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ABSTRACT

This article provides a comprehensive, step-by-step guide to
building a temperature and humidity monitoring system using
a Raspberry Pi and the HDC1080 sensor. The HDC1080, a
high-accuracy, low-power digital sensor, offers precise
environmental measurements, making it an excellent choice
for 10T, smart home systems, and environmental monitoring
applications. This guide covers everything from the initial
hardware setup, including wiring and interfacing the sensor
with the Raspberry Pi, to programming the system using
Python. Readers will gain practical insights into configuring
the Raspberry Pi to read and process data from the HDC1080
sensor, ensuring accurate and reliable real-time measurements.
Beyond basic functionality, the article delves into enhancing
the project with data visualization techniques, enabling users
to graphically monitor temperature and humidity trends over
time. It also explores options for storing the collected data,
integrating it into databases or cloud services, and using the
system for advanced applications such as automated alerts or
climate control systems. Whether you are a hobbyist, student,
or professional, this guide offers a hands-on learning
experience and highlights the versatility of the Raspberry Pi as
a tool for innovative and cost-effective environmental
monitoring solutions.
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1. INTRODUCTION

The Raspberry Pi has become a cornerstone of modern DI'Y
electronics, celebrated for its affordability, compact design,
and impressive versatility. It has empowered enthusiasts,
students, and professionals to explore new possibilities in
computing and automation, offering a platform for projects in
fields as diverse as robotics, home automation, and
environmental monitoring presented in [2]. In this project, we
will harness the power of the Raspberry Pi to create a

temperature and humidity monitoring system using the
HDC1080 sensor, an efficient and accurate device designed
for precise environmental measurements as explained in [1].
This project will demonstrate the Raspberry Pi’s capabilities
in real-world loT applications and provide hands-on
experience in interfacing with sensors and programming in
Python.

Environmental monitoring has become increasingly
significant in today’s world, whether for maintaining
comfortable indoor conditions, managing agricultural systems,
or studying climate patterns. The HDC1080 sensor is an ideal
choice for such tasks due to its high accuracy, low power
consumption, and ease of integration with microcontrollers
and single-board computers like the Raspberry Pi. By
measuring temperature and humidity levels in real time, this
project offers practical applications in smart home systems,
weather stations, and automated climate control setups.

The project begins with configuring the Raspberry Pi to
operate in headless mode via SSH (Secure Shell) access. This
setup allows users to control and program the Raspberry Pi
remotely from a MacBook or any other computer, removing
the need for peripherals such as a monitor, keyboard, or
mouse. SSH access is a critical skill for Raspberry Pi users, as
it simplifies device management and is particularly useful for
remote or embedded deployments where physical access is
limited. With SSH enabled, users can connect to the Raspberry
Pi’s terminal, execute commands, and run scripts from the
comfort of their primary workstation.

Once the Raspberry Pi is set up for SSH access, the next step
involves connecting the HDC1080 sensor to the Raspberry
Pi’s GPIO (General-Purpose Input/Output) pins. This
connection establishes the communication pathway between
the sensor and the Raspberry Pi, enabling the collection of
environmental data. The HDC1080 sensor operates using the
12C (Inter-Integrated Circuit) protocol, a widely used
communication standard that simplifies data transfer between
devices. Understanding how to interface with 12C devices is a
valuable skill, as many sensors and peripherals in the loT
ecosystem rely on this protocol.
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The heart of the project lies in the Python script that interacts
with the HDC1080 sensor.[1] Python is an excellent choice for
Raspberry Pi projects due to its readability, extensive libraries,
and strong community support. The script will read
temperature and humidity data from the sensor, process the
raw values, and convert them into user-friendly outputs. The
data can be displayed in the terminal for immediate use or
stored for later analysis. Python libraries such as smbus2 and
time will be used to facilitate communication with the sensor
and manage the timing of data collection.

Beyond basic data retrieval, this project can be expanded to
include additional features such as data logging, graphical
visualization, and cloud integration. For example, the
collected data can be saved to a file or database for long-term
monitoring, allowing users to track environmental trends over
time. Visualization tools, such as Matplotlib or Plotly, can be
employed to create graphs and charts that make the data easier
to interpret. For those interested in 10T applications, the
project can be extended to upload data to cloud platforms like
ThingSpeak or AWS 10T, enabling remote access and analysis
similar to those in [6].

This project serves as a practical introduction to the world of
embedded systems, 10T, and environmental monitoring. It is
designed to be accessible to beginners while offering
opportunities for more advanced users to customize and
expand the system. By the end of this guide, readers will have
a fully functional temperature and humidity monitoring system
and a deeper understanding of the tools and techniques
involved. The skills learned in this project can be applied to a
wide range of other applications, from home automation and
smart agriculture to industrial monitoring and research.

In summary, this guide demonstrates how to combine the
power of the Raspberry Pi with the precision of the HDC1080
sensor to build a cost-effective and versatile environmental
monitoring solution. Whether for personal curiosity, academic
projects, or professional applications, this project highlights
the potential of open-source hardware and software to create
innovative and impactful technology solutions. With its
emphasis on practical implementation and scalability, this
project is an excellent starting point for anyone interested in
exploring the possibilities of Raspberry Pi and 10T.

In Figure 1 are presented the materials that we used to build
our project, including Raspberry Pi3, Sensor, HDC1080,
jumper wires, solderless breadboard, monitor, keyboard,
HDMI cable and Android device.
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Figure 1: Materials that we used to build our project, including
Raspberry Pi3, Sensor, HDC1080, jumper wires, solderless
breadboard, monitor, keyboard, HDMI cable and Android device

2. RASPBERRY PI

The Raspberry Pi is a series of small, affordable, single-board
computers that have transformed how we think about
computing and embedded systems. Developed by the
Raspberry Pi Foundation, the device was originally intended
to promote computer science education. However, it has
grown far beyond its initial purpose, becoming a staple in the
world of hobbyist electronics, prototyping, and 10T (Internet
of Things). The device’s compact size, low cost, and
impressive versatility make it an ideal platform for a wide
range of applications.

At its core, the Raspberry Pi is a fully functional computer,
capable of running a variety of operating systems, including
Raspberry Pi OS (formerly Raspbian), a Debian-based Linux
distribution. It features a range of hardware options across its
different models, including processors, memory, and
connectivity features that cater to diverse project
requirements. For instance, the Raspberry Pi 4, one of the most
advanced models, boasts a quad-core ARM Cortex-A72 CPU,
up to 8GB of RAM, USB 3.0 ports, dual micro-HDMI outputs,
and onboard Wi-Fi and Bluetooth capabilities.

The Raspberry Pi’s GPIO (General-Purpose Input/Output)
pins are one of its most defining features, allowing users to
connect and control external hardware such as sensors,
motors, and LEDs. This capability makes the Raspberry Pi an
excellent tool for projects that require interaction with the
physical world. It supports various communication protocols,
including 12C, SPI (Serial Peripheral Interface), and UART
(Universal Asynchronous Receiver-Transmitter), enabling
seamless integration with a vast ecosystem of components and
peripherals.

One of the key advantages of the Raspberry Pi is its active and
extensive community. Countless tutorials, forums, and
open-source projects are available online, providing
invaluable resources for beginners and experts alike. Whether
you're setting up a basic media server, building a home
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automation system, or developing a complex loT solution, the
Raspberry Pi community offers guidance and inspiration to
help you succeed.

In addition to its role in hobbyist projects, the Raspberry Pi has
found applications in education and professional industries.
Schools and universities use it to teach programming,
electronics, and robotics, offering students a hands-on
approach to learning. In industry, the Raspberry Pi is
employed in prototyping, automation, and even commercial
products, thanks to its reliability and scalability.

The affordability of the Raspberry Pi has democratized access
to computing, allowing individuals and organizations to
experiment and innovate without the barrier of high costs. Its
energy efficiency and small form factor make it particularly
suitable for embedded systems and remote deployments,
where space and power consumption are critical
considerations. Furthermore, the introduction of specialized
models like the Raspberry Pi Pico, a microcontroller-based
board, has expanded the ecosystem, catering to low-power,
real-time applications.

In summary, the Raspberry Pi is much more than a simple
computer; it is a gateway to creativity and innovation. Its
combination of power, flexibility, and affordability has made
it a cornerstone of the maker movement and a valuable tool in
education and industry. Whether you are a beginner learning to
code, a hobbyist exploring electronics, or a professional
prototyping a new product, the Raspberry Pi provides a
platform to turn ideas into reality.

3.PYTHON AND RASPBERRY PI SYNERGY

Before Python is one of the most widely used programming
languages in conjunction with the Raspberry Pi, and for good
reason. Its simplicity, versatility, and extensive library support
make it an ideal choice for projects ranging from basic
automation tasks to complex loT systems as given in [3].
Python allows users to interact directly with the Raspberry Pi’s
GPIO pins, enabling control of sensors, motors, and other
peripherals with minimal code. This accessibility makes
Python an excellent entry point for beginners while still
offering the depth and power needed for advanced users.

One of Python’s primary advantages is its robust ecosystem of
libraries. For Raspberry Pi projects, libraries such as
RPi.GPIO and gpiozero simplify the process of reading from
and writing to GPIO pins. These libraries abstract much of the
complexity involved in hardware interfacing, allowing
developers to focus on their project goals rather than the
intricacies of low-level programming. Additionally, libraries
like smbus and Adafruit CircuitPython  support
communication with 12C and SPI devices, such as temperature
and humidity sensors, displays, and more, presented mostly in

2.

Python’s compatibility with data analysis and visualization
tools further enhances its utility on the Raspberry Pi. Libraries
like Matplotlib, Pandas, and NumPy enable users to process
and visualize data collected from sensors, making it easier to

identify trends and insights. For example, in an environmental
monitoring project, Python can be used to log temperature and
humidity data over time, generate graphs, and even trigger
alerts if certain thresholds are exceeded.

Another significant advantage of Python is its integration with
cloud services and APIs. Using libraries such as Requests or
MQTT, Python can be employed to send data from the
Raspberry Pi to remote servers, enabling real-time monitoring
and control. This capability is particularly valuable in loT
applications, where devices need to communicate seamlessly
with cloud platforms for data storage, analysis, and
decision-making.

Python’s ease of use also extends to software development on
the Raspberry Pi itself. With Python’s interactive shell and
extensive documentation, users can quickly prototype and test
their ideas. Moreover, Python supports a range of
development environments, including the pre-installed
Thonny IDE, which is tailored for beginners but powerful
enough for experienced programmers.

4.CASESTUDY: BUILDING RASPBERRY PI PYTHON
SCRIPT

On Figure2 is shown Python script that reads relative humidity
and temperature data from a HDC1080 sensor using the 12C
protocol. In the next 7 steps is explained how it works:

1. Import Necessary Libraries:

The script uses the smbus library to communicate with the
sensor over the 12C bus and the time library for delays.[4]

2. Initialize the 12C Bus:

smbus.SMBus(0) initializes communication with the 12C bus
on channel 0, which is the default for the Raspberry Pi.[4]

3. Write to the Sensor to Measure Humidity:
The sensor's address is 0x40 (hexadecimal for 64).

The command 0x02 is written to the sensor to request relative
humidity data in "No Hold Master" mode (non-blocking
operation).

A short delay (0.3 seconds) is added to ensure the sensor has
time to process the request.

4. Read Humidity Data:

The script shown on Figure 2 reads 2 bytes from the sensor:
dataO (most significant byte) and datal (least significant byte).

These two bytes are combined into a 16-bit value and
converted into a percentage using the formula provided in the
HDC1080 datasheet.[5]

5. Write to the Sensor to Measure Temperature:

The command OxF3 is sent to the sensor to request
temperature data in "No Hold Master" mode.

Another short delay is added to allow the sensor to process
the request.
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6. Read Temperature Data:
The script reads 2 bytes for temperature (data0 and datal).
These bytes are combined into a 16-bit value and converted
into Celsius.

7. Output the Results:

The script shown on Figure 2 prints the calculated relative
humidity, temperature in Celsius, and temperature in
Fahrenheit to the console, formatted to two decimal places.

When this script from Figure 2 is executed, it should return
results like on the Figure 4.

data0 = bus.read_byte(0x40)

data1 = bus.read_byte(0x40)

((dataD * 256 + data1) * 125 /65536.0) - 6

data0 = bus.read_byte(

datal = bus.read

cTemp = ((d

*256 +datal) * 175.72 /655

fTemp =cTemp * 1.8 + 32

%humidity)

ure in Fahrenheitis :

Figure 2: Python script for reading Temperature and Humidity

Figure 3 shows command for running the Python script and get
the readings from the sensor HDC1080.

(dht-env) stefantrajanoski@raspberrypi:~ $ python3 raspbery.pyll

Figure 3: Command for running Python script
Relative Humidity is : 44.51 %
Temperature in Celsius is : 14.87 C
Temperature in Fahrenheit is : 58.76 F
Relative Humidity is : 44.37 %
Temperature in Celsius is : 14.76 C
Temperature in Fahrenheit is : 58.56 F
Relative Humidity is : 44.32 %
Temperature in Celsius is : 14.48 C
Temperature in Fahrenheit is : 57.92 F
Relative Humidity is : 44.18 %
Temperature in Celsius is : 14.13 C
Temperature in Fahrenheit is : 57.43 F
Relative Humidity is : 44.76 %
Temperature in Celsius is : 14.35 C
Temperature in Fahrenheit is : 57.83 F
Relative Humidity is : 44.19 %
Temperature in Celsius is : 14.15 C
Temperature in Fahrenheit is : 57.46 F
Relative Humidity is : 44.53 %
Temperature in Celsius is : 14.07 C
Temperature in Fahrenheit is : 57.33 F
Relative Humidity is : 44.65 %
Temperature in Celsius is : 14.48 C
Temperature in Fahrenheit is : 57.91 F
Relative Humidity is : 44.83 %
Temperature in Celsius is : 14.63 C
Temperature in Fahrenheit is : 58.34 F
Relative Humidity is : 44.18 %
Temperature in Celsius is : 14.68 C
Temperature in Fahrenheit is : 58.28 F
Relative Humidity is : 44.88 %
Temperature in Celsius is : 14.70 C
Temperature in Fahrenheit is : 58.46 F
Relative Humidity is : 44.36 %
Temperature in Celsius is : 14.35 C
Temperature in Fahrenheit is : 57.84 F

Figure 4: Output results from the sensor HDC1080

5. EXPLANING THE ALGORITHM STEP-BY-STEP

The Raspberry Pi-based temperature and humidity monitoring
system follows a structured algorithm represented in the
flowchart shown on Figure 5. This flowchart visually outlines
the step-by-step process involved in collecting, processing,
and managing environmental data. The detailed explanation
below expands on each step, providing a comprehensive
understanding of how the system operates.
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Figure 5: The HDC1080 reading algorithm

We will explain steps one by one as they are provided in the
flowchart.

1. Start

The algorithm begins with the Start node, which signifies the
initialization of the system. At this stage:

» The Raspberry Pi is powered on.

» The operating system and required software packages are
loaded.

« Essential configurations are checked to ensure a smooth
startup.

This step is crucial because it ensures that the necessary
components are correctly set up before proceeding.

2. Initialize System & Load Libraries

Before interacting with the sensor, the system loads the
required Python libraries:

» smbus: For 12C communication with the sensor.
« time: To handle delays in data requests and processing.

This step ensures that all necessary software dependencies are
available before moving forward with the hardware setup.

3. Setup GPIO & Sensor (12C)

At this stage, the Raspberry Pi configures its General-Purpose
Input/Output (GPIO) pins to communicate with the HDC1080
sensor using the 12C protocol. The process includes:

 Assigning the correct pin numbers.

« Establishing an 12C connection between the Raspberry Pi
and the sensor.

 Sending an initial test command to verify that the sensor is
properly connected.

This step is essential for ensuring that the hardware
components can effectively communicate with each other.

4. Request Temperature & Humidity Data

Once the sensor is set up, the Raspberry Pi requests
temperature and humidity readings:

 The system sends an 12C command to the HDC1080 sensor.
 The sensor processes the request and prepares the data.

 Asshort delay (~300ms) is introduced to allow the sensor to
generate accurate readings.

The delay is necessary because the sensor needs time to
stabilize and return meaningful data.

5. Read & Process Sensor Data

After the request is made, the Raspberry Pi reads the raw data
from the sensor:

« The data is received in two-byte formats for temperature
and humidity.

 These bytes are combined into a 16-bit value.

« Mathematical conversions are applied to transform the raw
readings into human-readable values:

This step ensures that the data is properly formatted and ready
for analysis.

6. Check for Errors in Data

Before storing or displaying the data, the system performs
error checking:

« |If the sensor fails to respond, the system retries the request.

« If values are outside an expected range (e.g., temperature
below -40°C or above 125°C), the reading is discarded.

« If multiple errors occur, an alert is triggered.

Error handling is crucial to maintaining the reliability of the
monitoring system.

7. Store Data in Log/Database

Once validated, the temperature and humidity readings are
stored:

- Data is written to a log file or a database for historical
tracking.

 The format includes timestamps for future analysis.

« This step allows users to track environmental trends over
time.

Data logging is essential for long-term monitoring and
analysis.

8. Display Data (LCD/Terminal/Web)
The processed readings are displayed in real-time:

» On aterminal screen (if using SSH or local access).
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» Onan LCD display (if connected to a Raspberry Pi screen
module).

» On a web dashboard for remote monitoring.

Real-time display ensures that users can immediately see
temperature and humidity levels.

9. Send Data to Cloud (Optional)

For loT applications, data can be uploaded to a cloud
platform:

« Services like AWS loT, ThingSpeak, or Google Cloud can
store and process the data as given in [6].

« Cloud storage allows users to access data remotely from any
location.

« This feature is useful for large-scale monitoring
applications.

Cloud integration enhances the scalability of the system.
10. Trigger Alert if Threshold Exceeded

If the recorded temperature or humidity surpasses predefined
thresholds:

+ Analertis triggered (e.g., an email, SMS, or visual
indicator).

« This feature is useful for climate control and safety
applications.

Alerts help users take timely action to prevent damage or
discomfort.

11. Repeat Process at Set Interval?

The system continuously monitors the environment by
repeating the process:

« |f the monitoring should continue, the system loops back to
Request Temperature & Humidity Data.

« |If the user stops the program, the system proceeds to shut
down.

This looping mechanism ensures ongoing data collection.
12. End

If the system is stopped by the user:

» The I2C connection is safely closed.

+ Any remaining data operations are finalized.

+ The program exits gracefully.

A structured shutdown prevents data loss and ensures system
stability.

The flowchart on Figure 5 visually represents how the
Raspberry Pi-based temperature and humidity monitoring
system operates. Each step is structured to ensure smooth
execution, from initialization to data collection, processing,
storage, and visualization. Additional features such as cloud
integration and alert triggering enhance the functionality,
making the system suitable for various applications, including

smart homes, agriculture, and industrial monitoring as systems
with  machine learning for environmental monitoring
explained in [7] but also as a part of complex systems loT
devices explained in [8].

By following this flowchart-based approach, users can
efficiently develop a reliable and scalable environmental
monitoring solution using Raspberry Pi and Python.

6. CONCLUSION

Nowadays the Raspberry Pi platform, equipped with
environmental types of sensors has become one of the major
monitoring devices for the environment. The importance of
these types of environmental is because they can be easy
connect to the cloud service and can provide the ability the
device to be remote accessible for reading sensors. Most
important is that the environmental monitors can be easy
handled and maintained especially in the rural environment as
they can be supplied by the batteries who further can be
charged by solar panels, wind turbines etc.
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