SHAFIILE A HEHE| =27

Journal of The Korea Society of Computer and Information

J KS I Vol. 29 No. 8, pp. 113-122, August 2024
C https://doi.org/10.9708/jksci.2024.29.08.113

A Digital Twin-based Approach for VANET Simulation
in Real Urban Environments

Jonghyeon Choe*, Youngboo Kim** Sangdae Kimp*x*

*M. S. Student, Dept. of Computer Engineering, Kongju National University, Cheonan, Korea
**Post-doctoral Researcher, Dept. of Computer Engineering, Kongju National University, Cheonan, Korea
+x+Professor, Dept. of Medical Information Technology Engineering, Soonchunhyang University, Asan, Korea

[Abstract]

In this paper, we conducted a thorough investigation of existing simulators for running simulations of
Vehicular Adhoc Networks (VANET) in realistic road environments, such as digital twins. After careful
consideration, we chose a simulator that combines OSM (OpenStreetMap), SUMO (Simulation of Urban
MObility), and OMNeT++ due to its open-source nature and efficient performance. Using this integrated
simulator, we carried out VANET simulations in both simple virtual road environments and realistic road
environments. Our findings revealed significant differences in VANET performance between the two types
of environments, emphasizing the need to consider realistic road and traffic environments for reliable VANET
operation. Furthermore, our simulations demonstrated significant performance variability, with performance
degradation observed as vehicle density decreased and dynamic changes in network topology increased. These
results underscore the importance of digital twin-based approaches in VANET research, highlighting the need

to simulate real-world road and traffic conditions rather than relying on simple virtual road environments.
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(a) Satellite map of Dusan—dong and neighbouring
areas in Daejeon
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(b) VANET simulation environment based on OSM and
SUMO

Fig. 1. Satellite Map and VANET Simulation Environment
for Dusan—dong and Nearby Areas in Daejeon City
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Fig. 2. System structure of VANET simulatior in real urban environment
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Table 2. Simulation configurations

Parameter Value
Simulation time 100 sec
Wifi Phy mode IEEE 802.11p
Packet Size 10 byte
Routing Protocol AODV
Traffic Type UDP
Channel Model SimpleObstacleShadowing
Data rate 6 Mbps
Noise Floor -98dBm
Maximum Communication 250m
Range
Node Transmit power 2mW
RSU Transmit Power 20mw
RSU Bandwidth 10MHz
RSU Radio Band 5.9GHz
RSU Application Send interval | 1,000ms
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(b) Road evironment in Dusan—dong, Daejeon

Fig. 3. Grid type road environment in simulation and road
environment in Dunsan—dong, Daejeon
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3. Comparative Analysis: VANET Performance
in Realistic and Simple Road Environments
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Fig. 5. The impact of the vehicle's top speed on VANET
performance
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4. Effect of vehicle speed
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Table 3. PDR performance of VANET for a various number of vehicles and maximum vehicle speed

number of vehicles 196 420 651 860 1200
maximum speed min. max. min. max. min. max. min. max. min. max.
0 m/s (fixed) 0.0 100.0 0.0 100.0 11.5 100.0 13 100.0 85.0 100.0
0.5 m/s 0.0 100.0 0.0 100.0 0.0 100.0 293 100.0 64.4 100.0
10.0 m/s 0.0 92.9 0.0 95.6 19.6 98.4 10.0 94.0 30.9 96.6

6. Comparison of simulator performance
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