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Abstract

Nowadays, the world is facing an evolution in technology to make their lives easier
and save time. Since shopping is an essential and almost daily thing in people’s
lives, the project aims to facilitate the shopping and reduce congestion and the time
that the user spends at the cashier. The idea of the project is a smart shopping
cart that follows the customer and if you move away from him, it alert him by
launching a sound using the buzzer and reads the ID of the cart, the price of the
product through the barcode reader, and the weight of the product through the
balance (HX711), then sends it via Wi-Fi to the cashier (server) after confirming
the purchase process, which is done through the keyboard in the cart. On the
cashier side, he will compare the weight coming from the cart via Wi-Fi and the
actual weight of the products to avoid the occurrence of theft cases. In addition, he
can delete certain products that appear on the screen LCD through the ID of the
cart. The employee at the cashier takes the purchase invoice from the customer.
Upon completion of the purchase and payment process, the employee deletes the
list of purchases from the cart. The idea has been done before but with different
features, and this year, Amazon has made a smart shopping cart similar to the
idea of our project, in addition to other features.



1 Introduction

1.1 Statement of the problem

In the modern era, large buildings and large and spacious facilities from the eco-
nomic point of view have become important elements and features of the era, as it
has become more common for the spread of malls, supermarkets and major shop-
ping stores that occupy large areas. With the spread of the use of technology
and computerized techniques and the increase in their importance and reliance on
them, we came up with an idea to create a smart shopping cart, among its ad-
vantages: reducing the crisis, the number of employees and saving time. It can be
benefited from and applied in Palestine in the huge shopping places, as it has not
been applied in Palestine until now.

1.2 Objectives

The smart shopping cart aims to save time and alleviate the crisis at the cashier,
and this is done when he presses the button "confirm", and the bill is transmitted
through WiFi at the cashier. The customer only has to go to the cashier and pay
the bill without having to wait for the worker at the cashier to calculate the bill
for all products.It is also intended for the convenience of the buyer and does not
push the cart while he walks, but the cart follows him.

1.3 Significance of the work:

The smart shopping cart is intended for large shopping centers and supermarkets,
which are characterized by a large number of people. This will help speed up
the shopping process by reducing congestion and also benefits people who find it
difficult to push the cart, as in people with special needs.

1.4 Organization

This report has organized as follows: We explained about the idea, its importance
and scope of work. Then the constraints we faced during our work including
equipment, tools we used and earlier course work. In addition to finding similar
systems to our project with different features, you can read about them to get
a background on the project.We also explained the methodology of our work in
addition to discussing the results we obtained.Ending it up with the conclusion of
the whole work and what is our vision for the future to improve our work.



2 Constraints and Earlier Coursework

2.1 Constraints Limitations

In general, the equipment was not quite as good as we need it to be. Initially, when
we ran Load Cell HX711 we did not get similar readings for the same body weight
(different decimals) we solved this problem by taking the approximate value of the
weight. Some routers isolate devices on the same network from each other. The
IR sensor is affected by sunlight and does not measure large distances.

2.2 FEarlier coursework

Working on our project requires knowledge from some of the courses we took in
the computer engineering program, including:

Microcontroller: In the Microcontroller course, we learned basic information about
a PIC microcontroller and how to program hardware components. Also, in the
PIC lab we learned how to download the code to the PIC microcontroller and
understand each pin and every feature in it. As a result, this course helped us
understand how to deal with the ESP32 in the project, so this contributed mainly
to help us start working on the project.

Electronic circuits: This course helped us to understand electrical circuits and how
to deal with them and to identify the connections of these circuits

3 Literature Review

A visit to the supermarket can be nerve-wracking and time-consuming. The Smart
Shopping Cart is a Cart used by people in large supermarkets.

The Smart Shopping Cart is a cart with an LCD screen that displays the name
of the product and its price when reading the barcode of the product through the
barcode scanner and the keyboard that enables you to move between pages, delete
a product and confirm the order. When the order is confirmed, the information
on the LCD screen is sent via Wi-Fi to the server at the cashier. It will solve the
problem of waiting in a long queue, as the trolley is equipped with a scale to avoid
theft cases, and the customer does not need to push the trolley, as it tracks its
owner.

In other systems, the smart shopping cart is equipped with an RFID reader which
is much easier, as all items can be automatically read by an RFID reader instead



of manually scanned by a laborer. (1))

These project and others in this field are interested in reading product information
and sending it via Wi-Fi to the server or paying by credit card without having to
go to the cashier to pay.

4 Methodology

4.1 Hardware parts
4.1.1 Overview

Tools and hardware components we used:
e ESP32 Microcontroller
e Barcode Scanner
e LLCD 20x4 12C
e Keypad 4x4
e 5kg Load Cell HX711
e IR Sensor Transmitter and Receiver
e 5V Continuous Piezo Buzzer
e DC Motor
e [L298N Dual H-Bridge Motor Drive Module Board
e LM2596 Adjustable Step Down Buck Converter Module 3

e 18650 Original Li-lon Battery 1600mAh 3.7V and 18650 3.7V Battery Par-
allel Case



4.1.2 Description
Brief explanation and definition of each piece that was used:

e ESP32 Microcontroller: It is a microcontroller board such as Arduino
with integrated Wi-Fi and dual-mode Bluetooth. It has a 38 pin. It is low
cost and low power system. (2)

Figure 1: ESP32

e Barcode Scanner optical scanner that can read printed barcodes, decode
the data contained in the barcode.

Figure 2: Barcode Scanner



e LCD 20x4 I2C: There are 4 rows in display and in 1 row 20 character
can be displayed and in 1 display 80 characters can be shown. This liquid
crystal module uses HDD44780 (It is a controller used to display monochrome
text displays) parallel interfacing. The liquid crystal display interfacing code
is easily accessible. We just required 11 input and output pinouts for the
interfacing of the LCD screen.The input supply for this module is 3.3 volts
or 5 volts. Using 12C with only 3 pins from microcontroller, you can display
message on this LCD. Compared to parallel LCD which required at least 6
pins of I/O, this LCD offer more cost effective solution.

Figure 3: LCD 20x4 12C

e Keypad 4x4: 4X4 Keypad modules are available in different sizes and
shapes. It has 8 terminals. In them 4 are rows of matrix and 4 are columns
of matrix. These 8 pins are driven out from 16 buttons present in the mod-
ule. Those 16 alphanumeric digits on the module surface are the 16 buttons
arranged in MATRIX formation. (3)

Figure 4: Keypad 4x4

e 5kg Load Cell HX711: It is measure the weight produced by the load, here
most load cells are following the method of a strain gauge, Which converts
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the pressure (force) into an electrical signal, these load cells have four strain
gauges that are hooked up in a Wheatstone bridge formation. (4)

Figure 5: Load Cell HX711

e 5 Channel IR flame Detector Sensor: This module outputs analog
signal, which would be more precisely, and also digital signal which would
be more easy to use, you can adjust the digital output sensitivety by the on-
board potentiometer. The 5 LED indicators are helpful in your debugging,
the high-precision resistors (1

Figure 6: 5 Channel IR flame Detector Sensor

e 5V Continuous Piezo Buzzer: It has two wires for connection and can
work on 3 to 7 V DC. Just connect with power supply and it will give loud
sound. Light weight, lightweight construction and low cost. (5

11



Figure 7: 5V Continuous Piezo Buzzer

DC Gear Motor: The 12V DC gear-motor is a powerful motor to drive
the position control of the system. It provides 60 rpm with 12VDC rated
voltage and gear ratio is 100:1. In this system, counts per revolution of the
gearbox output can be multiplied the gear ratio by 22. (6])

Figure 8: DC Gear Motor

L298N Dual H-Bridge Motor Drive Module Board: It is a high-
power motor driver module for driving DC and Stepper Motors. This module
consists of an 1298 motor driver IC and a 78MO05 5V regulator..298N Module

can control up to 4 DC motors, or 2 DC motors with directional and speed
control. (7))

12



Figure 9: L298N Dual H-Bridge Motor Drive Module Board

e LM2596 Adjustable Step Down Buck Converter Module 3: DC-DC
Buck Converter Step Down Module LM2596 Power Supply is a step-down
(buck) switching regulator, capable of driving a 3-A load with excellent line
and load regulation. These devices are available in fixed output voltages of
3.3V, 5V, 12V, and an adjustable output version. (&)

Figure 10: LM2596 Adjustable Step Down Buck Converter Module 3

e 18650 Original Li-lon Battery 1600mAh 3.7V and 18650 3.7V Bat-
tery Parallel Case: It is high-energy type lithium-ion battery with high

capacity of 2.6 Ah, it is high-power type lithium-ion battery with low capac-
ity of 1.5 Ah6. (9)
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Figure 11: 18650 Original Li-lon Battery 1600mAh 3.7V and 18650 3.7V
Battery Parallel Case
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4.1.3 Hardware Development

To build this project, we went through the following steps:

Program ESP32

Barcode Scanner
Print on the LCD

Measure weight by
Load Cell HX711

Sending data via Wi-Fi

Figure 12: Cart Design
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4.1.4 Overall Design

Figure 13: Cart Design

e —

Figure 14: Cart Design
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Figure 15: Cart Design

Figure 16: Cart Design
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4.2 Software Implementation

volid setup() {
J/ put your setup code here, to run once:
led.init(): // initialize the leod
led.backlight ()2
BCSerial.begin (115200, SERIAL 8W1, 1&, 17); // the GPRS/GSM baud rate
Serial.begin{l115200):
delay (4000) ;
scale.begin (LOADCELL DOUT PTINH, LOADCELL SCE PIN);
scale.set_scale (calibration_factor); F/This wvalue is oktained by using the SparkFun HX711 Calibra
scale.tare () //hssuming there is no weight on the scale at start up, reset the scales to 0
initMotors():
pinMode (buzzerPin, COUTPUT) :
WiFi.begin(ssid, password):
while (WiFi.status() != WL_CONNHECTED) {
delay (1000);
Serial.println("Connecting to WiFi..");
}
Serial.println {("Connected to the WiFi network with IP Address: "):
Serial.println (WiFi.localIP(}):
led.zsetCursox (0,0) 2
led.print ("Product: Price:"}d

lcd. setCursor (17, 3) ;
lod.printc ("1/4™)

Figure 17: Setup Function
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After we read barcode of the products and the weight, we press on key 8 on the

keypad to confirm the process that send this data to the server via Wi-Fi. If the
URL correct then the website open if httpCode that received from server is less

than 0 then the process failed.

void sendToServer(){
for(int g=0;g<RARRAYSIZE;g++){
results[g].crim();

String server = HOST_NAME + PHP FILE NAME +"?idcart=1"+"&barcodel="+results[l]+"&barcode2="+results[2]+"sbarcode3="+results[3]+"sbarcoded="+res
(sexver);

ntln(server):

int httpCode = http.GET():

if (httpCode > 0) {
if (httpCode == HITP_CCDE_OK) {
ring payload = http.get3tring();

Serial.println(payload):

} else {
Serial.printi ("HTIP GET... code: %d\n", hrtcpCode):
}
} else {
Serial.printf ("HITP GET... failed, error: %s\n", http.errorToString (httplode) .c_str());

Figure 18: Send to server code
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In the first part, We read the barcodes and store them in array of string then
print the name of the product and the price on the LCD.

In the second part, read the weight of the products and take the round for it to
take the exact value.

vold loop(y {1
S put vour main code here, to run repeatedly:
if (BCSerial.available {)>0){//read the barcods
BCdatalIn=BCS5erial.readString () ;
ff5erial.println (BCdataln) :
results[i]=BCdataln;
results[i].tcrim();

Serial.println(results[i]}) -

printDescription (BCdatalIn); //from index=0 start print barcodes
Fi8erial . .print (results[i]):
i+
}

if (scale.is ready()) {//reading the weight
long reading = scale.read():
Serial.print ("HXT711l reading: ")
weight=round (scale.get units(3) * 10);
Serial.println (weight) ;

} else {
Serial.println ("HX711l not found.™):

Figure 19: read barcode and weight
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In this function we compare the barcode with the barcodes of the product that
already stored in array of barcodes then when the barcodes matches the product
name and price that correspond in array of product names and array of prices are
print on the LCD.

vold printDescription(String dta){
for{int g=0;g<arrsize;g++){
boodes[g] .trim() ;
dta.trim{)
if (boodes[g] .equals (dta) ) {
if(el==0||cl==1)}{ // cl counter for pagel which contain 2 lines for print
tokl[f]l=pname[g]://stored name to printiretrieve) it when i press next or b
tokl[f].trim():
£4++;
tokl[f]l=price([g]://stored price to print(retrieve) it when i press next oxr
tokl[f].trim():
E++:
pagel (pname [g] ,price[gl): //print in page 1
}
glse if(clzl&&ac2<3){// c2 counter for page? which contain 3 lines for print
tokZ [fl=pname[g]:
tokZ[f].trim{):
£4++:
tokZ[fl=price(gl]:
tok2[f].trim{):
f+4+;
pagel (pname [g] ,price[gl)://print in page 2
}
glse if(clzxl&asc2>255c3<3){// c3 counter for page3 which contain 3 lines f
tok3 [f]=pname [g] ;

—_—— T U P ET e S AN -

Figure 20: Print on LCD
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In the first part, when press key 4 on the keypad we will read the barcode of the
product that we need to delete then call function deleteltms>

In the second part, clear the LCD and the array after we press key 5 on the
keypad.

if (key=='9"){//delete]
arrsize2=(int)sizeof (results) /sizeof (results([0]);
BCdatalDel=BCdataln;
Serial.println (BCdataln)
del index=i-1;
deleteltems () ;

H
if{key=="5"){//disconnect
delay (10);
led.clear ()
for(int w=0;w<ARRAYSIZE ;w++) {
results[w]=" ";
H
for(int w=0;w<ARRAYSIZE;w++) {
Serial.println(results[w]):
H
http.end():
Serial.println("WiFi Disconnected..™);
H

Figure 21: Delete and Disconnect
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In the first part, after reading the barcode of the product that we need to delete
then comparing it with barcodes in the array that we read when find it, replace it
with space and shift the barcodes. Finally print the name of the product and
price of the new array on the LCD.

In the second part, clear the array after press key 5 on the keypad.

vold deleteltems () {
results[del index]=" ";
Serial.println("Item deleted™);
for({int t=0;t<arrsizeld;t++)1{
Serial.print(results[t])
printDescription(results[t]):

}
vold clearArrav() {
for({int s=0;s<arrsize;s++)1{
results[s]=" ";

Figure 22: Delete and clear Functions
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Here when the values of barcodes and weight revceive the server, the values
stored in file. In this page there is 4 buttons each button for cart when click on
one of them its going to these page.

Figure 23: Page 1 in the Cashier website
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In this part we take the value of id cart, barcodes and weight of the products
from the file.

Figure 24: Page 2 in the Cashier website
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Take the barcodes and search about their information in the database.

Figure 25: Page 2 in the Cashier website
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show each barcode and its information on the website as table. Compute total
price and total weight that arrived from database.

Figure 26: Page 2 in the Cashier website
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Show the Total price of the products, the actual weight and theoretical weight on
the website and alert if the two weights are not the same.

<script=alert(

Figure 27: Page 2 in the Cashier website
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here we have two mode, if we press on button 6 then the flag change to 0 which
we can go to the purchase process. If we press on button 7, the tarcking on is
ON. Configuring motor PWM functionalities to generate the signal and Attaching

im

tEey():

char key = keypad.g
if (key) {
if(key=="T7"){
flag=1;
}
if(key="6"){
flag=0:
}
Serial.println(key) :

Figure 28: check the mode

the channel to the GPIO to be controlled.
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void initMotors()
{

ledcSetup (3, 2000, 8);
ledcSetup (4, 2000, B):
ledcSetup (5, 2000, &)
ledcSetup (6, 2000, 8);

ledchAttachPin (RMotorl, 3);
ledchAttachPin (RMotor2, 4):
ledchAttachPin (LMotorl, &)
ledchAttachPin (LMotor2, &)

Figure 29: Init the motors

Here we are reading IR value and depending on it we can go right, left, forward,
backward or stop the cart. If each IR reading less than the threshold=1500, then
the cart stop and turn ON the buzzer.

1f(flag==1}{

readingl
readingz
reading3
readingd
readings
Serial.p:

" + String(readingl) + " reading2: " + String(reading2?) + " reading3: " + String(reading3) + " readingd: " + String(readingd) + " readi

if (readingl < THR & reading2 < THR && reading3 < IHR && reading$ < THR && readings < THR) {
stopRobot () 7
if (buzzerFlag==1) {
if(m ~timer>2000) {
buzzerPin, 1):
stopRobot™) 7
seri "signal lost>>buzzer on");

Figure 30: Reading IR Value

If IR readings out of range stop the cart and turn ON the buzzer.
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}
e

}
e

if (reading3
stopRobot () ;
Serial.

> 4080 ) {

n("scopRobot™);

buzzerFlag=
timer=mi

if (reading3 1000 &&

stopRobot ()

> 3000 £& reading4 <

speedCar = 150;
goForword() ;

Serial.p ln ("goForwordlSo™) ;

reading2 <

1000) {

Serial.p 1tln ("stopRobot™) ;

lse if (reading3 > 3000 && reading4 > 3000 && reading2 > 3000) {
stopRobot () ;
Serial. 1tln ("stopRobot™) ;

lse if (reading3 > 3000 && reading4 < 2000 &£& reading2 < 2000) {

Figure 31: Some of IR’s reading cases

The cases when the cart move forward.

el

el

el

The cases when the cart move left or right.

se if (reading3
speedCar = 150;
goForword () ;

Serial.p tln ("goForwordlSo™)

se if ((reading3 > 3500) && (reading3 - 1000 > reading4
speedCar = 150;
goForword () :

Serial.p

n("goForwordlso™);

se if ((reading3 > 3500) && (reading3 - 1000 > reading4

speedCar = 150;
goForword () ;

Serial.println("goForwordl50");

- 1000 && reading4d < 1000 && reading2 < 1000) {

&& reading3 - 1000 > reading2))

&& reading3 - 1000 > reading2))

Figure 32: Some of IR’s reading cases
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else if (reading3 > 3500 £& readingd > 3000 &£& reading2 <

speedCar = 150;
goleft();
Serial.pr

1 ("goLeftl50™) ;
}

3000y {

else if (reading3 > 3500 &£& readingd < 3000 && reading2 > 3000) {

speedCar = 150;
goRight () ;
Serial.println("goRightl50™);
}
else if (readingl > 3500) {
speedCar = 250;
goRight () ;
Serial.println("goRight250™);

else if (reading5 > 3500) {
speedCar = 250;
goleft();
Serial.println("goLeft250™);

Figure 33: Some of IR’s reading cases

else if ((reading4 > 1000 || readingS5 > 1000 ) &£& reading4 - 200 > reading3

speedCar = 250;

goLeft():
Serial.println("golLeft250");

}

else if ((readingl > 1000 || reading2 > 1000 ) && readingl - 200 > reading3

speedCar = 250;
goRight ()7
Serial.p

n{"goRight250");

|| reading5 - 200 > reading3) {

|| reading2 - 200 > reading3) {

Figure 34: Some of IR’s reading cases
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When moving forward, LED PWN for motors 3 and 6 is speed of cart=200.
When moving Backward, LED PWN for motors 3 and 6 is speed of cart=200
(Rearrangement). When moving right, LED PWN for motors 3 and 5 is speed of
cart=200.

vold goForword() {
buzzerFlag=1;

digitalWrite (buzzerPin, 0):
ledcWrite (4, 0):
ledcWrite (3, speedCar):;
ledcWrite (&6, speedCar);
ledcWrite (5, 0):

vold goBack() {
digitalWrite (buzzerPin, 0):
ledcWrite (3, speedCar):
ledcWrite (4, O);
ledcWrite (S, O0);
ledcWrite (6, speedCar);

void goRight () {
digitalWrite (buzzerPin, 0):
ledcWrite (4, O);
ledcWrite (3, speedCar);
ledcWrite (&6, 0):
ledcWrite (5, speedCarx);

Figure 35: movement directions

When moving left, LED PWN for motors 4 and 6 is speed of cart=200.When
stop, LED PWN for all motors is zero.
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vold goLeft () {
digitalWritce (buzzerPin, 0):
ledcWrite (4, speedCar):
ledcWrite (3, 0);
ledcWrite (&, speedCar):
ledcWrite (S, Q)

vold stopBRobot () {
ledcWrite (3, Q)
ledcWrite(d, Q)
ledcWrite (S, Q)
ledcWrite (e, Q)

Figure 36: movement directions
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5 Results and Discussion

In the final stage, our project fulfilled all the requirements of reading the barcodes
of the products, printing them on the LCD and sending them via Wi-Fi to the

server. It also fulfilled the feature of calculating the weight of the products in the
cart, in addition to the feature of tracking the customer in the supermarket. end

— ==

Figure 37: Cart Connections

The figure below shows Wi-Fi connection.

Figure 38: Wi-Fi connection
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The figure below shows Load Cell HX711(Weight) and Barcode Scanner readings.

Figure 39: Load Cell HX711(Weight) and Barcode Scanner readings
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The figure below shows Display The name of the product and price on the LCD.

- )

Figure 40: Display on LCD
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The figure below shows page 1 of the website in the cashier side.

% - v +  x 1921880.17/searchphp

OO0 » & & & 192.168.0.17/search.php | ool pe A O & >

Select The Cart..

Cart | Cart2 Cart 3 Cart4

*::.75\-@

Figure 41: Page 1
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The figure below shows page 2 of the website in the cashier side and shows that

there is no barcode didn’t scan.

- - ¥

QO * & @

Billings

Barcode

TLOOOO1O
TLOOO100
TLO00225
TLOO2555

TLOD2733

Total Price:

Actual Weight:

Product Name
Lays

KitKat

Tigers

Mars

pringles

63.5NIS

280g

Cart ID: ©TL001255

Theoretical Weight:

Price

192.1680.17/billings.php | ool e A& O

Weight
36
34
37
37

136

+ X Cashier

280g

Y

Figure 42: Page 1
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6 Conclusion

6.1 Summary

In conclusion, the smart shopping cart is a prototype that helps customers in the
supermarket to save their time and budget and reduce the hassle at the cashier.
The smart shopping cart reads the products and sends them via Wi-Fi to the
server. It also tracks the customer and is equipped with a scale to avoid cases of
theft. During our work on the project we learned many things about the devices
and how to connect them in the right way to avoid damaging them. Learn about
esp32 and how to program and use it. We wish we had more time than we have
to make more features.

6.2 Future Work

In the future, we aspire to make payment by credit card, so there is no need for
the buyer to go to the cashier to pay. In addition, the cart tracks its owner
through image processing, and the cart returns to its designated place after the
shopping process is completed. We will also add a place to the cart for the buyer
to put his own belongings in it without the need for him to carry it.
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