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The work we present has been performed in the frame of a multi-partners research 
project, whose aim is the validation of a novel portable imaging system for the characteri-
zation of dangerous/illicit materials inside objects. The system combines two X-ray tech-
niques: the dual-energy tomosynthesis and the energy-dispersive diffraction. The latter 
has been chosen for its utility in the detection of narcotics and a wide range of explosives 
as pointed out elsewhere [1 – 6]. In the diffraction modality, measurements are performed 
by translating the source and the sub-system output collimator/detector. The detector is 
based on CdZnTe semiconductors, which can provide energy resolution (DE / E) of 
about 3% @ 90 keV [7] at room temperature. 

We report here the optimization study for the system specifications in the diffraction 
modality. In order to select the experimental conditions (the high voltage of X-ray source, 
the “diffraction” angle q, the angular resolution Dq / q, the collimators design, …) best 
suited for the system purposes, a multi-parametric simulation study has been performed. 

A model based on the kinematic theory of diffraction has been defined. The model 
considers the geometry of fig. 1, where a “suspected object” is positioned in the middle of 
a 40 cm deep baggage. The latter is irradiated with a collimated beam and the diffraction 
profile is measured at a fixed angle q by a CdZnTe detector. In the model we take account 
of : the angular resolution of both incident and diffracted beams, the X-ray tube spectrum, 
the detector energy resolution, the collimators geometry and the beam attenuation intro-
duced by the baggage. Several simulations for different materials have been carried out. 
As an example, fig. 2 shows the diffraction spectra of Tetryl (C7H5N5O8) obtained in the 
ideal and real conditions. The real spectra are characterized by a finite resolution Dx / x 
which, in the small angle approximation, can be written as  
 

Ax / x = ((ЛЕ / Е)2 + (Лв / ff )2)0.5                                  (1) 
 

where x, the momentum transfer parameter, is given by 
 

x = sin(0 / 2), 
 

with λ the wavelength of the diffracted beam. In computing the fig. 2 spectra, two cases 
were considered: the angular resolution (Dq / q) corresponds respectively to a proportion 
of 0.30 (a) and 1.70 (b) of the detector energy resolution (DE / E). In the second case, the 
material principal characteristics peaks start to melt together rendering the material identi-
fication a more difficult task (note that no noise has been added to fig. 2 spectra). This 
part of the simulation study was devoted to the system angular resolution identification. A 
possible interval comprised between 2% and 5% has been retained. 

 
 



 
Fig. 1. Geometry for the diffraction modality 

 

 
Fig. 2. Tetryl diffraction spectra. The ideal spectra (blu line) are compared with  
the real (red line) ones for two cases: the angular resolution (Dq/q) corresponds  

respectively to a proportion of 0.30 (a) and 1.70 (b) of the detector energy resolution 



Some of the other most relevant results can be summarized as follows: (i) a small 
working angle (~3°) is necessary in order to investigate big/attenuating objects. (ii) The 
number of detected X-rays will be improved if the total angular resolution is equally 
shared out between the source and detector collimators. (iii) The choice of the collimation 
length is a compromise between the desire of a compact system and the spatial resolution 
of the inspected volume. 

 
References: 

1. Luggar R.D., Horrocks J.A., Speller R.D., Lacey R.J. Low angle X-ray scatter for Explo-
sives Detection: a Geometry Optimization // Appl. Radiat. Isot. 48, – pp. 215 – 224. (1997). 

2. Malden C.H., Speller R.D. A CdZnTe array for the detection of explosives in baggage by 
energy-dispersive X-ray diffraction signatures at multiple scatter angles // Nucl. Instrum. Methods 
Phys. Res. A 449, – pp. 408 – 415. (2000). 

3. Jupp I.D., Durrant P.T., Ramsden D., Carter T., Dermody G., Pleasants I.B., Bur- 
rows D. The non-invasive inspection of baggage using coherent X-ray scattering // IEEE Trans. 
Nucl. Sci. 47, – pp. 1987 – 1994. (2000). 

4. Batchelar D.L., Cunningham I.A. Material-specific analysis using coherent-scatter imag-
ing // Med. Phys. 29, – pp. 1651 – 1660. (2002). 

5. Harding G. X-ray scatter tomography for explosives detection // Radiat. Phys. Chem. 71, – 
pp. 869 – 881. (2004). 

6. Harding G. X-ray diffraction imaging – a multi-generational perspective'// Appl. Radiat. 
Isot. 67, – pp. 287 – 295. (2009). 

7. Montémont G., Moulin C., Isard J., Verger L. A Digital Pulse Processing System Dedi-
cated to CdZnTe Detectors // IEEE Trans. Nucl. Sci. 52, – pp. 2017 – 2022. (2005). 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


