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 How to reconcile vocabularies, concepts and relations
among all the smart grid standards?

* Overlapping, different and sometimes contradictory
vocabularies and definitions among standards
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Approach: STEP#1

Using the
ASHRAE/NEMA Facilities Smart Grid Model (FSGIM)
Demanstrate a for
N standard specification Nevr T of
the model by the standardization
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o

among conegepts in different standards to



STEP#1: Converting the UML Model to OWL

AUTOMATED PROCESS

Export XMI fram Enterprise Architect

Interpretation inid OWL using SPARQLMotion scripts

IMPORT DATA

v 4 core FSGIM components: Energy Manager | Generator | Load | Meter
v" Common Primitive Types, Classes and Enumerations
v Use Case Information

v All referenced external classes (from other standards - Energy
Interoperation, EMIX, WS-Calendar, WXXM, IEC 61850, NAESB EUI)
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Approach: STEP#2

ASHRAE/NEMA Facilities Smart Grid Model (FSGIM)
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S STEP#2: Developing a Web App

ARCHITECTURE

SPARQL Query Editor http://fsgim.sv.cmu.edu

4@, TopBraid Composer™

TopBraid Live on AWS

Tomcat
Amazon Web Server (AWS) amazon
SPARQL QUERY EDITOR

http://fsgim.sv.cmu.edu
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Approach: STEP#3

Using the
ASHRAE/NEMA Facilities Smart Grid Model (FSGIM)

Demanstrate a for
N standard specification L .
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Sample Query: Datatypes not inheriting from standards

vision 1666: 30 non-conforming datatype declarations

icad _componentmodd_componentsDemandAndEnergyPricelnfe load_component--modd_componentshasDemand Price Avl_Types_packagpe

a¥l_Types package

primitverypes_package el
DrimiteTypes packagze el

a¥a_types_package
ava_types_package

primitverypes_pacdage Rl
primitverypes_packagefml

ioad _component—modd_componentcDemandAndEnergyPriceinfe load component---mode_componentchasEnergyPrice

els role range rootDatatypeQTRange

energy_manager_component-—modd_componentsiterval cnergy_manager_comgonont--modd_componontshasDiEnd fa_java_Types_package--m primitvetypes packagedateTime @_java_types _package--m_primitvetypes_padkagedateTime
energy_manager component-emode_componentsiterval enErgy_manager_component-emode componentohasDtsar: £ ava_types pachage..m ormoowerypes pachagedareTime f@_java_types_package..m primitvenpes_padagedateTime
Snergy_manager component-modd componentsinterval cnErgy_manager _componont--modd componontshasDuraton £a_java_Types package-f primitvenypes packageduration @ _java_types package-l primitvetypes padkageduranon
es_energy_managerssenergy_manager _componentDemandThreshold es_energy_manager-senergy_manager componenchasPeakTimesameo m_java_types_packagessm primivverypes_pacagewscal TimeSamo Type m_java_tgpes_padage.«m_primioverypes_padagewsalTmeSamp Type
£s_onergy_manager-—onergy_manager componentEsl EMihterval £5_CNErgy Manager--—-onergy_manager comoonenthasEmissonsToml £l java_Types package---m primitwenpos packageEmissonsProfic @ _java_types package--m primetvenypes packageEmissionsProfile
ioad _componentesmode_componentsCurmilableload ioad _component-mode_comoonentchasAcualCurmilmentsin Period m|_@va_hpes packagessm primitvenypes pacageineger =_java_fypes padagessm primitverypes padageinteger
cad _component-—-model_comoonentsCurmilabbeload lcad _component-—mode_componentshasCurnilmentCost £ javl Types package---m DrimitweTypes packagpefml M _java_typer package---m primetverypes packagze el
ioad _componente-modd _components=Curailableload ioad _comgonent-—mode_componentshasCurmimentSaieTimeRemaining m_java_ppes_pacage-«=_primitveypes_padageinieper _java_Types packagesom primivvenypes padageinteger
ioad _component—modd comoonentsCurnilableload ioad _component--mode _componentchasload Prionity £2_[ava types package--m primitverppes packageinteser = _java types package---m primitverypes packaseintezer
icad _component--modd _components=Curmilableload cad_comgonent-—-modd_componentshasMax Cu railmen tsin Pericd a_java_types packape--ma primitvetypes packageintegper @_java_types packape-am primitvenypes padkageinteger
ioad _component-modd _componentsCurnilableload icad _component--mode_comoonentchasMaximumCu rail Time ava_Types package---m primenwerppes packageDuraton = _ava Types package--m primivverypes pacazeDuraton
icad _component--modd _components=Curmilableload icad_comgonent-—-modd _componentshasMinimamCu rail Time ava_Types package---m primitvetypes_package Duraton m_java_types package--om primicvenppes padageDuranon
ioad _componentmodd_componenteCurrilableload ioad_component-—mode_componentchasMinimumRobea seTime ava_mypes packagem primenwverypes package Duraton =_java mypes packagessm primitverypes pacageDuraton
cad _componont--modd_componentsCurmilabicload lcad _component---madd _componentshasPriceTh reshold avi_Types package--m_primitwerypes packagehoal m_java_types package--m primetvenypes package ol
ioad _componentesmodd_componenteDAbsolutefmount ioad_component--modd_componentchasCurmilAmount ava_mypes packagessm primecverypes package el m_java_types_package-m_primitverypes_package Rl
cad _componont-modd _componentsDAnalogOutoutlovd load _component---madd_componentshasPercenage avi_Types package--ma_primitwerpes packagehoal @ _java_types package--m primitvenypes package ol
oad _componentesmodd_componenteDPieceviselinear ivad_component-mode_componentshasDuraton ava_mypes packagessm primecverppes pacage Duraton m_java_types packagessm primivvenypes padage Durason
cad_component-—model_componentsD PowerSource lcad _component---mode _componentshasPowerScurcelD Types_package--+m primitwerypes packagelocaliD £ _java types package--m primitverypes packagelocallD
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icad _component--modd _component=foremsted Demand icad_comgonent--modd_componentshasConfidencelovd Avl_Typ eI packape primitvetypes_packageintoper awa_types package primiteypes_pacdageinteger
ioad _component—modd_componentciorecasted Demand ioad _component--—mode_componentchasTimePeriod ava_Typos_package primitverypes_packaseETimelnits awa_types package primitverypes package ETimelnits
icad _component--modd comaonentzload icad_comgonent---modd_componentshasActvePowerSource Avl_Types_packape primitvetypes_packageintocper awa_types package primiteypes_pacdageinteger
boad _component-mode_componentsload ioad _component-—mode_componentchasloadID ava_Types_package primitwverypes packageLocallD awa_types_package primitwerypes packageLocaliD
icad _component--modd_componentsload icad _component---modd_componentshaslead Type avl_Types package primitvetypes_packageSiring ava_Typos package primitwenypes padkageString

Revision 1698*: O datatype errors

Query Result

| cls rele range rootDatatypeOfRange
—

*Revision 1698: Advisory Public Review Revision of FSGIM
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STEP#3: Querying the Transformed Model

Sample Query: All datatypes inheriting from
standard definitions or
the Common Primitive Types (Revision 1666)

i
wergy manager compenancEdl M

EF IETEY TAAGET

role range
ELTEY manager emomtsAaiedneinenn @ m ALl DaCape o DTIVELaED Jll:ﬂ‘;EI-:\lI

rootDatatype0fRange
urlxm-LRmed Nawra

& _Eeryy Manager

wergy manager compenentEdl M

5 _ENery) Manager

wergy mangger componenchashialabledtorage @ 371 tyDes package-- prmvenpes paciagefio

urlxm-LRimied Nawrd

5 Eer7y Manager

wergy manazer compenencEdl EM

EF IETEY TAARGET

aeryy mangger componenchashvalableThermalitorage @ i fypes packageem primverypes picagefioat

urnlxm-LRmed Nawrd

£ DY manager

wergy mangger comacnencEd EM

E8 IVETRY MAAGET

wergy mangzer comacnenchast D arimitie dan. fypescommon Brimuve fyae duss nd ewmeratangiring

armtve din TRCi- LOMTn NMEE Tl CR0E nd sumeraansir U

& Iy Manager

mergy manager comacnentES EM

& IETRY MAAGET

ELrEy MG oA 'l'f'":' armve dan DAoL DNMIVE TR G wd eumeninansier i

armae dim LRLi- LT DNMTEE T CRNE 1 sumernansir U

& IETEY Manager

mergy manager comgonencEdl EMimervd

B8 IETEY MAALGET

- i i - -
wergy manager componenchashvoidedUspersremed  m fave fypes packapeem primveryper paciapefiont

umlxm-Limred Naurd

S AL

wergy manager componencES| EMiiera

5 Eeryy manager

meryy manager compenenchasEnergyPricelonl 31 tyDes package-- prmvenyoes paciagefion

urlxm-Llmed Naura

£ ENErEy MAnager

wergy manzger comaonentE3l EMivierva

£ ENETEY MANFEr

wergy manager comaonenchasmerated EnergyAggrerated vl fyes gackagesm primveaes pucageion

urlxm-LRmed Nard

& IRy ManagLr

wergy mangger comacnentlsl EMintersa

£ IETRY MAAGET

wergy mangger compenenchasroslapedzremd @ fav nyoes pacageem prmveas pucapefion

umlxm:Lmed Nara

& IETEY Manager

mergy manager comgonencEdl EXimerv

B8 IETEY MAALGET

wergy manager componenchushermpehggrenied  m fave fypes packapeem primvenyper paciapefiont

umlxm-Limred Naurd

5 Eeryy MAnIgeroneryy manager component ThermalType 5 EEnyy ManIger-eryy maniger componenchasCapaciy & 31 tyDes package- primevenyoes packapedon umbxmEUimiedNanrd

nternl eergy manigereeneryy manager componecAggreuteQuantty iniernal eeryy manager-eengy manager companenthashame arimitie 4 fyaes=-commen primtve o dasses and ewmeratonsitring primtie it fypescomMOn primvve tyaes cases and eumeratonsdirng
nternl ey MINLgEr-- ey MINIE ComponetAZIen nternl E1egy MILger--E1eryy miniger componmthiham arimiave dam tyaes--commen primitve pes e and ewmerincltrng primite dim fypes--CoTOn primve taes s and eumeratonsliring
nternal mnergy maniger-«nergy manager componentCollection nternl energy maniger- ey maniger comaonechiame arimitve dam tyaes-comman primtve oes e and ewmeratonsitring primitie da fyoescomman primie tyaes ciases and eumeratonsSiring
nternl mergy manager-«energy manager componentComponentiement internal eeryy manager-eeryy manager comaonenthaslocation arimiave 41 types=«comman primtve pes cases and ewmeraponcitring primtve dam fypescomMOn primve tyaes cases and eumeratonsiinng

Revision 1666: 34 properly defined datatypes
occurrences of 12 distinct datatypes



STEP#3: Querying the Transformed Model

Sample Query: All datatypes inheriting from

standard definitions or

the Common Primitive Types (Revision 1698)

tls
ENErgy Maniger COmRLnEnt made comacnentchreral

File
EVETEY MANAFEr COTAONET made comaanmmhuslurioa

Fange
armtve din Tres o LOMMan DTmitve TYOCE CaliEs and enumeraiensDuraten

rootDatatypeQfRange
anmtve din Qs (UMD DrITVDVE TYDLE C2NES and eumeraiensDuraten

mnergy_mangger_componentesmadel comaonentshteri

EMrEy_maniger comacnent-mode_componentshasDitiart

arimitve_dan_toes
comman prmse tae dames and mumernensAasiuelneime

arimtve_dan_ types
tomman prmse o chuet and mumervencAzsueluelime

mergy_manager_component=-mode_componentehnter

eeryy_manager_component«mode_componentshasDitind

arimitve dan e
oM prmse e dames 0nd mumertnensAasiuelnelime

arimitve_dad types
tommon primitve tyaes dazmes and enumenationcADsohiteDateTime

t5_mergy mandger--mergy manager companentlemandThrehod

5_BNeryy_Mantger--eergy manager_compenenchuPelTimesamg

primitve dan_types
Common_ primitve Types dases and mumerztionsADsouteDaTime

orimitve_dam_types
comman primitve taes casses and mumerationpAbsuteDateTime

o5 meryy mandgerssenergy manager comaonentEsl EM

5 Beryy managerenery mandger componenthasacliyld

arimitive da TEy - COMman Drimite TYDED Calied wnd eumennonsir i

arimitve din TYQEs COMMDN DrIMiTVE TYDel CaliEl d eumentanghr i

o3_meryy. mandger-senergy manager comonentEsl EM

& ey managersomergy manager componenchastHID

arimtive i QEy -COMman primite TYOED Calied wnd eumenonsir 7

arimitve din TYQEE COMMON DNIMVDvE TYDel CafiEl nd eumeratonsitr nt

&5_energy_mandger--energy manager_componentESl EMintersal

5 _Eergy Mg
mergy mangger componethastnergyPrcelon

&2, Types pacage-_primtveyes patkapefioat

umixmEUnimedaural

el eneryy Mandger &Ry MG ComacnetAgrenteluanty

TN EREMEY MANIFEr--LNETEY MANLEET CIMALnEnt naghame

arimtie da Tr2Eh o LOMMan DIImiTve TYoCo LMl wnd eumenaanshr i

arimitve din Qs (UMD DrImiTvE TYDEE Al wd eumenatanshr i

ternal_enersy Mandger-Eergy MANFEr Comacn ECAZTERInan

MEPAL EREMEY MANIFEr-LRETTY MANLEET CIMLOET naghame

arimitive da TraEh LOMMan Iimete TYOC Lalitd nd snumerziansir i

arimitve din oL (UMD DrmiTvE TYDEE CRliEl ol sumerabanshr i

MEML ENEMEY MANAFEr--ENErgy MAnager comaanetCollecnon

TN EREMEY MANIFEr--LNETEY MANLEET CIMALOEnt nashame

arimtie da T Eh o LOMMan DIImeTve TYOCD LAliEd wnd eumenaansr i

arimitve din TFoEs (UMD DrImiTYE TYDEE Al wd eumeratansir i

ternal_energy_maniger
mergy manager componmtCompanattlement

nternal_energy_manggereergy manager_componenthaTay

rimtive_dam_typescomman arimvaie_ tyoes ciases and_evmerationsString

orimitie_dan_typesascommen_primitive_types dases and evumerationsiring

nternal_energy_manager
energy mangger componentComgonentiloment

nternl_eneryy_manigereryy Manger_compenenthaslocaion

arimitve_ 2t ypesCOMMON_Brmvave_fypes cases and_eumeranonsinng

primitve_f1m_ types-common_prmitve_tjpes_casmes ind_ewumeratiensiiring

el eneryy managerEergy manger componeciH

nterna_ergy managersomergy manager componenchusERID

arimtive i T Cy COMman Drimite TroCt Calied wnd eumenatcnsiir 7

arimitve din TYQER COMMON DrIMVTVE TYDel G2l 1d eumenatansir i

ernal ENErTY MANLRErEerey manarer comacnetiulese

nternal enereY manageremersy mangeer comacnenthasles

ONmvE 430 VaesComman ormite tvaes cames and eumeranonsSiing

ANMVTVE da TYDEsCOMTEn ONMAVE tvoes dames and ewmeratongiting

Revision 1698: 53 properly defined datatypes

occurrences of 8 distinct datatypes




Grid-Interap | What is possible now -

What Is possible now:
Simple way of Quality Checking a model

Other Possibilities:

v’ Refactoring the model
Pruning the model

v Reconciling vocabularies, concepts and relations among
all Smart Grid Information Standards

AN
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Future Work

» Build an interactive Ul using SPARQL web pages

» Enhance the sophistication of queries

» Check for compliance with dos-and-don’ts in the model
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