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Abstract

Purpose The purpose of this paper is to propose a novel

strategy to detect small calculi efficiently.

Methods The proposed calculus detection strategy focu-

ses on decorrelation of forward scattered waves caused by

the failure of Born’s approximation. A calculus causes

waveform changes of transmit pulses, resulting in a

decrease in the cross-correlation coefficients calculated

from IQ signals scattered near the calculus position.

Therefore, we can detect calculi from the appearance of

dips in correlation coefficients.

Results When a calculus exists in a digital tissue map,

sharp and deep dips in cross-correlation coefficients

between acoustic IQ signals appear around the calculus. By

contrast, no apparent dip exists when a tissue map contains

no calculus. A scan line interval of 0.2 mm or less is

appropriate for the conditions simulated in this paper, and

the proper transmit focal range for the proposed method is

at a calculus range.

Conclusion These results imply that the proposed strat-

egy can improve the efficiency of US devices for small

calculus detection.

Keywords Calculus detection � Forward scattered wave �
Decorrelation � Ultrasonography � CFAR

Introduction

Ultrasonography (US) does not involve exposure to ion-

izing radiation and has an excellent ability to depict soft

tissue, making it a convenient and effective clinical

imaging tool. In contrast, US has poor sensitivity for

detection of calculi compared with computed tomography

(CT). Because the detection of calculi is important to dis-

tinguish between malignant masses and benign ones, the

use of US is often an adjunct to other diagnostic tests [1–6].

A calculus is usually identified as a high-intensity echo

with acoustic shadowing or enhancement [7, 8]. One

strategy for detecting calculi is to detect high-intensity

echoes in a B-mode image. This problem is equivalent to

detecting targets in non-stationary noise and clutter while

maintaining a constant probability of a false alarm. Finn

et al. [9] designed a cell-averaging constant false alarm rate

(CA CFAR) detector to set an adaptive threshold according

to local noise levels. Hansen et al. [10] proposed a cell-

averaging logarithmic constant false alarm rate (LOG

CFAR) detector for operating over a larger dynamic range

of background noise levels than the CA CFAR detector. To

detect targets in an inhomogeneous medium, many

researchers have reported several types of CFAR detectors

[11, 12]. However, echo intensity from a small calculus is

too low to detect it by simply selecting high-intensity echo

masses.

Tissue harmonic imaging (THI) suppresses speckle

artifacts utilizing harmonics, resulting in the improvement

of contrast resolution [1, 13, 14]. THI thus helps to evaluate

mass borders; however, it has insufficient calculus

H. Taki (&) � T. Sakamoto � T. Sato

Graduate School of Informatics, Kyoto University,

Yoshida-honmachi, Sakyo-ku, Kyoto 606-8501, Japan

e-mail: hirofumi.taki@mb6.seikyou.ne.jp

M. Yamakawa

Advanced Biomedical Engineering Research Unit,

Kyoto University, Yoshida-honmachi, Sakyo-ku,

Kyoto 606-8501, Japan

T. Shiina

Graduate School of Medicine, Kyoto University,

Yoshida-honmachi, Sakyo-ku, Kyoto 606-8501, Japan

123

J Med Ultrasonics (2010) 37:129–135

DOI 10.1007/s10396-010-0265-8



detectability compared with CT. By contrast, spatial

compound imaging generates a single B-mode image from

multiple sweeps [15, 16]. This technique improves image

quality in terms of mass margins and internal architectures

at the cost of a decrease in frame rate and suppression of

acoustic shadowing [17]. Acoustic shadowing is one of the

essential factors to detect small calculi, and thus compound

imaging is inappropriate for calculus detection.

In general, US has difficulty depicting small calculi of

3.0 mm or less in size [2]. In addition, US depends heavily

on operator skill. Conventional methods such as CFAR

only provide information on backscattered waves from the

ROI, and thus would theoretically hardly ever detect a

small calculus when a high-echo target such as a layered

structure exists close to the calculus. In this paper, we

propose a calculus detection method employing the novel

strategy to focus on decorrelation of forward scattered

waves caused by the failure of Born’s approximation. Since

the proposed method detects a calculus using decorrelation

of forward scattered waves, there is a good probability of

detecting a small calculus from the waveform change in

transmit waves caused by the calculus when the echo

intensity of the calculus is too low to be detected by CFAR.

Materials and methods

Calculus detection using decorrelation of forward

scattered waves

The proposed calculus detection strategy focuses on dec-

orrelation of forward scattered waves caused by the failure

of Born’s approximation. For the investigation of decor-

relation of forward scattered waves, we employed the

cross-correlation between acoustic IQ signals of adjacent

scan lines. Figure 1 shows the schema of this process. The

cross-correlation coefficient behind a measurement point is

cði; jÞ ¼ max
l

gði; j; lÞ; ð1Þ

gði; j; lÞ¼
XjþLw

J¼j

eði;JÞe�ðiþ1;Jþ lÞ
�����

�����

,
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
pði; jÞpðiþ1; jþ lÞ

p
;

ð2Þ

pði; jÞ ¼
XjþLw

J¼j

eði; JÞe�ði; JÞ; ð3Þ

where e(i, j) is the IQ datum at Eij, a pixel in a B-mode

image, Lw is the correlation window width, and i and j are,

respectively, the lateral and range coordinates in a B-mode

image. When the medium is homogeneous and the layered

structure is parallel to the skin surface, the maximization of

g(i, j, l) is not needed. We introduced the parameter l to

suppress the path length difference between adjacent scan

lines caused by the sound velocity variation in the medium

and by the slope of a layered structure. In this study, two

correlation windows were set with the depth ranges of

12.5–17.5 and 17.5–22.5 mm. When a small calculus exists

in an acoustic beam, the waveform of a transmit wave

changes because of several causes: creeping waves, a fast

wave that goes through the calculus, diffraction, and mul-

tiple reflections in the calculus. Therefore, the echo

waveform of a scan line with a calculus, returned from the

inhomogeneous medium behind the calculus, was quite

different from that without a calculus, as shown in Fig. 2.

We can presume the existence of a calculus from the

waveform difference between echoes of adjacent scan lines

by calculating cross-correlation coefficients.

To equalize the influence of the noise among all cases with

different simulation parameters, we calculated the average l
and standard deviation r of cross-correlation coefficients by

echoes scattered from positions more than 1 mm apart from

the center, and then normalized the correlation coefficients

using the averages and standard deviations.

Computer simulation with FDTD method

To evaluate the efficiency of the proposed calculus detec-

tion method, we employed PZFlex, a computer simulation

Measurement

      point

Probe

Scanning direction

Intrabody

Cross-correlation

between echoes of

adjacent scan lines

Fig. 1 Schema of the proposed calculus detection method using

cross-correlation coefficients between two IQ signals of adjacent scan

lines
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tool based on a finite-difference time-domain (FDTD)

method [18, 19]. Here we set the grid size to 0.02 mm,

satisfying the operating condition of PZFlex. In this sim-

ulation, a 19.1-mm-wide linear array probe was utilized.

The probe had 32 elements, 0.5 mm wide, and an element

gap of 0.1 mm. The center frequency of the transmit pulse

was 4 MHz with a 60% fractional bandwidth.

Modification of input intensity for beamforming

To form a narrower scan line interval than the element

interval, the input intensity of both edges of the activated

elements are modified. As shown in Fig. 3, the amplitudes

of transmit waves from both edge elements are controlled

to correspond to the transmit beam position. When the

center of the transmit beam is at the center of an element

gap, 16 elements are activated, and all transmit pulses have

the same amplitude. Otherwise, 17 elements are activated,

and the amplitude of two transmit pulses radiated from

both edge elements are modified, as shown in Fig. 3. At the

transmit event, we employed four foci, fixed foci at 1, 1.5,

and 2 cm depth, and dynamic focusing. By contrast, we

utilized dynamic focusing at receive events with the same

modification process.

Digital tissue map

To investigate the efficiency of the proposed calculus

detection strategy, we prepared five simulated digital tissue

maps with a calculus and five without a calculus. Figure 4

shows a digital tissue map with a calculus. The muscle layer,

containing 5% minute fat droplets 0.1 mm in size, is located

under skin that is 2 mm thick. A 0.5-mm-diameter calculus

or a 1-mm-thick, 4-mm-wide connective tissue mass is

embedded at the center at a depth of 10 mm, and a 1-mm-

thick connective tissue layer is set at a depth of 15 mm.

Inhomogenuity

Small calculus

Waveform change

Beam 1 Beam 2

Fig. 2 Waveform change of a transmit pulse that originated from a

calculus

The center of beam The center of beam

(a) (b)

Elements Elements

Activation

voltages
Activation

voltages

A

kLD

A(1-k)A kA

Fig. 3 Schema of modification

of input intensity for

beamforming. a When a scan

line is set at the center of an

element gap, all activated

elements radiate pulses with the

same amplitude, where A
denotes the amplitude. b When

a distance exists between a scan

line and the center of an element

gap, the amplitudes of two

pulses radiated from elements at

both edges are modified to

correspond to the distance,

where LD is the element interval

and k is a real number satisfying

0 \ k \ 1
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Statistical analysis

We performed statistical analyses to compare two groups

in terms of the dip depth of correlation coefficients using

Student’s t test.

Results

To survey the proper scan line interval and transmit the

focal range for the proposed method, we examined the

cross-correlation coefficients between the acoustic IQ sig-

nals of five digital tissue maps with a small calculus. Scan

line intervals of 0.1, 0.2, 0.3, and 0.6 mm were used with

the transmit focus fixed at 10, 15, and 20 mm and

dynamically changed. Figure 5 shows the cross-correlation

coefficients obtained using a digital tissue map with a

calculus. In all cases, dips of correlation coefficients appear

around the center, i.e., the position of the calculus. These

results indicate that the waveform changes of transmit

pulses, which originate from a calculus, suppress correla-

tion coefficients around the center. When the center of a

correlation window was 15 mm deep, i.e., a correlation

window with a layered structure, deeper dips appeared as

compared with those when the center was 20 mm, where

the level of significance for Student’s t test is 0.005. Since

the influence of noise among all cases with different sim-

ulation parameters was equalized by the normalization

process using averages and standard deviation, we inves-

tigated proper parameters for the proposed calculus

detection method using the minimum number of normal-

ized correlation coefficients where their lateral positions

are within 1 mm of the center.

Figure 6 shows the averages and standard deviations of

dip depth of correlation coefficients around the center

among five digital maps. When the transmit focal range

was fixed at a depth of 10 mm, there was no statistical

significance concerning the dips of correlation coefficients

between scan line intervals of 0.1 and 0.2 mm, as shown in

Fig. 6a. By contrast, when the center of the correlation

window was 15 mm, dips of 0.3- and 0.6-mm scan line

intervals were shallower than that of 0.1-mm scan line

intervals, where the levels of significance for Student’s tFig. 4 Digital tissue map with a calculus
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Fig. 5 Cross-correlation

coefficients between two IQ

signals of adjacent scan lines.

a Comparison of correlation

coefficients with respect to scan

line intervals when the center of

correlation windows are 15 mm

and b 20 mm, where the

transmit focal range is 10 mm.

c Comparison of correlation

coefficients with respect to

transmit focal ranges when the

center of correlation windows

are 15 mm and d 20 mm, where

the scan line interval is 0.1 mm
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tests are 0.05 and 0.005, respectively. As shown in Fig. 6b,

when the scan line interval was 0.1 mm, a transmit beam

with a fixed focal range of 10 mm, the calculus depth,

resulted in the deepest dips of correlation coefficients with

and without an echo from a layered structure in the signal

cut out by a correlation window. In particular, the dynamic

focusing for transmit beams deteriorated the conspicuous-

ness of correlation dips. These results show that the proper

scan line interval is 0.2 mm or less, and the focal range

should be at the calculus depth.

A specular echo from a flat structure often interferes

with the detection of a calculus in an US test. To confirm

the ability of the proposed method to distinguish a calculus

from a flat structure, we compared correlation coefficients

of a digital tissue map with a calculus and that with a flat

connective tissue mass. Figure 7 shows that dips of cor-

relation coefficients appear only when a digital tissue map

with a calculus is used, where the scan line interval is

0.1 mm and the focal range is set at 10 mm, the calculus

depth. These results indicate the capability of the proposed

method to detect a calculus in an inhomogeneous human

body with several specular echoes.

Discussion

In this study, we proposed a calculus detection method

focusing on decorrelation of forward scattered waves

caused by the failure of Born’s approximation. We inves-

tigated the ability of the method by using a computer

simulation, and optimized the scan line interval and the

focal range of transmit beams. This study verified that

a calculus creates dips in cross-correlation coefficients

around the center; by contrast, a flat connective tissue mass

does not. This result indicates that the proposed method has

the capability to detect a small calculus 0.5 mm wide in an

inhomogeneous human body.

A wide scan line interval decreases the overlap between

two beams of adjacent scan lines, suppressing the corre-

lation coefficients between IQ signals of adjacent scan

lines. This conceals the decrease in correlation coefficients

originating from a calculus. By contrast, when a scan line

interval is sufficiently narrow to raise correlation coeffi-

cients of adjacent scan lines without a calculus to 1, a

calculus creates dips in correlation coefficients, and the

proposed method can then detect the calculus effectively.

Therefore, for the proposed method a scan line interval

should have an upper limit. Under the conditions simulated

in this paper, the limit was about 0.2 mm.

When a scan line interval was sufficiently narrow, a

calculus influenced multiple transmit beams, resulting in

high cross-correlation coefficients located close to the

calculus, as shown in Fig. 8. By contrast, when a transmit

beam encountered a calculus, a correlation coefficient was

calculated from two IQ signals with and without the

waveform change caused by the calculus, creating a dip in

correlation coefficients. Therefore, two dips in correlation

coefficients appeared in cases where the scan line intervals

were 0.1 and 0.2 mm. As shown in Fig. 9, a narrow beam

at a calculus depth increases the waveform change of the

beam caused by a calculus, resulting in deep dips in
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Fig. 6 Averages and standard deviations of dip depth of correlation

coefficients around the calculus position. a Comparison of dip depth

with respect to scan line intervals, where the transmit focal range is

10 mm. b Comparison of dip depth with respect to transmit focal

ranges, where the scan line interval is 0.1 mm
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correlation coefficients. Thus, the proper focal range for the

proposed method is at calculus depth.

This paper described only the results of a simulation

study and did not include any in vitro or in vivo data. There

are several major hurdles that have to be overcome before

clinical application of this technology.

In conclusion, we proposed a novel calculus detection

method focusing on decorrelation of forward scattered

waves caused by the failure of Born’s approximation,

verified the efficacy of the method via computer simula-

tion, and investigated a proper transmit focal range and

scan line interval. The results imply the capability of the

method to detect small calculi 0.5 mm in diameter in an

inhomogeneous human body.
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15. Krücker JF, Meyer CR, LeCarpentier GL, et al. 3D spatial

compounding of ultrasound imaging using image-based nonrigid

registration. Ultrasound Med Biol. 2000;26:1475–88.

16. Moskalik A, Carson PL, Meyer CR, et al. Registration of

3-dimensional compound ultrasound scans of the breast for

refraction and motion correction. Ultrasound Med Biol.

1995;21:769–78.

17. Weinstein SP, Conant EF, Sehgal C. Technical advances in breast

ultrasound imaging. Semin Ultrasound CT MR. 2006;27:273–83.

18. Hossack JA, Hayward G. Finite-element analysis of 1–3 com-

posite transducers. IEEE Trans Ultrason Ferroelect Freq Control.

1991;38:618–29.

19. Lerch R. Simulation of piezoelectric devices by two- and three-

dimensional finite elements. IEEE Trans Ultrason Ferroelect Freq

Control. 1990;37:233–47.

J Med Ultrasonics (2010) 37:129–135 135

123


	Calculus detection for ultrasonography using decorrelation  of forward scattered wave
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Calculus detection using decorrelation of forward scattered waves
	Computer simulation with FDTD method
	Modification of input intensity for beamforming
	Digital tissue map
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


