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Abstract In this paper, the spatial resolution and geometry sensitivity of parallel- and pin-hole collimators in compact

gamma camera are presented, and quantitatively compared by GEANT4 code in Monte-Carlo library. The results

show that the geometry sensitivity for pinhole collimator rapidly drops with increasing the gamma source-to-

collimator distance (SCD); and for parallel-hole collimator, mildly. Meanwhile, the spatial resolution for pin-hole

collimator mildly deteriorates; and for parallel-hole collimator, severely. The pin-hole collimator for close imaging

objects has higher geometry sensitivity than parallel-hole collimator. Our findings are helpful for setting compact

gamma camera collimators in nuclear medicine imaging.
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1 Introduction

Compact gamma camera is widely used in nuclear
medical imaging, especially breast scintigraphy[H]
and small animal radiography'*®. It can be used to
efficiently detect and locate gamma rays produced in
lesion tissue, and screen the body’s scattered radiation
due to its excellent geometry, thus assisting X-ray
mammography as adjunct tools. The compact camera
is also used in small animal radiography. For example,
rabbits and mice are used as specimen in molecular
biology, toxicology, drug experimentation, and
pharmaceutical manufacturing.

Usually, compact gamma camera is composed
of a collimator, a position sensitive gamma-ray
detector which is coupled to a position sensitive photo
multiplier tube (PSPMT), an image reconstruction
software, and displayer. Like the lens of optical
camera, the collimator plays an important role in
image quality of compact gamma camera, including
field of view (FOV), spatial resolution, sensitivity, and
image distortion.
and pin-hole

At present, the parallel
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. 7.8
collimators are used for compact gamma cameras'’,

and their performances are evaluated by spatial
resolution. The spatial resolution of gamma camera
mainly depends on its collimator. Also, geometry
sensitivity of collimator is the ratio of the detected
gamma ray to the total gamma ray from the radiation
source after going through the collimator, and affects
gamma camera performance.

The compact gamma camera is used for close-
proximity imaging because its detector head can
contact the object, such as human breast. The
parallel-hole collimator can reach the same size image
as target, and provide high sensitivity and high signal-
to-noise ratio under the constant resolution. As
comparison, the pin-hole collimator can produce the
magnified image, and improve the spatial resolution
and sensitivity except the low FOV. In addition, both
of spatial resolutions can be improved by reducing
their apertures. To find suitable parallel- or pin-hole
collimators, their spatial resolution and geometry
sensitivity need to be quantitatively optimized. In this
paper, both parallel- and pin-hole collimators are made
of lead, and simulated by the GEANT4 codes".
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2 The image system design and simulation

2.1 The image system design

The compact gamma camera is composed of a
Hamamatsu R2486 PSPMT !'” with a photocathode of
50mm, and lead-made parallel- or pin-hole collimators

in front of Nal(TI) crystal pixel array[“]

, as shown in
Fig.1. The scintillation is triggered by the gamma ray
going through the collimator, and read by the PSPMT.
The scintillating photon positions in the X-Y plane can
be determined and computed by their gravity center.

The parallel-hole collimator is made of a
cylindrical lead slab of thin septa and parallel round-
hole arrays. Its parallel FOV corresponds to the active
area of the PSPMT. The source-to-collimator distance
(SCD) is from the point gamma ray source to its outer
surface (L), ¢ is the lead septa thickness, d is the
aperture diameter, and 4 is the aperture length. Based
on the collimation for breast imaging simulated by
Monte Carlo[lz], we chose the collimator of 0.2-mm
septa and 30-mm aperture.

The pin-hole collimator is composed of two
interpenetrative cones in a cylindrical lead block. So,
the gamma-ray emits from the object passes through
its aperture and reaches the image plane of Nal(TI)
crystal pixel array without any attenuation. Also, its
SCD and the aperture diameter are the same L and d as
the parallel-hole collimator, to compare both
collimator performances. f is its focal length, and « is
its half acceptance angle. The pin-hole collimator can
be operated in two models: the large FOV/low spatial
resolution and small FOV/high spatial resolution. So,
the former FOV enhances with object distance, and the
latter spatial resolution increases with decreasing
object distance. Here, to fully match effective sensitive
area of PSPMT with crystal projection diameter, we

choose o =22.5°, f=60 mm, and 4 =20 mm.

2.2 The simulation

The GEANT4
Organization for Nuclear Research) was used to

program  library  (European
simulate a 4w oriented random gamma ray source with
140 keV, and track the passage of the gamma-ray
photon. The trace simulation includes four phases:

(1) Track whether the i™ gamma photon passes

the parallel-and pin-hole collimator.

(2) Verify whether the i™ photon hits the
scintillating crystal.

(3) Mark the point coordinates of having
photoelectric effect in the scintillating crystal. The
isotropic scintillation photons are generated by
secondary electrons, and traced by Fresnel relationship
till the new secondary photons are deposited on the
photocathode of PSPMT and trigger photoelectrons.
The weight center of every gamma photon, which
corresponds to the PSPMT’s output in theory, is

calculated by Egs.(1) and (2).
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Fig.1 Schematic diagram of the dedicated gamma camera: A
parallel- (A) and pin- (B) hole collimator (mm), S: the point
gamma-ray source.

X, =3 (x, /m) (M

V=3 (y, /m) @

where, (X;,Y;) is the coordinates of the i gamma-ray,
(x;7,v57) 1s the coordinates of the /™ photoelectron of the
i" gamma-ray, and m; is the total count of the
photoelectrons detected in the i gamma-ray.

It is assumed that the weight centre of
photoelectrons are fitted by a 2D Gaussian distribution,
its mean values are taken as the target points of (X,Y;),

and the full width of 2.354c at half maximum (FWHM)
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is taken as the spatial resolution at the points. When
the gamma ray triggers scintillation up to 10° on the
counter SENS, simulation experiment is stopped, and
the gamma-ray source is moved to another point along
the collimator axis.

(4) The geometry sensitivity is the ratio of
gamma ray photons going through the collimator to
the total gamma-ray photons emitting from the gamma
ray source. The different combinations of L with d are
fed to observe the spatial resolution and geometry
sensitivity.

3  Results and Discussion

3.1 Spatial resolution

To simulate the L variation, the gamma ray source was
set by 2-cm step at 6 position points along the axis of
the collimator. For the parallel-hole collimators, we
used d =1, 2, 3, and 4 mm; and for pinhole collimators,
d=1,1.5,2, and 3 mm, so as to demonstrate its effect
on the spatial resolution and geometry sensitivity.
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Fig.2 Spatial resolution response to L and d for parallel-hole
collimator and pinhole collimator .

For the compact gamma ray camera, the lower
spatial resolution is, the better its performance is. Fig.2
shows that the spatial resolutions of parallel- and
pin-hole collimators vary with L and d, the spatial
resolutions deteriorate with increasing with d. When
lengthening gradually the L, the spatial resolution
mildly deteriorates for pin-hole collimator; and sharply
for parallel-hole collimator because it is majorly
decided by L.

3.2 Geometric sensitivity

Geometry sensitivity of the gamma camera is shown in
Fig.3. The geometry sensitivities of parallel- and
pin-hole collimators vary with L at the same d values,
indicating that their geometry sensitivities drop with
increasing L, especially for a pin-hole collimator, and
increase with d. The L should be as short as possible to
achieve better geometry sensitivity, and geometry
sensitivity of parallel-hole collimator is better than that
of pin-hole collimator at this time.
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Fig.3 Geometry sensitivities varying with L and d for the
pin-hole and parallel-hole collimators.
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Conclusions

We simulated the performances of the parallel- and

pin-hole collimators in gamma cameras. At the

identical L, the spatial resolution drops with increasing

d, especially parallel-hole collimator. The geometry

sensitivity drops with increasing L, and dramatically

decreases for pin-hole collimator. These characteristics

are suitable for fine imaging of breast cancer in the

future.

References

1

Mcelroy D P, Hoffman E J, Macdonald L, et al. IEEE
Trans Nucl Sci, 2002, 49(3): 794-802.

More J, Goodale J, Majewski S, et al. IEEE Trans Nucl
Sci, 2006, 53: 2675-2679.

Raylman R, Majewski S, Cross B, ef al. Nucl Instrum
Meth Phys A, 2006, 569: 291-295.

TaY S, Yong C, Jin HJ, et al. IEEE Trans Nucl Sci, 2005,

10

11

12

52: 1396-1400.

Antoccia A, Baldazzi G, Banzato A, et al. Nucl Instrum
Meth Phys A, 2007, 571: 484-487.

Zhu J Ma WY, Zhu Y F, ef al. Nucl Sci Tech, 2009, 20:
37-41.

Levin S. Nucl Instrum Meth Phys A, 2003, 497: 60-74.
Ricard M. Nucl Instrum Meth Phys A, 2004, 527:
124-129.

Agostinelli S, Allison J, Amako K, et al. Nucl Instrum
Meth Phys A, 2003, 506: 250-303.

Position sensitive photomultiplier tube with crossed wire
anodes R2486 series, Specifications manual (in Japanese).
Hamamatsu: K.K. Electron Tube Center, 1993, 1-53.
<http://www. Hamamatsu.com>.

Zhu J, Ma H G, Ma W Y, et al. Chin Phys C, 2009, 33:
285-288.

Lowe D, Truman A, Kwok H, et al. Nucl Instrum Meth
Phys A, 2002, 488: 428-440.



	Characteristics of parallel-hole and pinhole collimators for nuclear medicine imaging
	1 Introduction
	2 The image system design and simulation
	2.1 The image system design
	2.2 The simulation 

	3 Results and Discussion
	3.1 Spatial resolution
	3.2 Geometric sensitivity

	4 Conclusions



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /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 300
  /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 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1800
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [612.000 792.000]
>> setpagedevice


