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Abstract

The Smart Car Wash System is an integrated system developed to improve
the efficiency of car wash services by relying on modern technologies and
automation. This system aims to provide a smooth and fast customer experience
and reduce reliance on human resources, leading to reduced operational costs and

Improved service quality.

The system provides users with an easy-to-use online platform through which
they can book a car wash appointment at a time convenient for them. After
selecting an appointment and paying electronically using a bank card, the user
receives a unique QR code for the reservation, which they can then use upon
arrival at the car wash station. Upon arrival at the station, the QR code is scanned
by an installed camera to verify the validity of the reservation. The car is then
automatically entered into the wash process. An ultrasonic sensor detects the
presence of the car, activating the soap pump, followed by the water pump. The
system automatically shuts down after the wash is complete, ensuring safe and

organized operation.

The system includes an administrative control panel that enables
administrators to monitor all reservations, control user data, manage supervisor
accounts, and cancel or modify any reservation. All reservations are displayed in

an organized manner for easy follow-up and quick decision-making.

The system has been developed to include a feature to prevent overlapping
appointments, as new reservations are not allowed until 15 minutes after the
previous reservation has expired. This mechanism helps reduce waiting times and

ensures efficient operations without delays or congestion.
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CHAPTER 1: INTRODUCTION

1.1 Preface

In this project, we are implementing a smart car wash system that integrates
automation and smart technologies, which are essential components of the service
sector. The car wash sector, in particular, is witnessing significant developments
aimed at enhancing customer convenience, reducing manual labor, and improving
operational efficiency. This project introduces a smart car wash system that
integrates online booking, QR code verification, and automated washing

mechanisms based on real-time sensor inputs.

1.2 Problem Statement

Ideally, car wash services should provide customers with a fast, reliable, and
automated solution. Customers should be able to book and pay online. A car wash
should be completed with minimal waiting time and high service quality, all while

ensuring resource efficiency (water, time, and labor).

Currently, many car washes rely heavily on manual labor, leading to
inefficiencies, longer waiting times, and higher operational costs. Customers often
need to visit the car wash in person, wait in line, or deal with outdated systems that
don’t offer online booking or payment options. This creates customer

dissatisfaction and operational bottlenecks.

This project addresses these issues by designing and implementing a smart car
wash system that integrates online booking, automated verification, and real-time
operation based on sensor inputs. The goal is to improve service efficiency,

enhance customer experience, and reduce reliance on manual labor.
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1.3 Project Aims and Objectives

In this project, we propose a system that aims to provide the following features:

1. The system aims to develop a smart car wash system capable of automating

the car wash process and enhancing customer convenience. To achieve this

aim, the following objectives should be accomplished:

o (a) Providing the system with the ability to identify cars by recognizing each

customer's QR code via a camera upon arrival at the car wash gate.

o (b) Automate the gate's operation, ensuring it opens only for authorized cars.

o (c) Activate water and washing mechanisms automatically when the car

approaches the wash area.

2. We aim to design a user-friendly platform for booking and managing car

wash appointments. To achieve this aim, the following objectives should be

accomplished:

o (a) Develop a website that allows users to schedule appointments and track

the status of their bookings.

o (b) Integrate a notification system to inform users about the progress of their

car wash.

12



1.4 Project Requirements

1.4.1 Functional Requirements

The functional requirements define the core operations and behaviors that the

Smart Car Wash System must perform to achieve its objectives. These

requirements include:

1.

The system allows customers to book online by entering their bank card
details.

Upon successful booking, the system generates a unique QR code for the
customer to use when visiting the car wash.

The camera is used to scan and validate the QR code against the recorded
bookings.

The system detects the presence of a vehicle at pre-defined points using
ultrasonic sensors.

Automatic pump control based on vehicle detection.

Restrictions on bookings on the website prevent any conflict between
customer bookings.

Electronic payment for reservations using Visa card, but we do not have
API from the bank.

1.4.2 Non-Functional Requirements:

1.

High performance efficiency in terms of vehicle detection, pump
operation and conveyor belt movement.

The system must be able to handle a large number of reservations and
automatically organize them.

The system must support expansion to include multiple car wash stations
with minimal modifications.

User data must be securely stored using encryption.

13



5. The user interface must be user-friendly and accessible to users without
technical expertise.
6. The web interface must be compatible with modern browsers and mobile

devices.

1.5 System Description

The smart car wash system is an integrated solution utilizing the latest car
wash technologies. Appointments are booked online and electronic payment is
made via bank or Visa cards to enhance customer convenience, improve service
efficiency, and ensure consistent quality. This is achieved through a combination
of web technologies, QR code recognition, real-time sensors, and automated

mechanical components.

Once the vehicle enters the car wash, it is placed on a conveyor belt that
moves it through the wash stages without manual intervention. Sensors detect the
vehicle's location to activate the water pumps, soap dispensers, and dryers at the

appropriate time.

All components are connected and communicate wirelessly to ensure a
seamless process from booking to completion. The goal is to reduce manual labor,

improve customer convenience, and enhance operational efficiency.

Reservation restrictions are also imposed on the website to prevent conflicts
between customer reservations. This means that if a previous reservation has been
made, it can only be made 15 minutes after the reservation has ended, at which

point a new reservation is made to ensure the system's efficiency and effectiveness.

14
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Figurel .1 System Description

1.6 Project Limitations/Constraints:

e Limited to cars that can be detected via the camera and sensors.

e Requires stable internet for seamless communication between devices and
booking systems.

e The system will initially support payments through specific gateways
(like PayPal) and may need updates for new payment methods.

e \Weather conditions might affect the sensor performance and require

calibration.
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1.7 Project Schedule

The system implementation and operation tasks are distributed along the first

and second semesters, as summarized in Table 1.1.

Tablel. 1 Project Schedule

First Semester Second Semester

Week 1-4 |15-10 |11-15|1-4 5-10 11-14 |15

Selection of

Project Idea

Collecting the
Data

System Design

System

Implementation

System Testing

System

Operation

Documentation

1.8 Report Outline

This report is organized as follows: Chapter 2 presents the theoretical
background and supporting technologies for the smart car wash project. It provides
an overview of the key concepts and a literature review that compares our system
to similar solutions. Chapter 3 details the system design, discussing the hardware
and software components in detail. It also covers the theoretical background and
algorithms, and includes a block diagram illustrating the system structure and
operation. Chapter 4 concludes, summarizing the project's achievements,

limitations, and future directions.
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CHAPTER TWO: THEORETICAL BACKGROUND:
2.1 Preface:

This chapter will introduce the foundational theories and technologies
behind the Smart Car Wash project. It provides an overview of the concepts and
recent advancements in automation as they pertain to automated car wash system.
By grounding the project in these theoretical frameworks, the chapter sets the stage

for understanding the technology choices and design decisions made.

2.2 Theoretical Background Concepts:

Here are some basic theoretical concepts that underpin a Smart Car Wash
System. These concepts combine principles from computer science, control

systems, embedded systems to create an automated and intelligent system:

2.2.1 Embedded Systems:

A combination of hardware and software designed for specific control
functions. In this system, a Raspberry Pi microcontroller acts as the central

controller, responsible for processing sensor inputs

2.2.2 QR Code Recognition:

QR (Quick Response) codes store encoded data that can be easily scanned and
interpreted by a camera and image-processing software. Upon booking via the
website, a QR code is generated and used for identifying the user at the car wash
entrance. A camera connected to the Raspberry Pi reads the QR code, triggering

the start of the washing process.

17



2.2.3 Automation and Control Logic:

The sequence of operations detecting the car, reading the QR code, moving
the conveyor, and activating pumps is governed by a predefined control algorithm
within the Raspberry Pi. This logic ensures that each process runs in the correct

order and duration.

2.2.4 Conveyor Belt Mechanism:
A conveyor belt is a continuously moving band used to transport objects. In
the car wash, it moves the car through various cleaning stages. The conveyor motor

Is activated once the system verifies the presence and identity of the car.

2.3 Literature Review:

Many projects have been designed in the field of automated car washing, each
with different focuses and technological implementations. Notable examples
include the Automated Car Wash with Parking System (2023) [1] and the
Automatic Car Washing Machine (2019). [2] These projects have incorporated
various technologies, such as 10T, servo motors, ultrasonic sensors, and high-
pressure cleaning systems, each aiming to improve operational efficiency and
reduce resource consumption. The following section compares these projects in
detail, highlighting key differences and advancements made by the current Smart

Car Wash project, as summarized in Table 2.1.
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Table2. 1 Comparison with other projects

Automated Car

Feature Wash with Parking Aut(?matic Ca-r Smart Car Wash
System Washing Machine System

Year 2023 2019 2024-2025

Automated Yes, servo motor No Yes, by recognizing

Gate Control the QR code through
the camera

Generate QR | No No Yes, for booking
through website

Online No No Yes, for website

Booking

Real-time Not included Not included Yes, through sensors

Feedback

Processing Raspberry Pi Mega Arduino Raspberry Pi

unit

Electronic No No Yes, for visa card

payment

2.4 Summary

In this chapter, the theoretical background and recent developments related to

automated car washes are discussed. Key concepts such as integration between

system components, rapid response code generation, and automated control of the

washing process, which form the foundation of a smart car wash system, are

highlighted. This theoretical foundation provides insight into the innovations and

improvements this project offers compared to previous similar projects.
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CHAPTER THREE: SYSTEM DESIGN
3.1 Preface

This chapter provides an in-depth exploration of the design framework for the
Smart Car Wash Project, highlighting the integration of hardware and software
components that power the system. It examines the selection process for system
components, presents alternative designs, and explains the methodologies
employed to achieve seamless operation. Through detailed diagrams, algorithms,
and conceptual models, the chapter aims to offer a thorough understanding of the

technical architecture and the decisions that shape the system’s functionality.

3.2 System Components and Design Alternatives

The Smart Car Wash Project requires a combination of hardware and software
components to achieve its goals of automation, efficiency, and user convenience.
This section provides a detailed analysis of the required system components,

design alternatives, and the rationale behind the selected options.

3.2.1 Hardware Components

3.2.1.1 Microcomputers

As the core of the Smart Car Wash system, the microcontroller oversees and
regulates various components. It facilitates communication between sensors,
cameras, relays, and other hardware to ensure smooth and synchronized operation.

Several microcontroller options were considered, as shows in Table 3.1.

20



Table3. 1 Differences between microcontrollers

Feature Arduino Raspberry Pi
Type Microcontroller board Single-board computer
Processor 8-bit AVR (e.qg., Powerful, capable of
ATmega328P) running a full operating
system
GPU None Broadcom VideoCore VI
RAM 2KB to 8KB 2GB, 4GB, or 8GB
LPDDR4
Storage There is no built-in storage, | MicroSD USB
Flash memory only
Number of Pins 14 digital, d analog 40 GPIO
I/0 Ports Simple embedded systems Complex systems like ioT
like blinking LEDs, sensors | hubs, Al and multimedia
apps
Power Supply Limited to program memory | Expanded via SD card

(e.g., 32KB on Arduino Uno)

Wireless Connectivity Requires modules for Wi-Fi, | Built-in connectivity
Bluetooth, or Ethernet options (in some models)

The Raspberry Pi 4 Model B is a powerful single-board computer developed
by the Raspberry Pi Foundation. It features a quad-core ARM Cortex-A72
processor running at 1.5 GHz, and it comes with options for 2GB, 4GB, or 8GB of
LPDDR4 RAM, making it suitable for multitasking and high-performance
applications. The board includes dual micro HDMI ports that support 4K video
output, USB 3.0 ports, Gigabit Ethernet, and built-in Wi-Fi and Bluetooth. It also
has a 40-pin GPIO header for connecting sensors and modules, which makes it
ideal for embedded systems and electronics projects. The Raspberry Pi 4B runs a

variety of operating systems, including Raspberry Pi OS (Linux), and can be used

21




for education, media centers, 10T, and even desktop computing. as show in figure
3.1

Figure3. 1 Raspberry Pi 4B[3]

3.2.1.2 Ultrasonic Sensors

The ultrasonic sensor is a distance measuring device utilized in the Smart Car
Wash system to detect and monitor the car's position. The sensor emits ultrasonic
waves, which bounce back upon hitting an object, allowing the system to calculate
the distance based on the time taken for the echo to return. When the car reaches
specific points in the system, the ultrasonic sensor triggers actions such as
activating water sprays. Additionally, it plays a role in ensuring that cars are
correctly positioned on the conveyor belt, and optimizing the washing process, as

show in figure 3.2..

Figure3. 2 Ultrasonic Sensor[4]

3.2.1.3 Camera

The camera is an essential part of the smart car wash system. It is responsible
for capturing a QR code generated on the website for the customer who has booked
a car wash appointment. The code is recognized by the camera to initiate the wash
process. Table 3.2 below details the available camera options.

22



Table3. 2Differences between cameras

Feature Raspberry Pi Logitech C920 ESP32 Camera

Camera Module (OV2640)
Image Sensor CMOS CMOS OV2640
|0 coopaons | 000
Compatibility | Compatible with | Compatible via | Compatible with
Raspberry Pi USB ESP32
Price $25-$35 $70-$100 $10-$20

We have selected the Raspberry Pi Camera Module [5] for its high resolution,
seamless Raspberry Pi compatibility, cost-effectiveness, and compact design,
making it a better choice than the ESP32 Camera and Logitech C920 [6], it

provides a simple and effective solution for our needs.

3.2.1.4 Relay 4 channel

The relay board can be used to turn lights, fans, and other devices on and off
while maintaining isolation from the microcontroller. The relay coil has a 5V
voltage, allowing it to be used directly with any 5V voltage regulator. This relay
board allows you to control high-power devices (up to 10A) via the built-in relay.
The relay is controlled via a 1 x 3 connector, making it suitable for servo cables
and easy to connect to many development boards. It was used in a car wash project

to operate water and soap pumps and also to operate motors, as show in figure 3.3.

Figure3. 3 Relay 4 channel[7]
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3.2.1.5 Water Pump

We used DC Water Pumps to pump water to the car wash. These pumps are
efficient, reliable, and capable of providing the necessary pressure for effective
cleaning. The water pumps are controlled by the raspberry pi via a relay, ensuring
that water is delivered automatically when needed. The following table 3.3 shows

the difference between two types of pumps. The Micro Peristaltic Ink pump was

tested because it is the most suitable for the project, as show in figure 3.4.

\y h
)

-

=\
,//

Figure3. 4 Water Pump|[8]

Comparison: Micro Peristaltic Ink Pump vs Micro Oxygen Pump

Table3. 3 Comparison Between Pumps

Feature Micro Peristaltic Ink Micro Oxygen Pump (Fish
Pump (DC 5V) Tank)
Pump Type Peristaltic Pump Diaphragm or Centrifugal

(Mini Air/Water Pump)

Working Principle

Uses rollers to squeeze
flexible tubing to move
liquid

Uses diaphragm or fan to
push air or water

Fluid Type

Liquids only (e.g., ink,
water, medicine)

Primarily air, sometimes
small water volumes

Flow Precision

Very high precision,
controllable flow

Low precision, continuous
low-pressure flow

Output Pressure

Low to medium, steady
and accurate

Very low, suitable for
aquarium oxygenation

Common Uses

Printers, medicine
dispensing, dosing
systems

Fish tank aeration, small air
circulation
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Viscous Liquid Yes, handles low- No, not suitable for viscous
Handling viscosity fluids well or thick fluids
Power Supply DC 5V DC5V or 12V
Noise Level Relatively low Moderate — noticeable
vibration/sound
Maintenance Easy — only tubing needs | Minimal unless it breaks
replacement

3.2.1.6 Conveyor belt -DC motor

The Conveyor Belt is used in the Smart Car Wash project to transport
vehicles We selected a DC motor-powered conveyor system for its efficiency,
reliability, and ease of integration with the RPI. The conveyor belt is controlled by
a motor connected to a relay, which is managed by the RPI. This ensures smooth
movement of the vehicles from the entry point to the washing area. The automated
system reduces manual labor and ensures consistent, efficient operation, enhancing

the overall performance of the car wash, as show in figure 3.5.

- 1

Figure3. 5 Conveyor belt & DC Motor[9]

3.2.1.7 Gate Actuator

To control the entry and exit of vehicles in the Smart Car Wash project, we
selected a Gate Actuator. This actuator provides precise and reliable movement,
allowing the gate to open and close smoothly based on vehicle detection. The
actuator is controlled by the Raspberry Pi via a relay, ensuring automated

operation. When a vehicle is detected and authorized, the actuator opens the gate,
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this system ensures smooth entry and exit, enhancing the overall automation of the

process, as show in figure 3.6.

Figure3. 6 Gate Actuator[10]

3.2.2 Software Components:

This section will provide some information about the main programs used in
our project.

3.2.2.1 Raspbian

Although Raspberry Pi can utilize different types of Linux distributions for its
default operating system (OS), Raspbian is the recommended one. It is a free
operating system based on Debian, optimized for the Raspberry Pi hardware. It
comes with over 35,000 packages; precompiled software bundled in a good format

for easy installation on Raspberry Pi hardware.

A free operating system based on Debian optimized for the Raspberry Pi hardware.
Coming with over 35,000 packages, pre-compiled software. This operating system
provides significantly faster performance for applications that make heavy use of

floating-point arithmetic operations. [11]

3.2.2.2 Thonny

Thonny is an integrated development environment (IDE) designed
specifically to simplify the Python programming experience, with a focus on ease
of use and smooth learning. It features a beginner-friendly interface, making it an
ideal choice for students and people entering the field of programming for the first

time. Thonny provides basic and advanced tools to write, run, and debug code
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effectively. Thonny is a powerful learning tool, offering features that make
learning fun and simple. It is designed to help users gain a deeper understanding of
the basics of Python by visually and systematically displaying programming
operations. For example, you can follow the execution of code step by step and see
how values inside variables change and how resources are allocated inside

memory. [12]

3.2.2.3 XAMPP

XAMPP is a free and open-source cross-platform web server solution
stack package developed by Apache Friends, consisting mainly of the Apache
HTTP Server, MariaDB database, and interpreters for scripts written in the PHP
and Perl programming languages. Since most actual web server deployments use
the same components as XAMPP, it makes transitioning from a local test server to
a live server possible. XAMPP is regularly updated to the latest releases of Apache,
MariaDB, PHP and Perl. It also comes with a number of other modules, including
OpenSSL, phpMyAdmin, MediaWiki, Joomla, WordPress and more. [13]
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3.3 Conceptual system description

The following figure 3.7 represents a block diagram of a smart car wash
system that uses a Raspberry Pi as the central control unit. Bookings are made in
advance through a website where users log in and set a time and date. A QR code
Is then generated which is used to identify the vehicle upon arrival at the car wash
via a camera connected to the controller. After the booking is confirmed the first
ultrasonic sensor detects the vehicle's entry onto the conveyor belt. The controller
then gradually activates the wash components through relays, the conveyor belt is
first activated followed by the soap pump to spray detergent. The wash brushes and
water pump are then activated and the ultrasonic sensor then detects the vehicle's
arrival at the end of the belt and this system automates the entire car wash process

with high efficiency and without direct human intervention.

The following figure 3.8 illustrates the concept of the System Conceptual
Diagram, which is considered one of the basic elements in systems analysis and
design. This diagram was used to understand and represent the basic components

of the car wash system.
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Figure3. 7 System Block Diagram
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Figure3. 8 System conceptual diagram
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3.4 Algorithms and methodologies
3.4.1 Flow chart

Figure 3.9 below shows a flowchart of the processes for a smart car wash
system, starting from booking online and obtaining the QR code, until the start and

end of the wash process.

Booking through the websie
QR Scan via Camera

Run Conveyor Belt
Read Ultrasonic 1

Stop Conveyor Belt
Soap Pump Operation

Read Ukrasonic 2

aaaaa

Figure3. 9 Flowchart
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3.4.2 Use Case Diagram

Figure 3.10 shows the use case of the Car Wash Booking and Entry Process:

Smart Car Wash System

O

%

Customer

Admin

Make a reservation

Get a QR code

rs

Customer records

Reservation records

./ Recognize the QR code ™,
System “\_ through the camera ./

Start washing

hd

Finish washing

Figure3. 10 Use Case Diagram
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camera

Sensors

Raspberry Pi

website

wash system

Figure 3.11 shows the sequence diagram of the reservation and car wash process.

3.4.3 Sequence Diagram
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Figure3. 11 Sequence Diagram
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3.5 Schematic diagram

Figure 3.12 shows the connection between the main components in smart car wash

project.

. Servo

L

Figure3. 12 Schematic Diagram
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3.6 Summary

This chapter covered the hardware and software components of the Smart Car
Wash system, evaluating alternatives and selecting optimal solutions. Key designs
were illustrated with block diagrams, schematic diagrams, and algorithms to
demonstrate system functionality and flow. Essential methodologies, including
flowcharts and use cases, were presented to ensure clarity and guide

implementation.
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CHAPTER FOUR: IMPLEMENTATION AND TESTING

4.1 Preface

In this chapter, we will discuss the implementation of the software and
hardware components of a smart car wash project. We will begin by discussing
Implementation issues, reviewing the project website, including the connections of
the electronic components, reviewing implementation challenges, and validating

and testing the project.

4.2 Implementation issues

During the implementation of the smart car wash system, we encountered

several issues, including:

1. Purchasing a number of dedicated water and soap pumps to ensure the best

pump in terms of pumping power, size, and efficiency, as show in figure 4.1.

Figure4. 1 Types Of Pumps

2. Sensor accuracy: Small errors in sensor values led to vehicle undetected or
incorrect timing for dispensing water and soap.
3. Integrating the website with the hardware required a significant amount of

time.
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4. Another implementation issue was determining the placement of sensors on
the model, which required us to reposition the sensors multiple times to
achieve the best placement.

5. Ensuring the power needed to operate the pumps and sensors to prevent
them from burning out, as show in figure 4.2.

Figure4. 2 Power Converters
6. Poor network performance or internet outages led to delayed system
commands or data loss.
7. Imposing restrictions on bookings where there is no booking conflict.
8. How to get QR code from website to make reservation inside laundry, as
show in figure 4.3.

procy 5 S Juh by
18:04 2025-05-02 A S ) S gl “

2025-06-29 Ay dada A 2

Show QR

X Show QR
X Show QR

Show QR

2025-04-01 A S e s
2025-05-01 A S e gl

2025-06-01 A gl 2l 35 3 M

o|loa|la|lal|lwnla

2025-05-30 A g et 23 5 S

ereer

Figure4. 3 Get QR Code
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4.3 Implementation challenges

We faced many challenges during the implementation phase, the most
prominent of which was the process of randomly generating a QR code for each
person who booked on the website as shows in figure 4.4. The difficulty was in the
process of creating it and linking it to the time and date in order to avoid errors
such as giving the same QR code to more than one person or booking at the same
time. In addition, we faced a problem in designing the conveyor belt for the car as
we had to choose the best materials to make the belt so that the movement would
be precise and consistent and also to determine the location of each sensor to

perform specific tasks such as operating the water or soap pumps.

8 (:,u Tl[:'r‘ﬁ Thonny - /home/pi/.. project-finish E grcode.jpg é; * 5 13:37
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* oy (> O » @ =
New Load Run Debug Stop Zoom Quit Support

pro.py ¥
] print("sabon complete.")

arcodejpg.

Image Edit View Go Help

& Previous —» Next & = W g &

Properties X
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Size 640 x 480 pixels

Type JPEG image x
=1
File Size 72.8 kB - .
Folder project-finish I
s i'l. g
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. S Nk
Focal Lengt I ‘ - .’- -
Q -
> - H - I.
ernn . - =
e : l-:- m -
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Time
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Shell
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invalid

QR code invalid or this booking out of datetime or Finish.
Image saved to qrcode.jpg

Camera closed.
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response.text=

invalid

QR code invalid or this booking out of datetime or Finish.

v

Local Python 3 « /usr/bin/python3 =

Figure4. 4 Generating A QR Code
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4.4 Software Implementation

At this stage, designs and plans are transformed into a practical application,
including programming and hardware connection. All specifications and
requirements are implemented to create a complete, usable software system,
ensuring seamless interaction with the microcontroller. The best methods are also
researched and the most appropriate software libraries are selected to achieve

optimal implementation.

4.4.1Database

The following figure 4.5 shows the database tables for the website that was

designed. It contains several tables, including admin, customer, and customer

booking.

&350 Jaalt aaad) ol gl %) o g Hatanll a  dgsal
2ol 32,8 uif_general_ci InnoDB 1 L@ AR JedFe s g id oeA[F] admin [
2iil€ 37,8 utfd_general_ci InnoDB 3 Lo @ FLAR JodFe omd & df oelesd[F] o customer [_]
“ubs€ 16,0 utfe_general_ci InnoDB 7 Lid @ EARR JedFe e g fg oeled[F] iy customer_booking [

= 8 w=bisls 80.8 utf8_general_ci InnoDB 11 Egaamadl dsle 3

W 2ol ae Jal e gl |

Data dictionary & s=L= 2

Figure4. 5 Database Tables
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4.4.2 Login page

The following figure 4.6 shows the login page of the website, where you can
log in to the website using username and password.

Figure4. 6 Login Page

4.4.3 Main page

The following figure 4.7 shows the main interface of the site, through which

customer accounts and management accounts can be viewed, in addition to all
reservations.

Figure4. 7 Main Page
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4.4 4 Create an account

Figure 4.8 represents the interface for creating a customer account. Through
this interface, data is entered, including the full name, user name, and password.
The password is then confirmed, and the account is then created.

paienal) ausl

Figure4. 8 Create an account

4.4.5 The main interface for the customer account.

The following figure 4.9 shows the main interface of the customer account,

through which he can make a new reservation or view the history of his existing
reservations.

Figure4. 9 The main interface for the customer account.
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4.4.6 New reservation

The following figure 4.10 shows a new reservation made by the customer,

where the time and date are specified and the reservation is sent.

Jgaaall cagl - & X
‘n AATEETA

21:53 1 21:38 o

<8 gl

Figure4. 10 New reservation

4.4.7 Reservation request history.

Figure 4.11 below shows a history of reservation requests made by a
customer, showing the time, date, submission time, customer name, status, and QR

code.

Y G303 e Joe 0 <y

Figure4. 11 Reservation Request History
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4.4.8 Customer Information.

The following figure 4.12 shows the customer data, where the bank card data,

name, username, and password can be modified.

EW

Figure4. 12 Customer Information.
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4.5 Hardware Implementation

Implementing the system requires connecting the electronic components to
the RPI controller to program them to meet all the requirements of the smart car
wash system. The figure 4.13 shows how to connect the electronic components to
operate the system and ensure accurate readings and communication between

them.

Figure4. 13Connect The Electronic Components

4.6 Validation and testing

To ensure the smart car wash system operates efficiently and accurately
according to all design specifications, we conducted comprehensive verification
and testing of all system components. The goal was to verify that all hardware
components, software functions, and system interactions functioned correctly

under various operating conditions.
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4.6.1 Unit Testing:

Each hardware component (water pump, ultrasonic sensors, servo motors,
soap pump, controller, and relays) was tested to ensure proper operation and
accurate readings as show in figure 4.14. The unit was then linked to the software
unit by first booking online, then obtaining a QR code for each customer and

scheduling an appointment and time as show in figure 4.15.
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Figure4. 14 Hardware Testing
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Figured. 15 QR Testing

4.6.2 Software Testing:

At this stage a series of website tests were conducted to ensure its readiness
for actual use and compliance with all system requirements. The testing process
aims to verify performance and ease of use security and compatibility with various
devices and browsers. The following figure 4.16 illustrates the process of adding a
customer to the website by entering and saving their data and verifying the

completion of the addition.

admin e
FPCER PR IR

299K a1

Figure4. 16 Adding A Customer
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The following figure 4.17 illustrates the process of verifying the addition of a new

customer.

S id
Ay dada A2l 1"
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Figure4. 17 Verifying the Addition Customer

The following figure 4.18 illustrates the process of adding a new
administrator to the website by entering his data, saving it, and verifying that the

addition process is complete.

Figure4. 18 Adding A New Administrator
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The following figure 4.19 shows the customer search field in the reservation
requests being tested by entering the customer’s name and pressing the search

button to ensure that the search process is correct.

a5 Cn P e g
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Figure4. 19 Customer Search

Figure 4.20 shows a test of displaying the QR code for each customer in a new tab.

Figure4. 20 Displaying The QR Code
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4.6.3 Hardware Testing:

The following figure 4.21 shows how to test the ultrasonic sensor and obtain

different readings, in addition to starting or stopping the wash.
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Figured. 21 Ultrasonic sensor testing

The following figure 4.22 shows how the camera tests the QR code reading,
determining whether the code is recognized or not. If it is recognized, the QR code

value is given.
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Figure4. 22 Camera testing
The following figure 4.23 shows how to test the soap pump. The vehicle is

detected and then the soap pump is turned on.
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Figured4. 23 test the soap pump
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The following figure 4.24 shows how to test the start of the washing process,

where the presence of a vehicle is determined and then the washing process begins.
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Figure4. 24 test the start of the washing

System testing involves installing all components on the model and ensuring
that they work and perform as shown in the figure 4.25, which shows the conveyor

belt, the motors for movement, and the location of the pumps.

Figure4. 25 Hardware Testing
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4.7 Summary

In this chapter, we discussed implementation issues by identifying the
problems we faced during work. We also discussed how to implement the software
and hardware components, in addition to presenting the challenges we faced when

working on implementing the project.
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CHAPTER FIFTH : RESULTS AND DISCUSSION

5.1 Detailed analysis of the results/experiments

The results of the smart car wash project were analyzed based on a set of key
factors that form the foundation of the project, including mechanical, electronic,

and software aspects, to achieve optimal system performance. These include:

1) We manufactured a conveyor belt to move cars through the various wash

stages automatically and systematically as show in figure 5.1 .

Figure5. 1 Conveyor Belt
2) Two types of pumps were selected for water and soap, based on the
quantities they pump, as water is pumped in larger quantities than soap as

show in figure 5.2 .

Figure5. 2 Pumps in Belt
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3) The customer can log into their account and make a new reservation or view

their reservation records, as shown in the figure 5.3.

Figure5. 3 Customer Account

4) The following figure 5.4 shows the process of sending a reservation by the

customer, specifying the time and date.

Figure5. 4 Sending A Reservation

5) Ultrasonic sensors were installed at various points, one at the entrance and

the other at the car wash area.
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5.2 Justifications of the obtained results

The results obtained through the experiments are consistent with the project's
objectives and requirements for a smart car wash system as shows in figure 5.5.

Several justifications were obtained for the results, including:

1. A model of the project was designed using a bus bar mounted with
electronic components and pumps, and the bar's operation was verified to
be correct and accurate.

2. After testing a number of pumps two types were developed suitable for
water and soap based on the specified pumping quantities for each.

3. A website was designed to manage customer accounts and reservations
allowing the manager to select a suitable time and date for each customer.

4. Through study and analysis sensors were installed on the model based on
the performance of each sensor.

5. Based on multiple studies this system was developed in a meticulous and

effective manner to achieve all the desired objectives.

Figure5. 5 smart car wash system

54



5.3 Summary

This chapter presents the project results, demonstrating the system's ability to
efficiently manage the car washing process through accurate vehicle detection,
automated control of pumps and conveyor movement, and smooth user interaction
via the online booking platform. The integration of mechanical systems, sensors,
and web technologies has proven effective in building a reliable, user-friendly, and

scalable smart car wash solution.
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CHAPTER SIX: CONCLUSION AND FUTURE WORK

6.1 Conclusion

In conclusion our smart car wash project successfully achieved its primary
objectives by designing and developing a pre-booked car wash prototype that
automated the car wash process enhanced service efficiency and improved the
overall customer experience. By using a conveyor belt and ultrasonic sensors and
high-performance pumps connected to a Raspberry Pi microcontroller and creating
an online reservation website the system demonstrated high reliability reduced

resource consumption and provided a smooth and organized workflow.

The system addressed many of the problems faced by car wash operators, as
traditional systems lack pre-booking systems and customer time and appointment
management. Our project addressed all of these problems and challenges by

developing a prototype smart car wash system.

In addition to an easy-to-use website for both educated and uneducated people
a smooth and easy interactive interface has been designed to enable customers to

book a slot in the laundry by specifying a suitable time and date.

Despite the minor challenges we faced in ensuring optimal sensor
performance in all environmental conditions the project demonstrated the
feasibility and effectiveness of building a fully automated smart car wash service.
The system provides a scalable foundation for future improvements aimed at

increasing automation, sustainability and user convenience.
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6.2 Future work

Future work on the smart car wash system focuses on several key areas to

develop the project and increase its efficiency and effectiveness including:

1) Working to deploy the system on the largest possible scale enabling it to be
adopted in all car washes.
2) Adding more accurate and effective sensors to enhance the system's
capabilities for example use IR sensor .
3) Adding a notification feature to inform customers of upcoming car washes.
4) Developing a mobile phone application for pre-booking.
5) Developing the system to include artificial intelligence, such as automatic
vehicle recognition (truck or regular vehicle) for yolo library .
6) Adding a secure online payment system to enable customers to pay during

the reservation process.
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Appendix A
Raspberry code for the system (python code):

sudo apt-get install libzbare

pip3 install pyzbar pillow --break-system-packages
from pyzbar.pyzbar import decode

from PIL import Image

import requests

import sys

import time

try:
import RPi.GPIO as GPIO
except:
import RPI_virtual.GPIO as GPIO

try:
import picamera

except:
import RPI_virtual.picamera as picamera
#from RPI_virtual import picamera

# L. 23 GPIO
servo_pin = 18

relay_brush = 17
relay_pumpl = 27
relay_pump2 = 22

relay_conveyor = 23

ultrasonic_ultrasonicl_trig = 16
ultrasonic_ultrasonicl_echo = 20
ultrasonic_ultrasonic2_trig = 19
ultrasonic_ultrasonic2_echo = 26

# L. alae) GPIO
GPIO.setmode(GPIO.BCM)

GPIO.setup(servo_pin, GPIO.OUT)

GPIO.setup(relay brush, GPIO.OUT)
GPIO.setup(relay_pumpl, GPIO.OUT)
GPIO.setup(relay pump2, GPIO.OUT)
GPIO.setup(relay conveyor, GPIO.OUT)

GPIO.setup(ultrasonic_ultrasonicl trig, GPIO.OUT)
GPIO.setup(ultrasonic_ultrasonicl echo, GPIO.IN)
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GPIO.setup(ultrasonic_ultrasonic2_trig, GPIO.OUT)
GPIO.setup(ultrasonic_ultrasonic2_echo, GPIO.IN)

servo = GPIO.PWM(servo pin, 50) # 50Hz PWM

GPIO.output(relay_brush,1)#off
GPIO.output(relay_pumpl,l)#off
GPIO.output(relay pump2,1)#off
GPIO.output(relay_conveyor,1)#off

# daclua J) g0

def move_servo(angle):
duty = angle / 18 + 2
servo.start(0)
servo.ChangeDutyCycle(duty)
time.sleep(3)
servo.ChangeDutyCycle(9)

move_servo(90)

def read gr_code():

cam_index=0 # on PRI_real use @ or 1 just

with picamera.PiCamera(camera_num=cam_index) as camera:
camera.resolution = (640, 480)
#camera.start_preview()
#ttime.sleep(2)
camera.capture('qgrcode.jpg’)
#tcamera.stop_preview()

image = Image.open('qrcode.jpg')
decoded_objects = decode(image)

if decoded_objects:

return decoded objects[@].data.decode('utf-8")
else:

return None

def verify qr_code(qr_code_value):
url = "http://192.168.214.48/2025/student/project2025-
1/university/ppu/car-wash/web/CAR-WASH-web/api.php'

data = {'gqr_code': qr_code_value}
try:
response = requests.post(url, data=data)
print("response.text="+str(response.text))
if response.text.strip() == 'valid':
return True
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else:
return False
except requests.exceptions.RequestException as e:
print(f"Error connecting to server: {e}")
return False

def get_distance(trig, echo):

GPIO.output(trig, True)

time.sleep(0.00001)

GPIO.output(trig, False)

ultrasonicl _time = time.time()

stop_time = time.time()

while GPIO.input(echo) == 0:
ultrasonicl_time = time.time()

while GPIO.input(echo) == 1:
stop_time = time.time()

time_elapsed = stop_time - ultrasonicl_time

distance = (time_elapsed * 34300) / 2

return distance

try:
while True:
try:
qr_code_value = read_gr_code()
print("qr_code_value:"+str(qr_code_value))
if gr_code_value:
if verify gr_code(qgr_code value):

print("QR code valid. Opening servo.")
move_servo(9)
GPIO.output(relay_conveyor,0)#on

ultrasonicl_distance = 999
while ultrasonicl distance>10:
ultrasonicl distance =
get_distance(ultrasonic_ultrasonicl_trig, ultrasonic_ultrasonicl_echo)
time.sleep(0.5)
print("ultrasonicl_distance:"+str(ultrasonicl_distan

ce))

GPIO.output(relay conveyor,1)#off
move_servo(90)

print("sabon start.")
GPIO.output(relay pumpl, ©)#on
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time.sleep(5)
GPIO.output(relay pumpl, 1)#off
print("sabon complete.")

GPIO.output(relay_brush, @)#on
GPIO.output(relay_conveyor,@)#on

ultrasonic2_distance=999
while ultrasonic2_distance>10:
ultrasonic2 distance =
get_distance(ultrasonic_ultrasonic2_trig, ultrasonic_ultrasonic2_echo)
time.sleep(9.5)
print("ultrasonic2_distance:"+str(ultrasonic2_distan

ce))

GPIO.output(relay brush, 1)#off

GPIO.output(relay_conveyor,1)#off

print("Washing start.")
GPIO.output(relay_pump2, ©)#on
time.sleep(5)
GPIO.output(relay_pump2, 1)#off
print("Washing complete.")

#:===========================

#============================5

GPIO.output(relay_conveyor,9)#on

time.sleep(2)

GPIO.output(relay conveyor,1l)#off

#::==========================
else:

print("QR code invalid or this booking out of datetime
or Finish.")
else:
print("No QR code detected.")
except KeyboardInterrupt:
print("\nProgram interrupted by user.")
break # stop loop

time.sleep(2)
except Exception as e:
print(f"Unexpected error: {e}")
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finally:
GPIO.cleanup()
print("GPIO cleaned up. Program terminated.")
sys.exit(®)

Appendix B
Code QR Screen (PHP Code):

<IDOCTYPE html>
<html lang="ar">
<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-
scale=1.0">
<title>QR Code Generator</title>
<style>
body {
display: flex;
justify-content: center;
align-items: center;
height: 100vh;
margin: 0;
background-color: #f4f4f4;
}
.qr-container {
text-align: center;
padding: 20px;
background: white;
box-shadow: @px 4px 1@px rgba(e, 0, 0, 0.1);
border-radius: 10px;
}
</style>
</head>
<body>

<div class="qr-container">
<?php
if (isset($_GET['data']l)) {

$data = urlencode($ _GET['data']);

$svg = file get contents("https://api.qgrserver.com/vl/create-
gr-code/?data={¢$data}&size=200x200&format=svg");

echo $svg;
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} else {
echo "<p>elidy by Hé bl QR Code</p>";
¥
?>
</div>

</body>
</html>

Appendix C

Booking Code (PHP Code):

<?php
include "chech_auth.php";

$return_data=array();

$customer_id=intval($_SESSION[ 'user_id']);

if (isset($_REQUEST['action']) && $ REQUEST['action'] ==
"save_booking')

{

$wash_date = mysqli real escape_string($connect,$ POST['wash_date']);
$wash_time = mysqli_real escape_string($connect,$ POST[ 'wash_time']);

$wash_date = $_POST['wash_date']; // 4asa saallm)li 'Y-m-d'
$wash_time = $ POST['wash_time']; // dra jsaaallcdgll "Hii:s'

$sql = "SELECT COUNT(*) AS total bookings
FROM " customer_booking”
WHERE TIMESTAMP(wash_date, wash_time)
BETWEEN TIMESTAMP('$wash_date', '$wash_time') -
INTERVAL 15 MINUTE
AND TIMESTAMP('$wash_date', '$wash_time') +
INTERVAL 15 MINUTE";

$result = mysqli_query($connect, $sql);
$row = mysqli fetch assoc($result);
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$this_time_wash_count = $row['total_bookings'];

if ($this_time wash_count >= 3)

{
$return_data["status"] = "error";
$return_data["note"] = "4l Jsasll & Dl gaall Ge mdVlasll Y A A"
echo json_encode($return_data);
exit();
}
/[ ===========================

$serial QR=bin2hex(random_bytes(20));

$sql="INSERT INTO customer_booking

(wash_date,wash_time, customer_id,serial QR)

VALUES

('$wash_date', '$wash_time',$customer_id, '$serial QR')";

$insert = mysqli_query($connect, $sql);

if($insert)

{
$return_data["status"]="ok";
$return_data["note" ]="zlu jaall "
echo json_encode($return_data);
exit();
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Appendix D

Code to receive data from Raspberry (PHP Code):

<?php

include "config.php";

date default timezone set('Asia/Jerusalem');

$qr_code_value = $connect->real escape_string($_POST['qr_code']);

$current_date = date('Y-m-d');
$current_time = date('H:i:s');

// SQL: delu jaall gy jmall ciy o Jall gl of g asall Za U5 s g il Gf (38
$sql = "SELECT * FROM customer_booking

WHERE serial QR = '$gr_code_value'

AND status =1

AND wash_date = '$current_date’

AND TIME('$current_time') BETWEEN wash_time AND
ADDTIME(wash_time, '©1:00:00')";

/] <ile b 2Sxin) e
file_put_contents("output.debug", "$sql\n", FILE_APPEND);

$result = $connect->query($sql);

if ($result && $result->num_rows > 0) {
echo 'valid';

[/ i) AN Guaast
$update_sql = "UPDATE customer_booking SET status = 2 WHERE

serial QR = '$gr_code_value'";
$connect->query($update_sql);

} else {

echo 'invalid';
}
?>
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