ISSN 2277-2685
1JESR/June. 2025/ VVol-15/1ssue-3s/394-405

Yandapalle Akshaya et. al., / International Journal of Engineering & Science Research

Visualizing Flight Instruments Consol For Horizon And Compass
With 10T Black Box

Ms. B Jyothsna, Yandapalle Akshaya, Balagoni Anusha, Grandhi Bhavana

1Associate Professor, Department Of ECE, Bhoj Reddy Engineering College For Women, India.
234B, Tech Students, Department Of ECE, Bhoj Reddy Engineering College For Women, India.

ABSTRACT

This project aims to create an innovative solution for
visualizing flight instrument consoles, specifically
focusing on the horizon and compass displays,
integrated with an loT-enabled black box for
enhanced flight monitoring and data analysis. In
aviation, accurate instrument readings are vital for
pilot decision-making, particularly in challenging
conditions. The system developed in this project
integrates a digital visualization of the flight horizon,
indicating the aircraft's orientation in relation to the
Earth's surface, and a compass that provides real-
time heading information.

By incorporating Internet of Things (loT)
technology, the system is designed to offer real-time
transmission of data, allowing for continuous
monitoring of the aircraft's critical flight parameters
such as altitude, speed, and heading. The loT-
enabled black box logs and stores this data, allowing
for retrieval after the flight, and ensures that all
information is available for analysis in the event of
any anomalies or incidents. Additionally, the loT
system enables data transmission to ground control
stations, providing a live feed for flight status and
system health monitoring, thereby improving the
situational awareness of both pilots and aviation
authorities.This project not only enhances the
visualization of crucial flight data but also
incorporates cutting-edge 10T technology to ensure
continuous,  reliable  data  logging  and
communication, contributing to the overall safety,

efficiency, and performance of modern aviation

systems. The integration of the 10T black box ensures
that flight data is securely stored and can be
analysed in post-flight investigations, offering a
comprehensive  solution for modern aircraft

monitoring and maintenance.

1-INTRODUCTION

The project "Visualizing Flight Instruments
Console for Horizon and Compass with 10T Black
Box™ is an advanced aviation system designed to
modernize and enhance the monitoring, analysis, and
safety standards in the aviation industry. Traditional
flight data recording systems, while reliable, often
lack the ability to provide real-time insights and
accessible post-flight data visualization. This project
addresses these limitations by integrating Internet of
Things (lIoT) technology with flight instrumentation,
focusing on the visualization of critical flight
instruments like the horizon and compass.

At its core, the system employs high-precision
sensors to capture essential flight parameters, which
are then processed through microcontrollers and 1oT-
enabled modules. The captured data is transmitted to
a digital interface for real-time visualization, offering
pilots and ground control personnel a clear and
accurate representation of the aircraft's orientation
and heading. The loT Black Box also incorporates
advanced data storage solutions, ensuring that all
critical flight information is securely recorded and
can be accessed remotely for detailed post-flight
analysis. Beyond real-time applications, this project

emphasizes safety, reliability, and usability. The
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visualization console not only aids pilots in
maintaining situational awareness during flights but
also provides vital data for accident investigations,
diagnostics, and performance reviews. With cloud-
based connectivity, this system allows stakeholders
to monitor and analyze flight data from anywhere,
further enhancing operational efficiency. By
integrating cutting-edge technologies like loT, cloud
computing, and sensor networks, the project paves
the way for a smarter, more connected approach to
aviation monitoring systems, setting a benchmark for

innovation in the field.

2-10T & EMBEDDED SYSTEM

loT

The Internet of Things (loT) is a transformative
technology that connects physical devices, sensors,
and systems to the internet, enabling them to collect,
exchange, and analyze data in real time. These
interconnected devices, often embedded with sensors
and microcontrollers, communicate seamlessly
through wireless protocols like Wi-Fi, Bluetooth, or
LoRa. 10T bridges the physical and digital worlds,
automating processes and providing valuable
insights without the need for human intervention. By
integrating cloud platforms and user-friendly
interfaces, 10T allows for remote monitoring, data-
driven decision-making, and control of devices from
anywhere. Its applications are vast, ranging from
smart homes and healthcare to industrial automation
and transportation. Despite challenges like security
concerns and power management, 10T has become a
cornerstone of modern technology, driving
efficiency, innovation, and convenience across
various industries. In aviation, loT plays a pivotal
role by enabling real-time monitoring of critical
flight parameters, ensuring safety, and enhancing

operational efficiency.
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Role of 10T in the Project

Real-Time Monitoring: 10T allows the flight
parameters such as aircraft orientation, heading, and
location to be transmitted to a remote server or cloud
platform (e.g., Blynk 10T). This enables pilots or
ground-based personnel to access the data in real
time.

Data Logging: The loT-enabled black box records
critical flight data like pitch, roll, and compass
readings. In case of an emergency, this data is stored
securely and can be retrieved for post-flight analysis
or accident investigations.

Remote Access: Through platforms like Blynk 10T,
flight parameters can be accessed from anywhere,
enabling remote monitoring of flight conditions and
safety alerts.

10T Advantages in the Project

Enhances aviation safety by providing real-time
insights and alerts.

Enables remote monitoring and control of flight
systems.

Offers a scalable solution for integrating additional

sensors or parameters in the future.

Embedded System

An embedded system in the context of visualizing
flight instruments like the horizon and compass
within an loT-enabled black box is a specialized
technology used to enhance aircraft navigation and
safety. The embedded system processes real-time
data from sensors such as accelerometers,
gyroscopes, and magnetometers to generate and
display critical information, like the aircraft's attitude
(horizon) and heading (compass). The horizon
system helps pilots understand the aircraft's
orientation, indicating whether it is level or ina climb
or descent, while the compass displays the aircraft's

directional heading. The IoT-
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enabled black box, in contrast to traditional systems,
is capable of transmitting data in real-time to ground
stations or maintenance teams, offering continuous
monitoring of flight performance and health. This
capability enables the collection and analysis of vast
amounts of flight data, improving safety by allowing
for early detection of potential issues. It also aids in
post-flight analysis, maintenance, and pilot training.
By integrating these systems into a cohesive unit,
aircraft gain enhanced navigation support, real-time

data access, and improved operational efficiency.

3-BLOCK DIAGRAM AND WORKING

In modern aviation, real-time monitoring and data
visualization play a crucial role in ensuring flight
safety and operational efficiency. Traditional flight
instruments, such as the horizon indicator and
compass, provide essential data to pilots for
navigation and situational awareness. However, with
the integration of 10T (Internet of Things)
technologies, these instruments can be enhanced for
greater functionality, remote monitoring, and data
logging. This project focuses on creating a
Visualizing  Flight Instruments Console that
combines a Horizon Indicator and Compass system
with an loT-enabled Black Box. The aim is to
develop an intuitive console to display real-time
flight data and create a black box capable of logging
and transmitting flight data for analysis and
emergency response. By integrating 10T, the system
can provide continuous tracking, data visualization,
and remote monitoring, ensuring a higher level of
safety and performance monitoring.

Existing system

In the existing system, flight instruments such as the
attitude indicator (horizon) and compass play a
critical role in ensuring that pilots maintain proper

orientation and heading during flight. These
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instruments have been primarily mechanical in
nature in earlier aircraft designs, and modern
advancements have shifted towards digital or
electronic systems. The attitude indicator, which is
crucial for showing the aircraft's orientation relative
to the horizon (pitch and roll), was historically a
mechanical instrument using gyroscopes. These
gyroscopes, which operated on the principle of
angular momentum, helped pilots determine the
aircraft's orientation without relying on external
visual references. However, with the development of
Electronic Flight Instrument Systems (EFIS),
mechanical instruments have been replaced by more
sophisticated digital systems, providing a clearer and
more precise representation of the aircraft's attitude.
Today, the

attitude indicator is often a part of a larger Primary
Flight Display (PFD), which consolidates critical
flight information, such as altitude, airspeed, and
heading, into one unified screen. These systems rely
on gyroscopes and accelerometers that provide real-
time data, enabling the aircraft to display a digital
horizon, which can be used to monitor pitch and roll.
Similarly, the compass in the existing system has
evolved. Traditional magnetic compasses, which rely
on Earth's magnetic field to show the aircraft's
heading, are still in use today in some aircraft, but
they are often considered secondary instruments in
modern aviation. More advanced systems, such as
the Heading Indicator or Directional Gyro (DG),
have largely replaced the magnetic compass. These
instruments are connected to Inertial Navigation
Systems (INS) and magnetometers that calculate and
display the aircraft's heading. The heading indicator
is more stable and accurate than a traditional
compass, especially in the presence of magnetic
interference or when the aircraft is in motion.
Attitude Heading Reference Systems (AHRS) are
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commonly used today, integrating gyroscopes,
accelerometers, and magnetometers to provide
highly accurate and reliable heading information.
Another critical component of the existing system is
the loT-enabled Black Box. The black box in modern
aviation plays an essential role in recording and
storing flight data, which is used for safety,
maintenance, and regulatory compliance. The black
box records various flight parameters, including
altitude, speed, heading, attitude, and engine
performance data. It can also capture data from
various flight instruments, including the horizon and
compass systems. The black box is capable of
transmitting this data to ground control stations in
real-time through communication channels such as
satellite or cellular networks. This enables
continuous monitoring and timely intervention in
case of anomalies or emergencies. Additionally, the
black box can store this data on solid-state memory
devices, which can be retrieved after the flight for
analysis. This data is invaluable in post-flight
evaluations, accident investigations, and
performance assessments of the aircraft systems. The
loT black box in existing systems is typically
designed to

provide resilience and redundancy. It collects and
transmits data from sensor networks across the
aircraft, including those monitoring the attitude and
heading systems. This allows for continuous logging
of operational parameters, which can be used by
maintenance teams to ensure the aircraft’s optimal
performance and safety.

The black box also has built-in crash-resistant
features, such as shockproof casing and fireproof
materials, ensuring that the flight data is preserved
even in the event of a crash or accident. The black
box serves as a critical component of aviation safety

by providing detailed records of the flight's progress
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and any anomalies that may have occurred during the
flight.

Proposed system

The proposed system represents a groundbreaking
innovation in aviation safety and monitoring,
leveraging the power of 10T technologies and Python
programming to create a highly reliable and efficient
platform for real-time visualization of flight
instruments. This system is designed to enhance
situational awareness, provide proactive safety
measures, and ensure comprehensive data logging
for post-flight analysis, addressing critical challenges
faced in modern aviation.

At the heart of the system is the NodeMCU
microcontroller, which serves as the central
processing unit, seamlessly integrating data from
various sensors. The MPU6050 sensor continuously
measures the aircraft's pitch, roll, and yaw, enabling
precise simulation of the artificial horizon and
compass. These visualized parameters provide
critical insights into the aircraft's orientation,
ensuring pilots maintain control during flight.
Complementing this, the GPS module delivers real-
time location tracking and trajectory mapping,
allowing operators to monitor the aircraft's position
and movement with exceptional accuracy. The flame
sensor adds a crucial layer of safety by actively
detecting potential fire hazards and triggering
immediate alerts to mitigate risks. The system's
software architecture is built on Python, a versatile
and powerful programming language, ensuring
efficient data processing, integration, and
visualization. Python’s extensive library ecosystem
supports

the seamless handling of sensor data, while its
compatibility with the processing IDE allows for the
creation of a user-friendly and interactive interface.

This interface not only visualizes critical flight
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parameters in real-time but also ensures that even
complex datasets are presented in an intuitive and
accessible manner, empowering both pilots and
ground personnel to make informed decisions
quickly.

Cloud integration is achieved through the Blynk loT
platform, enabling the transmission of data to remote
servers for real-time monitoring and control. This
connectivity allows stakeholders to access vital flight
parameters from anywhere using smartphones or
other internet-enabled devices. Alerts and warnings,
such as fire detection or anomalies in flight
parameters, are instantly communicated through
cloud notifications, ensuring a rapid response to
critical situations. In emergencies, the system
functions as an loT-enabled black box, securely
logging and transmitting essential flight data for
retrieval and analysis, making it invaluable for
investigating incidents and improving future safety
protocols.

Block Diagram
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To enhance usability, the system incorporates a
series of alert mechanisms, including LED indicators
and a buzzer, to provide immediate visual and
auditory notifications. These alerts are designed to
draw attention to critical events, ensuring quick
recognition and response. The system's modular and
scalable design ensures compatibility with existing
aviation technologies and allows for future
expansion to meet evolving industry needs.

By integrating advanced sensor technology, loT
connectivity, and Python-based software, this system
offers a holistic approach to aviation safety and
monitoring. It not only improves real-time situational
awareness but also establishes a robust framework
for predictive maintenance, emergency management,
and data-driven decision-making. This innovative
solution addresses the demands of modern aviation,
ensuring that safety, efficiency, and reliability are

prioritized in every aspect of flight operations.
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Fig 1 Block diagram of Visualizing Flight Instruments Consol for Horizon and Compass with 10T Black Box

4-IMPLEMENTATION OF HARDWARE AND
SOFTWARE
The "Visualizing Flight Instruments Console for
Horizon and Compass with 10T Black Box" project
enhances aircraft safety by providing real-time
visualization and remote monitoring of key flight
parameters. It integrates a  NodeMCU
microcontroller, MPU6050 sensor, GPS module,
flame sensor, and smoke sensor to monitor
orientation, location, fire, and smoke hazards. This
data is processed and transmitted to the Blynk loT
server for real-time visualization and remote access.
Additionally, the system functions as an loT-enabled

black box, ensuring critical data is logged and

accessible during emergencies, offering a reliable
and scalable solution for aviation safety.
Hardware Description

Power Supply
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The power supply is a vital component in any
electronic system, ensuring that all connected
devices, such as the NodeMCU and sensors, receive
the required voltage and current to function reliably.
It converts the input power from sources like
batteries, USB adapters, or DC power supplies into
the necessary output voltage levels, typically 3.3V
for the NodeMCU and possibly 5V for some sensors.
By regulating and stabilizing the power, the supply
prevents fluctuations that could damage sensitive
components. In addition to delivering power, it often
includes features such as capacitors or filters to
smooth out voltage ripples and ensure a clean output.
Advanced power supplies may also offer protection
mechanisms like overvoltage, overcurrent, and short-
circuit protection to safeguard the system. A robust
power supply is essential for seamless operation,
providing a stable foundation for the entire system's
functionality.

NodeMCU & WiFi Module:

NodeMCU: The NodeMCU serves as the central
processing unit and the backbone of the 10T system.
It is a low-cost, open-source 10T platform based on
the ESP8266 Wi-Fi module, which integrates
processing and network capabilities in a single chip.
The primary role of the NodeMCU is to interface
with various sensors, collect real-time data, and
process it for meaningful insights or actions. Once
the data is processed, the NodeMCU facilitates
communication with the Blynk 10T server through its
built-in ~ Wi-Fi  module, enabling seamless
connectivity and control. Additionally, it handles
data transmission to the cloud, where the information
can be stored and accessed remotely for monitoring
and analysis. This allows users to view and manage
the system's performance from anywhere using a
smartphone or a computer. The NodeMCU's

versatility and ease of programming using the
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Arduino IDE make it an ideal choice for loT projects,
ensuring robust and efficient operation of the system.
Its ability to perform multiple functions, such as data
acquisition, processing, and wireless
communication, makes it a crucial component in

smart applications.

Software Requirements

The software for visualizing a flight instrument
console replicates key cockpit tools, such as the
artificial horizon and compass, providing real-time
visualization of flight parameters. Integrated with an
loT-enabled black box, it records and streams flight
data for diagnostics and safety analysis. The system
dynamically renders instruments using sensor inputs,
ensuring accurate orientation and navigation display.
Designed for flexibility and scalability, it enhances
situational awareness, navigation precision, and data
accessibility in aviation systems.

This project is implemented using following

software’s:

1. Processing IDE: For real-time visualization of
flight instruments.

2. Blynk 10T Platform: To facilitate remote
monitoring and data visualization.

3. C Programming: Likely required for Processing

IDE or custom integrations.
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processing IDE

The Processing IDE provides an ideal platform for
developing a visualized flight instruments console,
combining  graphical capabilities with  loT
integration for real-time data processing. Using its
robust 2D/3D graphics libraries, the artificial horizon
and compass can be dynamically rendered to display
real-time orientation and heading data from flight
sensors, such as those connected through Arduino.
The loT-enabled black box functionality allows
seamless data logging and streaming to cloud
platforms for analysis and diagnostics, ensuring
reliable storage of critical flight parameters.
Processing’s ease of use and compatibility with
various communication protocols, such as serial and
MQTT, facilitate smooth integration with sensors
and loT systems. Additionally, the software can
provide interactive controls, enabling users to switch
between simulation and real-time modes or analyze
specific flight data points. With its flexibility and
simplicity, Processing offers a powerful solution for
creating an intuitive and functional interface for
flight visualization and monitoring systems.

Blynk 10T Server

The Blynk loT Server serves as a cloud-based
platform that facilitates the seamless transmission
and storage of data processed by the NodeMCU. It
acts as the intermediary between the hardware
system (e.g., sensors, GPS module, and NodeMCU)
and the user interface, which could be accessed
through connected devices such as smartphones,
tablets, or laptops. By hosting the data on a secure
server, Blynk enables users to monitor flight
parameters in real time from virtually anywhere with
an internet connection. This feature is especially
useful for remote supervision, diagnostics, and
logging of critical flight information.

The diagram's two blocks labeled "Blynk loT

ISSN 2277-2685
1JESR/June. 2025/ VVol-15/1ssue-3s/394-405

Yandapalle Akshaya et. al., / International Journal of Engineering & Science Research

Server" may represent either redundancy for fault
tolerance or distinct roles within the communication
flow. For example:
Redundancy: Two identical servers could ensure
high availability and reliability, minimizing data loss
or downtime in case of a failure in one server.
Data Communication Pathways: The two blocks
might symbolize different communication stages—
one handling data sent from the NodeMCU to the
server, and the other managing data fetched by the
remote access system for visualization and
interaction.
The Blynk platform also supports custom
dashboards, which provide an intuitive way for users
to interact with and control the system, enhancing
overall accessibility and functionality.
C Programming
Arduino uses a simplified version of the C and C++
programming languages to write programs, also
known as sketches. These sketches are used to
control the behavior of Arduino hardware such as
sensors, LEDs, motors, and other electronic
components. The core structure of every Arduino
program includes two main functions: setup(), which
runs once when the board is powered on or reset, and
loop(), which runs continuously to perform tasks.
Arduino simplifies traditional C/C++ programming
by providing built-in functions like digitalWrite(),
pinMode(), and delay() to make it easier for
beginners and hobbyists to interact with hardware.
Despite its simplicity, Arduino programming still
retains many standard features of C/C++, such as
variables, loops, functions, and even object-oriented
programming when using or writing libraries. This
blend of ease and power makes C in Arduino a
flexible and efficient tool for embedded
system development.

5-RESULTS
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This image depicts the hardware setup for the
transmitter section of your major project, which is
focused on visualizing flight instruments like the
Artificial Horizon and Compass, integrated with an
loT-based Black Box system.

Key Components Visible:
1. Arduino UNO — Central microcontroller that
processes sensor data.
2. GY-521 (MPU6050) — An accelerometer and
gyroscope sensor used to detect pitch, roll, and yaw
(for horizon indication).
3. HMC5883L (Compass Module) — Measures
magnetic heading for direction/orientation.
4. Ultrasonic Sensor (HC-SR04) — Likely used for

proximity sensing or height approximation.
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5. Buzzer — For audible alerts or warnings.

6. LCD Display (16x2) — Used to display sensor
readings like direction and angle.

7. Power Supply Module — Converts and regulates
voltage to power the components.

8. Wi-Fi Module (ESP8266/NodeMCU) — Used for
0T connectivity (sending data to cloud/black box).
9. Connecting Wires and Breadboards — For
establishing circuit connections.

This transmitter unit collects real-time orientation
and direction data and possibly sends it to a cloud-
based storage or black box system, which can be
retrieved and visualized later for analysis—

mimicking a simplified avionics console.

Fig 1 Transmitter section of Flight Instruments Consol for Horizon and Compass with 10T Black Box

402



Network & internet > Wi-Fi
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Fig 2 Connect the Network VPI

This figure shows the Wi-Fi connection interface on
a computer, where the device is connected to a
network named "VPI".

In the context of our project, this step demonstrates
the connection between the system and the Wi-Fi

network, which is necessary for:

v & NewTab X+

C | ® 19216841

Sending sensor data from the transmitter (using
ESP8266 or similar Wi-Fi module)

Enabling loT functionality for the Black Box,
allowing real-time data storage or visualization on a
cloud/server.

This connection step is crucial for loT-based data

transmission in your project.

- a X
0 :

Gmail  Images &

Google

Q  Search Google or type a URL

G L

Error 400 (Ba.. ChatGPT

[ 3

Chrome Web. Signin

)

G +

Add shortcut

Fig 3 Search the IP address

This figure shows a web browser where the user is
entering a local IP address into the URL/search bar.

Purpose in the Project:
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This step is part of accessing the web interface or
data dashboard hosted by the ESP8266/NodeMCU
(Wi-Fi module) used in your 10T project.When your

microcontroller connects to Wi-Fi, it is assigned a
- ) -

o —
local IP address.By typing this IP address in a

browser, you can view real-time sensor data (like
pitch, roll, and compass direction), which is sent
from the transmitter to the browser through Wi-

Fi.This is a key part of visualizing flight instrument

data through the 10T Black Box sysem.

Fig 4 Output displayed on LED

This image shows the working output of the project.

Orientation (pitch, roll)

O A 192.168.4.1

VISUALIZATION OF
FLIGHT INSTRUMENTS

Fire : Detected
Smoke : Detected
Object : Detected

X: -5.53
Y: 0.35

+ &3

http://www.google.com/maps/place/17.3543713N.78.5076331

When fire or smoke is detected, the system activates
and the LCD displays key data like:

Fire/Smoke alert

GPS location

Compass direction
The setup simulates how an loT Black Box can
monitor and display real-time flight conditions and

emergency events.

Fig 5 Web Interface Displaying Sensor Data

This figure shows the web-based visualization output
of the loT-enabled Flight Instruments Console.
When accessed through the IP address 192.168.4.1,

the system displays real-time monitoring data such

as:
Fire: Detected — Indicates that the fire sensor has
detected flames.

Smoke: Detected — Confirms the presence of smoke
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via the smoke sensor.

Object: Detected — Refers to an obstacle or object
detected, likely using an ultrasonic sensor.

X and Y Orientation — Shows the aircraft’s tilt and
orientation, captured using an
accelerometer/gyroscope (like MPU6050).

GPS Coordinates — The link directs to a Google
Maps location based on live GPS data, helping track
the incident location remotely.

This web interface allows remote visualization of
flight safety data, making it useful for emergency
alerts and black box-style reporting in aviation

systems.

6-CONCLUSION
In conclusion, the integration of loT with flight
instrument consoles for horizon and compass
visualization represents a significant leap forward in
aviation technology. By combining real-time data
accessibility, predictive maintenance capabilities,
and advanced analytics, this innovation enhances
operational safety and efficiency while laying the
foundation for future advancements such as
augmented reality interfaces and Al-driven insights.
The loT-enabled black box not only facilitates
quicker incident analysis but also contributes to
sustainable aviation practices through optimized
flight operations and resource management. This
technology underscores the potential for smarter,
safer, and more connected aviation systems, driving
the industry toward a more innovative and reliable

future.
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