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As thetermñSmartGridòdefines,theelectricitysupplynetworkusessmartdevicesto monitor thestatequantities,anddigital communicationtechnologiesto supportfastdecisionsandcontrol. This work is focusedon

developinga flexible IoT architectureto supportreal-time testsandto validatesomealgorithmsfor monitoringandmaintenanceof micro-systemsasintelligentsmartfunctionson thevirtual modelof a small-scalepowergrid,

throughReal-TimeSimulationSoftwarein-the-loop(SIL) andHardwarein-the-loop(HIL) .

We aim to explain the implementationaspectsof a microgrid in MATLAB/Simulink, basedon real grid dataandñsmartcustomersòas end-users(capableof exchangingdatawith the outsideof the simulation

environment),thencompiledin Real-Time environment(RT-LAB software)[1]. Theoverallcommunicationinfrastructurerelieson differentprotocolsfor thedataexchangebetweengrid andapplicationcomponents(TCPand

MQTT protocol). Furthermore,thepresenceof anMQTT brokermakesthearchitectureflexible, sinceit allowstheintegrationof differentservices.

INTRODUCTION

Figure1 showsall the levelsinvolved in the

developmentprocessof theproposedstudycase. At

the lowest level, a real time simulation of a real

MV/LV grid is performedusing Opal-RT to better

evaluatethe way in which the behaviorof various

consumers/prosumersaffect the performanceof the

powergrid in termsof voltageprofile, overloadsor

qualityof supply(harmonics,frequency,etc.)

A consumer/prosumerbehavior model is

used,anddatais sentto the real-time simulatorby

meansof adedicatedblock.

Figure 1. Overall architecture for the proposed implementation
Figure 2. Explicit overall architecture

All relevantdata are sent by Opal-RT to a

MQTT Cloud Broker via TCP/IPprotocolandthen

is integrated in the upper level of the proposed

modelin realtime to theserverandthento theSHM

andAggregator(Figure1 andFigure2).

OVERALL ARCHITECTURE

In this scenario, a small-scale

distributionsystemof the future,wherethereis

a high penetration of Smart Meters, with

bidirectional communication, is under study.

Thesystemis investigatedduringa normalday,

with normal consumption/generationbehavior.

The consumers(8 LV households)with ñSmart

behavioròwere modelledusing data from real

houses(Figure4). Additionally, thereare11 LV

3-phaseindustrial loads(Figure5 andfigure 6)

with and1 MV industrialload.

Eachhousewas equippedwith ñVirtual

SmartMetersòto monitor their consumption

and behavior, in terms of Voltage, Current,

Active andReactivePower.

Totalnumberof buses 15

Totalnumberof lines 11

Total lengthof MV lines 5.53 [km]

Numberof MV customers 1

Totalnumberof singlephaseLV customer 8

Totalnumberof threephaseLV customers 11

Total contractualconsumption 1000 kW

Figure 3. Modelled distribution system topology

Table 1. Small-scale system summary
MODELLING OFTHE SMALL-SCALELOW VOLTAGE GRID

Figure 4. Contractual power single-phase customers Figure 6. Contractual power three-phase customers

Figure 5. 15 kW industrial load 

SOFTWAREIN-THE-LOOP

SMART METERIN-THE-LOOP

A smartfunctionis implementedinto theSmartHomeManagement(SHM) to receive,storeandsenddatato anAggregator,whereother

functionsandsmartalgorithmsmight be deployedfor DMS purposes. The Aggregatorformulatesandsendscommandsanddecisionsto each

SHM, thento theBehaviorGenerator,andfinally all thecommands(but in our caseonly consumption/generationprofiles)will bepassedto the

simulatorto furtherassignto eachvirtual housein theimplementedgrid (asshownin Figure8).
Figure 8. SIL overall architecture

Figure 7. Bidirectional communication architecture
Figure7 showsthat the flow of informationis

bidirectional: data from the RTS to the smart

functionandvice versa. A streamof datafor each

house/customerwas created. The serveradapter

exploitsa parser(a Pythonscript) to translatethe

array into a moreverbosejson format, compliant

with the IoT platform Fiware[2], to be published

towards the MQTT broker. MQTT is a

publish/subscribemessagingprotocolthatensures

flexibility in communication.

Figure 10. Voltage wave (RMS values)
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

-250

-200

-150

-100

-50

0

50

100

150

200

250

1 2 3 4

Figure 11. Current wave (RMS values) Figure 12. Database containing simulation results Figure 9. HIL simulation

CONCLUSIONSAND FUTUREWORK REFERENCES
- A flexible IoT orientedarchitecturewascreatedand testedwith the aim to supporttestsandvalidationsof different algorithmsover virtual modelof the grid, basedon information

comingfrom thecustomersideor grid

- SIL simulationenablesdevelopmentof futuresmartalgorithms

- HIL simulationswereperformed(with asmart-meter)in orderto measurethevoltageandthecurrent(thencomputethepowers),andtheresultingdatato besentto a localserver;

- Theoptimizationandstandardizationof thedatacommunicationbetweendifferentlayersof actorsasfuturestepis developed;

- Futuredevelopmentof smartandadaptableinterfacesfor DMS is intended;

[1] https://www.opal-rt.com/

[2] https://www.fiware.org/

Thesmartmeterusedin this work is basedon a RaspberryPi thatensures: i) synchronizationwith all its hardwarecomponentsandii) communication

with a remoteserverfor savingdata. This smartmeteris connectedto DRTS following the HIL simulationapproach. It measuresthe electricalpowerof a

virtual house. Theoreticalschematicsof the HIL simulationis presentedin Figure10. The simulatoroutputstwo signalscorrespondingto the voltageand

currentconsumedin real time by oneof the houses. The smartmeteris connectedto the real-time simulatorandreceivesdirectly thoseanalogsignals. The

acquisitionboardwasconfiguredin sucha way to createa streamof data(to bethensentby theRaspberryPi to thedesiredremoteserver)in a certainway.

To storeandvisualizetheinformation,adatabasewasproperlycreated.


