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Commonalities and differences

TR

Youtube Tip:
https://voutu.be/]gGuRKgvW
Q42?si=Cphx9q3B0x0C9Zsh

®

Advancing Technology
for Humanity


https://youtu.be/JgGuRKgvWQ4?si=Cphx9q3B0xoC9Zsh
https://youtu.be/JgGuRKgvWQ4?si=Cphx9q3B0xoC9Zsh
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IEEE STANDARDS ASSOCIATION

IEEE Standard for
Local and metropolitan area networks—

Audio Video Bridging (AVB) Systems

A list of standards with maaaaany options:

e IEEES802.3

e |IEEES802.1BA
IEEE Computer Society e IEEES802.1AS

e |EEE802.1Q
Vit - o |EEE1722

o IEEE17221

IEEE

= “AVB” workgroup renamed to “TSN” - maintaining
and enhancing the same set of standards

30 September 2011
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Synchronization with (g)PTP
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Live Experiment

PRI

PRI @
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The gPTP Protocol

Time Device A Time Device B

sync t1
t2

IEEE 802.1AS gPTP
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The gPTP Protocol

Time Device A Time Device B

t1 request

response
t4

pdelay =
((t4 - t1) - (t3 - t2)) / 2

IEEE 802.1AS gPTP
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Precision Time Protocol - PTPv1
e Timestamping In

Software

PRI
OO0 e Only endpoints - no
OOOO00O00) . .
switches - involved
e |IP headers

PRI @

0 (O
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Precision Time Protocol - PTPv2

O

PRI

e Timestamping In

Hardware

@ SEsesEEs e All endpoints and
switches involved
e Various profiles
-~ @ e IP headers

0 (O
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All network devices are getting synchronized per gPTP

O

\°

LOOOOO00
@ OO0
PRI @

0 (O

Timestamping In
Hardware

All endpoints and
switches involved
Harmonized profile across
all devices

Ethernet Layer 2 - no IP -
headers
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Precision Time Protocol - Performance comparison

| Max Time Error 1* hop 6" hop
+0.024us =4.5us

0.035us | +0.063us

Kaltheuner, Henning / Kronauer, Genio / Lave, Morten / Corteel, Etienne: Requirements and Solutions for
Audio Networking in Sound Reinforcement Systems. Conference Paper 18: AES 2024 International
Conference on Acoustics & Sound Reinforcement (January 2024), 1-10.
https://www.aes.org/tmpFiles/elib/20251007/22356.pdf



https://www.aes.org/tmpFiles/elib/20251007/22356.pdf
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What is an ethernet packet?

transmitted first
0 1 2 3

0123 4567389012345 ¢678 9012345 %6 789 01

DA (MAC destmatlon address, upper 32 bits)

802.3 | i ﬂ) M é J l l d 1 1 1
MAC Header 4 A (MA destmatlon ad ress Iower16 blts)

AV AVBTP packet Vo
FCS

transmitted last

Source: https://www.ieee802.org/1/files/public/docs2009/avb-rboatright-p1722-explained-0903.pdf
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What is a stream?

transmitted first

o . SA[MACsourcpaddress lqwerdabity . . . .
TPID (8021Q'=810045) | A 'PCP Jer| " vID (VLAN IDENTIFIER) |

therType (AVBTP = 88E5,5)

0 1 2 3
0123456789 012345678901 2345¢6728901
00 DA (MAC destination address, upper 32 bits)
802.3 l et
04 A¢ de‘stinallionladdlressl. lower 16 bits) | . . SA(MAG soprce address, ugper 16 hits)
t t TS s Y A T Bt e L e

MAC Header
08

VLAN Tag 12 i
AVBTP Type 16

(=
r——
L

L + 1 Jo+
>
L=+

L) 4 ]

e
27

AVBTP packet

'
27

Nl SRR DT O

transmitted last

LOOO0O000
OO0

Continuous transmission of ethernet packets. 8000x per second!
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Recap: Regular Multicast

OOOOOOOO

-

A

LOOOOO00

OO0
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Multicast Address Allocation Protocol

-

Give me a
unique Multicast
MAC Address

~

—

LOOO0000)
OO0
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Stream Reservation Protocol

-

Is there enough
bandwidth for
the stream?

~

|

|

Stream
registered

Please forward
the stream to me

LUOO0000)

OO0

e

-

O
&

Please forward
the stream to me




AUDIO.
NETWORK
TECHNOLOGY.

Queueing and shaping - Qav - The credit based shaper

O

O

queue status credit and packets on egress [t = 14]

- threshold
— credit

'Ji?o“rity 2 devices sending at the
; same time with
3 interfering traffic

%
o Q
O
Low
priority

packetsinqueue o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
time
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So what's special about Pro Audio Applications?
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The audio market situation in 2016 and before - Example

Manufacturer A Manufacturer B
DOO0O0000 @
00000000 O
IEEE1722 IEEE1722
48Kz 48kHz
24Bit 24Bit
8 channels

1 channel
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So we had to work this out...
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Who supports Milan?

AADANMSON AV il [= Extreme Luminex AV KEYSIGHT
AuiTran X biamp. o o !,S;g A8\ MicrocHIP {Ib PreSonus
H< R Y— Mo AIVEO!  piGico
NETGEAR St e
QUANTUM SAVANT @ SIENDA B SCNNETTECNH' O splrent “

Sound

Z
JOYNED YL-acousT/Cs } [ Intel ///fMeyeﬁ
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9IEEE AVGIY

Advancing Technology
for Humanity

Milan defines interoperable subset of the standards:

e Media clocking
e Common Stream Formats
e Enumeration, Connection Management, (basic) Control

Clarifies ambiguities

IEEE Standard !
Local and met|

Adds redundancy scheme (optional)

March 8, 2023
Revision 1.00
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PROCESES STATED O DESCHIBED HEREI,NOR DOE 1 CONSTITUTE A LIENSE, EXPRESS ORIMPLIED,INANY CLAVS OF
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What is AVB/TSN and Milan?

mnn
-

AVB Switch AVB Switch
- B0 !HHI.D {
p———— !“DDH:]DO! @@ ) )@
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Can Milan really sound better?
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Basics: Analog-Digital-Conversion e /\/\/\ I

Conversion A-D

fig. 2 | T =

fig.3 \‘»\

Visual source: https://commons.wikimedia.org/wiki/File:Conversion_ AD DA.png [ \H
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Basics: Jitter in a Digital system

JITTER-FREE CLOCK ?

JITTERED CLOCK 1

O LIy e

O

[ —
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Basics: The effect of Jitter in Digital-Analog-Conversion
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Figure 1 DAC in clock master mode (lower trace) and in
clock slave mode with 25 ns peak wide band jitter
applied (upper trace).
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Audio Networking in Sound Reinforcement Systems

* Figure 2: loudspeaker system and audience area used
for synchronization evaluation tests
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Figure 3: frequency response variations between
unsynchronized and synchronized according to
Figure 2 (blue: individual curves, black, median,
red: 2.5 and 97.5 percentile), third octave smoothing,
+0.5us timing offset (uniform random distribution)
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Figure 4: frequency response variations between
unsynchronized and synchronized according to
Figure 2 (blue: individual curves, black, median,

red: 2.5 and 97.5 percentile), third octave smoothing,
+/- 10us timing offset (uniform random distribution)
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BACKUP SLIDES



AUDIO.
NETWORK.
TECHNOLOGY.

Latencies in Milan networks
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Latency in AVB networks

137.5us
360 channels @ 75% bandwidth reserved
AN
4 N
GBIt o000 6Bt oo '°Bt Coooooon) 6Bt o000
OO000000 OO000000) OO000000) OO000000 @
1GBIt
OO0 aaaaaaan aaaaaaan OO0
00000000 gy 00000000 g 00000000 ep 0000000 cp
N J
Y

9 hops =9 x 137.5us = 1.237ms
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Latency in AVB networks

Worst Case Latency Link Speed
2 0.5ms 100 MBIt
7 2ms 100 MBIt
2 0.275ms GBIt
14 2ms GBIt

75% bandwidth for AVB reserved



