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A Channel Selection Algorithm Based on Fuzzy Logic and
Learning Automata for Cognitive Radio Sensor Networks
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Abstract In this paper, we propose a channel selection scheme for secondary users in cognitive radio sensor
networks, which includes learning automata and fuzzy logic system (FLS). In the proposed scheme, FLS is used
as the channel selection mechanism while the learning automata algorithm is being used to learn the radio
environment such as channel link quality. Signal to noise ratio of the link between primary user (PU) and
secondary user (SU), the probability of choosing channel, and signal to noise ratio of the link between
secondary users are chosen as input parameters for the FLS to decide one data channel among multiple
channels. Simulation results show that the proposed scheme does indeed provide advantages in improving the
throughput of CR networks, in comparison with some other previous schemes.
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| . Introduction (SUs) share spectrum that primary users (PUs) do not

use. But a prerequisite of SU access is no interference

Recently, Cognitive Radio Sensor Network (CRSN) to PUs. Due to the random characteristics of PUs in the
which enables opportunistic access to under-utilized ~ CRSN networks, SUs need to switch the using channel
licensed bands has been proposed as a promising  adaptively and consistently. But inefficient channel
technology ~for the improvement of spectrum  switching may cause the packet loss problem to

exploitation”. In CRSN network, secondary users — CRSNs. Therefore, appropriate channel —switching

. il . selection mechanisms should be proposed in place in
F3] ¢, AR, A7IARY BA| AT S . ) s
"R E]el, LAtTala, A7 AR RA A EEE (AR order to guarantee QoS constraints of CRSNs on the

of

A=Ak 2010.11.25 A DA 2010.12.15 activities of PUs. With respect to SUs, the channel
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selection strategy is invented to solve the above
problem of CRSNSs. Finding the optimal channel for
SUs not only reduces channel switching, but also
increases throughput of SUs?. With suitable channel
selection strategy for SUs, further PUs also avoids
interference caused by SUs such that the activity of
PUs can be guaranteed well!.

In the reference [4] and [5], a novel stochastic
channel selection algorithm for SUs was proposed
where a learning automata algorithm is used to
determine a proper channel at a stage based on the past
actions and corresponding outputs. However it is not
enough to determine the channel for SUs based on
historical performance of each channel, which is mainly
due to the fact that there are many parameters that
affect channel selection of secondary users such as
SNR, fading, pass loss, wireless link error and
probability of idling channel etc. The secondary user
has to consider all of these effects before choosing
channel.

In the paper, we propose a channel selection scheme
for secondary users which includes the learning
automata and fuzzy logic system (FLS). In the
proposed scheme, FLS is used to evaluate the channel
selection probability by considering multiple inputs
such as the choosing probability, SNR of link between
CRs and SNR of link between CR user and PU. On the
other hand, the learning automata algorithm is used to
learn the radio environment based on the past actions
and corresponding outputs. Through the combination of
fuzzy logic system and learning automata, channel
choosing parameters can be considered more effectively
while learning radio environment.

The rest of this paper is organized as follows: In
Section II, we present the brief introduction of Learning
Automata. In Section III, we present the system model.
In Section IV, we describe the proposed channel
selection scheme. In Section V, we provide the
simulation results. Finally, we draw our conclusion in

section VL

Il. SYSTEM MODEL

In this paper we consider a network with A/
primary users and /A secondary users. Secondary user
has a pair of transmitter and receiver which are both
cognitive radios. Primary user can use the assigned
channel whenever they want. Otherwise, the secondary
user is allowed to operate at idle channels (primary
user is absent). Secondary user will exit immediately
and switch to another idle channel (among 1,---, M)

if primary user comes back.

ll. THE PROPOSED CHANNEL
SELECTION SCHEME

In the proposed channel selection algorithm, each
secondary user has to operate all of these functions,
shown in Figure 1.

SNRpy st
FUZZY LOGIC SYSTEM Ui CHANNEL SELECTION LEARNING

SNRisu sty — s < D P {1 AUTOMATA
(FLS) i=argmax {u,}

pi ’—' 1sisM

J2 1. HIeHE X MEd 7|8,
Fig. 1 The proposed selection scheme.

Fuzzy logic system is used to evaluate the utility of
channel at each SU. The channel that has maximized
utility will be selected for transmission. Based on the
probability of successful transmission, the probability
of choosing channel is estimated by the learning
automata algorithm and it will be feed back to fuzzy
logic system for next cycle.

In our model, we consider two kinds of signal to
noise ratio (SNR). One is the SNR between PU and SU
and it is denoted as SNE( p;r— g¢7). The other is SNR

between two SUs and it is denoted as SINE(srr— s17)-

The SNR between PU and SU indicates the estimated
distance between PU and SU while the SNR between
two SUs indicates the link quality of communicating

channel.
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1. Fuzzy logic system for channel selection
each SU keeps channel
[pn 'pM]
[dl,,,,7d ], where p; is

At initialization step,
choosing probability P(n)= and an
estimation vector D(n) =
' channel and d; is

the estimated possibility of successful transmission

the probability of choosing the it!
when the i channel is selected.

Fuzzy logic system is designed for making the
decision on channel selection of SU. Depending on
three inputst SNR(py- 51y, SNVR(gy— sy and
probability of choosing channel p;, the SU can easily
estimate the status of channel (busy or available) and
the channel’s stability (to avoid the return of primary
user). The secondary user will select the channel which
maximizes value of the output (u;) from fuzzy logic
system. The value of output from fuzzy logic can
indicate the utility of channel.

XX XX

10 SNRisu_su) 2 SNRpu_sy)

(a) (b)

\

(c)
a8 2, MXx| YHHR| chSt membership & ((a) :
SNR prr— s17) 0l ti8t membership &4, (b)
: SNR(py— 510l membership &<, (c) :
p; ol membership &%),
Fig.2 Membership functions of input parameters.

Each input variable is characterized by the term of
three fuzzy sets {Low (L), Medium (M), and High (H)}

and the output is characterized by the term of another

three fuzzy sets {Bad (B), Normal (N), Good (GQ)}.
Table 1 represents the fuzzy rules base to be contained
in the FLC. For example, in the 5" rule, if the SNR
(PU_SU) is “Medium”, the SNR (SU_SU) is “High”
and the choosing probability pi is “Medium” then the

output (estimated status of channel) is “Good”.

\j

0 1 uj
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a2 3. 28220 gt membership &4,

Fig. 3 Membership function of output parameter.
B 1. HX| &,

Table 1 Fuzzy rules base.
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2. Learning automata for updating
probability of choosing channel

The learning automata algorithm is designed to
learn and update its action from the environment. At
the beginning of a time slot, the transmitter picks a
channel that maximizes value of output from fuzzy
logic system. If the selected channel is busy, ie., the

PU is present or occupied by another SU, the same
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process is repeated until an available channel is
selected and transmission begins. If the transmission is
successful, SU will set 3 = 0 otherwise 8 = 1. Based
on the received value of (3, SU updates the probability
vector P(n) and the estimation vector D(n) by using
learning automata algorithm. Then the next time slot

will be considered.

Let :

e R is the resolution parameter.

e A/ is the number of primary users, i.e, number
of channel opportunities.

e /{ is the number of secondary users.

e H (n) is the number of channels which have
higher values in the estimation vector D than
the current selected channel.

e § is the step size of adjusting the probability
vector and § =1/ R

e S5 (n) is the number of slots where the

-th

transmission with the ¢ channel are

successful, up to 7, time slots.

e C.(n) is the number of slots where the channel

i'" are chosen to transmit packet up to 7, time

slots.

The learning algorithm for updating p; is given as

follows:
Initialization:
- The SU sets P(0) = [pp...vp]t[] where p;=
/M forall 1<i< M.

- Initializes D(0) = [dl,,,,,dM] where
di = 5,(0)/ C;(0)

Do:

- Selects an available transmission channel ¢ that
maximizes the output of FLS. That is,
i=argmax{u;} )

- The SU adjusts the successful transmission

possibility of the i channel, D,(n+1) by

observing the success of data transmission as

follows :
S,l-(n-ﬂ-l):Sl-(n)-i-ﬁ ?2)
C(n+1)=C/(n)+1
Si(nJrl)
D,;(TL‘f’l) :m

where 8 = 1 if the transmission is successful and
B=0 otherwise.
- Update the probability vector P(n) according to
the following equations.

Pj(nJrl) =
min(p‘j(n) + H(dn) 1) ij(”) > D, (n)
max (pj(n) o }s{(n) ,0) ’Dj(n) =D, (n)
3)
Py(n+1)=1-3p;(n+1) “

VEE)

IV. SIMULATION RESULTS

In this section, simulation results are performed to
evaluate the performance of the proposed scheme. The
simulation parameters will be set as follow:

- Resolution is set to R = 50.

- Initialization parameter is set to W = 10.
~There are 4 primary user, M = 4 with the
returning probability vector is n. = [02 01 03
04]

-Step size, § is set to § = 0.02.

-SNRpy— srr) = [-8 -6 -7 -9] (dB)
-SNRsy— sy =1[426 8] (dB)

Figure 4 shows the output (u;) from fuzzy logic

system according to sensing spectrum index. We can
see that at the initialization period, the channel 2 has
lower output value (u;) from fuzzy logic system, in
comparison with channel 1, 3 and 4. Output value (u,)
from fuzzy logic system of the channel 2 is stable after
few sensing spectrum intervals. Beside that, the
outputs of channel 1, 3 and 4 are decreased in all of

sensing spectrum time. This result shows that the
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channel 2 is the optimal channel selection for the

secondary user in this simulation.
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Fig. 4 Output (u;) from fuzzy logic system
according to the spectrum index.

In Figure 5, the total throughputs of our proposed
scheme and other compared schemes are plotted.
Obviously, the proposed scheme always gives the
highest throughput in comparison with the scheme in
reference [4] and random channel selection scheme.
Through the proposed channel selection scheme the
secondary user can get highest data rate delivered in

network.
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Total throughput
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—=+— Stochastic channel selection [4] [ |
++# Random channel selection
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Fig. 5 The total throughput of secondary user.

V. CONCLUSIONS

In this paper we consider the design channel
selection strategy for secondary user in cognitive radio
networks. We propose a channel selection based on the
combination of fuzzy logic system and learning
automata technique. Depending on our propose scheme,
the secondary user can choose the optimal channel with
high throughput before transmitting data. Our result
analysis shows the effectiveness of the proposed

scheme.
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