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SOUNDW/:ire
Sound Waves on the Internet from Real-time Echoes

Perform Music
On-Line

in Real-Time

with the Highest Audio Quality Possible
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Goals of High-Quality Audio over Networks

Maximize Audio Quality for available networks
conditions

Minimize Latency

But more important, Minimize Jitter
Adjustable Number of Channels
Audio routing flexibility
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Keep Delay Constant
Maximize Audio Quality

Juan-Pablo Céceres | CCRMA | Stanford University | jcaceres @ccrma .stanford.edu



mailto:jcaceres@ccrma.stanford.edu
mailto:jcaceres@ccrma.stanford.edu

Why Latency Matters

Saint Lawrence String Quartet (Quintet) 25 ms One-way Delay

Banff Centre, Alberta, Canada
Quartet

Stanford, Anechoic Room

Viola

Juan-Pablo Céceres | CCRMA | Stanford University | jcaceres@ccrma.stanford.edu



mailto:jcaceres@ccrma.stanford.edu
mailto:jcaceres@ccrma.stanford.edu

Why Latency Matters
25 ms One-way Delay

Saint Lawrence String Quartet (Quintet)

»What Happens Naturally with Delay?

»Now, they are conscious...

»...and they try to be stable

» The whole Quintet
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Some Historical/Technical Foundations

Basic Principle: Uncompressed Audio

Year 2000
McGill Xu & Cooperstock
Stanford Chafe, Wilson, Leistikow, Chisholm, Scavone

Juan-Pablo Céceres | CCRMA | Stanford University | jcaceres@ccrma.stanford.edu



mailto:jcaceres@ccrma.stanford.edu
mailto:jcaceres@ccrma.stanford.edu

UDP and TCP revisited

ubP TCP

- Unreliable - Reliable

- Connections-less - Connected (virtual circuit)
- Datagram Oriented - Byte-Stream Oriented

Delay Constant?
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Why TCP is problematic

Application process Application process

[ ]
[ 1 Read

: - bytes

v ]
TCP TCP

Send buffer Receive buffer

Segment Segment Segment

Transmit segments

Events At Sender Site Network Messages Events At Receiver Site

Send Packet 1 \
Receive Packet 1

Send Packet 2 Send ACK 1

Receive Packet 2
Send Packet 3 Send ACK 2

. Receive Packet 3
Receive ACK 1 Send ACK 3
Receive ACK 2

Receive ACK 3
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TCP makes the underlying delay
elastic and ever-increasing
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What is Jack?

Demo: Jack
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Real-Time Audio: Under the Hood

Audio Audio

ST Caat
et
GO
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Real-Time Audio: Under the Hood
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Real-Time Audio: Under the Hood

Audio
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Real-Time Audio: Under the Hood

@ Audio-inputs Audio Process Callback Non-
(N-Channels) JackAudio Threads blocking
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Parameters that matter

- Queve Length (latency/jitter tradeoff)

=3 Redundancy (bandwidth)

8/16/24/ 32 =P Audio Bit Resolution (bandwidth)
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Parameters that matter

N Setup - JACK Audio Connection Kit

Settings

l Options I Display | Misc ’

Preset Name: [(default)

Server

Server Path: hackd

Parameters
% Realtime Priority:
__| No Memory Lock € Frames|/Period:
" | Unlock Memory
| Soft Mode

' | Monitor

| Force 16bit
| H/W Manitor
| H/W Meter

.| Verbose messages output

Sample Rate:

Periods/Buffer: |2

Port Maximum:

Timeout (msec): 500

Input Device: '(default)

Qutput Device: | (default)

Input Channels:

Qutput Channels:

Input Latency:

Qutput Latency:

LU L P L L el

Start Delay (secs): ‘2 % Latency: [ 2.67 msec |

4 ‘ X Cancel

/
y7/.

Packet size (latency)
Sampling Rate (bandwidth)

Juan-Pablo Céceres | CCRMA | Stanford University | jcaceres@ccrma.stanford.edu



mailto:jcaceres@ccrma.stanford.edu
mailto:jcaceres@ccrma.stanford.edu

Packet Size / Latency

latency
< >

UDP2 To Peer
——+{ e 3

UDPI1

latency

The smaller the packet size,
the lower the Iafency (sampling rate constant)
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Sampling Rate / Latency

For the same
packet size

64 samples| —» 48kHz: 64/48000 = 1.3 ms

64 samples| —» 96kHz: 64/96000 = 0.7 ms

The higher the Sampling Rate,
the lower the delay (packet size constant)
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A Simple (default) JackTrip Session

at CCRMA (Server)

jacktrip -s

v

server
mode

at UK (Client)

jacktrip -c¢ [ccrma-IP-number]

v

client
mode
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More Control over a JackTrip Session

at CCRMA (Server)

jacktrip -s -n 8 -g 4 -r 2

Ko l v l
mode Quevue

num chans redundancy

at UK (Client)

jacktrip -c¢ [ccrma-IP-number] -n 8

v

client
mode
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A JackTrip Session (demo)

Connections - JACK Audio Connection Kit

Audio | MIDI | ALSA |

Readable Clients / Output Port

Writable Clients / Input Ports

= . jacktrip_1
& outputl
& output2
& output3
& outputd
& outputs
& output6
& output?
& outputs
= il system

A capture_l
A capture_2
A capture_3
A capture_4
A capture S
A capture_6
A capture_7
A capture_8
A capture_9
A capture_10
A capture_11
A capture_12

= F |acktr|p 1

R, input2

R, input3

R, input4

R, inputs

R, input6

R, input7?

R, input8

| system

¢ playback_1
¢ playback_2
¢ playback_3
¢ playback_4
¢ playback_5S
¢ playback_6
¢ playback_7
¢ playback_8
: playback_9
° playback_10

xgonnectH X Disconnect

lx Disconnect All
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QoS Network “Audible Distances”

Plucking the Net

Longer Distance = Lower Pitch

Jittery/Lossy W

Short D_istance Wireless
Higher Pitch

/ N
/ 1
\
[
| )
\
| \
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Net vs. Net Collective
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JamlLink

hitp://www.musicianlink.com/
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More Information

CCRMA SQUNDWire

hitp://ccrma.stanford.edu/groups/soundwire/

JackTrip at Google Code:
hitp://code.google.com/p/jacktrip/

JackTrip Mailing List:
hitp://groups.google.com/group/jacktrip-users
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