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Scattered gamma rays have beneficial information for reconstructing an image. Therefore, it is important to
count both attenuated and scattered rays. For achieving this aim, an industrial computed tomography (CT)
system was designed and developed on the base of a first generation CT system. The CT scanner consists of a
5.08 cm Nal(Tl) detector in diameter and a '3’Cs (30 mCi) radioactive source. The position of phantom is
defined by three motors. The CT scans are taken out by scanning 180° to collect attenuated beams. Several
experiments were performed with different widths of scatter energy windows and full absorption peak window.
The full peak window was 530—761 keV, Compton scatter window changed, 200—530 keV, 300—530 keV and
total count peak window was 200—761 keV. Finally, the quality of images with different scatter area widths is
analyzed and compared by computing the RMS contrast of each image.

1. INTRODUCTION

Tomography imaging consists of directing y-rays
onto an object from multiple orientations and measur-
ing the decrease in intensity along a series of linear
paths. This decrease is characterized by Beer’s law,
which describes intensity reduction as a function of
y-ray energy, path length, and linear attenuation coef-
ficient of material [1—5]. Some gamma rays that reach
the detector, are produced by scattering in the object,
mainly incoherent (Compton) scattering [6—8]. By
using scattered photons, an image can be produced.

In this study in addition to full peak energy window
two scatter windows with different widths 200—530 keV
and 300—530 keV were selected. In addition, total
count was used with 200—761 keV width (Fig. 1). Each
scatter window produced an image without fusion
with full peak window. The results of root mean square
(RMS) contrast demonstrated the effect of full peak,
scatter and total count window on reconstructed im-
age contrast. RMS contrast is defined as the standard
deviation of the pixel intensities:
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where [;is intensity j-elements of the two-dimension-

al image of size M by N. [ is the average intensity of all
pixel values in the image [9—11].

As a result, the produced images from scatter win-
dow combined with full peak window caused higher
quality on reconstructed image contrast.

2. EXPERIMENTAL SET-UP

A single-source — single-detector gamma comput-
ed tomography (CT) scanner system was used in this
study. In this system a 2 x 2 inch Nal(Tl) detector was lo-
cated opposite the center of the '’Cs (30 mCi) source at
the 55 cm distance. The position of phantom was defined
by three motors. The phantom rotated by steps AD = 4°
and moved along the axis with Ar=3 mm. The CT scans
were taken out by scanning 180° to collect attenuation
beams. There were 50 x 50 projections for producing
of image and time of each projection was 5 s.

A polyethylene phantom (0.93 g - cm~3) was used to
determine the 2D imaging quality of the designed in-
dustrial CT system. The phantom was made in a cylin-
drical geometry on which 3 holes of 15 mm in diameter
were improvised. The holes were filled with mercury
(13.53 g - cm™?), iron (7.874 g - cm™3) and air
(1.184 mg - cm™).

Nuclear electronic system consists of a Nal(T1) de-
tector (2 x 2, 905-3 model, Eberline company), and a
specialized MCA (PSS-1, NSTRI, Tehran, Iran)
which consists of pre-amplifier, amplifier, high voltage
(HV) and a data acquisition system. In this MCA,
dedicated software can simultaneously read positions
and steps, control the motors and MCA. After that,
the image is reconstructed from the measured projec-
tions by the filtered back projection method to bring
about the inverse Radon transformation. The pro-
duced image is due to 2000 projections.
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Fig. 1. The counts of full peak and scatter area with different widths: (a) Full peak area width 530—761 keV (b) Scatter area width
200—530 keV; (c) Scatter area width 300—530 keV; (d) Total count area width 200—761 keV.
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Fig. 2. Polyethylene phantom 2D image, mercury, iron, air holes for (a) Full peak area width 530—761 keV; (b) Scatter area width
200—530 keV; (c) Scatter area width 300—530 keV;, (d) Total count area width: 200—761 keV.
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RMS contrast of produced images with different widths of
scatter window and full peak

Full peak Scatter window, keV
Counts window
530—761 keV | 200—530 | 300—530 | 200—761
RMS contrast 0.3418 0.2393 | 0.3433 | 0.1408

3. RESULTS AND DISCUSSION

In this research, scattered gamma rays that reached
the detector had sufficient information to produce an
image. Thus, the produced images with different
widths of scatter energy window were tested. The first
case (a) represented the results with a source of ¥’Cs
(30 mCi), a collimator (5 mm diameter), a phantom
with 3 holes and the widths of full peak window 530—
761 keV. The second case (b) represented the results
with the widths of scatter window 200—530 keV. The
third case (c) represented the results with the widths of
scatter window 300—530 keV. The fourth case (d) rep-
resented the results with widths of total count window
200—761 keV. The counting time was 5 s for all the cas-
es. The results of produced images with full peak win-
dow, different widths of scatter window and total count
are represented in Fig. 2.

In addition, RMS contrast of produced images
with different widths of scatter window, full peak win-
dow and total count window is given in Table. It is im-
portant to note that the RMS contrast and recon-
structed image has normalized ratio to window widths.
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4. CONCLUSION

The results showed that some scattered gamma rays
that reached the detector have similar behavior in im-
age reconstructing and each scatter area can recon-
struct an image separately. The images produced from
scatter window combined with full absorption peak
window caused higher quality on reconstructed image
contrast.

REFERENCES

1. KimJ., JungS., Nucl. Engin. Tech., 2006, vol. 38, p. 383.

2. De Oliveira Jr. J.M., Martins A.C.G., de Milito J.A.,
Braz. J. Phys., 2004, vol. 34, p. 1020.

3. TAEA-TECDOC 1589, Industrial process gamma to-
mography, final report of a coordinated research project
2003-2007, International Atomic Energy Agency, Aus-
tria, 2008.

4. Wu Z.H., Liu J., Appl. Radiat. Isotops., 2009, vol. 67,
p. 1216.

5. Calvo W.A.P., Hamada M.M., Sprenger EE. et al.,
Nukleonika, 2009, vol. 54, p. 129.

6. Zaidi H., KORAL K.E, Eur. J. Nuc. Med. Mol. I.,2004,
vol. 31, p. 671.

7. Changizi V., Takavar A., Babakhani A., Sohrabi M.,
J. Appl. Clin. Med. Phys., 2008, vol. 9, p. 136.

8. Kinahan PE., Rogers J.G., IEEE T. Nucl. Sci., 1989,
vol. 36, p. 964.

9. Peli E., Optic Society of America, 1990, vol. 7, p. 2032.

10. Hilts M., Duzenli C., J. Phys: Conference Series, 3,
2004, p. 252.

11. Herman G.T., Image Reconstruction from Projections,
ed. 1, London: Academic Press, 1980.

2011




<<
  /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 /Warning
  /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


