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https://baike.sogou.com/lemma/ShowInnerLink.htm?lemmaId=509079&ss_c=ssc.citiao.link

EHMEHRT, L5 N EELAMIT 40 MR LERLRE, FENS
HEH B E 3 .

A MOST
TT Ethernet
Byteflight—— FlexRay
TTP/C >
CAN FD——
TTCAN
CAN—— CAN 2.0
VAN
J1850 LIN
[ | ] | 1 [l 1 ’
1985 1990 1995 2000 2005 2010 2015

B3 R A
LMK RE, KEZBREERHRET L HE, HEME
fﬂé@,ﬂJﬁ\jzﬁﬁégé%jb CAN. LIN. MOST. FlexRay. LVDS %. K7
LVDS, FoAth B2 ArvE2E AR EA R M A FAT L, Frax s W %
E&F, CANRE&RFRAR, NGRAES, RETAIHEF, AT
B, MAGEEENTTES LT fER A TEN.

CAN (Controller Area Network) & £ 151 g1 BOSCH % Bty
—MATHE HEXWETEE L4, 1991 4, Bosch & i CAN
2.0 7o, CAN2. 0 ket = R A IMbps, X FAFHEZE RN
P E B, B U A B S . 2012 4, BOSCH &
A CAN FD 1.0 #7% (CAN with Flexible Data—Rate) , CAN FD &
SUT ARG # AR R B AR W A5, T35 B F 5 12Mbps 4K
EFmE R,

LIN & Local Interconnect Network BI4EE, LIN % & i7/f =
B LIN &6 & 118 TREN SN ERR AN ERBIT R, &5
W AZ % H 19. 2kb/s. LIN % %8 -4 0 % A UART/SCI (Universal

Asynchronous Receiver-Transmitter/ Serial Communication
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Interface, #ARFRLE/ETHEEED), HAKME, EX
&, AMEERE, PATERETEFET ZHEA.

MOST (Media Orientd System Trammit) %2 E L AHE. #
W By % 3 H7 ¥ o> 3 . Harman/Becker /- & f=  Oasis Silicon
Systems A& Z [E ) —NECETE, T 1998 &L A TR, K
MOST /A 4],

MOST B & X ZR A X R L BERBKERS W, NrhwErxF,
MOST . % # #.5% 4 MOST REV1 (MOST25) , EF 25Mbps; MOST REV2
(MOST50 ) , EF 50Mbp; K& % #L3& % MOST REV3 (MOST150) , Ef
150Mbps..

FlexRay & #( % &) ov 5k Hr ¥y > & 0 £ Mt B 47, FlexRay Bk
(FlexRay Consortium) ¥t FleRay tHArvEfh, 2R A4 T ¥ —
KR N 48 Mt L. FlexRay 2 & & % W B 8 W 3% ity — F
HEREAENGETHEIEFRELARA, RATETHEMEL
WHLE LR A B . 2T Fan, EXmE. TERARE
WHEHAERRGERS, FFERTEZARERRENELEGEX
TRELENGE.

LVDS (Low Voltage Differential Signal) & —# A 71z
TR, B G N R Sth s AR (F s L 850 Mb /s,
REKEWMES 10n) , EHHINE &N —Ho. EAFTAH,
LVDS EEF TEEMMBEHRLZ, BrhEERGELZNEHER
AL,

G AR I il CSMA/CD ( #3% W Wr 2 B I ook A2 ) 3%
A, FHRAFZHLZNMRAEHRFN, FRAF)EEHE LT HE
M. METWBERRKEHNAFEM, [BEEAGETFALXATE
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A% B o LUK P 3L, B S T IEEE 802.1 AVB (Audio Video
Bridging ) T1E4l. AVB /TR % = B A 35 802. 1AS (A7 # B o [
¥ ), 802.10at GRFE), 802.10av (A7 K ¥ 4% ) , AVB H f 4%
B 2ms F0 10ms PR 4K (over 7 hops) , SHEAENNA
WRERME, FRTENEREERARRS.

B E i F A W & DU sk 1 BT .

X B MR RAEE  #Hit SERY DS
CAN 1Mb/s TRA L, 8 2F & i
LIN 19.2 Kb/s =<b 8 R & (i
FlexRay 10 Mb/s MAB Lk [ FELTF 254 gBF i s
LVDS 850 Mb/s RAB L% &  FH1T = = S (i
. ZF N
MOST 150 Mb/s TRBLL [ LT 3072 e - =
AVB 100 Mb/s FEFRBRRA L 1500 & =
Ethenet  1Gb/s FEFRBREL 1500 & (i

F1 ERFRE &AWL
). E KR KA

AR BAHA K. BEAE. BB R A S 2
WAL ERAELTUNREL R, EHETSRREREN M,

A A AR A E AR, DL B B AR fh 3T LR
M85 SR Bl B R s B K

MNIEBEEREY., ROLHEEREARBEERTIFRIUK
W E Yty J7 1] . 52 B {6 38 2 5] B9 BroadR—-Reach H{AK, KA x5
R SN TR, AT A 3 EMI/EMC Mk, X £ IBEE
802.3 B.& 5k 100BASE-T1 Wy ArsE4h, BR¥% 52 pk 1000BASE-T1 #y 45
4



B 4N, Molex T3 W U #F 206bit/s 3 & 8y Z 3 LK fF
4% HSAutoGig , Continental E\Z$& M 506bit/s M FHK. BT
TR A DLK A S R B W K T 16bit/s LT, EMC/EMI

MBI T, U, BEEgR Tt a bR xR, fli,
OFS (A Furukawa Company), IEEE802.3 CFI IEfE¥H/THFH#H L4
2 5 oy 8 3 LUK L 5 A v A TAE.

MNEIRSEREAE Y A, & TR AVB B sk, IEEE 802.1
TSN (Time Sensitive Network)7E AVB Hy3tah F#4T T4 %, #m Y
% M TN i & B (shaper) ML, H4&114, SEIREA
IR, A 3P4 S AR Ao = b TR 50 Ao R ER B 78 BN
TTEthernet ;= — M Zk T 802. 3 DUK W 2 £ 8y T8 1] 73 3 2 T b 47048
SEEFIEAR P4, 725 — P 45 b R DA IR B9 R A ] SE B fn AT R
bl % 8. TTEthernet XAF =M AR M B XA, BfEMA (TT) .
HEHR (RC) R KT A (BE) , TT HEME T AL MEAR,
M RC WUZRIETE B9 58, T A K™ 45 74 € Pk Ao SE B 2 5k By
WL, BE Wi H DL AR LUK P TTEthernet (Time Triggerd
Bthernet) ., % TT 34 Bk k3% %R = HT, RC o BE Y BH ¥ AL %
FHEFELRE, HTREZFMRE, TTEthernet EFE A FREAF K
W&, B 4 =2 TSN fu TTEthernet T fEAL | & 53 th.



Priorty 8

(a) TTEthernet switch. (b) TSN switch.

B 4 TSN 5 TTEthernet TAEHNL &3t

3. Z 2K A ) B W 448K )

(1) & E@fE FRKEoE

AT RAERFNE BRI, FEEHREMLEELZRE
B, LERZERBRGEHERS, HAMEER. H20. 7R,
MEMEEREFNER., B, BUBBAGEREESR. FH5A.
FHREFIHBAGHTEREZ, SEFAPNEHRELANRERL,
AT T8 S RA U R

(2) HifbAi%. BEEE

SEBHER (Level 4) , AHETRAH LY (Level 5),
FEMEAEERE. WERALRESN, LFERZHHFREE.
BOtEL. RIEHERE. BERASTERE, FRFNDEERE
WL WEER, HBEEWIER. T5H—.

HTHFEMAEHNAFNE, ARNEEMRREEF S L
WK TFRANMERAEZE, 2% =, fln—WEmid, &X
ZRAKELILER 6000 K, B24 1500 &K, 44000 MEHE R,
EEAHNTONT, EHBEHWNTAEE, TAEFARFNALREE
KA 100 AT, Eﬁt%%%ﬁ&%ﬂkﬁﬁhzﬁﬁﬂ”/\“% A% K



Wyt E-Class B H 44, X —B —&FZIHASTE#®z AT
ZHABARAE T 200 TR EIERK. A4, BEE, S THE
, BEEFRED 100 AT, F8 AR T B 0.3-0.5 7, xt
PL D — BB HE AR 8-11 2.

R 2 ( TSN)  BURIE A 8T — R B PIE TR, FEHAF
AR UK MR, EAGENRERZRY, o URIES ML
FRENEFGRELR R, FEFIARRERRLE, " FHENEH
ANEZEHT M —.

N
Hr|

T

=\ FHEESURMSRARE SR

AETIGE. SHRY . RSN, BEEE. FIK
W % A B 34 2 3 [ RS P B ORI A

(—) F BRSPS ITRES

AR B BT 4 F e [ URR ] 45 oy SR S Aof | TEEE 802. 1
TSN (Time-Sensitive Networking) TAEZL%| %, AR EEHHLH .
BEEHE =, Do, TEMES, FEFEEATLE MK
profile. FE& TSN mAEAT W A B5E, 5RFMHXWNENIMrE

4R B 7 e Bk B 0 R A R AT

1. ESMrESN &

2012 4, AVBEHAAERFRFY KT 0[5 4  M DLK W B9 M
RAmkmERGE, BRe MAAUIIGEZGHE: Tk, AF.
fliE. iR EESE, UWAREMA. Bo@fEME%s, HFlar
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T I BEECW By S TE4E, ok IEEE 802.1 TSN. 2015 4F,

Interworking TG 5 TSN TC &3 R Gty TSN (L 441, (54 TSN
BEA) . #F 20194 7 F, TSN B4 & A7 fuiE 76 4 ¥t 4y AR B T E
Wi S P, EE, TSN T/EA®EEFWMAS. Bahmafs. Tk
BEath. FEMNE., (EBKEW) REREFEEA G ZHE
profile, %[ 6 fr7x, X, FHPFL profile AT KK
FHA, BFEREHLGRE TSN RE, E: A ERSTEEP
W E k7 EfE4 ¥+, (IEEE 802.1 TSN — An Introduction-

201907 )

TSN Profiles (Selection and use of TSN tools)
Audio Video Bridging Fronthaul Industrial Automation Automotive In-Vehicle Service Provider
(802.1BA) (802.1CM) (IEC/IEEE P60802) (P802.1DG) (P8@2.1DF)

TSN Components High Availability /
Time synchrenization: (Tools of the TSN toolbox) Ultra reliability:

Timing and Synchronization (802.1AS) Frame Replication and Elimination (862.1CB)
includes a profile of IEEE 1588 . o Path Control and Reservation (8@2.1Qca)
(revision ongoing: P802.1AS-Rev) Syncmomzat'on Per-Stream Filtering and Policing (802.1Qci)
Reliability for time sync (P8682.1AS-Rev)
Reliability

Frame preemption (802.3br & 862.1Qbu) YANG for LLDP (P802.1ABcu)
YANG for Qbv, Qbu, and Qci (P802.1Qcw)

Dedicated resources & API
@ Stream Reservation Protocol (802.1Qat)
TSN configuration (862.1Qcc)
Bounded low latency: Basic YANG (802.1Qcp)
Credit Based Shaper (802.1Qav) Resource Mgmt YANG for CFM (P802.1Qcx)

Scheduled Traffic (862.1Qbv)

Cyclic Queuing and Forwarding (882.1Qch) - YANG & MIB for FRER (P882.1CBcv)
Asynchrenous Traffic Shaping (P882.1Qcr) [—> Zero congestion loss = €———] Link-local Registration Protocol (P882.1CS)
QoS Provisions (P802.1DC) Bounded latency Resource Allocation Protocol (P862.1Qdd)

Note: P upfront of an ID indicates ongoing Project Extended Stream Identification (P882.1CBdb)

B 5 IEEE 802.1 TSN #rETH # &

TSN Profiles (Selection and use of TSN tools)
S
Bl 6 TSN i ] EEAT W profile By#t/&
AVNU g 3, TR, T4 H AVB/TSN Y Uik 77
EREMNK TR, #taFH AVBWN KT 22 MR EE, whH7T
FT 7, A&F X% 3 TSN ey o IE 78 ) 2




Avnu Automotive End Device Testing & Specifications
This suite of test plans tests for conformance for the Avnu Automotive profile specification for AVB and TSN automotive
devices and bridges.
Test Plan or Specification Name: Description Last Update

Automotive gPTP Test plan for Automotive general Precision Time Protocol (gPTP), Sept 2015
a common clock for all devices based on the 802.1AS standard
Automotive Network Startup Test plan for Automotive Network & Device startup June 2015
Automotive FQTSS (Bridge) Bridge Test Plan for Automotive SR Classes; Forwarding and April 2016
Queuing Enhancements for Time-Sensitive Streams
Automotive End-Station End-station test plan for Automotive media formats and SR March 2016
classes
Automotive Exceptions Test plan for Automotive Exception Handling Sept 2015
Automotive Diagnostics Test plan for Automotive Diagnostic Counters Aug 2015
Automotive Ethernet AVB Functional Interoperability baseline specification document for Ethernet AVB Sept 2016
and Interoperability Specification functionality on automotive devices.

Bl 7 AVNU % F & # AVB 2o 8 1R A0 56

AUTOSAR 2 B2 3R FHIE . FH4Hum A Eme .
FHRMRY R AN KGR, BATAHAFI VIR —ATF &N,
PR B B2 4. AUTSOR 47 % #1424, Adaptive AUTOSAR #n
Classic AUTOSAR HyFF 44 #, Adaptive AUTOSAR & H 3 % 1 1]
AFEEFNER, BFEEHEH. FHRMUBREGES, Ttk
S5t BCU AR R % JHl Classic AUTOSAR #47HF % . Adaptive AUTOSAR
Ryl 8 fraw, HPEXT LM API, HAE— 2§ &M, #EA
AFRM T — M ATH 3 TSN Bh3@18 APT, w9 Frw.

/8 Adaptive AUTOSAR %A% /9 3 API i fm A\ TSN
OPEN Alliance & Z FI MR FAT L AT E, HiEH.
FLERA, GEA R UKW T R R 7E M 5230 B R A R
AR, WOBEINE LM, BHEITLIR, OPEN Alliance By R %



B ¥ E 340 K. Open Alliance 2Eit+ 12 NTAE4L, W 10 fr 7,
o TC11 IEFE %€ F 8 TSN % Fr 89 5 R BN AL

Interoperability & Compliance Tests ISl . 1000BASE-RH Gigabit Ethernet

for 100BASE-T1 PHYs over Plastic-Optical-Fiber (GEPOF)

/
: X Y,

100BASE-T1 1C2 = V4 P TC8 Automotive Ethernet

Ethernet Channel & Components NN | ECU Test Specification

A

R .o e
S [ rcs | ~ \ Y e vt reauirements
1% e e ey |
K] 10 OPEN Alliance 414822 Y
JasPar £ H % OEM £ R 8 E X FEMNEZ WK GERETEFH R A
AREY 4, H Next Generation High—Speed Networking WG iE

TS EER TSNHIGERER, HE5 IEEE P802. 1DC & ¥,

& mi

/
/

Common xMII Interface Definition

2. BAREDS

KE T BRI AL EXEE (ALY F 2019 48 10 F & A B[] 450R%
M2 (TSN) Flagf (ERELF) , HPRERNEFEANER
W R =2 —

[ BB BCRZE AL BIFTEREE (CAICY) My A & & & M 4
T4, BEERDRKIERENF 68N, RIENHEF R FHEN
BMESRZARER, BOIFAFRGENEEARRE. mEMAf
WA, L TSN B R F ok RO AL e %
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(=) Z &R0 P 4 X EE AN IE

TSN A rEER AR E S R & RRE.
BEEHSE,

1. B 18] ) 3

TSN [ £ o ey Bt o] 6] 2% 14 A2 & A — Ao S b [ JR (Grand Master)
BB W S B A P R & L ik & KA F P R RO R
i1 TEEE 1588v2 thill, AR 2 &R & oy it e 5 & it ] JR 6y
i (offset) , HHEMERET, FEALBXL AN ESF,
w11 . BN, A TR G E I E P H T M, TEEE
802. 1AS-Rev W 7E % =%, w12 frax, —/> GM (Grand Master)
KA AR E B TR 5 /X E Zesg (N) fazt 4@ pl (B) . HZF ¥ LKA
2ANOM K32 4 RN E PR X, BB RFELZFRELERE,
ATERALNEE, —RFEENMRBENERE. BEHRER
¥, TEREFRAANE —ZFH, L 802 1ASRev EfF & F
KL JF ., 802. 1AS-Rev F 2020 4F 6 F| & F & I1EEE P802. 1ASdm-Hot
Standby #, #—FHk I Bt o A0 5 e e Il [F] e EE A

>

2D A
th

Br 'ra. o B B
o P - \'
| Twn{apeso‘eah — [V FourCopiesofthe V'

1 - P

M) cockgerstoexch  (B)  [OMI{B) clockgetstoeach (B} GM
E ; +>\ ’$
. node J node J —
\, B—8 j \' B B j
{ _" 6 b —‘!. ;

K 11 802. 1AS JZ 3% K 12 802. 1AS-Rev Jf ¥

[=]

11



>

2. REIRE
(1) IEEE 802.1Qav (Credit-Based Shaper)
CBS Wy TAE R I A& 13 fram. T3 E 4 K 0 LUK 3R X
E A AN
o UN\FIHRAHRXhIR, HEFERIM Credit WHERFT
0, [ LLJFsafEtn AVB 3R, [ At Credit fH DL sendslope # 5
BN
® LR{XkHTE, HURFIFRAEFEMKI, U Credit
K i dkit, Credit fEDA idleSlope # % Z jw, H 2| Credit {&
A 0;
® Y credit {APL idle slope ¥ AnAyIt A2 o, T DAfE 4 3 DL K X
X (4o Best Efforts) , EhdAEH, # credit AT 0, H
Best Efforts Ji & & A wakfet, MASEa, EXMFEIT
Credit WA FLL 0 4 R

§ ort1 ST [ ave | | ave_| [ ava |
Bl pon2 3 [rva (A3 [vs) (nva |
A pons —TTT—
credit
Send Slope

iE /\

1 Idle Slope Idle Slope/» “\
AF - ~
B t
gjl E} Send Slope
[1 Pord EIm [ Ao A8 (v (i |

K 13 CBS T{EE
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CBS HL#lZ AVB 894200, EFRBEGIHCEAMINA, 7
R Z R E MG, TSR, REHE, LuE
ShTH (4o Volvo 55 ) BT S5 ¥ HL R T S #1500 oy AT .

(2) IEEE 802.1Qbv (Time—-Aware Shaper)
TAS ZETIT# M B, EF ™A etaFE Y, HI(EREwE

W . (TR kAR, BRFEAR, HHEFEE4
WATRL TR T X At ], Ao W& & B EF KEZ], HE
S0 EHLE, TEREFE AR AL ot s ERELFRT,
T SEAH 2 T B

G N LS
B | Ll g
—> | R

® + = WhEMREnt
Ed51 0k LB
Bl 14 TAS TR

TAS A.#&E F TR B EAE 5, "4 @ 100us DL (over 7 hop)
W, HE /N T 1N A8, —&A TAEEIER. BEEH
HERWESETEE, EARERA LR, EFRBEONAY
%W

(3) IEEE 802.1Qch (Peristaltic Shaper)

Peristaltic Shaper (PS), B 802. 1Qch, %% cyclic queuing

and forwarding (CQF) . X TAEMLHIan i 15 Frac, Hutla b =k &
A FEHE (odd) 1B (even) & (interval) . ZEf&[E MUK

13



WX, FEFTEMR AR, X7 AT a AP EREA TAS &. A
LT X AR &, PS #yF A& 8] e FTE 4 TAS B9 WA . CQF
TEZ AT LR TR R LB D

Talk i |T| i |_| i |_| i
l ! 3 l
Switch i I:l i I:Il i |:| i
l l ! l
Switch e !_| |_| !_l i

Bl 15 CQF T{Ejf 2

(4) IEEE 802.1Qcr (Asynchronous Traffic Shaper)

ATS JEF Urgent—Based Shaper, 1%L A B # T Bt [l [/ & th
P AFARBEAARMNEE L', RATEFAGELFRELSTAM
ArETE (Eligibility time) , A45EEIEF| A, EiL2E
Z U 3T LB G- B 6] B T 48 KGR R B AR T, ATS A B 4% K B T4
FEARE, folE 16 TR,

Incoming

Frame igibili

- Filter et Gfat? > .ATS E“glblllty —P’ ATS Queueing —»
Internal Priority Time Assignment

Bl 16 ATS T{EJE
BT ATS HlBl K et e F 5, E&adFAEREfia, H
B et B M PO B e R — R R RERT. FEhFE K. 2019 DUk,
ATS HLH 72 F RN A R B TR, BHARFZATS WEE
X
L, EMENEEER, wTHTEEMIL, k2 M
Bl 17 Bras.
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TSN Tool Englneer!’ng Worst Case Latency for R
Complexity the Examples 3
=
Time Aware Hard(>1 TC) 15.7 uSec FE Hop §
Shaper Medium(1 TC) 2.0 uSec GE Hop =
]
Credit Based . 249 uSec FE Hop &
Shaper =3 138 uSec GE Hop g
Cyclic Med 500 uSec FE Hop 0l— . . . . . . . .
Queueing edum 250 uSec GE Hop 02 o4 Ge 08 Lola . pLi'z L4 46 18 2
& &
% 2 TAS\CBS\CQF { & x¢ th, Bl 17 TAS\ATS {4 6 %t tb
2=
3. 5 %

RAMEAREAEREEN BN, 150 26262 mHHAE T A
R EA%R, 28k ASIL-A. ASIL-B. ASIL-C. ASIL-D.
TSN %?WJ%%W?‘E%I@%W&% IEEE 802.1CB, #wn 18 frim. H
BCHLB R WX EH G MXEFF, WAL ARLATR — R
ErEboRFEERE, WEF—0, k-0 dXFRLA, T
fEF Z XTI TSN FT S AL AT 2 & A

3 EE 6

: .
disjoint paths
Replication EE 9 kR _Elimination

Bl 18 TSN ¥ % T1F 32

4. B B & 32

TSN #y Bt & 7 75 & F| T IBEE 802.1Qcc, MEM L, 40 Ean
mA (wE19) . pARAF/EERAAE (WE20) . Fakd
A (wE2) ., ITHFEFALETEZ, REMNXZ, SHANRE
EHEREH
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iy /A 4% #el/ [OUE% i /LR i/ A b/ M4

EBE{E & EEER gﬂgré AEELS MRERFS
%@?‘.ﬁg === *=-=-=P === — ECU;
ECU; ' D“ AT,
Kikim il L]

B 19 TepfXEEHEA
584 KL B AR R B R B R S A s T Y 3 2 2 AL
REBUR P &K, WK R RN PIEFIE (0 TAS 1) , &
KFAMET RUHHERENT —AWET N, BREHHIT
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