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ABSTRACT

The main goal is to outline the direction and the process for creating swift,
fluid movements for a universal robot that can write like a doctor signs a prescription.
The majority of consumers and certain pharmacists find it difficult to understand a
handwritten prescription from a doctor; this issue can have unfavorable
consequences if the prescription is misread Prescriptions can be confusing since
doctors often employ Latin and medical phrases that are abbreviated and difficult
for the general public to understand. But this innovative automatic writing pen is a
wholesome approach where the pen assures flawless and accurate writing
according to the voice recognition. In this System, the input voice will be given to
System using Bluetooth module via the Bluetooth Voice Controller Mobile
Application. The writing mechanism fully comprises with servo motor and stepper
motor for the Movement of pen. Finally, the output as pen writes according to the
voice received by Bluetooth, to complete the work, online human signature criteria
must first be devised. Robot signatures are then produced as a result of writing
robots in compliance with these recommendations. Finally, suggestions for
improving robot movement are provided.
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CHAPTER-1

INTRODUCTION
1.1 GENERAL

The design and development of a writing robot utilizing speech processing
for medical prescription represent a significant innovation in the field of healthcare
technology. In contemporary medical practice, the process of writing prescriptions
can be time-consuming and prone to errors, which can have serious consequences
for patients. By employing speech processing technology, this project aims to
streamline and automate the prescription writing process, thereby enhancing
efficiency and accuracy. This project report delves into the design considerations,
development process, and potential impact of this novel solution in the healthcare
domain.

The fundamental concept behind the writing robot is to create a seamless

interface between healthcare providers and prescription writing through speech
processing. The design involves integrating advanced speech recognition
algorithms with robotic writing mechanisms capable of transcribing verbal
prescriptions into written form accurately and efficiently.
Key design considerations include the robot’s physical structure, speech processing
software, ergonomic features for ease of use, and compatibility with existing
electronic medical record (EMR) systems. Additionally, ensuring compliance with
medical regulations and patient privacy standards is paramount in the design
process.

The development of the writing robot encompasses multiple stages, starting
from conceptualization to prototype testing and refinement. Initially, extensive
research is conducted to understand the requirements and challenges associated
with medical prescription writing. Subsequently, software engineers and robotics
experts collaborate to develop the speech processing algorithms and robotic
mechanisms. The integration of these components is followed by rigorous testing to
validate Accuracy, reliability, and usability.

Throughout the development process, iterative improvements are made
based on feedback from healthcare professionals and end-users.Upon successful
development and testing, the writing robot is implemented in clinical settings to



assess its practical functionality and effectiveness. Healthcare providers interact
with the robot by dictating prescriptions verbally, which are then transcribed into
written format in real-time. The robot's intuitive interface and seamless integration
with existing EMR systems facilitate smooth adoption into medical workflows.
Furthermore, the robot is equipped with safety features and fail-safes to prevent
errors and ensure patient safety. Continuous monitoring and updates are performed
to optimize performance and address any issues that may arise during usage.

The deployment of the writing robot using speech processing for medical
prescriptions holds immense potential to revolutionize prescription writing practices
in healthcare. By automating this aspect of clinical documentation, healthcare
providers can devote more time to patient care, leading to improved efficiency and
productivity. Moreover, the enhanced accuracy of prescriptions reduces the risk of
medication errors, ultimately enhancing patient safety and outcomes.

Looking ahead, future iterations of the writing robot may incorporate artificial
intelligence for advanced decision support, expand compatibility with diverse EMR
systems, and explore integration with telemedicine platforms to extend its reach
beyond traditional clinical settings. In conclusion, this project represents a
pioneering effort in leveraging technology to address critical challenges in
healthcare delivery, with far-reaching implications for patient care and medical
practice.

1.2 TECHNOLOGIES USED

Embedded means something that is attached to another thing. An embedded
system can be thought of as a computer hardware system having software
embedded in it. An embedded system can be an independent system or it can be a
part of a large system. An embedded system is a microcontroller or microprocessor-
based system which is designed to perform a specific task. For example, a fire alarm
is an embedded system; it will sense only smoke.
An embedded system has three components -
= It has hardware.
« It has application software.
« It has Real Time Operating system (RTOS) that supervises the application
software and provide mechanism to let the processor run a process as per
scheduling by following a plan to control the latencies. It sets the rules during the



execution of application program. So we can define an embedded system as a
Microcontroller based, software driven, reliable, real-time control system.

1.3 HISTORY OF EMBEDDED SYSTEM
Here, are important milestones from the history of embedded system:
1. In 1960, embedded system was first used for developing Apollo Guidance
System by Charles Stark Draper at MIT.
2. In 1965, Autonetics, developed the D-17B, the computer used in the
Minuteman missile guidance system.
In 1968, the first embedded system for a vehicle was released.
Texas Instruments developed the first microcontroller in 1971.
In 1987, the first embedded OS, VxWorks, was released by Wind River.
Microsoft's Windows embedded CE in 1996.
By the late 1990s, the first embedded Linux system appeared.
The embedded market reach $140 billion in 2013.
Analysts are projecting an Embedded market larger than $40 billion by 2030.
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1.3.1 Characteristics of an Embedded System

Single-functioned - An embedded system usually performs a specialized
operation and does the same repeatedly. For example: A pager always functions
as a pager.

Tightly constrained - All computing systems have constraints on design metrics,
but those on an embedded system can be especially tight. Design metrics is a
measure of an implementation's features such as its cost, size, power, and
performance. It must be of a size to fit on a single chip, must perform fast enough
to process data in real time and consume minimum power to extend battery life.
Reactive and Real time - Many embedded systems must continually react to
changes in the system's environment and must compute certain results in real time
without any delay. Consider an example of a car cruise controller; it continually
monitors and reacts to speed and brake sensors.

It must compute acceleration or de-accelerations repeatedly within a limited time; a
delayed computation can result in failure to control of the car.

Microprocessors based - It must be microprocessor or microcontroller based.



Memory - It must have a memory, as its software usually embeds in ROM. It does
not need any secondary memories in the computer.

Connected - It must have connected peripherals to connect input and output
devices.

HW-SW systems - Software is used for more features and flexibility. Hardware is

used for performance and security.

ASIP and ASIC Analog 1O
Memory
Processors Diaital 16
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Figure: 1.1 Characteristics of embedded system

1.3.2 Basic Structure of an Embedded System
The following illustration shows the basic structure of an embedded system
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Figure: 1.2 Structure of Embedded system

Sensor - It measures the physical quantity and converts it to an electrical signal
which can be read by an observer or by any electronic instrument like an A2D
converter. A sensor stores the measured quantity to the memory.



A-D Converter - An analog-to-digital converter converts the analog signal sent by
the sensor into a digital signal.

Processor & ASICs — Processors process the data to measure the output and store
it to the memory.

D-A Converter — A digital-to-analog converter converts the digital data fed by the
processor to analog data

1.3.3 Important Terminologies used in Embedded System

Reliability: This measure of the survival probability of the system when the function
is critical during the run time.

Fault-Tolerance: Fault-Tolerance is the capability of a computer system to survive
in the presence of faults.

Real-Time: Embedded system must meet various timing and other constraints.
They are imposed on it by the real-time natural behavior of the external world.
Flexibility: It's building systems with built-in debugging opportunities which allows
remote maintenance.

Portability: Portability is a measure of the ease of using the same embedded
software in various environments. It requires generalized abstractions between the
application program logic itself and the low-level system interfaces.



CHAPTER-2
LITERATURE SURVEY

Erdogan, Hakan et al. (2016) This research explores a joint training
framework for enhancing the robustness of automatic speech recognition systems.
The study delves into methods that enable the recognition system to perform
effectively in various adverse conditions such as noisy environments or speaker
variations. By jointly optimizing acoustic and language models, the proposed
framework aims to improve recognition accuracy and generalization capabilities.
Experimental results demonstrate significant performance gains compared to
traditional single-model approaches. The findings suggest the effectiveness of
incorporating joint training techniques for improving the resilience of speech
recognition systems in real-world scenarios. This research contributes to the
ongoing efforts in developing more reliable and robust automatic speech recognition
technologies, which are essential for applications ranging from virtual assistants to
automotive speech interfaces.

Wu, Minhua et al. (2018) novel approaches to unsupervised auditory filter
bank learning utilizing Convolutional Restricted Boltzmann Machines (RBM) for
enhancing speech recognition systems. Their study focuses on improving feature
extraction techniques to better represent speech signals. By leveraging the
capabilities of RBMs, the proposed method aims to learn hierarchical
representations of speech features in an unsupervised manner. Experimental
evaluations on benchmark datasets demonstrate the effectiveness of the proposed
approach in improving the discriminative power of the learned features for speech
recognition tasks. The findings highlight the potential of leveraging deep learning
techniques for unsupervised feature learning in speech processing applications.

Qian, Yanmin et al. (2019) propose a neural network-based multi-factor
aware joint training method to enhance the robustness of speech recognition
systems. Their research aims to address challenges such as environmental noise
and speaker variability through innovative training strategies. By considering



multiple factors that influence speech recognition performance, including noise type,
speaker characteristics, and channel variations, the proposed approach seeks to
adaptively adjust the model parameters during training. Experimental results on
standard benchmark datasets demonstrate significant improvements in recognition
accuracy under various adverse conditions compared to conventional training
methods. The findings underscore the importance of incorporating multi-factor
awareness into the training process to improve the robustness of speech recognition
systems in practical applications. This research contributes to advancing the
understanding of robust training techniques for speech recognition models, with
implications for improving system performance in real-world scenarios.

Tu, Ming et al. (2017) study on speech emotion recognition using deep
convolutional neural networks and discriminant temporal pyramid matching
techniques. Their research explores the integration of deep learning models to
accurately recognize emotional cues in speech signals. By leveraging the
hierarchical representation learning capabilities of convolutional neural networks
(CNNs) and the discriminative temporal pyramid matching method, the proposed
approach aims to capture both spectral and temporal features indicative of different
emotional states. Experimental evaluations on benchmark datasets demonstrate
the effectiveness of the proposed method in accurately classifying various emotions
expressed in speech. The findings highlight the potential of deep learning
techniques for improving the performance of speech emotion recognition systems,
with implications for applications such as affective computing and human-computer
interaction. This research contributes to advancing the state-of-the-art in speech
emotion recognition, with implications for developing more empathetic and context-

aware intelligent systems.

Du, Yong et al. (2020) investigate the efficacy of a gating neural network for
large vocabulary audiovisual speech recognition tasks. Their study focuses on
leveraging both auditory and visual information for improved speech recognition
performance, particularly in challenging scenarios. By incorporating a gating
mechanism that dynamically adjusts the contribution of auditory and visual



modalities based on their reliability, the proposed approach aims to enhance
robustness and accuracy in audiovisual speech recognition. Experimental
evaluations on benchmark datasets demonstrate significant improvements in
recognition performance compared to conventional single-modality approaches.
The findings highlight the complementary nature of auditory and visual information
in improving speech recognition accuracy, with implications for applications such as
human-robot interaction and audiovisual speech processing. This research
contributes to advancing the state-of-the-art in audiovisual speech recognition, with
implications for developing more effective and versatile multimodal interfaces.

Zhang, Zixing et al. (2018) propose a methodology for spontaneous speech
emotion recognition employing multiscale deep convolutional Long Short-Term
Memory (LSTM) networks. Their research aims to accurately detect and classify
emotions expressed in natural, unscripted speech. By leveraging the hierarchical
and sequential learning capabilities of deep convolutional LSTM networks, the
proposed approach aims to capture both local and global dependencies in speech
features for robust emotion recognition. Experimental evaluations on benchmark
datasets demonstrate superior performance compared to traditional shallow models
and other deep learning architectures. The findings underscore the potential of
multiscale deep learning techniques for capturing complex patterns in spontaneous
speech, with implications for applications such as affective computing, healthcare,
and entertainment. This research contributes to advancing the state-of-the-art in
spontaneous speech emaotion recognition, with implications for developing more
empathetic and context-aware intelligent systems.

Xu, Chenglin et al. (2019) introduce a speech enhancement approach based
on teacher-student deep learning utilizing improved speech presence probability for
noise-robust speech recognition. Their study explores techniques to enhance
speech signals in noisy environments to improve recognition accuracy. By
leveraging the teacher-student learning framework and incorporating improved
speech presence probability estimation, the proposed approach aims to suppress
noise while preserving important speech information. Experimental evaluations on
benchmark datasets demonstrate significant improvements in speech recognition



accuracy under various noise conditions compared to baseline methods. The
findings highlight the effectiveness of the proposed speech enhancement approach
in improving the robustness of automatic speech recognition systems in real-world
noisy environments. This research contributes to advancing the state-of-the-art in
noise-robust speech recognition, with implications for improving the usability and
performance of speech-based applications in adverse conditions.

Zhu, Peidong et al. (2020) investigate unsupervised speech enhancement
techniques based on multichannel Non-Negative Matrix Factorization (NMF)-
informed beamforming for noise-robust automatic speech recognition. Their
research focuses on improving speech quality and intelligibility in noisy
environments. By leveraging multichannel NMF-informed beamforming techniques,
the proposed approach aims to enhance the signal-to-noise ratio and suppress
interfering noise sources for improved speech recognition performance.
Experimental evaluations on benchmark datasets demonstrate significant
improvements in speech quality and recognition accuracy compared to traditional
single-channel methods. The findings underscore the potential of unsupervised
speech enhancement techniques for improving the robustness of automatic speech
recognition systems in real-world noisy environments. This research contributes to
advancing the state-of-the-art in noise-robust speech processing, with implications
for various applications such as telecommunication, voice-controlled devices, and

automatic transcription systems.

CHAPTER-3
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AIM AND SCOPE OF THE PRESENT INVESTIGATION

3.1.AIM

The primary aim of designing and developing a writing robot utilizing speech
processing for medical prescription is to enhance the efficiency of the prescription
writing process within healthcare settings. Traditional methods of handwritten
prescriptions are often time-consuming and prone to errors, leading to potential risks
for patients. By leveraging speech processing technology, the aim is to automate
and streamline this process, allowing healthcare providers to dictate prescriptions
verbally. This not only saves time but also reduces the administrative burden on
healthcare professionals, enabling them to allocate more time to direct patient care.

The writing robot project is to improve the accuracy of medical prescriptions
while minimizing the risk of errors. Handwritten prescriptions can sometimes be
illegible or contain mistakes due to human error, which can have serious
consequences for patient safety. Through the implementation of speech processing
technology, prescriptions can be transcribed accurately and reliably, reducing the
likelihood of misinterpretation or transcription errors. This contributes to safer
medication administration practices and ultimately enhances patient outcomes.

The project also aims to facilitate seamless integration between the writing robot
and existing electronic health record (EHR) systems used in healthcare facilities. By
ensuring compatibility with EHR platforms, the writing robot can directly input
prescriptions into patients' electronic records, eliminating the need for manual data
entry and reducing the risk of data entry errors. This integration enhances the
continuity of care by providing healthcare providers with access to accurate and up-
to-date medication information, thereby improving clinical decision-making and
patient management. Lastly, the aim of the project is to promote accessibility and
usability by developing a user-friendly interface for the writing robot.

The includes compatibility testing with various EMR platforms to ensure
interoperability and adherence to industry standards. interfaces must adhere to
industry standards such as HL7 (Health Level Seven) to facilitate smooth integration
with different EMR platforms. Compatibility testing will be conducted rigorously to
ensure interoperability across various EMR systems, guaranteeing that

prescriptions are accurately and efficiently inputted into patients' electronic records.

10



3.2 SCOPE OF THE PROJECT
3.2.1 Technological Integration

The scope of a Design and Development writing robot using Speech Processing for
Medical Prescription encompasses a wide range of functionalities and applications
aimed at optimizing various aspects of residential living. This includes but is not
limited to:

1. Speech Recognition and Transcription: The project will focus on
implementing robust speech recognition algorithms capable of accurately
transcribing verbal prescriptions dictated by healthcare providers. This involves
research into state-of-the-art speech processing technologies and the selection
of appropriate algorithms that can reliably convert spoken words into text with
high accuracy. The scope includes developing methods to handle medical
terminology and context-specific language to ensure accurate transcription of
prescriptions.

2. Robotic Writing Mechanism: The project will encompass the design and
development of a robotic mechanism capable of physically transcribing the
transcribed prescriptions onto paper or electronic forms. This involves
engineering considerations such as selecting suitable actuators, precision
mechanisms, and writing instruments. The scope includes prototyping and
testing various robotic designs to determine the most efficient and reliable
solution for accurately reproducing written prescriptions.

3. Integration with Electronic Medical Records (EMR) Systems: The writing
robot will be designed to seamlessly integrate with existing electronic medical
record (EMR) systems commonly used in healthcare settings. This involves
developing interfaces and protocols for data exchange between the writing robot
and EMR systems to ensure that prescriptions are directly inputted into patients'
electronic records. The scope includes compatibility testing with various EMR
platforms to ensure interoperability and adherence to industry standards.
interfaces must adhere to industry standards such as HL7 (Health Level Seven)
to facilitate smooth integration with different EMR platforms. Compatibility testing
will be conducted rigorously to ensure interoperability across various EMR
systems, guaranteeing that prescriptions are accurately and efficiently.

4. User Interface and Interaction Design: The project will include the design and

1



implementation of a user-friendly interface for interacting with the writing robot.
This involves designing intuitive voice commands or interfaces that enable
healthcare providers to dictate prescriptions easily. Additionally, ergonomic
considerations will be taken into account to ensure that the interaction with the
writing robot is comfortable and efficient for users. The scope encompasses user
testing and refinement of the interface to optimize usability and user satisfaction.
. Safety and Regulatory Compliance: Ensuring patient safety and compliance
with regulatory standards are paramount considerations in the project. The
writing robot will be designed with built-in safety features to prevent errors or
malfunctions that could compromise patient care. Additionally, the project will
involve adherence to relevant regulatory requirements for medical devices,
including obtaining necessary certifications and approvals, The scope includes
conducting risk assessments, safety testing, and documentation to demonstrate
compliance with regulatory standards.

. Pilot Testing in Clinical Settings: A crucial aspect of the project involves pilot
testing the writing robot in real clinical settings to evaluate its performance,
usability, and impact on workflow efficiency. This will involve collaborating with
healthcare providers to deploy the writing robot in simulated or actual patient
care scenarios and collecting feedback on its functionality and usability. The
scope includes analyzing the results of pilot testing to identify areas for
improvement and refinement of the writing robot before wider deployment.

CHAPTER-4
EXPERIMENTAL METHODS

4.1 EXISTING SYSTEM

In existing systems, we don't have any automatic monitoring controlling of

building. In existing system, manual monitoring of building are required which is

dangerous and it requires lots of time to monitor and controlling Building Energy

Management systems are critical in many regions, being used over several

decades. In the Existing System, meter reading taken manually Errors occurred due

12



to less concentration Meter reading not accurate Huge Manpower needed Delayed
work due to external conditions Power cut manually due to lack of payment. In
proposed system Meter reading taken automatically using GSM technology Power
cut achieved from EB office through wireless work happen at any time.

4.2 PROPOSED SYSTEM

In proposed system Machine learning method has been applied to analyze
the data. Word embedding method in unsupervised learning using large dataset.
The feature set is integrated into a Linear Regression for training and predicting
classification labels. Linear Regression architecture is capable of overcoming the
performance of traditional machine learning models. For easy access the server
maintains a database for each node, and hence each node will have a unique id for
addressing it. Proposed system, the various building data are collected from
sensors like co2, LDR, DHT11, motion sensors. The data collected by the 10T
sensors are given to the Arduino Microcontroller. Based on PIR and LDR then lights
will ON. Based on DHT11 Values the speed of fan will be changed. Based on CO2
Values a DC Motor will rotate. The values are continuously sent to the cloud server
where user can continuously checks the sensors parameters. The sensors are
placed in acceptable places of buildings to gather needed features.

13



4.3 STANDARDS

1.

Medical Prescription Guidelines: Adherence to established medical prescription
standards ensuring accuracy, completeness, and compliance with regulatory
requirements.

Bluetooth Connectivity Standards: Utilization of standardized Bluetooth
protocols to facilitate seamless communication between the mobile device and
the writing robot.

Speech-to-Text Accuracy Standards: Integration of speech recognition
algorithms meeting industry standards for accuracy and reliability in converting
spoken instructions into text format.

4.4 CONSTRAINTS

1.

Hardware Limitations: The writing robot's hardware capabilities, including writing
speed, precision, and compatibility with different writing surfaces, may pose
constraints on the overall performance and functionality.

Power Consumption: Balancing the power requirements of both the writing robot
and the mobile device to ensure optimal battery life and sustained operation.
Cost Constraints: Ensuring the affordability of the solution for healthcare facilities
of varying sizes and budgets, considering the costs associated with hardware,
software development, and maintenance.

4.5 TRADE-OFFS

1

. Speed vs. Accuracy: Balancing the need for quick prescription generation with

the importance of maintaining accuracy in transcription and interpretation of
prescription details.

Complexity vs. Usability: Striking a balance between incorporating advanced
features and maintaining user-friendly design and interface for healthcare
professionals utilizing the Android application.

3.Interoperability vs. Security: Trade-offs between enhancing interoperability
with existing healthcare systems and maintaining stringent security measures
to protect patient data and ensure regulatory compliance.

14
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Figure: 4.1 Architecture Diagram

Robot Operation and Writing Process Once the prescription details are
transmitted, the writing robot springs into action, utilizing its designated writing
mechanism to meticulously transcribe the information onto the prescribed medium.
Whether it's a traditional paper prescription or an electronic format, the robot's
precision-engineered hardware ensures accurate placement and legibility of the text.
With each stroke, the robot navigates the intricacies of the prescription, adjusting its
speed and pressure to adapt to different writing surfaces and maintain consistency
throughout the document.

Moreover, advanced sensors embedded within the robot's system
continuously monitor the writing process, promptly detecting and rectifying any
potential errors to uphold the highest standards of accuracy. As the robot gracefully
maneuvers, it embodies the convergence of technology and healthcare, embodying
the promise of streamlined processes and enhanced patient care.

Data Integration and Workflow Enhancement Beyond its writing prowess, the

system facilitates seamless integration of prescription data into broader heaithcare
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workflows. Once the prescription is finalized and verified, it can be effortlessly
integrated into electronic health record systems or other healthcare databases,
eliminating the need for manual data entry and reducing the risk of transcription
errors. This integration not only enhances the efficiency of healthcare operations but
also ensures the continuity of patient care by providing comprehensive and up-to-
date medical records.

Furthermore, the system's versatility allows healthcare professionals to
customize prescription formats and incorporate patient-specific information,
empowering personalized care delivery. With each prescription generated, the
system reaffirms its role as a transformative force in modern healthcare, driving
efficiency, accuracy, and patient-centricity to new heights.

The writing process may involve the robot adjusting its speed and pressure
based on the writing surface's characteristics, such as paper thickness or texture, to
achieve optimal results. Additionally, the writing robot may incorporate feedback
mechanisms to detect and correct any errors in realtime, further enhancing the
accuracy of the prescription transcription. Overall, the robot's efficient operation and
precise writing capabilities contribute to the reliability and guality of the generated
prescriptions, ensuring that healthcare professionals can trust the output for patient
care.

4.7 MODULE DESCRIPTION
» Power Supply Module

= Bluetooth Module

+ Servo Motor

s Stepper Motor

+ AVR Microcontroller

4.7.1 Power Supply Module

The power supply circuit consists of step-down transformer which is 230v
step down to 12v.In this circuit 4diodes are used to form bridge rectifier which
delivers pulsating dc voltage & then fed to capacitor filter the output voltage from
rectifier is fed to filter to eliminate any act components present even after
rectification.
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The filtered DC voltage is given to regulator to produce 12v constant DC
voltage. 230V AC power is converted into 12V AC (12V RMS value wherein the
peak value is around 17V), but the required power is 5V DC; for this purpose, 17V
AC power must be primarily converted into DC power then it can be stepped down
to the 5V DC. AC power can be converted into DC using one of the power electronic
converters called as Rectifier. There are different types of rectifiers, such as half-
wave rectifier, full-wave rectifier and bridge rectifier. Due to the advantages of the
bridge rectifier over the half and full wave rectifier, the bridge rectifier is frequently
used for converting AC to DC.

The following fig shows the circuit of a power supply that converts an ac
source to a dc source
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Figure: 4.2 Power Supply

4.7.2 Bluetooth Module
It is used for many applications like wireless headset, game controllers,
wireless mouse, wireless keyboard and many more consumer applications. It has
range up to <100m which depends upon transmitter and receiver, atmosphere,
geographic & urban conditions. It is IEEE 802.15.1 standardized protocol, through
which one can build wireless Personal Area Network (PAN). It uses frequency-
hopping spread spectrum (FHSS) radio technology to send data over air. It uses
serial communication to communicate with devices. It communicates with
microcontroller using serial port (USART).
4.7.3 HC-05 Bluetooth Module
« HC-05 is a Bluetooth module which is designed for wireless communication.
This module can be used in a master or slave configuration.
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« ltis used to bring Bluetooth module in AT commands mode. If Key/EN pin is
set to high, then this module will work in command mode.

« Otherwise by default it is in data mode. The default baud rate of HC-05 in
command mode is 38400bps and 9600 in data mode.

Figure: 4.3 HC-05 Bluetooth

4.7.4 Pin Description
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Figure: 4.4 Pin Description

Bluetooth serial modules allow all serial enabled devices to communicate with each

other using Bluetooth.
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It has 6 pins:

1. Key/EN: It is used to bring Bluetooth module in AT commands mode. If
Key/EN pin is set to high, then this module will work in command mode.
Otherwise by default it is in data mode.

2. The default baud rate of HC-05 in command mode is 38400bps and 9600 in
data mode,

3. HC-05 module has two modes:
4. Data mode: Exchange of data between devices.

5. Command mode: It uses AT commands which are used to change setting
of HC-05. To send these commands to module serial (USART) port is used.

6. VCC: Connect 5 V or 3.3 V to this Pin.
7. GND: Ground Pin of module.

8. TXD: Transmit Serial data (wirelessly received data by Bluetooth module
transmitted out serially on TXD pin)

9. RXD: Receive data serially (received data will be transmitted wirelessly by
Bluetooth module).

10. State: It tells whether module is connected or not,

4.7.5 HC-05 module Information

HC-05 has red LED which indicates connection status, whether the Bluetooth
is connected or not. Before connecting to HC-05 module this red LED blinks
continuously in a periodic manner. When it gets connected to any other Bluetooth
device, its blinking slows down to two seconds.

This module works on 3.3 V. We can connect 5V supply voltage as well since
the module has on board 5 to 3.3 V regulator.

As HC-05 Bluetooth module has 3.3 V level for RX/TX and microcontroller
can detect 3.3 V level, so, no need to shift transmit level of HC-05 module. But we
need to shift the transmit voltage level from microcontroller to RX of HC-05 module.
E.g. Send data from Smartphone terminal to HC-05 Bluetooth module and see this

data on PC serial terminal and vice versa.
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4.7.6 Bluetooth Communication between Devices
E.g. Send data from Smartphone terminal to HC-05 Bluetooth module and see this
data on PC serial terminal and vice versa.

To communicate smartphone with HC-05 Bluetooth module, smartphone
requires Bluetooth terminal application for transmitting and receiving data. You can
find Bluetooth terminal applications for android and windows in respective app.
store.

FERERENNNANENE Viais

Figure: 4.5 Bluetooth communication

So, when we want to communicate through smartphone with HC-05
Bluetooth module, connect this HC-05 module to the PC via serial to USB converter.
Before establishing communication between two Bluetooth devices, 1st we need to

pair HC-05 module to smartphone for communication.

4.7.7 Servo Motor

A servo motor is an electrical device which can push or rotate an object with
great precision. If you want to rotate and object at some specific angles or distance,
then you use servo motor. It is just made up of simple motor which run through servo
mechanism.

If motor is used is DC powered then it is called DC servo motor, and if it is
AC powered motor then it is called AC servo motor. We can get a very high torque
servo motor in a small and light weight packages.

Doe to these features they are being used in many applications like toy car,
RC helicopters and planes, Robotics, Machine etc.
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Figure: 4.6 Servo Motor

Servo motors are rated in kg/cm (kilogram per centimetre) most hobby servo
motors are rated at 3kg/cm or 6kg/cm or 12kg/cm. This kg/cm tells you how much
weight your servo motor can lift at a particular distance. For example, A 6kg/cm
Servo motor should be able to lift 6kg if the load is suspended 1cm away from the
motars shaft, the greater the distance the lesser the weight carrying capacity.

The position of a servo motor is decided by electrical pulse and its circuitry is
placed beside the motor as shown in Figure 4.6 Servo Motor

4.7.8 Servo Mechanism
It consists of three parts:

« Controlled device

« Output sensor

« Feedback system

It is a closed loop system where it uses positive feedback system to control
motion and final position of the shaft. Here the device is controlled by a feedback
signal generated by comparing output signal and reference input signal.
Here reference input signal is compared to reference output signal and the third
signal is produces by feedback system. And this third signal acts as input signal to
control device.

This signal is present as long as feedback signal is generated or there is

difference between reference input signal and reference output signal. So the main

task of servomechanism is to maintain output.

4.7.9 Working Principle of Servo Motors
A servo consists of a Motor (DC or AC), a potentiometer, gear assembly and
a controlling circuit. First of all we use gear assembly to reduce RPM and to increase
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torque of motor. Say at initial position of servo motor shaft, the position of the
potentiometer knob is such that there is no electrical signal generated at the output
port of the potentiometer. Now an electrical signal is given to another input terminal
of the error detector amplifier.

Now difference between these two signals, one comes from potentiometer
and another comes from other source, will be processed in feedback mechanism
and output will be provided in term of error signal. This error signal acts as the input
for motor and motor starts rotating. Now motor shaft is connected with potentiometer
and as motor rotates so the potentiometer and it will generate a signal. So as the
potentiometer’'s angular position changes, its output feedback signal changes.

After sometime the position of potentiometer reaches at a position that the
output of potentiometer is same as external signal provided. At this condition, there
will be no output signal from the amplifier to the motor input as there is no difference
between external applied signal and the signal generated at potentiometer, and in

this situation motor stops rotating.

4.7.10 Controlling Servo Motor:

All motors have three wires coming out of them. Out of which two will be used
for Supply (positive and negative) and one will be used for the signal that is to be
sent from the MCU.

Servo motor is controlled by PWM (Pulse with Modulation) which is provided
by the control wires. There is a minimum pulse, a maximum pulse and a repetition
rate. Servo motor can turn 90 degree from either direction form its neutral position.
The servo motor expects to see a pulse every 20 milliseconds (ms) and the length
of the pulse will determine how far the motor turns. For example, a 1.5ms pulse will
make the motor turn to the 90° position, such as if pulse is shorter.
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Figure: 4.7 Working of servo motor

Figure 4.7 Working of servo motor ,Servo motor works on PWM (Pulse width
modulation) principle, means its angle of rotation is controlled by the duration of
applied pulse to its Control PIN. Basically, servo motor is made up of DC motor
which is controlled by a variable resistor (potentiometer) and some gears.

High speed force of DC motor is converted into torque by Gears. We know
that WORK= FORCE X DISTANCE, in DC motor Force is less and distance (speed)
is high and in Servo, force is High and distance is less. Potentiometer is connected
to the output shaft of the Servo, to calculate the angle and stop the DC.

The potentiometer, connected to the output shaft of the servo, acts as a
feedback device, providing information about the current position of the motor shaft.
This feedback mechanism allows the control circuit to accurately position the motor
shaft to the desired angle, correcting any deviations caused by external forces or
mechanical limitations.

One of the key advantages of servo motors is their ability to maintain position
accuracy even under varying loads or external disturbances. The feedback
mechanism continuously monitors the position of the motor shaft and makes real-
time adjustments to ensure that it remains at the desired angle, making servo motors
ideal for applications requiring precise control and stability. In addition to their
exceptional position accuracy, servo motors offer high torque at low speeds,
enabling smooth and precise movement in robotics, CNC machines, and industrial
automation.
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Figure: 4.8 Electrical pulse

Servo motor can be rotated from 0 to 180 degree, but it can go up to 210

degree, depending on the manufacturing. This degree of rotation can be controlled

by applying the Electrical Pulse of proper width, to its Control pin. Servo checks the

pulse in every 20 milliseconds. Pulse of 1 ms (1 millisecond) width can rotate servo

to 0 degree, 1.5ms can rotate to 90 degree (neutral position) and 2 ms pulse can

rotate it to 180 degree as shown as Figure 4.8: Electrical pulse.

All servo motors work directly with your +5V supply rails but we have to be

careful on the amount of current the motor would consume, if you are planning to

use more than two servo motors a proper servo shield should be designed.

Advantages:

If a heavy load is placed on the motor, the driver will increase the current to
the motor coil as it attempts to rotate the motor. Basically, there is no out-of-
step condition.

High-speed operation is possible.Servomotors are used in applications
requiring rapid variations in speed without the motor getting overheated.

In Industries they are used in machine tools, packaging, factory automation,
material handling, printing converting, assembly lines, and many other
demanding applications robotics, CNC machinery or automated
manufacturing.

They are also used in radio-controlled airplanes to control the positioning and

movement of elevators.
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« They are used in robots because of their smooth switching on and off and
accurate positioning.

« They are also used by aerospace industry to maintain hydraulic fluid in their
hydraulic systems.

« They are used in many radio-controlled toys.

« They are used in electronic devices such as DVDs or Blue ray Disc players
to extend or replay the disc trays.

4.7.11 Stepper Motor

A stepper motor is an electromechanical device it converts electrical power
into mechanical power. Also, it is a brushless, synchronous electric motor that can
divide a full rotation into an expansive number of steps. The motor's position can be
controlled accurately without any feedback mechanism, as long as the motor is
carefully sized to the application. Stepper motors are similar to switched reluctance
motors.

The stepper motor uses the theory of operation for magnets to make the
motor shaft turn a precise distance when a pulse of electricity is provided. The stator
has eight poles, and the rotor has six poles. The rotor will require 24 pulses of
electricity to move the 24 steps to make one complete revolution. Another way to
say this is that the rotor will move precisely 15° for each pulse of electricity that the
motor receives.

Servo motors come in various sizes and torque ratings to suit different
applications, from small hobby servos used in model airplanes to large industrial
servos used in CNC machines and robotic arms. In addition to their exceptional
position accuracy, servo motors offer high torque at low speeds, enabling smooth
and precise movement in robotics, CNC machines, and industrial automation. Their
compact size and lightweight design make them suitable for space-constrained
applications without sacrificing performance. Furthermore, servo motors can easily
interface with various control systems, facilitating seamless integration into diverse
machinery and processes.

Overall, their versatility, reliability, and responsiveness make servo motors a
preferred choice across industries for demanding motion control tasks.
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Figure: 4.9 Stepper Motor

From Figure 4.9: Stepper Motor There are three main types of stepper motors, they
are:

» Permanent magnet stepper

» Hybrid synchronous stepper

» Variable reluctance stepper
Permanent Magnet Stepper Motor: Permanent magnet motors use a permanent
magnet (PM) in the rotor and operate on the attraction or repulsion between the
rotor PM and the stator electromagnets.
Variable Reluctance Stepper Motor: Variable reluctance (VR) motors have a plain
iron rotor and operate based on the principle that minimum reluctance occurs with
minimum gap, hence the rotor points are attracted toward the stator magnet poles.
Hybrid Synchronous Stepper Motor: Hybrid stepper motors are named because
they use a combination of permanent magnet (PM) and variable reluctance (VR)
techniques to achieve maximum power in a small package size.

Advantages of Stepper Motor
« The rotation angle of the motor is proportional to the input pulse.
« The motor has full torque at standstill.
« Precise positioning and repeatability of movement since good stepper motors
have an accuracy of 3 — 5% of a step and this error is non-cumulative from
one step to the next.

» Excellent response to starting, stopping and reversing.
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« Very reliable since there are no contact brushes in the motor. Therefore the
life of the motor is simply dependant on the life of the bearing.

« The motors response to digital input pulses provides open-loop control,
making the motor simpler and less costly to control.

« |tis possible to achieve very low speed synchronous rotation with a load that
is directly coupled to the shaft.

« A wide range of rotational speeds can be realized as the speed is proportional
to the frequency of the input pulses.

« Industrial Machines — Stepper motors are used in automotive gauges and
machine tooling automated production equipment's.

« Security — new surveillance products for the security industry.

« Medical — Stepper motors are used inside medical scanners, samplers, and
also found inside digital dental photography, fluid pumps, respirators and
blood analysis machinery.

- Consumer Electronics — Stepper motors in cameras for automatic digital
camera focus and zoom functions and also have business machines

applications, computer peripherals applications.

4.7.12 Operation of Stepper Motor

Stepper motors operate differently from DC brush motors, which rotate when
voltage is applied to their terminals. Stepper motors, on the other hand, effectively
have multiple toothed electromagnets arranged around a central gear-shaped piece
of iron. The electromagnets are energized by an external control circuit, for example
a microcontroller,

Atmel says that the name AVR is not an acronym and does not stand for anything
in particular.

The creators of the AVR give no definitive answer as to what the term
However, it is commonly accepted that AVR stands for Alf and Vegard's RISC
processor, note that the use of "AVR" in this article generally refers to the 8-bit RISC
line of Atmel AVR Microcontrollers.
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Figure: 4.10 Operation of Stepper Motor

To make the motor shaft turn, first one electromagnet is given power, which
makes the gear's teeth magnetically attracted to the electromagnet's teeth. The
point when the gear's teeth are thus aligned to the first electromagnet, they are
slightly offset from the next electromagnet. So, when the next electromagnet is
turned ON and the first is turned OFF, the gear rotates slightly to align with the next
one and from there the process is repeated. Each of those slight rotations is called
a step, with an integer number of steps making a full rotation. In that way, the motor
can be turned by a precise. Stepper motor doesn't rotate continuously; they rotate
in steps as shown as Figure 4.10: Operation of Stepper Motor.

There are 4 coils with 90° angle between each other fixed on the stator. The
stepper motor connections are determined by the way the coils are interconnected.
in stepper motor, the coils are not connected together. The motor has 90° rotation
step with the coils being energized in a cyclic order, determining the shaft rotation
direction. The working of this motor is shown by operating the switch. The coils are
activated in series in 1 sec intervals. The shaft rotates 90° each time the next coil is
activated.

4.7.13 Avr Microcontroller

AVR Microcontroller is used as processing module and it is used as send
data to LCD Screen and Gate way module. AVR is a of microcontrollers developed
by Atmel beginning in 1996. These are modified Harvard architecture 8-
bit RISC single-chip microcontrollers. AVR was one of the first microcontroller
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families to use on-chip flash memory for program storage. As opposed to one-time
programmable ROM, EPROM, or EEPROM used by other microcontrollers at the
time.

The AVR architecture was conceived by two students at the Norwegian
Institute of Technology (NTH), Alf-Egil Bogen and Vegard Wollan. The original AVR
MCU was developed at a local ASIC house in Trondheim, Norway, called Nordic
VLSI at the time, now Nordic Semiconductor,

where Bogen and Wollan were working as students. It was known as a
HRISC Micro RISC and was available as silicon |P/building block from Nordic VLSI.
When the technology was sold to Atmel from Nordic VLSI, the internal architecture
was further developed by Bogen and Wollan at Atmel Norway, a subsidiary of Atmel.
The designers worked closely with compiler writers at IAR Systems toensure that
the AVR instruction set provided efficient compilation of high-level languages

Atmel says that the name AVR is not an acronym and does not stand for
anything in particular. The creators of the AVR give no definitive answer as to what
the term "AVR" stands for However, it is commonly accepted that AVR stands for Alf
and Vegard's RISC processor, Note that the use of "AVR" in this article generally
refers to the 8-bit RISC line of Atmel AVR Microcontrollers.

The AT90S8515 marked the beginning of the AVR microcontroller family,
offering advanced features and performance compared to traditional
microcontrollers like the 8051. With its compatibility with the 8051 pinout,
transitioning from 8051-based designs to AVR-based ones became more
accessible, allowing developers to leverage the enhanced capabilities of AVR

architecture.
Features

« Multifunction, bi-directional general-purpose I/O ports with configurable, built-
in pull-up resistors

« Multiple internal oscillators, including RC oscillator without external parts

« Internal, self-programmable instruction flash memory up to 256 KB (384 KB
on XMega)

« In-system programmable using serial/parallel low-voltage proprietary
interfaces or JTAG
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Optional boot code section with independent lock bits for protection

On-chip debugging (OCD) support through JTAG or debug WIRE on most
devices

The JTAG signals (TMS, TDI, TDO, and TCK) are multiplexed on GPIOs.
These pins can be configured to function as JTAG or GPIO depending on the
setting of a fuse bit, which can be programmed via ISP or HVSP. By default,
AVRs with JTAG come with the JTAG interface enabled.

Debug WIRE uses the /RESET pin as a bi-directional communication
channel to access on-chip debug circuitry. It is present on devices with lower
pin counts, as it only requires one pin.

Internal data EEPROM up to 4 KB

Internal SRAM up to 16 KB (32 KB on XMega)

External 64 KB little endian data space on certain models, including the
Mega8515 and Mega162.

The external data space is overlaid with the internal data space, such that
the full 64 KB address space does not appear on the external bus and
accesses to e.g. address 010016 will access internal RAM, not the external
bus.

In certain members of the XMega series, the external data space has been
enhanced to support both SRAM and SDRAM. As well, the data addressing
modes have been expanded to allow up to 16 MB of data memory to be
directly addressed.

AVRs generally do not support executing code from external memory.
Some ASSPs using the AVR core do support external program memory.
8-bit and 16-bit timers

PWM output (some devices have an enhanced PWM peripheral which
includes a dead-time generator)

Input capture that record a time stamp triggered by a signal edge

Analog comparator

10 or 12-bit A/D converters, with multiplex of up to 16 channels

12-bit D/A converters

A variety of serial interfaces, including

I12C compatible Two-Wire Interface (TWI)
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« Synchronous/asynchronous serial peripherals (UART/USART) (used
with RS-232, RS-485, and more)

« Serial Peripheral Interface Bus (SPI)

« Universal Serial Interface (USI): a multi-purpose hardware communication
module that can be used to implement an SPI, I2C or UART interface.

« Lighting and motor control (PWM-specific) controller models

« CAN controller support

« USB controller support
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Figure: 4.11 Pin Diagram

4.8 SOFTWARE REQUIREMENT

4.8.1 Embedded C

As its name suggests, Embedded means something that is attached to
another thing. An embedded system can be thought of as a computer hardware
system having software embedded in it. An embedded system can be an
independent system or it can be a part of a large system. An embedded system is

a microcontroller or microprocessor-based system which is designed to perform a
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specific task. For example, a fire alarm is an embedded system; it will sense only
smoke.

An embedded system has three components -
« It has hardware.
« |t has application software.

« It has Real Time Operating system (RTOS) that supervises the application
software and provide mechanism to let the processor run a process as per
scheduling by following a plan to control the latencies. RTOS defines the way
the system works. It sets the rules during the execution of application
program. A small scale embedded system may not have RTOS.

So we can define an embedded system as a Microcontroller based, software driven,
reliable, real-time control system.

4.8.2 Characteristics of an Embedded System

Single-functioned - An embedded sysiem usually performs a specialized
operation and does the same repeatedly. For example: A pager always functions as
a pager.

Tightly constrained - All computing systems have constraints on design metrics,
but those on an embedded system can be especially tight. Design metrics is a
measure of an implementation's features such as its cost, size, power, and
performance. It must be of a size to fit on a single chip, must perform fast enough
to process data in real time and consume minimum power to extend battery life.

Reactive and Real time - Many embedded systems must continually react to
changes in the system's environment and must compute certain results in real time
without any delay. Consider an example of a car cruise controller; it continually
monitors and reacts to speed and brake sensors. It must compute acceleration or
de-accelerations repeatedly within a limited time; a delayed computation can result
in failure to control of the car.

Microprocessors based - It must be microprocessor or microcontroller based.

Memory - It must have a memory, as its software usually embeds in ROM. It does
not need any secondary memories in the computer.
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Connected — It must have connected peripherals to connect input and output
devices.

HW-SW systems — Software is used for more features and flexibility. Hardware is

used for performance and security.

ASIP and ASIC Analog 10
Memory
Processors :
Core Digital 10

Figure: 4.12 Character of Embedded system

Advantages

« Easily Customizable
« Low power consumption

« Low cost
« Enhanced performance
Disadvantages

« High development effort
« Larger time to market

An embedded system is a specialized computer system that is designed to perform
dedicated functions within a larger system or device. Typically, it is embedded into
a larger piece of hardware and operates with minimal user intervention. These
systems are characterized by their compact size, low power consumption, and real-
time operation, making them ideal for applications such as consumer electronics,
automotive systems, industrial automation, and medical devices.

From Figure 5.2: Structure of Embedded System the following illustration shows the
basic structure of an embedded system
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Sensor - |t measures the physical quantity and converts it to an electrical signal
which can be read by an observer or by any electronic instrument like an A2D
converter. A sensor stores the measured quantity to the memory.

A-D Converter — An analog-to-digital converter converts the analog signal sent by
the sensor into a digital signal.

Processor & ASICs - Processors process the data to measure the output and store
it to the memory.

D-A Converter - A digital-to-analog converter converts the digital data fed by the
processor to analog data

Actuator - An actuator compares the output given by the D-A Converter to the
actual (expected) output stored in it and stores the approved output.

4.8.3 Arduino IDE

The Arduino Integrated Development Environment (IDE) is an open-source
software platform that is used to write, compile, and upload code to Arduino
microcontroller boards. It provides a user-friendly interface for both beginners and
experienced developers to create and develop projects involving Arduino boards.
Here are some key details about the Arduino IDE. for both beginners and
experienced developers to create and develop projects involving Arduino boards.
Here are some key details about the Arduino IDE. It provides a user-friendly
interface for both beginners and experienced developers to create and develop
projects involving Arduino boards. Here are some key details about the Arduino IDE
Its user-friendly interface, powerful features, and extensive ecosystem of plugins
and extensions make it a preferred choice among developers .
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4.8.4 Arduino Software

From Fig 4.5.3.a Open Arduino IDE It provides a user-friendly interface for

both beginners and experienced developers to create and develop projects

involving Arduino boards. Here are some key details about the Arduino IDE.
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Fig 4.17 Compile and Upload to Board

4.8.5 Android App

The development of the Android app for Bluetooth speech-to-text conversion
and robot control involved a meticulous process aimed at integrating various
functionalities seamlessly. Leveraging Java programming language, the project
began with establishing Bluetooth connectivity to facilitate communication between
the app and the robot controller device. Subsequently, speech recognition
capabilities were integrated using Android's Speech Recognizer API to accurately
convert spoken words into text format. The processed text was then analyzed to
identify relevant commands for controlling the robot, with robust logic implemented
to ensure accurate interpretation and generation of corresponding control signals.
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The user interface was meticulously designed to offer an intuitive experience,
enabling users to input speech, view converted text, and interact with robot controls
effortlessly. Rigorous testing and debugging phases ensured the app's reliability
and performance across different scenarios, ultimately culminating in a successful
outcome where users can control the robot effectively through voice commands
transmitted over Bluetooth,

Throughout the development journey, each phase was meticulously crafted
to ensure the seamless integration of Bluetooth communication, speech recognition,
and robot control functionalities. The project commenced with an in-depth
exploration of Bluetooth connectivity, encompassing device discovery, pairing, and
establishing a reliable socket connection for data exchange. With the foundation
laid, attention turned to implementing speech recognition capabilities, leveraging
Android's speech Recognizer API to accurately capture and transcribe spoken
words into text form.

This text underwent thorough processing, employing sophisticated
algorithms to distill actionable commands for robot manipulation. The user interface
design was a focal point, meticulously crafted to offer an intuitive and immersive
experience, fostering seamless interaction with the app's features. Extensive testing
protocols were executed, encompassing scenarios ranging from varying speech
patterns to diverse environmental conditions, ensuring robustness and reliability
across all fronts.

Through meticulous iteration and refinement, the final product emerged,
embodying a harmonious fusion of technology and user-centric design, empowering
users to effortlessly wield the power of voice to command and control their robotic
counte rpa rs.

As the project unfolded, a multifaceted approach was adopted to address the
intricate requirements of Bluetooth speech-to-text conversion and robot control
within the Android app ecosystem. Delving deeper into Bluetooth connectivity,
meticulous attention was devoted to handling potential pitfalls such as signal
interference and device compatibility, ensuring a seamless connection experience
for users across a spectrum of devices. The integration of speech recognition
capabilities delved into the nuances of natural language processing, with a focus on
enhancing accuracy and responsiveness through continuous refinement and
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optimization of recognition algorithms. Moreover, the text processing module
underwent rigorous scrutiny, harnessing advanced parsing techniques and machine
learning algorithms to discern intricate commands and execute them with precision.

The user interface design transcended mere aesthetics, embodying a holistic
approach that prioritized usability and accessibility. User-centric design principles
guided the development of intuitive interfaces, where fluid interactions and
informative feedback mechanisms fostered a sense of empowerment and control
for users navigating the app's functionalities. Beyond the realm of technical
intricacies, the project underscored the importance of comprehensive testing
methodologies, encompassing diverse usage scenarios and edge cases to fortify
the app's resilience against real-world challenges.

Figure:4.18 Application for Speech Recognizer

Furthermore, the project served as a testament to the collaborative spirit, with
multidisciplinary teams synergizing their expertise in software engineering, robotics,
and human-computer interaction to realize a cohesive vision. Agile methodologies
facilitated iterative development cycles, enabling swift adaptation to evolving
requirements and stakeholder feedback. As the project culminated in the
deployment of the Android app, it heralded not only a technological milestone but
also a testament to the boundless potential of innovation in empowering users to
engage with technology in transformative ways.
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Say something

Figure:4.19 Application Interface

The application interface was meticulously crafted to provide users with an
intuitive and seamless experience, facilitating effortless interaction with the
Bluetooth speech-to-text conversion and robot contral functionalities. The design
ethos centered on simplicity, clarity, and accessibility, ensuring that users of all
levels of technical proficiency could navigate the app with ease.

The interface featured distinct sections that catered to different aspects of the
app's functionality. At the forefront was the speech input interface, where users
could initiate voice commands by tapping a designated button or using a wake word
activation feature. Visual cues, such as waveform animations or speech recognition
indicators, provided feedback to users, reassuring them that their voice commands
were being processed.

Once speech was captured and converted to text, the converted text was
prominently displayed on the screen, ensuring visibility and legibility. Clear
typography, appropriate spacing, and contrasting colors enhanced readability, even
in varying lighting conditions or screen sizes. Users had the option to review and
edit the converted text before sending it as a command to control the robot,
empowering them with control and confidence over their interactions.

39



The robot control interface was thoughtfully designed to offer intuitive
controls for manipulating the robot's movements or actions. Depending on the
capabilities of the robot, the interface could include directional buttons, sliders for
speed or intensity control, or predefined action buttons. Real-time feedback
mechanisms, such as visual indicators or status updates, provided users with
immediate confirmation of their commands' execution, fostering a sense of agency
and engagement.

Throughout the interface design process, user feedback and usability
testing played pivotal roles in refining and optimizing the user experience. lterative
design cycles enabled the identification and resolution of pain points or usability
challenges, ensuring that the final interface was both functional and user-friendly.
By prioritizing user needs and preferences, the application interface emerged as a
cornerstone of the app's success, empowering users to interact with technology
seamlessly and intuitively.

In addition to the core functionalities, the application interface incorporated
supplementary features to enhance usability and accessibility. For instance, a
settings menu allowed users to customize various aspects of the app according to
their preferences. This included options to adjust speech recognition sensitivity,
configure Bluetooth device settings, or customize the appearance of the user
interface.

Furthermore, the interface seamlessly integrated feedback mechanisms
to keep users informed about the app's status and ongoing processes. Visual
indicators, such as loading animations or progress bars, provided real-time
feedback during tasks like Bluetooth device discovery or speech recognition
processing, keeping users engaged and informed about the app's actions.
Accessibility features were also embedded within the interface to cater to users with
diverse needs and preferences.

This encompassed support for alternative input methods, such as gesture
controls or keyboard input, for users who may prefer or require non-verbal
interaction. Additionally, the interface adhered to accessibility guidelines, ensuring
compatibility with screen readers, high contrast modes, and other assistive
technologies to accommodate users with disabilities.

Moreover, the application interface fostered a cohesive and immersive user
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experience through consistent design elements and visual cues. Unified color
schemes, iconography, and layout conventions maintained visual coherence across
different sections of the app, facilitating seamless navigation and enhancing user
the interface design process was informed by user-centered design principles, with
extensive usability testing and feedback collection driving iterative refinements.
User research, surveys, and usability studies provided valuable insights into user
preferences, behaviors, and pain points, guiding interface design decisions and
optimizations. The application interface served as a gateway for users to seamlessly
interact with the Bluetooth speech-to-text conversion and robot control
functionalities, embodying a harmonious fusion of functionality, usability, and

accessibility.

4.8.6 Visual Studio Interface

From Figure 4.5.6 Visual studio Visual Studio Code (VS Code) is a highly
popular, free, and open-source source code editor developed by Microsoft. It
provides a comprehensive and customizable environment for software
development, offering support for various programming languages, syntax
highlighting, code completion, debugging, version control integration, and

extensions.

Figure: 4.20 Visual studio
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Visual Studio, a renowned integrated development environment (IDE) crafted by
Microsoft, stands as a versatile toolkit catering to a spectrum of programming needs.
While traditionally synonymous with languages like C# and .NET, Visual Studio
extends its prowess to Java development through its lightweight counterpart, Visual
Studio Code (VS Code). Within VS Code, developers find a rich array of features
tailored to streamline Java coding endeavors. From syntax highlighting to seamless
debugging support, VS Code empowers developers with essential tools for crafting
robust Java applications.

Its integration with popular build tools like Maven and Gradle facilitates
efficient project management, while extensions augment functionality, offering
features like IntelliSense for enhanced code completion. The IDE's compatibility with
Git enables seamless collaboration, fostering agile development workflows. With its
customizable interface and vibrant community support, Visual Studio emerges as a
compelling choice for Java developers seeking a versatile, user-friendly
environment to realize their coding aspirations.

Visual Studio Code (VS Code) offers seamless integration with cloud
platforms and services, enabling developers to deploy and manage Java
applications with ease. Whether leveraging cloud-based development environments
or deploying applications to cloud infrastructure, VS Code provides intuitive tools for
interacting with cloud resources directly from the IDE. This integration streamlines
the development lifecycle, empowering developers to focus on coding without the
complexities of managing infrastructure.

Visual Studio fosters a vibrant community of developers, complemented by
extensive documentation, tutorials, and resources readily available online.
Developers can engage with forums, user groups, and official documentation to
seek guidance, share insights, and stay abreast of the latest advancements in Java
development with Visual Studio. This collaborative ecosystem not only facilitates
knowledge sharing but also fosters innovation, driving continuous improvement and
evolution within the Java development landscape supported by Visual Studio.

CHAPTER-5

42



RESULTS AND DISCUSSIONS
5.1 RESULT

From Fig 5.1 Writing Robot In this project to develop a writing robot for
medical prescriptions utilizing Bluetooth connectivity to a mobile device and
converting text to speech for the robot's writing mechanism represents a significant
advancement in healthcare technology. By integrating this system with an Android
application, healthcare professionals can streamline the prescription process,
reducing errors and improving efficiency.

The Bluetooth connection ensures seamless communication between the
mobile device and the robot, enabling quick transmission of prescription details.
Utilizing text-to-speech technology enhances accessibility, allowing the robot to
accurately transcribe spoken prescription instructions.

This innovative solution not only enhances the accuracy of prescriptions but
also frees up valuable time for healthcare providers to focus on patient care,
ultimately improving overall healthcare delivery. Moreover, the integration of modern
technology in medical practices underscores the continuous evolution and
adaptation of healthcare systems to meet the needs of patients and practitioners a
like.

Figure: 5.1 Writing Robot
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Fig :5.4 output of Robot Writing Medical prescription

The writing robot's utilization of Bluetooth connectivity and speech-to-text technology
ensures accuracy and efficiency in transcribing prescriptions. By converting spoken
instructions from the Android app into written form, the robot generates legible and
precise prescriptions, reducing the likelihood of errors due to illegible handwriting or
transcription mistakes. Moreover, the output process can be tailored to accommodate
various prescription formats, including medication names, dosages, frequencies, and
any additional instructions.
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CHAPTER-6
CONCLUSIONS AND FUTURE SCOPE

6.1 CONCLUSION

In conclusion, the development of a writing robot utilizing speech processing for medical
prescription represents a promising advancement in healthcare technology. By
harnessing the power of speech recognition algorithms and robotic mechanisms, this
project aims to revolutionize the prescription writing process, addressing inefficiencies
and improving patient safety. Through a comprehensive approach encompassing
various aspects of design, development, and integration, the writing robot offers a
potential solution to longstanding challenges in clinical documentation. The culmination
of this project signifies a significant step forward in the quest to enhance efficiency,
accuracy, and usability in healthcare settings.

6.2 FUTURE WORK

Looking forward, there are several avenues for future work and refinement in the realm
of writing robot technology. Firstly, continued research and development efforts can
focus on enhancing the accuracy and reliability of speech recognition algorithms,
particularly in handling specialized medical terminology and diverse linguistic
variations. Advancements in machine learning techniques and access to larger
datasets could contribute to further improvements in speech processing performance.
Moreover, future iterations of the writing robot could explore integration with advanced
technologies such as natural language processing and artificial intelligence. By
leveraging these technologies, the writing robot could evolve into a more intelligent
system capable of providing real-time decision support to healthcare providers, thereby
enhancing clinical decision-making and patient care outcomes.

Scalability and deployment are also critical considerations for future work. Strategies
for widespread implementation and integration of the writing robot across diverse
healthcare settings will be essential. Collaboration with healthcare institutions, software
vendors, and regulatory bodies will be necessary to ensure seamless adoption,
regulatory compliance, and support for large-scale deployment. Furthermore, ongoing
optimization of the user experience will be paramount. Continuous refinement of the
user interface and interaction design, informed by user feedback and usability testing,
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feedback and usability testing, will contribute to making the writing robot more
intuitive, efficient, and user-friendly for healthcare providers.

Finally long-term impact assessment is essential to evaluate the efficacy and
benefits of the writing robot in real-world healthcare environments. Longitudinal
studies monitoring the impact on clinical workflows, medication error rates, and
patient outcomes will provide valuable insights into the effectiveness of the
technology and inform further refinements and enhancements.

While the development of a writing robot using speech processing for medical
prescription marks a significant achievement, there is still much to be explored and
refined in this burgeoning field. Through ongoing innovation, collaboration, and
research, the full potential of this technology can be realized, ultimately leading to
improved healthcare delivery and patient outcomes.
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