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= LT 114 (AVB)?

o RV E T E I DLOK AL S 2 AR S (IEEE
802.1AB)

o HAvnuEcEE . AT\ EC R B S

o 1T AVBHI T &A1 H

IS AVB R4
. Clock Synchronization (RF3$[EE) W
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Camera
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Amplifier
Driver

Assist

Camera
; Camera

“Camera
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Control API Media API

TCP/IP

802.1AS

IEEE Ethernet MAC
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1. WP R 7 2 T SORSHE RS TE] Bir i (gPTP)
2. QoS (g5 =Rk
— B SCMAN R B Y T AL Y TS B (SRP)
—  VLEE T EA: N AU B 4% < A HEBA (FQTSS)

3. RILANEH 2% - AVBI & T : AVDECC
4, 1L E AR IRALE i (2/Z/2)2)
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* |EEE 802.1AB — &AM R 4t
— SE T BTG AVBI T BE B 1t

o |EEE 802.1AS — 7% 2IMr 2 LANH 3k BE 04 A2 B[R] LIRS
I FH FRJ NS 6] [F] 25 225K gPTP (244 H |EEE 1588)

e |EEE 802.1Qat — i i B 11X
— VETH BLLE R IEEE 802.1Qf —#E>

* |EEE 802.1Qav — ] B £ BB 3 It 19 4% 5 HEBA MM
(FQTSS)
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Link Delay — Time it
takes for electrical

signals to traverse the _
physical layer CorrectionX = Z LD + Z RT
Tse‘nt Trwz
AVB AVB AVB AVB
Bridge Bridge Bridge Bridge

Teiopar = Tiocat _
Tiocaiz = Tgiopar + Correction2

Trcvl
Residence Time — q . .
Time it takes a frame to Solving for T¢,pq @t any given endpoint ...
enter one port of the )
bridge and exit another Tiocatr = Tgiopar + Correction Tciobal = T1ocat — CorrectionX

o AHUE[FDIEIE g 12— “ UL TE] 7 ORI IE R
- ﬁT%fﬂﬁﬁ/\ﬁza‘&, Fﬁﬁﬂ’]ﬁi‘%ﬁllié\éﬁl_.l/.
g %ﬁfﬁﬁﬁl AN S IR 1A) i A% 29 9 50ms.

« HR :I:M:—‘—» W B M R 2 W, fE i \%/Fﬁ><$”‘ ’
%E/‘\Wfﬁf}y&ﬁ XT*H%HL JTUEEEI’J HARAF R, HAENE T 2 FEJalE N, 4
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— =X 2% A AL R IR
o i EREEE (BMCA) WER “HefE Erf a7 $2H] E i
A
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o

EiR: PY 2P I B

Line | Time (abs/frel) (M...|Network Description Source Destination EtherType |Len |MsgID SeglD | PTP Timestamp Timestamp

Filter FTP FTP pdelay

oo 205 999,910 ms Listener to Switch ~ ETHZ2 Pdelay_req Intrepid_99:00:01 LLDP_Multicast FTP 72 Pdelay_Req 14781 0 2017/08/31 20:03:28:624133
otao 206 137 ps Switch to Listener  ETH1 Pdelay_resp 1E:30:6C:AZ2:40:00  LLDP_Multicast FTP 72 Pdelay_Resp 14751 25855.80359936 2017/08/31 20:03:28:624320
oo 207 98 us Switch to Listener ETH1Pdelay_resp_followup 1E:30:6C:AZ:40:00  LLDP_Multicast FTP 72 Pdelay_Resp Follow Up 14751 25855.8087232 2017/08/31 20:03:28:624418
oo 208 1.000085 s Listener to Switch  ETH2 Pdelay_reg Intrepid_99:00:01 LLDP_Multicast FTP 72 Pdelay_Reg 14762 0 2017/08/31 20:03:29:624503
ota 209 136 ps Switch to Listener  ETH1 Pdelay_resp 1E:30:6C:A2:40:00  LLDP_Multicast PTP 72 Pdelay_Resp 14752 25856.80891128 2017/08/31 20:03:29:624639
oha 210 98 ps Switch to Listener  ETH1 Pdelay_resp_followup 1E:30:6C:AZ:40:00  LLDP_Multicast PTP 72 Pdelay_Resp_Follow_Up 14752 25856.80903512 2017/08/31 20:03:29:624737

Requestor Responder
T1

Details for "ETH1 Pdelay_resp_followup”

+/ Message on Switch to Listener : 72 bytes captured
+ Ethernet, Src: 1E:30:6C:A2:40:00, Dest: LLDP_Multicast (01:80:C2:00:00:0E)
= IEEE 1588 Precision Time Protocol
=l Transport spedific: 0x1
Ethernet AVB (802. 1as)

Message type: Pdelay response follow up (0x0A)

PTP version: 2

Message length: 54

Domain number: 0

+ Flags: 0x0

Correction: 0 nanoseconds

Clock identity: Ox 1E306CFFFEA24000

Source port ID: 1

Sequence ID:14762

Control field: All others (5)
Log message interval: 127
Response timestamp (seconds): 25856
Response timestamp (nanoseconds): 809035120
Requesting port dock identity: 0xFC70FFFES90001
Requesting port identity number: 1

Link Delay

Link Delay

T4

Response
Roundtrip Latency

link delay = 21D~ (I3 T2) Message Dissector
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Fief [ iR 22 SRR

- SRR VLA A AL

*WﬁﬁxﬁmméAm AT
Hi BT i 22 H S [A]

802.1AS Endpoint
Grand Master

802.1AS Bridge

Link Delay

802.1AS Endpoint

Freq=X+Y

Freq =X

Link Delay

Freq=X+12

o T I BRI E At Q0T ) B B R R R AR A
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8 B 20 [F20 /ER3E

Link Delay — Time it 5
takes for electrical Correction = LD + RT
signals to traverse the

physical layer

AVB AVB AVB AVB
Bridge Bridge Bridge Bridge

Teiopar = Tioca

Residence Time —
Time it takes a frame to

enter one port of the ;u.u pay| ] A\ \
bridge and exit another | '] | [E Fl

: LLHQ:I%:UA'?LQA)EEE ﬁz"% '5%5’]%)%5]‘@%2

- [ELELBREIMEBERE, 81T RMNIEIEE5ERIER
FO9EER E]‘IEU
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i [5] 25 [F) 25 /ERiE

Line | Time (abs/frel) |M...|Network Description Source Destination EtherT... |Len |MsgID SeglD  |PTF Timestamp Timestamp
Filter PTP
oo 2535 123.613 ms Talker to Switch ETH11 Sync 00:FC:00:99:00:02  LLDP_Multicast FTP 84 5ync 3044 0 2017/08/31 23:04:11: 772501
ova 2337 105 ps Switch to Listener  ETH1 Sync 00:FC:00:99:00:02  LLDP_Multicast PTP &4 Sync ‘044 0 2017/08/31 23:04:11: 772606
oho 2835 148 pis Talker to 5 ETH11 Followup 00:FC:00:99:00:02 LDP_Multicast FTF 24 Follow_Up 36044 20 3:04: 11
oo 2839 1.261ms Switch to Listener ETH1 Followup  00:FC:00:99:00:02 LLDP Multicast BETP 94 Follow_Up 35044 20 1 1
oo 2540 123.745 ms Talker to Switch ETH11 Sync 00:FC:00:99:00:02  LLDP_Multicast FTP 84 5ync 3045 0 2017/08/31 23:04:11:897750
oo 2B41 104 ps Switch to Listener  ETH1 Sync 00:FC:00:99:00:02 LLDP_Multicast PTP 64 Sync 36045 0 2017/08/31 23:04: 11:897864
oo A5 276 ps Talker to 5 ETH11Fa p O00:FC:00:9%:00:02  LLDP_Multicast FTF 94 Follow_Up 36045 8/31 23:04:11:898143
oo JE4S 1.133 ms Switch to Listener ETH1 Followup  00:FC:00:99:00:02 LLDP_Multicast FTP 94 Follow_Up 35045

ClockMaster Bridge Bridge Endpoint
Egress Ingress Egress Ingress

T1 Sync Bridge _

Residence - -~ .
me L] St 1 i A i SR
%%WU ﬁﬁﬁﬁﬁgﬂ%ﬁﬁmﬁ‘
-. m = corgclfizlr‘:;ieeld’ f?iﬁuiﬂéﬂé : 1'?7 E)EIJ Hj‘IE—IJ
correCtion o o *ﬁ Hﬁ % 1‘2 IE

R R LR
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gPTP vs. PTP
BRIMTENFTER PR E?

. Zl PRARAST. ) ¥ 2 S5
o fHL
— AN/ R TR (..
— WERHITESE —E(EA....)
— PP AR IR &= (EA]..)
— B s/
o P WIUG AR [A]
— FFAEEHERCEHR)
— PRI BT A R
— PRI ) B R sk
— BCMA itk
o DR E IE(FEX PG N A—E IR EH)
— TSN HE 0 1 T0 4% B R0 e A4 = st ]
— |EEE 1733 & X 1 3)= A& Hi(RTP — SERHE St i)
— 1PN E ARG AR
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. |EEE 802.1Qat
o CHFAVBJT TS QoS
o i X it o U HE

_ flg A ﬁ%ﬁ%AMﬁ%%@
— WMrE R TR TR TR, U &R, AR ERER

o R L IE O PR, I FLAEE (50 2 05
AR RE R T B 9 Y
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LT B B X (SRP)

o U= KIEH; I = W

- HEAVBEE IS NI B, A et TR S A
BRI E, WRE, B K2 A by

o JEEEANER S E IR

o TEHENTE BN R 2 B — E FrEE
— EATFIE RS SR AR [B] 2% 7 28 1 2SI R AR LR
— B TR BB R 24 AVB LY BE
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H A& AVBEFI A E£-AVB.

Professional quality AV
not possible between

e

~
AVEB domain 2

AVB endpoints 1 and 3 Professional
since there are non-AVB quality A/V only
between devices

links in the path between
the two

in AVE cloud

‘ Intermediate

device not
AVB capable

End-point
device
not AVB
capable

point

AVB domain boundary
© port: filtering/retagging
active

non-AVB link
point VB link

AVB domain 1
L4 endpoint 1 and 3 Path

Image credit: Michael Johas Teener
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FQTSS

» MERE: Ty KRR, DR R MUE

HoAth £ P

o E—AVBY B, TR E — A iR T
ULE( '

o AVB AZ AL I A5 B AL TE B A B TR R A 1) A
1% AVBHIE A -

— AVB S5 E B A2 BE & I ] 3 K

— B RAGE B R IX NS A E A= U £

— R =35 B v08EE Ik IR BE IS 4k 3
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FQTSS Traffic Shaping

\N

A d\eg\o?e

Credit

Three AVB packets
are queued

4th AVB packet
is queued

! E -
Queue . : :
Depth jo: | | : o
Transmitted Interfering
Data traffic
Time Credit positive, AVB } \ Dy -— -

soon as interfering

traffic is finished

packets launched as
[ AVB packet held AVB packet launched AVB packet launched

Credit negative, 3rd ] [ Credit positive, 3rd ] [ Credit positive, 4th ]

Diagram by Michael Johas Teener, used with permission.
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AVDECC

» FSTAHIE BTG IEI’J?T)JD‘(”EB/\
o« ORI LB EHAAEE, JFIREZRN

o MrE&HIEEH: JE T AVDECC M6 and 3BT AECPHE ]

o ERE I AVDECC EEE F MY (ACMP)H T K1
F S5 RCE 1iERE
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AVTP

. ﬁ};fAVBEI’JBQ & H B R B A PR B RIE B
i
o AVTP R OCHEFR NAVTP T B3R 25T (AVTPDU)
- AVTPDU #%71 IEC 61883 I,
— ST KR AVEYE PR UE
o PFPSLIRA.
o FH TG G Bl =k
— PR E SR I =k
— AVTPDU H} & 7E LUK [ H
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Ethernet+AVTPDU 3}3&

8BYTES 8 BYTES G BYTES £ BYTES 2 BYTES O-1500 BYTES 4 BYTES
ETHERMET
IEEE 1722 Data Stream
FRAME
24 BYTES 0-1470 BYTES

IEEE 1722

"ANVTP" Header | Stream ID r‘“TP Fm“ IEC 61883 Audio/Video Packet

PACKET —
8BYTES o-1408 BYTES

IEC 618836 IEC 61383

PACKET Header AudioVideo Samples

8 BYTES 8 BYTES 8 BYTES 8 BYTES 8 BYTES 8 BYTES

s SAMPLES | S Sample 1 ’S Sample 2 I’S Sample 3 S Sample 4 PS Sample 5 | 'S Sample n
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AVB vs. TSN 17X

-~

IR El % B

IEEE802.1AS gPTP

IEEE802.1AS-Rev

&

-

/
~

REHE

o

IEEE802.1Qat SRP

I[EEE802.1Qcc
SRP enhancement and

R A& KR

IEEE1722
AVTP

IEEE 1722.1
AVDECC

|IEEES02.1Qav
FQTSS (CBS)

IEEE802.1Qbv

Enhancements for
Scheduled Traffic
(TAS)

HEFF

IEEE802.1Qch

Cyclic queuing and
forwarding

IEEE802.1Qcr

Asynchronous
Traffic Shaping

IEEE802.1Qbu

performance improvement

l v
T
IntrepidCs,

www.intrepidcs.com

IEEE802.3br

Interspersing

-

rame Preemption

Express Traffic
=
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R

IEEE802.1CB
Frame Replication and
Elimination for
Reliability

IEEE802.1Qca
Path Control and
reservation for
redundancy

IEEE802.1Qci

Per-Stream Filtering
and Policing
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i B i & 14 £ (802. 1qbv)

I B U B Hf [r) SRR T
FIFBA 45 1) eI

Qbv Schedule

R tygp =0000  tg,, = Block non-Time Critical Data
3 —
quee . t, = 1000 t, = Time Critical Queue is open
Queue >
—> MAC —  t,,,=0111  T,,, = Time Critical Data is done
Quene | > 0+d 0+d
ueue >
Queue ———— X — & repeat each Cycle
— GEAL G G
Q3 | |
Q2 ‘*—> PEL 2N
Q1 | ;
Qo |
| A4 ;
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i 5 802.1Qbu & 802.3br

FEme 5 FEIX A BA 2544 H )3 S0 AT ) 45 R
AEBA G514 TN AL 7 — G BB AR T 1EH
Queue —* to
Queue I mac = Frame > Frame Frame —
Queue ——»
Erame | Delta Time :
Queue —> «—— Latency —,
| Improvement :
TS o HE A RN T ORGSR
2 AESL] BT AGEHE—NF  AEIER, (TEHIE
B 18— 2 2L B IR XA
Queve |  , emAC » . :
SULEUE | — SEIE e Frame Frame  —
Queue —+» —» pMAC — :
Frame — :
Queue > | '
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i 15 ¥H B (802.1CB)

/?Talker Replicates

T —:I Listener Removes
Duplicates

ridge Replicates
_»

T — Listener Removes
Duplicates

ridge Replicates
Bridge Removes
Duplicates
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TN3R K gPTP (802.1AS-Rev)

N > AN B S I TR @ T A ST
AR AR T TSI A

B==

Two Copies of
9 each Clock gets to
each Node

—>

GMI—=

=
O=_0t

GM

GM—

> T/ R I B S BT ) % Q\»
M7 R ZAE R T AT
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