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Abstract— The proposed project involves creating a bidirectional 

communication system using ESP32 microcontrollers, OLED 

displays, and keyboards, with wireless connectivity via LoRa 

technology. Two identical units will be built, each with an ESP32, 

an OLED display, and a keypad. Users can type messages on one 

unit, which will then be transmitted wirelessly to the other unit 

through LoRa. The message will be displayed on the OLED screen 

of the receiving unit. This system offers a user-friendly interface, 

ensuring smooth interaction. It's suitable for scenarios requiring 

reliable, long-distance communication, such as remote monitoring 

or outdoor activities. The project also focuses on power efficiency 

for extended battery life. This innovative solution combines 

hardware robustness with wireless capabilities for versatile 

applications. This LoRa-based bidirectional communication 

system has wide-ranging applications. It can be utilized in 

scenarios where reliable, long-distance communication is 

essential, such as in remote monitoring, emergency response, or 

outdoor activities where traditional communication methods may 

be unreliable. The project presents an innovative solution for 

long-range communication using LoRa technology. By integrating 

ESP32 microcontrollers with OLED displays and keyboards, this 

system enables seamless bidirectional messaging between two 

units. The combination of robust hardware and wireless 

capabilities open numerous possibilities for practical applications 

in various domains. 
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I. INTRODUCTION 
The proposed project introduces a bidirectional 

communication system leveraging ESP32 microcontrollers, 
OLED displays, and keyboards, coupled with wireless 
connectivity through LoRa technology. This innovative system 
addresses the need for reliable, long-distance communication in 
diverse scenarios such as remote monitoring, emergency 
response, and outdoor activities, where conventional 
communication methods may falter. 

Comprising two identical units, each equipped with an 
ESP32, an OLED display, and a keypad, users can seamlessly 
compose messages on one unit, which are subsequently 
transmitted wirelessly via LoRa to the counterpart unit. The 
received message is promptly displayed on the OLED screen of 
the receiving unit. A paramount focus of the project lies in 
providing a user-friendly interface, ensuring smooth and 
intuitive interaction. This system is tailor-made for 
environments demanding dependable, long-range 
communication, such as in remote monitoring or outdoor 
pursuits. 

The amalgamation of robust hardware with wireless 
capabilities propels this project into a realm of versatile 
applications. This project constitutes an innovative solution for 
long-range communication, pushing the boundaries of what is 
achievable with LoRa technology. By seamlessly integrating 
ESP32 microcontrollers, OLED displays, and keyboards, this 
system affords a reliable and bidirectional messaging platform 

between two units. The marriage of resilient hardware with 
wireless capabilities unlocks a plethora of possibilities across a 
spectrum of domains. 

II. SIGNIFICANCE OF THE PROJECT 
The profound significance of this project lies in its potential 

to redefine communication paradigms in environments where 
conventional methods fall short. Remote monitoring, a vital 
aspect in sectors like environmental conservation, agriculture, 
and infrastructure maintenance, stands to benefit immensely 
from this innovation. In emergency response scenarios, such as 
natural disasters or search-and-rescue operations, where 
traditional infrastructure may be compromised, this 
communication system can serve as a lifeline, enabling swift 
coordination and information dissemination. 

Moreover, the project's focus on power efficiency represents 
a forward-thinking approach to sustainability and resource 
conservation. By maximizing the operational lifespan of the 
system through efficient power management strategies, the 
project aligns with broader efforts to minimize environmental 
impact. In essence, this project addresses a critical need for 
reliable, long-range communication, transcending the 
boundaries of conventional methods. Its potential applications 
span a spectrum of domains, offering a versatile and 
indispensable tool for modern communication challenges. 

III. BLOCK DIAGRAM 
 

 

A. Detailed Description of ESP32 Microcontrollers 
The ESP32 microcontroller, a product of Expressive 

Systems, represents a pivotal advancement in the field of 
embedded systems. It is built around the Xtensa LX6, a dual-
core processor architecture, each core clocked at up to 240 MHz. 
This dual-core setup facilitates concurrent execution of tasks, 
enabling efficient multitasking in applications. The 
microcontroller integrates a rich array of part, containing GPIO 
pins, UART, SPI, I2C, and ADC interfaces, that improve allure 
flexibility for a expansive range of uses.  

One of the notable substances of the ESP32 display or take 
public allure Wi-Fi capabilities. It is equipped with both Wi- Fi 
and Bluetooth/BLE (Bluetooth Low Energy) connectivity 
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options. This allows seamless integration with existing network 
infrastructure and the ability to communicate with a wide array 
of devices, making it an ideal choice for IoT applications. 

Dual-center Xtensa LX6 processor, each center observe at 
up to 240 MHz.. Integrated Wi-Fi (802.11b/g/n) and Bluetooth 
(BLE) for Wi-Fi connectedness. Rich set of I/O interfaces, 
containing GPIO pins, UART, SPI, I2C, and ADC channels. 
Low power consumption features for extended battery life. 
Compatibility with various programming environments: 
Arduino IDE, MicroPython, etc.   

 

B. Specifications of OLED Displays: 
The chosen OLED displays are 128x64. This ensures crisp 

and legible display of messages, crucial for effective 
communication in diverse environments. Additionally, their 
compact form determinant and reduced capacity consumption 
create ruling class suitable for unification in compact 
communication instruments. 

Type: OLED (Organic Light Emitting Diode) display, 
resolution: 128x64 pixels, size: 0.96 inches diagonal, color 
depth-monochrome 

C. Key Features of the Keypad: 
The keypad utilized in this project is a 4x4 keypad, which 

means that it has 16 keys arranged in a 4x4 grid. The keys are 
typically labeled with numbers from 0 to 9, A to D as well as 
some additional symbols such as *, #, and enter. The keypad is 
connected to the microcontroller through a series of wires, and 
the microcontroller can read the input from the keypad using 
the GPIO pins. The keypad is a simple but versatile input device 
that can be used in a variety of projects. It is designed to provide 
a user-friendly interface for composing messages. Key features 
include. Furthermore, the keypad is integrated with the 
microcontroller through GPIO pins. This seamless integration 
enables efficient data input, enhancing the user experience and 
ensuring smooth operation of the communication system. The 
keypad is a 4x4 keypad with 16 keys. 

IV. LORA MODULE 
A LoRa module operating at 433 MHz is designed for long-

range wireless communication in various applications. This 
module utilizes LoRa (Chirp Spread Spectrum) modulation, a 
technique known for its efficiency and resistance to 
interference. It operates within the 433 MHz ISM band, offering 
a suitable frequency range for applications that require reliable, 
long-distance communication. The module typically allows for 
adjustable output power, commonly reaching up to 100 mW (20 
dBm) or higher, enabling robust signal transmission over 
extended distances. With selectable Spread Factors (SF) 
ranging from SF7 to SF12, the module provides flexibility in 
balancing data rate and range. These modules commonly 
operate at 3.3V facilitating integration with microcontrollers or 
other devices. With features like external antenna connectors, 
LoRa modules ensure flexibility in optimizing the antenna 
setup for optimal performance. Depending on factors like 
environment, antenna quality, and power settings, LoRa 
modules at 433 MHz can achieve communication ranges 
ranging from several kilometers to tens of kilometers. 

A. System Architecture 
The system architecture employs a modular design, which 

allows for seamless interaction between the components. The 
illustration above showcases the interconnectedness of the key 
elements: ESP32 microcontrollers, OLED displays, keypads, 
and LoRa modules. The ESP32 microcontrollers are 
responsible for controlling the system, while the OLED 
displays provide a user interface. The keypads allow users to 
input data, and the LoRa modules provide long- range wireless 
communication. This modular design allows for easy 

customization and expansion of the system. For example, 
additional sensors or actuators maybe added to bureaucracy by 
simply joining them to the appropriate modules. 

The ESP32 microcontrollers are the brains of the system. 
They are responsible for controlling all the other components 
and processing all of the data. The OLED displays provide a user 
interface for the system. Users can interact with the system by 
pressing the buttons on the keypad and viewing the information 
on the display. The keypads allow users to input data into the 
system. This data can be used to control the system or to provide 
feedback to the user. The LoRa modules provide long-range 
wireless communication for the system. This allows the system 
to communicate with other system with the internet. 

The modular design of the system makes it easy to customize 
and expand. For example, if you need to add a new sensor to the 
system, you can simply connect it to the appropriate module. If 
you need to add a new actuator to the system, you can simply 
connect it to the appropriate module. This modular design makes 
it easy to adapt the system to your specific needs. 

V. CIRCUIT DIAGRAM 

 

 

 
 

 A.  Message composition in unit A 
In Unit A, the user engages with the keypad to compose a 

message. The keypad's layout and tactile feedback enhance the 
user experience by making it easy to find the right keys and 
providing feedback that the key has been pressed. The 
keystrokes are processed by the microcontroller, which 
translates them into digital data. The ESP32, with its dual-core 
architecture, efficiently manages this process while ensuring 
responsiveness. The microcontroller then sends the digital data 
to the display, which displays the message as it is being 
composed. The user can then edit the message as needed, and 
when they are finished, they can send the message by pressing 
the send button. 

B. Wireless transmission via LoRa. 
Once the message is composed, the ESP32 initiates the 

encoding process. The data is formatted for transmission, which 
includes error-checking mechanisms for reliability. The LoRa 
module, integrated with Unit A, takes over the process. LoRa's 
long-range capabilities are leveraged to transmit the encoded 
data packet, modulating it for optimal transmission efficiency. 

The LoRa module uses a technique called chirp spread 

Journal of Engineering and Technology Management 74 (2024)

PAGE N0: 1060



spectrum (CSS) to modulate the data. CSS is a type of spread 
spectrum modulation that uses a chirp signal to transmit data. A 
chirp signal is a signal that changes its frequency over time in a 
linear fashion. This makes it difficult for noise and interference 
to corrupt the signal, as the noise will be spread out over a wider 
frequency range. 

The LoRa module also uses a technique called forward error 
correction (FEC) to improve the reliability of the transmission. 
FEC is a technique that adds redundant data to the transmitted 
signal. This redundant data can then be used to correct errors 
that occur during transmission. By using CSS and FEC, the 
LoRa module can transmit data over long distances with a high 
degree of reliability. 

C. Message reception in Unit B. 
In parallel, Unit B's LoRa module diligently receives the 

transmitted data packet. This reception process is characterized 
by LoRa's exceptional sensitivity and the ability to pick up 
signals even in challenging environments, such as those with a 
lot of interference or noise. Upon reception, the ESP32 in Unit 
B takes control. It meticulously processes the received data, 
decoding it to retrieve the original message. The ESP32 is a 
powerful microcontroller that is well-suited for this task. It has 
a built-in LoRa module, which makes it easy to connect to the 
LoRa network. The ESP32 also has a powerful processor that 
can quickly decode the received data. 

 
D. Displaying the Received Message 

With the message decoded, the ESP32 in Unit B 
orchestrates the presentation. It instructs the OLED display to 
render the message in a legible format. The OLED display, 
characterized by its high contrast and wide viewing angles, 
faithfully reproduces the message. This visual representation 
ensures that the recipient can easily read and comprehend the 
incoming communication. The bidirectional data flow allows 
for two-way communication between Unit A and Unit B. This 
means that either unit can send or receive messages, which 
creates a more dynamic and versatile platform for real-time 
communication. This versatility makes the system ideal for a 
variety of scenarios, such as remote monitoring and emergency 
response, where reliable long-distance communication is 
essential. In remote monitoring, the system can be used to send 
and receive data from sensors or cameras that are in remote 
areas. This allows for real-time monitoring of these areas, 
which can be used to detect problems or hazards early on. In 
emergency response, the system can be used to communicate 
with first responders who are in remote areas. This allows for 
quick and efficient communication, which can be essential in 
saving lives. The system's bidirectional data flow is a key 
feature that makes it ideal for these and other scenarios. 

 

VI. WIRELESS COMMUNICATION WITH LORA 

A. Overview of LoRa Technology 
LoRa is a general, low-capacity Wi-Fi communication 

technology that was developed to address the challenges of 
communication in environments with limited infrastructure or 
over extended distances. It has gained prominence in various 
IoT and remote monitoring applications. LoRa works by using 
spread spectrum modulation, which allows it to transmit data 
over long distances with low power consumption. This makes 
it ideal for applications where battery life is a concern, such as 
in remote sensors or asset tracking devices. LoRa is also 
relatively inexpensive to implement, which has made it a 
popular choice for a variety of IoT applications. 

VII. ADVANTAGES of LoRa TECHNOLOGY 
Exceptional Range: LoRa technology boasts an impressive 

communication range, reaching several kilometers even in 

urban environments. In rural settings, it can achieve transmission 
distances of tens of kilometers. This extended range is a 
significant advantage over traditional wireless technologies. 
Low Power Consumption: LoRa schemes are planned to operate 
on slightest capacity, making them appropriate for assault-
stimulate applications. This low power consumption ensures 
prolonged battery life, a critical factor for devices deployed in 
remote or inaccessible locations. High Penetration and 
Reliability: LoRa signals have a high penetration capability, 
allowing them to pass through obstacles and reach receivers in 
challenging environments. This feature is invaluable in scenarios 
where reliable communication is essential, even in areas with 
physical obstructions. Scalability: LoRa technology supports a 
scalable network architecture. A single LoRa gateway can 
handle communication with a large number of end-devices, 
making it well-suited for applications with a multitude of sensors 
or devices spread over a wide area. 

Explanation of How LoRa Facilitates Long-Range 
Communication. LoRa achieves its remarkable range and low 
power consumption through a combination of modulation 
techniques and unique signal processing methods 

VIII. RESULT 

 

 
 

We have successfully developed a bidirectional 
communication system that uses ESP32 microcontrollers, LED 
displays, and keyboards, and utilizes LoRa technology for 
wireless connectivity. This innovative system provides a 
seamless means of communication between two units, 
addressing scenarios where reliable, long-distance 
communication is imperative. The system is designed to be easy 
to use and establish, and can be used in a type of uses, containing 
industrial automation, asset tracking, and remote monitoring. It 
is also highly secure, thanks to the use of LoRa technology, 
which is resistant to interference and eavesdropping. Its 
successful implementation showcases the potential of 
technology to address real-world   challenges.  

 

IX. APPLICATIONS 

A. Remote Environmental Monitoring: 
Scenario: In a conservation project, researchers need to 

monitor wildlife in a remote, inaccessible forest area. 

Application: The bidirectional communication system allows 
field researchers to transmit data on animal behavior and 
environmental conditions to a central database, enabling real- 
time analysis and informed conservation efforts. 

B. Emergency Response in Disaster Management: 
Scenario: In the aftermath of a natural disaster like an 

earthquake, conventional communication infrastructure is 
severely compromised. 

Application: The bidirectional communication system 
provides a reliable means for first responders to coordinate 
efforts, communicate critical information, and request additional 
resources, ensuring swift and efficient disaster relief operations. 

C. Precision Agriculture and Farming: 
Scenario: A precision agriculture system requires constant 

monitoring of soil moisture levels and weather conditions across 
vast agricultural fields. 

Application: Each field unit equipped with the bidirectional 
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communication system can transmit data to a central control 
hub, allowing farmers to make informed irrigation and planting 
decisions in real-time. 

D. Mountaineering and Outdoor Expeditions: 
Scenario: A group of mountaineers embarks on an 

expedition in a remote mountain range with limited cellular 
coverage. Application: Each member carries a unit, allowing 
for continuous communication with the base camp and fellow 
climbers. This ensures safety, coordination, and provides an 
emergency lifeline if needed. 

E. Wildlife Tracking and Conservation: 
Scenario: Conservationists track the migration patterns of 

endangered species in a large, remote wilderness area. 

Application: Units affixed to wildlife collars transmit 
location data to a central monitoring station, enabling 
conservationists to gather critical data on habitat use and 
movement patterns for conservation planning. 

F. Maritime Search and Rescue Operations: 
Scenario: Coast guard or search and rescue teams need to 

coordinate efforts to locate and rescue distressed vessels in a 
vast maritime area. 

Application: Units on board vessels and at coastal stations 
facilitate effective communication, enabling quick response 
times and efficient coordination of rescue operations. 

G. Rural Healthcare and Telemedicine: 
Scenario: Healthcare providers need to offer telemedicine 

services in remote rural areas with limited connectivity. 

Application: Units deployed in remote clinics allow for real- 
time communication with medical experts located in urban 
centers, enabling timely diagnoses and treatment plans. 

H. Wilderness Exploration and Expeditions: 
Scenario: Scientific explorers embark on an expedition in a 

remote, uncharted territory. 

 

X. CONCLUSION 
In this project, we have successfully developed a 

bidirectional communication system that uses ESP32 
microcontrollers, OLED displays, and keyboards, and utilizes 
LoRa technology for wireless connectivity. This innovative 
system provides a seamless means of communication between 
two units, addressing scenarios where reliable, long-distance 
communication is imperative. 

The system is devised expected foolproof and establish, and 
maybe secondhand in an assortment of requests, containing 
industrial automation, asset tracking, and remote monitoring. It 
is also highly secure, thanks to the use of LoRa technology, 
which is resistant to interference and eavesdropping. 

The integration of ESP32 microcontrollers with OLED 
displays and keyboards has yielded a user- friendly interface, 
ensuring smooth interaction. The emphasis on power efficiency 
has paved the way for extended battery life, a crucial factor in 
scenarios where continuous operation is paramount. This 
system's hardware robustness, coupled with its wireless 
capabilities, opens up a plethora of possibilities across various 
domains. The project's significance spans a wide array of 
applications. From remote monitoring to emergency response 
and outdoor activities, this bidirectional communication system 
fills a critical niche. In remote environmental monitoring, it 
enables researchers to gather crucial data from inaccessible 
regions. In emergency response, it ensures efficient 
coordination and communication in disaster-stricken areas. In 
precision agriculture, it empowers farmers with real-time data 
for optimal resource utilization. Furthermore, this system is 
invaluable in wilderness exploration, maritime search and 

rescue operations, and wildlife tracking for its capability to 
provide reliable communication in remote and challenging 
environments. It also finds application in rural healthcare and 
telemedicine, bringing advanced medical services to 
underserved areas. In summary, this project presents a versatile 
and robust solution for long-range communication needs. By 
seamlessly integrating hardware components and leveraging 
LoRa technology, we have created a system with far-reaching 
implications across a spectrum of domains. Its successful 
implementation showcases the potential of technology to address 
real-world challenges and underscores the importance of reliable 
communication in today's interconnected world. 
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