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Home AutomationHome Automation

https://www.flickr.com/photos/99781513@N04/15182533048

● Voice Control
● Remote control / clever appliances
● Context aware
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Smart AssistantsSmart Assistants

● Commercial Offerings
– Google Home
– Amazon Echo
– Apple HomePod

● Lots of integrations
● Everything is a closed silo
● And cloud based!
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Free Software!Free Software!

● Mycroft
● Mozilla DeepSpeech
● TTS – multiple options
● HomeAssistant
● MQTT
● Arduino
● Cheap SoCs
● Smart switches (Sonoff ESP8266)
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Let's talk about GStreamer
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GStreamerGStreamer

● Media processing framework
– Video and Audio
– But not only those

● GStreamer = Data processing 
pipelines
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GStreamer: Audio ConversionGStreamer: Audio Conversion

● Pipelines can:
– Decode/encode audio codecs
– Capture or output audio
– Convert sample formats
– Resample
– Combine / separate channels
– Do audio processing
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GStreamer: Audio StreamingGStreamer: Audio Streaming

● GStreamer can also deliver media across a network
– RTP, HTTP, RTSP, WebRTC, UDP....

● And much more...
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Idea 1: Music PlaybackIdea 1: Music Playback

● 2012 – I first saw a Sonos™ system
● Music in every room
● Configurable zones
● Remote control
● “This reminds me of a thing did with GStreamer”
● Multiple network connected speakers
● Enter Aurena
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SynchronisationSynchronisation

● Key Piece: Clocks and clock tracking
● The GStreamer clock system is complicated
● Problem: Every clock runs at a different rate
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Synchronising ClocksSynchronising Clocks

● Transfer clocks across the network
● GStreamer Net Clock Provider

● Custom protocol. Since 2005

● NTPv4
– Since 1.6 in 2015

● PTP IEEE1588:2008
– Since 1.6 in 2015
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Aurena ArchitectureAurena Architecture

● Control server daemon
● Clients for output
● Clients sync to the server clock
● Clients get control commands
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DemoDemo
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AurenaAurena

● Video
● Multi-channel / Surround mapping
● Zone support
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Home Automation: CamerasHome Automation: Cameras

● Security / monitoring
● Doorbells
● Context awareness

● Raspberry Pi – rpicamsrc
● RTSP
● Motion Detection
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Home Automation: CamerasHome Automation: Cameras
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GStreamer WebRTC PipelineGStreamer WebRTC Pipeline

<Gst Pip eline>
p ip elin e0

[ >]

GstCapsFilter
capsfilter1

[>]
parent=(GstPipeline) pipeline0

caps=application/x-rtp, media= (string)video, encoding-name=(string)H264, payload=(int)96

GstCapsFilter
capsfilter0

[> ]
parent=(GstPipeline) pipeline0

caps=video/x-h264, profile=(string)constrained-baseline, width= (int)1200, height=(int)972, level=(double)3
GstFileSink

f
[>]

parent=(GstPipeline) pipeline0
sync=FALSE

last-sample=((GstSample* ) 0xb2afe2c8)
location="/home/jan/lca-badge-2019-01-23T01:07:20.006787Z.mkv"

GstMatroskaMux
matroskamux0

[> ]
parent= (GstPipeline) pipeline0

writing-app="GStreamer Matroska muxer"
streamable=TRUE

GstH264Parse
h264parse1

[>]
parent=(GstPipeline) pipeline0

GstQueue
queue2

[> ]
parent=(GstPipeline) pipeline0

max-s ize-buffers=1

GstRtpH264Pay
payloader

[> ]
parent= (GstPipeline) pipeline0

timestamp=3934672143
seqnum=15321

stats=application/x-rtp-payload-stats , clock-rate=(uint)90000, running-time= (guint64)397266, seqnum= (uint)15321, timestamp= (uint)3934672143, ssrc=(uint)2008975861, pt=(uint)96, seqnum-offset= (uint)14435, timestamp-offset=(uint)3934274877;
config-interval=-1

GstH264Parse
h264parse0

[>]
parent=(GstPipeline) pipeline0

GstQueue
queue1

[> ]
parent=(GstPipeline) pipeline0

max-s ize-buffers=1

GstTee
t

[>]
parent= (GstPipeline) pipeline0

num-src-pads=2

GstQueue
queue0

[>]
parent= (GstPipeline) pipeline0
max-s ize-time=100000000

GstRpiCamSrc
rpicamsrc0

[>]
parent=(GstPipeline) pipeline0

bitrate=2000000
preview=FALSE

sensor-mode=1296x972
annotation-mode=date+time

annotation-text=""

GstWebRTCBin
webrtcbin

[>]
parent= (GstPipeline) pipeline0
ice-gathering-state= gathering
ice-connection-state=connected

local-description=((GstWebRTCSessionDescription* ) 0x1399bb8)
remote-description= ((GstWebRTCSessionDescription* ) 0x1399bb8)

stun-server= "stun://stun.l.google.com:19302"

TransportReceiveBin
transportreceivebin0

[> ]
parent=(GstWebRTCBin) webrtcbin

stream=(TransportStream) transportstream0

GstFunnel
funnel3

[> ]
parent= (TransportReceiveBin) transportreceivebin0

GstQueue
queue3

[> ]
parent=(TransportReceiveBin) transportreceivebin0

max-s ize-buffers=0
max-s ize-bytes=5242880

max-s ize-time=0
leaky=downstream

GstFunnel
funnel2

[> ]
parent= (TransportReceiveBin) transportreceivebin0

GstNiceSrc
nicesrc2

[>](locked)
parent= (TransportReceiveBin) transportreceivebin0

do-timestamp=TRUE
agent=((NiceAgent* ) 0x135a678)

stream=1
component=2

GstCapsFilter
capsfilter3

[>]
parent=(TransportReceiveBin) transportreceivebin0

caps=application/x-rtcp

GstDtlsSrtpDec
dtlssrtpdec1

[>]
parent=(TransportReceiveBin) transportreceivebin0

connection-id="rtcp_0_433895982"
pem="-----BEGIN CERTIFICATE-----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\nnoqf6CviIIwzKjsTBKILp+ vIeVAMbCsFHAMmFkYEDUW6IPBtOzVwZyax3NC8uNIY\n1/qys6QEL4Zjy4cKlybzwAVqyutcbFXvVSxVcAZf0zbm0uDtKGtp6RkcL2bExfNP\nGL1AhKMujx1jGysgSc8xWKsTHFOWgZiGo9MsZq26Raqi\n-----END CERTIFICATE-----\n"

GstSrtpDec
srtpdec1

[>]
parent=(GstDtlsSrtpDec) dtlssrtpdec1

stats= application/x-srtp-decoder-stats , streams=(int)<  >;

GstDtlsDec
dtlsdec1

[>]
parent=(GstDtlsSrtpDec) dtlssrtpdec1

connection-id="rtcp_0_433895982"
pem="-----BEGIN CERTIFICATE-----\nMIICvTCCAaWgAwIBAgIBADANBgkqhkiG9w0BAQsFADAiMQswCQYDVQQGEwJTRTET\nMBEGA1UEAwwKT3BlbldlYlJUQzAeFw0xOTAxMjMwMTA3MjJaFw0yMDAxMjMwMTA3\nMjJaMCIxCzAJBgNVBAYTAlNFMRMwEQYDVQQDDApPcGVuV2ViUlRDMIIBIjANBgkq\nhkiG9w0BAQEFAAOCAQ8AMIIBCgKCAQEAwlsw4wQZKQQHFgH3Y05dvX+CFZxR7bzt\n0k1LkSGSgvhvf7tGbVPvDKwIsBtZcZfBBjmux/Z+ YpuuhX5Y9UrsqwAMJ84uepn/\nmVImslyCXRb5Ch4bqrAQL7BVrAPFtRyqes5LmOm9R00oGXzPwaWBJ6NFy5KgMZG1\nAR8MpBgAMn9d080y5LsWGNDbvGhXPlD7NUYBWVnLkRTvjuwebyu3YCADm5ZUvnYn\nqU0IYdWUVmyCBf4fQupZFg63OYz2jS/JRNv48SISO+ADLnKphNwgnxo7S0/FqQ5x\nVr3lDdHov9UU82q0BkoOj9CSqkilZHs2cLl+ NlhduIRQ1X0UNt1MxwIDAQABMA0G\nCSqGSIb3DQEBCwUAA4IBAQAbnAMsybJ08rP3YSGyDx0rFA1eMLC+jFljXXBGYAiW\n2dFu2Hj3zs9gdjKHqqzdZD2E6+EMLmNSXLaCQx4SCQABosNB8g8LUSF8nMH2phqN\nSjURQQXKWsllMikqUbMAeChqJj1I2zG2MPq2ZTLyFXVoMr2lnZsYY/yVk8+T+xFW\nnoqf6CviIIwzKjsTBKILp+ vIeVAMbCsFHAMmFkYEDUW6IPBtOzVwZyax3NC8uNIY\n1/qys6QEL4Zjy4cKlybzwAVqyutcbFXvVSxVcAZf0zbm0uDtKGtp6RkcL2bExfNP\nGL1AhKMujx1jGysgSc8xWKsTHFOWgZiGo9MsZq26Raqi\n-----END CERTIFICATE-----\n"

GstDtlsSrtpDemux
dtlssrtpdemux1

[> ]
parent= (GstDtlsSrtpDec) dtlssrtpdec1

GstNiceSrc
nicesrc1

[>](locked)
parent= (TransportReceiveBin) transportreceivebin0

do-timestamp=TRUE
agent=((NiceAgent* ) 0x135a678)

stream=1
component=1

GstCapsFilter
capsfilter2

[>]
parent=(TransportReceiveBin) transportreceivebin0

caps=application/x-rtp

GstDtlsSrtpDec
dtlssrtpdec0

[>]
parent=(TransportReceiveBin) transportreceivebin0

connection-id="rtp_0_2679139704"
pem="-----BEGIN CERTIFICATE-----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\nnoqf6CviIIwzKjsTBKILp+ vIeVAMbCsFHAMmFkYEDUW6IPBtOzVwZyax3NC8uNIY\n1/qys6QEL4Zjy4cKlybzwAVqyutcbFXvVSxVcAZf0zbm0uDtKGtp6RkcL2bExfNP\nGL1AhKMujx1jGysgSc8xWKsTHFOWgZiGo9MsZq26Raqi\n-----END CERTIFICATE-----\n"

peer-pem="-----BEGIN CERTIFICATE-----\nMIIBFzCBvaADAgECAgkAjugLq4UrbKEwCgYIKoZIz j0EAwIwETEPMA0GA1UEAwwG\nV2ViUlRDMB4XDTE5MDEyMjAxMDcyMloXDTE5MDIyMjAxMDcyMlowETEPMA0GA1UE\nAwwGV2ViUlRDMFkwEwYHKoZIz j0CAQYIKoZIz j0DAQcDQgAEZKGxrD5yfFRJNHhb\nyvzrLmxAhd6k8bFXTvKa5bgy+ 7Q0sqsc6AcMBDK0qf1xNI4x7bLFBDDQK/p+Jitn\ngkWHmDAKBggqhkjOPQQDAgNJADBGAiEA2ndR3BOih0ShaXfc1dp4e6LIRTWIcdaJ\neFuOj+i8zC4CIQC0tvaiVkpeX4E9PNQv8YyIYaclgCLZk7z3iurwFqXruA== \n-----END CERTIFICATE-----\n"

GstSrtpDec
srtpdec0

[>]
parent=(GstDtlsSrtpDec) dtlssrtpdec0

stats=application/x-srtp-decoder-stats , streams= (structure)< \"application/x-srtp-stream\\,\\ ssrc\\=\\(uint\\)1\\,\\ roc\\= \\(uint\\)0\\;\" >;

GstDtlsDec
dtlsdec0

[>]
parent=(GstDtlsSrtpDec) dtlssrtpdec0

connection-id="rtp_0_2679139704"
pem="-----BEGIN CERTIFICATE-----\nMIICvTCCAaWgAwIBAgIBADANBgkqhkiG9w0BAQsFADAiMQswCQYDVQQGEwJTRTET\nMBEGA1UEAwwKT3BlbldlYlJUQzAeFw0xOTAxMjMwMTA3MjJaFw0yMDAxMjMwMTA3\nMjJaMCIxCzAJBgNVBAYTAlNFMRMwEQYDVQQDDApPcGVuV2ViUlRDMIIBIjANBgkq\nhkiG9w0BAQEFAAOCAQ8AMIIBCgKCAQEAwlsw4wQZKQQHFgH3Y05dvX+CFZxR7bzt\n0k1LkSGSgvhvf7tGbVPvDKwIsBtZcZfBBjmux/Z+ YpuuhX5Y9UrsqwAMJ84uepn/\nmVImslyCXRb5Ch4bqrAQL7BVrAPFtRyqes5LmOm9R00oGXzPwaWBJ6NFy5KgMZG1\nAR8MpBgAMn9d080y5LsWGNDbvGhXPlD7NUYBWVnLkRTvjuwebyu3YCADm5ZUvnYn\nqU0IYdWUVmyCBf4fQupZFg63OYz2jS/JRNv48SISO+ADLnKphNwgnxo7S0/FqQ5x\nVr3lDdHov9UU82q0BkoOj9CSqkilZHs2cLl+ NlhduIRQ1X0UNt1MxwIDAQABMA0G\nCSqGSIb3DQEBCwUAA4IBAQAbnAMsybJ08rP3YSGyDx0rFA1eMLC+jFljXXBGYAiW\n2dFu2Hj3zs9gdjKHqqzdZD2E6+EMLmNSXLaCQx4SCQABosNB8g8LUSF8nMH2phqN\nSjURQQXKWsllMikqUbMAeChqJj1I2zG2MPq2ZTLyFXVoMr2lnZsYY/yVk8+T+xFW\nnoqf6CviIIwzKjsTBKILp+ vIeVAMbCsFHAMmFkYEDUW6IPBtOzVwZyax3NC8uNIY\n1/qys6QEL4Zjy4cKlybzwAVqyutcbFXvVSxVcAZf0zbm0uDtKGtp6RkcL2bExfNP\nGL1AhKMujx1jGysgSc8xWKsTHFOWgZiGo9MsZq26Raqi\n-----END CERTIFICATE-----\n"

peer-pem= "-----BEGIN CERTIFICATE-----\nMIIBFzCBvaADAgECAgkAjugLq4UrbKEwCgYIKoZIz j0EAwIwETEPMA0GA1UEAwwG\nV2ViUlRDMB4XDTE5MDEyMjAxMDcyMloXDTE5MDIyMjAxMDcyMlowETEPMA0GA1UE\nAwwGV2ViUlRDMFkwEwYHKoZIz j0CAQYIKoZIz j0DAQcDQgAEZKGxrD5yfFRJNHhb\nyvzrLmxAhd6k8bFXTvKa5bgy+7Q0sqsc6AcMBDK0qf1xNI4x7bLFBDDQK/p+Jitn\ngkWHmDAKBggqhkjOPQQDAgNJADBGAiEA2ndR3BOih0ShaXfc1dp4e6LIRTWIcdaJ\neFuOj+ i8zC4CIQC0tvaiVkpeX4E9PNQv8YyIYaclgCLZk7z3iurwFqXruA==\n-----END CERTIFICATE-----\n"
decoder-key=EMPTY

srtp-cipher= 1
srtp-auth=2

GstDtlsSrtpDemux
dtlssrtpdemux0

[> ]
parent= (GstDtlsSrtpDec) dtlssrtpdec0

TransportSendBin
transportsendbin0

[>]
parent=(GstWebRTCBin) webrtcbin

stream=(TransportStream) transportstream0
rtcp-mux=TRUE

GstNiceSink
nicesink2

[> ]
parent=(TransportSendBin) transportsendbin0

sync=FALSE
async= FALSE

enable-last-sample= FALSE
agent=((NiceAgent* ) 0x135a678)

stream=1
component= 2

GstDtlsSrtpEnc
dtlssrtpenc1

[>]
parent=(TransportSendBin) transportsendbin0

connection-id= "rtcp_0_433895982"

GstFunnel
funnel1

[>]
parent=(GstDtlsSrtpEnc) dtlssrtpenc1

GstSrtpEnc
srtpenc1

[>]
parent=(GstDtlsSrtpEnc) dtlssrtpenc1

key= ((GstBuffer* ) 0xb2abd210)
random-key=TRUE

stats= application/x-srtp-encoder-stats , streams=(int)<  >;

GstDtlsEnc
dtlsenc1

[>]
parent=(GstDtlsSrtpEnc) dtlssrtpenc1
connection-id="rtcp_0_433895982"

GstNiceSink
nicesink1

[> ]
parent=(TransportSendBin) transportsendbin0

async= FALSE
enable-last-sample= FALSE

agent=((NiceAgent* ) 0x135a678)
stream=1

component= 1

GstDtlsSrtpEnc
dtlssrtpenc0

[>]
parent=(TransportSendBin) transportsendbin0

connection-id= "rtp_0_2679139704"

GstFunnel
funnel0

[>]
parent=(GstDtlsSrtpEnc) dtlssrtpenc0

GstSrtpEnc
srtpenc0

[>]
parent=(GstDtlsSrtpEnc) dtlssrtpenc0

key= ((GstBuffer* ) 0xb2acd858)
stats=application/x-srtp-encoder-stats , streams=(structure)< \"application/x-srtp-stream\\,\\ ssrc\\= \\(uint\\)2008975861\\,\\ roc\\= \\(uint\\)0\\;\" >;

GstDtlsEnc
dtlsenc0

[>]
parent=(GstDtlsSrtpEnc) dtlssrtpenc0
connection-id="rtp_0_2679139704"

encoder-key= ((GstBuffer* ) 0xb2acd858)
srtp-cipher=1
srtp-auth=2

GstOutputSelector
outputselector0

[>]
parent=(TransportSendBin) transportsendbin0

active-pad=(GstPad) src_0

GstRtpBin
rtpbin

[>]
parent=(GstWebRTCBin) webrtcbin

sdes=application/x-rtp-source-sdes, cname= (string)\"user3268161738\\@host-c6e6c4c5\", tool=(string)GStreamer;
do-lost= TRUE

rtp-profile=savpf

GstRtpStorage
rtpstorage0

[>]
parent=(GstRtpBin) rtpbin

s ize-time= 250000000
internal-storage=((RtpStorage* ) 0xb2a55e78)

GstFunnel
funnel5

[>]
parent=(GstRtpBin) rtpbin

GstFunnel
funnel4

[> ]
parent= (GstRtpBin) rtpbin

GstRtpSsrcDemux
rtpssrcdemux0

[>]
parent=(GstRtpBin) rtpbin

GstRtpSession
rtpsess ion0

[>]
parent=(GstRtpBin) rtpbin

sdes= application/x-rtp-source-sdes, cname=(string)\"user3268161738\\@host-c6e6c4c5\", tool=(string)GStreamer;
num-sources=2

num-active-sources= 1
internal-sess ion=((RTPSession* ) 0xb2a5a220)

stats=application/x-rtp-sess ion-stats , rtx-drop-count= (uint)0, sent-nack-count=(uint)0, recv-nack-count=(uint)0, source-stats=(GValueArray)< \"application/x-rtp-source-stats\\,\\ ssrc\\= \\(uint\\)1\\,\\ internal\\= \\(boolean\\)false\\,\\ validated\\= \\(boolean\\)false\\,\\ received-bye\\= \\(boolean\\)false\\,\\ is -csrc\\= \\(boolean\\)false\\,\\ is -sender\\=\\(boolean\\)false\\,\\ seqnum-base\\=\\(int\\)-1\\,\\ clock-rate\\=\\(int\\)-1\\,\\ octets-sent\\=\\(guint64\\)0\\,\\ packets-sent\\=\\(guint64\\)0\\,\\ octets-received\\= \\(guint64\\)0\\,\\ packets-received\\=\\(guint64\\)0\\,\\ bitrate\\=\\(guint64\\)0\\,\\ packets-lost\\=\\(int\\)0\\,\\ jitter\\= \\(uint\\)0\\,\\ sent-pli-count\\=\\(uint\\)0\\,\\ recv-pli-count\\=\\(uint\\)0\\,\\ sent-fir-count\\=\\(uint\\)0\\,\\ recv-fir-count\\=\\(uint\\)0\\,\\ sent-nack-count\\=\\(uint\\)0\\,\\ recv-nack-count\\= \\(uint\\)0\\,\\ have-sr\\=\\(boolean\\)false\\,\\ sr-ntptime\\=\\(guint64\\)0\\,\\ sr-rtptime\\=\\(uint\\)0\\,\\ sr-octet-count\\=\\(uint\\)0\\,\\ sr-packet-count\\=\\(uint\\)0\\,\\ sent-rb\\=\\(boolean\\)false\\,\\ sent-rb-fractionlost\\=\\(uint\\)0\\,\\ sent-rb-packets lost\\= \\(int\\)0\\,\\ sent-rb-exthighestseq\\=\\(uint\\)0\\,\\ sent-rb-jitter\\=\\(uint\\)0\\,\\ sent-rb-lsr\\= \\(uint\\)0\\,\\ sent-rb-dlsr\\=\\(uint\\)0\\,\\ have-rb\\=\\(boolean\\)true\\,\\ rb-fractionlost\\= \\(uint\\)0\\,\\ rb-packets lost\\=\\(int\\)0\\,\\ rb-exthighestseq\\=\\(uint\\)15308\\,\\ rb-jitter\\=\\(uint\\)1953\\,\\ rb-lsr\\= \\(uint\\)1019954141\\,\\ rb-dlsr\\=\\(uint\\)112655\\,\\ rb-round-trip\\=\\(uint\\)478\\;\", \"application/x-rtp-source-stats\\,\\ ssrc\\=\\(uint\\)2008975861\\,\\ internal\\=\\(boolean\\)true\\,\\ validated\\=\\(boolean\\)true\\,\\ received-bye\\=\\(boolean\\)false\\,\\ is -csrc\\= \\(boolean\\)false\\,\\ is -sender\\= \\(boolean\\)true\\,\\ seqnum-base\\=\\(int\\)14435\\,\\ clock-rate\\=\\(int\\)90000\\,\\ octets-sent\\= \\(guint64\\)1139236\\,\\ packets-sent\\= \\(guint64\\)898\\,\\ octets-received\\=\\(guint64\\)1139236\\,\\ packets-received\\=\\(guint64\\)898\\,\\ bitrate\\= \\(guint64\\)2199922\\,\\ packets-lost\\=\\(int\\)-898\\,\\ jitter\\=\\(uint\\)0\\,\\ sent-pli-count\\= \\(uint\\)0\\,\\ recv-pli-count\\=\\(uint\\)0\\,\\ sent-fir-count\\=\\(uint\\)0\\,\\ recv-fir-count\\=\\(uint\\)0\\,\\ sent-nack-count\\=\\(uint\\)0\\,\\ recv-nack-count\\=\\(uint\\)0\\,\\ have-sr\\=\\(boolean\\)true\\,\\ sr-ntptime\\= \\(guint64\\)16137027258536514778\\,\\ sr-rtptime\\=\\(uint\\)3934510616\\,\\ sr-octet-count\\=\\(uint\\)255768\\,\\ sr-packet-count\\= \\(uint\\)208\\;\" >, rtx-count= (uint)0;
rtp-profile=savpf

Legend
Element-States: [~] void-pending, [0] null, [-] ready, [=] paused, [>] playing
Pad-Activation: [-] none, [>] push, [<] pull
Pad-Flags: [b]locked, [f]lushing, [b]locking, [E]OS; upper-case is set
Pad-Task: [T] has started task, [t] has paused task
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Home AutomationHome Automation

What about Voice Control?
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Secret PlanSecret Plan

● Aurena + Microphones = Senders
● Network clock synched
● Central Receiver

● Audio processing
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Microphone ArraysMicrophone Arrays

● Detect audio arrival directions
● Distinguish audio sources
● Vary by:

– Array shapes
– Number of microphones
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11stst Attempt 2015 Attempt 2015

● Android Devices
● Stream microphones to server
● ManyEars for triangulation

● ManyEars:
– Real-time microphone array processing
– Robot audition
– 8 microphones in a fixed grid

– Localisation, tracking, source 
separation
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● Cair = (331.3 + 0.606 * Tc) m/s

● ~343 m/s @ Tc = 20C
● 1 ms = ~34.3 cm @ 20C
● Timing Inaccuracy = Spatial Inaccuracy

The Speed Of SoundThe Speed Of Sound
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ResultsResults

● Abject Failure
● Problem: The Android audio subsystem.
● Up to 100ms uncertainty in sample timing.
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22ndnd Attempt 2018 Attempt 2018

● Microphone array hardware 
everywhere

● All the voice assistants have them
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Hardware OptionsHardware Options

● Seeedstudio Respeaker
● Respeaker Core – 6 mic array
● Raspberry Pi hats – 4 mic array, 2 

mic array
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ODASODAS
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Distributed Microphone ArraysDistributed Microphone Arrays

● Per node arrival direction
● Per microphone arrival time + audio
● Per node sound source separation
● A node can't tell source distance (far-field effect)
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DemoDemo
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CalibrationCalibration

● Unknown Configuration
● Can't triangulate from that
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CalibrationCalibration

● Play sounds
● Listen
● Extract DOA, delay and identity

● Solve for relative positions
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ProblemsProblems

● How to send information?
● What sound volume to use? Don't want to deafen people
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Calibration So FarCalibration So Far

● libquiet MODEM
● Packet structure
● Different modulations
● Current problems:

– Precise timing recovery
– Problems beyond ~0.5m transmission
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DemoDemo
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MusicMusic

● http://freemusicarchive.org/music/Pierce_Murphy/This_Isnt_Magic_It_Is_Just_
Music/
  - CC-BY-4.0

● http://freemusicarchive.org/music/Dee_Yan-Key/Seven_Old-Style_Pieces/06--
Dee_Yan-Key-Handel
  - CC-BY-NC-SA-4.0

● http://freemusicarchive.org/music/Aitua/Elements/  - CC-BY-NC-SA-4.0
● http://freemusicarchive.org/music/Peter_Rudenko/15_Etudes/  - CC-BY-4.0

http://freemusicarchive.org/music/Pierce_Murphy/This_Isnt_Magic_It_Is_Just_Music/
http://freemusicarchive.org/music/Pierce_Murphy/This_Isnt_Magic_It_Is_Just_Music/
http://freemusicarchive.org/music/Dee_Yan-Key/Seven_Old-Style_Pieces/06--Dee_Yan-Key-Handel
http://freemusicarchive.org/music/Dee_Yan-Key/Seven_Old-Style_Pieces/06--Dee_Yan-Key-Handel
http://freemusicarchive.org/music/Aitua/Elements/
http://freemusicarchive.org/music/Peter_Rudenko/15_Etudes/
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Random LinksRandom Links

● https://github.com/thaytan/aurena/
● https://github.com/introlab/odas_web 
● Localization of RW-UAVs Using Particle Filtering Over Distributed Microphone 

Arrays
– https://introlab.3it.usherbrooke.ca/mediawiki-introlab/images/b/b9/Lauzon2017localizati

on.pdf
 

● "ACOUSTIC SOURCE LOCALIZATION IN HOME ENVIRONMENTS - THE 
EFFECT OF MICROPHONE ARRAY GEOMETRY" - 2017
– https://pdfs.semanticscholar.org/9eff/83e75e38bfe35d01bd0e5ecba87300fc3571.pdf

https://github.com/thaytan/aurena/
https://github.com/introlab/odas_web
https://introlab.3it.usherbrooke.ca/mediawiki-introlab/images/b/b9/Lauzon2017localization.pdf
https://introlab.3it.usherbrooke.ca/mediawiki-introlab/images/b/b9/Lauzon2017localization.pdf
https://pdfs.semanticscholar.org/9eff/83e75e38bfe35d01bd0e5ecba87300fc3571.pdf

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35

