R0k AA a0k

Automation of Electric Power Systems

DOI: 10.7500/AEPS20150623002

Vol.40 No.14 July 25,2016

OPC UA
L L, 2
(1. . 510080; 2. s 264209)
(IEC) (EMS-APD),
. EMS-API (CIS)
(OPO) (OPC UA) , OPC UA (CIM)
, CIM OPC UA .CIM UA N
; OPC UA Stack . CIM  OPC UA R
; IEC TCH7; H 3
0 OPC UA 1IEC 62541 IEC TC65E
I OPC UA
o OPC UA .
(IEC) (EMS-APD) ' °
OPC UA
; oy OPC . \
(operation smart system, OS2) ’ ()f:C UA
EMS-API . ’ o
(common information model, CIM)*, ’
. . OPC UA
( component interface
e . (AddressSpace) )
specification, CIS) CIM OPC UA
(operation service bus, OSB) g ’ CIM OPC UA
(EMS) | ’ | 0SB op . A
(WAMS) | . ’ )5 rey
. OPC UA OPC
) ' UA [zl A
° [13]
2011 3 L,IEC TC57 WGI13 1IEC °
IEC 61970 402/403/404/405/407 [14] CIMj U;A
CIS (1, CIS , . CAS OPC UA Address
(object linking Space Model Designer 1 ,
and embedding for process control, OPC) ) ° IEC
(OPC unified architecture. OPC UA) . OPC UA TEC 62541 ’
OPC UA IEC TC57 CIM
: 2015-06-23; : 2015-10-26, CIM OPC UA
. 2016-06-01,

b o

http://www.aeps-info.com 115



2016, 40(14)
1 OPC UA
CIS OPC UA
OPC UA . UA
UA )
OPC UA
[12-13]
OPC UA
(unified modeling language, UML) ;
({TypeExtension)
UML . :
(ObjectType) . (VariableType) .
(DataType) . (ReferenceType) .
(Object) . (Variable) . (Method) .
(View), UA
(BaseNode), BaseNode 1D
(Nodeld) . (BrowseName) .
(DisplayName) (NodeClass) UA
. ,OPC UA
OPC UA
L1sd ) N
OPC UA ) UA
2 1EC TC57 CIM
CIM ,
b ’79—‘ o
) IEC TC57
TEC 61970, IEC 61968 , IEC TC57
CIM o
, CIM — .
cim u07a.mdl ,CIM
, UML . CIM UML
, UML CIM
UML o
, CIM R
,  UML ., CIM

116

3 CIM OPCUA

.OPC UA
( D,
UA .
UA .
., IEC TC57 CIM,
OPC IEC .
OPC UA, UA
CIM ( CIM
) UA .
BB |

i pa || ac || ma P OPC UA
- ¢ <j SERb AR AR
OPC UAJLRII4LHE |
1 OPC UA
Fig.1 Multi-information model support of OPC UA
3.1 CIM UA
OPC UA CIM ,
UA s CIM
OPC UA
:OCIM, NN N N
;@QOPC UA ,
UML
, OPC UA
, CIM
OPC UA .
CIM OPC UA
, A
Al o
CIM s CIM
UA , 1EC 61970 CIM
(Bay) A A2
UA :OCIM Bay
UA ;@ CIM Bay



Boolean,
BreakerConfiguration bayEnergyMeasFlag.,
breakerConfiguration UA
Bay HasProperty
PropertyType ; @ CIM Bay
MemberOf Substation, MemberOf Voltagel.evel
UA
CIM ’ CIM Bay
“201 ” , A Al
:(DCIM Bay “201
” UA ;@201
” Boolean,

BreakerConfiguration

bayEnergyMeasFlag, breakerConfiguration

UA “201 ”
HasProperty PropertyType
;®“201 ” MemberOf
Substation, MemberOf Voltagel.evel
UA o
3.2 CIM UA
UA Nodeld ,
UA ;  CIM
CIM (uniform resource
identifier, URI), , CIM UA
Nodeld CIM URI
. ,» Nodeld URI
, URI
UA (BrowseName)
(DisplayName) :D
) UA
;@ ,
CIM .
URI . (rdf;
Label) .
CIM
IdentifiedObject
(Dname , .
;s @mRID )
o RDF CIM
(XML) , mRID rdf: ID

OPC UA

rdf:about CIM .
CIM , IdentifiedObject
name UA
(DisplayName) ;  mRID
CIM ,
CIM UA
BrowseName o
3.3 CIM UA
CIM , CIM
, (CIM
Role Property ) ( UML
AssociationEnd) , UA s
UA
UA o CIM .,
(InverseRole) ; UA
) UA
(InverseName), CIM

s UA UA
References
(D HierarchicalReferences.,

;@ NonHierarchicalReferences,
. CIM R

CIM
(cims: isAggregate)”,
“true”, UA
HierarchicalReferences
, CIM

Substation,

“ ”»

“

Aggregates(
) o

Substation Voltaglevel
Contains Voltagel.evels ,
“true”, Aggregates

o

s, UA

s s CIM
CIM
UA , CIM

http://www.aeps-info.com 117



2016, 40(14)

Substation, Contains

o b
Voltagelevels
Contains Voltagel.evels ,

“HasComponent”,

, CIM UA )
. ,CIM )
UA HasSubtype, ,
CIM Substation
EquipmentContainer OPC UA
ObjectType
HasSubtype .
3.1 ,CIM  OPC UA
“IS A” ., OPC UA )
“1IS A”
“HasTypeDefinition” , ,Substation
“ ”  Substation “IS A”
) OPC UA
Object ObjectType
“HasTypeDefinition” .
3.4 CIM UA
, OPC
UA )
2 | oo ;
Organizes ,
FolderType o
OPC UA
ROOT
Organizes

DataTypes
Organi P
Reet-is Organizes5| H; I:I SEBITT A

2
Fig.2 Standard address space structure

CIM UA

118

(UA FolderType) s

Objects, ObjectTypes
UA

) UA

“CIM”
, CIM o )

Types ObjectTypes

“CIMObjectTypes” CIM

CIM CIM UA

Organizes .

4 CIM OPC UA

4.1
Java , Eclipse s
CIM OPC UA 3
0 OPC UA
s 1IEC TC57 CIM
s OPC UA
. , OPC UA
OPC UA o
—
i M EHROPC UA MRS 1
LICITEE/N Hbhl 25 8] (CIM-UA 55 34
00-R
S

[t beneeen T o ] soniess T]armamm

SIS I
| | |
OPC UA%F" OPCUA% S OPC UA% ' OPCUA% S

3 CIM OPC UA
Fig.3 OPC UA server for CIM data

3 OPC UA N
OPC UA (UA Stack) , oPrC
ANSI-C,C# Java UA Stack
. UA Stack,
UA o



4.2 UA
3 , CIM OPC UA
s , :DCIM
s , UML
;s QUA ., UA
, UML ( )
16) .
CIM , s
, CIM ., CIM UA
CIM
(O-R) .
O-R
,CIM OPC UA
O-R , CIM
UA (Query Services)
o s CIM
UA
CIM 5
UA
4.3 UA
cis ,
. OPC UA ,
CIS )
, (Publish)
,OPC UA

OPC UA

(1s-16] CIM OPC UA ,
OPC UA
4.4
s 1EC
TC57 CIM
(unified condition monitoring model,
UCMM), 1 550 3 767
UCMM , 3 189 N
11 438 | 164 140 ,
CIS S
CIS
OSB CIS ;
CIM  OPC UA
) 0SB
CIS CIS, OPC UA .
, OPC UA
CIS
; UCMM
OPC UA ) OPC UA
) CIS
4.5
OPC UA
OPC ,
OPC UA UA TCP
/ (SOAP/HTTP)
UA XML UA
. ,OPC UA

http://www.aeps-info.com 119



2016, 40(14)

CIS CIS, OPC
UA
, :D )
UA TCP .OPC
UA CIS
1.1 10 000 1.5
;@ OPC UA CIS
. OPC UA CIS
36 SOAP/HTTP ,
XML
UA TCP ; XML
, 1.5
20 ,
, UA
, . CIS
CIS
.OPC UA
, OPC UA
. OPC UA ,
, UA
UA UA
UA ,
UA UA UA
CIM ,
- - . CIS
OPC UA .
CIS OPC UA

120

5
IEC TC57 CIM  OPC UA
,  OPC UA
OPC UA Stack
CIM  OPC UA ,
N , CIS

o

(http://www. aeps-info.

com/aeps/ch/index.aspx) .

1] . [1].
33(9) 14

,2009,

XIAO Shijie. Consideration of technology for constructing
Chinese smart grid[J]. Automation of Electric Power Systems,
2009, 33(9): 1-4.
[2] . L.
,2010,34(22) :1-6.
WANG Yimin. Research framework of technical standard
system of strong &. smart grid[J]. Automation of Electric
Power Systems, 2010, 34(22): 1-6.
[3] ) . Lyl .
2015,39(2) :1-5.D0OI1:10.7500/ AEPS20141204007.
YU Yixin, LIU Yanli. Challenging issues of smart grid[ ] ].
Automation of Electric Power Systems, 2015, 39 (2): 1-5.
DOI: 10.7500/AEPS20141204007.
[4] ; ) .
[J1. ,2011,35(17) ;1-4.
CAO Yang, YAO Jianguo, YANG Shengchun, et al. Latest

1IEC 61970

advancements of smart grid core standard IEC 61970 [ ] ].
Automation of Electric Power Systems, 2011, 35(17): 1-4.
[5] ) ; .
LJ. , 2015, 39 (1) 2-8. DOI: 10. 7500/
AEPS20141008024.
XIN Yaozhong, SHI Junjie, ZHOU Jingyang, et al. Technology
development trends of smart grid dispatching and control
systems[ J ]. Automation of Electric Power Systems, 2015,
39(1): 2-8. DOI: 10.7500/AEPS20141008024.
[6] . ) .
LJ]. . 2015, 39 (1): 36-41. DOI:
10.7500/AEPS20140930008.
LIU Tao, MI Weimin, CHEN Zhengping, et al. Integrated
sharing scheme for grid model and graphics applicable to grand

operation system[ ] |. Automation of Electric Power Systems,



2015, 39(1): 36-41. DOI; 10.7500/ AEPS20140930008.
[7] ) . .
Ll ,2013,37(21) :52-59.
YAO Jianguo, YANG Shengchun, SHAN Maohua. Reflections
on operation supporting system architecture for future
interconnected power grid [ J]. Automation of Electric Power

Systems, 2013, 37(21). 52-59.

[8] (EMS-APD. 1
:DL/T 890.1—2007[S]. ,2008.
[9] (EMS-APD: 301
(CIM) :DL/T 890.301—2004[ S].
,2005.
[10] (EMS-APD: 401
(CIS) :DL/T 890.401—2006[ S].
,2007.
[11] . (1l

,2011,35(24) :1-6.
WANG Jifeng. Concept and features of integrated grid
operation smart system [ J]. Automation of Electric Power
Systems, 2011, 35(24) . 1-6.
[12] OPC unified architecture; Part 3
62541-3[S]. 2015.
[13] OPC unified architecture: Part 5
62541-5[S]. 2015.
[14] ROHJANS S, USLAR M, APPELRATHH J. OPC UA and

address space model: TEC

information model: IEC

. OPC UA

(T&D 2010), April 19-22, 2010, New Orleans, LA, USA:
8p.

[157 OPC unified architecture: Part 4 services: IEC 62541-1[ S7.
2011.

[16] OPC unified architecture; Part 1 overview and concepts; 1IEC
62541-1[S]. 2012.

[17] ) , .

Lyl , 2014,

42(11) :86-91.
XIE Shanyi, YANG Qiang, LIANG Chenghui, et al. Research
of unified condition monitoring information model in data
platform of power transmission equipment remote monitoring
and diagnosis[]J]. Power System Protection and Control, 2014,
42(11): 86-91.

(1971—, s s
» E-mail; kways@126.com
(1986—), s , ,
. , E-mail; yangqiang0101
@163.com
(1979—>, s
s IEC 61970/61968 /

N

E-mail: xuqingping(@ cimstech.com

CIM.: semantics for the smart grid [ C]// 2010 IEEE PES ( )

Transmission and Distribution Conference and Exposition

Address Space Management of OPC UA for Common Information Model

XIE Shanyi' , YANG Qiang' , XU Qing ping*
(1. Electric Power Research Institute of Guangdong Power Grid Co. Ltd., Guangzhou 510080, China ;
2. Weihai CIMSTech Co. Ltd., Weihai 264209, China)

Abstract : The international electrical commission (IEC ) energy management system application program interface (EMS-API)
is a standard to encourage the integration between power enterprise applications. Since the component interface specification
(CIS) of EMS-API standard has been upgraded to object linking and embedding for process control (OPC ) unified architecture
(UA) technology, this paper studies the problem to manage the common information model (CIM ) data by using the OPC UA
address space model. The mapping rules from the CIM data to the OPC UA address space model, the rules of mapping the
identifier and name of the UA node to CIM instances, and the process method of relationship in CIM data, are proposed.

Subsequently, based on the UA Stack library developed by the OPC foundation, the CIM data OPC UA server is realized and

verified in practice.

Key words : energy management system application program interface (EMS-API); IEC TC57; common information model
(CIM); component interface specification (CIS); object linking and embedding for process control (OPC); unified architecture
(UA); address space model
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