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Abstract—Cooperative Spectrum Sensing (CSS) improves
the reliability of decisions made about the presence of Primary
Users in Cognitive Radio Networks (CRN). However, energy
consumption for performing CSS by Secondary Users (SU) is
not negligible. Consequently, since SUs should perform CSS
periodically, they may encounter rapid drain of their battery
lifetimes. In this paper, an energy based sensor selection
algorithm for multichannel CRNs is proposed to prevent the
fast drain of SUs' lifetimes. The simulation results show that
the proposed algorithm can considerably improve the lifetime
of SUs and network compared to the existing methods.

Keywords—Energy consumption; Multi-channel cognitive
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L INTRODUCTION

Cognitive Radio Networks (CRN) have been proposed
to solve the problem of spectrum scarcity in wireless
networks. In CRNs, Secondary Users (SU) can use the
frequency spectrum which belongs to some Primary Users
(PU), if they are absent on the frequency spectrum. In order
to inhibit harmful interference occurred because of
simultaneous transmissions of SUs and PUs, it is necessary
for SUs to periodically sense the spectrum to become aware
of the presence of PUs [1,2].

The accuracy of spectrum sensing is determined by two
parameters. The first one called detection probability is the
probability of correctly detecting the presence of PU when it
is actually present. The second one named false alarm
probability represents the probability of falsely detecting the
presence of PU when it is actually absent. Cooperative
Spectrum Sensing (CSS) is a well-known method which can
improve the accuracy of CSS. In CSS several SUs
independently senses the spectrum and jointly detect the
presence of PU [3-14].

Although CSS provides valuable benefits in term of
improved accuracy of spectrum sensing, it creates some
important challenges which should be effectively managed.
For instance, the energy amounts consumed by SUs for
participation in CSS and the overhead made in Fusion
Center (FC) for the combination of sensing results are not
negligible.

In order to reduce energy consumption for CSS, some
papers have proposed to engage only a number of sensors in
CSS [3,12-14]. In [3], a censoring and sleeping method has
been proposed to minimize energy consumption in CSS. In
the censoring and sleeping method, some sensors sleep
during the sensing phase and some of the awake sensors
censor their sensing results and avoid from transmission.
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The authors define a sleeping rate and a censoring rate and
determine them in such a way that energy consumption is
minimized. In [12], we have proposed an energy-based
method for sensor selection to increase the life times of
network. First of all, the number of required sensors for CSS
is determined based on the desired detection and false alarm
probabilities. Such sensors are considered with same
detection capabilities. Also, they use the frequency spectrum
which belongs to one PU. Then, at the beginning of each
frame the required sensors for CSS are chosen from the ones
which their current energy values are more than a threshold.
Thus, the average number of live sensors is increased in
comparison with the existing methods. The energy
efficiency of CSS in a multichannel CRN has been
discussed in [5]. In [5] some methods have been proposed to
select a subset of sensors to sense multiple channels. During
a frame, it is possible for a sensor to sense more than one
channel in their proposed methods. Moreover, the sensing
time considered for sensing a channel by a sensor depends
on the value of received SNR from PU and is not same for
all sensors. However, since the energy constraints of sensors
are not dynamically considered in the methods of [5], the
fast battery drain of some sensors may be probable while
others experience much more longevities.

In this paper, an energy efficient CSS algorithm for a
multichannel CRNs is proposed which considerably
increases the life time of network. Moreover, the proposed
method which is based on the appropriate selection of
sensors for CSS, can fairly engage all sensors with
heterogeneous detection capabilities in CSS. Consequently,
it prevents from the rapid drain of sensors' battery life times.

The rest of paper is organized as follows. The system
model is described in Section II. The proposed algorithm is
explained and analyzed in Section III. Performance
evaluation and simulation results are presented in Section
IV. Section V includes some concluding remarks.

IL. SYSTEM MODEL

Consider a cognitive sensor network consisting of N
sensors. Time is divided to equal frames the duration of
which is 7. At the beginning of each frame, a number of
sensors should perform spectrum sensing in order to become
aware of the presence of PUs on the frequency spectrum. A
part of each frame considered for sensing is denoted by z.
The frequency spectrum is divided to two parts called 4 and
B. The parts 4 and B belong to PU1 and PU2, respectively
which independently appear on their frequency parts. In
other words, one of the frequency parts may be occupied by
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a PU, while the other part is free during a same time frame.
The structure of system model is shown in Fig. 1.
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Fig. 1. The structure of system model.

As can be observed in Fig. 1, the sensors are located in
different locations from PU1l and PU2. Therefore, they
receive different values of SNR from PUs. Moreover,
sensors use the same sensing time and sensing thresholds to
detect the presence of PUs. Let pfj and p{ ; denote the
detection probability and false alarm probability for i (i =
1,...,N,) sensor over frequency part j (j = A,B), respectively.
Since the sensing times are considered to be same for all
sensors over two frequency parts, the false alarm
probabilities of them are same. Thus, we use p’ to denote the
false alarm probability of each sensor.

As explained in the previous section, it is not necessary
to engage all the sensors in CSS at the beginning of each
frame. Let us denote the number of required sensors for
performing CSS on frequency part 4 and B by m” and m”,
respectively. The values of m” and m” are determined based
on the individual detection and false alarm probabilities of
sensors and the rule used in FC to combine the sensing
results. In order to calculate such parameters we define two
sets of sensors denoted by S and S representing the
candidates for sensing the frequency part A4 and B,
respectively. Let |S| and |S?| denote the number of members
of §* and S”, respectively. We define two threshold
probabilities for each set and divide the members of each set
to two categories based on their detection probabilities. Let
PA (PE) and P4 (PE) denote the threshold probabilities
related to S* (S%). Without loss of generality, we assume that
P4 < PA (PE < PE). The first category of §* (S%) denoted
by C{ (CP) includes the sensors which their detection
probabilities are more than PA (PE) and the second category
of §* (8%) denoted by C£ (CP) contains the sensors which
their detection probabilities are less than PA (PE) and more
than or equal to P4 (P5). In fact, we have,

¢l ={ilies/,p& =P} j=4AB M
¢l ={lliesirh=pl<rl) j=as @

Let EX(n>0,i =1,...,N,) denote the current energy
value of i™ sensor at the beginning of n™ frame. Let
denote the energy threshold based on which sensors receive
the priority for performing CSS. In addition, if the current
energy value of i sensor reaches to a minimum threshold
denoted by E,,;,, it is considered as a dead sensor. In other
words, the i sensor is considered a live sensor at the
beginning of n™ frame if EL > E,,;, is true. Let Ay; denote
the energy amount consumed for listening to the spectrum in
the sensing phase and reporting the result to FC by the /™
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sensor. With respect to the above explanations, E! is related
to E; _; through the following equation.

{

Equation (3) states that at the beginning of a given
frame (e.g. frame n) the energy level of the i” sensor
depends only on the energy level of such a sensor at the
beginning of the preceding frame (e.g. frame n — 1). This
implies that the stochastic process E} is a Discrete Time
Markov Chain (DTMC). P(EL|EL_;) can be obtained
through the following equation.

PA(n),i € S4
PE(n),i € S®

P(Efz = E‘ril—l - AsilEril—1) =1- P(Erll = Eril—1|Eril—1) %)

Ej 1
E1l1—1 - Asi

EL ,n=0

)

P(EL = EL, — Ay|Ey) ={ @

Where in (4) P#(n) denotes the probability of
participation in CSS at the start of n™ frame by the i sensor
that belongs to S”. Moreover, P? (n) denotes the probability
of participation in CSS at the start of n™ frame by the /"
sensor that belongs to S°. PA(n)and PP (n) are computed
after the description of proposed algorithm in section III.

Definition 1: Assume that the energy level of the /™
sensor at the start of n™ frame is equal to E} = EI —
alg;,0 < a <n,n =0 where EI denotes the initial energy
value of each sensor. We define X\ = (a) as the state of the
i™ sensor at the start of n™ frame.

Let 7'(n) denote the set of all states at the start of n™
frame in which the i sensor is alive. In fact, we have,

Tin) = {X. = (A)|E — ahg= Epin,0 <a<nn=0} (6)

Let Ny(n) (N2(n)) denote a subset of C{(C4") including
the live sensors at the beginning of n™ frame. Also, let M,(n)
(My(n)) denote a subset of Cf (CB) including the live
sensors at the beginning of #n" frame. The numbers of
members of Ny(n) (Ny(n)) and M (n) (M,(n)) are denoted by
IN(m)| (IN2(n)]) and |M;(n)] (|Mo(n)]), respectively.

At the beginning of each frame, some sensors should be
chosen from S* and S® to perform CSS on frequency part 4
and B, respectively. Let m# (m?) denote the required
number of sensors for CSS, if they are chosen from the first
category of §* (S%). If the OR rule is used in FC for the
combination of sensing results, we can write,

. z| 1-T14,(1 — p%) = Pus,
m & argmin{ | Zl_l( p;,]) ds} j=AB @)
2 1-TI,(1—p) < Pps
Where in (7) P, denotes the desired detection

probability. Also, Py denotes the maximum acceptable false
alarm probability. Moreover, note that we start with the
replacement of the least values of p?; from C{(CF). In

addition, the value of mé can be determined via the
following equation.

argmzin{z| 1-Tiy (1 - pdy) = Pas 1 - T2, (1 —p7) <
P} . j=AB ®)
Where in (8) we start with the replacement of the least

values of pf; from C#'(CF). With respect to the above
explanations, we can write,

jA
m2=

o J
i m if sensors are chosen from C{ .
m/ = : j=A4AB

Jo Jj’
m,, if sensors are chosen from C,
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Thus, at the beginning of each frame, n’ sensors are
chosen to perform CSS on frequency part j. We define
pij (n) (G =A4,B,i=1,...|9)) as a parameter indicating the
participation of i sensor in CSS over j frequency part. We
define pij (n) as follows,

0,if ieSh
1,if i€ S%and i chosen for CSS
pf(n) =10,if i€ S%and inot chosen for CSS (10)
Ll, if i€S4nSEandichosen for CSS
0,if i€ S4nSEand inotchosen for CSS
In addition, we have,
(O,if ies4
1,if i€ SBand i chosen for CSS
pP(m) = {O,if i € SBand i not chosen for CSS (11)
ll, if i€S4nS?andichosen for CSS
0,if i€S4nSEandinotchosen for CSS

As clear in (10) and (11), if a sensor belongs to S and is
not a common member of §* and S?, it is not chosen for CSS
on frequency spectrum B. Also, if a sensor belongs to S” and
is not a common member of S and %, it is not chosen for
CSS on frequency spectrum 4.

1. PROPOSED ALGORITHM AND ANALYSIS
A. Preliminaries
In this section we propose a novel algorithm which aims

at performing CSS over two separate frequency parts
considering energy constraints of sensors.

Let S{*(n) denote the set of the first category members
of 8" which their energy levels are more than 2, at the
beginning of n™ frame. The number of members of such a
set at the beginning of n™ frame is denoted by |S{(n)|. In
fact, we have,

Sfm) = {i|i € CA, E} = Ayp,n = 0} (12)

Let us denote a subset of the second category members
of 8" which their energy levels are more than 2, at the
beginning of n™ frame by S£(n). The number of members
of $§(n) is denoted by |S4 (n)|. We can write,

S#(m) = {i|i € C#,E} = Ayp,n = 0} (13)

B. Proposed Algorithm

The steps of the proposed algorithm are as follows. At
the start of n™ frame,

1- If |S{(n)| = m4, then m{ sensors are chosen with
equal probabilities from S{ (n).

2- If |Sf(m)| <mf and [S3'(m)| =ms —|S{ ()|,
msy — |S{{(n)| sensors are selected with equal
probabilities from the S§' (n).

3- If|SA(m)| < mf and |S{(n)| < m§ — |S£(n)| and
INi(n)] >m#, m# sensors are selected with equal
probabilities from Ny(n).

4- If|SA(M)| < mf and |S£(n)| < m4 — |S£(n)| and
INi(m)] <mf, and [No(n)| 2 m3- [Ny(m)|, m3- [Ni(n)]
sensors are chosen with equal probabilities from
Nz(l’l)

5- If|SA ()| < m# and |S4(n)| < m4 — |S£(n)| and
[Ni(n)] <mZ and |No(n)| < m4- |Ny(n)|, there are not
enough sensors for CSS over frequency part 4.

After choosing sensors for CSS over frequency part 4,
we look for appropriate sensors for CSS over frequency
part B.

6- If |SE(m)| - LiesBn) pi(m)=m¥, then mf
sensors are selected with equal probabilities from
SEm).

7o I ISE@)| — Sjespanpf () <mf and SE(m)] —
Yiessom pf () =mf5 — [SE)| + Xjespin o7 (1),
mE — |SE(m)| + Y jesB(mnsa pi(n) sensors  are
selected with equal probabilities from SZ(n).

8- If ISP = Bjespnpf () <mf,  1SE()] -
Zjeszﬂ(n) Pj'q(n) <mf —[SEM)| + ZjeslB(n) P}“(n)a and
M ()|~ X jem, (n) p;-“(n) >m¥, m® sensors are chosen
from M;(n).

9- If ISP - Bjespeopf ) <mf,  ISE(m)| -

Yiessom Pf () <mf = [SE)| + Zjespin o7 (1),
My ()]~ X jemymy Pf ()<, and |Ms(n)]
— Yjem,m) Pf (M2 M5~ |M()|+ Zjem, ) pf (1), m3-
[Mi(n)] + X jem, () pf‘(n) sensors are chosen with
equal probabilities from M, (n).

10- If  |SP(M)| = Zjespmy pf (1) <mf, 1S3 ()| —
Zjesz’-""(n) Pj'q(n) <m§ —[SEM)| + ZjeslB(n) P}“(n)a
IMy(n)|= X jem, () P}q(n) < mf, and [My(n)|
=Y jemymy Pf ()<mE —|My(n)|+ X jem, oy pf (n), there
are not enough sensors for CSS over frequency part
B

The analysis of the proposed algorithm is presented in
the following.

C. Algorithm Analysis
In this section, we compute P{*(n) and P?(n). We can
write,

J P.(n)i € SA(n)

| pmyiect—sam)

A =3 p i € sA(n)
Pat, i € A — 52y

Where P, (n), P,(n), P;(n), and P,(n) can be found as
follows.

(14)

™ iry
P1(n)={'5iq(n)" (15)

1,  ifUT
Where in (15) U and U denote the conditions of |S{(n)| =
mé{ and |S{(n)| < mf, respectively. Also, let ¥ and V
denote the conditions of |S{(n)| =m4 —|S#(n)| and
|SA(m)| < m4 — |S#(n)|, respectively. Furthermore, let W
and W denote the conditions of |[N;(n)| = m# and
IN;(n)| < m#, respectively. In addition, X and X denote the

conditions of |N,(n)| =m4 —|N;(n)| and |N,(n)| <
m4 — |N;(n)|, respectively.
0, ifU
0, ifU&V
= A _
P =1 m_revew (16)
[Ny ()]
1, ifU&V&W
0, ifU
_ JmE-isfml Lo
P;(n) = “SAm JifU&V (17)

1, ifU&V
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0, if U
0, ifU&V

Py(n) =40, ifU&V&W (18)
A
my=INN(W)| . £ 77 o 7 o 117
UV &W&X

Where in (16-18) & is AND operator. Also, for P? (n) we
can write.

(Q:(n),i € SE(n)
Q,(n),i € CF — SP(n)
Qs(n),i € S (n)

\Qu(n), i € CF - SEm)

Where in (19) Q;(n), Q;(n), Q3(n) and Q4(n) can be
found in the following equations. Let C and C denote the

conditions of |SE()|-X jesBm) pf(m)=mf  and
ISE(n)| - TjesBn) p;-“(n) < m?®, respectively. Also, let D and
D denote the conditions of |SE(n)| — Ljestm) p}“(n) >mf —
ISE@] + Xjespm pj (W) and |S7 (W] — Xjespm pf (W) <mF —
ISEm)| + X jesEm) p;-“(n), respectively. Furthermore, let E
and E denote the conditions of |M;(n)|— % jeM, () pf m) =m?
and |M,(n)|— X jem, ) pf (n) <m?, respectively. Moreover, let
F and F denote the conditions of |My(n)| — 3. jeM,(n) pj‘-“(n) >
m§ —|M\(n)+ X jem, ey pf () and  My(n)| = Xjem, o0 pf (W<
m§ —|M(n)|+ X jem, ) P (), respectively. In addition, let ¥
and Y denote the conditions of pf!(n) = 1 and p{(n) = 0,
respectively.

PE(n) = (19)

0, ifY
m¥ .
QM) =\ P13, ppam S Y&C (20)
jestm)
1, if Y&C
P, if Y
0, if Y&C
Q:(n) = { 0, if Y&C&D (21)
mB T o Ao T
k|M1(n) I _ZjEMl(n)ij(n) ! LfY &C&D&E
0, ifY
) ifY&c
Qs(n) = S S{OT P O 78 C8D (22)
e
0, ifY
0, ifv&cC
0, ifY &C&D
Q.(n) = f _ (23)
0, if7&C&D &E

mE— |M1(0)| +Xjem, oy PF (M)
| Mz (1) | =X jem (my P2 ()

if7&C&D&E

{

Iv. PERFORMANCE EVALUATION

In this section we compare the performance of our
proposed algorithm with Energy Efficient (EE) method
proposed in [5]. Energy consumption for spectrum sensing
in a multichannel cognitive radio network has been
considered in [5]. The authors of [S] proposed three methods
to minimize the energy consumption in the sensing phase.
The EE method which has the best performance among
them uses outer linearization to solve the optimization
problem. In the EE method, a maximum time is considered
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for spectrum sensing during which each sensor may sense
one or more channels. The time consumed for each sensor to
sense a channel depends on the value of received SNR from
the corresponding PU. Since sensors experience different
values of SNR over a same channel, the required time for
sensing a same channel is not same for all sensors.
Moreover, each sensor that performs spectrum sensing on
one or more channels transmits only one data packet to FC
to indicate the presence of PUs. In addition, it is necessary
for each channel to be sensed by a minimum number of
sensors denoted by 8™, The value of §™™is determined in
such a way that the desired detection probability for each
channel is satisfied. Table. 1 presents the values of
parameters used in the simulations.

Table 1.The values of parameters used for simulation.

Parameter Value
P(ls 0.9
P G=4,B) [1[0.48,0.84]
I’ 0.01
Asi 1[0.7,1.3]

Let N(n) denote the average number of live sensors at
the start of n™ frame. We can write,

N = %%, T @erim P(X5 = (@)

Let £.(n) denote the energy amount consumed for CSS
in the n™ frame. E.(n) can be obtained via the following
equation,

Ec(n) = ZieSA p{q(n)Asi + ZiESB piB(n)ASi

Let E,,. denote the average energy consumption for CSS
per frame. If ' denotes the maximum lifetime of network,
E,,. can be obtained through (26).

(24)

(25

_ 25:0 Ec(n)

Eape = 2252 (26)

Fig. 2 presents the average number of live sensors,
N(n), in our proposed algorithm and EE method. As
obvious in Fig. 2, the average number of live sensors in our
proposed method is considerably more than EE method.
Moreover, the curves obtained for simulation and analysis
are close to each other with high approximation.

9

Average number of live sensors
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Time (based on frame number)
Fig. 2. The average number of live sensors in the proposed algorithm and
EE method.

Fig. 3 presents the maximum network lifetime in the
proposed algorithm and EE algorithm. By maximum
network lifetime, we mean the maximum frame number at
the beginning of which it is still possible to sense both of
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frequency spectrum parts. As can be observed, the
maximum network lifetime in the proposed algorithm is
considerably more than EE for algorithm.
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Fig. 3. Maximum network lifetime versus number of sensors in the
proposed algorithm and EE algorithm.

per frame, Eave (yj)

Average energy consumption for CSS

Proposed Algorithm EE Algorithm

Fig. 4. Average energy consumption for CSS per frame, E,,., in the
proposed algorithm and EE algorithm.

Fig. 4 presents the average energy consumption for CSS,
E,., in the proposed algorithm and EE algorithm. As
mentioned before, E,,. is obtained through (26). It is
obvious from Fig. 4 that the average energy consumption for
CSS in the proposed algorithm is considerably less than that
of EE algorithm.

V. CONCLUSIONS

In this paper, an energy based sensor selection algorithm
for a multichannel CRNs has been proposed to improve the
lifetimes of SUs. The proposed method selects proper SUs
for CSS over each channel from the ones which their current
energy levels are more than a pre-defined threshold.
Moreover, the proposed method categorizes the SUs
candidate for CSS over a channel based on their detection
probabilities and for each category finds the minimum
required number of sensors for CSS. In this way, the
proposed method can appropriately engage the sensors with
different detection probabilities in CSS. Furthermore, the
simulation results show that the proposed method
significantly improves the lifetime of CRN.

367

REFERENCES

[1] J. Mitola and G. Q. Maguire, Jr., “Cognitive radio: Making software
radios more personal,” [EEE Personal Communication Magazine,
Vol. 6, No. 4, 1999, Pages: 13-18.

[2] A. Ghasemi and E. S. Sousa, “Collaborative spectrum sensing for
opportunistic access in fading environments,” in Proceedings of 1st
IEEE International Symposium New Frontiers Dynamic Spectrum
Access Networks, 2005, Pages: 131-136.

[3] S. Maleki, A. Pandharipande, and G. Leus, “Energy-efficient
distributed spectrum sensing for cognitive sensor networks,” IEEE
Sensors Journal, Vol. 11, No. 3, 2011, Pages: 565-573.

[4] Y.-C. Liang, Y. Zeng, E. C. Y. Peh, and A. T. Hoang, “Sensing-
throughput tradeoff for cognitive radio networks,” IEEE Transactions
on Wireless Communications, Vol. 7, No. 4, 2008, Pages: 1326-1337.

[5] S. Eryigit, S. Bayhan, and T. Tugcu, "Energy-efficient multichannel
cooperative  sensing scheduling with heterogeneous channel
conditions for cognitive radio networks", IEEE transactions on
vehicular technology, Vol. 62, No. 6, 2013, Pages: 2690-2699.

[6] L. F. Akyildiz, B. F. Lo, and R. Balakrishnan, "Cooperative spectrum
sensing in cognitive radio networks: a survey", Elsevier journal on
physical communications, Vol. 4, Issue. 1, 2011, Pages: 40-62.

[7]1J. Shen, T. Jiang, S. Liu, and Z. Zhang, "Maximum channel throughput
via cooperative spectrum sensing in cognitive radio networks", IEEE
transactions on wireless communications, Vol. 8, No. 10, 2009,
Pages: 5166-5175.

[8] S. Xie, Y. Liu, Y. Zhang, and R. Yu, "A parallel cooperative spectrum
sensing in cognitive radio networks", IEEE transactions on vehicular
technology, Vol. 59, No. 8, 2010, Pages: 4079-4092.

[9] S. Yarkan, B. U. Toreyin, K. A. Qarage, and A. E. Cetin, "An online
adaptive cooperative scheme for spectrum sensing based on a second
order statistical method", IEEE transactions on vehicular technology,
Vol. 61, No. 2, 2012, Pages: 675-686.

[10] S. Chaudhari, J. Lunden, V. Koivunen, and H. V. Poor, "Cooperative
sensing with imperfect reporting channels: hard decisions or soft
decisions?", IEEE transactions on signal processing, Vol. 60, No. 1,
2012, Pages: 18-28.

[11] K. Umebayashi, J. J. Lehtoméki, T. Yazawa, and Y. Suzuki, "Efficient
decision fusion for cooperative spectrum sensing based on OR-rule",
IEEE transactions on wireless communications, Vol. 11, No. 7, 2012,
Pages: 2585-2595.

[12] A. W. Min, and K. G. Shin, "Joint optimal sensor selection and
scheduling in dynamic spectrum access networks", IEEE transactions
on mobile computing, Vol. 12, Issue. 8, 2013, Pages: 1532-1545.

[13] M. Monemian, M. Mahdavi, "Sensing user selection based on energy
constraints in cognitive radio networks", In proceedings of IEEE
Wireless Communications and Networking Conference, WCNC 2014,
Istanbul, 2014.

[14] M. Monemian, M. Mahdavi, "Analysis of a new energy-based sensor
selection method for cooperative spectrum sensing in cognitive radio
networks", IEEE sensors journal, Vol. 14, No. 9, 2014, Pages:3021-
3032.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


