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Welcome

= Course Goal:

* To provide the participant with the tools to make an
educated decision regarding the design and implementation
of an AV over IP system.

= Participate, Participate, Participate

* Remember that there are no wrong questions !
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Future proof?

= Sept 2018 PoE++ approved — 100 W
= Oct 2018 Extron announces a line of AV over IP products

= Oct 2018 test of 100G and 400G ethernet, commercial switches available.
Conversations start on Tera Byte Ethernet!

= Nov 2018 UK announces 4 centers for Al analysis of medical imaging
= Nov 2018 Sharp announces 70” 8K display

= On going HDMI 2.1, 48 Gbps, 2-3 meters (where are they?)....Spectra
HT8481 chip for active cables!
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* Why AV over IP?

 Digital AV concepts

* TCP/IP Networking — Ethernet basics

* AV Compression

e TCP/IP protocols

* AV over IP “triangle”

e Audio Video Bridging (ABV) IEEE 802.1x
* 1G solutions

* 10G solutions
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Why AV over IP?

= AV started simple, connecting video to monitors and bandwidth was not
an issue

= Then, as we wanted more connections, matrix switches appeared (even
128x128!)

= Digital video came along, EDID and HDCP had to be handled and the
hardware become more complex

= A consumer connector HDMI was forced upon the pro-AV world

= Now we have 4K/UHD, HDCP 2.2, clock rates to 600 MHz or more, HDMI
2.1 .........

= Oh, and essentially no standards, so each solution has a name and does
not play well with other solutions.
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Why AV over If |

128x128
HDMI Matrix Switcher

Displays

AV Sources

DVl@ Point to point
Display Portﬂ

Point to point
4 twisted pair cable up to 100 mts

AV Sources

HDMI

Control Sources

RS232 ¢HDBT
USB 16x16
IR HDBaseT Matrix Switcher
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= On the IT world meanwhile we have:
e Standards that guarantee product compatibility and interoperability

* Networks that have been operating for years, that are continuously
being upgraded in terms of bandwith and performance (10G in the
enterprise, 40G/100G fiber, 20G/40G Cat 8 Copper in Data Centers)

* Cabling options that include Category as well as fiber cables that
allow enhanced bandwidth and distances

* The mighty SWITCH that can send essentially anything, anywhere
(helped by a ROUTER) and to many places at the same time
(multicast). 10G coming down in price as 4K and 8K arrive.
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AV Source
Display Port
HDMI

Control Sources
RS232
USB

IR
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“Heavy” Compression
(Lossy)

=

“Light” Compression
(Visually Lossless)

Why AV over IP?

Switch 1G, 52 ports

Switch 10G, 24 ports

w»

Displays
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Why AV over IP?

= Flexible and expandable
 Grow on a port by port basis
e System size limited only by network bandwidth
* Support virtual architectural rearrangement
* Pt to Pt, Pt to Multi-Pt, Multi-Pt to Multi-Pt
= Convenient and cost effective
* Use existing infrastructure
Typically Gb networks, 10G coming down on price

Centrally managed
* Pay as you go

Access to content from anywhere
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- AV over IP

BEEE Encode with the Decode and

and ‘ necessary structure ‘ olay it back,

(wired or

display it

wireless)
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- Digital Video Concepts

= Display Resolution = # of vertical pixels.
« HD = 1080, UHD= 2160
* Horizontal pixels

« HD= 1920, UHD= 3840 (DCI* =
4096)

* Total Pixels
« HD= 2073600, UHD= 8294400

Sion 3 E

* DCI = Digital Cinema Initiative
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Digital Video Concepts

= Color Bit Depth(30, 36, 48 is also called Deep Color)

Bit Depth Bits Per Color Max Values Per Color Max Total Colors

8-bit 0- 256 16.78 Million
30 10-bit 0-1024 1.1 Billion
36 12-bit 0 - 4096 68.7 Billion
48 16-bit 0 — 65,536 281.5 Trillion

Note — The human eye can see up to 7-10 million colors

Judd, Deane B.; Wyszecki, Glnter (1975). Color in Business, Science and Industry.
Wiley Series in Pure and Applied Optics (3rd ed.). New York: Wiley-Interscience. p. 388
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https://en.wikipedia.org/wiki/Wiley-Interscience

- Digital Video Concepts

Rec. 2020
Rec. 709
DCI-P3

Right: color bit depth 8bits (via Rec.709 ).
Center: color bit depth 10 bits (via Rec.2020).
Left: color bit depth 12 bits (via Rec.2020).

source: http://forum.hardware.fr/hfr/VideoSon/HiFi-HomeCinema/unique-haute-definition-sujet_141366_1.htm
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Source http://www.acousticfrontiers.com/uhd-101-v2/
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Digital Video Concepts - HDR
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Chasing the huma

Human Dynamic Rangs

N VISION

S\/SL’V—Y

Whisl Viewer Sess

What Viewser Sees

8 bit color

Minimum
10 bit color
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Digital AV Concepts-

Without HDR
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- Digital Video Concepts

" Chroma Subsampling is used to reduce bandwith

=" The Colorimetric representation (YCbCr), has a luminosity cahnnel Y and
two color difference channels (CbCr)

(_‘ﬁ
I

LUMA(Y) CHROMA (U+V)  FINAL PIXEL (YUV)

o3 [

CHROMA YK CHROMA i
SUBSAMPLING 4:4:4 SUBSAMPLING 4:11
j
IIII el | | Il I IIII a XXX I-=
R gy b "l W XX 5]
LUMA (Y) CHROMA (U+V)  FINAL PIXEL (YUV) LUMA(Y) CHROMA (U+V)  FINAL PIXEL (YUV)
CHROMA Py CHROMA s
SUBSAMPLING 4:2.2 SUBSAMPLING 4:2:0

rj—w
g RS
i b XX |

LUMA () CHROMA (U+V)  FINAL PIXEL (YUV)

Source: https://www.videomaker.com/article/f6/15788-the-anatomy-of-chroma-subsampling
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- Digital Video Concepts

= Bandwidth calculation

* resolution — total number of horizontal pixels X total number of lines X

frame rate —in North America, typically 24, 30, or 60fps X
color bit depth — bit depth plus 2 overhead bits X
number of graphics channels — always 3 (RGB or YCbCr) X

chroma subsampling — reduces bandwidth by a factor: X

1. i.e.4:4:4—-12 of 12 samples used (no bandwidth reduction)

2. i.e.4:2:2 -8 of 12 samples used (multiply total above by 0.67)
3. i.e.4:2:0-6 of 12 samples used (multiply total above by 0.50)
4K/UHD, 30fps, 8bit color, 4:4:4 = 3840x2160x30x(8+2)x3x1 = 7.5 Gbps

éﬁ&%ﬁ D>

© 2017 AVIXA




Digital Video Concepts — Bandwidth Challenges

Standard/Bandwidth for HD and 4K/UHD Data Rates

45

40

35

25

Gbps

20

15

HDVI 2.1 g
..................................................................................................................................
30
0P 12|
[HOMI 2.0
0P 110

10
10 Gb Ethernet HDMI 1.4a

Gb Ethernet 0 ]
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1080p@60Hz 4K/UHD@30Hz 4K/UHD@30Hz 4K/UHD@60Hz 4K/UHD@60Hz
RGB or 4:4:4 YCbCr 4:2:2 RGB or 4:4:4 YCbCr 4:2:2 RGB or 4:4:4
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Digital Video Concepts

= Bandwidth demands of 4K, HDR, WCG, HFR

Bandwidth Increase
| ' | |
4K UHDTV |
High Frame Rate - 120FPs [ AR
High Frame Rate - 60FPS [N

HDR

Color Gamut _

10-Bit Bit Depth
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IT Concepts

Known High Capacity
Low or zero packet loss
Msec latency

LAN LAN

The Internet — Unknown Capacity
Big Packet loss and jitter (TCP/IP recovers)
High latency

WAN

. J Remote User S /

Source: https://networklessons.com/cisco/ccna-routing-switching-icnd1-100-105/introduction-to-wans-wide-area-network/
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IT Concepts

Ethernet wired lan 802.3x

The Evolution of Ethernet Standards to Meet Higher Speeds
Date | IEEE Std. Name Data Rate Type of Cabling
1990 | 802.3i | 10BASE-T 10 Mb/s Category 3 cabling
1995 | 802.3u | 100BASE-TX 100 Mb/s* Category 5 cabling
1998 | 802.3z | 1000BASE-SX 1Gb/s Multimode fiber
802.3z | 1000BASE-LX/EX Single mode fiber
1999 | 802.3ab | 1000BASE-T 1 Gb/s* Category 5e or higher Category
2003 | 802.3ae | 10GBASE-SR 10 Gb/s Laser-Optimized MMF
802.3ae | 10GBASE-LR/ER Single mode fiber
2006 | 802.3an | 10GBASE-T 10 Gb/s* Category 6A cabling
2015 | 802.3bq | 40GBASE-T 40 Gb/s* Category 8 (Class | & Il) Cabling
2010 | 802.3ba | 40GBASE-SR4/LR4 40 Gb/s Laser-Optimized MMF or SMF
802.3ba | 100GBASE-SR10/LR4/ER4 100 Gb/s Laser-Optimized MMF or SMF
2015 | 802.3bm | 100GBASE-SR4 100 Gb/s Laser-Optimized MMF
2016 | SG | Under development | 400Gb/s | Laser-Optimized MMF or SMF
Note: *with auto negotiation

Source: http://www.blog.beldensolutions.com/happy-birthday-ethernet-youve-come-a-long-way/

Afial
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IT Concepts

= TCP/IP and OSI networking model

TCP/IP model Protocols and services 0S|I model
- B

HTTP, FTTP, SppllE=non
Application Telnel, NTP, Presentalion
DHCP, PING ——
\. O e O O S T ==
Transport TCP, UDP Transport
Nefwork IP, ARP, ICMP, IGMP Nefwork
- —— Bl el iy —
Interface Elhenmel Physical

Source: http://fiberbit.com.tw/tcpip-model-vs-osi-model/
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= TCP/IP networking
* Best effort delivery — not good enough for AV!

In the Data Link layer (layer 2) switches use MAC addresses

In the Network layer (Layer 3) routers use IP addresses

In the Transport Layer (Layer 4) is where TCP/UDP operate

In the Application layer (Layer 7 or 5-7) is where applications reside

=<......3ﬂﬁf’.§f?.‘?.‘."2fi‘.....> =

P P

g -
~~  Nelwork access
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IT concepfts

Application
Presentation > Data
Session
N DATA Transport [— segment
HeLPder Hlfge, DATA Network —» Packet/Datagram
H':'a‘ticer H::ger He:apder Hl;::er DATA FCS Data Link =% Frame
Electical or Optical Signal Physical [— sit

Source: http://packet-network.blogspot.ca/2011/11/data-encapsulation.html

o3 [

6 & 7 marzo 2019 | Altice Arena, LISBOA

© 2017 AVIXA




IT Concepts - Frames & Jumbo
frames

42%.1500 bytes

* Note: 42 byte minimum with 802.1Q, 46 without. I I
B octets 6 octets 6 octets 2 octets 46-1500 octets 4 octets
PreAmble Frame MAC MAC 2210 EtherTypeor PAYLOAD FrameCheck Inter-Frame Preamble M[:fgt ;gztri:;; Ma?:na;l;g?ess ‘Etherlype CRC
0 Delimiter Dest Source  Opticnal Tag 023 Lergth * or 32 bit CRC Gap .
' f1) ) {6) (4) @ (42*-1500) (4) (12) '
L 64 — 1522 bytes J IP Datagram
L 72 - 1530 bytes J
L J

Source; https://www.pathsolutions.com/run-for-your-lives-attack-of-the-jumbo-frames/
Standard 1500 MTU

8 \

1 N - =g
Jumbo frames may cause problems when
going through a router, not all routers
=L accept jumbo frames

e g
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IT Concepts

= Layer 4 — Transport layer
* Multiplexing using ports (80:HTTP)
* Error recovery (reliability)
* Flow control with windowing
* Connection establishment and termination
* Ordered data transfer and segmentation

" Transport Protocols

e TCP (transmission control protocol), connection oriented and all of
the above

e UDP (user datagram protocol) connectionless and none of the above,
except multiplexing. May have trouble through firewalls.
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IT concepts

TCP Vs UDP Communication

TCP UDP

Sender Receiver Sender Receiver

An image = 3.5 Mbps

gl P : e
@ @ A frame = 1500 bytes
g P An image= 2333 frames
SYN - et

> ESPONS _

SYN ACK —ERECH >

h— P RESPONSE- »
= e —

http://www.oodlestechnologies.com/blogs/Why-UDP-is-preferred-for-Live-Streaming
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- IT Concepts

TCP Segment Header Format

Bit# | 0 7 |8 15 | 16 23 | 24 31
0 Source Port Destination Port
32 Sequence Number
64 Acknowledgment Number
96 |Data Offset| Res Flags Window Size
128 Header and Data Checksum Urgent Pointer
160... Options
%
UDP Datagram Header Format
Bit# | O 7| 8 15 | 16 23 | 24 31
0 Source Port Destination Port
32 Length Header and Data Checksum

o3 [

Source http://microchipdeveloper.com/tcpip:tcp-vs-udp
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= A virtual LAN (VLAN) is any broadcast domain that is partitioned and
isolated in a computer network at the data link layer (OSI layer 2)

* Broadcast/Traffic flow control

* Security

e Performance/Bandwidth

* Cost

Extend across switches with 802.1Q (trunking)
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IT Concepts - QoS

= QoS — Quality of Service
e DiffServ Classes — IEEE RFC 4594
* IntServ - RSVP — Resource Reservation Protocol

Afial [>
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|P Header
r A
Ver |Length| ToS | Flags | Checksum
| |
+7 BBils
s, 5
\
\
o A \
P 4 Bils 1 B, | Y
’ ’ w IP Pracedence IP Precadanca ’ IP Precedence

, | | [ Decima Binary ‘ Namsa

IP Precedence [ 0 000 [ Routine
| 1 _001 | Promty
:’ 2 010 ! Immediate

: 2d 3 o1 [ Flash

- 4 100 | Flash-Ovemde
- 101 | Ceeal
i 6 110 | Intematwork Control
| 7 111 [ Network Controd

© 2017 AVIXA




IT concepts - IGMP and Snhooping

The Internet Group Management Protocol (IGMP) is a communications protocol used by
hosts and adjacent routers on IPv4 networks to establish multicast group memberships.
IGMP Snooping “listens” to the traffic to limit it to the “members”

4

. i
o=

IGMP Snooping | Without IGMP Snooping

The Legend

B Router Port

% L2 Switch

E-*:i Router

M A  Multicast Address

Q, Host {_ % Intermediate System

ét:ciﬁa()l!; wu © 2017 AVIXA
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IT concepts - IGMP and Snooping

0 7 15 31
Type = 0x11 Ma;:jisp. Chieeksiim |Tab|e 3 IGMPv3 Query Message Field Descriptions
Group address Field Description
S|QRV| QQIC Number of sources (N) Type = 0x11 IGMP query.
Source address [1] Max resp. code Maximum response code (in seconds). This field
specifies the maximum time allowed before sending
Source address [2] a responding report.
: Group address Multicast group address. This address is 0.0.0.0 for
. general queries.
Source address [N] g S S flag. This flag indicates that processing by routers
a is being suppressed.

QRV Querier Robustness Value. This value affects timers
and the number of retries.

QQIC Querier's Query Interval Code (in seconds). This field
specifies the Query Interval used by the querier.

Number of sources [N] Number of sources present in the query. This
number is nonzero for a group-and-source query.

Source address [1...N] Address of the source(s).

Aftal s
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IT concepts - PIM

= Protocol-Independent Multicast

9 Multicast
Multicast Source

PIM Messages

Rendevous
Point

PIM
Designated Router

Aftal s
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Digital Video Concepts — Bandwidth
Challenges

Standard/Bandwidth for HD and 4K/UHD Data Rates

45
40 HDVI 2.1
35
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo DP 13 and DP 14
(%] 30
o
o)
O 25
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo DP 12
20
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo HDM| 20
DP1.1a
10 Gb Ethernet  L0mmmm——iiid st oocasstcccaeieecczezizecozosicccccss: Rl - OO AR - - (00T ARRRRRRRRRRE -
HDMI 1.4a
DVI
Gb Ethernet
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- AV over IP

BEEE Encode with the Decode and

and ‘ necessary structure ‘ olay it back,

(wired or

display it

wireless)
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" "lossless” compression means _and the final file is

identical to the original. Reduces bits by identifying and
eliminating statistical redundancy. Hoffman and Run length algorithms.

= "lossy" or “Visually lossless” compression sacrifices some data from the
file to achieve much higher compression rates. Lossy compression
schemes use complicated algorithms that toss out image detail that -

_ The decompressed file is extremely similar

in character to the original, yet is not identical.
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Compression

Lossless

Source: http://bangtanb775.blogspot.ca/2016/07/lossy-and-lossless-compression.html
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Compression

Original JPG 50% Lossy Compression 80% Lossy Co/ pression
fl ’
824 KB e . 76 KB o | 38 KB o

;..‘AN .: -\:' 2
i) 2 |
| \V_ 26
. . -I- »
& -

38

N N
SEANE N

Original Lossless Compyressed
824KB ' 3 o

-“

{'{A‘::'-“(-'\ N ' ;- ,'.’.(‘:i: ‘ (“ , A.‘

2 SRR S O B
e e TR L) RSN R A . AN MR AN N
v e N \ N X /4 A \ A . R -
. . AL ot ! AN - ’ e, i ) N\ N &
PN L l“:“ S .\ . N\ e ‘ T — .‘. - S X AR AEN S ~ -
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Compression

= Spatial (or intraframe) compression takes place on each individual frame
of the video, compressing the pixel information as though it were a still

image.
= Temporal (or interframe) compression happens over a series of frames

and takes advantage of areas of the image that remain unchanged from
frame to frame, throwing out data for repeated pixels.

 Temporal compression relies on the placement of key
frames interspersed throughout the frames sequence. The key frames
are used as masters against which the following frames (called delta
frames) are compared. It is recommended that a key frame be placed
once every second; therefore, if you have a frame rate of 15 fps, set
your key frame rate once every 15 frames.
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Compression

These sections are identical

New image content

http://telestreamblog.telestream.net/2015/02/video-
compression/

Afial [>
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Compression

Example DCT integral and matrix MNy-1 HNy-1 "
- 1 !
Bk k) = Z 4-A(1,1) cos| — (24 + 13 | cos| —=( 2 + 1)
i=0 j=0 : :
!II!!!III!II!!__ ";"
; I::> Discrate
a Cosing
[T Transfom
DCT)
8x8 Pixel Blocks @
r"’l o= ,_I,i!:;}l;? Fj Cuantization
~ P70 <A
[ 1
4 !
[ B it e
= e
D and AC Separation Lig-zag Scan
Huffman
DPSM o R
Codig Gty | [ > | et | [P S T pame [ S
JFIF Fila Craation
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A Brief History of Video Codes

High Efficiency Video Coding (HEVC)
Advanced Video Coding (AVC)

____________ m Future Video Coding (FVC)
MPEG 1 MPEG 4 (H. 265 H266, 2021
1SO .

I i B R R

On2/Google Alliance for Open Media AV1

You Tube

1990 1993 1996 1999 2002 2005 2008 2011 2014

Afial [>
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Compression

* Typical Compression ratios and bandwidth

Compression Category Example System Example Data Example
Rate Ranges Compression
Ratios
“lossless?” (visually lossless) G 0.3 - 10 Gbps el

Y DSC 1.3:1, 2:1. 3:1

Visually Lossless JPEG2000 MIPEG, 30 =800 Mbps 15:1 to 300:1

Subjective to judgment of viewer DIRAC Pro
Lossy MPEG-2, H.264, 1-40 Mbps 300:1 to 3000:1
Aggressive to achieve low dota rate HEWC

Afial
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MPEG-2 Lossy

H264/H265 Lossy low

JPEG2000 VL to Lossy Low to medium
VC2 VL medium

VP9 Lossy low

Blue River VL high

DSC VL high

* As judged by actual viewers

Afial [>

low

medium

medium

low

high

high

High

High

High to
Medium

Medium

High

Low

Low

DCT - Inter

Hybrid STPM

DWT - Intra

DCT - Inter

Inter

Spatial, line by line

DPCM+ICH

Y - royalty

Y - royalty

Y - royalty

Y - free

Y - free

Y - free

Type Bandwidth Image Latency Technique Standard
quality*

© 2017 AVIXA

6 & 7 marzo 2019 | Altice Arena, LISBOA



= MPEG features

* Interframe compression

* Uses DCT (Discrete Cosine Tranform)

* All evolutions, MPEG-1, MPEG-2 and MPEG-4, backwards compatible.
* Widely used and inexpensive.

e Lossy compression

* High latency

éﬁ&%ﬁ D>
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- Compression — JPEG2000

= JPEG 2000 features

 Lossy to visually lossless compression (specify size of file)
Intraframe compression

All frames are “key” frames Source: http://www.utdallas.edu/aria/me/post/
Coded with DWT, Discrete Wavelength Transform

No blocking artifacts at high compression ratios

Digital Cinema Standard

JPEG2000 video streams can travel with IP headers (may need Jumbo
frames)

* High-quality video compression, low latency

f‘er.t&zam!, D>

© 2017 AVIXA




- Compression - H264/H265

Category

H.264

H.265

Names

MPEG 4 Part 10 AVC {Introduced in 2004)

MPEG-H, HEVC, Part 2 (Approved in Jan 2013 )

Industry
adoption

General

Dominant and accepted video codec for
Terrestrial, Cable, Satellite and IPTV broadcast.
(ATSC/DVB/ISDB)

Widely used across Blu-Ray, security systems,
videoconferencing , mobile video, media
players, video chat etc.

Implementation demonstration across NAB, IBC and other
events starting 2012 from companies e.g. ATEME, Broadcom,
Thomson , Harmonic (Cisco), Ericsson, Qualcomm etc..
Increased R&D across Encoder/Decoder /CE vendors for
software and hardware based solutions

Key

improvement

* 40-50% bit rate reduction compared 10
MPEG -2

* Led the growth of HD content delivery for
Broadcast and Online

* 40-50% the bit rate reduction at the same visual quality
compared to H.264

* Potential to realize UHD, 2K, 4K for Broadcast and Online
{0TT)

Progression

Successor to MPEG-2 Part

Successor to MPEG 4 AVC, H.264

Compression
Model

Hybrid spatial-temporal prediction model

* Flexible partition of Macro Block (MB) , sub
MB for motion estimation

* Intra Prediction (extrapolate already
decoded neighboring pixels for prediction)

* Introduced multi-view extension

*+ 9 directional modes for intra prediction

* Macro Blocks structure with maximum size of
16x16

* Entropy coding is CABAC and CAVLC

Enhanced Hybrid spatial-temporal prediction model

* Flexible partitioning, introduces Coding Tree Units (Coding,
Prediction and Transform Units -CU, PU, TU})

* 35 directional modes for intra prediction

*  Superior parallel processing architecture, enhancements in
multi-view coding extension

»  CTU supporting larger block structure (64x64) with more
variable sub partition structures

* Entropy coding is only CABAC

TECHNICAL

Specification

Support Up to 4K (4,096x2,304)
Supports up to 59.94 fps
21 profiles ; 17 levels

Up to 8K UHDTV (8192x4320)
Supports up to 300 fps
3 approved profiles, draft for additional 5 ; 13 levels

Drawbacks

Unrealistic for UHD content delivery due to
high bit rate requirements. Frame rate support
restricted to 59.54

Computationally expensive (~ 300 5 + ) due to larger prediction
units and expensive Motion Estimation (Intra prediction with
more nodes, asymmetric partitions in Inter Prediction).

Afial 15>
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Compre-
ssion
ratio ‘
1/1004 H EVC/
»H.26
~ FullHD mobile
v broadcasting
1/50-+ :‘;‘é{l 4K/8K broadcasting
o — internet video
Blu-ray
1/25-4
_ H.262 VD
Digital broadcasting
2003 2013 ~

Source: https://www.nec.com/en/global/rd/research/cl/hevc/index.html
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- Compression - SMPTE 2042 VC-2

= Supports RGB and 4:4:4, 4:2:2 and 4:2:2 YCbCr

= Uses Discrete Wavelet Transform

= Allows efficient compression or low latency

= Developed and used by the BCC (DIRAC)

= Open Source, no license fees

= SMPTE (society of motion picture and television engineers) standard

f‘er.t}zam!, D>

© 2017 AVIXA




- Compression - AV1 (V9)

Advancing the Ecosystem and State of the Art ‘ OPEN MEDIA "

Uses less data while delivering 4X UHD video

T and beyond when compared to alternatives

Developed for the internet and related
Interoperabie and open applications and services - from browsars and
streaming to videoconferencing services

Scales toany modern device Designed with a low computational
at any bandwidth footprint and optimized for hardware

For use in both commercial and

non-commercial content, including Bringing features like 4K UHD, HDR, and WCG
user-generated content to real<time video

Afial [>>
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Compression — Aptovision Blue
River

= Spatial compression
" Line by line compression

= Reduces the video payload by discarding some H and V blanking regions
data, before applying the codec

= Similar to mosaic compression

= Very low latency

= 1.4 : 1 compression ratio brings 4K/60/4:4:4 below 10G
= No jumbo frames

f‘er.t}zam!, D>
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- Compression - DSC

= VESA DSC (Display Stream Compression) — not yet used for Av over IP
* Visually lossless to as low as 8 bits/pixel

* The DSC encoding algorithm is based on delta pulse code modulation (DPCM)
with an Indexed Color History (ICH) Original Dift DSC Compressed

Same  Minor Bigger

* Fixed rate codec
 Compression ratio of 2:1 to 3:1
* Industry standard

* License free

* Deployed in Display Port 1.4
Used by HDBaseT

Will be in HDMI 2.1

éﬁ!ﬁmﬁ »
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- AV over IP

BEEE Encode with the Decode and

and ‘ necessary structure ‘ olay it back,

(wired or

display it

wireless)
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- IT Concepts — Switches for AV

= Full layer 2 and 3

. IGMP IGMP
- FuIIy non—blockmg Snooping Querier
= |GMP Version 2 snooping Eﬂ’h‘ﬁ' iﬁhﬁ

= |GMP Queries

= |GMP FASTLEAVE for 4K seamless switching IGMP Drop
. . . Fast Leave Unregistered
" Drop unregistered Multicast traffic Enabled Miilticast

VLAN 1 Flooding

g SDVoE Alliance

éﬁ&%ﬁ D>
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IT Concepts - Switches for AV

= H264/265/266/VC-2 require a 1Gig Ethernet Switch supporting
IGMP and PoE

= JPEG2000 requires a 1Gig Ethernet Switch supporting IGMP, Jumbo
Frames and PoE

= Aptovision Blue River/ VESA DCS require a 10Gig Ethernet Switch
(they support IGMP & Jumbo Frames but not PoE (fiber!))

= For large numbers of source and sink equipment, beyond the port
count of a single 1G Ethernet Switch, you need to stack Switches.
Use a 1G switch with a 10G fiber stack port

é‘i&%ﬁ D>
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- AV over IP - Transport Protocols

= RTP — Real Time Transport Protocol
* RTCP - Real Time Control Protocol
e RTSP — Real Time Streaming Protocol
* RTMP — Real Time Messaging Protocol
= SMPTE (Society of Motion Picture and Television Engineers) 2022.x

= TSN — Time sensitive Networking; AVB — Audio Video Bridging 802.1BA, AS, Qat
Qav/IEEE 1722(AVTP)

f‘er.t}zam!, D>
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- AV over IP - Transport Protocols

= RTP — specifies a way to manage real-time transmissions of multimedia
over a network

= Uses RTCP as a control protocol
m Typ|ca”y runs on UDP Figure 1: RTP in the IP Packet

P UDP RTP payload

Figure 2: RTP Header

version | PIX | CCIM| PT Sequence number

Time Stamp

SSRC Identifier

CSRC |dentifiers

Source: AV Network
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- AV over IP - Transport Protocols

= SMPTE 2022 - Standard that describes how to send digital video over an IP

network, using RTP (over UDP)
» ST 2022-1:2007 - Forward Error Correction for Real-Time Video/Audio Transport Over IP Networks
e ST 2022-2:2007 - Unidirectional Transport of Constant Bit Rate MPEG-2 Transport Streams on IP Networks
e ST 2022-3:2010 - Unidirectional Transport of Variable Bit Rate MPEG-2 Transport Streams on IP Networks

e ST 2022-4:2011 - Unidirectional Transport of Non-Piecewise Constant Variable Bit Rate MPEG-2 Streams on IP
Networks

e ST 2022-5:2013 - Forward Error Correction for Transport of High Bit Rate Media Signals over IP Networks (HBRMT)

e ST 2022-6:2012 - Transport of High Bit Rate Media Signals over IP Networks (HBRMT), it provides a wrapper that
encapsulates baseband video so that it can be carried in IP frames

e ST 2022-7:2013 - Seamless Protection Switching of SMPTE ST 2022 IP Datagrams
= SMPTE 2110 — Standard for live digital video production based on IP.

o3 [
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- AV over IP - Transport Protocols

= Streaming- content streamed or sent to a CDN(content Delivery network) and
then streamed

 HLS — HTTP Live Streaming (most popular)
e HDS — HTTP Dynamic Streaming (based on Adobe Flash)
e MPEG-DASH — Dynamic Adaptive Streaming over HTTP (the future?)
e Streaming Techniques
* ABR — Adaptive Bit Rate Streaming
 DSS - Dynamic Rate Shaping
* MBR — MultiBit Rate Streaming

f‘er.t&zam!, D>
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Variable Bit Rate: Constant Bit Rate:

Peak (Potentially Clipped - Lost Packets) More Control is Better

"\ .1‘"‘1’!'1|'ﬁ','|7|| .LTW‘IT "

CBR

Valley = Inefficient

CBR is the best for QoS
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AV over IP - Streaming

Adaptive Bit Rate Streaming (ABR) Dynamic Stream Shaping (DSS)

llllll

)
10
"

Haas o Fremaps — Encoder video bitrate dynamically
- ... 1
E ] e i changes based on "back-pressure”
. o= o —  — Used with RTMP “uplinks’
K bifis S
Multi Bit Rate Streaming (MBR) E _] ;
Re———
Feliall EtraTla -7.-_‘._‘_;.-;
A ——— T L .'..r ——
T ee—— Sl Tap Boseds __.-...
MaktaX — DR
.T' ..
F...__
Cme— |
= —

Af -la l D> Sofirg Mo ordiwg Syeici
lbérico2019
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- AV over IP “Triangle”

Network Video DeSign * Challenges of AV over IP

Compression
HDMI 1.4, 2.0,2.1
HDCP handling
1G or 10G
Managed Switch
Port Density
Time Sync
Discovery and control
Reliability
Transport
Interoperability
PoE

Video Quality

Bandwidth J

éﬁ&%ﬁ D>
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AV over IP - Compromises

¢€HDBT
i HEVC
W4 DscC E'Uﬁﬁver VFEGUNC|

LATENCY

T =
E &
£ i
= Ly
= L
& i
g ¢
o 0
O

LATEMCY

COMPRESSION
BANDWIDTH

L&)

BAMOCWICTH

LATEMCY

I COMPRESSION

Source: http://www.hiddenwires.co.uk/features/article/the-essentials-of-av-over-ip
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» Visual collaboration

* HD videoconferencing
» Remote control of video equipment

+ Real-time broadcast video contribution
» Distance collaboration

s * Video on Demand
Acowssiaty « Video monitoring
Content Playback * Presentation webcasting

and One-way Delivery « IP video surveillance

« Distance learning

o
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a4 High
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G) Bl Ultra Low
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Latency High
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AV over IP - Latency

Contributions to delay in a low-latency, 1080p30 video streaming system

Processing Stage Buffering Latency (1080p30)
Capture Post-Processing
(e.g., Bayer filter, chroma A few lines (e.g. 8) < 0.50ms
resampling)
Video Compression 8 lines for conversion from raster
(e.g. Motion-JPEG, MPEG-1/2/4 orlscan 0.25ms
H.264 with single-pass bitrate A few thousand pixels on the << 0.10ms
regulation) encoder pipeline
Network Processing
<0.

(e.g. RTP/UDP/IP encapsulation) | €W KPvtes 0.01ms

From a number of frames (e.g. trom 16ms
Decoder Stream Buffer more than 30) to to 1sec

sub-frame (e.g. 1/2 frame)

8 lines for conversion from raster
Video Decompression scan 0.25ms

(JPEG, MPEG-1/2/4, or H.264) A few thousand of pixels on the << 0.10ms
decoder pipeline

Display Pre-Processing
(e.g. Scaling, Chroma Resampling)

a3 [~
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AV over IP - Production

= v.: S
-

A 8 Native IP Camera

Native IP Camera 9
> Control

IP BGre

Native IP Monitor

ELLEELY
RO

Native IP Monitor

Video processing: SAN / NAS
Video Mix, CG Insert, Encode / Decode...

Source https://www.thebroadcastbridge.com/content/entry/325/routing-live-uncompressed-production-video-on-ip-networks
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AV over IP — multi source/mulii
display

Pro Digital Network Controller

=

AV over IP RX (x4)

AV over IP RX .
- Display
Media Player AV over IP TX ’_‘
Display
1

Blu-ray Player AV over IP TX

'-.'_

Smartphone

Video Wall

Tablet

Ethernet

! - Switch ‘
‘ AV over IP RX

Audio System
AV over IP TX

Afial [>

6 & 7 marzo 2019 | Altice Arena, LISBOA

Display

© 2017 AVIXA




Camera

Wireless Microphone

Al

lbérico2019 &

|

Internet

<4

Facility

LAN *

Streaming Application

Ethernet

Firewall

Ethernet

Content Delivery System

Overflow Room

Ea

Decoder
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sSolutions
* AVB (ethernet standard)
*1G
*10G
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AV over IP — AVB (TSN)

= |[EEE 802.1 BA

* AS — Generalized Precision Time Protocol (gPTP), IEEE 1588

* Qat — Stream Reservation Protocol (SRP)/Multiple Stream (MSRP)

e Qav — Forwarding and Queuing for time-sensitive streams (FQTS)
= Payload uses IEEE 1722 (Audio Video Transport Protocol)
= Layer 2 (not routable, thus limited to the LAN) .
= 7 hops &WC,“J@
= 2 ms latency
= Up to 75% bandwidth reservation!

éﬁ&%ﬁ D>
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AVE legacy AVE Legacy AVE legocy AVE Legacy

?.D% FESEI"I'OCI - - = e ) -
for wo AVB 550 A @ iZ Bl B D2

streams

AVB Legocy AVB legacy AVB  legacy AVB Legacy

75% reserved
for six VB o3l 3 g 273 4 S48 7203 4 B8 Dzl 4 B
s!rmms 1 a & ¥ I - A i . - a i ) FPY E a & b a-l

- I | 1 I | | ] 1 1 ] 1 I ] 1 ] | 1 I | |

T sl 0 100 200 300 400

802.1AS endpoint 802.1AS end-
Grand Master point m

802.1AS devices sond a sync message and 802.1AS
2 corrocting follow up from the master port re
to the slave port(s) in other devices.

@ clock mastor port [l L

d-
[C5] et siave por [0

pomt 802.1as K
endpoint

802.1AS bridges provide timing correction
information based on the dolay through a cable m
and the bridge itself B802.1AS

endpoint
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AV over IP - AVB (TSN
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Av over IP Solutions - 1G

3 % % % % % %

500752 500753 500754 500757 500762 500758 500759 500760
IRV o vw/ex
H.264 (757), H.264/H.265 (762) JPG 2000
500ms/1smb 1 Frame_(SOOMbps 0 Latency/<10Ghps

HDM

W/Ext

4K/60

AptoVision

Visually Lossless

IR & PcE RS232, IR & PoE Audio, RS232, IR & PoE Audlo, RS232 & IR

Ibérico2019 D
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1G Solutions

HDMI over IP H.264/265 PoE Extender Kit
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- 1G Solutions

HDMI over IP H.264 /265 PoE Extender Kit

* RX: Supports up to _and up-scales 1080p @ 60Hz to 4K @ 60Hz
* TX: Supports up to _(up-scaled to 4K/60 by RX)

* Extends local AV transmission up to 330ft (100m) over Cat5e/6

. _, excellent for LAN, WiFi & Internet transmission

* Supports

e RX: USB 3.0 port for storing and playback of local content from external USB drive
e RX: Supports SPDIF (TosLink) Audio Out

e TX: Supports 2CH audio insert, RX: Supports 2CH audio extract.
* RS232 and Directional IR for remote control of end-devices

T

el
— | Weo H ) . o 5
ey | e l H264 W Audio 1Way R | Managed

o3 [
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MANY TOMANY
HVUM

S Color code: @ HDMI @ AV over P ® KBD ® Mouse ® Audio
Color code: @ HDMI ® AVoverlIP ® KBD @ Mouse ® Audio

Afial [>
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- Kramer

VIDED WALL ONE TO MANY

Colorcode: @ HDMI ® AV over P ® KBD @ Mouse ® Audio
Colorcode: @ HDMI ® AVover P ® KBD ® Mouse & Audio

Afial [>
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- 1G Solutions

INPUTS

1 Ethernet (LAN/PoE) on an RJ-45 connector, 1 IR (Rx)

OUTPUTS

1 HDM, 2 left and right unbalanced stereo audio, 1 RS-232, 2 USB (type A) ports, 1 IR (tx), 1 Ethernet on an RJ-45 connector (daisy—chain LAN)
NETWORK

SWITCH

STREAMING

IR

*Wide-band 20kHz~60kHz bidirectional IR transmission

MANAGEMENT

*API, Kramer Control, Kramer AV services (powered by Kramer Network)

VIDEO ENCODINGiDECODING

HDCP
*HDCP 2.2
BIT RATES

RESOLUTION

AUDIO ENCODING/DECODING

*Compression standard (analog in/out): AAC-LC
CHANNELS (HDMI EMBEDDED AUDIO)

-PCM 2 5 1, 7.1 Channel, Dolby Digital 5.1 Channel, Dolby Digital Plus, Dolby Digital True—-HD, DTS 5.1 Channel, DTS-ES, DTS-HD High Resolution,

wl
IbenCOZOlQ © 2017 AVIXA
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HDMI, | HDBaseT-IP
4KE> TX

HDMI HDBaseT-IP
4K X

10GE

HDMI HDBaseT-IP
4K = X

Afial
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10G Solutions — HDBaseT over IP

____________ #1
HDBaseT-IP HPBasE TP Lyriom
10 Gigabit 4K

Switching-« ~— 1065\-
#2
HDBaseT-IP:>HDMI
1 10GE RX 4K
HDBaseT-IP -
RX = HDMI :
" #N
HDBaseT-IP
10GE RX :>HEKMI

HDBaseT-IP
HDBaseT HDMI
RX > R = 4K
(Bridge) HDBaseT :
Projector

Tx boxes will have DSC encoder, Rx boxes will have DSC decoder chip
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. APPLICATION

e New apps created, old apps reimagined
>
o) C C
7]
z °@® soveEar © @ ® |
3 o »
& . PRESENTATION -
a SDVoE Adaptive Clock Resynchronization Video Frame Rate
Scaling
. SESSION
SDVoE Session Management
. TRANSPORT Chroma Sample
TCP, UDP Conversion
ul
S . NETWORK
8 IP, IGMP ':vco
- et ating
Rl D Rooms
g . DATA LINK :
g Ethemnet |IEEE 802.3

. PHYSICAL
10GBase-T, 10GBase-SH, TIA-568

Afial [>>
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- Why now 10G?
- Bandwidth
- Ethernet caught up to video
- Cost
- 10G down to $100/port
- Technology
- Adaptive Clock Re-synchronization
- Proprietary protocol
- “similar” to IEEE 1588, not as precise.

éﬁ&%ﬁ D>
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10G Solutions - SDVoE

Two products and simple, efficient designs

Traditional Approach Efficient & Cost Effective SDVoE

|
N L LT [N |
Treia Tigvanttrs i

7 SDVcE Aliance
Af e
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. ©E4
Coppse |
COC o
ng 10G Ethernet Switch QER
RX

>

4K UHD

1K w HDR

8K w HDR

adding moving New features
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- 10G Solutions — SDVOE

AV over IP 4K/ 60 Uncompressed Extender Application
. HDMI (TX & RX) and DisplayPort 1.2a (TX) up to 4K @ 60Hz

Supports Video Wall, Virtual Matrix Switch and Virtual Splitter
2CH audio insert (TX) & 2CH audio extract (RX)
RS232 & 2-way IR for remote control of end-devices

éﬁ&%ﬁ D>
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- 10G Solutions — SDVOE

Afla_

Ibérico2019
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- AV over IP - which system do you
choose?

= Educate yourself

85

= Cut through the “noise”
= \What do the user needs?

It is all about the application

=" And remember : Talk to the IT people!

Afial [5>
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- AV over IP - References

= Chroma Subsampling : https://en.wikipedia.org/wiki/Chroma subsampling

= HDR: https://en.wikipedia.org/wiki/High-dynamic-range imaging

= Color Space: https://en.wikipedia.org/wiki/Color space
= TCP/IP: https://searchnetworking.techtarget.com/definition/TCP-IP
= TCP/IP protocols : http://www.comptechdoc.org/independent/networking/protocol/protnet.html

= Vlan : https://www.alliedtelesis.com/sites/default/files/overview vlans.pdf

= IGMP : http://www.networksorcery.com/enp/protocol/igmp.htm
= JPEG2000 : https://ipeg.org/jpeg2000/
= H264 : https://www.vcodex.com/an-overview-of-h264-advanced-video-coding/

= H265 book (2014) :
https://doc.lagout.org/science/0 Computer%20Science/2 Algorithms/High%20Efficiency%20Video%20Coding%20%28HEV
C%29 %20Algorithms%20and%20Architectures%20%5BSze%2C%20Budagavi%20%26%20Sullivan%202014-08-24%5D.pdf

= H265: http://x265.0rg/
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https://en.wikipedia.org/wiki/Chroma_subsampling
https://en.wikipedia.org/wiki/High-dynamic-range_imaging
https://en.wikipedia.org/wiki/Color_space
https://searchnetworking.techtarget.com/definition/TCP-IP
http://www.comptechdoc.org/independent/networking/protocol/protnet.html
https://www.alliedtelesis.com/sites/default/files/overview_vlans.pdf
http://www.networksorcery.com/enp/protocol/igmp.htm
https://jpeg.org/jpeg2000/
https://www.vcodex.com/an-overview-of-h264-advanced-video-coding/
https://doc.lagout.org/science/0_Computer%20Science/2_Algorithms/High%20Efficiency%20Video%20Coding%20(HEVC)_%20Algorithms%20and%20Architectures%20%5bSze,%20Budagavi%20&%20Sullivan%202014-08-24%5d.pdf
http://x265.org/

- AV over IP - References

= VC-2: https://en.wikipedia.org/wiki/Dirac (video compression format)

= AV1 : https://aomedia.org/avl-bitstream-and-decoding-process-specification/

= Blue River : https://www.semtech.com/products/professional-av
= VESA DSC: http://www.vesa.org/wp-content/uploads/2014/04/VESA DSC-ETP200.pdf
= VESA DSC : http://www.quantumdata.com/assets/displayport dsc protocols webinar.pdf

= Compression book (2005) : http://www.pixellized.com/assets/a.practical.guide.to.video.and.audio.compression.pdf

= AV over IP : http://www.matrox.com/graphics/en/press/guides/av-over-ip-fundamentals/
» Audio Video Bridging and TSN : https://en.wikipedia.org/wiki/Audio Video Bridging
= SDVOE : http://sdvoe.org/
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https://en.wikipedia.org/wiki/Dirac_(video_compression_format)
https://aomedia.org/av1-bitstream-and-decoding-process-specification/
https://www.semtech.com/products/professional-av
http://www.vesa.org/wp-content/uploads/2014/04/VESA_DSC-ETP200.pdf
http://www.quantumdata.com/assets/displayport_dsc_protocols_webinar.pdf
http://www.pixellized.com/assets/a.practical.guide.to.video.and.audio.compression.pdf
http://www.matrox.com/graphics/en/press/guides/av-over-ip-fundamentals/
https://en.wikipedia.org/wiki/Audio_Video_Bridging
http://sdvoe.org/
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Jose Mozota, PhD, CTS <>
fremansolutions@gmail.com h’

Mobile: 613-983-0822

Based in Ottawa, Ontario, Canada Frema n

SOLUTIONS INC.
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