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SUMMARY  This paper proposes a new method that combines signal
modulation and FDTD (Finite-Difference Time-Domain) simulations to re-
duce the computation time in multiple-antenna analysis. In this method,
signals are modulated so as to maintain orthogonality among the excited
signals; multiple antennas are excited at the same time. This means just
one FDTD simulation is needed whereas the conventional method demands
as many simulations as there are transmitting antennas. The simulation of
a 2x2 multi-antenna system shows that the proposed method matches the
performance of the conventional method even though its computation time
is much shorter.

key words: FDTD, signal modulation, channel capacity, multi-antenna,
MIMO

1. Introduction

Technologies for enhancing the data rate of wireless com-
munication are being actively pursued, and diversity antenna
[1] and Multiple-Input Multiple-Output (MIMO) systems
[2] are seen as key advances. The characteristics of the mul-
tiple antennas greatly impact the diversity gain or channel
capacity. The effect of the antenna characteristics on the
MIMO channel was generalized by Wallace et al. [3], but
the performance of a MIMO system strongly depends on
the interaction between the antenna system and propagation
environment. Therefore, evaluating a multiple antenna sys-
tem still demands extensive simulations to fully elucidate
the interaction. This incurs very high computation cost even
with the recent progress in computers. Hence, an efficient
method of MIMO channel simulation is needed.

The ray-tracing method [4]-[6] and the FDTD (Finite-
Difference Time-Domain) method [7], [8] are currently be-
ing used to evaluate propagation characteristics. Since the
ray-tracing method is based on geometric optics theory,
highly complex structures explode the computation time
and degrade analysis accuracy. The FDTD method, on the
other hand, divides the analysis region into small cells, and
Maxwell’s equations are applied to explain the electromag-
netic interactions among the cells. The FDTD method is
convenient for analyzing detailed structures including the
antennas and propagation environments. For this reason,
many large scale analyses have been based on the FDTD
method [8]. Unfortunately, its calculation time and memory
requirement increase in proportion to the total volume of the
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analysis space.

Fast FDTD analysis methods such as ADI (Alternating-
Direction Implicit) method [9] and sub-cell method [10]
have been proposed. In the ADI-FDTD method, the time
step is not restricted by the CFL (Courant-Friedrichs-Lewy)
condition. This method can reduce the computation time by
setting large time steps as appropriate. On the other hand,
the sub-cell method can deal with geometries that do not
suit the cells used. Since there is no need to use fine cells
throughout the entire analysis region, it can reduce both
computation memory and time. Even though these tech-
niques are effective in alleviating the computation load, an-
alyzing an array antenna with a voluminous propagation en-
vironment needs long computation time that is proportion to
the number of the antennas since each antenna needs to be
excited individually. For this reason, a fast FDTD analysis
suitable for multiple-antenna systems is required.

A fast analysis method for multiple-antenna systems
using OFDM (Orthogonal Frequency Division Multiplex-
ing) has been proposed [11]. This method enables the si-
multaneous analysis of multiple antennas since the exci-
tation signals are spectrally orthogonalized by exploiting
OFDM modulation. However, this method cannot analyze
two channels with the same frequency and so the frequency
response is intermittent.

To resolve this drawback, we proposed a fast analysis
method using the spread spectrum technique [12], [13]. This
method enables the simultaneous analysis of multiple an-
tennas since the excitation signals are orthogonalized by ex-
ploiting non-identical spreading codes. However, the wide
band signals generated by spreading codes average the fre-
quency characteristics of the channel, and the accurate chan-
nel response at the specific frequency cannot be observed.
Otherwise, a long period of the signal is needed for a high
spectral resolution [14], but this causes serious increase in
the FDTD time step. Therefore, neither this method nor [11]
can analyze the MIMO channel in a multipath environment.

In this paper, we propose a fast analysis method for the
multi-path environment. Its key advance is to introduce sig-
nal modulation to FDTD analysis. The modulated signals
for multiple transmitting antennas are made orthogonal to
each other, so the signals can be well separated (isolation is
high) at the receiving antennas. That is, the multiple trans-
mitting antennas are excited simultaneously and the MIMO
channel can be calculated with just one simulation. The
remainder of this paper describe the proposed scheme and
mechanism in detail. Numerical analysis results are also de-
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scribed; they show that the proposed method offers much
faster analysis than the FDTD method with the conventional
Gaussian pulse but with slight loss of accuracy.

2. The Concept of the Proposed Method

Figure 1 shows the concept of the proposed FDTD analysis
method. In the FDTD method, the propagation channel is
calculated using the voltage and current at the port of the
receiving antenna. The total voltage and current in the time
domain can be calculated first. After that, the voltage and
current waveform in the time domain are transformed into
frequency domain values by Fourier transformation. The
channel is obtained from the voltage and current in the fre-
quency domain. Figure 2 shows the transmitting and receiv-
ing ports. The transmitted signal vector and the received
signal vector in the frequency domain are expressed as,

1 )
x = E(UT/ZOI/Z +irZy'"?) (1)

1 .
y = E(UR/Z()I/2 —irZy'), ()

where Z; is the reference impedance used to define the
scattering parameters. o7y = [vri,...,vorm] and v =
[vr1, ..., UrM,] are voltage vectors in the frequency domain
at the port of the transmitting and receiving antenna, respec-
tively. iy = [ir1,...,irm,] and ig = [ig1, ..., irp,] are current
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Fig.1  Concept of the proposed method.
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Fig.2  Transmitting and receiving ports.
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vectors in the frequency domain at the port of the trans-
mitting and receiving antenna, respectively. Next, each of
the transmitted signals is defined by the plurality of sym-
bols V = [vry,...,ory]. The transmitted signal vector is
calculated by (1), and the transmitted signal matrix X =
[x1,...,xy] is generated. The number of transmitted sym-
bols, N, is made equal to the number of transmitting anten-
nas. The transmitted symbol length is T [time step]. Then
in the time domain, guard times, G, are inserted between
each of the transmitted symbols to prevent inter-symbol in-
terference at the receiver due to multi-path delay spread in
the radio channel. All antennas are excited at the same time
by these signals. On the receiving side, the received signal
vector is calculated by (2), and the received signal matrix
Y = [y, ...,yy] is generated. The MIMO channel is calcu-
lated by

H=YX" 3)

3. Numerical Results
3.1 Analysis Condition

The numerical analysis model of this study assumes dipole
arrays, see Fig.3. In order to evaluate the MIMO chan-
nel in a multi-path environment, the dipole arrays are sur-
rounded by concrete walls, one of which is pierced by a
large window. Two types of multi-path environments, i.e.
line-of-sight (LOS) and non-line-of-sight (NLOS), are eval-
uated in this study. Both models are identical except for

16m
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(a) LOS model
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(b) NLOS model
Fig.3  Analysis model.



2302

Table 1  Parameters of the structures.
Wall Window

5.5[15] 7.2

Relative permittivity e,

Relative permeability y, 1 1
Electrical conductivity o 0.023 0.0293
Thickness 60 mm 10 mm
Table2  Parameters for analysis.
Antenna Dipole antenna
Feeding model Delta-gap feed
Cell size 10 mm
Absorbing B.C. PML
Number of PML layer 8
Analysis frequency 1.125 GHz
Time step 19.26 ps

a partition wall between transmitting and receiving arrays.
The partition wall is located at the center of the room to
block the direct path between transmitting and receiving ar-
rays for NLOS model. Parameters of the structures are sum-
marized in Table 1. The distance between the transmitting
and receiving antennas is D; [m], and element spacing is
D, [m]. The distance between each element and the wall
is 0.5m. Details of the FDTD analysis configurations are
summarized in Table 2. A Gaussian pulse and modulated
signal pulse are used as the excitation signal. The latter is
generated by BPSK (Binary Phase Shift Keying), and the
excitation signal is given by

vri(t) = sin[2x f{t — (k = I)(T + G,)} + 6], 4)
Oy = 0, 7. { i::l]’ %f (5)

0y, is determined to make the signal sets orthogonal to each
other because the orthogonal signal sets offers high accuracy
in the calculation (3). In the frequency domain, the signal set
of k-th period can be expressed as,

Xik [ exp(jfix)
X, = N = — . . 6
¢ ‘ VM, : ©
XMk exp(jOu,i)

Therefore, the signal matrix can be written as,

X1t ot XIN
X =
XM1 .- XMN
j exp(jéi1) exp(join)

— : : . @)
VM, B y

exp(jOm,1) -+ exp(jOm,n)
In order to realize the orthogonality among the signal sets,
the signal matrix, X, needs to be unitary. Hence, 6y is cho-

sen to satisfy the relation, XX? = I. As an example, the
signal set for M, = 2 is determined as,
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Fig.4 Modulated pulse waveforms.
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Fig.5 Received signal waveforms.

Therefore, the signal matrix is expressed as,

o J (1 1
i)
which satisfies unitary condition and is used in the following
analysis.
In this study, an in-house-developed FDTD code was
used for both conventional and proposed analyses, where

basic and standard FDTD algorithm written in FORTRAN
90 was used.

3.2 Channel Characterization with the Guard Time Length
and Symbol Length

Figure 4 shows the modulated pulse waveforms. Antenna
Tx1 transmits signal 1 shown in Fig. 4(a), and antenna Tx2
transmits signal 2 shown in Fig.4(b). Here, the symbol
length is set to 7 = 500 time steps, and the guard time
length, G,, is 300 time steps. In the proposed method, anal-
yses that use modulated pulses require 2(7 +G;) [time steps]
for excitation and analysis. This is because guard times are
inserted between each of the transmitted symbols to prevent
inter-symbol interference at the receiver that would other-
wise be caused by multi-path delay spread.

Figure 5 shows received signal waveforms, which is
the simulated in NLOS model (b). The distance between the
transmitting and receiving antennas is D; = 15 m and ele-
ment spacing is D, = 0.1 m. Antenna Rx1 received signal 1
is shown in Fig. 5(a), and antenna Rx2 received signal 2 is
shown in Fig. 5(b). N; must set so that the excitation signal
reaches the receiving antenna, i.e.,

D,

Ny = —,
! VAt

(10)

where v, is the wave velocity in a vacuum, Az is the time
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Fig.6  Channel error versus symbol length.

step. Figure 5 shows that the propagation delay time is about

50 ns. This value is equal to the value calculated by (10).
Figure 6 plots channel error versus symbol length for

LOS and NLOS cases. The channel error is defined as,

re 2
_IHY - HIE

- (11)
&R

where H is the propagation channel to be evaluated, and
H' is the propagation channel obtained by the Gaussian
pulse with sufficiently long time analysis (10000 time steps).
In the method using a modulated signal, the number of time
steps required for the analysis is given by,

Niotar = Ny + 2(T + Gy), (12)

where T is the length of the excitation symbol and G is
the length of the guard time. In this simulation, G, = 300
time steps. The symbol length, 7', is changed from 100
to 1000 time steps. The distance between the transmitting
and receiving antennas is D; = 15m, and element spac-
ing is D, = 0.1 m. The results in Fig. 6 show that increas-
ing the symbol length decreases the channel errors. This
also shows that the error in NLOS environment is remaining
even when the symbol length is increased whereas that in
LOS decreases with symbol length. It is considered that the
power of the direct path is dominant and the power of the
delayed multipath component is almost negligible in LOS
environment. Nevertheless, the error at 7 > 200 time steps
is lower than —15 dB for both environments.

Figure 7 shows channel error versus guard time length.
In this simulation, 7 = 256 time steps. The guard time
length, G, is changed from O to 2000 time steps. Even
though the error in NLOS environment is larger than that
of the LOS environment, the sufficiently long guard time
offers fairly accurate results. It is found that the proposed
method can analyze the MIMO channel if the guard time
length is about half the delay spread, which was about 40 ns
(2000 time steps). Here, this delay spread is fairly typical
for small indoor environment at this frequency band [16].

From the results shown here, it is found that NLOS en-
vironment yields larger error than LOS environment. Since
the accuracy for LOS is obviously higher than that of LOS,
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Fig.8 Channel error versus element spacing.

NLOS environment is evaluated in the following discussion.
3.3 Comparison with the Conventional Method

Figure 8 shows channel error versus element spacing, where
the error is the channel difference from the result with Gaus-
sian pulse with long calculation time and is defined by (11).
The results obtained by the proposed method are compared
to the results obtained by the conventional method. Here,
the number of time steps, Ny, is 5300. In the analysis
using the Gaussian pulse, two individual analyses for two
antennas are performed. In order to equalize the total calcu-
lation time, the number of time steps for Gaussian pulse is
set to Nyyrai/2 = 2650 time steps. ‘w/o G,” shows the results
for the case of not inserting a guard time. In this simula-
tion, T = 256 and G, = 1000 time steps. The output of
conventional method without Gaussian pulse contains large
error. The reason is the propagation time between the trans-
mitting and receiving antennas. Since the signal transmitted
from one antenna cannot reach the other antenna, the chan-
nel cannot be calculated correctly. The results for the case
of not inserting a guard time, large error due to inter-symbol
interference is present. However, the proposed method can
analyze the two antennas at once, and the channels obtained
by the proposed method agree very well.

Figure 9 shows Signal-to-Noise Ratio (SNR) versus el-
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Fig.10  Spatial correlation versus element spacing.

ement spacing. The SNR is given by

Tr(HHH )P

SNR = 101log,, ] [dB], (13)

where, P is the transmission power and o? is the noise

power. In this simulation, transmission power is 0 dBm,
and noise power is —80dBm. ‘Exact’ shows the SNR ob-
tained by a long time (10000 time steps) calculation with the
Gaussian pulse. The SNR obtained by the proposed method
agrees very well with the exact result. However, it is seen
that SNR of the conventional method is about 40 dB.

Figure 10 plots spatial correlation versus element spac-
ing. It is seen that the difference between ‘Exact’ and the
proposed method is about 0. However, large error is present
with the results corresponding to w/o G, and Gaussian pulse.
As discussed in Fig. 8, the delayed multipath components
cause inter-symbol-interference, and the channel cannot be
estimated correctly for w/o G,. In conventional method, the
physical time in the simulation is not sufficient for the signal
reaching the receiving antennas, and the channel cannot be
calculated correctly, too.

Figure 11 plots channel capacity versus element spac-
ing. The channel capacity is obtained as

P
+1
M,o? )

= log, [det (HH” [Bits/s/Hz], (14)
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where, transmission power is 0 dBm, and noise power is
—80dBm. The channel capacities obtained by the proposed
method agree very well with the exact result. However, it is
seen that channel capacities of the conventional method are
about 20 bits/s/Hz.

3.4 Comparison of the Analysis Time Required

We compared the analysis time required by the proposed
method to that by the conventional method.

Figure 12 plots channel error versus total time steps.
Here, the distance between the transmitting and receiving
antennas is D; = 15 m, and element spacing is D, = 0.1 m.
The symbol length, T, is 256 time steps, and guard time
length, G;, is 1000 time steps. Large error is present in the
Gaussian pulse results when the total time steps, Ny iS
about 5000. On the other hand, the channel error of the pro-
posed method is only —20dB or so. For the channel error
of —15dB, the proposed method needed 4305 time steps,
while the conventional method with Gaussian pulse took
5883 time steps. Therefore, the proposed method could re-
duce the computation time by 26%. Note that the CPU time
of post processing for channel estimation is negligible com-
pared to the FDTD simulation. In this study, a PC with In-
tel Core 17 980X Extreme Edition and 24 GB memory was
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used. A single-core compiler was used and the CPU time for
the model shown in Fig. 3 with 10000 time steps was 13,023
seconds.

4. Conclusion

This paper presented a fast FDTD analysis method for
multiple-antenna systems that uses signal modulation. The
modulation ensures orthogonality among the excited sig-
nals. Simulations showed that the proposed method yields
channel characteristics that agree well with those of the con-
ventional method even though it reduces the computation
time by about 26%. Simulation of a small scale system,
2x2 antennas, demonstrated that our analysis method is ef-
fective in reducing the computation time of FDTD analysis
of multiple-antenna systems while offering acceptable accu-
racy.

As a final remark, the proposed method can be ap-
plied to array antenna systems that have arrays larger than
2x2. Nevertheless, the increase of the transmitting antennas
causes the interference among the signals larger than that of
the 2 x 2 case. This means the quantitative studies on the
signal parameters, such as the length of the guard and sym-
bol, and so on, are needed. This issue will be investigated
and presented in our future works.

Acknowledgements

This research was partially supported by JSPS KAKENHI
(25709030).

References

[1] J.H. Winters, J. Salz, and R.D. Gitlin, “The impact of antenna di-
versity on the capacity of wireless communication systems,” IEEE
Trans. Commun., vol.42, pp.1740-1751, Feb. 1994.

[2] G.J. Foschini and M.J. Gans, “Capacity when using diversity at
transmit and receive sites and the Rayleigh-faded matrix channel is
unknown at the transmitter,” Proc. WINLAB Workshop on Wireless
Information Network, vol.435, pp.253-267, March 1996.

[3] J.W. Wallace and M.A. Jensen, “Mutual coupling in MIMO wireless
systems: A rigorous network theory analysis,” IEEE Trans. Com-
mun., vol.3, no.4, pp.1317-1325, July 2004.

[4] J.W. Mcjown and R.L. Hamilton, Jr., “Ray tracing as a design tool
for radio networks,” IEEE Network Magazine, vol.5, no.6, pp.27—
30, Nov. 1991.

[5] G. Lampard and T. Vu-Dinh, “The effect of terrain on radio prop-
agation in urban microcells,” IEEE Trans. Veh. Tech., vol.42, no.3,
pp.314-317, Aug. 1993.

[6] T.Imaiand T. Fujii, “Propagation loss in multiple diffraction using
ray-tracing,” 1997 Antennas and Propagation Society International
Symposium (APS 1997), Proc. APS’97, vol.4, pp.2572-2575, July
1997

[7]1 K.S. Yee, “Numerical solution of initial boundary value problems
involving Maxwell’s equations in isotropic media,” IEEE Trans. An-
tennas Propag., vol.AP-14, no.3, pp.302-307, May 1966.

[8] T. Hikage, T. Nojima, S. Watanabe, and T. Shinozuka, “Electric—
field distribution estimation in a train carriage due to cellular ra-
dios in order to access the implantable cardiac pacemaker EMI
in semi-echoic environments,” IEEE Trans. Commun., vol.E88-B,
no.8, pp.3281-3286, Aug. 2005.

2305

[9] T. Namiki and K. Ito, “Investigation of numerical errors of the
two-dimensional ADI-FDTD method,” IEEE Trans. Microwave
Theory and Tech., vol.48, no.11, pp.1950-1956, Nov. 2000.

[10] J.J. Boonzaaier and C.W.I. Pistorius, “Thin wire dipoles a finite-d-
ifference time-domain approach,” Electronics Letters, vol.26, no.22,
pp-1891-1892, 1990.

[11] M. Obara, N. Honma, Y. Suzuki, “Fast S-parameter calculation tech-
nique for multi-antenna system using temporal-spectral orthogonal-
ity for FDTD method,” IEICE Trans. Commun., vol.E95-B, no.4,
pp-1338-1344, April 2012.

[12] K. Ouchida, N. Honma and Y. Tsunekawa, “Fast FDTD analysis of
MIMO channel using spread spectrum technique,” 2013 Asia-Pacific
Microwave Conference (APMC 2013), Electric Proc. APMC 2013,
T3D-1, pp.389-391, Nov. 2013.

[13] K. Ouchida, N. Honma, and Y. Tsunekawa, “Fast MIMO channel
calculation technique for multi-antenna system using spread spec-
trum technique for FDTD method,” IEICE Communications Ex-
press, vol.3, no.3, pp.104—-109, March 2014.

[14] J.D. Parsons, D.A. Demery, and A.M.D. Turkmani, “Sounding tech-
niques for wideband mobile radio channels: A review,” IEE Pro-
ceedings, vol.138, no.5, pp.437-446, 1991.

[15] Y. Yamaguchi, T. Abe, T. Sekiguchi, and J. Chiba, “Attenuation
constants of UHF radio waves in arched tunnels,” IEEE Trans. Mi-
crowave Theory Tech., vol.33, pp.714-718, Aug. 1985.

[16] A.A. Saleh and R.A. Valenzuela, “A statistical model for indoor
multipath propagation,” IEEE J. Select. Areas Commun., vol.5,
pp.128-137, Feb. 1987.

Kazuma Ouchida received the B.E. in
electrical and electronic engineering from Iwate
University, Morioka, Japan in 2013. He is cur-
rently with East Japan Railway Company. He
received the APMC Best Student Paper Award
in 2013.

Naoki Honma received the B.E., M.E., and
Ph.D. degrees in electrical engineering from To-
hoku University, Sendai, Japan in 1996, 1998,
and 2005, respectively. In 1998, he joined the
NTT Radio Communication Systems Laborato-
ries, Nippon Telegraph and Telephone Corpora-
tion (NTT), in Japan. He is now working for
Iwate University. He received the Young Engi-
neers Award from the IEICE of Japan in 2003,
the APMC Best Paper Award in 2003, the Best
Paper Award of IEICE Communication Society
in 2006, and the APMC2014 Prize in 2014, respectively. His current re-
search interest is MIMO antenna system and its applications. He is a mem-
ber of IEEE.


http://dx.doi.org/10.1109/tcomm.1994.582882
http://dx.doi.org/10.1007/0-306-47041-1_17
http://dx.doi.org/10.1109/twc.2004.830854
http://dx.doi.org/10.1109/25.231883
http://dx.doi.org/10.1109/aps.1997.625527
http://dx.doi.org/10.1109/tap.1966.1138693
http://dx.doi.org/10.1093/ietcom/e88-b.8.3281
http://dx.doi.org/10.1109/22.883876
http://dx.doi.org/10.1049/el:19901217
http://dx.doi.org/10.1587/transcom.e95.b.1338
http://dx.doi.org/10.1109/apmc.2013.6695156
http://dx.doi.org/10.1587/comex.3.104
http://dx.doi.org/10.1049/ip-i-2.1991.0059
http://dx.doi.org/10.1109/tmtt.1985.1133062
http://dx.doi.org/10.1109/jsac.1987.1146527

2306

Yoshitaka Tsunekawa received the B.E.
degree from Iwate University, Morioka, Japan,
in 1980 and the M.E. and the Doctor of Engi-
neering degrees from Tohoku University, Sen-
dai, Japan, in 1983 and 1993, respectively. Since
1983, he has been with the Faculty of Engineer-
ing, Iwate University, where he is now a profes-
sor at the Department of Electrical Engineering
and Computer Science. His current research in-
terests include digital signal processing and dig-
ital control. He is a member of the Institute
of Electronics, Information and Communication Engineers of Japan, and
IEEE.

IEICE TRANS. COMMUN., VOL.E98-B, NO.11 NOVEMBER 2015




<<
  /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 (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 /FlateEncode
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


