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Two Approaches for Log-Compression
Parameter Estimation: Comparative Study*

Milorad Paskas'

Abstract: Standard ultrasound devices perform nonlinear compression reducing
dynamic range of the signal. In order to reconstruct original signal it is necessery
to find out statistics of the signal before and signal after compression. There are
two techniques for compression parameter estimation or, that is equivalent,
compressed signal reconstruction advised in literature. In the paper we perform
comparison of these techniques both for computer generated signals and
ultrasound images.
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1 Introduction

The advantage of ultrasound technique among other diagnostic tools is its
noninvasive, portable and low-cost nature [1]. On the other hand its most
evident drawback is low signal to noise ratio (SNR). It makes both ultrasound
diagnostics and further ultrasound signal processing difficult.

Better SNR is possible to achieve considering noise statistics; although
total signal (signal plus noise) statistics is changed by log-compression (in Post
Processing block in Fig. 1). This operation reduces dynamic range of the signal
to match the lower dynamic range of the video output device (display).

Ultrasound devices with additional “raw data” output are still not in wide
use. Beside clinician mode, which is corrupted by operator manual tuning such
as contrast adjustment, these devices provide research mode for quantitative
analysis.

When the compression parameter and total signal statistics is determined it
is possible to suppress noise in ultrasound image and therefore obtain better SNR.

The aim of this paper is to determine one of the parameters of the log-
compression and to reconstruct original signal before compression. Two
approaches considered in [2, 3] are analyzed and results of both methods are
later compared.
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2 Speckle Statistics

Fig. 1 shows ultrasound block scheme. Transducer converts electrical
signals into sound field that is transmitted in the human body. Sound waves will
be reflected, refracted and diffused in the tissue. Human tissue, according to
ultrasound wave propagation, consists of two types of scatterers: structural and
diffuse scatterers [4]. Structural scatterers are regularly distributed in the tissue
and they represent its anatomic structure. Diffuse scatteres are micro structures
in the tissue which are even or less of ultrasound wavelength.
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Fig. 1 — Ultrasound device scheme.

After scattering on diffuse reflectors, sound wave is represented with sum
of components with uniformly distributed phases [5], 0, :

N-1
X=L>ee, (1)
i=0
or:

Ker +in — ,XrZ +X,-2 ejarctan(X,/X,)’ (2)

where & and O, are respectively amplitude and phase of the i -th component;
X, and X, are respectively real and imaginary part of the received signal. For
N — o, with respect to central limit theorem, the joint density function for real
and imaginary parts, p, , (X,,X;), approaches normal distribution. Amplitude
distribution of the received signal, according to (2), will be Rayleigh:

e

pr(X) =22 3)
o
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Note this is valid only for diffuse scatterers. The presence of structural
component causes homodyned K-distribution (for low scatterer density) and
Rice distribution ( higher scatterer density) [5].

Compression is one of post processing techniques in ultrasound devices
(Fig. 1) and can be modeled as follows:

Y=DhX, +G, “)

where D and G are parameters of log-compression. Y is output signal (pixel
value) with lower dynamic range than in the input signal, X,. Here X, is the

envelope of the signal X . From (4) it is obvious how to reconstruct the original
signal from B —scan images when the parameters of log-compression are
available. As G is additive parameter, the shape of distribution of the output
signal is determined only by parameter D. The influence of compression on
signal statistics is illustrated in Fig. 2. There is computer generated image with
Rayleigh distribution (Fig.2) and the same image after log-compression
(Fig. 3). Comparing histograms of these 2D signals it is clear how the signal
distribution is affected by compression.
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Fig. 2 — (a) Computer generated signal with Rayleigh distribution; (b) Its histogram.
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Fig. 3 — (a) Signal after log-compression. (b) Its histogram.
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3 Approach1

As amplitudes of the received signal were Rayleigh distributed, the

intensity of the received signal, defined as /=X7?, will be distributed
accordingly:

Py(X B )
= 7 5
p, (D) a7 6))
dX
From (5) the density function of intensity, /, is given by:
1
p)=7—e > . (6)

26’
This is exponential distribution. For moments of exponential distribution is
proved to be:

<1"> =(26") T(n+1), (7)

where I'() denotes Gamma function. In [2] it is proposed to calculate
normalized moments:

()
r=—=—=I(n+1). ®)
{1)
This parameter is used for estimation of parameter of compression .

Algorithm for D parameter estimation, proposed in [2], compares
theoretically calculated values for » as in (8) and those measured from the
image. Error vector representing the difference between these two set of values
is then minimized using Levenberg-Marquart algorithm. As the final result there

is estimation of compression parameter, D .

4 Approach?2

Algorithm proposed in [3] is based on statistics for output signal ¥ given in
(4). According to (4) and (5), the density function of the signal Y is given by:

(V)= %e , ©)

where 9=1n(202)—2%. Function (9) corresponds to double exponential

distribution and its standard deviation is calculated as follows:
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nD
Oy =——. (10)
Y \/ﬂ
Estimation for compression parameter is calculated from the image as:
D= V240, ) (11)

T
where o, is the standard deviation of the homogeneous regions in the output
image.

5 Results

Both approaches are tested on computer generated images and then with
real B-scan images.

Fig. 4 shows dependence of estimation D upon real values for compres-
sion parameter, D . Images of size 100x100 pixels are divided in three sets
corresponding to parameter of the Rayleigh distribution, c.
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Fig. 4 — Approach 1. Dependence of estimated parameter D upon used value for D for
three values of ¢ : 6 =20 (sigmal), o =50 (sigma2) and c =80 (sigma3).

The same conditions are considered in the approach number two and the
results are represented in Fig. 5.

Fig. 6 shows the effect of compression of real ultrasound images. There is
image before compression and log-compressed image. D is calculated using

approach proposed in [3] and its estimation is D =34.9189 .Value of parameter
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G was chosen to make all pixels in image lie in the range 0+255. The choice
of G, as it is said before, does not affect the shape of the distribution of the
output signal.

When calculating D only regions in image without coherent component of
the signal are considered, because the statistics assumed in (6) is valid for
diffuse scatterers only.
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Fig. 5 — Approach 2. Dependence of estimated parameter upon used value
for D for three values of 6 : (a) o =20 (sigmal),
(b) 6 =50 (sigma2); (c)o =80 (sigma3).

Fig. 6 — (a) Log-compressed image.
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Fig. 6 — (b) Reconstructed signal.

Conclusion

Comparing results of both approaches (Figs.4 and5), it is clear that

approach number two provides better results. This could be explained as it is
based on statistics for compressed signal, while approach number one is based
on statistics for uncompressed signal. Approach number one, further, compares
theoretically calculated normalized moments with those determined directly
from the image. Moments calculated in image should fit Gamma function (see
(8)), which is sensitive on the range of observation for n. This range should be
narrow in order to prevent Levenberg-Marquart algorithm from oscillating, but
not too small to make precise approximation of Gamma function.

In Fig. 6, ultrasound images before and after compression show the

significance of the decompression in the sense of computer vision.

References

A. Milkowski, Y. Lee, D. Becker, S.O. Ishrak: Speckle Reduction Imaging, White paper —
GE Medical Systems, Ultrasound, Nov. 2003.

R.W. Prager, A.H. Gee, G.M. Treece, L.H. Berman: Decompression and Speckle Detection
for Ultrasound Images using the Homodyned k-distribution, Pattern Recognition Letters,
Vol. 24, No. 4-5, Feb. 2003, pp. 705 — 713.

J. Seabra, J. Sanches,: Modeling Log-compressed Ultrasound Images for Radio Frequency
Signal Recovery, International Conference of the IEEE Engineering in Medicine and
Biology Society, Vancouver, Aug. 2008, pp. 426 — 429.

G. Stippel: Speckle Suppression, Segmentation and Registration of Medical Ultrasound
Images, PhD Thesis, Department of Mediamatics, Delft University of Technology, Jan. 2004.
V. Dutt: Statistical Analysis of Ultrasound Echo Envelope, Phd Thesis, Mayo Graduate
School, Aug. 1995.

425




<<
  /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 300
  /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 300
  /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 1200
  /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 <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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


