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Research on Application of Time Sensitive Ethernet Technologies
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[Abstract] With the increasing demand for real-time and large capacity data transmission in the in—vehicle network,
Time Sensitive Networking (TSN) has become an essential technology in the electronic and electrical architecture with
vehicle ethernet as the backbone network. In order to verify the delay effect of TSN protocol on vehicle ethernet, this paper
analyzes the technical characteristics and application scenarios of the main TSN protocol family, uses RTaW software
modeling, and simulates the traffic of vehicle ethernet under 4 different conditions through the Zonal architecture network.
The results show that when the interference traffic accounts for 80% of the main link bandwidth, the worst end—to—end
delay of vehicle ethernet using TSN protocol increases by about 0.1 us, which is close to no—interference case delay.
Simulation results show that TSN can guarantee the delay of vehicle ethernet transmission queue reliably. TSN will play a
greater role in audio and video transmission, high—level automatic driving, security backup and other aspects.
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FrameFlows Delays
[T 1]
Name* FrameComNeed1 NodeSet* NodeSet1 ComPattemsConfig
TrafficClasses  TrafficClass1 TrafficClassConfig | Configuration SRMap | SRMap
Analysis [A] OnlyTargetStream - Precise (Bursty Traffic Trade-Off) v Routing Routing

Simulations. v Sample Time

£nd-To-End Delays Advanced End-To-End Delays| Local Delays TreeframeChains ComPatterns
Name Priority MinDistance MaxSize Sender Receiver BCTT Min Average Max WCTT Constraint Slack Jitter
Video 1 33333ms 133x822byte ECU2  ECU4 9.002 ms. 10ms 0.197 ms.
Video 1 33333ms 133x822byte ECU2 ECUS  9.002ms 10ms 0197 ms
Camera 1 33333ms 133x822byte ECUB  HPC3 8929 ms 10ms 0.106 ms.
Camera 1 33333ms 133x822byte ECUS  HPC3 8935 ms 10ms 0.125ms
8 Sensor 1 10ms 64byte ECU7 HPC3  0006ms 05 ms 0077 ms
8 Sensor 1 10ms 64byte ECU7 HPC3 0006 ms 05 ms 0.102ms
8_Actuator 1 10ms 64byte HPC3 ECUS  0.006ms 05 ms 0033 ms
8 Actuator 1 10ms 64byte HPC3 ECUG  0.006ms 05 ms 0099 ms
Audio 1 0125ms 82byte ECU2 ECUT  0014ms 2ms 9022 ms
Audio 1 0125ms 82byte ECU2 ECU3  0014ms 2ms 8992ms
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Frameflows Delays,
L1
Name* FrameComNeed1 80BE NodeSet* NodeSet1 ComPatternsConfig
TrafficClasses TrafficClass1 808K TrafficClassConfig | Configuration SRMap SRMap1 B0BE
Analysis [€] 4 ComConfig: Routing1_B0BE - Precise (Bursty Traffc Trade-Off) v Routing Routing|_80BE

Simulations v Sample Time

€nd-To-End Delays Advanced End-To-End Delays, Local Delays Treef rameChains ComPatterns
Name Priority MinDistance Maxsize Sender Receiver  BCTT Min Average Max  WCTT Constraint Siack  Jitter
Video 1 33333ms 133x822byte ECU2 ECUA  9.002ms 10ms 25770ms
Video 1 33333ms  133x822byte ECU2 ECUS  9002ms 10ms 25770 ms
Camera 1 33333ms 133x822byte ECUB  HPC3  8929ms 10ms 8134ms
Camera 1 33333ms 133x822byte ECUB  HPC3 8935 ms 10ms 0135 ms
8 Sensor 1 10ms 6ibyte ECU7 HPC3  0006ms 05ms 8105ms
8_Sensor 1 10ms 64byte ECU7 HPC3  0.006ms 05ms 0112ms
8 Actuator 1 10ms G4byte HPC3 ECU6  0.006ms 05ms 0039 ms
8 Actuator 1 10ms 6Abyte HPC3 ECU6  0006ms 05ms 16129 ms
Audio 1 0125ms 82byte ECU2 ECUT 0014 ms 2ms 18020 ms
Audio 1 0125ms 82byte ECU2 ECU3  0014ms 2ms 8992 ms
Interrupt BES7 1 10ms 649x1522byte ClockB Clock? 7788 ms 10ms 0243 ms
Interrupt BE4S 1 10ms 649x1522byte Clockd ClockS 7788 ms 10ms 0256 ms.
Interrupt BE32 1 10ms 649x1522byte Clock3 Clockz 7788 ms. 8030ms  10ms  1970ms 0242ms
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FrameFlows Delays
(111
Name*FrameComNeed?2 80BE NodeSet* NodeSet1 ComPattemsConfig
TrafficClasses|TrafficClass?_60BE TrafficClassConfig| Configuration SRMap) SRMap2_608E
Analysis {1} 8 ComConfig: Routing2 BOBE - Precise (Bursty Traffc Trade-Off) v Routing| Routing? 80E

Simlations v Sample Time

£nd-To-End Delays Advonced End.-To-End Delays|Local Delays| TreeframeChains ComPatterns|
Name Pilorty MinDistance MaxSize Sender Receiver  BCTT Min Average Max _ WCTT Constraint _ Slack  Jitter
B Sensor 7 toms 6Abyte ECU7 HPC3  000Gms 05 ms 0075ms
B Actuator 7 toms 6Abyte HPC3 ECUG  0006ms 05ms 0033ms
B Actuator 7 1oms 6Abyte HPC3 ECUG  0006ms 05ms 0105 ms
B Sensor 7 toms 6byte ECU7 HPC3  0006ms 0sms 0091 ms
Camera 6 33Ims 13Ix82byte ECUS HPC3  B929ms 10ms 0120ms
Camera 6 33333ms 133x822byte ECUB HPC3  B93Sms 10ms 0126ms
Audio 3 0128me 82byte ECU2 ECUT  0014ms 2ms 0113ms
Audio 3 012sms 82byte ECU2 ECUS  0O014ms 2ms 0085 ms
Video 2 333 133x82byte ECU2 EC4  9002ms 10ms 0877 ms
Video 2 33333ms 133x822byte ECV2 ECUS  9002ms 10ms 0577 ms
Interrupt BE32 1 10ms 649x1522byte Clockd Clock2  7.788ms 10ms 1189 ms
Interrupt BE4S 1 10ms 649x1522byte Clockd Clocks 7788 ms 10ms 1.130ms
nterrupt BE87 1 10ms 649x1522byte Clockb Clockl  7.788ms 8919ms  10ms 1081ms 1131 ms
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(2) 43 M d5e 2218 D0 T 40 T ek 14 i 2 St B 428, DA
Bridge3 F1 Bridge2 Z [H]/# Interrupt_BE32 A5, AT LA 5
M AT RE g 649X 1 542%8/1 000=8 006.064 s,
T2 S IR TP A 1 S, AR 5 A
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AR AR AT E IS
24 BiRRERFTSNEE

X g me A B & 48 (Advanced Driving
Assistance System, ADAS ) 455 il it 1 1% & Bf 8] 2 U Y
#% (Time Awareness Shaper, TAS) 2% 7l £% (IEEE
802.1Qbv) , X & M I S A8 A5 Sk B U i 15 & CBS 4%
RIES (IEEE 802.1Qav) , [A] B 2R F 22 BB 38 1) B (1] [i] 25
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Pt Al AR FITUR ISR T 1451135 .
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FrameFiows Delays
(1]
Name* Sensor &ASCamera B0BE NodeSet* NodeSet3 ComPattemsConfig
TrafficClasses 1€ TrafficClassConfig Confio 2 SRMap SRMap
Anaiysis|[Q] Sensor&A&Camera 80BE - Precise (Bursty Traffic Trade-Off) v Routing| Sensor&ABC amera B0BE
Simulations v Sample Time
£nd-To-£nd Delays| Advanced End-To-End Delays. Local Delays TreeframeChains ComPatterns|
Name Priority MinDistance MaxSize Sender Receiver  BCTI Min Average Max  WCTT Constraint _ Slack Jitter Losses Route
Actuator 7 10ms GAbyte HPCI ECU6 0085 ms 10ms 0002 ms. HPC3|B
Sensor 7 10ms Ghbyte ECU7 HPC3 0069 ms 10ms 0002 ms. £CU7| B
Comera 6 025ms 822byte ECUS HPC3 0091 ms 10ms 0186 ms £Cus| B
BES4 1 10ms 649x1522byte Clocks Clockd  7.788 ms 10ms 0992 ms. Bridges
BE87 1 10ms 649x1522byte Clockd Clock  7.788ms 10ms 0735 ms Bridges
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