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The goal of the project is to apply the data exchange technologies with
common information model (CIM) to distribution mapping management
system (DMMS) for the operation and planning of distribution systems.
The object-oriented CIM is used to transfer the facilities of the DMMS to
the class which is represented by the relationship of association,
aggregation, inheritance. The project proposes the simple object access
protocol (SOAP) based architecture to improve the reliability and security
of the data transfer. The proposed CIM is applied to the data transfer of the
transformer terminal units (TTU) to monitor the voltages of the end of the

feeders and to achieve the SCADA of the facilities in distribution systems.
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# 4 %7 %| TIdentifiedObject | 2. B+ £

Name

Type

Note

mRID

String

A globally unique machine-readable identifier for an

object instance.

name

String

A free text name.

localName

String

A local short name of the instance. Objects that are
structured in a functional naming hierarchy have this
name local to each particular level in the hierarchy. The
name shall be unique among objects contained by the

same parent.

pathName

String

Objects that are structured in a functional naming
hierarchy have a pathName which contains all the
IdentifiedObject.localNames from the object to the root.
The pathName, then, is a concatenation of all these
names from the leaf object up to the root of the
containment hierarchy, similar to a file path name. For
example, if node "A" contains node "B" that contains
node "C", then the pathName for node "C" may look like
"A.B.C". The type of delimiters used between
localNames is not specified but is a local

implementation issue.

aliasName

String

A free text name of the instance. This attribute can also

be used for localization.

description

String

A free format description of the instance.
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%5 FSC ¥ CIM #p %] 2_ ¥tk %

FSC Class Package
101 i BusbarSection Wires
BusbarSectionInfo AssetInfo
102§ % % SeriesCompensator Wires
ShuntCompensator Wires
Line Wires
ACLineSegement Wires
106 & /&R s Wirelnfo AssetInfo
WireSpacinglInfo AssetInfo
WirePosition AssetInfo
108 &g ® Breakel‘r . Wires ‘
ProtectionEquipment Protection
Jumper Wires
Switch Wires
ProtectedSwitch Wires
LoadBreakSwitch Wires
Disconnector Wires
114 3 BRE R GroundDisconnector Wires
151 % FIRE Fuse Wires
Recloser Wires
CompositeSwitch Wires
Sectionaliser Wires
Cut Wires
Wirelnfo AssetInfo
115 gpE PowerTransformer Wires
PowerTransformerInfo AssetInfo
402 w7 Substation Core
Terminal Core
ConnectivityNode Core
TopologicalNode Core
Asset Assets
Hw AssetInfo Assets
AssetModel Assets
Manufacturer Assets
ProductAssetModel Assets
PSRType Core
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Bf >t & 475% it JR(Distributed Energy Resource, DER)Z. 730>t & # it ¥ e
BE & {rﬁ""‘*ﬁ% [EC61970-5 ¥ » %k SLfE & enZe f# F o & 4t R si—- (DER)
4 DERMS %’EF%‘E‘? CEEEF R ARTFE L ADOMS) T FTHE L
S(MDMS) ~ 4 T F I % sy (OMS) 2 #» R F & S(GIS)1p T % Fm» A& 3¢
HBl4o W] 2 9 o %+ EPRI$& =2 4pB 3 > T % 6 5 DERMS w3 DER #
i 2 Pk i (present state) ¥ At 3w B pE TR i 2 TR

- .

Enterprise Integration

Sensors, Switches, | |
Capacitors, —
Regulators l! ’! =,
(SOLAR ) BATTERY )(PEV )

Bl 3 iév\ n{)(\‘;b/)»%lfgb f?-]%]
# 6 DER_Group_Status ¥ ic 40 B 2. % P&} fi 3 3

Information Name Units | Information Description

The unique identifier of the group for which statuswas
Group ID N/A

requested
Group Name (optional) | N/A A reference name (string) for the group

Present AC active power imported or exported from
Watts Total w ) )

the DER group (signed quantity)
Watts, Per Phase \'Y Same as above but for Phase A, B, and C.

Present apparent power imported or exported from the
VA VA pp p p p

DER group
VA Per Phase VA Same as above but for Phase A, B, and C.

Present reactive power, capacitive or inductive,
VAR Total VAR

produced by the DER group
VAR Per Phase VAR Same as above but for Phase A, B, and C.
PF % Aggregate Power Factor for the DER group
PF, Per Phase % Same as above but for Phase A, B, and C.
Cumulative Watt-hours Wh Aggregate energy exported from (arbitrary starting
Exported point value) the DER group
Cumulative Watt-hours | Wh Same as above but for Phase A, B, and C.
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Exported, Per Phase

Cumulative Watt-hours

Aggregate energy imported to the DER group

Wh
Imported (arbitrary starting point value)
Cumulative Watt-hours

Wh Same as above but for Phase A, B, and C.
Imported, Per Phase
Cumulative VA-hours VAL Cumulative apparent energy exported from the DER
Exported group
Cumulative VA-hours

VAh Same as above but for Phase A, B, and C.
Exported, Per Phase
Cumulative VA-hours VAL Cumulative apparent energy imported to the DER
Imported group
Cumulative VA-hours

VAh Same as above but for Phase A, B, and C.
Imported, Per Phase
Cumulative VAr-hours VAR Cumulative Reactive Energy imported group,
Imported Q1 Quadrant 1 to the DER
Cumulative VAr-hours
) VARh | Same as above but for Phase A, B, and C.
imported, Q1, Per Phase
Cumulative VAr-hours VAR Cumulative Reactive Power imported to the DER
imported Q2 group, Quadrant 2
Cumulative VAr-hours

VARh | Same as above but for Phase A, B, and C.
Imported, Q2, Per Phase
Cumulative VAr-hours VAR Cumulative Reactive Power Exported from the DER
Exported Q3 group, Quadrant 3
Information Name Units | Information Description
Cumulative VAr-hours

VARh | Same as above but for Phase A, B, and C.
Exported, Q3, Per Phase
CumulativeVAr-hours, VARK Cumulative Reactive Power Exported from the DER
Exported Q4 group, Quadrant 4
Cumulative VAr-hours

VARh | Same as above but for Phase A, B, and C.
Exported Q4, Per Phase
Phase Voltage AB V p.u. | Average per unit phase voltage AB for the DER group
Phase Voltage BC V p.u. | Average per unit phase voltage BC for the DER group
Phase Voltage CA V p.u. | Average per unit phase voltage CA for the DER group
Phase Voltage AN V p.u. | Average per unit phase voltage AN for the DER group
Phase Voltage BN V p.u. | Average per unit phase voltage BN for the DER group
Phase Voltage CN V p.u. | Average per unit phase voltage CN for the DER group
Hz Hz Average line frequency of the DER group
Present Energy Stored Wh Present stored energy by the DER group
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2.7 o f =R IEC61968-5 2 R ges T # 2 # 5% ™ 5 5 DER_Group_Status
2 XSD# A # a8 2 #w ez XML 730§ 61:

£
5]

m:DERMonitorableParameter

- m:DERParameter

m: Kwnornmhnmlerﬁ_@_ z

1o

DERGroupStatuses [-]

Bl 4 IEC 61968-5 CDV DERGroupStatus.xsd
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<?xml version="1.0" encoding="UTF-8"?>
<!--Sample XML file generated by XMLSpy v2015 rel. 4 spl (x64)
(http://www.altova.com)—-->
<tns:DERGroupStatusQueriesResponseMessage
xmlns="http://iec.ch/TC57/2011/schema/message"
xmlns:xml="http://www.w3.0rg/XML/1998/namespace”
xmlns:objl="http://iec.ch/TC57/2017/DERGroupStatuses#"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:nl="http://www.altova.com/samplexml/other-namespace"
xmlns:tns="http://iec.ch/TC57/2017/DERGroupStatusQueriesMessage”
xsi:schemaLocation="http://iec.ch/TC57/2017/DERGroupStatusQueriesMessage
DERGroupStatusQueriesMessage.xsd">
<tns:Header>
<Verb>reply</Verb>
<Noun>DERGroupStatuses</Noun>
<Timestamp>2017-06-12T16:35:23-06:00</Timestamp>
<MessageID>1llbeaed4e-d615-416c-921f-bla65eflaf7e</MessageID>
<CorrelationID>4bf02e07-6cdd-430d-a318-965838d58b9d</CorrelationID>
</tns:Header>
<tns:Reply>
<Result>0K</Result>
<Error>
<code>0.0</code>
</Error>
</tns:Reply>
<tns:Payload>
<objl:DERGroupStatuses>
<objl:EndDeviceGroup>
<objl:mRID>6b3241b8-a0£f1-429b-b163-459122b5672e</objl:mRID>
<objl:DERMonitorableParameter>
<objl:DERParameter>activePower</objl:DERParameter>
<objl:yMultiplier>k</objl:yMultiplier>
<objl:yUnit>W</objl:yUnit>
<objl:DERCurveData>
<objl:nominalYValue>114.2</objl:nominalYValue>

<objl:timeStamp>2017-06-12T16:35:11~
06:00</objl:timeStamp>

</objl:DERCurveData>
</objl:DERMonitorableParameter>
<objl:Names>

.. <obil:name>DG3</obil:name>
</objl:Names>

</objl:EndDeviceGroup>
<objl:EndDeviceGroup>
<objl:DERMonitorableParameter>
<objl:DERParameter>activePower</objl:DERParameter>
<objl:yMultiplier>k</objl:yMultiplier>
<objl:yUnit>W</objl:yUnit>
<objl:DERCurveData>
<objl:nominalYValue>88.65</objl:nominalYValue>
<objl:timeStamp>2017-06-12T16:35:18~-
06:00</objl:timeStamp>
</objl:DERCurveData>
</objl:DERMonitorableParameter>
<objl:DERMonitorableParameter>
<objl:DERParameter>voltage</objl:DERParameter>
<objl:yMultiplier>none</objl:yMultiplier>
<objl:yUnit>V</objl:yuUnit>
<objl:DERCurveData>

<objl:nominalYValue>240.09</objl:nominal¥YvValue>
<objl:timeStamp>2017-06-12T16:35:18-
06:00</objl:timeStamp>
</objl:DERCurveData>
</objl:DERMonitorableParameter>
<objl:Names>
<objl:name>DG4</objl:name>
</objl:Names>
</objl:EndDeviceGroup>
</objl:DERGroupStatuses>
</tns:Payload>

</tne NRRArmmAtatineMiariscRasnancaMaccsana>

Bl 5 DERGroupStatus Response Message(example)
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122 #@* TARALEDEF ST 0|(FARER T A2 ¥R ERT])

bz CIMAPRE Hibrjls* 2 &5 2 W s b o382 d EPRIGE R B &
7% 15 5% CIM &2 (CIM v15)2r IEC 61850 B * ** 2 R B EL T A B A 4p
B F ﬁ*ﬂbm,pfﬁ}g]ar‘r}ﬁ] 597 0 Foawh 2011 ERpRET1ILE §
(IEC)2 EE" i 2 $R 4T HTEFEARYED S5 > TFTACHEBER
BT @pfer LhEa o s 4 %E& B2 T AREEE RS B R R
£ & 47(Dissolved Gas Analysis, DGA) % » f 2 ¢ it T FERBE L FHE P 7%
IR TR 2R ERAD I HA R E O AR BTARE R TN
Bt m HIEp P iEALL %*ﬁ‘ WAk Torm o RS/ E TEFTIRY A2 5
2 DEE R ?ﬁ‘uﬁ TR TEEE Y BER LN FRES N GERT ARA T
FoOTRISEE D LA BER -

g W Local /" Remote
— Data Model 1 Data | Data |-
hand i ri - | Visualization History Historian / \_ Historian /
held J) AY S ~| Database | — = —g— -
A\ \ Y, CIM SCADA
CIM SCADA

CIM SCADA

61850 to CIM SCADA
Converter

. Operations / Enterprise

------------------

.’Sbstaton
o VIRTRNOM: 61lko

l Substation ]
Gateway v,

61850

M6 A2 s EIEm
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Information Exchanged | Source Destination Implementation Technology
Network and equipment | Model History Data Visualization Pl AF Webservice

information Database Tool

Current measurement Remote Data Historian | Local Data Historian | OPC messaging over SISCO

data and 61850 to CIM UIB running on IBM MQ JMS
SCADA Converter

Historic measurement Local Data Historian Data Visualization Pl JDBC

data Tool

Asset test results Model History Data Visualization Pl AF Webservice
information Database Tool

CIM* % 15 ¥R REFILEF T £+ B Befd L BRI N A
LRER LA T a2 557 ek Gl ¥ LAEECR 0 AW
LR AEFTAD S FrEUPAL A TR FERERE oL
FoodoR 697w o BB NI F T EREE (BAL P BHEY ) {07 T
FRE (*ETEY ) 27 FHAACIM B BRI E D -

ACDCTerminal , tquipmend
+Terminals +ConductingEquipment & i i
Core--Terminal gEquipi Core::ConductingEquipment
+ phases: PhaseCode [0..1] Lo —conductingF_quipmen(1
+Terminal 0..1 0..»
PowerTransformer
4B oltage + beforeshCircuitHighestOperatingCurrent: CurrentFlow [0..1]
IdentifiedObject + beforeShCircuitHighestOperatingVoltage: Voltage [0..1]
Core:- 0..1 + beforeShortCircuitAnglePf: AngleDegrees [0..1]
BaseVoltage + highSideMinOperatingU: Voltage [0..1]
+ isPartOfGeneratorUnit: Boolean [0..1]
+ operationalvaluesConsidered: Boolean [0..1]
+BaseVoltage 0..1 + vectorGroup: String [0..1]
+PowerTransformer o o
+PowerTransformerend 0.
+PowerTransformer
PowerTransformerEnd
0..% +TransformerTanks
+ b: Susceptance [0..1]
+TransformerEnd +Transformerends +  bO: Susceptance [0..1] Equipment|
0..* 0..* + connectionKind: WindingConnection [0..1] TransformerTank
- n n 21
IdentifiedObject] g Condiictancello:1)
k<}—{ + g0: Conductance [0..1]
Transformerend

+ phaseAngleClock: Integer [0..1] +TransformerTank | o..1
+ r: Resistance [0..1]

+ rO: Resistance [0..1]

+ ratedS: ApparentPower [0..1]
+ ratedU: Voltage [0..1]

+ bmagsat: PerCent [0..1]
+ endNumber: Integer [0..1]
+ grounded: Boolean [0..1]
+ magBaseU: Voltage [0..1] .
+ +TransformerTankEnds 1..%
+ magsatFlux: PerCent [0..1] x: Reactance [0..1]
+ xO0: Reactance [0..1]

+ rground: Resistance [0..1] TransformerTankend
+ xground: Reactance [0..1]

=7} + phases: PhaseCode [0..1]
0. 1.
TmnSfmﬂerEndo -FromTra‘n’form_ei_rEDd {dentipedobject «enumeration» «enumeration»
- +Tolransformerénd TransformerMeshimpedance Cove--PhasaCode O .
+{TransformerEnd ~ToMeshimpedance o - = ngingconnection
+ r: Resistance [0..1] ABCN = 225 D
+FromMeshimpedance 0..*| _ PO Reststance 101 ABC = 224 Y
+ x: Reactance [0..1] ABN — 165 z
+ x0: Reactance [0..1] T it
et L BCN = 97 Zn
+StarimpeHance } AB =132 A
o +CoreAdmittance IdentifiedObject] AC = 96 i
0..1 TransformerCoreAdmittance BC = 66
IdentifiedObject AN = 129
TransformerStarimpedance + b:Susceptance [0..1] BN = 65
+~ bO: Susceptance [0..1] CN =33
+ r: Resistance [0..1] + g: Conductance [0..1] A =128
+ rO: Resistance [0..1] + gO: Conductance [0..1] B =64
+ x: Reactance [0..1] c=32
+ xO0: Reactance [0..1] N=16
sIN =528
s2N = 272
s12N = 784
s1 =512
s2 =256
s12 =768
none =0
X = 1024
XY = 3072
XN = 1040
XYN = 3088

Bl 7 CIMvl5 z % & % (Transformer) -3
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Fifr DGA $hARIESE BIE TG - fAsd :a*: F oo sAn b (TR -MW-
Mwm_mm)ﬁ AERIM (E R FH RSR Sk KA
BlREES - kBT ARM /Pllpéifﬁ&éﬂfr‘*%#mémxp SR G R ]
v - BRREDY - BRERESN FALER] -

28 AP BEURRERE
PRE L4 A i

Chattanooga Xf3 | a 230/115 kV transmission transformer with one tank.
a 161/13.2/13.2 kV 3-winding transmission to distribution

Sumpter Xf56 .
transformer with one tank.
i a 765/345/34.5 kV autotransformer with tertiary, comprised of
Nashville Xf3 . )
three singlephase tanks in a transformer bank
%9 % R B2 pE ?: B
Chattanooga Xf3 Sumpter Xf56 Nashville Xf3
High Side Voltage phase A X X
phazse B X X
phase C X X
Low Side Voltage phase A X
phase B X
phase C X
High Side MVA X X
High Side MW X X
High Side MVar X X
Low Side MVA X X X
Low Side MW X X X
Low Side MVar X X x
Low Side 2 MWVA X
Low Side 2 MW X
Low Side 2 MVar X
High Side Amps phase A X
phase B X
phase C X
Low Side Amps phase A X
phazse B X
phase C X
Tertiary Amps phase A X
Qil Temp X
phase A X
phase B X
phase C X
Qil Temp Alarm X
High Side Winding Temp
phase A X
phase B X
phase C X
High Side Winding Temp Alarm X
Low Side Winding Temp X
phase A
phase B
phase C
Fan Fail Alarm X
Pump Fail Alarm X
Gas phase A X
phaze B X
phase C X
Key: electrical system-related, asset health-related
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% 10 #

b %R E2 DGA R

DGA Sample Test Data
from Sample Transformers

Chattanooga Xf3
Main Tank

Sumpter Xf56
Main Tank

Nashville Xf3
Per Phase (Tank)

EquipmentID

X

Serial Number

X

TestlD/Lab Control Number

Sample Date

Total Dissolved Gas

E A A A

AR -

Total Heat Gas

Total Dissolved Combustible Gas

Equivalent TCG Percent

Hydrogen (H2)

Oxygen (02)

Methane (CH4)

Carbon Monoxide (CO)

Carbon Dioxide (CO2)

Ethylene (C2H4)

Ethane (C2ZHBE)

Acetylene [C2H2)

AR A A AR A A A A A A

A A A e R

C3

IS0C4

c4

Nitrogen (N2)

Qil Temp

>

Hydran

BB | | e B | BB 3| B3| B | B | 3| B

Total Partial Press

Est Safe Handling Limit

Moisture in Oil

LablD

|| |

Date Received

Test Date

MNotes

X

E A A A A

3| B | | 3| 3

Key: asset-related, test-related, results-related
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THE7 S THERE RRIHAG SR A RERRE o T
PowerTransformer #f %% % & PowerTransformerEnd #f %5 B % - & B 45 % &
- B¥e 5B JF’KE’ — i Terminal #§ %] 4p A& B o Terminal #f W] » £
PowerTransformer #f %] 4p B % > F] 5 PowerTransformer #f 3 % %_ Conducting
Equipment #f e — i 4F it o gt ¢k » 27 ¢ TransformerMeshlmpedance Fr
ransformerCoreAdmittance #f £ FF 4R BB T 7 { 5 Fraauzfro

Transformer 17-33

B8 -Tirid ﬁs?l 2_ % Bt % (Transformer) =%

EOHSRED T L F G A2 = ik {72 i PowerTransformer 4f %] &2 =
i® TransformerTank #g %[Ap R B : — B * 3C A 4p> - B* 3 B g - B * 3 C
A8 > 4e®] 8 #75F o & i TransformerTank #f %] £ % & TransformerTankEnd #f %] 3
B, & BN EAA BiEE2 - o & BAa= B TransformerTankEnd % 4 i
2 — i Terminal g %] 4p B 7% > 3% Terminal #f %]~ £ PowerTransformer #f %] 4p B
B o At 2 T FFRCA] ¢ > TransformerTank #f %) 22 PowerTransformer #f %] AT #+
B P i L A4p ke > @ TransformerTankEnd #f %] £ PowerTransformerEnd g
G eRiTH AR e o ipfA P enenfp i F 18 T 7 ¥ TransformerMeshlmpedance -
TransformerCoreAdmittance o Terminal #f %] cbf 55 chdp e (277 7 5 o1 o

- 24 -
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class Transformer Equipment for Asset Health Proﬁk/

SenumerAtions Common -
EPRI Project: MeasureamentType Coordi Sy «Coord Sritem
FhaseCurrant = enlen: Steing 20,01 «Location
ThrasFhasetpparentPowar - wRID: String [0.1] “T——{ Common:Location
ThreePhaseReactivePower 0. 1
TheesFPhasstctivePoner = <3 ocation .t oRID: Srring [0.1]
UsaTetinaveoltage « 'oint Eha ‘_th o
WindingTemparature e iicatmsbar (akvger [0.1) «PositionPoints
OdTemperature » b
i Moy « xPosition: String [0._1] 1.0
DissolvedCar v
Measurement =  yPaaition: String [0.1]
DISRKTIIPNSture — sPesitien: Sering [0.1]
OiTemparaturetlarm 30..* i
WindingTemperaturadlarm RO 5
Fant 2 Maasuramants e
FumpFailalar=
=PowerSystemResource = ®RD: Sering [0.1]
0.1 0
Meas Analog Core:: =A<~ Agpaty
PowwrSystemResource
=  mesturementType: MensurementType [0 1]
= wRID: Sering [0,..1] =PowerSystemRescurces
- phases: FhaseCode [0.7]
= wnitMultigher: Unithuduplier [0..0] —PowerSystenResourc
= wnitfymbed UnitSymbol 1001
11 '0 lo-* o 0-1\ fo.s
-A 1
nales ~Measurements Wires:: =IdentifiedObject
~Mesiurements PowerTransformer
3 1
Maa=Nscret ;|2 e sering 10.1)
- meAlurementT MensuremantTyps (0.9] *
~AnslogValues ~ wRID: String [;f:l 3 ot =PowerTransicrmer [ 1
o.* L huses: PhassCode 10.1] PowerSystemRasources =PowarTransformer
Meas: AnalogValue g \ -*
> - (9 ‘ -D-:c'ritu =TraasfornerTanks
= mRID: String [9.7] AL Hticets 35! 0.
.o.“'l“;v"'m Wires:: =IdentifisdObject
“Umitsets | 0.* Al formerTank =
- DiscrateValud ~ mRID: String 10,1
= whiD: Serang [0.7] ‘ \
~TransformerTank
Core::BaseVoltage
- mRID: String @..1)
Meas: Analoglimit ~BaseVoltage
& mAID: Strimg 10.1] *TramyformerTankinds
- 1 ~
Walos:: Fles 1 Meas ValueToAlias oVransformerinds
~sdumtifisdObject = mRD: String 0..1) 0.
- 18
~ldentifindObject VJ“ I"',m,' lo, - Wires:
TransformerTankEnd
= endNumber: Integer [0.7]
= mRID; String 10..1]
froo =Trarsformerfnd | = phases: PhaseCode [0.1]
Termieal A - «Tramsfcrmerinds
=Terminal ¢ e B \ ~FPowerTransformarEnd
;. <Termira ~identfiadObject » .
o lia wsiont J 0. [o-
Core: Terminal ~TransformarEnd Wires::Power TransformerEnd
‘T.'"M.I Al ~ "
- mAD- String [0.1] 0.1 0= 1-'-4; - 0 [0..93
= phases FhaseCode 2.1] <ldentifi = endNumber: Integer 10..1]
"""‘i-l‘*iﬂ = ®RID: String [0 1]
1
Core NameType ~Names  =Names
=NameType
= daseription: Steing 10, 1) P——ee__-Names 0_* [0." 0.~
= name: Steing [0.7] !
Names 0.~ Core -Name 0.° <Names
“Names 0 “J< pame Scring[0.01]o.c  ~Names

Rl 11

- 26 -
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123 BRARM 2 fricd

A Common Information Model Oriented Graph Database Framework for Power
Systems — [EEE

CIM and IEC 61850 Integration Issues: Application to Power Systems — IEEE
Design of IEC-61968-based Distribution Network Information Exchange
Interface — Elsevier Ltd. Selection

Development of a Relational Database Oriented on the Common Information
Model for Power Distribution Networks — IEEE

Distribution Network Topology Modelling and Automatic Mapping Based on
CIM and GIS - IEEE

Multi-Domain Semantic Information and Physical Behavior Modeling of Power
Systems and Gas Turbines Expanding the Common Information Model — IEEE
Distribution Network Information Modeling Method Based on CIM — IEEE
XML for CIM model exchange — IEEE
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S ARARREE TR R SR RPIRP g R

AR R AR IR BAIRE A L AR I a sR i
< il BRERERE RS T NTRE RN F bR & vk 5] CIM 2
ARPOTE L FRERRE- ZEY T e FAFTHLHRENZ ﬁ°£? RN
Bl PRREFEZRE S A BPRERB FOEE T @3?;]‘3:*‘ A R }t
RTADPEE M o PREITARZIERSOFRT i 5 BEP fplle LM
2 %B e PEFFFRET LR - CIM 2 BH - % 53 3 (Unified
Modeling Language, UML) 7 € & » v S e b b R T R AL L e o ¥
UML 250 4 2% & 2.1 -

s o itz 2 20 UML i3] % i ¥ 4 W 28 3% 3% 2 (Extensible Markup
Language, XML)p 5 = — R AR & pifie (7 1;";@:] ' XML 5 - 2 R3FE 2 p T
AR BFLT 7R ARTHAN T ”f‘é’f#” R BRGE X
,ﬂL gtk XML At 5 - 5% 34 3 *%;%?#rijiﬂﬂgi Soii g r AT

2 FARENEE @ * 3 CIM 2 XML R g4 2 phoit e 8 IEC © $HH g (7
T & 0 &Y IEC 61970-501 ~ IEC 61970-552 -

I o THEAERT- NAERRT F I L S(ADMS) > e Rk AL Fs £ RT3 <
P2l R Bwvﬂuus(TTU) rv:l‘:,liﬁ-r ®(FCI)% R p| ~ 2 ualw;rs;a*:

»=FL‘3}’)°¢JI4 fe 0@ B oA TG 2 THEFARZBER T R A FEBE CIM
2. UML Ho3lE gt 2k - ? Frarz %iﬁ%ﬁ’ﬂ%ﬁ?@?
Lﬁ%ﬁﬁﬁi’ﬂﬁwh’ﬂ&’%ﬂ”“%§’ﬁﬁﬁ'?ﬁﬁi
Distribution
SCADA == Management |-
System
i A
Customer Outage =
Information == Management |-
System - System
A 1. Y
Reliability &
Geographic i Planning
Information | Systems
System
Y t Y

-
P Maobile Workforce

] Meter Data Work
Metering System |-f=—jm- Manager | — Management ||  Ma gag;nn:ent
System ys

B 12 Fed s 30 i LW
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2.1 - ﬁ #3% 7 (Unified Modeling Language, UML)

B ik SRS ﬂﬂ%é%%%«aﬁ)ﬂmaﬂf P

ﬂgf%\» THMERE T LR R R RAC AT R S BB
¥ 7 d & i g 12 e % (Object Management Group, OMG) # ¢ 2 » ¥ %% 2005 & 4 &
AR i e % (International Organization for Standardization, ISO)4 » B "% &% -
A0 B T & 47> ISO/IEC 19501:2005 - & % UML 2203 # ¥+ 9% 7.2 3048 4 5t
A B WHREHBA A0 R R S TR s o EER

B UML 7 B ¥ - B s * » B f T oz ke pw
UMLFZ7 A 52 AR AT 0 * 7 S8R 2Z A e v o 4ok 11 #77:

Z 11 UML 2 Bl % 255 3 p?

F# * F it (Objects) ~ #7 @] (Class(es)) ~ & 1+ (Attributes) ~
2 (Packages) . %Léé-’?&(lnheritance) ~ 18 % (Associations)
FREET S0 BYAHIL LTN G -

SR

(Structure Diagrams)

75 W v ﬁ»i)%.j\ B o7k enF i o & A
(Behavior Diagrams) | (Activity) ~ i# % (Use Case) ¥ o
I B[R 1 * B 7|(Sequence) ~ i i (Communication) & $£ & &

(Interaction Diagrams) | 7 ¢ JLZE £ & J ser R % W2 03 (75 2 e o

2.1.1 # %|(Class)

w5 H_UML & fice # iliﬁ%rﬁ/éi i M R AR A L Rp
MEfpa- BRGNP PR LRIy VEBPTES - Blb gy B
RSP R o I ‘?" #2034 4o (Lines) ~ % B % (Transformer) - B B
(Switch) % o @ #f %] 4 #5547 P > 4L 5 = 4 %] (classes) {T#%‘l z»;l CES: X
H =, x5ud - B %ri@;u]}:(zbﬁ%iﬁ;}gFQJ-? BE 14914 & :;\é_i:(:r',
PR EMANSH s T AT RME 0 F B ‘%lji;g, & BN
Bl kg b B 3niE o £ A2 B R * R 4s3] %] (Primitive type) kf7 it 0 & 5
#c(int) ~ ;3 2-#c(float) ~ "L 7 (string) & > @ UML #a i — & K SLp il * 2 fy it (43
T o BHEY ALK TR B FHEREEELAER o
2.1.2 -k (Inheritance)

* ¥ F 5 §F 9 (Generalization) » i & 4~ Wor R e kg WL a A
AR ZH gl B3 3 et Fagnlx 2R ZR N PR
PR p PR anBl A ARSI A Bl R
Mo whlom? MRy 3002 &4 7 S n MR Rt 2 Ap M 4T B 12
r:"-i——/—'r o
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PowerSystemResource

ConductingEquipment PowerTransformer

i

Switch

I

Breaker

B 13 a2 4p i b

2.1.3 & % (Association)

i % (Association)F_* Kfg i sp R B2 4p 3 B B M B R {EML > T A
SZBARANd TAREBIB3 o RRERFE G HEFEREFY N HE
HE M2 ?}*’f”* v FE 5 % PR (Multiplicity) » i % HRo7 *a FR AN 2 A5 ]
dR 22 P T g 0 - B (Vehicle) it 2t F & - B A1y # (Owner) -
2o - By ﬁ(Owner)? w3 BI on B R (Vehicle) > @ F0.%, ¥ i *

rO..nJ i‘g—’FT‘L %\‘ T ©

LRV X ATE R

i g fEgSa Y THELME  TiiEs BHYR S
_ o BR-FTHEMG a2 it Bla? % F &R
(Simple Association) 4=
FEASRHESFHUF e P THEM R 5 2
ey et AR A %’S(Whole—partSV PEL 0 T 30
(Aggregation Association) | #f % T % § #olOE AL 2 it o A F40 3 bz
Bloa® e FANET o
FHAgFRY N RHEERFL I T e %3
ipd i ’%ré"l“*’f‘?i%""iﬁap’%ﬁiiﬁ"'T\ff'l“*’?ﬁ’”?“’
NARNE A Eé’dﬂ RIS R R4S 2 R BB o 4§l
(Composition Association) _ _
34 R e B T(Delete Cascade) - B+ ©
"? NN i I];z\» T ©
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Vehicle Owner
0.* 0..1
Motorcyle 1 1 Engine
<>
1 Ol
1 1%
LicensePlate Gear

Bl 14 577508 5 HRELL AR P DR
2.1.4 % *(Packages)

AUMLEZ 2P 7 B BApM A S 2 H4p T B l"fﬁﬁ’?p\ =+ — B % i+ (Packages):
CESY R ER EY-BE PIES UL REILE RN N R S R S
Lo LA EE R AR AP T SHBRAAT S 5 H -
Bul AT RGP e PGB R G PEAN R F R E S B A il
FEETFARI@GLM AT AABFAR - - BREL CIM ™ 2k
o R o gEa 2o PR E AR pIREaE A T CIM 2 B 2R
IEC @ & & > %4 [EC 61970-301 ~ IEC 61968-11 ~ IEC 62325-301 p >
B 14 % IEC 61970-301 2. CIM % ©* %4 H] -

1 1 1 1
LoadModel Outage Protection ControlArea
. - E
«.L Generation
— —\l L L.
Equivalents Wires SCADA
Contingency
Topology Meas
1
Operationallimits|
Core
.
_}‘ <Global>
Domain

B 15 1EC61970-301 2. CIM % * 54
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ZoFPRRIRNTAESE  FTRASERITANI S 2
3.1 RITFAEISHEFT
iﬂ%%%ﬂ?iﬁ?ﬁﬁ#ﬁ%?*%&ﬁb&ﬁﬁi%@ﬁ,ég

#t(Substation) ~ % /& % (Transformer) ~ 4% 52 (Feeder) ~ B B (Switch) % fic 7 K % £

: #Eﬁ"/v\’f‘r » AR i TAECAN(CIM)E (20 b R R T KA _ﬂL}f%
Z. CIM #g %] 2 453t % 13~ 14 P\ 7}51 M e f‘i‘]?f? %4 B *FL% IEC61970-301 ~

IEC61968-11 &2 ¢ 4 7= 7 #7% * # (Electric Power Research Institute, EPRI) 2.

Rt 2 o 4T B 15~23 #557 o

\.r(%ii

5
-
e

%13 fed 1 CIM # /% -Part]

fe EGH~F CIM Class Package
% = #7(Substation) Substation Core
TopologyNode Topology
Topologylsland Topology
ConnectivityNode Core
17 (Topology) Connectivitny)deContainer Core
Terminal Core
ConductingEquipment Core
Equipment Core
BaseVoltage Core
£ 4 (Feeder) Feeder Core
Line Wires
Conductor Wires
WireSegment Wires
ACLineSegment Wires
@?] 2 i (Line) . PerLengthImpedance W%res
erLengthPhaselmpedance Wires
PhaseImpedanceData Wires
PerLengthLineParameter Wires
PerLengthSequencelmedence Wires
SeriesCompensator Wires
Switch Wires
ProtectedSwitch Wires
B 1 (Switch) .Breaker W%res
Disconnector Wires
Recloser Wires
Fuse Wires
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% 14 pe T %4 CIM # /& 4 -Part2

feR EESH~F CIM Class Package
TEAT R ShuntCompensator Wires
(Shunt Compensator) ShuntCompensatorPhase Wires
PowerTransformer Wires
PowerTransformerEnd Wires
TransformerEnd Wires
% & % (Transformer) TransformerStarlmpedance | Wires

TransformerMeshImpedance | Wires

TransformerCoreAdmittance | Wires

TransformerTank Wires
Customer Customer
% % (Customer) CustmerAccount Customer
CustomerAgreement Customer
ServiceLocation Customer
Asset Assets
AssetInfo Assets
7 & (Assets) AssetModel Assets
AssetOwner Assets
Manufacturer Assets
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Core::IdentifiedObject

—{>{+ allasName: String [0..1]
+ description: String [0..1]
= mRID: String [0..1]
« name: String [0..1]

1

Core: Core: > Core::
i ConnectivityNodeContainer PowerSystemResource
GeographicalRegion A
~Region 0.1
«Regions | 0..*
Core:: Core:: +AdditionalEquipmentContainer
SubGeographicalRegion EquipmentContainer 0.
VAR N
~Region O 0..1 =Region ipmen’ tainer
0::1 itionalGroupedEqujpment
0..* Oi
s ~Equipments| ¢ ore-Equipment
Line
+Substations | 0..* ~NormalEnergizedFeeder
| =NormalEnergizingSuljstation Plant
Core::Substation T Core. Feeder
0.1 »Nammgsecondmﬁ,ubsnnon 0.*
+Substation
> ; 0..* +NamingFeeder O<l>
0.1 +NormalEnergizedSubgtation
N

+Substation { )1 0.*

+VoltageLevels | 0..*

Core::

+Nofm4lEnergizingFeeder ¢+

VoltageLevel

«VoltageLevel

0.." +Bays

Core::Bay

+Bays o

B 16 X

HEFBEAESE T CIM 37 E £ 2

TR K LLRE 0 FRAA N
AR ¢ § AR A 2
Bl 4 2 RiE R

T A RA R .

% 2 (Equipment Container) 3|

—-L

4o
PR RER T F LR R T

- 34 -

&

BERE W] **?.ﬁf%i’@?%
CHETAAR R EE R
g s Bt BEE o d L ET

#3

CIM # &

7
~

%

=3




= IdentifiedObject|
IdentifiedObject| g » +Terminal IdentifiedObject| ~Terminal 0.1 " 4 +BusNameMarker

Meas:: Core: BusNameMarker
0..1
Measurement | . Measurements

*

ACDCTerminal [1..* +BusNameMarker | _ o riority: Integer [0..1]

PowerSystemResource Cora +Terminals FowerSys(enTResource
Core:: Terminal = Core::Equipment
ConnectivityNodeContainer .
o : 0. 0..*
e +Termingls +Termidal -ConducnngEqu:pmen\ 1
+LonnectivityNodeContainer
+ConnectiyityNode Core-
91 &
° ConductingEquipment
+ConnectivityNodes IdentifiedObject ™
0.4 Core:: =
+ConnectivityNodeContainer P ConnectivityNode +ConductingEquipment
0..*
+ConnectivityNodes +TopglogicalNode +BaseVoltige
+Topologica|Node -
0..1 - 0..1
+TopologicalNode 0..* <> ~TopologicalNode IdentifiedObject
IdentifiedObject| ¢ »

Core::BaseVoltage

TopologicalNode
¢TopoloM 0.1 |+ nominalVoltage: Voltage [0..1]
¥ 0..1 0..1 +BaseVoltage

+AngleRefTopologicdINode TopologicalNode
+AngleRefTopologicalisland
0..1

+Topologicalisland IdentifiedObject
Topologicalisland

0..1

Bl 17 3r-#(Topology)id &1+  H-3|

FHEEET NpRET S fRpR2 I RS AP ERY 2 b
(RmmmWWﬁﬂﬁ’¥%ﬁﬁ}‘m&%%@ﬁ@W¢WMjk\&ﬁ£%’
BRGARAR 2 F AN d PHT S0 E- ¥ 47 BRI FA- BRY
& 2k (ConnectivityNode) » H — i@ & & gL i 45 7 & gtfl% Ko oA iri ez
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ACDCTerminal

Terminal +Terminals

~ConductingEquipment

ConductingEquipment

+ phases: PhaseCode [0..1] 0.*

+NormalHeadTerminal Ta®

+NormalHeadFeeder|0..1

ConnectivityNodeContainer

EquipmentContainer

+EquipmentContainer

027‘“‘“—--\5_ﬂ‘wwh‘A

1

A"

FowerSystemResource
Equipment

0.1 T——
«__,__\_—_Ewgts\ +
+AdditonalEquipmentContainer 0.7 +

_Annlllonmw

0..*

aggregate: Boolean [0..1]

Inservice Boolean [0..1]
networkAnalysisEnabled: Boolean [0..1]
normallyinService: Boolean [0..1]

+NamingFeeder
Feeder

~NamingSacondarySubstation

Substation

0.1

+NormalEnergizingFeeder

0..%

~NormalEnergizedSubstation

0.7

—Normalenergizedreeder

0%

~NormalenergizingSubstation

v

0.

®l 18

%ﬁwﬂiﬁ“*%' =R
AT T FHER T
B kR
- BT T SRR
2] g

F/E‘l ’
. A ‘%?E‘i— 2R

% T Ternimal #p B¢ 55 >

e l%] Feeder &2

‘Tw

S :}7‘5;2

4% 4 (Feeder) -7

3 AEL R e 2

%R o7

v ¥ FoT %
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0.1 ~Equipments
ConnectivityNodeContarmer [ 0| Powersystemresource retri
£ —EquipmentContainer = 3 e
Core::EquipmentContainer O..'q P i Core::Equipment < ConductingEquipment
Additional dE,
A +AdditionalEquip i pEEEATP
IdentifiedObject Condictor

Core-SubGeographicalRegion

Line

+ length: Length [D..1]

ACLineSegment

+ r:Resistance [0..1]
— 0. Resistance [D..1]

x- Reactancs [0..7)
~ x0 Reactance [0..1]

+ bOch: Susceptance [0..1]
+ bch: Susceptance [0..1]
+ gOch: Conductance [0..1]
+ gch: Conductance [0..1]

~ shonCircutEndTemperature. Temperature [0..1]

SeriesCompensator

r Resistance [0..1]

r0° Resistance [0..1]

*° Reactance [0..1]

»0: Reactance [0..1]

varistorPresent: Boolean [0..1]
varistorRatedCurrent: CurrentFlow [0..1]
varistorvoltageThreshold: Voltage [0..7]

Pe:

+ACLineSegments 0.7
—PerLengthimpedance 0..1
identifiedObject| PerLengthimpedance

<

rLengthLineParameter

e

PerLengthSequenceimpedance

bOch: SusceptancePerLength [0..1]
bch: SusceptancePerLength [0..1]
gOch: ConductancePerLength [0..1]
gch: ConductancePerLength [0..1]
- ResistancePerLength [0..1]

0. ResistancePerLength [0..1]

x: ReactancePerLength [0..1]

x0: ReactancePerLength [0..1]

=

PerLengthPhaselmpedance

+ conductorCount: Integer [0..1]

+Phaselmpedance

~PhaselmpedanceData | 1.7

PhaselmpedanceData

senumerations
SinglePhaseKind

+ row: Integer [0..1]
+ column: Integer [0..1]

—  b: SusceptancePerLength [0..1]
— 1 ResistancePerlLength [0..1]
— g ConductancePerlLength [0..1]
— x: ReactancePerLength [0..1]
+ fromPhase: SinglePhaseKind [0..1] N
= toPhase: SinglePhaseXind [0..1]

A
B
(&

s1
s2

B 19 s (Line) -3
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Switch

Conductingéquipment|

normalOpen: Boolean [0..1]

retained: Boolean [0..1]
open: Boolean [0..1]
locked: Boolean [0..1]

«deprecated»
switchOnCount: Integer [0..1]
switchOnDate: DateTime [0..1]

ratedCurrent: CurrentFlow [0..1]

ProtectedSwitch

breakingCapacity: CurrentFlow [0..1]

iy

Jumper

Disconnector

Fuse

LoadBreakSwitch

GroundDisconnector

Recloser

Breaker

+

inTransitTime: Seconds [0..1]

| DisconnectingCircuitBreaker |

B 19 B B (Switch)}3

RegulatingCondEq
ShuntCompensator

aVRDelay: Seconds [0..1]
grounded. Boolean [0..1]
maximumsections. Integer [0..1]

PowerSystemResource
shuntCompensatorPhase

nomu: voltage [0..1] +ShuntCompensator
normalSections: Integer [0..1]

phaseConnection: PhaseShuntConnectionKind [0..1]
voltageSensitivity: VoltagePerReactivePower [0..1]
sections: Float [0..1]

il
+ShuntCompensatorPhase

maximumSections- Integer [0..1]
normalSections: Integer [0..1]
sections: Float [0..1]

phase: SinglePhaseKind [0..1]

«deprecated»
switchOnCount: Integer [0..1]
switchOnDate: DateTime [0..1]

i

%

LinearShuntCompensator

Nonli ShuntC

LinearShuntCompensatorPhase

NonlinearShuntCompensatorPhase

bOPerSection: Susceptance [0..1]

bPerSection: Susceptance [0..1]
gOPerSection: Conductance [0..1]
gPerSection: Conductance [0..1]

1
+NonlinearShun{Compensator

li huntC

bPerSection: Susceptance [0..1]

gPerSection: Conductance [0..1]

Q 1
li rShuntCi

Phase

li huntC

PhasePoints

NonlinearShuntCompensatorPoint

[R5

b: Susceptance [0..1]

bO: Susceptance [0..1]

g: Conductance [0..1]

g0: Conductance [0..1]
sectionNumber: Integer [0..1]

NonlinearShuntCompensatorPhasePoint

+ b Susceptance [0..1]
g: Conductance [0..1]

sectionNumber: Integer [0..1]

&l 20

A 9354¢ 7 B (Shunt Compensator) -3
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ACDCTerminal Lquipmeng
+Terminals +ConductingEquipment 2 i i
Core--Terminal gEquipi Core::ConductingEquipment
*
+ phases: PhaseCode [0..1] 02 aConductingEquipment]
+Terminal | 0..1 0,
PowerTransformer
4B, oltage + beforeShCircuitHighestOperatingCurrent: CurrentFlow [0..1]
IdentifiedObject| + beforeShCircuitHighestOperatingVoltage: Voltage [0..1]
Core:- 0..1 + beforeShortCircuitAnglePf: AngleDegrees [0..1]
BaseVoltage + highSideMinOperatingU: Voltage [0..1]
+ isPartOfGeneratorUnit: Boolean [0..1]
+~ operationalValuesConsidered: Boolean [0..1]
+BaseVoltage 0..1 + vectorGroup: String [0..1]
+PowerTransformer o o0
+PowerTransformereEnd 0..%
+PowerTransformer
PowerTransformerEnd
0..* +TransformerTanks
+ b: Susceptance [0..1] -
+TransformerEnd +TransformerEnds | . 5 gysceprance [0..1] Equipment|
0..* i + connectionKind: WindingConnection [0..1] TransformerTank
IdentifiedObject + g: Conductance [0..1]
k}—{ + g0: Conductance [0..1]
TransformerEnd + phaseAngleClock: Integer [0..1] +TransformerTank | g..1

+ r: Resistance [0..1]

+ r0: Resistance [0..1]

+ ratedS: ApparentPower [0..1]
+ ratedU: Voltage [0..1]

+ bmagsSat: PerCent [0..1]

+ endNumber: Integer [0..1]
+ grounded: Boolean [0..1]
+ magBaseU: Voltage [0..1]

+ magSatFlux: PerCent [0..1] + x: Reactance [0..1]
+ rground: Resistance [0..1] + X0:Reactance [0..1] IranstotrerTankend
+ xground: Reactance [0..1]

+TransformerTankEnds | 1..*

=] ~ phases: PhaseCode [0..1]
0. 1.7
B L +FromTra]n sformerEpd Idendyiedobject i i
0..% +ToTransformerend TransformerMeshimpedance C«;err;ﬂr:he;:zlco::e w_«:rlunéeratlon?
HTransformerend +ToMeshimpedance q_» - ~ meinglontection
+ r: Resistance [0..1] ABCN = 225 D
+FromMeshimpedance 0..* & r(?. et 101 ABC=2ed ¥
+ x: Reactance [0..1] ABN = 193 z
+ xO0: Reactance [0..1] ACN = 41 Yn
et L BCN = 97 Zn
+Starimpefance " AB =132 A
. +~CoreAdmittance IdentifiedObject AC = 96 |
0..1 TransformerCoreAdmittance BC = 66
IdentifiedObject AN =129
TransformerStarimpedance + b:Susceptance [0..1] BN =65
+ bO: Susceptance [0..1] CN = 33
+ r: Resistance [0..1] + g: Conductance [0..1] A=128
+ r0: Resistance [0..1] + gO0: Conductance [0..1] B =64
+ x: Reactance [0..1] c=32
+ XO0: Reactance [0..1] N=16
sIN =528
s2N = 272
s12N = 784
s1 =512
s2 = 256
s12 =768
none = 0
X =1024
XY = 3072
XN = 1040
XYN = 3088

Bl 20 % & ¥ (Transformer) i3]
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Document| Location
<C Ac C 5::C Account | = T —— $Servicel = s::Servicel i
0."[+ billingCycle: String [0..1] |4 = accessMethod: String [0..1]
+ budgetBill: String [0..1] = siteAccessProblam: String [0..1]
+ md,|n,p.~5¢rviuLoca(ion_]]
+Customer |1 4 +
e Ag C 0.1
OrganisationRole| 0.~
Customers::Customer Agreement| ~CustomerAgreement
kind: CustomerKind [0..1] | TCustomer 0.~ Customers:: 0.1
specialNeed: String [0.1] [} " m CustomerAgreement c Ag
vip: Boolean [0..1] = "" load T
+ Mgmt: St 0..1
pucNumber: String [0..1] oo ving [0.1] 0." '
status: Status [0..1] +CustomerAgreements | 0.." =ServiceCategory | 0.1
IdentifiedObject
=PricingStructures | 0." Customers::ServiceCategory
Document =+ kind: ServiceKind [0..1]
Customers::PricingStructure 3 I
Documeat ServiceCategory | 1 0.1
Customers::Tariff =~Tariffs ~=PricingStructures | ~ code: String [0..1] +PricingStructures +ServiceCategory
~ revenueKind: RevenueKind [0..1]
~+ startDate: Date [0..1] [0.." 0."| = taxExemption: Boolean [0..1] 0.~
=+ endDate: Date [0..1] = dailyEstimatedUsage: Integer [0..1] e
= dailyCeilingUsage: Integer [0..1] PricingStructures
= dailyFloorUsage: Integer [0..1] 0"
+UsagePoints
~UsagePoints +UsagePoints
A 3 3 =UsagePoints | 0. 0.~ ar I 0.
«enumeration» «enumerations «enumeration»
Customers::CustomerKind Customers:: Customers:: IdentifiedObject
residential ServiceKind RevenueKind Metering::UsagePoint
residentialAndCommercial electricity residential
residentialAndStrestlight gas nonResidential
residentialStreetlightOthers water commercial
residentialFarmService time industrial
commercialindustrial heat irrigation
pumpingload refuse streetlight
windMachine sewerage other
energyservicesupplier rates
energyServiceScheduler tvlicence
internalUse internet
other other

Bl 21 % = (Customer) i3]
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[
~ChangedLocation

=ConfigurationEvents
0.~
IdentifiedObject | +Location +Assets IdentifiedObject ActivityRecord|
+ChangedAsset 0.~
Common:: 0.1 0.~ Assets:Asset =~ C
Location + i i i i
+ type: String [0.1] 0.1 ConfigurationEvents | ConfigurationEvent
+Location | 0.1 + utcNumber: String [0..1]
= serialNumber: String [0..1]
= lotNumber: String [0..1]
purchasePrice: Money [0..1]
+ critical: Boolean [0..1] o OrganisationRole
~PowerSystemResources + electronicAddress: ElectronicAddress [0..1] [0-" ~OrganisationRoles g
e = lifecycle: LifecycleDate [0..1] G Ao
= " +Assets 0.." | AssetOrganisationRole
IdentifiedOby = acc Test: Accep eTest [0..1]
e Pt = initialCondition: String [0..1]
Core:: = initialLossOfLife: PerCent [0..1]
PowerSystemResource + status: Status [0.1]
Assets::
0." 0.~ 0.~ | 0. [ +Assets
£ A
=PowerSystemResources TAssets ssetOwner
'
*PawurSvsnmRnlsouru
0..1 | =Assetinfo
+AssetDatasheet /*nrifndo‘ bf«’r Assetinfy AssetModel  [/dentifiedObject
- Assets::
0 2 L= AssetModel
«Compound»
Assets:LifecycleDate
Assets::ProductAssetModel
<+ manufacturedDate: Date [0..1] — =
+ purchaseDate: Date [0..1] Org Manuf er 0.* | + modelNumber: String [0..1]
+ receivedDate: Date [0..1] Assets:: + modelVersion: String [0..1]
=+ installationDate: Date [0..1] Manufacturer | 0.1 +ProductAssetModel| + corporateStandardKind: CorporateStandardKind [0..1]
+ removalDate: Date [0..1] = usageKind: AssetModelUsageKind [0..1]
=+ retiredDate: Date [0..1] + weightTotal: Weight [0..1]
<Assets | sdenrifiedObject +Assets =PowerSystemResources IdentifiedObject
0." Assets::Asset 0. 0.7 | Core::PowerSystemResource
[ ¥ o
IdentifiedObject +Assets +PowerSystemResource
Assets::AssetFunction v —
-1 |identifiedobject| 01 S
+ programiD: String [0..1] Py i =S Equipment
< firmwarelD: String [0..1] SNSRI . +A
=+ hardwarelD: String [0..1 0.1 Asiats::
+ password: String [0..1] - AssetContalnir
+ configlD: String [0..1] | TAssetC Corai
ConductingEquipment
+ - 0. +EndDevicelnf:
IMetering::EndDeviceFunction| 0. EndDevice Metering:: e Metering:: Assetinfo:: Wires::
EndDevice | i EndDevicelnfo PowerTransformerinfo PowerTransformer
+ enabled: Boolean [0..1] 2.3 EndDevices 01
+EndDeviceFunctions
=

B 22 A (Assets)H-3]

v
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- 3 CIMZ 3 fed FRuicd] > 5 Rorle Wl R & CIM BIPRAE > 2345
2 IEC 61970-301 ¢ £ l(Meas)® & p Tt 2 Bl 0507 5 Ad o ¥ 404
’HUHW%WﬁﬂMWLK&ﬁ%W”iﬂmﬁw’Uwéf*%@ﬂwiﬁ

%7 (Transformer Terminal Unit Model)z_ # * fe & T3 H-3] » TTU T3] 2
UML ‘J’Tﬁ}%f]-&r'}%—] 24 1w > T g S TTU BRI RIATE & B 2 3538 f—?;ﬁ;ﬂg °

54k TTU At A 20 9ip 18 2. % i F P (real-time) ey > 2344 & o & 9T &
2. TTU pﬁr}—'@ﬁ?}fé;*“ " AnalogValue | #5 %] 2. JH & F I > & 7 H 4o 0
MlineVoltageVX1 | ~ " lineCurrentX1 | ~ " ActivePowerP1 |~ " ReactivePowerQl1 | %
" UtilizationRate | % % i& ip| € & » & **T AccumulatorValue % %] 3% 2 " KWHplus |
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Cora::
Terminal

+ phases : PhaseCode(0..
+ TTU_UFID : String(0_.1)

!

Core::
ACDCTerminal

+ connected : Boolean(0..1)

+ sequenceNumber - Integer(0..1

0.1

1

Meas::
Measurement

+ measurementType : String(0..1

Meas::
Quality61850

+ phases : PhaseCode(0 1) <
+ unitMultiplier : unitMultiplier(0..7

+ unitSymbol : unitSymbol{0_.1}

<<enumeration>>
Core-PhaseCode
ABCN =225

ABC =224
ABN =193
CAN=41
BCN =97
AB =132
AC =196
BC =66
AN =129
BN =65
CN=33
A=128
B=64
c=32
N=18
sIN =528
52N =272
s12N =784
s1=512
s2 =256
512 =768
none =0
X=1024
XY =3072
XN = 1040
XYN = 3088

0.*

0.

Meas::

AccumulatorLimitSet 1
o+ value : Float(0..1)

N
Meas:
BaseCapacity Meas-
+ value : Float{0..1) MeasurementValueQuality
0.*
0.1
1 1.0
Meas: Meas:: Meas::
Analog 1 AnalogValue MeasurementValue
+ LineVoltageVX1 - Volatge(0..1) + timeStamp : DateTime(0..1)
0.* :
0.7 + LineVoltageVX2 : Voltage(0..1) + sensorAccuracy - PerCent(0..1)
+ LineCurrentlX1 - CurrentFlow(0.1) AN
0" + LineCurrentlX1 : CurrentFlow(0..1)
Meas: )
AnaloglimitSet + ApparentPowerS1 - ApparentPower(0__1)
+ ApparentPowerS2 : ApparentPower(0..1)
1 + ApparentPowerS : ApparentPower(0..1)
+ ActivePowerP1 : ActivePower(0..1)
0.* + ActivePowerP2 :ActivePower(0..1)
Meas: + ActivePowerP :ActivePower(0..1)
AnalogLimit . ) )
+ value : Float(0_1) + ReactivePowerQ1 : ReactivePower(0..1)
+ ReactivePowerQ2 : ReactivePowert(0..1)
+ ReactivePowerQ :ReactivePower({0..1)
+ UtilizationRate : PerCent(0..1)
Meas:: Meas::
Accumulator 1 AccumulatorValue
+ maxValue : Float (0..1) 0+ KWHplus : Float(0..1)

+ KWHminus : Float(0..1)
+ KVARHplus : Float{0..1)
+ KVARHminus : Float{0..1)

Meas::
AccumulatorlLimit

®123 TTU 73432 UML 545 F)
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<rdfs:Class rdf: ID=" MeasurementValue” >
<rdfs:label xml:lang="en"> MeasurementValue </ rdfs:label>
<rdfs:comment>"" A state value is an instance of a measurement from a specific
source”</rdfs:comment >
</rdfs:Class>
<rdfs:Class rdf: ID="AnalogValue” >
<rdfs:label xml:lang="en"> AnalogValue</ rdfs:label=
<rdfs:subClassOf rdfresource="#MeasurementValue” />
</rdfs:Class>
<rdfs:Class rdf: ID="AccumulatorValue™ >
<rdfs:label xml:lang="en"> AccumulatorValue </ rdfs:label>
<rdfs:subClassOf rdfresource="#MeasurementValue™/ >
</rdfs:Class>

Bl 24 TTU F3u#c3] 2 RDF e3f o $5 %] 7 2

<rdf:Property rdf:ID=" AnalogValue.LineVoltageVX1">
<rdfs:label xml:lang="en"> LineVoltageVX1</ rdfs:label>
<rdfs:domain resource="" # AnalogValue”/>
<rdfs:range resource="#Voltage”/>

</rdf:Property>

<rdf:Property rdf:ID=" AnalogValue.LineVoltageVX2">
<rdfs:label xml:lang="en"> LineVoltageVX2</ rdfs:label>
<rdfs:domain resource="# AnalogValue”/>
<rdfs:range resource="# Voltage™/>

</rdf:Property>

<rdf:Property rdf:ID="AnalogValue.LineCurrentIX1">
<rdfs:label xml:lang="en’> LineCurrentIX 1</ rdfs:label>
<rdfs:domain resource="" # AnalogValue™/>
<rdfs:range resource="#CurrentFlow”/>

</rdf:Property>

<rdf:Property rdf:ID="AnalogValue.LineCurrentIX2">
<rdfs:label xml:lang="en’> LineCurrentIX2</ rdfs:label>
<rdfs:domain resource=" #AnalogValue™/>
<rdfs:range resource="# CurrentFlow “/>

</rdf:Property>

<rdf:Property rdf:ID="" AnalogValue. ApparentPowerS 1>
<rdfs:label xml:lang="en”> ApparentPowerS1</ rdfs:label>
<rdfs:domain resource=" # AnalogValue™/>
<rdfs:range resource="#ApparentPower”/>

</rdf:Property>

<rdf:Property rdf:ID=" AnalogValue.ApparentPowerS2">
<rdfs:label xml:lang=""en”> ApparentPowerS2</ rdfs:label>
<rdfs:domain resource=" # AnalogValue™/>
<rdfs:range resource="#ApparentPower”/>

</rdf:Property>

<rdf:Property rdf:ID=" AnalogValue.ApparentPowerS”>
<rdfs:label xml:lang="en”> ApparentPowerS</ rdfs:label>
<rdfs:domain resource="" # AnalogValue™/>

<rdfs:range resource="#ApparentPower”/>

B125 TTU F 3 #°4] 2 RDF ek A i g 2
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PRAREFAKUTAALT Y FRENAMEEL A2
4.1 ﬁf H 3 ¢ 3 B~#% 2 (Simple Object Access Protocol, SOAP)
A s CIM a2 fpj o ﬂ?i&’%“%@*ﬁﬁ%ﬁ

# P~ % (Simple Object Access Protocol, SOAP) 5 i 2 A # > Az Y T Ag > »
@ﬁﬁfﬁ‘*(HyperText Transfer Protocol, HTTP) it & # il 7 £ L gL 5 'Qﬁﬂ ’

o pE3t3U L R P be 4R £ M (Token) % e 2 4 R B o s L
Bt il S P HBRBEF CIM TR I @ 0 7 SOAP & & iz & M4 » it
F oot E Mk vk NI F:f':f;g?*? o R eierla bAEIRE > R BB
- ,éi\!]"é‘:\'ﬁ, 3 e~ +§_ﬁ BiitZ_ B oo

f§ ¥ 4 i 75 P~12 ¥ (Simple Object Access Protocol, SOAP) 3 # % XML #& 3¢
ST R en— fEdE E BT L T A & % 2T F Y5 4t Web FR73(Web Service) ® 44 {7
BT S AT 0 SOAP A Lz tiF s T L&l YT ad Y et
AN RBET 0 7 F 6 HTTP ~ SMTP ~ FTP %€ 2 2 %32 (7 @1 > e d »> HTTP
Bhr s e R R Y Y B H o R AR 0 2 7 SOAP R e
JRi% %5 it 3% 7 (Web Service Description Language, WSDL) ~ # % & = =hdy i 3%
Web JRAFSHF 2 # i 2 &R L REZPHLBFR-F & - FRfF =

(Universal Description, Discovery, and Integration, UDDI) % ¥+3% Web PR3 {7
MAPE A D AER PR E B LR EH IR NI S B LY SR
2 JAR AT R T Web FRIFE T e F T o gt b o iR S - BB SN0 By
ZEGHE R EE SR PR RS AR RS - R ST RAAL D
Vo - TRRFEEL DEER  SOAP R & & chiFiis - I p B 4 a"—é@“' » e
SRS BE G RG RAD PR R ET O EAREL 4L 0
FHEALIIRETRECHAE T RSB AREY p ARG 4%\25\—17\
Pl 1 o 12T F & g4 SOAP ¥ 2 &3 L08R 7L $rimz B o
42 VHEWFFNET (XML)

XML £- fiffiest 555 0 & 1998 # 2 7 g 3 W3C H B k4
WAL TS KM 2R F 22 e HIML 7 08 XML £
Bt g«,m 52 'M*J Ay > BB Rt 2 FTp Foom b 4
LB o gt th s XML % A #5352 > m A F2EEE 2 > # XML 2.7 3
EPRONIfRG b b AL E R AR ZEH R ET ) FEHALP FRAE
ﬁgg,ﬂﬁﬁ)@ﬂ%%waﬁﬁawwﬁﬁaw’ﬁ¢émﬁm%¥¢‘ﬁ?
B @A LR ey o PR G TREL TR G SAE
Fr#chyp o~ S8 XML B* 255 €RAFHP LT A RRAF 2 2P &
7 F 2 AR U BIE T Web B A BT - AR T b PR
Bl VR F 2 ERETF A o XML M AN &
BT - R YR AR SRR BEo S 3 ) XML AR L
RIFZ BT & FFTHI B2 T8

pe
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4.3 RRFRIZH #HE 3 (WSDL)
WSDL - % &3 XML % Web JRF+ % @& % 2 JRir HE 2 » R *
—*ﬁs; LR SR NS AR E TR RS S A R E SRS T
PEE 2 EPE Y EE 7% Web JRAFIEFT TR QL PR =Y ~ F &g
ZERE LRSS B ORE TR R *;'Sf@;-gn A% 5 @ 1k W3C 9
THE 2P 0 WSDL 230 L A F 7 Ak 1T BipIns
(1) % 3](Types): T& Web FR?]Z"’ 2B~ 2 Sk \ﬁz:b%;iﬁ;?f‘;'] o
2) 34 (Messages): T & Web PR7x? ¥ * He (72 .ﬁg‘l
() i 3 3aF A (PortTypes): T & Web PRARcHF "Fde T » $dy Tk (T 58k £ v
E R o
(4) =% (Binding): T & Web PRAX* 71 * 2 B T L1 L2 At o
(5) JPRi*(Services): T &x V¥ R PRIAFET 2R ZE o
44 SOAP 23 4 BH#
SOAP L & 356 XML 458 » * k& &= B bd - pla g :
(1) #t % (Envelope):
HEZR-EF T;&i#-’n* WL AR R 2 B AEIT S N SOAP L P
- B4t % (Envelope) ~ % & % 1 1% %8 (Header)2? — 1 i #8(Body)*7 & - 31 %
2 XML 2 i 7 = ;.,—% AR TALNBE LB RER O FRFREZNL 2 &
LEBEHFA AL ARG ETREP cBFAE L BVE
~F 0" @ﬁﬂ? BT RS ok 1 NI o —‘F{ SRCCAN LS Al A Y E
ifE EJ 2 XML = # g 2 g w @%Jp\ Ko & 5 - 1B 4% iE(Fault)~
F B RITI LB P AR L 178 o SOAP 3L P 3RS HEAC ) 27 HoT o

*’:L
s
It
\\xr

SOAP Message (an XML document)

SOAP Part
SOAP Envelope

SOAP Header
(optional)

Header

Header

SOAP_Body

XML Content
or SOAP Fault

F126 SOAP L L 281

(2) A% AR BP](encoding rules):
BB ARR S A - B %iiﬁl@ﬁﬁ A TR AR bR
Bl & 7 A3 XSD el * T %#"Mw*f’f* SR L
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®3)

y P’}'&‘F‘ A 2. MG LB o
AR
WA T R Bg A A e (RPC) 22 4 %+ 2 2 % (Document) s 38 o

4.5 ﬂMPLiiﬁﬂ

SOAP # ¥ z2_31 A {= % ENEREE - E NSl U 1IN Y A

THE Fe
Flfer ¥ p.o]“*’;ﬁzzﬁﬁ?#%fa; A KR IR;H&%? SOAP *&%hﬁi 1.2 ¢
HHZ 247 T = B ERE:

(1)

©)

SOAP & gk:
SOAP ¥ #-J* #2 F % & cnficdy it 5 H L 27 (Header) 2 4 48 (Body)

%&mﬁﬁﬁ%%’ %&p#wi&‘zifﬁéﬁﬁﬂa**i’ﬁ*
i%ﬁivmm%*?“%fluﬁﬁﬂW‘L AN ARl R
TR AR PR BTHE N L R ST 2T k2>
MOk p bR 2 R o 4o 28 iR T2 % > 4 48 (Token) ™ i SOAP & gk
B - TR o

SOAP # 4

SOAP * L35 i — B A G AR > HHAFTCHE LB s B
SOAP &8z 2L L % > ¢ A fai % =22 T 5 |V el BFFe 7 ¥ SOAP
LR o KB B X >R % @@?’éﬁ s o] 28 TR o p il
Flg o LR HE &E»PﬂmﬁP’uua%u}J%mﬁﬁﬁ’
H > ¥ 3 i 4 SOAP 23 4 3% B3 8 PRAY > ol L BT B PR E R 2
HMEFZ AT REEM LR E o
ERREE RS

SOAP  # @ * AR EFN L v SEHEN L2
R ok B S ] %m@%@ﬁﬂg»u§ﬁ%%-?ﬂ%ﬁ%#’
- g 4R HTTP @3- @ % & 238 g (SSL) @3 L

i B HE
WSDL b » ( Webmss ) < — | upDI

l $HURLE 1 I
{8 ERG 544 B (Tokens) Z 3 K

|

%% 3FEEHESOAPHRA E T4
« "|  soaP¥s | < - [
e =) <«

) HHCE B 2 SOAPHL A 4% Tokens it o ASOAP3IL & ¥ !:@
A2 B33 P
| SOAP |
HTTP . HTTP(S) « HTTP

B127 SOAP @2 % > #4124
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46 %4 SOAP 2 XML 2 3 * FREI /Y

cE P o ARA R (Mlcrosoft) % NET Framework 1= 2 ¥ #73% i&
ASPNET web PRix(.asmx) k= = Web PRIZ# it » 3% FRz&ﬁ LR B R CER T
WL T (SOAP) » 2 XML i 5 A > oA 48k ¢ W HTTP Bin L2
Ao asmx JRIFENR Y H A F & AmE o R LOREDT 4 B HCR A R
REFETERAAM TR 0 BF 0 R B frikjc SOAP L o F
Web FR7%42 3] SOAP GpF > ¢ 5B R R A7)0 2 fe 3 chi B2 (5 > - B
@ & 7] % SOAP %ﬂz@gm@ HTTP {2 % #-H w @ %% = =5 » %% ASPNET >
o AR AIER Web FRIFEARY Jo B2 4 2 b T HCR AR BB AT b o
7 2L SOAP i & » RBF L EoeF > NTE AP HFLHTITURT TR %s‘ff‘;']
2 5% SOAP i€ 3URJE » 4oB) 29-32 #75% » @ A 3-H B2 T i e A N 2
HehTBEE 48 FEmp 45 o

E-TEELEEEENFEER

Enter_UFID
Al

ZZELI HTTP POST EflEERIEfEE &7 —TF [UE] & -
zg f#

UFID: |Q1212 FAG128

0u /S

B 28 Bl:FE* SOAP PRI%3 'LT\%J IS

POST /SoapService.asmx HTTP/1.1
Host: localhost
Content-Type: application/soap+xml; charset=utf-8
Content-Length: length
<?xml version="1.0" encoding="utf-8"?>
<soapl2:Envelope xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema" xmlIns:soap | 2="http://www.w3.0rg/2003/05/soap-envelope">
<soapl2:Body>
<Enter UFID xmlns="http:/ttucim.com/">
<UFID=>string</UFID>
</Enter UFID>
</soapl2:Body>
</soap12:Envelope>

B 29 Bl * SOAP PRF%3 F2. XML # 5%
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https://zh.m.wikipedia.org/wiki/.NET_Framework
https://zh.m.wikipedia.org/wiki/.NET_Framework

<TTU xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"

xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xmlns="http://ttucim.com/">
<UFID>UFID:Q1212 FA6128</UFID>
<LineVoltageVX1>118</LineVoltageVX1l>
<LineVoltageVX2>118</LineVoltageVX2>
<LineCurrentIX1>63</LineCurrentIX1l>
<LineCurrentIX2>62</LineCurrentIX2>
<ApparentPowerS>16</ApparentPowersS>
<ActivePowerP>16</ActivePowerP>
<ReactivePowerQ>16</ReactivePowerQ:>

</TTU>

B 30 GRlE* SOAP PRI % %

HTTP/1.1 200 OK

Content-Type: application/soap+xml; charset=utf-8

Content-Length: length

<?xml version="1.0" encoding="utf-8"?>

<soapl2:Envelope xmlns:xsi="http://www.w3.0rg/2001/’XMLSchema-instance"

xmlns:xsd="http://www.w3.org/2001/XMLSchema" xmlIns:soap12="http://www.w3.0rg/2003/05/soap-envelope">

<soap12:Body>
<Enter UFIDResponse xmlns="http://ttucim.com/">
<Enter_UFIDResult>
<UFID=>string</UFID>
<LineVoltageVX1>string</LineVoltageVX1>
<LineVoltageVX2>string</LineVoltageVX2>
<LineCurrentI X 1>string</LineCurrentIX 1>
<LineCurrentIX2>string</LineCurrentIX2>
<ApparentPowerS 1>string</ApparentPowerS1>
<ApparentPowerS2=>string</ApparentPowerS2>
<ApparentPowerS>string</ApparentPowerS>
<ActivePowerP1>string</ActivePowerP1>
<ActivePowerP2>string</ActivePowerP2>
<ActivePowerP>string</ActivePowerP>
<ReactivePowerQl>string</ReactivePowerQ1>
<ReactivePowerQ2>string</ReactivePowerQ2>
<ReactivePowerQ=>string</ReactivePowerQ>
<UtilizationRate>string</UtilizationRate>
</Enter_UFIDResult>
</Enter_UFIDResponse>
</soap12:Body>
</soap12:Envelope>

B 31 BlFE* SOAP JRI3¥ B % % 2 XML #5¢
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47 FREUREAY EXRE R
AV ERNZFTARAN R ERFFEREIT R 33 on o RRERAE ~
(TTU) g #-78 |2 F ozt LoRa ST AP EEI 2R BHFFIN 2 TR
Jcd B(DCU)» @ DCU € L 5B 5 4 & (7o HMMAG)BE T 15 54 shief7
FAL RS o gt pEE 12 g Boedt B4 TR (Raw Data) 0§ i - (7 CIM 2
XML%%E#’l%ﬁ#%pfffﬁﬁﬁﬁiﬁ%”%ﬁA%&ﬂ’mHﬁ
AL EREL TR ERET 2SR 0 ¢ BB R 4395 5 (Structured
Query Language, SQL)jtrx FOREY prigiz FTasd > A3 FR458% & B
it fig &2 * SOAP 2. B 2x R 4545 (Open Source)Z. Ji& * #23% /i & (Application
Programming Interface, API) fe i% » #4-3 » 334112 SOAP 2. T4l % ﬁiaa]%é; iTHE
FopEst SOAP 2L A P 4e 2 & > 4 ”é}(SecutityToken) A BES SRR
LBz rM o N T G 0§ METAZR A Tﬁﬁ%ﬁ" %_(HyperText Transfer
Protocol, HTTP) » % i%3 % illﬁ_mﬂ-’ﬂfﬁ? T EBHTHGET AR REDRK
FF M CIM 25— A58 > B 2B FIRE TR IR F2EP L2 P

70

= LoRa
TTU |<«—— | DCU

e

E 3E(MS) —

% (Database
““““““““““““““““““““““““““““““““““ “ j‘i%‘(‘“""""")"" 1. 4 h%(Token)
2. Eg & :‘Eﬁfft
ISQL 3 AL R
A 42 A B A
UFID -
LineVoltageVX1 ## g XML * A HTTP .
LineCll::ntIX] ) < pp —r :g:)ﬁ %(Chent)
E ApparentPowerS1 CIM -~ SOAP

B4 E : SOAP API

(Raw Data)

Fl32 Foumcalwss BeEiE
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I RIRBBREFFARFIAATUORE 2 28

ARERY TTU 238 * Fafd|(CIMH4RLBREH 2 FRD 2305 7 5
RPN LI HFREEN - iR 3B LR é&ﬁzafﬂ’ PlEbE B
i*%ﬁ%W%IS%T’Eﬂﬁﬁi*iﬁ?%@ﬁiﬁﬂ BRI R
TE O TLARTREGZHBEI > = & TTU € & B E&K 03 spi)wmir?%ﬁ
Tefk BOCUT FjefefM 2 RS T EpuafpT #REL > EHLTFR
BT~ BE#EpE2 Rt ER > 29 TTU & DCU F’*éﬁ:@
LoRa i #id 31 @%J » @ DCU ¢ £ TTU e 2 FAEEF 4 S 7did
WMQ@ﬁiwr;ﬁéﬁﬁ#&E’iﬁgﬁﬁpﬂﬁ?mc%*ﬁ%*ﬁﬁ
FHE > S ¥l FERL Y CIM B * 2 XML 558 01 ofs @ * SOAP
RS SR F o T TP B34 5 A E 2 TTU Rl
Em -

S

|

~E

%15 TTU % #4844

X RAER XA & R &) xE
XD35 EE 44157 #5411 R TTU
XD35 L E 44157 #5411 S TTU
XD35 L E 44157 #5411 T TTU
XD35 &3 44 157 #5410 N/A DCU
XH29 A AR ¢ R 83 A1 R TTU
XH29 A AR # R 83 A1 S TTU
XH29 A AR d R 83 A1 T TTU
XH29 AR 5B 83 A N/A DCU
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YRS £5 45 A 3% 2 B R =, B4R R 2 BE ek
S/S 3 E & —
TTU(R#8) TTU(R43)
~ LoRa = LoRa
TTU(S48) ’ DCU TTU(S#) | ’ DCU
THlE —
TTU(T48) TTU(T48)

I\l

7% 4 X yb(Master Station)

TR \ JCIM ~ SOAP

— % P 3% (Client)

B 33 TTU R % B

50 R®BES*EATTUR
AFarie 2 TTU * X X1 RTEBRE-IRMNEPZERATRE R
& PR 7ATRERSE € H220V TS 12VERT
£ it % (Low-dropout regulator, LDO)#-% §& 7 B 5 S5V 2 33V >
2 ””@*’mﬁviﬁm B TTUA M Ee g 2RE~ - F
HE R ME 7o 4o B 35-36 7or o T AT E BH BT EMP T

@wx

TR

\f m %)E%

)Z
- ¥
sﬁ
Ay

-
€

|

*g%?u‘?\ B H
L
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?A%%A.

Thum ‘ %
IR T 4 ittt —

Bl 34 TTU A 48 % $-PARTI

Bl 35 TTU A % 5 #-PART2

511 FaERER

RREREALEP TR EL ST RRERTRYZE LB RITEAT
Bt R SRR RS AL TTU L R RIS 0 p L g
B e s /TRTILL A R~ 2 TTUZR 2 TRE &V RELT L E P
4 ’1‘1?’3«§;$ﬂl§] '@ s A BIERMPEE RIS E N RTREY o r fﬁ—ﬁi‘f,ﬁ

;‘,EL(LO Pass Filter, LPF) % & d%lf TRIACHITAERE L2 38R
gd Pt aRE //§$$€‘- M2 R REBHRASAHITNEL H ‘1“?"5‘\%“?“ I
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~

ﬂéilﬁi%‘%%’i’ viBIRAREL S EEER mﬂ/?]?
Al kB & Ml gt (LPF) R p,@ﬁirsﬁg FIAM oo oM {8 KB T B TR 2
TR E éﬁ ¥ 425V 18 § 4+ B (Programmable Gain Amplifier, PGA):& {7 #*
BELT s o T BB S FEAR A - A P R B 3 F (Analog-to-digital converter,
ADCO)YHEZHEFE M > BV AGEERF S F A58 4o r - BRIIBAITE
BHEECAE S FLTRFFEIIPRFL - T A THT L EMRL
%ﬁumﬁ%$ﬁﬁﬂ%mé@%m$ﬁ%ﬁﬁ%@F%%@%wﬁ%ﬁi’
{3 3§ B i Jp Ak F(High Pass Filter, HPF)ig's £ /it che i > B8 L 5B
B R AR AT 1S Y R E T RE R 2357 $3(Root Mean Square, RMS) & o

3

-

e
=N

PR LY TR e I E T I I L E e
h orp T
=
"

et

@

é%%&};ﬁﬁﬂ&g"*i?%%um '\:; ’ %—L-,é-; VA ;FT Ed g l‘::,%'f._,\l = ‘::E%'fux li;l?_l?‘]’.?—' IE'_E‘F#B%EJ
LB R o 4o (31 B RELBRE R 4 4T B 37 41T o
1 N
= [§x 2, Vm(@’
n=1
(3-1)
A
.
) A8
Vi PGb < C o L iy .

Bl 36 i EEREE %4

512 FHALE A
PX‘}«'@@E AR d R RS #uf £ ¥ AF B e 2o 48 48 (Electrically-

Erasable Programmable Read-Only Memory, EEPROM) % & #&id 3t /i & b’“rﬁé S
AERM N EREd TAEE LSRR T #FE RMS fﬁ%ﬁ*??é‘;
EE & TG ER BB 7% 24 & (Serial Peripheral Interface, SPI)#-F 42 i#
i3 Aﬂv’l’@m ﬁk‘ ’ Jﬂv’l’@m ’5\& ] A% :l-»-"J—_PT ts 2_%% &EP\ 2% ﬁrb gk (Inter—Intergrade
Circuit, 2C)i 34 /i & $* F4L %P3 EEPROM £ 7| 5% FALZ 5B 2.2 P

B2 ARl 38 0T o B R A RGE R S e il R UART 2
# 3 B # E (Universal Asynchronous Receiver/Transmitter, UART) 31 #3¢ > -
fﬁﬁi@ﬁ@ﬁﬁi”Lﬂaﬁ@ﬁn#ma4%ﬁf?wﬁ&wmm
Concentrator Unit, DCU) » DCU 4z § % éhF AL ¥ 5d 4G~ 5G & £ w 3

AR FEFHRFERAT
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i# &SPl @
® EWMTE- TR -HEFTHEH
® SN SR EFRRE

AinnnNi
1. FRERESEENRE - - S
2. FHEHR = m  ——— 00
3. wHATEM = = @apc ()
B T A ’ Bt é; “* EEPROM 32,15 2%
% BUARTA @
@ it TR TR -HFEEENSFHE
® YsMEEA A
LoRa & & 1% &y

® 37 Pﬁﬁl}f@ﬂ.’_.ﬁ ;‘-’#’f#

513 gRiIAHE~
AP EOTR L B R GRE A £ LoRa AR EATHEE > | F 4 TTU #f
«_él_w 2 fcdpe b iE L DCU > MEFRFER fﬂ@ﬁi?]i fe 4o HEITS N md R
e M2 5 8 UART T3 AT 3p 4 3040 0 AR Y § = S ¥ S S0 - 4T
F o MmE R ID S EK T 2 T R % LoRaWAN i 3 TE 7 i
2t > LoRa #- 8 eJJ2 424 @] 39 #771 o
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T2 A 451k

jis
£t
sl
_IIM.
e
saks
H
i
&
L
Sl
e e
JES]

|7~ ®_BEZLH

XL 45 A HBID ~ frak

EREE RS FEEEDCU

Y

Y

DCUA FLE[#27 £ {3 (Re-sent)iE F|5:17

o

B 38 LoRa il a2 n42
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52 B* CIM*4sag R2 TR

LA # 0 TTU iﬁ%f&%@@a’:sﬁwﬁ?q%ﬂv Fod s AP RERKE R
KI® P S HRTE E LR ez?‘lﬁom%@%—‘ﬂl? [l P fRis g% w5
P52 LoRa & Al 30 72 553 & (RSSHM AR iR 57 LA » @ (8 £ 7 & Pl
7 E A o B 40 5 plEe B2 TTU &2 DCU % X R 4o 41 38 % 8 p = /| pF
PIETRERSSI#T7 » ZRTEPRPZIBRPLIBEIGR 1 Er 2 éi\:#kf’
LA RAAEL 2 BHEETEE AT REFS A5 T8 FKiE i 1223kV >
mERBREFSTE3F B s 11.68KkV o i Fr %2452 LoRa & Rid 2 5
B RELRAR G R AT A e EUE-120 dBm M 0 @ A AR TR K2
TTU & 48 2. DCU #p§ES 1.66 = 2 > RSSI £7% 4-105dBm - @ 42 5+ ¢ < H
Pl ERIERES RSSI 2R TRFC IR Rp R FEY 2§ fap
o B AT REFA S 1L B FKELZ 1225kV  ad ] T REF A0 8
B B d 11.75kV o BEAR 2. DCU % 1.55 2 2 » el 2L pEdpip e » @ 7
B % Hig s i S e BL WYL > 3% RSSI + A 4548 -120dBm %+ o g ¢h
dOT R A ER A TR R A S 2 RAGUELE 0 TTU i@y 1 DCU 2
o dApgte F oo NP EF R 283 582 RSSI G P EER D P g o 4o

42 97 o

B39 Rl 2hz TTU & DCU % %
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238 160
—V —RSSI
236
150 _
234 f H I
A
=
232 140 £
Z
=
=230 | =
& 130 EQ
< 228 £
o
&
226 S 120 @
-}
£
224 <
=
110
m : lﬂ = Hmw
220 100
0 1 2 3 4 5 7 8 9 10 11 13 14 15 16 17 19 20 21 22 23
Hour
B 40 3" FH p o7& P2 7 & RSSI
238 160
—V —RSSI
236
E
150 &
234 )
=
2
232 140 3
= E
< 230 4
& 130 5
1 i
§228 b
3
226 - 120 =2
w
=
4
224 2
1o 2
222
220 100
01 2 3 4 5 6 8 9 10 11 12 14 15 16 17 18 20 21 22 23
Hour

B 41 # ¢ < Hporgpl2 7 R RSSI

A TTU $RIE2 R T R ETERIZFHTR ﬁ*é4EWEE
WH 4R FBHEAEIAG)BE D (S 5 A i T AT & %2 DCU R R
&“9°*$?%@3®M@@ﬁﬁﬂ’iﬁgﬁwpMHg%Eﬂ*?ﬁ\
¢ FORLE 3 gr 13.1%] L CIME * 22 XML #5884 > % R iv i 84
A CIM #7388 2 Ap ke T § 12 % im@sﬁjﬁg@: ¢ IEHE NIRRT E
AR SRR RTAL Z BT RFEE Y 2 T CIM #ié * 2
XML # ;% 4o @) 43 #5777 o
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<cim:AnalogValue rdf: ID="#_AnalogValueID"=
<cim: AnalogValue. LineVoltage VX 1>118</cim: AnalogValue.LineVoltageVX1=
<gim: AnalogValue.LineVoltageVX2>118</cim: AnalogWValue.LineVoltage VX 2=
<¢im: AnalogValue LineCurentIX 1=63</cim: AnalogValue.LineCurentIX1>
<eim: AnalogValue. LineCurentIX2=62</cim: AnalogValue. LineCurentIX2>
<cim: AnalogValue. ApparentPowerS=16</cim: AnalogValue. ApparentPowerS>
<¢im: AnalogValue. ActivePowerP=16</cim: AnalogValue. ActivePowerP=
<eim: AnalogValue. ReactivePower() =1 6</cim: AnalogValue.ReactivePower() =
<gim: AnalogValue. UtilizationRate=xxx</cim: AnalogValue.UtilizationRate>
<cim:IdentifiedObject.name=TTU1</cim:IdentifiedObject.name>
<gim:IdentifiedObject.aliasname>Q 1212 FA6128</cim:IdentifiedObject.aliasname>
<cim:IdentifiedObject.description=
voltage monitoring of feeders connected the secondary side of the Transformer A
</cim:IdentifiedObject.description™
<gim:Measurement. Terminal rdf: resource="#_TransformerAlID"/>

</eim:AnalogValue =

<cim:Analog rdf: ID="# AnaloglD">
<cim:Analog.normalValue>1 10</cim: Analog normalValue=
<ecim:Analog.positiveFlowIn>true</cim: Analog. positiveFlowIn=
<gim:Measurement.phases=2</cim:Measurement.phases =
<cim:IdentifiedObject.name=TTU1</cim:IdentifiedObject.name>
<cim:IdentifiedObject.aliasname=>() 1212 FAG6128</cim:]1dentifiedObject.aliasname=
<cim:Measurement. Terminal rdf: resource="#_TransformerAlD"/=

<fcim:Analog=

<cim:AccumulatorValue rdf: ID="# _AccumulatorValuel D=
<gim: AccumulatorValue. KWHplus=T6014406</cim: AccumulatorValue KWHplus>
<eim: AccumulatorValue. KWHminus=0</cim: AccumulatorValue. KWHminus>
<gim: AccumulatorValue KVARplus=754432</cim: AccumulatorValue. KVARplus>
<gim: AccumulatorValue KVARminus=(=/cim: AccumulatorValue. KVARminus=
<cim:IdentifiedObject.name=TTUl</cim:IdentifiedObject.name>>
<gim:IdentifiedObject.aliasname=Q 1212 FA6128</cim:IdentifiedObject.aliasname=
<cim:IdentifiedObject.description kilowatt-hour meter </cim:IdentifiedObject. description=
<gim:Measurement. Terminal rdf: resource="%_TransformerAID"/ =

<cim:AccumulatorValue=

<cim:Accumulatore rdf: ID="#_ AccumulatorID">
<eim: Accumulator.max Value=9999999%</cim: Accumulator.maxValue=
<gim:Measurement.phases=2</cim:Measurement.phases =
<cim:IdentifiedObject.name=TTU1</cim:IdentifiedObject.name>
<gim:IdentifiedObject.aliasname=Q 1212 FA6128</cim:IdentifiedObject.aliasname=
<gim:Measurement. Terminal rdf: resource="#_TransformerAID"/=

<cim:AccumulatorValue

<cim:BaseCapacity rdf: ID="# BaseCapacitylD">
<cim:BaseCapacity.value=25</cim:BaseCapacity.value=
<eim:IdentifiedObject.name=TTUl</cim:IdentifiedObject.name>>
<cim:IdentifiedObject.aliasname=() 1212 FA6128</cim:IdentifiedObject.aliasname=
<gim:IdentifiedObject.description=The capacity of Transformer A</cim:ldentifiedObject.description=>

</cim:BaseCapacity>

<cim:Terminal rdf: [D="# TransformerAID">
<eim: Terminal phases=xxx</cim:Terminal. phases>
<gim: Terminal. TTU_UFID= Q1212 FAG6128 </cim:Terminal TTU_UFID=
<cim: Terminal. Measurement rdf: resource="#_TTUIID"=
<cim: Terminal. ConnectivityMode rdf: resource="# NodelID"=
<gim:IdentifiedObject.name> Transformer A </cim:IdentifiedObject.name>

</cim: Terminal=

Bl 42 TTU 2 XML @ﬁa?]ﬁi.;“
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CEBPRITEERZTFTARREI A(TTURRT RS B

)Léﬂtﬂ’.ag AR ERBRFEER R AT BA F;bpg 4o R

44 9750 0 TR G RFRZ R ER R E A(TTU) ¢ #o72Rl 2 TR By
ﬁﬁﬁ')ﬁ%wxpmﬁlﬁ@“; {6 5 A HhiE (T T A IL 0 B I 2 e BT R4S
7 (RawData) » % i&— #3287 CIM 2 XML ;% #3 » L4 975 BIF 2L R &
e Faessnd FTaRRy a S HETHERET BAFE > ¢ 585 45
{dﬁmﬁ“ﬂwﬁﬁu®¢~ﬁ%&ﬂ’*d%%iﬁﬁ*b@W”ﬁmﬁ
SOAP z_ Jig* #25% /i & (APD) 3 i » #-F 3L 11 SOAP 2o Tt @%}ﬁ:‘w ETEE
Tz e A B L(HTTP) e 5 @ LA A I 30 SOAP fUL Y 4e » % 2 4R5F
(Security Header) 1% & 32378 % 930 2 dt - PR IRIER P 7~ RET A B2 2 2
REFRRE T M CIM 2 Mo 2558 » B2 S35 PR A B ARY B2
P “f—'ﬁ??ﬁ”‘lﬁ%ﬁ 2 A2 FEHE T E 6.1 R w2 P o

AL FE T ER E R Y J F R st (Microsoft) o & #7% i 2. Visual
Studio # & ;\ B ’?I% *(IDE) % 5 k3 AA# > ¥ # * Visual Basic (VB) £ C#i#
TEBRETYAES T R T RENE SF{ITZP TSR BRI LB
i DREA R e BRY FAA[A RRELZTETR A H TR
P 1% * SQLServer FHR BT T4 Tk I A -

= LoRa
TTU |<——— | DCU

@

F 35 (MS) ——

% # B (Database

’”’"’"””’”"’”””""”"’"”’"’"”””""”””""Ej‘i%’(’ ”””””” )’ - 1. 4 h&(Token)
2. R4S B HY
SQL 3. B MR Lk
JER &2 A HME ;
UFID -
ineVoltage A XML v HTTP .
Tiine\(ffu:fsém‘ll)z] ) == App > gﬁ jﬁdﬁij(chent)
E ApparentPowerS1 CIM ~ SOAP
R A : SOAP API
(Raw Data)

M43 ToECIE EEE R
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6.2 HixFz2

BY AR

FARIEREL Y 25N F 1 &4 5 IR ERF 2 TR

KRE N
}F'F%m ﬁ*

FR 2

T
) I

SR G R
o

Pl AEE B A Wl AR Y D2

TTU 2
485 &1 RS-

TR RS B Y 2 AR
AP A BFRBELAH A(TTU) R * ¢

PR R (T A o A

A

1ﬁ,,mpRS%&7ﬁ%%1%Lmﬁﬂmé TR g L5 d RS-

232 i g B> £ i 3§ RS-232 # USB i AR R R X ke

TR 2 A AR WA 45 417 0 @ B 46 5 0 R R RIEA WE > 1T
SR LN

TREN =

AN ——

BAERIEAET BEEFRP -
PREwEA B | FIENRE | RS-485/RS-232
(TTU) o BAHES
Modbus RTU
#R

Frmise [ ST iransa

SOAP

P — EHiE

Bl 44 FAaEAlEi BRFEEE

IhERE IR
15 SRR 4% 26

RS-232/USBi 4%

Bl 45

RS-485/RS-2324 34 35

T B
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6.2.1 ¥ H FTHRIELKE
(1) FRRiesi
AF v 22 TTU # TR 3K 3% 5 Modbus 3 3RS T 0 1 2
FRIONEA BB AP R IAEIBY L A6 0 4o RS-232 RS-
485 r1 2 TCP/IP % » %483 & Modbus 2 CIM 2 f2 3 4 4250 » ¥ d2c
TRt S fa e 0 S H % 2 SQL Server TALE Y 0 11 )
éiﬁwﬁm%pﬁﬁmﬁ% %ﬂMﬁA%ﬁﬂﬁﬁﬁxa#kkﬁﬂ
&:%ﬁ A4 * Visual Basic (VB) 3 &7 B4 > 4 * NET B %
PR - BWA AT AR AR 0 R T F T A A Sk R T

(=) RS-485 HE - e QSQL Server
TTU | < | #RkEEX =

Modbus % 4 & (Database)
Modbus 3k B
Time stamp
| CIM# 2 i UFID
LineVoltageVX1
LineCurrentIX1
. ApparentPowerS1
.45 TR R PR,

B146  FAlBE e

(2) Modbus F#d:E B~

Modbus i 2 t: T H d Modicon 2 @Y 1979 £ #1584 » p @ & KRG L
Bt e F A B 2 T AR & i (Supervisory Control And Data Acquisition,
SCADA)Z %381 ¥R F 2 B> MR TRF > R T 01 474187 4250
BB 4| F (Programmable Logic Controller, PLC) % % 1 31 ]L;z T TETE

ERR BT A (Apphcatlon Layer)sit L3t AN B 3 2 2 L8R > @

FREAF G Ao F A E - A g (Master)E - e dt_:,}“,,(S]ave)?;,E #o A%
§@i3$%ﬂ?ﬁﬁi%&$?—&i$’ﬁiﬁﬁ#ﬁi;i*?ZM
P B n ERE 12472 F e E e 2 T EA X NG A
AN REA Ev ik Eh2 FREd s o B 47 54 & Modbus i@
WL B2 e E B K Y AE e R P g F - BESKE
HeF NS EME A RR DI BRI R B AP Dan
Hehd g b i o

N
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x5 1 3%
(Master) (Slave)

kR
AT B B

B

B 47 Modbus i {3 TR B AR

MmOFlAPIEE S A TTU Fi@ % RS-232 M4 » so v
Modbus f#:#42;¢ + # * Modbus RTU ;% i (7 B % » Modbus RTU »ﬁ'nlﬁéi‘é
Y 16 (Hex)d 7 »* - B3é 2 x| G- Bre d ﬂtl*%
0x00 & OxFF > /& 10 847 5 0 3 255> 4@ 49 #771 » & - &% f{’ﬁ
87— BAEA NS BEREA - i]}%i%%f*‘";uu& - Bt Akt
iAot o @ - f 2F Modbus 4 £ L& S AERFOR BRI 4t e

84 r A e h TR AR 1SR 5 (Cyclic Redundancy Check, CRC)i&
FAE R TR AL TR 4 AR

FH T AUBRAL L AR AR T
/ N vy

b]‘ b2 ‘bj b5| | b6 | | b7 ‘bﬂ b9 | |bl0

ﬁﬁﬁﬁ T

Y

B 48  Modbus i 3+ & @ i% 50

Modbus # 2 4t¢ ¥ 3 Ac4nBr S8 & Bife BRRIEL 35 BF ~
ERIFLAAcdn a2 HEr LB, X3 %J F (Baud Rate) &
9600BPS(Bits Per Second, BPS) » &7 - §/487 & ih%] 9600 i =~ » & & @ %]
- EHE R 1 EHoHFRREAIS TN EH AR AN IS EHE
WEFH e BERE > 4o 50 Modbus 3¢ S 41F & B ArT e

0 1% x el #a2
/
S nisinin e nininin
i L o : A R R A A B i
35F 35% .

B 49 Modbus 3¢ FF 4847 % B
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A2 ROl B AP 0 F A H3K 23 2 B(Port) ~ & 2 (Baud Rate) ~ 7 it A8
(Function Code) ~ # =4 % ¥ i~ it (Slave Address) ~ 42 45 % 5 B = ht
(StartRegAddress) 2 7 4L & & (Data Length) & 4p Bf $-#icie (728 %0 § ¢ i Sk
RKITRFE e FEFRIF B2 EHLE » Zp Rt m
Pre% TTU € 33 5% > & % 533% & #* Modbus @ﬁi%]ﬁ? AR T AL A B

o

ss

REsre A, He 5 - B :”u“.ﬂ_:‘ BRI BRAEL M R
Bimaf S 255 FAE et (2 F B R EE 2 R4 TR (Raw
Dm%%ﬁla‘#kk#@’% AR BN F > & 16 5 TTU 2 ¥

% vyl kbt o

ModbusRTT £ 2L ?gﬁ ﬁE g
° SRR RS
TTU 5232 Monitoring sng Logging
UFID: 40102 | - CD3456 TTU_UFID: A0102CD3456
- = =
i COMa Registerlame | alue
> CEB 265
Baudrate: %600 i 11858
Status: Connected. P 40
Q 20
Disconnect g 45
PF 2853
H 20923
Read Holding Registers :
F_4 2
Slave Address: T a 12
S_A 27
StartReg Address: 130 =
PF_A 9013
DataLength: - "
QB 9
?;101.'-
SB 18
FFE 8765
L]
-
< >

Bl 50 FoRlimiafez fivia ZEBRp 7
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% 16 TTU 2 #7335 %

> ht P B 2

EEEe

(HEX)

g

b

UNIT
VALUE

0130

A 7}:5 ER /nL

65535

0.01A

0131

B Ap & i

65535

0.01A

0136 T R 0 1 65535 0.01V
0140 3 % G -32768 1 +32768 20W
0141 # AT S -32768 1 +32768 20Var
0142 AR et & 0 & 65000 20VA
0143 ¥ & -10000 = +10000 0.0001

0144

5
L | 7
e

65000

0.002Hz

0145 A 4p 3 2w F -32768 I +32768 20W
0146 A 4p & dTF F -32768 I +32768 20Var
0147 A APAR et 0 & 65535 20VA
0148 A jpr F F)F 0 = 65000 0.002Hz
0149 B #p 5 »xr -32768 I +32768 20W
0150 B #p & 2zt F -32768 1 +32768 20Var
0151 B ARt ¥ 0 I 65535 20VA

(3) CIM Ho3 3 2 L B i 5

= = & * Modbus ¥ P2 f 4o F AT R RAR
bz pens BZie- Hl BT REERS CIM 2 5- 2553 - zg & 32 ¢
iUML%ﬁﬁﬂ%?%*%@7ﬁwﬁﬁmﬁ%aﬁﬁ’k%ﬁ»%@%%
(Time Stamp)#* UFID #5548 62 5 2 T4 E » = 6/ * 4255 % * SQL 3%

TAEBEAEDRAE > B 52 55 CIM H-AIE 2 353 1 SQL Server T
ﬁiﬁl Pl T - & o S AL Ao e ;lZ,--F,\;i,!}EP\ e
SOAP i 20 . ;8 4 538 (T3P o

s> *3+%

B 4% 22, ~ TTU2 UFID % 3%

Time_Stamp UFID LineVoltageVX1 LineVoltageVX2 LineCurrentlX1 LineCurrentiX2 ActivePowerP ReactivePowerQ ApparentPowerS ActivePowerP1 ReactivePowerQ1 ApparentPowerS1
2022-11-16 11:50:44 AC102CD3456 |J11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:45 A0102CD3456 J11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:46 A0102CD3456 |J11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:47 A0102CD3456 11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:48 A0102CD3456 |J11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:50 A0102CD3456 |J11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:51 A0102CD3456 [ 11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:52 AC102CD3456 |J11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:53 A0102CD3456 11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:54 A0102CD3456 J11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:55 A0102CD3456 11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:56 A0102CD3456 | 11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:57 A0102CD3456 |J11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:58 A0102CD3456 | 11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:50:59 AQ102CD3456 |11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:51:00 A0102CD3456 11858 11858 406 265 40 20 45 24 12 27
2022-11-16 11:51:01 A0102CD3456 J11858 11858 406 265 40 20 45 24 12 27

®l 51

TTU #icdh % © SQL FAL R 2. T
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6.2.2 TR EHEHEE
(1) FRERae g
At d eri B et SOAP i Mz TR e » BEM STHEE
Tt AL 2§ 4 Bedf s SQL Server TR Bt > 43 12 SOAP @ #i5 #
Ui TR iE 2 LRI (Web service) 0 1 2 sy BB T 2 4R
FEFEHT A SRS SOAP L A P2 & 2 APRRGEY Ao R Y K
B E MR E RS PR HTTP (75 Hid B404 > & ¥k
BFHL P QLEP CihieProxy A 7 Hin Rk g g B 53 3 A
HHE R R AR CHEZEFE S - 5% ASPNET Web /&
PAESNERBLEET 5 faE 2 SOAP RRLIRIEF B 2 R - 2B
CETEA e TSR AEARFI TR TR

. . CIM ~ XML HTTP - .
Bk AR X, SOAP API % P ¥ (Client)
CIM - SOAP
BASQLE H & 1. A3
2. % 4 #% 58 (Security Header)
—{ SOAP#& R &1
— B A1k 1 @

B152 FAla e R

(2) SQL FH R » &2 SOAP .54 4%
AN FREZFET S BRI RS TR ESEER LA
§ AR A R 2B k0§ & SOAP $E 8 i URARL
fpEE s e o TRE 2 PR g SQL FiEp S HEREF AN
PR LEBEFLTUFID, A SLE PP Hhie 2 Bodp & (TR i i
BEE A A RANLBEL T 2P AP ENTHRE 2R @
F i H(User List)» * # FLEF L AR FRFESH L7 REFTHED
B oo B 54 5 SOAP B JRI*2 PRI T & > Bl 55 5 3% SOAP JR7%2 PRI+45
wpe v %o d § & 43903k % 2 WSDL %3 “T#E 0 > * kfs % RisHk &
2 RSN TR AL ST AN RIS REHE NS LEN T A
B 56-61 4 9 =3k (TpliEd g o
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MyWebService_ttu

THESERE  AEENTS  SEEERED -

« FC ConfirmUser

Far Test

« FC TTUquery
Far Test

« UI ConfirmUser
For Web Form service

« UI TTUquery
For Web Form service

—_—

B 53 SOAP e pPRi%2_PIFF w

v<wsdl:definitions xmlns:s="http://www.w3.0rg/2001/XMLSchema™
xmlns:soapl2="http://schemas.xmlsocap.org/wsdl/scapl2/" xmlns:http="http://schemas.xmlsoap.org/wsdl/http/"
xmlns:mime="http://schemas.xmlsoap.org/wsdl/mime/" xmlns:tns="http://TTU_CIM.com/"
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/" xmlns:tm="http://microsoft.com/wsdl/mime/textMatching/"
xmlns:soapenc="http://schemas.xmlsoap.org/soap/encoding/" xmlns:wsdl="http://schemas.xmlsoap.org/wsdl/"
targetNamespace="http://TTU CIM.com/">
v<s:element name="FC_ConfirmUser">
v<s:complexType>
v<s:sequence>
<s:element minOccurs="0" maxOccurs="1" name="ID" type="s:string"/>
<s:element minOccurs="0" maxOccurs="1" name="PWD" type="s:string"/>
</s:sequence>
</s:complexType>
</s:element>
v<s:element name="FC_ConfirmUserResponse">
v<s:complexType>
v<s:sequence>
<s:element minOccurs="0" maxOccurs="1" name="FC_ConfirmUserResult" type="s:string"/>
</s:sequence>
</s:complexType>
</s:element>
v<s:element name="FC_TTUquery">
v<s:complexType>
v<s:sequence>
<s:element minOccurs="0" maxOccurs="1" name="Enter_UFID" type="s:string"/>
</s:sequence>
</s:complexType>
</s:element>
v<s:element name="FC_TTUqueryResponse">
v<s:complexType>
v<s:sequence>
v<s:element minOccurs="0@" maxOccurs="1" name="FC_TTUqueryResult">
v<s:complexType>
v<s:sequence>
<s:any minOccurs="@" maxOccurs="unbounded"” namespace="http://www.w3.0rg/2001/XMLSchema"
processContents="1lax"/>
<s:any minOccurs="1" namespace="urn:schemas-microsoft-com:xml-diffgram-v1"
processContents="1lax"/>
</s:sequence>
</s:complexType>
</s:element>
</s:sequence>
</s:complexType>
</s:element>

B 54 SOAP %p.fR5%2. WSDL PRix$5 it~ 2
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T IR F A R TR
© Stepl #* ¥ LA

FC_ConfirmUser
For Test
o

EELHTTP POST EAEEIEEE  E5—7 [UE] 5 -
g8 =

D: |

PWD: |

A

B 55 SOAP (EpLIRFZ2. L L 75 i
SOAP 1.2

POST /MyWebService ttu.asmx HTTP/1.1
Host: localhost Content-Type: application/soap+zml; charset=utf-8
Content-Length: length
<?xml version="1.0" encoding="utf-8"2>
<s50apl2:Envelope xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"”
xmlns:xXsd="http://www.w3.0orqg/2001/XMLSchema" xmlns:soapl2="http://www.w3.0rg/2003/05/soap-envelope">
—#| <soapli:Header>
<AuthUser xmlns="http://TTU_CIM.com/">

ZEAEH i
PR <UserName>string</UserName> 2% "ji%}\iﬂ EIJ
(Securit Header) <Password>string</Password> aH Al
y </ButhUser>

——»] </50apl2:Header>
<soapl2:Body>
<UI_ConfirmUser xmlns="http://TTU CIM.com/" />
</50apl2:Body>
</soapl2:Envelope>

HTTP/1.1 200 OK
Content-Type: application/soap+xml; charset=utf-8
Content-Length: length
<?xml version="1.0" encoding="utf-8"2>
<s0apl2:Envelope xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema" xmlns:soapl2="http://www.w3.0rg/2003/05/soap-envelope">
s0apl2:Body>
<FC_ConfirmUserResponse xmlns="http://TTU_CIM.com/">
<FC_confirmUserResult>string</FC_ConfirmUserResult> —— %EE}'%% Hj ﬂ }}IJ
</FC_ConfirmUserResponse>
/soaplZ2:Body>
</s0apl2:Envelope>

B 56 £ A sz i 2. SOAP 21 4 . ¢

b

<string xmlns="http://TTU_CIM.com/ " >PASS</string>

St

Bl 57 ©Askmsiz PRES

!
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*  Step2 #§» & £392 TTU %3 (UFID)

FC_TTUquery
For Test
o

EELL HTTP POST B EEIEER 85— [UE] #2F -
=5 B

Enter_UFID: |

G

B 58 SOAP e fRi32. TTU %% % 39 75 it

SOAP 1.2

TFIZ S0AP 1.2 ¥k

POST /MyWebService ttu.asmx HTTP/1.1

Host: localhost Content-Type: application/scap+xml; charset=utf-8
content-Length: length

<?xml version="1.0" encoding="utf-8"?>

<soapl2:Envelope xmlns:xsi="http://www.w3.o0rqg/2001/%MLSchema-instance”

¥mlns:xsd="http://www.w3.0rq/2001/XMLSchema" xmlns:soapl2="http://www.w3.0rg/2003/05/soap-envelope">
——¥] <soap:Header>

ne 3B g <IDget xmlns="http://TTU CIM.com/">
® '£ 1R <ID>string</ID> +—— 37 ;‘k%)\ﬂ_ﬂ |
(Security Header) </IDget>
—»p] </s0ap:Header>
<soap:Body>
<UI_TTUquery xmlns="http://TTU CIM.com/" />
</s50ap:Body>
</soapl2:Envelope>

HITP/1.1 200 OK

Content-Type: application/soap+xml; charset=utf-8

content-Length: length

<?zml version="1.0" encoding="utf-8"?>

<soapl2:Envelope xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"

¥mlns:xsd="http://www.w3.o0rqg/2001/XMLSchema" xmlns:soapl2="http://www.w3.0rg/2003/05/soap-envelope">
<s0apl2:Body>
<FC_TTUqueryResponse xmlns="http://TTU_CIM.ccm/">

<FC_TTUqueryResult>xmlxml</FC_TTUqueryResult> ¢—— %Efﬁ%% ﬁ ﬂ j'JlJ
</FC_TTUqueryResponse>
</sogplZ:Body>
</soapl2:Envelope>

B 59 TTU %% & 34 7 it 22 SOAP 2 4, ;¢
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v<DataTable xmlns="http://TTU_CIM.com/">
v<xs:schema xmlns="" xmlns:xs="http://
v<xs:element name="NewDataSet" msdata:
v<xs:complexType>
v<xs:choice minOccurs="0" maxOccurs="unbounded">
v<xs:element name="TTU_data">
v <xs:complexType>
v <xs:sequence>

w3.0rg/2001/XMLSchema"
DataSet="true" msdata:

xmlns:msdata="urn:schemas-microsoft-com:xml-msdata"
lainDataTable="TTU_data"

<xs:element name="Time_Stamp" type="xs:string" minOccurs="@"/>
<xs:element name="UFID" type="xs:string" minOccurs="@"/>
<xs:element name="LineVoltageVX1l" type="xs:int 0ccur
<xs:element name="LineVoltageVX2" type="xs:int" minOccur
<xs:element name="LineCurrentIX1" type="xs:int" minOccur
<xs:element name="LineCurrentIX2" type="xs:int" minOccur
<xs:element "ActivePowerP" type="xs:int" minOccurs=
<xs:element ReactivePowerQ" type="xs:int" minOccur
<xs:element ApparentPowersS"” type="xs:int" minOccu
<xs:element ActivePowerP1l" typ int" minOccurs
<xs:element ReactivePowerQl" type="xs:int" minOccurs="0"/>
<xs:element ApparentPowerS1" type="xs:int" minOccurs="0"/>
<xs:element name="ActivePowerP2" type="xs:int" minOccurs
<xs:element name="ReactivePowerQ2" typ s:int” minOccu
<xs:element name="ApparentPowerS2" type="xs:int" minOccurs="0"
<xs:element name="UtilizationRate" type="xs:int" minOccurs="0"/>

</xs:sequence>
</xs:complexType>
</xs:element>
/xs:choice>
s: complexType>
</xs:element>
</xs:schema>

v<diffgr:diffgram xmln;.m data="urn:schemas-microsoft-com:xml-msdata"

v<NewDataSet xml >

v<TTU_data diffgr:id="TTU_datal" msdata:rowOrder="0">
<Time_Stamp>2022-11-16 12:59:09</Time_Stamp> =
<UFID>A@102CD3456</UFID>
<LineVoltageVX1>11858</LineVoltageVX1l>
<LineVoltageVX2>11858</LineVoltageVX2>
<LineCurrentIX1>406</LineCurrentIX1>
<LineCurrentIX2>265</LineCurrentIX2>
<ActivePowerP>40</ActivePowerP>
<ReactivePowerQ>20</ReactivePowerQ>
<ApparentPowerS>45</ApparentPowersS>
<ActivePowerP1>24</ActivePowerPl>
<ReactivePowerQ1>12</ReactivePowerQl>
<ApparentPowerS1>27</ApparentPowersSl>
<ActivePowerP2>16</ActivePowerP2>
<ReactivePowerQ2>9</ReactivePowerQ2>
<ApparentPowerS2>18</ApparentPowerS2>
<UtilizationRate>814</UtilizationRate>

</TTU_data>

B 60 TTU ¥a3h 439 # it 2 T
EHHREE R RAELT RS

%:«fﬁigé 2_% péi;{:;

Heoo fed 3 ppEite A i N -

Fite iﬁilé\ﬁh’?ﬁé g P22 R A
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F\ R AESTE |Et
SR
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AIFFHV 2B AR ERETART

T E SR RN
ALY ARses
F B F PRI T8 * ASPNET p i 2.
%o g I 4o javascript * 0 3 ¢ 2 Bk
Stylesheets, CSS):& {7 £tk o

3% %% > 417 SQL Server F#L B 2

\
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ScriptManager 7 i #

AR
Hchp %518 SOAP # :if:’ Z
foF% XML 3 & =
Ao b P REHids

TIRFEZ. AN T R A AW
BB TR R THEEERE S
% (HyperText Markup Language, HTML)#% 3"

id
msdata:UseCurrentLocale="true">

"NewDataSet">

xmlns:diffgr="urn:schemas-microsoft-com:xml-diffgram-v1i">

>— &SOAP# X 3t # 2 1835 & 4

i
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SUBMIT

Bl 61 TTU # BPRG+2 i * *‘ﬁﬁﬁ;ﬁ% i

Welcome to my WebService Test

This Web Form is used to test the function of sending the data of TTUs which is in SQL database by SOAP Protocol.

T

Enter Your UFID_TTU:
A0102CD3456

STOP

B 62 TTU # BPR7%2. UFID & /Rix% w

B8 E T RMBKZTTUE /) #48 Query Sucessfull Connecting..
Time_Stamp 1 UFID LineVoitageVX1 LineVoitageVX2 LineCurrentiX1 LineCurrentiX2 ActivePowerP ReactivePowerQ ApparentPowerS ActivePowerP1 ReactivePowerQ! ApparentPowerS! ActivePowerP2 ReactivePowerQ2 ApparentPowerS2 UtilizationRate
2022-11-16'13:20:58' A0102CD3456 1768 1768 412 268 40 21 46 24 12 26 17 9 19 814
Recorded.
Time_stamp UFID LineVoltageVX1 LineVoltageVX2 LineCurrentiX1 LineCurrentiX2 ActivePowerP ReactivePowerQ ApparentPowerS ActivePowerP1 ReactivePowerQl ApparentPowerS! ActivePowerP2 ReactivePowerQ2 ApparentPowerS2 UtilizationRote
2022-11-16 131913 A0102CD3456 11858 11858 406 265 40 20 45 24 12 27 16 9 18 814
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