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Abstract. Tikhonov methods usually lead to solutions of low amplitude that are 
distributed around zero. When reconstructing transmembrane voltages (TMVs) in the 
myocardium, the signal is therefore often not in the physiological range of between 
around -80mV and 10mV. In this article, we propose an adjusted Tikhonov method 
that reconstructs TMVs in the correct range, given an estimate of one polarized node 
in the heart and an estimated set of nodes that have depolarized in the preceding time 
step. It is shown that when feeding the reconstructed TMVs into a simple cellular 
automaton recursively, and when using the computed excitation propagation as a prior 
for the Tikhonov method, it is possible to reconstruct the excitation propagation 
throughout the ventricular myocardium. The method requires an estimate of the 
region of initial activation. 
Keywords: inverse problem of ECG, electrocardiographic imaging, model-based, extrasystole, body-surface-potential-map 
 

1. Introduction 
The pre-interventional localization of extrasystoles and an imaging of the 

activation sequences of TMVs in the heart could facilitate a treatment planning for 
ablation therapies. With pre-interventional information on the cardiac 
electrophysiology available, the duration of invasive therapies could be reduced and 
their accuracy improved. 

Various approaches have been made to reconstruct myocardial activation times or 
TMVs from body surface potential maps (BSPMs). Among the most established 
approaches to solve the problem for spatial distributions of sources are the Tikhonov 
method and the generalized minimal residual regularization [Rudy, 2010]. Another set 
of methods is available for the reconstruction of activation times in the cardiac 
muscles, namely the method of critical points and times [Huiskamp and van 
Oosterom, 1988], wavefront-based approaches [Ghodrati et al., 2006] or the uniform 
double layer method [Cuppen and van Oosterom, 1984]. 

This work combines a simple rule-based computer model of excitation 
propagation with a Tikhonov solver that reconstructs TMVs. 

In contrast to the wavefront-based approach by Ghodrati, the proposed recursive 
solver is only fed with estimates for a single reference node and a set of wavefront 
nodes. The estimates are used to adjust the range of reconstructed TMVs, which is a 
new alternative to setting upper and lower bounds [Messnarz et al., 2004]. 

2. Methods 
The excitation pattern of a ventricular extrasystole was simulated on a heart model 

and the corresponding BSPM calculated. From the BSPM, TMVs in the ventricles 
were reconstructed using linear least squares optimization, combined with a simple 
cellular automaton. 
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2.1. Simulation of the ventricular extrasystole 
Anatomical models of the heart and thorax (Fig. 1) were obtained from segmented 

MRI measurements of a test subject (male, healthy). Electrophysiological models 
were parameterized with conductivities published by [Gabriel and Gabriel, 1996], and 
action potential curves were generated with the cell model by [Tusscher et al., 2004]. 
A rule-based cellular automaton was then used to simulate the excitation conduction 
in the ventricular myocardium. The automaton assigns the previously generated action 
potential curves to the activations it has generated [Doessel et al., 2005]. The desired 
location of an extrasystole in the left ventricle was taken as excitation origin for the 
automaton, which resulted in the simulated distribution of TMVs shown in Fig. 4 
(upper row).  

2.2. Forward problem of ECG 
A BSPM consists of extracellular potentials Φe  that are calculated from the 

simulated TMVs xTMV  in the ventricles using a bidomain model [Keller et al., 2010; 
Henriquez, 1993]. This results in a Poisson problem as stated in Eq. 1, where σi and 
σe  are the intracellular and extracellular conductivities. The equation was solved in a 
finite element approach with tetrahedal meshes. The resulting BSPM was overlaid 
with 30dB additive white Gaussian noise (AWGN) to simulate the conditions of a 
practical setting. This is shown for the Einthoven ECG leads in Fig. 1. 

 
∇⋅ σi +σe( )∇Φe( ) = −∇⋅ σi∇xTMV( )       (1) 

 
With the electrophysiological and anatomical model available, a linear 

relationship can be established between TMVs xTMV  as cardiac sources and the 
resulting BSPM zBSPM : 

 
AxTMV = zBSPM          (2) 
 

where A  is a transfer matrix that is responsible for mapping potentials from the heart 
volume to the body surface. 
 
 

 
 
Figure 1. ECG of the simulated extrasystole (Einthoven leads, with and without 30dB additive white Gaussian 
noise). Anatomical model of the volume conductor, with 63 BSPM electrodes placed on the anterior body surface. 
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2.3. The linear inverse problem of ECG 
Solving Eq. 2 for xTMV  would allow for a non-invasive reconstruction of TMVs 

from BSPMs. The problem, however, is ill-posed, since the solution is not unique and 
strongly influenced by noise in zBSPM . These obstacles can only be overcome with a 
regularization of the solution, i.e., by introducing a-priori knowledge on the expected 
source signal. In Tikhonov 2nd order regularization, a linear least squares problem is 
solved, in which both the equation error and an additional smoothing term are 
minimized [Hansen, 1998]: 

 
AxTMV − zBSPM 2

2
+ λ2 LxTMV 2

2
→min       (3) 

 
where λ  is a weighting factor and L  is the Laplace operator. 

2.4. Range-adjusted Tikhonov method 
In this work, the Tikhonov method shall be given an additional constraint. 

Although it is well known that the range of TMVs is between -80mV and 10mV in 
myocardial cells, Eq. 3 does not force the solution to stay within its physiological 
limits. To achieve this, an extended cost term is proposed, in which a subset Γactivated  
of the nodes of the myocardium Ω is pulled towards 10mV, another subset Γdist  is 
pulled towards -80mV and all other nodes remain unaffected: 

 
AxTMV − zBSPM 2

2
+ λ2 LxTMV 2

2
+ m2 S(xTMV − xprior ) 2

2
→min   (4) 

 
where m  is a weighting factor and S  is a selection matrix that is diagonal with 
 

sii =

Ω
Γactivated

if i ∈Γactivated

Ω
Γdist

if i ∈Γdist

0 else

⎧ 

⎨ 

⎪ 
⎪ 
⎪ 

⎩ 

⎪ 
⎪ 
⎪ 

 ;    Γactivated ⊆ Ω,  Γdist ⊆ Ω,  Γactivated ∩ Γdist = ∅; 

 

xprior,i =

10mV if i ∈Γactivated

−80mV if i ∈Γdist

0 else

⎧ 

⎨ 
⎪ 

⎩ 
⎪ 

 

The least squares solution of the minimization problem yields the following 
estimate: 

 
ˆ x TMV = AT A + λ2LTL +m2STS( )-1

AT zBSPM + m2MT Mxprior( )   (5) 
 

2.5. Recursive cellular automaton 
The range-adjusted Tikhonov method is applied in combination with a recursive 

cellular automaton in each time step. After the inverse problem has been solved with 
Eq. 5 in the previous time step, an absolute threshold is applied on all sources of 
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TMVs to find those undergoing depolarization. After a node in the tetrahedral mesh is 
classified as depolarizing source, the algorithm looks for neighbors that are already 
activated. If a depolarizing node is in vicinity to the activated areas the node itself is 
permanently classified as activated. Otherwise the detected depolarization is ignored 
and assumed to being caused by noise. 

 
The product of an estimated excitation conduction velocity (ECV) and the 

sampling interval defines the extent of a node’s vicinity. Only if a node is within 
reach of the excitation wavefront, it is considered a neighbor. 

 

2.6. Regularization parameters 
In this study, the initial estimate for the recursive algorithm in Sect. 2.5 is taken 

from the simulation. Reconstructions are produced from the BSPM with a sampling 
rate of 125Hz. Often the clinician knows for sure that the origin is in the left ventricle. 
In this case one single node in the right ventricle is assumed to safely produce a TMV 
of -80mV ( Γdist ,see Fig. 4). 

 
In order to find a proper regularization parameter m in Eq. 5, the capability of the 

cost term to constrain subsets Γactivated  and Γdist  to their desired range was assessed in 
Fig. 2. With λ  set to λ = 0.001, which is a proper choice for Tikhonov 2nd order 
regularization, m  was found to establish the desired conditions at m = 0.001.  

 
Figure 2. Range of the reconstructed signals belonging to subsets Γactivated  (top) and Γdist  (bottom) for different 
weighting factors m. Reconstruction of TMVs from the BSPM of the simulated extrasystole as obtained with Eq. 5 
and the recursive cellular automaton (absolute threshold is -10mV, expected ECV is set to 1000mm/s). 

3. Results 

3.1. Effect of absolute threshold and estimated excitation conduction velocity 
The capability of the algorithm to produce a solution that is not only 

predetermined by the setup itself but also significantly influenced by the measured 
BSPM is demonstrated in Fig. 3. It is shown that depolarizations are concentrated 
along the borderline of the activated area for absolute thresholds greater than -30mV 
and if a great enough excitation conduction velocity (ECV) is assumed in the 
recursive algorithm. For the same conditions, it is also shown that depolarizations in 
the neighborhood of the borderline have indeed a great influence on the spread of the 
activated area, since they occur in only a fraction of the neighborhood that could 
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possibly be assigned to the activated area of the next time step. With lower thresholds, 
there is an increasing likelihood for depolarizations to occur in areas outside the 
activated region and its neighbourhood. 
 

 

 
Figure 3. Recursive reconstruction of TMVs from the BSPM of the ventricular extrasystole. Evolution of statistical 
parameters over time for different assumptions on the excitation conduction velocity and for different absolute 
thresholds. Dashed lines indicate that the BSPM has not been corrupted with noise before reconstruction; solid 
lines indicate an AWGN of 30dB. 
 

3.2. Reconstruction of transmembrane voltages 
For a setup with an absolute threshold of -15mV and the ECV set to 1250 mm/s, 

the TMVs of the extrasystolic beat were reconstructed (see Fig. 4) using the recursive 
cellular automaton of Sect. 2.5 and the range-adjusted Tikhonov method of Sect. 2.4. 
Time samples in Fig. 4 correspond to those in Fig. 1. 

 
 

 

 
 
Figure 4. Upper row: simulated extrasystole (ground truth) - lower row: reconstruction from BSPM with AWGN 
of 30dB using the recursive cellular automaton and range-adjusted Tikhonov method. Absolute threshold: -15mV, 
estimated ECV: 1250 mm/s (LV: left ventricle, RV: right ventricle, grey marker: node in Γdist  ). 
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4. Discussion and conclusions 
Results demonstrate the capability of the proposed algorithm of reconstructing 

TMVs in their physiological range, with the reconstructed excitation spread closely 
resembling the simulation. 

As this is a model-based method, it is important to discuss the likelihood of 
committing inverse crimes: if a low absolute threshold were chosen for the recursive 
cellular automaton, together with an excitation conduction velocity in the exact range 
of the original simulation, the proposed algorithm would produce very similar results 
to that of the simulation. Both simulation and reconstruction would be based on the 
same anatomical and physiological model. This aspect, however, has been given 
particular attention: neither has an absolute threshold been chosen that would lead to 
a domination of the model over the measurements nor is the estimated ECV in a range 
that would facilitate such domination (see Fig. 3). 

In the study, the initial estimate is taken from the simulation itself. In a practical 
setting, it would have to be derived from an estimate of the excitation origin. In the 
ventricles, excitation origins can be estimated with accuracy of around 20mm 
[Ramanathan et al., 2003], and under certain conditions with up to 1.5mm [Liu et al., 
2005]. The robustness of the proposed method against errors in the initial estimate is 
subject to future research. Also, it has to be noted that a personalization of the 
recursive cellular automaton parameters becomes necessary in the presence of 
myocardial pathologies that affect thresholds or the spread of excitation. The range of 
TMVs was found to be robust against the selection of polarized nodes. This causality 
has to be given particular attention in future studies with the proposed method. 

Acknowledgements 

This project was funded by the German Research Association under Grant 
DO637/10-1 and BO927/1-1. 

References 
 
J. J. M. Cuppen, and A. Van Oosterom, "Model Studies with the Inversely Calculated lsochrones of Ventricular Depolarization," 
IEEE Transactions on Biomedical Engineering, , 652–659, 1984.  
O. Dössel, W. Bauer, D. Farina, C. Kaltwasser, and O. Skipa, "Imaging of bioelectric sources in the heart using a cellular 
automaton model," in Conference Proceedings : ... Annual International Conference of the IEEE Engineering in Medicine and 
Biology Society. IEEE Engineering in Medicine and Biology Society. Conference, 2005, Vol. 2, , pp. 1067–1070. 
A. Ghodrati, D. H. Brooks, G. Tadmor, and R. S. MacLeod, "Wavefront-based models for inverse electrocardiography," IEEE 
Trans Biomed Eng, 53(9), 1821–1831, 2006. 
P. C. Hansen, "Rank-deficient and discrete ill-posed problems: Numerical aspects of linear inversion," Siam, 1998. 
C. S. Henriquez, "Simulating the electrical behavior of cardiac tissue using the bidomain model," Critical Reviews ins 
Biomedical Engineering, 21(1), 1–77, 1993. 
G. Huiskamp, and A. van Oosterom, "The Depolarization Sequence of the Human Heart Surface Computed from Measured Body 
Surface Potentials," IEEE Trans. Biomed. Eng., 35(12), 1047–1058, 1988.  
S. Gabriel, R. W. Lau, and C. Gabriel, "The dielectric properties of biological tissues: III. Parametric models for the dielectric 
spectrum of tissues," Physics in Medicine and Biology, 41, 2271–2293, 1996. 
D. U. J. Keller, F. M. Weber, G. Seemann, and O. Dössel, "Ranking the influence of tissue conductivities on forward-calculated 
ECGs," IEEE TBME, 57(7), 1568–1576, 2010. 
C. Liu, G. Li, and B. He, "Localization of the site of origin of reentrant arrhythmia from body surface potential maps: a model 
study," Physics in Medicine and Biology, 50, 1421, 2005. 
B. Messnarz, B. Tilg, R. Modre, G. Fischer, and F. Hanser, "A New Spatiotemporal Regularization Approach for Reconstruction 
of Cardiac Transmembrane Potential Patterns," IEEE Trans. Biomed. Eng., 51(2), 273–281, 2004. 
C. Ramanathan, P. Jia, R. Ghanem, D. Calvetti, and Y. Rudy, "Noninvasive electrocardiographic imaging (ECGI): Application of 
the generalized minimal residual (GMRes) method," Ann. Biomed. Eng., 31(8), 981–994, 2003. 
Y. Rudy, "Noninvasive imaging of cardiac electrophysiology and arrhythmia," Annals of the New York Academy of Sciences, 
1188(Analysis of Cardiac Development: From Embryo to Ol), 214–221, 2010. 
K. H. W. J. ten Tusscher, D. Noble, P. J. Noble, and A. V. Panfilov, "A Model for Human Ventricular Tissue," Am. J. Physiol., 
286, H1573–H1589, 2004. 

International Journal of Bioelectromagnetism
Vol. 13, No. 4, pp. 184-189, 2011

189



<<
  /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


