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Development of Synchrophasor Data Aquisition and Transmission Systems
Using the GPS and the Satellite Network

DaeYun Kwon HoWoong Kim
Proco

Abstract - The electricity supply industry for which high stability
and quality of power are the primary aim of power company and the
first order of business target. As the facilities of generations,
transmissions and substations are increased every year, power system
becomes more complex and hard to control. The complexity of the
power system causes harmful influence on its security and power
facilities. Moreover, difficulty of predicting weather condition in these
days with its complexity increases the level of uncertainty of energy
demand. Wide area online monitoring of power system offers lots of
informations and solutions which clear the causes of insecurity in
power system. In this paper, we presents the development of
synchrophasor data measurement and transmission system using
satellite network for power system online monitoring.

.M B
A Aglel Aukael Fx9) wss duith Sl Y Lk ¥

A D SulA Adue) Z7tel A AEAEY EFANE JEFAA AR
9 OJ *J(Secunty) g oA ’“(Stablhty) GRE 3 AFdelHy 4

A9 A, Aol Fagdl i dAe B9 H S A 3

.

Ad 2 9z d8aq AW = e o 4d At
HolF5o] el e B4x{e 22 AT A3eart e
o]& Abdel eete AL Bdaith 127 AaMe Al A F
& AF s} ol Fol Aok oM, AAE AY A 2H] A=HS FHto]
of @t tpd] Ho] w7 FH AdolA ol Aa" e B2
FAE g glen o éﬂ}E A H o2 dehdar glo] Sl ﬂ'ﬂ?ﬂ
SO A el B kol Ha

v owgoe A9 2e Bqoz An4 U= A9A%E doly A%
A% A2l sPMU(Satellite Phasor Measurement Unit)e] 7123}
o] A5 ol &% 77| Y4 woE A ¥y AFALE o] &3t

ul
=

dole Agolehs AR Aeriele AA .
2.2 E

2.1 sPMU stEQ0{9] 7|2 7=

AT Aol Azdel B 7129 AFUGE 5719454

2 Ygo]
71 &4
HAA7}
T} AD/C(Analog/Digital Converter) 2
4 & e =350 Fasi
of AstE sPMUT Fdzbe] /d w8h$-9 3
sich, AN S AA Y s
P‘”*Ei dlolg W3z} Lﬂ‘l, J‘J"’ H]"]Ei 4l
2 AdE 3 o us Za A0 Q= 144
o] €] 7P1§ 7V 5P7ﬂ AA A OMH <1

p 748 nel .
€

<J& 1> sPMU 74 24

ol a7t Fol da AFE N ‘?}74]0“ E014
Ak A Jgol Yo srdole e a8 o2
o] Kd*e“’] t}, @x DSP(Digital Signal Processor)¢]

A= sz
= Aee F

\ N

PT CT

Analog Interface(1..n)

¢

Backplane

DongSung Kim SangHyun Yoon

m Systems
A9} 2ol A= AA At AF 98 247 A delH A5
DSP 4, A4, 283 dolg Wiz 740 12101 k.
2.1.1 DSP 2 B2E9| X9} 7|5
tgo <ad 2>& o] AANAM 71 T2 DSPRES
vebd Aoty a9l o] DSP EEL A DSPe MMI
T HE Abgate]l Aate] kAT V)5 AL HAET)

=]

o] F71¢ DSPE o]o]5+= DPRAM(Dual Port Memory)<&

=
=

ar

o718 2

DSP

|

HolEE st AAE FHT & = wF vmeoln CPLDS
2 glo]™ F(Clock) &2 Fo] i},
Measurement DSP DSP Module Architecture \DfIDSP
‘ At SRAM ‘l' CPLD lI Fast SRAM(Storage)
naﬁu

--

<18 2> DSP

Fast SRAM |

2E 0p7 1=
DPRAM< dAH(Measurement) DSP2} MMI DSP 7ol <l
EE F3% Ha dshakmg JlMo g dolHE Fauuirh T
o}L DSPE A}-&317] o oﬂ ol g
OPL AL W$ Fasith F DSP Aol
Egd AE tE AAH9 dHo]
El 1E1 kel A Aol AskE 7] wEo|t),
E3} obA3sl EAurH o R C"_}/‘é@,"d
ofefo] <1y 3> A

dl ]H =1 Hand%hakmgﬁﬁ A 7}A 7

Z
=

DPRAM(Dual Port Memory) Handshaking

INT REQ

Measurement

DSP
INT ACQ

Measurement DSP Access 91! ©
BH3F217t 253U DPRAM accesss 512
DMA Complete QIE1Z!E0il | G1000000
0x1(B3 INT-REQ) S Writestol

MMI-DSPH| Interrupt Requesk(INT3).. Measurement DSP71 INT-REQS ‘002 &t &

10 Sample =0l INT-REQE '1°2 SHL.

= (x1000000 0x (B3 INT-REQ)S Write.
Measurement DSP_|H
INT REQ
MMI DSP
INT ACQ
L Q
15=21(16ms)
15D[(16ms)

MMI DSP Access 221
ke

<12 3> DPRAM2} Dual DSPZ} OJ|0JE{ %1 Scheme

L

E1 =2

78]

HEE F

)
HE
19

A el Aol o] 14k DSPE MMI DSP9] INT3 F4= <l

598 -



HPES =AU L*J DSP7} DPRAMo| &7 2 dHolEZ
MMI DSP7} 7F4Z 4 A A3 2lag Fads Aot <l
H#HE+ 10Sample(l. 25ms)a A3 e Lowel A High®
AstH 1F7)0] AR AFTE B tolHE FuEt)
DPRAMPOI A €] dlolE &2 =g %(Queue) F 2B
HA Holeet AA L HMEF ZEA 3 971 LEH%OH ol
A Al ALaLe] FolE Alds] d 9}2“% A4 Al A A
BE AFs A%E At B40] wt=A] HQ38 75 o)

2.2 IIIHY &Y YD AS oAp ‘.T'_EI§

B g A 7 A Al A Al B AN AL GPSHA
oA 44 ¥ 1PPSAEE DSPEES %6H TTL LevelZ FAl&] Z+7+
9] Al(Analog Interface)®| H|°]¥ Hm Elo]M o g ALt} o=
A FoAA O]'C‘ sPMU #2719 dlolg] A& Eo]g2 zon
2 57 el SAEY F4 AANAEZ HUA AFY f4vsE

BUHYS & F °‘7ﬂ b= 4‘4,\_ AldlA #5 ® dlolH & uj Abo]
Fojt} dukH o7 Wo| ALE3E Zero Crossing W o2 RMSAXto]
FPso] Aok AR/, 2 /78 AY, FI45 S AAeR v ~
Aste] 4% A8 AG AALLARE AHES § 9lov, o HojEE oY
U SAo2 F¢ ZAMEAA AF dHE ik *P‘““ Fi 9l

o %7]%’%}0] IPPSAIS 9] Efo]Ro] FH5o] Y= &+& RdT

Zloltt,
signal /\ /
x(t)
t=0
' F’F’S' (1 PPS)

X=Xol V2 Synchrophasor X=(Xof
'—b Representation T
(0 degrees) (-90 degrees)
<18l 4> &7|914(Synchrophasor) &3
a3 Eolgel FHS5E FF71e] dolE = ol e g

g F5S F3te] phasor HlolEl <izto] o] Fojzitt. ¢ <:'Ler 4>
ol A2 4=l Sine Wave 212 x(t) = Xm cos (ot + ¢) ©]
w oA 97 Aes vehlE ot 2ok (s ol o)

X=Xr + jXi = (Xm/ v2)(ejd ) (2 22-1)

agx 4 22-12 BagE wygsd ogsn 2
X=Xr + jXi (D F24 2.2-2)

= Xm/ V2) £jo

= Xm/+v2 (cos ¢ + j sin ¢)

571 94 dolHe T2 s 98 ¥ IEEE ¥#9 PC37.118% &
& 3 oAoln 1 F JECEISH0 A ZREIZNE T3] JHsaHA
st & Ag ot

2.3 94 YEYIole| EN o
SPMUE 914 BA9E 531 59 44 Adsh B9 548 a
FUIHE ob7bd el ofEe Ao deld AYFNL Bae F
golm 1 o W EF 47 $AW 93] 9 ww on Fd
A3E SCADA A28 S4FAS ol $5hw o]
jen dest de Aysave e ud KRR EE
AAE N FEE F dE ol FE3 59 Ao
S0 A4 Heluhn AN golarl 4A A5 A% A
R Ll SO W ARl &

o AN} ool e A A&E EA
Btor = BARS AAA 21 P A% o]eowgg il
o

SOl E oty Teme wuoks AFAo] 2THE AN
A% BAgoR AEHE BAToRAE 13 Atk
A&o] per},

oleg fABAL AA 7T 35 4L Agee BAAEgY &
Aol B AGAR &% WAL Y WANE Holtrhs AS
qa Gee <ag 5 A U o8 F Sl A8

Uplink Frequency Downlink Frequency Bands

5.925 ~ 6.425GHz 3.7 ~ 4.2GHz C

14.0 ~ 14.5 12.25 ~ 12.75GHz Ku (Korea)
14.317 12.569 12.569 GHz
14.317 GHz
| e |82, ‘ Frequency }—»GHZ ‘ HPA ‘——»
. Converter
Uplink Downlink
Transponder

<&l 5>Satellite Frequency and Transponder

A7 $gvets Ku-BandE 7FE @o] A}43sta 9l 1 o]

e AgA, 7154 213 A A, 28 BAAR] 9] 7hE
7] Wgoltt 2o olfi PMUYA Ed KuBandE ol §to] 4
BEAE v AHsE S gaKoR Age da sl

UV] ”LQE sPMU9} 914 %A1 ©%7]91 VSAT(Very Small Aperture
Terminal: 243 @9 AF3)79 FA A4 F2& ofg 9 <a2d 6>
o YERAT

RF TERMINAL IF

up f—t X
8]
- ( x MODEM
Lt L RX
| — DEMUX USERS

<1&l 6>Very Small Aperture Terminals

BASEBAND

VSATLS Aurt 3 gige %Eé}uﬂ 0.75724M9] %43 <ot
HU=S on|dcl 1 4 8 4= Antenna, ODU(Out Door Unit),
IDU(In Door Unit)®] T}, 73] A48 aE C-Band9 Ku-Band
ol Frequency\ 500MHz ti9eltt, 2 dloly = 4, H
b2, FAX 4% 233 dEntlo] F4ld Ho] o]§ =i 9]
o},

3.4 B

w wwdAE 7198 doly 54 32 dS A el W e
I AR ENS o8 HoHE AF }‘h e dieid. sPMU &
AN F g4 Age Tl A, AR, 94, FIr T 7]%1“’1
FAeLe] AUEe W $58 AeR Yegton, 53] 1PPS A=
£ 5% 5719434 L IEEE PC37.118 7ol Agst o &84
el Z3k7h vk, ol A SAAE e S A A £=F
FasA ek w7 AGFAEA A0l glgol AT H A,

o] NlE& HBLE HE & Vg0 &7HE AAE Adeted ¥
715l 2 & deodgd Azdn. 28 Siee] AASE o

doto] =) 72 dgAEe] £92 W A d7E AS E Ao

[1] E. Demeter®]2<], “Signal Phase Shifting During Synchrophasor
Measurements”, IEEE CCECE/CCGEIL p557-360, 2005

[2] Power System Relaying Committee of IEEE, “PC37.118 Draft
Standard for Synchrophasors for Power Systems”, 2004

[3] At €391, “HAEAZ AAF AAE A 79354 GA
A ZHE N Sl | ] g 8ks] ] Al11833,p.230-236, 2002

[4] olal A, “S1gFAle]& 2 A2~ BFZ3AL 2007

[5] Tracey Tessier, “Development of an Inexpensive 1PPS GPS Based
TTL Pulser”, Pierre Auger Project Note, 1999

[6] Bruce R. Elbert,"The Satellite Communications Applications
Handbook 2nd”, Artech House, 2004

- 599 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


