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Abstract—An intelligent control architecture for the Smart Grid

is proposed which combines two recently developeahdustrial

standards. The utility network is modelled as IEC @850-
compliant logical nodes, embedded in an IEC 61499igfributed

automation framework. We make the case that an in@mental
approach is required for the transition to the future EnergyWeb
by bringing intelligence down to the level of subsiion

automation devices to enrich the applications thatan be created
using interoperable Smart Grid devices. Using Matlh-based
simulation environment we demonstrate that the caflborative
environment achieves self-healing through simple €dt location

and power restoration.

Index Terms- Smart Grid, techno-social ecosystems, IEC
61850, interoperability, distributed intelligent automation, IEC
61499

T

he Smart Grid is expected to have
adaptability, self-healing and self—protective dalitées
to support highly dynamical networks of power proeis

INTRODUCTION

and consumers pfosumery, Figure 1 through advanced
(ICT,

Information Communication Technologies
infrastructures [3], incorporating into the grichét benefits of
distributed computing and communications to deliezd-time
information and enable the near-instantaneous belaof
supply and demand at the device level” [1].

New architectural concepts for the ICT enabled $rard

have recently been proposed, e.g. EnergyWeb [2] &

eNetworks [3]. The EnergyWeb concept is envisioasda
multi-layered large scale socio-technical systeiguie 1), in
which the traditional distinction between
distributors and consumers of energy is replacedhbynew
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robustne:

produger:

role of prosumers i.e., industries, cities, communities or
individuals who can act both as producers and coass of
energy. Prosumers will become part of a global GtCil
“ecology”, in which they can negotiate the enerdyeyt
produce and consume. They will obtain direct finahc
benefits while promoting at the same time the ghowt
renewable energy sources. In alignment with thi&owi, the
eNetworks concept tackles the Future Internet peraasive
infrastructure [4] enabling the deployment of temtsocial
systems which have three dimensigpisysical (or ‘smart
application’ dimension: smart power grid, transpton
network, building infrastructures, computing fa@ds), cyber
(the underlying large scale management ICT control
infrastructure) andocial (the users and their ability to form
dynamic coalitions mediated via a communicationvoek).
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Figure 1. Multilayered EnergyWeb vision [2].

Since energy consumption by users and energy ptioduc
by renewable energy sources are by nature unpaddict
utilization of the energy produced can be optimizeg
applying the idea of self-organization at the colnlievel [14],
influenced by the social network resulting from l+é@e
involvement of prosumer communities in the operatid the
grid. It can be based on persuasive incentivesufdiing
collaboration and facilitating socially flavored ténactions
with positive effects that target a carbon-freenecoy.

The interweaving of physical, cyber and social ey is
expected to have a large impact on the future Bieedp. In
this sense, conceptually it shares many commontgaeiith
related problems that have received consideraldmtain in
the domains of wireless sensor networks (WSNs)samdor-
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actor networks (SANETS). In these fields, differehtstering vital infrastructure such as the power grid rekabl

strategies (hierarchical, distributed, bio-inspjrextc.) have communication is crucial and interoperability amsing
been employed to help organize large-scale unstertt Intelligent Electronic Devices (IEDs) is of parambu
networks of small devices into well-defined geodmiapl importance. To facilitate the adoption of inteligemulti-
groups that optimize resource allocation to saweetiand agent solutions at the transmission and distributayers of
energy [5]. the Smart Grid demands an open architecture forntd

The unprecedented complexity resulted from theitndlt generation of IEDs, based on industrially accegtaddards in
of interactions between the participants even withisingle the areas of information, configuration, communaatand

technical layer calls for large scale managemechrigues distributed automation [1]. In alignment with these

that challenge traditional engineering methods [Gssons requirements, our work proposes an innovative natisgn of
learned from biology [9] have recently been fourdywuseful the IEC 61850 and IEC 61499.

in managing the complexity of the plethora of cotimgeand The IEC 61850 standard (Communication networks and

collaborating autonomous self-configurable unitisnilar to  systems for power utility automation) [10] refeossubstation
natural ecosystems where the balance between grodand information, information exchange and configurat@aspects
consumption of resources is achieved and maintaa®d mainly for protection, control and monitoring. Wilthe
result of competition between populations. automation functions that produce and consumexbleamged

This trends are aligned with the successful ingasitins of information are outside the scope of the standatien it

holonic control in the last two decades [7] paraditpat has comes to the future Smart Grid envisioned as ay trul

been applied to various automation applicationtuging the intelligent, self-healing distribution network [1lthe core
Smart Grid [6]. Holonic systems are characterizeg Iloperational principles must be built on centralizadd
autonomy, self-organization and low-level redunganehich distributed automation functions to enable the asag/ “plug-
recently proved to be successfully implementakdendgw bio- and-play” self-reconfiguration, “self-awareness” irarious
inspired design patterns [2]: forms, and collaboration between subsystems forieaeh
- Phylogeny: design for evolution. Phylogenetioptimum performance and natural scaling with minimusk
mechanisms can be embedded in the systems’ faipric[B]. Subject to the availability of pervasive commuations,
including evolutionary properties in the systerme suggest that this behavior can be achieved \with
components (so that they behave as “artificigistributed automation architecture provided bylth€ 61499
organisms”), and engineering suitable environmentsifandard [12] which describes a general purpesaction

pressure, through comparison with the expectedvieha Block architecture for industrial process measurememt an

Ontogeny: design for development. Ontogenetizontrol systems. A Function Block is a softwaret o, more

mechanisms (in particular: embryogenies [7]) can Igenerally, anintellectual propertycapsule) that encapsulates

effectively used for ensuring extreme resilienced arsome behaviour. The standard provides a framevaorgling
robustness in distributed systems. functions together in patterns of increasing cdjgband
Epigenesis: design for learning. It relies on estem Complexity. We believe that the resulting ability dcustomise
interactions with the environments. The most wellcontrol and automation logic will greatly enhanche t
known examples of artificial epigenesis are givgn dlexibility and adaptability of automation systenspeeding
artificial neural networks and artificial immunesggms. ~ progress toward the Smart Grid.
As enticing such perspectives may be, at the mortteit  In [6, 13] we have proposed ideas for a Smart Gad
implementation remains but a big promise given th¥cChitecture that is based on a combination ofethe®ven
constraining reality of the power distribution idtructure industry standards. In [14] we have discussed iaidéhe
which is currently engineered and commissionedofalig methodology of implementing the IEC 61850 data nhdmje
thousands of regulations and standards. Thereseemingly means of IEC 61499. This would replace the cursiit
insurmountable gap between holonic multi-agent rodnt hierarchical structure of centralized decision-mgkwith the
envisioned in some of the Smart Grid proposals,[id]] and decentralized flexibility and open nature of IEC 489
the state of the art, as situation is exacerbatedhe huge seamlessly endowing the architecture with bio-irespicontrol
imposts of safety requirements and other domairciipe patterns. However to realize this vision, in tuequires a
standards and practices which simply block anyngiteto revolution in how IEDs are designed, to accommodate
innovate. It is frustrating to have available tewlogies, network approach [3] that enables horizontal conioation,
[8],[9] and not be able to use them to improve guiiomation negotiation and collaborative decision making. Ma¢anced
simply because the existing control devices areedbasn Versions of such devices are currently based
proprietary hardware/software platforms. microcomputers with communication capabilities, kthe
One important concern regarding the sophisticatedti-n architectural focus — a legacy of current SCADAtays — is
agent controls stems from their inability to defivafficient on the bottom-up flow of the data, from IEDs to tentrol
real-time performance and determinism even on twp-ecentre, and the top-down flow of control (from tbentrol
hardware. While multi-agent controls require powkrf centre to IEDs).
workstations to run, practitioners in the field awery This paper extends the proposed ICT architectuwm f{13,
conservative and protective of the status quostingj on high 14] by focusing on the following research questions
reliability and determinism for microprocessor-tiiselays - How can distributed intelligence help to achievehsu
and controllers. Indeed, it is undeniable thatdheration of a characteristics as self-healing [11]?



- How can this intelligence be defined/organized?
- How can it co-exist with fully deterministic contrand
protection behavior?
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and working of the proposed architecture. The @haftthis
running example is justified by the report [1] tloaitlines one
crucial function of Smart Grids to be that it “prdes a

- How can IEC 61499 help in achieving bio-inspiredeliable power supply with fewer and briefer outgge

design and behavior?

“cleaner” power, and self-healing power systemspugh the

- How to expand the Cyber-Physical aspect of the Smase of digital information, automated control, andonomous

Grid with the social layer and communities of progsus

systems.” In the reported work we have been folhgwihe

to achieve aocially smartiCT component that targets aFLISR scenario from [6] related to the distributieetwork in

preset and/or dynamically changing goal set (eagoan
footprint, lifestyle aspirations, etc)?
The rest of this paper is organized as follows:
In Section Il we present the description of ourecasudy
example and discuss distribution of control funasicacross
instruments equipment. Section Ill briefly descsib¢he
benefits of an IEC 61499-based function block decitire.
Section IV presents the idea of embedding the IH856
architecture within IEC 61499. Section V providedails of
the intelligent functions of logical nodes, and taet VI
describes the tests conducted. The paper conchittea brief
outlook and a list of references.

Il. ILLUSTRATIVE EXAMPLE: A FLISR SCENARIO

As illustrated in Figure 2, the distributed grid ntol
infrastructure will be connected with the houseblbltbntrol
infrastructure. It is envisaged that homes willdoglipped with
interoperable sensor networks and smart applianais
integrated by a control device with broad interauadl external
connectivity. Single households may form clustersider to
optimize their overall power usage, as per Figutigurel.

Figure 2. Intelligent Electronic Devices involved the EnergyWeb at the
household layer and distribution layer.

We will use a simple case study of a fault locatisolation
and supply restoration (FLISR) scenario to illugtréhe use

Figure 3.

Zone Sub C

e
ROSs o i
b

QDA
QDH
FGDH
-ADH

Lrtert defection,

ROS7
4

eeeeeeeeeeeeeeee

ROS6 ROS8 4

Lrrent defection,

L
ar

ROS4

Feeder 1

Feeder 2

Feeder 3

Figure 3. Sample power distribution utility, intgént distributed control
functions are allocated to the equipment.

The distribution utility consists of three 11kV fes supplied
by three different zone substations. The 11kV ferdwe
shown in a simplified form, with only the backboed ties to
adjacent feeders. In reality, 11kV feeders haverandhing
structure such that the feeder and the associatefeéders
can supply a geographical patch. Distribution satiists are
positioned along each feeder as demanded by custome
loads.

In the initial state the switches ROS3, ROS4 an®&RO
are open, as denoted by their light colour. Allestbwitches
are closed, as denoted by their dark colour. Theclses are
assumed to be “smart” and participating on an ongevent-
driven conversation.

The scenario begins with a tree falling on the 11kV
mains, causing a permanent fault on feeder F1 lestv@B1
and ROS1. The feeder protection trips circuit beea®B1 at
zone substation B. Sectionalising switches ROS1 RO&2,
being downstream of the fault location, do not s&gi the
passage of fault current. In anticipation of poesiollow-up
action, they remember the load currents that wéowirig
through them just before the fault occurred. Aftene
attempted automatic reclosure, CB1 goes to lockout.

Tie switches ROS3 and ROS4 realise that feedes Rt i
longer energized, and they initiate a search foertive
sources of supply. Each switch is assumed to niaiatdocal
connectivity map, so it is able to propagate al“calhelp”
towards a zone substation. CB2 at zone substati@mné CB3
at zone substation C, respond with information abite
headroom (excess capacity) available. This infoionat
propagates back down feeders F2 and F3. It is addsteach



switch so that, by the time it reaches ROS3 and RGi%
available excess capacities can be compared wéthotds in
the fault-free sections of feeder F1 (note thatomder to
achieve this, each switch must be aware of its mting and
the ratings of the downstream conductors).
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XCBR provides status information, and changes atstipn
on command from the control LN.

As mentioned in [15] a “smart” CT can transmit datad
any other device can use the data as neededslprttject, the
current transformer TCTR senses the current andissen

The switches agree on the steps necessary to eessampled values to the PIOC.

supply: The mid-section of feeder F1 will transéehito feeder
F2; the tail-section will be transferred to fee@é; the head-

section will have to await repair.

In the meantime, the control centre has been eawgsihg
on the conversation between the switches. Wheroewests
call to report a loss of supply, each can be fuifgrmed as to
when they can expect restoration. In fact, custenwer the
unfaulted feeder sections will probably be restdyefbre they
have time to call.

Control functions are allocated to the utility’suggment as
illustrated in Figure 3 and described as follows:

. Protection (overcurrent): PIOC LN

. Protection trip conditioning: PTRC LN

. Protection-related (autoreclosing): RREC LN
. Monitoring of circuit breaker: XCBR LN

. Control of circuit breaker: CSWI LN

. Monitoring of load break switch: XSWI LN

. Control of load break switch: CSWI LN

. Current measurement: TCTR LN.

. Interlocking: CILO LN.

©CoO~NOULA~, WNE

We have represented the utility network in termsheflIEC

61850 architecture, i.e. &sgical nodes At the process level,
circuit breaker, switch and current transformerwused, and at

the bay level there are substation automation fonst

monitoring and controlling primary equipment ande th

substation itself.

Bay level functions

The bay level functions are divided into 3 layensd a
interlocking. The first layer is provided by infgknt
protective relays, in this case overcurrent rei@i©C). The
function of this level is to locate the fault. OMRREC goes to
lockout and theLOCKOUT signal is transmitted, the PIOCs
start to collaborate in order to locate the fadlhe fault
detection and reclosing functionality of this layedepicted in
more detail in Figure 4 and explained later in Hastion.

The function of the second layer (CSWI), once dtfaas
been located, is to isolate the fault, send a rsqdier
alternative supply and provide headroom capacitii@switch
position. This is done by collaboration of secti@iag
switches.

Tie switches in the third layer get a request fiteraative
supply, initiate the search for excess capacitker@mdecision
as to whether or not the excess capacity is entugbwer up
the load, and then offer it to the requesting secti

Interlocking is bay level interlocking: it checkshether a
requested switch operation (open/close) violateswaord
constraints and gives permission to operate ib&sdnot.

Station level functions

The operator sends the “go back to pre-fault camétion”

The IEC 61850 logical node type XSWI representsd lo@ommand after a permanent fault has been repaired.

break switches; XCBR represents circuit breakend; BCTR
represents current transformers. These are infamatodels
of primary devices. Switches are categorised into types:
sectionalising switches and tie switches, differingourpose.
Feeders are divided into sections by sectionaliswitches, so
it is easier to locate and isolate faults. Feedars
interconnected by tie switches. Sectionalising clves are
used to isolate faults; tie switches are used store supply to
fault-free sections.

CSWI denotes control functions for switches anduitr
breakers. CSWI performs opening and closing funetioased
on information provided by the protection LNs.

CILO denotes interlocking functions for switches; this
project all interlocking is implemented at the thayel.

PIOC represents an overcurrent relay, which detdus
fault and gives a signal to trip XCBR.

PTRC denotes protection trip conditioning locatedaeen
the “operate” output of PIOC to the “trip” input XCBR.

RREC represents the autoreclosing function.

Process level functions

XCBR and TCTR are simple LNs, representing device-

specific data and providing services as definetiénstandard.

Figure 4 illustrates interaction of PIOC, PTRC, RR&nd
CSWI logical nodes and signals they use.

Figure 4 Fault detection and reclosing scenario and LNsliacb

TCTR  continuously transmits the current value
(Amp.instMag). PIOC compares it to the set value
PIOC.Str.setMag. If the current is higher than se¢ value
then this indicates a fault. The steps are asvaslio

1. A trip signal (PIOC.Op.general) is sent to PTRChé&T
LN PTRC shall be used to connect the “operate” atstp
of one or more protection functions to a commoip®tr

to be transmitted to XCBR.” ([16], p. 30].



2. When PTRC sees that PTRC.Op.general is triggeted,
issues a trip signal (PTRC.Tr.general) to the switc. ;

controller CSWI. '
[ Zone Sub A o< ‘;J:ne SubB Zone Sub C
:
= . 11KV : . 11kV ‘. 11k

3. CSWI notices that OpOpn.general has been triggered
cagg cmi m*
‘ O @ A ROSS
._ - :

issues a command to open XCBR.

4. CSWI sends the same signal to RREC.

5. In accordance with the configured behavior, RRE!
decides to reclose the circuit breaker and sen
RREC.BIkRec.ctlVal to XCBR. XCBR closes. After one
attempted automatic reclosure, XCBR goes to logkot
which indicates that a permanent fault has beeectid.
On receiving th& OCKOUT signal, PIOCs start to locate
the fault.

The standardised information is exchanged by medrthe

services defined in the IEC 61850 standard; the dike

headroom and fault location used by the intelligeadded in Figure 6. Distributed devices (in IEC 61499 ternhingy, left side) implement
this work use services offered by Function blockEDs (in IEC 61850 terms, right side).

(implemented by events and associated data).
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I1l. BENEFITS OF THEOPENFUNCTION BLOCK ARCHITECTURE v
The open function block architecture of IEC 61488 belpto |, his section we discuss concepts for creating th

achieve the properties of bio-inspired grid conttatelligent “Intelligencé blocks which define the autonomous behaviours

electronic devices can be built “on top” of stamblarofthe distributed component.

Programmable Logic Control (PLC) devices or Remotg,e (previously centralised) intelligence for cdoeding all
Terminal Units (RTUs) by adding function block kbies as o components of the substation is now distribiaecbss

shown in Figure 5. these components. Instead of simply passing ofifaltmation
The internal architecture of such controllers wile ) ihae next level of hierarchy, each component make
customisable during their life-cycle, thus provgiinfor jaigion by itself as to whether the available rinfation is
|mpleme_ntat|on of bio-inspired deS|g_n patterns sastesign sufficient, and informs higher level about the tesuThe
for learning, development and evolution. _ decision is made based on the information avaijaifl¢he
Moreover, - validation of the control and automatiog..essible data is not satisfactory to make a ioectsen the
functions will be possible by simulation of the @Eponding jntormation is passed to higher levels and authddtdecide
functlor! block applications, tgklng into accoune thtructure is given to them.
and logic of the whole substation. This decentralization empowering the low lev&haplifies the
decision making algorithms while giving more indegence
to the components and makes the system more fiexibt
more easily reconfigurable without considerablengjes in the
operating algorithms.
At this stage of the research the following assiongt are
made to simplify the collaborative algorithm.
1. A sectionalising switch can only be connected te on

downstream and one upstream sectionalising switch.

2. A sectionalising switch can be connected to a sing|
downstream tie switch.

3. Atie switch can only be connected to two upstream
sectionalising switches.

4. An overcurrent relay can communicate with one

downstream overcurrent relay.
Figure 5. Domain-specific controller obtained fréme IEC 61499-compliant Pri . td t £ | behavii
controller by adding specific libraries of functibtocks. nmary equipment does not perform complex benhayiau

sets initial position, responds to requests from leael LNs,

and makes simple decisions based on the available
In terms of IEC 61499, the distributed utility comitis jnformation, letting the upper layer know what démi has
represented as a system composed of a number wedeas peen made instead of transmitting data over the bus
illustrated in Figure 6. For simplicity, at thisage we have The pay level LNs are distributed and need to agemith
grouped the functions related to each feeder todenece, and thejr neighbours to analyse the situation and nzaklecision.

INTELLIGENCE AND CONTROL OFINDIVIDUAL NODES



As mentioned previously, there aectionalisingswitches and
tie switches, which differ in their purpose in the ecte and as
a result in their behaviour algorithms. The impottdifference
is that sectionalising switches are used to isofftealts,
whereas tie switches are used to find an altermatource of
supply on request.

There are two layers in the bay level. The layePE)C LNs
locates the fault. LNs within this layer “talk” tsach other to
determine the fault position, and provide this infation to
upper layer. The upper layer consists of CSWI LiNkjch
collaborate with each other, and supply tie swischith data
necessary for alternative supply evaluation.

CSWI Intelligence (sectionalising switch)

CSWI has two modes of operation: normal state andt f
state. When the section where a switch is locatees chot
have fault the switch is operated in the normatestdhis
applies even if there is a fault in another pardistribution
network; however the switch moves to the faultestétit is
involved in the alternative supply restoration meg (Figure
7). When the feeder that the switch belongs toahfault, then
the switch moves to the fault state. Figure 7 destrates the
concept. Initially the CSWI is in the normal staféhen PIOC
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decides whether or not to “offer” supply to the uesting
sectionalising switch.

PIOC Intelligence

PIOC detects and locates the fault, provides mlate
information to the corresponding CSWI, and propagahe
LOCKOUTsignal. It triggers PTRC.Op.general data if thsre
a fault on the feeder. If there is a permanent f&RREC goes
to lockout and sends tHeOCKOUT signal to PIOC, which
replicates the LOCKOUT signal to let the downstream
switches know about permanent fault somewhere efetder
and initiate fault location algorithm. It senses turrent with
defined frequency and applies predefined ruleseied the
fault. If monitored current was within acceptalihaits before
supply was interrupted then there is no fault gnsiction of
the feeder. If a fault is detected it provides tlsigtus
information. It keeps the pre-fault value of therreat. It
collaborates with the downstream PIOC, requestindf Status
in order to locate the fault. Based on the dateaiobt it
decides whether the fault is on its section orsénetion below.

TCTR Intelligence
The purpose of TCTR is to sample the current andige the
samples to PIOC.

replicates thd.OCKOUT signal received from RREC to the

connected CSWIs, those switches move to fault ;sts®
when the tie switch has been commanded to restgrplys
When the fault has been repaired, the substatioonsnanded
to return to the pre-fault state.

Figure 7. Algorithm defining CSWI intelligence

PTRC Intelligence
PTRC sees that the Op.general has been triggetebsures a
trip signal (Tr.general) to the corresponding shvitontroller.

RREC Intelligence

The OpOpn.general input of RREC is triggered by CSwW
case of a fault. This makes RREC move to “faultitest where
it performs preconfigured behaviour. The behavieusimply

a timer; when it expires RREC tries to reclose XCBRhe

attempt fails, RREC goes to the lockout states Ieistored to
normal state by the “restore pre-fault state” comdna

In normal mode a sectionalising switch only collaborates with

its upstream neighbour and the downstream tie BwiBy
request of the tie switch, the upstream sectiongliswitches

V. SIMULATION TESTS

propagate a headroom request signal and pass dogn To validate the function block model of our exampistem

calculated headroom value (calculated according the
method given in [1]).

we have created a test bed by combining a fundioak
execution environment with a model of the “uncolh&

In fault mode a sectionalising switch only talks to itssubstation” in Matlab.

downstream neighbour and the tie switch. In thisdenany
action and events related to headroom calculatierigmored.
The switch which has a fault on its section of beder will
isolate the fault by opening the adjacent downstreavitch
and controlled switch, and inform the adjacent detveam

switch that the fault is isolated. The switch tthaes not have a distribution

Measurements are sent to the controllers and daitnoals
are delivered back to the substation model usingC#®/IP
communication channel. Thus, the test bed enaldesd-loop
control simulation and can be used for validatidn tle
decentralized communicating multi-agent controlldrs real
networks the communication would be

fault, after the fault has been isolated, willigti¢ a search for implemented with the IEC 61850 communication method

and restore from an alternative source of supply.

CSWI Intelligence (tie switch)

A tie switch collaborates with both upstream sewlsing

switches. One of the sectionalising switches sendsjuest for
alternative supply and the tie switch “negotiatabbut supply
restoration. The other sectionalising switch repti@ enquiries
about excess capacity. Based on this data the witchs

sampled measured values, GOOSE and client/server.
Several tests of increasing complexity were dongetdfy
correctness of the collaborative control architextiand
algorithms.
Figure 8 illustrates the operation of two sectitiad
switches (CB2, ROS5) in a test scenario (in thisecaircuit
breaker considered as a switch). The fault is enattljacent



Figure 8. Alternative supply search: trace of thgatiation between logical nodes.

feeder. The switches operate in the normal state@spond to
a request from tie switch ROS3 for available headro

ROSS5 receives the request and propagates it upstigae
upstream switch would normally propagate the saigeak
upstream again, but since it does not have anagratswitch
the signal is looped. A receiving switch calculattee
headroom available at its location and propagates
information downstream. The downstream switch gbes
headroom value, uses it to calculate headroomablailat its
location and sends it to the tie switch. The ti#@wcompares
values and decides whether there is available d@gpdte
result is sent to the switch which requested adtitra supply.
After the tie switch gets acknowledgement to restrpply, it
sends a command to the adjacent upstream switofote to
the alternative supply state. The “restore pretfaihte”
command moves switches to the normal state.

VI. CONCLUSIONS

In this paper we have demonstrated that self-hgalfrSmart
Grid can be achieved via distributed intelligenttrol in a
multilayered ICT architecture combining IEC 61850
interoperable communication and IEC 61499 distedut
ontrol. Other intelligent functions possibly cae leasily
added. The developed architecture simplifies adding
intelligence to logical nodes as an extra layeerding the
capabilities of substation automation devices andt n
interfering with their safety-critical functions.

The function blocks language of IEC 61499 and ést bed
that we have created allow immediate simulation tlod
distributed intelligent control scheme. After thimglation, the
function blocks can be deployed to the correspandin
equipment without changes. This approach combires t

The communication between the switches goes coaipletyonefits of both standards and allows for a highelleof

via the IEC 61850 stack. The lower part of the figghows
the trace of events and message passing histoweéetthe
FBs implementing LNs during the negotiation.

This and other similar tests validate the operatifrthe
function block implementation of the IEC 61850 aretture
and prove feasibility of distributed Smart Grid toh

function interoperability (IEC 61499) and commutica
interoperability (IEC 61850). The proposed archiiee can
be easily expanded further with other intelligamdtions.
Future work will be dedicated to the implementatiddED
prototypes based on the combination of IEC 61499 I&C
61850 as well as to extending the framework by rgidhe
intelligence required to combine energy productiand
consumption in micro-Grids. Further we plan to istigate
measures of success that will support decision reate the



path to adoption of these novel technological adgarwhen feeder equipment — Compatible logical node classesdata
taking the risk in transitioning from the currenbwer -classeslinternational Electrotechnical Commission, 2003.

infrastructure to the Smart Grid.
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