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Abstract

In the Vehicular Ad-hoc Networks (VANETSs) environment, the characteristics of high-speed node
mobility, frequent changes in network topology, and unstable link quality make multi-dimensional
Quality of Service (QoS) assurance face severe challenges. In view of the shortcomings of existing
methods that it is difficult to collaboratively consider multiple indicators such as latency, packet
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loss rate, and bandwidth utilization, this study proposes an ant colony optimization routing frame-
work driven by hierarchical SDN and SRv6. This framework realizes the organic integration of local
rapid response and global traffic scheduling through the collaborative decision-making of roadside
units (RSU) and central controllers. The Ant Colony-based Segment Routing over SRv6 (ACSR) algo-
rithm is proposed, which introduces the Euclidean distance heuristic in the traditional pheromone
model, guides the path search with a multi-dimensional QoS comprehensive cost function, and ac-
celerates the convergence to a high-quality solution. A path compression algorithm based on key
node retention is also proposed, which effectively reduces the overhead of the segment routing ex-
tension header. Experimental results show that the proposed ACSR algorithm performs well in terms
of network throughput, delay, packet loss rate and other indicators, and has broad practical appli-
cation prospects.

Keywords
VANETsSs, SRv6, Ant Colony Optimization, QoS

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

W8 3 T A A AR ABL B 22 O/ BB, A8 @ 5 SOk C OB 204 2 G B AT RREE R
R EEIRIN . AERERERCIH R Zi(Intelligent Transportation Systems, ITS) 37 MR 2023 41k 511.6 1252
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WRLARLT, @A R AR IR B LASON I 28 P AR A . SCRR[6]15CTH IS8 1 — FhoFE TR B I E 5 ik
B SREE Y QoS AN N, ZIMUAE BRI BEM B LR B H e AR R S on e e gy, it
e MEBRECT T 2 0 A TE S RERE . SCHR[7 ]8R 1 456 WORF AR AL AT N AL R TR & R0 % 5

DOI: 10.12677/sea.2025.144071 810 OISR


https://doi.org/10.12677/sea.2025.144071
http://creativecommons.org/licenses/by/4.0/

TR

%, TEPR B T EEVE T TS T RS AR . SCER[STIRR T AL 2SI /E VANETSs BB N, 2T
BT AR 11 QoS B I BE o IX MR ARyE BE SR L N F ) e 32 T T W2 MERE, (HL7E N 48 B2 42 =) i i
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fIFERE b, ¥ SRv6 HIMIZRAE[151HLHI 5] N VANETs, U AMEE R HLHIE T TR R A orbd 7 —fb
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SEHL TR R P N 5 4 SR I R B A HLE G SRve BRLH RGBT K0, 1% RIS Segment
Identifier (SID) ik A 2] IPv6 FHH WY sk, LHAESMBERIA RIEMH RAT N . TEHAEMEAL -, wit
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FERFANMERE R . I BN E . S A EOE R S A H R Z 4 QoS fabr i g — M EL, DUImEE R
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Figure 1. System architecture
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Figure 2. Packet forwarding process
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AL N ERIE G = (V,E) . A eV T HAR (x,.y,) » 88 (i, ]) € EXRIITAE €, ()
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W best,,
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2)for iter = 1 to MaxIter do
3) XKL (Lj)eE: Ar, <0
4) fork=1tomdo

5) VI 4% path < [S], MB075 5 cur « S
6) while cur=D do

7) for each j € neighbors(current) do
) WHEEE A HERER . pli]e
9) end for

10) normalize (p)

11) next eRouletteWheelSelect(p)

12) SRR A% path.append (next)

13) JREME B KRR AR A current < next
14) end while

15) TE AR L

16) for each (i j) € path do

17) ERERRY EAZ‘U

18) end for

19) if L<best,, ,» SHEAM

20) best,,, < L,best,,, < path

21) end if

22) end for

23) for each (i j) eE do

24) ESLIEISE & )

25) end for

26) end for

27) return best

path
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Figure 3. SRH path compression diagram
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L

HSR(V):M (1D
S(v)+F(v)+2a
Hor o AR R R BEE T R
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Table 1. Simulation parameters table
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MAC ¥ IEEE 802.11p
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Figure 4. Latency performance at different network densities
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Figure 5. Packet delivery ratio at different network densities
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Figure 6. Average load index at different network densities
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Figure 7. Throughput at different network densities
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