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Real-time communication between MATLAB and
IEDs in electrical distribution systems using
OPC Technology

L. Le- ThanhMember |IEEE, R. Caire Member IEEE, D. Thermoz-Liaudy

Abstract— Electrical Distribution Systems (EDS) are facing
ever-increasing complexity due to fast growing denmad and large
amount of distributed energy resources integration. The
conventional operation modes need to adapt the sidicant
changes. The behavior of EDS needs monitoring ancecuting in
a high speed and a reliable manner. With advancechformation
and Communication Technology (ICT) infrastructure using more
and more Intelligent Electronic Devices (IEDs) andsophisticated
new functionalities for energy management, “Smart @d” is
becoming the most forward-looking solution to addres these
facing challenges. Having initiated a conceptual nuel,
architecture, and implementation plan for the syste in previous
European research projects [1],[2], an integrated CT - platform
based distributed control and local management sotion to
demonstrate the feasibility of the new concept isnder design. In
this framework of the project, the author realized the real-time
communication between a fault passage indicator Fi200C
(Schneider Electric) and a MATLAB based local agenby using
MATLAB OPC toolbox. The real-time communication will be
used to realize an advanced fault location functicaity which is
developing in order to improve the reliability and quality of
electrical distribution system.

Index Terms- OPC technology, ICT systems and Local Agent ,
Distribution Network, IEDs, Maltab OPC Toolbox, Distributed
Generators, Protection devices, DCOM.

I. INTRODUCTION

new kind of networks named autonomous network

foreseen as a possible evolution of the currensipas
electrical distribution networks. It may be tectalig and
economically the best way to initially facilitate@in a
deregulated market.
specifically conjectured as facilitators for incsed
penetration of DG and are based on recognitionribet ICT
technology and strategies can be used to activelyage the
network. These changes are expected at severdk lane
scales from the generation and commercializatiosinesses
to the distribution grid operation. As such Elemtfi
Distribution Systems will require new planning sdgies and
tools, new design methodologies, redefining openatand
control of electrical networks for instance.
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The active networks have been

As described in various articles in literature e.g.
[31[41[5][6][7][8]there are many implications forhe grid
when making a transition from centralize to decdize
control with merely some central coordination. When
compared to hierarchically operated electricitydgriwith
power centrally generated at high voltage levelsaolarge
scale delivering electricity to consumers on lowéltage
levels in the network, Smart Grids [9] offer a nwantof
challenges for technological research. Indeed,Bbelong-
term vision on future grids, European Smartgridshhelogy
Platform waterfall grid models will be more and moeplaced
by grids with electricity produced via installat®or clusters
of installations 'bubbling' upwards. ICT is consibkto be an
essential enabler for this new development. Gridsh w
components connected by modern communication téotpno
Smart Grids equipped with facilities for more ifiggnt
coordination, are expected to play an ever moreqaroced
role in such a transition.

On the same ambitious research direction, the INREIG
project (Integrated ICT- platform based Distribut€dntrol
(IIDC) in electricity grids with large share of Dikbuted
Energy Resources and Renewable Energy Sourcekpusih
the investigations further. Within this projectiaifework, a
field demonstrator which deals with emergency ofi@na
conditions of electrical distribution systems iplementing.
The purpose of this demonstrator is to realize @gprapriate
fAult location and fast reconfiguration of EDS aftee fault in
order to intelligently restore the power supply @ustomers.
The demonstrator relies on an ICT platform in which IEDs
i.e automation devices being able to communicate,
programmable logic controller (PLC) and distributsahtrol
system can be integrated. In the distributed coptedform, a
local agent is built in which a fault location atgbm is
developed. When a fault occurs in a real distrdoutietwork,
the fault passage indicator can detect and themuoricate
with the agent. By using pre-fault and post-faaitad the agent
is able to determine the distance of fault from skdstation
and the exact faulty line. Afterward, the ordertmninate the
fault will be sent to supervision (SCADA softwar€Yue)
that is responsible for service restoration [10][11

This paper aims to present partial test of the destnator
which is real-time communication between the IEDs
implemented in electrical distribution systems amdocal
agent developed under MATLAB by using OPC technglog
In fact, OPC specifications has become de factodsta for
the automation industry due to the widely acknogked
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benefits it offers. The test results can be usd¢enaérd to based on OPC Toolbox and IEDs is presented in Fgdal
realize data process and advanced control in thodstrator. agent that consists of several functionalities sash fault
location  algorithms  programming  with  MATLAB,
communicates to IEDs through OPC interfaces. Itharges
[I. MATLAB OPCTooLBOX AND COMMUNICATION data with OPC server object. The OPC server oligadefined
PRINCIPE by using the Host (computer on which the servensgalled)

OPC is acronym of Open Process Control, also knasinand Server ID properties. In the OPC server objeiC
OLE for Process Control, is a series of severatifipations 9roup objects can be created to manage OPC iteectsbj
defined by the OPC Foundation [12] for supportingeo Each OPC server object can contains many OPC group
connectivity in industrial automation. OPC foundatiwhich ©objects. The direct data exchange with process statece is
is responsible for defining OPC Specification is affalized with OPC item objects. An OPC item objeas a
independent, non-profit, industry trade associatibimere are Value, a Quality, and a Timestamp, representing the
several specifications such as Data Access, (OPY, MlArms information collected by the server from a procdsgices or a
and Events (OPC AE), Historical Data Access (OPCDHA data pointin SCADA system.

Batch, Security, XML, Complex Data and OPC Data There are three methods for data exchange betwéeh O
eXchange (OPC DX) etc. They use Microsoft pcomlient and OPC server: synchronous, asynchronou$ an
technology to provide a communication link betwe®RC subscription. A synchronous operation means thaff VX8
servers and OPC clients which support the softwapdll wait for the server to return data from a ps request
application procedure communication in differerdtfrm. In before continuing processing. With an asynchronous
power systems, these software applications inciuocol operation, OPC client sends a request to the se@iae the
drivers, databases and programmable logic, as sl fequest has been accepted, MATLAB continues prougpsse
distributed and centralized monitoring, control 8BGADA hext instruction without waiting to receive anywes from the
systems. The data sources to support these ajptisaare Server. MATLAB handle the read/write event as sasrit is
often IEDs, such as meters, relays, programmabigc |oa@ble to perform that task. As far as subscriptioay ws
controllers (PLCs), Remote Terminal Units (RTU4Y, e concerned, the OPC server will notice the OPC tlien

MATLAB, which is promoted by MathWorks Corporation,automatically when the data changes. We can sethep
is often regarded as an efficient tool among batademic Update-rate and dead-band to deal with each OR@gro
researchers and control engineers. Many contrabrittgns
can be simulated and/or developed and programmei wi
MATLAB easily and efficiently. Furthermore, with @P lll. DESCRIPTION OFTESTSYSTEM
toolbox, we can realize the real-time data exchamgkeremote
communication between MATLAB and process devices.

MATLAB - OPC toolbox is an OPC Data Access client Remots LAN@TH) DO To acter part
application, capable of connecting to any OPC Dstaess ",5 L_# Goteumyy
compliant server. OPC DA standard provides the comm o (o) o mf }
mechanism for the server and client to interach w#ch other [H School/Enterprise
[13]. SHOPC | | P @'e SSCAQA WAN

o upervisor
I I t I Control room @
Local Agent MATLAB P LAN Server
OPC Toolbox (Client) Knowledge
T -m{_ -’T_ Ethernet /TCP-IP

HOStS I I I Substaiton LAN 2
Fault indeator | | FautRecorder | | Sereer OFS
& 4 M @ Ethernet /TCP-IP
B schneider | ||, D I =

= =mp¢ SubstationLAN1I l I

10 FLAIR 200C 3recorder | [T = _"“
ve @ =
meters
PMaC

3PLC
PLC GE“’LIOAD configuration

control

Figure 2. ICT architecture of demonstration

OPC ltemg The ICT architecture for self-healing demonstragahown

in Fig2. As the fault location algorithm has beesveloped
IEDs (FPI, FR, etc) within MATLAB the local agent were built within MADTAB
and MATLAB OPC toolbox. OPC Data Access standaa vi

Ethernet provides the common protocol for commuiica
Data access relationship between Local agent MATLARetween OPC server associated with communicant RTU

Figure 1. OPC Toolbox Object Hierarchy
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(Modbus/TCP) or with SCADA center and OPC clienthe interfaces use the TCP/IP communication prdttctnk

(MATLAB OPC Toolbox) playing a role as local agent. with each others. The local agent can access tcs |&ffer
Communicating remote terminal unit (RTU) such asltfa configuring the OPC server object, the group olsjertd the

recorder emulator developed within LABVIEW, faulitems objects by using configuration tools. The OPC

indicator (Flair 200C) is connected within sevdrAN. They Communication between Flair 200C and Agent throGgC

communicate with some layer PC and local agentGRC Ser\{ers/CIient are selected to present in detdhénfollowing

server/client. Finally, the advanced control andtcha S€Ction.

execution to accomplish self-healing functionaditieould be

carried out directly from local agent or indirecfppm DSO

(with the local agent advices) [14]

IV. REALIZATION OF PARTIAL TESTWITH OPC
COMMUNICATION

A. Hardware setting up and configuration

For the communication test purpose, a partial tdsthe
demonstrator is performed. This means that a clteitte load
is connected to Flair. Then the voltage and curbefiaviors
in real time will be observed in Agent due to OPC
communication. Flair 200C is linked to a PC (Pe&on
% computer) operating under Windows XP and havindeast

o one Web browser. The connection can be realizdtrelty
FPI —= USB or Ethernet port. Ethernet TCP/IP connectios been
; — Local Agent | [] Supervision chosen in this test. The default IP address cashbreged.
) MATLAB - ~| SCADA The Flair 200C product includes an embedded Webeser
g E, l,—|| k5 é which is initialized automatically as soon as cativa is
7 s [8) |j NIATLAT 6<:>U established. With the embedded server, the faulectisr
x O o| & vk 8 8 | | parameters are configured. The parameters to béguoosd
% % ; e} o I PCVHE for each variable could be variable name, type afess,
=y e assignment class, logical, remoter and internatesses, etc.
3fau|t — | Faultlocation [— | — The address of variables needed to exchange igpsatorder
functionality to provide input for the OPC server/Client commatiimn.

Two variables setting up for the test are phaseeatirand

Figure 3. Composition of real-time OPC technologgdd communication L . . .
9 P o voltage. The characteristic of these variablefiisve in Tab.1

system
o . C TABLE . VARIABLE CHARACTERISTIC
The composition of OPC real-time communication esysfor
the demonstrator is shown as Fig 3. The princip@lligent of Name Address Data type

this system is the MATLAB local agent in which aulta
location algorithm and the OPC Client toolbox are Current 65 REAL
implemented [15]. There are many current and velsgnsors
implemented in the demonstrator. Dynamic behavita cf
distribution network are exchanged continuoushhwlite IEDs
which are in that case the Flair 200C and the Fadorder g Variables configuration on OPC server
programming in Labview. Flair 200C is a fault pagsa
indicator furnished by Schneider Electric Telemégae. It is

dedicated to the remote monitoring of MV/LV subistat

Voltage 81 REAL

The server OFS is an OPC data access server tyaianzsed
to read or write data on devices. It is able terifisice between

When a passage of a fault is detected, the cuarhwoltage Schneider PLCs (in general but not exclusively) ané or
data are recorded in real time and’ transmitted EPA more client applications. To do this, the servestrhave the
MATLAB through OPC server. A Schneider Electric opdecessary information for gach device about thevorit to

server product called OFS (OPC Factory ServerpéluThe use, th? ad_dress of th? device on the network@dyﬂnbols
data exchange will be then performed between OFS ble file if the variables are accessed using sysb

MATALB OPC Client toolbox. Afterward, the exact fau oreovter, t.he (sjervter bsu;:p%rtst{;lh group Of. (:l.rgﬂﬂ"at
segment will be determined thank to fault locatagorithm parameters In order 1o best adapt the communicatl €

programming in MATLAB [9].The selected solution icis devices. OFS product provides also a configuratioh which

such as what circuit breaks or switches will be nege or allows the user to configure the OFS server to eohit to
closed to restore as much as and as quick as fksid after networks and devices. To use the server, one nmgstfeate
the fault can be identified.. Since MATLAB do noive the 2" alias for each device that will be accessed.alias is a
direct link with the protection and automation d®& in shortcut being used when a network address fodéwce is

e A . . In our test, an alias with the name gbein
distribution network, Agent will have to send thesaution necessary. N
. - e . “Flair200C" is created. Since we use the TCP/IPqrol, the
actions to Supevisory software which is PcVue at ttase. . i i !
! upevisory which i ! address of alias is IP address obtained in FlaiC2€etting up

step (MBT:192.168.102.36;10/NQ).
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C. OPC Server/Client Configuration another for remote access are created. The sutisorifs
There are two communication modes for the opgelected for client to get information on servamitvalues.
Server/Client: local access and remote access b@NDC This mechanism allows the OFS server to notifyienthwhen
Local access mode means that the MATLAB clienttiosl & Server item’s value or quality has updated. Tiuate rate is
and the OFS server are on the same PC (local hbstieas Set to_0.2 s and dead-band is 0% in order to getyedata
they are on separate PC, connected via the Miard&@®-IP  changing.

network. Distributed COM (DCOM) must be configured ] ) ) ] .
correctly before launching remote operation. Thenate 1he command line for this mechanism which will lgeato
execution mode requires an additional adjustmeiriguthe integrate into fault location aIgo_nthm is alsp gmmmed._ An
DCOMCnfg.exe tool provided with the DCOM package i§*@mple program to get and display real-time conicatiion
Microsoft Windows XP. DCOM environment must bdetween MATLAB and Flair200C is shown as following.
configured appropriately both in the server anddient PC.

For the OFS server PC, the properties of “Schmeid¢ OPC %%%

Factory Server’” must be configured. One needs tdifpche ~ clear

“Launch and Activation Permissions” and “Acces§!C .

Permissions” so that the “anonymous” or “everyounsérs can da = opcda(localhost’, ‘Schneider-Aut.OF@2" Call local
be authorized for remote execution. host and OFS server _

In the MATLAB client PC, the appropriate MATLAB (da = opcda(localhost, 'Schneider-Aut.OF®2" Call a
application in “DCOM Configuration” directory muspe distant host and OFS server)

modified in the same manner to allow the servesetod back connect(da);

notification to the client PC. grp = addgroup(da,'Predis_Integral’);
o itm1= additem(grp,'Flair200C!%MW65");
D. Communication program itm2= additem(grp,'Flair200C!%MW81");

After finishing the preparation steps above, thecwinication set(grp,'UpdateRate’,0.2);

can be performed. The connection of OPC toolbox lzan set(grp,'RecordsToAcquire',60);

done by either programming or GUI (Graphic Useelfatce). set(grp,'RecordsAcquiredFcnCount',5);

First, and OPC data access client object is creaidtd the set(grp,'RecordsAcquiredFcn’',@display_opcdata);

hostname of the server computer and the serverTillo start(grp)

communication modes are test here in which thenaost in  wait(grp)

case of local access and remote access is “Icstallamd

“Server OPC” with IP address “127.0.0.1” andlisconnect(da)

“192.168.102.128” respectively. delete(da)

Then, one creates the OPC data access group Olgewtd clear da grp itm1 itm2

“Predis_Integral”. In this group object, two itenbjects %%%

corresponding current and voltage are added. TémasitiD

should be declared carefully. function display_opcdata(obj,event)

numRecords = min(obj.RecordsAvailable,60);
Bl lastRecords = peekdata(obj,numRecords);
. e [i,v,q.t,et]= opcstruct2array(lastRecords);
s patz plot(t,v/100);
; [ isBad = strncmp('Goo',q,3);

bl isRep = strncmp(‘Repeat’,q,6);

hold on

B s | for k=1:length(i)
h = plot(t(isBad(:,k),k),v(isBad(:,k),k)/100)p
set(h,'MarkerEdgeColor','’k','MarkerFaceColyr','

S h = plot(t(isRep(:,k),k),v(isRep(:,k),k)/100):*
set(h,'MarkerEdgeColor',[0.75,0.75,0]);

end

e axis tight;

set(gca,"YLim',[0,100]);

e datetick('x','keeplimits");

eventTime = event.Data.LocalEventTime;

title(sprintf('Event occured at %s', datestr(evémi, 13)));

drawnow;

hold off;

%%%

AR

Figure 4. MATLAB OPC Client Toolbox

The connection using OPC Toolbox GUI is presemetthé
Fig 4. Since the client toolbox can connect to ynsarvers
simultaneously, an OPC Client object for local ascand
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between the MATLAB and IEDs ensures the efficiemnyg

In fault condition in distribution network, the cant increases high speed of data transmission. The control pscasd

and the voltage decreases. The purpose of teshisnitor the

results verify that the data exchange is reliabiefact, this

real-time behaviors of current and voltage in ortteassure communication which does not depend on the harddiaven

the good communication when the whole demonstiatorh.
Therefore, the current behavior is realized by rfyialj the
value of load whereas the behavior of voltage isedwith
auto-transformer.

Last event occured at 09:36:24

Current (A)

09:35:30 09:36:00

Time
Figure 5. Real-time behaviors of phase current

09:36:30

Last event occured at 10:33:44

200

150

Voltage (V)
B
o
(=)

50

Time
Figure 6. Real-time behaviors of voltage

The Fig 5 and Fig 6 show the real-time behaviaruwfent and
voltage when the MATLAB program is running. Once tlata
values change, the client toolbox obtains the cbdnenlue
and logs them for the posteriors treatment.

V. CONCLUSIONS

program provided by the manufactures enables wusdrave
the flexibility in devices selection in a whole dahanagement
platform. Moreover, MATLAB offers a very strong aogen
resource for the advanced control algorithms prognang. As
a result, this research presents vitality in treaasf real-time
monitoring and fault location in electrical distutipn network.
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