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Abstract—This letter presents analysis of diffraction over
multiple shadowing screens at frequency range of 10–18 GHz.
Up to ten pieces of thin metal sheets with dimensions of
130 × 100 cm at variable spacing were used as diffraction screens.
The aim of this study is to investigate the total shadowing effect
of multiple knife-edge diffractions at frequencies above the legacy
cellular systems. The results show the necessity to adjust the
Walfisch–Bertoni path loss model for the higher frequencies in the
future fifth-generation systems.

Index Terms—Centimeter-wave (cmWave) and millimeter-
wave (mmWave) measurements, multiple-screen diffraction loss,
Walfisch–Bertoni settled-field equation.

I. INTRODUCTION

C ENTIMETER-WAVE (cmWave) and millimeter-wave
(mmWave) range, above the traditional cellular frequency

bands, has been promising for the fifth-generation (5G) telecom-
munication systems. Several measurements and research activ-
ities have recently been conducted to investigate the frequency
range to be utilized by the coming 5G systems around 2020 and
beyond [1]–[6].

The demand for higher transmission rates, when compared
to existing systems operating below 3 GHz, has motivated the
use of millimeter-wave spectrum, as a large range of spectrum
is available within the 3–30-GHz super high-frequency and 30–
300-GHz extremely high-frequency spectrum. In this way, ra-
dio channel characterization becomes essential within the men-
tioned spectra in order to design and foresee the operation of
the new 5G systems.

A semideterministic channel model for evaluation of 5G sys-
tems was developed and proposed by the METIS Project in [7].
The introduced map-based model addresses the variety of re-
quirements set to a 5G channel model. One important aspect of
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the model is the concept of random objects. It is known that the
blockage is a prominent propagation effect on higher frequen-
cies and that the existing 4G models are not sufficiently covering
this effect [7], [8]. In the map-based model, the objects, repre-
senting smaller obstacles such as lamp posts, humans, and cars,
cause blockage of propagation paths. In [7], for the shadowing
effect, the objects are approximated as conductive rectangular
screens. The attenuation due to an object is modeled with the
knife-edge diffraction across four edges of the screen. This of-
fers a relatively simple method to calculate the shadowing effect
as a function of frequency and geometry.

In the case of dense population of objects, as for example
with many humans in an open-air festival, the multiple
knife-edge diffraction overestimates the attenuation. Therefore,
a special amendment for multiple-screen shadowing was
introduced in [7]. There the knife-edge diffraction is taken only
for the dominant object and the model is complemented by
an additional diffraction loss due to multiple screens, approx-
imated by the Walfisch–Bertoni model [9], [10]. However, the
original Walfisch–Bertoni model has been derived from a set
of measurement conducted in the 1980s and earlier at below
1-GHz frequencies and with tens-of-kilometers link distances.
Thus, it may not be fully suitable with higher frequencies,
much shorter link distances, and shorter interobject distances.
The original motivation for our current work is to evaluate, by
measurements, whether the original Walfisch–Bertoni model
is suitable for complementing the 5G blockage model of
[7] and to find an updated parameterization for it, if found
necessary.

Only a few diffraction measurements are available at the
10–18-GHz frequency band [6]. To the knowledge of the au-
thors, no measurements results for the excess diffraction path
loss in a multiple screen shadowing environment exist in the
literature.

The letter is organized as follows. Section II presents
the Walfisch–Bertoni diffraction excess loss (EL) equation.
Section III describes the measurement setup and environment.
The data analysis process and measurement results are presented
in Section IV. The conclusions are discussed in Section V.

II. WALFISCH–BERTONI DIFFRACTION APPROXIMATION

The Walfisch–Bertoni model accounts for a multiple-
diffraction environment. In this model, a numerical evaluation
of the Kirchhoff–Huygens integral has been performed, and a
power, law formula has been obtained for the field settled with
sufficient large number of obstacles (buildings) [10]. The ratio
of the settled-field and the incident-field amplitudes, which can



Fig. 1. Block diagram of the radio channel measurement setup.

be considered as the excess diffraction loss, is defined as
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where θ is the elevation angle of the base station antenna from
the top of the final building in radians, dav is the average distance
between the buildings, and λ is the free-space wavelength [10].
This equation accounts for multiple diffraction in contrast to
the single-edged diffraction from the first building and at first

can be applied when 0.03 ≤ t ≤ 0.4, where t = θ
√

dav
λ

, and
also requires a large number of buildings, particularly when θ
is small.

In this letter, the performance of this settled-field approxi-
mation will be evaluated for some environment conditions that
probably will occur in 5G future systems, particularly for many
closely spaced objects (screens) between the transmitter and re-
ceiver and for small values of θ. Equation (1) will be generalized
to the following form:

Asettled = a
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)b

(2)

where the original parameter values are a = 2.35 and b = 0.9.

III. MEASUREMENT SETUP

The overall measurement configuration is illustrated in Fig. 1.
The intention was to perform a number of static network ana-
lyzer measurements varying both the incidence angle θ and the
interscreen spacing. The measurements were performed inside
an auditorium at the University of Oulu.

The screens, up to ten, were metallic plates with dimensions
of 130 × 100 × 0.05 cm3 . To analyze different diffraction
scenarios, the screens’ average distance was changed, resulting
in six different screens configurations, with different average
distance between screens, as described in Table I. The screens
were placed typically in nonuniform spacing. Only the screen
position closest to the RX antenna was fixed at the distance
of 1.5 m from the antenna. The total two-dimensional distance
from the transmitter (TX) to the receiver (RX) was 18 m.

The antenna configuration was single-input–single-output
(SISO), with a RX antenna height of 1.147 m and TX antenna
height of 1.37, 1.445, 1.59, 1.735, 1.88, 2.02, 2.165, and 2.31

TABLE I
MULTIPLE-SCREEN CONFIGURATION

Configuration Number of screens Average distance dav

1 10 1.28
2 10 1.50
3 7 2.25
4 6 2.30
5 5 3.38
6 3 6.75

m. The measured bandwidth was 8 GHz (10–18 GHz), wide
enough to enable time-gating of multipath components result-
ing from interactions with the other environment, such as wall
and floor reflections. The purpose is to investigate only the paths
diffracted over the screens. Additional absorbers were placed on
both sides of the first and the last screen to suppress propagation
across the vertical screen edges. A photograph of the measured
environment can be seen in Fig. 2.

A Keysight N5227A 4-port PNA network analyzer was uti-
lized to record the scattering parameters (S21 parameters) in the
frequency domain. The transmit power was 10 dBm, the num-
ber of points was settled to 3201, and the resolution bandwidth
(IFBW) 10 kHz. The TX antenna was an SH-2000 dual-ridged
Satimo horn (2–32 GHz) with return loss <−10 dB over the
10–18-GHz frequency band. The RX antenna was an SH-4000
dual-ridged Satimo horn (4–40 GHz) with return loss <−10 dB
over the 10–18-GHz frequency band. Radiation patterns of an-
tennas were measured with Satimo Starlab. Antenna gains in
the main direction are in the range of 7.3 and 10.7 dBi (RX) and
10.3 and 13.1 dBi (TX) on the measurement band. The antenna
gain variation across the small range of utilized departure/arrival
angles is negligible, thus a single gain value per antenna per fre-
quency band can be used. In the measurement, both antennas
were oriented to have vertical main polarization.

IV. DATA ANALYSIS AND RESULTS

At first, the EL due to multiple-screen diffraction is analyzed
from the measurements. Then, the function of (2) is fitted to the
extracted data to find the function parameters a, b.

A. Extracting Excess Diffraction Loss

The inverse discrete Fourier transform (IDFT) was applied to
obtain impulse responses of the channel. A sliding Kaiser win-
dow with parameter β = 5 was applied in IDFT to weight the
data to different center frequencies and to prevent the frequency
leakage. The measurement settings using a bandwidth of 8 GHz
provide a delay resolution of 0.125 ns, a path resolution of 3.75
cm, and a maximum detectable path length of 120 m. Once
the delay domain of the measured channel was obtained, the
diffracted path was selected assuming the first detected multi-
path component is the diffracted one. The path length d of this
path from the TX antenna to the RX antenna was also checked
for each configuration.

In the multiple-screen shadowing model [7], [9], [10], the first
dominating shadowing screen closest to RX is approximated
using the knife-edge diffraction model [11], and the additional
diffraction loss due to multiple screens is estimated using the



Fig. 2. Panorama view of the measurement environment. (Screens were aligned in a straight row formation, despite the optical impression of the photograph.)

previous defined Walfisch–Bertoni equation. Therefore, when
processing the measured data for each screen configuration,
the first peak power level is obtained. The measured path gain
G(d, θ, f,Θ), where Θ denotes the screen configuration, is then
obtained. The antenna gains grx and gtx, the free-space path
loss Lfsl, as well as the knife-edge diffraction loss Lked for the
screen closest to RX are compensated for. The remaining effect
is assumed to be the EL due to multiple screens, calculated as
follows:

Ameas(d, θ, f,Θ) =

√
G(d, θ, f,Θ)Lfsl(d, f)Lked(θ, f)

gtx(f)grx(f)
(3)

where all gains and losses are in linear power units.

B. Determining Walfisch–Bertoni Function Parameters

Once the excess diffraction loss was obtained separately
for each screen configuration, each incidence angle, and each
frequency under analysis, a search for the coefficients of the
Walfisch–Bertoni EL, (2), was also performed. The results of
all measured configurations were processed altogether, and a
best fit for the coefficients a and b was obtained for each fre-
quency under analysis. The fit was done using the MATLAB
Curve Fitting Toolbox using a custom equation in the format of
(1), in decibels units. The best a and b values were found using
goodness-of-fit statistics.

The fitted curve for 10-GHz measurements data can be seen
in Fig. 3, and the results of all bands are summarized in Table II.
At 10 GHz, for small values of θ and dav in the range of 1.28
and 6.75 m, we can observe a similar result for the b coefficient
and an offset of 3.4 dB because of the a coefficient difference,
when compared to the original Walfisch–Bertoni equation.

From Table II, we get the mean values a = 1.419 and
b = 0.9762 for the parameters averaged over all the analyzed
frequency bands.

Based on the extracted parameters of Table II and their stable
behavior across considered frequency bands, we propose to up-
date the Walfisch–Bertoni parameters in (1) using the mean ob-
tained values a = 1.419 and b = 0.9762. The updated function
based on measurement results is an approximation of observa-
tions from (3) and confirms the need to calibrate the Walfish–
Bertoni diffraction EL for the mmWave frequency range. Even

Fig. 3. Fit curve: 10-GHz measurements.

TABLE II
FITTED PARAMETERS—(2)

Frequency a b

10 GHz 1.592 0.9324
11 GHz 1.535 0.9445
12 GHz 1.458 0.9522
13 GHz 1.374 0.9654
14 GHz 1.439 0.9767
15 GHz 1.341 0.9878
16 GHz 1.318 0.9986
17 GHz 1.365 1.0090
18 GHz 1.350 1.0190
Mean value 1.419 0.9762

while the b parameter is closer to the original, a significant off-
set of approximately 4.4 dB was found with the a parameter
extracted from the measurements.

This difference can be explained by a set of reasons. The
environment is highly different: Obstacles are uniform 1.3-m-
high metallic screens instead of heterogeneous outdoor urban



Fig. 4. Results for the (a) ODL and (b) EL.

environment with mostly concrete-made high-rise buildings.
There was typically never any knife edge diffraction in the
original Walfisch–Bertoni measurements. Rather, there the con-
dition was wedge diffraction from building rooftops and roof
structures. Also, the frequency in the current work is more than
one decade higher compared to the original Walfisch–Bertoni
measurements. We propose to substitute the original Bertoni pa-
rameters only for the special purpose of the METIS map-based
model [7], but not the original model for urban microcellular
environments at UHF bands or higher bands.

Using the mean values of a and b, the EL can be extrapolated
to higher interspace screen distance (in wavelengths). The t pa-
rameter must be in the 0.03 ≤ t ≤ 0.997 range in order for the
EL to be positive and also to be in the range of this measurement
campaign. The updated function can be utilized for modeling
of multiple-screen diffraction for the cases described in [7, Sec
6.2, step 7]. We expect that the applicable frequency range for
the model can be well extended also beyond the original mea-
surement band of 10–18 GHz.

C. Frequency Dependency of Diffraction Loss

Frequency dependence of the overall measured diffraction
loss (ODL) and its comparison to the EL is illustrated in Fig. 4.
For the ODL case, the antenna gains and the theoretical free-
space loss are compensated from the measured gain of the
diffracted path (over screens). For the EL case, the knife-edge
diffraction loss from the first screen (closest to Rx) is also com-
pensated.

With θ = 0.5◦ in the configuration 2, there is line-of-sight
(LOS) blockage for the first six screens, resulting in an approx-
imate ODL of 23.7 dB and an approximate EL of 15.3 dB (an
8.4-dB difference from the mean ODL) and for configuration 4,
there is LOS blockage for the first four screens, resulting in an
approximate ODL of 25.6 dB and an approximate EL of 17.2 dB
(an 8.4-dB difference from the mean ODL. The screen density,
six or ten screens, has only modest impact to the loss.

With θ = 3.5◦, there is LOS blockage only by the first screen.
The mean ODL is approximately 11.8 dB and the mean EL is
approximately −3.3 dB (a 15.1-dB difference from the mean
ODL) for the configuration 2, and the mean ODL is 13.3 dB and
the mean EL is −0.8 dB (a 14.1-dB difference from the mean
ODL) for the configuration 4. We can observe negative ELs
(gain) for this case, and this can be explained by the contribution
of the other screens (diffraction to the lit zone), which on average
generates a diffraction gain when considering the contributions
altogether. For this case, the screen density, six or ten screens,
has only modest impact to the loss.

V. CONCLUSION

In this letter, diffraction measurements in a multiple-screen
environment were performed at a frequency range of 10–18
GHz. These results could be useful to be considered in RF
prediction for the new 5G communications systems, especially
for the blockage effect.

A radio channel measurement setup using a vector network
analyzer (VNA), directive TX and RX antennas, and up to ten
metallic screens was configured in an open space, and the excess
diffraction loss was extracted from the measurements. The main
objective was to verify and update the Walfisch–Bertoni excess
diffraction loss coefficients, which originally have the values
of a = 2.35 and b = 0.9, when applied to the cmWave and
mmWave frequency bands predictions and with substantially
smaller link distances and interobstacle distances as the original
model.

Finally, the measurements showed that it is necessary to make
a small calibration in the Walfisch–Bertoni excess diffraction
loss, when applying it at the cmWave and mmWave frequency
bands, in a multiple-object shadowing environment for block-
age modeling with obstacles of relatively small sizes in meters.
The analysis gave new coefficients, with values of a = 1.419
(which differs substantially from the original equation) and
b = 0.976.

Future investigations could be considered for higher fre-
quency bands, e.g., 25–60 GHz, with wider range of link dis-
tances and interscreen distances, with different screen sizes, and
with both vertically and horizontally polarized measurement
antennas.

REFERENCES

[1] S. Salous et al., “Millimeter-wave propagation: Characterization and mod-
eling toward fifth-generation systems. [wireless corner],” IEEE Antennas
Propag. Mag., vol. 58, no. 6, pp. 115–127, Dec. 2016.

[2] J. Medbo et al., “Radio propagation modeling for 5G mobile and wireless
communications,” IEEE Commun. Mag., vol. 54, no. 6, pp. 144–151,
Jun. 2016.

[3] K. Haneda, N. Omaki, T. Imai, L. Raschkowski, M. Peter, and
A. Roivainen, “Frequency-agile pathloss models for urban street canyons,”
IEEE Trans. Antennas Propag., vol. 64, no. 5, pp. 1941–1951,
May 2016.

[4] P. B. Papazian, C. Gentile, K. A. Remley, J. Senic, and N. Golmie, “A
radio channel sounder for mobile millimeter-wave communications: Sys-
tem implementation and measurement assessment,” IEEE Trans. Microw.
Theory Techn., vol. 64, no. 9, pp. 2924–2932, Sep. 2016.

[5] A. Roivainen et al., “Validation of deterministic radio channel model by
10 GHz microcell measurements,” in Proc. 22th Eur. Wireless Conf. Eur.
Wireless 2016, 2016, pp. 1–6.

[6] N. Tervo et al., “Diffraction measurements around a building corner at 10
GHz,” in Proc. 1st Int. Conf. 5G Ubiquitous Connectivity, 2014, pp. 1187–
191.

[7] L. Rachowski, P. Kyösti, K. Kusume, and T. Jämsä, “METIS channel
models, deliverable 1.4 v.1.3,” METIS Project, Tech. Rep. ICT-317669,
2015.

[8] 3rd Generation Partnership Project, “Channel model for frequency spec-
trum above 6 GHz,” 3rd Generation Partnership Project, Tech. Rep. TR
38.900, Rel 14, V2.0.0, Jun. 2016.

[9] H. L. Bertoni, Radio Propagation for Modern Wireless Systems, 1st ed.
Englewood Cliffs, NJ, USA: Prentice-Hall, 2000.

[10] J. Walfisch and H. L. Bertoni, “A theoretical model of UHF propagation
in urban environments,” IEEE Trans. Antennas Propag., vol. 36, no. 12,
pp. 1788–1796, Dec. 1988.

[11] S. R. Saunders and A. Aragón-Zavala, Antennas and Propagation for
Wireless Communications Systems, 2nd ed. New York, NY, USA: Wiley,
2007.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


