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> Security cameras
– Other security products

> Servers and software for 
video management

> Cloud services

> Headquartered in Lund, 
Sweden

Axis & Axis products
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AXIS & Streaming

> Streaming protocols
  >  SIP

  >  RTSP

  >  WebRTC – modern and low latency
    > Versatile
    > WebRTCBin & Gstreamer
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AXIS two-way-audio/intercom use case

audio

latency

> Two-way audio not a usecase previously
> Intercoms, medical devices
> Implementation existed – needs improvement
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Measurement method – out to in
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Example diagram (Audacity)

> Many programs, Audacity is a great choice



Findings and possible 
optimizations
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Measurements

Current WebRTC release: 450  ms 650 ms

Demo client, WebRTC 
Firefox

AXIS Intercom

> Unusable for voice communication,
overlap between speakers.
> Incorrect setup likely
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GStreamer pipeline

Pipeline setup - latency

client
application

audiosrcudpsink

udpsrc

webrtcbin opusenc

opusdec audiosink

Clock and adaptive
latency parameter

> Global latency ~400ms
> Two directions causing interference
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GStreamer pipeline

GStreamer pipeline

Split with pipeline decoupling

audiosrc

audiosink

udpsink

udpsrc

client
application

webrtcbin opusenc

opusdec

intersink

intersrc

Clock and adaptive
latency parameter

Clock and adaptive
latency parameter

> Avoid pipeline 
interference
> Verify latency 
calculations!

sync=false
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> gst-plugin-inter (intersrc/intersink) – turnkey solution for pipeline interoperability

> Rtpbin2
> Rtpsend, rtprecv
> Automatic pipeline decoupling, splitting send and receive

Upstream work – pipeline decoupling
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Measurements

Current WebRTC release: 400 ms 650 ms

With split gstreamer pipeline: 230 ms 430 ms

Test client for WebRTC - 
Firefox

AXIS Intercom

> What happened 
here?

> Not affected by incoming latency
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The Jitterbuffer

> Handles jitter by buffering packets
   > In UDP, reordering is common, ensure outgoing is consistent

> Increases latency by static amount
   > Previously in both directions

> Missing update caused latency to be ignored
   > Caused timing issues
   > Thanks upstream!

> Dynamic algorithms – only increasing for now
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GStreamer pipeline

GStreamer pipeline

The audio provider

audiosrc

audiosink

udpsink

udpsrc

client
application

webrtcbin opusenc

opusdec

intersink

intersrc

Clock and adaptive
latency parameter

Clock and adaptive
latency parameter> Alsa → Pipewire

> Minimize overhead
> Buffer size
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Pipewiresink – what can be changed internally?

> Quantum (buffer size) affects latency

> Tradeoff stability ↔ latency

> System dependent
   > pipewire-alsa
   > Different quantums
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        GOAL - 150ms

Was the goal reached?
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Final measurements – almost!

                          Current WebRTC release: 450 ms 650 ms

                                    With improvements:      250  ms 220 ms

Demo client, WebRTC 
Firefox

AXIS Intercom

> Low perceived latency, good experience
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> Reaching 150ms – buffers, buffers, buffers

> Jitterbuffer work

> Hardware/Software limitations/possibilities
> Audio features like echo/noise cancellation

> Gstreamer, client, hardware

More work still needed
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Contact: alberts@axis.com
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