
 

 
 
Raspberry Pi Internet Radio 

Constructors Manual 

 

 
 

A definitive guide to building Internet radios using the Raspberry Pi 
 
 

Bob Rathbone Computer Consultancy 

www.bobrathbone.com 

30th of August 2018 

Version 6.8 

 
 



Bob Rathbone |Raspberry PI Internet Radio   ii 

  

Contents 
   

Chapter 1 - Introduction ......................................................................................................................... 1 

Document Overview ........................................................................................................................... 2 

Quick links ........................................................................................................................................... 2 

Examples ............................................................................................................................................. 3 

Vintage Radio Conversion ................................................................................................................... 8 

Chapter 2 - Hardware overview .............................................................................................................. 9 

Raspberry Pi computer ....................................................................................................................... 9 

Raspberry Pi Zero and Pi Zero W ...................................................................................................... 10 

LCD and switches interface board The HD44780 LCD display .......................................................... 11 

Touch-screens ................................................................................................................................... 11 

Raspberry Pi 7-inch touch screen ................................................................................................. 11 

Adafruit 3.5 inch TFT ..................................................................................................................... 12 

Using other touch screens ............................................................................................................ 13 

Olimex OLED 128x64 pixel screen ..................................................................................................... 13 

Radio variants ................................................................................................................................... 14 

Connecting the LCD display .............................................................................................................. 15 

Housing the radio .............................................................................................................................. 15 

Building in a IR sensor and remote control ....................................................................................... 16 

Chapter 3 - Wiring ................................................................................................................................. 17 

Version 2, 3 or model B+ boards ....................................................................................................... 20 

Version 1 boards (early boards) ........................................................................................................ 20 

Rotary encoder wiring ....................................................................................................................... 21 

LCD Module Wiring ........................................................................................................................... 22 

Power supply considerations ............................................................................................................ 24 

Selecting an audio amplifier ............................................................................................................. 25 

GPIO Hardware Notes ....................................................................................................................... 26 

Parts List ............................................................................................................................................ 27 

Chapter 4 - Construction details ........................................................................................................... 28 

Construction using an interface board ............................................................................................. 28 

Construction using an Adafruit LCD plate ......................................................................................... 30 

Introduction .................................................................................................................................. 30 

Using other switches ..................................................................................................................... 31 



Bob Rathbone |Raspberry PI Internet Radio   iii 

  

Using the Adafruit LCD plate with the model B+, 2B and 3B ........................................................ 31 

Using alternatives to the Adafruit display .................................................................................... 31 

Construction using an I2C LCD backpack .......................................................................................... 32 

Adafruit I2C Backpack ................................................................................................................... 32 

Arduino PCF8574 I2C backpacks ................................................................................................... 33 

Creating the interface board for the I2C back pack ...................................................................... 33 

Construction using the Adafruit 3.5 inch TFT ................................................................................... 34 

Fitting a wake-up button................................................................................................................... 35 

Installing an IR sensor and remote control ....................................................................................... 36 

IR  Sensor ....................................................................................................................................... 36 

Remote control ............................................................................................................................. 36 

Remote Control Activity LED ......................................................................................................... 37 

Construction using an IQaudIO Cosmic Controller ........................................................................... 38 

Installing the FLIRC USB remote control ........................................................................................... 39 

FLIRC USB Remote Control dongle ................................................................................................ 39 

Using DAC Sound Cards ..................................................................................................................... 39 

HiFiBerry DAC ................................................................................................................................ 39 

IQaudIO DAC sound products ........................................................................................................... 42 

JustBoom DAC products .................................................................................................................... 43 

Pimoroni pHat DAC ........................................................................................................................... 44 

Construction Tips and Tricks ............................................................................................................. 44 

Wiring up rotary encoders and switches ...................................................................................... 45 

Preventing electrical interference ................................................................................................ 47 

Fit a mains filter ............................................................................................................................ 47 

Connecting up a USB power adapter ................................................................................................ 48 

Cooling the Raspberry Pi ................................................................................................................... 48 

Miscellaneous ................................................................................................................................... 49 

Simple tone regulator ................................................................................................................... 49 

Using the Adafruit backlit RGB LCD display .................................................................................. 50 

Chapter 5 ς System Software Installation ............................................................................................. 51 

Conventions used in this tutorial ...................................................................................................... 51 

Editing configuration files ................................................................................................................. 52 

Using the Vi editor ............................................................................................................................ 52 

Using Nano ........................................................................................................................................ 52 



Bob Rathbone |Raspberry PI Internet Radio   iv 

  

System Software installation ............................................................................................................ 54 

SD card creation ............................................................................................................................ 54 

Upgrading from Raspbian Jessie to Stretch .................................................................................. 54 

Log into the system ....................................................................................................................... 54 

Using SSH to log into the Raspberry PI ......................................................................................... 54 

Enabling ssh in raspi-config ........................................................................................................... 55 

Preparing the Operating System for software installation ............................................................... 56 

Update to the latest the packages ................................................................................................ 56 

Disable booting to the desktop environment ............................................................................... 56 

Setting the time zone .................................................................................................................... 58 

Changing the system hostname and password ............................................................................ 59 

Configuring the Wi-fi Connection ................................................................................................. 60 

Setting up the locale ..................................................................................................................... 61 

Install other required packages .................................................................................................... 63 

Chapter 6 - Installing the radio Software .............................................................................................. 64 

Music Player Daemon Installation .................................................................................................... 64 

Remove pulseaudio ........................................................................................................................... 64 

Install the Radio Daemon .................................................................................................................. 64 

Configuring the radio ........................................................................................................................ 65 

Configure the I2C interface ............................................................................................................... 67 

Select the type of LCD display ........................................................................................................... 69 

Installing the HDMI or touch screen software .................................................................................. 70 

Configuring the audio output ........................................................................................................... 72 

Installing the Python I2C libraries ..................................................................................................... 73 

Reboot to enable the software ..................................................................................................... 74 

Configuring HDMI or Touchscreen .................................................................................................... 75 

Apply patches to the radio software ................................................................................................ 75 

Setting the mixer volume .................................................................................................................. 76 

Configuring other sound devices ...................................................................................................... 76 

Configuring a USB sound device ................................................................................................... 77 

Configuring a Sound Card ............................................................................................................. 78 

Testing the Music Player Daemon MPD ........................................................................................... 80 

Manually configuring sound cards .................................................................................................... 81 

Configuring MPD to use pulseaudio ................................................................................................. 82 



Bob Rathbone |Raspberry PI Internet Radio   v 

  

Installing the Infra Red sensor software ........................................................................................... 82 

Testing the remote control ............................................................................................................... 86 

Disabling the repeat on the volume control ..................................................................................... 87 

Configuring a wireless adaptor ......................................................................................................... 87 

Install the wireless adapter ........................................................................................................... 87 

Configure the adaptor ................................................................................................................... 87 

Explanation of the network fields ................................................................................................. 88 

Operating the wireless interface .................................................................................................. 89 

Troubleshooting the wireless adapter .......................................................................................... 89 

Configuring a static IP address ...................................................................................................... 90 

Configuring DHCP in a router ........................................................................................................ 90 

Ethernet static IP configuration .................................................................................................... 91 

Installing the Web interface .............................................................................................................. 91 

Install Apache ................................................................................................................................ 91 

Install the Web Browser server pages .......................................................................................... 92 

Start the radio web interface ........................................................................................................ 93 

Changing the Web Interface Radio photo .................................................................................... 95 

Installing the speech facility .............................................................................................................. 95 

The /var/lib/radiod/voice  file ....................................................................................................... 95 

Testing espeak............................................................................................................................... 96 

Speech Operation ......................................................................................................................... 97 

Suppressing an individual message .............................................................................................. 97 

Backing up the SD card ..................................................................................................................... 98 

Chapter 7 - Configuration ..................................................................................................................... 99 

Configuring the HDMI or Touch Screen ............................................................................................ 99 

Configuring GPIO outputs ............................................................................................................... 100 

Switches and rotary encoders GPIO assignments....................................................................... 100 

Disabling button or rotary encoder GPIOs .................................................................................. 100 

LCD display GPIO assignments .................................................................................................... 100 

Configuring button interface with pull up resistors .................................................................... 101 

Configuring the remote control activity LED .................................................................................. 101 

Testing the remote control activity LED...................................................................................... 101 

Changing the date format ............................................................................................................... 102 

Configuring the IQaudIO Cosmic controller and OLED ................................................................... 102 



Bob Rathbone |Raspberry PI Internet Radio   vi 

  

Configuring the Adafruit LCD backlight colours .............................................................................. 103 

Configuring startup mode for Radio or Media player ..................................................................... 103 

Configuring the volume display ...................................................................................................... 104 

Configuring the volume range ........................................................................................................ 104 

Changing the display language ....................................................................................................... 105 

Creating a new language file ....................................................................................................... 105 

Keeping the radio software up-to-date .......................................................................................... 106 

Configuring the Alsa Equaliser ........................................................................................................ 106 

Disabling the Alsa equalizer ........................................................................................................ 108 

Configuration of the FLIRC USB dongle ........................................................................................... 109 

Configuring FLIRC from the command line ..................................................................................... 110 

Chapter 8 - Operation ......................................................................................................................... 113 

Operation of LCD versions .............................................................................................................. 113 

Starting the program ................................................................................................................... 113 

Radios with push buttons operation ........................................................................................... 115 

Radios with rotary encoders operation ...................................................................................... 116 

Mute function ............................................................................................................................. 117 

Operation of HDMI and touch screen displays ............................................................................... 118 

The graphical screen ................................................................................................................... 118 

The display window .................................................................................................................... 119 

The search window ..................................................................................................................... 119 

Smaller TFT screens ..................................................................................................................... 121 

Artwork display ........................................................................................................................... 121 

Volume and Mute controls ......................................................................................................... 122 

Source selection .......................................................................................................................... 122 

Other graphic window controls .................................................................................................. 122 

Python pygame colour constants ............................................................................................... 124 

Graphic screen keyboard controls .............................................................................................. 124 

The Vintage Graphic Radio .............................................................................................................. 124 

Switching between graphics programs ....................................................................................... 126 

Configuring a screen saver .......................................................................................................... 126 

Playing Media .................................................................................................................................. 127 

Playing MP3 and WMA files ........................................................................................................ 127 

Playing music from a USB stick ................................................................................................... 127 



Bob Rathbone |Raspberry PI Internet Radio   vii 

  

Playing music from the SD card .................................................................................................. 127 

Playing music from a Network Attached Storage (NAS) ............................................................. 127 

Organising the music files ........................................................................................................... 127 

MPD Logging ................................................................................................................................... 128 

Radio program logging .................................................................................................................... 128 

Configuration and status files ......................................................................................................... 128 

Displaying an RSS feed .................................................................................................................... 129 

Using the Timer and Alarm functions ............................................................................................. 129 

Setting the Timer (Snooze) ......................................................................................................... 129 

Setting the Alarm ........................................................................................................................ 129 

Using the Alarm and Timer functions together .......................................................................... 130 

Music Player Clients ........................................................................................................................ 130 

Using the MPC client ................................................................................................................... 130 

Adafruit RGB Plate changing colours .......................................................................................... 131 

Shutting down the radio ............................................................................................................. 131 

Creating and Maintaining Playlist files ............................................................................................ 132 

Creating new playlists ................................................................................................................. 132 

Creating Media playlists .............................................................................................................. 134 

Accessing Shoutcast ........................................................................................................................ 137 

Using the get_shoutcast.py program .......................................................................................... 137 

Using the Shoutcast Web Interface ............................................................................................ 138 

Using old 5.x Radio playlists ........................................................................................................ 140 

Radio stream resources on the Internet ..................................................................................... 140 

Getting a radio stream from a web browser .............................................................................. 140 

Overview of media stream URLs ..................................................................................................... 141 

M3U Files .................................................................................................................................... 141 

PLS file format ............................................................................................................................. 141 

ASX file ........................................................................................................................................ 142 

Direct stream URLs ...................................................................................................................... 142 

Listening to live Air Traffic Control (ATC) ........................................................................................ 143 

Mounting a network drive .............................................................................................................. 146 

Finding the IP address of the network drive ............................................................................... 146 

The CIFS mount command .......................................................................................................... 146 

Older NAS drives sec security option .......................................................................................... 147 



Bob Rathbone |Raspberry PI Internet Radio   viii 

  

The NFS mount command .......................................................................................................... 147 

Display the share directory ......................................................................................................... 147 

Un-mounting the /share directory .............................................................................................. 148 

Copy the mount command to the configuration ........................................................................ 148 

Load the music library ................................................................................................................. 148 

Update the playlists for the new share ....................................................................................... 148 

Disabling the share ...................................................................................................................... 148 

Further information .................................................................................................................... 149 

Troubleshooting mount problems .............................................................................................. 149 

Controlling the Music Player daemon from Mobile devices .......................................................... 149 

Android devices ........................................................................................................................... 149 

Apple devices .............................................................................................................................. 150 

Chapter 9 -Troubleshooting ................................................................................................................ 151 

Installation problems ...................................................................................................................... 151 

The Raspberry Pi will not boot .................................................................................................... 151 

Missing package dependency problems ..................................................................................... 152 

Confused or unsure of wiring ...................................................................................................... 152 

Unexpected message during an upgrade ................................................................................... 152 

HDMI/Touchscreen problems ......................................................................................................... 153 

HDMI/Touchscreen does not start ............................................................................................. 153 

HDMI/Touchscreen is displaying upside-down........................................................................... 153 

The touch screen displays a lightning symbol............................................................................. 153 

The touch screen displays a thermometer symbol ..................................................................... 153 

Sound is heard but the graphical radio program will not start ................................................... 153 

Trouble shooting problems with MPD ............................................................................................ 153 

MPD fails to install ...................................................................................................................... 154 

aǳǎƛŎ tƭŀȅŜǊ 5ŀŜƳƻƴ ǿƻƴΩǘ ǎǘŀǊǘ............................................................................................... 154 

The MPD program may display a socket error ........................................................................... 154 

The MPD daemon complains about the avahi daemon ............................................................. 154 

LCD  Problems ................................................................................................................................. 155 

LCD screen not showing anything ............................................................................................... 155 

The LCD only displays hieroglyphics ........................................................................................... 155 

The LCD displays hieroglyphics or goes blank occasionally ........................................................ 155 

LCD backlight not working .......................................................................................................... 155 



Bob Rathbone |Raspberry PI Internet Radio   ix 

  

LCD only displays dark blocks on the first line ............................................................................ 155 

¢ƘŜ [/5 ŘƛǎǇƭŀȅǎ ǘƘŜ ƳŜǎǎŀƎŜ άbƻ Ǉƭŀȅƭƛǎǘǎέ ............................................................................. 155 

Constant alternate display of Station Name and Volume .......................................................... 156 

Adafruit LCD backlight problems ................................................................................................ 156 

I2C and SMBUS problems ............................................................................................................... 156 

Import errors ............................................................................................................................... 156 

Olimex OLED problems ................................................................................................................... 157 

OLED Screen is displaying upside down ...................................................................................... 157 

Rotary encoder problems ............................................................................................................... 157 

Button problems ............................................................................................................................. 157 

Buttons seem to be pressing themselves ................................................................................... 157 

Stream decode problems ................................................................................................................ 157 

Cannot mount remote network drive ............................................................................................. 157 

Sound problems .............................................................................................................................. 158 

Noisy interference on the radio .................................................................................................. 158 

Humming sound on the radio ..................................................................................................... 158 

Music is first heard at boot time then stops and restarts .......................................................... 158 

¦{. ǎƻǳƴŘ ŘŜǾƛŎŜ ǿƻƴΩǘ Ǉƭŀȅ ...................................................................................................... 159 

HiFBerry or other types of  DAC no sound .................................................................................. 159 

Cannot change volume when running Airplay ................................................................................ 160 

Operational problems ..................................................................................................................... 161 

wŀŘƛƻ ŘŀŜƳƻƴ ŘƻŜǎƴΩǘ ǎǘŀǊǘ ƻǊ ƘŀƴƎǎ ......................................................................................... 161 

Volume control not working with DAC or USB speakers ............................................................ 161 

The radio keeps skipping radio stations...................................................................................... 161 

IR remote control problems ............................................................................................................ 161 

The irrecord program complains that lircd.conf already exists .................................................. 161 

The irrecord cannot open /dev/lirc0........................................................................................... 162 

Remote control software does not start up ............................................................................... 162 

Using the diagnostic programs ....................................................................................................... 164 

Running the radio program in diagnostic mode ......................................................................... 164 

Using the LCD test code .............................................................................................................. 164 

Testing push buttons program .................................................................................................... 164 

Testing rotary encoders .............................................................................................................. 165 

The remote_control program ..................................................................................................... 165 



Bob Rathbone |Raspberry PI Internet Radio   x 

  

The display_model program ....................................................................................................... 165 

The display_current program ..................................................................................................... 165 

The wiring program ..................................................................................................................... 166 

Running the radio program in nodaemon mode ........................................................................ 168 

Creating a log file in DEBUG mode .............................................................................................. 168 

Displaying information about the Raspberry Pi .............................................................................. 170 

Displaying information about the Operating system .................................................................. 170 

Display the kernel details ............................................................................................................ 170 

Displaying the GPIO information ................................................................................................ 170 

Chapter 10 - Streaming to other devices using Icecast2 .................................................................... 171 

Inbuilt MPD HTTP streamer ............................................................................................................ 171 

Introduction to Icecast .................................................................................................................... 171 

Installing Icecast .............................................................................................................................. 171 

hǾŜǊŎƭƻŎƪƛƴƎ ƻƭŘŜǊ wŀǎǇōŜǊǊȅ tLΩǎ .................................................................................................. 172 

Icecast2 Operation .......................................................................................................................... 173 

Switching on streaming ............................................................................................................... 173 

Playing the Icecast stream on Windows ..................................................................................... 174 

Running the Icecast Adminstration web pages .......................................................................... 175 

Playing the Icecast2 stream on an Apple IPad ............................................................................ 176 

Playing the Icecast2 stream on an Android device ..................................................................... 176 

Visual streaming indicator .......................................................................................................... 176 

Troubleshooting Icecast2 ................................................................................................................ 176 

Problem - LŎŜŎŀǎǘ ǎǘǊŜŀƳƛƴƎ ǇŀƎŜ ǎŀȅǎ ƛǘ ŎŀƴΩǘ ōŜ ŘƛǎǇƭŀȅŜŘΦ ..................................................... 177 

Problem ς No Mount Point displayed ......................................................................................... 177 

Problem - Cannot play the stream on my Android device .......................................................... 177 

Problem ς Music keeps stopping or is intermittent ................................................................... 177 

Chapter 11 - Setting up Spotify ........................................................................................................... 178 

Spotify installation .......................................................................................................................... 178 

Spotify operation ............................................................................................................................ 179 

Exiting Spotify ................................................................................................................................. 181 

Troubleshooting Raspotify .............................................................................................................. 181 

Installation problems .................................................................................................................. 181 

Raspotify exits with a 101 error code ......................................................................................... 181 

Chapter 12 - Setting up Airplay ........................................................................................................... 182 



Bob Rathbone |Raspberry PI Internet Radio   xi 

  

Installation script ............................................................................................................................ 182 

Manual procedure .......................................................................................................................... 182 

Build and install shairport-sync: .................................................................................................. 183 

Install the shairport metadata reader ......................................................................................... 184 

Configuring the Airplay feature .................................................................................................. 184 

Airplay service check ................................................................................................................... 185 

Using Airplay on the radio .............................................................................................................. 186 

Chapter 13 - Internet Security ............................................................................................................ 188 

Some golden Internet Security rules .............................................................................................. 188 

SSH keys installation ....................................................................................................................... 189 

Raspberry Pi ssh keys .................................................................................................................. 189 

Generate a client key ...................................................................................................................... 190 

Add client public key to Raspberry Pi authorised keys ................................................................... 190 

Firewall set-up................................................................................................................................. 190 

Chapter 14 - Frequently asked questions (FAQs) ............................................................................... 192 

What is the login name and password? .......................................................................................... 192 

Why are the radio stations not in the order that they were defined? ........................................... 192 

Why are some station names not being displayed in the web interface? ..................................... 192 

²Ƙȅ ŘƻŜǎƴΩǘ ǘƘŜ ǿŜō ƛƴǘŜǊŦŀŎŜ ŘƛǎǇƭŀȅ ¦w[ǎ ǳƴǘƛƭ ŀ ǎǘŀǘƛƻƴ ƛǎ ǎŜƭŜŎǘŜŘΚ ...................................... 193 

Why are music tracks played randomly when loaded? .................................................................. 193 

Can the volume be displayed as blocks instead of Volume nn? ..................................................... 193 

Why do I see a station number on LCD line 3? ............................................................................... 193 

Is it possible to change the date format? ....................................................................................... 193 

Is there a pause & resume function? .............................................................................................. 193 

Is there a reboot or shutdown option? ........................................................................................... 194 

Why do I see a different station name from the one in the playlist? ............................................. 194 

What Rotary Encoder can I use for this project? ............................................................................ 194 

Can this code or documentation be re-used in other projects? ..................................................... 194 

Chapter 15 - Source files ..................................................................................................................... 195 

The Radio program ......................................................................................................................... 195 

The Radio Daemon .......................................................................................................................... 195 

The Display Class ............................................................................................................................. 195 

The Graphical Screen radio program .............................................................................................. 195 

The Graphics display class ............................................................................................................... 195 



Bob Rathbone |Raspberry PI Internet Radio   xii 

  

The Graphics controls class ............................................................................................................. 195 

The OLED class ................................................................................................................................ 196 

The button class .............................................................................................................................. 196 

The rotary class ............................................................................................................................... 196 

The Cosmic controller Class ............................................................................................................ 196 

The Event class ................................................................................................................................ 196 

The Menu class ............................................................................................................................... 196 

The Message class ........................................................................................................................... 196 

The language class .......................................................................................................................... 196 

The Log class ................................................................................................................................... 196 

The Volume class ............................................................................................................................ 196 

The Configuration Class .................................................................................................................. 197 

The RSS class ................................................................................................................................... 197 

The Translate class .......................................................................................................................... 197 

The create_stations program .......................................................................................................... 197 

The display_current program ......................................................................................................... 197 

The display_model script ................................................................................................................ 197 

The configure_radio.sh script ......................................................................................................... 197 

The configure_audio.sh script......................................................................................................... 197 

The remote control daemon ........................................................................................................... 197 

The UDP network communications class ........................................................................................ 198 

The Status LED class ........................................................................................................................ 198 

The Airplay Class ............................................................................................................................. 198 

The Menu Switch class .................................................................................................................... 198 

Downloading the source from github ............................................................................................. 198 

Licences, acknowledgements and support ......................................................................................... 200 

Licences ........................................................................................................................................... 200 

Intellectual Property, Copyright, and Streaming Media ................................................................. 200 

Disclaimer........................................................................................................................................ 201 

Technical support ............................................................................................................................ 201 

Acknowledgements ......................................................................................................................... 202 

Glossary ............................................................................................................................................... 204 

Appendix A - System Files used by the Radio Program ...................................................................... 207 

A.1 Files added to the system ......................................................................................................... 207 



Bob Rathbone |Raspberry PI Internet Radio   xiii 

  

etc/radiod.conf ........................................................................................................................... 207 

etc/logrotate.d/radiod ................................................................................................................ 210 

etc/init.d/radiod.......................................................................................................................... 210 

lib/systemd/system/radiod.service ............................................................................................ 210 

etc/init.d/asound.conf ................................................................................................................ 211 

etc/init.d/irradiod ....................................................................................................................... 211 

etc/lirc/lircrc................................................................................................................................ 211 

The Desktop file gradio.desktop ................................................................................................. 212 

The Desktop file vgradio.desktop ............................................................................................... 213 

A.2 System files modified by the installation .................................................................................. 214 

etc/modules ................................................................................................................................ 214 

boot/config.txt ............................................................................................................................ 214 

The lxsession autostart file for desktop radio............................................................................. 214 

Appendix B ς Cheat sheet ................................................................................................................... 215 

B.1 Operating system and configuration ........................................................................................ 215 

B.2 Music Player Daemon and Radio software ............................................................................... 215 

B.3 Installing Web Interface ............................................................................................................ 216 

B.4 Installing remote IR software.................................................................................................... 216 

B.5 Enabling speech facility ............................................................................................................. 217 

B.6 Installing Spotify........................................................................................................................ 217 

B.7 Sound card DT Overlays ............................................................................................................ 218 

Configuring other audio devices ................................................................................................. 218 

B.8 UDP messages ........................................................................................................................... 219 

Appendix C ς Wiring diagrams ............................................................................................................ 220 

C.1 Raspberry Pi Rotary Encoder version with backlight dimmer .................................................. 220 

C.2 IQaudIO Cosmic Controller wiring ............................................................................................ 220 

Index.................................................................................................................................................... 221 

 

  



Bob Rathbone |Raspberry PI Internet Radio   xiv 

  

Figures   

Figure 1 Raspberry pi 7-inch touchscreen radio ..................................................................................... 3 

Figure 2 HDMI Television running the radio ........................................................................................... 3 

Figure 3 Vintage tuning touch-screen radio ........................................................................................... 3 

Figure 4 Adafruit 3.5 inch TFT ................................................................................................................. 4 

Figure 5 Radio using the Adafruit LCD plate ........................................................................................... 4 

Figure 6 Lego Internet Radio ................................................................................................................... 4 

Figure 7 Pi radio using rotary encoders .................................................................................................. 4 

Figure 8 Old Zenith radio using rotary encoders .................................................................................... 5 

Figure 9 Transparent Perspex Radio ....................................................................................................... 5 

Figure 10 Perspex radio rear view .......................................................................................................... 5 

Figure 11 The Radio running on a Pi Zero ............................................................................................... 5 

Figure 12 Boom Box radio front view ..................................................................................................... 6 

Figure 13 Boom Box Radio rear view ...................................................................................................... 6 

Figure 14 Raspberry Pi Wine Box radio ................................................................................................... 6 

Figure 15 Wine box internet radio internal view .................................................................................... 6 

Figure 16 Very small radio using the Cosmic Controller ......................................................................... 6 

Figure 17 RPI radio with two-stage valve amplifier ................................................................................ 7 

Figure 18 The RPi valve radio chassis view ............................................................................................. 7 

Figure 19 Philips BX490A (1949) Vintage Internet Radio ........................................................................ 8 

Figure 20 Raspberry PI Model 3B Computer .......................................................................................... 9 

Figure 21 Raspberry PI B+ AV cable ........................................................................................................ 9 

Figure 22 Raspberry Pi Zero .................................................................................................................. 10 

Figure 23 USB Ethernet adapter ........................................................................................................... 10 

Figure 24 The HD44780 LCD display ..................................................................................................... 11 

Figure 25 OLED 4 x20 LCD display ......................................................................................................... 11 

Figure 26 Raspberry Pi 3 with 7-inch touch screen .............................................................................. 11 

Figure 27 Adafruit 3.5 inch TFT touchscreen ........................................................................................ 12 

Figure 28 Some examples of radio cases .............................................................................................. 15 

Figure 29 IR Sensor and Remote control .............................................................................................. 16 

Figure 30 Adafruit and IR sensor and activity LED ................................................................................ 16 

Figure 31 Switch wiring version 2 boards ............................................................................................. 20 

Figure 32 Switch Wiring version 1 boards ............................................................................................ 20 

Figure 33 Rotary Encoder Diagram ....................................................................................................... 21 

Figure 34 Rotary encoder with push switch ......................................................................................... 21 

Figure 35 Rotary encoder pin-outs ....................................................................................................... 21 

Figure 36 HD44780 LCD electrical circuit .............................................................................................. 23 

Figure 37 Wire LCD pin 1 (GND) and 5 (RW) together .......................................................................... 23 

Figure 38 PC speakers ........................................................................................................................... 25 

Figure 39 Velleman 30W stereo amplifier ............................................................................................ 25 

Figure 40 IQaudIO DAC and 20W Amplifier .......................................................................................... 25 

Figure 41 Vintage radio PA input .......................................................................................................... 25 

Figure 42 GPIO Numbers....................................................................................................................... 26 

Figure 43 26 pin header extender ......................................................................................................... 26 



Bob Rathbone |Raspberry PI Internet Radio   xv 

  

Figure 44 40-pin Interface board with ribbon cable ............................................................................. 28 

Figure 45 Interface board with LCD screen attached ........................................................................... 28 

Figure 46 Radio controls connections ................................................................................................... 29 

Figure 47 Interface board overview ...................................................................................................... 29 

Figure 48 Adafruit LCD plate ................................................................................................................. 30 

Figure 49 Adafruit LCD plate with ribbon cable adapter ...................................................................... 30 

Figure 50 Chinese 1602 I2C LCD............................................................................................................ 31 

Figure 51 Enabling the backlight. .......................................................................................................... 31 

Figure 52 Adafruit I2C Backpack ........................................................................................................... 32 

Figure 53 LCD connected to an Adafruit I2C backpack ......................................................................... 33 

Figure 54 Arduino I2C backpack............................................................................................................ 33 

Figure 55 Ciseco Humble PI I2C interface board ................................................................................... 34 

Figure 56 The I2C backpack interface board ......................................................................................... 34 

Figure 57 Wake-up button .................................................................................................................... 35 

Figure 58 TSOP38238 IR sensor ............................................................................................................ 36 

Figure 59 Soldering precautions ........................................................................................................... 36 

Figure 60 LED polarity ........................................................................................................................... 37 

Figure 61 Adafruit plate with IR sensor and activity LED. ..................................................................... 37 

Figure 62 IQaudIO Cosmic controller and OLED display ....................................................................... 38 

Figure 63 Lego radio with IQaudIO Cosmic controller and OLED ......................................................... 38 

Figure 64 Raspberry PI P5 connector .................................................................................................... 40 

Figure 65 HiFiBerry DAC plus Connector .............................................................................................. 40 

Figure 66 Pi Radio with HiFiBerry DAC .................................................................................................. 40 

Figure 67 HiFiBerry DAC Plus ................................................................................................................ 40 

Figure 68 HiFiBerry mounted on the Rasberry Pi ................................................................................. 41 

Figure 69 IQaudIO DAC plus .................................................................................................................. 42 

Figure 70 JustBoom Amp HAT ............................................................................................................... 43 

Figure 71 JustBoom Amp Zero pHAT .................................................................................................... 43 

Figure 72 JustBoom Zero stacker requirements ................................................................................... 43 

Figure 73 Using the 40-pin stacker ....................................................................................................... 43 

Figure 74 Pimoroni pHat DAC ............................................................................................................... 44 

Figure 75 Rotary encoder wiring components ..................................................................................... 45 

Figure 76 Using wire strippers .............................................................................................................. 45 

Figure 77 Tinning the wires with solder ................................................................................................ 45 

Figure 78 Soldering up the switch ......................................................................................................... 46 

Figure 79 Shrink shrink-wrap with a hair dryer .................................................................................... 46 

Figure 80 Connecting the rotary encoder an interface board .............................................................. 46 

Figure 81 Clip on ferrite core ................................................................................................................ 47 

Figure 82 Loop +5V supply around the core ......................................................................................... 47 

Figure 83 Various mains filters.............................................................................................................. 47 

Figure 84 Integrated mains socket and filter ........................................................................................ 47 

Figure 85 3.5mm Jack Ground Loop Isolator ........................................................................................ 48 

Figure 86 Connecting up a USB power adapter .................................................................................... 48 

Figure 87 Heat sink kit ........................................................................................................................... 49 

Figure 88 Cooling fans ........................................................................................................................... 49 



Bob Rathbone |Raspberry PI Internet Radio   xvi 

  

Figure 89 Simple tone control circuit .................................................................................................... 49 

Figure 90 Tone control board ............................................................................................................... 49 

Figure 91 IN4148 diode ......................................................................................................................... 50 

Figure 92 The nano file editor ............................................................................................................... 53 

Figure 93 The nano editor help screen ................................................................................................. 53 

Figure 94 Enabling SSH on the boot sector ........................................................................................... 55 

Figure 95 Enabling SSH .......................................................................................................................... 55 

Figure 96 Disabling the graphical desktop ............................................................................................ 57 

Figure 97 Desktop enable/disable selection ......................................................................................... 57 

Figure 98 Console login selection ......................................................................................................... 57 

Figure 99 Setting the time zone ............................................................................................................ 58 

Figure 100 Selecting the time zone ....................................................................................................... 58 

Figure 101 Saving the timezone ............................................................................................................ 58 

Figure 102 Time zone country selection ............................................................................................... 59 

Figure 103 Changing the Raspberry PI password ................................................................................. 59 

Figure 104 Changing the hostname ...................................................................................................... 60 

Figure 105 Setting up the Wi-Fi in raspi-config ..................................................................................... 60 

Figure 106 Entering Wi-Fi credentials ................................................................................................... 60 

Figure 107 Setting up the Wi-fi country ................................................................................................ 61 

Figure 108 Selecting change locale ....................................................................................................... 61 

Figure 109 Generating the locale. ......................................................................................................... 62 

Figure 110 Selecting the locale ............................................................................................................. 62 

Figure 111 Configure radio ς Upgrade .................................................................................................. 65 

Figure 112 Replace configuration file ................................................................................................... 65 

Figure 113 Configure radio - User interface selection .......................................................................... 66 

Figure 114 Configure radio - Confirmation screen ............................................................................... 66 

Figure 115 Configure radio - wiring selection ....................................................................................... 67 

Figure 116 Configure radio - Display interface selection ...................................................................... 67 

Figure 117 Configure radio - I2C interface hex address ........................................................................ 68 

Figure 118 Configure radio - Enable I2C libraries ................................................................................. 68 

Figure 119 Selecting interfacing options in raspi-config ....................................................................... 69 

Figure 120 Select I2C libraries in raspi-config ....................................................................................... 69 

Figure 121 Configure radio - Display type selection ............................................................................. 70 

Figure 122 Configure radio audio output option .................................................................................. 70 

Figure 123 Touchscreen selection ........................................................................................................ 70 

Figure 124 Selecting the type of radio display ...................................................................................... 71 

Figure 125 Configuring the HDMI or touch screen display startup ...................................................... 71 

Figure 126 Configuring the graphical radio full screen ......................................................................... 72 

Figure 127 Selecting the audio output device ...................................................................................... 72 

Figure 128 The I2C bus display using the i2cdetect program ............................................................... 73 

Figure 129 Basic Alsa sound mixer ........................................................................................................ 76 

Figure 130 Configure USB DAC ............................................................................................................. 77 

Figure 131 The USB PnP Alsa Mixer ...................................................................................................... 78 

Figure 132 Configuring add-on DAC sound cards ................................................................................. 78 

Figure 133 Set mixer analogue volume ................................................................................................ 79 



Bob Rathbone |Raspberry PI Internet Radio   xvii 

  

Figure 134 Set mixer digital volume ..................................................................................................... 80 

Figure 135 Radio web interface ............................................................................................................ 93 

Figure 136 Snoopy web interface ......................................................................................................... 94 

Figure 137 The Alsa Equalizer ............................................................................................................. 108 

Figure 138 FLIRC setup program ......................................................................................................... 109 

Figure 139 FLIRC keyboard controller ................................................................................................. 110 

Figure 140 HDMI and Touch Screen Display ....................................................................................... 118 

Figure 141 Graphical scree information display ................................................................................. 119 

Figure 142 Graphical radio search window ........................................................................................ 119 

Figure 143 Graphical radio search functions ...................................................................................... 119 

Figure 144 Display playlists ................................................................................................................. 120 

Figure 145 Display of media tracks ..................................................................................................... 120 

Figure 146 Displaying artists ............................................................................................................... 120 

Figure 147 Track artwork display ........................................................................................................ 121 

Figure 148 Airplay running on a Graphical screen .............................................................................. 122 

Figure 149 Changing the graphical screen theme .............................................................................. 123 

Figure 150 The vintage graphic radio on a touch-screen ................................................................... 125 

Figure 151 Shoutcast playlist web page .............................................................................................. 139 

Figure 152 Shoutcast playlist summary .............................................................................................. 139 

Figure 153 Live ATC web page ............................................................................................................ 143 

Figure 154 WinAmp playing ATC live feed .......................................................................................... 144 

Figure 155 WinAmp station information ............................................................................................ 144 

Figure 156 MPDdroid set-up screen ................................................................................................... 150 

Figure 157 MPDdroid play screen ....................................................................................................... 150 

Figure 158 MPDdroid play queue ....................................................................................................... 150 

Figure 159 Configuring Icecast2 .......................................................................................................... 171 

Figure 160 Over-clocking the Raspberry PI ......................................................................................... 172 

Figure 161 Windows media player ..................................................................................................... 174 

Figure 162 Firefox embedded media player ....................................................................................... 174 

Figure 163 Icecast2 Status .................................................................................................................. 175 

Figure 164 Starting the Spotify Receiver ............................................................................................ 179 

Figure 165 The radio in Spotify mode ................................................................................................. 179 

Figure 166 Spotify connecting to the radio ........................................................................................ 180 

Figure 167 Listening to Spotify on the radio ....................................................................................... 180 

Figure 168 Spotify playing a music track............................................................................................. 181 

Figure 169 Airplay source selection .................................................................................................... 186 

Figure 170 Running an Airplay device on the radio with Cloudbreak ................................................ 186 

Figure 171 Wiring Raspberry Pi Radio Rotary Encoder version .......................................................... 220 

 
  



Bob Rathbone |Raspberry PI Internet Radio   xviii 

  

 

Tables 
Table 1 Display Type options ................................................................................................................ 14 

Table 2 User interface options .............................................................................................................. 14 

Table 3 Radio wiring conflicts ............................................................................................................... 17 

Table 4 Controls and LCD wiring 26 pin version ................................................................................... 18 

Table 5 Radio and DAC devices 40 pin wiring ....................................................................................... 19 

Table 6 LCD module wiring for 26 and 40 pin Raspberry Pi's ............................................................... 22 

Table 7 Parts list (LCD versions) ............................................................................................................ 27 

Table 8 Remote Control Activity LED .................................................................................................... 37 

Table 9 Adafruit backlit RGB display wiring .......................................................................................... 50 

Table 10 IR Sensor Pin outs ................................................................................................................... 83 

Table 11 Remote Control Key names and functions ............................................................................. 85 

Table 12 WiFi network configuration ................................................................................................... 88 

Table 13 Push Button Operation ......................................................................................................... 115 

Table 14 Rotary Encoder Knob Operation .......................................................................................... 116 

Table 15 Graphic screen keyboard command .................................................................................... 124 

Table 16 Example playlists .................................................................................................................. 132 

Table 17 Playlist files and directories .................................................................................................. 132 

Table 18 Sound card Device Tree overlays ......................................................................................... 218 

Table 19 UDP messages ...................................................................................................................... 219 

Table 20 IQaudIO Cosmic Controller Wiring ....................................................................................... 220 



Bob Rathbone |Raspberry PI Internet Radio - Chapter 1 - Introduction 1 

  

 

Chapter 1 - Introduction  
 
This manual describes how to create one of the most popular Internet Radios using the Raspberry PI 
educational computer. The source and basic construction details are available from the following 
web site: http://www.bobrathbone.com/raspberrypi_radio.htm  
 
This manual provides a detailed overview of construction and software.  
The features of the Raspberry PI internet radio are: 

¶ Raspberry PI running standard Music Player Daemon (MPD)  

¶ The following displays are supported: 
o Raspberry Pi 7-inch touch screen or HDMI screen 
o 2 x 16-character LCD 
o 2 x 8-character LCD 
o 4 x 16-character LCD 
o 4 x 20-character LCD 
o Adafruit LCD plate with 5 push buttons (I2C interface) 
o Adafruit 3.5 inch TFT touch-screen 
o A 128 by 64-pixel OLED display 

¶ The LCD can be directly interfaced via GPIO pins or using an I2C  backpack interface 

¶ Optional IR sensor and remote control 

¶ Clock display or IP address display  

¶ Four configurable user interfaces are available: 
o Five push button operation (Menu, Volume Up, Down, Channel Up, Down)  
o As alternative to the above rotary encoders may be used 
o Touchscreen with Mouse/Keyboard interface  
o IQaudIO Cosmic controller with three push buttons and rotary encoder 

¶ Support for Digital sound cards such as HiFiBerry, IQaudIO, JustBoom or Pimoroni pHat 

¶ Vintage radio conversion to internet radio supported 

¶ Timer (Snooze) and Alarm functions (Not touch screen version) 

¶ Artist and track scrolling search function  

¶ Plays music from a USB stick, SD card or from a Network drive (NAS)  

¶ Menu option to display a single RSS news feed 

¶ Web interface using Snoopy  

¶ Control the radio from either an Android device or iPhone and iPad 

¶ Plays Radio streams or MP3 and WMA tracks 

¶ Can function as a Spotify receiver (Needs a premium Spotify account) 

¶ Optional support for Apple Airplay speaker using shairport-sync. 

¶ Play output on PC or on a mobile device using ICECAST streaming 

¶ Playlist creation program using a list of URLs (M3U file) 

¶ Playlist creation from the Shoutcast database 

¶ Fully integrated with mobile apps such as Android MPDdroid or Apple mPod 

¶ Speech for visually impaired and blind persons using espeak 

¶ Support for European character sets (Limited by LCD capabilities) 

¶ The software runs on Raspbian Stretch. 
 

  

http://www.bobrathbone.com/raspberrypi_radio.htm
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Document Overview  
 
This document is organised into the following sections. 

Section Topic Page 

Chapter 1 Introduction and examples 1 
Chapter 2 Hardware overview 9 
Chapter 3 Wiring information 17 
Chapter 4 Construction details 28 
Chapter 5 System software installation 51 
Chapter 6 Radio software installation 64 
Chapter 7 Configuring the radio 99 
Chapter 8 Operation 113 
Chapter 9 Troubleshooting 151 
Chapter 10 Icecast streaming installation  171 
Chapter 11 Spotify Installation 178 
Chapter 12 Airplay Installation 182 
Chapter 13 Internet Security 188 
Chapter 14 Frequently Asked Questions FAQs 192 
Chapter 15 Source files 195 
Licences Licence, acknowledgments and support 200 
Glossary List of abbreviations used 204 
Appendix A Radio program files 207 
Appendix B Installation cheat sheet 215 
Appendix C Wiring diagrams 220 
Index Document index 221 

Quick links  

Topic Page(s)   Topic Page(s) 

Adafruit 30  Operating System Installation 51 
Airplay 182  Playlists creation 132 
Buttons (Switches) 100  Radio software installation 64, 99 
DAC sound cards 39  Radio software operation 113 
GPIO configuration 100  Rotary encoders 100 
HDMI TV or screens 99  Shoutcast  137 
I2C backpacks 32  Spotify 178 
IQaudIO Cosmic Controller 38  Speech facility (espeak) 95 
Interface boards 28  Switches (Buttons) 100 
Icecast streaming 171  Touch screens 11,99 
IR sensors 36,39,109  USB Sound card 77 
LCD displays 15,22  Vintage radios 8 
Media 127  Web interface 91 
Network drives (NAS) 146  WiFi 87 
OLED displays 13  Wiring 17 
     

 
Please note that there is also a full document index on page 221 at the end of this document.
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Examples 
 
This design caters for both the complete novice and more advanced constructors. Do not be put off 
by the size of this manual as it shows a lot of different designs. Simply read through the following 
examples and decide which one is the best for you. Some examples are shown in the following 
pages. Various examples of the Raspberry PI internet radio can be built using this design. 
 

 
Figure 1 Raspberry pi 7-inch touchscreen radio 

The latest design supports the Raspberry Pi 7-

inch touch screen. Using the graphic version of 

this software, the radio can be operated using 

the touch screen or a mouse and HDMI screen 

or TV with HDMI. A keyboard can also be 

attached and used to operate the radio. The 

touch screen version supports the same 

functionality as the LCD versions of the radio 

except for timer and alarm functions. The touch 

screen can also be configured to use either 

rotary encoders or buttons. 

 
Figure 2 HDMI Television running the radio 

The HDMI/Touch screen version of the radio 

can also be configured to run in a window on 

the Raspberry Pi desktop. Here it is running on 

the HDMI input of a typical flat-screen 

television.  It can also be configured to use an IR 

remote control using a FLIRC USB IR detector. 

 
Figure 3 Vintage tuning touch-screen radio 

As an alternative to the above design this touch-
screen radio is made to look like a vintage radio 
with a tuning dial. The green slider marks the 
currently playing station. When a station name 
is touched on the screen then the slider jumps 
to that position and plays the selected radio 
station. The design supports multiple pages of 
radio stations which can be scrolled left or right. 
The volume control slider is at the bottom of 
the screen. This version currently only plays 
radio stations and not media or Airplay. The 
touchscreen can also be configured to use 
either rotary encoders or buttons. 
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Figure 4 Adafruit 3.5 inch TFT 

This example shows an Adafruit 3.5 inch TFT 
(Thin Film Transistor) touch-screen running the 
graphical version of the software (Version 6.7 
onwards). This is the smallest screen that is 
currently supported. 
 
Installation of the Adafruit TFT touchscreen is 
found in the section called Construction using 
the Adafruit 3.5 inch TFT on page 34. 

 
Figure 5 Radio using the Adafruit LCD plate 

Example of the PI internet radio using an 
Adafruit RGB-backlit LCD plate for Raspberry PI 
from AdaFruit industries.  It has five push 
buttons and is one of the easiest options to 
construct. If you want to build this into a case 
ǘƘŜƴ ŘƻƴΩǘ ǳǎŜ ǘƘŜ ōǳǘǘƻƴǎ ǎǳǇǇƭƛŜŘ ǿƛǘƘ ǘƘŜ ƪƛǘ 
but use external buttons.  

 
Figure 6 Lego Internet Radio 

Example of a fun radio built using this design 
and Lego from Alan Broad (United Kingdom). 
This really puts the fun back into computing. 

 
Figure 7 Pi radio using rotary encoders 

The rotary encoder switch version of the radio 
consists of a Raspberry PI connected to an 
Adafruit 20-character x 4-line RGB LCD display 
housed. It is all housed in a LogiLink PC speaker 
set with two rotary encoders.  The rotary 
encoders also have push buttons (Push the 
knob in). The left one is the Mute switch and 
the right one is the Menu switch. The blue glow 
in the sub-woofer opening comes from a bright 
blue LED. 
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Figure 8 Old Zenith radio using rotary encoders 

Example of the PI radio from Jon Jenkins built 
into an old Zenith valve radio case. The pictures 
below show the inside and top view 
respectively. The two original controls have 
been replaced by two rotary encoders. The old 
valve radio inside has been completely removed 
and replaced with the Raspberry PI and radio 
components. The LCD display has been built 
into the top so as not to spoil the original face 
of the radio. This is a fine example of what can 
be done with this project. 
 

 

Figure 9 Transparent Perspex Radio 

 

Figure 10 Perspex radio rear view 

The above example built by the author has a transparent perspex front and back panel. It uses a 
Raspberry Pi with a HiFiBerry sound card and a Velleman 30 watt amplifier.  
 

 
Figure 11 The Radio running on a Pi Zero 

This is an example of the radio running on a 
Raspberry Pi Zero. In this example it uses a 
micro to standard USB adaptor to connect a 
simple USB hub.  A USB sound dongle and 
Tenda wireless adapter are plugged into the 
USB hub. A USB to Ethernet adapter can also be 
used in place of the wireless adapter.  The 
display used is the Adafruit LCD plate.  Also note 
that the Pi Zero comes with an unpopulated 40 
pin GPIO interface. You need to either directly 
solder wires to the GPIO interface (Not advised) 
or solder either a 26 or 40 pin male header 
(Advised). 
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This beautiful radio is a fine example of the latest version of the design built by the author. It is using 
a Raspberry PI model 2B and rotary encoders with inbuilt push button. The display is a 4 x 20 LCD.  
The sound system is a Velleman 30-Watt amplifier (bottom right) and two 5 ¼ inch 50-watt speakers. 
It has an IR sensor (Left speaker on the right side) and an activity LED (between the two knobs).  
  

 
Figure 12 Boom Box radio front view 

 
Figure 13 Boom Box Radio rear view 

  
Below is a Raspberry Pi radio built into a old wine box. It uses a 2x8 character LCD and rotary 
encoders. The amplifier and loud speakers are from a set of old PC speakers. 

 
Figure 14 Raspberry Pi Wine Box radio 

 
Figure 15 Wine box internet radio internal view 

 

 

 
Figure 16 Very small radio using the Cosmic Controller 

Here is a really cute radio made using the 
IQaudIO Cosmic Controller and Olimex 128x64 
pixel OLED display. The Cosmic Controller 
provides an excellent solution where space is 
limited or you simply want a very small radio. 
 
The audio output is on the rear of the case. 
 
The lenses over the three LEDs and IR sensor 
apertures are simply stick-on transparent 
furniture protectors available from most 
hardware stores. 

 
















































































































































































































































































































































































































































