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1. INTRODUCTION

In this paper a new a bayesian algorithm for interferometric phase restoration is introduced. It is based on a nonlinear anisotropic

diffusion of orientation fields. A statistical term is introduced into the formulation to account for the specific statistics of InSAR.

ϕ denotes the acquired interferometric phase and φ the restored.

2. METHODOLOGY

2.1. Anisotropic Orientation Diffusion

Perona introduced a discrete diffusion process for orientation fields [1]. It efficiently regularizes orientations which are encoded

as phases. Nevertheless, it is isotropic. Inspired from [2], the formulation is extended by the introduction of a 2π periodic

robust error norm ρ̃. Given S the set of points in the sampling grid and Ns the first order neighbourhood of s

E =
∑
s∈S

[ ∑
p∈Ns

ρ̃(φp − φs)
]

=
∑
s∈S

[ ∑
p∈Ns

ρ(1− cos(φp − φs))
]

⇒ ∂φs

∂t
= λ

∑
p∈Ns

ρ′(1− cos(φp − φs)) sin(φp − φs).

Concretely in this paper we propose ρ(x) = 1−erfc(x/k) and ρ′ = exp(−x2/k2), where k is a scale parameter. The diffusion

becomes anisotropic. Moreover, E is the potential function of a GRF on S and the first order clique system [3].

2.2. Statistical Bias

Perona also proposed adding a bias term to the energetic formulation. We propose its extension to robust error C̃ρ,γs
and to

bias the diffusion towards the original phase value, as a likelihood or fitting term. γs is the coherence at point s and pdfγs

the associated phase statistic. An adapted conditional likelihood fϕs|φs
(ϕs|φs) between the observed phase value ϕ and the

restored φ, the one generated by diffusion, is introduced.

C̃ρ,γs
(φs−φs,d) =

∫ π

−π

ρ
(
1−cos

(
(φs−φs,d

)−z)
)
pdfγs

(z)dz =⇒
φs,d=ϕs

fϕs|φs
(ϕs|φs) =

1
Z(ρ,γs)

exp
(
−C̃ρ,γs

(ϕs−φs)
)
.

2.3. Maximum a Posteriori Estimation

Bayesian estimation and GRF can be used for signal restoration, as shown in [4]. Given the conditional likelihood from section

2.2 and the GRF prior from 2.1, the maximum a posteriori restoration problem is stated as

Φ̂ = arg max
Φ∈[−π,π[S

{
1
Zρ

exp

[
ln

(∏
s∈S

fϕs|φs
(ϕs|φs)

)
− 1

T
U

({
φ
}

s∈S
)]}

= arg min
Φ∈[−π,π[S

{ ∑
(φp,φs)∈C1

ρ(1− cos(φp − φs)) + T
∑
s∈S

C̃ρ,γs(φs − ϕs)

}
.



Its gradient descent minimization is equivalent to anisotropic orientation diffusion when biased towards the initial phase. The

approach is thus justified as a bayesian restoration algorithm

∂φs

∂t
= λ

[ ∑
p∈Ns

ρ′(1− cos(φp − φs)) sin(φp − φs) +
T

2
qρ,γs(φs − ϕs)

]
, qρ,γs(φs − ϕs) = −∂Cρ,γs

∂φs
(φs − ϕs).

3. RESULTS

In figure 1 the effect of the anisotropy and likelihood are illustrated. The number of iterations is kept high in order to show

clearly the differences. The isotropic orientation diffusion regularises the phase without taking into account the fringe structure

of the interferogram (b). Hence, fringes are merged and broken. The anisotropic diffusion tends to preserve such structures

as a result of the predominant diffusion in the local tangential direction (c). Nevertheless, the smoothing is excessive. Once

the likelihood term is introduced (d) the diffusion remains anisotropic for fringe preservation, while reconstructive for higher

accuracy. Finally, figure 2 shows that the patterns in the restored phase fit those in the original one.

Fig. 1. Diffusion and bayesian restoration of the interferometric phase. (a) 200 × 200 section from a HH High Resolution

Spotlight interferogram of the Stromboli volcano acquired by TerraSAR-X; (b) isotropic orientation diffusion of (a) (param.

λ = 0.1); (c) anisotropic orientation diffusion of (a) (param. λ = 0.1/0.7476, k = 1.3); (d) statistically biased anisotropic

orientation diffusion (a) (param. λ = 0.1/0.7476, k = 1.3, T = 4). The number of iterations is 800.

Fig. 2. Visualization of the restored phase. Transparency of the diffused phase (fig. 1 (d)) in grey scale over the color wheel

representation from the original phase (fig. 1 (a)). (a) 0% opacity; (b) 33% opacity; (c) 66% opacity; (d) 100% opacity.

4. REFERENCES

[1] P. Perona, “Orientation diffusions,” IEEE Transactions on Image Processing, vol. 7, no. 3, pp. 457–467, March 1998.

[2] M. J. Black, G. Sapiro, D. H. Marimont and D. Heeger, “Robust anisotropic diffusion,” IEEE Transactions on Image
Processing, vol. 7, no. 3, pp. 421–432, March 1998.

[3] J. Besag, “Spatial interaction and the statistical analysis of lattice systems,” Journal of the Royal Statistical Society. Series
B (Methodological), vol. 36, no. 2, pp. 192–236, March 1975.

[4] S. Geman and D. Geman, “Stochastic relaxation, gibbs distributions, and the bayesian restoration of images,” IEEE
Transactions on Patern Analysis and Machine Intelligence, vol. 6, no. 6, pp. 721–741, November 1984.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Acro8.recommended.6Dec2006_FontEmb'] Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


