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1. INTRODUCTION 

Multi-baseline Interferometric Synthetic Aperture Radar Systems (InSAR) has been used to enhancing the estimation of the 
ground digital elevation model (DEM) [1,2], to increasing the image range resolution [3] or to reconstruct a 3D reflectivity 
map (SAR tomography) [4]. In this paper we consider a method which allows the DEM enhanced reconstruction together 
with the scene reflectivity amplitude estimation. As far as the DEM estimation is concerned, multi-channel interferometric 
techniques have the potential of providing DEMs with meter accuracy. They usually exploit only the interferometric phases 
of SAR images, obtained using different baselines and/or different frequencies, which are directly related to the ground 
altimetric profile. The height profile estimation is generally performed maximizing the likelihood function (Maximum 
Likelihood (ML) estimation) of the multiple interferograms [1]. The amplitude of the interferometric images, instead, is not 
exploited, since it is not directly related to the height profile, and then does not provide additional information on it, unless a 
scattering model relating the height slopes to the reflectivity intensity is included. 
A problem to be considered in the application of ML multi-channel techniques is that the closed form evaluation of the 
likelihood function of the multiple phase interferograms is not easy to be found when the interferometric phases are mutually 
correlated, like usually happens in multi-baselines configurations [5]. A closed form has been found only in the case of dual-
baselines systems. In the general case of more than two baselines, the interferometric phases are assumed to be statistically 
independent, so that the multi-baseline likelihood function can be found by computing the product of the single-baseline 
likelihood functions. This approximation produces a loss of accuracy in the reconstructed height profile, especially when the 
number of the used baselines increases. 
In this paper we present an alternative DEM estimation technique exploiting both the amplitude and the phase of the 
interferometric images. The use of the amplitude information has not the objective of improving the height estimation 
accuracy, but allows expressing the exact multi-baseline likelihood function in a closed-form, derived from the well known 
multivariate Gaussian signal model. The technique can be also applied for reducing the speckle noise on the image 
amplitude, by coherently combining the multi-look images. Coherent combination requires the use of the estimated height 
profile and of the images correlation. Numerical results on simulated and real data will be presented in the final paper. 

2. MULTI-BASELINE DEM AND REFLECTIVITY ESTIMATION 
 

Let us consider K complex SAR images obtained by processing the signal received by K SAR antennas viewing the same 
scene with slightly different look angles. Taking the first antenna as a reference, we define the spacing B1k as the distance of 
the k-th antenna and the reference one, measured along the direction perpendicular to the look direction. 
Assuming a discrete ground coordinate system, let Yk(l), l = 1,..., NxM , be the complex image signal of a ground region at 
the discrete image pixel l, acquired by the k-th antenna: 
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where N M is the image dimension, k denotes the different channels, a(l) and a(l) are amplitude and phase of the radar 
reflectivity of the l-th image pixel, Xk(l) is the complex valued multiplicative speckle noise, vk is additive thermal noise, h(l)
denotes the height value at the image pixel l, and  is a constant depending on the operating frequency and on the range 
distance between the reference antenna and the centre of the scene. 
The problem consists in estimating the speckle free reflectivity amplitude a(l) and the height values h(l) starting from the  K 



 complex SAR images Yk(l). Since we consider each image pixel independent from the others, we can neglect the dependence 
of the pixel coordinate and in each pixel we can define the data vector Y=[Y1 Y2  …… YK]T and the speckle complex vector 
X=[X1 X2  …… XK]T. Moreover we neglect the presence of the additive thermal noise, since signal to thermal noise ratio is 
sufficiently high after SAR image focusing. In the assumption of fully developed speckle, Y is a proper complex Gaussian 
vector with a joint probability density function (pdf): 
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where the covariance matrix depends on the parameter h , CY=CY(h), and can be expressed as CY= H
X , where H denotes 

the Hermitian, hBhBdiag 1K12 jj e,...,e,1  and X={ mn} is the covariance matrix of the speckle vector X. For obtaining 
the ML estimation of the unknown parameters h, a and a we have to maximize the log-likelihood function, obtained by 
substituting the measured complex radar images in the log of (2). It is easy to show that the log-likelihood function is 
independent from a (which can not be estimated from Y and does not influence the estimate of a and h). while the estimate 

MLĥ of h is independent on the parameter a and can be found by solving the equation: 
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where D is a matrix whose generic elements are given by hBj
nmnmnm

nm  eaBjd , with nm  the (n,m) element of the 

matrix 1
X . Once estimated h, the ML estimation of a can be expressed in the closed form: 
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Note that MLâ  depends on MLĥ  through the matrix MLĥˆ -1-1
YY CC .

The method has been tested SAR images Y of a ground scene with different reflectivity levels simulated using the model of 
Eq. (1) and the Envisat-ASAR parameters. The DEM has been estimated using Eq. (3), while the image amplitude has been 
estimated by using Eq. (4). Obtained results are compared with those obtained by estimating h starting from only phase data 
and assuming independent interferograms and with the multi-look amplitude obtained by performing the average value of the 
image amplitudes (incoherent multi-look). The root mean square values (rms) of the reconstruction error and the Equivalent 
Number of Looks (ENL) are presented in Table 1, showing the better performance of the presented method. 

Table 1.  Results obtained on simulated multi-baselines images. 
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ENL
(incoherent multi-

look)
3 baselines 6.03 5.95 1.53 1.99 2.5078 1.43 
6 baselines 4.16 5.26 1.11 1.93 5.5201 2.55 
9 baselines 3.57 5.11 0.91  1.93 7.6539 1.60 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /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 true
  /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 true
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


