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About this manu al

This manual should be used to instat RPi Internet Radio software feersion8.3onwards. There
is also &Raspberry Pi Internet Radio Beginnésaide available on the Bob Rathbone Web site or on
GitHubwhich shows ainglesimple design without all of the options shown in this manual.

Version8.2 onwardof the radio softwarevasintroduced to run onthe TrixieOperating

)
, Systenreleasedn the2" October 2025 Limited support is also provided on Bookwor

,’ As software suppliers are now rapidly abandoningb@zystems, all support for 33it
e systems has ended from versionwards although most things will still worn a 32bit

system

Quick Links
Topic Page(s) Topic Page(s)
Adafruit 66 PiFace CAD 73
Airplay 190162 Radio software installation 109
Buttons (Switches) 49 Radio software operation 178
Bluetooth speakers 162 Recording facility (liquidsogy 166210
Configuratiorfiles- Editing 167 RSS feed 170
DAC sound cards 26 Rotary encoders 50
Glossary 240 Shoutcast 200
12C backpacks 67 Spotify 177,209231
IQaudlO Cosmic Controller 67 Speech facilitylispeak) 165
Interface boards 72 Switches (Buttons) 49
Install Icecast streaming 163 HDMI and Touclscreens 37
IR sensors 63 Tutorials and documents 145
LCD displays 163 USB Sound card 131
Media 70,171 Vintage radios 7
Menus 180 Wake up button 69
Network drives (NAS) 4351 Web interface 152
Maintaining the WAFi network 212 Wi-Ficonfiguration 102
OLED displays 195 Wiring 47
Pimoroni products 204

'0 Please note that there is also a full document index on 2&$at the end of this
¥ document.
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Chapter 1 - Introduction

This manual describes how to create one of the most popular Interr
Radios using the Raspberrydélucational computerThis manual
provides a detailed overview of construction and software installatic

The source and basic construction details are available from the
followingWebsite:

https://bobrathbone.com/raspberrypi/pi internet radio.htnor at
https://github.com/bobrathbone/piradio6

Themainfeatures of the Raspberry Piternet radio are:

Raspberry Pi Internet Radio

Turn yourRaspberry Piinto an Internet Radio using a variety «
designs as shown in this manualkuns on both 32 and 68it
systemslt also runs on an-¥Vindowsor WaylandDesktop.

Media Player

Play your favourite MP3 tracks from a USB stick, SD card or 1
a NAS (Network Attached Storage).

Artwork display

Displaysartwork (if available) from both Radio Stations and
Media (mp3 etc.) tracks

Note: The radio station and associated album artwork is provi
from the Discogsnusic databaseSeehttps://www.discogs.com

Airplay Rec eiver

This design allows the Raspberry Pito act as an Airplay recei
Music tracks can be played from your Apple or Android mobil
phone or tablet.

Spotify Receiver

Turn your Raspberry Piinto a Spotify Receiver. This requires
Spotify Premium account

RSS Feed Reader

This software also allows you to read any configured RSS fe
For example, your favourite news feed.
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Record Radio Streams to disc

Record any Radio streams using tigglidsoaputility to record
any streams that are using ti#outcastor Icecastformats
whilstalsolistening to a different radio station.
Note:liquidsoaponly works or64-bit OSsystemsand not on32-
bit systems.

Bluetooth speaker/headphone support

This manual contains instructions how to run the radio softwa
with Bluetooth speakers or headphones. Bluetooth versions
through 5.x supported depending upon the Raspberry Pi mo
used.

Digital Clock

The Internet Radio software displays as standard a digital clo
and date with alarm and snooze functions.

Shoutcast

Shoutcast radio is a streaming audio which is used by some
50,000 Internet Radio stations across the internet. This radio
software, using &ebinterface, allows multiple playlist creatiol
from Shoutcast radio stations by genre or country which can t
be selected through the radio or Web interface menus.

Icecast

Icecast is free streaming software which supports a variety o
streams such as MP3 and OGG. Icecast can optionally be
installed on the Raspberry Pi and allows the currently playing
station or track to be streamed around the local network or ot
to the Internet (Legal and Copyright issues apply).

User Interface and displays

This design caters for a number of user interfaces such as pt
buttons, rotary encoders or touch screens. Also, a number of
displays such as 2 andide LCDs, OLED displaysjor full
graphical displays such as HDMI and teacteen are supported
Examples are shown later on in this manual.

Web interface

The radio software includes an optionaebinterface
(radioweb)powered byApache2, MySqglandO!MPD This allows
stations and playlists to be selected Vieebpages on your PC,
Mobile Telephone or tablet.
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with the radio software to assist blind or visually impaired use
08 aallSI | Aysdléud.it Eab alse Beyuszd with radic
eS pea k without a screen to navigate the menus.

TheeSpealengine is a small, lightweight texd-speech (TTS)
program that supports a large number of languages. It is use

[ Fy3dzr 23S FAESa SylLotS GKS Y
own language, such as French, Dutch or Spanish. The user ¢
easily create their own language fifeequired

Highly configurable allowing a broad range of displays such a
a "; two or four-line LCDs, TFTgaphicscreers or HDMI monitors tao
be selected at installation time. Likewise, the user input devic

[ ]

such as rotary encoders or buttons etc. An audio configuratio
scriptselects a range of audio devices suclbA<s or Bluetootr
speakers.

Comprehensive menu driven installation and maintenance. #
main software components and hardware options are all mer
selectable. Underlying installation and configuration scripts cz
out all the usual installation and maintenance tasks.

Support for English, Russi@yrilicand Western European
character setdependentupon LCD capabilities. Both native ar
Romanized (Conversion to Latin) characters supported.

REMEMBER TO HAVE FUN DOING THIS PROJECT

Figurel Fun radio using an old toasteCpurtesyRobert Knight)

" This manual is continually beingdgted. Please check to see if there is a more up to date
F manualbefore commencing any work
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Is the size of this manual worrying you theény starting withRaspberry Pi Internet Radiy

Beginners Guidat:

https://bobrathbone.com/raspberrypi/documents/RPi%20Radio%20beginners%20gquide.pdf

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. Soxaengles are shown in the following
pages.This manual is designed to provide inspiration for your own ideas and unique solution to
building an Internet Radio using the Raspberry Pi.

IMG_0203.G - Photos.

[ See ol photos

o 17 Dim

Figure4 Vintage tuning touchscreen radio

The Radio softwarsupports the Raspberry Pi~
inch touch screenUsing the graphic version o
this software, the radio can be operated usin
the touch screen or a mouse and HDMI scree
or TV with HDMI. A keyboard can also be
attached and used to operate the radio. The
touch screen version supports the same
functionalty as the LCD versions of the radio
except for timer and alarm functions. The tou:
screen can also be configured to use either
rotary encoders or buttons.

The HDMI/Touch screen version of the radio
can also be configured to run in a window on
the Raspberry Pidesktop. Here it is running ¢
the HDMI input of a typical fladcreen
television. It can also be configured to use ar
remote control using a FLIRGSB IR detector.

As an alternative to the above design this tous
screen radio is made to look like a vintage rac
with a tuning dial. The green slider marks the
currently playing station. When a station nam:
is touched on the screen then the slider jumg
to that positionand plays the selected radio
station. The design supports multiple pages ¢
radio stations which can be scrolled left or rigl
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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Volume

Figure6 Osoyoo 3.8 SPI touch screen

08C27:44 Sakurlay 21 Febnary 2028

This example shows an Adafruit3igh TFT
(Thin Film fansisto) touchrscreen running the
graphical version of the software (Version 6.7
onwards). This is the smallest screen that is
currently supported.

Osoyoo(PinetreeElectronicd.td.) are a

Canadian electronics company who provide ¢
range of welsupported addons for Raspberry
Piincluding thi® ®p ¢ { -scteenii 2 dzOF

The also provide a variety Raspberry Pi
miniature displays using HDMI, DSI and SPI
technology ranging fromh @y ¢ (2 wmn

Seehttps://osoyoo.com

Anotherexcellent product fronOsoyoais the
5-inchDSI ¢apacitive touchscreen. The main
advantage of the #nch screen is that it is big
enough to display both the fufkature radio
(gradio) and the Vintage radio simulator
(vgradig). SeeOsoyootutorials on how to
install this product.
https://osoyo0.com/2019/09/20/instruction
for-raspberrypi-5-dsitouch-screen/

CKS LIK20G23IN) LK 2y (K
as the display is crystal clear.

Example of the Pl internet radigsing an
AdafruitRGBbacklit LC[plate for RaspberryIP
from AdaFruiindustries It has five push
buttons and is one of the easiest options to
construct. If you want to build this into a case
G§KSYy R2y Qi dzasS GKS o
but use external buttons.
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Figure8 Radio using the Adafruit CDplate

i e P~ S S P
Figure11 Old Zenith radio using rotary encoders

Figurel2 Transparent Perspex Radio

Example of a fun radio built using this design
and Lego from Alan Broad (United Kingdoln)
uses a 4x20 line LCD.

This really puts the fun back into computing.

Therotary encodeswitch version of the radio
consists of a Raspberry @nnected to an
Adafruit20-character x 4ine RGB LCdlsplay
housed. Itis all housed in a LogiLinksp€aker
set with two rotary encodersThe rotary
encoders also have push buttons (Push the
knob in). The left one is thiglute switch and
the right one is theMenuswitch. The blue glow
in the subwoofer opening comes from a brigk
blue LED.

Example of the PI radio from Jon Jenkins bui
into an old Zenith valve radio case. The two
original controls have been replaced by two
rotary encodersThe old valve radio inside has
been completely removed and replaced with
the Raspberry Rind radio components. The
LCDdisplay has been built into the top so as n
to spoil the original face of the radio. This is a
fine example of what can be done with this
project.

Figurel3 Perspex radio rear view
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The above example built by the author has a transparent perspex front and back panel. It us
Raspberry Piwith a HiFiBerry sound card and a Velleman 30 watt amplifier.

This is an example of the radio running on a
Raspberry Pi Zerdn this example it uses a
micro to standard US&daptorto connect a
simple USB hub. A USB sound dongle and
Tenda wireless adapter are plugged into the
USB hub. A USB to Ethernet adaptam also be
used in place of the wireless adapter. The
display used is the AdafrdiCDplate. Also note
that the Pi Zero comes with an unpopulated <
pin GPlOnterface. You need to either directly
connect directlywires to the GPIO interface
(Not adviseds they keep falling offor solder
onto a40-pin maleextenderheader (Advised).

&)

Figurel4 The Radio running oﬁ a Pi Zero

NE W om

Figurel5Boom Box radio front view Figure1l6 Boom Box Radio rear view

This beautiful radio is a fine example built by the author. It is using a RaspberodBl 2B and
rotary encoderswith inbuilt push button. The display is a 4 x 20 L&Be sound system is a
Velleman 30Watt amplifier(bottom right) and two 5 % inch B@att speakers. It has an #nsor
(Left speaker on the right side) and an activity (##ween the two knobs).

Below is a Raspberry Piradio built into a old wine box. It uses a 2x8 character LCD and rotz
encoders. The amplifier and loud speakers are from a set of old PC speakers.
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Figurel7 Raspberry Pi Wine Box radio Figurel8 Wine box internet radio internal view

Here is a really cute radio made using the
IQaudIOCosmic Controller and Olimex
128x64 pixel OLED display. The Cosmic
Controller provides an excellent solution
where space is limited or you simply want
very small radioThe audio output is on the
rear of the case.

Note: The Cosmic Controller has been
discontinued and is difficult to find but you
can still build the radio with separate
components.

Below is a fascinating use of both modern and bygone era technology. The radio shown below was
created by Broesel from Austria. In this design a Raspberry Pi has been used with the software
described in this manual. However, the audio amplifier has beastoocted with an ECL84 vacuum
valve. The ECL84 valve provides a-stage mono audio amplifier driving an elliptical wide

frequency response loud speaker.

18¥225R67AAAROLS
EHRCZDERSENENETR

Figure20 RPI radio with twastage valve amplifier Figure21 The RPi valve radio chassis view
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The radio software supports the Pimoroni
Pirate radiowith pHat BEAT

The pHAT BEAT gives haglhality, digital,
amplified, stereamr monoaudio and 16 RGI
LEDs, in two rows of &hichare ideal as a
VU(Volume Unitjndicator, and 6 buttons to
controlthe radio (Five on the left and one i
the top). See:
https://shop.pimoroni.com/products/pirate
radio-pi-zero-w-project-kit

It can also be ordered with an additional
Figure22 Pimoroni Pirate Radio speaker.

Theradio sipports the PiFac€ontrol and
Display(CAD board. This isbsolete hardware
and has limited support and can only be install
on the BullseyeOperating System.

The PiFace CAD Has push buttons, a reset
button (not currently used)Although it has an
Infra Red (IlRsensor for a remote contrdathis
does not work with latest IR remote control
software and is therfore not availahl&he
PiFaceCADuses the Serial Peripheral Bus
interface (SP) on the Raspberry Pi.

Figure23 PiFaceCADRadio with IRRemote Control  Note: It is only supported oBullseye OS

Below is an example of a Raspberry Pi Internet radio, made by the author, running the a@raphic
version of the radio which gives a vintage lemnid-feel to the final radio. Two vintage Bakelite knobs
help complete the vintage appearance.
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The Raspberry Pi model 3B outputs to a Pimoroni 3W ster€taBs amplifier driving twoich
loudspeakers. Itis housed in a wooden case painted blébktwo vintage radio Bakelite knobs.

Figure25 Vintage lookand-feel - rear view

Vintage Radio Conversion
This version of theoftwareallows for the program to be configured without a scrdenuse with a
vintage radicas shown below:

Y \,1,31(

J"

Figure26 Philips BX490A (1949j)intage Internet Radi(;
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The radio is a Philips BX490A manufactured in the Netherlands inTk8&@urpose of this design is
retain as much of the original look and feel of a vintage radiah has been converted to run as an
Internet radio. It does not have any LCD display. In the above exaneplellowing controls are
used:

1 Far left switch- Simple tone control

1 Middle left switch- Volume and mute switch

1 Middle right switch¢ Radio channel (Tuner) or media track selection

1 Far right switclg Menu switch (8 positions)

9 Push button on right side (Not shownytandard menu switch

At the top left the secalled magic eye tuning ii@htor has been replaced with a Red,Grene

status LED. In the above picture the LED is glowing green (Normal operation). This window also
contains the IR sensor and activity LED for a remote cotittble radio is busy (loading stations for
example) it glows blug=or an eror or shutdownthe LED glows RED. The IR remote control also
flashes red to indicate IRmote controlactivity.

The software allows espedk?2 06S O2y FAIdzNBR (2 WalLlsSI1Q aidldAirzy
The details on how to construct a similar project is corgdim the following documerst
http://www.bobrathbone.com/raspberrypi/documents/Raspberry%20P1%20Vintage %20Radio. pdf

http://www.bobrathbone.com/raspberrypi/documents/Raspberry%20P1%20Vintage % 20Radio% 200
perating%20Instructions.pdf

The illustration below showskrench Radio SchneidereresRondof N2 Y (1 KS MdppnQa 6 KA (
converted to an internet radio by Fraidosef Haffner, from Germany.

What makes this project also very interesting is that he has removed all of the RF section of the valve
radio leaving only the audio amplifier and power supplyis is an excellent example of combining

old and new technology to extend the life of these increasingly rare radios.

See the Vintage Radio supplent for further detaging the following link:
https://bobrathbone.com/raspberrypi/documents/Raspberry%20P1%20Vintage %20Radio. pdf
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Fiure28 Vintage Radio with AM transmitter Figure29 Lusya DIY 8hannel AM transmitter

Another way to connect to a vintage radio (if it is working) is to use a Raspberry Pi and a low power
AM transmitter. In the above illustration, the box on the right contains a Pi Zero W running
Bookworm OS arttle radio software with a tuning knob. The audio comes out of a USB DAC which
connects to the Lusyaéhannel AM transmitter which transmits on the 300 Meter wavelength (AM
waveband) to a vintage radio. In this example the radio is the British lBadk DAC 90A
medium/longwave receiver.

Details on construction can be foundtire following document:
https://bobrathbone.com/raspberrypi/documents/Raspberry%20P1%20Vintage %20Radio.pdf
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Principle components
The principahardware required to build the radio consists of the following components:

Current versions of th®aspberry Rtomputer(Version 1 boards no longer supported)
Push buttons or rotary encoders for the user interface

A display such ask#D44780U.CD, OLEDr aRaspberry Rbuch-screen display
Optional Digital to Analogue Converter (DAC) Sound card

Optional InfraRedIR remote control)

=A =4 =4 4 A

Raspberry Pi com puter

TheRaspberry Pis a creditcard-sized singleboard computer developed in thenited Kingdonby
the Raspberry Pi Foundatimriginallywith the intention of promoting the teaching of basic
computer science in school$ has however become immensly populary with hobbyists and
engineersThe official site for the RaspberryWebsite ishttps://www.raspberrypi.com

More information on the Raspberry Edmputer may be found here:
http://en.wikipedia.org/wiki/Raspberry Pi

If you are new to the Raspberry R} the followingd D S (i G A y Buidaai: I NI SR ¢
https://www.raspberrypi.com/documentation

You will also find the Raspberry Pi Help Forums and other useful documentation on the above page.

Raspberry Pi model 4B
The Raspberry Pi model 4B was released in 200@.

R M MR R m R @GR B R R T R T ’
{

- - e ||
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Figure30 Raspberry Pi Model 4B Computer

'9 Note: The Raspberry Pi 4B requiRasplerry PiBullseye, Bookworm or Trixie SD
A card. It will not work withearlier OS versionglowever, the recommended OS for tt

Radio software iBookworm

- As of the2nd October the Raspberry Pi Foundation have introduced a new versic

, the operating system calleTrixie. VersiorB.1and earlier of the software does not
work onTrixie. You must us&ookworm 64Bit Desktopwith version8.3of the radio
software.
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The power supply on the model 4B uses a{C$Bnnector. The
usualmicro-USByower supply will not fiused for otheRaspberry
Pi models will not fitThe USEC specification allows the cable to

~ be inserted either way aroundVhen purchasing the model 4B
also purchase the official model 4B power supply which is 5 V¢
Figure31 USBC plug Amps.
\ The model 4Bilso requires anfficial Raspberry Pi Mic¥blDMI
\ cablefor each of themicro-HDMIports (This is not the same as tf

PiZero HDMI adapter)Order one or two of these adaptors if
Qv\ using an HDMI or TV screen.

Figure32 Rasberry Pi
MicroHDMI cable

Audio and video output jack

Earlier versions of the Raspberry Pi have a separate audio output jack and composite video output.
Later version$3 and 4)f the Raspberry Pi havenew AV(Audio/Video)port whichcombines the

audio and video signals in a single jdcistead of using a standard composite cable, this new
connector requires 4 pole 3.556mm AV cable. da@mplicate matters: not all of these cables are the
same! However existing aidio jack plugs are compatible with the new AV connector.

4 Pole 3.5mm AV Cable

l
Figure33 Raspberry PB+ AVcable

Whenchoosing aable, seek aiPod 4 pole A\table. This withoweverresult in the left and right
audiochanneldeing reversed but otherwise provides the proper connections. Using other ¢ables
such as a camcorder cabiéll be hit or miss.Typically camcorder cables have the wrong pin
connectiorsfor Video and Ground. This change also can cause some issues with shared grounding
with audio speakerslf separate audio and composite A¥nnector igequired, these can be split

apart using the same jack inputsfas the model A and B.
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Raspberry Pi Model 5
The Raspberry Pi modeWas introducedn September 2023 and is approximately 2.5 times faster
than its predecessor; the model 4B.

FAN CONNECTOR

FASTER CPU
& DEDICATED
GRAPHICS CHIP

FASTER USB

PI1/0 CHIP

GIGABIT
HAT & GPIO ETHERNET

INTERFACE

PCle 2.0 X1

INTERFACE 2 x 4 LANE
CAMERA/DISPLAY
TRANSCEIVERS

2 x MICRO-HDMI® PORTS
USB-C POWER SUPPLY

Figure34 Raspberry Pi Model 5

Note: There is no audio or composite video output jaSldeAudio options for Raspberry FoB
page35.

Raspberry Pi Zero and Pi Zero W
RASPBERRY Pl ZERO On the original Pi Zero

network connection is

only possible with either

RUN PINS FOR RESET SWITCH

NS BoTeLy

40 PIN GFIO HEADER

MICROSD CARD

ESR s
AL

WELBRAER 8hreu

Figure35 Raspberry Pi Zero

In October 2021 the 1GHz quad core Pi Zem@ | & |

a USBo Ethernet
adapteror a WiFi
Dongle. Note that the
USB is a Micro USB anc
will needamicro-USBo
standardUSB adapter
The Pi Zero Was
onboardWi-Fiand
Bluetoothand is a better
choicefor the radia

RRSR

02

Figure36 USBEthernet
adapter

0 K S It dppears

unable to runTrixie OS UseBookworm OSwhich is available for download at
https://www.raspberrypi.com/software/operatinesystems/

2+ wlk

The Raspberry Pl Zero does not have an onboard audio output3acdikd must be played through
either the HDMbport or a USB sound dongle (Seigurel4) or one of the Pi Zero DAC boards
available from manufacturers suchl&audlQ HiFiBerry Pimoronior JustBoom Alternatively, use
Bluetooth speakers.
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One usefuénd simplestudio device is th®imoroniAudio DACGShimfor the Pi Zero/WBecause

the Audio DAC SHIM adds no extra bulk to the Raspberry Pi Zero it allows the GPIO header to be
accessed as normal, for example other HATs can be fitted on top of it. It pushes over the GPIO
KSFRSNJ YR R2Say Qi NBI| dpddy to pfovideadlib upNIoyha@ © L G A A
Raspberry Pi Zero/V&eePimoroni Audio DAC Shim for Pi Zemgpage31

Raspberry Pi 400 /500

In November 2020 the Raspberry Pi foundation releasedrtbdel 400. This is housed in a keyboard
case with all connectors including agih GPIO header at the back of the unit. Most notably it does
not have a 3.5mm audio Jack. If connected to a HDMI monitor or TV then sound can be played
through the HDMI inteflaced speakers on the monitor/TV. Alternativeayl)SB DAC &iuetooth
speakers can be useds the RPi 400 has a-gth GPIO header it cam theory,be connected to a
suitable DAC viardbbon cable The Raspberry Pi 500 is untested by the author but should work
without problem using Bookworm or later.

Figure37 Raspberry Pi 400unning the graphical radio
LCD Displays

The HD44780U LCDdlspIay
ALLL - S TheHD44780ULCDnterface is an industry

standard interface for a variety of LCD displays
These can come in various sizes but the two lir
by 2x16 or 4x20 character displays are the mos
popularMost of these modulesompatible with
the HitachiHD44780ULCD controller so there is
wide choice of these displays.

Figure38 TheHD44780ULCDdisplay
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The latest displays useLEzharacterdisplays

(Organic Light Emitting Diodland give very goot

ABCDEFGHI JKLMNOPORST resultsand are becoming more popularten
~defahiJklmnorarst compared to traditioml LCD displays.

EFGHITKLMNOFQRST Seehttps://en.wikipedia.org/wiki/OLED
sbcdetahidklmnorarst

For pirout details see LCpin outs on pag&o0.

Figure39 OLED 4 x20 LGIsplay
[" Also seeConfiguring Russid@yrillictext on pagel7a
»

Midas LCD displays with VEE

SomeLCDs fronMidasare compatiblewith
the HD44780Wexcept for pin 15 (VERhich
outputsa negative voltagd-or pirout details
see LCIpin outs on pag&0.

The diagram on the left shows the wiring fo

A the 10K contrast potentiometer.
Vdd Pin| Name| Description
LCM 2 | vDD | +5Volt
VR w 3 | VO | Contrast adjustment
10K~20K Module 15 | VEE [ Negative voltage outpu
Vee " Do not connect pin 15(VEE) to the
N

+5V supplylt will damage the LCD
Figure41 HD44780 potentiometer wiring and possibly the Raspberry. Pi

WARNINGDO NOT CONNECT AN 12C BACKPACK TO THIS TYPE OBREKRIACKS
CONNECT +5V ONTO PIN 15 AND WILL DAMAGE BOTH THE BACKPACK AND THE LCD.

N,

The termLCDs used throughout this manual to me&oth traditional LCDs&ind OLED
characterdisplays which are gradually replaciogB.

A
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Midas Character OLED with MC0100 Controller
Socalled Character OLEDs are gradually replacing LCDs.ivlidesta wide range of such displays.

These displays use tiMC0100controller
which is largely compatible with the Hitacl
HD44780Ucontroller.
MIDA= OLED DISPLAY
2 CHARACTERES This controller can support various briitt
4 BUILT-=IM FOMT SETS font sets such as Englisiestern
EMG-JAFP-ELR-CYE ! European,Japanese and Russian

Since OLEDs generate their own
illumination,they do not need pins 15 and

Figure42 Midas character OLED 16 connectedor backlighting

Winstar 40-character LCDs

Version 8.0 onwards suppor¥instar2-line
40-character displagModel No.WH4002A.
These displays show the stati@ntist/track
information slightly differently than other
displays used in this design. The top line
displays the time and date along with the
station or artist details. The second line
displays the statiomformation (if supplied)

@25 Caroline Pirate

e ~ Wi, radiocaroline. co.uk or track being played. Sometimes if a stati
name is too long to display the date as we
as the station/track information then only
the station/artist will be displayedn line 1

Figure43 40-character 2line LCD

Thesedisplayshave a 16DIL connector and
can be driven either directly from the GPI(
pins or usingacompatiblePCF8574 12C LCI
backpackvith a 16pin DIL connector (2x8
pins) as shown on the lefthis is the
recommended configuration for this type ¢
display.

Figure44 2x40 character LCD with 12C backpack

e Note: There are also similar 4tharacter displays availabts the marketwhich ue

s’ Vacuum Fluorescent Displdy/FD technology. These were once commonly used or
consumer electronics equipment such as video cassette recorders, car radios, ant
microwave ovens. This type of displaypd currently supported and is unlikely to be i
the future.

Please also note thakline 40-character]f / 5& | NB y 2 & dzLJLJ2 NI
sense as there is insufficient information availatstam the music streanto warrant
using a display capable of displayiiGf characters.
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Olimex OLED 128x64 pixel screen

The Olimex128x64pixel OLE alow cost, low power,
high contrast LCD disgy with a UEXT connector. Itis
controlledviathe I2Cor SPI interfaceThe power supply
required is only ithe rangeof 1 uA in sleep mode, 20(
UA in operating mode and 7mA in display ON mode.

OLIMEX View area is 21 x 11 mnit is particularly useful where
—_Hello worldi

o~ space is very limited.
i wil
Y?:L‘x‘:ﬁz: SQ'; See:

https://www.olimex.com/Products/Modules/LCD/MGL
OLEB128x64/opensourcehardware

E’l Note: The Olimex OLED screen is not a particularly fast device when compared with say an
y LCD or graphics screen. However, its biggest advantage is its size.

Sitronix SSD1306 128x64 pixel OLED

3 The Sitronix SSD13028x64 pixeD.96inchOLED is
- 2 displaymarketed under various namgSuch as
TQ %Q;J O Makerhawk)has just four connections for the 12C
| 09:47 10/05/2021 interface.
The wiringfrom left to right is:

1. VCC +5volts GPIO headapin 2

2. GND (0 volts§ GPICheader pin 6

3. SCL I2Clockg GPIO 3fin 5)

4. SDA I120@atac GPIO 2(in 3)

The 12C interface hex address for this de®ic8C It uses

Figure45 Sitronix SSD130628x64 pixel the ssd1306 class.pydriver.

monochrome OLED

" Note: It is not currently possible to flip the display-side down due to limitations of the
s SSD130@lriver software Use the LUMA.SSD1306 driver instaddch can be flipped
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SSH110 1.3-inch I12C monochrome OLED

Thisl.3inch monochromel32x64pixel
displayconnects via thé2C interface. It uses
the SH110@lisplay chip.

& The wiringfrom left to right is:

{ 1. VCC +5voltsGPIO headgpin 2

. 08:47 03/11/2021 2. GND (0 voltsy GPICheader pin 6

‘ gg‘f - Radio 2 3. SCL I12Clockg GPIO 3gin 5)
&mi’t’ s 4. SDA 12Datac GPIO 2gin 3)

The 12C interface hex address for this devic
0x3C

Figure46 1.3-inch SH11062C OLED

These OLEDs also come in in 128-gig2l
sizes from various manufacturers and can a
be used with the Luma driver. The wirifrgm
T left to right in the example on the left is:

e s 1. SDA I2@atac GPIO 2gin 3)

2. SCL I12Clockg GPIO 3gin 5)

3. Resetpin¢ Not used

4. GND (0 voltsy GPICheader pin 6

5. 3Vo¢ +3.3V output.Not used

6. VIN +5 voltg GPIO headepin 2
These OLEDs can also use the Luma chivetr
usually have an 12C address of Ox3C

Figure47 SH1106 0.91" 128x3fixel TFT Note: These displays can be difficult to read

due to their very small size.

SH1106 128x32 pixel OLED monochrome OLED

These0.91x 0.38inch 128x32pixelmonochrome
OLEDRIisplaymodules connect via thd2C Serial
Interface They are marketed under various names
such asVayinTopor AzDelivery This is the smallest
display supported by this project.

Because of its sizéhe text can be hard to readhlso,
one peculiarity is that the PIL driver software
recognises the display as being 128x64 pixels and
128x32.1t is most useful where there is little space
available for a display.

Figure48-0.91-Inch 128x320LED

E ’l Note: OLED devices are very slow when compared to character LCDs or Graphics (touch)
r screens. Their main advantage is their size.
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Grove LCD RGB Backlight

TheGroveJHD1313LCD RGBacklight is a
2x16character.CD with an RGB backligh
Version 4 and lowenf the Grove LCD RG
LCDQuses two controllers.

AIP31068I¢ 12C controller for the LCD
PCA9632DP¢ 12C RGB backlight driver

Version Sonwards uses th&GM31323
controller for the backlight

The interface is the-@vire 12C interface
plus +5V power supply. The backlight ca
be set to any colour and is configinlein
Figure49 Grovel2CLCD RGB Backlight the radio software.

RPi 1.30128x64 OLED(SH1106) with j oystick

This device uses a 1irdch 128x64 pixel OLED
display driven byan SH106 chip and the SPI
interface.

It comes with a Sutton joystick (on the left)
, and three push buttons (on the right). Itis
< 17:19 16/00/2025 | e | designed to fit on a 4pi Raspberry Pi Zetd/
@ Coroine Picate LN but can also fit on a standard Raspberry Pi s
B e ~{l—-- as a 3B or 4B. If fitted to a Pi Zero Audio, aut
; output can be povided using a USB jackplug

audioadaptoror Bluetoothspeakers

Figure50wt A M®oé MHYEcH

E ’l Note: This device comes wired to use an SPI interface. It can be modified to use the 12C
- Jinterface using the 12C addre8s03 In such a case use the LUNBAI1106 12C driv¢Bee
| 2y BSNUAY3 UKS mMPo€é h[ @bpadeMdd. G U2 dzaS UKS LH/ AY

" Please note that the Pimoroni Audio DAC shim is not compatibledeiites using SPThis
- is because the OLED driver uses GPIO 25 which is also the MUTE pin on the Audio DAC shim.
It Audio shim can only be used if the OLED with joystickugnex to use the 12C interface

The following table shows the functions of the various switches and the GPIO pins that they are
using. The Joystick and button wiring cannot be physically rewired however the Radio software
needs to know what the wiringf each switchs and this is configured using tkenfigure_radio.sh
program.
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Tablel-Mm®0é h[ 95 HAGK 2284GA0] odzid2y RS&aAIylIdGAZyaA

Joystick| Buttons | RadioFunction| GPICPin

Up Channelp 6

Down Channel Down| 19

Left Volume Down | 5

Right Volume Up 26

Push Menu switch | 13
KEY1 | Mute Switch | 21
KEY2 | Notused n/a
KEY3 | Notused n/a

Waveshare 2.42 and 1.5-Inch SPI interface OLEDs

Some OLEDS are rather on the small sic
and can be difficult to read at times.

Waveshare make.42-inch OLED display
o AT that solves this problem. It has\Bire SPI

ety o s s VPSS interface and the 2.4inch interface gives
tation 13/122 Radio » good resultsThey also have a tibich

‘ display.

Wiring details are described in Appendix
I oy 2| §SEAKFNB mMdnH
display wiringon page247.

Figure51 Waveshare 1.42nch SPI OLED Interface

Using DAC Sound Cards

The sound output of the otvoard audio jack on the Raspberry Piis known to be limited. Using a DAC
(Digital Audio Converter) will give much better quality and output. Several types are available.

The one you choose depends upon your requirements. These DAC cards use PCM (Pulse Code
Modulation) technology and the Raspberry Pi i2s interface.

The following sound cards and adapters are suppoitetlis project

HiFiBerry HiFiBernDAC 27
IQaudIO IQaudlO DAC sound products 28
Justboom JustBoonDAC products 29
Various PCM5102A DAC Sound Card 30
Pimoroni Pimoroni audio DACs 30
Adafruit Adafruit speaker bonnet 32
Allo Allo DAC products 32
Waveshare | Waveshare WM896@udio HiFi Sound Car{ 33
Rpi DAC Raspberry Pi badged sound cards 33
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If you are going to use an external amplifier then almost any DAC will do. If you want a complete
solution, a DAC card with anluilt amplifier (typically 3W up to 25W) is a good choice. The output
from these irbuilt amplifiers is usually soalled clas Dtype amplification. Another consideration is
the required connection to the amplifier coppe3/PDIFor opticalaudio connectior{Toslink)

If price is a big consideration there are a number of very reasonably priced DACs which emulate
some of the bettefknown ones and use the same device driver software as the one, they are
emulating.

For more information on DACs sh#ps://en.wikipedia.org/wiki/Digitaito-analog converter

HiFiBerry DAC
This version supports the HiFiBeByACrom HiFiBerry. Sedtps://www.hifiberry.com. There is a
comprehensive range of DACs available from this manufacturer. A few are shown below:

HiFiBerry DAC+ Light/LighEntry level and standard solution
HiFiBerry Digi+ LiglgtOptical TOSLinkand RCAonnectors
HiFiBerry AMP¢Standard DAC with a 25WQ@lass amplifier
HiFiBerry DAC+ Zero Form Factor

HiFiBerry 3W Miniamp Zero Form Factor

agkrwNPE

More products will be shown on their Web Sifdso,a list ofHiFiBernproduct software drivers (DT
overlays) will be found iAppendix & HiFiBerry Device Tree Overlayspage249

The HifBerry DACPIus

The HiFiBerry DARLUS uses the 4fin connector and has an unpopulated-gih header to extend
the GPI(pins on the HiFiBernpAC to use with other cards.

The DA®@lus uses the 4pin connector
on new Raspberry Pls. A-gih dual in
line male header is required (purchase
separately).

Solder the 46pin male header into the
component side of the HiFiBerBACas
shownFigure53below. The Radio
controls and LCD screen for example i
then connected on this this header.

Figure 52 HiFiBerry DACPIus
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The A+/B+/Pi2 uses the following pins
D supporting PCM
Pin 12 GPIO18 PCM_CLK
Pin 35 GPIO19 PCM_FS
_ Pin 38 GP1020 PCM_DIN
Y Pin 40 GP1021 PCM_DOUT
(All set to mode ALTO)

Pin 12 (GPIXconflicts with the down
switch on the radio. Wire the down
switch to GPIO 10 (Pin 19) and configt
the down_switch=10parameter in

e letc/radiod.conf or by running the
Figure53 HiFiBerrymounted on the Rasberry Pi configure_radio.pyprogram.

e -

o Note: All settings in the /etc/radiod.conf file use GPIO numbers and NOT physica
|>'| numbers. Sgn the above example down_switch is GPIO 10 (Physical pin 19).

'0 The Pimoroni pHas compatible with HiFiBerry DAC (Not DAC+) and uses the sam
2 Device Tree (DT) overlay.

IQaudlO DAC sound products

IQaudIODACalso have a comprehensive range of products. Again, these provide excellent results.
Thesecardsfis AGKAY (GKS tAQa FT2N¥Y FFOG2N I yR LINPOJARS
signals allowing easy addition of IR sensors, Rotary Encoder or i2c devices (such as OLED screens)
etc. Seehttp://igaudio.co.uk

";bnoanon.nnuuuuuuuuhi !
%

— lgaes

N
2t B i
"2 =5

Figure54 1QaudIODACpIus Figure551QaudlO RDigiAMP+
DAC forthe Raspberry Pi. This latest revisiol  This provides the DAC+ along with a 35W
the 1QaudlO PDAC PRO and is pre amplifier which fits the. Raspberry Pi
programmed for auto detection. Line out: 2x  A+/B+/RPi2/3/3B+This cardequires
Phono/RCA supports up ta24vpower supplyand delivers
Headphone: 3.5mm socket. the full 2.5amp to the Pi.

Bob RathbongRaspberry Pl Internet RadidcChapter 2; Hardware componentg@4s;
overview


http://iqaudio.co.uk/

JustBoom DAC products

The construction usingustBoonproducts is similar to other sound cards. The radio must be wired
as shown inmable4 Radio and DAGevices 4in wiring The/etc/radiod.conf configuration file
must also be configured to support these devices by running the audio configuration program.

Mooooeocooooo@cesnen

LA L L E LS AR B R

Figure57 JustBoomAmp Zero pHAT

TheJustBoonZero boards are used with
stackers or installed directly on the Raspbe
Pi Zero. Some stackers and some 2x20 me
headers on the market though are too thin «
too short to provide good contact with the
board. Use stackers that the pins are squal
and ae at least 0.6mm in width. If you are
soldering the 2x20 male header on the
Raspberry Pi Zero make sure that the pins
0.6mm in width and 6mm in usable height.

6.0

B y——yy— NS —yy——yy—yy—— ,
—

Plug a suitable stacker onto the Raspberry
Zero. Plug the JustBoozdero board on top of
the stacker so that the pins protrude throug
the JustBoom Zero board.

Plug the radio interface card or ribbon cable
(not shown) on top of these protruding pins

Figure59 Using the 4pin stacker
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PCM5102A DAC Sound Card

There are a number of inexpensive DACs wi
use the PCM5102¢hip and have a 3.5mm
Stereo Jack 24. These give a very reasonab
24-bit sound. Despite the fact that they claim
to be a pHat they do not plug directly into the
Raspberry Pi. Use either jumper wires or bui
your own interface board. These boards use
the HiFBerry DAC device driver and the 12S
dtoverlay. Wiring as below:

DA RP »

VCC 5V 2

3.3V N.C. -

Function GND GND 6

FLT | Filter Select. Normal latency FLT N.C. -

(Low) / Low latency (High) DMP N.C. =

DMP | De-emphasis control for 44.1kHz SCL N.C. -

sampling rate: Off (Low) / On BCK GPIO18 12

(High) DIN GPI1021 40

FMT | Audio format selection: 12S (Low LCK GPIO19 35
[ Left justified (High) FMT N.C.

XMT (1) 3.3V 1

N.C. Not Connected. (1) Connect via 10K
resistor.

Pimoroni audio DACs

Pimoroni pHat DAC
The Pimoroni pHADAC provides an affordable higfuality DAC for the Raspberry Pi. The 3.5mm

stereo jack comes soldered onto the board already. Though designed to match the format of the
Raspberry Pi Zero it is compatible with alpl® GP10 Raspberry Pi variants.

Features:
w H-lnit audio at 192KHz
w[AYyS 2dzi aGdSNB2 2 0]
WLl !¢ F2NXIG 0621 NR
w! aSa GKS ttbwoskwithiHe Raspbeérry Pil2S interface

=
=5
<
=
S
13
=
=
a

Figure60 Pimoroni pHat DAC
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'0 Note 1. Do not use the 40 female header that comes with the board but use@™0
F extender so that other cards can be used on top of it.

'0 Note 2: The Pimoroni pHat is not completely compatible with the HiFiberry DAC although it
¥ uses the same software driver. In particular to use the Alsa sound mixer a package called
pulseaudiois required. Howevepulseaudiois not compatible with several of the features of this
package such as tlespeakspeech package. The Pimoroni pHat DAC will run fine without any mixer
controls.

Pimoroni Audio DAC Shim for Pi Zero
’0 Please note that the Pimoroni Audio DAC shim is not compatiblewitih mM®o0 ¢ wmMHy Ecn
» (SH1106) with joystiqiSee pageb). This is because the OLED driver uses GPIO 25 which is
also the MUTE pin on the Audio DAC shim. It Audio shim can only be used if the OLED with
joystick is rewired to use the 12C interface (See2 Y OSNI Ay 3 (G(KS mMPdPoé h[ 95 LI |
interfaceon page245).

Pimoroni now supply a DAC which uses PCM5100A DAC chip. It has a friction fit header which slips
pushes down overthe PiZero-lOAyY Dt Lh KSFRSNJ I yR R2Say Qi NBI dzA
removable.

o AUDIODAC, |
4 L SHIM'

;!“H!!-

jn W m" uf

Figure61 Pimoroni Audio DAC Shim for Pi Zero/W

The above figure shows a Pimoroni Audio DAC shim fitted to a Pi Zero W. The PCM5100A DAC chip
takes high quality digital audio from the Pi Zero and pipes out crispldived 24bit / 192KHz stereo
audio through the 3.5mm jack.

Because the Audio DAC SHIM adds no extra bulk to the Raspberry Pi Zero it allows the GPIO header
to be accessed as normal, for example other HATs can be fitted on top of it. It should also fit easily
inside any standard case. It's a simple way to addualioeoutput to the Pi Zero. Pimoroni even

claim that it can also be fitted to a Raspberry Pi 400.

It uses the same driver as HiFiBerry DAC (Not DAC Plus or Digi). This can be configured during
installation of the radio software.

Alternatively, it can be manually configured using by adding the following lines to the [All] section of
/boot/firmware/config.txt (for Bookworm):

dtoverlay=hifiberry - dac
gpio=25=0p,dh
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If you're using a Pi that has an audio jack you might also need to disable onboard audio by either
adding a # to the beginning of the following line or settimto off.

#dtparam=audio=on

Adafruit speaker bonnet

The Adafruit speaker bonnet is primarily
designed for the Raspberry Pi Zero format bi
can be used on any Raspberry Pi.

It consists of a stereo 3W amplifier connecte:
to the I2S interface of the Raspberry Piviaa
pin DIL female header.

It can be purchased with two miniature
speakers or it may be used with any small 4«
8-0Ohm speakers.

Figure62 Adafruit Speaker Bonnet

Allo DAC products

Allo is a manufacturer of very higfuality audiophile sound products. A good example isAle
Piano2.1 HiFi DACEU)with woofer output as shown below.

Figure63 Allo Piana2.1 HiFi DA@ith woofer Figure64 Allo Piana2.1 HiFi DAC (Rear)

TheAllo Pianchas two outputs, one for normal sound ranges and one for a sound woofer. The
board comes preprogramed as 2.1 for the Raspberry Pi. Shbwoofer has 2 outputéStereo left
andright) but is monoonly. However, it uses a second 12S channel on GPIO5 and mute signal on
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GPI106 both used to control the woofer amplifier. This conflicts with the LCD dighadstadan

Icd_databpins.

,0 Allo products currently need to be specially configured to correct this conflict. See
» Configuring Allo Sound Caralis pagel34

Further information about Allo products can be founchéips://www.allo.com/sparky/index

dac.html

Waveshare WM8960 Audio Hi -Fi Sound Card

This card has special installation and uninstallation scriptsIrgtalling the Waveshare WM8960
DACon pagel36

Raspberry Pi Audio Cards

Figure66 Raspberry Pi DAC Pro

The Waveshare WM89@udio HiFi Sound
Card integrates WM8960 low power stereo
CODEC, which communicates via 12S interfa
It also hagwo high-quality MEMS silicon
Microphones (Not used in this project)
mounted on the left and right of the board.
Onboard standard 3.5mm earphone jack, pla
music via external earphones.

Onboard duatchannel speaker interface,
directly drives speakerdlote: Waveshareonly
support for this card omookworm or Trixie.

These cards are often sold with a pair of
speakers which plug directly into the card. T
particular speakers shown are 5W enclosed
speakers.

For more information about this sound card s
https://www.waveshare.com/wm896&udio-
hat.htm

Raspberry Pi DAC Pro

TheRaspberry Pi DAC Pisthe highest
fidelity audio HATWith the Texas
Instruments PCM5242, the DAC Pro
provides an outstanding sigRtd-noise
ratio (SNR) and supports
balanced/differential output in parallel to
phono/RCA lindevel output. It also
includes a dedicated headphone amplifi¢
This card ia rebadgedQaudlO DAC Pro
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Raspberry Pi DigiAMP+
TheRaspberry Pi DigiAMPis a high
performance audio HAT. With its dyoard
Texas Instruments TAS5756M stereo
amplifier, it delivers a direct connection t
passive stereo speakers at up to 35 Wai
per channel with variable output, and is
ideal for use in Raspberry-Based HiFi
systems. Powered by an externak?2av
DC power supply, it connects directly to
wlkadLJBSNNE tAQA Dt L
Figure67 Raspberry Pi DigiAMP+ power to the Raspberry Pi itself. This ca
is a rebadgedQaudlO DigiAMP+.

Raspberry Pi DAC+

Rebadged fronthe IQaudlO DAC-he
Raspberry Pi DAC+ a lmost audio output
HAT for the Raspberry Pi (anydid
model), supporting Zdit 192kHz high
resolution digital audio. It uses a Texas
Instruments PCM5122 DAC to deliver
stereo analogue audio to a pair of phonc
connectors, and also provides a dedicat
headphone amplifierThe DAC+ is
compatible with any 4in Raspberry Pi
and requires no solderingt uses a Texas
Instruments PCM5242 DAC for even hig
signailto-noise ratio.

Rasperry Pi Codec Zero (Mono)

The Codec Zero is a Raspberry PiZero
sized audio HAT that deliversdirectional
digital audio signals (I12S) between a
wka38LIWBSNNE tA YR @
board Dialog Semiconductor DA7212
codec, and allows you to use a variety o
input and output devies. With features
such as programmable green and red
LEDs, pluspushbutton for user input,
Figure69 Raspberry PCodec Zero Codec Zerds suitable for projects
requiring a microphone input. It supports
aaYIT F ND 2-«- = °XJ

Pimoroni Products

Pimoroni are a UK based company who produce electronic products for both Raspberry Piand
Arduino.They make range of alln-one audio boards for Raspberry Pi, with hghality digital
audio. TheirWebsite is athttps://shop.pimoroni.com/
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Pimoroni Pirate Radio
i : The illustration on the left shows the real

of Pimoroni Pirate radio The amplifier

consists of dual 12S DAC/amplifiers for

stereo audio (MAX98357A) at

3 Watts per channel.

The Pirate radio comes as a kit (Solderir
skills required)The Pimoroni software is
disabled and the software from this
project used instead\ote: It does not
have a screen.

Figure70 Pimoroni Pirate Radie Rear view

Pimoroni Pirate Audio

No soldering skills are required to construct tt
project when using imoroni Pirate Audio
range of productand aRaspberry Pi Zero witr
a pre-soldered 4pin header.

You need thBookworm OSnd notTrixie.

15:45 ©3/06/2020

BBC Radio 1
Station 1 128k

ation 1/149 Radi Bookworm can be downloaded at:
https://www.raspberrypi.com/software/operati
(- ==mEUREEN ngsystems/

It comes with a 240x240 pixel cololi3-inch
IPS (Implane switchinglisplay whichgives a
very goodviewingangle The display is driven
by an ST778%ontroller.

Figure71 Pimoroni Pirate Audio

There are four variants of the Pimoroni Audiot they all use the same DAC and display software
1. Pirate Audio SpeakeMAX98357A DAGithmA Y A M2 k ym alISF { SNJ
2. Pirate Audio Lineut- PCM5100A DAC chipth 3.5mmoutput stereo jack
3. Pirate 3W Stereo AmpMAX98357A DA®Ith mini 3W amplifieroutput
4. Pirate 3W Headphone Amg?CM5100MACriving aPAM8908 headphone amplifier

" Note: The software for Pimoroni Pirate Audio is very basic at the momegarticular the
> menu selection function. It is hoped to improve this at a later date.

Audio options for Raspberry Pi 5

TheRaspbernPi5does not have an choard audio jack. This means that it requires one of the
following three optiongor audio output

1. A half size audio DAC such as an Adafruit I2S DAC bonnet
2. A USB Bluetooth audio dongle
3. Bluetooth speakers or headset
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Figure72 Raspberry Pi with a Adafruit DAC Figure73 Raspberry Pi 5 DAC cooling fan clearant

Figure72above shows an Adafruit I2S DAC bonnet mounted on@ieader extender. This is
needed to give adequate clearance for the cooling fan (if fitted) as shown in the s€gume73.

,’ Note: It is probaby advisable to fit a haltize DAC (Pi Zero format) rather than a$ude
a DAC to improve cooling fan airflow. A fsite DAC Hat may still allow for adequate
cooling but no testing has been done on this.
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HDMI and Touch-screens

Types of monitors and touchscreens

This section is only relevant if configuring an HDMI or touchscreen interface. If using an LCD or OLED
display then skip this section. There are three types of monitors or touch screens used in this project

as shown below.

Figure74 HDMI monitors/touchscreens

Figure75 DSI monitors and touchscreens

Figure76 SPI interface touchscreens

HDMI monitors/touchscreens

They use an HDMI (Higbefinition
Multimedia Interface) connection like you w
usually find on your TV or computer monitor
¢KS t1GSad whk &Ll SNNJ
HDMI connections.

They connect to the Raspberry Piusing an
HDMI cable and areasy to install (plug and
play)and use the standard-Windowsor
Waylandinterface.

DSI (Display Serial Interface) touchscreens.
Connection is provided by a thin ribbon cabl
connecting from theDSlinterface on the
Raspberry Pi as shown in the illustration on
the left.

These types of displays or touchscreens us
fairly simple installation procedures which c:
vary between manufacturers.

SPI interface touch screens

These displays/touchscreens use the SPI
(Serial Peripheral Interface) and either plug
directly into the GPIO header on the
Raspberry Pi or via jumper wires. Installatio
procedures can be complex and unfortunate
these displays are often poorly supporteg
their manufacturers who seem to be
struggling to get these screens to work with
the Trixie OS

They are also much slower than other types
display and are very sluggish on earlier type
2T wlkaLlbSNNE tAQa 0.

'0 Note: There are currentigerious ., INRE 6 f SY & & A (i K-scéeens under
¥ both Bookwormand Trixie OSDo not use'Contactbob@bobrathbone.comif
you wish to use these. Also s&euch screen installatioon page4l
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Adafruit 2.8 and 3.5-inch TFT touch -screens

Theradio software supports the Adafru 5-inch TFT touch screed@0x32(. The small size can
make the controls difficult to use bittwill stillwork. It is best to use a touchcreen stylus.

31:49 Monday 18 June 201

MUMFORD AND SONS - LITTLE LION MAN

Station 10: 128Kb

Figure77 Adafruit 3.5-inch TFT touchscreen

Waveshare 2.8 and 3.5-inch TFT touch -screens

Waveshareprovide a 2.8 and 3:fch TFT touch screen (480x320 and 720x480 pixels respectively).
These have 26in DIL connector which plugs in directly to the GPIO header.

" Please note that at the time of writing this device currently only works with the

> Bookworm 64bit Operating System. A new version for Trixie OS is being worked u
Also, there is a problem with touescreen operationAlso note that screens with less
GKIFIG nynEown LAEStAE NB y2 f2y3SN adz

21:19:43 Garsamba 7 Temmuz 2021

Digital Impulse - Ambient &
{ Cafe del Mar Volumes in
: 320Kb

Figure78 Waveshare2.8-inch TFT touch screefunsupported)

Bob RathbongRaspberry PI Internet RadidcChapter 2; Hardware component

: 38
overview



The above screen shows a-#8h Wavesharéouch screer(Courtesy Recep AGuleq. Note the
revised layout due to its size when compared to theéh touch screeng. Y T 2 Nlidzy I u St e H Py
screens are not supported in this version. This may change in the future.

” Note: This software has only been tested with the RaspbernyirRitvtouch screenthe

- Waveshare 3.4nch screerand the AdafruiB.5inch TFTouch-screen. Smaller than -inch
screens may prove difficult to operate. The following resolutions are supported: 800x4888G20x
480x320 or 1024x600 pixelScreens smaller than 480x320 pixels are not supported in this version
Ay Ot dzRAYy 3. ndoyé aONBSya
Raspberry Pi 7 -inch touch screen
As an alternative to building a radio using limited LCD screens it is possible to build a radio using the
Raspberry Pi-ihch or 3.5inch touch screeor any other HDMI screen (touedtreen or otherwise).

If the screen does not have touch capability, then it is possible to use it with a mouse or keyboard or
both. Also, the touch screen can be used in conjunction with rotary encoders or push buttons.

Figuré79 Raspberry Pi 3 with -ihch touch screen

There is a very good setup guide for the Raspberry Pi tsugken at:
https://www.modmypi.com/blog/raspberrypi-7-touch-screenrassemblyguide

Connection via ribbon cable

Smallettouch screens usually plug directly into the Raspberry Pi GPIO header, however that may not
be convenient especially if you want to build it all into a c&setunately, it is possibk® purchase a
40-way DIL male to female ribbon cable which allows the display to be panel mounted.

The following illustration shows TFT screen on the connectors side. If it is required the display can be
put on the GPIO side but whle displayed upside down. Luckily it is easy to flip the display upside
down as shown in the installation instructions.
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Figure80 TFT connected by a 48in male/female ribbon cable

MHS 3.5-inch RPi Display

TheMHS3.5inch RPi Displagppears to be a badged version of the same hardware as the
2 | gSa Kl NB odndtpllationsdware is algoser$ similar

i 11:31:23 Tuesday 15 March 2022

Figure81 MHS3.5-inch RPi DisplayCourtesyBrent Fraser)

More information theMHS3.5-inch RPi Displayill be found at:
http://www.lcdwiki.com/MHS 3.5inch RPi_Display

Bob RathbongRaspberry Pl Internet RadicChapter 2; Hardware componentg:le]
overview


http://www.lcdwiki.com/MHS-3.5inch_RPi_Display

Touch screen installation

Installation of touchscreens can be complex and there are so margjilable Also, manufacturers

are struggling to keep up with constant changes to the Operating Sy#tsnmpossible for th&ob

Rathbone Computer Consultandyd @2 LINPPARS adzLJLI2 NI A F &2 dzNJ (2 dz
You need to get thRaspberry Pi Desktounning on your device before you attempt installatioh

the radio software. Below are the links to theuch screens mentioned here.

Manufacturer Model Link
Waveshare  2.8inch https://www.waveshare.com/wiki/2.8inch Capacitive Touch L
a 3.5inch (C) https://www.waveshare.com/wiki/3.5inch RPi LCD (C)
Adafruit 2.8&inch https://learn.adafruit.com/adafruitpitft-28-inch-resistive
touchscreendisplayraspberrypi/overview
a 3.5inch https://cdn-learn.adafruit.com/downloads/pdf/adafruipitft -3-
capacitive  dot-5-touch-screenfor-raspberrypi.pdf
MHS 3.5inch http://www.lcdwiki.com/MHS 3.5inch RPi Display
Osoyoo 3.5inch https://osoyoo.com/2022/12/15/o0soyo0e3-5-inch-spitouch-
displayfor-rpi/
a 5inch https://osoyo00.com/2019/09/20/instructionrfor-raspberrypi-5-
dsktouch-screen/

C2NJ 20KSNBR 3J2 (2 GKS YIydZFFOGdzNBENRE aAisS F2NJAY
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Radio variants

Before starting you need to make a choice which type of rgdinare going to buildThere are
severakombinationsof user interface and displaype whichcan beconstructedas shown in the
following tables

Table 2 Display Typeoptions Table 3 User interface options

Display Type User interface
1 Two-line 8-character LCD 1 Five or six push buttons
2 Two-line 16-character LCD 2 Two rotary encoders with push buttons
3 Four-line 16-character LCD 3 Adafruit RGB plate with push buttons
4 Four-line 20-character LCD 4  Raspberry Pi 7-inch touch-screen
5  Two-line 40-character LCD 5 Adafruit2 . 8 @.500FT
6 Adafruit 2x16 RGB Plate (12C) 6 Mouse (HDMl/Touchscreen only)
7 Raspberry Pi 7-inch touch screen 7 Keyboard (HDMI/Touchscreen only)
8 Olimex 128 by 64-pixel OLED 8 IQaudlO Cosmic controller
9 Adafruit 3.5-inch TFT touch screen 9 Pirate Radio i 6 push-buttons
10 No display (Vintage radio design) 10 IR remote control 7 LCDs. OLEDs & TFTs
11 Pirate Radio (No display) 11 FLIRC IR remote control i Windows only
12 Waveshare 1.8/ 2.°: 12 Waveshare 1.8/2.306 t
13  Grove I2C 2-line 16-char. LCD 13 pHat with 5-positon joystick and 3-buttons
14  OLED displays supported by 14 Web interface using !OMPD

LUMA (SH1106, SSD1306 etc.) 15 MPD command line client interface (mpc)
15 SH1106 128x64 1 . ®IED (SPI

interface)
16 Waveshare 1.5 and 2.42-inch
OLED with SPI interface

Anytype of HD44780WLCDdisplay carbe used with any user interfa@xcept the FLIRC IR remote
control. TheHD44780Wtan either be connected directly to the GPIO pins or viaeafled 12Galso
known as lIChackpackTheAdafruit RGB platénasa two-line 16character displagnd comeswith
five inbuilt pushbuttons.

It also has its own 12C interfaasing the MCP23017 chip so it doed require a separaté2C
backpack.

ThePiFace CABomes with a tweine 16character display and comes with six inbuilt pushbuttons.
It uses the SPI interfadeom Motorola. The touch screesican be used with or without rotary
encoders or push buttonsThe touch screemariantscan also use a mouse and keyboard.

Itisa simple choice of which display (two or four n8,16 or 26characterd.CDs or a touch screen
or HDMI scren, OLED displagr Pirate radigp and whether to use rotary encodeos push-button
switchesas the user interfaceThe rotary encodewptions give the most natural feel for the radio as
most conventional radios use knobs to control the volume and station tuniihg. keyboard
interface, whilst supporte@n the touchscreen versionds a very limited option.

There is a configuration program calleahfigure _radio.shwhich configures the choice of display
and user interface requiredt can besafelyre-run at any timeThevintageradio software(Display
option 10) specifically intended for converting an old radio to an Internet radio whilst retaining the
original look and feel of the radio. It has h€[Ddisplay.

Bob RathbongRaspberry Pl Internet RadidcChapter 2; Hardware component{e:¥
overview



The fourlinesLCDran display more informatiothan two-line versions

" Note: Thetouch screersoftware @radio.pyor vgradio.py) cannot be run at the same time
¥ as the LCD version of the radio softwarad{od.py). It is a case of using one or the oth&
ishowever it is possible to switch betwegmnadio.pyor vgradio.pyprogramsduring operation

Connecting the LCDdisplay
There are two ways of wiring up the display:

9 Directly connect the LCD to the GRI@s. Thisuses six GPIO pins.
1 Connection via an 12C backpaxknbuilt 12C interfaceThese uses the twepin 12C interface

The first choice uses more wiring butis the cheapest option. The second choice uses an 12C backpack
which is an extra component to be purchasétbwever,|2C backpacks are reasonably cheap.

Housing the radio

This manual describes a couple of ways of housing the .radiew ideas are below:
Acustombuilt case as shown in this manual

Old plastic boxes or food containers

Construct a case using Lego

Usea pairof speaker housingkat have enough room

Install in an old vintage radiweally cool)

Use an old wooden wine box

Use an old video recorde€Dplayer or desktop set

Buy a PGpeaker set with enough room to build in the radio.

Use anything else you like. Oliver Voss (Germany) used an old Fire Extinguisher

=A =4 =4 4 4 -4 -8 A -4

Figure82 Some examples of radio cases
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Take alook at th® 2 y & (i Nja#ériia@ NI &
https://bobrathbone.com/raspberrypi/pi_internet radio.htmto get some ideas that other
constructors have used.

', b2iSY 52yQi F2NHSG (2 YL | SthraughkzhhB radioK I
|A | housing to allow cooling of the RaspbernaRdl other components. If necessary, drill
least five or six holes at the top and bottom of the housing.

,9 If you decide to use a metal case (not advised) you will né&f@Ridongle with an

|> | aerial mounted externally to the casAlso,the case must be earthed at the main
supply both for safety reasons and to prevent interference with sound and/or the
screen

Building in a n IR sensor and remote control

The radio can be built with an B&nsoand
remote control. Also included is an activity LEC
which flashes when the remote control is usec

ATSOP382xgeries IRSensois used in
conjunction with almost any remote conttol
An activity LERan also be added which flashe:
every time remote contrasignal is detected.
The remote controprovides the same
functionality as the buttons or rotary encoders

Figure83 IRSensorand Remote control
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Figure84 Adafruit and IRsensor and activity D

Although nearly any remote control that you
happen tohave lying around can be used, itis
recommended to use th®aspberry PCR2025
Mini IR Remote Contrahvailable from suppliers
such aPiHut Apart from its size and price
advantage you will find a definition for this
device calleanini.toml in the
lusr/share/radio/remotes directory which will
save the effort of setting up your own.

TheAdaFruitRGB platean also be fitted with ar
IRsensor and activity LBiut needs a model B+
2B or 3B (40 GPl@ns) and 26 pin extende

" Note that a 40 pin Raspberry Bl
- needed as the AdafruRlate occupies
the first 26 pins of the Raspberry 8PI10 header
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Suggested button assignments for the CR2025 mini -IR remote control

Mute button Channel UP

Volume DOWN VolumeUP

Record button

Unused Exit button

Menu/OK Channel DOWN

Channel/Track
Selection 1999

Figure85 Mini IRRRemote control buttons
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All Raspberry Pi models using 40 -pin GPIO headers
Table4 Radio and DA@evices 46pin wiring

Pin Description Radio Name Audio DAC LCD Push | Encoder Encoder
Function Function Pin Button | (Tuner) (Volume)

1 3Vv3 +3.3V supply| +3.3V +3.3V +3.3V

2 Y 5V for LCD | +5V +5V 2,15

3 GPI102 12CData 12C Data | 12C Data

4 5V +5V

5 GPIO3 I2CClock I12C Clock| 12C Clock

6 GND Zero volts ov ov 1,3%,5,16 Common Common

7 GPIA Mute volume MUTE Knob Switch

8 GPIO14 Volume down| UART TX LEFT Output A

9 GND Zero Volts (0)Y]

10 GPIOL5 Volume up UART RX RIGHT Output B

11 GPIOL7 Menu switch MENU | Knob Switch

12 GPI0O18 12S CLK

13 GPIC27 Record button

14 GND Zero Volts oV

15 GPIO22 Mute

16 GPIC23 Channel down Rotary enc A DOWN|( Output A

17 3Vv3 +3.3V supply oV

18 GPIC24 Channel up Rotary Enc B UpP Output B

19 GPIOL0 SPIMOSI

20 GND Zero Volts

21 GPIO9 SPIMISO

22 GPIC25 IR Sensor IR sensor

23 GPIO11 SPISCLK

24 GPIC8 LCD E SPICEO 6

25 GND Zero Volts oV

26 | GPIOY LCD RS SPICE1 4

27 DNC PiDac+ Eprom

28 DNC PiDac+ Eprom

29 | GPIOS LCD Data 4 11

30 GND Zero Volts

31 | GPIO6 LCD Data 5 12

32 | GPIO12 LCD Data 6 13

33 | GPIOL3 LCD Data 7 14

34 GND Zero Volts

35 GPIO19 IQaudIDAG | 12S 12S

36 GPIOL6 IR LED out

37 GPIO26

38 GPIC20 1QaudIDAG | 12S DIN 12S DIN

39 GND Zero Volts

40 GPIC21 1QaudICDAG | 12S DOUT| 12S DOUT
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| Colour Legend Radio | 1Qaudio | 12C (shared] SPI Interfacq

Wiring Push Button radios and the record button

Wire one side of thgpushbuttonsthe GPI(in as shown in the last column déble4 on page48.

Wire theother side of the switches to either +3.3VId@Wiring scheme) or to GND (0V) (Preferred

wiring scheme recommended for new project¥)hichever wiring yowse;the radio configuration

program will ask which wiringchemels being used. Version 2 onwardgards have internal pull

dzLlk R2 6y NB&AA&G2NA | YR RefgeQncludmdtiederichiRauSeprob®ems/ | £ NE

Preferred wiring for push-buttons Original wiring scheme for push-buttons
— +3.3V
GPIO o———
Push-button T
= GPIO 4—0/
GND (0V) Push-button

Figure86 Pushbutton wiring version 2onwardsboards

The scheme chosen must benfigured usingthe pull_up_downparameter in/etc/radiod.conf to
Wda)) YR26Y

5-way Direction Combination Button Pad
' A "f\ ‘ These types of push button pads have fol
direction buttons and a single OK button. |
convention in the radio they have the
following functions:

UP¢ Channel Up
DOWNc¢ Channel Down
LEFT Volume Down
RIGHT, Volume Up
OKc¢ Menu Switch

¢ K S NB Mité batdid so just use the
Volume Down button.

Figure87 5-way button pad

These button pads come as either separate buttons which you have to solder into a standard
prototype board orthey comeready mounted on a custormade PCB.

When soldering these buttons into the prototype board you will find that the LEFT and RIGHT
odzii2ya 62yQli FAG Fa (GKSE& slyd G2 dzas GKS alyYs$
one pair of connection pins (there are two pairs) and only ugerémaining two pinsConnect one

side of each switch to GND 0V and the other to the appropriate GPIO pin for that switch.

When asked to specify the type of user interface select Buttons and set thaptd UP.
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Radios using r otary encoder s

Mute or Rotary encoderbave three

Channel . .

switch inputs namely Ground, Pin A
A Output B Output

and B as shown in the diagram
el i on the left. Wire the encoders
accordinghat shownin Table
10LCD module wiring fo 48in
Raspberry Pisn pageb8. If the
encoder also has a push buttol
\J \/ \J \J knob,then wire one side to
Tg Down To GND (0V) To Up Switch T&L\"ute o ground and the other to the
en GPIO St eBIo GPIpin. In the case of the
mute switch this will be pin 7
Figure88 Rotary Encoder Diagram (GPIO 4)Version 1 boards are
not supportedbut will probably
work.
” Warning: The push switches (if fitted) on the rotary encoder are wired differently {
y the push buttons in thearlierpush button versions of the radio. For these encode
one side of the push button is wired to GNiidt 3.3V)and the other to the relevant
GPIO.

If using a Rasion1 boardit is necessary to use Kpull up resistorgonnected between the GPIO
inputsof the rotary encodeputputsand the3.3-volt line. Donot add resistors if using revision 2
boards and onwards.

" Note: Although version 1 boards with-pth GPIO heade@re no longer supported, yo
r canstill find wiring details for these in the appendices for fRaspberry Pi Internet
Radioc Technical Refereneeanual.

This projecoriginallyuses eCOM0911712-step
rotary encodeor PEC11R series encodefsalso
has a select switch (by pushing in on the knob).
Theseared LY ONB YSyYy (i | t ¢ w2 b ly
incremental rotary encoder provides cyclical
outputs (only) when the encoder is rotated. The
other type is an absolute rotary encodehich
maintains position information even when switche
off (See Wikipedia article on rotary encodgrs

Al

Figure89 Rotary encodewith push switch

The rotaryencodersused in this projecare wired with the COMMON or GND pin in the middle and
the A and B outputs either side. Howeysome rotaryencoders are wired with A and B as the first

two pins and GNPCOMas the third pinNote thatnot all encoders come with a switch, so separate
switches for the Menu and Mute button will need to be installed. Check the specifidatbn
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SWT e : e A
. B
SW2 e p——— COM

Top View

o~y
/1IN

PinA GND PinB

Figure90 Rotary encoder pirouts

,’ Note:b 2 (i | f ¢

Yy dzF I O diNB NI thisl@ajelct NEtheyBusrO R S NE&

fine if not regrettably you will need to purchase the recommended encoders.

Using KY-040 Rotary encoders

*Output A

: \\ \nu*Output B

Ground Switch

Vce
Figure91 KY-040 Rotary Encoder

Figure92 KY-040with three 10Kresistors

Thesecosteffective Rotary Encoders
from Handson Technologyiginally
designed for use with Arduinare now
being usednore and moreby
constructors. The kK§40Rotary
Encodespecification shows that these
are powered by +5V to th#C(in
however VCC must be connected to
+3.3Vand not +5V otherwise you will
damage the Raspberry Pi

Originally theseotary encoders had
three 10K pullup resistors connected
between outputsCLKR2), DTR3) and
SWRL) to VCC supply. However,
manufacturers discovered that
developers did not necessarily want t
have the pulup resistor between the
switch connection and VCC as they
might want to connect the switch to
GND (0Vyvhen operated.
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As a result, manufacturers now tend t
supply these rotary encoders with the
R1 10K resistor omitted leavirtige
decision on how to wire up the switch
(SW) to the developeFrom version8.0
onwards an internal 10K resistor will b
added by the radio configuration
software.

During setupif using KY040 encoders
you will be askedb select the option
for either thetwo or three resistor
version

The specification shows the rotary
—O o encoders are labelled CLK(Clock),

- ~ DT(Data) and + (VCC) however itis
> © o= " more usual to label these A, B and C.

Connectt+to the +3.3V supply.
—( e Donot connect to +5V.

Note:SomeearlyK¥040encoderdhave
b a 10Kresistor(R1)between SW and

Figure94 KY-040 Circuit Diagram VCC (+3.3V)

From version 2 onwards the internal pulup resistors can be disabled with the radio configuration
programas they are not required for th¥040encoderas it has its own pullp resistorsSee
Figurel71Rotary encodeon pagell2

Waveshare Rotation Sensor
Just another name for Rotary Encoder. Waveshare make a very similar encode KtgQhe
however theGNDandVCConnections are reversed
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Figure95 Waveshare Rotation Sensor

Rotary encoders with RGB LEDs

The wiring is as follows:

SIA¢ Serial Input A

SIB- Serial Input B

SW- Knob Switch

GND¢ GND (0Vg, Warning: Opposite to th&¥040
VCC-bo ®o +

Make sure that VCC and GND are connected the
correct way around otherwise you will damage th
Raspberry Pi.

SeeTable8 Waveshare rotation sensor wirirgn
page56 for wiring information.

There are alsootary encoders available with RGB
(Red, Green, Blue) LEDs which light up the
transparent shaft. These also have a press switc
There are also versions which just have Red and
Green LEDs. These encoders are also supportes
the radio software from versio 7.4 onwards.

R For this type of rotary encoder, the cathode
Swi of the LEDs are connected to VCC (3.3V).
A _ _ VCC Unlike the standard encoders one side of tl
A+ +3.3V switch is also connected to VCC which me:
_1\ \Vi that the pushswitch works the opposite wa
m BYGYR " around to the on the standard rotary
C j _g;lg :g encoder. In this case thegb_rotarydevice
B -6 I GPIO 16 driver has to be selectedliring configuration
SW

Figure97 RGB Rotary Encoder circuit
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There are transparent plastic knobs available which on
the standard 6mm shaft. These simply press-fit onto
the shaft of the rotary encoder.

Z
=z
A
Z

They are clear so that they can be used with

illuminated rotary encoders such as the Sparkfun RGB
encoder.

Figure98 Transparent knob

The LEDs can be driven by configuring the following parametéxteiradiod.conf as shown below:

rgb_red =14
rgb_green =15
rgb_blue =16

The LEDs are driven by th@tus_led_class.pdriver software. The LEDs connect directly to the
above GPIO pins 14, 15 and 16 and are driven by 3.3 volts so gartiotilarlyneed resistors but
100 Ohm resistors can be ustdreduce the brightness

'9 Warning Do not under any circumstances connect these rotary encoders to +5,V
A evenif the specification says sotherwise the Raspberry Pi will be irreparably
damaged!

RGB I12C rotary encoders

These Rotary Encoders use three Red, Green and Blue (RGB) LEDs in the Rotary Encoder Shaft. This
type of rotary encoder is entirely driven by the 12C interfa@ge drawback of these encoders is that
they do not have a push button meaning that these minsttalled extra to the encoders.

Figure99 Pimoroni RGB 12C Rotary Encodel

These encoders contakuvotonMS51XB9ARicrocontrollerwhichlet youdirectly control the RGB
LEBinside the encoderThe default2C address is OxOF but it is possible to configure a second
devicefor the Channel encodewith a separate 12C address (0x1F for the radio proj&tt.
encodersalso use an interrupt pin (INT). The default interrupts are GP1022 for the Volume control
and GP1023 for the Channel interrupt. Seble9 RGB 12C Rotary Encoders winmgpages6.
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Figurel00Radio prgect using RGB 12C rotary encoders

The above photo shows two RGB 12C encoders (Volume 0xOF and Channel Ox1F) running the radio
software. The Mute and Menu buttons are wired the samehasstandard encoders. Also shown is
128x64 pixel OLED also connected by 12C (In this case with 0x3C as the address).

Rotary encoder wiring

The following tables show how to wire up tfeur types ofrotary encodersised in this project
The first table shows how to wire up conventional rotary encoders (withoutyquliesistors). These
have five connections A, B, C and two connections to the switch-i§ae900n page51

Table5 Radio AB, C Rotary Encoder Wiring

Radio Volume
Function Rotary Encoder

GPICPin | Description

Channel
Rotary Encoder

9 GND Zero volts CommonC

16 GPIC23 Channel up/down Output A

18 GPIC24 Channel up/dowrn Output B

11 GPIQL7 Menu switch Knob SwitchH *
GND GND oV Menu switchGND| Knob Switct2 *

GNDis found on physical pins 6, 9, 14, 28, 30, 34 and 39.

* Note: In the case of RGB LED RoEargoders one side diie push switch is wiretb the VCC
(3.3V)supplyinternallyin the switch The GPIO goes from low to high whée button ispushed.
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Table6 RGB LED Rotary Encoder switch wiring

7 GPIO4 Mute volume Knob Switch

+3.3V | VCC a Internal connection

11 GPIQL7 Menu switch Knob Switch
+3.3V | VCC a Internal connection

The second table shows how to wire up-849 rotary encoders (fitted with pulip resistors). These
have five connectionsamely CLK, DT, SW, VCC and G¢BFigure94 KY¥040 Circuit Diagramn

page52

Table 7 KY-040 Rotary Encoder Wiring

GPICPin| Description Radio Volume Channel
Function Rotary Encoder| Rotary Encoder

1 3Vv3 +3.3V supply +3.3V(VCG

6 GND Zero volts Common (GND)

7 GPIO4 Mute volume Knob Switch (SW

8 GPIA4(TX)| Volume up/down| OutputA (CLK

10 GPIA5 (RX) Volume up/down| OutputB(DT)

17 3V3 +3.3V supply +3.3V(VCC 3.3V)

9 GND Zero volts CommonC(GND)

11 GPIQL7 Menu switch Knob Switch (SW)

16 GPIC23 Channel up/dowr Output A (CLK

18 GPIC24 Channel up/dowr OutputB(DT)

Table 8 Waveshare rotation sensor wiring

GPICPin| Description Radio Volume Channel
Function Rotary Encoder| Rotary Encoder

1 3Vv3 +3.3V supply +3.3V(VCG

6 GND Zero volts Common (GND)

7 GPIOX Mute volume Knob Switch (SW

8 GPIA4 (TX)| Volume up/down| Input B (SIB)

10 GPIA5 (RX) Volume up/down| Input A (SIA)

17 3Vv3 +3.3V supply +3.3V(VCC 3.3V)

9 GND Zero volts CommonC(GND)

11 GPIQL7 Menu switch Knob Switch (SW)

16 GPI23 Channelup/dowr InputB(SIB

18 GPIC24 Channel up/dowr Input A(SIA

Warning:GND and VCC are the opposite way aroundK&@40Rotary Encoder.

Table9 RGB 12C Rotary Encoders wiring

GPIO Description Radio VolumeRGB 120 ChanneRGB I2q Optional
Pin Function | Rotary Encoder| Rotary Encoder| 12C display

1 3Vv3 +3.3V supplf VCC +3.3V VCC +3.3V VCC +3.3V

3 GPIO2 SDA SDA SDA SDA

5 GPIO3 SCL SCL SCL SCL

Bob RathbongRaspberry Pl Internet RadidcChapter 3 Wiring and Hardwar



22 Volumelnterrupt | n/a INT

23 ChannelInterrup| n/a INT

60or9| GND Zerovolts | GND GND GND

3,5 I2Cconvection I12C address| Hex OxOF Hex Ox1F Hex 0x3C*
7 GPIO4 Mute Mute Button

11 GPIO17 Menu Menu Button

* Example OLED 12C addredsch will differ depending upon the attached device.
The above table shows two RGB 12C encoders. The 12C address for the Channel Rotarysencode
configured with thegb_set_i2c_address.pytility.

$ ./rgb_set i2c_address.py
RGB 12C Rotary Encoder set new 12C address Oxf

Usage: sudo ./rgb_set_i2c_address.py - help
-- i2c_address=<i2c_address>
-- new_i2c_address=<new_i2c_address>

Recommended values for current and new addresses are OxOF and Ox1F
Run "i2cdetect -y 1" to check 12C address before and after

First only plug in one RGB I12C Rotary encoder with hex adakeBs

$ cd /usr/sharefradiod
$ sudo ./rgb_set_i2c_address.py -- i2c_address=0x0f I new_i2c_address= Ox1F

Below is the output of thé2cdetect-y 1utility with two RGB 12C rotary encode 8xQFandO0x1H
and an OLED display (0x3C)

$ i2cdetect -yl

0123456789 abcdef
00: — e e e e e -
10:
20:
30:
40:
50:
60:

70:

3¢ - - -

Optical Rotary encoders

Optical rotary encoderare much more expensive than the mechanical (conductive) rotary encoders
previously shown.Theyoffer the higher resolution compared to mechanical ones. They are usually
used for scientific and industrial applications. They are overkill for this project but may beTisgsd.
software has beesuccessfullyested with an HRP@BSCA #16F optical encoder from Avegee
https://media.digikey.com/pdf/Data%20Sheets/Avago%20PDFs/HRPG Series.pdf

LCD Module Wiring
The following shows the wirinfgr a directly wiredHD44780W.CDxontroller. It has 16r 18pins.
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Table 10 LCD module wiring f@t0-pin Raspberry Pi's

LCD [ GPIO Pin Description

Pin 40pin 40 #

1 n/a 6 Ground (0V); Wire this directly to LCD pin 5

2 n/a 2 VCC +5V

3 n/a Notel Contrast adjustment (OV gives maximum contrast)

4 GPIO7 26 Register Select (RS). RS=0: Command, RS=1: Data

5 n/a 6 or9 Read/Write (RW). Very important this pin must be
grounded!

R/W=0 (GND): Write, R/W=1 (+5V): Read.
Will damage the Pl if not grounded (0V). Wire LCD p
and 1 together

6 GPIO8 24 Enable (EN)

7 Data Bit 0 (Not required in-Bit operation)

8 Data Bit 1 (Not required in-8it operation)

9 Data Bit 2 (Not required in-Bit operation)

10 Data Bit 3 (Not required in-8it operation)

11 GPIO5 29 Data Bit 4 (D4)

12 GPIO6 31 Data Bit 5 (D5) Note if using IQaudd@ducts GPI022
conflicts !!

13 GPIO12 32 Data Bit 6 (D6)

14 GPIO13 33 Data Bit 7 (D7)

15 n/a 2 LED BacklighAnode (+5V) or Red LED (AdafR&B
plate ) [2]or VEE negative voltage on Midas HD4478

16 n/a 6or9 LED Backlightathode (GND) or Red LED [2]

17 Optional Green LED (AdafrRGB plate) [2]

18 Optional Blue LED (AdafriRGB plate) [2]

Note I If using the Midas displayith VEE on pin 1&o not connectthis pin to the +5V
" supply or you will damage the display. Connect pin 15 as shown in the section ca
R .

Midas LCD displayn page2l

« Note 2 The contrast pin 3 (VE) should be connected todeterpin of a 10K
, potentiometer. Connect the other two pins of the potentiometer to 5v (VDD) and
(VSS) respectively. Adjust the preset potentiometer for the best contrast.

) Note 3: The standard LC&mes with 16 pins. Adafrustupply an RGB backlit LCD wit

[ two extra pins namely pins 17 and 18. These are-simmdard. These must be wired
ground (0 Volts) to work. For more information see the secti@ng the Adafruit
backlit RGB LGIisplayon page80.

The following diagram (Courtegyotostack.con) shows the electrical connections for the standard
16 pin LCEDo not use this diagram for Midas displays. See insk¢idas LCD displayn page2l
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VSS VDD VE RS RW EN DO D1 D2 D3 D4 D5 D6 D7 BLA DLK

Figurel01HD44780U.CD electrical circuit

The standard LC&@mes with 16 pins. Adafrusupply an RGB backlit LCD with two
extra pins namely pins 17 and 18. These are-stamdard. These must be wired to
ground (GND 0 Volts) to work. For more information see the setti&ing the Adafruit
backlit RGB LGiisplayon page80.

_ @ The Read/Write (®/) pin 5 must be
VA AR Wire pin 1 r _connected to pin 1 (_OV_)It is very
% \\\\\\\ - and 5 ~_important that this pin is grunded!
' together If pin 5is not grounded it will damage the
Raspberry PI. Always wire LCD pin 5and 1
directly together. Do not rely on grounding
pin 5 with a GND wire on the connector. If tf
wire drops off then the LCD data lines will by
put into write mode putting +¥ on the GPIO
%\ pins which will probably cause irreparable

\ N damage to the Raspberry Pi. If using an 12C

) ‘f_"( backpack this step is not necessary as it is

Figure102Wire LCD pin 1 (GND) and 5 (RwW) already done in the backpack.
together

74

Warningg Some LCD displays such as the Midas with VEE have a different voltag
arrangement for Pin 15 and Pin 5 (Contrast). Pin 15is an output which provides a
negative voltage (VEE) which connects to one end of the 10K contrast potentiome
and the other endo +5V (VDD). Connecting +5 Volts to pin 15 will destroy the LCL
device. See section callddidas LClisplayon page21for further information.

Note: All settings in théetc/radiod.conf file use GP1O numbers and NOT physical
numbers. So, in the above exampdd_widthis GP1O 16 (Physical pin 36).

There is a useful program callearing.py which will display physical the wiring require
for the settings found iretc/radiod.conf.

Also, there is another program calléest _gpios.pywhich will test for button or rotary
encoder events. For example, you are not sure how you have wired a button or rc
encoder this program will confirm this for you.
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Power supply considerations

The Raspberry Bixcept for the model 4Bses a standard Micro USBpe B) power connector,
which runs at-5V. The model 4B uses a/®It 3Ampere power supply with a USBadaptor. In
generalthe Raspberry Rlan draw up t®.5 Many telephone adapterare not suitable You also
need to consider the LCfareenwhich can also need up to 20mA but depends on the type of
backlight.

Try to find gpoweradapterthat delivers at least.5 Ampere As mentioned above 25Asupplywill
be required to run a Raspberry Pi model 5

http://elinux.org/RPi VerifiedPeripherals#Power adapters

The Raspberry Ran be powered either the U$Brt or via the GPl@eader(Pin 2or 4). Some
prototypingboards used to providpower in this way.

If using an adaptor or separafevolt Power Supply try to use a switch@dode power supply
adaptor. Thigakesless current and generate less heat that a power dissipation delfiagaower
supply is designed to be earthed then usg-eore cable with live, neutral and earth wires.

Things not to do:

f
1
f
f

Do not try to tap off power from the Powesupply or tansformerused bythe & LIS I { S N &
amplifierd ¢ KA & dgearth @dpsan@chid cause damage to the Pl and peripherals.

Do not tap off (cascade) from the amplif®Csupply 2 voltsfor example) with another 5V
voltage regulator. This will most likely cause interference.

Do not feed power to the PI from two sources (U8B and Power adapter). Try to use USB
Kdzoa GKI G R2Yy Qlirough$h& BSBportdd thdiRieny PIO]

Do not connect an untested power supply to the Raspberwyifbut checking the voltage

first.

Things to do:

1

=a =9

Use double pole mains switches for isolating the mains supply when switcheAl loffof
European plugs can be rewed leaving the live wire uswitched if using a single pole
switch.

If using a metal case always earth it and uskerae-pin plugwith earth pin

Use the official Raspberry Pi power supply. If you wamé¢éal the5-volt supplydirectlyto
the GPIO headegrou can do so but you must ensure that you are only using a highly
regulated +5V supply and typically must be able to deliv&n$s and must be connected to
physical pin 2 or4

You should try to use a single power supply switstthe radio.Connect the AC powesupply of the
adaptor to themainsswitch. This switch can also provide the mains supply to the speaker amplifier
Also see the section goreventing electrical interferena page76

Always consider safety first and make sure that+ome including yourself can
receive an electric shock from your projertcluding when the case is open
Also see disclaimer on pagzl0

Also seéAppendix B Using a batterypackon page248
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GPIOHardware Notes

The following shows the pin outs for the GRi@son revision 1 and 2 board&or more information
see http://elinux.org/RPi_Lowlevel peripherals

Pin1

Pinl Pin 2

+3V3 +5V
GPIO2 / SDA1 +5V
GPIO3 / SCL1 GND
GPIO4 TXDO / GPIO 14
GND RXDO / GPIO 15
GPIO17 GPIO 18
GPIO27 GND
GPIO22 GPIO 23
+3V3 GPIO 24
GPIO10 / MOSI GND
GPIO9 / MISO GPIO 25
GPIO11 / SCLK CEO# / GPIO8
GND CE1# / GPIO7
ID_SD ID_SC
GPIOS GND
GPIO6 GPIO12
GPIO13 | GND
GPIO19 GPIO16
GPIO26 GPI020
GND GPIO21

Pin 39 Pin 40

Figure103GPIOPinNumbers

[,’l Note:All40LIA Y wl & LJ0 S NNE thels@ne pifoutd S G KS at YS
»
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Construction using an interface board

LG AayQi ySOSaalNeE G2 02y aidNididoésknske Wdinkeagce O2 Yy S
easier and isnuchmore reliable and will be needed if you wish to connect to the Raspberry Pi using
aribbon cable. Always bring the ribbon cable into the top of the board as shoWwigirrel04

below. Ifthe ribbon cable is connected to the back (underside) of the board the two rows 4@the

pin connector will be swapped ovein the next section how to use breakout boards is covered

which may be an easier alternative for many constructors rather than building your own.

00000 -

88888, %%%%%% =

0Q 30 00"0 =

9 ‘ (>§’s x
000000
000000
00000
0000

Figre10440-pin Interface board with ribbon cable

The figure below shows a 4xRiD44780U.Cplugged into the interface board

»
"q'unn'nvuu-.‘(l A

T /IOV0 R KW K DO D Du D8 D4 L3 e DT & K

o
te
L]

Figure105Interface bard it LD creen attached
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Below is the other side of the interface boatowing the connections to the rotary encoders, an IR
sensor the IR activity LED.

Figurel06 Radio controls connections

Below is the complete overview of the interface card with some test rotary encoders, an IR sensor
the IR activity LED.

Figurel07Interface board overview

There are various interface boards available on the market for boghir2@&nd 40pin Raspberry Pls.
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