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On Energy Detection for MIMO Decision Fusion in
Wireless Sensor Networks Over NLOS Fading
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Abstract—We analyze sufficiency and optimality of energy de-
tection (ED) for decision fusion. The considered scenario assumes
on-off keying (OOK), statistical channel state information and a
fusion center (FC) equipped with multiple antennas. The fading
is modeled through zero-mean Gaussian mixtures (GM) to deal
with arbitrary non-line-of-sight (NLOS) environments. Theoreti-
cal findings are supported by numerical simulations.

Index Terms—Decision fusion, energy detection, multiple-input
multiple-output (MIMOQO), non-line-of-sight (NLOS) fading, wire-
less sensor network (WSN).

NOTATION

Lower-case bold letters denote vectors, with a, denoting the
nth element of a; upper-case bold letters denote matrices, with
Ay denoting the (n,m)th element of A; Iy denotes the N x N

identity matrix; i1(\7) denotes the nth column of Iy; Oy and 1y

denote the N-length vectors whose elements are 0 and 1, re-
spectively; (-)/,(-)7, E{-}, and || - || denote transpose, conjugate-
transpose, expectation, and Frobenius norm operators; Pr(4)
denotes the probability of the event A4; p(a) and P,(-) denote
the probability density function (PDF) and the complementary
cumulative distribution function (CCDF), respectively, of the
random variable (RV) a; |a| denotes the modulus of a; A"
denotes the nth Cartesian power of the set A4, (:l) = 4

my!...myy!
is the multinomial coefficient; I'(a) = [;° & !exp(—&)d§ and
[(a;b) = [;7E% Texp(—E&)dE denote the Gamma and upper
incomplete Gamma functions, respectively; A¢ (0n; Q) denotes
a circularly-symmetric complex Gaussian distribution with co-
variance matrix Q; ~ means ‘“distributed as”.

I. INTRODUCTION

ISTRIBUTED detection through a wireless sensor net-
work (WSN) transmitting local decisions to a fusion
center (FC) have been investigated assuming orthogonal (i.e.,
non-interfering) channels [1] and, recently, interfering fading
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channels [2], [3]. The latter case is motivated by the exploitation
of array-processing techniques over the “virtual” multi-input
multi-output (MIMO) channel. Both architectures have been
recently applied to cognitive radio [4], [5].

To reduce the knowledge requirements at the FC and the
computational complexity for the implementation of the de-
cision rule, which can be demanding for the optimal rule
based on the log-likelihood ratio (LLR) as well as for different
suboptimal rules, energy detection (ED) was analyzed in [6]
and proven to be optimal over Rayleigh fading in [7], [8].

In this letter we analyze possible optimality of MIMO deci-
sion fusion based on ED over a class of fading distributions
modeled through a Gaussian mixture (GM) with zero-mean
components. This class can model zero-mean unimodal sym-
metric fading distributions and it expands the Rayleigh fading
scenario, analyzed in [8], to a large number of non-line-of-sight
(NLOS) fading scenarios, then being suitable for more realistic
channel distributions. ED for decision fusion with one single
antenna at the FC over arbitrary GM fading has been recently
investigated in [9] without focusing on optimality.

We show that although the received energy is a sufficient
statistic for such scenarios, the ED test is not always uniformly
most powerful (UMP).! However, numerical simulations show
that ED test undergoes near-optimal performance, also in cases
in which it is explicitly shown not being UMP.

The outline of the letter is the following: in Section II we
present the system model under investigation, including the
signal model; Section III presents the optimal fusion rule at the
FC and the optimality analysis of ED for MIMO decision fusion
over NLOS fading; numerical results to confirm our claims are
provided and discussed in Section IV.

II. SYSTEM MODEL

We consider a scenario with K sensors taking autonomously
a local decision on a binary event, with the two hypotheses
denoted Hy and #,. We assume that the local sensing and
decision process at the kth sensor is fully described by the local
probabilities of false alarm (ps) and detection (psy), being
conditionally independent given the specific hypothesis. In
the case of identical local performance (namely, homogeneous
scenario) they will be denoted p and py, respectively.

Sensors, each with one single transmit antenna, communicate
simultaneously their decision to a FC, equipped with N co-
located receive antennas, whose aim is to provide a robust
decision on the basis of the multiple received information. All
the sensors employ the same binary modulation with identical
parameters (transmission pulse, carrier frequency, etc.), and for

VA test is said UMP if it maximizes the probability of detection, subject to a
given probability of false alarm [10].
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energy saving purposes we consider OOK modulation.” We
assume that the system is fully synchronized: the impact of
synchronization errors on system performance falls beyond the
scope of this letter.

We denote: x; € X = {0,1} the symbol transmitted by the
kth sensor encoding its local decision (we assume i for #;); the
local probabilities are py = Pr(xg = 1|Hy) and pg = Pr(xe =
1\.‘1{1) .k the fading coefficient on the link between the kth
sensor and the nth antenna at the FC; y, and w,, the signal
received by the nth antenna at the FC and the corresponding
additive white Gaussian noise, respectively. We denote h() =
(Hik,...,Hyy)" the kth channel vector, collecting the fading
coefficient on the links from the kth sensor to all the antennas
at the FC. Channel vectors are assumed iid N-dimensional
complex GM with M zero-mean components, i.e.,

M
by~ > pe (Oniopdy) . (1)
m=1

It is worth noticing that (i) the case with M = 1 component
represents the classical Rayleigh fading analyzed in [8] for
arbitrary number of antennas (N) at the FC; (ii) the analysis
was extended to the case with M = 2 components and N = 1
antenna at the FC using a scalar GM model with arbitrary mean
[9], without focusing on optimality properties.

The discrete-time model for the received signal is

y=Hx+w. (2)
where y = (y1,...,yn)" is the received signal vector, w =
(Wi, ywy) ~ %(ON;G%VIN) the corresponding noise con-
tribution, x = (xy,...,xg)" is the transmitted vector (of local
decisions), and H = (h(y),...,h(k)) is the channel matrix.
Finally we deﬁne p = (p1,...,pm)" and (with a slight abuse
of notation) 6> = (62,...,64,)".

III. FUSION RULE
A. LLR and ED Tests
The (optimal) LLR test [10] and the ED test are defined as

H=1, H=11
Azy, E 2z, 3)
H=7 H=74

respectively, where 7y is a threshold, 4 is the estimated hypoth-
esis, E = ||y||* represents the received energy, and

(PO (3K pl0 P
h=log (m%)) - (zﬁfzop(yw)m(a%))’ @

represents the LLR with £ = x'1g being the number of sensors
transmitting 1.

’In practical scenarios, e.g., anomaly detection, OOK ensures implicit
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Analogously to the scalar case [9], it is straightforward to
show that the conditional received signal at the FC (y|¢) is an
N-dimensional complex GM with PDF given by

Om () yl?
p(ylt) = exp ; Q)
o mar T
where m = (my,...,my)" is a vector of integers, with m, rep-

resenting the number of sensors undergoing the uth component
of the complex GM in Eq. (1), and

0 (0)= () 30 (' 0x(p) Gy = m'* 03 ©

Furthermore, it is worth noticing that in the case of ho-
mogeneous scenarios /| %; is a binomial RV, i.e., Pr(¢|H;) =
(f)pf(l — pi)K=*, where p; = ps (resp. pi = ps) in the
case Hy (resp. #;), while in case of non-homogeneous
scenarios ¢|#; is a Poisson-binomial RV, i.e., Pr({|#;) =
PINISRII( ) Pi’}()(HkKﬂ(l — pix)' %), where pix = pri
(resp. pix = pax) for Hy (resp. Hy).

We investigate the possibility that the ED test is UMP on
the basis of the Karlin-Rubin theorem [11], i.e., (i) the received
energy (‘E) represents a sufficient statistic, and (ii) the LLR
(A) is a strictly increasing function of the received energy
(‘E). Apparently, the main reason for such an interest is that,
differently than the LLR test, the ED test does not require
knowledge of the local performance. Additionally, ED test
reduces the computational complexity dramatically.

B. Sufficient Statistic

From Eqgs. (4) and (5), it is apparent that the received energy
(‘E) represents a sufficient statistic [10] for the LLR test, with
the LLR (A) being expressed equivalently as

(3K P9 ()
h=log (Zfopf(ﬂ%)sz(f))

@)

where s¢(E) = Ypmi1,,— % exp(— 7 )-

It is worth noticing that the analysismcan be further general-
ized by replacing 0511 v with a general covariance matrix Y, in
Eq. (1). In such a general case, y|¢ would be a complex GM with

Q, = 234:1 m, Y, + o2 Iy replacing Cﬁ,l ~. Denoting éfn and é%,
the minimum and maximum eigenvalues of Q,,, respectively,
then each exponential term in the conditional PDF would be
bounded as ”2’ [& yTQ;l1 y < ”2’%2 If the condition number of
each covariance matrix Q,, is (ex”éctly or approximately) 1, i.e.,
zfn ~ afn, the analysis still applies.

C. Strictly Increasing Behavior

From Eq. (7), the first derivative of the LLR is given by Eq. (8),
shown at the bottom of the page. The denominator is apparently

nearly-optimal censoring policy [6]. positive, while the numerator can be rearranged as
0. Js,
IME)  Zh—o2b —oPr(lo|Ho) Pr(ti|H)se, () =3 S“ —Z/O 0 26— Pr(lo| Ho) Pr(61|9) =3 [" el(f) ®
JE Tih-0 26, ~0 Pr(ﬁol%) Pr(C1|#)s¢,(E)se, (E)
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YK oS Zpullo.00)v(lo, br), where u(lo,fr) = Pr(lo|%)
Pr(¢1|H;) — Pr(¢1|Hy) Pr(€o|#,), and v(£y,€1) is shown in
Eq. (9), shown at the bottom of the page, with the sums meant
over myly = (o and mi 1y = (.

Assuming py x > p .k, which is realistic for practical sensors,
it was shown in [8] that Pr(¢|#H; )/ Pr(£|Hp) is increasing with £,
then u(ly,¢1) > 0 (being ¢; > ¢y). However, differently from
the Rayleigh case, v({o,¥;) is not always positive: the ED test
cannot always be claimed as UMP.

A sufficient condition for v(€y,¢;) > 0, and then the ED
test being UMP, is min,q, s, Cm; > MAX it 1, Cmy» Which
is equivalent to

K
K—-1

2
A MaX;=1,... MOy,
=

. 3 (10)
ming,—=1,.. MO,
Although such a condition is too restrictive, the following
considerations hold: (i) v(£p, £;) > 0 for a large number of cases
such that (10) does not hold, then the ED test is optimal for
these cases too; (ii) numerical simulations showed that the ED
test exhibits near-optimal performance even for cases in which
v(£o,¢1) < 0, i.e., when the received energy (‘£) is a sufficient
statistic, but the LLR (1) is not a strictly increasing function of
the received energy itself.

D. System Performance

Performance are evaluated through the receiver operating
characteristic (ROC) [10], i.e., in terms of global probabilities
of false alarm and detection. In the case of LLR test, they are
defined as gr = Pr(A > v|H)) and g4 = Pr(A > y|#H; ), respec-
tively. In the case of ED test, Pr(A > y|#;) is replaced with
Pr(E > v|H;) = Pz(y|#;) and performance may be character-
ized analytically as follows. The conditional received energy is
a scaled central chi-square mixture with 2N degrees of freedom,
i E|l ~ 1y Om(0)x2y(0: 1), with conditional (given
the number of active sensors) CCDF of the received energy
(‘E) and CCDF of the received energy (‘£) under the generic
hypothesis (#;) being respectively

_ Om(£) Y
Pg(yl6) = m%:f V) r (N, %> : (11)
K
Pr(y|H;) =Y Pr({|H)P£(v]0). (12)

=0

IV. SIMULATION RESULTS AND DISCUSSION

Numerical results refer to Monte Carlo simulations with
up to 10° runs using MATLAB. We considered WSNs with
K € {5,10} sensors, whose local performance are (pr,pq) =
(0.05,0.5), and FCs with N € {2,4,8} antennas. ROC curves
are labeled with respect to the SNR defined as H2,/c2,. We
considered SNR € {0,10} dB. Channels with M = 2 equally-
probable components (i.e., p; = p» = 1/2) are assumed (named
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Fig. 2. LLR (A) vs. normalized received energy (E/N) for 2ZM channels
with &y = 5 (solid lines) and &y = 50 (dashed lines). (a) WSN with K =
10 sensors. (b) FC with N = 8 antennas.

27M in [9]), characterized through the ratio between the aver-
age power of the two components (§y = 62/63). We consid-
ered 2ZM channels with &y € {5,50}.

Fig. 1 shows the statistics of the fading coefficients in the
case of 2ZM channels. The channel with £y = 5 exhibits a
PDF which is extremely similar to the Rayleigh-fading sce-
nario, while the channel with &g = 50 exhibits a very different
statistical behavior with 2 modes very distinguishable.

Fig. 2 shows the behavior of the LLR (A) vs. the normalized
received energy (‘E/N) for various system configurations. The
cases here shown do not match the sufficient condition in (10),
and it is apparent how at low SNR the LLR (A) is monotonic
while high SNR and large number of antennas (N) at the FC
make the LLR (A) non-monotonic. The non-monotonicity is

dsi, (E) sy (E
J0E JoE

V(fo,gl) = S[O(Z)

mgy m

le _ Cm() emo (60)9"11 (El)

s (£) =33

(€))

exp [ -2 exp(f>
Cong G (22, 02,)" Cing m,
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Fig. 3. ROC for 2ZM channels with &g = 5 (solid lines) and &g = 50 (dashed
lines): comparison between ED and LLR tests. (a) WSN with K = 5 sensors
and FC with N = 2 antennas. (b) WSN with K = 5 sensors and FC with N =4
antennas. (¢) WSN with K = 10 sensors and FC with N = 4 antennas. (d) WSN
with K = 10 sensors and FC with N = 8 antennas.

further enhanced with increasing ratio &y, while de-enhanced
with increasing number of sensors (K) due to effect of the
central-limit theorem [10] (for large K the test approaches a test
between two Gaussian RVs which is monotonic in the received
energy).

Fig. 3 shows the ROC performance for various systems
configurations, comparing the ED test with the LLR test.?

3Due to space limitations, we do not show how the ROC curves for ED test
in Egs. (11) and (12) perfectly match numerical simulations.

IEEE COMMUNICATIONS LETTERS, VOL. 19, NO. 2, FEBRUARY 2015

T T

Fig. 4. ROC for rank-deficient 2ZM channels with &g = 5 (solid lines) and
&y = 50 (dashed lines): comparison between ED and LLR tests in WSN with
K =5 sensors and FC with N = 2 antennas.

Numerical simulations reveals that ED test exhibits near-
optimal performance even when it is not UMP. It is apparent
how at low SNR and when the ratio N/K is small, performance
are not affected significantly by the channel statistics; while at
high SNR or when the ratio N/K is not very small, performance
decrease significantly with the ratio &y (i.e., the multi-modal
behavior degrades performance).

We considered rank-one correlated 2ZM channels in
which Y, = 62,a(0,,)a(8,,)", where a(8) = (1,e/m®)
e/MN=1)cos(®))¢ Fig. 4 shows the case with ©; = 11/6 and 8, =
m/4: it is apparent a (negligible) performance gap between the
ED test and the LLR test.

We conclude emphasizing that ED test in MIMO distributed
detection undergoes near-optimal performance for a large class
of NLOS scenarios despite not requiring knowledge of the local
performance and being computationally inexpensive.

REFERENCES

[1] B. Chen, L. Tong, and P. K. Varshney, “Channel-aware distributed detec-
tion in wireless sensor networks,” IEEE Signal Process. Mag., vol. 23,
no. 4, pp. 16-26, Jul. 2006.

[2] X. Zhang, H. V. Poor, and M. Chiang, “Optimal power allocation for
distributed detection over MIMO channels in wireless sensor networks,”
IEEE Trans. Signal Process., vol. 56, no. 9, pp. 4124-4140, Sep. 2008.

[3] D. Ciuonzo, G. Romano, and P. Salvo Rossi, “Channel-aware decision

fusion in distributed MIMO wireless sensor networks: Decode-and-fuse

vs. decode-then-fuse,” IEEE Trans. Wireless Commun., vol. 11, no. 8,

pp- 2976-2985, Aug. 2012.

S. Althunibat, S. Narayanan, M. Di Renzo, and F. Granelli, “On the energy

consumption of the decision-fusion rules in cognitive radio networks,” in

Proc. IEEE CAMAD, Sep. 2012, pp. 125-129.

P. Salvo Rossi, D. Ciuonzo, and G. Romano, “Orthogonality and coop-

eration in collaborative spectrum sensing through MIMO decision fu-

sion,” IEEE Trans. Wireless Commun., vol. 12, no. 11, pp. 5826-5836,

Nov. 2013.

[6] C. R. Berger, M. Guerriero, S. Zhou, and P. Willett, “PAC vs. MAC

for decentralized detection using noncoherent modulation,” /EEE Trans.

Signal Process., vol. 57, no. 9, pp. 3562-3575, Sep. 2009.

F. Li, J. S. Evans, and S. Dey, “Decision fusion over noncoherent fad-

ing multiaccess channels,” IEEE Trans. Signal Process., vol. 59, no. 9,

pp- 4367-4380, Sep. 2011.

[8] D. Ciuonzo, G. Romano, and P. Salvo Rossi, “Optimality of received
energy in decision fusion over a Rayleigh fading diversity MAC with non-
identical sensors,” IEEE Trans. Signal Process., vol. 61, no. 1, pp. 22-27,
Jan. 2013.

[9] P. Salvo Rossi, D. Ciuonzo, T. Ekman, and K. Kansanen, “Energy detec-
tion for decision fusion in wireless sensor networks over Ricean-mixture
fading,” in Proc. IEEE 8th SAM, Jun. 2014, pp. 265-268.

[10] S. M. Kay, Fundamentals of Statistical Signal Processing, Vol. 2:

Detection Theory. Englewood Cliffs, NJ, USA: Prentice-Hall, 1998.

[11] E. L. Lehmann and J. P. Romano, Testing Statistical Hypotheses.

New York, NY, USA: Springer-Verlag, 2006.

[4

flnar

[5

—_

[7

—




<<
  /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
  /CreateJDFFile false
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


