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Simulation of Time Sensitive Networking Delay Characteristics Based on
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(1. Department of Electronic and Communication Engineering, North China Electric Power University, Baoding 071003, China;
2. Hebei Key Laboratory of Power Internet of Things Technology, North China Electric Power University, Baoding 071003, China)

[ Abstract] The transmission delay of time sensitive networking is affected by many network factors, so it shows significant dynamic
characteristics. In order to optimize the flow scheduling strategy and meet the communication requirements of time sensitive applications
to the maximum extent, it is necessary to study the delay characteristics comprehensively by using effective simulation methods. First-
ly, the working principle and delay influencing factors of time sensitive networking flow control mechanism were analyzed, and the basic
goal of delay characteristic simulation research was defined. Then, by comparing the technical characteristics of different network simu-
lation methods, the MATLAB/Simulink simulation tool was selected, and the delay model and simulation algorithm were designed.
Finally, the feasibility and correctness of the simulation method were verified for the main application scenarios of flow control mecha-
nism. The research results have reference value for time sensitive networking delay characteristics research and flow control strategy op-
timization design.
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Fig. 1 TSN data frame processing
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Fig.2  TAS time delay simulation system
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2 HA2  ef 7 S6 Tl 500 2
3 HBI ef 7 S5 T2 500 2
4 HB2 b 7 S7 T2 500 2
5 BEl dECHE 0 2 T3 1000~1500 0.45~0.55
6 BE2 dEciE 1 S3 T3 1000~1500 0.45~0.55
7  BE3 dEXME 2 S$4 T3 1000~1500 0.45~0.55
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Table 5 Flow allocation in different simulation scenarios

Y& R/ % AN
1 25 HA1 .BE1 .BE2 .BE3
2 50 HA1 .HA2 HBI .BE1 .BE2 BE3
3 80 HA1 HA2 HBI1 HB2 BEI1
3.3 ZERSH
3.3.1 REGAIEAGE T 69 Bt 451

PERE HAL F1 BE1 PR B9 4T 0 B, 727 4%
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Table 6 Average delay and delay standard deviation of
streams HA1 and BE1

A IS/ s
R/ % SP_ SP_ TAS1_  TASI1_ FP_ FP_
HA1 BE1 HA1 BE1 HA1 BE1
25 282.3  478.8 198.6  503.2 198.8  503.2
50 283.9  486.4 198.6  557.2 199.0  557.2
80 208.6  440.4 198.6  459.2 198.6  459.2
B IERRAE2Z/ s

R/ % SP_ SP_ TAS1_  TASI1_ FP_ FP_
HA1 BE1 HA1 BE1 HA1 BE1

25 54.5 66.0 0 84.1 4.0 89.9
50 58.0 70.3 0 125.6 9.0 131.0
80 28.4 37.0 0 68.7 1.0 87.4
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Table 7 Average delay and delay standard deviation of
HA1 and BE1 flows with different protection bands

Ff 241/ s
R/ % TASI_  TASI_ TAS2_ TAS2_ TAS3_ TAS3_
HA1 BE1 HA1 BE1 HA1 BE1
25 198.6  503.2 198.6  500.3 — —
50 198.6 557.2 198.6  529.2 247.2 529.2
80 198.6 459.2 198.6 448.9 247.2 446.5
FRifE2E I {E/ s
R/ % TASI_  TASI_ TAS2_ TAS2_ TAS3_ TAS3_
HA1 BE1 HA1 BE1 HA1 BE1
25 84.1 0 81.5 — —
50 125.6 0 109.3 0 109. 3
80 0 68.7 0 68.0 0 64.3

M7 R=25% Y5 h , {UA HAL —> 04k
Wi, ANAELE D18 4 1n) L, iy A 15 B8 . i
7 AL, TAS2 A DA SC BE Ul 1Y IF SE . TAS3
B 1, 5B B R I R K s A AR A
PO S5 8/ S B LB A RV N o 7N 7k
3.3.3 FP #4 TAS 7 X 3B 3L 69 % h

X} FP TAS1 Fl FP 254 TAS %5 3 Fhim Ll ik
T, 84 H T HAL Fl BE1 AT ZE5
FbrifEZ:

%8 FP %4 T HAL 1 BEl M EHEMIREZE
Table 8 Average delay and delay standard deviation of

HA1 and BEI1 flows under FP condition

I SE S/ s
FP + FP +
R/ % TAS1_  TASI_ FP_ FP_
TAS_ TAS_
HA1 BE1 HAI1 BE1
HAL BE1
25 198.6  503.2 198.8 503.2 198.8 495.4
50 198.6 557.2  199.0 557.2 198.8 537.1
80 198.6  459.2 198.6 459.2 198.6 473.4
FrifE2E M/ s
FP + FP +
R/ % TAS1_  TASI_ FP_ FP_
TAS_ TAS_
HA1 BE1 HAI1 BE1
HA1 BE1
25 0 84.1 4.0 89.9 4.0 89.9
50 0 125.6 9.0 131.0 3.0 122.2
80 0 69.0 1.0 87.4 1.0 90. 1

i 8 W, SCHERAE 3 AhALE T AR AT R4
R SERSEE  H TAST PERESAE . SR, JE SR 20
TE FP 254 TAS LI (FP + TAS) T B A S Ay I 4E
PERE. TAST Al i3 S 8t iy bk s ol %, {3 FP
F1FP + TAS ZIARfiE,
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AR B, PRI, 3 26 PR 3% 25 2 ) B 4 ot 11 B
FEFIBLS), W HAL F1 BE1 7E R =25% 541 F %
HE T EIE 9 fiR,

FE 9(a) AIAD, CHER HAL PRI RSt
FEAZ [BIFHZE 0. 32 ms, X IE4FXF 1 100 Mbps 5 1%
BORT 4 PRI T B e, A2 T,
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Fig. 9  Statistical histogram of delay of HA1 and bel streams
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