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Introduction
NoMachine is software that allows you connect between computers running a variety of operating systems. You can run NoMachine as a server and accept incoming connections, or as a client to log onto remote systems. NoMachine is available for free personal use at http://www.nomachine.com. NoMachine connections use the NX protocol, which is based upon SSL, so remote sessions are encrypted and secure. NoMachine can be installed on all major operating systems, including Windows, MacOS, Linux, and Android.

The NoMachine server for Raspbian, the Linux distribution that runs on the Raspberry Pi, has the ability to interface with a Linux PulseAudio streaming audio server. This allows us to use a NoMachine server to stream audio coming into and out of a Raspberry Pi. We can not only use NoMachine to listen to audio from an amateur radio transceiver, we can send audio into the transceiver for voice contacts.

NoMachine’s streaming audio capabilities are primarily intended for logging onto a remote system for two-way video or VoIP conferencing. This means that by default, audio on the remote system’s output device, most likely a speaker, is streamed back to the speakers or headphones on the user’s computer. Audio from the mic of the user’s computer is streamed to the mic of the remote system.

In amateur radio use, we instead want audio from the user’s NoMachine client sent to the mic input of a radio connected to the NoMachine server on the Raspberry Pi. This might be audio going into a radio’s mic input from a USB soundcard, or more commonly in newer radios, to the radio’s built-in USB audio interface. Inversely, we want output audio from the radio connected to the Raspberry Pi to be streamed to headphones or a speaker on the user’s computer. This audio might be sampled by a USB soundcard connected to the Raspberry Pi or in more modern radios, this might be output by a built-in USB audio interface. We use Linux shell commands to reconfigure NoMachine’s interface to PulseAudio on the Raspberry PI to redirect audio streams to and from the NoMachine program running on the user’s computer.

Please see Figure 1 for an overview of the entire remote operation system architecture. Figure 2 shows details of software inside the Raspberry Pi.
Flrig is used for control of the remote radio. Actual operating is done with the Fldigi and WSJT-X programs for digital modes and CW. For voice operations, you can use the mic to the client computer for audio to be streamed to the Raspberry Pi.
Identifying PulseAudio Sources and Sinks
You will need to write a short Linux shell script on your Raspberry Pi to connect your radio’s audio to NoMachine so that audio can then be streamed to and from your remote device. To do this you will need to find names of your radio’s input and output devices.

PulseAudio describes audio streams as either sources or sinks. A source is an audio input like a mic that generates sound. A sink is an audio output device like a speaker. The first step is to identify the PulseAudio source and sink for the USB soundcard that is connected to your radio.

The following command will list all your system’s sources and save them to a file named sources.txt:

pacmd list-sources | grep -e 'index:' -e device.string -e 'name:' > sources.txt

This is the command to list your system’s sinks and save them to a file named sinks.txt.

pacmd list-sinks | grep -e 'index:' -e device.string -e 'name:' > sinks.txt

On my Raspberry Pi connected to the IC-7200 USB soundcard, my sources are as follows:

 index: 0
	name: <alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo.monitor>
		device.string = "1"
 * index: 1
	name: <alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo>
		device.string = "front:1"
 index: 2
	name: <alsa_output.platform-soc_audio.analog-mono.monitor>
		device.string = "0"

Based up this, we see that the input USB device to the IC-7200 is named “alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo”.

Here is the list of sinks on my Raspberry Pi:

* index: 0
	name: <alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo>
		device.string = "front:1"
 index: 1
	name: <alsa_output.platform-soc_audio.analog-mono>
		device.string = "hw:0"

We can see that the output USB device to the IC-7200 is named “alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo”.
Writing a Linux Shell Script to Redirect PulseAudio Streams
Now that you’ve identified the audio sources and sinks associated with your radio, you are now ready to write a short Linux shell script to redirect these streams to and from NoMachine.

First, we will configure the output from your radio’s USB soundcard as the default source on your Raspberry Pi:

pacmd set-default-source alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo

We will now redirect the radio’s output to NoMachine to be streamed back to you on your remote system. NoMachine will always send audio received by the default sink on the Raspberry Pi to your remote computer, so we must find a way for your radio’s output audio to be sent to the default sink. Remember, a typical use case for NoMachine is to connect to a voice conferencing system where the audio output of the conferencing system is streamed back to your computer. Instead of the output of the conferencing system, we want the output audio of your radio streamed back to you.

We can accomplish this by creating a placeholder sink named “dummy” and making this our default sink. We will then connect the output of our USB soundcard to this placeholder sink. NoMachine will latch onto the dummy sink because we’ve made it the default sink and the audio will be streamed by NoMachine back to your remote system.

pactl load-module module-null-sink sink_name=dummy
pacmd set-default-sink dummy
pacmd load-module module-loopback source=alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo sink=dummy

Our final step will be to connect your remote computer’s mic to the USB input of your radio. NoMachine sends audio to the Raspberry Pi using a source named “nx_voice_out”. Our Linux shell command to redirect this to the radio’s USB input is:

pactl load-module module-loopback source=nx_voice_out.monitor sink=alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo

Putting it all together, here is my shell script which I call audio_icom.sh. I run this script whenever I log onto my Raspberry Pi remotely for the first time after powering up my radio. It is important that your run this only when logging on remotely because the NoMachine audio streams are active only when you are actually connecting using NoMachine.

pacmd set-default-source alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo
pactl load-module module-null-sink sink_name=dummy
pacmd set-default-sink dummy
pacmd load-module module-loopback source=alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo sink=dummy
pactl load-module module-loopback source=nx_voice_out.monitor sink=alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo

If you ever wish to completely reset the PulseAudio settings, perform the following Linux shell command:

pulseaudio -k

Log out of your Raspberry Pi, and then log in again. You can now run your script to redirect PulseAudio audio streams to NoMachine.

Connecting to a NoMachine server
An excellent guide to connecting using NoMachine may be found at:
https://www.nomachine.com/getting-started-with-nomachine

To determine the IP address and port on your Raspberry Pi for your NoMachine connection, run the following commands:

sudo /etc/NX/nxserver –upnpmap
sudo /etc/NX/nxserver –upnpstatus

You will see output like the following:
Local IP 192.168.0.116
Gateway IP 192.168.0.1
External IP 173.89.234.197
NX port 4000 mapped to: 173.89.234.xxx:24560

Use the local IP address when you’re on your local network, the NX address with the external PI address and port mapping, when you’re outside your network.

You can also obtain this info by right-clicking on the NoMachine icon on the Raspberry Pi’s task bar and selecting the “Show the server status” menu.

Note that it might take a few minutes after starting the NoMachine server for the External IP and port mapping to appear.

If you are behind a firewall, please look at the following NoMachine Knowledge Base article:
https://www.nomachine.com/AR11L00827
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0 alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo.monitor>



   IC-7200 USB audio out 



1 alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo
   IC-7200 USB audio out



2 alsa_output.platform-soc_audio.analog-stereo.monitor
   Raspberry Pi speaker output monitor



3 nx_voice_out.monitor
   NoMachine mic audio to remote client 



4 nx_remapped_out



   NoMachine to remote client



0 alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo
   IC-7200 USB input 



1 alsa_output.platform-soc_audio.analog-stereo
    Raspberry Pi speaker



2 nx_voice out
   NoMachine audio input from remote client
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   IC-7200 USB audio out 



1 alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo



   IC-7200 USB audio out
Default Source



2 alsa_output.platform-soc_audio.analog-stereo.monitor



   Raspberry Pi speaker output monitor



3 nx_voice_out.monitor
   NoMachine audio to remote client 
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   NoMachine to remote client



0 alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo
   IC-7200 USB input 



1 alsa_output.platform-soc_audio.analog-stereo
    Raspberry Pi speaker



2 nx_voice out
   NoMachine audio input from remote client



3 dummy
   Placeholder
Default Sink



Sources Sinks



Initial sinks/sources



After running sink/source configuration script
pacmd set-default-source alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo
pactl load-module module-null-sink sink_name=dummy
pacmd set-default-sink dummy
pacmd load-module module-loopback source=alsa_input.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo sink=dummy
pactl load-module module-loopback source=nx_voice_out.monitor sink=alsa_output.usb-Burr-Brown_from_TI_USB_Audio_CODEC-00.analog-stereo
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