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[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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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

o] Ao 278004 vl M3t Alg2olElE & OSM
% SUMOSt B3 B34S 75T 4 QOBNE g £
7} obd NS-32F OMNeT++0] tfsiA], Alg2o]d Aed Al

7+ EA5to], VANET A2 9J5t Alg2fo]d ElaX
OMNeT++7} o @&A&ojat= 718 &olsict

Table 4= NS-32} OMNeT++ Al&#|o]E]2 SUMOL}t
T THL AL, 2YSHS U] WP ARFS v
gt Aatolct. N,+= AlgdolAdd 434 S
UERY, Run Time Al&dolde Adishe o] 409
o]z b Zlolch. Algalolele] sy Azt
| &A% A|AEI9] 348 CPU 12th Gen Inter(R)
Core(TM) 17-12700 2.10GHz, GPU NVDIA GeForce
RTX 3070 (8GB), Wl=2] 32.0GB, 23 SUMSUNG
MZVL.2512HCJQ-00B00 (477GB, SSD)o]t, NS-37f =L
Lol 2R|A= Ubuntu 22.04.4 LTS, OMNeT++&
Windows 11 ProojA] $88E]9ict. Asi A|7F &4 An},
Aol 27} wlmal "L 2000) olste] A9o] ChaiA
NS-32} OMNeT++2] Al A|7+e 717F 196%Q} 12% =2
NS-3% OMNeT++HC} oF 16H] T 71 Alsh A|7HS WOl
o} xake] 47b A7 AEQ oF 6000che] Ao
NS-39] Alsj AZRe 11,300%2 73] 7kt iy,
OMNeT++2] Al8§ 7|7+ 18052 37| Z7}elx] oo},
2 77}, NS-3% OMNeT++5r} of 624 o 71 Algj A|7t
S BOITE A2 27} 714 Bhe .90l oF 1,0000] o]4}
0] 739.0f thslA} NS-3= OMNeT++¥c} of 1598) ¢ 71
AlBR AIZFS Wo] HiPl o Z718RS &Holar A o).

Z, OMNeT++&= 2 Al 4of djs NS-3xct Xl
}% ’::._‘3@ ;\]7]-2 Eoﬂ oD:] Ea] 7‘:}5'* /\7} 57}6}/\§
Algdlold o] 445 Aot B& FE Al ol2fgt
IH= OMNeT++7} tJ5-2 VANET Aol o U2 &
§= Alsede ool

=
[
BV

MRS &

o

w3

wo my 4

V. Conclusions

2 =R OAY £ 73] B2 WA Es
of FURQ £A] FoIH A UEHTY e B}

g4o 2, OSM, SUMO
NeT++2 o] &5}9ict.

5P 913t Algelolelo] B3E
1 OM
1 ANEu 50l i}

Table 4. Comparison of simulation run times

NS-3 OMNeT++

Run Time
(sec)

Run Time
(sec)

193 12

_OL
R0
<
:z> re
&g H
- =2
ox X
o rr
L o
o o
N
N
rlo
Ao
=,
i
in)
o>
o
12
i
%

st ™ QU 9]

o
ox =2

Rl
oy ol mu

i)
Ho
oE
ﬁ
Mk
ISy
= ©

T

<
ball
2
o
&
o

%
<
>
=z,
s
%
n 2 n
ox,
olr
11]{e]
o9
o5

& 22w
=5}
ol =
t &
[2a)
o3

rn ¥ ol

oln
1o

>
O_LE_D'
mo £ &
rr o
rd
S 2
(o]
H-'EE
_E_[L
=
i
=)
rulm

o
H
S,

REFERENCES

[1] Tao, F., Zhang, H., Liu, A, & Nee, A. Y. C. (2018). Digital Twin
in Industry: State-of-the-Art. IEEE Transactions on Industrial
Informatics, 15(4), 2405-2415.

[2] Boschert, S., & Rosen, R. (2016). Digital Twin—The Simulation
Aspect. In Mechatronic Futures (pp. 59-74). Springer, Cham.
[3] Varga, A., & Hornig, R. (2008). An overview of the OMNeT++

simulation environment. In Proceedings of the 1st international

Simulation  tools and for

conference  on techniques



122  Journal of The Korea Society of Computer and Information

communications, networks and systems & workshops (p. 60).

[4] Haklay, M., & Weber, P. (2008). OpenStreetMap: User-generated
street maps. IEEE Pervasive Computing, 7(4), 12-18.

[5] Krajzewicz, D., Erdmann, J., Behrisch, M., & Bieker, L. (2012).
Recent Development and Applications of SUMO - Simulation of
Urban MObility. International Journal On Advances in Systems
and Measurements, 5(3&4), 128-138.

[6] Sommer, C., & German, R. (2011). Veins: The open source
vehicular network simulation framework. In Proceedings of the
2011 IEEE Vehicular Networking Conference (pp. 213-214).

[7] Henderson, T. R., Roy, S., Floyd, S., & Riley, G. F. (2006). ns-3
project goals. In Proceedings of the 2006 workshop on ns-2: the
IP network simulator (pp. 13-es).

[8] Riley, G. F., & Henderson, T. R. (2010). The ns-3 network
simulator. In Modeling and Tools for Network Simulation (pp.
15-34). Springer, Berlin, Heidelberg.

[9] NetSim. (2021). NetSim Product Brochure. Retrieved from
https://www.tetcos.com/pdf/NetSimBrochure.pdf

[10] Baldo, N., Miozzo, M., Guerra, A., & Dini, P. (2010). Integrating
real world applications into NS-3. In Proceedings of the 4th
International ICST Conference on Simulation Tools and
Techniques (pp. 415-422).

[11] McCabe, J. D., & Lawrence, S. J. (1998). Practical computer
network analysis and design. Morgan Kaufmann.

[12] Barr, R., Haas, Z. J., & van Renesse, R. (2004). JiST: an efficient
approach to simulation using virtual machines. Software: Practice
and Experience, 34(6), 541-567.

Authors

Jonghyeon Choe received the B.S. degree in

Computer Engineering from Kongju National
WSl University, Korea, in 2023. Jonghyeon Choe

is currently pursuing a Master's degree in the

-—
ﬁv );i Department of Computer Engineering at

Kongju National University since 2023. His areas of interest

include vehicular communication networks and wireless

networks.

Youngboo Kim received the B.S., M.S. and
Ph.D. degrees in Information and
Communication Engineering from Dongguk
University, Korea, in 2011, 2013 and 2020,

respectively.

Dr. Kim has been serving as a Post-doctoral researcher and
lecturer at both Kongju National University and Dongguk
University since 2020. His research interests encompass
wireless  networks,  vehicular

communication, computer

security, and convergence security.

Sangdae Kim received his B.S. and Ph.D.
degrees in computer engineering from the
Chungnam  National  University,

Republic of Korea in 2013 and 2019,

Daejeon,

respectively.

He was a Postdoctoral Researcher with the Software Research
Center, Chungnam National University, and the Division of
Computer Science and Engineering, Kongju National
University. He is currently an Assistant Professor in Dept. of
Medical Information Technology Engineering Soonchunhyang
University. His research interests include routing protocols for
real-time and reliable communication, mobility support
strategy for seamless communication in wireless sensor
networks (WSNs), and industrial wireless sensor networks

(IWSNs).



