
        
            
                
            
        


	 

 

 

Raspberry Pi 5 Projects for Newbies 

A Simplified Guide to Creating Projects with the Raspberry Pi 5

 

 

 

 

Melvin McGinnis

 

 


Copyright

Copyright©2024 Melvin McGinnis

 

All rights reserved. No part of this book may be reproduced or used in any manner without the prior written permission of the copyright owner, except for the use of brief quotations in a book review.

While the advice and information in this book are believed to be true and accurate at the date of publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or omissions that may be made. The publisher makes no warranty, express or implied, with respect to the material contained herein.

Printed on acid-free paper.

 

 

Printed in the United States of America

© 2024 by Melvin McGinnis

 


Table of Contents

Chapter One

Introduction

Key Features and Specifications

Chapter Two

Getting Started with Raspberry Pi 5

Connecting Peripherals

Installing Operating System (OS)

Chapter Three

Raspberry Pi 5 Essentials

Exploring GPIO Pins and Usage

Understanding GPIO Pins and The Raspberry Pi Pinout

GPIO Pin Numbering

GPIO Pin Layout

Serial Peripheral Interface (SPI)

GPIO Programming on Raspberry Pi

Linux Basics for Raspberry Pi

Linux on Raspberry Pi

Accessing Terminal and Command Line Interface

Chapter Four

Networking and Connectivity

Setting Up Raspberry Pi WiFi with Raspberry Pi Imager

Alternative Ways to Set Up Raspberry Pi WiFi

Configure WiFi from the Command Line with Raspi-Config

Configuring WiFi on a Headless Raspberry Pi

Examination of the Raspberry Pi's WiFi Connection

Chapter Five

Programming on Raspberry Pi 5

Python Programming Basics

What Can a Python Program Do?

Writing and Running Programs in Python on Raspberry Pi

Opening the Python REPL

Writing a Python Program

Running a Python Program

MAKE A PYTHON FILE EXECUTABLE

Python Interfacing with GPIO

Using Libraries for Hardware Control

Basic Raspberry Pi GPIO Commands

Hardware Control with Raspberry Pi GPIO

Chapter Six

Multimedia and Entertainment

Setting up Media Center with Kodi

Building Retro Gaming Console

RetroPie Gaming Emulation Software

Configuring Game Controllers

Transferring and Installing ROMs

Chapter Seven

Internet of Things (IoT) Projects

Humidity and Temperature Monitoring System

What is the Sense HAT?

Smart Home Automation

Chapter Eight

Robotics and Automation

Building a Robot Car

Chapter Nine

Security and Surveillance

Setting Up a Security Camera

Motion Detection System

Network Security Measures for Raspberry Pi

Chapter Ten

Advanced Projects

Machine Learning on Raspberry Pi 5

Setting up a Machine Learning Environment on Raspberry Pi

AI Voice Assistant

Cluster Processing Using Raspberry Pi

How to Build a Raspberry Pi Cluster

Chapter Eleven

Troubleshooting and Maintenance

Chapter Twelve

Projects

Section 1: Beginner Projects

Weather Station

Section 2: Intermediate Projects

Motion-Activated Camera

Configuring MotionEye for Raspberry Pi Security Camera

Voice Controlled Assistant

Automated Plant Watering System

Section 3: Advanced Projects

Remote-controlled Car with Camera

About the Author



 


Chapter One

Introduction

Raspberry Pi, a credit card-sized, low-cost, single-board computer, empowers individuals of all backgrounds and skill levels to explore and expand their knowledge in computing. Developed by the Raspberry Pi Foundation, headquartered in the United Kingdom, this innovative motherboard is widely recognized as an integral component in the advancement of computer technology. The minicomputer seamlessly connects to additional peripheral hardware such as monitors, keyboards, and mice.

Since its inception, Raspberry Pi has spearheaded affordable and easily accessible computing. The journey that began in 2012 with the introduction of the initial Raspberry Pi Model A has been truly remarkable. With each new iteration, Raspberry Pi continues to redefine the boundaries of what a credit card-sized computer can achieve. It has earned widespread recognition among educators, technology enthusiasts, and DIY enthusiasts alike. Its appeal lies in its cost-effectiveness, adaptability, and the strong support of its community.

The recent launch of the Raspberry Pi 5 in 2023 has reignited enthusiasm. Anticipation surrounds the forthcoming fifth-generation model, expected to deliver even greater capabilities, power, and innovation while preserving the qualities that have made Raspberry Pi a sensation.

This book embarks on a comprehensive exploration of the Raspberry Pi 5 world. We will delve into previous versions and the significant milestones they marked computation. Furthermore, we will examine the profound impact Raspberry Pi has had on the technological landscape, along with practical guidance on configuring and utilizing the Raspberry Pi 5. By the end, you will possess a thorough understanding of Raspberry Pi's evolution and the diverse projects for which Raspberry Pi 5 can be harnessed.

The announcement of the Raspberry Pi 5 took place on September 28, 2023. Hardware and software enhancements increased the Pi 5's capability by more than twofold compared to the Pi 4. It features among others include, an internally developed I/O controller, a power button and an RTC chip. The RTC chip needs a battery, which can be bought, but the battery saves the Pi user money for the chip. In contrast to the Pi 4, this model came with either 4 or 8 GB of RAM. The price for the 4 GB variant is $60 USD, while the 8 GB model is $80 USD. It is imperative to acknowledge that a 3.5 mm audio/video connection is absent. Bluetooth, HDMI or USB audio are required for users to hear sound from the Pi 5.

Key Features and Specifications

Here are the key hardware specifications of the Raspberry Pi 5:

Processor: Broadcom BCM2712 – 2.4GHz quad-core 64-bit Arm Cortex-A76 CPU, 512KB L2 cache per core, 2MB shared L3 cache

GPU: VideoCore VII GPU, supporting OpenGL ES 3.1, Vulkan 1.2

Memory: 4GB or 8GB LPDDR4X SDRAM

Display: Dual micro HDMI 2.0 ports allowing up to 4Kp60 resolution

Video Decode: H.265 (4Kp60), H.264 (1080p60 decode, 1080p30 encode)

Camera: Dual 4-lane MIPI CSI camera interfaces

Wireless: 802.11ac dual-band WiFi, Bluetooth 5.0

Ethernet: Gigabit Ethernet with PoE capability

USB: 2x USB 3.0 ports, 2x USB 2.0 ports

Storage: MicroSD card slot with support for SDR104 high-speed mode

Audio: HDMI, 3.5mm stereo jack

GPIO: 40-pin header compatible with HAT add-ons

Bluetooth: Bluetooth 5.0 (with BLE support)

Other I/O: PCIe 2.0, 2x MIPI DSI display interfaces, real-time clock, power button and Fan connector.

Raspberry Pi 5 Power Supply 27W USB-C PD (Power Delivery)

The brand-new 27W USB-C PD (Power Delivery) power supply supplies a maximum voltage of 5.1V at 5A, allowing the Raspberry Pi 5 to power a wider range of peripherals. The total power output of the four USB ports on the Raspberry Pi 5 is limited by default to a nominal 600mA. This limitation is automatically increased to a nominal 1.6A whenever the USB-C PD power supply is detected.

Additionally, the USB-C PD can deliver 3A at 9V, 2.25A at 12V, and 1.8A at 15V to PD-compatible devices, making it a budget-friendly power supply for many non-Raspberry Pi, general-purpose applications.

 

 


Chapter Two

Getting Started with Raspberry Pi 5

If this is your first time setting up a Raspberry Pi, the process might seem daunting. However, this chapter will guide you through the steps to maximize the functionality of your new device.

Step 1: Gather Necessary Components

Your Raspberry Pi 5 kit has a primary board that comes with it. However, the following items are required:

• MicroSD card (at least 16GB) 

• HDMI cable 

• MicroSD card reader

• HDMI-enabled display 

USB mouse and keyboard 

• Monitor with HDMI input

• Power supply (5V/5A DC via USB-C) 

• HDMI to micro-HDMI Adapter

• Active cooler 

• Case for Raspberry Pi 5

Step 2: Raspberry Pi 5 active cooler and case assembly

The active cooler is very simple to install. Remove the small cover over the fan connector if present, with the use of a tweezer. 

[image: Image]

Peel the protective film that has been used to cover the thermal pads off.

[image: Image]

Next attach the thermal pads to the board with the use of the two mounting holes. 

[image: Image]

Now assemble the Raspberry Pi enclosure. If you have previously used a pie cooler, detach the fan and attach the four rubber feet to the underside of the case. Install the Pi into the case with one end slightly raised and the other brought in at an angle.

Connecting Peripherals 

Once your micro-SD card is prepared with an operating system, the next step is to connect your peripherals to the Raspberry Pi. This includes devices like a monitor, keyboard, mouse, power adapter, and Ethernet cable (all sold separately). It's advisable to connect everything before powering on the Raspberry Pi.

While most peripherals are optional depending on your intended use, a 5-volt, 3-amp power supply and a micro-SD card are essential. The minimum capacity for the micro-SD card depends on the operating system: 4GB for Raspbian Lite and 8GB for a desktop environment.

Micro SD Card: Once you've downloaded the operating system onto the micro-SD card, insert it into the SD card slot located on the back of the Raspberry Pi board. 

Micro HDMI to HDMI cable: One key feature that sets the Raspberry Pi 5 apart from some models is its ability to connect two displays simultaneously. It achieves this through two micro-HDMI ports that require micro-HDMI to HDMI cables.

HDMI display: The Raspberry Pi can connect to a variety of displays, including PC monitors and televisions. All you need is an HDMI cable to establish the connection. Notably, the Raspberry Pi 5 even supports connecting two displays simultaneously for an expanded workspace. Additionally, it boasts 4K video output capabilities, which can be easily configured through the Raspberry Pi Configuration menu.

Keyboard: The keyboard is an essential input device for the Raspberry Pi. It transmits data (like your keystrokes) to the system but doesn't receive information back. The Raspberry Pi 5 features USB ports that can connect to most keyboards using a standard USB cable. While the Raspberry Pi generally works with various keyboards, some advanced features might require specific driver configuration through the Raspberry Pi Configuration menu.

Mouse: Similar to the keyboard, a mouse is an essential input device for navigating the Raspberry Pi's graphical interface.  You can connect a wired or wireless USB mouse to any of the Raspberry Pi's available USB ports. Unlike some desktop setups, the mouse is typically plug-and-play on the Raspberry Pi, meaning no additional configuration is required.

Note: The USB 3.0 (blue) connector should be kept for the flash drive.

Ethernet cable: Similar to a desktop computer or laptop, Raspberry Pi can also establish a network connection via an Ethernet cable.

Headers: A key advantage of the Raspberry Pi is its General-Purpose Input/Output (GPIO) pins. These pins allow you to connect various electronic components, like temperature sensors, infrared sensors, ultrasonic sensors, and relays, to your Raspberry Pi. This expands its functionality far beyond a traditional personal computer, enabling you to interact with the physical world through electronics.

Type C power supply: Once you've finished connecting your peripherals, it's time to power on your Raspberry Pi 5. It requires a 27W Type-C power supply that provides a stable 5.1V at 5A. The acceptable input voltage range for the device is 96-264VAC.  Simply plug the Type-C connector into the power port on the Raspberry Pi. When powered on, a red LED will illuminate to indicate power. If the Raspberry Pi boots successfully, you'll see a green LED blinking. The red LED will also blink in case of power supply issues.

Since the Raspberry Pi 5 lacks a dedicated power button, it will automatically turn on when you connect the power supply. After a brief boot process, assuming

Installing Operating System (OS)
















		Click "Next" and proceed to the Wi-Fi configuration options.

		Select the "Edit configurations" button.

		Ensure the checkbox for "Wi-Fi Country" is selected. This helps optimize Wi-Fi performance for your region.

		Enter the SSID (network name) and password for your Wi-Fi network in the designated fields.

		Set your location if prompted.

		Click "Save" followed by "Yes" to confirm your selections.





















		Power your Raspberry Pi using a USB-C cable. You can also use a compatible power bank. For optimal performance, we recommend using the official Raspberry Pi USB-C power supply. It's reliable, affordable, and designed specifically for your Raspberry Pi.

		Locate the USB-C port labeled "POWER IN" next to the HDMI ports on your Raspberry Pi. Plug the USB-C cable from the power source into this port.





		Since the Raspberry Pi doesn't have a power button, it will automatically turn on when you connect the power supply.

		Connecting Keyboard and Mouse (Optional):





		Depending on your operating system setup, you might be prompted to connect your keyboard and mouse during the initial boot process. This typically involves holding down a pairing button on your wireless keyboard or mouse for a few seconds. Instructions for this step will likely appear on your display.
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