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Nomenclature 

The notation used throughout the paper is stated 
below: 

k  population; 

( | )p j x  conditional probability; 

kq  prior probability; 

( )kp x  probability density function; 

x  observation sample; 

j  mean vector; 

j  covariance matrix; 

( | )p k x  posterior probability; 

kY  discriminant function. 

 
Introduction 

 
The voltage and current synchronized phase data of 

electric power system under the current operation status 
can be real-time provided by the wide area measurement 
system (WAMS)/ Phasor measurement unit (PMU) [1, 2]. 
The wide area protection scheme constituted with 
synchronized phasor mainly adopts the centralized 
decision. Based upon the electric quantity change, the 
centralized decision master station utilizes the voltage and 
current information provided by all PMU equipments at 
the same time to determine the fault elements, then puts the 
main focus on backup protection related to the fault 
elements, and establishes the tripping strategy [3-5]. 
However this type of multi-information wide area relay 
protection scheme requires the whole information of 
concentrated power grid, and mainly depends on wide area 
synchronized measurement system. It requires large 
quantity of information and high quality synchronism. 
Nowadays the ratio of PMU placement in power grid is 
still relatively low, and PMU itself has problem regarding 
the dynamic accuracy. Most of fault localization 

algorithms for synchronized phasor are affected by the 
parameter errors of the system dramatically. The regional 
current differential protection is increasingly influenced by 
situations such as TA saturation after information increase, 
capacitive current distribution and load current cross. 
Therefore the wide area protection that utilizes the 
information from PMU measurement is restricted by low 
reliability, heavy burden of communication and operation 
and inappropriate match of the hardware condition. 

Most of the wide area protection schemes are 
currently facing one problem and that is the disconnection 
between theoretical research and practical application. 
Fault localization scheme that utilizes logic quantity multi-
information is an effective way to fundamentally improve 
backup protection capability and possesses potential 
practicality. Fused information is usually the decision 
resulted under different kinds of operation characteristics 
made by directional protection, distance protection, 
overcurrent protection, low voltage protection and other 
protections. To realize wide area backup protection 
scheme, it uses the relevance, complementarity and 
consistency between different protection principles from 
different protection stations relating to fault point as bases, 
and uses the expert system, genetic algorithm, rough set 
and other information fusion algorithms as platform, and 
also aims to accurately locate fault element and to acquire 
adequate fault-tolerant ability [6,7]. It has characteristics 
such as simple implementation, no requirement for 
accurate synchronization, accurate fault localization and 
fast, and it can overcome the many weaknesses of 
traditional backup protection. 

The core of wide area protection is accurate 
identification of faults [8–11]. In practice, an ideal 
measurement way to the protection, monitoring and control 
of the whole power system is provided by the PMUs and 

WAMS. In our researches, the nodal voltage phasor V  

and the branch current phasor I  from the PMUs globally 
deployed in the power system are the basic variables. 
Considering the information missing of the information 
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transmission in WAMS system, we will provide an 
effective fault identification technique for electrical 
engineering based on different kinds of failures.  

The paper is organized as follows. In Section 2, the 
classification criteria of multiple populations are presented. 
In Section 3, the effective fault identification based on 
different kinds of failures in electrical engineering is 
discussed carefully. Finally, the paper is concluded in 
Section 4. 
 
The classification criteria of multiple populations 
 

In the study of multiple populations, Bayesian 
discrimination not only considers to construct discriminant, 
but also calculates conditional probability ( | )( p j x j   

1, 2, , )k that new samples belong to each population. 

After comparing these conditional probability, the new 
samples will be fallen under the population with maximal 
conditional probability [12–14].  

For k  populations 1 2, , , k   , their prior 

probability is respectively 1 2, , , kq q q , and their 

probability density functions are 1 2( ), ( ), ,p x p x   

( )kp x . x  is an observation sample, the posterior 

probability of sample x  belongs to the thk  population is 
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sample x  comes from the thj  population. 

If k  populations 1 2, , , k    obey p -

dimensional normal distribution, and the probability 
density function can be expressed as 
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where j  and j  are respectively mean vector and 

covariance matrix. During the course of Bayesian 
discrimination, one needs find out the biggest one from 

( )j jq p x . In order to simplify discriminant function 

expression, one can take logarithm and get 
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Furthermore, let 
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Because ( | )Z g x  contains the covariance matrix of 

k  population, in practical calculation, one can further 
assume 

             1 2 .k                                 (5) 

Then the discriminant function can be expressed as 
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In the classification process, one can complete 
classification mainly based on ( | )Y j x , but it is not the 

posterior probability ( | )p j x , in fact 
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wherein ( )x  has no relevance to j , and ln[ ( )]j jq p x  

( | ) ( )Y j x x  . In other words, the j  which 

maximizes Bayesian discriminant function is just 
corresponding to maximum posterior probability. So, one 
can compare those posterior probability and determine the 
populations that observation samples should belong to. 
 
Fault identification based on different kinds of failures 
in electrical engineering 
 

The fault identification technique presented in this 
paper utilizes the fundamental components (phasors) of the 
voltages and currents measured by WAMS/PMU. And the 
data acquisition mode can be consulted reference [6,7]. 
According to different kinds of failures: single line-to-
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ground (SLG), line to line (LL) (AB, BC, CA), double 
line-to-ground (DLG) (AB, BC, CA), three-phase (AB, 
BC, CA), we have carried out massive simulation 
experiments, and the simulation results have demonstrated 
that the fault identification technique in this paper is 
reliable. Let us take 10-machine 39-bus New-England 
Power System as an illustration, Fig. 1 is its electric 
diagram. In the structure of electricity grid, BUS-18 occurs 
single-phase grounding fault. By BPA simulation and 
program calculation with MATLAB, the vector value of 
corresponding variables is exported only one times in each 
period. And in this simulation experiment, there is serious 
scarcity of wide area information, eight nodes Bus8, 
Bus12, Bus17, Bus19, Bus22, Bus28, Bus32 and Bus34 are 
missing. Using these actual measurement data of 
corresponding variables, we will carry through fault 
identification about fault component and non-fault 
component (fault section and non-fault section).  

 
Fig. 1. Electric diagram of IEEE 39-bus system 

Table 1. The posterior probability and classification of single-phase grounding fault 

Node Classification 
Posterior probability 

(Fault population) 
Posterior probability 
(Normal population) 

Classification 
(Identification) 

BUS-1 Normal node 0.00000 1.00000 Normal node 

BUS-2 Normal node 0.00000 1.00000 Normal node 

BUS-3 Normal node 0.02352 0.97648 Normal node 

BUS-4 Normal node 0.00000 1.00000 Normal node 

BUS-5 Normal node 0.00000 1.00000 Normal node 

BUS-6 Normal node 0.00000 1.00000 Normal node 

BUS-7 Normal node 0.00000 1.00000 Normal node 

BUS-9 Normal node 0.00000 1.00000 Normal node 

BUS-10 Normal node 0.00000 1.00000 Normal node 

BUS-11 Normal node 0.00000 1.00000 Normal node 

BUS-13 Normal node 0.00000 1.00000 Normal node 

BUS-14 Normal node 0.00000 1.00000 Normal node 

BUS-15 Normal node 0.00000 1.00000 Normal node 

BUS-16 Normal node 0.00001 0.99999 Normal node 

BUS-18 Fault node 1.00000 0.00000 Fault node 

BUS-20 Normal node 0.00000 1.00000 Normal node 

BUS-21 Normal node 0.00000 1.00000 Normal node 

BUS-23 Normal node 0.00000 1.00000 Normal node 

BUS-24 Normal node 0.00000 1.00000 Normal node 

BUS-25 Normal node 0.00000 1.00000 Normal node 

BUS-26 Normal node 0.00001 0.99999 Normal node 

BUS-27 Normal node 0.00367 0.99633 Normal node 

BUS-29 Normal node 0.00000 1.00000 Normal node 

BUS-30 Normal node 0.00000 1.00000 Normal node 

BUS-31 Normal node 0.00000 1.00000 Normal node 

BUS-33 Normal node 0.00000 1.00000 Normal node 

BUS-35 Normal node 0.00000 1.00000 Normal node 

BUS-36 Normal node 0.00000 1.00000 Normal node 

BUS-37 Normal node 0.00000 1.00000 Normal node 

BUS-38 Normal node 0.00000 1.00000 Normal node 

BUS-39 Normal node 0.00000 1.00000 Normal node 

 
According to the classification criteria of multiple 

populations, the results of posterior probability and 
classification have been listed in Table 1. 

From the results in Table 1, the accuracy of fault 
identification is 100%. Even if there is serious scarcity of 
wide area information, the system fault can still be 
accurately identified. 
 
Conclusions 
 

Wide area intelligent control such as self-adaptive 
adjustment fixed value of backup protection needs to 

locate fault element and fault section before backup 
protection action, but the traditional methods cannot fulfill 
this requirement. This paper provides methods for fault 
element localization and section definition based on 
classification criteria of multiple populations. By using the 
classification criteria of multiple populations to process the 
real time electric quantity information of power grid 
provided by WAMS, it could realize accurate fault 
identification. 

In the study of this paper, according to different kinds 
of failures, even if there is serious scarcity of wide area 
information, massive simulation experiments have 
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demonstrated that the fault identification technique in this 
paper is effective. In addition, in view of the fault occurs 
on a transmission line, one can still compare the size of 
corresponding posterior probability and identify the fault 
position. And the fault identification technique is also 
successful. 
 
Acknowledgements 
 

The authors thank Prof. Darius Andriukaitis and the 
referees for their helpful comments and suggestions. This 
research was supported partly by the NSFC (50837002), 
the Specialized Research Fund for the Doctoral Program of 
Higher Education (20110036110003), the Fundamental 
Research Funds for the Central Universities (11MG37) and 
the Natural Science Foundation of Hebei Province. 
 
References 

 
1. Bi T. S., Qin X. H., Yang Q. X. A Novel Hybrid State 

Estimator for Including Synchronized Phasor Measurements 
// Electric Power Systems Research, 2008.–Vol. 78.–P. 
1343–1352. 

2. Wang C., Dou C. X., Li X. B., Jia Q. Q. A WAMS/PMU–
Based Fault Location Technique // Electric Power Systems 
Research, 2007.–Vol. 77.–P. 936–945. 

3. Tang J., McLaren P. G. A Wide Area Differential Backup 
Protection Scheme for Shipboard Application // IEEE 
Transactions on Power Delivery, 2006.–Vol. 21.–P. 1183–
1190. 

4. Eissa M. M., Masoud M. E., Elanwar M. M. M. A Novel 
Back Up Wide Area Protection Technique for Power 
Transmission Grids Using Phasor Measurement Unit // IEEE 
Transactions on Power Delivery, 2010.–Vol. 25.–P. 270–
278. 

5. Lien K. P., Liu C. W., Yu C. S., Jiang J. A. Transmission 
Network Fault Location Observability with Minimal PMU 

Placement // IEEE Transactions on Power Delivery, 2006.–
Vol. 21.–P. 1128–1136. 

6. Yang Z. L., Shi D. Y., Duan X. Z. Wide–area Protection 
System Based on Direction Comparison Principle // 
Proceedings of the CSEE, 2008.–Vol. 28.–P. 87–93. 

7. Zhang B. H., Zhou L. C., Wang C. G., Bo Z. Q. Wide Area 
Backup Protection Algorithm with Fault Tolerance 
Performance // Automation of Electric Power Systems, 2010.
–Vol. 34.–P. 66–71. 

8. Zhang Y. G., Wang Z. P., Zhang J. F., Ma J. Fault 
Localization in Electrical Power Systems: A Pattern 
Recognition Approach // International Journal of Electric 
Power & Energy Systems, 2011.–Vol. 33.–P. 791–798. 

9. Zhang Y. G., Wang Z. P., Zhang J. F. Fault Discrimination 
Using Synchronized Sequence Measurements under Strong 
White Gaussian Noise Background // International Journal of 
Emerging Electric Power Systems, 2011.–Vol.12,–P. 1–
15. 

10. Zhang Y. G., Wang Z. P., Zhang J. F. Universal 
Characteristics of Faults in Complex Power System // 
International Review of Electrical Engineering, 2011.–Vol. 
6.–P. 1474–1482. 

11. Zhang Y. G., Wang Z. P., Zhang J. F., Ma J. PCA Fault 
Feature Extraction in Complex Electric Power Systems // 
Advances in Electrical and Computer Engineering, 2010.–
Vol. 10.–P.102–107. 

12. Wang B. H. Multivariate Statistical Analysis and Modeling 
for R Language, Jinan University Press, Guangzhou, 2010. 

13. Xu Q. Z., Wu X. P. The Characterizations of Optimal 
Solution Set in Programming Problem under Inclusion 
Constrains // Applied Mathematics and Computation, 2008.
–Vol. 198,–P. 296–304. 

14. Richard O. Duda, Peter E. Hart, David G. Stork. Pattern 
Classification, 2nd ed. – John Wiley & Sons, New York, 2000. 
 

Received 2011 12 09 
Accepted after revision 2012 02 10 

 
Yagang Zhang, Zengping Wang, Shuqiang Zhao. An Effective Fault Identification Technique for Electrical Engineering // 
Electronics and Electrical Engineering. – Kaunas: Technologija, 2012. – No. 7(123). – P. 27–30. 

Wide area adaptive backup protection needs to locate fault element and fault section before backup protection action, and prepare 
for modifying fixed value of backup protection. The fault localization that works for wide area adaptive backup protection is the 
precondition of adaptive backup protection. Recently, numerous experts and scholars have done extensive studies on power grid alarm 
processing and fault diagnosis, however all of these methods utilized action information from protection or circuit breaker that is 
fulfilled after protection action. In this paper, according to different kinds of failures, we will study an effective fault identification 
technique for electrical engineering. Ill. 1, bibl. 14, tabl. 1 (in English; abstracts in English and Lithuanian). 
 
 
Yagang Zhang, Zengping Wang, Shuqiang Zhao. Efektyvus elektrotechnikos gedimų identifikavimo metodas // Elektronika ir 
elektrotechnika. – Kaunas: Technologija, 2012. – Nr. 7(123). – P. 27–30. 

Plačios zonos rezervuotai apsaugai užtikrinti prieš ją įjungiant reikia nustatyti sugedusį elementą ir gedimo sekciją. Gedimų 
lokalizavimas veikiantis plačioje adaptyvios rezervuotos apsaugos zonoje, yra viena iš adaptyvios rezervuotos apsaugos sąlygų. 
Neseniai nemaža ekspertų ir mokslininkų atliko intensyvius elektros tinklų avarijų valdymo ir gedimų diagnostikos tyrimus, tačiau visi 
siūlomi metodai remiasi apsaugos veiksmo informacija arba grandinės nutraukimu. Atsižvelgiant į įvairius gedimų tipus, analizuojamas 
efektyvus elektrotechnikos gedimų identifikavimo metodas. Il. 1, bibl. 14, lent. 1 (anglų kalba; santraukos anglų ir lietuvių k.). 
 

 
 



<<
  /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


