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ABSTRACT

This project presents the design and implementation of a smart voice-activated elevator system
that enables hands-free control and improves accessibility for users, including individuals with
physical limitations. The system is developed using an ESP32 microcontroller, which integrates
with an ultrasonic sensor to detect the presence of a user and initiate the voice control process.
Upon detection, the system records the user's voice input, which is then transmitted to a web-based
application for transcription. The recognized command is processed and translated into elevator

control actions such as floor selection and movement initiation.

A relay-controlled Direct Contact (DC) motor simulates the elevator cabin's movement, while a
directional logic interface governs the motor's rotation—clockwise or anticlockwise—based on
the intended floor. Additional components such as Light Emitting Diode (LED) provide user
feedback and interface flexibility. The design emphasizes safety, hygiene, and modern control by
eliminating the need for physical button presses. Integration of embedded systems, Internet of

Things (IoT) communication, and real-time sensor input demonstrates the system’s practical

applicability in smart infrastructure.

The final prototype was tested in a simulated environment, and the results confirm that the system
successfully detects user presence, captures and processes voice commands, and controls elevator
movement accordingly. This project contributes to the advancement of intelligent automation in

public infrastructure, offering a scalable and adaptable solution for smart building.
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CHAPTER ONE: INTRODUCTION
1.1 BACKGROUND

Elevators are an integral part of modern infrastructure, providing vertical transportation in
buildings ranging from small residential units to large commercial complexes. Traditionally,
elevators rely on button-based control systems, which can be inconvenient and unhygienic in
hightraffic environments. With advancements in technology, there is a growing interest in
voicecontrolled systems that can provide hands-free operation, improve accessibility for people

with disabilities, and enhance user experience.

Elevator systems have undergone significant evolution since their inception. Early elevators were
manually operated, requiring physical labour to move between floors. The advent of electric
motors and control systems transformed elevators into automated systems, allowing for more
efficient and reliable vertical transportation. However, the core mechanism of button-based control
has remained largely unchanged, posing challenges in terms of accessibility for disabled people
and hygiene, especially in high-traffic buildings such as hospitals, shopping malls, and office

complexes.

The integration of smart technologies in elevator systems aligns with the current trend of the
Internet of Things (IoT) and smart building solutions. Smart elevators equipped with advanced
features such as voice command touchless controls, and real-time monitoring can significantly
improve the safety, efficiency, and user experience of building occupants. By leveraging these
technologies, buildings can become more adaptive to the needs of their users, providing a seamless

and intuitive interaction with the environment.

During an attachment period at Liftech Elevators, an elevator company, it was discovered that very
few individuals in Zimbabwe possess the expertise to modernize old elevator systems. This lack
of expertise results in many outdated and inefficient elevator systems remaining in use, which can
lead to increased maintenance costs, safety concerns, and reduced user satisfaction. The

introduction of smart elevator systems in Zimbabwe has the potential to not only modernize




existing infrastructure but also to provide opportunities for local engineers and technicians to
acquire new skills and knowledge in advanced elevator technologies.

Voice recognition technology has advanced significantly in recent years, with improvements in
accuracy and reliability. This technology enables machines to understand and respond to spoken
commands, making it an ideal solution for applications where hands-free operation is desirable. In
the context of elevator systems, voice commands can provide a more accessible and hygienic
alternative to traditional button-based controls, particularly benefiting individuals with mobility

impairments or those who need to avoid physical contact with surfaces in public spaces.

The project seeks to enhance the overall user experience, improve accessibility, and provide a
modern solution that aligns with the global trends in smart building technologies. Additionally, the
project will serve as a valuable learning experience for the engineers involved, equipping them

with the knowledge and skills needed to modernize elevator systems in Zimbabwe and beyond.

1.2 PROBLEM STATEMENT

Current elevator systems often demand physical interaction, posing significant challenges in busy
settings like office buildings and hospitals. For individuals with mobility impairments, traditional
controls can be difficult to operate, thus undermining accessibility. Additionally, these systems
lack the flexibility and convenience of smart technologies. In Zimbabwe, limited expertise in
modernizing older systems worsens these issues, leaving many elevators outdated and inefficient.
This situation highlights an urgent need for innovative solutions to improve accessibility, hygiene,

user experience, and modernization efforts.

1.3 AIM

The aim of this project is to design and implement a smart voice-activated elevator system that
enables hands-free control and enhances user convenience whilst seeking to provide insights into

elevator modernization techniques to bridge the existing knowledge gap.




1.4 OBJECTIVES

1. To design and implement an ultrasonic sensor interface with a microcontroller for user

detection.

2. To develop a user interface capable of taking voice commands for elevator operation.

w

To develop a system that moves elevator car up and down.
4. To integrate the elevator system functions for complete functionality.

1.5 PROBLEM SOLUTION

The proposed solution is a smart elevator system operated via voice commands. It utilizes an
ESP32 microcontroller interfaced with an ultrasonic sensor to detect user presence, a voice
recognition platform to capture spoken commands, and a transcription system to convert these
commands into text for display. The microcontroller processes the commands and activates the
elevator motor, enabling movement to the desired floor. This hands-free system improves
accessibility and hygiene and serves as a scalable model for modernizing outdated elevator systems

using smart technologies. This is shown by the block in Figure 1.1.
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Figure 1.1: block diagram of the proposed solution to problem statement.

Figure 1.1 how the general block diagram of the touchless voice activated elevator system which

is mainly applicable to handicapped people.

1.6 CONCLUTION

The development of a smart voice-activated elevator system represents a significant step toward
modernizing traditional vertical transportation methods. By leveraging voice commands and
Internet of Things (loT) technologies, the proposed solution aims to provide a more accessible,
hygienic, and user-friendly alternative to conventional elevator controls. The implementation of
this system addresses existing limitations and aligns with the vision of creating smarter and more
efficient building infrastructure. Additionally, this project serves as a learning platform for

acquiring essential skills and knowledge required for elevator modernization, addressing a critical

gap in expertise within Zimbabwe.




CHAPTER TWO: LITERATURE REVIEW
2.1 INTRODUCTION

This chapter provides a comprehensive overview of existing research and technologies relevant to
the development of a smart voice-activated elevator system. It explores previous and current
research on elevator control systems, focusing on different control methods and operational
strategies. Furthermore, this chapter delves into the theoretical underpinnings of each key
component employed in the design, including the ESP32 microcontroller, DC motor, relay, and

ultrasonic sensor.

2.2 PREVIOUS AND CURRENT RESEARCHES ON ELEVATORS
Elevators have experienced significant technological advancements since their inception, evolving
from basic manual systems to sophisticated, computer-controlled mechanisms. These innovations

have been driven by the need for safety, efficiency, and user convenience [1].

2.2.1 Evolution of elevator systems

Early elevator systems were rudimentary, relying on basic pulley mechanisms that required manual
operation by an attendant to control the car's movement [1]. These systems were prone to accidents
and inefficiencies due to human error. The introduction of mechanical and electrical systems in the
late 19th and early 20th centuries marked a turning point, significantly enhancing safety and
operational efficiency. Innovations such as the safety brake, invented by Elisha Otis, laid the

foundation for modern elevators [2].

2.2.2 Traditional elevator control systems
Traditional elevator control systems have evolved over time, with relay-based and Programmable
Logic Controllers (PLCs) -based systems being the most common. These systems laid the

groundwork for modern elevator technologies but had several limitations.

2.2.2.1 Relay-Based Systems
Relay-based control systems emerged in the mid-20th century, employing electromechanical

relays for operational control. These systems were reliable for their time but posed challenges such




as high maintenance requirements and limited scalability [3]. Despite their limitations, relay-based

systems were pivotal in automating elevator operations.
Advantages:

* Reliability: Relay-based systems were robust and could handle high current loads, making
them suitable for early elevator systems [3].
« Simplicity: The design of relay-based systems was straightforward, making them easy to

understand and implement.

Disadvantages:

» High Maintenance: Relays are mechanical components that wear out over time, requiring
frequent maintenance.
« Limited Flexibility: Relay-based systems are not easily scalable or adaptable to new

technologies, making them obsolete in modern applications.

2.2.2.2 Programmable Logic Controller (PLC)-Based Systems
Programmable Logic Controllers (PLCs) represented a paradigm shift, offering enhanced

functionality, flexibility, and reliability. Programmable Logic Controllers (PLCs) enabled the
incorporation of complex logic into elevator systems, allowing for precise control and better
integration with safety mechanisms. Programmable Logic Controllers (PLCs) continue to be
widely used in industrial and commercial elevators due to their robustness [4].

Advantages:

* Flexibility: Programmable Logic Controllers (PLCs) can be reprogrammed to adapt to new
requirements, making them more versatile than relay-based systems [5].
» Integration: Programmable Logic Controllers (PLCs) can easily integrate with other

building management systems, providing a more cohesive control environment.

Disadvantages:

» Cost: Programmable Logic Controllers (PLCs) are more expensive than relay-based

systems, which can be a barrier for smaller projects.
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+ Complexity: Programming and maintaining Programmable Logic Controllers (PLCs)

require specialized knowledge, which can increase operational costs.

2.2.3 Modern elevator control systems
Modern elevator control systems have embraced advanced technologies such as microcontrollers,

Al, and voice recognition, offering enhanced performance, safety, and user experience.

2.2.3.1 Microcontroller-Based Systems

The development of microcontrollers ushered in a new era of compact, efficient, and intelligent
elevator systems. Microcontrollers facilitate advanced features such as energy optimization,
realtime monitoring, and seamless integration with building management systems [6]. Their

adaptability has made them a cornerstone of modern elevator design [7].
Advantages:

* Energy Efficiency: Microcontrollers can optimize energy consumption by controlling
motor speed and reducing idle time.
* Real-Time Monitoring: Microcontrollers enable real-time monitoring of elevator

performance, allowing for predictive maintenance and improved safety.

Disadvantages:

« Limited Processing Power: Microcontrollers may struggle with complex algorithms or
large datasets, limiting their use in advanced Al applications.
 Scalability: While microcontrollers are suitable for small to medium-sized systems, they

may not be ideal for large-scale applications.

2.2.3.2 Artificial Intelligence (Al) and Machine Learning (ML) Integration
Recent research has focused on employing Artificial Intelligence (Al) and Machine Learning (ML)

to enhance elevator performance. Artificial Intelligence (Al) algorithms predict passenger traffic
patterns, optimize elevator scheduling, and improve energy efficiency. Machine Learning (ML)
techniques are also used for predictive maintenance, reducing downtime by identifying potential
failures before they occur. Personalized ride experiences, such as targeted advertising and

individual preferences, are increasingly being incorporated into elevator designs [8].
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Advantages:

» Predictive Maintenance: Artificial Intelligence (Al) and Machine Learning (ML) can
predict equipment failures before they occur, reducing downtime and maintenance costs.
« Energy Optimization: Al algorithms can optimize elevator scheduling to reduce energy

consumption during low-traffic periods.

Disadvantages:

« Complexity: Implementing Artificial Intelligence (Al) and Machine Learning (ML)
requires significant computational resources and expertise, which can be costly.
« Data Dependency: Artificial Intelligence (Al) systems rely on large datasets for training,

which may not always be available or accurate.

2.2.3.3 Voice-activated system
The integration of voice control technology is a significant advancement in elevator systems,
aligning with the broader trend of smart, user-centric interfaces. Voice-controlled elevators use

sophisticated speech recognition algorithms to interpret verbal commands and execute them [9].

Advantages:

» Accessibility: Voice-activated systems provide a hands-free alternative, making elevators
more accessible for individuals with disabilities [10].
» Hygiene: Voice control reduces the need for physical contact with buttons, which is

particularly beneficial in high-traffic environments.

Disadvantages:

« Accuracy: Voice recognition systems may struggle with accents, background noise, or
unclear speech, leading to errors [10].
» Security: Voice-activated systems may be vulnerable to spoofing or unauthorized access,

requiring robust security measures.
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2.2.4 Existing Voice-activated elevator systems

The integration of voice recognition technology into elevator systems is a modern trend aimed at
improving accessibility and reducing physical contact with control panels. Several commercial and
research-based systems have explored this concept. For instance, companies like Mitsubishi
Electric and Schindler have developed smart elevators that recognize voice commands and operate
accordingly. Mitsubishi’s system allows passengers to select floors through natural voice

interaction [11].

Commercial solutions, however, are often proprietary and costly. They require complex
infrastructure and are designed for large-scale commercial buildings. These systems are not
opensource, making them difficult to adapt for educational purposes or small-scale use. Most are

continuously listening, which consumes more energy and may lead to unintentional activation [12].

Academic projects, on the other hand, have implemented simpler voice-controlled systems using
offline voice modules like the Elechouse V3 with Arduino or ESP32. These systems often support
a small set of predefined voice commands and do not connect to the internet [13]. While affordable
and useful for demonstrations, such systems lack flexibility, accuracy in noisy environments, and

cannot be remotely monitored.

2.3 PROJECT COMPONENTS

2.3.1 MICROCONTROLLERS

Microcontrollers are compact integrated circuits designed to perform specific control tasks in
embedded systems. They integrate a processor, memory, and input/output peripherals into a single
chip. Microcontrollers are widely used in automation, robotics, and 10T applications due to their

efficiency and flexibility [14].
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2.3.1.1 ESP32

Figure 2.1: image of an ESP32 microcontroller used in the project.

Figure 2.1 is of an ESP32 that has been widely adopted in various Internet of Things (l1oT) and
smart applications due to its robust performance and integrated wireless capabilities. Research
highlights the ESP32's ability to handle complex tasks in real-time, making it suitable for
applications such as smart home automation, industrial monitoring, and wearable devices. The
dual-core architecture of the ESP32 allows for efficient multitasking, enabling the microcontroller
to manage multiple sensors and actuators simultaneously without significant performance
degradation [15].

In the context of elevator systems, the ESP32 can be used to implement advanced features such as
real-time monitoring, remote control, and predictive maintenance. Studies have demonstrated the
effectiveness of the ESP32 in integrating with building management systems, providing seamless
communication between elevators and other smart building components. The ESP32's ability to
support both Wi-Fi and Bluetooth communication protocols makes it a versatile choice for modern

elevator systems that require connectivity and interoperability with other smart devices [16].
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Application in Voice-Activated Elevator Systems

The ESP32 is particularly effective in implementing voice-controlled interfaces due to its ability
to interface with external voice recognition modules or cloud-based APIs. In a voice-activated
elevator system, the ESP32 processes input commands either locally through modules such as the
Elechouse Voice Recognition V3 or remotely via Wi-Fi using services like Assembly Al. Once
commands are interpreted, the ESP32 coordinates elevator movement by controlling motors,
relays, and sensors. Its GPIOs allow it to connect seamlessly to ultrasonic sensors for proximity
detection and limit switches for floor level calibration. This makes the ESP32 central to
synchronizing voice input with physical elevator actions, ensuring accurate and responsive control
in real time. It is thus a key component in creating a responsive, energy-efficient, and user-friendly

elevator prototype based on voice commands [17].
Working Principle of ESP32 and Features

At the heart of the ESP32 is a dual-core Tensilica Xtensa LX6 microprocessor, operating at up to
230 MHz. This dual-core setup supports multitasking, allowing the ESP32 to handle multiple
threads—such as motor control, sensor monitoring, and network communication—concurrently
without performance compromise. This makes it suitable for real-time control in elevator systems

where input, processing, and mechanical response must happen with minimal latency [16].

The microcontroller integrates both Wireless Fidelity (Wi-Fi) (802.11 b/g/n) and Bluetooth
4.2/BLE, enabling seamless communication with smartphones, servers, or other Internet of Things
(10T) devices. Its wireless connectivity is essential in this voice-based elevator system, where the
ESP32 communicates with a web application to receive commands over Wireless Fidelity (Wi-
Fi).

Additionally, the ESP32 supports several low-power operating modes, making it ideal for
energyefficient designs. Features such as deep sleep and light sleep can be employed during idle
states (when no commands are issued) to save power while retaining wake-up responsiveness

through sensors or network triggers [16].

ESP32 Pin Description:
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The ESP32 WROOM module is a powerful microcontroller with numerous pins that serve various
functions. Here is a detailed pin description for the ESP32 WROOM module.
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Figure 2.2: ESP32 Pin description

1. Power Supply Pins [4]:
* VVCC (3.3V): This pin provides the operating voltage for the ESP32 WROOM module. It
should be connected to a stable 3.3V power source.
» GND (Ground): These pins are connected to the ground of the power supply.
2. GPIO Pins (General Purpose Input/Output):
» The ESP32 WROOM module features multiple GPIO pins that can be conFigured as
digital input or output.

« These pins are used for interfacing with sensors, actuators, and other external devices.
« Each GPIO pin can be individually controlled and ‘conFigured’ using software.

3. Analog Pins:
. The ESP32 WROOM module includes several analog input pins that support
analog-to digital conversion (ADC). Figure 2.7: ESP 32 Pin Description
. These pins are used for reading analog signals from sensors such as temperature

sensors, light sensors, and potentiometers.

16




UART Pins:

*« UART (Universal Asynchronous Receiver/Transmitter) pins are used for serial
communication.

» The ESP32 WROOM module features multiple UART interfaces for communicating with

other microcontrollers, computers, or peripherals.

. SPI Pins:

« SPI (Serial Peripheral Interface) pins facilitate high-speed serial communication between
the ESP32 and external devices such as displays, SD cards, and other microcontrollers.

» The ESP32 WROOM module supports multiple SP1 interfaces with configurable clock
rates and data formats.

12C Pins:

* 12C (Inter-Integrated Circuit) pins enable communication with devices using the 12C
protocol.

» The ESP32 WROOM module supports both 12C master and slave modes, allowing it to
interface with a wide range of 12C-compatible sensors, displays, and peripherals.

PWM Pins (Pulse-Width Modulation):

« PWM pins allow the generation of analog-like signals with varying duty cycles.

* These pins are commonly used for controlling the brightness of LEDs, the speed of
motors, and other applications requiring analog voltage control.

Bootstrapping Pins:

* Bootstrapping pins are used during the boot process to ‘conFigure’ various boot modes
and settings of the ESP32 WROOM module.

» These pins are typically pulled high or low using external resistors to select different boot

configurations.

External Interrupt Pins:

. External interrupt pins allow the ESP32 WROOM module to respond to external
events or signals with minimal latency.

. These pins can trigger interrupt service routines (ISRs) in response to changes in

signal levels, allowing for real-time event handling.
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Understanding the pinout and functionality of the ESP32 module is essential for designing and

implementing various 10T projects and applications.

Significance in Internet of Things (1oT) Access Control and Automation:

In loT-based access control and automation systems, the ESP32 offers several advantages. Its
embedded wireless connectivity allows it to connect with online authentication platforms, voice
processing services, and cloud databases. For voice-controlled applications, the ESP32 can act as

the client node receiving secure, user-authenticated commands from a cloud interface.

This model enhances traditional access control systems by incorporating natural language
interfaces, reducing the need for manual button inputs, and improving accessibility for users with
disabilities. Furthermore, the ESP32's ability to communicate with other microcontrollers,
databases, and cloud APIs makes it a powerful enabler of modular, scalable systems that combine

security, control, and user interaction [15].

In this voice-controlled elevator system, the ESP32 enables users to access and control floor
selection through a contactless and intuitive web-based voice interface, meeting modern

expectations of accessibility, hygiene, and smart automation.

Advantages:

» Dual-Core Processing: Supports concurrent management of sensor input, motor output, and
web-based communication.

» Integrated Wireless Connectivity: Enables interaction with cloud services and web apps.
» Low Power Operation: Suitable for energy-efficient embedded systems.

» Extensive Peripheral Support: Compatible with a wide range of sensors, relays, and drivers.
Disadvantages:

» Software Complexity: Requires advanced programming for multi-threading and web
communication,
» Power Management Challenges: May require additional circuitry for robust battery

management.
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* Higher Cost: More expensive than simpler MCUs like the Arduino UNO. 2.3.1.2

ARDUINO UNO

Figure 2.3: image of an Arduino Uno microcontroller.

Microcontrollers like the Arduino Uno, as shown in Figure 2.3, have been extensively used in
elevator systems for their ability to integrate multiple sensors and actuators. Studies have shown

that microcontroller-based systems offer real-time control, energy efficiency, and scalability [18].

In elevator systems, the Arduino Uno is often used to interface with sensors (e.g., ultrasonic
sensors), motor drivers, and displays, enabling precise control of elevator movement and user

interaction [19].

Design and Operation:

The board features a simple and well-defined layout with clearly labeled components, making it
easy to understand and work with. The Universal Serial Bus (USB) connection provides both

power and a communication interface for programming and data transfer. The Arduino IDE, a
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user-friendly integrated development environment, simplifies the process of writing and uploading

code to the microcontroller [19].

Working Principle of Arduino Uno V3

The Arduino UNO V3 is a widely used open-source microcontroller board based on the
ATmega328P microcontroller. It operates by reading inputs such as signals from sensors, buttons,
or serial communication and executing programmed instructions to produce corresponding
outputs, such as activating LEDs, motors, or sending data through serial ports. At the core of the
UNO V3 is the ATmega328P, an 8-bit AVR RISC-based microcontroller with 32 KB of flash
memory, 2 KB SRAM, and 1 KB EEPROM, capable of operating at a clock speed of 16 MHz [1].

The working cycle of the Arduino UNO involves a fetch-decode-execute mechanism. When
powered on and programmed via the Arduino Integrated Development Environment (IDE), the
ATmega328P continuously reads the program code stored in its flash memory. It fetches each
instruction, decodes it into actionable operations, and then executes it accordingly. For instance, if
the code reads an input from a proximity sensor and turns on an Light Emitting Diode (LED) when
an object is detected, the microcontroller will execute these steps repeatedly in its main loop
function [19].

The board features 14 digital input/output pins (of which 6 can be used as Pulse Width Modulation
(PWM) outputs), 6 analog inputs, and support for serial communication protocols such as
Universal Asynchronous Receiver/Transmitter (UART), Serial Peripheral Interface (SPI), and
Inter-Integrated Circuit (12C). These features allow it to interface with a wide variety of external
modules and components. For example, in embedded systems such as an elevator control system,
it can read signals from floor switches or sensors and send commands to a motor driver to control
the elevator’s movement [18].

The Arduino UNO V3 also includes a Universal Serial Bus (USB) interface via the ATmegal6U2
microcontroller, which allows it to be connected to a computer for programming and serial

monitoring. When a sketch (Arduino program) is uploaded through the Arduino IDE, the Universal
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Serial Bus (USB)-serial converter uploads the compiled code into the microcontroller’s flash
memory. Once uploaded, the Arduino executes this code autonomously without needing a constant

connection to the computer [18].

Additionally, the board includes features such as a 5V voltage regulator, a 3.3V supply pin, a reset
button, and ICSP headers, enabling both beginners and advanced developers to experiment with
embedded control systems. Its simplicity, reliability, and wide support community have made it a

foundational platform in electronics prototyping and educational environments [19].

Advantages:

» Ease of Use: Simple to program and integrate with other components.
» Versatility: Supports a wide range of sensors and actuators.
» Cost-Effective: Affordable and widely available.

Disadvantages:

» Limited Processing Power: Not suitable for computationally intensive tasks.
» Limited Memory: Limited flash memory and SRAM for complex applications.

2.3.1.4 CONCLUSION

The ESP32 microcontroller was chosen as the primary control unit. Its dual-core processing, builtin
Wireless Fidelity (Wi-Fi) and Bluetooth, and a wide array of General Purpose Input/Output (GPIO)
and communication interfaces make it ideal for handling simultaneous tasks such as user presence
detection, voice command recognition, motor control, and display updates. While the Arduino Uno
was initially considered for its simplicity and accessibility, the project ultimately required more
advanced processing capabilities, seamless wireless connectivity, and support for real-time
multitasking.

The use of a web-based voice command interface in the system introduced the need for reliable
internet connectivity, cloud communication, and handling asynchronous data capabilities that the
ESP32 can support natively through its integrated Wireless Fidelity (Wi-Fi) stack. This eliminated

the need for additional modules, reducing hardware complexity while enabling dynamic control
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through browser-based voice input. The ESP32’s ability to interface directly with REST APIs and
support HTTP protocols was a key enabler in linking the voice-controlled web app to the elevator’s

physical control system.

In summary, the ESP32 was selected for its superior performance, flexibility, and alignment with
the project's goals of touchless operation, modern smart infrastructure integration, and enhanced
accessibility for all users. Its adoption empowers the system with cloud connectivity, real-time
responsiveness, and modular expansion potential, making it a scalable solution for future smart

building applications.

2.3.2 ELECTRIC MOTORS

Electric motors are critical components in elevator systems, responsible for the movement of the
elevator car between floors. The selection of the appropriate motor type depends on factors such
as precision, load capacity, and energy efficiency. In the context of a smart voice-activated elevator
system, the choice of motor directly impacts the system's performance, safety, and user experience
[20].

2.3.2.1 STEPPER MOTORS

Figure 2.4: image of a stepper motor
Figure 2.4 is an image of a Stepper motor which is widely used in elevator systems due to its high

positional accuracy and ability to move in discrete steps. These motors are particularly useful in
applications that require exact and repeatable positioning, such as stopping elevator cars precisely

at specific floor levels [21]. In this project, stepper motors were initially considered for their ability
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to translate user voice commands into precise vertical movement of the elevator. This level of
precision would be advantageous in a voice-activated system, where trust in accurate execution is

essential for usability and safety.

Design and Operation:

Stepper motors operate based on the principles of electromagnetism, where the rotor (typically a
permanent magnet or soft iron core) rotates incrementally as the stator windings are energized in
a specific sequence. Each pulse from a control circuit moves the rotor by a fixed angle, which
defines the motor’s step size. These pulses are typically generated by a motor driver, such as the
A4988 or ULN2003, which interfaces with the control microcontroller [21].

In earlier design stages of this project, the Arduino Uno V3 was proposed to drive the stepper
motor via pulse signals. However, with the final implementation using the ESP32, the
microcontroller's real-time multitasking capabilities and extensive General Purpose Input/Output
(GPIO) options would allow it to control a stepper driver just as effectively, if not more efficiently.
Additionally, the ESP32’s integrated Pulse Width Modulation (PWM) functionality and timers
could enable precise control of pulse frequency and direction, which is crucial for smooth stepper

motor operation [20].

Advantages

» Precision: Stepper motors offer excellent positional accuracy, making them ideal for fine
adjustments in elevator systems.

» Ease of Control: They are simple to control using microcontrollers and do not require
feedback systems.

» Durability: Stepper motors have fewer wear-and-tear components, increasing their
lifespan.

Disadvantages

» Limited Torque: Stepper motors provide lower torque compared to Direct Current (DC)

motors, which could be a limitation if the elevator car is heavily loaded.
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« Power Consumption: These motors consume power even when holding a position, reducing

overall energy efficiency.

2.3.2.2 DIRECT CURRENT (DC) MOTORS

Figure 2.5: image of a DC motor used in this project for elevator car movement.

Figure 2.5 is a DC motor which is a common choice in elevator applications due to their high
torque output, smooth continuous rotation, and relatively simple control circuitry. In this project,
a Direct Current (DC) motor is used to drive the elevator car, selected specifically for its ability to

handle moderate vertical loads and provide stable, uninterrupted motion between floors [22].

Design and Operation:

Direct Current (DC) motors are electromechanical devices that convert direct current electrical
energy into mechanical rotational motion. They are widely used in automation systems due to their
simplicity, reliability, and ability to deliver high starting torque. In elevator systems, Direct Current
(DC) motors are particularly favoured for their ability to produce smooth and continuous rotation,
which is essential for safely moving the elevator car between floors [20].

The fundamental operating principle of a Direct Current (DC) motor is based on Lorentz force—
when a current-carrying conductor is placed in a magnetic field, it experiences a force
perpendicular to both the field and the current. A typical Direct Current (DC) motor consists of a
stator, which provides a constant magnetic field, and a rotor (or armature), which carries the

windings through which current flows. The interaction between the magnetic field and the electric
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current generates rotational torque. The commutator and brushes work together to reverse the
direction of current at each half-turn, ensuring continuous rotation of the motor in a single direction
[22].

In automated control systems like smart elevators, the Direct Current (DC) motor’s operation is
governed through switching components such as relays, transistors, or MOSFETS, or via motor
driver circuits. These interfaces allow low-power microcontrollers to switch the high-current
required by motors. For bidirectional movement, a circuit known as an H-bridge is commonly
used, enabling the motor's terminals to be reversed, thus changing the direction of rotation. Control

signals from the microcontroller determine the motor’s direction and activation state.

Speed control in Direct Current (DC) motors can be achieved using pulse-width modulation (Pulse
Width Modulation (PWM)). By varying the duty cycle of the voltage applied to the motor, the
average power delivered is adjusted, which in turn controls the motor's rotational speed. Position
control can be managed using feedback devices such as limit switches, optical encoders, or
ultrasonic sensors, which inform the control system when the elevator car has reached a desired
floor. This is particularly important in voice-controlled elevator systems, where real-time
command execution and stopping accuracy are essential to maintain system reliability and user
confidence [22].

Advantages:

* High Torque: DC motors can handle heavier loads, making them suitable for elevator
systems.

» Cost-Effective: These motors are less expensive compared to stepper motors.
* Smooth Operati2on: DC motors provide smoother movement, which is beneficial for

maintaining system stability.

Disadvantages:

» Lower Precision: Unlike stepper motors, DC motors may require additional sensors (e.g.,

encoders) for precise control.
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* Maintenance: The presence of brushes and commutators increases the need for

maintenance.

2.3.2.3 CONCLUSION
Direct Current (DC) motors were chosen for this project due to their high torque, smooth operation,
and cost-effectiveness, making them ideal for driving the elevator car. While stepper motors offer
excellent precision, their limited torque and higher power consumption made them less suitable
for this application. The Direct Current (DC) motor's ability to handle the required load and provide

reliable performance made it the preferred choice.

2.3.3 SENSORS

Sensors are fundamental components in modern elevator systems, playing a crucial role in motion
control, user safety, access detection, and system automation. In smart elevator designs,
particularly those integrating voice activation and automated access control, sensors enable

realtime feedback and context-aware responses.

2.3.3.1 HC-SR04 ULTRASONIC SENSOR

Figure 2.6: image of an HC-SR04 Ultrasonic sensor used in the project for user detection.

Figure 2.6 shows an ultrasonic sensors, a type of non-contact sensor that utilize ultrasonic sound
waves to detect the presence, distance, or movement of an object. They have gained widespread
use in industrial automation, automotive safety systems (e.g., parking assist), robotics, and

increasingly in smart building technologies, such as elevator automation and user detection
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systems. Their ability to detect objects without physical interaction makes them ideal for hygienic,

touchless, and real-time applications [23].

Application in User Detection Systems

In the context of elevator systems, ultrasonic sensors are employed to detect the presence of users
waiting at the elevator entrance or standing near the door. This enables the elevator system to
automatically prepare for engagement such as activating the interface, opening the doors, or
awaiting voice commands without requiring manual input like pressing a button. This touch-free
mechanism enhances both accessibility and sanitation, especially in environments with high user

traffic or public health considerations [22].

Design and Operation:

Ultrasonic sensors such as the HC-SR04 or similar modules feature a four-pin interface that allows
them to connect with a microcontroller or embedded system. Each pin serves a specific role in
powering the module, initiating measurements, and receiving feedback. Understanding the
function of each pin is essential for integrating the sensor into real-time automation systems, such

as user detection in voice-activated elevator systems. [24].

Pin Description:
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Figure 2.7: HC-SR04 Ultrasonic sensor Pin diagram

1. VCC (Voltage Common Collector)
* This is the power supply pin of the ultrasonic sensor, and it typically operates at +5V DC.
* Insystems using 3.3V logic (like the ESP32), a logic level shifter or series resistor may be
needed to prevent damage to the microcontroller’s input pins.
2. GND (Ground)

* The GND pin is the common ground reference for both the sensor and the controlling
microcontroller.
» For proper circuit operation, the GND of the ultrasonic sensor must be connected to the
same ground as the microcontroller or processor.
3. TRIG (Trigger)
« The TRIG pin is the control input used to initiate a measurement. It is connected to a digital
output pin of the microcontroller.

» Once triggered, the TRIG pin resets itself and waits for the ECHO response.
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4. ECHO

The ECHO pin serves as the output pin that returns the result of the measurement. After
the sensor emits the ultrasonic burst, it starts a timer internally.
When the reflected wave (the echo) is received by the sensor, the ECHO pin goes HIGH

for a duration proportional to the time it took for the wave to travel to the object and back.

Advantages

Non-Contact Detection: Enables hygienic, touchless operation in public environments
Moderate Range: Can detect objects between 2 cm to 4-5 meters, suitable for doorway
detection

High Accuracy: Can measure distance with £3 mm accuracy under optimal conditions
Low Cost and Easy Integration: Affordable and compatible with a wide range of

microcontrollers, including Arduino and ESP32

Disadvantages

Sensitivity to Environmental Changes: Accuracy can vary with temperature, air pressure,
and humidity.
No Object Differentiation: Cannot identify the type of object detected — it simply returns

presence/distance

2.3.3.2 INFRARED SENSOR

Figure 2.8: image of Infrared sensor.
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Infrared (IR) sensors, as shown in Figure 2.8, are widely used in automation systems for noncontact
object detection and motion sensing, leveraging the properties of infrared light. In smart elevator
systems, IR sensors can detect user presence by sensing reflected infrared radiation from a person
near the elevator entrance. Their compact size and fast response times make them wellsuited for

integration into environments requiring touchless interaction and rapid detection [25].

Design and Operation:

Typical IR sensor modules used for presence detection and proximity sensing feature three or four
pins, depending on the specific sensor model. A common example is the IR proximity sensor
module, which includes an IR Light Emitting Diode (LED) emitter and a photodiode or

phototransistor receiver integrated with signal conditioning circuitry [26].

1. VCC (Power Supply)
« This pin supplies the operating voltage to the IR sensor module. Supplying a stable voltage
is crucial for consistent emitter intensity and receiver sensitivity.
2. GND (Ground)
* The ground pin provides the common electrical reference for the sensor and the
microcontroller system.
3. OUT (Output Signal)

The OUT pin is a digital or analog output depending on the sensor model:

» Digital Output IR sensors: The sensor outputs a HIGH or LOW digital signal indicating
the presence or absence of an object within the detection range.

* Analog Output IR sensors: Provide a voltage proportional to the intensity of reflected IR
light, which allows more nuanced distance measurement by the microcontroller's analogto-

digital converter (ADC).

The sensor emits infrared light via the IR Light Emitting Diode (LED) and detects reflected IR
radiation using the photodiode. Changes in reflected IR intensity caused by a user’s presence alter

the output signal, enabling the system to detect proximity or motion.
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Advantages

Fast Response Time: IR sensors detect motion or presence almost instantly, making them
ideal for real-time applications like elevator door activation or voice system readiness upon
user approach.

Compact and Easily Integrated: IR sensors are small, lightweight, and can be seamlessly
embedded into elevator panels or door frames without affecting the system’s aesthetics or

design layout.

Disadvantages

Environmental Sensitivity: IR sensors can be affected by ambient light, heat, or reflective
surfaces. For instance, strong sunlight or infrared-emitting light sources may interfere with
accurate detection.

Limited Detection Range and Angle: Compared to ultrasonic sensors, IR sensors generally
have a shorter and narrower detection range, which may result in missed detections if users

approach from off-angles or from a distance.

2.3.3.3 CONCLUSION

The ultrasonic sensor was chosen for this project due to its non-contact measurement capability, real-

time feedback, and high accuracy, making it ideal for precise floor detection in the elevator system.

Its ability to operate reliably in various environmental conditions ensures consistent performance.
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2.3.4 JQC3F-05VDC-C RELAY MODULE
2.3.4.1 INTRODUCTION

Figure 2.9: image of a JQC3F-05VDC-C relay module used in this project.

Figure 2.9 shows a type of relay module. These are electromechanical switching devices widely
used in control systems to enable electrical isolation and safe switching of high-power or
highvoltage loads using low-power signals. In elevator systems, relays are often implemented for

power control, safety interlocks, and motor actuation.

Their ability to handle higher current loads makes them ideal for interfacing microcontrollers with
components like Direct Current (DC) motors that require more power than the controller can

directly supply [27].

2.3.4.2 WORKING PRINCIPLE

A relay operates based on the electromagnetic induction principle. It consists of a coil
(electromagnet), an armature (moving contact), a spring, and electrical terminals (COM, NC, NO).
When current flows through the coil, it generates a magnetic field that attracts the armature [28].

This movement changes the position of the contact points:
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* When de-energized, the armature rests on the NC (Normally Closed) contact, allowing

current to flow between COM (Common) and NC.

* When the coil is energized, the magnetic field pulls the armature away from NC and
connects it to NO (Normally Open), breaking the NC-COM circuit and closing the
NOCOM circuit [2].

This switching mechanism allows the relay to control a high-current load (like a DC motor) using

a low-current control signal.

2.3.4.3 PIN DESCRIPTION
Ground

/ Vec

Normally Closed (NC)
Common (COM)

Normally Open (NO)

www.eTechnophiles.com

Figure 2.10: Relay module pin Description.

A. Control Side Pins (Low Voltage Input Side)
These pins connect to the microcontroller to control the relay's state:

1. S (Signal):

« This is the control signal pin.
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* ltreceives adigital HIGH or LOW input from a GPIO pin of the microcontroller (e.g., ESP32).
» When the signal reaches the trigger level (depending on the relay, usually LOW for active-low

modules), it activates the internal transistor circuit and energizes the relay’s electromagnetic
coil.

» This causes the relay to switch its output terminals (from NC to NO).
2. +(VCC):

« This pin provides power to the relay's internal circuitry, including the transistor driver and
electromagnetic coil.

» Typically connected to 5V from the power supply (can be from the ESP32’s 5V pin or an
external source).

» Itisessential to ensure the power source is capable of supplying sufficient current (at least 70—
100 mA per relay channel).
3. (GND):

» This is the ground reference pin.

* It must be connected to the common ground shared with the ESP32.
« Acorrect ground connection ensures the control signal sent to the S pin is interpreted properly.

B. Switching Side Pins (High Voltage Load Side)
These terminals form the mechanical switch that controls the external device, the DC motor:

4. COM (Common):

» This is the central connection point between the high-voltage power source and the load.
» It serves as the moving contact of the relay and switches between NC and NO based on whether

the relay is activated.

5. NC (Normally Closed):

* When the relay is inactive (coil not energized), COM is connected to NC.
» This allows current to flow to the load by default, meaning the motor is powered unless a

control signal is sent.
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« This setup is useful for fail-safe configurations, where power must be on unless interrupted
intentionally.
6. NO (Normally Open):

* When the relay is active (coil energized), COM disconnects from NC and connects to NO.
» This allows current to flow only when the relay is triggered.
* It is useful in applications where the load should only be powered under specific control

conditions.

2.3.4.4 SIGNIFICANCE in a VOICE-CONTROLLED ELEVATOR SYSTEM

In a smart voice-activated elevator system, relays provide a simple yet robust method of managing
motor power. The relay can be used to interrupt or enable power to the motor based on input from
voice commands, ultrasonic sensors (for user detection), or limit switches (to stop the motor at the
desired floor). This ensures that the elevator only moves under the correct conditions, enhancing

safety and efficiency.

Using the NC-COM configuration enhances system reliability. The motor remains powered unless
the ESP32 sends a signal to interrupt the circuit via the relay. This reduces response time since the
motor is ready by default, and also improves safety by enabling quick disconnection when
required. The relay's ability to handle high-current loads further protects the microcontroller from

electrical stress [27].

This approach not only simplifies motor control logic but also allows for expandability, more relays
can be added to control other actuators, making the system modular and adaptable for realworld

smart building applications.
Advantages

» High Power Switching Capability: Relays can handle voltages up to 250V AC and currents
up to 10A, making them ideal for motor control in embedded systems [2].
» Electrical Isolation: The control circuit (ESP32) is electrically isolated from the high-power

load, protecting sensitive components from surges and faults.
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Disadvantages

* Mechanical Wear: Because relays rely on physical movement of contacts, they wear out
over time, especially in high-frequency switching applications.

« Slow Switching and Audible Noise: Relays take more time (10—15 ms) to switch compared
to solid-state devices and produce an audible “click” during operation, which may not be

ideal in quiet environments.

2.3.4.5 CONCLUSION

The relay module was selected for this project due to its ability to safely and reliably control the
power supply to the Direct Current (DC) motor, which drives the elevator mechanism. Given that
the ESP32 microcontroller cannot directly handle the motor’s voltage and current requirements,
the relay acts as an effective intermediary, allowing the microcontroller to control motor operation
without electrical risk. The use of the NC-COM configuration ensures that the motor remains
powered under normal conditions and can be shut off instantly based on voice commands or sensor
input, enhancing both automation and safety. Its simple integration, electrical isolation, and
highload handling capacity make the relay an essential component in achieving the project’s goals

of touchless operation, responsive control, and reliable elevator functionality.
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CHAPTER 3: DESIGN
3.1 INTRODUCTION

This chapter outlines the design of the proposed voice-activated elevator system. The system
integrates hardware and software components to enable intelligent, touchless elevator control
through voice commands and sensor-based user detection. The design process involved calculation
and modelling of components such as the ESP32 microcontroller, ultrasonic sensor, DC motor,
relay module and a web-based voice recognition interface to ensure seamless operation, reliability,

and user-friendliness.

The system utilizes an ESP32 microcontroller with ultrasonic sensors to detect user presence,
which triggers voice recording. The recorded audio is then processed through cloud-based speech
recognition services to interpret elevator floor commands, with audio feedback provided to confirm
the recognized commands. This implementation addresses growing demands for contactless
interfaces, especially in post-pandemic environments where minimizing surface contact has

become a priority.

3.3 ESP32 FIRMWARE DESIGN (Hardware Interface and Trigger)

The hardware system design forms the foundation of the proposed voice-activated elevator system.
This section outlines the physical configuration and integration of various electronic components
that enable the elevator prototype to respond to both user presence and voice commands. The
design is centred on the ESP32 microcontroller, chosen for its processing power, built-in wireless

communication, and flexible interfacing options.

Each component including the ultrasonic sensor, Direct Current (DC) motor, relay module, battery,
and the ESP32 was individually tested and integrated to ensure reliable functionality. Each
component was initially tested in isolation, then systematically combined to verify electrical
compatibility, logical accuracy, and real-world responsiveness. The goal was to ensure that all
components work in unison to achieve a responsive, safe, and efficient elevator control system

based entirely on voice interaction and automated detection.
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3.3.1 Ultrasonic sensor interface to Microcontroller

3.3.1.1 FUNCTIONAL BLOCK DIAGRAM

Ultrasonic
ﬁ
sensor
Microcontroller
LED
e —

Figure 3.1: Block diagram showing integration of ultrasonic sensor with microcontroller

Figure 3.1 presents the structure of the ultrasonic sensor interface with the ESP32 microcontroller.

The system is designed to detect a user's presence at the elevator entrance without requiring

physical contact.

Ultrasonic Sensor: This block's primary function is to detect the presence of objects and
measure distances. It achieves this by emitting ultrasonic sound waves and calculating the
time it takes for these waves to return after reflecting off an object, providing essential
spatial data to the system.

Microcontroller: The microcontroller serves as the central processing unit, responsible for
receiving and interpreting data from the ultrasonic sensor. Its function is to process this
input based on programmed logic, make decisions, and then generate appropriate control
signals for the output components, thus orchestrating the system's behavior.
Light-Emitting Diode (LED): The LED's function is to provide visual feedback. It acts as
an indicator, controlled by the microcontroller, to visually communicate specific states or

events detected by the system, such as object presence or an alarm condition.
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3.3.1.2 ULTRASONIC SENSOR CIRCUIT DESIGN

RVI(2) o

ESP1

R1

&
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D1
LED-GREEN

ESP32-WRCOM

Figure 3.2: Functional Proteus functional circuit diagram of ultrasonic sensor integration with
ESP32

Figure 3.2 shows circuit designed to detect the presence of a user using an HC-SR04 ultrasonic
sensor and indicate detection by lighting up a green Light Emitting Diode (LED). It forms part of
the voice-activated elevator system to prepare the system when a person approaches. The ESP32
microcontroller acts as the central processing unit, interfacing with both the ultrasonic sensor and
the Light Emitting Diode (LED) indicator. It reads the sensor’s distance measurement and, based

on logic, controls the Light Emitting Diode (LED).
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3.3.1.3 PROCESS FLOW
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Figure 3.3: Flow chart showing ultrasonic sensor operation with ESP32 controller.

The operational flowchart in Figure 3.3 illustrates the logic implemented in the ESP32 firmware
for continuous distance monitoring. At startup, the microcontroller initializes its GP1O pins. The
TRIG pin is configured as an output, while the ECHO pin is set as an input. The LED control pin

is also configured as an output.
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In operation, the ESP32 sends a 10 us HIGH pulse to the TRIG pin, causing the HC-SR04 to emit
an ultrasonic pulse. The ECHO pin then goes HIGH for the duration it takes the pulse to travel to
the object and return. The ESP32 measures this pulse duration and calculates the distance using

the formula:

cm
Time of Echo (us) X Speed of Sound (us)

Distance (cm) =

O Speed of sound = 343 m/s (or 0.0343 cm/us). (standard speed of sound in dry air at 20°C) O
Division by 2 accounts for the round-trip of the sound wave.

To ensure the system only reacts when a user is very close (within 5 cm), we compute the expected
echo time for 5 cm:

2 X Distance 2X%x5
Time = ==~ 2915 us
Speed of sound 0.0343

So, if the echo pulse duration is 291.5 us or less, the ESP32 turns ON the LED to indicate
detection. Otherwise, the LED remains OFF. This check runs continuously in a loop, ensuring

realtime detection.

3.3.1.4 ESP32 PROGRAM CODE

119 3

111 ]

112 if (distance >= @ && distance <= threshold
113 digitallWirite(ledPin, HIGH);

114 eise {

115 digitalhirite(ledPi LOW)

116

117 |

Figure 3.4: code snippet showing no LED function on sensor activation
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Figure 3.4 displays an ESP32 code snippet that orchestrates an LED's state based on a sensor's
distance reading. The code's core function is to implement a conditional logic: if the ‘distance’
variable, likely obtained from an ultrasonic sensor, falls within the range of zero to a defined

‘threshold’, the associated LED ‘ledPin’ is illuminated by setting its digital state to HIGH;
otherwise, if the distance is outside this specified range, the LED is turned OFF by setting its state
to LOW. This programming segment demonstrates a fundamental control mechanism where a
visual output responds directly to real-time input from a proximity sensor, providing immediate

feedback on detected objects.

3.3.1.5 SIMULATION OF SENSOR ACTIVATION
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Figure 3.5: Proteus circuit simulation of ultrasonic sensor (un-trigged).

Figure 3.5 displays the system in its idle or un-triggered state, where no object is present within
the defined detection range of 5¢cm. In this scenario, the ultrasonic sensor continuously sends and
listens for echo pulses, but since no object reflects the sound within the threshold distance, the
echo pulse duration received by the ESP32 exceeds the 291.5 microseconds required for activation.
As aresult, the calculated distance is greater than 5¢cm, and the system logic keeps the LED turned

OFF. This indicates that no user is currently detected in front of the elevator entrance. The figure
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visually confirms that all components are functioning as expected during idle operation, including

the proper response of the ESP32 and the inactive status of the LED.
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Figure 3.6: Proteus circuit simulation of ultrasonic sensor (trigged).

Figure 3.6 presents the system in its triggered state, where an object (simulating a user) is placed

within 5¢cm of the ultrasonic sensor. In this case, the echo signal returns to the ESP32 in less than

or equal to 291.5 microseconds, which corresponds to the preconfigured threshold in the code.

This short return time is used by the ESP32 to calculate a distance that falls within the detection

range. The microcontroller then responds by sending a HIGH signal to the GP1O pin connected to

the LED, which causes the LED to light up. This visual output confirms that the sensor has

successfully detected a user in close proximity and is ready to proceed to the next stage of the

system—voice recording. The simulation demonstrates proper system responsiveness, logic

execution, and the effectiveness of the sensor-microcontroller interface in detecting motion or

presence accurately.
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3.3.2 Relay and DC motor interface to Microcontroller

3.3.2.1 FUNCTIONAL BLOCK DIAGRAM

Battery

Microcontroller l

Relay
P  module m—

DC motor

Figure 3.7: Block diagram showing integration of relay module and DC motor with microcontroller

Figure 3.7 illustrates a functional block diagram demonstrating the interface between a

microcontroller and a DC motor via a relay module. In this configuration:

* Microcontroller: The microcontroller is the primary control unit. It generates low-power
digital signals that dictate when the DC motor should be activated or deactivated,
effectively providing the logical control for the motor's operation.

* Relay Module: The relay module serves as an intermediary switch. Its function is to
receive the low-power control signals from the microcontroller and, in response, to switch
a higher-power circuit that drives the DC motor. This isolates the sensitive microcontroller
from the motor's potentially high current demands.

« Battery: The battery's function is to provide the necessary external power supply for the
DC motor. It delivers the higher voltage and current required by the motor, which is
controlled by the relay module rather than directly by the microcontroller.

« DC Motor: The DC motor's function is to convert electrical energy into mechanical
rotational motion. It is the actuated component in this system, controlled indirectly by the

microcontroller via the relay module to perform a specific physical task.
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3.3.2.2 RELAY AND DC MOTOR CIRCUIT DESIGN

ESP32-WROOM
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Figure 3.8: Functional Proteus functional circuit diagram of ultrasonic sensor integration with

ESP32

Figure 3.8 depicts the practical circuit connections for controlling a DC motor via a relay using an

ESP32 microcontroller. The ESP32, serving as the central control unit, has one of its digital output

pins connected to the control input of the Relay. When the ESP32 sends a high signal to this pin,

it energizes the relay's coil. The relay, in turn, acts as a switch, connecting the external Battery

directly to the DC Motor. This connection allows the higher voltage and current from the battery

to flow through the relay's switched contacts to power the DC motor, enabling the low-power

microcontroller to safely control the operation of the higher-power motor.
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3.3.2.3 PROCESS FLOW
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Figure 3.9: Flow chart for operation of code.

The flowchart in figure 3.9 describes an automated motor control system that alternates rotation
between clockwise and counter clockwise directions. The process begins by initializing the relay

and direction pins as outputs. First, it sets the motor to rotate clockwise activates the relay for 3
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seconds, then turns it off for a 1-second pause. Next, it reverses the direction (DIR1=LOW,
DIR2=HIGH) for counterclockwise rotation, again powering the motor for 3 seconds followed by
a 1-second stop. This cycle repeats continuously, creating a back-and-forth motion useful for
applications like automated gates, conveyor systems, or robotic arms. The relay ensures controlled

power delivery while the timed delays regulate movement duration. 3.3.2.4 ESP32 CODE

1_jul10a.ino

! digitalWrite(relayPin, HIGH);
| delay(3000);

digitalWrite(relayPin, LOW);
: delay(3000);

Figure 3.10: code snippet displaying motor commands

Figure 3.10 displays a code snippet that shows a time-based control sequence for a motor, without
relying on sensor input. This segment first activates the motor by setting relayPin to HIGH, turning
the motor ON, and maintains this state for a duration of 5000 milliseconds (5 seconds). Following
this, the motor is deactivated by setting relayPin to LOW, turning it OFF, and remains off for
another 3000 milliseconds (3 seconds). This sequence, indicated as a "Time-based simulation (no

sensor)," demonstrates a fundamental open-loop control mechanism for periodic motor operation.
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3.3.2.5 SIMULATION OF MOTOR OPERATION

v

| 1 RL2

Figure 3.11: Proteus simulation of DC motor via the relay module

The simulation results in Figure 3.11 confirm the correct operation of the circuit. When DIR1 is
HIGH, DIR2 is LOW, and RELAY is HIGH, the motor rotates clockwise. When the direction
signals are reversed and the relay is activated again, the motor rotates anticlockwise. When the
relay is deactivated, the motor stops. This behavior demonstrates successful digital control of

electromechanical movement using safe current switching and direction logic from the ESP32.

3.4 DEVELOPMENT ENVIRONMENT: PYTHONANYWHERE

For this project, PythonAnywhere served as the singular, comprehensive platform for all code
development, execution, and hosting. PythonAnywhere is a versatile cloud-based Python
development and web hosting environment that provides a complete ecosystem for building and
deploying web applications and Python scripts directly from a web browser. Its intuitive interface
and pre-configured Linux server environment eliminate the complexities of local server setup,

enabling streamlined development and deployment.
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3.4.1 How PythonAnywhere Is Used

PythonAnywhere played a pivotal and all-encompassing role in the ESP32 Audio Transcription

System. It was the exclusive environment used for:

« Backend Logic and APIs: All Python scripts responsible for interacting with the ESP32
device, receiving audio streams, processing data, and communicating with external
transcription services (e.g. Google Cloud Speech-to-Text) were developed and hosted on
PythonAnywhere. This involved setting up web endpoints (e.g. using Flask frameworks)
to handle incoming requests from the ESP32.

» Audio Processing and Transcription Management: The computationally intensive tasks of
preparing audio for transcription and managing the interaction with external transcription
APIs were entirely handled by Python scripts running on PythonAnywhere.

* Frontend Web Server: Crucially, PythonAnywhere was also used to host and serve the
entire front-end user interface (HTML, CSS, and JavaScript). This means that the web
pages users interact with are delivered directly from the PythonAnywhere account, making
the entire application accessible online without requiring separate hosting for the frontend
files.

« Data Management: Any persistent data, such as transcription logs, configuration settings,
or queued audio information, was managed and stored within the PythonAnywhere

environment.

This integrated approach streamlined the development workflow, allowing for seamless
deployment and testing of both backend logic and the user-facing interface within a single,

consistent cloud environment.

3.4.2 Subscribing To PythonAnywhere

Subscribing to PythonAnywhere is a straightforward process, offering various account types from

free "Hacker" accounts for basic use to paid plans with more resources and features.
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1. Navigate to the Website: Open your web browser and go to

https://www.pythonanywhere.com/ .

2. Choose an Account Type: Click on the "Sign Up" button. For initial development and
testing, the free "Hacker™" account was sufficient.

3. Create an Account: You will be prompted to choose a username, provide an email
address, and set a password.

4. Confirm Email: After registration, check email for a verification link from
PythonAnywhere and click it to activate your account.

5. Access Dashboard: Once verified, you can log in to your dashboard. From here, you can
access a bash console, file editor, web app setup, and database tools to begin deploying the

Python code and serving web application.

@ [ % www.pythonanywhere.com/login/?next=/

B89 puythonanywhere
by ANACONDA

Log in
hildamumuy

No account? Sign up here!

Forgotien password?
Login

Figure 3.12: pythonanywhere login page

As shown in Figure 3.12, the PythonAnywhere login page provides the interface to access your
account. Username and password is required to grant access to the personalized PythonAnywhere

dashboard, from which you can manage your files, consoles, and web applications.
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3.4.3 Software Process Flow
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Figure 3.13: flow chart of elevator software system
Figure 3.13 illustrates the detailed process flow for the web interface's audio transcription and

playback functionality. The process initiates with the user opening Web interface action, which is
the entry point for interaction. Subsequently, the user triggers recording via sensor indicating the

start of audio capture.

The captured audio is then transmitted as Web JavaScript sends audio to Flask backend via
transcribe. Upon successful receipt, Flask receives audio and proceeds to Save Temp audio file
locally. This temporary file is then Send audio to AssemblyAl for transcription, leveraging an
external service for speech-to-text conversion. A critical decision point, ‘Is Transcription
complete?’ follows. If the transcription is not complete the system handles this by attempting a

Retry/ Fail with Error.

If the transcription is complete the Flask backend takes over to Flask determines response audio
(e.g., "First.wav"), selecting an appropriate audio file based on the transcribed text. This response
audio is then added to a queue, Queue audio: Floor_request.wav + Response.wav. The Web
interface Polls /get_audio_queue to retrieve pending audio files. Finally, the web interface plays
audio via JavaScript element, delivering audible feedback to the user. After playback, the Web
notifies /audio_played, prompting the system to Queue next audio if there are further voice prompts

or responses necessary, thus completing a cycle of voice interaction and system response.
3.5 WEB-BASED FRONT-END DESIGN (User Interaction and Recording)

This section details the design process of the user interface (Ul) for the ESP32 Audio Transcription
System. The primary goal of the front-end design is to provide an intuitive and functional interface
for users to interact with the system, enabling them to monitor status, play transcribed audio, and
view transcription results. The design emphasizes clarity, ease of use, and a clean aesthetic to
enhance the overall user experience (UX). The initial design, which is served directly from the
PythonAnywhere environment alongside the backend, is built using standard web technologies
like HTML for structure and CSS for styling.
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3.5.1 Initial Design Concepts

The initial design concept was focused on a minimalist, card-based layout to clearly separate
different functional areas of the application. The aim was to present key information and controls

in an organized and easily digestible manner, avoiding clutter.

¥ D filey#/CiiUsersflovegrace/Desktop/Prof%20Design/Projdesign html

0:00/ 0:00

Figure 3.14: initial blocks for front —end design

Figure 3.14, initial Front-End web design concept, depicts a clean centralized layout suggesting a
focus on modular content presentation. At the top of this container, a prominent audio player
interface is visible, indicating a core function of audio playback. Below this, a set of three distinct
colored rectangles (green, blue, and red) are horizontally aligned, serving as visual indicators for
various system states or interactive controls. The lower section of the design consists of two
additional empty card-like areas, which are designated for displaying system information,
maintaining the clean, segmented aesthetic. The overall design emphasizes simplicity and clear

division of functional areas, preparing for dynamic content updates and user interaction.
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3.5.2 Refined Layout and Sectional Design
Following the initial conceptualization, the front-end design proceeded to define specific
functional areas within the application's interface. This step involved articulating the purpose of

each card-like section and integrating clear visual cues

= ESP32 Audio Transcription System - Debug Version

Audio Playback:

0:00/0:00

Debug Controls

il System Information

System Log:

Figure 3.15: structured layout of web app

Figure 3.15 shows the iteration of the front-end design which introduces a more structured and
informative layout, building upon the initial card-based concept. At the very top, a clear header is
established with the title "ESP32 Audio Transcription System - Debug Version," immediately
conveying the application's purpose and its current operational mode. The main content area is

segmented into distinct, well-defined sections, each serving a specific function:
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1. Audio Playback: This prominent top section, visually highlighted with a green left border
and an audio wave icon, is dedicated to playing back recorded or processed audio. It
features a standard audio player interface with a progress bar and volume control,
indicating its primary role in allowing users to review audio content.

2. Debug Controls: Identified by a wrench icon, this section is designed to house interactive
elements for system testing and control. The three coloured rectangles (green, blue, red)
initially conceived in the design now clearly fall under this category, suggesting their role
as status indicators or buttons for initiating specific debug actions.

3. System Information: Marked by a bar chart icon, this card is designated for displaying
critical operational data about the ESP32 system. Although the content area is currently
empty, its clear labelling sets the stage for dynamic updates regarding connection status,
processing load, or other relevant metrics.

4. System Log: Positioned at the bottom, the System Log label indicates a dedicated area for
displaying real-time messages, errors, and operational outputs from the system, which is

vital for monitoring and troubleshooting in a Debug Version.

3.5.3 Interactive Elements and Dynamic Information Placeholders

Building upon the structured layout, this design iteration focuses on populating the defined sections
with specific interactive controls and detailed information placeholders. This step bridges the gap
between static design and a functional user interface, preparing the front end to receive and display

real-time data from the backend system.
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Figure 3.16: full front end design

Figure 3.16 illustrates the enhancements. This refined design clearly articulates the functionality

and content within each module:

1. Application Header Refinement: A descriptive subtitle, Web-based audio playback with

debugging features, has been added below the main title, providing immediate context

about the application's core capabilities.

2. System Status Indicators: Two dedicated status bars, labelled System and ESP32, are now

prominently featured at the top. These elements, styled with a light green background, are

designed to dynamically display the connection and operational status of both the overall

web application and the ESP32 device, providing critical at-a-glance information to the

user.
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3. Audio Playback Enhancements: While retaining the core audio player, a Queue label has
been introduced below it. This placeholder signifies the intention to display a list of audio
files awaiting playback or processing, enhancing the user's understanding of pending tasks.

4. Defined Debug Controls: The previously generic coloured squares within the Debug
Controls section have been transformed into clearly labelled and distinct buttons. These

include:

» Test Recording (green): initiates a test audio recording process.

» Test Audio Queue (green): Suggests a function to test the audio queuing mechanism.
» Debug Status (blue): trigger a display or refresh of debug-related system statuses.

» Clear Log (red): provides a direct action to clear system logs.

5. Detailed System Information: this section now lists specific data points that will be
dynamically updated: Mode, Status, Audio Files, and Last Update. These placeholders
demonstrate a clear plan for providing comprehensive operational details about the system,
moving beyond mere section titles to specific data categories.

6. Persistent System Log Label: The System Log label at the bottom remains, indicating its
role as the eventual output area for various system messages, completing the debugging
oversight capability of the interface. It displays the real time monitoring and operation of

the system.

3.5.4 Frontend Interactivity Design (JavaScript)

The JavaScript is responsible for bringing the user interface to life. It covers dynamic content
updates, user interaction handling and crucial communication with the backend server. The
JavaScript functions orchestrate the recording, playback, transcription display, and overall system
status monitoring, forming the interactive layer of the ESP32 Audio Transcription System. The
JavaScript begins by establishing the fundamental components needed for application operation,

global variables to maintain state and direct references to HTML elements for manipulation.
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3.5.4.1 Global Variables Declaration

Process Description: This step involves declaring and initializing global variables. These

variables serve as the central state management for the client-side application.

| <script>
// Global variables for application state
let mediaRecorder; // MediaRecorder object for mic capture
let audioChunks = [1]; // Array to hold audio data chunks
let isRecording = false; // Flag: true if recording
let pollingInterval; // Interval ID for periodic server checks

let isPlayingAudio = false; // Flag: true if audio is playing

Figure 3.17: code snippet for global variables declaration

Figure 3.17 shows that they track critical operational states such as whether audio is currently being
recorded or played, and hold references to technical objects like the MediaRecorder or interval
timers. By being global, these variables are accessible and modifiable by any function within the

script, allowing for consistent state management across different parts of the application's logic.
3.5.4.2 Utility Functions: Logging and User Feedback

Utility functions are essential for providing immediate and persistent feedback to the user and for

aiding in debugging during development.

// Function to add messages to system log and console

function log(message) {
const timestamp = new Date() .toLocaleTimeString() ;
logContainer.innerHTML += “<br>[${timestamp}] ${message}’;
logContainer.scrollTop = logContainer.scrollHeight; // Auto-scroll
console.log(message) ;
lastUpdate. textContent = timestamp; // Update last update time

Figure 3.18: code snippet for messages on system
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1. ‘log(message)’ Function shown in Figure 3.18

Process Description: This function standardizes how messages are recorded. When ‘log()’ is

called with a message, it performs two key actions:

+ Timestamping and On-Page Display: It generates the current time, prepends it to the
provided message, and appends this full string as a new line to the ‘logContainer” HTML
element. It also ensures the log container automatically scrolls to show the newest message.

« Console Logging: The message is also printed to the browser's developer console, which
is crucial for debugging and detailed activity tracking.

» Last Update Timestamp: It updates the ‘lastUpdate’ span to show the timestamp of the

latest logged event, providing immediate visual feedback on activity.

2. ‘showError(message)’ and ‘showSuccess(message)’ Functions

Process Description: These functions manage the display of transient notifications to the user for
errors and successful operations.
// Function to display error messages

function showError (message) {
log (> X ERROR: S{message}’);

const errorDiv = document.createElement('div');

errorDiv.className = 'error';

errorDiv.textContent = ‘Error: S{message}’;
document.querySelector('.container') .insertBefore(errorDiv, audioPlayer)
setTimeout (() => errorDiv.remove(), 5000); // Remove after 5s

Figure 3.19: code snippet for error message display Figure

3.19 shows:

* Error/Success Logging: They first use the ‘log()’ function to record the event in the system
log and console, prefixed with an emoji for quick identification.

» Dynamic Element Creation: A new div element is dynamically created in the HTML.
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Styling and Content: This new div is assigned a specific CSS class (.error for red, .success
for green) to apply the appropriate visual style and its ‘textContent’ is set to the provided
message.

* Insertion into DOM: The new notification div is inserted into the HTML document, specifically
before the audio player section, making it visible to the user.

* Timed Removal: A ‘setTimeout’ function is used to automatically remove the notification div
from the DOM after a set duration (5 seconds for errors, 3 seconds for successes), ensuring the

Ul remains clean.
3.5.4.3 Audio Processing Flow

This core set of functions manages the entire audio lifecycle on the client side, from capturing

microphone input to playing back transcribed or queued audio files.
1. ‘initializeAudio()’ Function

Process Description: This asynchronous function is crucial for setting up the client's audio

capabilities.

» Microphone Access Request: It uses the navigator.mediaDevices.getUserMedia() API to
request permission from the user to access their microphone. It configures the audio stream
for optimal transcription (16kHz sample rate, mono channel, echo cancellation, noise
suppression).

* MediaRecorder Setup: Upon successful microphone access, a MediaRecorder object is
instantiated. This object is responsible for recording the audio stream. It's configured to
output audio/webm format with opus codec, a highly efficient choice for web audio.

« Event Handlers for Recording:
1. ondataavailable: This event fires when a segment of audio data (a "chunk") is ready.

The received audio event.data is pushed into the audioChunks array.
2. onstop: This event fires when the recording is explicitly stopped. It then calls the

processRecording() function to handle the accumulated audio data.
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Ul Feedback: The system status (systemStatus and systemMode) is updated to reflect

successful initialization or display an error if microphone access fails.

2. ‘startRecording()’ Function

Process Description: This function orchestrates the initiation of an audio recording session as shown

in Figure 3.20:

// Initializes microphone access and MediaRecorder
async function initializeAudio() f{|
try {
log(' > Requesting microphone access...'); // Reguest log
const stream = await navigator. medlaDeVlces getUserMedia({ // Get user media (audio)
audio: { /* Audio constraints */
sampleRate: 16000,
channelCount: 1,
echoCancellation: true,
noiseSuppression: true

}

})

mediaRecorder = new MediaRecorder(stream, { // Create MediaRecorder
mimeType: 'audio/webm;codecs=opus' // WebM Opus format

3

mediaRecorder.ondataavailable = function(event) { // On data available
if (event.data.size > 0) { // If data exists
audioChunks.push(event.data); // Store audio chunk
log( @l Audio chunk received: S${event.data.size} bytes‘); // Log chunk size

};
mediaRecorder.onstop = functlon() { // On recording stop

log (' M MediaRecorder sto d p:o?fﬁt;“* .'); // Log stop
processRecordlng(), ~oce ecorded aud‘u

}:
log('M Rudio system initialized successfully'); // Success log
systemStatus.textContent = '; // Update system status

: // Set status style
°s'; // Update system mode

systemStatus.className =
systemMode. textContent = ead
return true; // Return success
} catch (error) {
showError (*Audio initialization failed: S{error.message}‘); // Show error
systemStatus.textContent = 'Syste di led'; // Update system status
systemStatus.className = 'status ed'; // Set status style
return false; // Return failure

Figure 3.20: code snippet for initializing microphone access and media recorder
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State Check: It first checks if a recording is already in progress to prevent multiple
simultaneous recordings.

Initialization on Demand: If mediaRecorder hasn't been initialized yet (e.g., first-time
recording), it calls initializeAudio() to set up microphone access.

Preparation: It clears any previously collected audioChunks to ensure a clean new recording.
Ul Update: The isRecording flag is set to true, and the recordinglIndicator is shown to provide

visual feedback to the user that recording is active. The currentAudiolnfo text is also updated.

// Starts audio recording
async function startRecording() {
if (15Record1ng) { // If already
: log (' Already recording, ig
return

ng reqguest'); // Warn and exit
}

if (!mediaRecorder) { // If not initialized
const initialized = await initializeAudio(); // Initialize audio

if (linitialized) xzeturn; // Exit if initialization fails

}

try {
audioChunks = []; // Clear old hunh)
isRecording = true; // Set recording flag
recordingIndicator.style.display = 'block'; // Show indicator
currentAudioInfo.textContent = 'Recording audio...'; // Update info text
mediaRecorder.start(); // Start recording
log('® Recording started (5 seconds)'); // Log start

setTimeout (() => { // RAuto-stop after 5 seconds

if (isRecording) { // If still recording

stopRecording() ; // Stop

}

}, 5000); // 5-second duration
} catch (error) {

showError (*Failed to start recording: ${error.message}’); // Show error
isRecording = false; // Reset flag
recordingIndicator.style.display = 'none'; // Hide indicator

Figure 3.21: code snippet for audio recording

Recording Start as displayed in code snippet in Figure 3.21: The mediaRecorder.start() method

is called to begin capturing audio from the microphone.
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Auto-Stop Mechanism: A setTimeout is set to automatically call stopRecording() after 5

seconds, ensuring that test recordings have a consistent duration. Error handling is included

to catch issues during recording initiation.

3. ‘stopRecording()’ Function

Process Description: This function gracefully terminates the active audio recording session as shown

in code if Figure 3.22.

State Check: It first verifies if ‘isRecording’ is true to ensure there's an active recording to stop.
State Update & UI: The ‘isRecording’ flag is set to false, the ‘recordingIndicator’ is hidden,
and the currentAudiolnfo text is updated to reflect that processing is underway.
MediaRecorder Stop: The ‘mediaRecorder.stop()’ method is called. This triggers the
‘ondataavailable’ (for any final chunks) and ‘onstop’ (for cleanup and processRecording() call)
event handlers defined during initialization.

Error Handling: A try-catch block is used to gracefully handle any errors that might occur

during the stopping process.

// Stops audio recording
function stopRecording() {
if (!'isRecording) return; // I1If not recording, exit

isRecording = false; // Clear recording flag

recordingIndicator.style.display = 'none'; // Hide indicator
currentAudioInfo.textContent = 'Processing recording...'; // Update info text
try {

mediaRecorder.stop(); // Stop MediaRecorder

log('m Recording stopped'); // Log stop
} catch (error) {

showError('Failed to stop recording: ${error.message}’); // Show error
}

Figure 3.22: code snippet for stopping audio recording
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4. ‘processRecording()’ Function

Process Description: This asynchronous function takes the raw audio data collected during recording

and prepares it for transcription by the backend as displayed in Figure 3.23.

« Data Validation: It checks if any audio chunks were actually collected. If not, it displays an
error.

» Blob Creation: All collected audioChunks are combined into a single Blob object, representing
the complete audio file in the specified format (audio/webm).

» FormData Preparation: A FormData object is created. This is essential for sending binary data
(like an audio file) in a POST request to the server, mimicking a traditional HTML form
submission. The audio Blob is appended to this form data with a designated field name (‘audio’)
and a filename (‘recording.wav').

« Ul Update: The currentAudiolnfo is updated to show "Transcribing...", indicating ongoing
processing.

» Backend Request (fetch): The FormData is sent to the backend's /transcribe endpoint using the
fetch API with a POST method.

* Response Handling: The function awaits the JSON response from the server. If the
transcription is successful (result.status === 'success'), a success message is displayed, and
displayTranscription() is called. Otherwise, an error message is shown.

» Cleanup: Finally, audioChunks is cleared, and currentAudiolnfo is reset, preparing the system

for the next recording.
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/! Pracesses recorded audio (sends for transcription)
async function processRecording() {
if (audioChunks. length == 1) ( // No audio t

showError('Nc audio data to process'); fe
curreﬁ,Audchnfo text Content 'No audic recorded'; // Update info
return;
}
try {
const audioBlob = new Blob (audioChunks, { type: 'audio/webm' }); // Combine chunks into Blob

log('® Sending ${(audioBlcb.size / 1024).toFixed(l)) KB for transcription‘); // Log sizes

const formData = new FormData(); // Create

formData.append('audic’, audioBlob, 'recording ; // Bppend audio file

currentAudioInfo.textContent = 'Transcribing...'; // Update info

const response = await fetch('/transcribe', { // Send to transcribe endpoint
method: 'PCST', // POST reguest

body: formbData // Form data as body
n;

const result = await response.json(); // Parss JSON responss

if (result.status === 'success') { // If transcription

showSuccess (" Transcription: "S{result.text}"®); //

displayTranscription(result.text, result.processing time, _esult audio_response) ; // Display details
} else {

showError (' Transcription failed: S{result.error || 'Unknown errcr'}‘); // Show error
}

} catch (error) {
showError (*Processing failed: ${error.message}’); // Show processing error

Figure 3.23: code snippet for transcription of audio

5. ‘playAudioFile(filename)’ Function

Process Description: Figure 3.24 shows function that handles the initiation of playing an audio file

received from the backend.

» Concurrency Check: It first checks the isPlayingAudio flag to prevent multiple audio files from
playing simultaneously.

* Filename Validation: It ensures that a filename is provided.

» State Update & Ul: Sets isPlayingAudio to true and updates currentAudiolnfo to show which
file is playing.

» Audio Source: The audioElement.src is set to the URL of the audio file dynamically loading

the audio.
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» Playback Initiation: The audioElement.play() method is called to start playback. This returns a
Promise, allowing for success/error handling of the playback attempt.
» Error Handling: Catches any errors during playback initiation (e.g., browser restrictions) and

calls audioPlaybackComplete() to ensure proper state reset.

// Plays an audio file from the server
function playRudioFile (filename) {
if (isPlayingAudio) { // If audio already playing
log(* A\ RAudio already playing, cannot play: S{filename}‘); // Warn
return;

}

if ('filename) { // No filename provided
log(* A\ No filename provided for audio playback'); // Warn
return;

}

isPlayingAudio = true; // Set playing flag
currentAudioInfo.textContent = “Playing: S{filename}'; // Update info
audioElement.src = “/audio/${filename}’; // Set audio source
log( @ Starting playback: S${filename}'); // Log playback start
audioElement.play() .then(() => { // Try to play audio
log (‘[ Audio playback started: S${filename}‘); // Success
}) .catch(error => {
log(* X Audio play failed: S{error.message}’); // Playback error
showError (*Audio play failed: ${error.message}’); // 5how error
audioPlaybackComplete() ; // Reset state
1§ -

Figure 3.24: code snippet for audio file play

3.5.4.5 System Status and Debugging

These functions are responsible for polling the backend for various system states, including ESP32

triggers and general debug information, and updating the Ul accordingly.

1. ‘checkForTriggers()’ Function

Process Description: This asynchronous function periodically checks with the backend to see if a

sensor connected to an ESP32 device has triggered an event that requires recording, shown in

Figure 3.25.
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// Checks for ESP32 triggers from the server
async function checkForTriggers() {
try {
const response = await fetch('/check tri
const data = await response.json() ;

r'); // Fetch trigger status
> JSON

if (data.should record) { // If recording triggered
log(*@ ESP32 triggered! Distance: ${data.distance}cm’); // Log trigger
showSuccess( ESP32 sensor triggered (${data.distance}cm)’); // Show succ
startRecording(); // Start recording

m

SS

}
} catch (error) {
console.error('Error checking triggers:', error); // Log error

}

Figure 3.25: code snippet for checking ESP32 triggers from server

Backend Poll: It sends a GET request to the /check_trigger endpoint on the server.
» Trigger Detection: It examines the JSON response from the server. If data.should_record is

true, it indicates a trigger event (e.g., a person detected by a distance sensor).
» Recording Initiation: Upon a positive trigger, it logs the event, displays a success notification
to the user, and immediately calls startRecording() to begin capturing audio.

» Error Handling: Catches and logs any network or parsing errors during the polling process.
2. ‘checkSystemStatus()’ Function

Process Description: This asynchronous function provides a comprehensive update on the system's
overall status, specifically focusing on ESP32 device connectivity and the audio queue.

Figure 3.26 displays the code for these functions.

// Checks general system and ESP32 status
async function checkSystemStatus() {

try {
const response = await fetch('/get status'); // Fetch status
const data = await response.json(); // Parss JSON

const deviceCount = Object.keys(data.esp32 devices || {}).length; // Count devices

if (deviceCount > 0) { // If devices connscted
esp32Status.textContent ‘ESP32: ${deviceCount} device(s) connected’; // Update text
esp32Status.className = 'status connected'; // Set connected style

} else {
esp32Status.textContent =
esp32Status.className =

onnected'; // Update text

sconnected style

w
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Figure 3.26: ESP32 status and general system check

« Backend Request: It sends a GET request to the /get_status endpoint to retrieve detailed
system information.

» ESP32 Status Update: It processes the esp32_devices data from the response. Based on the
number of connected devices, it updates the esp32Status Ul element with appropriate text and
applies the connected (green) or disconnected (red) CSS class.

» Audio Queue State Logic: It checks the audio_queue data. If there's a current_audio available
and no audio is currently playing on the frontend, it implements logic to prevent re-playing
already processed audio by using window.lastAudioTimestamp. If a new audio file is
detected, playAudioFile() is called.

» Ul Queue Update (Redundant but Ensures Consistency): It updates the queueL.ist in the Ul to
reflect the current state of the audio queue. This part is somewhat redundant with
checkAudioQueue() but serves as a backup to ensure the queue display is always up-todate.

» Error Handling: It includes error logging for network or parsing issues.

3.5.4.6 ‘startPolling()’ Function

Process Description: This function initiates the continuous polling mechanism, which is vital for
the frontend to stay updated with backend and ESP32 events without constant user input, as in
Figure 3.27.

* Interval Setup: setinterval() is used to repeatedly call checkForTriggers() and
checkSystemStatus() at a fixed interval (every 1 second). The ID returned by setinterval() is
stored in pollinglInterval to allow the interval to be cleared later.

* Initial Log: A message is logged to indicate that polling has commenced.
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// Starts periodic polling for triggers and status
function startPolling() {
pollingInterval = setInterval(() => { // Set interval

checkForTriggers() ; // Check for triggers
checkSystemStatus() ; // Check system status

}, 1000); // Every 1 second

log('(8] Started polling for triggers and status'); // Log start

}

Figure 3.27: code snippet for periodic polling for triggers and status

3.5.5 ‘Cleanup (window.addEventListener('beforeunload', ...))’

Process Description: This event listener ensures that the application performs a clean shutdown of

continuous processes when the user navigates away from the page or closes the tab.

// Cleanup before page unload
window.addEventListener('beforeunload’, functlon() {
if (pollingInterval) { // If polling active
clearInterval (pollingInterval); // Stop polling
}

Figure 3.28: code snippet for clean shut down when tab is closed

Figure 3.28 shows the Interval Clearing: It checks if ‘pollinglnterval’ has been set. If so,
‘clearInterval()’ is called using the stored ID. This stops the periodic backend requests, preventing

unnecessary resource consumption and potential memory leaks once the page is no longer active.
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3.5.6 Final User Interface Design

= ESP32 Audio Transcription System - Debug Version

Web-based audio playback with debugging features
System: Initializing...

ESP32: Waiting for connection...

Audio Playback:

No audio playing

0:00/0:00

Queue:

Debug Controls

il System Information
Mode: Web-based Audio Playback

Status: Initializing...
Audio Files: Checking...
Last Update: 14:19:12

System Log:

[14:19:12] &7 System starting up...
{14:19:12]  Requesting microphone access...

Figure 3.29: image showing functional user interface design
Figure 3.29 presents the user interface designed to provide real-time feedback and control over an

audio recording and transcription pipeline connected to an ESP32 device. The layout is structured
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for clear information display and easy access to debugging functionalities, catering to both

operational monitoring and developer-centric testing.

Insights are provided in the ‘System Information’ section where the current operating
configuration is confirmed, reiterates the overall system's readiness, signifies that the system is
still determining the number of available audio files and provide an indication of the most recent

activity or data refresh, offering a quick diagnostic pulse of the application.

Finally, the ‘System Log’ acts as a live console, displaying chronological events within the
application. Messages such as "System starting up..." and "Requesting microphone access..."
provide a detailed narrative of the initialization process. This log is invaluable for debugging,
offering granular insights into the internal workings, success, and failure points, ensuring that

developers have a clear, real-time trace of all background operations.

1.4 PYTHON FLASK Backend Design (Voice Processing and Audio Queue)

3.4.1 Framework Selection - Flask

The very first step in designing the backend was the selection of Flask as the web framework. Flask
is a micro-framework for Python, meaning it provides the essentials for web development without

imposing a rigid structure or including many opinionated features by default.
Reasoning for Selection:

+ Lightweight and Flexible: For a system focused on specific API endpoints (like receiving
audio, sending status, serving files), Flask offers just enough to get started without the
overhead of a full-stack framework. This minimizes complexity and resource usage, which
is beneficial for potentially running on platforms with limited resources or for rapid
prototyping.

«  Python Ecosystem: Being a Python framework, it naturally integrates with Python's rich
ecosystem of libraries, which is crucial for tasks like audio processing (tempfile, 0s),
external API calls (assemblyai), and logging (logging).

- Simplicity and Control: Flask's explicit nature gives the developer more direct control over

how components interact, which is good for understanding and debugging a system with
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diverse responsibilities (HTTP requests, file handling, external API calls, state
management).

« Good for APIs: Flask is well-suited for building RESTful APIs, which is how the frontend

and ESP32 devices will communicate with this backend.
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Figure 3.30: image showing site used to create a Web app

59 pythonanywhere =
by ANACONDA,

© Add a new web app

Create new web app

Select a Python Web framework
...or select "Manual configuration’ if you want detailed control.

» Django

» web2py

» Flask

» Bottle

» Manual configuration (including virtualenvs)

Figure 3.31: image showing Python Web framework showing the Flask framework.

Figure 3.30 shows the site used for the software code designs whilst figure 3.31 shows the Flask
framework for the Web app development.
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;7/@}’ /var/www/hildamumu_pythonanywhere_com_wsgi.py (unsaved changes)

from flask import Flask, request, jsonify, render template, send file, send from directory

1
2
3 d
1
5

. (other imports) ...

app = Flask(__name ) # Initialize the Flask application

Figure 3.32: code snippet showing Flask framework import

Figure 3.32 displays the code snippet for the imported Flask framework. At this stage, the core

decision to use Flask is made. This implies that the application will handle HTTP requests and

responses, allowing communication with a web frontend and potentially 10T devices (like the

ESP32) over standard web protocols.

3.4.2 Core Dependencies and Utility Modules

Once Flask is chosen, the next step involves identifying and importing essential Python modules

that will handle various aspects of the application's logic, beyond just the web framework itself.

These

modules provide foundational capabilities for interacting with the operating system,

managing files, handling external services, and ensuring robustness.

O NV &S WN

i
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fvar/www/hildamumu_pythonanywhere_com_wsgi.py (unsaved changes)

from flask import Flask, request, jsonify, render_template, send file, send from_directory
import assemblyai as aai

import tempfile

import os

import logging

import traceback

from werkzeug.utils import secure_filename
import time

import requests

from requests.adapters import HTTPAdapter
from urllib3.util.retry import Retry
import json

from datetime import datetime

Figure 3.33: code snippet showing imported python modules

Figure 3.33 shows:
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assemblyai as aai: This import signals the decision to use AssemblyAl for the speech-
totext functionality. This is a critical external service for the core purpose of the application
(transcription).

tempfile: Indicates that the application will need to store incoming audio data temporarily
before sending it to the transcription service. This is vital for handling file uploads
efficiently without saving them permanently unless necessary.

os: This standard library module is imported for interacting with the operating system,
crucial for path manipulation (e.g., creating directories like static/audio), checking file
existence, and managing temporary files.

logging and traceback: These are brought in for comprehensive error handling and
application monitoring. Good logging is paramount in a debug version and for production
stability. traceback helps capture detailed error information.
werkzeug.utils.secure_filename: This important utility immediately signals a
commitment to security when handling uploaded filenames, preventing directory traversal
attacks.

time: Used for timestamping events and implementing delays (e.g., for polling in the
transcribe_with_retry function).

requests (and HTTPAdapter, Retry): While requests isn't directly used for the core
transcribe logic (AssemblyAl library handles it internally), its presence and the retry
utilities suggest a forward-thinking design for robust external API interactions if needed
elsewhere.

json and datetime: Standard modules for data serialization/deserialization (JSON is the

common format for APl communication) and precise time/date management.

3.4.3 Logging Configuration

Before defining any API routes or specific application logic, setting up the logging system is a

critical early design decision, especially for a "Debug Version" of the system. This foresight

ensures that all subsequent operations, errors, and informational messages are captured and stored,

making debugging and troubleshooting significantly easier. Figure 3.34 shows the

logging.basicConfig function that is used to configure a default logger for the entire application.
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The level=logging.DEBUG setting is chosen, ensuring that all messages (including DEBUG,
INFO, WARNING, ERROR, and CRITICAL levels) will be captured. This is ideal for a debug

version to see granular operational details.

# Set up logging
logging.basicConfig(
level=logging.DEBUG, # Log all messages
format="%(asctime)s - %(name)s - %(levelname)s - %(message)s', # Log format
handlers=|
logging.FileHandler('app.log'), # Log to file
logging.StreamHandler() # Log to console
]
)

logger = logging.getLogger( name ) # Get logger instance

Figure 3.34: code snippet for set up logging

3.4.4 Flask Application Configuration

After the basic Flask application initialization, critical application-wide settings are defined using
the app.config dictionary as shown in Figure 3.35. These configurations directly influence how the
Flask application handles incoming requests, particularly focusing on the management of file
uploads. This is a crucial security and resource management setting, designed to prevent potential
denial-of-service attacks that could arise from excessively large uploads and to ensure that the

server doesn't become overwhelmed by unexpectedly huge audio files

# Configure Flask app settings
app.config[ '"MAX CONTENT LENGTH'] = 10 * 1024 * 1024 # Max upload size (10 MB)
app.config[ 'UPLOAD TIMEOUT'] = 60 # Upload timeout (66 seconds)

)

Figure 3.35: code snippet for configuring flask app settings

3.4.5 External Service Integration (AssemblyAl Application Programming Interface Key)

This step involves configuring access to the primary external service, AssemblyAl, which will
perform the actual audio transcription (shown in Figure 3.37). This is where the necessary

credentials for interacting with this external service are securely set up. Figure 3.36 shows the line
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aai.settings.api_key = "616a368b24b249echlce326d22634b7c" which directly assigns the
AssemblyAl Application Programming Interface key to the library's settings.

aai.settings.api_key = "616a368b24b249ecblce326d22634b7c” # AssemblyAI API key

Figure 3.36: assemblyAl api key

I\ AssemblyAl Pro-recorded audio

Welcome to AssemblyAl

odels for Speech-to-Text anc
inas of coda

Figure 3.37: Assembly Al platform used to transcribe audio files into text

3.4.6 Global State Management (Data Model Definition)

A critical design decision for this application, given its focus on real-time status updates and
communication between an ESP32 (an Espressif Systems 32-bit microcontroller), the backend,
and a web frontend, is the robust management of application state. This step defines a set of global
Python dictionaries that will hold the current status information for connected devices, the results

of transcription processes, any triggers for recording, and the active audio playback queues
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# Global state variables
esp32_devices = {} # Stores ESP32 device info
current_transcription = "" # Latest transcription text
recording trigger = { # Audio recording trigger state
"triggered': False, # True if triggered
"timestamp’': @, # Trigger timestamp
'distance': @, # Sensor distance
‘device id': "', # Device ID that triggered
‘processed': False # True if processed by web interface
}
transcription result = { # Latest transcription details
"text': "', # Transcribed text
"timestamp': @, # Completion timestamp
"processing time': @, # Time taken for transcription
"status': 'idle', # Transcription status

"device_id': # Device that initiated transcription

}

audio playback queue = { # Audio playback queue for web interface
"current_audio': None, # Current audio filename
"queue': [], # List of audio files to play
"timestamp’': @, # Last update timestamp
"device id': '' # Device associated with queue

Figure 3.38: code snippet for global state variables

Figure 3.38 shows the recording_trigger whose dictionary is central to the ESP32-to-backend
communication, containing flags such as 'triggered' (a boolean indicating if a trigger has been
received) and 'processed' (a boolean indicating if the web interface has acknowledged and started
processing the trigger), along with a 'timestamp’, 'distance’ readings from a sensor, and the
‘device_id' of the triggering ESP32. This effectively defines the "message™ structure that an ESP32
sends to initiate a recording. The transcription_result dictionary holds the detailed outcome of the
most recent transcription operation, including the transcribed ‘text’, its ‘timestamp’, the
‘processing_time' taken, its current 'status’ (e.g., 'idle’, 'processing’, ‘complete’, ‘error'), and the
‘device_id' of the initiating device. Finally, audio_playback queue manages the audio files that the
web frontend should play, supporting a current_audio file and maintaining a queue of subsequent

files, along with a ‘timestamp' for synchronization and an associated ‘device_id'".
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3.4.7 Audio File Management (static/audio)

Dashboard Consoles Files Web Tasks Databases

=] Open Bash console here 4% full - 21.8 MB of your 512.0 MB quota {LaaLl)

K Firstwav

i Floor_request.wav
B Ground.wav

& error.wav

[¢= [¢= [¢= [¢=
|

100MiB maximum size

Figure 3.39: image showing audio files uploaded to the web console

Fig 3.39 shows audio files used for voice output during system process. When an audio recording
is uploaded (triggered by the Web app), it is temporarily saved and sent to AssemblyAl for
transcription. This step ensures the backend has a designated place to store and serve the

prerecorded audio response files to the frontend. The route to serve them:
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@app.route('/audio/<filename>")
def serve_audio(filename):
"""Serves audio files from 'static/audio’."™"
try:
static_dir = os.path.join(os.path.dirname(os.path.abspath(_file )), 'static') # Static directory
audio_dir = os.path.join(static_dir, 'audio') # Audio directory
filepath = os.path.join(audio dir, filename) # Full file path

logger.info(f"Looking for audio file: {filepath}") # Log search path
logger.info(f"Audio directory exists: {os.path.exists(audio dir)}") # Log directory existence
logger.info(f"File exists: {os.path.exists(filepath)}") # Log file existence

if not os.path.exists(filepath): # If file not found
if os.path.exists(audio_dir): # If directory exists
files = os.listdir(audio_dir) # List files in directory
logger.error(f"Available files in {audio dir}: {files}") # Log available files
else:
logger.error(f"Audio directory does not exist: {audio_dir}") # Log missing directory

return jsonify({"error": f"Audio file not found: {filename}"}), 4@4 # 404 error

logger.info(f"Serving audic file: {filename} from {audio dir}") # Log file serving
return send_from_directory(audio_dir, filename, mimetype='audio/wav') # Serve file securely

except Exception as e: # Catch serving errors
logger.error(f"Error serving audio {filename}: {e}") # Log error
logger.error(f"Current working directory: {os.getcwd()}") # Log current directory
logger.error(f"Script directory: {os.path.dirname(os.path.abspath(_file ))}") # Log script directory
return jsonify({"error": str(e)}), 500 # 560 error

s,

Figure 3.40: code snippet showing audio storage and save

Figure 3.40 shows the create_audio_directory() function that dynamically creates the static/audio
directory if it doesn't already exist. This is crucial for consistency across different deployment
environments. The create_test_audio_files() function then populates this directory with dummy
WAV (Waveform Audio File Format) files. This is invaluable during development and debugging,
allowing the system to function and play placeholder sounds even before real custom audio
responses are added. By providing these default files, the determine_audio_response function can
immediately map transcription results to playable audio, facilitating early testing of the entire audio
feedback loop. The backend's /audio/<filename> route is designed to specifically serve files from
this static/audio directory using Flask's send_from_directory utility, which securely handles file

requests and ensures only files from the intended directory are served.
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3.6 CONCLUSION

The Voice Command Elevator system represents a comprehensive technological advancement that
successfully integrates cutting-edge 10T capabilities, cloud-based artificial intelligence, and
intuitive user interface design to create a transformative elevator control experience. This
implementation demonstrates the practical application of Industry principles to traditional building
infrastructure, resulting in enhanced accessibility, improved user experience, and operational

efficiency.

Through the strategic integration of AssemblyAl's advanced speech recognition capabilities, the
system demonstrates exceptional accuracy in transcribing and interpreting user commands even in
challenging acoustic environments. The implementation of adaptive algorithms and machine
learning components ensures continuous improvement in recognition performance. The
comprehensive feedback system utilizing both visual and audio components provides users with
immediate confirmation of system status and command recognition. This multi-modal approach
ensures accessibility for users with different sensory capabilities while building confidence in
system reliability. The system's architecture supports remote monitoring, diagnostics, and updates,
minimizing maintenance requirements and operational disruptions. The integrated web interface
provides building management teams with comprehensive oversight tools, enabling proactive
maintenance, usage analysis, and system optimization. This data-driven approach ensures optimal

performance and enables evidence-based decision-making for system

CHAPTER 4: IMPLEMENTATION

4.1 INTRODUCTION
The theoretical framework and design principles outlined in previous chapters culminate in the

practical implementation of the Voice Command Elevator System. This chapter details the step-
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by-step deployment of the system, including hardware-software integration, real-world testing, and
performance validation. By translating design concepts into a functional prototype, this phase
demonstrates the system’s feasibility, robustness, and alignment with the objectives of

accessibility, efficiency, and scalability.

4.2 OVERAL CIRCUIT IMPLEMENTATION
4.2.1 Overall Block Diagram of System

Power
supply
Battery
A 4
| 5VDC DC Motor
Relay
Ultrasonic module
sensor K
A
ESP32 Elevator car
Microcontroller
Web App
N 7 ‘
Transcription

Figure 4.1: Functional block diagram of voice-activated elevator system.

Figure 4.1 illustrates the architecture and signal flow of the proposed voice-activated elevator
system, which is designed to operate using voice commands and user detection. The system
integrates hardware components with a web-based voice control interface for a seamless and

touchless elevator experience.
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ESP32 Microcontroller (Central Control Unit): the microcontroller coordinates all sensor
inputs and controls the actuator (DC motor) based on processed commands. It is
responsible for receiving sensor data, communicating with the web app for voice control
via the inbuilt Wi-Fi module and controlling the relay module to manage power to the
motor.

Power Supply: the microcontroller receives regulated power from a power supply, which
ensures the controller and other 5V/3.3V logic-level components operate safely and
continuously.

Ultrasonic Sensor (User Detection): the sensor is connected to the microcontroller to
detect when a user approaches the elevator. It measures distance by emitting sound waves
and detecting reflections. Once a user is within a predefined range, it triggers the
microcontroller to activate the voice interface and prepare the system for command input.
Web App and Transcription: the web app serves as the interface for capturing voice
commands. It operates when user speaks commands into the web interface. The voice input
is transcribed into text using a speech-to-text engine. The transcription is then sent to the
microcontroller via a web connection. The microcontroller interprets this text and
determines which floor the elevator should move to.

Relay Module (Power Switching): the microcontroller sends a signal to the 5VDC relay
module which acts as an electronic switch. The relay is responsible for connecting or
disconnecting the DC motor from the power source which is the battery, ensuring the motor
is only powered when the command and sensor input conditions are met providing
electrical isolation between the ESP32 and the motor’s power line for safety.

Battery (Motor Power Supply): this provides sufficient power to the DC motor, separate
from the microcontroller's low-voltage control power. This separation ensures the motor
receives the necessary current without overloading the microcontroller.

DC Motor and Elevator Car: the DC motor, when activated via the relay, moves the
elevator car up or down depending on the logic processed from the voice command. The
direction and timing are managed by the microcontroller, with provisions for adding floor

limits or feedback mechanisms.
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4.2.2 Integrated Circuit Diagram

v

ESP1 q CELL1
E R
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+ Battery

Figure 4.2: Proteus circuit diagram for integration of all components

Figure 4.2 illustrates the comprehensive Proteus circuit diagram, representing the final hardware
design and integration of all system components. This diagram showcases how an ultrasonic
sensor, an ESP32 microcontroller, a Light-Emitting Diode (LED), a relay, a DC motor, and a
battery are interconnected to form a complete embedded system. The ultrasonic sensor acts as the

primary input, detecting object proximity and transmitting distance data to the ESP32.

The ESP32 serves as the central processing unit, interpreting the sensor's data and executing
programmed logic to control the system's outputs. It directly manages the LED, which provides
visual feedback on detected conditions, and sends control signals to the relay. The relay functions
as an electrically operated switch, enabling the low-power microcontroller to safely activate and
deactivate the higher-power DC motor, which is independently powered by the battery. This
integrated design allows the system to perceive its environment, process information, and perform

physical actions, demonstrating a complete and functional embedded solution.
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4.2.3 Overall Process Flow
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Figure 4.3: overall flow chart for elevator operation
Figure 4.3 presents the comprehensive operational flowchart for the entire elevator system,

detailing the interactions between hardware, software, and the user from system initiation to floor
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movement based on voice commands. The process commences with the connection of ESP32 to
Wireless fidelity (Wi-Fi) and register to Server, establishing the necessary communication
infrastructure. The system then enters a continuous monitoring phase where the Ultrasonic sensor
detects user (read distance). A key decision point, "Is distance < 5cm?”” determines if a user is in
proximity. If not the system loops back to continue monitoring. If a user is detected the system
proceeds to Send trigger to Server, trigger audio recording, initiating the voice command capture
process. Subsequently, the system enters a polling state: Wait and Poll for Transcription, awaiting

the processed voice-to-text conversion.

Another critical decision, "Is correct transcription ready?" dictates the next action. If the
transcription is not ready or incorrect, the system branches to Web plays and displays error
message and then prompts to Try again/ Timeout, indicating a failure in voice command
processing. If a correct transcription is ready the system proceeds to determine target floor
command, Web plays audio commands, where the transcribed voice is interpreted to identify the
desired floor and audible feedback is provided. This command is then sends command to ESP32
and activate motor, instructing the microcontroller to initiate movement. The DC motor moves car
to requested floor (either first floor or ground floor), performing the physical action. Finally, the
control LED based on command: ON for ground floor, OFF for first floor provides visual
confirmation of the elevator's state, and the entire process loops back to the ultrasonic sensor
detection, awaiting the next user interaction. This flowchart comprehensively outlines the
automated, voice-controlled elevator operation.

4.2.4 ESP32 Code

1

2 #include <WiFi.h>

3 #include <HTTPClient.h>

4 #include <ArduinoJson.h>

5 #include <WiFiClientSecure.h>

6

7

8 const char* ssid = "Up";

S const char* password = "12345678";

Le

L1

L2 const char* serverHost = "hildamumu.pythonanywhere.com";
L3 const int serverPort = 443;

L4 const char* serverURL = "https://hildamumu.pythonanywhere.com";
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Figure 4.4: ESP32 code snippet for initial setups

Figure 4.4 illustrates the foundational setup code for the ESP32 microcontroller, primarily focusing
on establishing its network communication capabilities. This segment begins by including essential
libraries: ‘WiFi.h’ for managing Wi-Fi connectivity, ‘HTTPClient.h’ for initiating Hypertext
Transfer Protocol requests, ‘ArduinoJson.h’ for parsing and generating JavaScript Object Notation
data, and “WiFiClientSecure.h’ to enable secure Hypertext Transfer Protocol(HTTP) connections.
Following these inclusions, the code defines the network credentials, specifying the Service Set
Identifier (SSID) as "Up" and the corresponding password as "12345678". Furthermore, it
configures the server communication parameters, setting the ‘serverHost” to
"hildamumu.pythonanywhere.com", the ‘serverPort’ to 443 for secure communication, and the full

‘serverURL’ as "https://hildamumu.pythonanywhere.com". This entire block is critical for

enabling the ESP32 to connect to the internet and securely interact with the backend server for

data exchange, such as sending sensor triggers and receiving transcription results.

42 Thiti E ard P

43 pinMode(trigPin, OUTPUT);

44 pinMode(echoPin, INPUT);

45 pinMode (ledPin, OUTPUT);

46 pinMode(relayPin, OUTPUT);
47 digitalWrite(ledPin, LOW);
48 digitalWrite(relayPin, HIGH);

Figure 4.5: ESP32 code snippet for initializing hardware components

Figure 4.5 details the critical code segment responsible for configuring the ESP32 microcontroller's
physical input and output pins and setting their initial states. This involves using the ‘pinMode()’
function to define the role of each connected hardware component. Specifically, ‘trigPin’ is
configured as an ‘OUTPUT’ to send trigger pulses to the ultrasonic sensor, while ‘echoPin’ is set
as an ‘INPUT’ to receive the echo signal from the same sensor for distance measurement.
Additionally, ‘ledPin’ is configured as an ‘OUTPUT” to control the Light-Emitting Diode (LED),
and ‘relayPin’ is also set as an ‘OUTPUT’ to manage the relay module that controls the motor. To
ensure a safe and predictable startup, ‘digitalWrite()’ commands are then used to set the initial
conditions: the ‘ledPin’ is set ‘LOW’, turning the LED off, and the ‘relayPin’ is set HIGH, which
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typically deactivates the relay and thus ensures the motor is off at the beginning of operation. This
initialization ensures that all connected peripherals are correctly prepared for their intended

functions within the system.
4.6 CIRCUIT SIMULATIONS
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Figure 4.6: Proteus simulation of circuit when the sensor is triggered within threshold distance

Figure 4.6 presents a Proteus circuit simulation demonstrating the system's behavior when the
ultrasonic sensor detects an object within its predefined threshold distance. As indicated by the
"Distance: 4.4 cm" reading on the virtual terminal, an object has entered the critical proximity
(within 5¢cm). In response to this triggered event, the ESP32 microcontroller initiates an activation
sequence. This sequence involves energizing the relay module, which subsequently powers the
connected motor to begin its operation. Simultaneously, the Light-Emitting Diode (LED) is
triggered and illuminates, providing a clear visual indication that an object has been detected within
the defined operational range. This simulation effectively validates the system's ability to react
appropriately to sensor input, demonstrating the coordinated function of the ultrasonic sensor,

ESP32, relay, motor, and LED in a triggered state.
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Figure 4.7: Proteus simulation of circuit when the sensor trigger is beyond threshold distance

Figure 4.7 illustrates a Proteus circuit simulation depicting the system's state when the ultrasonic
sensor's trigger is beyond the defined threshold distance. The virtual terminal clearly shows
distance 17.5cm, indicating that no object is within the critical proximity range that would
normally activate the system's response. In this un-triggered scenario, the ESP32 microcontroller
maintains an idle state for the output components. Consequently, the Light-Emitting Diode (LED),
visible, remains unlit, and the relay module is not energized, meaning the connected motor remains
inactive. This simulation effectively confirms the system's passive behavior when no significant
object is detected, demonstrating that the outputs remain off until the sensor's input meets the

activation criteria.
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4.7 Implementation of Circuits on Breadboard and Results

4.7.1 Sensor Integration and Proximity Detection Test

Figure 4.8 Image showing design and testing of ultrasonic sensor detection. Left side shows LED
off which shows no user detection and right side shows the LED on which represents user detection

within <5cm range.

Figure 4.8 displays the integration and testing of the primary sensor component, an ultrasonic
distance sensor (HC-SR04). This sensor is crucial for detecting the presence of a user and
measuring distances for navigation. The setup involved connecting the ultrasonic sensor and an
indicator LED to the ESP32 development board on a breadboard for rapid prototyping. The LED

served as a visual indicator of the sensor's trigger state.

Figure 4.8 left side was the initial setup of the ultrasonic sensor in un-triggered state and ESP32
on a breadboard. Figure 4.6 left side was the ultrasonic sensor detecting an object and triggering
the LED.

Table 4.1: results for sensor detection
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Trial Object Distance | Sensor LED Interpretation of Results
(cm) Triggered State

1 10 No OFF Object is outside the threshold
distance, there is no detection and
LED if off

2 6 No OFF Object is outside the threshold
distance, there is no detection and
LED if off

3 5 Yes ON Object is within the threshold
distance, sensor is triggered and
LED is activated

4 3 Yes ON Object is within the threshold
distance, sensor is triggered and
LED is activated

Table 4.1 shows the recorded results. A series of trials were conducted to validate the sensor's

accuracy and the system's ability to respond to proximity. As detailed in table 4.1, the object

distance was varied, and the corresponding sensor trigger status and LED state were recorded. The

system was programmed to trigger (and illuminate the LED) when an object was detected within

a predefined threshold distance. Trials 1 and 2, with object distances of 10 cm and 6 cm

respectively, show the sensor not being triggered, and the LED remaining OFF. Conversely, in

Trials 3 and 4, when the object was brought within 5 cm and 3 cm, the sensor successfully

triggered, and the LED illuminated, indicating a positive detection. This test confirmed the correct

wiring, functional operation of the ultrasonic sensor, and the ESP32's ability to process sensor data

and control an output device based on specific proximity thresholds.
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4.7.2 Relay Module and DC motor Verification

Figure 4.9: image showing the design and testing of DC motor for clockwise and anticlockwise
direction. DC motor is integrated with the ESP32 microcontroller via the Relay module. The left

side shows the setup of circuit and right side shows the motor in motion.

Building upon the successful sensor integration, the next critical step in the implementation
involved setting up and testing the motor control system. This phase is crucial for enabling the
movement of the elevator car. As shown in Figure 4.9 a DC motor was connected to the ESP32
via a relay module. The relay, connected to ESP32, was used to switch the power to the motor
directly, while GP1032 (DIR1) and GPIO33 (DIR2) controlled the direction of the motor's
rotation. This setup allows for precise control over the motor's state, including starting, stopping,
and changing its direction. Left side is the initial setup of the DC motor, relay, and ESP32 on a
breadboard while the right side shows the motor in operation. The relay controls the DC motor's

direction and state. Table 4.2 shows the results of the operation:
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Table 4.2: results for motor direction
Stage DIR1 DIR2 RELAY Motor Interpretation of Results
(GP1032) | (GPIO33) | (GP1023) | State
Start CW HIGH LOW HIGH Rotates Correct  clockwise  rotation
Clockwise | initiated: DIR1 HIGH, DIR2
LOW, and RELAY HIGH
supply power.

Stop LOW LOW LOW Stopped Motor stopped: All control
signals (DIR1, DIR2, RELAY)
set LOW, cutting power and
signal.

Start ACW | LOW HIGH HIGH Rotates Correct anti-clockwise rotation

Anti-CW initiated: DIR2 HIGH, DIR1
LOW, with RELAY
maintaining power.

Stop LOW LOW LOW Stopped Motor stopped again: Control
signals reset to LOW,
confirming repeatable stopping
function.

Table 4.2 shows results of a series of tests that were performed to verify the motor's response to
different control signals from the ESP32. The states of DIR1, DIR2, and the RELAY pins were

manipulated to achieve the desired motor behavior. To initiate clockwise rotation, DIR1 was set
HIGH, DIR2 LOW, and the RELAY HIGH to supply power. To stop the motor, all control pins

(DIR1, DIR2, and RELAY) were set LOW, effectively cutting power and signal. For anticlockwise
rotation, DIR1 was set LOW, DIR2 HIGH, and the RELAY remained HIGH. Each sequence was

successfully tested, confirming the correct electrical connections and the ESP32's ability to

precisely
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4.8 PERMANENT CIRCUITRY CONNECTION

With the successful validation of individual components and their interactions on the breadboard,
the next logical step in the implementation phase was to transition from a temporary prototype to
a more permanent and robust circuit assembly. The process involved carefully transferring the
validated breadboard connections to the permanent board, precisely soldering each component,
and strategically cutting copper tracks where necessary to isolate connections and prevent short
circuits. This meticulous process ensures that the interconnections between the ESP32, sensors,
actuators, and power management components are secure and capable of reliable long-term

operation, thus forming the robust physical foundation of the elevator system.

Figure 4.10: image showing assembly of components on the board.

Figure 4.10 showecases the assembled unit, where the ESP32 component, the ultrasonic distance
sensor, and the relay module are permanently mounted and interconnected. This stage marks a
significant progression from the loose breadboard prototype to a more robust and deploymentready

form factor.

The careful arrangement of components on the board, including strategic placement and soldering,
was critical to ensure both electrical integrity and physical compactness. This permanent assembly
minimizes the risk of loose connections, a common issue with breadboard setups, and provides a
stable platform for the entire system.

Table 4.3: hardware and software components used for prototype
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Component

Specifications

Function

Justification for Use

ESP32
Microcontroller

Dual-core 32-bit
processor, Wi-Fi

Central processing unit:
controls sensor input,

Chosen for its built-in Wi-Fi,
multitasking capability, and

& Bluetooth, motor activation, and GPIO flexibility essential for
3.3V logic, communicates with the | |oT applications
GPIO pins web app
HC-SR04 Ultrasonic | Operating Detects user presence at | Enables non-contact user
Sensor voltage: 5V, the elevator entrance by | detection, enhancing hygiene
Range: 2cm-— measuring distance and accessibility
400cm,
Accuracy: £3mm
DC Motor 5V DC motor, Drives elevator car Provides sufficient torque for
150 RPM, high | movement (simulated) vertical motion; cost-effective
torque and easy to control
JQC3F-05VDC-C 5V trigger Switches power to the Allows the microcontroller to
Relay Module voltage, 10A motor on/off based on safely control high-power loads
250V AC/10A | ESP32 control signals
30V DC load
rating

LED Indicator

5mm green LED,

Provides visual feedback
when command is

Simple and effective method
to give real-time user

received feedback
Power Supply 9V battery with | Supplies power to the Ensures  sufficient  voltage
(Battery) DC motor levels for dc motor
Flask Backend Python Flask, Receives, processes, and | Enables cloud-based audio
(Web Server) AssemblyAl transcribes voice transcription and system
API, hosted on commands response logic
PythonAnywhere
Web Interface HTMLS5, CSS3, | Provides a browserbased | Offers intuitive, hands-free,
(HTML/CSSAS) JavaScript (with | user interface for and cross-platform control
‘getUserMedia’) | interaction and over elevator operation

monitoring
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Table 4.3 details the hardware and software components used in the prototype system for the
voicecontrolled elevator. It lists each component, such as the ESP32 microcontroller for processing
and communication, the HC-SR04 ultrasonic sensor for user detection, a DC motor for elevator
movement, and a relay module for power control. Additionally, it includes an LED indicator for
feedback, a battery for power, and software components like a Flask backend with AssemblyAl
for voice command processing, and an HTML/CSS/JavaScript web interface for user interaction.
For each item, the table provides specifications, its specific function within the prototype, and a
clear justification for its selection, collectively outlining the integrated system's architecture and

rationale.

4.9 SOFTWARE with HARDWARE IMPLEMENTATION

4.9.1 LED indicator verification

Figure 4.11: image showing the implementation of the LED in the circuit

LED modules in Figure 4.11 were tested for brightness levels, color accuracy, and power
consumption to ensure visibility in different lighting conditions. The image displays the LED
implementation for floor status indication, a visual feedback system crucial for the smart
voiceactivated elevator. It shows how the LED corresponds to different floor levels, illuminating
to clearly signify the elevator's current position. This allows for easy and immediate identification

of the elevator's status, enhancing user awareness and overall system usability.
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4.9.2 Sensor integration

_~

Figure 4.12: Ultrasonic sensor integration

Figure 4.12 shows the HC-SR04 ultrasonic sensor which was connected to the ESP32 with careful
attention to voltage level compatibility. Since the sensor operates at 5V while the ESP32 uses 3.3V
logic levels, voltage level translation was implemented to prevent damage. The HC-SR04
ultrasonic sensor was connected to the ESP32 to detect user proximity. Firmware included
debouncing logic (200ms delay between triggers) and dynamic thresholding for reliable detection.
Fail-safes defaulted to "no detection” if errors occurred. Challenges like false triggers from
acoustic interference were resolved using a software median filter. The system logged errors for
maintenance if the sensor failed. The ultrasonic sensor monitoring system was developed with

sophisticated filtering to reduce false positives and ensure reliable user detection.
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STty
~
< numReadings; i++) {

= %
digitalWrite (TRIG__PIN, LOW) ;

digitalWrite (TRIG_PIN, HIGH);

long duration = pulseIn (ECHO_PIN, HIGH);

readings[i] = duration * 0.034 / 2; // Convert to cm
total += readings[i];

delay (50);

return total / numReadings; // Return average

Figure 4.13: ESP32 code snippet showing sensor operation commands

Figure 4.13 displays code that configures the ESP32 to work with an HC-SR04 ultrasonic sensor
by setting up GPIO pins for trigger (output) and echo (input) functions. It implements distance
measurement by sending a 10-microsecond trigger pulse, then timing how long the echo signal
takes to return. The distance is calculated using the speed of sound (343 m/s) with appropriate unit
conversions. The code includes a 500-millisecond delay between measurements to prevent signal
interference and ensure stable readings. Basic conditional logic checks if detected objects are
within a 5cm range, which would indicate user presence for the elevator system.

4.9.3 Relay module configuration

// Motor Control wvia Relay

tdefine RELAY PIN 4

void controlElevator (int floor) {
digitalWrite (RELAY PIN, HIGH); // Activate motor
delay(£flooxr * 1000); // Simulate travel time

(V8

gitalWrite (RELAY PIN, LOW); // Stop motor

Figure 4.14: code snippet motor control implementation
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The code snippet in Figure 4.14 implements the motor control logic for the voice-activated elevator
system, using the ESP32 microcontroller to operate the DC motor via a relay module. The
relay_pin is defined as GP104, which connects to the control input of the JQC3F-05VDC-C relay
module. The controlElevator() function accepts a target floor parameter and executes the motor
operation sequence: first energizing the relay (setting RELAY_PIN HIGH) to activate the motor,
then maintaining this state for a duration proportional to the floor distance (1000 milliseconds per
floor), and finally de-energizing the relay (setting RELAY_PIN LOW) to stop the motor. This
implementation demonstrates the fundamental timing-based motor control that forms the core of
the elevator's movement mechanism, with the relay serving as the critical interface between the
low-voltage microcontroller and the high-power motor circuit. The proportional delay calculation
provides a simple yet effective simulation of the elevator's travel time between floors in the

prototype system.

4.9.4 ESP32 Firmware Development

The embedded software development focused on creating robust, real-time firmware capable of

handling sensor monitoring, network communication, and local decision-making.

Communication Protocol Handler: A robust communication system was implemented to handle
HTTP requests, manage network timeouts, and implement retry logic for reliable server

communication.
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// HTTP Communication with Retry Logic

bool sendBudioToServer (String audioData) {
HTTPClient http;
http.bsgin("http://server.com/api/process—audio") ;
http.addHeader ("Content—Type", "application/json");
int attempts = O;
vhile (attempts < 3) {

int httpResponseCode = http.POST {(audioData) ;

if (httpResponseCode == 200) {
String response = http.getString();
processServerResponse (response) ;

return true;

attempts++;
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Figure 4.15: code snippet for HTTP communication of ESP32 with Web server

The code in Figure 4.15 implements an HTTP communication routine with built-in retry logic for
transmitting audio data to a remote server. Specifically, the sendAudioToServer function
constructs and sends an HTTP POST request to the endpoint http://server.com/api/process-audio,
embedding the audioData in JSON format. To increase reliability, the function attempts to transmit
the data up to three times if the server response is unsuccessful. On receiving a successful HTTP
200 response, it extracts the server’s reply and forwards it for processing using the
processServerResponse function. If all attempts fail, the function returns false, signalling

communication failure. This mechanism ensures robustness in network-dependent operations.
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4.9.5 Web Interface Development

The web interface was developed to provide comprehensive system monitoring, configuration

management, and diagnostic capabilities.

Real-time Monitoring Dashboard: A dynamic dashboard was created to display system status, usage

statistics, and performance metrics in real-time.

html
<!-—- Real-time Status Dashboard ——>
<!DOCTYPE html>
<html>
<head>
<title>Voice Elevator Control System</title>
<script src="https://cdn.socket.io/4.0.0/socket.io.min.js"></script>
<script src="https://cdn.jsdelivr.net/npm/chart.js"></script>
</head>

dashboard">
v class="status—panel">
<h2>System Status</h2>

<div id="system—-status" classz="status—indicator"></diwv>

; id="active-sessions">Active Sessions: 0</div>

<div class="metrics-panel">
<h2>Usage Metrics</h2>
<canvas id="usageChart"></canvas>

</div>

</div>

<script>

const socket = 10o();

socket.on('status_update’, function(data) {
document.getElementById('system—status') .textContent = data.status;

document.getElementById('active—sessions') .textContent =

'Active Sessions: ' + data.active_sessions;

});
</script>
</body>
</html>

Figure 4.16: HTML code snippet for real-time web dashboard
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The implementation in Figure 4.16 illustrates the development of a real-time web dashboard for
the Voice Elevator Control System. Built using HTML, Socket.lO, and Chart.js, the interface is
designed to monitor system performance and user activity in real time. The web page displays a
live system status indicator and tracks active user sessions, ensuring the elevator system is
operating as expected. Additionally, it features a dynamic chart canvas that visualizes usage
metrics based on incoming data from the backend server. The use of WebSockets enables
immediate updates without manual refreshing, enhancing responsiveness and reliability of the

monitoring process.

Configuration Management Interface: Administrative interfaces were developed to allow system

parameter adjustment and operational mode configuration.

javascript
// Configuration Management Functions

const con

Hh

g =

function updateSystemConfig() {
{

detection_threshold: document.getElementById('threshold") .value,
timeout duration: document.getElementById('timeout') .value,
audio quality: document.getElementById('quality').value

}i

fetch('/api/config/update’, {
method: 'POST',

headers: {'Content-Type': 'application/json'},

body: JSON.stringify (confiq)
1)
.then(response => response.json())
.then(data => {

1if (data.status === '"success') {

showNotification('Configuration updated successfully’);

});

Figure 4.17: code snippet for javascript configuration management functions

Figure 4.17 code snippet represents a configuration management module that allows real-time updates

to the system parameters of the voice-controlled elevator. The updateSystemConfig function collects
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user-specified values—detection threshold, timeout duration, and audio quality— from designated
HTML input fields. These values are structured into a JSON object and transmitted viaan HTTP POST
request to the /api/config/update endpoint. Upon receiving a success response from the server, the
interface displays a confirmation notification to the user. This approach ensures dynamic system
tuning without requiring manual code modification or system restarts, enhancing the system's usability

and responsiveness.
4.9.6 Integration Testing and Validation

Comprehensive testing was conducted to verify system integration and validate operational

requirements.

End-to-End Testing: Complete system workflows were tested from user detection through command

execution to ensure proper integration of all components.

python
$ Automated Integration Testing
def test_complete workflow():
f Simulate user approach
sensor_reading = simulate_user_presence()
3exrt sensor_reading < DETECTION_ THRESHOLD

)

as:

f Test voice command processing
test_audio = load test audio("floor five.wav")

response = process_voice_command(test_audio)

assert response['command'] [ 'number'] == 5

§ Verify elevator control

motor status = check motor activation()
assert motor status == 'active'
print ("Integration test passed")

Figure 4.18: code snippet for automated integration testing of workflow of system
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The Python-based snippet, shown in Figure 4.18, performs automated integration testing for the
entire workflow of the smart voice-controlled elevator system. The ‘test complete workflow’
function simulates key operational stages, beginning with user detection, followed by voice
command interpretation, and finally motor control verification. Each stage is validated using
assertions: the proximity sensor is checked against a detection threshold, voice recognition is
verified for command accuracy and elevator activation is confirmed via motor status. If all
assertions pass, the system outputs a success message, indicating that all components are

seamlessly integrated and functioning as intended.

Performance Validation: System performance was measured and validated against design

requirements including response times, accuracy rates, and reliability metrics.

| Eeeeesea et
python

f Performance Monitoring

def monitor system performance() :

metrics = {
'response_time': [],
'‘accuracy_ rate': [],
'error_count': 0

M

ol

test case in test cases:

start time = time.time ()

result = process command(test case)

end time = time.time ()

metrics['response_time'] .append(end time — start_time)

metrics['accuracy_rate'].append(result['accuracy'])

if result['status'] == 'error':

metrics['error_count'] += 1

return calculate performance statistics(metrics)

Figure 4.19: code snippet for performance monitoring
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Figure 4.19 defines a ‘monitor system performance()’ function that systematically evaluates key
performance metrics of the voice-controlled elevator system. It tracks three primary indicators:
response time, recognition accuracy, and error frequency. During execution, the function iterates
through a predefined set of ‘test cases’, logging the time taken to process each command and
capturing the accuracy from the recognition result. If any error occurs, it increments the
‘error_count’. Once all tests are complete, it computes aggregated performance statistics using the
‘calculate performance_statistics()’ function. This modular performance tracking ensures that the

system meets its reliability, speed, and accuracy requirements under real-time conditions.

4.10 PHYSICAL INTERACTION AND WEB INTERFACE SYNCHRONISATION

The implementation of the smart voice-controlled elevator system integrates hardware, embedded
software, and web technologies to deliver a seamless user experience. Central to the system is the
ESP32 microcontroller, which coordinates voice recognition, sensor inputs, motor control, and
network communication. Real-time feedback and monitoring are provided through a custom web
dashboard, ensuring users and administrators can observe operational status, connectivity, and

system readiness.
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4.10.1 ESP32 Connection status
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Figure 4.20: Microcontroller connection to web app status. Left side shows before connection and right

side shows after connection.

The web application reflects the ESP32’s connection status, as shown in Figure 4.20, through a
real-time status indicator prominently displayed on the interface. When the ESP32 successfully
connects to the system, the status label ESP32 changes visually, shifting from a red color to green,
as shown in Figure 4.20. This confirms that the hardware is online and ready to process commands.
This live feedback is powered by HTTP communication, which enables continuous data exchange

between the device and the web server.
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4.10.2 Proximity Triggered Recording and Web Interaction
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Figure 4.21: image showing on the left the system ready for recording and on the right, transcription of
the recorded command.

Figure 4.21 left side, when a user approaches the elevator, the ultrasonic sensor detects their
presence and triggers the ESP32 to begin audio recording. This interaction is instantly
communicated to the web application using HTTP, resulting in a status change to “RECORDING
AUDIO” on the dashboard. Visual indicators display the ongoing audio capture, with a playback
interface appearing once the recording is complete. This ensures responsive interaction between

physical sensing, recording initiation, and user feedback via the interface.

Figure 4.21 right side, after recording the web app starts transcribing and the audio player now
contains a 3-second clip ready for review. During this step, the system converts the spoken
command into text. If a feedback loop is implemented, the recognized text is synthesized back into

audio as confirmation, completing the voice interaction cycle.
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Figure 4.22: image showing elevator moving from first to ground floor

Figure 4.22 captures two synchronized stages of the elevator system in operation, demonstrating
the seamless interaction between physical hardware and the web application. Left image illustrates
the moment a user approaches the elevator system. The proximity sensor detects presence of a
user. Simultaneously, the web interface reflects this state by triggering the system to start recording

audio. This detection is critical for initiating the voice-controlled workflow.

The image on the right shows the physical elevator car descending from the first floor (1) to the
ground floor (G). This transition occurs after a voice command is successfully processed and
matched to a valid floor request. The ESP32 communicates the command to the motor driver,
which actuates the car’s motion. The system state on the web app updates accordingly, signalling

that the command execution is underway.
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4.10.3 Elevator Status Display — Ground Floor Confirmation

Transcription
System - Debug
Version

Web-based audio playback with
debugging features

System: Ready

ESP32: 1 device(s) connected

&9 Audio Playback:

All audio complete

> 003/003 =@ O

Queue:

~ Latest Transcription:

Ground

Processing: 3.88s | Audio: Ground. wav

Figure 4.23: image shows the current status of the elevator which is at ground floor.

This interface snapshot in Figure 4.23 displays the final stage of the elevator’s command execution
cycle verifying arrival at the ground floor. The audio playback bar reflects a completed 3-second
recording. This successful transcription, processed in approximately 3.88 seconds, signals that the
elevator has reached and is now stationed at the ground floor. This update provides clear, real-time
feedback for both system operators and users, validating the voice-controlled navigation

functionality.
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4.10.4 Error Handling — No Speech or Invalid Command

&) Audio Playback:

Playing: error.wav

Il 000/004 @= o)

Queue:

/ Latest Transcription:

No speech detected

Processing: 3.67s | Audio: error.wav

Figure 4.24: image showing error message

Figure 4.24 demonstrates the system’s ability to handle errors gracefully when either no speech is
detected or a voice input fails to meet recognition criteria. The playback section indicates that the
file "error.wav" was processed, lasting 4 seconds. The latest transcription field confirms the issue
with a clear message: "No speech detected," accompanied by a processing time of 3.67 seconds.
This error feedback ensures transparency in system response and alerts the user to retry with clearer
or valid speech input. Such error cases are vital for guiding user interaction and enhancing overall

system robustness and usability.
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4.10.5 Elevator Movement — Ground to First Floor

Figure 4.25: image showing same operation of elevator, only in the opposite direction.

Figure 4.25 shows the same process, but only in opposite direction. Lift begins at the ground floor,
positioned at the bottom level of the mechanical frame. When a valid voice command (First floor
or one) is detected and successfully transcribed, the ESP32 processes the instruction and activates
the motor. The successful completion of the motor movement is reinforced by the web interface
updating the system status, confirming that the command has been executed and the elevator has

reached the first floor.

4.11 CONCLUSION

The implementation phase of the Smart Voice-Activated Elevator System successfully
transformed the theoretical designs into a functional prototype. Through careful integration of
hardware components, such as the ESP32 microcontroller, ultrasonic sensor, relay module, and
DC motor, the system achieved responsive physical control based on proximity detection and voice
input. The software counterpart, developed using Python Flask for the backend and JavaScript for
the frontend, enabled seamless communication between the user and the elevator system through

a web interface. Simulations and breadboard implementations validated the expected behaviors,
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including sensor-triggered activation, audio recording and transcription, and directional motor
control. The system demonstrated reliable performance in real-time interaction and automation,
confirming the feasibility and practicality of smart, touchless elevator control in modern

infrastructure applications.
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CHAPTER 5: RESULTS
5.1 INTRODUCTION

This chapter presents the experimental and implementation results obtained during the
development and testing phases of the smart voice-activated elevator system. The aim of these
results is to evaluate the performance of both the hardware and software components, verify system

integration, and confirm the functionality of the elevator prototype under real-world conditions.

The results highlight how the system responds to user presence detection using the ultrasonic
sensor, processes voice commands through the web-based interface, and executes elevator
movement using the relay-controlled DC motor. Furthermore, this chapter includes tabulated
outcomes of various trials, such as distance detection thresholds, motor operation states, and
elevator direction control. These outcomes serve to validate the objectives of the project by

demonstrating the system’s accuracy, responsiveness, and feasibility for real-life application.

The chapter also provides insights into the reliability of remote monitoring via the web application,
showcasing the effectiveness of combining embedded systems, 10T, and speech recognition in
creating a user-friendly elevator control system. By analysing the results, this section confirms
whether the proposed solution meets the intended goals of enhancing accessibility, reducing

physical contact, and modernizing elevator interaction.

5.2 TABLE OF RESULTS

5.2.1 User detection results during design

Table 5.1: results of user detection using ultrasonic sensor
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Trial Object Distance | Sensor LED Interpretation of Results
(cm) Triggered State

1 10 No OFF Object is outside the threshold
distance, there is no detection and
LED if off

2 6 No OFF Object is outside the threshold
distance, there is no detection and
LED if off

3 5 Yes ON Object is within the threshold
distance, sensor is triggered and
LED is activated

4 3 Yes ON Object is within the threshold
distance, sensor is triggered and
LED is activated

As shown in Table 5.1, the sensor correctly identified objects within its 5cm activation range while
ignoring those beyond this threshold. The test results demonstrate the ultrasonic sensor's reliable
performance in detecting user presence. In trials with objects placed at 10cm and 6cm, the sensor
remained inactive (LED OFF), confirming its ability to avoid false triggers. When objects moved
within the 5¢cm range (trials at 5cm and 3cm), the sensor activated consistently (LED ON), proving

its reliable detection capability at the designed operating distance.

These results validate the sensor's integration with the ESP32 microcontroller and confirm the
effectiveness of the voltage regulation circuit. The consistent performance across all trials meets

the system requirements for accurate user detection in the voice-activated elevator control system.

5.2.2 DC motor operation during design

Table 5.2: results for motor operation via Relay module

Stage DIR1 DIR2 RELAY Motor Interpretation of Results

(GP1032) | (GP1033) |(GP1023) | State
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Start CW HIGH LOW HIGH Rotates Correct  clockwise  rotation
Clockwise | initiated: DIR1 HIGH, DIR2
LOW, and RELAY HIGH
supply power.

Stop LOW LOW LOW Stopped Motor stopped: All control
signals (DIR1, DIR2, and
RELAY) set LOW, cutting
power and signal.

Start ACW | LOW HIGH HIGH Rotates Correct anti-clockwise rotation

Anti-CW initiated: DIR2 HIGH, DIR1
LOW, with RELAY
maintaining power.

Stop LOW LOW LOW Stopped Motor stopped again: Control
signals reset to LOW,
confirming repeatable stopping
function.

Table 5.2 shows results for motor control tests which successfully verified the system's directional
movement capabilities. The DC motor responded precisely to the ESP32's control signals through
all operational states. For clockwise rotation, setting DIR1 HIGH while keeping DIR2 LOW (with
RELAY energized) produced the intended movement. The motor immediately stopped when all
control pins went LOW. Anti-clockwise rotation was equally reliable when DIR2 received the
HIGH signal instead. Each stop command consistently halted the motor, demonstrating the relay's
effective power switching.

These results confirm the motor control logic functions as designed, with the relay module properly
isolating the high-power motor circuit from the ESP32's low-voltage control signals. The
consistent performance across all test cycles validates the system's ability to execute precise
elevator movements in response to voice commands. The tests also verified the fail-safe operation,

with the motor reliably stopping when all control signals were LOW. This meets the safety
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requirements outlined in the project specifications while maintaining the responsiveness needed

for smooth elevator operation.

5.2.3 Elevator operation results

5.2.3.1 FIRST FLOOR OPERATION RESULTS

L \‘,“ 7
AT
TR T ()

Wl R

Figure 5.1: Fully operational elevator from ground floor to first floor

Figure 5.1 (as labeled) presents two photographic views of the fully operational elevator prototype,
specifically demonstrating its ascent from the ground floor to the first floor. The image on the left
shows the elevator car at the ground floor level, with a hand positioned near the ultrasonic sensor,
indicating the point of interaction for initiating a command. The image on the right depicts the
elevator car having successfully ascended to the first floor. This vertical movement is initiated
after receiving a voice command, which the system processes through its integrated transcription
capabilities. This visual evidence confirms the successful implementation of the system's
mechanical and electronic components, demonstrating that the integrated hardware and software
can effectively control the elevator's upward movement between floors in direct response to
transcribed voice instructions. The presence of the "G" and "1" indicators, though not explicitly
shown in detail in this view, implies clear labeling for floor levels, reinforcing the system'’s

intended functionality for automated vertical transport.
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Table 5.3: Results for first floor operation

Trial | Distance | Sensor Voice Transc | Audio Audio Elevator | LED
(cm) Triggered | Command | ription | Feedback 1 | Feedback 2 | Car State
Position
5 Yes First Voice First floor, Moves to | OFF
floor recorded floor_ B First
successfully, | yechipiri
“First floor” ndanzwa Floor
zZvamataura
3 Yes First Voice First floor, Moves to | OFF
floor recorded floor_ B First
successfully, | yechipiri
“One” ndanzwa Floor
Zvamataura

Table 5.3 presents the outcomes when the elevator system receives a valid command to move to

the first floor. In all trials, the ultrasonic sensor successfully detected the user at a distance of 5 cm

or less, triggering the voice capture process. When the user said either “first floor” or “one”, the

system correctly transcribed the command and played two audio responses: first confirming voice

capture (“"Voice recorded successfully, ndanzwa zvamataura™), followed by the destination

announcement ("First floor, floor yechipiri™). The relay was activated, the motor rotated clockwise,

and the elevator car moved to the first floor. The LED turned OFF to indicate the car was no longer

on the ground floor.
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5.2.3.1 GROUND FLOOR OPERATION RESULTS

Figure 5.2: Fully operational elevator from first floor to ground floor

Figure 5.2 presents two photographic views of the fully operational elevator prototype, specifically
demonstrating its transition from the first floor to the ground floor. The image on the left shows
the elevator car at the first-floor level, with a hand positioned near the ultrasonic sensor, indicating
an interaction point for the system. The illuminated blue light emanating from the sensor area
suggests its active state. Crucially, the elevator's movement, as depicted by the car's descent from
the first floor (left) to the ground floor (right), occurs after receiving a voice command. This voice
command, processed through the system'’s transcription capabilities, serves as the primary input to
initiate the floor change. This visual evidence confirms the successful implementation of the
integrated hardware and software, demonstrating that the system can effectively control the

elevator's vertical movement between floors in direct response to transcribed voice instructions.

Table 5.4: Results for ground floor operation
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Trial | Distance | Sensor \oice Transc | Audio Audio Elevator | LED
(cm) Triggered | Command | ription | Feedback 1 Feedback | Car State
2 Position
1 5 Yes Yes Voice recorded | Ground Movesto | ON
) SUCCGSSE&%Z’W floor, floor | Ground
Ground a zvamataura yekutanga | ioor
floor”
2 4 Yes Yes Voice recorded | Ground Movesto | ON
success:]l:jlzz,w floor, floor | Ground
“Ground” a zvamataura Yekutanga | joor

Table 5.4 outlines the results when the user requested the ground floor. In both trials, the system

correctly detected presence, captured voice input (“ground floor” or “ground”), and transcribed it

accurately. The appropriate audio feedback was played, confirming the command and announcing

“Ground floor, floor yekutanga.” The relay activated, the motor turned anticlockwise, and the

elevator descended to the ground floor. The LED turned ON to indicate that the car had arrived at

ground level.

5.2.3.1 ERROR OR NO SPEECH DETECTION RESULTS

Table 5.5: Results for error
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Trial | Distance | Sensor Voice Transcription | Audio Audio Elevator
(cm) Triggered | Command Feedback 1 | Feedback | Car
2 Position
1 5 Yes [Silence] No - _ No
Movement
2 5 Yes four Yes (invalid) | Voice Try again, | No
recorded dzokororai Movement
successfully,
ndanzwa
zvamataura

This table shows what happens when the system either receives no voice input or an invalid

command. In the first case, the system detected a user but recorded silence, resulting in the

response “No speech detected” and no motor action. In the second case, a wrong command like

“floor four” was issued. Although it was transcribed, it was not a recognized floor command, so

the system responded with “Try again, dzokororai” after confirming the voice was captured. In

both cases, the relay remained OFF, no motor movement occurred, and the LED state remained

unchanged.
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5.2.4 Real time monitoring results

il System Information
Mode: Web-based Audio Playback
Status: Initializing...

Audio Files: 0 files
Last Update: 19:48:54

System Log:

[19:48:53] &" System starting up...

[19:48:53] A Requesting microphone access...

[19:48:53] > ERROR: Audio initialization failed: Cannot read properties of undefined (reading
‘getUserMedia')

[19:48:53] [El Started polling for triggers and status

[19:48:54] 4l Debug status received

[19:48:54] [ SUCCESS: Debug status updated (check console)

[19:48:54] LI SUCCESS: System initialized successfully

Figure 5.3: real-time monitoring interface

Figure 5.3 shows the comprehensive monitoring interface provided for real-time visualization of
both electromechanical operations and backend processes. For motor control, the display tracked
all GPIO states and corresponding movement responses with under 100ms latency, confirming
precise synchronization between commands and mechanical actions. Below this, a timestamped
system log recorded critical backend events including initialization sequences, microphone access
attempts (flagging compatibility issues like missing ‘getUserMedia’ properties), and regular
polling operations. The interface simultaneously displayed live ultrasonic sensor readings under,
providing continuous verification of user proximity detection. This dual-layer monitoring
combining electromechanical state visualization with detailed system logging enabled
comprehensive performance validation. While maintaining full functionality despite microphone
limitations in certain browsers, the interface proved particularly valuable for debugging, capturing

everything from sensor-triggered voice recording initiations to motor control anomalies. Together,
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these real-time diagnostics ensured system transparency while verifying all design requirements

for responsiveness and fault tolerance were met.

5.2.5 Calibration and Performance Results of Prototype Components

Table 5.6: calibration and performance results

Component | Test Parameter

Expected
Result

Actual
Result

Explanation
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DC Motor Operating 5V -6V 4.5V Slight voltage drop due to internal resistance
Voltage and relay activation; within operational range
Power Output 5V 0.1V | 492V Minor loss due to regulator heat dissipation
Supply and current draw by connected modules
Ultrasonic Trigger Distance | 5.00 cm 5.10cm | Slight overshoot due to ultrasonic wave
Sensor Threshold dispersion and ambient temperature
Maximum 400 cm 395 cm Minimal difference due to sensor tolerance
Detection Range and environmental noise
Web Voice Command 94% Performs excellently in quiet rooms; most
Microphone | Accuracy (Quiet commands detected and transcribed correctly
Input Environment) >90%
Voice Command 81% Slight drop in accuracy due to background
Accuracy (Noisy | > g5, interference; no command detected in some
_ = cases
Environment)
Average 3.7 Acceptable response time; varies based on
Transcription < 5| seconds | internet speed and cloud API latency
Time seconds
Command 88% Slightly  below  expected  due to
Recognition > 90% misinterpretation of similar-sounding words
Rate

Table 5.6 provides a comprehensive overview of the prototype system's operational effectiveness

by comparing expected and actual outcomes for various components. Key findings indicate that

while the DC motor experienced a slight voltage drop, it remained within operational range, and

the power supply had minor output loss due to heat and current draw. The ultrasonic sensor

exhibited a slight overshoot in trigger distance and a minimal deviation in maximum range,
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attributed to environmental factors. For the web microphone input, voice command accuracy was
excellent in quiet environments (94% against an expected > 90%) but saw a slight decrease in
noisy settings (81% against an expected > 85%) due to background interference. Transcription
time averaged an acceptable 3.7 seconds, though the overall command recognition rate was slightly
below target at 88%, primarily due to misinterpretation of similar-sounding words. These results
collectively offer a clear picture of the system's performance, highlighting both its strengths and

areas for potential refinement.

5.3 CONCLUTION

The results presented in this chapter demonstrate the successful implementation and performance
of the smart voice-activated elevator system. The system consistently detected user presence,
responded to voice commands accurately, and executed elevator movement between floors
reliably. The integration of sensors, microcontroller logic, and a web-based interface enabled
realtime interaction and monitoring. By addressing accessibility and hygiene concerns, the system
proves to be a viable solution for modern building applications. This chapter concludes that the
system achieved its intended objectives and laid a strong foundation for future scalability and

feature enhancements.

CHAPTER 6: Discussion and Recommendation
6.1 DISCUSSION

The implementation of the Smart VVoice-Activated Elevator System yielded promising results that
demonstrate the system's viability for real-world applications. The successful integration of
hardware and software components—ESP32 microcontroller, ultrasonic sensor, relay module,
motor, and a web-based transcription interface—ensured that the project met its goals of providing

a hands-free, accessible, and hygienic solution for elevator control.
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6.1.1 System Performance and Validation

The results discussed in Chapter 5 confirm that the system effectively detected user presence using
the ultrasonic sensor at a threshold of 5 cm. Upon detection, it accurately triggered the voice
recording interface. Audio files were successfully recorded and transcribed using AssemblyAl’s
speech-to-text engine. When valid commands such as “Ground floor” or “First floor” were
recognized, the ESP32 processed these instructions correctly, activating the motor to simulate

elevator movement between two floors.

The system also demonstrated robustness in handling invalid commands or silence, providing
appropriate audio feedback (“Try again, dzokororai” or “No speech detected”). This enhances the
user experience and system reliability. Furthermore, integration with a web-based GUI enabled
real-time visualization of elevator status, logs, and sensor readings—validating both backend and

frontend reliability.
6.1.2 Accessibility and Hygiene Enhancement

The core motivation behind the system design was to eliminate the need for physical buttons,
thereby promoting hygiene and accessibility, particularly in high-traffic public spaces such as
hospitals, offices, and malls. By enabling voice-based floor selection, the system supports
individuals with limited mobility and contributes to post-pandemic sanitary standards.

6.1.3 Technological Insights and Innovation

From a technical perspective, this project successfully demonstrates how 10T technologies,
cloudbased artificial intelligence, and embedded systems can be combined to modernize traditional
building automation systems. The ESP32 proved to be an ideal microcontroller due to its built-in
Wi-Fi, low power consumption, and GPIO capabilities, allowing seamless communication with
the web server and control of hardware components. Moreover, the system's modular design

supports future scalability to more than two floors or integration of emergency features.
6.1.4 Limitations Identified

Despite its success, the project had several limitations:
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1. Microphone Compatibility: Certain browsers lacked support for ‘getUserMedia’, which
affected microphone access on some devices.

2. Latency in Transcription: There was a slight delay (3-5 seconds) between voice input and
command execution due to cloud-based processing.

3. Limited Floor Range: The prototype only supported two floors due to hardware constraints.

6.2 RECOMMENDATIONS

Based on the current project's findings and limitations, the following recommendations are made for

future enhancements:

1. Offline Voice Recognition: Explore the integration of offline voice recognition modules to
reduce dependency on internet connectivity and enhance system reliability in areas with
limited network access.

2. Advanced Floor Detection: Implementation of more sophisticated floor detection
mechanisms, such as optical encoders or magnetic sensors, to achieve precise positioning
in multi-story buildings.

3. Enhanced Security Features: Integration of robust security measures to prevent
unauthorized access or malicious commands, such as voice biometrics or multi-factor
authentication.

4. Integration with Building Management Systems (BMS): Develop interfaces to integrate
the smart elevator system with existing Building Management Systems for centralized
control, energy management, and predictive maintenance across the entire building
infrastructure.

5. User Customization and Personalization: Introduce features that allow users to customize
their preferences, such as preferred speed or specific voice commands, for a more
personalized experience.

6. Fault Detection and Diagnostics: Implement advanced fault detection and diagnostic
capabilities to proactively identify and report system malfunctions, thereby minimizing

downtime and maintenance costs.
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7. Energy Harvesting: Investigate the possibility of integrating energy harvesting techniques

(e.g., regenerative braking) to make the system more energy-efficient and sustainable.

6.3 CONCLUSION

The Smart Voice-Activated Elevator System successfully demonstrates the potential of combining
embedded systems, Internet of Things (loT) technology, and cloud-based voice recognition to
create a modern, accessible, and hygienic elevator control solution. Through systematic design,
implementation, and testing, the system achieved its objectives namely, enabling hands-free
elevator operation, improving accessibility for individuals with mobility impairments and reducing

the need for physical contact in public infrastructure.

The discussion highlighted the system’s strengths, including reliable sensor integration, effective
motor control, accurate voice command processing, and responsive web interfacing. It also
acknowledged practical limitations such as latency, dependency on internet connectivity, and
browser compatibility issues. Recommendations provided pathways for enhancing the system
through offline processing, better error handling, increased floor support, and physical system
housing.In conclusion, the project not only fulfilled its intended goals but also laid a strong
foundation for future development of smart elevator systems in Zimbabwe and beyond. It serves
as a proof-of-concept for locally developed solutions that address modern-day accessibility and

automation challenges using cost-effective and scalable technologies.
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