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Abstract— Special Protection Systems’ requirements define the 
communications scheme so that the power system protections 
inside work. An Internet-based communications architecture 
with two level hierarchy is presented. The upper level is a broad-
band SDH/SONET network, and the lower network is an 
IEC61850 standard based Ethernet. The protocols required in 
each of the layers are determined. The SPS traffic and 
background traffic of the communication system are also
displayed. Finally, a simulation of a hypothetical network based 
on the Colombian power system is performed, and the network's 
performance and the transport protocols are evaluated as a
function of the delays and dropped packets inside the protocols. 

Index Terms—IEC61850, Communications System, Special 
Protection Systems SPS, Background Traffic, Phase 
Measurement Unit PMU, Wide-Area Monitoring Systems.

I. INTRODUCTION

Special Protection Systems (SPS) incorporate modern 
sensor equipment, communication systems and computer 
networks. The goal is to improve reliability levels, network 
security and Wide-Area power system stability.

The communication scheme can benefit the SPS by 
increasing its accuracy and reliability [1], [2]. Furthermore, 
the development of communications positively impact
performance and quality monitoring processes, state 
estimation, control, operation and management of power 
systems. [3]

The SPS obtains information from several locations that 
are distant from the power system using wide-area 
measurements with time-labels and communications 
technology, by organized measurements that are arranged into 
time-labeled measurement sets. The measured information is 
used for power system estimation and forecast if such is 
possible, in order to identify disturbances in the power system. 
In the case that a disturbance is detected, the SPS performs a 
series of scheduled actions and performs an action information 
collection in order to adjust subsequent actions until the 
disturbance is mitigated [5]. This process is executed in real 
time. 

This paper presents the SPS communications requirements 
for adequate operations. Such requirements, define 
communications infrastructure that include: structure, media, 
network topology and protocols. Finally, a simulation of the 
proposed communications network is executed in order to 
evaluate the performance of the network in terms of the delay 
and packet loss.

II. COMMUNICATIONS NETWORK

The basic components of a SPS include: Phasor 
Measurement Units (PMUs), System Protection Terminals 
(SPTs), a Phasor Data Concentrator (PDC), the PMU-based 
applications and, finally, the communication system [6], [5]. 
As shown in the block diagram in Fig. 1.  

The communication system is an essential element of the 
SPS, since it distributes and manages remote information Such 
importance relies in the fact that the optimal decision is made 
by collecting global data that depends on the communication 
system performance [5].

Fig. 1: Conceptual diagram of a SPS.

A. Communication Requirements
There are several communication requirements. However, 

delay and packet loss rate requirements are the most critical,
since SPS operates in real-time. Such condition defines the 
protocol selection as the critical element of the design in the 
transport layer.

The power system state estimation and forecast application
determines the tolerance for packet loss. In this case, state 
estimation and forecast is made by a Kalman-filter 
implementation as shown in [3]. Such strategy results in 



acceptable values when the three second forecast has been 
performed. Hence, this methodology tolerates a maximum of 
three second period for packet loss. 

The disturbance inside the power system that demands a
higher speed requirement is the transient instability,
specifically the power angle stability loss. The oscillation 
detection can be obtained with at least two phase samples [1].
In the worst case scenario, the system stability can be 
maintained only if the protection scheme actuates before 0.5s. 
[1], [5]. 

The times involved in the disturbance detection and 
subsequent actions to mitigate the disturbance are: as PMU 
sampling time, as sample’s transmission delay, as the 
time to sort measurements in the PDC, and as the time
required to detect disturbance and determine actions against 
disturbance. Finally   is protection order transmission’s
delay. As two measurements are required for oscillation 
detection, the transmission delay is assumed to be the same for 
the two samples  ( ). The timing diagram is depicted in Fig. 
2.  

Fig. 2: Timing Diagram SPS Response Time to the transient 
instability

According to Fig 2, equation (1) shows the total time 
requirement.+ + + + + + + 0.5 (1)

Assuming that the sampling rate in the PMU is 30Hz,  
correspond to 33,33ms. In this case, sort measurements are
made by the PDC algorithm presented in [6]. Hence, the 
maximum time to sort phase measurements is 55ms, which 
defines that has to be at least 55ms . Assuming the 
protection order time, , is 50ms, equation (2) is obtained.2(33.33 ) + 2 + 2(55 ) + 50 + 500 (2) 

Thus the delay requirement is given by equation (3).2 + 273.33                             (3) 

Evaluating the limit of maximum allowable delays, and 
assuming that the upload and download delays are the same, = =  ,bounds for the delays are obtained in (4).

3 273.33
  91.11                                   (4) 

B. Communications Infrastructure
An Internet communication standard is chosen, because of

its popularity, low cost, and easy migration. However, taking 

into account that Internet was not designed for time-critical 
applications, special attention must be taken to ensure that the 
capabilities of the network, protocols, security and Quality of 
Service (QoS) are properly managed to ensure that the
Internet-based network is capable of meeting the requirements 
of the SPS [2], [7].

To operate an SPS, the communications network can be 
seen as a two level hierarchy system, as presented in [4]. The 
lower level is a Local Area Network (LAN). This level is in 
charge of the communication between substations and power 
plants,  PMUs, SPTs, the substation host, and other Intelligent 
Electronic Devices (IEDs) that are directly related to the 
power equipment of the substation [1]. As defined in the 
IEC61850 standard [8] [9], the LAN control center is a 
common network with several hosts. Still, the server that 
supports the PMU-based applications along with the PDC 
belong to this network. The substations and control center are 
nodes in the upper level [1], which corresponds to a Wide 
Area Network WAN. 

The selection of communication protocols is critical to 
guarantee an adequate QoS of the communications system. 
The protocol selection in different layers of the stack depends 
on the fact that the communication network is based on
Internet technologies.

The selection of the transport protocol is the most 
important; Internet has only two transport protocols, 
Transmission Control Protocol (TCP) and User Datagram 
Protocol (UDP) [10]. The importance of the protocol selection 
relies in the fact that each protocol has advantages and 
disadvantages, which directly affect the final QoS of the 
system. 

III. COMMUNICATIONS NETWORK TRAFFIC

Two types of traffic are generated inside a SPS: “Upload” 
and “Download” traffic. Upload traffic corresponds to those
packets containing phase measurements provided by the PMU 
and sent to the control center, with data format defined by the 
C37.118 standard [11], [14]. Download traffic corresponds to
those packages with the information required for disturbance 
mitigation, which are created in the control center and sent to 
the corresponding STP. These traffic models are presented in 
Table 1. 

The communication network is not only used for the SPS. 
Data rates, coverage and other benefits make it a general 
purpose network for the power system. The traffic that is not
generated by the SPS is called background traffic, as seen in 
[2] and [7].

IV. EXPERIMENTAL SCENARIO

The Colombian power system scenario was studied in 
order to calculate delays and dropped packets from the SPS 
communication system simulation, by proposing a 
hypothetical communication network. Only 21 substations and 
power plants were chosen as base sites in order to generate 



network measurements and SPS interaction with the power 
system. The 21 chosen substations and power plants 
correspond to those with the greatest number of buses and a
90% chargeability in mean operation [12].

TABLE 1: UPLOAD AND DOWNLOAD TRAFFIC PARAMETERS. 

Upload Traffic

Source Destiny Traffic 
Type

Packet 
Size

Interval 
Packet

Transport 
Protocol

Each 
PMU

Control 
Center Constant 38B/Bus 33.33ms UDP/TCP

Download Traffic

Control 
Center Breaker Poisson 100B Random UDP/TCP

The upper level of the communication system is presented 
in Fig. 3. The links between each node (substations) of the 
upper level are implemented with optical fiber as the physical 
transmission medium, using 155.52Mbps ST1 SDH protocol. 

Different size substations are considered for system 
heterogeneity. The substation LAN is an Ethernet network 
with links up to 100Mbps transmission rate. The LAN 
network model in substations and power plants is presented in 
Fig. 4. The LAN control center is also an Ethernet network but 
with links up to 1Gbps transmission rate, as shown in Fig. 5. 

V. COMMUNICATION NETWORK SIMULATION

The simulations were performed in QualNet ® 5.1 
simulation software. The algorithm used for packet routing 
was RIP version 2 since it presents a simple configuration. It 
is an open algorithm (supports derivative versions which are
not necessarily compatible), and it is widely used. 
Furthermore, it is supported by most of the manufacturers.
Moreover, RIP is the canonical example of the routing 
protocols, and it is distance vector algorithm based [13]. The 
first packet stands for five minutes (300 seconds) before it is 
sent, in order to have an adequate network initialization. 

The simulations results of the Upload traffic using UDP 
without background traffic are depicted in Fig. 6. Upload 
traffic simulations results using TCP without background 
traffic are depicted in Fig. 7. In the case where UDP is used as 
transport protocol, the upload traffic delay constraint given by 
(4) is met even considering the worst case scenario, in great 
extent. For example, taking the larger packet delay in the 
simulation, which correspond to 8.4ms, the 91,11ms constraint 
is met.

Fig. 3: Experimental Scenario

Fig. 4: Substation LAN



Fig. 5: Control Center LAN

In the case where TCP is used as transport protocol the 
upload traffic delay boundary given by (4) is not satisfied, 
because even if the control order delay is neglected ( = 0), 
the Upload packets present delays greater than the 91.11ms,
in more than 60% of the cases. Therefore, the chosen upload 
traffic protocol is UDP.

UDP upload packets are shown in Fig. 8. When 
background traffic is included, the time window is increased, 
in order to have a better perception of the effects of 
background traffic regarding their delays. The maximum delay
obtained is twice the delay obtained without background 
traffic. However, the delay constraint in (4) was met.

The download packets in a background traffic scenario are 
show in Fig. 9 and Fig. 10. The first graph corresponds to the
UDP case and the latter corresponds to the TCP scenario. The 
graphs show that the Download packet delays are very low.
Such packets meet the constraint even under background 
traffic. In this case, the download traffic is not affected by
whether of the transport protocols is used (TCP or UDP).

Finally, packet loss are not presented.. For this particular 
case, the Internet-based network is not saturated even in the 
presence of background traffic. The proposed communication 
network meets both of the requirements: low delay and low 
packet loss.

Fig. 6: Upload Packets Delay Using UDP, Without Background 
Traffic.

Fig. 7: Upload Packets Delay Using TCP, Without Background 
Traffic.

Fig. 8: Upload Packets Delay Using UDP, With Background 
Traffic.



Fig. 9: Download Packets Delay Using UDP, With Background 
Traffic.

Fig. 10: Download Packets Delay Using TCP, With Background 
Traffic.

VI. CONCLUSIONS AND RECOMMENDATIONS

For the hypothetical case presented, the communication
network meets all the requirements needed for proper 
operation over SPS in the Colombian power system for the 21 
selected substations under study. Upload packages with phase 
measurements must be sent using UDP as transport protocol. 
Since TCP adds very high delays in flow control, which result 
in a high percentage of failed packets for delay fulfillment, 
adequate power state estimation and disturbance detection is 
not well performed. 

For Download traffic, the obtained delays are independent 
of the chosen transport protocol (UDP or TCP). However, 
TCP is highly recommended, because it provides better
delivery reliability in comparison to UDP, thereby meeting the 
requirement of high reliability of delivery required by
download traffic.

In the studied case the traffic due to other power system 
processes do not greatly affect the behavior of Upload and
Download traffics in terms of delay and dropped packet. 

VII. REFERENCES

[1] M. G. Adamiak, A. P. Apostolov, M. M. Begovic, C. F. Henville, K. E. 
Martin, G. L. Michel, A. G. Phadke, J. S. Thorp. “Wide Area 

Protection-Technology and Infrastructures” IEEE Transactions On 
Power Delivery, Vol. 21, No. 2, April 2006. 

[2] Luis A. Oquendo Class, Kenneth M. Hopkinson, Xiaoru Wang, Todd 
R. Andel, Ryan W. Thomas. “A Robust Communication-Based Special 
protection System”. IEEE Transaction On Power Delivery, Vol. 25, No. 
3, July 2010. 

[3] Efrén Martínez. Álvaro Torres. “Predicción y Estimación de Estados 
Dinámica para Sistemas Eléctricos de Potencia” Tesis de Maestría., 
Universidad de los Andes. Bogotá Colombia. Enero de 2011. 

[4] Cheng Li, Li Zhongwei, Tong Weiming. “Data Communication and 
Information security Analysis of Wide Area Protection System” IEEE 
International Conference on Information and Automation. June 2010. 

[5] Tianqui Xu, Xianggen Yin, Dahai You, Yan Li, Yangguang Wang. “A 
Novel Communication Network for Three-Level Wide Area Protection 
System”. IEEE Conference Publications 2008. 

[6] Moustafa Chenine, Lars Nordström. “Modeling and Simulation of 
Wide-Area Communication for Centralized PMU-Based Applications”. 
IEEE Transactions On Power Delivery, 2011. N° 3 

[7] K. Hopkinson, G. Roberts, X. Wang, J. Throp, “Quality of service 
considerations in utility communications networks”. IEEE Transactions 
On Power Delivery, Vol. 24, No. 3. July 2009. 

[8] Lars Andersson, Christoph Brunner, Fred Engler. “Substation 
Automation based on IEC 61850 With New Process-Close 
Technologies”. IEEE Conference Publications 2003. 

[9] Mark Adamiak, Drew Baigent GE Digital Energy, Ralph Mackiewicz. 
“IEC 61850 Communication Networks and Systems In Substations- An 
Overview for Users”. IEEE Conference Publications 2006. 

[10] F. Kurose and K. Ross, Computer Networking: A Top-Down Approach 
Featuring the Internet, 3rd ed. Reading, MA: Addison-Wesley, 2004. 

[11] A.G. Phadke, J.S. Thorp, “Communications Needs for Wide Area 
Measurement Applications”. IEEE Conference Publications, 2010. 

[12] Subdirección de Planeación Energética. “Plan de Expansión de 
Referencia Generación - Transmisión 2010 – 2024”. Bogotá. Diciembre 
2009. 

[13] Larry L. Peterson, Bruce S. Davie. “Computer Networks A Systems 
Approach”. Morgan Kaufmann Publishers, 2003. 

[14] IEEE Standard for Synchrophasorsfor Power Systems. IEEE Sta1Ubrd 
C37.1I8-2005. IEEE Std 1344-1995. 

[15] IEC61850: Communications Networks and Systems in Substations, 
ICE Std. 61850-10, 2003. 



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /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 false
  /OPM 0
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


