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Abstract—Relay networks have received considerable attention
recently, especially when limited size and power resources impose
constraints on the number of antennas at each node. While fixed
and mobile relays can co-operate to improve reception at the
desired destination, they also contribute to un-intended interfer-
ence for neighboring cells reusing the same frequency. In this
paper, we propose and analyze a relay scheme to simultaneously
maximize SNR and minimize MSE, for an amplify-and-forward
(AF) relay network operating under a receive power constraint
guaranteeing that the received signal power is bounded to control
interference to neighboring cells. If the intended destination lies
at the periphery of the cell, then the proposed scheme guarantees
that the total power leaking into neighboring cells is bounded.
The optimal relay factors are provided for both correlated and
uncorrelated noise at the relays. Simulation results are presented
to verify the analysis.

Index Terms—Minimum-mean-square-error (MMSE), signal-
to-noise ratio (SNR), relay networks, relay optimization, inter-
ference, noise correlation.

I. INTRODUCTION

W IRELESS networks are growing rapidly as demand for
reliable, high data rate, and efficient communication

technologies has intensified during recent years. To address
the requested increase in capacity and to improve wireless
link performance, co-operative wireless relay based networks
have been adopted. Various relay strategies have been studied
in literature [1]. Among these strategies, amplify-and-forward
has been more widely adopted due to its inherent simplicity,
where the relays amplify the received signal and forward
the scaled signal to the destination. The problem of finding
optimal relay factors for different cost functions and power
constraints has been studied in the literature for single and
multiple antennas relays [2], [3], [4].

However, in most preceding work, power constraints are
placed at the transmitting nodes, where the assumption is
that these nodes are fixed in space and thus their effect in
terms of interference is limited and should not degrade service
in neighboring cells. By referring to the 802.16j working
group documents [5], relay stations are not necessarily fixed
in location but rather the standard defines three classes of
relay stations a) fixed, b) nomadic and c) mobile. This
creates an interesting scenario where rather than assuming
that transmit power control can be centralized at one common
"base station", it could be considered rather as a "network"
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parameter that is a function of the number and geographical
locations of relays within a cell, where the relays co-operate to
achieve a desired receive power. Recently there has been some
research contributions in [6], [7], where the power constraint
is considered at the receiver site (see Sec. II-B for definition
and motivation of power constraint). In [3] optimal results
are provided for a MIMO amplify-and-forward relay network
under power constraint at the destination.

In this paper, we further investigate this concept and con-
sider a SISO AF relay network where each node is equipped
with 1 antenna. The power constraint is defined such that
the received signal power is bounded between two values.
The lower bound is defined in order to be able to decode
the signal at the destination reliably, and the upper bound is
defined to limit the interference on other neighboring networks
which are using the same spectrum. We minimize the MSE
and show that it is equivalent to maximizing the receive SNR.
Simulation results are presented that quantify the performance
of the proposed scheme.

A. Notation

We shall use bold lower case for vectors, and bold capital
letters for matrices. Further (·)∗ and (·)T stand for com-
plex transposition and transposition respectively. Also [A]ij
denotes the element in row i and column j of matrix A.
λmax(A) and vmax(A) represent principal eigenvalue and
eigenvector of matrix A respectively. We denote by (a1 ⊕
a2 ⊕ · · · ) a diagonal matrix with diagonal elements given by
ai. Also E stands for expectation operator.

II. PROBLEM FORMULATION

A. System Model

We consider an amplify-and-forward (AF) relay network
consisting of 1 transmit antenna at the source, 1 receive
antenna at the destination, and K relays, each equipped with 1
antenna which can be used for both transmission and reception
- see Fig. 1. We denote by hs = [hs1 , hs2 . . . hsK ]T the
K × 1 channel vector between the source and relay nodes,
while ht = [ht1 , ht2 . . . htK ] is the 1 × K channel vector
between the relay nodes and the destination. The ith element
of the vector hs, hsi , is the channel between the source and
ith relay, which is called the backward channel. In the same
way hti , the ith element of the vector ht, is the channel
between the ith relay and the destination which is called the
forward channel. The channel vectors are memoryless and a
quasi-static fading condition is assumed, Furthermore, their
elements are assumed to be independent identically distributed
(i.i.d.) zero mean complex Gaussian with variances σ2

hs
and

σ2
ht

which are hsi ∼ CN (0, σ2
hs

) and hti ∼ CN (0, σ2
ht

). We
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Fig. 1. A wireless relay network.

also assume that the source has no channel state information
(CSI), and the destination has complete knowledge of all
channels. Each relay could have local CSI (local backward and
forward channels information), or no channel information at
all (see Sec.V). The need for more or less CSI was found to be
dependent on the assumption made regarding the correlation
of noise at the relays. It is important to note that while in
most prior work in literature, noise at relays are considered
uncorrelated, there are practical situations where noise at
relays could be correlated. A direct example of this is the
case of a wireless network where each relay is exposed not
only to its local noise, but also to common interference from
other nodes in neighboring networks. This results in correlated
noise at each relay node, even though nodes are spatially
separated [8]. For this reason we consider both correlated and
uncorrelated noise at relays. The relay matrix is represented
by a K × K diagonal matrix F , where ith diagonal element,
fi, is the relay ith gain factor. The received signal is modeled
as

yt = htFhss + htFvs + vt, (1)

where vs and vt are zero mean additive Gaussian noise (AGN)
with covariance matrix Rvs and power σ2

vt
respectively and

s is the transmitted signal with power σ2
s = E|s|2. It is

assumed that the transmitter always uses its maximum power
which is σ2

s .

Our goal is to find the relay matrix F to minimize MSE
between the source and destination under a power constraint
(see section II-B) which guarantees that the received signal
power is always less than a maximum value (interference
level). We will show that MSE minimization is equivalent to
SNR maximization.

B. Power Constraint

Traditionally, constraints on power were placed separately at
the transmission devices due to their limited power capability
(source or relay) or due to regulations specifying the maximum
power per transmitter. This approach typically assumes a
centralized "base station" with a specific transmission mask

such that interference to neighboring cells is minimized.
However, due to significant activity in relay based networks,
there has been a recent trend to evaluate "network" level power
constrains, where the limitation is no longer on the ability of
a specific transmitter to emit power, but rather on the ability
of a set of transmitters (fixed or mobile), to meet a power
or interference constraint at the receiver site [3], [6], [7]. By
incorporating knowledge of the location of the relays within a
cell, and the maximum power allowed at the periphery, one can
limit interference to neighboring cells by bounding the power
received by a destination at the periphery from all allowable
transmitters (relays) within the cell. Furthermore, the received
signal power should exceed the minimum power required to
be able to decode the desired signal correctly.
In order to satisfy the aforementioned requirements, we define
the power constraint as the summation of powers at the output
of the forward channel of each relay (note that this is not the
received signal power at the destination). In order to do that
we define the kth received signal at the destination as

ytk
= htk

fkhsk
s + htk

fkvsk
, k = 1, 2, · · · , K (2)

which contributes the power

pk = |fk|2|htk
|2 (σ2

s |hsk
|2 + [Rvs ]kk)︸ ︷︷ ︸

σ2
rk

, (3)

where [Rvs ]kk denotes the kth diagonal element of Rvs , and
σ2

rk
is the received signal power at relay k. Now, we define

the power constraint as

K∑
k=1

|fk|2|htk
|2 (σ2

s |hsk
|2 + [Rvs ]kk)︸ ︷︷ ︸

σ2
rk

= pc , (4)

which guarantees that the received signal power is bounded
by pc and K pc as given below

pc ≤ |htFhs|2σ2
s + htFRvsF

∗h∗
t ≤ K pc . (5)

The equality holds when there is only one relay in the network
which is K = 1. In this case, we achieve the exact power of
pc at the destination. It should be mentioned that for a given
pc and by increasing the number of relays, K , the received
signal power at the destination will increase.
The lower and upper bound can be controlled by the two
parameter pc and K , where subsequently these two parameters
can be controlled by the network. In other words, the number
of relays employed and also pc could be decided by the
network to achieve the desired lower and upper bound power.

III. MSE MINIMIZATION, (SNR MAXIMIZATION)

In this section, we find the relay matrix F such that we
minimize MSE under the power constraint and show that it is
equivalent to SNR maximization. The MSE minimization is
defined as

min
k0,F

ξ(F ) ≡ min
k0,F

E|s − k0yt|2 , (6)

where the optimal k0 is in fact the Wiener filter which is given
by [9],
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k0 = (σ−2
s +h∗

sF
∗h∗

t (htFRvsF
∗h∗

t + σ2
vt

)−1htFhs)−1

× h∗
sF

∗h∗
t (htFRvsF

∗h∗
t + σ2

vt
)−1 . (7)

After substituting (7) into the MSE cost function in (6), the
MSE can be expressed as

ξ(F ) = (σ−2
s +h∗

sF
∗h∗

t (htFRvsF
∗h∗

t +σ2
vt

)−1htFhs)−1 .
(8)

Define the 1×K vector f = [f1 . . . fK ] such that it includes
the diagonal elements of F , then the power constraint in (4)
can be expressed as

K∑
k=1

|fk|2|htk
|2 (σ2

s |hsk
|2 + [Rvs ]kk)︸ ︷︷ ︸

σ2
rk

= fWf∗ = pc , (9)

where W is a diagonal matrix, and can be expressed as W =
[ |ht1 |2σ2

r1
⊕ · · · ⊕ |htK |2σ2

rK
] . The problem is now to

solve
min

F
ξ(F ) s.t. fWf∗ = pc . (10)

However, the MSE cost function, ξ(F ), can be further modi-
fied as

ξ(F ) =
[
σ−2

s + h∗
sF

∗h∗
t (htFRvsF

∗h∗
t + σ2

vt
)−1htFhs

]−1

=
[
σ−2

s +
htFhsh

∗
sF

∗h∗
t

htFRvsF
∗h∗

t + σ2
vt

]−1

. (11)

The optimization problem can now be expressed as

max
F

[
htFhsh

∗
sF

∗h∗
t

htFRvsF
∗h∗

t + σ2
vt

]
s.t. fWf∗ = pc . (12)

It should be mentioned that the above cost function is the
SNR at the destination except that the transmitter power, σ2

s ,
does not appear at the numerator which has no effect on the
optimization problem since the transmitter always operates at
its maximum power. Therefore, from now on, we consider the
optimization problem as an SNR maximization.
By defining Dht

Δ= [ ht1 ⊕ · · · ⊕ htK ], such that
htF = fDht , the maximization problem can be expressed in
the form of a Rayleigh-Ritz ratio

max
f

fDht
hsh

∗
sD

∗
ht

f∗

fDhtRvsD
∗
ht

f∗ + σ2
vt

s.t. fWf∗ = pc (13)

By defining f̄
Δ= fW 1/2, the problem can be equivalently

expressed as

max
f̄

f̄Af̄
∗

f̄Bf̄
∗ s.t. ‖f̄‖ =

√
pc , (14)

where we have defined, A
Δ= W−1/2Dhthsh

∗
sD

∗
ht

W−∗/2,

B
Δ= (W−1/2Dht

RvsD
∗
ht

W−∗/2 + βI), and β
Δ= σ2

vt
/pc.

Notice that the matrix B is Hermitian and positive definite,
therefore we can decompose it into Cholesky factors as B =
L̄L̄

∗
, and the solution to (14) is given by

f̄
∗ ∝ vmax

(
L̄

−1
AL̄

−∗)
(15)

= α vmax

(
L̄

−1
W−1/2Dht

hsh
∗
sD

∗
ht

W−∗/2L̄
−∗)

(16)

= α
(
L̄

−1
W−1/2Dht

hs

)
(17)

where (17) follows from the fact that matrix A is rank 1 matrix
and α is used to adjust the norm of f̄ so that ||f̄ ||2 = pc

[see (14)], which implies that

α =
√

pc√
h∗

sD
∗
ht

W−∗/2B−1W−1/2Dhths

. (18)

Finally, by substituting (18) into (17), the relay coefficients
can be expressed as

f =
√

pc√
h∗

sD
∗
ht

W−∗/2B−1W−1/2Dht
hs

×
(
L̄

−1
W−1/2Dht

hs

)∗
W−1/2 . (19)

For uncorrelated noise at the relays where Rvs = σ2
vs

I , the
relay coefficients can be expressed as

fk =
√

pc h∗
sk

h∗
tk

|htk
|2σ2

rk

√
σ2

vt

pc
+

σ2
vs

σ2
rk

√∑K
i=1

|hsi
|2

σ2
vt

pc
σ2

ri
+σ2

vs

. (20)

As shown in (20), if the forward channel is weak, the optimal
relay transmit power could be high. We consider a simple
scheme where each relay is capped to a maximum possible
value pmax. It will be shown in the simulation section (Sec.
VI) that the impact of this scheme is a function of the number
of relays employed and the desired power constraint pc.

IV. SNR BEHAVIOR

In this section, we derive and examine how the total SNR
at the destination behaves.
From (14) and by utilizing Rayleigh Quotient we have

SNR◦ = σ2
s λmax

(
B−1A

)
(21)

= σ2
s λmax

(
h∗

sD
∗
ht

W−∗/2B−1W−1/2Dht
hs

)
(22)

= σ2
s

(
h∗

sD
∗
ht

W−∗/2B−1W−1/2Dht
hs

)
. (23)

Now, considering uncorrelated noise at the relays, Rvs =
σ2

vs
I , the receive SNR can be expressed as

SNR◦ =
K∑

k=1

σ2
s |hsk

|2
σ2

rk

(
σ2

vt

pc
+ σ2

vs

σ2
rk

) . (24)

It can be observed that the optimal receive SNR, SNR◦, for
uncorrelated noise, is a function of the backward channels
and not the forward channels. However, it is important to
understand that the effect of the forward channels is implicitly
accounted for by controlling the relay transmit power.

If pc is large such that
σ2

vt

pc
+

σ2
vs

σ2
rk

≈ σ2
vs

σ2
rk

, then

SNR◦ =
K∑

k=1

σ2
s

σ2
vs

|hsk
|2 =

σ2
s

σ2
vs

‖hs‖2 . (25)
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The above result show that, in this limiting case, the stronger
the backward channels the higher the SNR.

On the other hand, if pc is small such that
σ2

vt

pc
+ σ2

vs

σ2
rk

≈ σ2
vt

pc
,

and also assuming that σ2
s |hsk

|2 + σ2
vs

≈ σ2
s |hsk

|2 (which
means high SNR in the first hop) then

SNR◦ =
K∑

k=1

pc

σ2
vt

= K
pc

σ2
vt

. (26)

In this case, the system behaves like an AWGN channel with
transmit power of Kpc and noise at the destination with power
of σ2

vt
.

V. DISCUSSION

In this paper, we assume that the source has no CSI
and the destination has complete knowledge of all channels.
Acquiring complete knowledge of channels at the destination
can be performed through training. However depending on
noise correlations at relays, the relays coefficients can be
calculated distributively or at the destination. We address these
two different cases in the following.

A. Uncorrelated noise at the relays

In this case, noise at relays are uncorrelated such that
Rvs = σ2

vs
I and relays coefficients can be found distributively

using (20). Here, each relay only needs to have knowledge of
its local backward and forward channels, and also each relay

needs to know an extra coefficient c =
√∑K

i=1
|hsi

|2
σ2

vt
pc

σ2
ri

+σ2
vs

which is the same for all relays and can be broadcasted to
the relays by the receiver through feedback. Each relay can
acquire its local backward channel through standard training
methods. Obtaining each relay’s forward channel is equivalent
to obtaining transmit CSI in point-to-point wireless systems.

B. Correlated noise at the relays

In this case, finding relays’ coefficients distributively re-
quires that each relay knows not only its local backward and
forward channels but also all other relays’ channels (see (19)),
which require significant overhead. However as a alternative,
the optimization process can be performed at the destination
and sent back to the relays by using feedback. In this case,
relays do not have CSI and requires less overhead. Simulation
results verify that having correlated noise at the relays actually
improves performance. However, the receiver should be aware
of the correlation in order to take advantage of it by using (19).
If the receiver is not aware of noise correlation at relays, the
relays coefficients are the same as in the case of uncorrelated
noise which is expressed in (20).

VI. SIMULATION RESULTS

In this section we provide numerical results to verify the
performance of the proposed scheme and our analytical cal-
culations. We assume that all relays are at equal distance from
the source and destination such that the forward and backward
channels have the same statistics, which are generated as zero-
mean and unit-variance independent and identically distributed
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Fig. 2. BER performance of SNR maximization subject to power constraint
of 0 dB for different number of relays.
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Fig. 3. The received signal power at the destination in linear scale for power
constraint of 0 dB, pc = 1, and for different number of relays.

(i.i.d) complex Gaussian random variables or equivalently
hsk

, hti ∼ CN (0, 1). The source transmits independent data
with transmit power of 0 dB. All simulations are conducted
using a QPSK constellation, and noise at the relays and
destination are assumed to be i.i.d. with the same variance. We
plot bit error rate (BER) curves versus SNR, which is defined

as SNR =
σ2

sσ2
hs

σ2
vs

=
σ2

sσ2
ht

σ2
vt

where as mentioned above σ2
hs

and

σ2
ht

are equal to one. The BER provided here is averaged over
different channel realizations, and the noise at the relays and
destination is considered i.i.d. unless otherwise mentioned.

Figure 2 shows BER of the proposed scheme (20) versus
SNR for different number of relays K , where the power
constraint is set to 0 dB (pc = 1). Increasing the number
of relays improves the system performance which is mainly
due to the distributed diversity order obtained via adding more
relays. Note that for a given K , the diversity order exhibited is
larger than K . This is attributed to the fact that the computed
relay matrix F incorporates knowledge of both forward and
backward channels to control power at the relays, resulting in
higher diversity order [10].
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Fig. 4. BER performance comparison for the case that there is no limit
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Figure 3 is provided to show the received signal power (in
linear scale) at the destination versus SNR with the same
setting as Fig. 2. Figure 3 shows that the received signal
power increases as the number of relays increases and also
it verifies that for a given power constraint, here pc = 1 or 0
dB, the received signal power is always greater than or equal
pc (equality holds for K = 1) and less than Kpc which is
consistent with (5) where it guarantees that the received signal
power is always between pc and Kpc.

As shown in (20), the output power of some relays could
be high if the forward channels are weak. Figure 4 depicts
the system performance for the scheme where if the relay
transmit power is higher than pmax, which is 0 dB here, the

relay clips its output power to pmax. In this simulation, the
power constraint is set to 0 dB and we consider 3, 5, and 10
relays. The BER performance degrades as we clip the power,
however as we increase the number of relays this degradation
becomes significantly smaller. The reason is that by increasing
the number of relays less power is needed at each relay to

achieve the power constraint.
Finally, Figure 5 compares maximum achievable rate for a

relay network with uncorrelated noise versus correlated noise
with correlation coefficient of 0.5 and 0.9 and [Rvs ]ii = σ2

vs

for all i. The power constraint is set to 0 dB and K is set to 10
and 40. As shown in the figure, increasing noise correlation
improves the maximum achievable rate.

VII. CONCLUSIONS

In this paper we proposed and analyzed an AF relay scheme
such that the received signal power at the destination is always
bounded in order to limit the interference to neighboring cells
using the same spectrum. We derived optimal relay factors
to minimize MSE, under power constraint at the destination
and showed that it is equivalent to maximizing SNR at the
destination subject to the same power constraint. The optimal
relay factors are provided for both correlated and uncorrelated
noise at the relays. Simulations are provided that present the
performance of the proposed scheme.

REFERENCES

[1] A. Scaglione, D. L. Goeckel, and J. N. Laneman, “Cooperative commu-
nications in mobile ad hoc networks," IEEE Signal Processing Mag.,
pp. 18-29, Sept. 2006.

[2] N. Khajehnouri, and A. H. Sayed “Distributed MMSE relay strategies
for wireless sensor networks," IEEE Trans. Signal Processing, vol. 55,
no. 7, pp. 3336-3348, July 2007.

[3] A. S. Behbahani, R. Merched, and A. M. Eltawil “Optimizations of a
MIMO relay network," IEEE Trans. Signal Processing., vol. 56, no. 10,
pp. 5062-5073, Oct. 2008.

[4] Y. Jing and H. Jafarkhani, “Network beamforming using
relays with perfect channel information," [Online]. Available:
https://webfiles.uci.edu/yjing/www/papers/NetworkBF.pdf.

[5] “Air interface for fixed and mobile broadband wireless access systems,
multihop relay specification," IEEE 802.16’s Relay Task Group, [On-
line]. Available: http://ieee802.org/16/relay/docs/80216j-06 026r4.zip.

[6] M. Gastpar, “On Capacity under received-signal constraints," in Proc.
Allerton Conf. Commun., Control Computing, Monticello, IL, pp. 1322-
1331, Oct. 2004.

[7] M. Gastpar, “On capacity under receive and spatial spectrum-sharing
constraints," IEEE Trans. Inform. Theory., vol. 53, no. 2, pp. 471-487,
Feb. 2007.

[8] K. S. Gomadam, and S. A. Jafar, “The effect of noise correlation
in amplify-and-forward relay networks," IEEE Trans. Inform. Theory,
vol. 55, no. 2, pp. 731-745, Feb. 2009.

[9] A. Scaglione, P. Stoica, and S. Barbarossa, G. B. Giannakis, and
H. Sampath, “Optimal designs for space-time linear precoders and
decoders," IEEE Trans. Signal Processing, vol. 50, no. 5, pp. 1051-
1064, May 2002.

[10] N. Ahmed, M. A. Khojastepour, A. Sabharwal, and B. Aazhang, “Outage
Minimization with Limited Feedback for the Fading Relay Channel,"
IEEE Trans. Commun., vol. 54, no. 4, pp. 659-666, Apr. 2006.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


