minimum deviation of 0.572 and a maximum of 0.887.

Table 5. Scanning times measured by number of products with the proposed system

Quantity of Measured time (s)
products T1 T2 T3 T4 T5 T6 T7 T8 T9 TI10 T11 T12 Ti13 Ti4 Ti15 T16 T17 Ti8
3 77 77 862 75 91 83 99 89 81 85 87 73 82 7.7 807 86 7.75 7.96

4 109 98 105 116 106 115 104 11 115 11.2 114 108 115 109 114 123 115 11.2
5 139 131 143 142 139 13.0 13.7 139 135 14.7 144 147 150 142 149 139 154 146
6 16.7 174 17 176 163 159 163 16.0 16.2 158 17.8 189 17.2 163 16.7 16.3 16.8 17.3
7 18.6 19.8 195 19.7 195 20.0 204 19.6 19.5 19.0 18.0 19.1 19.6 204 19.9 21.2 20.7 19.6
8 23.9 23.8 24.7 242 236 257 248 238 253 25.7 252 249 23.7 252 26.0 26.1 25.6 249
9 274 277 277 273 263 27.0 26.1 278 27.7 29 289 286 281 27.1 285 29 286 282
10 31 298 305 31.3 31.6 302 314 321 295 31.2 31.7 319 314 32 306 32 30.1 32.7

Mean Time vs Quantity of Products
35

—&— Mean Time (%)
® Intervalo de Confianza
30 1

Mean Time (X)
N [¥]
o w
| |

,_.
w
|

10 4

5 T T T T T T T T
3 4 5 6 7 8 9 10

Quantity of Products

Figure 9. Mean time and deviation of proposed system scan times

Table 6. Mean and standard deviation with proposed system data
Quantity of products  Mean (X) (s)  Standard deviation (S)

3 8.26 0.647
4 11.13 0.572
5 14.20 0.647
6 16.83 0.841
7 19.69 0.756
8 24.83 0.848
9 27.84 0.863
10 31.16 0.887

3.3. Measurement and statistical analysis of scan times of the proposed system

The comparison of the arithmetic means of the scanning times is performed to verify the main
objective of the research. The comparison of arithmetic means can be seen in Figure 10. The graph shows the
reduction of the scanning time, and it tends to be more linear. This tendency can be analyzed by means of the
average of the slopes of a straight line in consecutive points starting from the first one, mathematically stated

in (3). Where "x" corresponds to the quantity of products from 3 to 10, "y" corresponds to the average time
per quantity of product and "n" to the total of ordered pairs (x,y) forming a straight line.

n+2(Vi=¥3)
=4 (xj—x3)

T = —%iz*s) 3)

n—1

The arithmetic averages obtained allow us to calculate the reduced time per quantity of products and
to analyze the linear trend of the 2 samples. The time reduced per product quantity can be observed in
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Table 7 and the linear trends through the average of slopes in Table 8. In this case, the developed embedded
system has a lower average slope which denotes a higher linear trend than the self-service checkouts.

Mean Time Comparison

—8— Proposed System
50 1 —e— Self-Service Checkout

40

30+

Mean Time (X)

20

10 +

3 4 5 6 7 8 9 10
Quantity of Products

Figure 10. Mean time comparison of proposed system and self-service checkout

Table 7. Reduced scanning time using the proposed system
Quantity of products  Reduced time (s)  Percentage of time reduced (%)

3 5.65 40.61
4 4.83 30.26
5 9.17 39.23
6 10.54 38.50
7 14.92 43.10
8 13.60 35.38
9 15.66 36.00
10 17.33 35.70
Table 8. Linear trend of the graphs
Self-service checkout  Developed embedded system
Average slopes 4.63 3.23

4. CONCLUSION

The main contribution of the research work is based on the deep analysis of the results obtained
based on the comparison of scanning times and behavior of each of the samples obtained, since few
researches deepen the behavior of their systems and how the purchase time is really reduced in their research.
In addition, a comparison of purchasing times with the traditional barcode method versus the system
developed by in the research has previously been presented. However, that work considers the scanning times
as 0, which is not accurate, since there is a time from the scanning of the first product to the last one, as can
be observed in this research. Also, the design and implementation of an improved embedded system in terms
of hardware and software to reduce shopping time in a supermarket is presented. This system by means of
RFID technology, improves the scanning of products, the connectivity of the system through 10T and the use
of a TFT LCD screen improves the visualization stage for users and the use of programming in FreeRTOS
allows execution times of tasks and events in parallel avoiding delays in the system.

In terms of linear trend, the embedded system, having a higher linear trend, has lower average slopes
compared to the self-service checkouts, indicating that the changes in scan times per product quantity in the
embedded system are more consistent and calmer than in the self-service checkouts. This is denoted by the
disparity shown in the scan time reduction results, caused by the low linearity of the scans at these checkouts,
reinforcing the inefficiency of barcode scanning. In conclusion, the developed embedded system reduced the
scanning time by a weighted average value of 37.27% for a maximum of 10 products and, since it has a
higher linear trend, it speeds up and improves the shopping time in supermarkets. In addition, the linear trend
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it presents allows to approximate the scanning time that a certain amount of products will have. However, for
this purpose it is recommended to use other more accurate prediction methods such as linear regression.
Additionally, a SPI or 12C type of communication is recommended for the TFT LCD, since it limits the
number of GPIOS available in the ESP-32 and with a higher number of pixels.

ACKNOWLEDGEMENTS
The authors would like to express our meaningful thanks to Universidad Tecnol6gica del Per, for
their support during the research period.

REFERENCES

[1]  H. Bello-Salau, A. J. Onumanyi, D. Michael, R. Isa, C. O. Alenoghena, and H. Ohize, “A new automated smart cart system for
modern shopping centres,” Bulletin of Electrical Engineering and Informatics, vol. 10, no. 4, pp. 2028-2036, 2021, doi:
10.11591/eei.v10i4.2762.

[2] S. Abdullah, A. Daud, N. S. M. Hadis, S. A. Hamid, S. Y. Fadhlullah, and N. S. Damanhuri, “Internet of Things (IoT) Based
Smart Shop (S-SHOP) System with RFID Technique,” in Journal of Physics: Conference Series, vol. 1535, no. 1, p. 12011,2020,
doi: 10.1088/1742-6596/1535/1/012011.

[3] T. Hanooja, C. G. Raji, M. Sreelekha, J. Koniyath, V. K. M. Ameen, and M. M. Noufal, “Human Friendly Smart Trolley with
Automatic Billing System,” Proc. 4th Int. Conf. Electron. Commun. Aerosp. Technol. ICECA 2020, pp. 1614-1619, 2020, doi:
10.1109/ICECA49313.2020.9297439.

[4]  S.R. Subudhi and R. N. Ponnalagu, “An intelligent shopping cart with automatic product detection and secure payment system,”
2019 IEEE 16th India Counc. Int. Conf. INDICON 2019-Symp. Proc, pp. 14, 2019, doi:
10.1109/INDICON47234.2019.9030331.

[5] S. Deepa, A. A. Nihila, J. Prabhavathi, M. Meenatchi, and M. J. Varsha, “Shopping Wagon: A Smart Shopping System Using
RFID for Shopping Malls,” Adv. Parallel Comput., vol. 39, pp. 789-794, 2021, doi: 10.3233/APC210281.

[6] J. Muralidharan, N. Muthukumaran, R. R. Kumar, and M. Rubika, “Smart Shopping Trolley System using IoT,” Journal of
Physics: Conference Series, vol. 1937, no. 1, 2021, doi: 10.1088/1742-6596/1937/1/012042.

[7]1 M. Sanap, P. Chimurkar, and N. Bhagat, “SMART-Smart Mobile Autonomous Robotic Trolley,” Proc. Int. Conf. Intell. Comput.
Control Syst. ICICCS 2020, pp. 430437, 2020, doi: 10.1109/1CICCS48265.2020.9120972.

[8] M. Shahroz, M. F. Mushtaq, M. Ahmad, S. Ullah, A. Mehmood, and G. S. Choi, “loT-Based Smart Shopping Cart Using Radio
Frequency Identification,” IEEE Access, vol. 8, pp. 68426-68438, 2020, doi: 10.1109/ACCESS.2020.2986681.

[91 R. Chauhan, D. Punj, R. C. Joshi, ‘‘RFID-Based Smart Shopping in loT Environment: A Way to Become a Smart Shopper,
Communication and Intelligent Systems, Springer, Singapore, vol. 120, pp 367-380, Apr. 2020, doi: 10.1007/978-981-15-3325-
9 28.

[10] T.R. Lekhaa, S. Rajeshwari, J. A. Sequeira, and S. Akshayaa, “Intelligent Shopping Cart Using Bolt Esp8266 Based on Internet
of Things,” in 2019 5th International Conference on Advanced Computing and Communication Systems, ICACCS 2019, 2019, pp.
758-761, doi: 10.1109/ICACCS.2019.8728346.

[11] S. Shailesh, P. S. Deb, R. Chauhan, and V. Tyagi, “Smart Trolley,” in 2021 International Conference on Advance Computing and
Innovative Technologies in Engineering (ICACITE), vol. 7, pp. 242-245, Mar. 2021, doi: 10.1109/ICACITE51222.2021.9404582.

[12] M. Jaishree, K. L. Prabha., S. Jeyaprabha., and K. Mohan., “Smart Shopping Trolley Using 10T,” in 2021 7th International
Conference on Advanced Computing and Communication Systems (ICACCS), vol. 1937, no. 1, pp. 793-796, Mar. 2021, doi:
10.1109/ICACCS51430.2021.9441786.

[13] S. K. Shankar, S. Balasubramani, S. A. Basha, S. A. Ahamed, and N. S. K. Reddy, “Smart Trolley for Smart Shopping with an
Advance Billing System using IoT,” Proc. - 5th Int. Conf. Comput. Methodol. Commun. ICCMC 2021, pp. 390-394, 2021, doi:
10.1109/ICCMC51019.2021.9418348.

[14] T. K. Das, A. K. Tripathy, and K. Srinivasan, “A Smart Trolley for Smart Shopping,” 2020 Int. Conf. Syst. Comput. Autom.
Networking, ICSCAN 2020, 2020, doi: 10.1109/ICSCAN49426.2020.9262350.

[15] H. Y. Faang, N. Yaakob, M. E. Elshaikh, A. K. Sidek, O. B. Lynn, and M. Almashor, “IoT-Based Automated and Contactless
Shopping Cart during Pandemic Diseases Outbreak,” J. Phys. Conf. Ser., vol. 1962, no. 1, 2021, doi: 10.1088/1742-
6596/1962/1/012051.

[16] Martinus, M. S. Wahab, Yudi, and H. Ham, “Data Transmission Using RFID System on Smart Shopping Carts for Checkout
Process Efficiency in Supermarket at Indonesia,” Procedia Computer Science, vol. 179, pp. 902-912, 2021, doi:
10.1016/j.procs.2021.01.080.

[17] S.R. Patil, S. N. Mathad, S. S. Gandhad, and M. C. Ellemmi, “Smart Trolley with Automatic Billing System using Arudino,” Int.
J. Adv. Sci. Eng., vol. 8, no. 3, p. 2268, 2022, doi: 10.29294/ijase.8.3.2022.2268-2273.

[18] A. Kumar, S. Srivastava, and U. Gupta, “Internet of Things (IoT) Based Smart Shopping Centre Using RFID,” 2019 International
Conference on Signal Processing and Communication (ICSC), pp. 292—295, 2019, doi: 10.1109/ICSC45622.2019.8938369.

[19] R.R. Vallabhuni, S. Lakshmanachari, G. Avanthi, and V. Vijay, “Smart cart shopping system with an RFID interface for human
assistance,” 2020 3™ International Conference on Intelligent Sustainable Systems (ICISS), pp. 165-169, 2020, doi:
10.1109/IC1SS49785.2020.9316102.

[20] S. Mekruksavanich, “Supermarket Shopping System using RFID as the IoT Application,” 2020 Jt. Int. Conf. Digit. Arts, Media
Technol. with ECTI North. Sect. Conf. Electr. Electron. Comput. Telecommun. Eng. ECTI DAMT NCON 2020, pp. 83-86, 2020,
doi: 10.1109/ECTIDAMTNCON48261.2020.9090714.

[21] R. Gupte, S. Rege, S. Hawa, Y. S. Rao, and R. Sawant, “Automated Shopping Cart Using RFID with a Collaborative Clustering
Driven Recommendation System,” Proc. 2nd Int. Conf. Inven. Res. Comput. Appl. ICIRCA 2020, pp. 400404, 2020, doi:
10.1109/ICIRCA48905.2020.9183100.

[22] B. Bhattacharyya, S. Sarkar, and S. Goyal, “EaseShop: An android app based autonomous shopping cart,” International Journal
of Electrical Engineering & Technology, vol. 11, no. 2, pp. 162-172, 2020.

[23] S. Thilagavathi, K. S. Nivethitha, P. Preeti, and D. T. Vikram, “IoT based Smart Retail System with Social Distancing for
Covid19 Outbreak,” Journal of Physics: Conference Series, vol. 1917, no. 1, p. 012030, 2021, doi: 10.1088/1742-
6596/1917/1/012030.

Internet of things and radio frequency identification based embedded system to ... (Cesar Solis Espino)



2698 O3 ISSN: 2302-9285

[24] K. Yusuf, M. Abdurohman, and A. G. Putrada, “Increasing Passive RFID-Based Smart Shopping Cart Performance using
Decision Tree,” 2019 5th International Conference on Computing Engineering and Design (ICCED), 2019, doi:
10.1109/ICCED46541.2019.9161139.

[25] R. Parameswaran and D. P. T. V. Bhuvaneswari, “Design and Implementation of Secure Smart Shopping System using Arduino,”
International Journal of Innovative Technology and Exploring Engineeering (IJITEE), vol. 10, no. 4, pp. 191-195, 2021, doi:
10.35940/ijitee.d8555.0210421.

BIOGRAPHIES OF AUTHORS

Cesar Solis Espino B B8 € received the degree of Bachelor in Electronics Engineering
from the Universidad Tecnologica del Peru, in 2023. Currently he works as an R&D engineer
trainee in the Peruvian subsidiary of the French group Collecte Localisation Satellites. His
research interests are the application of artificial intelligence on embedded systems and IoT
solutions. He can be contacted at email: 1624549@utp.edu.pe.

Favio Guerrero Vargas Bd 2 received the degree of Bachelor in Electronics
Engineering from the Universidad Tecnologica del Peru, in 2023. He is a specialist in life
support medical equipment (mechanical ventilators, multiparameter monitors, and incubators)
and Electronic Technician with extensive experience in the Biomedical Area (8 years of
experience) such as life support medical equipment, performing many functions like
installation, preventive maintenance, corrective maintenance, diagnosis, and repair of medical
equipment and carry out the training at user and technical level requested by the Peruvian
Hospitals. He can be contacted at email: 1411462@utp.edu.pe.

Ernesto Paiva-Peredo () E:d B € received the title of Electrical Mechanical Engineer from
the University of Piura, Peru, in 2013. He has completed a master's degree in electrical
mechanical engineering with a mention in Automation and Optimization at the Universidad de
Piura funded by CONCYTEC 2016. He was a research assistant at the Department of
Technology and Innovation (DTI)-SUPSI. Now, he is a Professor-Researcher at Universidad
Tecnolodgica del Perti. He can be contacted at email: epaiva@utp.edu.pe.

Guillermo Wenceslao Zarate Segura BJ B3 © received the Bachelor of Science degree
major in Physics from the Universidad Nacional de Ingenieria, Peru, in 2015. He has
completed a master's degree in Aerospace Engineering at Kyushu Institute of Technology,
Japan. He was a research assistant at the Department of Planetary Science at Curtin University,
Australia He was a research assistant at the Department of Applied Science at Innsbruck
University, Austria. Now, he is a Researcher at Universidad Tecnologica del Peru. He can be
contacted at email: E15040@utp.edu.pe.

Bulletin of Electr Eng & Inf, Vol. 13, No. 4, August 2024: 2687-2698


mailto:1624549@utp.edu.pe
mailto:1411462@utp.edu.pe
mailto:epaiva@utp.edu.pe
mailto:E15040@utp.edu.pe
https://orcid.org/0009-0000-3443-3363
https://scholar.google.com/citations?hl=es&authuser=1&user=I-jORJMAAAAJ
https://www.webofscience.com/wos/author/record/IYS-7902-2023
https://orcid.org/0009-0006-1243-1395
https://scholar.google.es/citations?user=tE1WYBcAAAAJ&hl=es
https://www.webofscience.com/wos/author/record/IYT-0593-2023
https://orcid.org/0000-0002-9780-3218
https://scholar.google.com/citations?user=-ymKynwAAAAJ&hl
https://www.scopus.com/authid/detail.uri?authorId=57189048455
https://www.webofscience.com/wos/author/record/I-2242-2015
https://orcid.org/0000-0001-9763-1885
https://scholar.google.com/citations?hl=id&user=EEKmoL0AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57221349771

