Amateur Radio with a Raspberry Pi

Randy Wilkinson
WAARS

Washington Digital Radio Enthusiasts ARC
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What is a Raspberry Pi Computer?

Credit card sized single board computer
ARM Processor

Limited memory, not expandable

Low power consumption, USB cable
MicroSDHC card for Hard Drive
USB ports for peripherals

HDMI port for monitor and sound
GPIO pins for external I/O
Poor Quality Sound Card

Debian derived Linux Operating
System (usually)

List Price: S35




What models were made?
- Orlgmal RPi Model B:

Released Spring 2012
700 Mhz single processor
256 MB RAM

SDHC card for Hard Drive
2 USB ports

100 Mbps Ethernet

e RP| Model B+:

700 Mhz single processor
512 MB RAM

SDHC card for Hard Drive
4 USB ports

100 Mbps Ethernet

e RP| 2 Model B+:

900 Mhz Quad Core processor
1.0 GB RAM

MicroSDHC card for Hard Drive
4 USB ports

100 Mbps Ethernet

e RP| 3 Model B+:

1400 Mhz Quad Core processor, 64 bit
1.0 GB RAM

MicroSDHC card for Hard Drive

4 USB ports

100 Mbps Ethernet

802.11 b/g/n WiFi and Bluetooth LE



Basic Hardware

CANAKIT RASPBERRY PI
QUICK-START GUIDE
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* Raspberry Pi Model 3 B+ W s

2.4A Power Supply - ™

* Class 10 Micro SDHC card '
* 8GB Minimum

* HDMI A/V cable
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* USB SDHC Card reader
* USB Keyboard & Mouse
* HDMI Monitor or TV

Raspberry Pi 3 Model B V1.2 © -

_@‘Rasyberry i20

% FCC ID: 2ABCB-RPI32
1C: 20953-RP132




OS Software

* Debian Linux — Raspbian

* Latest Linux kernel and OS components
Current version is Raspbian Stretch
On-Line repositories of thousands of software packages

* Available programs are easily installed

* Aptitude manages software installation
Other programs through 3 party repositories and .DEB files
Downloadable as bootable image

®* Compass Linux from NW Digital Radio
Based on latest Raspbian Linux
Purpose built for Amateur Radio Applications



Linux

Linux Kernel

* X Windows
* Various GUI Desktops and Frameworks 5\

* GNU Utilities and programming languages

Popular Distros:
Linux Mint
Debian

Ubuntu
OpenSuse
Manjaro

Red Hat
CentOS Richard Stallman
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Ham Radio Applications
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Digital Voice Hotspot

D-STAR
 DMR
* Fusion
e P25
e NXDN
* POCSAG

Digital Voice AMBE Dongle
AMBE Server

DEBVAYIS

DR-1X Repeater Controller

* IRLP node

* Packet Radio / APRS

* Rig control

* CHIRP

* But wait...there’s more

* Software Defined Radio-Not!



Digital Voice Hotspot



Digital Voice Hotspot - Hardwere

R
o

RPi Computer with:
5 ,,/Original DVAP
DVAP (MMDVM software) '

DVMega (MMDVM software)

DV4Mini (proprietary software)
ZUMSpot/JumboSpot (MMDVM software)
GMSK Modem (BYOR) (MMDVM software)

On-Board low power radio transceiver, 10 mW
Use with your DV transceiver

-

-

-

-

MoenComm

Create your own DV mini-repeater, simplex GMSK Modem
Connect to any repeater or gateway through your home Internet



/UMSpot DV Hotspot - Hardware

* Raspberry Pi Zero W with ZUMSpot Radio Board
* All work with Pi-Star Software

JumboSpot - Chinese Clone of ZUMSpot

RPi Zero with ZUMSpot Board ZUMSpot USB



Digital Voice Hotspot - Software

* Pre-Packaged MicroSDHC card images:
D-STAR Commander Image

* Easiest setup. Up and running in 30 minutes.

" Western D-STAR Image

" Excellent alternative
Maryland D-STAR Image
Each based on G4KLX ircddbgateway software
®* Roll-Your-Own:
* Compile irdccbgateway from Source
Precompiled ircddbgateway (Compass Linux)



Digital Voice Hotspot - Software

* Pwe-Packaged MicroSDHC card images:

D-STAR Commander Image
* Easiestsetup. Up and running in 30gMnutes.

* Western D-STAR Image
* Excellent alternatiug

Maryland D-STAR Lafag

Each based op#G4KLX ircddUgateway software
®* Roll-Your;@&Wwn:

* Cothpile irdccbgateway from Source
Precompiled ircddbgateway (Compass Linux




Digital Voice Hotspot - Software

N E Star Software from Andy Taylor - MWOMW?Z
Image for Raspberry Pi SDHC Card

* Easy setup. Up and running in 30 minutes.

* MMDVM Software from G4KLX

* Provides all the popular DV formats
* Excellent dashboard
* Web Browser based configuration and operation



Hostname: pi-star PFi-Star:3.4.17 / Dashboard: 20150310

Pi-Star Digital Voice Dashboard for W4LKS

Dashboard | Admin | Configuration

Modes Enabled

YSE P25 @7:39:@8 Mar 13th -Star  [K7R] QCQ via REF029 8.9
YSF XMode NXDN CHEE N 1= g ol tiiE m e
DMR XMode  POCSAG SHEEEEEE e IogEs el DESils

07:35:12 Par 13th 1a ReFo20 e 575 ox |

Network Status 87:31:51 Mar 13th |-:c:951::| CQCQCQ via REF29 15

SRl [27:29:58 Mar 13th QCQCQ via REF@29
YSF Net LIS [07:259:16 Mar 13th _ el DESils [Net | 31.9 |
YSF2DMR  NXDN Net ol tiiE _m
REII GNP L (07:22:14 Mar 13th - =

IO PSS (07:26:12 Mar 13th 4LK"‘!’232“ _ | 91.2 | ex |

87:18:@3 Mar 13th - 0 REF829
Radio Info : 3_ ia REF@29

 via REF029 _

441.100000 MHz LGl el DEFLE m
441.100000 MHz | [67:11:15 Mar 13th - bl JELL bl RESLES
DVMEGA HR3.19 o ol o - > LGl el DEFLE
87:10:47 Mar 13th - CQCQCQ via REFO29 _

ssErrss | e NSDZ0/LE0 |COCQCQ via REF@29 e 7.6 | or
RPTL 87:05:48 Mar 13th D-Star  |WA7BFN/DUFF ) via REF@29

RPT2 87:04:14 Mar 13th D-Star [N6CZE/AMBE ia REFB29 m

D-Star Network
rotate.aprs.net

Time (PDT)

rr.openguad.net
@7:28:12 Mar 13th

Linked to REFB29 A
{DPlus Qutgoing)

Pi-Star / Pi-5tar Dashboard, © Andy Taylor (MWOMWZ) 2014-2019.
ircDDBGateway Dashboard by Hans-1. Barthen (DL5DI),
MMDVMDash developed by Kim Huebel (DGSVH],

Meed help? Click here for the Facebook Group
or Click here to join the Support Forum
Get your copy of Pi-Star from here.




Pi-Star:2.4.17 { Dashboard: 20190310

Pi-Star Digital Voice - Configuration

Dashboard | Admin | Expert | Power | Update | Backup/Restore | Factory Reset

Gateway Hardware Information
Hostname Kernel Platform CPU Load CPU Temp
pi-star 4.9.35-v7+ Pi 3 Model B (1GB) - Embest, CH | 8.52 / 8.42 / 9.324 | 53.7°C / 128.7°F

Control Software
Setting Value

Controller Software: DStarRepeater '® MMDVMHost (DV-Mega Minimum Firmware 3.87 Required)

Controller Mode: ® Simplex Node Duplex Repeater (or Half-Duplex on Hotspots)
| Apply Changes |

MMDVMHost Configuration

DMR Mode: RF Hangtime: (40 Net Hangtime: (40

D-Star Mode: o ) RF Hangtime: 40 Net Hangtime: (40

YSF Mode: RF Hangtime: (20 Net Hangtime: (20

P25 Mode: RF Hangtime: 20 Net Hangtime: (20

NXDN Mode: RF Hangtime: (20 Net Hangtime: (20

YSF2DMR :

YSF2NXDN:

YSF2P25:

DMR2YSF : Uses 7 prefix on DMRGateway

DMR2NXDN : Uses 7 prefix on DMRGateway

POCSAG: POCSAG Paging Features

MMDVM Display Type: Mextion ¥ | Port: /devityUSB0O v  Nextion Layout: | G4KLX
| Apply Changes |







DV AMBE Dongle

* DV with NO radio transceiver. |
" Internet Labs DV Dongle (5190) . =
* Internet Labs DV 3K Dongle (SlSO)\“":’ oV 31K
* NWDR ThumbDV (5120)
* NWDR PiDV (5100)
* DVMega DVStick 30 ($130)

®* Has AMBE vocoder on-board
®* Plug into USB port

® Use your computer Mic/Headset
as transceiver, even Android phone

® Use Blue DV Software for Android and Windows PCs







AMBE Server

Allow use of a single AMBE chip to be shared over your network
Use RPi, ThumbDV or PiDV, and ambeserver software

Connect to server from any computer on your network using
G4KLX’s dummyrepeater
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BE AN

* Written by Dan Smith, KK7DS

Utilize the data portion of the D-STAR transmission to send any
kind of data

Send messages, transfer files, have live chats over your D-STAR
radio

Connect to D-RATS servers directly through the network
Installable from the normal Raspbian software repository



® D-RATS: WALKS
File View Help
Messages Chat

&

Forward

| Drafts
E Inbo
Cutbox
Sent
Trash

Files Event Log

¢ 8§ H
Reply Delete  Mark Read Mark Unread Send

Sender 4 Recipient 1 Subject

&

/Receive

-

1 Type 4 Date ~

Stations (0)

My Status
Online

Online (D-RATS)
WALKS




® D-RATS: WALKS
File View Help
Messages  Chat Files  Event Log

ey = '
Add Filter Femowve Filter Join Channel Open Private Chat

D-RATS v0.3.3
Copyright 2010 Dan Smith (KK7DS)

Main [RAT] [WATDRE]

WATDRE |~ |l

Cuick Messages
QsTs

Stations (0)

My Status
Online

Online (D-RATS)
WALKS




DR-1X Repeater Controller



DR-1X Repeater Controller

Add new capability to the $500 Yaesu Fusion Repeater
DR-1X from the factory: Analog and C4FM digital

NW Digital Radio UDRC-II Controller + RPi adds:
D-STAR Digital, DMR, Fusion, NXDN, etc.

Connect to world-wide DV networks using
PiStar and MMDVM

Newest version from NW Digital Radio is
called DRAWS, adds more features
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IRLP Node

* PIiRLP Complete Kit bundle from Internet Radio
Linking Project ($330)
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West Side Node, Tiger Mountain — IRLP Node 3636 connected to IRLP Reflector 9075



Seattle

Tiger Mt.
K7NWS
224.34

110.8 hz

ON OFF

866% / 867*%

Echolink
WA7HJR-R

=808"
ON OFF

800% | 801%

Any IRLP
ode

IRLP
Node 3636

Ellensburg/
Wenachee

WBARA_Rep'eaES '

Spokane

East-West Trunk

Echolink
Node 3638 KB7ARA-R

IRLP Reflector
9075 Montana

Courtesy: Dave-KLTM
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Packet Radio

®* TNC-Pi (S40 Kit, S65 assembled)
* APRS applications
* Winlink, Other applications?
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APRS

®* Linux Software:

Xastir
* Graphical, map based APRS display, i-gate, messaging
BYO TNC
* Old-ish GUI
YAAC — Yet Another APRS Client
* Java based, platform independent
* Very nice maps
Direwolf
* Software and soundcard based TNC / APRS Digipeater / i-gate / APRStt Gateway
APRX - Linux based Digipeater, i-gate

Aprsg -Simple i-gate runs as a background service



Rig Control —and digital modes



Rig Control —and digital modes

* FLDigi
* Easily installed from the usual software repository
Need USB sound card (Signalink, etc.)
Does all the usual digital modes (PSK31, RTTY, etc)
Large list of HF rigs can be controlled
* QSO and Contesting Logging
Easily controlled remotely using VNC

®* WSITX
* JT65, F8, etc.




enon fidigi / RigCAT - FT-857 - kk5vd
Fle OpMode Configure View Logbook  Help _ Bl |8 RxD |8 TxID | TUNE|
)} \Off 0247 | Out
op| iAzf
st e | Loe]

<DATA 89 BE38>{2476: 12} gNxdNxFUMgopwcrA+PYOmaK41KBBCZ 157 jPHY3/oF LLWFYSOINCSzA1e0sFute =
<DATA 89 6BA9>{2476:13}x7j24CndnkrnT7NatM/FtOx filuvyOmhwXbKdDf8gIE4iIMFD1ERWDK]IZWOB/L3 —
<DATA 89 1B16>{2476:14}250y2YTAeFOA+Iz8bIoWefqybmaOGfeYedgD46)19A7aG311VHeRRKF ] 17n6pb

. <DATA 89 8586>{2476:15}K02bRFUVUK/IKmGa++T3vOSxIxgr+xvyITEkxApTC/9r1RHS4++d7gmlD2nh+t

|| <DATA 30 £991>{2476:16} fGUfiumSAs= .|
[b64:end]
<CNTL 10 8501>{2476:E0F}

14433217 | || <CNTL 10 2500>{2476:E0T}

DE KK5VD K

[ SKH  [MelQILV [ BragLV Me/QTHSV| Brag SV Oivia 16/50( DominoEX 8DominoeX 4

Call  LogQsO lcw-oaulwemc [spsxm BPSK63 | BPSK 63F |BPSK 125 U2
)

WF ¢ 6 e 67 o] xt J4[m[» ] FasT \«I«] 1499 [»[w] asy | swre |k
PSK6IRC20  |sn16dB  |imd-300B | [w[¢] 30 [»|w|®] arc
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CHIRP

* Written by Dan Smith, KK7DS
Amateur transceiver memory programming

Wide assortment of supported radios

Import frequencies from RFinder, RepeaterBook, etc.
Written in Python, works on any platform
Works great on Raspberry Pi

USBbuddy from Powerwerx
Provides ample USB power from
your car to run an RPi.




File Edit WView Radio Help

[ Ceneric CSV: Unkitled.csv® X |

[Memaries Memory range:[1| :| - [250 :||E| [] special Channels Show Empty

D-5TAR | | oc v Frequency Mame  ToneMode  Tone  ToneSgl  DTCSCode DTCSPol  Duplex

1 145110000 WTEXH Tone 100.0 88.5 023 MM -
145110000 KBTPSM  Tone 103.5 88.5 023 MM -
145110000 WTEXH Tone 100.0 88.5 023 MM -
145110000 KETLMR Tone 162.2 88.5 023 MM
145130000 KT TWL Tone 100.0 88.5 023 MM
145150000 WTMYW  Tone 100.0 88.5 023 MM
145150000 WATROEB Tone 94,8 88.5 023 MM
145150000 WITNYW  Tone 110.9 88.5 023 MM
145150000 WATTYD Tone 162.2 88.5 023 MM
145150000 MTEZY Tone 162.2 88.5 023 MM
145170000 WTNYW  Tone 110.9 88.5 023 MM
145170000 WTEXH Tone 100.0 88.5 023 MM
1451920000 WATABL Tone 100.0 88.5 023 MM
1451920000 KeQIE Tone 162.2 88.5 023 MM
145190000 W70oC Tone 146.2 88.5 023 MM
145120000 WINTO  (Mone) 88.5 88.5 023 MM
145210000 WABRHE. Tone 136.5 88.5 023 MM
145210000 MTHTM Tone 110.9 110.9 MM

4 AF Ta e A TR T e - L

[0] Completed Getting memory 250 (idle)




Other Ham Radio Applications
* TAPR WSPR-Pi 20M QRP Transceiver

* ADS-B Aircraft tracker using an RTL-SDR dongle - FlightAware
Simple Low power FM-Wide Transmitter

Echolink using SVXLink software. Quad core Pi only.

RPi based analog repeater controller usmg SVXLmk hardware

.

openrepeater.com | 4

®* PiClock — Wall clock with weather @
Antenna design

Satellite tracking

Lots more! 129 packages under

“Amateur Radio” in Linux Mint

-

-




73 de WALKS kn

* DV8 Digital modes net in Spokane on 146.56 mHz simplex
* Tuesdays and Thursdays at 1900, Sundays at 2000
®* Information on our Groups.io page: https://groups.io/g/wa7dre



