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Executive Summary

Internet Protocol Media Experience (IPMX) was created to foster the adoption of open
standards-based protocols for interoperability over IP in the media and entertainment and
professional audio/video industries. IPMX is based on the SMPTE ST 2110 standard and as such
the VSF TR-10 suite of technical recommendations is a set of differences between SMPTE ST
2110 and IPMX.

ument and describes the
TR-10 family of

e how IPMX supports
MX works in

The VSF TR-10-1 document corresponds to the SMPTE ST 2110-10
System Timing used in IPMX. It also defines basic terms used in
recommendations. Some of the subject covered in this docum
asynchronous media sources, the IPMX traffic shaping mod

P

networks where PTP is not present.
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1 Introduction (Informative)

IPMX, which stands for [P Media Experience, is based on two families of specifications. The
SMPTE ST 2110 Professional Media Over Managed IP Networks suite of standards for the
transport of video, audio, and ancillary/control signals over IP networks, and the NMOS REST
APIs from AMWA, which provide discovery, connection management, and control.

IPMX is an accessible, open standard that meets the needs of professional and consumer video
and audio users in a wide variety of contexts while giving manufacturers and developers what
they need to build low-latency, interoperable, IP based audiovisual prglucts or applications.

This document covers the IPMX system timing requirements ac
defines a set of common terms. Other parts of the TR-10 Tec

all essence types, and
ommendation describe

of the IPMX system.

1.1 Important Differences In Timing Requ ities
and SMPTE ST 2110 Facilities

While this Technical Recommendation r&his TE ST 2110 Standard, this

document defines important differences re > i

document may wish to consult Appendix A C i f the implications of

these differences in IPMX facilities.

1.2 Contributors

The following individUNgiha i i bervices Forum IPMX working group that

Jed Deame (Nextera)
Paulo Francisco (Evertz AV)
Karl Johnson
(Christie Digital)
Ron Stites (Macnica)
: Brad Gilmer (VSF)
Andre Testa (MatroX Peter Brightwell (BBC)
Karl Paulsen (Diversifi8 Clark Williams (Christie Digital) | Bob Ruhl (VSF)
Lynn Rowe Bob Baker (Clark) Robert Welch (Arista)
(Consultant to Crown CaStle)
Marc Levy (Macnica) Christopher McArthur (Matrox) | David Chiappini, (Matrox)
Alain Bouchard (Matrox)

1.3 About the Video Services Forum

The Video Services Forum, Inc. (www.videoservicesforum.org) is an international association
dedicated to video transport technologies, interoperability, quality metrics and education. The

January 5, 2022 5 VSF TR-10-1
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VSF is composed of service providers, users and manufacturers. The organization’s activities
include:

e providing forums to identify issues involving the development, engineering, installation,
testing and maintenance of audio and video services;

e cxchanging non-proprietary information to promote the development of video transport
service technology and to foster resolution of issues common to the video services industry;

e identification of video services applications and educational services utilizing video
transport services;

e promoting interoperability and encouraging technical
international standards bodies.

The VSF is an association incorporated under the Not For P ion Law of the State of
New York. Membership is open to businesses, public s izati d individuals

worldwide. For more information on the Video Servj
please call +1 929-279-1995 or e-mail opsmgr(@ yd

2 Conformance Notation

All text in this document is, he Introduction and any section
explicitly lab,

The ke licate requirements strictly to be followed to conform to
the documS@ithg ich i whermitted.

The keywords ' indicate that, among several possibilities, one is
le, without mentioning or excluding others; or that a certain

possibility or course of ac deprecated but not prohibited.

The keywords "may" and "need not" indicate courses of action permissible within the limits of
the document.

The keyword “reserved” indicates a provision that is not defined at this time, shall not be used,
and may be defined in the future. The keyword “forbidden” indicates “reserved” and in addition
indicates that the provision will never be defined in the future.

January 5, 2022 6 VSF TR-10-1
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A conformant implementation according to this document is one that includes all mandatory
provisions ("shall") and, if implemented, all recommended provisions ("should") as described. A
conformant implementation need not implement optional provisions ("may") and need not
implement them as described.

Unless otherwise specified, the order of precedence of the types of normative information in this
document shall be as follows: Normative prose shall be the authoritative definition; Tables shall
be next; followed by formal languages; then figures; and then any other language forms.

3 Normative References

- SMPTE ST 2059-1:2015 Generation and Alig
Epoch

- SMPTE ST 2059-2:2015 SMPTE Profil
in Professional Broadcast Applications

- AMWA NMOS IS-04 version 1.3 (St3
Specification

Specification

C 3550 RTP: A Transport Protocol for Real-
01,7-08-10] Available at

TF) RFC 7273 RTP clock Source Signaling [online,

ble at https://www.ietf.org/rfc/rfc7273 txt

- Video Service ) TR-10-8 Internet Protocol Media Experience (IPMX) NMOS
Requirements

- Internet Engineeri fisk Force (IETF) RFC 8877 Guidelines for Defining Packet
Timestamps [onling} Available at https://www.ietf.org/rfc/rfc8877.txt

January 5, 2022 7 VSF TR-10-1
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4 Definitions

Async Media Audio or video baseband media signals that are not frequency or
phase aligned to the Common Reference Clock.

Common Reference Clock Clock that counts time and that all IPMX Devices in the system are
able to access.

Internal Clock Clock internal to a device that can b nized to the Common

Reference Clock.

IPMX Capture Device

IPMX Device

IMPX Gateway

IPMX Inline Processor

IPMX Receiver

IPMX Sender

Media Cl ime ¢ sampling rate (or frame rate in the case of

g media within the stream, with a source specified by the

Playout Time e at which a Sink Media Device will output a given signal.

RTP Clock ter advanced by the Media Clock at the rate specified for the
edia type, and which is sampled to determine the timestamps
included in RTP packets
Sink Media Device Physical device that consumes a baseband media signal, typically by
way of HDMI, SDI, AES3 or similar connections. Video displays,
DVRs and speakers are examples of such devices.
Source Media Device Physical device that produces a baseband media signal, typically by
way of HDMI, SDI, AES3 or similar connections. Examples of such
January 5, 2022 8 VSF TR-10-1

[@)ev-no |



VSF TR-10-1:2022

devices are cameras, DVD players, computer graphic output signal,
Blu-Ray player, audio mixing console, MP3 player etc.

Sync Media Audio or video baseband media signals that are frequency and phase
aligned to the Common Reference Clock.

Synthetic IMPX Sender IPMX Sender that internally generates a IPMX network stream.
Pattern generator and playout servers are examples of Synthetic
Sources.

5 IPMX System Timing
IPMX Devices shall be able to operate in both networks n Reference Clock
available and in networks that do not have a Commo ribed in this

section.

IPMX Devices, includ
only mode (defaultD

at are able to become a PTP leader, shall default to follower-
eOnly set to TRUE).

For those IPMX Devices that can become a PTP Leader, a method shall be provided for a user to
change the value of defaultDS.slaveOnly.

IPMX Devices should implement a PTP Leader that can be elected to serve as a grandmaster via
the best master clock algorithm. There is no requirement for the grandmaster to be locked to the
SI second. There is no requirement for traceability. The frequency accuracy of the grandmaster
shall be better than 100 ppm.

January 5, 2022 9 VSF TR-10-1
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All IPMX Devices that can become the PTP leader shall be constrained by the PTP operating
parameters defined in ST 2059-2 and AES-R16-2016 (per Section 5.3.2). The default PTP
attribute values shall be set according to ST 2059-2 except for logMinDelayReqInterval that
shall default to a value of (logSynclInterval + 5).

Note: This value reduces the amount of traffic on the network and the
workload on the leader.

IPMX Devices that are followers shall not assume the value of logMinDelayRegInterval
tobe logSyncInterval + 5.

IPMX Devices that are followers shall operate properly over
LogMinDelayRegInterval specified in ST 2059-2.

6 IPMX Sender Timing

6.1 Transmission Traffic Shape Models
The traffic shaping and delivery timing & that carry video signals shall be
in accordance with the Network Compatib

specified in ST 2110-21.

max) compliance definitions

The value of Cmax for IPM

Where NpackeTs 1
between conse

frame, and Trrawme is the time period

o correspond to the ST 2110-21
i1lity Model. The Cuax value above
represens i . ue for an IPMX Sender. An IPMX

N to provide ' erability and support ST 2110-21 Type N
receivers.

IPMX Senders shall follo ST 2110-21 Virtual Receiver Buffer Model compliance
definitions, with the following exceptions:

e The VRXruLL bucket starts to drain once VRXrur1/2 packets have been received.
e The VRXruLL bucket drains packets at an average rate according to the following
equation:
o Rate = number of packets per frame/((height/vtotal)* TrramE )

January 5, 2022 10 VSF TR-10-1
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Where height is the total number of lines in the active picture portion of the video frame,
where vtotal is total number of lines in the video frame, including all active and blanking
periods and where Trrawme is as defined for the Cmax equation above.

o VRXgurL bucket has a size of Cmax*2

6.2 Source Media Device Timing
IPMX devices shall support Source Media Devices that produc
Media signals.

¢ Media signals and Sync

6.3 Media Clock Timing
The Media Clock of an IPMX Gateway shall be fre
rate in the case of video and ancillary) of the ba i Media

ncy locked to the sam rate (or frame

Device.
Note: In the case of an Async Me&s ia Clock and RTP Clock
will be synchronous with the Media . i ot be synchronous with

the Internal Clock.

Note ¢ ' 2 _gignals, although the RTP Clock is
asynchrond Internal Clock, this initial wvalue
will result imestamp that is compatible with SMPTE
ST 2110-10.

Note: In the case
in RTP Timestamps

C Media signals, this initial value will result
are compatible with SMPTE ST 2110-10.

6.6 RTCP Sender Report General Provision
IPMX Senders that have a Media Clock that is asynchronous with respect to the Internal Clock,
shall send RTCP Sender Report packets as per IETF RFC 3550 section 6.4.1.

RTCP Sender Report packets shall be sent to the same address as their corresponding media
payload.

January 5, 2022 11 VSF TR-10-1
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RTCP Sender Report packets shall be sent to the port that corresponds to +1 from the port used
by their corresponding media payload.

RTCP Sender Report packets shall be sent according to the schedule outlined in the respective
media format sections of this document.

The reception report count (RC) field of the RTCP Sender Report packet should be 0.

The NTP timestamp field of the RTCP Sender Report packets shall be filled using the value of
the Internal Clock, reflected in seconds and nanoseconds, that matc RTP timestamp in the
RTCP Sender Report. The PTP Truncated Timestamp Format ft. C 8877 section 4.3 shall
be used for filling the NTP field.

IPMX Receivers shall tolerate the presence of other RT (g in [IETF RFC 3550
section 6.

Note: Only RTCP Sender Reports are requilircSgmether garts of the tocol

are optional.

6.7 IPMX Video Sender

6.7.1 Video RTP Clock Sampling
The value of the video RTP Clock shall be sa

video frame or field it iWith to gencg@

Video IPMX Senders that do not derive their video RTP timestamp from a baseband signal shall
generate their RTP timestamp as specified in SMPTE ST 2110-10.

C of the baseband

orts shall be sent once per frame if the video
is interlaced.

6.8 IPMX Ancillary Sgfider

6.8.1 Ancillary RTP Clock Sampling
The value of the ancillary RTP Clock shall be sampled at the start of the VSYNC of the
baseband video frame or field it is associated with to generate the RTP Timestamp.

January 5, 2022 12 VSF TR-10-1
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6.8.2 Ancillary RTCP Sender Report
When required as per section 6.6, RTCP Sender Reports shall be sent every time a new ancillary
RTP timestamp is sampled from the ancillary RTP Clock.

The RTCP Sender Report shall correspond to this RTP timestamp and shall be sent before the
first packet containing the associated timestamp.

6.9 IPMX Audio Sender

6.9.1 Audio RTCP Sender Report
When required as per section 6.6, RTCP Sender Reports shall b
correspond with the time a new audio RTP timestamp is sa

every 10 msec, aligned to
e audio RTP Clock.

The RTCP Sender Report shall correspond to this RTP sent before the

packet containing the associated RTP timestamp.

7 IPMX Inline Processor Timing

The output stream of the IPMX Inline Pro& eserve the original timing of
the input stream of the [IPMX Inline Processg 5 t of an [PMX Inline
Processor can be re-aligned with other streams 1% e i omain as the original
input stream.

standards suite as they ap ach specific media format and subject to the constraints in this

document.

IPMX Senders shall make their SDP file available through the method described in TR-10-8.

8.1 IPMX Sender Signaling
IPMX Senders shall include the “IPMX” declaration in the a=fmtp clause of the SDP file.

Note: The following is an example of an SDP file for an audio IPMX Sender
with 8 channels at 48Khz with a packet time of 125 upsec.

January 5, 2022 13 VSF TR-10-1
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v=0
o=- 1618348182647029200 1618348303876470900 IN IP4 25.25.30.151
s=IP audio OUT 1

t=0 0

m=audio 10000 RTP/AVP 97

c=IN IP4 239.30.0.1/128

a=source-filter: incl IN IP4 239.30.0.1 25.25.30.151
a=rtpmap:97 L24/48000/8

a=fmtp:97 channel-order=SMPTE2110. (U08); IPMX
a=ts-refclk:localmac=00-20-FC-32-2F-40
a=ptime:0.12

a=mediaclk:direct=0

8.2 Common Reference Clock Signaling
All IPMX Senders shall signal their reference clo

8.3 Media Clock Signaling

A video Gateway IPMX s8
parameters in the a=fmtp

shall include the measuredpixclk, vtotal and htotal
clause of the SDP file that correspond to the signal from the Media
Source Device where;

I. measuredpixclk reports the pixel clock in Hertz, of the Source Media Device with a
max tolerance of 150ppm with respect to the actual pixel clock value

2. vtotal specifies the total number of lines in the video frame (2 fields for interlaced),
including all active and blanking periods.

January 5, 2022 14 VSF TR-10-1
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3. htotal specifies the total number of luminance sample periods per video line,
including all active and blanking periods.

Note: These parameters are designed to help the IPMX receiver select an
appropriate initial operating point when trying to produce an output signal
that matches the IPMX sender signal.

Note: The following is an example of an SDP file for a video Gateway IPMX
Sender for a 1080p59.94, YUV 422 10 bits signal and that has a Cwax that
corresponds to Type N sender.

v=0
o=- 1618351493884125000 16183515391752042
s=IP video OUT 1

t=0 0

m=video 10000 RTP/AVP 96
c=IN IP4 239.20.0.1/128
a=source-filter: incl IN IP4 239¢
a=rtpmap:96 raw/90000

a=fmtp:96 sampling=YCbCr-4:2:2;
exactframerate=60000/1001;
PM=2110GPM; SSN=ST2110-20:201%
measuredpixclk=1485501040; vtdQg
a=ts-refclk:localmac=00-20-FC-
a=mediaclk:direct=0Q

P4 25.25.30.151

width= helXght=1080

colorimetry=BT709;

.
’

8.5 IPMX Recei

of a stream by IPMX Receivers. For Receivers, a packet j
with an RTP timestar alent to time Trrp(j) is said to be Reconstructed when the

January 5, 2022 15 VSF TR-10-1
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TRTP()
§ Vsyne > < Active Video > Input Signal
; Sender
§ Receiver
fYVsync 4 Active Video > Output Signal
TREC()
Figure 1 — Trec() vs Trr
Figure 1 illustrates the relationship between Trec() an der with a RTP

with that RTP timestamp.

Do shall be set to the offset in time, speci 1 etween Trrp(j) and Trec()
such that Trecg) = Trreg) + Dro.

January 5, 2022 16 VSF TR-10-1
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TRTP()
;(Vsync < Active Video > Input Signal
LU LTI —
E Receiver
i «Vsync < Active Video > Output Signal
E: Dio ) TREC()
K Vsync < Active Video Output Signal
-<— Do —» TREC()
E Network Delay
E L Vsync < Output Signal

K Vsync g Input Signal
E Sender
E Receiver
N Network Controller Selected
H Delay Delay
i Active Video > Output Signal
e
i Delay Controller Selected Delay
: ’ <Vsync> < Active Video > Output Signal
———— Do — TREC()
E Network Delay CS‘;T;rcoti?jr
H Delay
: <Vsync> < Active Video > Output Signal
o Do —"TRrec)
Figure 3 — Alignment of receiver Playout Time using Dro
January 5, 2022 17 VSF TR-10-1

[@)evvo



VSF TR-10-1:2022

The example illustrated in Figure 3, shows how Link Delay Offset can be used for coordinating
the Playout Time of three different video IPMX Receivers. In this example, the IPMX Receivers
are listening to the same Sender but experience different network latencies and have different
minimum internal delays. A value for Link Delay Offset that compensates for these variations
for each receiver has been programmed into each IPMX Receiver. In the diagram, the TX Delay
is the delay between sampling a pixel and transmitting it on the network.

January 5, 2022 18 VSF TR-10-1
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9 Appendix A (Informative)

Based on the broadcast oriented SMPTE ST 2110 suite of standards, the IPMX Specification
adds specific extensions targeted at the ProAV industry. The goal is to enable a broader range of
infrastructure choices to reduce cost while also providing for simpler installation and lower
configuration complexity. Within the scope of IPMX, a system designer may create a range of
systems with various complexity. A high-end system might employ a redundant network
topology using a broadcast style SMPTE ST 2059 PTP grandmaster w
uncompressed flows. A simpler system might have no PTP grand
on a 1G network infrastructure. There are countless variations 1

ich synchronizes
ing compressed flows

puffer size) in IPMX is specified as a much
igle receivers, to enable inexpensive IPMX Receiver

implementation as well a ng system latency. For the lowest latency possible, generation
of the output stream must st as soon as possible, so a gapped read schedule is employed in
IPMX. SMPTE ST 2110-21 Linear senders would require additional buffering and result in
higher latency.

It is important to note that even though IPMX is based on ST 2110, it is not the goal of IPMX to
guarantee that compliance to the IPMX Timing spec will result in interoperability with ST 2110
devices. Keen observers will note that an IPMX Receiver is capable of receiving an ST 2110

January 5, 2022 19 VSF TR-10-1
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narrow flow. An [IPMX Receiver with a sufficiently large receiver buffer (at least matching the
requirement for VRXrurL from ST 2110) is capable of receiving any ST 2110 compliant flow.

Although it is not the subject of this document, it is important to note that IPMX also supports
payload compression. This reduces traffic shaping complexity for software implementations of
IPMX Senders by reducing the total amount of data transmitted.

For example, a 2160p60 video in uncompressed exceeds 10Gbits/s with about 15,710 packets
per frame (assuming a 1320 byte packet size and the short HDCP RTP header extension).
Using compression, the same flow fits on a 1GbE link using a 13:1 compression ratio
(assuming an RGB 24 bpp source and a 1320 byte packet size). For the uncompressed case,
the normal packet pacing interval is about lus resulting in a wide sender using Cmax bursts
every 16us resulting in about 982 transactions per frame. The compressed version generates
about 1414 packets per frame and has a packet pacing interval of about 11.3us resulting in a
wide sender using Cvax bursts every 181us. This results in a more reasonable 88 transactions
per frame.

IPMX requires that devices synchronizesgheir internal cloc e SMPTE ST 2059 PTP

chosen to help reduce both
IPMX also proa imi

aster to achieve perfect Playout Time synchronization.
do not require this level of synchronization and a system

designer might choose o inglde a PTP grandmaster to reduce network complexity and cost.

In ST 2110 and IPMX, timg8tamps are used to align various flows. When an IPMX Sender
generates multiple flows and there is no PTP grandmaster, the relationship of the timestamps to
the IPMX Sender’ Internal Clock is signaled through RTCP Sender Reports. Using this
information an IPMX Receiver does not need a Common Reference Clock to properly align
flows from the same Sender. However, a Common Reference Clock is required to accurately re-
align flows that come from different IPMX Senders.

January 5, 2022 20 VSF TR-10-1
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It should be noted that IPMX devices default to follower-only mode, and user intervention is
required to make them a PTP Leader to prevent multiple PTP grandmasters.

&
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