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Abstract: To improve the detection performance and increase detection efficiency of user recognition and
frequency spectrum utilization ratio, the conventional detection method was improved by using detection pe-
riod that can be adjusted with actual requirement instead of the fixed detection period. In our simulation, the
new method increases spectrum access chance of recognition user, reduces lost time of detection and cuts
down the cost of detection effectively while protecting primary user against interference.
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1 Introduction

With the rapid growth of wireless communication techno-
logies, especially the high development of wireless local
area network technology, wireless personal area networks
technology and wireless metropolitan area network, peo-
ple call for higher requirement on broadband wireless
communication application, while wireless networks is
facing conflict in spectrum scarcity and various services
need more spectrum. The current spectrum authorization
mechanisms use fixed frequency allocation, and they re-
duce spectrum utilization rate and waste spectrum re-
sources. Cognitive radio is a new agent spectrum sharing
technology ™, it can initiatively detect and opportunisti-
cally use spectrum holes in the licensed band™. It makes
nonrenewable spectrum be used again, and opens new
channels for solving the problem that spectrum is scarcity
and utilization rate is low.

A novel strategy that utilizing the idle spectrum re-
sources named spectrum pooling is being studied ¥, In
spectrum pooling system, the owner of licensed frequency
band is called primary user, while the user that opportu-
nistically accesses spectrum and has cognitive function is
called secondary user. The secondary user opportunisti-
cally can utilize idle spectrum and avoid interfering pri-
mary user. Once primary user of the frequency band ap-
pears, recognition user must give up the channel for the
primary user in time. In the process, it need secondary
user to detect spectrum continually. Spectral detection can
classified as local sensing and cooperative sensing. We

978-1-935068-01-3 © 2009 SciRes.

will face the problem that how to select the long of detec-
tion time in concrete detecting processes. In this paper we
use detection cost as our research objective, construct a
new mathematical model that is different from the con-
ventional detection period method, and induce control
coefficient of detection period in analysis. Based on the
above process, a new cognitive radio spectrum detection
method is proposed. Comparing with the conventional
fixed detection period method, it can control detection
cost efficiently.

2 Variable Detection Period Mathematical
Models

Cognitive radio system should have the detecting ability
of distinguishing whether the frequency band is being
used or not. Therefore, cognitive radio system must detect
primary user signal of certain frequency band. The per-
formance of local spectrum detection will drop with the
received signals intensity decreasing which is caused by
multi path and shadow fading. Besides, the detection it-
self has some restrictions . Simulation and analysis
show that it can get higher detection probability and
lower false alarm probability by using cooperative diver-
sity method ). In this paper, we use cooperation detection
mechanism to detect primary user signal and get the in-
formation of spectrum utilization of primary user.

The primary user spectrum state can be classified as
occupied spectrum and idle spectrum. The spectrum state
of primary user is determinate, so the persistent period of
two states can be expressed by random sequence
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Z; and K; respectively, where i is sequence index.
(Z; + K;) is mutual independence, so we can use model to
express the alternating process of occupied spectrum and
idle spectrum. State alternative period is

pu » @nd in conven-
tional detection methods, T, is a fixed constant, so it c-

The primary user detection period isT

an not avoid errors between cognitive user detection time
and primary user state change (see figure 1).

Figure 1. Fixed period spectral detection

Cognitive user needs some delay time to detect the va-
cant channel of primary user. This delay time is defined
as accessible lost timeT,,, it means that cognitive user
does not use primary user idle channel within the T, pe-
riod. When primary user become busy status from idle
one, cognitive user also needs some delay time to detect
the state change of primary user, the delay time is defined
as interference lost time T, . While two user signals appe-

ar in the same channel, they are mutual interference and
make communication quality reduced. Ty, and T are

named detection lost time.
Teqy =MT,, =Z+T (2)

i gs(i-1)

Where Ty and T4 are respectively interference lost

time and accessible lost time of the current detection,
Tosi-y@nd Tys(ig) are respectively interference lost time
and accessible lost time of the last detection, m; and
n; are the detection time of occupied channel state and
idle channel state of the primary user respectively.

In cognitive wireless network, we expect to mini-
mize T, ,T;;,mandn, so

min{ZTkS(i) ,ZTgs(i),Zmi Z ni} (4)

Equation (4) is a multi parametric optimization issue, in
which various parameters are dependent. When we im-
prove some parameter, the other parameter must be weak-
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ened. To simplify the complex problem, we construct a
new detection issue as following by inducing detection
cost

mMC =D T +D Top + 2 M+ 0} (5
i i i i

Where C is detection cost of the cognitive user. It is the
sum of lost time in detection and times of detection.

3 Detection Process Descriptions

For Space forbidding, we only talk about the status of
primary user occupied, the detection method for idle
status is also the same. Because the time long of primary
user occupied has some centrality, we can set detection p-

eriod T,, inthe concentration zone, so most status cha-

nges can be detected from little detection. It cuts down
detection lost time and reduces detection cost efficiently,
and in the same time realizes efficiently control detection
cost for network.

Conventional detection method is to optimize equation
(5), using fixed detection period. In this paper, we induce
control coefficient a of detection period and adaptive co-
efficient b, and set detection time as M in the per state
change period of primary user. Detection time can be set
as M., , according perennial statistical results, which can
make the detection period adjusted with actual demand,
so detection cost is reduced. Detection process description

is as follows

(1): analyzing statistics use status of primary user spec-
trum, initializing detection period T, andb =1, and start-
ing the first detection.

(2): if it does not detect the change of primary user
state in the fist detection, detection period is multiplied by
log(a) , then we get the second detection period
log(a)T, -

(3): using new detection period to start detection, go
back to step (2), until detecting the change of primary
user state at the same time getting the detection time M .

(4): estimating detection time M is larger than M .,
or not, if M > M, . it shows the initialization of detec-
tion period control coefficient a is too small, we should
set adaptive coefficient b >1.0n the contrary, we don’t
need adjust b.

(5): in the second detection, b adopts the last time
detection decision value. This means that we fist set de-
tection period asbT, , then detect the next status chang-
ing period of primary user.
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Figure 2. adaptive variable period spectral detection

From the above description, if a =10, then it is con-
ventional detection method. To reduce lost time of detec-
tion, leta <10, so the progression that is constructed by
all detection period converges to T, /[1-log(a)] . If the

channel time of primary user occupied exceeds
T, /[1-log(a)], and then it will not detect state change.

So we need to set the upper limit number of detection
period of a status change, if the number of change of de-
tection period exceeds this upper limit number, then
seta=10.

4 Adopting T,,, aand b

From equation (2) and (3), we know the statistics of de-
tection lost time and detection number are obtained in a
status changes period. In the time of computing detection
cost using equation (5), we can get the optimum solution
by maximizing method.
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Compared with fixed period detection method, it has
better flexibility.

5 Simulation and Discussion

In our simulations, we verify the performance of the pro-
posed algorithm by analyzing the relationship between
Tous Tis TgsandC in 5000 times detection when b

changes. The random variable Z is channel of occupied
by primary user, Y is duration of the idle channel.

As seen in figure 3, we observe that the accessible lost
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time T and interference lost time T, increase as the
T, increasing, and have some fluctuant change. After us-

ing the adaptive detection method (in figure a=9,
a=9.5) , compared with other methods, T, and T

is smaller. This shows that adaptive spectrum detection
method has better performance for reducing accessible

lost time and interference lost time.

Figure 4 depicts the relation curves of T, and m

pu
that detection time of primary user occupied channel.

When the value of T, increases, detection number will

decrease gradually. Compared with other detection meth-
od, adaptive detection method has faster convergence ra
te.

Figure 5 depicts curves of detection cost. As seen in
picture 5, when a is certainty value. C can get mini-
mal value in a some range, the minimal value will be-

come small with a increasing. If a is some certainty
value, when T, is smaller, detection cost C can be

smaller as inducting adaptive method, but when T, is

bigger, the detection cost is increasing as inducting adap-

tive method. This shows adaptive spectrum detection m-
ethod is suitable for the situation that T, is bigger, if

user need shorter detection time, we can use adaptive
method.

Based on analyzing the simulation data, in the detec-
tion of primary user, comparing the algorithm that is
based on variable period with fixed period, accessible lost
time, interference time and detection cost of the proposed

algorithm reduce distinctly. But the status change also has
some limitation, in figure 5, when T, is smaller, detec-
tion cost C increase as a deducing. If we can make
T, or a change as time long changing of primary user
occupied and channel idle in the detection process, it will

be next research area.
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Figure 3. Relationship curves of lost time Tys + Tgsand Ty,

Figure 4. Relationship curves of detection time m and Tpu
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Figure 5. Relationship curves of detection cost C and Tp,
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6 Conclusion

For Space forbidding, we only talk about the status of
primary user occupied, and the detection method for idle
status is also the same. Because the time long of primary
user occupied has some centrality, we can set detection p-
eriod T, inthe concentration zone, most status changes

can be detected from little detection. It cuts down detec-
tion lost time and reduces detection cost efficiently, and at
the same time realizes efficiently control detection cost
for network.
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