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[Abstract]

VANETs are primarily composed of RSUs and vehicles that communicate using multi-hop routing to
provide a variety of ITS services. To address the challenges caused by the dynamic nature and
intermittent connectivity of VANETSs, many studies have explored the application of Software-Defined
Networking (SDN) to vehicular ad hoc networks. However, these approaches are not applicable to
vehicle nodes that do not support SDN functionality. This study proposes a scheme to integrate
non-SDN vehicle nodes into SDN-enabled VANET environments by extending the standard AODV
protocol. This scheme not only enables basic multi-hop communication but also supports advanced
features such as QoS provisioning. To verify the feasibility and effectiveness of the proposed scheme,

VANET environment modeling and performance simulations were conducted.
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I. Introduction
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Fig. 1. VANET Environment with SDN
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IV. Performance Evaluations
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V. Conclusions

B =2ox% VANET &40 AODV Z2E 22 &}
o] AFlE5 2 stojg SDNO| AJY o258 A= 4

Q=2 it AP |HS SDNS Al ofiLs Aed 5}7]
95 AODV =4} HA|x] ogA_} S AqAEIE T, Ay

53l Ald7Iol 71241 RS &5l UEAZ é%

o 719g 4 A2 Bk
SDN A& A= st 71E 7I¥Hs s AT 71
< AH =7t SDNO 2] of 85 AdEHste] Y ELT A
5 e 719 4 Aok SR AIE 71| Aleol
A e A B2 oE ARk Eioﬂ/ﬂ g5t
et =2 FAE US| R5ke AP Aot &
W 2E godet =29 —TLJ)M /\15310]* =T

q0] a}.oEl7} 34 SDN 7]=3} QoS al-28
GEste e cstol ot ITS ANIAS A2
~ ol SDN} QoS 2f9Ee di%
©7} REGREQ AR o] &slo] &}
AEE QoS W& "o AASHY
fol SDN Aloj717t 2419 Jug &
Wste WAolck

o

ol
ol
r [[‘
o
1>
rlo
2
o oft
\JJ ‘-r

SDN Kﬂ°1710ﬂ Ql
iz QoS A 7hstt =25

0F>
ol



A Study on an Extended AODV Protocol for Integrating Non-SDN Vehicles into SDN-Enabled VANETs 85

REFERENCES

[1] M. U. Hassan, et al, "ANN-Based Intelligent Secure Routing
Protocol in Vehicular Ad Hoc Networks (VANETs) Using
Enhanced AODV," Sensors, Vol. 24, No. 3, Jan. 2024.

[2] N. H. Hussein, et al, "SDN-based VANET routing: A comprehensive
survey on architectures, protocols, analysis, and future challenges,"
IEEE Access, Vol. 13, pp. 126801 —126861, Jan. 2025.

[3] C. Perkins, E. Belding-Royer, and S. Das, "Ad Hoc on-Demand
Distance Vector (AODV) Routing," document RFC3561, 2003.

[4] Open Networking Foundation, "OpenFlow Switch Specification
1.5.1," Mar. 2015.

[5] K. M. M. Uddin, N. Islam, and J. Akhtar, "Implementing AODV
Routing Protocol in VANET using SDN," International Journal
of Computer Applications Vol. 175, No. 32, Nov. 2020.

[6] T. Kabir, N. Nurain, and M. H. Kabir, "Pro-AODV (Proactive
AODV): Simple modifications to AODV for proactively
minimizing congestion in VANETs," 2015 International
Conference on Networking Systems and Security (NSysS), pp. 1-6,
2015.

[7] T. Dargahi, A. M. Rahmani, and A. Khademzadeh, "SP-AODV:
A Semi-Proactive AODV routing protocol for wireless networks,"
International Conference on Advanced Computer Theory and
Engineering (ICACTE 2008), pp. 613-617, 2008.

[8] O. S. Al-Heety, Z. Zakaria, M. Ismail, M. M. Shakir, S. Alani,
and H. Alsariera, "A comprehensive survey: Benefits, services,
recent works, challenges, security, and wuse cases for
SDN-VANET," IEEE Access, Vol. 8, pp. 91028-91047, May
2020.

[9]J. V. Leon, O. G. Bautista, A. Aydeger, S. Mercan, and K. Akkaya,
"A general and practical framework for realization of SDN-based
vehicular networks," in Proc. IEEE Int. Perform., Comput.,
Commun. Conf. (IPCCC), pp. 1-7, 2021.

[10] O. Sadio, I. Ngom, and C. Lishou, "Design and prototyping of
a software defined vehicular networking," IEEE Trans. Veh.
Technol,, Vol. 69, No. 1, pp. 842-850, Jan. 2020.

[11] K. A. Darabkh, M. F. Al-Mistarihi, and M. 1. Al-Maaitah,
"Next-generation routing for autonomous vehicle networks based
on innovative clustering: integrating SDN and fog computing
along with AODV upon failure," J. Supercomput., Vol. 81,
Article 379, Jan. 2025.

[12] H. Brahmia, C. Tolba, and T. Hafs, "Improving AODV
performance by software defined networking using NS3," Appl.

Comput. Syst., Vol. 27, No. 2, pp. 159-165, Dec. 2022.

[13] C. E. Perkins, "Mobile IP: design principles and practices,"
Addison Wesley, 1998.

[14] A. M. Law, "Simulation Modeling and Analysis," 6th ed.,
McGraw-Hill, 2024.

Authors

Yong-Hyeog Kang received his B.S. and

M.S. degrees in Department of Information

(o)
, ¥ Engineering, and earned his Ph.D. degree in

School of Electrical and Electronic and

% Computer Engineering from Sungkyunkwan

University, Korea, in 1996, 1998 and 2003, respectively. Dr.
Kang joined the faculty of the School of Business
Administration at Far East University, Chungbuk, Korea, in
2003. He is currently a Professor in the College of Business
and Hotel, Far East University. He is interested in vehicle
ad-hoc networks, software-defined networking, distributed

computing, and security computing.



