Mode-SVD-Based Maximum Likelihood Source
Localization Using Subspace Approach

A mode-singular-value-decompeosition (SVD) maximum
likelihood (ML) estimation procedure is proposed for the
localization problem under an additive
measurement error model. In a practical situation, the
noise variance is usually unknown. In this paper, we
propose an algorithm that does not require the noise
covariance matrix as a priori knowledge. In the proposed
method, the weight is derived by the inverse of the noise
magnitude square in the ML criterion. The performance
of the proposed method outperforms that of the existing
methods and approximates the Taylor-series ML and
Cramér-Rao lower bound.
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1. Introduction

Source localization is a technique that finds a geometrical
point of intersection using the measurements from each
receiver, such as the time difference of arrival, the time of
arrival (TOA), or the angle of arrival. Localizing point sources,
using passive and stationary sensors, is of considerable interest,
and this has been a repeated theme of research in radar, sonar,
the Global Positioning System, video conferencing, and
telecommunication areas.

In this paper, a new source position location algorithm is
developed using mode-singular-value-decomposition (SVD)-
based maximum likelihood (ML) to solve the TOA localization
problem. The efficiency of the localization method based on
the weights is dependent on the noise estimation accuracy since
the weights are given as the inverse of the noise level. The
existing ML uses the inverse of noise variance as the weights
[1]. In the other weighted least squares (WLS)-based methods,
the noise variance is required [2], [3]. However, in a practical
situation, the noise covariance is usually unknown [2], [4]. In
this paper, we propose an algorithm that does not require a
noise covariance matrix as a priori knowledge. The
measurement with noise is projected onto the mode matrix, and
the signal component is then estimated by averaging the
projected signal components. The difference between the
measurement and estimated signal component is regarded as
the noise magnitude. The weight, which is derived in the ML
sense, is given by the inverse of the square difference.

The proposed method is effective only under the
uncorrelated noise condition since the correlated weight must
also be estimated in the correlated noise case. In the equation
Ax=b, A is a mode matrix [5]. Since the measurement is
projected onto the left singular vectors of the mode matrix to
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estimate the noise component, we named the method the
“mode-SVD ML.”

Several methods exist for multisensor localization. Torrieri
[1] derived a principal algorithm to analyze the hyperbolic
location systems and direction-finding location systems and
used distance and angle information for the ML. Foy [6]
adopted an iterative least squares (LS) method, which used a
combination of range and angular information, and showed
that the Taylor-series method works for a variety of problems,
including the mixed-measurement mode. In [7], the source
position was estimated using the adaptive filter theory
presented therein. Performance analysis of source localization
methods is included in the research results of [8]-[10].

The accuracies of LS and squared-range LS (SRLS) were
compared in [9]. The researchers in [10] discussed whether the
three source localization methods are minimum variance
unbiased estimators and robust [10]. Research results regarding
source localization using the subspace approach were
presented in [11]-[13].

The orthogonal property of the signal subspace and noise
subspace was used to form the estimating equation [11], [12].
In [13], the multidimensional scaling method was used for the
mobile positioning, and the researchers assumed that the
eigenvalue of the noise space was zero. Whereas the
orthogonal property and eigenvalue decomposition were used
n [11]-]13], the projection method and SVD are used to
estimate the signal component in the proposed method.

The organization of this paper is as follows. Section II deals
with the details of the proposed algorithm, which uses a new
weighting method based on SVD and subspace theory.
Section III discusses the experiment results to evaluate the
estimation performance of the mode-SVD ML algorithm,
comparing it with existing algorithms. Section IV presents
conclusions and directions for future work.

II. Localization Method

The TOA source localization method finds the position of a
source using multiple circles whose centers are sensors. The

intersection of these circles is determined as the source position.

At least three sensors are required to determine the source
position.

1. Maximum Likelihood

ML is the method that finds the variable by maximizing the
probability density function p(z;x), assuming the measurement
vector z is known. We modify the existing Taylor-series-based
ML [1] and compare it with the proposed method. In this
subsection, we describe the existing ML method since the
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proposed method is the improved version of [1].
As the information follows a Gaussian distribution, it is
represented as

z; = fi(x)+n;, =1,2,..,N, 1)

p(z;x) = exp{~(1/2)[z—f(0)]' R [z—f(X)]}.

_
(2”)]\//2 |R|1/2
@

In this case, z; is the i-th sensor measurement with the additive
fix) is the signal

\/ (x —xl-)2 +(y- y,-)2 ,and #; is the i-th sensor measurement

noise, model represented as

noise. Here, x and y are the source coordinates, x; and y; are the
coordinates of the i-th sensor, i (1<i<N) is the sensor index,
z=z1,..., zz]", = X),. .., AT, x=[x, ¥]', n=[n,,... ny]",
and R is the covariance matrix of the measurement noise (n).
The measurement error n is assumed to be a multivariate
random vector with a zero mean and Gaussian distribution. Its
inverse exists because R is symmetric and positive definite.

The ML estimator is the value of x, which maximizes the
quadratic form:

O(x;1) =[z—F(x, )] R [z = F(x;,))], 3)

R =diag(c?,--,07,-,0%), @)

where o7 is a variance of the measurement noise obtained
from the i-th sensor and z is the range measurement vector
[Z1y. .., Zi..., zy]" from sensors. The iterative source position
estimate at the (k+1)th iteration, X1, iS [xp1, ka]T. The initial
position estimate, Xy, is set to be near the true source position.

In general, as f(x;) is a nonlinear vector function, the
nonlinear optimization methods can be applied to find the
minimum point of Q(xi), but they suffer from high
computational complexity and get stuck at local minima. We
can remove these problems by linearizing f(x;+1). When f(X+)
is linearized, (3) becomes the quadratic cost function and the
local minima problem can be solved. The nonlinear function
f(x;+1) can be linearized by expanding it in a Taylor series at a
reference point specified by x; and by retaining the first two
terms to determine a reasonably simple estimator as

f(x,.)=f(x )+ G (x, —X,), 5)

ofi/ad /]

G, =| I/ ax|x=xk of;(x)/ ay|xzxk , 6)
Uy /o _, - Iy
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where afi(x)/é‘xL:xk and Bf[(X)ByL:xk mean 9f;(x)/dx

and df;(x)/dy atx=x, respectively.
In (6), each row of this matrix is the gradient vector of one of
the components of f(x). It is assumed in the subsequent analysis
that x,. is sufficiently close to x; so that (5) and (6) are accurate
approximations.
Substituting (5) into (3) and finding the minimum point of
O(Xj+1) result in
X1 = (GRT'G) T GER ™ [2—1(x) +Gyx,]
= x, +(G/R'G,)'G R [z~ f(x,)]. @)

In this case, the position estimate is iteratively updated by (7).

2. Mode-SVD Maximum Likelihood

We let z1(x,)+G;x; be 1. By SVD, G; can be decomposed
as [14]

_Qk,l 0]
0 k2 T
- Vi
Gk_|:uk,1 Uep oo uk,N:| 0 0 b ®
: : k.2

where q;.1>q2>0, wy, is the s-th left singular vector of Gy, g
is the A-th singular value, and vy, is the A-th right singular
vector at iteration number k. Clearly, the rank of Gy is two from
(8) if NV is larger than three. Therefore, the estimation of rank
can be omitted. Since uy; and wy, span the column space of Gy,
from (8), r; can be represented as

6 =GX W = L +We =20+ Y00, W, 9)

where the Taylor-series approximation error is assumed
sufficiently small and w; is the estimated noise vector at the
k-th iteration, represented as

w, =z—1(x;,)+G,x, —(z° —f(x°)+G°x°),

(10)

where 2z° is the true range, f(x°) is [fi(x°),..., A,
£ =y(° =x)2 +(3° —3,)>, X° is the true source
location composed of (x°, 3°), and G° is the (6) calculated at

x=x".

The estimate I, can be represented as follows [14] since it
should exist in the column space of Gy:

(11

If it is assumed that 1, at the steady state is equal to a, that is,
r, =a, ouraimis to find a. Here, I, is the I at the steady state.
The following equation is assumed, and a is the constant within
the estimation period.

r.()=a+w_(/),

U =YW 72U 0.

(12)
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where r()=[r.1(D),.. ., 7 AD),. .., rsMD]', I (1I<I<L) is the sample
(time) index, and subscript i and s denote the sensor index and
the steady state, respectively. Due to the reason given below, wy
is modeled as a Gaussian distribution. Equation (7) can be
restated as

X = X H(GE W0, G szsvd,k [z—1(x;)]
= %, +(G;QrQ;G) " G Qr Q2 ~f(xy)]
= X +(BZB1¢ )_IBZ[ak -g(x)], 13)
where B, =Q,G;, 6,=Q;z, g(x;)=Q; f(x;), and

Wi =Qi Q. In(21), W,y , is defined.

The convergence of the Gauss-Newton method to the true
solution is guaranteed if the function g(x) satisfies the Lipschitz
condition and the initial point is sufficiently near the solution
[15]. Function g(x) is defined as

g(x)=Q°-f(x"), (14)

where Q° = diag (L, . ,LJ , ; is defined in (1), and f(x°) is
m Ny
defined in (10). Hence, (10) is condensed to w=z—z’ in the
steady state. Since z was modeled as a Gaussian measurement,
w, can be modeled as a Gaussian distribution.
In the ML criterion, we should find that a=[a;,.. ., g,..., ay]",
which maximizes the log-likelihood so that

dln p(rg;a)
da; B

1

0, i=l,...,N, (15)

where

p(rga)=

1 1 & & (i (D)-a)’
12 XPy T P 2 )
e Ty 2 20 Gi
en™?|[]o
i=1

(16)
where O'i2 is a variance of 7, 7, is the i-th element of r;, and a;
is the i-th element of a. Equation (15) results in

L
q, =erS,i(l), i=1,...,N. (17)
L3
Representing (17) in vector form yields
1<
a=t =IZrS(1). (18)
I=1
From (9) and (18),
L
i:s = ys,lus,l + ys,Z“s,Z = r (l)’ (19)
L3

ETRI Journal, Volume 34, Number 5, October 2012



where

L
Yon =05 =3 r () | L2 0)
L3
ug,pus’,, =1, if p=r,
ug’pus’r =0, if p#r

The sample length (L) is set to two in the proposed method.
The source coordinates can be estimated as

i1 = (G WeakGe)™ 1GTWvdk[Z f(x)+Gix ],

@D

=X, +(G W, G) Gy Wy i [z—F(x)],  (22)

where W4, = diag( “ IA 2] .
(en =Tkw)

The weight matrix W, (the weight matrix in the steady state)

is optimal in the ML sense and can be proven as follows.

Differentiating log p(rg;a)with respect to o; and setting it to

zero, the variance estimate is

L
&t =22 D-a)
=1
=—Z( (- i=1,...,N,

. The weight in the steady

NENE
(Ten —Ter)

(23)

where 7, ;is the i-th element of T,
state is given as

-1
( Z( (- ] , =1,..,N.

The weight matrix of the proposed method, in the steady state,
is the special case of (24) in which L is set to one.
The mean square error (MSE) of X (x,9) can be

represented as

E[(x° -%)" (x° - %)]

= E[tr{(x’ -0)(x* -%)" }]

=E[tr{(GTWG)'GTWGx° - (G"WG)'GTWr)

(GTWG)'GTWGx° - (GTWG)'GTwr)T}]
=E[tr{(GTWG) ' GTW(Gx°—r)(Gx°-r)T WG(GTWG)}]
=tr{(GTWG)'GTWNTW(GTWG) ™}, (25)

24

where tr(A) denotes the trace of A, x° is the true source position,
N denotes E{(Gx° —r)(Gx° —-r)"]=E[gg"],
are r and 7 of the i-th sensor at the steady state, respectively,
and W is defined as

r,; and 7 ;
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Fig. 2.

1
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W =diag

(26)
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III. Simulation Results

In this section, the performance of the proposed source
localization algorithm is compared with that of the Taylor-
series ML [1], the best linear unbiased estimator approach
based on LS calibration (BLUE-LSC) [3], and SRLS [16]. A
Monte-Carlo simulation of 2,000 trials is performed.

Figure 1 is the plot of the first scenario. The source is located
at (2, 7) m. Six sensors are used. The sensors are randomly
located in (—=7.4794, —2.6308) m, (—4.7423, 7.7841) m,
(6.3204, —4.9151) m, (3.3896, —6.8147) m, (—7.8873, 5.3780)
m, and (6.1723, 7.2727) m to model a general sensor
distribution in Fig. 1.

Figure 2 is the plot of the second scenario. The source is
located at (9, —8) m. We start with four sensors with known
positions at (—7.4794, —2.6308) m, (—4.7423, 7.7841) m,

y-axis (m)

-0 8 -6 4 2 0 2 4 6 8 10
x-axis (m)

Fig. 1. Source and sensor arrangement (first scenario) (o: sensors,

*: source).

y-axis (m)

-0 8 -6 4 2 0 2 4 6 8 10
x-axis (m)

Source and sensor arrangement (second scenario) (o:
sensors, *: source).
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Fig. 3. Comparison of MSE average of respective algorithm with
respect to various noise settings in first scenario.

(6.3204, —4.9151) m, and (3.3896, —6.8147) m, and the sensors
with coordinates (—7.8873, 5.3780) m, (6.1723, 7.2727) m,
(4.3, 8.2) m, and (2.2, —6.3) m are then added successively.
The measurement noise variance of the first sensor (0'12 ) is
varied from —30 dB to 10 dB at an interval of 5 dB. The
measurement noise variance of each sensor is assumed to be
different and set to
(VD
(N-1)

where o7’ is the noise variance of the first sensor and N is the

ol x[l, 1+1.5><(1 ,1+1.5><L 1415 1,

N-1) (N-1)"

total number of sensors.

A single and omni-directional source is assumed in the
stationary state. The initial position is set to the solution of the
standard LS method [17]. The MSE average is calculated and
can be represented as

2,000
{GO-0+ (G -y}
MSE average = =1 s
2,000

@7

where x(k), (k) is the estimated position of the source in the
k-th iteration, and x, y is the true position of the source.

Figure 3 compares the MSE average of each position
estimation method under various range noise settings in the
first scenario. The mode-SVD ML is superior to the other
existing algorithms and approximates the Cramér-Rao lower
bound (CRLB) [2], [18] and Taylor-series ML. The rationale
for adopting weighting factors in the proposed method is to
emphasize the contributions of those data samples that are
deemed to be more reliable. The proposed method is seen as an
instantaneous version of the conventional ML. This method
can also be seen in many other algorithms (for example, the
least mean square method), in which the MSE is substituted as
an instantaneous squared error.
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Fig. 4. Comparison of MSE average of respective algorithm with
respect to number of sensors under second scenario.

Figure 4 compares the MSE average of each position
estimation method with regard to the number of sensors under
the second scenario. Here, the variance of the sensor noise is
—10 dB. The mode-SVD ML is superior to the other algorithms
and approximates the CRLB and Taylor-series ML.

The horizontal dilution of precision (HDOP) is commonly
used in geolocation using satellites [19]. It is defined as

(n-—x) -y -1
Rl Rl
(x=x) (»-») 1
A= R, R, ) (28)
Gy=x) Ox=») _,
L RN RN |
d; dy, dj
P=(A"A)"'=|d, d, d}| (29)
dy dy, df
HDOP = /d} +d; , (30)

where x; and y; are the coordinates of the i-th sensor, x and y are
the coordinates of the source, and R; is the distance between the
i-th sensor and the source. The larger the area formed by the
sensors and source, the better (lower) the value of the HDOP;
the smaller its area, the worse (higher) the value of the HDOP.
Similarly, the greater the number of sensors, the better the value
of the HDOP [19].

IV. Conclusion

In this paper, the existing methods and the proposed mode-
SVD-based ML method were compared. The proposed
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method does not require a priori information, such as noise
variance. In our simulation, after the noise magnitude was
estimated by the SVD and subspace approach, the weighting
matrix was determined as the inverse of the estimated noise
magnitude square. The MSE performance of the proposed
method was analyzed. The simulation showed that using the
proposed method with a TOA measurement results in a
superior MSE average to that of the existing methods and the
ability to approximate the CRLB and Taylor-series ML under
various noise conditions. The performance is expected to be
improved in future work by using a priori information of the
parameters.

References

[1] D.J. Torrieri, “Statistical Theory of Passive Location Systems,”
IEEE Trans. Aerosp. Electron. Syst., vol. 20, no. 2, June 1983, pp.
183-198.

[2] KW. Cheung et al.,, “Least Squares Algorithms for Time-of-
Arrival-Based Mobile Location,” /EEE Tirans. Signal Process.,
vol. 52, no. 4,2004, pp. 1121-1128.

[3] F. Chan, “Best Linear Unbiased Estimator Approach for Time-of-
Arrival Based Localisation,” /ET Signal Process., vol. 2, no. 2,
2008, pp.156-162.

[4] S. Beheshti and M. Dahleh, “Noise Variance in Signal Denoising,”
IEEE Int. Conf. Acoustics, Speech, Signal Process., Apr. 2003,
pp-VI 185-188.

[5] L. Scharf, Statistical Signal Processing: Detection, Estimation,
and Time Series Analysis, Reading, MA: Addison-Wesley, 1991.

[6] WH. Foy, “Position-Location Solutions by Taylor-Series
Estimation,” /EEE Trans. Aerosp. Electron. Syst., vol. 12, no. 2,
1976, pp.187-194.

[7] C. Park and K. Hong, “Block LMS-Based Source Localization
Using Range Measurement,” Digital Signal Process., vol. 21,
2011, pp. 367-374.

[8] R. Zekavat and R. Buehrer, Handbook of Position Location,
Source Localization: Algorithms and Analysis, IEEE Press, 2012.

[9] E. Larsson and D. Danev, “Accuracy Comparison of LS and
Squared Range LS for Source Localization,” IEEE Trans. Signal
Process., vol. 58, 1no. 2, 2010, pp. 916-923.

[10] L. Romero and J. Mason, “Evaluation of Direct and Iterative
Methods for Overdetermined Systems of TOA Geolocation
Equations,” IEEE Trans. Aerosp. Electron. Syst., vol. 47, no. 2,
2011, pp.1213-1229.

[11] F. Chan, H.C. So, and W.K. Ma, “A Novel Subspace Approach for
Cooperative Localization in Wireless Sensor Networks Using
Range Measurements,” IEEE Trans. Signal Process., vol. 57, no.
1, 2009, pp. 260-269.

[12] H.C. So and F. Chan, “A Generalized Subspace Approach for
Mobile Positioning With Time-of-Arrival Measurements,” /EEE

ETRI Journal, Volume 34, Number 5, October 2012

Trans. Signal Process., vol. 55, no. 10,2007, pp. 5103-5107.

[13] S. Qin, Q. Wan, and Z. Chen, “Fast Subspace Approach for
Mobile Positioning with Time-of-Arrival Measurements,” /ET
Commun., vol. 5, no. 14, 2011.

[14] G Strang, Linear Algebra and Its Applications, 4th ed., Brooks
Cole, 2005.

[15] C. Li, “Convergence and Uniqueness Properties of Gauss-
Newton’s Method,” Comput. Mathematics Appl., vol. 47, 2004,
pp. 1057-1067.

[16] A. Beck, P. Stoica, and L. Jian, “Exact and Approximate Solutions
of Source Localisation Problems,” IEEE Trans. Signal Process.,
vol. 56, no. 5, 2008, pp. 1770-1778.

[17] S. Kay, Fundamentals of Statistical Signal Processing, Vol. I:
Estimation Theory, Upper Saddle River, NJ: Prentice Hall, 1993.

[18] S. Haykin, Adaptive Filter Theory, 4th ed., Upper Saddle River,
NJ: Prentice Hall, 2001.

[19] R. Langley, “Dilution of Precision,” GPS World, 1999. Available
at: http://en.wikipedia.org/wiki/Dilution of precision (GPS)

Chee-Hyun Park received his BS from the
School of Electrical Engineering at Korea
University, Seoul, Rep. of Korea, his MS in

e
g ; electronics and computer engineering from
= ' Korea University, and his PhD in electronics
A‘ . %‘ and computer engineering from Sungkyunkwan
| f//v/ I University, Suwon, Rep. of Korea. He is

currently a postdoctoral fellow in the Department of Electrical and
Computer Engineering at UW-Madison, Madison, W1, USA. His areas
of interest are estimation theory, source localization, and adaptive
filtering.

Kwang-Seok Hong received his BS, MS, and
PhD in electronic engineering
Sungkyunkwan University, Seoul, Rep. of
Korea, in 1985, 1988, and 1992, respectively.
Since March 1995, he has been a professor at
Sungkyunkwan University, Suwon, Rep. of
Korea. His current research focuses on human-

from

computer interaction and five-sense recognition, interaction, and
representation.

Chee-Hyun Park and Kwang-Seok Hong 689




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 true
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


