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Industrial Measurement Technologies for the Circular Economy

Narrow-space 3D Shape
Measurement Technology for
Realizing Smart Manufacturing

There is strong demand from manufacturing sites for the realization of 100% inspection
systems to innovate quality traceability and ensure safe and secure products. This article
covers the development of a technology capable of contactless, high-speed measure-
ment of 3D shapes on the inner surface of narrow and complex hole shapes (narrow
spaces) of components such as the hydraulic parts and engine parts used in automo-
biles, aircraft, and construction machinery. This technology is one example of a smart
factory technology that can be used to realize high-quality manufacturing utilizing 10T
sensing. An independently developed long-range, high-accuracy range measurement
laser is emitted from the tip of a probe inserted into the narrow space, and the probe is
rotated to scan the laser on the inner surface. This enables measurement of inner surface
shapes in the range of @6 to 100 mm to an accuracy of within 5 pm, which was difficult
when using a conventional measurement probe. In the future, further development of
measurement solutions using this technology and their deployment to manufacturing
sites will contribute to the realization of 100% inspection systems for parts with narrow
spaces. Furthermore, from the viewpoint of realizing a circular economy, waste will be
reduced by increasing productivity through process improvements based on the mea-
surement results, and the technology will also be deployed for quality evaluations prior
to the remanufacture of recovered products and parts.
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any site. To do this, it is important to automatically and
. accurately retrieve three-dimensional (3D) shape data in
1. Introduction

the inspection and measurement processes for the parts

being manufactured, and to utilize this data in control-

A smart factory uses digital technology such as artificial
intelligence (AI) and Internet of Things (IoT) sensing
for efficiently manufacturing high-quality, high-added-
value products in a short period of time (see Figure 1)®.
Manufacturing sites are facing issues such as a shortage
of experienced workers and maintaining reliable quality at
overseas production sites. As such, it is necessary to elimi-
nate the reliance on personnel by advancing digitalization
to enable products of the same quality to be produced at

ling the conditions for previous and subsequent processes,
and in product quality control®. However, it is difficult to
measure parts that have narrow and complex hole shapes
(hereinafter “narrow spaces”). For example, highly accu-
rate machining and measurement is required for parts with
flow path surfaces or sliding surfaces that are used inside
hydraulic or engine components in automobiles, aircraft, or
construction machinery, because the inner surface shapes

of their holes are directly related to product performance.
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Figure 1 — Overview of a Smart Factory

Information from each process is collected via tech-
nologies such as Internet of Things (loT) sensing,
and overall optimization is performed by using tech-

nologies such as artificial intelligence (Al).
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However, measuring these holes is difficult when they are
Narrow spaces.

In response, Hitachi developed a narrow-space 3D
shape measurement technology using a laser to measure
the shapes of parts with narrow spaces. The characteristics
of this technology are: (1) highly accurate measurement
can be performed for a wide range of inner diameters (96
to 100 mm) with the same probe, and (2) the measure-
ment direction can be switched instantaneously between
the side surface direction and depth direction of narrow
spaces by switching the polarization of the laser inside the
optical system.

This article describes the characteristics and measurement

performance evaluation results of the developed technology.

2. Narrow-space 3D Shape
Measurement Technology

Figure 2 shows an overview of a device that uses the
developed narrow-space 3D shape measurement technol-
ogy®. The laser-based method used for measuring dis-
tance is called the frequency modulated continuous wave
(FMCW)® method. FMCW measures the distance to the
target by changing the laser wavelength during measure-
ment and calculating the amount of change in the wave-
length of the laser that is reflected back from the target. At
this time, a proprietary correction is applied that takes into

account unevenness in the change speed of the wavelength
and sensitivity fluctuations due to temperature changes,
delivering highly accurate distance measurements over a
wide range. This ranging technology enables measurement
of inner surfaces over a wide range of @6 to 100 mm with
the same probe®.

Furthermore, in some cases there is a need to measure
narrow spaces not only in the side surface direction of the
hole, but also in the depth direction. In response, Hitachi
developed a technology that enables measurement in both
directions with the same probe. The polarization of the
light generated by the laser ranging system is controlled
by the polarization switcher to switch the measurement
mode between the side surface direction and the depth
direction. The probe is inserted into the target space, and
in the measurement mode for the side surface direction, the
inner surface shape of one cross section is measured while
rotating the probe, then by further scanning the probe in
the Z direction, an overall 3D shape of the target inner
surface can be obtained. In the measurement mode for
the depth direction, the probe scans horizontally to enable
measurements such as the target hole depth®.

Figure 3 shows details of the switching method for the
light irradiation direction using polarization. The polar-
izing beam splitter at the tip of the probe has the property
of transmitting light that oscillates parallel to the inci-
dent surface (P-polarized light) and reflecting light that
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Figure 2— Overview of Narrow-space
Shape Measurement Device
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Figure 3— Principle of Switching Laser Irradiation Direction
Using Polarization

Apolarization switcher, two A\/4 waveplates, and a polarizing beam split-
ter can be used to switch the ranging laser irradiation direction between
the side surface direction and the depth direction.
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oscillates perpendicular to the incident surface (S-polarized
light). Therefore, the control of the polarization switcher
that electrically switches the polarization of the ranging
laser between P-polarized light and S-polarized light can
be used to switch the ranging laser irradiation direction
between the side surface direction and the depth direction.

At this time, to rotate the measurement beam while
keeping it facing the side surface direction, the polarization
direction of the incident light must be rotated in accordance
with the rotation of the polarizing beam splitter to maintain
a constant polarization condition relative to the polarizing
beam splitter. To do this, two A/4 waveplates are used. The
axis of the first A/4 waveplate is positioned at 45 degrees
to the polarization direction of the incident light, which
converts the linear polarization into circular polarization.
'The second A/4 waveplate and the polarizing beam splitter
rotate together with the rotation motor. When the circular
polarization passes through the second A/4 waveplate, it
is reconverted to linear polarization, always maintaining
a constant polarization incident direction relative to the
polarizing beam splitter as the motor rotates. As a result,
the beam is rotated while facing the side surface.

Figure 4 shows a device developed based on this technol-
ogy. The ranging light source is installed in the control box
and light is guided up to the measuring head by an optical
fiber. The measurement range of the ranging light source
is 300 mm and the measurement speed is 10,000 points/
second (10 kHz). The measurement probe has a length of
150 mm and diameter of @5 mm, and light is emitted from
the aperture at the tip. To support major machined parts,
the in-focus range of the irradiated beam is designed to
be 50 mm from the emission position, which covers @6 to
100 mm when converted to diameter.

If this lens design is changed so that the in-focus range
is 300 mm from the emission position, measurement will be

possible up to a diameter twice the maximum measurement
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Figure 4 —Developed Narrow-space Shape Measurement Device

The diameter dimension and inner surface shape of the target can be
measured by installing the measurement target on the XY-axis stage
and scanning the measuring head mounted on the Z-axis stage in the
Z-axis direction.
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range of the ranging light source (600 mm). By mounting
the measurement target on the XY-axis stage and scanning
the probe in the Z-axis direction, the diameter dimension
and inner shape of the target can be measured. The target

diameter measurement accuracy is 5 pm (20).

3. Measurement Performance
Evaluation

First, the measurement performance of the developed
ranging system was evaluated using a laser interferometer.
Figure 5 (a) shows the evaluation configuration. Although
the laser interferometer cannot measure the absolute posi-
tion, it can perform highly accurate measurement of the
relative movement amount while the target is moved. This
measurement accuracy is within 0.1 pm. The light from
the ranging system is emitted into the space by the fiber
collimator, and is then irradiated onto the retroreflector
installed on the linear guide after combined with the light
of the laser interferometer along the same light path by the
beam splitter. The light returning from the retroreflector is
measured, and while continuously changing the distance of
the retroreflector, ranging values between the laser interfer-
ometer and the ranging system are compared. Figure 5 (b)
shows these evaluation results. The horizontal axis indicates
the measurement distance, and the vertical axis indicates
the distance error of the ranging system when the laser

interferometer is taken to be the true value. The evaluation
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Figure 5— Performance Evaluation for Developed Ranging
System Using a Laser Interferometer
The evaluation configuration (a) and evaluation results (b) are shown.
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results demonstrated that across a distance of 300 mm, the

error compared to the laser interferometer is within +1 um.

Next, the accuracy of inner diameter measurement was
evaluated using the measurement probe. Figure 6 (a) shows
the evaluation configuration. Ring gauges with diameters
certified at @6, 16, 30, 60, and 100 mm were used in the

evaluation. Measurement was performed 10 times for

each ring gauge, and the average of these values and the
deviation (20) were evaluated. However, note that the values
stamped on the ring gauges were certified at 20°C, but the
temperature of the laboratory was 23.5°C. Therefore, the
values were temperature-corrected to 20°C equivalent size
for comparison. Figure 6 (b) shows these evaluation results.
'The horizontal axis indicates the diameter of the ring gauges,
and the vertical axis indicates the deviation between the ring
gauge stamped values and the measured values. The black
dots indicate the average values of 10 measurements, and
the error bars indicate the measurement deviation (26). The
evaluation results demonstrated maximum error of 0.8 pum,
and that the target measurement accuracy for the diameter
was within +5 pm for ring gauges from @6 to 100 mm.

In addition, the accuracy of depth direction measurement
was evaluated using the measurement probe. Figure 7 (a)
shows the evaluation configuration. Block gauges with cer-
tified thicknesses were used in the evaluation. The polished
surface of a block gauge was joined to another block gauge
by wringing, and the distance to the polished surface on
the upper surface of the block gauge was measured. Next,
the X stage was scanned to measure the distance to the
polished surface of the other block gauge, thereby measur-
ing the height of the block gauge. The block gauges used
for the evaluation were 2, 15, 25, and 47 mm. The height
was calculated from the difference in the average values of
the measurements (1,000 points) within 100 ms for both
the upper surface and lower surface of each block gauge.
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Figure 6 — Accuracy Evaluation for Inner
Diameter Measurement Using Ring Gauges
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'The same measurements were performed 10 times, and the

average and deviation (26) of these values were evaluated.
Figure 7 (b) shows these evaluation results. The horizontal

axis indicates the block gauge thickness, and the vertical

axis indicates the deviation between the block gauge thick-
ness and the measured values. The black dots indicate the

average values of 10 measurements, and the error bars indi-
cate the measurement deviation (26). The evaluation results

demonstrated maximum error of 2.4 pm.

4. 3D Shape Measurement

Next, 3D shape measurement was demonstrated using
the developed narrow-space shape measurement device. A
ball screw nut with a groove on the cylinder inner surface
was set as the measurement target [see Figure 8 (a)]. The
measurement probe was inserted into the inner surface of
the ball screw, and the cross sections were measured while
scanning the Z-axis stage to obtain the 3D shape of the
inner surface. Figure 8 (b) shows these measurement results.
This demonstrated that by using the developed narrow-
space shape measurement device, it was possible not only
to measure the cylindrical part of the ball screw, but also
the complex shape of the groove.

5. Conclusions

This article described a narrow-space 3D shape mea-
surement technology using a long-range high-accuracy
measurement laser. In the future, further development of
measurement solutions using this technology and their
deployment to realize 100% inspection systems for parts
with narrow spaces will contribute to quality traceability
innovation, and safe and secure products.

Figure 8 — Example of Shape Measurement Using Developed
Narrow-space Shape Measurement Device

The exterior appearance of the ball screw used as the measurement
target is shown in (a) and the measurement results are shown in (b).

(a) (b)
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Additional actions to be considered in the future include
feeding back the measurement results into process improve-
ments to improve productivity and reduce waste, and mea-
suring and testing the deterioration of recovered products
and parts for optimization of remanufacturing processes
based on quality evaluations and measurement result. Such
measurement solutions will contribute to the realization of

a circular economy.

References

1) Chubu Bureau of Economy, Trade and Industry, Ministry
of Economy, Trade and Industry, “Roadmap Study of
Smart Manufacturing: Research Report on the Promotion
of loT and Robots in the Fourth Industrial Revolution”
(Mar.2017) in Japanese, https://warp.da.ndl.go.jp/
info:ndljp/pid/11157160/www.meti.go.jp/meti_lib/report/
H28FY/000093.pdf

2) M. Abe, “Non-Cartesian Optical Coordinate Metrology and
the Standardization of Performance Evaluation,” Journal of
the Japan Society for Precision Engineering, 85, pp. 388-391
(May 2019) in Japanese.

3)  T.Hariyama et al., “Development of Long-Range High-
Accuracy Narrow-Space 3D Shape Measurement Technique
Using Laser Distance Measurement,” 2021 JSPE Spring
Meeting, D0228 (Mar. 2021) in Japanese.

4) K. liyama et al,, “Extended-Range High-Resolution FMCW
Reflectometry by Means of Electronically Frequency-
Multiplied Sampling Signal Generated from Auxiliary
Interferometer,” IEICE Transactions on Electronics, E89-C,
pp. 823-829 (Jun. 2006).

5)  T.Hariyama et al., “High-Accuracy Range-Sensing System
Based on FMCW Using Low-Cost VCSEL,” Optics Express, 26,
pp. 9285-9297 (Mar. 2018).

6) T Hariyamaetal,, “Development of Narrow-space 3D
Shapes Measurement Probe,” 4th 3D Metrology Conference
(Nov. 2019).

Authors

Tatsuo Hariyama

Manufacturing and Inspection Research Department,
Center for Technology Innovation - Production
Engineering and MONOZUKURI, Research &
Development Group, Hitachi, Ltd. Current work

and research: Development of inspection and
measurement equipment. Society memberships: The
Japan Society for Precision Engineering (JSPE) and
the Optical Society of Japan (0SJ).

Masahiro Watanabe, Ph.D.

Manufacturing and Inspection Research Department,
Center for Technology Innovation - Production
Engineering and MONOZUKURI, Research &
Development Group, Hitachi, Ltd. Current work and
research: Development of inspection and measurement
equipment. Society memberships: JSPE and SPIE.

Kenji Maruno

Manufacturing and Inspection Research Department,
Center for Technology Innovation - Production
Engineering and MONOZUKURI, Research &
Development Group, Hitachi, Ltd. Current work

and research: Development of inspection and
measurement equipment. Society memberships: JSPE.

Hitachi Review Vol. 71, No. 4 496—497

87




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 144
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 144
  /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 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [144 144]
  /PageSize [612.000 792.000]
>> setpagedevice


