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Embedded Systems Laboratory  

Lab 1: A brief overview of Raspberry Pi 

Project overview 
The content of this laboratory gives a general introduction about Raspberry Pi and shows how 

to set up your device. After the installation you will take a quick tour of the operating system 

to familiarize yourself with it.  

 

The following topics will be covered in this lab: 

• Short description about Raspberry Pi 

• Creating a bootable MicroSD card 

• Mounting the touch screen 

• Connecting to the Pi via SSH 

• Connecting to the Pi via VNC 

 

Technical requirements 
The following components are required to complete this lab: 

• Raspberry Pi 3 Model B+ (MicroSD card, power supply, keyboard, mouse) 

• Another computer (with VNC and SSH clients) 

• Raspberry Pi OS image (https://www.raspberrypi.org/software/) 

 

1. What is Raspberry Pi? 

• Raspberry Pi (Pi) is a mini computer that you can operate as a normal computer 

• Raspberry Pi is designed to be small in size to perform various applications. Its small 

size has advantages in embedded projects 

• This board can run an operating system (Raspberry Pi OS) to perform computations 

• The Raspberry Pi board usually exposes GPIO pins, to which we can attach sensors or 

actuator devices 

https://www.raspberrypi.org/software/
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2. Features of Raspberry Pi 3 Model B+ 

• Its heart is a Broadcom chip BCM2837 that contains an ARM Cortex-A53 (ARMv8) 64-

bit, 1.4GHz SoC 

• It has 1GB SDRAM 

• 4 USB ports 

• HDMI port for video and audio 

• Built-in Wi-Fi and Bluetooth, and an Ethernet port for a wired Internet connection 

• 40 I/O pins (but just a subset of them are General Purpose Input/Output (GPIO) pins 

that can be programmed), which you can use to connect to your own electronics 

projects 

• CSI camera port for connecting a Pi camera 

• DSI display port for connecting a touchscreen 

• It uses a MicroSD card for storage 

 

Beyond Pi 3, several other models exist with different features:  

• Pi Zero 

• Pi Zero W 
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• Pi 1 Model A+ 

• Pi 1 Model B, 

• Pi 2 

• Pi 4 

• etc. 

 

3. BCM system on chips 

• BCM2xxx SoC (System on Chip) - Unlike traditional microprocessors, these chips are 

designed to be used in an embedded system or as a complete computer system (e.g. 

cellphone) 

• An embedded system is a device that has a computer inside it, but you don’t use it 

as a general computer (e.g. TV set-top box, digital camera, GSP display) 

• All BCM2x SoCs have 54 connectors (GPIO) to control things like button, LED, display 

• Some of these signals are used to build and control the peripheral devices that turn 

the chip into a computer (e.g. SD card reader, USB, Ethernet) 

• The rest are free but not all of them have been exploited 

• On PI 3 28 GPIO lines are available for users all on one 40 pin header. The extra pins 

carry ground (8 pins), and power supply connections: 5V (2 pins), and 3.3V (2 pins) 
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4. General purpose input/output (GPIO) 

• On recent Pi models, there are 40 pins in total (2 × 20)  

• Not all are available for general-purpose input/outputs (GPIOs).  

• Several pins have a fixed configuration: 

o 8 pins connected to the ground 

o 4 pins are allocated to voltage supplies: 3.3V and 5V 

o 2 pins are reserved for HATs (Hardware Attached on Top) 

o The remaining 26 connections to be multiplexed between many different 

functions (e.g. I2C, SPI, etc.) 

 

5. Creating an OS card (You must perform this step only if you 
have an empty SD card.) 

5.1. Download the Raspberry Pi OS installer from the official site: 
(https://www.raspberrypi.org/software/) 

5.2. Put the SD card into the card reader 

5.3. Launch the installer and choose the Raspberry Pi operating system  

5.4. Choose the SD card in the installer 

5.5. Click on the Write button 

 

https://www.raspberrypi.org/software/
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5.6. Connect the device to the power. The Pi has no on/off switch, so when 
you connect the power, it starts working 
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6. The Raspberry Pi operating system 

• The Pi uses an operating system called Linux 

• GNU Project started in 1984 with the goal of building an operating system that users 

were free to copy, study, and modify. Such software is known as free software 

• The central component of Linux is the kernel, which acts as a link between the 

applications software and the hardware resources, including the memory and 

processor. GNU/Linux brings together the Linux kernel with the GNU components it 

needs to be a complete operating system 

• Because GNU/Linux can be modified and distributed by anyone, lots of different 

versions of it exist. They’re called distributions, or distros, but not all of them are 

suitable for the Raspberry Pi. The recommended distribution of Linux for the Raspberry 

Pi OS.  

• The Raspberry Pi OS is a version of a Linux distribution called Debian that has been 

optimized for the Raspberry Pi. 

 

7. Mounting the touchscreen (Typically you will use the 
laboratory monitor. In this case, this step is unnecessary!) 

7.1. Features of the touchscreen 
• Resolution: 800x480 @ 60 fps 

• 10 fingers capacitive touch 

• Connection with ribbon cable connected to the display to serial (DSI) port 

• Adapter board is used to power the display and convert the parallel signals from the 

display to the serial on Pi 
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7.2. If the Pi is on, use the following command in the terminal window to turn 
it off. Thereafter pull out the power cable. 

 $ shutdown now 

7.3. Open the ribbon housing by slightly sliding out the black brackets on 
either side of the housing at the same time 

7.4. Insert the DSI Ribbon blue side down 
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7.4. Align the Pi so the ribbon ports are stacked on the same side 

7.6. Secure the boards together with the 4 screws included 

 

7.7. Attach wires to the Pi board: 
• GND (black) to the third pin down on the right-hand side 

• 5V (red) to the second pin down on the right 

• SCL (yellow) to the third pin down on the left-hand side 

• SDA (green) to the second pin down on the left-hand side 
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7.8. Turn on your device 
 

8. Expanding storage 

Before you install any libraries recommended to expand the disk.  

 

8.1. Issue the following command to open PI’s configuration panel: 
 $ sudo raspi-config 

8.2. Select the Advanced Options menu 

 

8.3. Select the Expand Filesystem option 

8.4. Restart your device 
 

9. Update repository and drives 
9.1 Open a terminal window and update drivers (at first update repository 
and then update drivers): 

$ sudo apt-get update 

$ sudo apt-get upgrade 

 

10. SSH connection 
You can access your Pi remotely through a terminal using Secure Shell (SSH). In this case device 

must have Internet connection. 
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10.1. Use wired or wireless Internet connection. If you want to use the wired 
network, plug in the Ethernet cable into the Ethernet connector of your Pi. 

 

10.2. Open the configuration panel: 
$ sudo raspi-config 

10.3. Choose the Interfacing Options menu 
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9.4. Enable SSH connection 

9.5. Open an SSH client on the other computer (on your PC or notebook). On 
Linux and Mac use the terminal. In windows you have to use an SSH 
application (PuTTY is the preferred). 

 

10.6. You need to know which IP address your Pi is using: 
$ ifconfig 
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10.7. If a Linux or Mac operating system there is on your computer, use the 
following command in the Terminal to connect to the Pi via SSH: 

$ ssh username@ip_address 

 

The command requires the username and the IP address of the Pi. The default 
user name of your Pi is pi while the password is raspberry. If you are using 
PuTTY, write the IP address of your Pi into the Host Name field and then use 
your username and password. 
 

10.8. If you would like to terminate SSH connection type the command: 
$ exit 

 

11. Configuring VNC server 
If you would like to access the desktop of your Pi remotely, you have to use a Virtual Network 

Computing (VNC) server. The Pi includes VNC server by default! 

 

11.1. Open the configuration panel: 
$ sudo raspi-config 

11.2. Choose the Interfacing Options menu  

11.3. Enable VNC connection  

11.4. You need to know which IP address your Pi is using: 
$ ifconfig 
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11.5. Download and install VNC viewer on your computer from RealVNC 
(https://www.realvnc.com/en/connect/download/viewer/). From the 
dropdown list select Standalone EXE (x86, or x64 depending on the 
architecture of your computer) 

 

11.6. Open the viewer and enter the IP address of the Pi. 

 

11.7. Type your username and password.  
 

12. Linux Shell 
• The Linux shell is the text-based way of issuing instructions to your Raspberry Pi. Since 

the Raspbian is a Debian distribution therefore its shall is called Bash, which is used in 

most other Linux distributions too (e.g. Ubuntu) 

• We usually call it as command line 

• Many Linux commands can accept arguments. Some commands 

can also accept options. Options tell the command how to do its work. The format of 

a typical Linux command is: 

o command -options arguments 

• In the Terminal window you see a prompt that look like this: 

 

https://www.realvnc.com/en/connect/download/viewer/
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pi@raspberrypi: ~ $ 

 

 

 

 

 

Some essential instructions: 
• Current working directory: pwd 

• Listing files and directories: ls  

• Changing directory: cd  

• Create directory: mkdir  

• View current processes: ps 

• Display processes in order of CPU usage: top 

• Stop a process: kill 

• Rebooting operating system: sudo reboot 

• Shutdown the device: sudo shutdown now or sudo halt 

• Delete file: rm 

• Delete directory and its content: rm -Rfi 

• View the content of a file: cat or less 

• Display text on the screen or perform calculation: echo 

 

13. Create your working directory 
13.1. Open a Terminal 

13.2.  View the content of the root directory: 
 $ ls / 

13.3. Go to the home directory 
 $ cd 

13.4. Create your own working directory in the home and move inside it: 
 $ mkdir your_name 

 $ cd your_name 

username hostname working directory 

~ - user’s home directory 

/ - root directory 

User type 

$ - ordinary 

# - super 
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13.5. Create a test file with the nano text editor. Enter the “Embedded 
system 1. lab” text, press CTRL + X to exit, and type y to save your 
modifications. 
 $ nano test 

13.6. View the content of the test file: 
$ cat test 
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