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Abstract—In this paper, a novel transmit antenna selection
scheme for multiple input multiple output (MIMO) wiretap
channels is proposed. This new scheme achieves higher secrecy
performance by exploiting eavesdropper’s channel state infor-
mation. The key idea behind our proposal is to perform the
antenna selection aiming to maximize the overall secrecy rate
instead of maximizing the instantaneous signal-to-noise ratio
of the main channel. In our analysis, we assume that the
legitimate receiver and the eavesdropper employ a maximal-ratio
combining technique to combine the received signals from the
transmitter. Considering Nakagami-m fading channels, a closed-
form expression for the secrecy outage probability is derived,
which can be used as a quality of service metric. Further,
an asymptotic analysis is carried out and the diversity/array
gains are obtained. The ergodic secrecy rate is also investigated
for the case of multiple input single output wiretap channels.
Representative numerical examples are plotted and validated
through Monte Carlo simulations. Insightful discussions are
drawn from the proposed analysis.

I. INTRODUCTION

In wireless communications systems, the security has been
traditionally addressed via cryptographic approaches imple-
mented at higher layers of the protocol stack [1], [2]. However,
with the advent of infrastructure-less networks, the secret key
management may be vulnerable to attacks of malicious users
[3]. Owing to this fact, recent advances in the research have
proposed to implement the security at the physical layer (PHY)
[4]–[9]. The key idea behind this strategy is to exploit the
spatial-temporal characteristics of the wireless channel to guar-
antee secure data transmission. A seminal work was proposed
by Winer [4], where the wiretap channel was introduced. Since
then, PHY security has received a considerable attention from
the wireless community as a way to ensure perfect secrecy
along the communication process (see, for example, the most
recent papers [5]–[13] and references therein). Relevant works
are discussed next.

In [10], assuming that the transmitter (Tx) and the eaves-
dropper are equipped with multiple antennas, while the le-
gitimate receiver (Rx) is a single-antenna device, a transmit
antenna selection (TAS) scheme was proposed to improve
the secrecy performance. The antenna selection criterium was
based on the channel quality between the Tx and Rx, in which
the antenna that maximizes the main channel gain is selected.
This work was generalized in [11], where a comprehensive
performance study of TAS schemes in multiple-input multiple-
output (MIMO) wiretap channels was provided. More specif-

ically, the authors in [11] assumed a Nakagami-m wiretap
channel with all nodes being equipped with multiple antennas.
The Rx and the eavesdropper employed either a maximal-
ratio combining (MRC) or a selection combining (SC) scheme
to combine the received signals. Closed-form expressions for
the secrecy outage probability were derived, from which the
respective diversity/array gains were obtained. It was shown
that the diversity order depends solely on the number of
antennas at the Tx, the number of antennas at the Rx, and the
Nakagami-m fading parameter of the main channel. In [12],
the impact of antenna correlation at the Rx and eavesdropper
on the secrecy performance of MIMO wiretap channels was
examined. Finally, in [13] the effects of outdated channel
state information (CSI) on the secrecy outage performance
of multiple-input single-output (MISO) Nakagami-m wiretap
channels with TAS were investigated.

In this paper, differently from all previous works, we
propose a novel TAS scheme for MIMO wiretap channels.
The key idea behind our proposal is to exploit eavesdropper’s
channel state information (CSI) and perform the antenna
selection aiming to maximize the overall secrecy rate instead
of maximizing the instantaneous signal-to-noise ratio (SNR)
of the main channel. To this end, the Tx (called Alice) is
assumed to know both the main channel and the eavesdrop-
per’s channel, as adopted in several works (i.e., [5]–[7] and
references therein). As will be seen, compared to traditional
TAS scheme [10], [11], the proposed scheme achieves higher
secrecy performance. In our analysis, for illustration purposes,
we assume that the Rx (called Bob) and the eavesdropper
(called Eve) employ a MRC technique to combine the received
signals. In order to analyze the secrecy performance, a closed-
form expression for the secrecy outage probability is derived,
which can be efficiently used as a quality of service (QoS)
metric. Moreover, an asymptotic analysis is carried out and
the respective diversity/array gains are obtained. The ergodic
secrecy rate is also investigated for the case of MISO wiretap
channels. Our analysis allows for non-identical Nakagami-m
fading parameters and distinct average SNRs between the main
channel and the eavesdropper’s channel.

Mathematical Notations and Functions: Vectors are denoted
by bold lower case letters, conjugate transpose is denoted by
(·)†, ‖ · ‖ indicates the Frobenius norm, Pr(·) symbolizes
probability, fX(·) and FX(·) stand for, respectively, the prob-
ability density function (PDF) and the cumulative distribution
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function (CDF) of a random variable X , and E(·) denotes the
expectation operator. Furthermore, Γ(·) represents the Gamma
function [14, Eq. (8.310.1)] and U(., .; .) denotes the Tricomi’s
(confluent hypergeometric) function [14, Eq. (9.211.4)].

II. SYSTEM MODEL

Consider a MIMO wiretap channel in which a Tx Alice
is equipped with NA multiple antennas, whereas a legiti-
mate Rx Bob and an eavesdropper Eve are equipped with
NB and NE antennas, respectively. We consider an active
eavesdropper scenario where Alice is assumed to know both
Bob’s and eavesdropper’s CSI [5]–[7]. Both main channel
and eavesdropper’s channel experience slow fading with same
fading block length, which is long enough to allow capacity-
achieving codes within each block. Alice uses the CSI from
Bob and Eve to select an antenna s that maximizes the secrecy
rate1. Afterwards, Alice transmits a signal x to Bob using the
selected antenna such that the received signal at Bob and Eve
can be written, respectively, as

yB =
√
PhAB,sx+ nB, (1)

and

yE =
√
PhAE,sx+ nE, (2)

where hAB,s and hAE,s are, respectively, the NB×1 and NE×1
channel vectors at Bob and Eve from the selected antenna s
at Alice, P denotes the transmit power at Alice, nB and nE

are the additive white Gaussian noise vectors at Bob and Eve,
respectively, with each element having variance nB and nE .

Assuming a MRC scheme, Bob multiplies the received

signal by a weight vector wB =
h†AB,s

‖hAB,s‖ and the resulting

signal yB can be written as

yB =
√
P‖hAB,s‖x+wBnB. (3)

Thus, the received SNR at Bob can be expressed as γB,s =
γ̄B‖hAB,s‖2, with γ̄B = P/nB . Similarly, the received signal
at Eve can be written as

yE =
√
P‖hAE,s‖x+wEnE, (4)

where the received SNR at Eve can be expressed as γE,s =
γ̄E‖hAE,s‖2, with γ̄E = P/nE .

III. THE PROPOSED TRANSMIT ANTENNA SELECTION

SCHEME

Let RE,s = log2(1 + γB,s) and RE,s = log2(1 + γE,s) be
the achievable rates at Bob and Eve, respectively. The network
secrecy rate RS,s can be expressed as

RS,s =

{
RB,s −RE,s, γB,s > γE,s,
0, γB,s ≤ γE,s.

(5)

Relying on the maximization of the secrecy rate given in (5),
we propose a new strategy to perform the antenna selection at
Alice. More specifically, Alice will select the antenna s that
maximizes the secrecy rate, i.e.,

s = argmax
k

RS,k. (6)

1Assume for now that the antenna selection at Alice was performed. This
selection process will be explained in the next section.
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Fig. 1. Cartesian diagram of randomly generated channel vectors. We
consider NA = 20, NB = NE = 1 and generate two complex Gaussian
NA × 1 random vectors, hAB and hAE, to obtain the plot.

Then, by substituting (5) into (6) and after some mathematical
simplifications, the antenna selection rule at Alice can be
written as

s = argmax
k

(
1 + γB,k

1 + γE,k

)
, (7)

where γB,k and γE,k symbolize the instantaneous SNR at Bob
and Eve, respectively, from the kth transmit antenna of Alice.

In order to get some insights of the proposed TAS scheme,
Fig. 1 shows the cartesian diagram of randomly generated
channel vectors to illustrate the advantage of knowing both
Bob’s and Eve’s CSI over the traditional TAS scheme using
only Bob’s CSI [10], [11]. Note that although the selected
antenna using only Bob’s CSI (represented by diamond) has
higher gain than the proposed scheme (indicated by the black
circle), the former scheme also has higher gain for Eve’s
direction (represented by inverted triangle) than our scheme
(indicated by the cross). Therefore, computing these two
information jointly and taking the ratio of the channel gains, it
can be seen that max(hAB/hAE) (which is the essence of the
proposed TAS scheme) has a higher gain than max(hAB)/hAE

(the base of TAS schemes which uses only Bob’s CSI). This
results in a higher secrecy rate for the proposed TAS scheme.

IV. SECRECY PERFORMANCE

Assuming that all the links undergo Nakagami-m fading,
the PDFs of γB,k and γE,k are given by [15]

fγB,k
(z) =

mmBNB

B zmBNB−1

γ̄mBNB

B Γ(NBmB)
e
−mBz

γ̄B , (8)

fγE,k
(z) =

mmENE

E zmENE−1

γ̄mENE

E Γ(NEmE)
e
−mEz

γ̄E , (9)

where mB and mE denote the Nakagami-m fading parameters
of the main channel and eavesdropper channel, respectively.
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A. Secrecy Outage Probability

We assumed Alice has both Bob’s and Eve’s CSI, hence,
Alice can adjust her rate such that there will not be an outage.
However, to analyze the system performance as QoS perspec-
tive, it is important to know what is the average rate that Alice
can transmit without an outage and how much diversity/ array
gains can be obtained. Hence, here we derive the exact closed
form expression for outage probability, which is defined as
the probability that RS,s drops below a predefined secrecy
rate threshold R and it can be mathematically formulated as

Ps(R) = Pr (RS,s < R|γB,s > γE,s)

+ Pr (γB,s < γE,s) . (10)

By substituting RS,s into (10) and after some algebraic ma-
nipulations, we obtain

Ps(R) = Pr

(
γB,s + 1

γE,s + 1
< 2R

∣∣∣∣∣γB,s + 1

γE,s + 1
> 1

)

+ Pr

(
γB,s + 1

γE,s + 1
< 1

)
. (11)

Now, using the concepts of probability theory, it follows that

Ps(R) = Fγs

(
2R
)
, (12)

where

γs =
γB,s + 1

γE,s + 1
= max

k
γk = max

k

(
γB,k + 1

γE,k + 1

)
. (13)

Hence, the secrecy outage probability can be rewritten as

Ps(R) = Fγs

(
2R
)
=
[
Fγk

(
2R
)]NA

, (14)

in which

Fγk
(z) =

∫ ∞

1

FγB,k+1(zx)fγE,k+1(x)dx. (15)

Thus, from (8) and (9), and relying on the statistical standard
procedure of transformation of variates, (15) can be attained,
yielding

Ps(R) =

[
1−

(
mE

γ̄E

)mENE mBNB−1∑
i=0

1

i!

(
mB

γ̄B

)i i∑
k=0

(
i

k

)

×Γ(mENE + k)2Rk(2R − 1)i−ke
−mB(2R−1)

γ̄B

Γ(mENE)
(

mB2R

γ̄B
+ mE

γ̄E

)mENE+k

⎤
⎥⎦
NA

.

(16)

By setting mB = mE = 1 in (16), the secrecy outage
probability for Rayleigh fading can be derived as

Ps(R) =

[
1−

(
1

γ̄E

)NE NB−1∑
i=0

1

i!

(
1

γ̄B

)i i∑
k=0

(
i

k

)

×Γ(NE + k)2Rk(2R − 1)i−ke
− (2R−1)

γ̄B

Γ(NE)
(

2R

γ̄B
+ 1

γ̄E

)NE+k

⎤
⎥⎦
NA

. (17)

Now, considering the case where both Bob and Eve are

single-antenna devices (MISO scenario) and undergo Rayleigh
fading, the secrecy outage probability for this scenario can be
obtained by setting NB = NE = 1 in (17), i.e.,

Ps(R) =

[
1− 1

γ̄E
e
− (2R−1)

γ̄B

(
2R

γ̄B
+

1

γ̄E

)−1
]NA

. (18)

B. Ergodic secrecy rate for MISO Scenario

Knowing that an exact analysis of the ergodic secrecy rate
is mathematically intractable for the more general case, next
we derive an approximate expression for this metric assuming
Rayleigh fading and NB = NE = 1 (MISO scenario).

Firstly, by using the binomial theorem to expand (18) and
after some algebraic manipulations, the CDF of γs, given in
(13), can be derived as

Fγs(z) = 1−
NA∑
p=1

(
NA

p

)
(−1)p−1e

p
γ̄B

(
γ̄B
γ̄E

)p

e
− pz

γ̄B

×
(
z +

γ̄B
γ̄E

)−p

. (19)

Defining the ergodic secrecy rate as

Rs,erg = E (log2 γs) , (20)

note that the evaluation of the above expectation is mathemati-
cally intractable due to the log2 function. In order to provide an
efficient way to examine the ergodic secrecy rate, we propose a
tight approximation for this metric which relies on the Taylor’s
series of the function log2(γs). In this case, a second-order
approximation for Rs,erg can be attained as

Rs,erg ≈ log2(e)

[
ln(E(γs))− E(γ2

s )− E(γs)
2

2E(γs)2

]
. (21)

By its turn, the generalized moments of γs can be derived as

E(γh
s ) = h!

NA∑
p=1

(
NA

p

)
(−1)p−1e

p
γ̄B

(
γ̄B
γ̄E

)h

×U

(
h, h+ 1− p,

p

γ̄E

)
. (22)

Finally, from (22), the first and second moments of γs can
be easily obtained such that the ergodic secrecy rate can be
evaluated.

V. SECRECY ASYMPTOTIC ANALYSIS

In this part, the secrecy performance is analyzed at high
SNR regions. Our results are compared with the traditional
TAS scheme given in [11] and we quantify the performance
gain difference that exists in these two TAS schemes. Here,
we consider that the Bob’s average SNR is significantly higher
than the Eve’s average SNR, i.e., γ̄B >> γ̄E .

In order to characterize the secrecy performance at high
SNR, we first derive the CDF of γB,k when γ̄B →∞. In this
case, it can be obtained by expanding the exponential function
using Taylor series and taking the first non-zero order term,
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which simplifies to

lim
γ̄B→∞

FγB,k
(z) =

mmBNB

B

(mBNB)!

(
z

γ̄B

)mBNB

+ o

[(
z

γ̄B

)mBNB+1
]
. (23)

Thus, by substituting (23) and (9) into (15), we obtain

P∞s (R) = (Aγ̄B)
−D

+ o
(
γ̄−D+1
B

)
, (24)

where D = mBNBNA is the diversity gain and A represents
the array gain of the considered system. In particular, the array
gain can be expressed as

A =

(
mmBNB

B

(mBNB)!

mBNB∑
s=0

(
mBNB

s

)
(2R − 1)mBNB−s2sR

Γ(mENE)

×Γ(mENE + s)

(
mE

γ̄E

)−s
)− 1

mBNB

. (25)

Note that, for Rayleigh fading, the diversity gain reduces to
D = NBNA and the array gain can be simplified as

A =

(
1

NB!

NB∑
s=0

(
NB

s

)
(2R − 1)NB−s2sR

Γ(NE)

×Γ(NE + s)

(
1

γ̄E

)−s
)− 1

NB

. (26)

Finally, by setting NB = NE = 1 in (26), it can be seen that
the diversity gain equals to DMISO = NA and the array gain
is given by

AMISO =
((
2R − 1

)
+ 2Rγ̄E

)−1
. (27)

From the above analysis, firstly note that the diversity order
for Nakagami-m fading remains the same (i.e., mBNBNA) as
[11]. However, as will be verified from the plots, the secrecy
performance is considerably improved due to the array gains
when compare to [11].

It is further interesting to compare analytically the proposed
scheme with the traditional TAS scheme presented in [10],
[11]. Although considering the ratio for the more general
scenario is possible, herein we consider a MISO scheme for
comparison purposes since our intention is to compare the
antenna selection schemes at Alice. By setting NB = NE = 1
and mB = mE = 1 in [11, Eq. (27)], the MISO array
gain of ΨMISO, proposed in [10], [11] is attained. Thus, by
taking the ratio between AMISO and ΨMISO, and after some
simplifications, we arrive at

AMISO

ΨMISO

=

⎛
⎝∑NA

p=0

(
NA

p

) 2Rpγ̄p
E

(2R−1)p
Γ(p+ 1)∑NA

p=0

(
NA

p

) 2Rpγ̄p
E

(2R−1)p

⎞
⎠

1
NA

. (28)

It can be proved from (28) that AMISO > ΨMISO. Let

G = 10 log
(

AMISO

ΨMISO

)
dB be the secrecy performance gain. Note

that G is dependent on NA, R and γ̄E . Moreover, it is more
sensitive to NA than R or γ̄E and it increases with NA.
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Fig. 2. Secrecy outage probability versus Bob’s average SNR for different
Eve’s average SNR (NA = NB = NE = 2 and mB = mE = 2).

0 2 4 6 8 10 12 14 16 18 20
10

−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

Bob’s average SNR (dB)

 

 

S
ec

re
cy

 o
ut

ag
e 

pr
ob

ab
ili

ty
 (

P
s(R

))

Analytical
Asymptotic

N
A
=2, N

B
=3, N

E
=3,m

B
=1,m

E
=2,D=6

N
A
=3, N

B
=2, N

E
=3,m

B
=1,m

E
=2,D=6

N
A
=2, N

B
=2, N

E
=2,m

B
=1,m

E
=1,D=4

N
A
=2, N

B
=1, N

E
=1,m

B
=2,m

E
=2,D=4

N
A
=3, N

B
=1, N

E
=1,m

B
=1,m

E
=1,D=3

N
A
=2, N

B
=1, N

E
=1,m

B
=1,m

E
=1,D=2
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VI. NUMERICAL RESULTS AND DISCUSSIONS

In this Section, representative numerical results are pre-
sented in order to illustrate the usefulness of the proposed TAS
scheme and get several insights of paramount importance for
the system design of MIMO wiretap channels.

Fig. 2 shows the secrecy outage probability versus the Bob’s
average SNR (γ̄B) for different Eve’s average SNR (γ̄E) and
by setting NA = NB = NE = 2 and mB = mE = 2. Two
different Eve’s average SNR (γ̄E = −2dB, 5dB) curves are
plotted and one can notice from the two middle curves that
the secrecy performance increases when the γ̄E decreases.
Furthermore, curves are plotted for different secrecy threshold
(R) and it is observed that increasing the threshold also
increases the secrecy outage. In addition, Monte Carlo results
are included to corroborate the proposed analysis. We have
omitted the simulation results in most of the next figures in
order to reduce the ambiguity of following the legends.

The secrecy outage probability as a function of the Bob’s
average SNR is depicted in Fig. 3. We set R = 1 and
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γ̄E = −5dB. When following the legends, it should be noted
that different parameters for the analytical curves are ordered
as the direction of arrows, e.g., the nth set of parameters are
for the nth analytical curve in the direction of the arrow.
Secrecy asymptotic curves are plotted and show to be very
tight at high SNR regions, validating our analysis. In addition,
the diversity gain of mBNBNA can be verified. As expected,
there is an improvement on secrecy performance with the
increase of NA, NB,mB and γ̄B . On the other hand, the secrecy
performance decreases with the increase of NE and mE. From
the two leftmost curves, note that the {NA = 2, NB = 3}
case outperforms the {NA = 3, NB = 2} case, although,
both schemes have the same diversity order. This behavior
is due to the fact that Bob is using MRC in both cases,
and increasing NB also increases the MRC gain. Note that
the MRC gain is higher than the antenna selection gain
obtained by having higher NA at Alice. Furthermore, it can
be noticed from Fig. 3 that due to the MRC gain, the
{NB = 2, NE = 2,mB = 1,mE = 1} case outperforms the
{NB = 1, NE = 1,mB = 2,mE = 2} one, although it has the
same diversity order (i.e., 4).

Fig. 4 plots the secrecy outage probability versus the number
of antennas at Alice by setting NB = NE = 2, mB = mE = 2,
R = 1, γ̄E = 5dB, and γ̄B = 10dB. For comparison
purposes, we have simulated the TAS scheme presented in
[11] for MRC/MRC and MRC/SC systems. Note that the TAS
scheme [11] lags behind in the performance and improvement
of secrecy outage is only marginal with the increase of NA.
This clearly indicates how much performance improvement
can be obtained from our proposed TAS scheme.

Finally, Fig. 5 shows the ergodic secrecy rate versus the
number of antennas at Alice. Monte Carlo simulations are
performed and the derived approximate expressions are com-
patible with the simulation results. As expected, it is observed
from the two top-most curves that the increase of γ̄B increases
the ergodic secrecy rate. Similarly, the increase of ergodic
secrecy rate is observed with the decrease of γ̄E in the
two middle curves. For illustration purposes, we provide a
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comparison of the proposed method with the TAS scheme
presented in [11], as can be observed in the two lowest curves.
Note that, for NA = 20, the proposed scheme outperforms [11]
around 1bit/s.

REFERENCES

[1] C. E. Shannon, “Communication theory of secrecy systems,” Bell Syst.
Technol. J., vol. 28, pp. 656–715, Oct. 1949.

[2] E. D. Silva, A. L. D. Santos, L. C. P. Albini, and M. Lima, “Identity-
based key management in mobile ad hoc networks: techniques and
applications,” IEEE Wireless Commun., vol. 15, pp. 46–52, Oct. 2008.

[3] B. Schneier, “Cryptographic design vulnerabilities,” IEEE Computer,
vol. 31, no. 9, pp. 29–33, Sep. 1998.

[4] A. Wyner, “The wire-tap channel,” Bell Syst. Technol. J., vol. 54, no. 8,
pp. 1355–1387, Oct. 1975.

[5] A. Khisti and G. Wornell, “Secure transmission with multiple antennas
- part II: The MIMOME wire-tap channel,” IEEE Trans. Inf. Theory,
vol. 56, no. 11, pp. 5515-5532, Nov. 2010.

[6] F. Oggier and B. Hassibi, “The secrecy capacity of the MIMO wiretap
channel”, IEEE Trans. Inf. Theory, vol. 57, no. 8, pp. 4961-4972, Aug.
2011.

[7] Sabrina G. , C. Scheunert and E. A. Jorswieck, “Secrecy Outage in
MISO Systems With Partial Channel Information,” IEEE Trans. on Info.
Forensic and Security, vol. 7, no. 2, 704-716, Apr. 2012

[8] M. Bloch, J. Barros, M. Rodrigues, and S. McLaughlin, “Wireless
information-theoretic security,” IEEE Trans. Inf. Theory, vol. 54, no.
6, pp. 2515–2534, Jun. 2008.

[9] J. Barros and M. Rodrigues, “Secrecy capacity of wireless channels,”
ISIT 2006, pp. 356–360, Jul. 2006.

[10] H. Alves, R. D. Souza, M. Debbah, and M. Bennis, “Performance of
transmit antenna selection physical layer security schemes,” IEEE Signal
Process. Lett., vol. 19, no. 6, pp. 372-375, June 2012.

[11] N. Yang, P. Yeoh, M. Elkashlan, R. Schober and I. Collings,“Transmit
antenna selection for security Enhancement in MIMO wiretap channels”,
IEEE Trans. Commun., vol. 61, no. 1, pp. 144-154, Jan. 2013.

[12] N. Yang, H. A. Suraweera, I. Collings, and C. Yuen,“Physical layer
security of TAS/MRC with antenna correlation”, IEEE Trans. Inf.
Forensics Security,, vol. 8, no. 1, pp. 254-259, Jan. 2013.

[13] N. S. Ferdinand, D. B. da Costa, and M. Latva-aho, “Effects of outdated
CSI on the secrecy performance of MISO wiretap channels with transmit
antenna selection”, IEEE Commun. Lett., vol. 17, no. 5, pp. 864-867,
May. 2013.

[14] I. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series and
Products, 7th ed., New York: Academic, 2007.

[15] M. K. Simon and M.-S. Alouini, Digital Communications over Fading
Channels: A Unified Approach to Performance Analysis, 1st ed., New
York: John Wiley and Sons, 2000.

460



<<
  /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


