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Some background
• Retired from Qualcomm Sept 2011 

• Second career as volunteer mentor to San Diego 
high school and university ham clubs 

• ham licensing 

• high altitude balloons 

• cubesats



KA9Q-radio
• Set of general purpose SDR modules 

• multicast proof of concept 

• Minimum cost (I work with students) 

• RPIs, Funcube dongles, HackRF, etc 

• must  be open, cheap and available 

• Balloon APRS, satellite operations



Is it real time?

• “Real Time” != “audio and video” !! 

• Real time is real time — is the stream being 
generated right now? Is latency important? 

• Use RTP for real time data, too: AX.25, etc. 

• Just use TCP for recorded video/audio



RTP

• Stable Internet standard for real time streams 

• multicast or unicast 

• VoIP, IPTV 

• Why not use it for SDR interconnection?



RTP features
• Runs above User Datagram Protocol (UDP) 

• Sequence number 

• detect packet loss 

• Timestamp - counts samples, frames, etc 

• can be discontinuous 

• Payload type, stream source ID, mark flag



KA9Q-radio modules
• funcube 

• hackRF 

• radio 

• opus 

• monitor 

• packet 

• aprs 

• aprsfeed 

• iqplay/iqrecord 

• pcmcat 

• wwv/wwvh/chu sims



iq.vhf.mcast.local

funcube

pcm.vhf.mcast.local
iqrecord radio 144.34

aprs

monitor

aprsfeed

opus packet
opus.hf.mcast.local

ax25.mcast.local

APRS netantenna rotors

radio 144.39

KA9Q-radio for UCSD balloon flights



Radio screenshot - VHF (HackRF)



Radio screenshot - HF (WWV)



Audio monitor screenshot



Opus Codec
• Xiph + Skype merged algorithms 

• IETF standard, many players 

• 6 - 510 kb/s: comm voice to high fi 

• Excellent reference implementation 

• Free and open!



Wifi: a show stopper?

• Many consumer access points roll over and die 
when they see fast multicast streams, even with 
no WiFi clients listening 

• *sigh*



Multicast & WiFi

• Ever-growing list of modulation and coding 
schemes (MCS) and MIMO (lots of antennas) 

• unicast works great: dynamic MCS + acks 

• multicast: slow and unacked 

• very poor performance - can kill an AP!



Fixing WiFi multicast

• IGMP snooping in switches 

• Multicast-to-unicast conversion 

• AP sends acked unicast to each group 
member 

• Radio is no longer a broadcast medium!



Observations
• Successful experiment: RTP works well 

• Small modules with simple text UIs 

• Multicast over small wired LANs works great 

• Multicast over WiFi is a serious problem 

• Wide area multicast is difficult 

• tunneling, routing often required



• Code is on https://github.com/ka9q/ka9q-radio  

• All open source (of course) 

• C, some Intel SIMD (eg. decimation) 

• Runs on Linux (x86-64, RPi) & OSX 

• Collaborators welcome!



Near-term ideas
• Turnkey APRS iGate (Rx only) 

• Multicast inputs for WSJT, etc 

• no need to use computer sound system 

• More digital demods: DMR, D*Star, Fusion 

• BPSK satellite modems 

• Medium speed UHF terrestrial modem 

• Automatic satellite downlink recording



Longer-term ideas
• We can do much better than DMR/D*/Fusion 

• Proprietary codecs are evil! 

• Inflexible network layers 

• C4FM is inexcusably inefficient 

• 1200 Hz spacing @ 4800 baud??!?!?! 

• APRS badly needs an overhaul



Ham Multicast?
• Digital voice with CODEC2 + Opus + multicast 

• vary data rate with available capacity 

• Round table operation 

• A multicast group is a “talkgroup” 

• Much better user interfaces are possible 

• Easily support metadata: e.g., positioning


