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Data transmission scheduling optimization strategy of roadside unit based on
location information
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Heilongjiang, China; 3. School of Transportation Engineering, Chang’an University, Xi’'an 710064, Shaanxi, China)

Abstract: To address the problem of how to reduce the total delay of data transmission with relay between roadside units,
considering the adaptive variation characteristics of the V2I downlink data transmission rate within the coverage of roadside units, a
data transmission scheduling strategy based on vehicle location information was proposed. This strategy comprehensively considered
the randomness of data update and the adaptability of data transmission rate of location difference, and constructed a Markov chain
model based on the state transition of a data cache queue. At the same time, considering the existence of multiple vehicles in the
roadside unit coverage area, a vehicle priority communication model based on the joint weight of vehicle speed and vehicle position
was proposed to determine the communication service strategy. A nonlinear optimization function with the objective of minimizing
the total delay of data transmission was established, and the optimal data transmission scheduling strategy of the roadside unit was
obtained by linearization. The simulation results showed that the LTS strategy could effectively reduce the total transmission delay
under the condition of vehicle arrival rate and data arrival rate change, and the strategy could resist the change of data arrival rate and

had good stability of the data transmission.
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Fig.1 Vehicle-road communication scenario
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Table 2 Simulation parameter setting

0 [VorVeul/(m-s™)  D/bit  S/m R/m

100 [22.22,33.33] 1x10° 8 000 400
o A W K z
5.56 0.8 4 4 4
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Table 3 Parameter setting of average data packet arrival rate

5 Ly [ I I L a

0.895 0.05 0.025 0.02 0.01 0.2
0.830 0.09 0.040 0.03 0.01 0.3
0.790 0.10 0.050 0.04 0.02 0.4
0.740  0.11  0.070  0.05 0.03 0.5
0.700 0.13  0.080 0.05 0.04 0.6
0.650 0.14 0.090 0.07 0.05 0.7
0.590 0.17 0.110 0.07 0.06 0.8
0.570 0.17 0.120  0.08 0.06 0.9
0.530 0.17 0.130 0.10 0.07 1.0
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Fig.5 Total delay under different data arrival rates
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Fig.6 Total delay under different vehicle arrival rates
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Table 4 Average total delay of different data arrival
rates and weight

B F % 34 T RE /s
N 0.3.0.7 U 0.5.05 HLE0.8.0.2
0.2 302.95 300.02 295.83
0.3 301.94 299.62 294.59
0.4 301.18 299.13 296.25
0.5 300.25 299.31 295.45
0.6 300.60 299.21 297.31
0.7 302.57 299.76 297.09
0.8 300.88 299.52 296.30
0.9 301.49 299.57 296.40
1.0 302.24 300.19 297.77
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Table 5 Average total delay of different vehicle arrival
rates and weight

et e -4 SNAE /s
1 0.3.0.7 #HE0.6.04 HIE0.8.0.2
0.2 313.03 312.28 311.93
0.3 308.20 306.95 306.34
0.4 305.41 303.80 302.91
0.5 304.50 302.39 301.26
0.6 303.19 300.54 299.55
0.7 302.74 299.64 298.30
0.8 302.12 298.77 297.00
0.9 301.78 297.72 295.95
1.0 300.92 296.63 294.52
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Fig.7 Queue steady-state probability under different
data arrival rates for LTS

F & 7 T, Bt A Sk R K LTS SR T
BRMBATTEEAE XA B B i K, Bl B3k % 8 0.2
BF, BAFBAIK B 0~ 45 BOdE B35 RN 0.4 B, 2817
BAZIH BE R 0~ 6 BB RIAH N 0.6 B, ZAEBAIIK
FEN 0~10, Z5 L, Bl EE 2155 R 3 K LTS K
e PSR 9% A BA B B R e B K B A i e
KA,

5 %

ABIFGE LT B A JEL P S A B 50 A i B 2
e/ METFEEE R B R SR  RRR 4 i P Ak T)
RIS JT R AR IO IE 1 R8s A% i 1) B /)N S RS 3 A
GRS, HE T TR BRSO A% i A2 8 EE 0 1
A AE IR, 45 5 B BA B RS RN 8 30 36 007 ' X Ik
BHEE T SRR BERIRY | X0 22 4 1) Gl M ik
FPRCE LR AE I T, 2 FNE f B AR IR 5)
Mr, 5 RTS (ATS SR WEAH LU, AHF 58 42 1 9 LTS S mg



53 3

IRPR, 45 - 107 0 5 ) B 000 BT Ol A i T B2 e AL S 33

REAS ARSI (4 K00 BA AR ZS A A A EoIR ZS sh 25
PR ARAL SRS, e/ MU S RE ﬁiﬁjﬂﬁ%ﬁi‘

T, ZRGEEE BA S 1 A
A AR AR et D) 1.7 ] < e

EERLE, XFEM LTS §
5 00 P A i e ﬂ%é

SRR LR T R AT
S
[1] ABBOUD K, OMAR H A, ZHUANG W H.

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Interworking of DSRC and cellular network technologies
IEEE Trans-
65 (12):

for V2X communications: a survey [ J].
actions on Vehicular Technology, 2016,
9457-9470.

NAIR A, TANWAR S. Resource allocation in V2X
communication: state-of-the-art and research challenges
[J]. Physical Communication, 2024, 64(6) :102351.
GUO C T, LIANG L, LI G Y. Resource allocation for
low-latency vehicular communications: an effective
capacity perspective J|. IEEE Journal on Selected Areas in
Communications, 2019, 37(4) ;. 905-917.

ZHANG Q X, MENG H, FENG Z Y, et al. Resource
B5G/6G
connected automated vehicles[ J]. IEEE Internet of Things
Journal, 2023, 10(16) . 14820-14833.

FARDAD M, MUNTEAN G M, TAL I. Latency-aware
V2X operation mode coordination in vehicular network
slicing [ C ]// 2023 IEEE 97th Vehicular Technology
Conference ( VTC2023-Spring ). Florence, Italy. IEEE,
2023:1-6.

HU B T, DU J B, CHU X L,et al. Enabling low-latency
applications in vehicular networks based on mixed fog/
cloud computing systems [ C ]// 2022 IEEE Wireless
Communications and Networking Conference ( WCNC) ,
Austin, USA. ACM, 2022. 722-727.

MOKHTARI S, NOURI N, ABOUEI J, et al. Relaying
data with joint optimization of energy and delay in cluster-
based UAV-assisted VANETs [ J]. IEEE Internet of
Things Journal, 2022, 9(23) . 24541-24559.
NKENYEREYE L, NKENYEREYE L, PHAM Q V, et

al. Efficient RSU selection scheme for fog-based vehicular

scheduling of time-sensitive services for

software-defined network [ J |. IEEE Transactions on
Vehicular Technology, 2021, 70(11) . 12126-12141.
KHAYAT G, MAVROMOUSTAKIS C X, MASTORAKIS
G, et al. VANET clustering based on weighted trusted
head
Communications and Mobile Computing ( IWCMC ).
Limassol, Cyprus:IEEE, 2020. 623-628.

cluster selection [ C ]//International Wireless

[10] HOU J, CHEN G, HUANG J, et al. Large-scale vehicle

platooning : advances and challenges in scheduling and

planning techniques| J]. Engineering, 2023, 28. 26-43.

[11]

[14]

[16]

[20]

ZHANG W H, FENG M J, KRUNZ M, et al. Latency
prediction for delay-sensitive V2X applications in mobile
cloud/edge computing systems [ C ]// IEEE Global
Communications Conference ( GLOBECOM ) ,
China; IEEE, 2020 1-6.

YAO L, WANG J, WANG X, et al. V2X routing in a
VANET based on the hidden Markov model[ J|. IEEE
Transactions on Intelligent
2017, 19(3) . 889-899.
SHI Y, FENG C, WANG T, et al. The optimal packets
scheduling for buffer-aid energy harvesting RSUs in

Taipei,

Transportation ~Systems,

cooperative vehicle infrastructure system [ J]. Wireless
Communications and Mobile Computing, 2022, 4147373.
LUO Q Y, LI CL, LUAN T H, et al. Collaborative
data scheduling for vehicular edge computing via deep
reinforcement learning [ J ]. IEEE Internet of Things
Journal, 2020, 7(10) : 9637-9650.

MAFUTA A D, MAHARAJ B T J, ALFA A S.
Decentralized resource allocation-based multiagent deep
learning in vehicular network [ J ]. IEEE Systems
Journal, 2022, 17(1) . 87-98.

XU W C, ZHOU H B, SHI W S,
analysis of in-vehicle internet access via on-road WiFi
access points [ C ]//2017 TIEEE 86th Vehicular Tech-
nology Conference ( VTC-Fall ).
IEEE, 2017 1-5.

AHMED 7Z, NAZ S, AHMED J. Minimizing tran-

smission delays

et al. Throughput

Toronto, Canada;

in vehicular ad hoc networks by
optimized placement of road-side unit [ J]. Wireless
2020, 26(4) : 2905-2914.

s, k@i, Z25E. T ) 52 18 RE IR Al Y 0 BT
ety ge toRms (1], FEhl 5 eoR, 2023, 38(12) -
3354-3362.

DAI Liang, ZHANG lJinlong, QIN Wen. Optimization

strategy of roadside units

Networks,

transmission control for

transportation-energy integration [ J ]. Control and
Decision, 2023, 38(12) : 3354-3362.

KIM K, LEE J, LEE W. A MAC protocol using road
traffic estimation for infrastructure-to-vehicle communi-
cations on highways[ J]. IEEE Transactions on Intelligent
Transportation Systems, 2013, 14(3) . 1500-1509.
KHABBAZ M J, FAWAZ W F, ASSI C M. A simple
free-flow traffic model for vehicular intermittently
connected networks[ J|. IEEE Transactions on Intelligent
Transportation Systems, 2012, 13(3) . 1312-1326.
s, SRR, B8, 25 JLT Ak thak iy i o
JLR AN 55 o3 HH JE e SR s [T ], A sk~ 4,
2021, 47(5) : 1098-1110.

(F#%4570)



