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Abstract Cognitive radio vehicular ad hoc networks (CR-VANETSs) have been envisioned to solve the
problem of spectrum scarcity and improved spectrum resource efficiency in vehicle-to-vehicle
communication by exploiting cognitive radio into the vehicular ad hoc networks. Most existing routing
protocols for cognitive radio networks or vehicular ad hoc networks cannot be applied to CR-VANETSs
directly due to the high-speed mobility of vehicles and dynamically changing availability of cognitive
radio channels. At present, the routing research for CR-VANETSs is relatively few. How to utilize the
spectrum resources effectively and moreover reduce the spectrum band consumption caused by routing
hops is still a pending problem. Aspiring to meet these demands and challenges, this paper presents a
joint routing and scheduling, which combines the scheduling of spectrum resources and the goal of
minimizing routing hops in CR-VANETSs. To achieve this goal, we first establish a network model
and a CR spectrum model to predict the contact duration between vehicles and the probability of
spectrum availability. We define the communication link consumption and the weight of channel
according to these parameters. Then we transform the optimization objective into a routing scheme
with minimizing hop count, subject to constraint on the scheduling of spectrum resource, and
moreover prove this routing scheme is NP-hard. To tackle this issue, a hybrid heuristic algorithm is
composed by a particle swarm optimization with fast convergence and a genetic algorithm with
population diversity. Simulation results demonstrate that our proposal provides better routing hop

counts compared with other CR-VANETSs protocols.

Key words cognitive radio (CR); vehicular ad hoc networks (VANETSs); spectrum scheduling;
routing hops; hybrid heuristic algorithm
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© if g AT Q b then
@

EQ A ps
@ end if
@  end for
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Fig. 3 Spanning tree and Prufer number
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distance vector routing, AODV),CR-VANETSs A1
) 2 IO Ak 8% F 5% (CoRoute) ™ % & 1k g1k
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5.1 fAHEE
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CR BG4 10 MEIE, 5 —MFEA 2 MHz 4
Y&, 8 PU B BCH) 10 A CR FE P — MG
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FEI, BDEEAS PU e ARAUE TE B9 HLI R < p(0/0) =
0.95, p(1/0) =0.05, p(0/1)=0.10, p(1/1) =

0. 90, H 1 p(1/0) /& PU K EARZS 0722 4L 4k
SRR,

W TEEE 802. 22 F5 i vh AL E 89 2 40, T AT
B 2s Ry — 5 18 A% A 0 J] 40 25 I B i RS Bl Y
B K E N 60 k/h(/P 16. 7m/s) , AR5 355 55
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TEJC LR 0 2% I 07 11 AR A TEEE 802, 11p
FRUEAVE Sy AR 32 A 422 ] (media access control, MAC)
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512 B. Jy fl T PP Al 14 fE S 80 AT % 18I 7 5
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Table 1 Simulation Parameters
x1 ZHBH

Parameter Value

Antenna Model Omni-directional

Transmission Power/mW 30
Number of PUs 10

Number of SUs (vehicles) 50,100,150,200,250,300

Number of Channel 10 (1 PU on each)
Road Length/km 5

Vehicle Speed/(km « h™1) 10~60

MAC Protocol IEEE 802. 11p

Communication Range/m 400
Packet Size/B 512
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S 56 235 2R 23 53 DAY 3% B v B R 8 R DA K g
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PO T AN [R5 T8 HF 58 2 5008 - 2 e vy B 5 6052 i
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(38 2 o mTLUAE iy F 1 e R o 30 4 3 i
Wi 2 38 2 L A6 B0 A5 B DL 2 B 4555 40 1 3 floh %
ZAWARRIHG R, S T4 A UL H AR L ax 5 Bl il 7
FEHE T e Al H A T A A0 B A% i i A . A
T3 25T % R .
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Fig. 5 Average hop count of different routing algorithms
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algorithms
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