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Engin Maşazade �†, Ruixin Niu †, Pramod K. Varshney †, Mehmet Keskinoz �
� Department of Electronics Engineering, Sabanci University, Istanbul, 34956, Turkey

† EECS Department, Syracuse University, NY, 13244, USA
{enginm, keskinoz}@sabanciuniv.edu, {rniu, varshney}@syr.edu

Abstract – In this paper, we propose an energy ef-
ficient iterative source localization scheme in wireless
sensor networks (WSNs). Instead of sending data from
all the sensors to the fusion center, a coarse location
estimate is first obtained from a set of anchor sensors.
Then, a few non-anchor sensors are activated at a time
to refine the location estimate in an iterative manner.
We assume that the channels between sensors and the
fusion center are subject to fading and noise. The fu-
sion center is assumed to either have the complete or
partial channel knowledge. Based on the received infor-
mation at each iteration, the minimum mean squared
error (MMSE) estimate of the source location is approx-
imated using a Monte Carlo method. Then, in order to
activate the non-anchor sensors for the next iteration,
we develop a mutual information (MI)-based sensor se-
lection scheme. Simulation results for the partial chan-
nel knowledge (PCK) and the complete channel knowl-
edge (CCK) are presented to show the performance of
the proposed approach.

Keywords: Source localization, mutual information,
posterior Cramér-Rao lower bound, sensor selection,
wireless sensor networks.

1 Introduction
Wireless sensor networks (WSNs) are composed of a

large number of densely deployed sensor nodes that co-
operatively monitor the physical or environmental con-
ditions of an event of interest such as temperature or
velocity of an object. Recently, WSNs have found a
wide range of application areas such as battlefield se-
curity, surveillance, environment or health monitoring,
and disaster relief operations. In this paper, we study
the source localization problem where the aim is to esti-
mate the coordinates of a source that is emitting energy
(e.g. acoustic source) [1], [2].

We have previously presented an iterative source lo-
calization method in [3], [4]. Rather than using a one-
shot location estimator which requests the multi-bit de-
cisions from all the sensors in the WSN, we proposed an

iterative approach. A small number of anchor sensors
are first employed to obtain a coarse location estimate.
Then, a few non-anchor sensors are activated in an it-
erative manner to refine the location estimate. In this
paper, we extend our method for the case where the
channels between the sensors and the fusion center are
subject to fading and noise.

For the source localization problem, in another pre-
vious work [5] imperfect channels were considered but
the analysis was limited to 1-bit transmissions. In this
work, we generalize the source location estimation ap-
proaches given in [2], [5] and consider M -bit sensor
data. Assuming phase coherent reception, we consider
the channel effects for two different scenarios. In the
first case, we assume that complete channel informa-
tion (CCK) of the channels between the sensors and the
fusion center is available at the fusion center including
the exact gain and phase information. In the second
case, we assume that partial channel knowledge (PCK)
is available where phase information and the statistics
of the channel gain are known at the fusion center. We
derive the posterior Cramér-Rao lower bound (PCRLB)
of the source location estimate. In order to activate the
non-anchor sensors at each iteration, we extend the mu-
tual information (MI) based sensor selection scheme [6]
to the case where quantized multi-bit data are trans-
mitted from the sensors to the fusion center over fading
channels.

The rest of the paper is organized as follows. In Sec-
tion 2, we provide system assumptions and derive the
posterior Cramér-Rao lower bound (PCRLB) of the es-
timate based on M -bit sensor measurements transmit-
ted over fading channels. In Section 3, first we describe
a Monte Carlo based method to obtain the MMSE es-
timate of the source location. We then derive the mu-
tual information based sensor selection method under
fading channels. In Section 4, we give some numerical
examples to demonstrate the estimation performance
and finally we devote Section 5 to our conclusions.



2 System Model
2.1 WSN assumptions

We consider a WSN consisting of N sensors {sk, k =
1, 2, .., N} and a fusion center. We assume that a sig-
nal (e.g., an acoustic signal) is radiated from a loca-
tion with coordinates (x, y) and it follows an isotropic
power attenuation model. In this paper, we assume
that the source is based on flat ground and all the sen-
sors and source have the same height so that a 2-D
model is sufficient to formulate the problem. As an
example, an acoustic event on the ground can be an-
alyzed using a 2-D scenario as shown in Fig. 1. In
this paper, we assume that N sensors are deployed in
a grid layout and the WSN uses a parallel architecture
where the quantized measurements of each sensor are
directly delivered to the fusion center. The location
of each sensor (sk) is represented by (xk, yk). Then,
the distance between sk and the source location (x, y)
is dk =

√
(x − xk)2 + (y − yk)2. The received source

energy a2
k at sk is expressed as [2],
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Figure 1: The signal intensity contours of a source lo-
cated in a sensor field.

a2
k = P0

(
d0

dk

)n

(1)

where P0 is the signal power measured at a reference
distance d0 (In this paper, we set d0 = 1m.), ak is
the received signal amplitude at sensor sk and n is the
signal decay exponent. At each sensor, the received sig-
nal amplitude ak is corrupted by an additive Gaussian
noise:

zk = ak + ωk (2)

where zk is the noisy signal measurement at sensor sk.
Here, we assume that the observation noise ωk is inde-
pendent and identically distributed across sensors with
Gaussian distribution N (0, σ2

ω), with σ2
ω = 1.

We assume the same set of quantization thresholds
at all the sensors η = [η0, η1, . . . , ηL]T . Then Dk is
obtained from zk according to,

Dk =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

0 −∞ < zk < η1

1 η1 < zk < η2

...
L − 1 ηL−1 < zk < ∞

(3)

where η0 = −∞ and ηL = ∞.
Each local decision Dk is mapped to an M -bit binary

sequence Bk as [7],

Bk = [bk,1, ..., bk,M ], (bk,j ∈ {0, 1})
and transmitted using BPSK modulation as

Qk = [qk,1, ..., qk,M ]

where

qk,j = 2bk,j − 1 , j ∈ {1, 2, . . . ,M} k ∈ {1, 2, . . . , N}
We consider a discrete-time flat fading channel with a
stationary and ergodic complex gain of hkejφk between
sensor k and the fusion center where hk is the gain of
the channel and φk is the phase of the channel. We
assume that the channel remains constant during the
transmission of Qk. The received symbols from sk have
the form,

r̃k,j =
√

εb hk ejφk qk,j + ñk,j (4)

where εb is the bit energy and ñk,j is a zero-mean com-
plex Gaussian noise with independent real and imagi-
nary parts having identical variance σ2

n. Then ñk,j ∼
CN (0, 2σ2

n). Let

Rk = [rk,1, rk,2, ..., rk,M ]

be the soft-decoded symbols received from sk after
phase coherent reception [8]. Then rk,j has the form,

rk,j = Re
{
r̃k,je

−jφk
}

(5)
=

√
εb hk qk,j + nk,j

where nk,j ∼ N (0, σ2
n) is independent and identically

distributed for each symbol.
In this paper, we assume two different cases for the

channel. The first case assumes partial channel knowl-
edge (PCK) where the phase information and the prob-
ability density function (pdf) of channel gain are known
at the fusion center. The second case assumes complete
channel knowledge (CCK) where both channel gain and
phase information are available at the fusion center.

Given the source location, θ = [x y]T , the likelihood
p(R|θ) becomes,

p(R|θ) =
N∏

k=1

p(Rk|θ) (6)



In the above equation,

p(Rk|θ) =
L−1∑
l=0

p(Rk|Dk = l)p(Dk = l|θ) (7)

where

p(Rk|Dk = l) =
M∏

j=1

p(rk,j |qk,j)

and

p(Dk = l|θ) = Q

(
ηl − ak

σω

)
− Q

(
ηl+1 − ak

σω

)

where Q(.) is the complementary distribution function
of the standard Gaussian distribution with zero mean
and unit variance.

2.1.1 The likelihood of the received symbols
under CCK

Under the independent channel noise assumption, the
vector of symbols received from each sensor also be-
comes independent. We first assume that the complete
channel knowledge is available at the receiver. Condi-
tioning on channel gain hk, we have,

p(Rk|Qk, hk) =
M∏

j=1

p(rk,j |qk,j , hk) (8)

where

p(rk,j |qk,j , hk) =
1√

2πσ2
n

exp
(
− (rk,j −√

εb hk qk,j)2

2σ2
n

)

Then (8) becomes,

p(Rk|Qk, hk) = (9)

1

(2π)M/2
σM

n

exp

⎛
⎝−

M∑
j=1

(
rk,j −√

εbhkqk,j

)2
2σ2

n

⎞
⎠

2.1.2 The likelihood of the received symbols
under PCK

We next incorporate imperfect channel statistics. As-
suming a Rayleigh fading channel with unit power (i.e.,
E[h2

k] = 1 ), the pdf of hk is expressed as,

p(hk) = 2hk exp
(−h2

k

)
, hk � 0 (10)

Now using (9), the likelihood of the received symbols
at the fusion center is described as,

p(Rk|Qk) =
∫

hk

p(Rk|Qk, hk)p(hk)dhk (11)

=
∫

hk

⎛
⎝ M∏

j=1

p(rk,j |hk, qk,j)

⎞
⎠ p(hk)dhk

which is equivalent to,

p(Rk|Qk) =
∫ ∞

0

2hk exp
(−h2

k

)
(2π)M/2σM

n

× (12)

exp

⎛
⎝−

M∑
j=1

(rk,j −√
εb hk qk,j)2

2σ2
n

⎞
⎠dhk

After some manipulations, (12) yields a closed form
solution which is provided in the following proposition.

Proposition 1 The conditional pdf of Rk, given local
decision Dk (or Qk) is

p(Rk|Qk) =

2
(2π)M/2σM−2

n (2σ2
n + εb M)

exp

(
−
∑M

j=1 r2
k,j

2σ2
n

)
×

[
1 +

√
2πβ

⎛
⎝ M∑

j=1

rk,j qk,j

⎞
⎠

exp

⎛
⎜⎝β2

(∑M
j=1 rk,j qk,j

)2

2

⎞
⎟⎠

Q

⎛
⎝−β

⎛
⎝ M∑

j=1

rk,j qk,j

⎞
⎠
⎞
⎠]

(13)

where

β =
√

εb

σn

√
2σ2

n + εb M

We omit the detailed proof of Proposition 1. Note that
Lemma 1 presented in [8] is a special case of (13) with
M = 1.

2.2 PCRLB of the source location esti-
mate

In this paper, we assume that the source location θ
follows a prior pdf p0(θ) which is N (μ0,Σ0) where μ0

is the center of the ROI and Σ0 is the covariance ma-
trix which is very coarse so that its confidence region
covers the whole ROI. Let p(R,θ) be the joint proba-
bility density of the pair (R,θ). Then, the PCRLB of
the estimation error has the form [9],

E{[θ̂(R) − θ)][θ̂(R) − θ)]T } ≥ J−1
PCRLB (14)

where JPCRLB is the 2 × 2 Fisher information matrix
(FIM)

JPCRLB = E
[−∇θ

θ log p(R,θ)
]

(15)

Using the equality p(R,θ) = p(R|θ)p0(θ), the Fisher
information matrix (FIM) can be written as,



JPCRLB = E[−∇θ
θ log p(R|θ)] + E[−∇θ

θ log p0(θ)]
= Jd + Jp

(16)
In (16), Jp � E[−∇θ

θ log p0(θ)] = Σ−1
0 represents the a

priori information, and Jd � E[−∇θ
θ log p(R|θ)] is the

standard FIM averaged over the prior pdf of the source
location as,

Jd = E[−∇θ
θ log p(R|θ)] =

∫
θ

J(θ)p0(θ)dθ (17)

where

J(θ) =
N∑

k=1

Jk(θ) (18)

Jk(θ) is the FIM of Rk and the first element of
Jk,11(θ) is calculated from,

Jk,11(θ) = −E

[
∂2 log p(Rk|θ)

∂x2

]
= (19)

∫
Rk

1
p(Rk|θ)

(
∂p(Rk|θ)

∂x

)2

dRk

where

∂p(Rk|θ)
∂x

=
L−1∑
l=0

p(Rk|Dk = l)
∂p(Dk = l|θ)

∂x
(20)

and

∂p(Dk=l|θ)
∂x =

nak(x − xk)
2
√

2σwd2
k

×
[
e
− (ηl−ak)2

2σ2
w − e

− (ηl+1−ak)2

2σ2
w

]
(21)

Note that
∫
Rk

is an M-fold integration over the re-
ceived symbols (rk,1, . . . , rk,M ). If CCK is available
p(Rk|Dk = l, hk) is calculated according to (9) other-
wise p(Rk|Dk = l) is calculated according to (13). The
other terms in (18) can be derived in a similar manner.

3 Iterative Source Location Esti-
mation under Channel Fading

3.1 Sequential source localization using
a Monte-Carlo method

At the beginning of the algorithm, the fusion center
gathers M -bit information from each of the K anchor
sensors and at each subsequent iteration of the algo-
rithm, the fusion center gathers the M -bit data from
additional A non-anchor sensors. Let p(θ|Wi) be the
posterior pdf of the source location given the available
data Wi = [R1, R2, ..., RK+iA] at iteration i (i ≥ 0).

We then approximate p(θ|Wi) using a sequential im-
portance sampling Monte-Carlo method as follows.

p(θ|Wi) =
Ns∑

m=1

wm,iδ(θ − θm,0) (22)

where θm,0 represents a particle at iteration i, which are
drawn from the prior distribution p0(θ) where p0(θ) ∼
N (μ0,Σ0) and wm,i represents the weight of a particle.
Let w̃m,i be the weight of particle θm,0. For the first
iteration w̃m,1 is obtained as,

w̃m,1 ∝
K∏

k=1

p(Rk|θm,0)wm,0 (23)

where
∏K

k=1 p(Rk|θm,0) is the likelihood of the K an-
chor sensor data at the end of the first iteration. For
the rest of the iterations (i > 1),

w̃m,i ∝
A∏

k=1

p(Rk|θm,0)w̃m.i−1 (24)

Note that
∏A

k=1 p(Rk|θm,0) is the likelihood of the
A non-anchor sensors activated at each iteration. The
particle weights are further normalized as,

wm,i =
w̃m,i∑Ns

m=1 w̃m,i
(25)

Then the MMSE of the source location can be ap-
proximated as,

θ̂
MMSE

i =
Ns∑

m=1

wm,iθm,0 (26)

3.2 Mutual Information Based Sensor
Selection under Channel Fading

Let Ri
A =

{
R(i,1)

A ,R(i,2)
A , ...,R(i,CN−K−iA

A
)

A

}
be the

collection of all distinct A-element subsets of N−K−iA
remaining non-anchor sensors for the iteration i where
CN−K−iA

A is the combination operation.
Let R(i,ν)

A be the set of A non-anchor sensors to be ac-
tivated at the ith iteration according to the sensor selec-
tion strategy ν. Then, R(i,ν)

A =
{
Ri,ν

1 ,Ri,ν
2 , ...,Ri,ν

A

}
and Ri,ν

k (k ∈ {1, .., A}) are the received symbols from
the kth activated non-anchor sensor according to ν
at iteration i. Then, Ri,ν

k = [ri,ν
k,1, ..., r

i,ν
k,M ]. Now,

the objective is to find the optimal sensor selection
strategy ν∗ which activates the A non-anchor sensors
R(i,ν∗)

A = {Ri,ν∗
1 , ...,Ri,ν∗

A } whose data minimize the
expected conditional entropy of the posterior source lo-
cation distribution as,

ν∗ = arg min
ν

H(θ|R(i,ν)
A ) (27)



Let I(θ,R(i,ν)
A ) = H(θ) − H(θ|R(i,ν)

A ) be the mu-
tual information between the source location θ and the
measurements of the activated sensors according to the
activation scheme ν. The sensor selection problem now
turns into,

ν∗ = arg max
ν

I(θ,R(i,ν)
A ) (28)

I(θ,R(i,ν)
A ) can also be expanded as [6],

I(θ,R(i,ν)
A ) = H(R(i,ν)

A ) − H(R(i,ν)
A |θ) (29)

To compute (29) using Monte-Carlo approximation, we
start with writing the entropy of R(i,ν)

A ,

H(R(i,ν)
A ) = −

∫
p(R(i,ν)

A ) log p(R(i,ν)
A ) (30)

where given source location θ, p(R(i,ν)
A ) can be decom-

posed as,

p(R(i,ν)
A ) =

∫
θ

p(Ri,ν
1 |θ) ...p(Ri,ν

A |θ)pi(θ)dθ (31)

Note that for iteration i, p(θ|Wi−1) serves as
the prior pdf of the source location pi(θ). Then
pi(θ) = p(θ|Wi−1) which is obtained by the pre-
viously presented importance sampling-based Monte
Carlo method and p(Ri,ν

1 |θ), ..., p(Ri,ν
A |θ) are the like-

lihood functions. Using (22), (31) becomes,

p(R(i,ν)
A ) =

Ns∑
m=1

wm,i−1p(Ri,ν
1 |θm,0) ...p(Ri,ν

A |θm,0)

(32)

With (32), H(R(i,ν)
A ) defined in (30) is rewritten as

follows,

H(R(i,ν)
A ) =

−
∫
Ri,ν

1 ,...,Ri,ν
A

{[
Ns∑

m=1

wm,i−1
A∏

k=1

p(Ri,ν
k |θm,0)

]

× log

[
Ns∑

m=1

wm,i−1

(
A∏

k=1

p(Ri,ν
k |θm,0)

)]}

dRi,ν
1 ...dRi,ν

A (33)

Now let us compute the second term of (29). First we
have,

H(R(i,ν)
A |θ) = (34)

−
∫

θ

∫
Ri,ν

1 ...Ri,ν
A

p(R(i,ν)
A ,θ) log p(R(i,ν)

A |θ)

dRi,ν
1 ...dRi,ν

A dθ

Since p(R(i,ν)
A ,θ) = p(R(i,ν)

A |θ)pi(θ) and considering
the Monte-Carlo approximation of the prior source lo-
cation pdf (22), (34) is expressed as,

H(R(i,ν)
A |θ) = −

A∑
k=1

∫
Ri,ν

k

(35)

[
Ns∑

m=1

wm,i−1p(Ri,ν
k |θm,0) log(p(Ri,ν

k |θm,0))dRi,ν
k

]

Finally using (33) and (35), the mutual information
I(θ,R(i,ν)

A ) expressed in (29) is calculated as follows.

I(R(i,ν)
A ,θ) = (36)

−
∫
Ri,ν

1

...

∫
Ri,ν

A

[
Ns∑

m=1

wm,i−1

(
A∏

k=1

p(Ri,ν
k |θm,0)

)]

log

[
Ns∑

m=1

wm,i−1

(
A∏

k=1

p(Ri,ν
k |θm,0)

)]
dRi,ν

1 ...dRi,ν
A

+
A∑

k=1

∫
Ri,ν

k

[
Ns∑

m=1

wm,i−1p(Ri,ν
k |θm,0)

log(p(Ri,ν
k |θm,0))dRi,ν

k

]

4 Simulation Results
In our examples, we consider the source energy and

signal decay exponent as P0 = 2500 and n = 2 respec-
tively. N sensors are deployed in a 20× 20m2 field in a
grid layout and we use M = 3 bits to quantize analog
measurements. The decision thresholds of each sensor
η is selected according to the method described in [2].
We consider two different scenarios which are the low
channel signal-to-noise ratio (SNR) and high channel
SNR cases with εb = 1 and εb = 5 respectively. The
mean squared error (MSE) matrix of the estimation is
calculated according to,

MSE =
1

NMC

NMC∑
u=1

(θ̂u − θu)(θ̂u − θu)T (37)

where the MSE is obtained over NMC Monte Carlo tri-
als. The integrations with respect to Rk are performed
by Monte Carlo integration [10]. The parameters of
the prior probability distribution of the source location
p0(.) is chosen such that μ0 = [10 m. 10 m.]T and

Σ0 =
[

σ2
x,0 0
0 σ2

y,0

]
is very coarse and its 99% confi-

dence region covers the whole ROI.



4.1 Performance of the One-Shot Loca-
tion Estimation

Let us consider one shot location estimation and find
the Bayesian estimate of the source location using all
sensor data. In one-shot location estimation, the fusion
center receives data from all N sensors in the network
and the weights of particles are updated using N sensor
data. The MMSE of the estimate is then computed
according to (26). The location estimate is averaged
over NMC = 1000 different trials. We plot the results
for the trace of the MSE and PCRLB matrices in Fig.
2. We compare the MSE performance of the estimate
with its PCRLB bound. As we can see, even at low
channel SNR, the MSE performance of PCK is very
close to the CCK case. As the bit energy increases, the
MSE performances of CCK and PCK cases are almost
indistinguishable. Moreover, under high channel SNR
and large number of sensors, the MSE performance of
PCK case gets very close to its PCRLB bound.
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Figure 2: MSE of N sensor data, (M = 3).

4.2 Performance of the Iterative Loca-
tion Estimation

For the proposed iterative source localization algo-
rithm, we employ N = 7 × 7 = 49 sensors deployed
in a grid layout. The algorithm is initialized with
K = 3 × 3 = 9 anchor sensors. The MSE of the es-
timate at each iteration is averaged over NMC = 500
different trials. In our simulations, we activate A = 1
sensor at a time after the initialization via anchor sen-
sors. As shown in Figure 3, for low channel SNR, CCK
yields better performance than PCK as a result of using
the complete channel information. Increasing the bit
energy yields similar estimation performance for CCK
and PCK. At high channel SNR, the MSE of iterative
source localization algorithm converges to the MSE of
all sensor data in about 20 iterations that is when the

sensors close to source location are selected. On the
other hand, at low channel SNR, the sensors become
less informative, hence about 30 sensors should be se-
lected to achieve the MSE of all sensor data. The mean
channel gain and the mean distance to the source lo-
cation of sensors selected at each iteration are shown
in Figure 4. Under low channel SNR, MI-based sensor
selection activates the sensors with large channel gains
where the sensors are within a radius of 7 meters of
the source location. As the channel SNR increases, the
channel gain becomes less important and sensors in a
closer proximity of the source location are selected.
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Figure 3: MSE performance of the iterative scheme us-
ing MI-based sensor selection (a) εb = 1, (b) εb = 5,
(M = 3).

5 Conclusions
In this paper, we have studied the iterative source

localization problem where the multi-bit data of sen-
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Figure 4: Mean channel gain |hk|; mean distance be-
tween the source location and the selected sensor |dk|
at each iteration.

sors are transmitted over fading channels. For multi-bit
sensor data, we have derived the PCRLB of the source
location estimate under channel fading. We have shown
that having partial channel knowledge provides estima-
tion performance very close to the case where complete
channel information is available. We have also shown
that, for high channel SNR and large number of sen-
sors, the MSE is very close to its PCRLB bound. For
the iterative source localization scheme, we have de-
rived the MI based sensor selection scheme. Simulation
results show that under CCK and low channel SNR, the
MI-based sensor selection scheme gives more priority to
the sensors with large channel gain. As channel SNR
increases, the PCK assumption yields a similar iterative
estimation performance to the CCK assumption.

Note that the computational complexity of the MI-
based sensor selection increases exponentially with the
number of sensors to be selected [4]. Future work will
include developing new sensor selection metrics which
provide good estimation performance with less compu-
tational complexity. Extension of our methodology for
non-coherent reception for multi-bit sensor data will
also be addressed.

References
[1] X. Sheng and Y.-H. Hu, “Maximum likelihood

multiple-source localization using acoustic energy
measurements with wireless sensor networks,”
IEEE Trans. Signal Processing, vol. 53, no. 1, pp.
44–53, Jan. 2005.

[2] R. Niu and P. K. Varshney, “Target location es-
timation in sensor networks with quantized data,”
IEEE Trans. Signal Processing, vol. 54, no. 12, pp.
4519–4528, Dec. 2006.

[3] E. Masazade, R. Niu, P. K. Varshney, and M. Ke-
skinoz, “A monte carlo based energy efficient
source localization method for wireless sensor net-
works,” in CAMSAP’09, IEEE Proc. 3rd Work-
shop on Computational Advances in Multi-Sensor
Adaptive Processing, December 13-16 2009.

[4] ——, “Energy aware iterative source localiza-
tion schemes for wireless sensor networks,” IEEE
Transactions on Signal Processing, accepted for fu-
ture publication, 2010.

[5] O. Ozdemir, R. Niu, and P. K. Varshney, “Chan-
nel aware target localization with quantized data
in wireless sensor networks,” IEEE Trans. Signal
Processing, vol. 57, no. 3, pp. 1190–1202, March
2009.

[6] G. M. Hoffmann and C. J. Tomlin, “Mobile sensor
network control using mutual information meth-
ods and particle filters,” IEEE Trans. Automatic
Control, vol. 55, no. 1, pp. 32–47, Jan. 2010.

[7] I. Bahceci., G. Al-Regib, and Y. Altunbasak,
“Parallel distributed detection for wireless sensor
networks: performance analysis and design,” in
Proc. GLOBECOM’05, IEEE Global Telecommu-
nications Conference, vol. 4, pp. 5 pp. –2424, Dec.
2005.

[8] R. Niu, B. Chen, and P. K. Varshney, “Fusion of
decisions transmitted over rayleigh fading channels
in wireless sensor networks,” IEEE Trans. Signal
Processing, vol. 54, no. 3, pp. 1018–1027, March
2006.

[9] H. L. Van-Trees, Detection. Estimation and Mod-
ulation Theory. New York: Wiley, 1968.

[10] R. E. Caflisch, “Monte carlo and quasi-monte carlo
methods,” Acta Numerica,Cambridge University
Press, vol. 7, pp. 1–49, 1988.

Acknowledgment
This work is supported in part by the ARO Grant

W911NF-09-1-0244.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


