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Abstract

It is possible to utilize hand gestures for nonverbal communication in multiple fields, including but
not limited to communication for deaf-mute individuals, robot control, human-computer interaction (HCI),
home automation, and medical applications. The design and development of a baseless, wireless mouse
employing several sensors is the subject of this essay. This paper also describes the implementation of
establishing a connection between various sensors using ESP32 microcontroller. This microcontroller also
used to interact between the system and device using inbuilt Bluetooth module in ESP32. This article also
describes understanding of various technologies and modules which are used in the design and development
of the mouse.

General Terms
Wire Less Mouse, Sensor.
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Introduction

Systems that rely on sensor technology or the Internet of Things are now advancing quickly and are
able to detect and convey external information in a number of scenarios. Companies from a variety of
industries may now use data remotely, which has been especially useful when there have been lockdowns due
to the pandemic[1]. 10T sensors are now offered in a variety of shapes and sizes, making it even simpler to
adapt the technology to match the demands of individual businesses. The market, however, cannot afford to
get stale [1]. Using development boards has enabled communication between numerous sensors and computer
system interaction as a result of increased development. The development boards' built-in Bluetooth chips are
making communication simpler [1][3]. The most recent mouse technology available today, however, is only
available as an optical or virtual mouse. These technologies either use IR cameras or light sensors[2].
Making an efficient mouse technology that can interface various sensors with a development board, which is
also used to interact it with the system through a wireless medium, can provide the functionalities of an optical
mouse while providing stability to use the mouse for the system in a surface independent medium, which is
more dependable to use for an interacting user.

Typically, a mouse uses two axis coordinates to move the pointer across a system window.[4]
By filtering the sensor's raw accelerometer signals, accelerometer sensors are used to determine the orientation
of the object. The triaxial accelerometer sensor, which produces the sensors orientation by filtering the raw
signals provided by its movement, is utilized for cursor movement in the system window. The buttons of a
regular mouse are used to conduct various clicks; when pushed, the click associated with that button is
executed. Two more types of accelerometers are employed in the system to provide the raw acceleration in
the suggested direction in order to achieve similar functionality [5].

In order to determine the click for the system, the raw acceleration data from both sensors is analyzed.
The ESP32 development board has Arduino code that is created to generate and filter raw data. Python code
is used to get the data from the system and connect the device to the system wirelessly. [6]. Later, the received
information was once again filtered and put to use in order to move the pointer and track system
clicks.[2]These two algorithms operate concurrently and are linked through Bluetooth utilizing the BLE
technology included into the ESP32 development board to communicate with the system’s built-in Bluetooth
connection.[2][6]
1. Literature Review

Earlier technology or mouse to control the cursor and all related operations are generally trackball,
optical mouse, wireless mouse and 3D mouse. All have different techniques to perform the operations.
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Trackball

This is an earlier model of computer mouse that is utilized in many laptop keyboards as a computer
control device. The device, which resembles an upside-down mouse with a ball inside, is made comprised of
a ball held by a socket and sensors that detect rotation about two axes. Although the trackball was created in
1952, optical mice have now taken its place [7]. To move a cursor without using their arms, the user rolls the
ball with their thumb, fingers, or palm. To improve grip, some trackballs feature textured rubber or metal
surfaces, while others could have removable coverings. The device's front, back, bottom, and any of its buttons
provide the user with the ability to issue a variety of instructions, including, such as selecting an object or
dragging and dropping it [7].

Figure-1: Trackball Mouse

Optical Mouse

With an optical computer mouse, movement on a surface is converted to pointer movement on a screen.
Additionally, it has buttons for a variety of functions. Nowadays, practically all mice are categorized as optical
mice, as opposed to the now-outdated mechanical mice, regardless of whether they are wired or wireless or
use LEDs or lasers [8]. An optical mouse makes use of a light source, a photo detector (usually a CMOS
sensor), and a digital signal processor (DSP) to detect movement. Light from the light source first shines onto
the surface. The light bounces back and is captured by a CMOS sensor, which records thousands of photos
per second and sends them to a DSP for processing. The computer then receives this information and adjusts
the pointer location on the screen as necessary [8].

Figure 2: Optical Mouse

Wireless Mouse

Radio Frequency (RF) technology underlies the operation of wireless mice. The transmitter and the
receiver are the two parts of a wireless mouse. A wireless mouse's internal transmitter emits electromagnetic
impulses or radio data signals, which are nothing more than information about mouse movements that has
been encoded [9].

The receiver, aUSB 2.0 or USB 3.0 device, receives the encoded data from the transmitter and decodes
it before sending it to the driver software set up in the operating system controlled by the CPU [10]. The
receiver runs on computer or laptop power and does not require batteries to function. Although a transmitter
is a standalone device, the receiver's CPU analyses data from the movement of cursors across windows, clicks,
and scrolls, and then relays that information to the transmitter so it can respond appropriately to changes in
movement [9].
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Figure 3: Wireless Mouse

ESP32 Microcontroller

The ESP32 is really a line of inexpensive module-compatible microcontroller chips. The ESP32 is an
improved version of the ESP8266, a chip that “surprise” experiment in the west in 2014. Its capabilities were
largely unknown at the time since the original ESP8266 initially appeared on a module called the ESP-01,
which had very little English documentation. The ESP8266 swiftly gained popularity as the certification was
translate into English and a huge number of experimenters learned about its capabilities [11].
The ESP32 design was enhanced in a number of areas over the ESP32 design. While the ESP8266 just has
WiFi (which, of course, the ESP32 also has), it also has BLE (Bluetooth Low Energy). It comes with a dual -
core architecture and is speedier. Additionally, it has an ultra-low power mode that is perfect for battery-
powered applications [12]. Programming will be made simpler by the inbuilt micro-USB port found on many
of these boards. Some boards lack this capability and necessitate the use of an additional FTDI adaptor for
programming. The ESP32-WROOM chip serves as the foundation for most of these boards. The ESP32 DEV
KIT and ESP32 NODEMCU boards are readily available on Amazon and eBay and highly well-liked[12].
Additionally, the well-known ESP32-Cam board combines an ESP32 with a tiny video camera and a microSD
card connection (this board requires an FTDI adapter for programming).

Figure 4. ESP32 development board

Programming of ESP32

The Arduino platform is the most straightforward method to begin developing code for the ESP32
platform. Based on Atmel microcontrollers, this open-source platform was designed for quick prototyping.
The Java-based Arduino integrated development environment [13] is used to create software for
microcontrollers. Although it has been somewhat changed and now contains features such as Wiring
Language, this application was created with a learning environment in mind.A microcontroller with a boot
program is required for wiring. These days, various types of microcontrollers may be loaded in the Arduino
IDE in addition to Atmel microcontrollers. In order to install support for the development of ESP32
microcontrollers in the Arduino IDE environment, Espressif chose to use this option and construct a plugin
known as the Arduino core for the ESP32 Wi-Fi chip [13]. This environment's straightforward configuration
and strong community support are advantages.You may start prototyping the ESP32 microcontroller fairly
rapidly with the help of this environment. Simpler initiatives should be developed in this setting since larger
projects lose their focus and capacity to maintain themselves. Additionally, this platform is excellent for
gaining expertise with the ESP32 microcontroller's development [14].
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Figure 5: ESP32 Pin configuration

MPUG050 Sensor

Have you ever wondered how, when you tilt or rotate your smartphone, the screen automatically adapts
in a frame? With the aid of the IMU (Inertial Measurement Unit) MPU6050, we can complete the above task.
IMU, or inertial measurement unit, is the scientific name for MPUG050. Three-axis accelerometer and three-
axis gyroscope data is determined by this six-axis motion tracking gadget. The main benefit of this board is
the inclusion of a digital motion processor. The crucial function of the DMP (Digital Motion Processor) is that
it does extremely complex calculation and operations on its own, sparing the microcontroller from such tasks.
It offers motion information like roll, pitch, yaw, angles, feeling of landscape and portrait, etc.[15]
External 11C modules, like a agnetometer, can be connected to the module's two auxiliary pins.

Aol Pt _“ ? LU *«3 3
VR

Figure 6: MPU6050 Sensor

Working of MPU6050

The MPUG050 serves as the module's primary component, and its circuitry is quite straightforward. A
voltage regulator is also necessary because the module requires 3.3V to operate. A 4.7k resistor is used to pull
the interrupt pin low, and two 4.7k resistors are used to pull the 11C lines high [17].

The 11C bus may be used to read data from the MPU6050 module. Any change in motion will have an
effect on the mechanical system, which will change the voltage [20]. The IC then reads these voltage changes
exactly using a 16-bit ADC, records them in the FIFO buffer, and activates the INT pin [17][19]. As a
consequence, a microcontroller may read data from this FIFO buffer via IIC communication since the data is
ready for reading. This module, however, is used on a variety of platforms, including Arduino, by utilizing
publicly available libraries [18].

Interfacing MPU6050 with ESP32 Microcontroller
It is very easy to interface the MPU6050 with ESP32. Four pins of MPUG050 are used to interface it with the
ESP32 [11].
Connections of MPU6050 with ESP32
1. VCC to VIN
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2. GND to GND
3. SDA to SDA (GPIO 21)
4. SCL to SCL(GPIO22)
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Figure 7: ESP32 interfacing with MPU6050

ADXL335 Sensor

The ADXL335 is a 3-axis accelerometer that is compact, thin, and low-power, offering voltage outputs
that are signal-conditioned [21]. Its capabilities include detecting acceleration with a minimum full-scale range
of 3g and monitoring both static and dynamic acceleration caused by motion, shock, or vibration in tilt-sensing
applications [21]. The user can choose the accelerometer's bandwidth by adjusting the Cx, Cy, and Cz
capacitors at the Xout, Yout, and Zout pins. Bandwidths can be selected from a range of 0.5 Hz to 1600 Hz
for the X and Y axes and 0.5 Hz to 550 Hz for the Z axis to suit the application [22]. Additionally, the
ADXL335 is available in a small, low-profile 16-lead plastic lead frame chip scale package, measuring only
4mm x 4mm x 1.45mm [23].

Working of ADXL335

An Analog Devices ADXL335 compact, low-power, low-noise triple axis MEMS accelerometer
serves as the module's central component. It is capable of measuring both dynamic acceleration and static
acceleration brought on by motion, shock, or vibration [22] [23].

When a force is applied to a mass, it generates displacement, which causes it to accelerate according
to Newton's Second Law of Motion, F=ma, as observed by the mass's sensor. Analog accelerometers, like
digital accelerometers, are based on two principles: piezoelectric sensing and capacitive sensing. Both have
distinct advantages and disadvantages [21]. Similarly, the ADXL335 accelerometer operates on the capacitive
sensing principle because it is an analog accelerometer. The capacitance of an accelerometer with capacitive
sensors varies as it is moved in any direction. The interface controller detects changes in capacitance when its
analog voltages change [22].
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Figure 8: Integrated Circuit of ADXL335

Interfacing ADXL335 with ESP32

Connection of ADXL335 with ESP32 are very simple. For supplying power to the accelerometer VCC
pin of ADXL335 is connected to VIN of ESP32. Ground is provided by connecting GND to GND in ESP32.
ADC pins of ESP32 are used to get the analog output from the accelerometer. ADXL335 consist three output
pins each responsible to give voltage along the respective axis [11] [24].
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Figure: ESP32 interfacing ADXL Sensor

Proposed Device Architecture

Rather than other mouse, this wearable mouse is made up in form of rings which user wear in finger
and then operates over the system from anywhere within an enclosed Bluetooth range. Device comprises of
one microcontroller, three accelerometer sensor one of which output the raw gyroscope and accelerometer
values is used for cursor position and other two is used to perform click operations on the sensors.

Figure: Prototype Mouse model
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As the microcontroller is a central system controller which is controlling all the functionalities
therefore its position should define the stability of the system and also comfort for its user.
Therefore, it is placed on the right-side finger.

B. Position of cursor controlling sensor
Cursor movement of the system is controlled by MPU6050 sensor. Finger movement of left side is
more flexible than right side and to balance the weight of the microcontroller this sensor is fixed at
left side finger.

C. Position of another two sensor
Other two accelerometer are used to perform clicks on the sensor. It is fixed to place one sensor on
one finger.

D. Position of Power Supply Battery
Small Lithium-ion batteries providing power supply to the microcontroller which connects to all the
sensors for power supply. Power batteries are placed on right finger along with the charging port for
the device.

Y1l Y2

Accelerometer sensorl (S8 Accelerometer sensor2

l EsP32

Accelerometer sensor3 microcontroller

Figure: Position of All Sensors

Circuit Design

For making the device its circuit design is more important than anything to complete the interaction
between sensor and microcontroller and all the connections should be correct to avoid any harm. In the article
we are using ESP32 microcontroller development board of 30 pin configuration to interface it with multiple
Sensors.

Also MPU6050 sensor module is used in it for detecting the orientation of the sensor to control the
cursor position with respect to its orientation. Meanwhile, MPU6050 needs an 12C communication bus to
connect it with ESP32. One of the three 12C bus is used in ESP32 to connect it with MPU6050. GP10 pins 22
and 21 are used as SCL and SDA respectively and interfaced with SCL and SDA of MPUG050.For providing
current supply to the sensor VCC pin of the sensor is connected to 3V3 (3.3V) pin of ESP32 and GND pin
GND pin respectively [13].

Another accelerometer sensor that is connected with ESP32 is ADXL335 which give analog reading
of voltage proportional to the acceleration in the given direction.

For analog reading of each direction a separate ADC pin is required in ESP32. Because of the necessity of the
ADC pins in ESP32 and to reduce the complexity of the circuit only single axis pins are connected with
ESP32. GPIO pin 32 and 34 are connected with one axis out pin in both the sensors. To providing the power
supply to both the sensors VCC pin of the sensors is connected with VIN (5V) and GND pin GND pin in
ESP32 microcontroller [11].

Batteries are only connected with the microcontroller other sensors get power supply from the microcontroller.
A. Charging of the device

Device get the power supply from the Lithium-ion batteries connected to the microcontroller. Lithium-
ion batteries are chargeable and can be charged using a USB portable charger.
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Proposed Procedure

Sensors and microcontroller is major requirement for the device to run which can be easily available
but the major component in working is the programmable code and availability of the modules within the
system to successful run the code and manipulate all the changes in the system.

Arduino Language
Arduino Language code generally written in C language to fetch the data of the sensor. This code is written
and then the microcontroller is booted by the code.

Python and its inbuilt-modules
Python is used as an interface language and major functionality changing language in the device working.
Generally C language is used in connecting with kernel but due to high variety of inbuilt modules present in
the python language this is used in the project for functionality management.
Modules of python used in the project

1. Pyautogui — For controlling the mouse

2. Pyserial - For connecting with the device

3. Tkinter - To build a Graphical Interface for the system

Working of Device
Getting raw values and transfer to the system

Device working is simple and easy to understand. As the device turns on programmable ESP32
microcontroller start fetching the raw values from the three accelerometers with the help of algorithm booted
inside it. Algorithm is written in two different phases and in two different languages. One written in Arduino
is booted within the microcontroller and another one written in python. Arduino language comprises the code
that fetch the value from MPUG050 sensor using an inbuilt function motion6 of MPUG050 library of the
Arduino and fetch the analog values from other two sensors. Arduino language also consists of the algorithm
which filter the displacement of the sensor from the MPU6050. This data is transferred to the system using
inbuilt Bluetooth functionality present within the microcontroller.

Receiving the raw values from the system

To receive the ESP32 data pyserial library of python is used which creates an object of connection
which is setup over the COM port of windows10. After connecting the python program with serial portit start
receiving the data from the system over an enclosed loop.Filtered value of one accelerometer is used for cursor
control by manipulating it through moveRel() function of pyautogui library. This function changes the cursor
position related to its current position. Unfiltered value from another two sensor is compared by each other
and less value is used for respective click.
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Conclusion

The development of an accelerometer-based mouse connected via ESP32 has significant implications
for the future of human-computer interaction. This research paper has demonstrated the feasibility and
effectiveness of using an accelerometer to control a computer mouse, as well as the benefits of using the
ESP32 microcontroller to facilitate wireless communication.

One of the key advantages of this system is the potential to improve accessibility for individuals with physical
disabilities. Traditional computer mice can be challenging for those with limited mobility or dexterity, whereas
an accelerometer-based mouse provides a more intuitive and flexible input method. The wireless nature of the
system also eliminates the need for a physical connection between the computer and the mouse, providing
additional convenience and ease of use.

Another significant advantage of this system is the potential to reduce repetitive strain injuries. Traditional
computer mice require frequent movement and clicking, which can lead to discomfort or pain in the hands
and wrists over time. By using an accelerometer to control the mouse, users can reduce the frequency and
intensity of physical movements, potentially reducing the risk of injury.

Furthermore, the ESP32 microcontroller provides a powerful and versatile platform for wireless
communication. In addition to facilitating communication between the accelerometer and the computer, the
ESP32 could be used for a wide range of other applications, such as data collection, 10T connectivity, or
remote control. This versatility opens up a range of potential use cases for this system beyond just controlling
a computer mouse.

One potential limitation of this system is the need for some degree of initial calibration to ensure

accurate movement detection. However, this calibration process can be simple and straightforward, and once
completed, the system operates smoothly and reliably.
Overall, the development of an accelerometer-based mouse connected via ESP32 represents an exciting
advancement in the field of human-computer interaction. The system has the potential to improve
accessibility, reduce the risk of repetitive strain injuries, and open up new possibilities for wireless
communication and control. Further research could explore potential applications in other contexts, as well as
refinements to the system design to further enhance its functionality and ease of use.
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