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Array Transducer Design: A Vibrant Research
Theme in Medical Ultrasonics

INCE the 1970s, when portable transducer arrays were
Sﬁrst introduced for medical ultrasound imaging, they
have undergone substantial technological developments. The
development of advanced arrays is often motivated by the
need to achieve high diagnostic and therapeutic efficacy and
to serve new fields of application. In the past few decades,
medical ultrasound array design has been an active research
area with challenging technical requirements that continually
seek to reduce physical size, improve sensitivity, optimize the
number of array elements, realize wide bandwidth, and achieve
high output power. The need to devise arrays with increased
performance has concurrently stimulated advances in trans-
ducer technologies, microelectronics, and array layout design.
Nowadays, representative examples can be found for both 2-D
and 3-D applications such as high-intensity-focused ultrasound
arrays, very-high-frequency or dual-frequency probes, kerf-
less arrays, 2-D sparse arrays, and probes with embedded
application-specific integrated circuits. The emergence of these
advanced arrays has, in turn, stimulated the development
of novel, customized transmission and reception approaches,
image reconstruction algorithms, and data recovery strategies
to exploit or deal with the peculiarities of a specific array.

To celebrate the vibrant research activities in the above-
mentioned areas, IEEE TRANSACTIONS ON ULTRASONICS,
FERROELECTRICS, AND FREQUENCY CONTROL has pre-
pared a Spotlight Issue on the theme of “Recent Advances
in Medical Ultrasound Array Design.” This Spotlight Issue
comprises a collection of two review articles and ten original
research papers. It serves to highlight the latest technological
advances in medical ultrasound array design and to provide a
resource point for colleagues who are interested in learning
about recent progress on this research theme. Four major
bodies of contributions have been covered in this Spotlight
Issue, as outlined in the subsections below.

A. Emerging Arrays for 3-D Ultrasound Imaging

This Spotlight Issue opens with review papers on two
emerging types of array transducers for 3-D imaging appli-
cations: 1) row-column (RC) arrays and 2) 2-D sparse arrays.

In [A1], Jensen et al. presented recent advancements on RC
arrays. The authors first provide historical information on the
development of RC arrays, and it is followed by a summary of
challenges in RC imaging. Several image formation techniques
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for RC arrays are also reviewed that serve as a resource point
to newcomers to RC array research. The article concludes by
providing example applications of RC array and insights into
the future directions of the field.

On the other hand, in [A2], Ramalli et al. introduced
the main factors influencing the design of sparse arrays and
illustrated the main design methods. They reviewed both
the experimental implementations of sparse arrays and their
applications. They concluded that although some drawbacks
must be solved (e.g., the limited signal-to-noise ratio), sparse
arrays could represent a feasible option for the development
of 3-D imaging systems at a moderate cost, and for preclinical
application of novel methods.

B. Application-Specific Array Design

In some applications, the design of array transducers needs
to be customized to fit special technical requirements. This
Spotlight Issue has showcased three representative examples
of these application-specific arrays.

In [A3], Benedict er al. detailed the design of a 2-D
array and the driving system for powering biomedical ultra-
sonic implants. They assembled a 52-element, 1.8-mm pitch,
13-mm diameter array on a 0.3-mm flexible printed circuit
board. Such design specifications, while meeting emission
limits set forth by the Food and Drug Administration (FDA),
sought to optimize the link efficiency, the intensity at the
implant, and grating lobes. Also, energy transfer efficiency
was maximized through time reversal and the related phase
reversal approach.

In [A4], Stocker et al. described the design and fabrication
of a 260-element phased array for use in histotripsy in the
abdominal cavity. The phased array design was physically
compact due to the use of arbitrary element shapes. The
authors demonstrated the feasibility of their design of with
arc-shaped elements, and it showed an excellent steering range
for histotripsy. A modular approach, wherein each element can
be tested and replaced separately, was shown to improve the
overall yield of the full array.

In [AS], Pialot et al. showed that a 64-element, arthro-
scopic probe can be used for imaging the vascularization of
the meniscus during surgery. Specifically, they demonstrated,
through phantom experiments, that the intrinsic low sensitivity
of such a miniaturized probe can be enhanced (by up to 10 dB)
through a chirp-coded sequence with a compression filter
robust to attenuation, even though there was a concomitant
reduction in axial resolution (13% worse).
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C. Fabrication and Testing of Array Transducers

Successful development of array transducers after all
requires mature protocols for probe fabrication and metrol-
ogy. In this Spotlight Issue, three papers have been included
to disseminate the latest knowledge and know-how on this
engineering aspect of medical array design.

In [A6], Roa et al. addressed one critical challenge in fab-
ricating micro-ultrasound arrays: that is, spatial constraints in
making electrical connections to array elements. By using the
laser ablation process, the authors have successfully patterned
high-density flexible circuit cablings (with traces of 60 xm
pitch and 5 um wide) for a micro-ultrasound array with a
center frequency of 43 MHz and 30 um pitch (sublambda
pitch). The array assembly showed good yield and consistent
impedance across channels. These results confirmed the fea-
sibility of prototyping micro-ultrasound arrays for endoscopic
applications.

In [A7], Wei et al. described the design and prototyping
of two sparse volumetric-imaging arrays based on the “lead
zirconate titanate on printed circuit board” (PZT-on-PCB)
technology. The design incorporated discrete in-probe small-
signal amplifiers to improve the signal-to-noise ratio. With
this design, the authors were able to achieve the required
bandwidth for using the probes as a platform for sparse array
imaging developments.

In [A8], Maffett et al. performed a metrology investiga-
tion to evaluate the feasibility of using a density-tapered
spiral array transducer for high-volume-rate 3-D imaging.
The spiral array was fabricated using a capacitive microma-
chined ultrasound transducer (CMUT) design approach. The
results showed that the spiral array could consistently deliver
unfocused transmissions with a spatial-peak, pulse-average
intensity of 0.3 W/cm? (within the FDA limit), and its received
pulse echoes could be beamformed to produce B-mode images
with good spatial resolution.

D. New Imaging Schemes for Ultrasound Arrays

As array transducers are actively being developed, novel
schemes and algorithms have emerged to make adept use
of these arrays to achieve robust imaging performance. This
Spotlight Issue has included four articles on different aspects
of this research topic.

In [A9], Sobhani et al. introduced a new coherent
compounding scheme for ultrafast coded synthetic aperture
imaging using a new type of RC arrays with bias-switchable
functionalities. This new method produced high-quality
images that were not susceptible to tissue motion. It was
deemed to yield a good tradeoff between system complexity,
field of view, and frame rate.

In [A10], Lafci et al. aimed at aiding the development
of optimized hardware and image acquisition strategies for
reflection ultrasound computed tomography (RUCT). The
authors experimentally showed that a reduced number of large
elements allowed the preservation of imaging performance at
the central part of the image. On the other hand, a sparse
distribution of small elements was found resulting in a more

uniform performance across the field of view with reduced
contrast.

In [A11], Xiao et al. investigated the possibility of recon-
structing missing channel data when only half of the array
elements may be used concurrently due to constraints in
system electronics. The solution was based on deep learning in
the form of a convolutional encoder—decoder neural network.
The authors showed with in-vivo data that, when using the
proposed deep learning framework, degradation of the result-
ing B-mode image quality was limited (below 3 dB) even if
only every other array channel was used for pulse-echo data
sampling.

In [A12], Soozande et al. reported an imaging sequence
for a dedicated 3-D intracardiac probe that can yield high
volumetric rates of 1000 volumetric frames per second. This
imaging sequence was intended for use in mapping the electro-
mechanical wave propagation pattern in the heart. The authors
showed via extensive simulations that high volumetric frame
rates and good image quality could be simultaneously achieved
when using micro-beamforming, which was needed to reduce
cable count in the catheter shaft.

E. Final Remarks

The Guest Editors would like to take this opportunity to
thank all contributing authors for their excellent work. The
Guest Editors hope this Spotlight Issue can serve to prompt
further engineering innovations and applications of medical
ultrasound array transducers. Realization of these advances
will be crucial for the continued growth of ultrasound imaging
in clinical diagnostics.
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Department of Information Engineering
University of Florence

50121 Florence, Italy

HENDRIK J. VOS, Guest Editor
Department of Biomedical Engineering
Erasmus MC University Medical Center
3015 GD Rotterdam, The Netherlands

BILLY Y. S. Y1U, Guest Editor
Schlegel-UW Research Institute for Aging
University of Waterloo

Waterloo, ON N2L 3G1, Canada

APPENDIX: RELATED ARTICLES

[A1] J. A. Jensen et al., “Anatomic and functional imaging using row—
column arrays,” IEEE Trans. Ultrason., Ferroelectr., Freq. Control,
vol. 69, no. 10, Oct. 2022, doi: 10.1109/TUFFC.2022.3191391.

[A2] A. Ramalli, E. Boni, E. Roux, H. Liebgott, and P. Tortoli, “Design,
implementation, and medical applications of 2-D ultrasound sparse
arrays,” IEEE Trans. Ultrason., Ferroelectr., Freq. Control, vol. 69,
no. 10, Oct. 2022, doi: 10.1109/TUFFC.2022.3162419.


http://dx.doi.org/10.1109/TUFFC.2022.3191391
http://dx.doi.org/10.1109/TUFFC.2022.3162419

2720 IEEE TRANSACTIONS ON ULTRASONICS, FERROELECTRICS, AND FREQUENCY CONTROL, VOL. 69, NO. 10, OCTOBER 2022
[A3] B. C. Benedict, M. M. Ghanbari, and R. Muller, “Phased [A8] R. Maffett et al., “Unfocused field analysis of a density-tapered spiral
array beamforming methods for powering biomedical ultra- array for high-volume-rate 3-D ultrasound imaging,” IEEE Trans.
sonic implants,” IEEE Trans. Ultrason., Ferroelectr., Freq. Con- Ultrason., Ferroelectr., Freq. Control, vol. 69, no. 10, Oct. 2022,

trol, vol. 69, no. 10, Oct. 2022, doi: 10.1109/TUFFC.2022. doi: 10.1109/TUFFC.2022.3188245.
3197705. [A9] M. R. Sobhani, M. Ghavami, A. K. Ilkhechi, J. Brown, and R. Zemp,

[A4] G. E. Stocker et al., “A modular, kerf-minimizing approach for “Ultrafast orthogonal row—column electronic scanning (uUFORCES)
therapeutic ultrasound phased array construction,” IEEE Trans. with bias-switchable top-orthogonal-to-bottom electrode 2-D arrays,”
Ultrason., Ferroelectr., Freq. Control, vol. 69, no. 10, Oct. 2022, IEEE Trans. Ultrason., Ferroelectr., Freq. Control, vol. 69, no. 10,
doi: 10.1109/TUFFC.2022.3178291. Oct. 2022, doi: 10.1109/TUFFC.2022.3189345.

[AS5] B. Pialot, A. Bernard, H. Liebgott, and F. Varray, “Sensitivity [A10] B. Lafci, J. Robin, X. L. Dedn-Ben, and D. Razansky, “Expediting
enhancement using chirp transmission for an ultrasound arthro- image acquisition in reflection ultrasound computed tomography,”
scopic probe,” IEEE Trans. Ultrason., Ferroelectr., Freq. Con- IEEE Trans. Ultrason., Ferroelectr., Freq. Control, vol. 69, no. 10,
trol, vol. 69, no. 10, Oct. 2022, doi: 10.1109/TUFFC.2022. Oct. 2022, doi: 10.1109/TUFFC.2022.3172713.

3160880. [A11] D. Xiao, W. M. K. Pitman, B. Y. S. Yiu, A. J. Y. Chee, and

[A6] C.-F. Roa et al., “Fine pitch flexible printed circuit board patterning A. C. H. Yu, “Minimizing image quality loss after channel count
for miniaturized endoscopic microultrasound arrays,” IEEE Trans. reduction for plane wave ultrasound via deep learning inference,”
Ultrason., Ferroelectr., Freq. Control, vol. 69, no. 10, Oct. 2022, IEEE Trans. Ultrason., Ferroelectr., Freq. Control, vol. 69, no. 10,
doi: 10.1109/TUFFC.2022.3189338. Oct. 2022, doi: 10.1109/TUFFC.2022.3192854.

[A7] L. Wei et al, “Sparse 2-D PZT-on-PCB arrays with den- [A12] M. Soozande et al., “Imaging scheme for 3-D high-frame-rate

sity tapering,” [EEE Trans. Ultrason., Ferroelectr, Freq. Con-
trol, vol. 69, no. 10, Oct. 2022, doi: 10.1109/TUFFC.2022.

3204118.

intracardiac echography: A simulation study,” /EEE Trans. Ultra-
son., Ferroelectr., Freq. Control, vol. 69, no. 10, Oct. 2022, doi:
10.1109/TUFFC.2022.3186487.

Alessandro Ramalli (Senior Member, IEEE) was born in Prato, Italy, in 1983. He received
the master’s degree in electronics engineering from the University of Florence, Florence,
Italy, in 2008, and the joint Ph.D. degree in electronics system engineering and in
automation, systems, and images from the University of Florence and the University
of Lyon, Lyon, France, in 2012.

From 2012 to 2017, he was involved in the development of the imaging section of a pro-
grammable open ultrasound system by the University of Florence. From 2017 to 2019, he
worked as a Postdoctoral Researcher with the Laboratory of Cardiovascular Imaging and
Dynamics, KU Leuven, Leuven, Belgium, granted by the European Commission through
“Marie Sktodowska-Curie Individual Fellowships,” where he developed high-frame-rate
imaging techniques for echocardiography. From 2020 to 2022, he worked as a Research
Fellow at the University of Florence, where he is currently an Assistant Professor. His
research interests include medical imaging, echocardiography, beamforming methods,
ultrasound simulation, arrays, and systems design.

Hendrik J. Vos (Member, IEEE) was born in the Netherlands in 1978. He received
the M.Sc. degree (Hons.) in applied physics from the Delft University of Technology,
Delft, The Netherlands, in 2004, and the Ph.D. degree from the Department of Bio-
medical Engineering, Erasmus MC, University Medical Center Rotterdam, Rotterdam,
The Netherlands, in 2010.

He worked as a Postmaster Researcher with the University of Florence, Florence, Italy,
and as a contract researcher for the petrochemical industry on cutting-edge ultrasonic
solutions. He currently is associate professor with Erasmus MC and the Delft University of
Technology, and received a Dutch NWO-TTW-VIDI personal grant in 2018. His research
interests include acoustical array technology for biomedical imaging in all its aspects:
transducers, 2-D and 3-D beamforming, cardiac shear waves, ultrafast Doppler, contrast
imaging, and related subclinical and clinical studies.



http://dx.doi.org/10.1109/TUFFC.2022.3178291
http://dx.doi.org/10.1109/TUFFC.2022.3189338
http://dx.doi.org/10.1109/TUFFC.2022.3188245
http://dx.doi.org/10.1109/TUFFC.2022.3189345
http://dx.doi.org/10.1109/TUFFC.2022.3172713
http://dx.doi.org/10.1109/TUFFC.2022.3192854
http://dx.doi.org/10.1109/TUFFC.2022.3186487
http://dx.doi.org/10.1109/TUFFC.2022.3197705
http://dx.doi.org/10.1109/TUFFC.2022.3197705
http://dx.doi.org/10.1109/TUFFC.2022.3197705
http://dx.doi.org/10.1109/TUFFC.2022.3197705
http://dx.doi.org/10.1109/TUFFC.2022.3160880
http://dx.doi.org/10.1109/TUFFC.2022.3160880
http://dx.doi.org/10.1109/TUFFC.2022.3160880
http://dx.doi.org/10.1109/TUFFC.2022.3160880
http://dx.doi.org/10.1109/TUFFC.2022.3204118
http://dx.doi.org/10.1109/TUFFC.2022.3204118

IEEE TRANSACTIONS ON ULTRASONICS, FERROELECTRICS, AND FREQUENCY CONTROL, VOL. 69, NO. 10, OCTOBER 2022 2721

Billy Y. S. Yiu (Member, IEEE) received the B.Eng. degree (Hons.) in medical engineering
and the M.Phil. degree in electrical and electronic engineering from the University of
Hong Kong, Hong Kong, in 2007 and 2010, respectively, and the Ph.D. degree in electrical
and computer engineering from the University of Waterloo, Waterloo, ON, Canada, in
2019.

Before joining the University of Waterloo, he was a research staff member in the
Biomedical Ultrasound Laboratory, University of Hong Kong, from 2010 to 2016. He is now
a Research Assistant Professor and the Co-Principal Investigator of LITMUS, University
of Waterloo. His research interests are in advanced ultrasound imaging techniques and
systems.

Dr. Yiu was a past recipient of the USE Young Scientist Award, the KSUM Young
Investigator Gold Price Award, and the ASA Biomedical Acoustics Best Student Paper
Award.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black & White)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /ArborText
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /EstrangeloEdessa
    /EuroSig
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LucidaConsole
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


