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Enhancing	DER	IntegraBon	with	OpenFMB	

Key	Observa-ons:	
1.  Single-Purpose	Func-ons	

2.  Proprietary	&	Silo’ed	systems	
3.  Latent	,	Error-prone	Data	

4.  OT/IT/Telecom	Disconnected	
5.  No	Field	Interoperability!	
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Key	Observa-ons:	
1.  Mul--Purpose	Func-ons	

2.  Modular	&	Scalable	HW&SW	
3.  End-to-End	Situa-onal	Awareness	

4.  OT/IT/Telecom	Convergence	
5.  True	Field	Interoperability!	



Open	Field	Message	Bus	

Recloser	/	Switch	

OpenFMB	OperaBon:	Federated	DeterminisBc	Exchanges	

Readings	
KW	A/B/C	
KVAR	A/B/C	
V	A/B/C	
I	A/B/C	
Phase	Angle	A/B/C	
KWh	
TimeStamp	
State	of	Charge	
	Status,	Events,	Alarms,	&	Control	
Trip	/	Close	
TimeStamp	

•  Periodic	Readings	-	Pub	every	few	
secs	or	near-real--me	

•  Data-Driven	Events	–	on	status	
change	in	near-real--me	

Grid	Edge	Analy-cs	

Microgrid		
OpBmizer	

Ba[ery	PV	

Meter	

Security/SDN	
Policy	Manager	



OpenFMB	Framework	Life	Cycle	



OpenFMB	Modeling	Approach	
•  Top-down	business	

driven	
•  Layered	architecture	

–  Start	with	use	cases	and	
requirements	

–  Structured	in	a	single	UML	
model	
•  Using	Sparx	EA	as	modeling	

tool	
–  Traceability	among	the	

layers	
•  Model	driven	ar-facts	

genera-on	

Use	Case	Layer	

Data	Requirements	Layer	

Integra4on	Design	Layer	

Data	Model	Layer	

uc Microgrid - Unscheduled Islanding Transition

Microgrid Transitions 
to Island

REQ-001 Recloser Status 
Event

SEQ-001 Recloser to Publish Status Ev ent

+ Publish RecloserEvent to subscribers following the generic Event (Protection) Pattern

reclosermodule

+ RecloserControlProfile
+ RecloserEventProfile
+ RecloserReadingProfile
+ Recloser
+ RecloserControl
+ RecloserStatus



Duke	Energy	Microgrid	Test	Site:		Mount	Holly,	NC	

PV Installations 

Battery & Load-bank  

Behind the meter and control room 

Grid Equipment 

Islanding Switch 



Mount	Holly	Microgrid	Components	

250kW/250kWh ATL 
Battery Energy Storage 

System Padmount Recloser 

1000kVA Transformer 

1200A Disconnect 

75kVA Transformer Meter Structure 

Secondary Cabinet 

275kVA  Step-up  Transformer 

100kW	Output		 Hanwha	model	305	HSL72		 Parker	100kVA	Inverter		 380	Polycrystalline	Panels	

10kW	Output		 310Wa[	HSL72		 ABB	PowerOne	Uno	8.6	kW	 30	Polycrystalline	Panels	

500kW	 Avtron	Load	Bank	

Not	Pictured	



Data	Model	Layer	
•  The	data	exchanged	between	the	devices	and	systems	are	
modeled	in	UML	Class	Diagrams	based	on	standards.	class Layered Approach

Reference Models

IEC 61968/61970/62325 
(CIM)

Other standards (if needed)

OpenFMB UML Model



Data	Modeling	

Standard	UML	

Reference Models 

Context (Profile) 

Message Syntax 

OpenFMB	
Profiles	

Message/File	
Format	

(XSD,	IDL	and		
etc.)	

Contextual	layer	restricts	informaBon	model	
and	extends	as	needed	
•  Cherry-picking	reference	model	for	given	profile	
•  Restric-ons	and	extensions	
•  Mandatory	and	op-onal	
•  Propose	extension	to	the	standards	/	reference	models	

Message	syntax	describes	format	for	instance	
data	
•  Model	driven	ar-facts	genera-on	
•  Serializa-on	of	instance	data	
•  May	modify	container	or	associa-ons	for	message	
payloads	
•  Mappings	to	various	technologies	can	be	defined	

Reference	Model	
•  Standards	such	as	IEC	CIM	&	IEC	61850	
•  Provide	objects	and	rela-onships	for	OpenFMB	
requirements	
•  Applica-on	independent,	but	defines	all	concepts	
needed	for	any	applica-on	



class Traceability

OpenFMB

IEC 61970 /61968 /62325 (CIM)

UnitSymbol

«enum»
+ A
+ deg
+ degC
+ F
+ g
+ h
+ H
+ Hz
+ J
+ m
+ m2
+ m3
+ min
+ N
+ none
+ ohm
+ Pa
+ rad
+ s
+ S
+ V
+ VA
+ VAh
+ VAr
+ VArh
+ W
+ Wh

Ev ent

+ ID: string
+ timestamp: dateTime [0..1]
+ value: string [0..1]
+ type: string [0..1]
+ name: string [0..1]
+ description: string [0..1]

FlowDirectionKind

«enum»
+ forward = 1
+ lagging = 2
+ leading = 3
+ net = 4
+ none = 0
+ q1minusQ4 = 9
+ q1plusQ2 = 5
+ q1plusQ3 = 7
+ q1plusQ4 = 8
+ q2minusQ3 = 12
+ q2plusQ3 = 10
+ q2plusQ4 = 11
+ q3minusQ2 = 14
+ q3plusQ4 = 13
+ quadrant1 = 15
+ quadrant2 = 16
+ quadrant3 = 17
+ quadrant4 = 18
+ reverse = 19
+ total = 20
+ totalByPhase = 21

PhaseCode

«enum»
+ A
+ AB
+ ABC
+ ABCN
+ ABN
+ AC
+ ACN
+ AN
+ B
+ BC
+ BCN
+ BN
+ C
+ CN
+ N
+ s1
+ s12
+ s12N
+ s1N
+ s2
+ s2N

UnitMultiplier

«enum»
+ c
+ d
+ G
+ k
+ m
+ M
+ micro
+ n
+ none
+ p
+ T

EndDev iceControlType

+ type: string [0..1]
+ action: string [0..1]

ReadingType

+ flowDirection: FlowDirectionKind [0..1]
+ phases: PhaseCode [0..1]
+ multiplier: UnitMultiplier [0..1]
+ name: string
+ unit: UnitSymbol [0..1]

SetPoint

+ controlType: string [0..1]
+ unitMultiplier: UnitMultiplier [0..1]
+ unitSymbol: UnitSymbol [0..1]
+ value: float [0..1]

EndDev iceControl

+ name: string [0..1]
+ timestamp: dateTime [0..1]

Meter

+ mRID: string [0..1]

Reading

+ timeStamp: dateTime [0..1]
+ value: float [0..1]

Recloser

+ mRID: string
+ normalOpen: boolean [0..1]

BatteryInv erter

+ mRID: string

SolarInv erter

+ mRID: string

Status

+ timestamp: dateTime
+ description: string [0..1]
+ quality: int [0..1]

Fault

+ name: string [0..1]

IdentifiedObject
EndDev iceControl

+ issuerTrackingID: String [0..1]
+ issuerID: String [0..1]
+ reason: String [0..1]
+ scheduledInterval: DateTimeInterval [0..1]
+ priceSignal: FloatQuantity [0..1]
+ drProgramLevel: Integer [0..1]
+ drProgramMandatory: Boolean [0..1]
+ primaryDeviceTiming: EndDeviceTiming [0..1]
+ secondaryDeviceTiming: EndDeviceTiming [0..1]

EndDevice
Meter

+ formNumber: String [0..1]

BaseReading
Reading

+ reason: ReadingReasonKind [0..1]

IdentifiedObject
ReadingType

+ macroPeriod: String [0..1]
+ aggregate: String [0..1]
+ measuringPeriod: String [0..1]
+ accumulation: String [0..1]
+ flowDirection: String [0..1]
+ commodity: String [0..1]
+ measurementKind: String [0..1]
+ interharmonic: ReadingInterharmonic [0..1]
+ argument: RationalNumber [0..1]
+ tou: Integer [0..1]
+ cpp: Integer [0..1]
+ consumptionTier: Integer [0..1]
+ phases: String [0..1]
+ multiplier: String [0..1]
+ unit: String [0..1]
+ currency: String [0..1]

IdentifiedObject
EndDev iceControlType

+ type: String [0..1]
+ domain: String [0..1]
+ subDomain: String [0..1]
+ eventOrAction: String [0..1]

UnitSymbol

 VA
 W
 VAr
 VAh
 Wh
 VArh
 V
 ohm
 A
 F
 H
 degC
 s
 min
 h
 deg
 rad
 J
 N
 S
 none
 Hz
 g
 Pa
 m
 m2
 m3

UnitMultiplier

 p
 n
 micro
 m
 c
 d
 k
 M
 G
 T
 none

FlowDirectionKind

 none = 0
 forward = 1
 lagging = 2
 leading = 3
 net = 4
 q1plusQ2 = 5
 q1plusQ3 = 7
 q1plusQ4 = 8
 q1minusQ4 = 9
 q2plusQ3 = 10
 q2plusQ4 = 11
 q2minusQ3 = 12
 q3plusQ4 = 13
 q3minusQ2 = 14
 quadrant1 = 15
 quadrant2 = 16
 quadrant3 = 17
 quadrant4 = 18
 reverse = 19
 total = 20
 totalByPhase = 21

PhaseCode

 ABCN
 ABC
 ABN
 ACN
 BCN
 AB
 AC
 BC
 AN
 BN
 CN
 A
 B
 C
 N
 s1N
 s2N
 s12N
 s1
 s2
 s12

AnalogControl
SetPoint

+ normalValue: Float [0..1]
+ value: Float [0..1]

IdentifiedObject
ReadingQualityType

+ systemId: String [0..1]
+ category: String [0..1]
+ subCategory: String [0..1]

ReadingQuality

+ timeStamp: DateTime [0..1]
+ source: String [0..1]
+ comment: String [0..1]

ReadingQuality

+ timestamp: dateTime [0..1]
+ source: string [0..1]
+ comment: string [0..1]

ReadingQualityType

+ systemId: string [0..1]
+ category: string [0..1]
+ subCategory: string [0..1]

SolarCapability

+ mRID: string [0..1]
+ wRtgMinVal: float [0..1]
+ wRtgMaxVal: float [0..1]
+ voltage: float [0..1]
+ ahrRtg: float [0..1]
+ timestamp: dateTime [0..1]

IdentifiedObject
BasicInterv alSchedule

+ startTime: DateTime [0..1]
+ value1Unit: UnitSymbol [0..1]
+ value1Multiplier: UnitMultiplier [0..1]
+ value2Unit: UnitSymbol [0..1]
+ value2Multiplier: UnitMultiplier [0..1]

IrregularInterv alSchedule
IrregularTimePoint

+ time: Seconds [0..1]
+ value1: Float [0..1]
+ value2: Float [0..1]

BasicIntervalSchedule
ForecastSchedule

+ version: string [0..1]
+ versionDateTime: dateTime [0..1]

ProtectedSwitch
Recloser

SolarInv erterControl

+ opModIsld: boolean

BatteryInv erterControl

+ opModIsld: boolean

SwitchStatus

+ switchStatus: SwitchStatusType [0..1]

SwitchStatusType

 Closed
 Open

«trace»

«trace»

«trace»

«trace»

«trace»

«trace»

«trace»

«trace»

«trace»

«trace»

«trace»

«trace»

«trace»

+IntervalSchedule

1

+TimePoints

1..*

«trace»

Traceability	

CIM	Model	

OpenFMB	



Placorm	Independent	Model	
•  Logical	model	(Profile)	built	based	on	the	mapping	MD3i SB Context Diagram     

Recloser

+ normalOpen: boolean [0..1]

RecloserEv entProfile

commonmodule::Status

+ qualityFlag: HexBinary16 [0..1]
+ timestamp: dateTime [0..1]
+ value: string [0..1]

RecloserStatus

+ isBlocked: boolean [0..1]
+ switchStatus: SwitchStatusKind [0..1]

commonmodule::Container

+ logicalDeviceID: string
+ timestamp: dateTime

commonmodule::
IdentifiedObject

+ mRID: uuidType [0..1]
+ description: string [0..1]
+ name: string [0..1]

1

1



Placorm	Specific	Model	

•  Physical	
implementa-on	
ar-facts	such	as	XSDs	&	
IDLs	are	generated	
from	the	logical	model	



Module	Structure	

•  Overall	model	structure	



XSD	GeneraBon	Tool	

•  Na-ve	Sparx	EA	
tool	used	for	XSD	
genera-on	



IDL	GeneraBon	Tool	

•  RTI	IDL4	for	IDL	
genera-on	



Common	Module	

•  Common	Module	
contains	reusable	
classes	shared	
(imported)	across	other	
modules	

•  Each	module	may	
contain	mul-ple	profiles	

Module	5	

Common	Module	

Import	

Module	4	
Module	3	

Module	2	
Module	1	



Namespace	

•  Namespace	for	all	individual	module	
–  hgp://openfmb.org/<version	#>/openfmb/<Module	Name>	
•  e.g.	
hgp://openfmb.org/2016/11/openfmb/reclosermodule	



Version	Control	

•  Two	types	of	update	in	terms	of	version	control:	
–  Backward	NOT	Compa-ble:	

•  Namespace	updated	with	new	version	#		
•  Version	#	updated	in	header	

–  Backward	Compa-ble:	
•  Namespace	NOT	updated	
•  Version	#	updated	in	header	



XSD	Style	

•  Global	
level	
element	&	
Type		
–  Garden	
of	Eden	

<xs:element	name="Employee"	type="EmployeeType"/>	
<xs:element	name="ErpPerson"	type="ErpPersonType"/>	
<xs:element	name="ErpAddress"	type="ErpAddressType"/>	
<xs:complexType	name="EmployeeType">	
								<xs:sequence>	

	<xs:element	name="ErpPerson"	type=”ErpPersonType”/>	
	<xs:element	name="ErpAddress"	

type=”ErpAddressType”/>	
								</xs:sequence>	
</xs:complexType>	
<xs:complexType	name="ErpPersonType">	
								<xs:sequence>	

	<xs:element	name="lastName"	type="xs:string"/>	
	<xs:element	name="firstName"	

type="xs:string"/>	
								</xs:sequence>	
</xs:complexType>	
<xs:complexType	name="ErpAddressType">	
								<xs:sequence>	

	<xs:element	name="streetNumber"	type="xs:string"/>	
	<xs:element	name="streetName"	

type="xs:string"/>	
								</xs:sequence>	
</xs:complexType>	
	



Message	Types	

•  Reading	(both	analog	&	discrete)	
•  Control	&	Control	Schedule	
•  Event	
–  Alarm	
–  Informa-onal	
–  Protec-on	
– Workflow	

•  Status	



Duke	Energy	Rankin	/	Mount	Holly	Microgrid	Pilot	Circuit		

650KW/250KWh	
Voltage	Source	
Ba[ery	System	

250KW/250KWh	
Current	Source	
Ba[ery	System	

100KW	
PV	

500KW	~20KW	

1.2MW		PV	
275KW/300KWh	

Hybrid	Ba[ery	System	



Discussion	–	Q&A	


