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あらまし Sampled pattern matching(SPM)法は元のデバイスを小さな等価電流源の集合によって置き換え, デバイ

スから放射された近傍電磁界と同じ電磁界を放射する等価電流源を求めることにより,電流分布を推定する手法であ

る. 本報告では, 新しく改良された SPM法が提案され, 改良手法において測定された電解分布と計算によって得られた

電解分布との相関係数は絶対値をとる操作がないため, 等価電流源の位相が計算に考慮される. 提案された改良 SPM

法の有効性を確認するために, 2つのコヒーレント波源上の電流分布を推定した. 実験及び数値計算による推定結果は

改良 SPM法は波源の位置を精度良く推定することができることを示した. そして, 相関係数がピークになる仮想波源

の位相を求めることによって, 2つのコヒーレント波源間の位相差を特定することができた.
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Abstract In this paper, the improved sampled pattern matching (SPM) method is proposed. The method is

based on the substitution of the original device by an equivalent set of small current sources, which radiate the same

near-field. The correlation coefficient, which determines the similarity between the measured field and calculated

field in the improved SPM method, does not require the absolute operation so that the phase term of equivalent

sources is also taken into account. The validity of proposed method is shown by performing the estimation of the

locations of two coherent EM sources with different initial phases. The results show that the improved SPM method

can estimate accurately the location of current sources. Finally, the phase difference is also identified and compared

with the experiment results to demonstrate the validity of the proposed method.
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1. Introduction

The problem of electromagnetic interference between elec-

trical circuits and devices is becoming more and more se-

rious because the clock frequency of the electrical circuits

is increasing rapidly and high-density printed circuit board

(PCB) technologies are widely used in most of the electronic

devices nowadays. In order to suppress the electromagnetic

interference between the devices, it is neccessary to know

the electric current distribution on the electronic circuits in

designing the electronic devices. The currents on a PCB

can be a common-mode current or a differential-mode cur-



rent [1], [2]. The common-mode current may be a source of

electromagnetic noise, but the differential-mode current is

never. Consequently, the phase information of current on

a PCB is as important as the amplitude in recognizing the

reason of electromagnetic interference. Therefore, it is nec-

cessary to estimate both the amplitude and phase of current

distribution of a PCB.

In the previous studies, the equivalent source approach has

been studied as the current estimation method [3]- [11]. The

equivalent source approach was originally used to calculated

the radiation from aperture antennas, which are replaced by

the equivalent magnetic current located at equally spaced

meshes of a two-dimensional plane [3], [4]. The electric cur-

rent was also used as the equivalent source instead of the

equivalent magnetic current to solve the radiation problem

of aperture sources [5]. In these studies, a coupling equation

was established between the electric field radiated by the

equivalent currents and the value of the equivalent currents

by using the free space Green’s function. In [6], [7], the cou-

pling equation between the radiated field and the expanded

electric currents is evaluated by the finite-difference time-

domain (FDTD) method, and the current distribution on

the location-specific wire segments on the multilayer PCB is

then estimated. The current distribution on the wire mesh or

the unknown current segments are obtained by solving the

matrix equation with direct inversion methods or iterative

methods such as conjugate gradient method (CGM). How-

ever, the results are seriously sensitive to noises produced

in the measurement system due to the fact that the matrix

is almost ill-conditioned for the equivalent electric current

approach. The distance between the estimation plane and

measurement plane must be small enough to obtain a high

signal-to-noise ratio (SNR) in order to give an accurate esti-

mation results.

Another approach to estimate the distribution of current

sources by finding the equivalent current sources which radi-

ate the identical electric- or magnetic-field distribution com-

pared to the measured results has been proposed. Regué

used a genetic algorithm to generate equivalent set of cur-

rent sources (refered as elemental dipoles) and calculated the

far-field from the determined radiating sources [9]. Despite

a genetic algorithm can reduce the local minimum trap, the

computational cost of this approach is quite expensive. The

sampled pattern matching (SPM) method is proposed by Sao-

tome et. al. [10], which is a method used to create the mag-

netoencephalograph in the field of biological magnetism at

low frequency. The SPM method has also been used in the

high-frequency application such as the estimation of unre-

quired electromagnetic sources in the electronic devices [11].

In the SPM method, the current source distribution is found

by selecting one by one the equivalent current source which

has the largest correlation coefficient between the measured

field and the radiated fields from equivalent sources. How-

ever, the estimation of equivalent current sources is difficult

when phase difference between emission sources exists in the

conventional SPM method because the phase information of

sources is destroyed by the absolute operation of complex

correlation coefficients. This problem can be improved by

using the scalar correlation coefficient instead of the com-

plex one so that the phase term of equivalent current source

can be taken into account.

The improved SPM method is proposed in this paper. The

improved SPM method is capable of estimating equivalent

current sources when the phase difference between two EM

emission sources exists. The conventional SPM method and

improved SPM method are introduced in Section II. The

parametric study is performed for the effect of size of mea-

surement plane, number of sampling points, phase defference

to the estimation accuracy are discussed in Section IV. Fi-

nally, the conclusion is given in Section V.

2. SPM method and improvement

Let us consider an electronic circuit or device radiating

the electromagnetic field into free space as illustrated in Fig.

1. For the planar scanning case, the near-field is measured

over a plane parallel with the source plane. The electric

field on the receiving point can be determined by the numer-

ical method or be measured by the practical measurement

method. The electric field radiated from the current source

to the receiving point i is denoted by ei. The field distri-

bution at the measurement plane is then expressed in the

vector form

E = [e1, e2, · · · , ei, · · · , eM ]T , (1)

where M is the total number of receiving points, T is the

transpose operation of matrix. The method of moments

(MoM) [12] is used to calculate electric fields at every re-

ceiving point.

Next, let us consider the estimation area which encompass

the current sources as shown in Fig. 2. The hypothetical

current sources are placed uniformly into the estimation area

along the x, y, and z direction respectively. The total num-

ber of hypothetical current sources is then N=Nx×Ny×Nz.

The electric field distributions, which are created by the hy-

pothetical current sources at the scanning plane, is calculated

from the method of moments. Using the notation fij for the

electric field radiated from the hypothetical current source j

into the receiving point i, the electric field distribution cre-

ated by the hypothetical current source j is then expressed

as
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図 1 Planar Scanning model for electric field measurement.
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図 2 Arrangement of hypothetical current sources in the estima-

tion area.
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図 3 Set of hypothetical sources.

Fj = [f1j , f2j , · · · , fij , · · · , fMj ]
T . (2)

2. 1 SPM method

In the process of the estimation of equivalent current

sources in SPM method, the hypothetical current source,

which has the maxmimum correlation coefficient calculated

by the similarity of the measured electric fields and calcu-

lated electric fields at the scanning plane will be selected

out one by one. If the total number of selected hypotheti-

cal current sources is Ns, the selection of hypothetical cur-

rent sources is terminated when all of Ns current sources

are selected out. The correlation coefficient calculated from

the calculated and measured electric field distribution is ex-

pressed by using the Cauchy-Schwarz inequality. In the con-

ventional SPM method, the correlation coefficient is deter-

mined as a result of complex inner product expressed as

PSPM = arg max

{
|〈E,G〉|√

〈E,E〉
√

〈G,G〉

}
, (3)

where,

G = Fj +

N′∑
j′=1

Fj′ , (4)

j ∈ (Ω − Ω′) and j′ ∈ Ω′.

where, PSPM is the correlation coefficient between the electric

field distribution created by a hypothetical current source

and measured electric field distribution. Fj is the electric

field distribution created by the hypothetical current source

that has not yet been selected in the process of estimation.

Fj′ is the electric field distribution created by the hypothet-

ical current sources that have been already selected in the

previous turn of calculation. Ω is a set of candidates of the

hypothetical current sources as illustrated in Fig. 3. Ω′ is a

set of selected hypothetical current sources. N ′ is the num-

ber of selected hypothetical current sources. The process of

selection of the hypothetical current sources continues until

N ′ reaches Ns. The inner product of complex vector in (3)

is defined as follows.

〈A,B〉 =

M∑
i=1

a∗
i bi (5)

The inner product in (5) results in a complex value in the

conventional SPM method. Consequently, the absolute value

of numerator of (3) must be evaluated for the correlation

coefficient. This causes the phase information of the elec-

tric field distribution radiated from the hypothetical current

source to vanish in the above expression.

2. 2 Improved SPM method

In the conventional SPM method, the phase of the elec-

tric field distribution is not taken into account because of

the phase information is destroyed during the evaluation of

absolute value for correlation coefficient. The inner product

is then redefined to be determined as a real value in the im-

proved SPM method, i.e. the inner product is represented

as follows.

〈A,B〉 =

M∑
i=1

Re(a∗
i bi) (6)

The absolute operation is not required in the proposed

method. The correlation coefficient is then expressed as

PSPM(k) = arg max

{
〈E, G(k)〉√

〈E,E〉
√

〈G(k),G(k)〉

}
(7)

G(k) =

(
Fj +

M′∑
j′=1

Fj′

)
ej∆ϕ (8)

where PSPM(k) is the correlation coefficient when the phase

of hypothetical current source is equal to ∆ϕ. The phase



term ej∆ϕ of electric field distribution is also taken into ac-

count during the evaluation of correlation coefficient. By

using the new definition of correlation coefficient, the phase

of hypothetical current sources are fully taken into account

in the estimation procedure.

3. Analysis model and results

Two half-wavelength dipoles with the y-polarization are

placed in the estimation area as shown in Fig. 4. The param-

eters of the dipoles are indicated in the table 1. The phase

difference between two current sources is 120◦ or π/3 in ra-

dians. The analysis frequency is set to 2.42 GHz throughout

all numerical experiments.
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図 4 Location of real sources.

表 1 Parameters of current sources.

feed location P1 (-0.2λ, 0.1λ)

P2 (0.3λ, 0)

initial phase (θ1, θ2) (0◦, 120◦)

analysis frequency (f1, f2)[GHz] (2.42, 2.42)

The analysis model for the estimation of the current source

distribution is illustrated in the Fig. 5. The parameters for

the analysis model and the hypothetical current sources are

indicated in the table 2 and 3, respectively. The measure-

ment area is aligned in the x-y plane and located at z = 0.

The total measurement points M is 15 × 15 = 225. The

y-polarized electric fields are only measured at each mea-

surement point. The estimation area is assumed to be a

plane parallel to the measurement area. The distance of the

measurement area dz is 0.15λ far from the estimation area.

Here, we define ”SNR” (signal to noise ratio) to be the ra-

tio between the maximum receiving voltage at dz = λ and

the receiving noise voltage. SNR is fixed to 20 dB in the

calculations.
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Ly
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図 5 Simulation model.

表 2 parameters of analysis model.

measurement area (Sx, Sy) (1.05λ, 1.05λ)

total number of

measurement points
(sx, sy) (15, 15)

space between

measurement points
(dx, dy) (0.075λ, 0.075λ)

distance from source plane dz 0.15λ

表 3 parameters of hypothetical current sources.

length of current source ls 0.03λ

number of current sources N 35×35 = 1225

phase of current sources ∆ϕ 0◦ ∼ 360◦

total number of selections Ns 100

3. 1 Comparison between conventional and im-

proved SPM methods

The estimation result by using conventional SPM method

is shown in the Fig. 6. It can be obviously seen that the

location of the equivalent current sources do not coincide

with the location of real emission sources. The hypotheti-

cal current sources nearby the source with initial phase of

120◦ have never been selected in the estimation process be-

cause the conventional SPM method uses the absolute opera-

tion which destroys the phase information of the source with

intial phase of 120◦. Consequently, the conventional SPM

method can not be applied to estimate the current source in

this case.
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図 6 Estimation result by SPM method.

In the improved SPM method, the information of the phase

term remains because the absolute calculation of the correla-

tion coefficient is not performed. The results obtained when
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図 7 Estimation result by improved SPM method (left : ∆ϕ = 0◦,

right : ∆ϕ = 120◦)

the phases of the hypothetical current sources are fixed to

0◦ and 120◦, respectively, are demonstrated in the Fig. 7(a)

and (b). As can be seen in Fig. 7, the location of equiva-

lent current sources estimated coincide with the location of

the real source with the initial phase corresponding to the

phase of hypothetical source. If the phase of hypothetical

current sources is fixed to 0◦, the locations of selected equiv-

alent sources coincide with the location of the real emission

source which have the initial phase of 0◦. Similarly, when the

phases of hypothetical current sources are fixed to 120◦, the

distribution of the selected equvalent current sources which

have the initial phase of 120◦ is obtained. Therefore, the

equivalent sources are estimated in the way that the phase

of hypothetical current sources are the same to that of the

real emission sources.

3. 2 Identification of phase difference between two

sources

After all of the possible equivalent current sources (N ′ =

Ns) are selected in the estimation process, The resultant cor-

relation coefficient PSPM is used to identify the phase differ-

ence ∆ϕ between two sources. The phase of the hypothetical

current source is varied from −180 to 180◦ with the phase

interval of 30◦. The result of correlation coefficient is shown

in the Fig. 8. It is obvious that the correlation coefficient

reaches the peak when the phase of the hypothetical current

sources is the same as the phase of real source and there are

two peaks in the result which corresponds to the number of

the real emission sources. Thus, the phase difference between

any real sources can be estimated by determining the phase

difference of hypothetical current sources which are used to

calculate the correlation coefficient. So, the improved SPM

method is proved to be applicable to estimate the location

of sources with the distinct phases effectively.

3. 3 Estimation results of phase difference

The estimation results, when the initial phase of first

dipole is fixed to 0◦ and the initial phase of second dipole

θh [deg]
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図 8 Correlation coefficients calculated by improved SPM method

when the initial phases of sources are 0◦ and 120◦, respec-

tively.

is varied from 30◦ to 120◦, is shown in Fig. 9. The pa-

rameters of analysis model (Table II) and the parameters

of hypothetical current sources (Table III) are not changed

except that the distance of measurement plane is fixed to

0.05λ instead of 0.15λ. The parameters of current source is

summarized in Table 4.

表 4 Parameters of current sources.

feed location P1 (-0.2λ, 0.1λ)

P2 (0.3λ, 0)

initial phase (θ1, θ2) (0◦, 30◦ ∼ 180◦)

analysis frequency (f1, f2)[GHz] (2.42, 2.42)

It is shown that when the phase difference between sources

is less than 90◦, only one peak of correlation coefficients can

be observed. Thus, the phase difference can not be identi-

fied. When the phase difference between sources is larger

than 90◦, the peaks of correlation coefficients become more

apparent and identification of phase difference can be calcu-

lated straightforward. Consequently, it is difficult to identify

the phase difference by the improved SPM method when the

phases of sources are close together. However, the locations

of equivalent current sources are still estimated accurately

enough, which can be utilized to find the way to suppress the

undesired EM field from the view of electromagnetic compat-

ibility.

3. 4 Effect of size of measurement plane

After the validity of the improved SPM method is proved,

it was applied to identified the phase difference between two

sources as same as in the previous section except that the

size of measurement plane is varied. The size of measure-

ment plane is varied from 1λ, 2λ and 3λ square while the

parameters of current sources (Table I) and the parameters

of hypothetical current sources (Table III) are fixed. The

sampling points is set to 0.05λ. The analysis parameters are
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図 9 Correlation coefficients calculated by improved SPM method

when the initial phase of first source is fixed to 0◦ and the

other is varied from 30◦ to 180◦.

表 5 parameters of measurement.

measurement area (Sx, Sy) (1λ, 1λ)

(2λ, 2λ)

(3λ, 3λ)

total number of (sx, sy) (21, 21)

measurement points (41, 41)

(61, 61)

distance between

measurement points
(dx, dy) (0.05λ, 0.05λ)

distance from source plane dz 0.1λ,0.5λ,1λ
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図 10 Correlation coefficients when the distance of measurement

plane is fixed to 0.1λ and the size of the measurement plane

are is altered.

summarized in Table 5.

The correlation coefficient of equivalent current estimation

calculated by using the improved SPM method when the dis-

tance of measurement plane from source plane is set to 0.1λ,

0.5λ and 1λ, are shown in Fig. 10, 11, and 12, respectively.

As shown in Fig. 10, when the distance of measurement

plane is small (dz = 1λ), the phase difference between cur-

rent sources can be distinctly identified by the phase dif-

ference of hypothetical sources in the correlation coefficient
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図 11 Correlation coefficients when the distance of measurement

plane is fixed to 0.5λ and the size of the measurement plane

are is altered.

dz = 1λ

Phase of hypothetical sources [deg.]

P
S

P
M

 (Sx,Sy)=(1λ,1λ)
 (2λ,2λ)
 (3λ,3λ)

-180 -120 -60 0 60 120 180
0

0.2

0.4

0.6

0.8

1

図 12 Correlation coefficients when the distance of measurement

plane is fixed to 1λ and the size of the measurement plane

are is altered.

results. Two peaks of correlation coefficients are even more

obvious when the size of measurement plane is enlarged as

in the case of 2λ and 3λ square in the size of measurement

plane. When dz = 0.5λ, the accuracy of estimation decreases

because the size of measurement plane is not large enough

to capture the informations of electric field distribution to

be used in the estimation. Only one peak in the correla-

tion coefficient is observed and the estimation result is not

accurate. However, this problem can be solved by enlarge

the measurement plane. The further declination in accuracy

also appears in the result when dz = 1λ. The size of mea-

surement plane have to be enlarged to 3λ square to give an

accurate result of correlation coefficient when dz = 1λ.

3. 5 Effect of number of sampling points

Next, the number of sampling points on the measurement

plane is varied from 0.05λ to 0.5λ while the other parame-

ters is fixed. The size of measurement plane is fixed to 1λ

square, and the distance between measurement plane and

source plane is set to 0.1λ The parameters of current sources



(Table I) and the parameters of hypothetical current sources

(Table III) are fixed. The parameters of measurement are

summarized in Table 6.

表 6 parameters of measurement.

measurement area (Sx, Sy) (1λ, 1λ)

total number of (sx, sy) (21, 21)

measurement points (11, 11)

(9, 9)

(6, 6)

(5, 5)

(3, 3)

space between (dx, dy) (0.05λ, 0.05λ)

measurement points (0.1λ, 0.1λ)

(0.125λ, 0.125λ)

(0.2λ, 0.2λ)

(0.25λ, 0.25λ)

(0.5λ, 0.5λ)

distance from source plane dz 0.1λ

The estimation result is shown in Fig. 13. It is seen that

two peaks of correlation coefficients are observed even when

the number of sampling points is quite large. However, there

is a phase shift in the results when the number of sampling

points is 0.2λ and 0.25λ. The correlation coefficient when

dx = dy = 0.5λ is significantly large compared with the other

cases but the estimation result is not accurate and only one

peak of correlation coefficient can be observed. As a con-

sequence, if the size of measurement plane is set to 1λ, the

number of sampling points should be equal or less than 8

points per wavelength in order to obtain an accurate estima-

tion result.
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図 13 Correlation coefficients when the sampling points at the

measurement plane is varied from 0.01λ to 0.5λ.
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図 14 Near-field measurement system.

3. 6 Measurement using improved SPM method

To demonstrate the validity of the improved SPM method,

the near-field measurements were done and the current esti-

mation was performed. The near-field measurement system

is shown in Fig 14. In the near-field measurement system,

a dipole with an optical modulator was used as the probe.

The signal received by the probe was modulated by an optical

modulator and transmitted to an optical/electrical demod-

ulator through an optical fiber instead of through a radio-

frequency coaxial cable to reduce the interference with the

measured current distribution. The dipole probe was moved

by a planar scanner at a constant distance dz between the

probe and surface of the measured device. A network ana-

lyzer was used to feed the measured device and received the

signal from the dipole probe. Two dipole antennas are used

as a device radiating electromagnetic wave with different in-

cident phase. The arrangement of dipoles is shown in Fig.

4. Two coaxial cables with different length are connected

to the power divider at the output port of network analyzer

and they are utilized to realize the phase difference between

two dipole antennas. The parameters of current estimation

is the same as described in the previous subsection and sum-

marized in Table 1. The electric field distribution over the

plane which is 0.1λ far from estimation plane is measured by

using optical modulating probe described in the section III.

The measured field distribution are then used to estimate

the location of current sources by using the improved SPM

method.

The results of estimated location of current sources ob-

tained by using conventional SPM method and improved

SPM method are shown in Fig. 15, and Fig. 16, respec-

tively. It can be seen that the the estimated location of

current sources by using conventional SPM method do not

coincident with the location of real sources, while the im-

proved SPM method give a quite resonable estimation re-

sults. Therefore, the validity of improved SPM method is

demonstrated.
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図 15 Estimation result by conventional SPM method.
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図 16 Estimation results by improved SPM method. (left: θh =

−100◦, right: θh = 0◦)

4. Concluding remarks

The improved SPM method is proposed and applied to es-

timate the locations of multiple sources with distinct initial

phases. In the improved SPM method, the correlation coef-

ficient is determined as a real value and the absolute opera-

tion is not required in the calculation. Therefore, the phase

term of the electric field distribution radiated by the hypo-

thetical sources is taken account into the calculation of the

improve SPM method. The guideline has been given to show

how to determine the measurement parameters to measure

the near field to estimate the current distribution, such as

the measurement distance, the measurement plane area, and

the number of sampling points on the measurement plane.

The phase difference between multiple sources is identified

by the peaks of correlation coefficients calculated after all

of the equivalent current sources are selected in the estima-

tion procedure. Finally, The locations of multiple sources

with distinct initial phase have been estimated by using the

numerical or experimental results and the phase difference

between sources is identified, which confirms the validity of

the improved SPM method.
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tonio Martin, “A Genetic Algorithm Based Method for

Source Identification and Far-field Radiated Emissions Pre-

diction From Near-Field Measurements for PCB Character-

ization,” IEEE Trans. Electromagnetic Compatability, Vol.

43, No. 4, Nov. 2001

[10] H. Saotome and Y. Saito,“An estimation method of current

distribution in biological systems by the sampled pattern

matching method,” T.IEE Japan, vol. 113-C, No.1, pp. 69-

76, 1993.

[11] Y. Yoshimoto, K. Taira, K. Sawaya, R. Sato,“Estimation of

Multiple Coherent Source Locations by Using SPM Method

Combined with Signal Subspace Fitting Technique,” IEICE

Trans. Comm., Vol. E88-B, No. 8, Aug. 2005

[12] R. F. Harrington, Time-Harmonic Electromagnetic Field,

The IEEE Press Series on Electromagnetic Wave Theory,

Wiley-Interscience



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


