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Abstract— Ultrasonic guided waves can be used as the carriers 
of information in ultrasonic communication for pipe or plate 
channels. Permanent Periodic Magnet (PPM) Electromagnetic 
Acoustic Transducer (EMAT) can potentially provide unique 
capabilities for a communication system as a non-contact 
transmitter and receiver, which can selectively generate different 
modes of shear-horizontal (SH) waves. The SH wave shows the 
potentials in achieving high bitrate without error in ultrasonic 
communication. However, when a steel pipe is used as the 
communication channel, especially one with a radius comparable 
to the size of the transducer, no guided wave signal can be excited 
or detected by existing PPM-EMAT’s with flat coupling surface. 
In this paper, a 3D printed magnet holder is designed which can 
shape the magnet array. Also, the transmitter/receiver coils are 
made of flexible printed circuit which can fit over the curvature of 
the pipe channels.   The contoured PPM-EMAT transmitter and 
receiver can conform to the surface of the steel pipe channel in 
order to generate and detect torsional waves. Experimental tests 
of signal transmission with PPM-EMAT on a 160cm-long stainless 
steel pipe determine the optimal frequency for communication to 
be 916KHz. Information transmission experimental results 
confirm the validity of contoured PPM-EMAT for communication 
with a bitrate of 5kbps.   

I. INTRODUCTION 
Ultrasonic communication utilizes the ultrasonic guided 

waves as the carriers of information through a solid channel. A 
promising option to implement the transmitter and receiver 
used for generating and sensing SH wave on the steel plate is 
PPM-EMAT [1] [2]. The application of PPM-EMAT as 
transducers in ultrasonic communication has shown great 
potential for reliable information transmission through solid 
channels in oil or nuclear industrial [3] [4] [5].  Using PPM-
EMAT for ultrasonic communications has several advantages. 
First, EMAT does not require direct contact with the surface of 
the channel. Compared with the piezoelectric transducer (PZT), 
EMATs do not suffer from signal uncertainty due to coupling 
conditions. Additionally, EMAT can be easily re-positioned to 
a new location along the communication channel. Second, 
PPM-EMATs have a simple structure which can be tuned for 
generating a guided wave with desired characteristics. The 
excitation frequencies and guided wave propagation velocities 
are determined by the period of magnets array based on the 
channel requirements. Lastly, materials of PPM-EMAT 
transmitter and receiver are resilient to a harsh environment, 
such as high temperature and ionizing radiation. This makes 

PPM-EMAT attractive candidates for ultrasonic 
communications in nuclear energy applications. However, the 
limiting factor to the application of PPM-EMAT in ultrasonic 
communication on pipes is the transducer design in which the 
coupling surface is flat. When PPM-EMATs are installed on the 
steel pipe channel, particularly on a pipe with a radius 
comparable to transducer size, no ultrasonic signal could be 
generated and detected. This deficiency is due to the large air 
gap between the flat of EMAT and the curved pipe surface, 
which limits energy transfer.  

In this paper, we present a new design of contoured PPM-
EMAT which is optimized for generating and receiving 
torsional ultrasonic waves on a steel pipe. A 3D printed case is 
designed to hold the permanent magnets array into a curved 
topology arrangement. The bottom arc of the holder is designed 
to conform to the cylindrical surface of the steel pipe. The 
inexpensive holder can be rapidly 3D-printed for arbitrary 
piping geometry. The material of the case can resist the 
magnetic force and hold the magnets in their periodic place. 
Moreover, we use a flexible printed circuit method to 
manufacture the meander coils, which can conform to any 
radius of steel pipe. The contoured PPM-EMAT removes the 
air gap and can generate and receive a torsional wave on the 
steel pipe channel. Torsional wave modes [5] [6] share the same 
dispersion characteristics with plate wave SH modes, where one 
can excite different modes by applying different excitation 
frequencies. Rather than a collar-type circumferential array of 
transducers, the design in this paper simplifies the torsional 
wave generation. In addition, for communication on high-
temperature pipes, less insulation needs to be removed for a 
smaller size EMAT. Depending on the Signal-to-Noise Ratio 
(SNR) of a torsional wave propagating in the pipe channel, we 
can use amplitude shifting keying (ASK) [7] [8] or time-
reversal method [9] to conduct ultrasonic communications. The 
pulse shaping method [10] is implemented to compensate for 
the multipath effect. 

In Section II, the contoured PPM-EMAT design for steel 
pipe is described, including the 3D printed holder and flexible 
printed circuit manufactured coils. In addition, the theory of 
torsional wave generation is presented. In Section III, we 
discuss a series of experiments implemented to verify the 
validity of using contoured PPM-EMAT on a pipe channel. 
Different distance for signal transmission along the pipe and 
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communication carrier frequencies are tested. Finally, a 
multiple bit test is conducted, which shows that the PPM-
EMAT can be used for ultrasonic communication on the pipe 
channel.  

II. CONTOURED PPM-EMAT DESIGN FOR PIPE CHANNEL 
In recent prior work, we have shown that PPM-EMAT can 

selectively generate different modes of SH-waves (SH0, SH1, 
SH2…) by applying different excitation frequencies [4] on the 
plate channel. When an alternating current is applied to the coil, 
eddy current is induced in the material of the channel. The eddy 
current interacts with the permanent magnetic field, causing 
Lorenz force and generating elastic waves. The direction and 
amplitude of the Lorenz force can be determined by the 
following equation, 

 (1) 

where  is the eddy current and  is the static magnetic field.  
 

 
Figure 1. Lorentz force generation. (a) flat PPM-EMAT place on the pipe 

channel. (b) contoured PPM-EAMT placed on the pipe channel 
 

The Lorentz force generated in the material is the key to the 
production of ultrasonic waves. As shown in Figure 1(a), two 
magnet arrays and one racetrack coil are considered as one 
element. There exists a large air gap between the extremities of 
conventional flat EMAT and pipe surface due to the curvature 
of the pipe channel. The extremities of the meander coil are too 
far away from the pipe to generate an eddy current. In addition, 
the static magnetic field along the extremities cannot interact 
with the eddy current. As a result, only the PPM-EMAT 
element in close contact with the pipe can generate Lorentz 
force in the horizontal directions. Thus, no signals can be 
generated and detected on the pipe channel using conventional 
flat PPM-EMAT.   

A 3D printed holder and flexible printed circuit coil have 
been developed in this work to contour the PPM array and 
meander coil into an arc shape, as shown in Figure 1(b). Both 
the magnets and coils of the contoured PPM-EMAT can 
conform to the curvature of the pipe. The directions of the three 
elements are perpendicular to the pipe surface. When the 
alternating current induces an adverse axial eddy current below 
the pipe surface, a circumferential Lorentz force is generated in 
the radial static magnetic field. Depending on the polarization 
directions of magnets and alternating current, Lorentz force is 
generated in the same circumferential direction and enhances 
circumferential vibration, which generates a torsional wave 
propagating along the pipe channel [11].  

The photograph of the 3D-printed plastic holder and meander 
coil are shown in Figure 2 in the top left and top right panels, 
respectively. The curvature of the 3D printed holder matches 
that of the pipe, thus placing the magnets in the arrangement for 
optimal energy coupling. Each slot of the holder is occupied 
with one magnet in the array. The volume of the slot is 
determined by the size and periodicity of magnets in the array. 
The meander coil is made of flexible material and couples with 
a BNC connector. The size of the coil is matched with that of 
the magnet array. The PPM with holder is placed on top of 
meander coils. With a voltage source to drive the coils, the 
assembly can create a circumferential current in the axial 
direction.  A photograph in the bottom panel of Figure 2 shows 
the contoured PPM-EMAT installed on stainless steel pipe.  

 
Figure 2. Photographs of the 3D printed case for magnet arrays (top left) and 
flexible printed meander coils (top right). Contoured PPM-EMAT is installed 

on a pipe (bottom). 

III. EXPERIMENTAL TESTS 
Experimental tests have been conducted to evaluate the 

performance of the contoured PPM-EMAT as a transmitter and 
receiver for ultrasonic communications. The communication 
channel used in the test is a 169 cm (5.54 feet) long stainless-
steel pipe with an outer radius of 6.1 cm and an inner radius of 
4.1 cm. The communication test is conducted using the 
communication test platform described in our previous research 
papers [1] [2] [10]. There is usually a large impedance 
mismatch between the meander coils and the power amplifier, 
which makes electromagnetic-acoustic energy transfer 
inefficient. In order to achieve a good SNR for communication, 
the impedance matching network for transmitter and receiver 
have been designed and optimized. 

Several experiments were designed to transmit ultrasonic 
signals with the EMAT transmitter and receiver positioned at 
different distances on the pipe. As shown in Figure 3, the 
contoured PPM-EMAT receiver is fixed at 50 cm distance from 
the right end of the pipe. For the first measurement, the 
transmitter is set 49 cm away from the left end of the pipe, and 
the distance between the transmitter and receiver is 70 cm. 
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Then, the transmitter is moved towards the receiver to make the 
distance to be 60 cm and 30 cm, respectively. A 200 μs 
excitation pulse modulated with 8 carrier frequencies is fed to 
the transmitter. The orientation of the transmitter and receiver 
were adjusted so that they are positioned on top of the pipe 
channel on a straight line. The excitation frequencies are 260 
kHz, 283 kHz, 413 kHz, 432 kHz, 536 kHz, 601 kHz, 795 kHz, 
and 916 kHz, which correspond to different modes of the 
torsional wave. The excitation frequencies are listed in Table I. 

Figure 4 shows the received signal with a distance of 70 cm 
between transmitter and receiver. The pulse response with eight 
excitation frequencies can be observed in eight strip charts of 
Figure 4. The channel crosstalk in the received signal is 
significant, which appears as a 200 μs duration pulse without 
any time delay. Different modes of the torsional wave can be 
generated with 260 kHz to 916 kHz frequencies, respectively. 
The received signals contain wave modes with significant 
amplitudes and show undesirable multipath effects for all 
excitation frequencies. Both the channel crosstalk and 
multipath effect are sources of inter symbol interference (ISI) 
in ultrasonic communication. 
 

 
Figure 3. Setup for communication with contoured PPM-EMAT on a pipe 

channel 

 

 
Figure 4. Transmission across 70 cm distance 

 
Compared with the SH waves generated in the plate channel, 

the received wave components for communication on a pipe are 
more complex. In particular, it is difficult to distinguish the 
direct path from other paths (reflections from the pipe end) of a 
torsional wave propagating on the pipe channel. Nevertheless, 
the signals with a large amplitude which contains the largest 
energy of the received signal indicate that there is one bit of 
information transmitted through the channel, which can be 
filtered out through amplitude thresholding. The “desired” 
signals are regarded as the strongest torsional wave propagation 
path through 70 cm distance of the pipe channel, which are 
indicated with wire frame boxes in Figure 4. 

TABLE I. TORSIONAL WAVE TIME OF FLIGHT VELOCITY ESTIMATION 

Excitation Frequency Time of flight Velocity 

260 kHz 1600 m/s 

283 kHz 1300 m/s 

413 kHz 780 m/s 

432 kHz 1200 m/s 

536 kHz 820 m/s 

601 kHz 860 m/s 

795 kHz 810 m/s 

916 kHz 1000 m/s 

 
Using information from Figure 4, the time of flight for 

different modes can be estimated. Velocity for the pulse of each 
frequency is calculated and listed in Table I. These velocities 
do not yield the actual torsional wave velocity of different 
modes. We will trace the strongest path in cases of 60 cm and 
30 cm distance. Based on the time of flight velocity in Table I, 
we use the red square to mark the estimated arrival time of the 
pulse for the cases of signal transmission across 60 cm and 30 
cm. These are shown in Figures 5 and Figure 6, respectively.  

 

 
Figure 5. Transmission across 60 cm distance 

 

 
Figure 6. Transmission across 30 cm distance  

 
Figure 5 and Figure 6 displaying ultrasonic transmission 

across 60 cm and 30 cm distance between transmitter and 
receiver, respectively, show significant channel crosstalk in the 
received signals. Comparing the red square and received signal, 
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the 60 cm and 30 cm measurements do not entirely match the 
arrival time estimation. For example, the results of transmission 
across 70 cm distance for 260 kHz excitation frequency show a 
time delayed pulse with significant amplitude. The amplitude 
of the same frequency signal for transmission across 60 cm and 
30 cm distances is smaller. When the excitation frequency is 
601 kHz, no valid signal can be seen in the 60 cm distance 
measurement. When the excitation frequency is 916 kHz, all 
three received signals show a consistent result for pulse 
reception.  

IV. COMMUNICATION TEST RESULTS AND ANALYSIS  
This section presents the results of a communication test in 

which multiple bits were sent and received by transmitter and 
receiver placed at the opposite ends of the pipe. The distance 
between the transmitter and receiver is 160 cm. An optimal 
excitation frequency was selected by analyzing the SNR of a 
single transmitted pulse. Information was transmitted with a 
train of pulses of 200 μs duration, which corresponds to 5 
kilobits per second (kbps) bitrate. The SNR is calculated based 
on the three distance measurements with eight carrier 
frequencies. The results of calculations are shown in Figure 7.  
 

  
Figure 7. SNR calculation of experimental test 

 
The dependence of SNR on frequency is similar for 

transmission experiments across 60 cm and 30 cm distances, 
which are described in Figures 5 and 6, respectively. The SNR 
for 70 cm is overall larger than 60 cm and 30 cm, which means 
that the strongest propagation path of 70 cm distant might not 
be the case of 60 cm or 30 cm under some excitation frequencies. 
The 916 kHz excitation frequency has the largest SNR for all 
three curves, which means that using 916 kHz as carrier 
frequency can achieve a better communication performance, 
independent of the distance between transmitter and receiver.  

 For the multibit communication test, 916 kHz frequency was 
used for information transmission. The binary message consists 
of the string of bits ‘11000111001101011101’. Received 
signals of the communication test are shown in Figure 8(a). The 
pulse shaping technique is implemented in the demodulation 
method which can reduce the ISI effect and improve the SNR 
of the communication system. The demodulated waveform is 
shown in Figure 8(b), from which can recover the transmitted 

binary information without any errors. We therefore conclude 
that the contoured PPM-EMAT can be used as a transmitter and 
receiver for ultrasonic communication through a pipe channel.  
 

 
Figure 8. (a) 20 bits communication test received signal;  

(b) Demodulated signal 

V. CONCLUSION 
In this paper, we investigate the feasibility of using PPM-

EMAT as the transmitter and receiver in the ultrasonic 
communication through a steel pipe channel. A 3D printed 
magnet holder and flexible coils were designed to couple a 
PPM-EMAT with the pipe channel. A series of experiments are 
conducted to explore the performance of contoured PPM-
EMAT in ultrasonic communications with different carrier 
frequencies. The received signals in communication tests show 
complex signals when torsional wave propagates in the pipe 
channel. The desired signal used for communication is traced 
by velocity estimation. When using a 169 cm stainless steel pipe 
channel, a suitable carrier frequency is determined to be 
916KHz, and digital communication with a bitrate of 5 kbps can 
be achieved. These results prove the potential of extending the 
application of PPM-EMAT to ultrasonic communication on a 
pipe channel.  

VI. ACKNOWLEDGMENT 
This work was supported in part by the US Department of 

Energy, Office of Nuclear Energy, Nuclear Energy Enabling 
Technology (NEET) Advanced Sensors and Instrumentation 
(ASI) program, under contract DE-AC02-06CH11357. 

REFERENCES 
 
[1] X. Huang, J. Saniie, S. Bakhtiari and A. Heifetz, "Ultrasonic 

Communication System Design Using Electromagnetic Acoustic 
Transducer," in 2018 IEEE International Ultrasonics Symposium (IUS), 
Kobe, Japan, 2018.  

[2] X. Huang, J. Saniie, S. Bakhtiari and A. Heifetz, "Applying EMAT for 
Ultrasonic Communication through Steel Plates and Pipes," in IEEE 
International Conference on Electro/Information Technology, 
Rochester, Michigan, USA, 2018.  

[3] J. Saniie, B. Wang and X. Huang, "Information Transmission Through 
Solids Using Ultrasound Invited Paper," in IEEE International 
Ultrasonics Symposium (IUS , Kobe, Japan, 2018.  

[4] M. Hirao and H. Ogi, Electromagnetic Acoustic Transducers, Japan: 
Springer Japan, 2017.  

[5] J. L. Rose, Ultrasonic Waves in Solid Media, Cambridge, United 
Kingdom: CAMBRIDGE UNIVERSITY PRESS, 1999.  

209

Authorized licensed use limited to: Illinois Institute of Technology. Downloaded on September 30,2020 at 21:14:15 UTC from IEEE Xplore.  Restrictions apply. 



[6]  Y. Wang, X. Wu, P. Sun and J. Li, "Enhancement of the Excitation 
Efficiency of a Torsional Wave PPM EMAT Array for Pipe Inspection 
by Optimizing the Element Number of the Array Based on 3-D FEM," 
Sensors, vol. 15(2), pp. 3471-3490, 2015.  

[7]  B. Wang, J. Saniie, S. Bakhtiari and A. Heifetz, "Architecture of an 
Ultrasonic Experimental Platform for information transmission through 
solid," in IEEE International Ultrasonics Symposium (IUS), 
Washington, DC, USA, 2017.  

[8]  B. Wang, J. Saniie, S. Bakhtiari and A. Heifetz, "A High-Performance 
Communication Platform for Ultrasonic Applications," in IEEE 
International Ultrasonics Symposium (IUS), Kobe, Japan, 2018.  

[9] X. Huang, J. Saniie, S. Bakhtiari and A. Heifetz, "Time Reversal Signal 
Processing for Ultrasonic Communication through Metal Channels," in 
IEEE International Ultrasonics Symposium (IUS), Glasgow, UK, 2019. 

[10] X. Huang, J. Saniie, A. Heifetz and S. Bakhtiari, "Pulse Shaping and 
Matched Filters for EMAT Communication System," in IEEE 
International Conference on Electro/Information Technology, South 
Dakota, USA, 2019.  

[11] S. Hill, S. Dixon, H. Sri, P. Rajagopal and K. Balasubramaniam, "A new 
electromagnetic acoustic transducer design for generating torsional 
guided wave modes for pipe inspections," in AIP Conference 
Proceedings, College Park, MD, USA, 2017.  

 
 

210

Authorized licensed use limited to: Illinois Institute of Technology. Downloaded on September 30,2020 at 21:14:15 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


