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What do we mean by “timing”?

Time of Day (ToD)
— DD-Mmm-YYYY HH:mm:ss
— Traditional broadcast uses LTC and adds a frame counter

Frequency
— Number of cycles per second

— For broadcast this is the number of frames or fields per second
— Traditionally tied to local power frequency (PAL 50Hz, NTSC 60Hz)

Phase
— Alignment — critical for clean video switching
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Time for the acronyms

* NTP = Network Time Protocol
— Accurate to around 1ms in ideal conditions (sometime better, often worse)

* GPS = Global Positioning System
— Accuracy to around 40ns

* PTP = Precision Timing Protocol
— Accuracy in the tens of nano seconds with hardware timestamping
— Dependent on network architecture and hardware
— Real world local network - 1us accuracy or better
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Orders of Magnitude

ms us ns
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http://dboptimizer.com/2011/07/15/time-orders-of-magnitude/
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Precision Timing Protocol —what is it?

* An IEEE Standard:
— IEEE1588-2002 (PTPv1) — DANTE (in native mode)
— |[EEE1588-2008 (PTPv2) — AES67 & SMPTE ST 2059

* Used in modern telco, industrial control, power, finance networks

e Accuracy down to tens of nanoseconds using hardware timestamps
* Far exceeds the accuracy of NTP

* Multicast UDP by default, supporting IPv4 & IPv6

* Provides Time of Day, Frequency, Phase (Genlock over IP)
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Why PTP for Broadcast?

* Accurate to sub microsecond - provides the accuracy for broadcasting
(500ns between Master and Slave / 1us between the Slaves)

* Generic standard - Customizable via PTP profiles to meet industry
specific requirements

* PTP Profiles for Broadcasters - SMPTE ST 2059-2 and AES67 Media

* Network Switches with boundary or transparent clock functionality
allow a robust time distribution over the whole network

* Easy to setup

2Nar MEDIAT

SOLUTIONS Te C H



(IP sov
TH
Media over |P Standards

* [IEEE1588-2008 — Precision Timing Protocol (PTPv2)

* ST2022-5/6 — SDI over IP

* ST2059 — Synchronisation of video equipment over IP (using 1588)
* ST2110-xx — Separately routable essence streams

* AES67 — Uncompressed Audio over IP (radio, live audio, A/V)

* AES-R16-2016 - PTP parameters for AES67 and SMPTE ST 2059-2
interoperability
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What are PTP Profiles?

* A collection of parameters for different industries

* Defines Domain number (a group of devices syncing over PTP)

* Defines intervals — announcements, sync requests, delay requests
* Both ST2059 and AES67 support a range of values

* Overlap in values allows for ST2059 & AES67 interop...
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SMPTE 2059 & AES67/ Interop

SM
(Synchronization
Profile Metadata) TLV  Domain Priorityl Priority2 Announce Interval Sync Interval Delay Request Interval
SMPTE Yes Default: 127 Default: 128 Default: 128 Default: 250ms (4/s) Default: 125ms (8/s) Default: 125ms (8/s)
Range: 0 through Range: 0 through 255 Range: 0 through 255 Range:-3to 1 * Range:-7to 1 * Range:-3to2 *
127
AES67 No Default: 0 Default: 128 Default: 128 Default: 0 (1 sec)
Range: 0 through Range: 0 through 255 Range: 0 through 255 Range:0to 4 * Range:-4to 1 Range: -3 to 2*
127
AES67+SMPTE Yes Recommended: 0 Recommended: 128 Recommended: Recommended: Recommended: Recommended
Range: 0 through Range: 0 through 255 Depends on network  Default: 250ms (4/s) Default: 125ms (8/s) = Sync Interval
127

* PTP Parameters are 2% eg 273 = 8 per second (125ms)
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LANTIME - PTP

# pre v2 Status
= p1P V2 Configuration

| Interface 01 (Slot: MRI1): | wetwock | Global | Synce | Misc | Outputs
Global:
l Operating Mode (9) BTE C—'NTP
I Select Profile [‘custom VJ
| PTP Mode Unicast Slave | Hybrid-Mode

I Unicast Master Address 1 1172 20.9.210

| unicast Master Address 2 19 9.0.0 <) Additional master port 1P Address

l Delay Mechanism [QE :J] I Domain Number LO v]

| Network Protocol Iubp/lm ;gl + | Timescale tp“, Smdifd_(TA') v

l Priortyl llzﬂ "I

IPrn:Jrnv) 112‘8 v_]

I Announce Interval 1 announce message per second v

| Sync Interval 16 Sync messages per second v | HQ-Filter [No

l Delay Request Interval 16 reguest mMessages per sacond v c Selectable Message rates M e D IA

ENTERTAINMENT
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ST2059 -2

RTP Timestamp
Evaluation

iﬁﬂWP

Video-Transmitter ST2059-2

>

- SDI| Stream
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PTP BMCA - Best Master Clock Algorithm

 BMCA automatically selects the best clock for you

* Hierarchy of priority for PTPv2 is:

1. Priority 1 — user-assigned (smaller numeric values indicate higher priority)
Class — each clock is a member of a given class, each class getting its own priority
Accuracy — precision between clock and UTC, in nanoseconds (ns)
Variance — variability of the clock
Priority 2 — final-defined priority, defining backup (smaller values indicate higher priority)
Unique identifier — MAC address-based selection is used as a tiebreaker

o Uk WN

* GPS referenced clocks will win, assuming Priority 1 is appropriate

2NAir MER e
OSOLUTIONS Te C H

13



IP sHov

PTP Aware Networks

* Non-PTP aware hardware will degrade timing accuracy
* Transparent Clocks calculate time-stamps but aren’t masters

* Boundary Clocks provide PTP to clients and can select between
multiple Grand Master Clocks for redundancy

* BC can also protect the Grand Master(s) from overload and provide
neat timing boundaries

e TC & BC remove the impact of Packet Delay Variation (PDV) / litter

e 10x BC can meet an accuracy of + 1us (1000ns)
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Integrating to a hybrid environment
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https://www.embrionix.com/resource/transparent boundary clock ST2059 in broadcast
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PTP capture in Wireshark

X
File Edit View Go Capture Analyze Statistics Telephonx Tools Internals Help
B BEEXEE QAT L BB QAQAO E$MM% B
Filter: tptp E Expression... Clear Apply Save
No. Time Source Destination Protocol  Length Info % A
51 3.13895900192.168.100.10 224.0.1.129 PTPV2 86 Follow_Up Message
52 3.13896100192.168.100.10 224.0.1.129 PTPV2 106 Announce Message
72 4.13840600192.168.100.10 224.0.1.129 PTPV2 86 Sync Message
73 4.13923700192.168.100.10 224.0.1.129 PTPV2 86 Follow_Up Message
83 5.07462300172.16.75.200 224.0.1.129 PTPV2 86 Delay_Req Message
84 5.07546300192.168.100.10 224.0.1.129 PTPV2 96 Delay_Resp Message
88 5.13807200192.168.100.10 224.0.1.129 PTPV2 86 svnc Messaqe ~

Frame 72: 86 bytes on wire (688 bits), 86 bytes captured (688 bits) on interface 0
Ethernet II, Src: Dacomwes_05:a0 (00:50:c2:de:95:a0), Dst: IPv4mcast_00:01:81 (01:00:5e:00:01:81)
Internet Protocol Version 4, Src: 192.168.100.10 (192.168.100.10), Dst: 224.0.1.129 (224.0.1.129)
User Datagram Protocol, Src Port: ptp-event (319), Dst Port: ptp-event (319)
Precision Time Protocol (IEEE1588)
# 0000 .... = transportSpecific: 0x00
.. 0000 = messageId: Sync Message (0x00)
. 0010 = versionPTP: 2
messageLength: 44
subdomainNumber: 0
@ flags: 0x0200
# correction: 0.000000 nanoseconds
ClockIdentity: 0x0050c2fffeded5a0
SourcePortiID: 1
sequenceId: 10743
control: Sync Message (0)
logMessagePeriod: 0
originTimestamp (seconds): 1404125502
originTimestamp (nanoseconds): 455688040

DEEEE

0000 01 00 5e 00 O1 81 00 50 c2 de 95 a0 08 00 45 00
0010 00 48 6f 8c 00 00 05 11 3f e5 cO a8 64 Oa e0 00
0020 01 81 01 3f 01 3f 00 34 83 5d 00 02 00 2c 00 00
0030 02 00 00 00 00 00 00 OO 00 00 00 00 00 00 00 50
0040 c2 ff fe de 95 a0 00 01 29 f7 00 00 00 00 53 bl

NNEN A1 _Jn 1h D0 JF

a0 Shareraro e
. M IReaItek PCle GBE Family Controller: \Device\NPF {... | Packets: 131787 Displayed: 19278 Marked: 0 Profile: Default M e D I A
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IMENBERG P TRACK HOUND @ 4 & j Messages

Fiters Al m ‘ Control ma
Interface i Msg. Type ) Destination Device

':’ [ 2017-08-07, 14:02:47 Sync 172.27.19.91 224.0.1.129 Meinberg_FFFEO0BFCY

s e — p— — p— 2 2017-08-07, 14:02:47 Follow Up 172.27.19.91 22401129 Meinberg_FFFEO0BFCY
= 2007024, 160147 pOuler R aeias PG 2017-08-07, 14:02:47 Sync 172.27.19.99 2240.1.129 Meinberg_FFFEOOBFB4
o e G Azt s M A 0asT pr— pe— ; o 2017-08-07, 14:02:47 Follow Up 172.27.19.99 2240.1.129 Meinberg_FFFEOOBFB4

ANN = 2017082, 100147 Delay Req e 240112 @ enberg FrrEOSEE 1P 7 e 5 2017-08-07, 14:02:47 Announce 172.27.82.25 22401129 Meinberg_FFFEO0SCF3

568 enot 20170824, 1001:47 _ Dely Resp. ez 20112 ® enberg FEFEOGOCL  IPve 2017-08-07, 14:02:47 Delay Req. 19 172.27.19.62 22401129 Meinberg_FFFE005125
eno1 2017-08-24, 10:01:47 Delay Req. 172271963 22401129 @ Meinberg FFFE063AS \EEE 802.3 .
= 20170824, 100147 ey Resp. mamer  zaoiim . oc 2017-08-07, 14:02:47 Delay Resp. 19 172.27.19.99 2240.1.129 Meinberg_FFFEOOBFB4
el 20170824, 100147 Syne 12aTesiss 2401129 I 2017-08-07, 14:02:48 Sync 1 172.27.19.58 22401129 Meinberg_FFFE0060C1

SYN eno1 20170824, 10:01:47  Follow Up 1722780155 22401129 © Memberg FFFEO0242D  IPv4 0 )

- enpiso 20170824, 100147 Sync EC:4670:006... 01:80:C2:000... @ Menberg FFFEGOBFAS  IPVA 2017-08-07, 14:02:48 Foliow Up 1 172.27.19.58 224.0.1.129 Meinberg_FFFEODG0C1
enplso 2017-08-24, 10:01:47  Follow Up EC:46:70:00:6... 01:80:C2:000. @ Meinberg FFFEOOSBFCS  IPv4 2017-08-07, 14:02:48 Sync 38 EC:46:70:00:24:35 01:1B:19:00:00:00 Meinberg_FFFE002435
= 2ou70e2, 100047 Sy s zeoiim I sc == m ==
enot 20170824, 100147 Folow Up ez zeorim © venbegFrFECLGS  IEEE 023 LA 2017-08-07, 14:02:48 Foliow Up 38 EC:46:70:00:24:35  0L1:1B:19:00:00.00  Meinberg_FFFE002435

FUP eno1 20170824, 1001:47 PDelay ... 17227.100118 22400107 © Menberg FEFEO0CES ’ 0 2017-08-07, 14:02:48 Announce 38 EC:46:70:00:24:35 01:1B:19:00:00:00 Meinberg_FFFE002435
enol 2017-08-24, 10:01:47 PDelay R... 172.27.100.124  224.0.0.107 @ Meinberg_FFFEC00BL ) -

135 P 2017-08-07, 14:02:48 Sync 3 172.27.101.118 22401129 Meinberg_FFFE00242E
enot 20170824, 100847 172271955 P ‘ © 2017-08-07, 14:02:48 Follow Up 3 172.27.101.118 22401129 Meinberg_FFFEO0242E
enpiso 20170824, 100047 ecueT0008. - 0 — =

o iz g e P — w o o 2017-08-07, 14:02:48 Announce 3 172.27.101.118 2240.1.129 Meinberg_FFFEQ0242E
ero1 20170524, 100147 _Dlay Req 17227101148 2017-08-07, 14:02:48 Sync 82 172.27.82.25 2240.1.129 Meinberg_FFFEO0ICF3

gz eno1. 2017-08-24, 10:01:47 Delay Resp. 172.27.82.25 Device Details (Grandmaster, Network: enol, PTPv2, IPv4, Domain 1) an 2017-08.07, 14:02:48 Follow U 82 172.27.82.25 224.0.1.129 Meinber _FFFEOOSCF3

-08-07, 02 W .21.82.. 0.1, il
Port Identity: OXECA670FFFEG0G0C1:00001 Port State: Master @ - P : g
Addkess: 17227.1058 ety Mech: Unknoun 2017-08-07, 14:02:48 Delay Req. 19 172.27.19.63 22401129 Meinberg_FFFEOOBF24
res R peves 1 o e 2 TR 2017-08-07, 14:0248  Delay Resp. 19 17227.19.99 22401129 Meinberg_FFFEQOBFB4

672 GM Clock Qualty: P1 128, CC 6, CA 0x21 (Within 100 ns), CV 13563, P2 128, SR O e 2017-08-07, 14:02:48 Delay Req. 172.27.101.121 224.0.1.129 Meinberg_FFFEOOBEDO

syne Etbemet c 3 2017-08-07, 14:02:48 Delay Resp. 172.27.82.25 2240.1.129 Meinberg_FFFEQ09CF3

. Length: 60 bytes Comection: 0.000ns 2017-08-07, 14:02:48 Delay Req. 172.27.101.142 2240.1.129 Meinberg_FFFEO0BED1

., ::::I;m o Clock ID: OXECASTORFFED06940 T 2017-08-07, 14:02:48 Delay Resp. 172.27.82.25 224.0.1.129 Meinberg_FFFEQ0SCF3
cequence 1032078 e Fter 1 2017-08-07, 14:02:48 PDelay Req. 172.27.100.124 224.0.0.107 Meinberg_FFFE00242D
Receive Time: 1000:40.800085 N —— 2017-08-07, 14:02:48 PDelay Resp. 172.27.101.118 224.0.0.107 Meinberg_FFFEQ0242E
. Lop Message Paio: -3 20170824, 10:01:30.470  Meinberg_FFFECOBFES Type changed from Unknown to Monitor
e R N P N U STt A i) 2017-08-07, 14:02:48 172.27.1958 224.0.1.129 Meinberg_FFFE00B0C
3 cinbery FTTEI0EED | Sute changed from Urknown to Slave
20170824, 1006:549%5  Mebery FETE0OMSS | Stae changed from Urkiown o Skeve 2017-08-07, 14:02:48 172.27.101.118 224.0.0.107 Meinberg_FFFE00242E
o 20170824, 100654995 Mebery FEFEOOSEFA | Stae changed from Urkown o Sleve EL entn R X e T XT T P
20170824, 10:00:45.748  Meinberg_FFFEQ05056 Type changed from Unknown to Slave
101 0 02 00 0 o 0 0 00 00 o 0 2017-08-24, 10:00:48.748  Meinberg_FFFEO06056 New device (Unknown, 172.27.84.152) detected|
20170824, 100047095 Menbery FEFEO0SEE,  Type changed fom Unknown to Slave o, -
e 2017-08-07, 14:02:48 Sync 172.27.19.58 2240.1.129 Meinberg_FFFEO060C1
oizees wonisazy  erter New device (nkooum 172 77 19 60 detecied 2017-08-07, 14:02:48 Follow Up 172.27.19.58 2240.1.129 Meinberg_FFFE00G0CL
[ bW CaNcCH|
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PTP Redundancy

* Best Master Clock Algorithm (BMCA) looks after selection of master
 GPS — dual, diverse antennae
* Redundant dual-receiver frame or 2x independent frames

* PTP card per media network
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* Arogue PTP Grandmaster could be added with higher priority

PTP Security

* Best Master Clock Algorithm doesn’t protect you

* PTP can provide “master list” but this isn’t used in SMPTE 2059
* Some switch vendors are adding whitelisting of Grandmasters
* Think about GPS jamming and spoofing

2NAair MER
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Resources

* https://en.wikipedia.org/wiki/Precision Time Protocol

* https://blog.meinbergglobal.com/

e http://www.aes.org/standards/blog/2016/5/aes-r16-2016-report-on-
ptp-parameters

e https://www.meinberg.academy/
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http://www.aes.org/standards/blog/2016/5/aes-r16-2016-report-on-ptp-parameters
https://www.meinberg.academy/
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Sync Core with Multiple Reference Input Most powerful PTP implementation on the

market today
Automatic Reference Changeover

Enable easy transition from SDI to IP
Future-Proofed (expandable)

Make use of our long-term experience in PTP

Unmatched Scalability from other industries
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