METHOD AND SYSTEM FOR MANAG NG A PONER GRI D REFERENCE
TO RELATED APPLI CATI ON [ 0001] This application clains
wo b@ohsmesit of U.S. Provisional Application NeCT/US2009/000888
61/ 127,294, filed May 9, 2008, and clains the benefit
of U.S. Provisional Application No. 61/201, 856, filed
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are hereby incorporated by reference. BACKGROUND
RHFERENCE TO RELAFED APPLICATIOBN [ 0003] The present
invention relates generally to a system and net hod for
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may terminate at a transmission substation, which may step down the very high
voltage to an intermediate voltage (such as 138K Volts). From a transmission
substation, smaller transmission lines (such as sub-transmission lines) transmit the
intermediate voltage to distribution substations. At the distribution substations, the
intermediate voltage may be again stepped down to a “medium voltage” (such as from
4K Volts to 23K Volts). One or more feeder circuits may emanate from the
distribution substations. For example, four to tens of feeder circuits may emanate

from the distribution substation. The feeder circuit is a 3-phase circuit comprising 4

wires (three wires for each of the 3 phases and one wire for neutral). Feeder circuits
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apparent to one with skill in the art upon exam nation
of the follow ng figures and detail ed description. It

wo sovns@ntled that all such additional systens, POBURII%E)00888
features and advantages be included within this

description, . be within the scope of the invention, and
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[0021]Figure 4 is a gram of the

griSUBSTATI ON depi cted |n Figures 1 and 3. [0022]F|gure§
[0@?‘1l 5 r gt}?elﬁl_st%%gwgl ia%il%_rer:gceo rfna§' ?urther 1nc1191E\ﬂlstr1buteE|s&}r§gde. I 15‘ or
example, devices in the power grid (such as the substations) may have data storage
associated with them. The data storage may be proximate to the substation (such as
associated with a processor in the substation). The devices in the power grid may
store data in the data storage (including sensor data, analytical data, etc.). The devices
in the power grid may then send to the control center a link to the storage location of
the data (e.g., a pointer to the address that houses the data in the data storage). The
control center may store the link in a central data storage (such as a databaSe). Thus,
when the control center seeks to obtain the daté, the central control may access the
link in the central data storage, send a request to the grid device (such as a substation)
requesting data associated with the link, and receive a response from the grid device
comprising the data associated with the link.

[0015] As still another example, the INDS may improve the management of the
power grid in several aspects including grid state measurement, non-operational
collection and storage, event management, demand reduction signaling, outage
intelligence, fault intelligence, remote asset monitoring (including monitoring one or
more assets within the power grid), power quality monitoring (such as the purity of
the current/voltage waveform), system performance measurement (such as reliability
as to whether the power is on or off), work order initiation, meta data management,
notification agent, meter data collection, transactional analytics, grid control
processes, and real-time analytics.

[0016] In still another example, the INDS may improve management of the power
grid by taking advantage of the modular design of the INDE Reference Architecture.
This may enable a different business model than is currently used (such as by

outsourcing one or more functions) and enabling the efficient management of a



[0023] Figure 6 is a block diagramof still another
exanpl e of the overall architecture for a power grid.
wd #094ebisgure 7 is a bl ock diagramof still an@imes2009/0008ss
exanpl e of the overal | architecture for a power grid.
0025] Fi g IS a block di agram including a listing
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app4éR IS BRe with skill in the art upon examination of the following figures and
detailed description. It is intended that all such additi_dnal systems, methods, features
and advantages be included within this descriptidn, be within the scope of the

invention, and be protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] F igurés’ 1A-C are block diagrams of one example of the overall
architecture for a pbwer grid.
[0019] Figure 2 is a block diagram of the INDE CORE depicted in Figure 1.
- {0020] - Figures 3A-C are block diagrams of another example of the dvera,ll
~ architecture for a power grid.
[0021] Figure 4 is a block diagram of the INDE SUBSTATION depicted in

Figures 1 and 3.
[0022] Figures SA-B are block diagrams of the INDE DEVICE depicted in

Figures 1A-C and 3A-C.

[0023] Figure 6 is a block diagram of still another eXample of the overall
architecture for a power- grid. '

[0024] Figure 7 is a block diagram of still another example of the overall
architecture for a power grid.

[0025] Figure 8 is a block diagram including a listing of some examples of the
observability processes.

[0026] Figures 9A-B illustrate flow diagrams of the Grid State Measurement &

Operations Processes.

[0027] Figure 10 illustrates a flow diagram of thé Non-Operational Data
processes.

[0028]  Figure 11 illustrates a flow diagrém of the Event Management processes.
[0029] Figures 12A-C illustrate flow diagrams of the Demand Response (DR)

Signaling processes.
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[0029) Figures 12A-C illustrate flow diagrans of the
Demand Response (DR) Signaling processes. 6 RECTIFIED
woStdsi360RULE 91) | SAAEP WO PCT/US2009/000888

2009/ 136975PCT/ US2009/ 000888 [ 0030] Fi gur es 1|3A— B

i llustrate flow di agranms_of the Qutage Intelligence

lB%ﬁ essEgurgsdga:B Frll‘gqﬁiag‘sﬂ%maerwq Qfég‘? Quiage |lpfglligence
plo@@glams of the Fault Intelligence processes.

[ 0032] Figures 15A-B illustrate flow diagrans of the

[6@313- daFguidsridgeGelinstiatedfides diagrams of the Fault Intelligence processes.

[0032) Figures 15A-B illustrate flow diagrams of the Meta-data Management
processes.

[0033] Figure 16 illuslrates a flow diagram of the Notification Agent processes.
[0034] Figure 17 illustrates a flow diagram of the Collecting Meter Data (AMI)
processes.

[0035] Figures 18A-D are an example of an entity relationship diagram, which
may be used to represent the baseline connectivity database.

[0036] Figures 19A-B illustrate an example of a blueprint progress flow graphic.

DETAILED DESCRIPTION OF THE DRAWINGS AND THE PRESENTLY
PREFERRED EMBODIMENTS

[0037] By way of overvievi/, the preferred embodiments described below relate to
a method and system for managing a power grid. As discussed in more detail below,
certain aspects relate to the power grid itself (include hardware and software in the
electric power transmission and/or the electricity distribution). Further, certain
aspects relate to the functional capabilities 'of the central management of the power
grid. These functional capabilities may lie grouped into two categories, operation and
application. The operations services enable the utilities to monitor and manage the
smart grid infrastructure (such as applications, network, servers, sensors, etc).

[0038] As discussed in more detail below, the application capabilities may relate
to the measurement and control of the grid itself. Speciﬁcally, the application
services enable-the functionality that may be important to a smart grid, and may
include: (1) data collection processes; (2) data categorization and persistence
processes; and (3) observability processes. As discussed in more detail below, using
these processes allows one to “observe” the grid, analyze the data and derive
information about the grid. | V

[0039] INDE High Level Archi.tecture Description

[0040] | Overall Architecture |

[0041] Turning to the drawings, wherein like reference numerals refer to like

elements, Figures 1A-C illustrate one example of the overall architecture for INDE. -
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[0033] Figure 16 illustrates a flow diagramof the
Notification Agent processes. [0034]Figure 17

wo 2obdsichat es a fl ow di agram of the Col |l ecti ng dEt€42009/000888
Data (AM) processes. [0035]Figures 18A-D are an
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tgprodide it fprmationsabontethe smert gaid taphs utidigy bmks)fﬁmamkt)ons) and

V. . ed i
(GEPERIForR S et Bohe bad OCAREL A0 IR 1SRG WFRIE 14-C as
tl‘tecentdnﬁnsrmateg]raanﬁ Bﬁvnﬁmﬂhemobﬁsr Di4 fof sdrhﬁg @hledprisES['(EHfl 5). The

Speci fi c % H)g atl on services enabl e }he '
SSRAFALE 57 B gy pgeac ef@ MGOE MO VaYy, Eprexampleypyqjor more
ofifhe daRbukES hileHs tl{elﬁlglii gﬁe%d GOsbE8dth Bhs MEPARIHE Sverk %}ocessmg

data categorization and_ persistence processes; and (3)

buph ke ap beidifferptsegments in psingle datadwed Sperifienily, thetbasés may
hm a &5 Fmgﬁfea gtn{n&ﬁl%%r %fea?fgﬂﬁs %nogg g%réflﬁ \1/rg Hll%r getal? Fa%vvﬁardware

analyze t ata or na
axajzjqxw_oﬁtwlaes gudhchs one or more switches, may be used to route data on different

segments of the data bus. _
[0043] As another example, two or more of the data buses may be on separate
buses, such as separate physical buses in terms of the hardware needed to transport
data on the separate buses. Specifically, each of the buses may include cabling
separate from each other. Further, some or all of the separate buses may be of the
same type. For example, one or more of the buses may comprise a local area network
(LAN), such as Ethernet® over unshielded twisted pair cabling and Wi-Fi. As
discussed in more detail below, hardware aﬁd/or software, such as a router, may be

| used to route data on data onto one bus among the different physical buses.
[0044] As still another example, two or more of the buses may be on different
segments in a single bus structure and one or more buses may be on Aseparate physical

buses. Specifically, the high speed sensor data bus 146 and the event processing bus
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[ 0039] I NDE Hi gh Level Architecture Description

[ 0040] Overal |l Architecture [0041] Turning to the
waltoawi3sgs, Wherein |ike reference nunmeral s refmrr/os2009/000888

like elements, Figures 1A-Cillustrate one exanple of

over chitecture. f | FI ED SHEET
ARG b SR SRl B P B on
eheitGnedhe BusPIEay Babn AIphYsidAs ephrailst 0 end
col | ection, transport, storage, and nmanagenent of

(90451t gFheughdtigures iAr%giemctsf@urpbtms,dwmlqua.tersxumb@rs of buses
f
oBOAbkE s BRAHERRD bl St o KB S50l bl Sepenca

buoamabbe usm\edoaﬁnmﬁcwﬂe rsaisos datalaflé tiRr VBt RR6dadsifg data
CertaltgI el errentt&rpggch as operatjonal managenent and

(Bragang e Gptal sy plibises f9 threedras discussad Selgw: rfnb tle system
"g?%hxlatebﬁlt%t tﬂ@%%@ s@VfBibhE ?ﬁ@‘&'ﬁilgretﬂé Eltntg\q)rfsg integration

Figures 1A-C may include up to four data
eﬂm@gmatbmlllﬂuses (1) a high speed sensor data bus

I d - t I
(OFBL ) R e RS Rt BR Bt Bheedn o
Anchjtected (BOA Y @Rbmipicasystdndy aroRitReAINLY10 At P&tk GRd Bing
130 g\NhI ch may seryve to provide information about the

busiagst PRCFcs: Duckged oy W‘(‘ﬁ% theruahont teir difesyrlea$Pdralgo defines
llﬂiT‘ﬂo(/i@on@ heSINtiRFRSthR Rurd & Mlo@@dﬁ?fé?enﬁ Qﬁ[%l ﬁgﬁoﬁqg %X&I&Lg& §ata

systens (shown in Figures 1A- enter
andpaseipate dnbeainass progesses. bﬁlghqugh tho ussef SOAgnd mtheeamcrpﬂse

sér&c&%&s)are-ggﬁoﬁ?par ate data buses may be achieved in
s. For exanple, two or nore of the data

(0043, Tﬂmcﬂgu&s itltistrakd @jffe&ﬂﬁﬂdm&ﬂﬂ@ sithiitledvoial atcdfteaet,

sl BB Ring G HPE GURE B TR SO RO aomna)

INDE DEVICE 882 TR 4ici sURd HefeRls vAliad fh@ﬂﬁkraﬁ%rchntecture is
di scussed in nore detail bel ow, hardware and/ or

- fog Jlusiration pupesesaOther divisiompf e slamentsanay m;seue The 8IDFo
arg:_ﬂkgzgx]r_%sﬂfag rl])g?.lﬁ&i fof sﬁgﬁgﬁ botfi Qﬁ&‘?ﬁ&ﬁecﬁ%}c{e &gF %’ﬁ aagrtogches to
grisliatelligeaye, pod ¢m p@gp@n‘aﬁ;@amsms for dealing with scale in large
implementations.

[0048] The INDE Reference Architecture is one example of the technical |
architecture that may be implemented. For example, it may be an example of a meta-
architecture, used to provide a starting point for developing any number of speciﬁc
technical architectures, one for. each utility solution, as discussed below. Thus, the
specific solution for a particular utility may include one, some, or all of the elements
in the INDE Reference Architecture. And, the INDE Reference Architecfure may
provide a standardized starting point for solution development. Discussed below is
the methodology for determining the specific technical architecture for a particular

power grid.
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buses, such as separate physical buses in terns of the

har dwar e needed to transport data on the separate
woreessco@peci fically, each of the buses may i nedee009/000888

cabl i ng separate fromeach other. Further, sone or al

“th ) _be of th type. For
(Bhashr TRORUSE Refiuracetoehivsnsn sy Hocp Snesrphseciida architegture.
1Rp8hoSERAYHE 6 Er%Mde e GamRRofk P ERE I dnld difdlgement of grid data

unshi el ded tw Sted palr cabling and W-Fi
apd sealgtss dnd mtegragomlef these ib®l wility systaiveoand procksses. Since smart
ft ter,.. be used to route a
S S B o b B g i <
nilhéfabof tht @F4d Ast jfétidt thealtl BSraford M deoustoffer Prentod RvAS, but

the buses may be on different segnents in a Single bus
alsp atjhe haek effige end enterprise tevblgsGensaayently tanNRE Refarence

' . iLflc .t i~ah eed sensor
ARG AR 3tos RGN Rl dtiog 106 SON BRSEMRIER Siderso
sl Thd SROUEenYirpnindY foPintekface paspobss. Thisfshowld hoSBOERE & a

in. a siﬁgle dﬁia bus, while the enterprise integrat|on

TFPIRERHTEIE LY T cARye el pxistips )y § eRYrenma P @fbetore a
stk gridl 044 5d BliRWal ustd Witshtekpyide HRRECHus|iOY 'ixsé?ﬂﬁr‘ﬁ?cglanism for

fewer or greater nunbers of buses may be used
facHitatingtIldnteatation; byt didis nptyequirsd idarder t&-omplemantsherestof the

' . X _ icate t
SR IS HIRSHRA) Shalion R MG RSP RbR e
INDDE stnattggridrelerbernts.of buses to three), as discussed

w. And, stem nay operate w thout the
[[@géfati ons §m g‘\é"m%e'l “H‘Fﬂf/ or the enterprise
[00S1EQT 2ty QisuSstdiabo e ey diffefentlddinpdn8Rd 64 fHRANDE Reference

envi ronment, may be SOA-conpati bl'e. Service Oiented

Apghitpstirecnay icludeplpr pxamplesdiplNIAE CORE 43¢ ) BHPEect ur al
SSRSRTIGN 05 019D VYIS, S0 FRRIBLARERSRRY oy
thgsesthred ekample etament gronps pHiths INPE Réfeienée Asdhitactuterandtpeovide
oL S5 SR bEE Bl 0. 2 and
[0052]SCA and the elNB®XEPCORE service bus are optional.

[0053] Figure 2 illustrates the INDE CORE 120, which is the portion of INDE
Reference Architecture that may reside in an operations control center, as shown in
Figures 1A-C. The INDE CORE 120 may contain a unified data architecture for
storage of grid d‘ata and an integration schema for analytics to operate on that data.
This data architecture may use the International Electrotechnical Commission. (IEC)
Common Information Model (CIM) as its top level schema. The IEC CIMisa
standard developed by the electric power industry that has been officially adopted by
the IEC, aiming to allow application software to exchange information about the
configuration and status of an electrical network.

[0054] In addition, this data architecture méy make use of federation middleware

134 to connect other types of utility data (such as, for example, meter data,

10
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100471The figures illustrate different elenents within
the overall architecture, such as the follow ng: (1)

WO DDB/1SORE 120; (2) | NDE SUBSTATI ON 180; and (BQT/UBIDEY/000888
DEVI CE 188. This division of the elenments within the
overal | architecture is for illustration purposes.

operatienal gng histggicabflataheg ané reent Silgshyand eonmestivity lsad pbEdata

<chi re. may,.be. used. to support both dist.rd buted
QY Y 4 SRL R BENE AR by FREPR Hne Ry AP RIS by
higiolepélappH€ativas, asluging eh@iprikeappRchtioht. Rea¢ ahr dﬁlﬁtehﬁfrﬂ@ also
C

I npl ement ati ons. [00481The | NDE Reference Architecture
acgess ppdar sioprseiathettgh sreed driedius apd severa daty Borep gan reggive

redl ?nﬁe'@tz? ange??xbtrtg&rs o?)ﬁg%gy bé {rarggngthe ‘?tﬂine&(r?erg}l rﬁor?fbuges in

et a-architec used t o provi a starting poln
thd smardgnél ppidivgussey belovbErthe INDESUBS TA THONMiISO&kction,
architectures, one for each util itgt sol uti on,

subgtafiqncdaimp be ol legtersand; iered focally pithe spbtatinn. {Specifically, a

i r il . i |
daPRilel AMGmAY be hishe IR MiTEAIS0 Qe RATE sutfarfl ml{, store
the hubsfahiDir diRef dmahties Aetdihingad tiressubBtytig leveldaayalso be
V

st andardj zed startin oi nt, for solution devel gpnent .
Pet§°§%_ fgébe B%SB‘W’P §°i”??lépef§e%qﬁ’o%‘8% gythe avb%eétoerq%t%aﬁeg apgall or
paﬁlfiﬁ'%ef dfta b %@&&ﬁépofi‘{eﬁ% HRAOWES] dferd pParticul ar power

grid. 9 RECTIFIED SHEET (RULE 91) ISAVEP WO

0055709/ 13BOGFHPOH dit2 008yp0aed 86y [i100Ud] diesatitnDBdRenes@na ®nal
chitect.yre may bhe.an enterprise w de, architecture.
dafy V0ot Bt SR ¢8R FRURROaGI e aton el berSonal it pay
indhidk, BaNis @enemite®to, Wwitthdedie fadiidr 8iaf, ¥ipaeRoddiste, section state,
integration of these into utility systens and

meferaeaiedlal state.ine sensor stag, veltagse Bwstrdgyaldioves isaetivergp wer,
ey . b
e\ bp ot by RLNEE b L TR 1O Bty Fower
religbdlitat dssardealsindtresssiatayetc. prienipseatioaylednd, notdpesdtdabdata may
t he back office and eg?ﬂer prise. | e‘\éqe# s C%Zgguentby )
bef7BsRORISE URDE P R IARRIIOPERRC A ioNR LRt e stareliertion
ap?l'i@a@if)ﬁi inSBe bRY@IC po Ry tthAimBABHRh@ or LIBcBEAS HiskiPRoRRT e
he SOA environnent for interface purposes. This

povkipgitidi magtbewespoakible fas sendingpoinresarenhit oftthedata taithiel i ty
nmust nvert t.hei,r, existing.lT.environ t t QA .
onBhy ARt ket LR 142 gt i€ Vi LB omahat meed tis
infoRrb &I hEEbs SHI¥ it BethHE datd b sUbRFBIngte ¢eiifeMakioh or by
_facilitating IT integration, but it is not required in
mmsef\m%rrg@ten@hmak%@l&@@ ayilablee smart grid

OB 0T S BLT RGgFl kricns
devices and sensors that are part of the smart grid, as discussed below. Events may be
directly generated from the devices and sensors on the smart grid network as well as
generated by the various analytics applications based on the measurement data from
these sensors and devices. Examples of events may include meter outage, meter
alarm, transformer outage, etc. Grid components like grid devices (smart power
sensors (such as a sensor with an embedded processor that can be programmed for

digital processing capability) temperature sensors, etc.), power system components
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[ 0050] I NDE Conponent G oups [0051] As di scussed above,

the different conponents in the | NDE Reference
wa@e@bits@ct ure may i nclude, for exanple: (1)1 NDECTZORE09/000888

120; (2) | NDE SUBSTATION 180; and (3) | NDE DEVI CE 188.

The foll ow . ng sections discuss these three exanple
that inehudes addisional egtbedfed propessmer(Brld s etohsamit meteuRe WaH S

' rLiptiaon f 21 € S . Qf:
mleP R RERE bt S Bsp nd LTS TRAP RN LR Rillafl Bt
wotlobfdet 26mpletibnd) eicy nidyezeperatd @rnodath, Nperdiehelrdawn-
Architecture that may reside in an operations control,
opgraienal datgs The sxpntdatageggrased witbio, thersraant grg nesoRpe trangmitted

viar@yeg;égmlgilma unified data architecture for storage of
gri ata and an integration schema for analytics to

[0057¢r at Gridcotiativitatata rTdyi defohatthe ol dfehs wilityrmmd. (Rere may

the I nternat.io El ectrot echni cal . Commi ssion (1 EC)
be & SRRV HAUT RS swd%fWS(cef %vogtsofit@gg%ﬁomewms (sub

staB6REBmetiE fhdaer<Chivhifsrmiers s REd rdlfyset0 Rfe’f’erp,?élelil/%‘?s, utility

el ectric power 1ndustry that has been officia
poles.ote)eaid Ithyeit ingertde@nedivityrag installatibmwBaged| dnahe eoents within the

.qoftware tpo.exchan i nf ormat.i on ahout. t he . . .
erif ot RS A B e e s D b B arid fomes tymay change
on [aQ@RAdUaN badisli Ab @lcudsBll fn ShdteddiF BlbRC e sBrubMYe SRRy HiRQlata
of federation middleware 134 to connect other types of

Is ieredl s el as she epmelination ¢fdhe dataepatde thedhistprierltrecreatmn of the
griﬁa'i?a%lu{: ét%i%t!zggst gl%glsEG?l]d) coln§égt§'|ﬁy data may be extracted from the
Geographic Information System (GIS) on a periodic basis as modifications to the
utility grid are made and this information is updated in the GIS application.

[0058] Network location data may include the information about the grid
component on the communication network. This information may be used to send
messages and information to the particular grid component. Network location data
may be either entered manually into the Smart Grid database as new Smart Grid
components are installed or is extracted from an Asset Management System if this
information is maintained externally.

[0059] As discussed in more detail below, data may be sent from various
components in the grid (such as INDE SUBSTATION 180 and/or INDE DEVICE
188). The data may be sent to the INDE CORE 120 wirelessly, wired, or a
combination of both. The data may be received by utility communications networks
160, which may send the data to routing device 190. Routing device 190 may
comprise software and/or hardware for managing routing of data onto a segment of a
bus (when the bus comprises a segmented bus structure) or onto a separate bus.
Routing device may comprise one or more switches or a router. Routing device 190
may comprise a networking device whose software and hardware routes and/or

forwards the data to one or more of the buses. For example, the routing device 190

12



operational and historical data, |og and event files),

and connectivity and neta-data files into a single
walatoa/1a9chi t ect ure that may have a singl e entrpCposIN9/000888

for access by high | evel applications, including

enterprise applications. Real tinme systens may al so
may dews §prialionsd aad gppropsralippalidata thithe osqréwaér’apa—one@tlan@t

e t

dat%ﬁ"?er enfﬁ% ‘3"5‘3%% ?Jlg(?%ulie o nYS?tag por ”Et 611% lt% ﬁ in one
[0080] norEhdaeating devitd w&ﬂﬁyﬁe@hhﬁxe W @ r@ﬁté&ﬁédatb&ia@é’&l drilone

t he | NDE SUBSTATION 180 section, substation data may
or pereHrihgds. eEpraEﬁér@teorl?drorlaﬁaﬁwcm9Q FaY SYB/NE QNG Pr more

f

heaé%%cﬁﬁ rtl(lsef(t?%rrgs%‘nertt?% e d ugmtl YYF Ik)\%l%th%?YO Q)%teatsh% thahagt%qge %gﬁ”xﬂ:nt
forShHospeaatiml/dat-aperAnath@l daabupansd ar o the st:g)mérhtefor the event bus

upstation | evel al so. be perforned
143 g@qﬁgiqa s wﬁfdtl%rﬁﬁlea%s i} 5 datagpay H@lc@tpo\yhatlrrothe data is
opdat ARG RopRGorRl Ha@(sdPdht h@froﬁtn‘% cﬁﬂﬁrf I Ef:‘es the data to, the
transported to the contro cent 00 ? of
opedatin(mat/namsp@atxemhl etz husdlaper whethert the datansi event data (so that
non- o ratr al data even connectivity.data,.
the TR TRE B S eues Ui RiEO T s Vs e agting advice
190 A& 'éQﬁmd%lthe {)@/l&ﬂi oft th8dh@ 4o Hetermite iRtk %tfaataf(e ?d €he
state, 8acr or state, section state, ‘neter sta
rouiay dstla@ 90 mayexgminsohe Soratag of th@ldamgt@ detarmirgnif the dath is
e etc n-operational data may
P é%g “fnad/non gﬁératlgnaﬁg dr evf’%tofiam, power quality, power

[0()6@] i aldhd dfthe 3HBE sﬁtﬂhédstthle opdrit@sil dah varéiicuse THBthat stores
‘operatiaonal and ngn- operatlonal data may be

thetqpsr?élﬁm tdetR frRavrRy igplopeed #oien ¢1ﬁt5rbut¢ﬁétaaqha§m eﬁnoatsﬁra)f the

stoRd Stha' $ftortR ?de‘flﬂlﬁle& Gl la%ﬂ)ri%gf dif "flﬁé Hlnlslggfés 4 ha%kc)igt) er‘ﬁ%
powner trans ssion and/or electricity-distr 1on

1mplhmeptedvas a gistiabuted/ ddgebase sPansthél ‘enfl St ofshexti tn@ dmrmSemrmay

ve e TS BTG TGP e Shed Bk ngkter qvents

ma{/ BE Qior@t dipttIFBMoRRyITIsevdrel e stbiRs vilatha cBnpRiRSehi bi ng

o the informati on or by invoking services that may
progessmet thiss Sﬁa@‘éC@ltba theafbreets r{u@olseeqtaﬁénn sventyognicsuediich may
be %Fe}%ces afﬁggsglns {tﬁat?r eq%tﬂ)q shefncgto t'n? ?vénlt%g%/ 211547 ojllge event

1ogaﬁa>d$tslem;a§bnbeglo®w oEvrmbﬂowmg beerdiid; &;iztehmyg@rt%ﬁt Rdrce;
fromthe devices and sensors on the smart grid network

eveaépwaltry and genb penesationytimpe iaevest bus bl geeddwt store the events
%Q?? Pﬁﬂ? nt data fromthese

long enso ?J\h&’igé ev %ggﬁﬂce; R es %k{egggsent s may include

(0062} er Thetsagege ofthedatl raa)n’oe $ucarthsftahcrézrta ondyageas obdse.to the

R e e e
exaddEp 10 ROE IR [d8fa vkl dteled RE BRARDE SU@;@sq@bnlo»t Y30. But this

tenperature sensors, etc. ) , power system conponents
date may alsedieudeuirertitithe @pﬁaatxcemedm@ldceptem tezbi hgto Makésdifferent

ru sl RN 8§ PBich ervie e BbEopstiggevit

a dRWEHE inWdliden0é BfFroscHRIdtHBNREd d&th GppiFRYh BRPSeden adopted
event data, operational and nonop era¥|onal data. The

to fagiitate daie avgtabelrtaartaé@lll wivelsioh thm@llstmﬂu@rahdhmgp dfelatabase
transmtted via an event bus 147. [0057]Gid
connectivity data may define the layout of the utility
grid. There may be a base I%yout whi ch defines the
physi cal | ayout of the grld conmponents (sub stations,
segnents, feeders, transformers, swtches, reclosers,
neters, sensors, utility poles, etc) and their
inter-connectivity at installation. Based on the
events within the grid (conmponent failures,
mai nt enance activity, etc), the grid connectivity may
change on a contlnual basrs As dlscussed |n nor e

N ' . o o ' I T s Y |



[ 0059] As discussed in nore detail below, data may be
sent from various conponents in the grid (such as | NDE
weRIBS/TAPrON 180 and/ or | NDE DEVI CE 188). The dBCBURENM9/000888
be sent to the INDE CORE 120 wirelessly, wred, or a
conbi nation of both. The data may be received by
lins pnd d3ta serivingm pe applisablendn itos kiey.1bo solwrpw tbrmhnsmr@al data

st e Ty el Ahp st b SRerpions BRb St i 51 ey BY

su@mardamt @ﬂthé cpefRdABNdatOtor. Difta (R sidied tBéSlly at the
conprlses a segnented bus structure) or onto a

subgigianaand dgtpbaseRuis qogligeser o theepesitasy iksansaet e captrel
ceﬁt@ﬁl i)?m&ei(gcrce% dtoQH% §£tm§§1§txg@?*d\?\xgl}’§éx%§tﬁ}§?? a;‘?d}vt\)ét% 08 Emfﬁgncs

magmb/ pmfofrméavw(ﬁﬂy abgheGabaatich iy Ok 160l eatafstdr@e buses.
For, exanpl e, the routing device 190 nay rout
Hl&ﬁé?ﬂéfqoaﬁa}vemlmsﬁn@pjéaeaerf@ﬂa‘rd #hnop@Ations control center lovel

I lﬁg))? rag%éss%ﬂ? ld/aﬁoﬂ RPREA Bﬁgtllor{jl?;%ﬁnpéésus Léghe E%kgt};{sg li'ltnﬁg

out e event ta to e event
AljcOB0 I data oueyl begstokedicertrdl BOat niney INIBE €3OR B d 20 0Holw@ ver, given

b FHI  CRHANR T B dRbF CanTOBe Ty s I BEQ/IGES 188, the
std?@ée%ﬂ?ﬁ@&iﬁﬁ at ihe IN'T_'fE branegkt 1t8%%%@p&9erféﬁt %'i:)[%]lﬁ@ally, if

her to route the data to the Seg nment
themp ereathmmaadisi ordrnopkthatsandad! sidvstatlbuss(Mﬁﬂl umay pocurhea power

eriPBe Rasuiheg orR FHEeadr i bedomienp b RS ORR 2 ey

crdaﬁe@e@ﬁ@hh@aﬁm&@efeakl onal data (so that the routing
device 190 routes the data to the

(0063 r at Fipaly./the INBE QREE maapragius on a@yrop engsemger all of

T et
bekbew)i EFer &%mwheXNDE’GORlEEI zo)ayhyoﬁxddcfiz thdg@ogdaihaning (such as

erm ne t e of dat the routing device
dOT’QB’ Q%Iﬁ? RESHTRE) PRy e(ﬁ’fCO?’HQI mrga?(gtoofé&ngpﬁ?%aswct of
th img SUBI 1A PRRN A8) QP RNDRANE O REE 3kB @mh ag @(tn?trd? lof 8¥&hsors
data). [0061] One of the stores, such as
or apadytads)-oRtier dlemenia nehghova inFigurhas mey @mcé@det Vagious integration

ti onal | emented as true
elegpeélisqok%?%o& g%& z%bgggrc %ft“f?%r of the stores, the
[00643t or Table ( iddsdiitiek itedeerimhélsinerts GEINDE@ORBE 20M:s depicted in

Figures 1 and 2), may be |nplenented as a distributed
Figlge dbase. The ot her "ends" of these two databases nay

WNIﬁE‘Cﬁi lgl,rglmeﬂ? TTID?DUDDU—\H ON "" cgle.de I\u| scussed

+

u:

CERSergees it o) dat o YRRy bieh P Eoovazr‘a jan mphae
processing bus. Sped HrP‘éeéP‘W CVFHE? %}&énqﬁwltbétr%me@t

in event |logs 135 WHIXK13H90 he a repository for all

CeniralizeddGrid Anplatichav e Mepconsist@f any nirebenvaeommescialiar, custom
Appheateonsrifi9] og may st|omelytieeapizasonsathatadre usdd ihfaeon-real time
follow ng: event id;| muark, grivsily @perating GohChie dataefdres in
priority; and event |geOREation tine. The event bus 147

VislREdattNSiRERiohNe GV&iiPpert! (BN st Az ioPs d’dtéj'sfbges[dﬁﬁ event
seRfdesigpence for vl téﬁﬁm%xeaﬁsd%a DRRAHE 2SR B event
ata nay

dl
the ata may be suchtrlg S aLas &
e —aS ‘f‘iuoo' racticahl

A ﬁg@tim%wggw_t_mﬁgmw (Spelhes. Kpmfcaaqa&ﬁﬁnporﬁ%vlces 142

substatlon dat a bei ng stored at the | NDE SUBSTATI ON
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The event processing bus (and the associated event
correlation processing service depicted in Figure 1)
may filter floods of events down into an
interpretation that may better be acted upon by other
devices. In addition, the event processing bus may
take multiple event streams, find various patterns
occurring across the multiple event streams, and
provide an interpretation of multiple event streams.
In this way, the event processing bus may not simply
examine the event data from a single device, instead
looking at multiple device (including multiple classes

of devices that may be seemingly unrelated) in order
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Appl i cation Managenment Services (such as Applications
Support Services 142 Services 141 and D stributed

Conputi ng Support 14
and execution, web 9

3) findabrrelapipns. t Tieeppial sat o fche kiagleady
anvitipRSeveRt Wreammp Pyt b e based

Redll Bilid Op/NRM-Op MR 1 1]
BwWqugl oad (e.g., OSG
Aut omat ed noni t ori ng
appl i cati ons and dat
failure root cause §

Opstichd] SFRLRY ih&ME 8atk rOMHCAND the
JeuNRhVQ4tK oMBRAGETBRE s8R ¥ hE$rid4Rat
rgé gé)ﬁg&i M4 6A4 'cgﬂt‘f‘ lrtgt \./\Q:ruigénts voltages,
a qyses system ea?t g}'mlqltoring

Byt giw‘gr, r%%c 1V I1:>|02§}e]r, e.tc. . Non-operatibnal
d%t may include data retflecting the “health” or
condition of a device.

Operational data has previously been transmitted
directly to a specific device (thereby creating a
potential “silo” problem of not making the data
available to other devices or other applications). For
example, operational data previously was transmitted
to the SCADA (Supervisory Control And Data
Acquisition) system for grid management (monitor
and control grid). However, using the bus structure,
the operational data may also be used for load
balancing, asset utilization/optimization, system
planning, etc., as discussed for example in Figures
10-19.

Non-operational data was previously obtained by
sending a person in the field to collect the operational
data (rather than automatically sending the non-
operational data to a central repository).

Typically, the operational and non-operational data
are generated in the various devices in the grid at
predetermined times. This is in contrast to the event
data, which typically is generated in bursts, as
discussed below.

A message bus may be dedicated to handling streams
of operational and non-operational data from
substations and grid devices.

The purpose of a dedicated bus may be to provide
constant low latency through put to match the data
flows; as discussed elsewhere, a single bus may be
used for transmission of both the operation and non-
operational data and the event processing data in
some circumstances (effectively combining the
operation/non-operational data bus with the event
_processing bus).

Operations Service Bus 130

Message bus that supports integratibn of typical

utility operations applications (EMS (energy
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Gid Meta-Data Services 126 Services (such as
Connectivity Services 127, Nane Transl ation 128, and

WA B 18ervi ce 129) for storage, retrieval, andPapusi0e9/000888
of system neta-data, including grid and
communi cation/sensor net connectivity, point lists

sensor cal i brations,| pamigemehtssysideyi DY Selistpbitions, et c
Gid Datal/ Anal yti cs |SaandgemsntlsyStefS)y OMSE®ulage amnagement
Sensor Data Servi ces si24m)nGISARebyrapkis iNMBRAgRESYstem),
Services 125) to su Rﬁ§ﬁat<ﬁ1§%ﬁ§§ne%r§ﬁ1hﬂ geidtfandivsls grd d
anal ytics; manageme sy%n@réﬁkw{é Fetn MR &dpoled Ranagement
Management System 1 ésg/%@ Tedd P 9 ’tﬁ!’li §ﬁ§JPon) The

functions (e.g., Lo {3 <

See di scussion bel ov RS er 16/NoR>
lgnﬂﬁﬁatgg ? élae %e%&ﬁta bus 447,

event nessage st r earqsand theppsaationsdervierehipt libgay gatain

Processi ng Bus 147 N

to provide high bandemﬂwréwsmwwaémbyltx Bamawgry 117.
bursty event nessagg floods. The event nmessage may be
in the formof XM neBsaperatiohhsarvicy bes 130 mapseagas the
may be used. Events |mayvider sfdgfoegati@tlabouothe smart grid to the
oper at i onal / nonoper gtitiitgbadtasfiice applicBBYnsDEs shown in Figure 1.
transmtted on a sefafifHaBiicdesicati&n BMsurFMRILY data
typically have hi gherfnf{'ﬂ&%réehyoré‘ 4 88N cedHahe %n?%w' re

some | medi ate actiqn, ki Ol i lib) tl?a‘?%ﬁ“o%% Sable to utility
??;ﬁg?gﬁ Irr\ére S( méf’i? 99 appflcaq]ons 0 perform ar}:‘ta’lons f& control the grid.

Although most of the interactions between the utility
back office applications and the INDE CORE 120 is
expected to occur thru this bus, utility applications
will have access to the other two buses and will
consume data from those buses as well (for example,
meter readings from the op/non-op data bus 146,
outage events from the event bus 147)

CIM Data Warehouse 132 Top level data store for the organization of grid data;
uses the IEC CIM data schema; provides the primary
contact point for access to grid data from the
operational systems and the enterprise systems.
Federation Middleware allow communication to the
various databases.

Connectivity Warehouse 131 | The connectivity warehouse 131 may contain the
electrical connectivity information of the components
of the grid. This information may be derived from
the Geographic Information System (GIS) of the
utility which holds the as built geographical location
of the components that make up the grid. The data in
the connectivity warehouse 131 may describe the
hierarchical information about all-the components of
the grid (substation, feeder, section, segment, branch,
t-section, circuit breaker, recloser, switch, etc —
basically all the assets). The connectivity warehouse
131 may have the asset and connectivity information
as built. Thus, the connectivity warehouse 131 may
comprise the asset database that includes all the
devices and sensors attached to the components of
the grid.
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The event processing bus (and the associ ated event

correlation processing service depicted in Figure 1)
womyo/idecbiser fl oods of events down into an PCT/US2009/000888

interpretation that nay better be acted upon by other

devices. In addition, the event processing bus may
take multiple event streans, find various patterns
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of devices that may bep@ata\Gr¥hdiRE ‘?!’,9 ﬁro’v e@t&6ther
to find correlations ug&gﬁgf HohsS f@billilg I%nglz-ofﬁce ‘

nul tiple event strea ad YeF aP5R &angf}% ,.+ .

EVRRLRR 0% the Bue. 1‘1&5146?&0&@?‘%%@%% def;rggé ?&ssepﬁsﬁarggg:
f th d 't hat | r o)
?teézf, ocur r :ntggl, vol or P‘é‘éF‘OHSWe"Wa )’ls’éé’éﬁ’%s ashfor data

etc ) Non-operation qm‘lﬂﬁga may i nclude data

Higericat Datagl36he " heal | Relemetry da@iardhive infthexfotmif@cstandard data
historian. Historical data 136 may hold the time

series non-operational data as well as the historical
operational data. Analytics pertaining to items like
power quality, reliability, asset health, etc may be
performed using data in historical data 136.
Additionally, as discussed below, historical data 136
may be used to derive the topology of the grid at any
point in time by using the historical operational data
“in this repository in conjunction with the as-built grid
topology stored in the connectivity data mart.
Further, the data may be stored as a flat record, as
discussed below.

Operational Data 137 Operational Data 137 may comprise a real time grid
operational database. Operational Data 137 may be
built in true distributed form with elements in the
substations (with links in Operational Data 137) as
well as the Operations center. Specifically, the
Operational Data 137 may hold data measurements
obtained from the sensors and devices attached to the
grid components. Historical data measurements are
not held in this data store, instead being held in
historical data 136. The data base tables in the
Operational Data 137 may be updated with the latest -
measurements obtained from these sensors and
devices.

DFR/SER Files 138 Digital fault recorder and serial event recorder files;
used for event analysis and data mining; files
generally are created in the substations by utility -
systems and equipment

[0065]  Table 1: INDE CORE Elements ‘
[0066] As discussed in Table 1, the real time data bus 146 (which communicates

the operation and non-operational data) and the real time complex event processing
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Operational data has previously been transmtted

directly to a specific device (thereby creating a
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yplca e operati ona non- obera I"on

awnehxgammtierdndamthe var i ous deV| ces inthe grid at
con trzs}gt to the event

l@fgﬁﬁet iR L typhEERpyS peSaRalJhra fr e pRsaton sontrol center
%ﬂ%ﬂoﬁ&h@ﬂNDE@@l@Eﬂ@GeSBﬁﬁ@ P%u&eﬂmkﬁﬁmm Meter

| ling streans of operational and non-operational
Dé@t%plk%@ﬁ Hapt EndGbhS, asysteniteptdergspansible for communicating

with meters (such as collecting data from them and providing the collected data to the
utility). Demand Response Management System 154 is a system that communicates
with equipment at one or more customer premises that may be controlled by the
utility. Outage Management System 155 isa systerh that assists a utility in managing
outages by tfacking location of outages, by managing what is being dispatched, and
by how they are being fixed. Energy Management System 156 is a transmission
system level control system that controls the devices in the substations (for example)
on the transmission grid. Distribution Management System 157 is a distribution
system level control system that controls the devices in the substations and feeder
devices (for example) for distribution grids. IP Network Services 158 is a collection
of services operating on one or more servers that support IP-type communications
(such as DHCP and FTP). Dispatch Mobile Data System 159 is a system that
transmits/receives messages to mobile data terminals in the field. Circuit & Load
-Flow Analysis, Planning, Lightning Analysis and Grid Simulation Tools 152 are a
collectlon of tools used by a utility in the design, analysis and plarmmg for grids. IVR
(integrated voice response) and Call Management 151 are systems to handle customer
calls (automated or by attendants). Incoming telephone calls regarding outages may
be automatically or manually entered and forwarded to the Outage Management
System 155. Work Management System 150 is a system that monitors and manages

work orders. Geographic Information System 149 is a database that contains
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" Management System 156, Distribution Management System 157, [P Network
Services 158, and Dispatch Mobile Data System 159. However, these legacy product
systems may not be able to process or handle data that is received from a smart grid.
The INDE Core 120 may be able to receive the data from the smart grid, process the
data from the smart grid, and transfer the processed data to the one or more legacy
product systems in a fashion that the legacy product systems may use (such as
particular formatting particular to the legacy product system). In this way, the INDE
Core 120 may be viewed as a middleware.

[0070] The operations control center 116, including the INDE CORE 120, may
communicate with the Enterprise IT 115. Generally speaking, the functionality in the
Enterprise IT 115 comprises back-office operations. Specifically, the Enterprise IT
115 may use the enterprise integration environment bus 114 to send data to various
systems within the Enterprise IT 115, including Business Data Warehouse 104,
Business Intelligence Applications 105, Enterprise Resource Planning 106, various
Financial Systems 107, Customer Information System 108, Human Resource System
109, Asset Management System 110, Enterprise SOA Support 111, Network
Management System 112, and Enterprise Messaging Services 113. The Enterprise IT
115 may further include a portal 103 to communicate with the Internet 101 via a
firewall 102.

[0071] INDE SUBSTATION
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Signal/Waveform Processing
185

Support for real time digital signal processing
components; data normalization; engineering units
conversions

Detection/Classification
Processing 184

Support for real time event stream processing,
detectors and event/waveform classifiers (ESP,
ANN, SVM, etc.)

Substation Analytics 183

Support for programmable real time analytics
applications ; DNP3 scan master;

The substation analytics may allow for analysis of
the real-time operational and non-operational data
in order to determine if an “event” has occurred.
The “event” determination may be rule-based with
the rules determining whether one of a plurality of
possible events occurring based on the data. The
substation analytics may also allow for automatic
modification of the operation of the substation
based on a determined event. In this way, the grid
(including various portions of the grid) may be
“self-healing.” This “self-healing” aspect avoids
the requirement that the data be transmitted to a
central authority, the data be analyzed at the central
authority, and a command be sent from the central
authority to the grid before the problem in the grid
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131 may have the asset and connectivity information as
built. Thus, the connectivity warehouse 131 may
wa@eompns®es t he asset dat abase that includes allPthes2009/000888
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data 182 may be associated with and proximate to the substation, such as located in or
on the INDE SUBSTATION 180. The INDE SUBSTATION 180 may further
include components of the smart grid that are responsible for the observability of the
smart grid at a substation level. The INDE SUBSTATION 180 components may
provide three primary functions: operational data acquisition and storage in the
distributed operational data store; acquisition of non-operational data and storage in
the historian; and local analytics processing on a real time (such' as a sub-second)
basis. Processing may include digital signal processing of voltage and current
waveforms, detection and classification processing, including event stream

processing; and communications of processing results to local systems and devices as
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Digital fault recorder and serial event recorder

files; used for event analysis and data mning; files
w@eoenaddry are created in the substations by up@T/U83009/000888
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INDE SURSTAB®ON r118%tcotnh|@ OPELIPRS mngml e‘gntsrAlké mﬁnbsmfél The
mﬁg%%%ﬁ%ﬁ&\? ﬁgé t%nsrﬁ_ﬂeda%&_ e?a“?fz)ﬁyn% & \Ié ?Jt onal (>i/ata

purpo es proc SSi ng
or dVRit da, itéHerdpaitiohd toteyl icamter Bl R&atrlg(xlt‘.i'ldd'll@@hn@r &)ute the

subject to very | arge nmessage bursts. Most of the grid
trangaiicd dasaveo onsrpfithe opgraéenal{ aerroperatiopd) datadus| 146or the event
puC@AsStant, with the exception of digital fault recorder
files, but these can usually be retrieved on a
[OOGIZJht r d])dn@dldbra@oﬁse pptamzatore foe i sthibutédnslosy ieanagement may also
be per or}r%ggl %gr%u Sl"h{ilsnzgljrc 1%&?&6 is in accordance with the distributed application
architecture principle previously discussed.
[0078] For example, connectivity data may be duplicated at the substation 170
and at the operations control center 116, thereby allowing a substation 170 to operate
independently even if the data communication network to the operations control
center 116 is not functional. With this information (connectivity) stored locally,
substation analytics may be performed locally even if the communication link to the
operations control center is inoperative.
[0079] Similarly, operational data may be duplicated at the operations control
center 116 and at the substations 170. Data from the sensors and devices associated
with a particular substation may be collected and the latest measurement may be
stored in this data store at the substation. The data structures of the operational data
" store may be the same and hence database links may be used to provide seamless
access to data that resides on the substations thru the instance of the operational data
store at the control center. This provides a number of advantages including
alleviating data replication and enabling substation data analytics, which is more time
sensitive, to occur locally and without reliance on communication availability beyond
the substation. Data analytics at the operations control center level 116 may be less
time sensitive (as the operations control center 116 may typically examine historical

data to discern patterns that are more predictive, rather than reactive) and may be able

to work around network issues if any.
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[0068] Figure 1 further shows additional elenents in
the operations control center 116 separate fromthe
wo DB/1&SORE 120. Specifically, Figure 1 furtherpPehos®09/000888
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pr fsh?&la oanor © BRYY JRESES has a Services Orient ed
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systens may use (such as particular formatting
particular to the | egacy product system. In this way,
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[0072] Figure 4 illustrates an exanple of the high
| evel architecture for the | NDE SUBSTATI ON 180 group.

wolhs1goup may conprise el ements that are actre@iig2009/00088s
. hosted in the substation 170 at a substation control

ol b P P cnbiat b8 ooy fenibs Aabess rriurks svolve
Rk Whd bfeP gAddeH8SThiPBSinaRidwRilly alNEsaBldBST Ahht b ABY be

group el ements. Data security sefvices 171 nay be a _
tyanpRorigfl dimetlsiwbzhese itos neadedl.rwiick nmay nal neqessarilywed the operations

hntearated into the | NDE SUBSTATI ON 180
c‘g’&%%ﬁ%NB&§BE@%A$FM%§@N%% cription :
[088%] OpeDatitéxwakh Bataalted oireuitiadicBRrd MaFBE aRrddwilR Midkless
data; .this is a distributed data historian co

onent
n%:iééqtgﬁa(ﬂe ceids gfoccppnectgmover modest speed (such as 100 kbps)

wireless networks. These devices may report status by exception and carry out fixed
pre-programmed functions. The intelligence of many grid devices may be increased
by using local smart RTUs. Instead of having poletop RTUs that are designed as
fixed function, closed architecture devices, RTUs may be used as open architecture
devices that can be programmed by third parties_and that may serve as an INDE
DFEVICE 188 in the INDE Reference Architecture. Also, meters at customers’
premises may be uséd as sensors. For example, meters may measure consumption
(such.as how much energy is consumed for purposes of billing) and may measure
voltage (for use in volt/V Ar optimization).

[0085] Figures SA-B illustrate an example architecture for INDE DEVICE 188
group. Table 3 describes the certain INDE DEVICE 188 elements. The smart grid
device may include an embedded procéssor, so the processing eleménts are less like
SOA services and more like real time program library routines, since the DEVICE

group is implemented on a dedicated real time DSP or microprocessor.

INDE DEVICE ELEMENTS Description

Ring buffers 502 Local circular buffer storage for digital waveforms
' sampled from analog transducers (voltage and
current waveforms for example) which may be
used hold the data for waveforms at different time
periods so that if an event is detected, the
waveform data leading up to the event may also

4 be stored
Device status buffers 504 Buffer storage for external device state and state
transition data :
Three phase frequency tracker Computes a running estimate of the power
506 frequency from all three phases; used for

frequency correction to other data as well as in
grid stability and power quality measures
(especially as relates to DG)

Fourier transform block 508 Conversion of time domain waveforms to
frequency domain to enable frequency domai
analytics ‘
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Real time grid state data; this is part of a true
di stri buted database | nterface/ Comruni patl ons St ack
wolfhdo/S¢pport for communi cations, includi ng TCRdTAIS2009/000888

SNVP, DHCP, SFTP, 1 GW, | CMP, DNP3, | EC 61850, etc.
onputing support 186 Support for

—Distributed/remnte ¢

Timgdomapy sghahanalytasr i biPrenessingekthe pigoale éthe time domain;
5¢8mmuni cation, etc. (DCExtradtivnof @8Gierftand enealyy bohavior
Si_gnal /V\&veform Processgimgsur86 Support for real time

Feequeh@ dammainsignglr ocessil PgocessipOoRRE Signsladidthe frequency domain;
afdlyti@l J12at i on; engi neel ieR@adiidh lof RAMPDNE] ﬁd\@éﬁ)arameters '

real tine even stream pLRg g ths; gmt hsures

SQ@dn%ﬁnty Ptatartiptids! 91 | )@am%ﬁﬁ%mggé}i ehsatiaH ot phasdts;

Ll U

1‘%*‘592@%“& AR 1) m%iﬁ igp pf pypic 5@49%54 on GBS

e annal vt lpc annl | ca ﬁy’ﬁtem I'oREEangic

Event aniﬁysm and triggers 518 Processmg of all analytics for event detection and
triggering of file capture. Different types of INDE
DEVICES may include different event analytical
capability. For example, a line sensor may
examine ITIC events, examining spikes in the
waveform. If a spike occurs (or a series of spikes
occur), the line sensor, with the event analytical
capability, may determine that an “event” has
occurred and also may provide a recommendation
as to the cause of the event. The event analytical
capability may be rule-based, with different rules
being used for different INDE DEVICES and
different applications.

File storage - - ' Capture of data from the ring buffers based on

capture/formatting/transmission | event triggers ‘

520

Waveform streaming service 522 | Support for streaming of waveforms to a remote

display client _ ,

Communications stack Support for network communications and remote
' program load

GPS Timing 524 Provides high resolution timing to coordinate

applications and synchronize data collection
across a wide geographic area. The generated
data may include a GPS data frame time stamp
526.

Status analytics 528 Capture of data for status messages

[0086] Table 3 INDE DEVICE Elements

[0087] Figure 1A further depicts customer premises 179, which may include one
or more Smart Meters 163, an in-home display 165, one or more sensors 166, and one
or more controls 167. In practice, sensors.166 may register data at one or more .
devices at thé customer premises 179. For example, a sensor 166 may register data at
various major appliances within the customer premises 179, such as the furnace, hot

water heater, air conditioner, etc. The data from the one or more sensors 166 may be

sent to
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The substation analytics may all ow for analysis of the

real -time operational and non-operational data in
woteizebx deternmine if an "event" has occurreteTie009/000888

"event" determ nation may be rul e-based with the rules

det erm ni ng whet her one of a plurality of possible
ths,ama Meservo3i whichdaaupaskagerthe data dor ransmission ta theppperations
' - al: - t iLfiycation of

oFRTINEREE) [ Vit Al Blon e IR 1B, THE O o Rsg 09
meayqmovide thetdustomenyt tht loestgmedpreinisel wathrig oudut deice to view, in

rtions of the rigg n% be "self-healing." This
rea-bme, %‘a|°PH‘rff‘*~_’da§ﬂ8 magt Hietr 16hand dgane onEtore sengerstlfg In
R AR R (2R ape RePRAID M Bkl Wi En RS,

display 16p senthat thecrustomer maytchomunjcatowith ¢heyopedativa oorerdl kenter
opl em.in the grid. be .corr ed. In addition to .

1 IR el i€ BBl iS5 SiyeeonthsE B cpiuce fesident

arthakystormér premisek.so generate a work-order for

transm ssion to a central authority. The work-order

190881 pe Theswstomsr Peskaipgsl 165 may fustherdaciuingontrols el thatghay
; , . . Con L |
8 oS 5 LA HRRL 19 00sh M
custorndrepremnises hi9 way be gertradled nduch epthedestsgrirrcehdiyisndr/ac.,

L e RS
(008D}t atAsdepitad MATELS 1 AAtif cXloaien Pldniisei 1160 na dottfunicate in
a §Fg:u’l;$' 'égglg?sgm I acsa\}iell &gslntgsnte\tMl)gSk, Sthey ;I)uablitc!]ssvit%ﬁgdutrelletp one network
(PSTN) 169, or via a dedicated line (such as via collector 164). Via any of the listed
communication channels, the data from one or more customer premises 179 may be
sent. As shown in Figure 1, one or more customer preniises 179 may comprise a
Smart Meter Network 178 (comprising a plurality of smart meters 163), sending data
to a collector 164 for transmission to the operations control center 116 via the utility
management network 160. Further, various sources of distributed energy
generation/storage 162 (such as solar panels, etc.) may send data to a monitor control
161 for communication with the operations control center 116 via the utility
management network 160. '
[0090] As discussed above, the devices in the power grid outside of the opefations
control center 116 may include processing and/or storage capability. The devices
may include the INDE SUBSTATION 180 and the INDE DEVICE 188. In addition

| to-the individual devices in the power grid including additional intelligence, the
individual devices may communicate with other devices in the power grid, in order to
-exéhangc information (include sensor data and/or analytical data (such as event data))
in order to analyze the state of the power grid (such as determining faults) and in

order to change the state of the power grid (such as correcting for the faults).
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[0074] Tabl e 2 | NDE SUBSTATI ON El enments [0075] As

di scussed above, different elenents within the smart
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the state of the feeder circuit may cooperatively work with the substation in order to

correct a potential fault with or without requiring the operations control center 116 to

intervene.
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and at the operations control center 116, thereby
allowing a substation 170 to operate independently
wer@n/183d973 he data communi cati on network to thePCT/US2009/000888
operations control center 116 is not functional. Wth
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CE group 1Is |an emented on a dedi cat ed

Cail'é%ﬁieae I%Rwdsswdd?hl?n dhisgpediudardy of therqperatipns mit orlyEaleedor
ef S S ThdAap QRerdfol Yarltlls dfrsremOids. It also allows for better inter-grid
management. There are instances where a failure in one grid may affect operations in
a neighboring grid. For example, a failure in the Ohio grid may have a cascade effect
on operations in a neighboring grid, such as the mid-Atlantic grid. Using the modular

 structure as illustrated in F igure 7 allows for management of the individual grids and

30

| RECTIFIED SHEET (RULE 91) ISA/EP



Local circular buffer storage for digital waveforns
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cascade failure occurring in neighboring grids. '
[00102] Specific examples of functionality in INDE CORE
[00103] As shown in Figures 1, 6, and 7, various functionalities (represented by
blocks) are included in the INDE CORE 120, two of which depicted are meter data
management services (MDMS) 121 and metering analytics and services 122. Because
of the modularity of the architecture, various functionality, such as MDMS 121 and
metering analytics and services 122, may be incorporated. '
[00104]) Observability Processes
[00105] As discussed above, one functionality of the application services may
include observability processes. The observability processes may allow the utility to
“observe” the grid. These processes may be responsible for interpreting the raw data
~ received from all the sensors and devices on the grid and turning them into actionable
information. Figure 8 includes a listing of some examples of the observability
processes. _ _ _
[00106] Figures 9A-B illustrate a flow diagram 900 of the Grid State Measurement
& Operations Processes. As shown, the Data Scanner may request meter data, as
shown at block 902. The request may be sent to one or more grid devices, substation
computers, and line sensor RTUs. In response to the reqﬁest, the devices may collect
operations data, as shown at blocks 904, 908, 912, and may send data (such as one,
some or all of the operational data, such as Voltage, Current, Réal Power, and
Reactive Power data), as shown at blocks 906, 910, 914. The data scanner may
collect the operational data, as shown at block 926, and may send the data to the
operational.data store, as shown at block 928. The operational data store may store

the operational data, as shown at block 938. The operational data store may further
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Ti me domai n signal analytics 510 Processing of the
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anal ytics 512 Processing of the signals in the

frequency domain; extraction of RMS and power

sensk snapehos oShe slatidtptheshigtenian casshgwi etsbledk 94tk land et historian

oA MSHRRRLE0 AL Lo Rigabi shson of oo o ed
[020C)] aTheanetof stagpplicinida setySseha & eehuest foPReter datado BRRMeter
D%:é%g tsheorurr{ ienf belgcekng,'leél, %vr}]\(i;clhein%\Jlr%nstendasnaarleggels? toagn% c}rrr:)grg errzesters to
collect meter data, as shown at block 920. In response to the request, the one or more
meters collects meter data, as shown at block 916, and sends the voltage data to the |
Meter DCE, as shown at block 918. The Meter DCE may collect the voltage data, as
shown at block 922, and send the data to the requestor of the data, as shown at block
928. The meter state application may receive the meter data, as shown ét block 930,
and determine whether it is for a single value process or a voltage profile grid state, as
shown at block 932. If it is for the single value process, the meter data is send to the
requesting process, as shown at block 936. If the meter data is for storage to
determine the grid state at a future time, the meter data is stored in the operational
data store, as showri at block 938. The operational data store further sends a snapshot
of the data to the historian, as shown at block 940, and the historian stores the
snapshot of the data, as shown at block 942, _

[00108] Figures 9A-B further illustrate actions relating to demand response (DR).
Demand response refers to dynamic demand mechanisms to manage customer
consumption of electricity in response to supply conditions, for example, having |
electricity customers reduce their consumption at critical times or in response to
market prices. This may involve actually curtéiling power used or by starting on site
generation which may or may not be connected in parallel with the grid. This may be
different from energy efficiency, which means using less power to perform the same
tasks, on a continuous basis or whenever that task is performed. In demand respons'e,
customers, using one or more control systems, may shed loads in response to a request
by a utility or market price conditions. Services (lights, machines, air conditioning)
may be reduced according to a preplanned load p;'ioritization scheme during the
critical timeframes. An alternative to load shedding is on-site generation of electricity

to supplement the power grid. Under conditions of tight electricity supply, demand

response may significantly reduce the peak price and, in general, electricity price

volatility.
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[00110] The DR state application may request the DR available capacity, as shown
at block 954. The DR management system may then request available capacity from
one or more DR home devices, as shown at block 948. The one or more home
devices may collect available DR capacity in respoﬁse to the request, as shown at
block 944, and send the DR capacity and response data to the DR management
system, as shown at block 946. The DR management system may collect the DR
capacity and response data, as shown at block 950, and send the DR capacity and
response data to the DR state application, as shown at block 952. The DR state
application may receive the DR capacity and response data, as shown at block 956,
and send the capacity and response data to the operational data store, as shown at |
block 958. The operational data store may store the DR capacity and response data
data, as shown at block 938. The operational data store may further send a snapshot
of the data to the historian, as shown at block 940, and the historian may store the
snapshot of the data, as shown at block 942.

[00111]  The substation computer may request application data from the substation
application, as shown at block 974. In response, the substation application may
request application from the substation device, as shown at block 964. The substation
device may collect the application data, as shown at block 960, and send the
application data to the substation device (which may include one, some or all of

Voltage, Current, Real Power, and Reactive Power data), as shown at block 962. The
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analpidall deplvatids) h&eﬁsﬁt?) thé gtid BRYe d0a); () pefs’mmgrgrimu&e snapshot
devi ces t he cus prem ses 179. Various .
M?ta‘mﬁé)pafaﬁpﬂé %t%‘i‘?éFh“b?li‘?W%@é updajingge gud state

mfﬁﬂﬁgtfo‘ﬂl th A coRHED; /Jp@%tl%ﬁgltcﬁarta stBie'in (fﬁ)enﬂig%ﬁ{b% forftlafas well

dependi ng on connands romthe operatio ontr ol
as feweehingl thé, inf@088pIed ﬂile[imlflt‘blwl fon pFnsg;tﬁnee §o\that l@oint in time
gr18 lflopo(l) ogy mg); gm esrlevsed]é?agl 1a%er poi point mlmega{ﬁ derwmg grid topology at a
point in time based on default connectivity and current grid state (this provides the
grid topology at a given point in time by applying the point in time snapshot of the
grid state in the historian to the base connectivity in the conhectivity data store, as
discussed in more detail below); and (5) providing grid topology information to
applications upon request.
[00113] With regard to sub-process (4), the grid topology may be derived for a
predetermined time, such as in real-time, 30 seconds ago, 1 month ago, etc. In order
to recreate the grid topology, multiple databases may be used, and a program to access
the data in the multiple databases to recreate the grid topology. One database may
comprise a relational database that stores the base connectivity data (the “connectivity
database”). The connectivity database may hold the grid topology information as
built in order to determine the baseline connectivity model. Asset and topology
information may be updated into this database on a periodic basis, depending on

upgrades to the power grid, such as the addition or modification of circuits in the

power grid (e.g., additional feeder circuits that are added to the power grid). The
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[O(ﬁ g]hl tl-ex(g:ltxrlérl% i?llulstgeyt\gs eE ngucflf!lglrldmyl OtO8 of the Non-Operational Data
processes. The non-operational extract application may request non-operational data,
as shown at block 1002. In response, the data scanner may gather non-operational
data, as shown at block 1004, where by various devices in the power grid, such as grid
devices, substation computers, and line sensor RTUs, may collect non-operational
data, as shown at blocks 1006, 1008, 1110. As discussed above, non-operational data
may include temperature, power quality, etc. The various devices in the power grid,
such as grid devices, substation computers, and line sensor RTUs, may send the non-
operational data to the data scanner, as shown at blocks 1012, 1014, 1116. The data
scanner may collect the non-operational data, as shown at block 1018, and send the
non-operational data to the non-operational extract application, as shown at block
1020. The non-operational extract application may collect the non-operational data,
as shown at block 1022, and send the collected non-operational data to the historian,
as shown at block 1024. The historian may receive the non-operational data, as

shown at block 1026, store the non-operational data, as shown at block 1028, and
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inter-grid operations. Specifically, an overall |NDS
woNed/ B swhi ch i ncl udes a processor and a MenpCHUITBN/00088S
manage the interaction between the various | NDE COREs
120. This may reduce the possibility of a catastrophic
optanjzatien,tan show atllacke $246; v therevapt bk fbdockr@d ke ta orfeosr more

ai.l ure cas
oRSER iRy STpetS ThepR b el e S2EFOR ifgRation
and\EBEndE Nt niledicGabmer fremisesagishevh BEpIG¥N M7 IThe HRY or
attenpt to correct for the failure in the Chio 3r|d.

MRFRICUSIATRET PIRIRIAFY MRS e dheRR Fignals: esshownia blosk 1 866,tand
sé?\ﬁ%ﬁ @Rl xjeg ng’é Ssﬁ@?xgg{"g%{l@%%r qhg‘fﬁy”anﬁgemé’]nft may receive the .

nelg or| eci fic exa

DiRLms;idnsaf;als shqzwn at HIOERE] IMK{ £ad 0R reégorfsbmmﬂbmolﬁtegmrrael&f
nctiopaliti (represent by

d
g opRiatiSnS ot Yl A6t HillE e REANdRe eSking glagsse, ds
shUWICAl bIRRI 1I0Y6. A TRE BilliRd @4takthdd and B ANFKRAE d§%5¥équ recenve

(MDMS) 121 and netering anal ytics and services
theeesparsEs.ofs shown ﬁb@l@p@rlw 1388t Hide gpetationscdata bys M@rmam;lso

ret:éiog mqu@ohgéélféﬁsu'naﬁ BWﬁtg hnd n%jndgfﬁé ?&)rf&ﬂ%n%l RS ics

Servi‘ces € | ncorporate
a\@ﬂsbzle eaiclty to/therDR dsm@sllécﬁﬁihpe&] shéen dt blouls $228. aliRVBR data
|ca ser\vi ces may

e.functionali f the a n
qREtaRY pRRRsuhY PR Rsanbd cbalaplcapatith sshawa block
13N 05RP&AS thedatld tﬁWog 1&k|datat5ﬁsté% shORA T MiBck 199, OFtled-
These processes nm e respon3|b e for interpreting

operations glatg pus may é%“tei/‘@th PBravailabilityaand sesponse, anshosmt bk
0, el R S MBI, P ARy ey
reesivdriicaigtapis shomnclt blckdB08.i The pravebdas mayb8@ddbl determine
oo 5% 8, i 92 iy Rotpes o B) SRR haeratis s To16ekc

12208 Ted @stﬁb&ﬁ@ﬁbpeﬁfﬁibnr @gﬁ&ﬁi‘on dyerecedod e gAd slOdla ks an
bl ock 902 g{ request may be sent to one or nore grid

evaRhessage fop b optimzatiomyasishewn a'alﬂech 1318. Usinghe gridistate
da'td"arfdQli@g'RSﬁ'ailﬁ’blh%nﬁqgéb%ﬁ.&e tlIehﬁsth 3% Fﬁ%g%ﬂéﬁ%ﬁBn may

operati ons data, "as shown at bloc s 9
rupdistrihution @atimizatioe ko genetatdistsibntiorndatalas shdwi ateblock 1250,

e e e .

- 129263nd 94y, bedskat toThecatmicetivityaaxmract applicatioh) ascshgm at block (ljZ4O
. and may sen

T gt lipal dtartis nigypad Hoh Brioctal 2% e disubuding aheration

appli€ikn, S2Bch TRrPREAY SéddviRlor %@Dﬁt Qﬁr?als’%%_xlﬁ bPhford BR

operatlonal data, as shown at bl ock™ 938
MagesmentSyslemg4black 1252). g evant bhemag tolRECSigFlERDdT ST the

om(, &Jhgregéi{ I\k%gglgent Systems (block 1260) and send the DR signals to each
of the DR Management Systems (block 1262). The DR Management System may

then process the DR signals as discussed above.
[00121] The communication operation historian may send data to the event bus, as

shown at block 1214. The communication operation historian may also send
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send a snapshot of the data to the historian, as shown

at bl ock 940, and the historian may store the snapshot
wadood/igotkat a, as shown at bl ock 942. 1001071 pheusebsoosss

state application may send a request for neter data to

the Meter DCE, as shown in block 924, which in turn

geverasorppartighie datas as shawn gt bleok ¢2 1kt @r, on asset mahagementdevice,

ta, Sshown at bl ock 920. In r se.to the
5§t e, PEneiRe e aesf i vy Bl TPEER Grolpbir as stovm a
bisk RO ThE ofdratedns Yhta, bus mehyseMest thé'V PPQlatad 8€sHdHraat bibck
the Meter DCE, as shown at block 918. The Meter DCE
148 and jsenskthe data to Bierassrd managemen devietuss shovm aidlodot218. The

SRR eI AT RE: BEIARE o8 Py A3 ron
systae iopgmizationeis showmaeblods | 360 amd seind M RRCHgitidoto th@event bus,

determ n er.it is for a single value process or
oS SRS 4 BorIGe BT dhepyest biSinay reseM e EBRiScAe B at
bldck 1256, %inll @énd dhE Wm%rﬁalyt%'th@diﬁfrfﬁﬁﬁﬁ opdritfor BpHtarflal &

is send to the r eﬂyes ing process, as shown at bl ock
stygg at|tlogknik2 Sge (The distritution opevatign appligatieromdy thenmrecedve: dnd

i e 1 e neter data is stored

P %E%ﬁgé g‘%@% glttef%ﬁé#%gl? %Jsg oarbé)?gas shown at bl ock 938.
{0132 pEfteetdoanadtiod @k macs tapplécation iag lexssn dswacustonies Bath, Hf

45 0 e b d Bl o
THE Q¥ cadtorbiOddta Ay be séfl €d B8 lorfdl stHiE/8snnd bRy HE §H3)(%J[1)1I%t block

illustrate actions relating to demand response
128080 that thegridstate eqraeetivity mgneeseive aemdRiconneptivitysdata, o
sHRNAASISkSHeFer consunption of electricity in response
to supply conditions, for exanple, having electricity
(09423 o nélite apeitarenayhsend osoosmoyet dverridetsignalst wizeal applicabde, as
or. | e et o market. prices., Thi y..i nvol ve )
st A R ORI The U e R B85 b b6y Yo MRt wepagion
apiptiostia@l. | The oMeiride sighidl May 68 Yerd & thb%n@gy nemhEemért system, as
Ifferent from

arallel with the grid. This may be
s Wé*raé;‘f?%#w?%?,éﬁ?ﬁ%}llwfa&b%aﬁ§hq»§1 #plockd 283 ndforithe
mB&elifg BAthbiRe SR TR0 BloclOR8R. CONt i nuous basis or
whenever that task is performed. In demand response, -
[08L24]onEiguresS3AE ibwsrage a fowaliagnam 1300 ef/the ©tagerinsellipenct
[ S utility or r ket
w85 Vil DO o8BSl bl S o

shoemdit biooks 1392, 1306, b210, 434,43 1 8 CThe chitage évents rdyeR) Nesed
jng the, critical

| pad prioritization,sch dur
byttgﬁﬁﬁgﬁhﬂ as shpva ?t&“_ﬂ%ﬂi . ¥ich iRy SewLaOHiFEF Svas & the
cogfyéN &eh o@c'fssiﬂg €CEP), 65 shoviPat BIRR! 1308 N Fudilg, Pzﬁ%ﬁlﬁ devices
grld._ Under conditions of tight electricity supply,
ang applicatipespay sendmgyves regiirdtianstatusy as gworeatbheskpdas, 1308,

i a [ ctricit ice volatility.
1935, CR T 0 he i BB Bl Lesorms B B sronds
(bloek H3309eprongss denseats ((Moble 13629 tandGenidéwnt d4a (msaamﬁgsrhe

used tlgi encourg&ii consSumner s Lo reduce demand, thereby
oufagg irtpiligenas applicakion By fecaivsy the eyt Antai(block 335 and request
gridl sefté AdC@nn8ASAS WtaqbRcR I EE)a ¥ o?éx%ﬁgnatl gat‘é%ﬁag ﬁ&g?@&ive ‘
to peak demand {plus margin’for efror and untoreseen
thesgawness Jor gridwstaté anyl qeonéctivetyraat (blagk f 341) aed dorevaad it t@bmndr
and capital cost requirenments. Depending on the
configuration of generation capacity, however, demand
response may al so be used to increase demand (| oad) at
times of high production and | ow demand. Sone systens
may t hereby encourage ‘enerd$ storage to arbitrage
bet ween periods of | ow and high demand (or | ow and
hi gh prices). As the proportion of intermttent power
sources such as wi nd power in a system grows, demand
response nRECTIFEONSHERTC(RRASI ID!ISAJEROrtant to
ef fecti ve managenent of the electric grid. [00110] The
DR state application may request the DR avail abl e



substation application nmay collect the application

data, as shown at bl ock 966, and send the application
walaha13ee7st he requestor (which may be the substmlt/os2009/000888

conputer), as shown at bl ock 968. The substation

conmputer may receive the apgllcatlon data, as shown at

bathftheoreratgensl data at%@datbg istoatanoAn ERaPenseothe igperational data
t 1

SGRESRE hERRor' o Lt s SR Sty 42 bORASS)

1p54ods Ehertmyramomdrdasebtde(blovk rll@46) he thgr ouﬂagetlﬁteﬁx@ﬂéb applidation

! ;
%8@5 i %g?&lﬁ 3?%7%’1?13? ?ffgle hS‘ntIhF grgcris a’é‘{/‘él"@ﬁ‘f‘ﬁ’h‘d data igdicate
 whekPthis WhEa ﬁ%&taey S3SRSWHRYbILAC] e If% )théTFnﬁﬁféBtaﬁgs are

and capturing grid State i nformation I’'s rel ates
serft@iaghe pperiation! datatbus ﬂdptlal Fi8ntp the mdmergarms databasevfas storage

L Qe AL ——

iseyerbd esd piodessed by khecattaganﬁanagaﬁéhta§sta;ﬁé(bwtck q3h2).
access to the grid state dat a)

[ications,
l%ﬁ 3 stihepupgednistligencepraprspesimays detsAHaHREeS] <t19sslf)y&log
mdRRhAHONRlerAfl o R &tdnt teferdl Aeq%ﬁage%o ;1 (50 Balibutage
grid state I nformation to the connectivity/o ratlona?
. regprationt mise qutagemeatppmxﬂpmdatte@ystcmrmtfoasarmImdlas

t th
D IE AR T -
phéestgei I"Mﬁ;i:oaipléb; é\ébhepr_opéusimg n:d}' kq%&) dz(ijté ﬁbng@:gd d/r:dt‘ﬂ&e devices,
ri 0 a point in tjime based on defau
asg%lﬁwaét B@t ?3345% %‘B@E\Pﬁ b &i{dﬁ‘a&? ang eennechiyityindespopsteto
thréfheSQRA) QIU g¥d atd by Eb eI ityl data th The &MnﬁlQ:P l:w‘/én‘i‘ BrdcB&ing,

point intime snapshot of the grid state in
assheworat bleck d 40heStnilaslyc tha misteriapi in yespansette thﬁowqe@t majy tsgnd
tail bel
| ? ifte §%/§{;lglstaht%3tcé ﬂ?eﬁ%?‘rgﬁgfje\}eﬂt ﬁ%?e%an tgsosquo a?Mobk ?4?0 And,
tha ppﬁlpbmtelvemtsarummng ﬂmye&texve[tﬂé) grid btatdy tdsmree@uatﬂdattaq and the

roces 4 ol 0 may .be derived for
e ERS SR i At biple 1S, e SEEI AP TIPS way sented domlhdata
asafiown bt B0k 1428) OFauttt data thhly Bé %ﬁ by Q vﬁﬁ@t&%@'&i@vﬁ:&e s§thi A3 line
nmul ti pl e dat abases nay used

t opal 0
Seatqs Bﬁﬁy@e aléﬁ%@n@ﬁ@pa@%as %h%»meat htﬂck$ ME dé%bérbeyanous
faﬁl@ dAG Pl ste! aﬁmg&i\ﬁlﬁyt ROLAPYwitd Fatd a3 2R 2r e§§1t1tﬁ3¥lbe substation

onprise a relation afa )ase that st
anebmeﬁxruevent;dewatlw @md@ara;tqmetm:x, as sl;ovdaatdibrm:er 480. 'nhe event

- ,.connegtivity database to

o SRR HhoiVe ST RRP S 1ciR %d) e end e Endsages o e

submain dialytion (6K V436y. Thelubstalos Bhal tied th @& Ehine the type of
i nfor tlon X be uEdated iinto this database on a '

eVl i block 14d20her mgteetwwvgrc&a@@l medtﬁn@nmnts. the

sugé'tétﬂ)n <§>th§ pge&% 4 28R g@é'm PR Ecﬁt hg\a}n% bistk ?&ﬁé SFor
in the power gri tionaP reeder ¢l peui

alltdmlmr typres of dviends, tthe ¢vl¢et lpaw\be regeived by ﬂfiee:vemdrm €blotk 1438) and

Seq§t b%%? g@y Q@tcons dersﬁ "?%gblgf at it does
130 BRI i Ederatng Gioet Thdlha T soma X S e PEoGepsing
mdyrecdverhe eebaniges(bloek 1AR0)Sof fiktheF Srobdssinge SHANGy, #id 1d
For exanple, if there is a nodificationto the Teede
stags jnd,fopacctivity maycsend grid state dsf tofthacdreplge event pragkssing, he
connectivity database may change. [00114] One exanpl e
of the structure 1800 of the connectivity database nay
be derived fromthe hierarchical nodel depicted in
Figures 18A-D. The structure 1800 is divided into four
sections, with Figure 18A 6§ing t he upper-1|eft
section, Figure 18B being the upper-right section,
Fi gure 18C being the -bottom|eft section, and Figure
18D being the bottomright section. Specifically,
Fi gur es 18RECTIRIED SHEEKRULEI DfISAPERERNtity rel ationship
diagram which is an abstract nethod to represent the
basellne connect|V|ty database The hlerarchlcal nDdeI

I T T

S A N N ~ .



send the non-operational data to one or nore anal ytics

applications, as shown at block 1030. [00119] Figure
wolbod/ideast rates a fl ow di agram 1100 of the Evetr/us2009/000888

Managenent processes. Data may be generated from

various devices based on various events in the power

showal atibldcls £4Q6. vA ad, tthe Cemenin Infrsmatidn Medel CIMjpyachduse may

t
T R e e L ST
[00E2Ty D¥he c&ﬁpl@k‘ @VWht %Foc*ékﬁﬁé(mﬁﬂt Qend anéﬁlﬂei'aﬁ n%gh%‘rér& shown

RTUs generate faul t message, and send th aul t
aﬁbl%’ag@ﬂ(i oTlnm@/eet/btmmmmelag tlﬁmma@ﬁt bigckdd42 0. Seffdh the

e%‘:?%éé&é %2% gfgeyéfagﬂ 9 &Xli,gggce @gr ?IE ?%1{143 " tﬁ‘ gzﬂ;? 2ge

ineRigage atpphtdmneumtechus theaﬁemruambaickhlmzyaﬂlre@esﬂ gyed
behavi or to the event

h|St0r|an m Sen US
stade, SORRRIYEY %‘ft fT’Otg s% as shawnAidlogkddass ggreﬁw\se to the
&ﬁﬁ?tf ARigRid\tAe Wc&ﬂx@éﬁvn%n&#Zd stai¥a dﬁ)%mi’éc%wtg Iafgtgiq)lock

|nteII|gence process, sScusse N Nore
1AQS)Falgw\eé\lawmncsendrayltslestdteadataa(blqck aAtd)y dite feneintelligemce

110. . Th
o R o389 e .05 s G ot 14601
The guemﬂaﬂaiiﬁaﬁ;e mgavecenydmrevemtba@ ebleme 46y hid 5die tihe Fhult log

o iorkriediL "Dreanl 1o le vt e yepidoca tlork kel Thicevent
. d%%y%soﬁyeeﬁﬁeleé@s}eﬁﬁ'dﬁ@ra(x%)da&qﬁ '(El%ts,k %2) Rh@ gnﬁgi?g one or

the évents sent via the event as shown at
mpro gpplithkonsKplosk d ¢6Pe é’onayarpmlgdbs gutqgl%méhg@ga application may
réEHiJe Y &e&ﬁ%&' (816K 11@ écg‘?s%ﬁ ﬁég%éﬁxt ?éféeeec‘cf chhgpﬁegﬁ?%e

st reans r process
Tb\’l evork shahapenmesnt k)etmmaywlsa rédw/eethe Btenbdsta i theSBANGL &vork
receive via the

b] ock orian ma
s S%%“ 6&1‘%—!0%? ‘ﬂ@ réfyemcr Fegyeting APRY3HaRTMmay eceie ihe
eaémah@cassl,a&ﬁatabgmnme event data may be received by
or nore applications, such as the outage

I‘}Pdﬁglger{@wtfa'ély el eqbpmcessss may deirespensiblg é@rcletermramg the grid
dﬁQ?A Xéri\‘ésinfo%ﬁnon %u?gﬂ'\‘%t Ghd Q ekl }Z]O%%awglﬂ’l il grid"@y

the event bus may send
Saqypﬂ‘lqaﬂm faolts may be dbtgctad osidg ltig: thtnle intalipait ppocekdes nMAdhult is

dat | deyij
oBRRUTR AP G PGB Etiimet Wlsdralicrla it
cdrfdﬁv\ﬂdw&gér&mem%iﬁmﬁl&% J&VF&G@OR@SHW SEhié R%\:esses may be

lin cesses Tequested by t
“%Tf‘ g? 3 ?Y cf‘b‘éfsaffﬁpéﬁ?”é{ é\smle%by ew cop¥entinndin faa!t dgtegtiqn and
' pr]i?eéf}on &dui Egﬁérﬁoj'}%% S, tt’ﬁ?esgé bfjassvpgg £JS lﬁ%rpmﬂ%%ih%% ‘&'WB‘E" the

| ect avai | ata
grah@amy ngtgadily ﬁete@tabla usmg faﬂmmreats bl ock 1204. The

O, TR, B8R o ol AR Pl i

allopisifor faals orbe (ﬂ&sﬂ‘l&ﬁ\dndt:atbk&%éd 124kentty, %otsfﬁdﬁ‘rw;‘emstsbﬁﬁa
(bl ock 1254), to one or nore DR Managenent Systens. °

syyRmatigofganizadonand cigssificatiomipr Sais. Arde-fectersiandatshmanbe
0 hown
CS&'bgg]%hif%lt?tge 95}5% ng% feﬁﬁ’ﬁolgm%% ?Eé fag{trgﬂkﬁlgénce}%ées? may ?urther
chamctsrigefaulte DR si gnal s, as shown at block 1266, and
"send the DR response, as shown at block 1268. The DR
Managenment may receive the DR response, as shown at
bl ock 1274, and send DR responses to one, sone or al

of the operations data bus 146, the billing database,
and the nmarketing database,4las shown at bl ock 1276.
-The billing database and the marketi ng database nay

recei ve the responses, as shown at bl ocks 1284, 1288.
The operations data bus 146 nmay al so receive the
responses, RESTHTEDWHELT [Agko H28A/r@nd send the DR
responses and - avail able capacity to the DR data
coIIectlon -as shomn at bl ock 1228 The DR data

o o " ~e~ o o o ' I
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portfolio data, as shown at block 1212. O, an asset
woRagRpBNt device, such as a Ventyx(r), may rggues009/0008ss

virtual power plant (VPP) information, as shown at

bl ock 1232. The operations data bus may collect the
[08130] daihe faulf inteligancetmay alsi déteabine dmudt Iveatibnt Raullddcatibe in

; a nt [ a hown. at bl ock 1218.
e BRI SIRATHETERE B ek e 0T B oot i o,
diffisultyhcamsediby DhiqaK cHaz@deristid8 oS the i MRIon by étain ABh 285
shown at bl ock 1236, and send VPP signalsS to the event

unbalanced doadmg,thrae-, Brocandisimae- phase latasals, Iacksofray 1 ecei ve
' . | 1256 d t.h

‘ Ser%/?’%”ﬁ?%ﬁa: S t?J ba{fﬁg&é ?&%%E&th,ncﬁ@krg P a?“.“%‘??a"g%[}ﬁ?‘? g'&f‘f'ﬁﬁ, -

varyingslheding adndiiamsk lohg Feedeheithlfiltiplo Litérals a0@ BE@idoN

lication may then receiye and process the event
°°'?F€£‘§%{5’é‘§ ;‘haééfed{% dacimented, olhis prasesseppblesthe siseia aamberof

tecRXGLECH iSNRL tKALEARD /
coRfiglact ARt HALLARN TR ML 3ith AHUHNREAIE £ Rcnfifiogy

allgyst. abase, as shown at bl ock 1290. The new cust omer

. he grid state/connecti VviLy,. as.

L A T R e R
processmedt dreatt indipyblisk Cailveengvio DR SenReut biéd ¥ fadfthas bé&h
[00123] The operator may send one

h t..bl ock 1210,
de‘%“r‘g‘m}aéés‘g%?ﬁ%fe@eﬂéﬁdg Riaracteived angd bolatedb) Bhis aEocessavay also be
resporiftife fo248ilecting, A& gl Qcﬂlaﬁh? 334 ae-ﬁﬁﬂl_}%gngsz[eh?trs Itsg éﬁatﬂ Gn

. distribution operation applTrcation.
indiyjidyiph Fauleayeplds saised rather than adelugy basedagaheraw eyentsahat s

. k : i L1 dat " h -at
oA B FHATS: P e B8 B SR e
evebt logldatP8&. [ 00124] Figures 13A-B illustrate a flow
' ' m 130 the Qute .ntellj :

(00§37 b Foebe it p AR vt 1580 oC reiMpoviBia out age
Maiigplehiehfpot &es. Meta Hav i atagbhmeft o %’mél}sﬂélvudé':%%nttlﬁte '

1314, 1318. The outage events may be col’l ected
managgment; aad coEmEpigaiPngonpeasivity 58 protoggh manageayensemd eldneent

B e L R S e T L

topalpgy fdatatriapagenmay. Thnbhasp cvmrectieisy extaict applish@driihay fjuest
316, 1320, The CEP

Q at. block 1304 08, 1
vas Qe P e it bR iob e Heepiaptic TnbumaigamSystems
GI lecdizd BE@ISckl 158 0L MR eh i
( ?e}hgﬁe\(/:e,nt Q?jeartegﬁ § bl ock 133)51) . Th.g_ag%? gg‘ee:bi%ﬁ%\éﬂn?ggvﬁ?e
extrag{ applicatiop (blagl 1 1 1dd-e il he bassconnestivityl axteact BpmiicktiarBBEY

- i LLYi at.a (o]

ks O 0L 0 SHE8F, AASARRCRLY ol (H0LP) ) 5o
basereonnessivity slatagp it @natativiydataonare tilock 1508)aThe édnnestivity

data%%f%ag 1der$a%{&fwa§%givia tthe:t doata? ra]lg sl?orwx? a?t bil?([)_:ci-rlI Sﬁ I4E D SHEET

[00133] The connectivity data mart may comprise a custom déta store that contains
the electrical connectivity information of the components of the grid. As shown in
Figures 15A-B, this information may be derived typically from the Geographic
Information System (GIS) of the utility, which holds the as built geographical location

of the
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both of the operational data store and the historian.

In response, the operational data store and the
wd‘io‘é&?kb%n may send the grid state and ConneCthﬁ*/ﬁS/z009/ooosss
ata (bl ocks 1352, 1354) via the operati onal data us

app

to the a e intel nce
APt AgYaKs 4 (O it AP RBAn HiisCHASOr B TPe BEat o
hléﬂﬁlc}ﬁ&{l ”ﬂ%t'méiﬂl&yamt Al thedofpbRetb 8F fh@ rgrﬁlr(klﬁasm&%nafeeder
nonmentary, as shown at bl ock 1342.
saetipmrsegments branch.dessetian, alrcmébrogimrateclonql swimctla etgusbasically all

tegrgl: Th50 Rotelfel ety s ragentzomnebviy SloGeti i duit
[01)3?&) aré thér datalexBactePpRcatidh ndySre§ilicdt Rl tadith %ﬁas@fe@k as
the out aqe managenment system (bl ock 1322). 0125

shprvr@ as blagkd Sl At dihe impsndata database sray rgegive d@tre@tesdbt@gééﬂ)
f

w858 ok PP PSR i S AR ) Rl e

measiacr @tackr;5 1 Bnles&acJMaagﬁ)rm\aaﬂtlead me dapxXbI@kSl)sSO)e @hd send

er f or manc 0012 res 14A-Cillustrate
thgn?qt*b%‘tﬁ gﬁemg b(OH%e &aﬁﬂkt %ﬁﬁ} el i gence
[0D1DReS IBS-CID @c&ﬁﬂalahmoﬁmmn M645 asth WardfRYisé ﬁqgﬂ%ek store
data fromone or nore devices, as shown at bl ock 1416.

thedatacasapipiva at binskdsL 8l EiMtreaysprasasibaniidity standard fprmats for

TR, 8, FPYOR B AR LR Mg o,
‘ infd’mlanomfrohi the lsmhaQid 1f5lamtx|llqr §t&ndatd1ﬁ)rﬁha6t@ﬁd ahe CIM data

é‘?onse trﬁ t]he re uest .may ﬁ\zﬁg t| me switch
- wasphhse mast giTiSe e demsrsigh OB SBER ¢ dafa tQ ApRPr ere
folth#S§ ksudH 49a pAREMbINRIlRP SRAEXd BMRIAE. Pr ocessi ng nay

receive the grid state, connectivity data, and the
[08336] c h The assst exteacs apnlisatian hy tquest IFormatiorsorbatvaisets, as

sh8 Y bR 153 TEAES el 8y el B hsve e RABLA PlogR P ame

sead fomsationron the new asdeblgblockn 84@)U Tteakied Bx At pplation ARy
sho at. bl ocks 1422, 1424. The various fault data

regi g SR BMAA AL P e pIoeR A 4 i ach TSsfog i logd

daﬁae(lblockq 585 afd b&idAhioPMafsiRby the Gew REet&1ARE CIRE &/4 WaRhouse
and characterization, as shown at bl ock 1430. The

(blogk Ab3Dus may al so recei ve event nessages (bl ock 1434)

(00 ¢ The DR e Rl ot QbR B O DR vopueciiy
dathe aseshomwment bhaekt i5g2. dhe epaalhqnaa_dat_s bos\magtseridl the IDRLéhdectivity

RERTEC I O I ey
daf¥BERansy redsive fveqalst Ml&‘kkl 534y Bxtrd® ’Eraﬁzl.fl)nﬁ’tlbﬁf DRYPES

of events, the event nay be received by the event bus
copnscH¥iky dataghloelk §5 3 randtsend the Qibnmmumednta (hlodebsi8hgThe

e e

extﬁldtrnbpi idation (Hileclg 1350).sTh¢ DRaddein€ctivitg @k ir¥dttappidiof AN
%E’ thE[? data.to the c rrEI ex event processing, as 40
rechpve FhrPRrsognestivitydatabioek 1544y ad sead sharDRicopnessivity 4.
(16611 5 i HEBERalicH 2 1A bLOMINRIRISH| (J B HEISRROHRE Y
send méta data to the conpl ex even progesm ng, as
corgigotirityalPMs Ivdukh dtdde4 the DR tamjectihvitydatap(bbock 560
processing may send a fault event nessage, as shown at
bl ock 1420. The event bus may receive the nessage
(bl ock 1442) and send the event nessage to the fault
intelligence application (block 1444). The fault
‘intelligence application n8y receive the event data
(bl ock 1432) and request grid state, connectivity
data, and switch state, as shown at block 1456. In
response to the request, the grid state and
connect i vi RECHIEIED IHELT iatee Bndagpmnect i vity data
(bl ock 1408), and the historian send swtch state data
(bI ock 1412) The fault | nteI [ gence rece| ves the data

I T

s oy



RECTI FI ED SHEET (RULE 91) | SA/EP [00130] The fault
intelligence may al so determne fault |ocation. Fault

woowatiB®ns i n  the distribution system may be aPCT/US2009/000888
difficult task due to its high conplexity and

difficulty caused by unique characteristics of the
[0Q#38] r i Bigureokp élyasttra;m & oW ciagramb&la o€ s N@tafénangn Agent

h | |
e S & inlfear e e P ERTo 1 1sefes o fiffn block 1602

Theinbtigeftn seBstse: ﬁ’nfay %Feafet/mgmrfy‘/uu%fe sc¥@drid Watch Addianseters,
conditions, |on eeders with nmultiple |l aterals and
A&E

as feaWid ﬁ%lmgﬁl%u ¢ i vesbspagh anayastere tlast craed/imaslifaesl/ deteied
sce% FB Syl ch( lﬁs e}seiugt ehg%]ck ?ﬁ@y fagg tl?e (EII\&%CE %Jﬁ%use may create

a 1@@ efidag agaastshewh acblook 0g)2. aA naie tralh@l@tle:’s%}vmﬁm&yl%hslate the
|ntelllgﬁnce may further raise fault event

dagdags for |hlsﬁorlftmﬂéocgfrkﬁdék@ndrwdéhee@at@w@ﬁ@blp%ﬂ6%&) The web
|y t C I
poh 2 BUAH ikl 1 (GR35 SPeRub . 5, VAR
redebvas alicedhta {hRilist (Hl@r;kenfszzbrﬁx)d ﬁnﬂ@xtb@ theaspidieaiidl sgeho(block
filterin col |l ati and de-duplicating

16§§>u f@tll@g ieatian agsnt iRt ist (lpak L2ow v dates padprrges the
llsfséﬁ)i?)%f( lﬁﬁmnaﬁi ARtk BR365hn0: Hﬁ?ﬁcraﬁ% @%’&}&hﬁs tHiadk M) 1f

pical during a a|Iure Finally, the
exc&ntlehi; mgwhog thaycanagod analfounsibhick 1632}, hmotfieation isgent (block

t 00132] Fi 5A-B il rate flo
1630 S e arectvrs iEsTna0en Mty LATR RS Serfls g the
nol{HEaicAAUBsHMEAGRITR62DY. OPRS S& FicABdn biEbABE ma30iebdive thel

nanagenent and conmuni cati on connect|V|ty & prOtOCO

noffipatipariime preercedamediam, surbrasriextge-madn lephona calk etesas
sh§\%iaf)lgl§£li g&%g actor managenent; and real tine grid
opol ogy

managenent. The base connectivity

[0&p39] acFigaspl 71 tlattraes Afywrdispiaatl 7009€ tHeaDdlRetihy Mefer Data
§a as sh wn at bIo k 1502. The Geographic
(AMAP BFIF8ESFDN }E%/‘é”créer% coléger)r mayreausskrssiiep H%‘ ”P%‘E‘U‘é%% as shown

at bR Hod 5é93 oxarﬂgresr%EIQCr%iatl ?ne&é‘s M&? CGﬁgﬁ 6%5256%%% in¥fel Yata in

extract application (block 1512):
responsedotthesmetiyese ilocict 702@ phd sendi tben rengenndonetvedath élact 5704).

bl ock 150 tract, t f
THE B chllecd el e SRR St Bodial 708) andSefa
to eRIupRdioMAlldattssabImRk 1 7( B otk &eBdata db1RcHEONBEEHE Hal Y

data mart may thereafter receive the data, as shown’ at
reqyiesicdermsergial arpbindstriginactendmacsisho vy atbipek h&22. @wgor more

coﬁ?x@%&lsa%defnc?\%?rsaq eq&g &a%rtc%glgct claﬁx &8 gt ﬁ{ nduggrlal meteli data in

rical connecti Vi ormati on O e comnponen

respf)n:tel’te tig ﬂeduesﬁ@bls&lom&) andFsgidrtBs cdihreBialtahtl Sndustrlal meter
tion may be derived typically fromthe

da@e(g ﬂ?Q) IThedpetet dadh caiestienramsiiagfeqens the ppmppreial and
md’&{rﬁlh n{%@la'r %ﬁtat(hﬁ)cﬁsl 79&" dld SRPARGRN db%tatﬂoﬂ&la&dtéjﬂuso(fbl(}cne

1726).
[00140] The operational data bus may receive residential, commercial, and
industrial meter data (block 1712) and send the data (block 1714). The data may be

received by the meter data repository database (block 1716) or may be received by the
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42 RECTI FI ED SHEET (RULE 91) | SA/EP conponents t hat
make up the grid. The data in this data store
walewornddses t he hi erarchical information about BCT/US1069/000888
conmponents of the grid (substation, feeder, section,
segnent, branch, t-section, circuit breaker, recloser,
bilking prokesset (lockbldBh,akhigh aday in hem &sseitsy ond hi modasystems,

veth asset and connecti vit t|on
suGtCRBY e fafS oA et aony St gt BT
[007aY ] ' ePMESEseF bRt ?Pd’%eis@f) @Y ARG $8d18de R oIOANB Iﬂbmtonng
bl ock 1516. The a data database nay receive the

pracespge sMoppiek thesesets withinsepeivereral may aroveldofficult 53 b):re may

| h
be 1fer R Rl D T P RS DL BB T S e
exaiapla s(dblstaﬁ&;nsl;ﬁamwl@@q;os@n&aﬁéf@rmg feodfth@upwardbef €t M

dat a war ehouse (bl ock 1522) é“}&300135] The M ( Conmon
millipnyrand cirewit Risakdry. Pteatimas.atibitisewanld dolittlesif apethingein the

wagt%itf?{u%lgzcis an\clgagr%‘li ?chir Snlé%? n"h?%% theCMz\él Jray ersgéctrhln%?eeatd the focus

rep resen Ing u

of thetwailityltvas lypldallg n@ehsuge that ﬂi&)pofw@ﬁ td tht @bssunie® was mamtamed
vail ability of information fromthe snart grld in

Spegi igglhyy therusilipapvas fosiaed on sehgduled msprayions(wh R enid s@ically
ocdB¥t I()) AC4drd & 1&1&%2&9@@‘%%1@ Qb M%t%ﬁggéuﬂ/}ﬁ?l? ?/Joﬁlcf Sccur

one or nore formats, 'such as a prescri
ifzsﬁaah@aud'refdomaqtomcﬁro@ﬂmejgrxafhe asset extract appl [ cati on

ue or mat,I on new assets,“ as S
[O(g%]: k el%@@@s 8 %%@tgc?eég‘F eg;ip3pertons Qe &V e H’@n r e q uest
maliftbRmke, 1RSI AY BsseEMBnitbYiY ﬁ%&és@& BBy fhes B8 WoASBBh-ased

(bl ock 1540). The asset extract |1 cation may
maintenange Spesifionllsr ifenE oartion (phall) s@e@rgr(dom@y: ke assessed

(suéﬁ ggéré ﬁ%é%lé(ﬁg or E%Iﬁp apf;c{g%ﬁ rHjle heaa}gl OCH%Ae pévtel!aro Crli(d 153%& ta

‘e new asse
impfehouse (bl ock 1536). [00137] The DR connectivity
extract application my uest DR connectivity data,

(00443 L h oipi digeussechehovesdasa mpwgve@ﬁa?rawi@ﬁ YRNQUHROTHRRS qfalye
po€Nghid HE t%sﬁﬁ’t@éh%t(b}/h &és#@E @gﬁ ggaﬁ amo gﬁ THY 4@l 139

dat abase, as shown e mar ting
theddieabasby ﬂaycenedeauﬁmrtthm odguestetdrblincthe b8ald) of theigridct

Avgiion Resing Dt OF 05 it Yufalobaugnty prgom °°

utiRRgioatnh@idking AtrgpRuBy, BV phind i the poRet gAa %:spevat&cv uélaga
to the DR connectivity extract application (block

consiugble yafety mreretin énei of ithg reasans det thispp Ithat atiliyreompanies are

SRR BT ) bt gy Gt
madgif lofi tiron ahnel At rereiso® f()btlﬁ)s:‘is tHb B2y utiliry cbmpaiiesim®hitbeng the

and connectivity DM which stores the DR connecti .vity
grig #ay nob P ewarfgécs&e exfent agieer ¢fjeapipgrgEin (hrpepey gyid is being

utilid, FRr example, if a power company is transmitting power through a particular
feeder circuit, the power company may not have a means by which to know if the
transmitted power is near the limit of the feeder circuit (for example, the feeder circuit
may become excessively heated). Because of this, the utility companies may be

underutilizing one or more portions of the power grid.
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[00138] Figure 16 illustrates a flow di agram 1600 of
the Notification Agent processes. A notification
wGemmsasdoher may | og i nto a webpage, as shown apChiUszke/000888
1602. The notification subscriber my
create/ nodi fy/del ete scenario watch |ist paraneters,
[004 44 h duilitids aﬂﬂo(lgzﬁxciﬁﬁ)épen'ﬂhﬁcmldemwmmtsif aaney headd

creat ed/ nodi fi ed/ del ﬁ.@ed rio watc ist, as .sh&vvn
CapaLIth [QUR PRBEBES ACE d’%éﬁ‘&”@é bty S1OMERg E- ¢z the
ambhﬁtof%\@ﬁ&&lshﬁgﬁ ha?ﬁeéﬂﬂm % % udddZhe HHTE ignorance,
translate service may trans at e data tags for rhe
Utilitis$ wull apgrédd the lpo®@i d)id ancecsssad . hEordaxiample dsedebtiookits that

. Th b d the data,t list (bl
are T4 BferghaE pHE CpET L eHieter B SPevHrE Ry Feedbtddeting .
bigda! RirkPhre1didtin (HR! f@é‘d%r Ieﬁg@x}sl Mdﬁﬁﬁﬁiﬁl fedéritcifts may be laid.

notification agent (bl ock . The notification
Th@g@attalcvr@tnsnem@rabie list (bl ock 1626), validates and

the lists (bla
10015 O sl o B eeess B B PRI B AT RS ggpecisof the
po@ m Is@aﬁasnmp@hbl@gnigf&n%ﬁﬁ&aéﬂ HRAItROE 0h®biNGhofdPSibins of the
, anotification is sent (block 1634). The event

grlw) ﬁ@%gm&ﬁltw@@smﬂmlﬂb@ﬁ Qnerpr (TS Feri @) thineridandd3)
anell%%l}x? uflpfatlgﬁtogz éS: gxtr ger Sorl‘#glgﬁg &ﬂﬁé élglt %‘fxlét %Sg 8}' ;rrtly gerglsors
maylnaeaaur[araﬁﬂ efahit 0 eHntiete amchloﬁﬁomﬁg(processﬁmd order to determine

tel ephone call, etc., as.shown at, block 1606. [00139]
thepsugrghigheptth jof thesrartigudar poTHeRy0f F &gida FioL PERmBIE, 4 prisor on a

I
poff 2SN bh B il oPLOGEARS, mEASH NG Bigolued
gaa‘s ob ithectkan &@ter. Ohlke mrmote asser msndmmmg altocmst:emymm use
SI dent i. g net er , dat

angigs B8ls b BRtsERm 1Bl TaHir oLl s oot BE BRARScras i ngwer

trafkdbn (SHeaRky drfitheallhhg. ¢PiME PRkt ] f%fﬁ‘t‘i&f of BY gfi@ G€hMhealthy,
the residential meter data (block 1708) and send it to

thetngeticyrs particrefi theiarid maysbe(fixedek 1710). The neter data
R e e

germepated fomportiom ofahel gtid dustder &l pre@iceti firaye aset legalth of the
c,orme i al. anl_g i ndustrial neter data in response to

portieas P ( ke 1"7‘2%3‘ A PUSSHIECSE KB e!:‘??l‘ﬁﬁ“é‘ﬁ gpmpongais- The

strés@ %L%rg 'n‘f‘gy 1R h&les8afi R bk RbRG At 113@% bmﬁte%ﬁt?ernt d'@fl@sensors

| ection engine may receive the ¢ommercial and
maly rpumsder amindimatozof dat sireSHbo e lpatizdlhy partcbrstdhhe powengriheThe

erBEhEH] SRRl Bl B i b 3B Pl ity

theGeIMR dGiadhnd RBY ahdIGitsthe isabssTBEBredRin® td Ple@iek thk Fhibke AEWIth
send the data (block 1714). The data may be received

of thy porEonafithe Persereride piisyicxampley theasmote qsgmdnkm_ﬂ_om@)prmesses

mag%%;}gnc\fl\%a?%s‘{s 15‘11 &Xer tpgarrecﬁ%tl \Lﬂe% PQ ; gﬁ%ﬁgﬁ? or(t lon o(‘f%he grid may

fails yad miaw scisadale rﬁSm&nQRM 1&1cadshmeﬁ (me&cﬁicuﬂexstly wlth) the time
rranagerrent syst e&gbl ock 1720). [00141] The

whep gherRagtigularperigneldas geid maay fily dmibs Wyl thasemaligeseet

i PRRLSBL LA RASSSRO. AR IR DS EIEHG, apg

di fferent portions of the power grid, sone of mhlch
are very expensive. For exanple, substations may

i ncl ude power transformers (costing upwards of $1
mllion), and circuit breakers. Otentines, utilities
would do little, if anythirf in the way of anal yzing
the assets and maxi m zing the use of the assets.
Instead, the focus of the utility was typically to
ensure that the power to the consunmer was naintained.
Specifically, the utility was focused on schedul ed

i nspections (which woul d typlcally occur at

pre- detern1ned |ntervals) or event drlven

a o - S Y o



1001441 Uilities also typically spend a considerable
anount of noney to add capacity to the power grid
wa@Reeasddhe | oad on the power grid has been gr omTyS2009/000888
(i.e., the anmobunt of power consuned has been
i ncreasing). Because of the Wilities' ignorance,
detgsmping tff the lifd of thautngmraolle of the goishwe toqgstiodt (4anéxctbatspartipy of the
circuits that are not operating

g”%gﬁlflgé‘g%g Y})onet hel ess be upgraded by

[0018ZP N GHHRY i 'tHcQ re(n'xot@ assebh@ﬁﬁbrlﬁ‘% pREeREEmadiafallyPe tHeutilization
feeder circuits), or addition feeder circuits may be

of 3 portion Pithe pysar gaidonerdes te orshgihgtpowver 200 basar. Fos example,

nItOI‘In Processes noni t [ ous
the Bl S B G P SRR o ot R i whan
its 6p6rét@:{g capasi®f ishaakhib félde PEiecuR exdBipte, PRY feh@is agdbt hbBitoring
(2) analyzing future asset health of one or nore
progwss:s wax defermie thatithe fegder qimpitdp auyenthgpaing pperated sh7 .

ThE e a8t SxoBRBMﬁ@%CQ%,e% R%K%Aﬂ?er rEéorn’?rhe St e paRiclar

feeffﬂfmtcﬁftlmtgl I eresedat 4 hi ghéﬂlﬁdrcérﬁagiﬂkﬁd’hﬁsrﬁf)%ﬁ eth:la rstifnt
health of the particular portion of the grid. For

magst%tﬁfmgéwceam%%ﬁ %ffat.‘/dﬂar&lr&ovigw TEMRHASF ORI [P AP EFES Ay

thuk RAAKIELRE O tivelicRER! ik Qaﬂé’cx gl#ot gﬁ %n&ilyélﬁ ltlYeelgt,lllzatlon
gases on the transforner. sset "o |tor I ng

[003 48] e e thodmjogyhfon Dﬁermmahg/Spemﬁo dlechnicaldetchitertugre i f

o 05,27 e et Bl S g Rl R3S
arcaaé&u&uhﬁrmwgel&le SImd, B ab oif thel SeMets BEMINDE RBfrence
particul ar portion of t he grid may be fixed. 1001461

Arqipteelyyer The methodaloee maysiaclude mpdwhﬁyg)f ptepe et gels a haseline step
I nec. n r
maf B8 ¥Rl B REPALAL Hoprh I AGLY AR5 pbigr Heu il and o
reapietd BESseknt foe tghsiton e Rmar@rid. hSétgﬁsldI zhf:HquﬁamiSﬁs definition
stress on_el ectrical t.s. The stress facto
steprﬁyiymgt pepfopned By gqryraélélgggﬁ% gﬁpoxéﬁgthﬁévbs State and the detalled
requitREN kd 8&tto tHibStafENSOrs may provide an indicator of
qt he stress on a particular portion of the power grid.
[00TR8] r eRbtd azebeonmemelopmenicsier mop bs psrinmyed ingentrating the
.€SS renen as i ndicated, by the SENso dat a,
aeiifiSt s PR ARy o8 srinie e U pRL G ot PabBG Pua G
including e heakllenht, nishiReinkiana cohtrd1N & ob WEINTIE hthitE@Ure, this
exanpl e, the remote asset nonitoring processes may use
may jirghudextha yesparingdeyiesr the sopumieationmetwarkdo p@ffstdataﬂrqn the
[
dexﬁggs t%) gl%:alﬁ:l)e]tilﬁﬁ) \}gOC h%a‘a gsf t@%m]gr@rteé@q%j ?gl)xcattlﬁns to
pef‘sisnamcwaw tb kte: v, tanalytiail a@prxtatmns o irltdrpreg thwﬂalmyha‘ @atia
his way, the renote gsset nonitoring processes

awb'ﬁ%iwr@tto mpéiel the anggpsured aad interprefpd dafa; thg hntseratl%a@mtacture to
t

excglrﬁﬁ élfbgac’ ta%cg Sﬁﬁﬁorﬂtﬁ? HCEWééﬁlqyl% grtl@ggf?t?%gstgfgff t.'hﬁ'?ec‘%ol%ﬁ?

infiasiragurese dunithetvaoogsiapiopdiony HEidaidbabesrandehe stmhdards that may

asset noniforin cess nal yze the
be ffloviedaf Rasbie o irySiy PRCGR FORRS RO R PRtGRder o
[00TBYRIEFJuth, ROURE n¥definp Sldye peERﬁm%& Wélfératf Qhé g&@tifon of
asset noniforing proceSses nay anal yze a

keyperéarmancoind etatarsramd swoeass factersdpe thetSmayt Ga;deandttlye is.
In this feeder circuit exanple, the renote asset
nmoni toring processes may determ ne that the feeder
circuit is currently beinglﬁgerated at 70% The renote
asset nonitoring processes y further recommend that
the particular feeder circuit nmay be operated at a
hi gher percentage (such as 90%, while stil
mai nt ai ni ng acceptabl e safety nmargins. The renote
asset nonitoring processes nay thus enable an
effective increase in capacity sinply through
analy2|ng the utlllzatlon [00148] N@thodology for

~ o ~ o — N a "~ A ~1



i mpl ementation of the ability to neasure and rate the
system performance agai nst the desired performance

w0 0¥/036875 The di scl osure above rel ates to the pCT/US2009/000888
Archltecture devel opnent aspect of step 3. [00152]
. ures 19A-‘% LI ustrate an exanple of a bl ueprint
"BP W%@EO? PHRe GPUEK I meagye. and resaﬁth?syse!’ga?r&n@m pgainst the
dbdi }elel%t:ff@ltrﬁaxﬁe @z{c@&t@s ThE LR Wo@flretahgvesrgﬁa&% th B ARRYteQfire
undertaken to define the smart grid requirenments and
devebopsnempgspehtaf stapy3.be executed to inplement the smart

lﬁ‘?ﬂl a TSR VB RE 15 cRBRR G, 58, HicPiRs BRETsas ow graphic.
é&ﬁéa‘ﬂ? F 1%6&@‘4913@3 |111\95@1§{e9a ;S}Bcésg BloR SHiRE Steps thﬁ‘lt m5‘§a¥e
ea to the smart grid roadmappi ng process.

updeai@kento; d¢§np thecsemast grad raquigements pad g isteps thag mm dpeteaecuted

in r Qv
9 ﬂ{%q%%{gggfé Appr o %ﬁéglwﬁtgﬁgp %Yﬁﬁc{p it B%IOCF @hﬁ‘?ﬁm witha
srgant gdrid msidmede@empmeht ofhidhhag oiidine thétdveiallygoaRtoT ity %l@_%()t that

Bl Z%a rlgl ng | ude an overall roadmap, whic
may e %P@p%?%sse\fél?mqumgesamy lead

- td B rfnﬁﬁ%[hﬁ&m& 6ddinigt i on and anal ytics sel ection
RDAS he RDAS pr ocess may create the detail ed
| é5$ln| Blegprigting mayproyide ¢ nsethmiwi approanieto theyddfohition of the
BAR the starti.n
51{18"9%15&111’1 tEQ% e utEOfQE grﬁ rg' utili er%r];ses»?z\xeé)ﬁgmng' &%P‘agde an
o\daeau mesmap,mluatp praiy daidl to rasbat;coms WRP Oy steri @lalualibh @BASE) and to

abllltle The t.part of the process is
a GabBrBENS AEitionnd HAbHieh e o RDASD The AR praegss may
credte iHedR il defigitibh oF HeiiiBy' ¢ BpeR i ARl &id.oN.

transm ssion |lines, transm ssion substations, sub

(0013 s mT§§ BaYSH Pli‘?égﬁs mepysastablish the stagtirgspoant] fonme utility, in terms
C id,devi
of S He R /RIS S MBI BA O RTREH s by EbEb s, The
ﬁx\sqbarag'ehdpmpessonpedwatoprassyslkmeﬂi&remoni ef tht igeid) which may
S gst at,i autﬁmsl.5 gﬁuch as | EDs, .substation LANSs,
ingly ‘étflf ue ?Saﬁel“ HpRs SEaNSBISHOR Uines, frapsmaissipRut i on
substhtdsrR ] Mbﬁra(nSMibeoﬂSm@@ izt bitlon30Bs 5 Wnk Cdlstﬁﬁﬂﬁérpfeeders
fault isolation and load roll over control S;

voltags elassan); &id Q%?eé&suchmwnmwomsmnmtommmx
R ) cono | S0 00S 3) SleBlo SRR G s
suw@tmrh@sls,omttumaemt@ndstatmrsm’ﬁls!t/adsmmtsas) dettﬁbutfamextddimon

(ol 48 Refon e &b Rcora et tin el %@Hébr'nla% IpEC
cosxrdaﬁhsd sysiin@ DMS; Dafnahd R¥E &qum?d“g@n@ntsy tere : g,gaam
ur at

may al so be creat ed. The archltecture conf|
Sef(SARdfucaraééé%ser RS, d’@mntfpu%@s,paznélcpmtﬁ an ydnsmlumongrndsl, on

[
e RIS Rhedld 1h lofinl: Bl e Mg P SRR
evalgtioapf timASHitp agma:ﬂSt higlelpuelrsaraeryril readin€se isddebindy be
t he. RDAS, proc nd the | NDE Reference
crealefht BSIAAPIY ofchrod ey PECH ARG Fe¥ RIS PecRved hat
Theefhfedthie c§ﬁ?ﬁ’€ﬂr§ﬂ1&1 QEROPpratest Hf%iy lﬂte{/élbé/x Allithihd3 s nﬁ%ﬁﬁi
advant age of the appropriate | egacy s Pens and that
techwgal srehiteetyre foe th%ﬁélty gy aembiniregt theiifermation fioen thiei | i ty.
Use of the I NDE Reference Architecture nay avoid the
need to invent a custom architecture and ensures that
accumnul at ed experience and best practices are applied
to the devel opnent of the solution. It may al so ensure
that the solution can make4¥maxi mum use of reusable
smart grid assets. [00156] The sensor network
architecture configuration (SNARC) process may provide
a framework for nmaking the series of decisions that -
defi ne t heReCTIRiEDESHEFE (RULEO D |§ALprut ed sensor
network for smart grid support. e framework nmay be
structured as a serles of deC|S|on trees each

o o o .
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[ 00157] The sensor allocation via T-section recursion
(SATSECTR) process may provide a framework for

waledensdoni ng how many sensors shoul d be pl acedPOnUs1v89/000888
distribution grid to obtain a given |evel of
observability, subject to cost constraints. This

BAYE prosesspreguutmontd ené constrinth &oseths RD A pesceanahd the INDE

-~ pdeocatipns. [00158] The solution el enent, eval uati on apd
R R Ricqt R R Eatencep s Bty shest e ST
neédsasTRN®Kith Qhd ey kakat a@hredge Tt Ao AP RPEEY sys¥dRSand that
and provides a_design tenplate for ‘each component

cogfiosras to the eonyirgpitathat apigt atdhe uiilityaUse pEthe AN®ERefetentor

cifications for each of the solutjon elenents.

AGREEL B RP RS B P i 2 Eed™ Hohludeany ahaes tha

ac@limmiladed @ﬂ%erﬁ:ﬁ@e hied Besp Fﬂfctipeseam@l BpPIRIAAE ks dENRIpunt 8 e
[00159] The upgrade planning for applications and

solytippyo Himay alfm aprothatibs solwiipn spmuiale nfaximuewst of rramable

. to upgrade of existing utility systens,

SH%%&?F%% |%ns, and networks to be ready for integration

[00156p aTkermborgictworkadrtliite@fure THEfiguiratiora@MeSR TP Pocaditnay
nanaggnent g%?nning (RAMP). process may provide an .

proyaded SpmRot for makingsdig spagserf diriskpns tat idefipe tearehiesture of

. , L Lo .

2 O B bl £ ok BB T B ) B Bfrured

as a densioffidecision gices leante ntigntadth psmeeciftlesspadt cdsénsonn@hank

0 reduce the risk before the utility commis to a
archleffieo Aot i elec ng Botn reanadnaeistn agayeherchi ineng
didgfATAMRY Her@&R&E nay anal yze the process and

organizational changes that may be needed for the
[00157] i t Yhe senperaliogatiarheadasagtionfequision (A TSIHETH) process may
proy Bl ROR SRR B Ty S oY S TEPE BT b e
dissyeion@ridze dbwuirt h giviea Ievabt overehbilep] apfabto cobheorfstraR.

rocess may result in a blueprint being generated.
Thisgeesss men@lsosletrrayng thesarsoy A1Nge aned RSPHGRS- pr ocess may
[00158f L PhS RN UfalTBS bhd SomBBHE BRVIERERT)
estimati on of cost an enefits. e esti I'oh may
prdcessdmaoprovederufirirdewgrkafor evaduationnafiselwt@aesmpsneadt tasesand
rate case and business case, which in turn may lead.to
proy S a3 ien PR e S GBI S TP PG ALY Q9B ain &
ref¥@htemoBelabl §HaciTRYUtORs B8 BhcH 8f thBSolutibh blethehQT These templates
approval , which may result in utility system upgrades
mayteensbeaused ¢ reguagpleageremiosationg and srksuppdu vendm/product
ewﬂﬁ&+)gties. After which, the grid may be designed,
urtt and tested, and then operated. [00161] Wiile
[00u5DF | Tivewpigrade flasnibe &t apbhvtioas end asevorl@PRINAN) process
connegtion wth thefpreferred enbodi nents, it is
may praYen forideselop@eptnfr Ripm Hyereradroffydtmg asilinonstams,
i+t ' : : . fromth
pRlibhey Bnd ferbBAS o FRILAA OE Ao Tl RS Rd sp Al The
riskaassessarent ehd menageimeny plasning (RANIP) procassfniayaprevids dn
hardwar g .t hat may be utiljzed in practicing the
PSR oSk et e ARG oraeib ol e e bricpolution created
in @At Sfodes WHe@ﬁLﬂWﬁces@%%ﬁF@s@&é A e R{%ﬂpﬁed
with reference to acts and synbolic representations o
rislhplemgnis@nd prévadesaameacpion fptanrte deduce aherisk beforegthe utility commits
el ectronic devices. As such, it will be understood
that such acts and operations include the manipul ation
by the processing unit of the el ectronic device of
el ectrical signals represeffng data in a structured
form This mani pul ation transforns the data or
maintains it at locations in the nenory system of the
el ectronic device, which reconfigures or otherw se
alters the operation of the electronic device in a
manner well understood by those skilled in the art.
The data structures where data is maintained are

. o a1 o o o, N . I



a first portion of a bus for communi cati ng operati onal
data to the central power grid authority, the
wep@pasdisehal data conprising at | east one real PCT/IB2009/000888
nmeasur enent of voltage, current, real power, or
reactive power for at least a part of the power grid,
to ahuild-out. The chesgnahabysist armtmmiagambmsplﬁmring orAMR)atroeeys

t data to th t l. t ity, h -
e 5apyac Rsehe e B4 FepbbizAtio By Einelh ik By BRaeeds fbf i vty
to #cABzEHe Vhlud J ThdGha10 g $lveSedent ARMMAPPrdlgdd ¥ BEhiEwRIN
the real -ti me neasurenent and conprising at | east one

maaagdnyent pkan td sary wuhtieseochaagestio agpamat synchumizedeviothersmart

e ey el B cRANTE ik e st £ Bt nblyPRfaa o4 SPeRied

[0016DFt PiY foa@ihap Ml thRQlaleONBALNNG Pr &l sy indy 1d3d 16 SFNFing value
portion, and wherein the event data is

meérmwhi%lan@dle@d to etienativai gopand |b9mﬁfa$}dTh@¢snmatlon may lead
to thg WB %%tf%g %l %oré1 8 s%%{sﬁ&} Qsoe{ }a Sy {3 and busu?eﬁs case, W ich in

I ntegrati on ramevvo erel

turfd (Matyl lead @fa ¢d3e clogbreC AMplougRs oﬁblﬁlbpﬁﬁtnfgegﬁﬁﬂé valaé niddeling
second portion of the bus conprises _a second segnent

may s SPmrtgttheaWéihté’é@b?fd’r%‘@éMF% MRl fE e ek B Ades
and)f}g&?n gga %g@r ?hlénts and rﬂété%ddzhsg 5@% {b fm&%g% d?{ grid may

nprising east one sw
be desagnez, byltand|tesasd, aadﬂwntopefatccﬂata recei ved and for

the data to one of the fi nt and. t he.
(OQIBLh e T eniion SicbeRhehevm enacseRERbIoBRG o Sithihe
preferrdGhBIdImbRE, f id SHpaRAt fHaPlerRin &mg@yﬁlmmﬁmms%
first dedi cated segnent dedicated eXcl usively t

ad@bm’emihoat naytierned abpes aial baapadddtem therbdsic featurewloé thas n

il RO P ot B PR O3fy 3680 anc
hax@lWXPﬂJﬁth@tay b utiligeeMmgiictidatgithe Mvediién,iall @8 idtémidn is not
framework of claim1, wherein the fi rsthortl on of the

limited te gw;ﬁxagl@éesaieﬁqrr@é apQe- ahf inNentioscwtdeparted o thoreference
|
to JiCafiy o HRIrb@SerfarRAE 8P pcifons AU ard B Idtra b Bnblof Hore

I'y separ at e Fromt
electronic devices. As such, it will be understood that such acts and operations

include the manipulation by the processing unit of the electronic device of electrical
signals representing data in a structured form. This manipulation transforms the data
or maintains it at locations in the memory system of the electronic device, which
reconfigures or otherwise alters the operation of the electronic device in a manner
well understood by those skilled in the art. The data structures where data is
maintained are physical locations of the memory that have particular properties
defined by the format of the data. While the invention is described in the foregoing
context, it is not meant to be limiting, as those of skill in the art will appreciate that
the acts and operations described may also be implemented in hardware.

Accordingly, it is the intention of the Applicants to protect all variations and
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6. The integration framework of claim5, further
conprising a router for analyzing at |east a part of
walatoa/18@cei ved and for routing the data to oneP©f/Us1089/000888
first bus and the second bus. 7. The integration
framework of claim®6, wherein the router anal yzes at
deeﬁ@ttloon’etlhm dtenlid mc@}teeofdbm present dieteation.nB isvmtdrided thao the
t t bus or. to the second bus.
injgRtgg pe 5 gr% srﬁolrorvgﬁﬁ SIS dRcleding 4l SIUNAISAST 1 t ho
router is located at the central power grid authority.
9. The integration franework of claim11, wherein the
first portion of the bus further communi cates
non- operati onal data, the non-operational data
conprising at | east one of power quality, power
reliability, asset health, and stress data. 10. The
integration framework of claim9, further conprising a
‘third bus for comuni cati ng between the central power
grid authority and a billing system the third bus
bei ng separate fromthe first portion of the bus and
the second portion of the bus. 11. The integration
framework of claim1l, wherein the first portion of the
bus is operatively connected to an operational data
st orage database and to at | east one of an outage
managenent system an energy managenent system and a
di stri buti on managenent system 12. The integration
framework of claim 11, wherein the first portion of
the bus is operatively connected to the operationa
dat a storage database and to the outage nmanagemnent
system the energy managenent system and to the
di stri buti on managenent system 13. The integration
framework of claim1, wherein the second portion of
the bus is operatively connected to an event | og
storage database and to at | east one of an outage
managenent system an energy nmanagenent system and to
a distribution managenent system 14. The integration
framework of claim 10, wherein the second bus is
operatively connected to the event |og storage
dat abase and to the outage nmanagenent system the
ener gy managenent system and to the distribution
managenment system
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15. A nmethod for communicating data to a central power
grid that nanages a power grid, the nmethod conpri sing:
W@ eownusdocat i ng operati onal data to the central PEDWS2009/000888
grid authority on a first portion of a bus, the
operational data conprising at |east one real-tine
nmeasur enent of voltage, current, real power, or
five power for at least a part of the power grid;
and , . co ni cat | vent . data to the central
L powin igfsesrtion; F?mwﬁﬁr §C§@@B}$oc°ﬁawfelmoafmgl BE&IY he
poSRE A AP HahSRs R ﬁea{hetiﬁeglaaaﬁ tlfelolS Lo didN.
the event data being distinct Tromand derive ro
t he arfgsal parfioreofiehsuios temmuanutiog operasomy dath td wst one
nal ytical.,deternmnation as tp operati.on qf the power
oo wbhsEic hoRE IE drltulren B SimisiReerleast dretiahe |
i ¥RERuFenidhe OPQ&E%EJ Qltnt, d8d1Foer, (R TEARVE Bb&Er fk 8¢ t he
first portion and not communi cated via the second
leasbz parbaf thapawer grid; apder ei n t he event data is
comuuni cat ed.vi a.the second port.ion and not
comreRugidh 8 4 R BF FOPmyBRAlb S st e sspigy of
poSkagiid dathomtyiteisecdriepdriios beif@ kdpabdle Blont the fRstdortion,
conprises a first segnment and the second portion of
the ¢yenhdrda beipp distingt from apd darivedyfiemithe regbtimemgasurement

. i na.: dis f . t same

anf AP E BRSPS E R U RS P 21

poper giidbasefl ohhke ftusast onprdabemeandastieinededi cat ed segnent
dedi gat ed excl usj ve to communi cating the operational
dat a@lea% the Operatme%%lsm@@%aﬁeﬁ b@?’?ﬁ Ewt BPrlioR@NGus

nof &ihbSRSte@ vRaRO Bt oA YorRine dnFegment dedi cated
exclusively to comunicating the event data 18. The

met dgreh thel event delia isoareumicatedvihithe secpod portion @hd nhie

bus conpri.ses first bus and the second portion of
iR eyt

COMEMEEECC PA"Lcond bus, and wherein the first

2. bus Ths ipbyatied faihesopabBé1gint 1 OWhdrbid the GEA GoRd.of tHS.
The met hod, of claim 18, further conprising: analyzing
bugpomprises afirgfAegment apdithe pecond pationghdhe bus comprises a

second segment, the first and second segments being different segments on the
same bus.
3. The integration framework of claim 2, further comprising at least one
switch for analyzing at least a part of data received and for routing the data to
one of the first segmént and the second segment.
4, The integration framework of claim 2, wherein the first portion of the
bus comprises a first dedicated segment dedicated exclusively to
communicating the operational data; and

wherein the second portion of the bus comprises a second dedicated
segment dedicated exclusively to communicating the event data
5. The integration framework of claim 1, wherein the first portion of the
bus comprises a first bus and the second portion of the bus comprises a second

bus, and
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routing the data to one of the first bus and the
second bus. WD 2009/ 136975PCT/ US2009/ 000888 20. The
woreaoaskses cl ai m 15, wherein the first porti onPOf/UB1069/000888
bus further comruni cates non-operational data, the
non- operati onal data conprising at | east one of power
quahiheyein peviest buslis phydidally sepaste tfrone dletsecorginiahsst r ess
sfem for. a power

dat 21. Adtarra sy grld
 t he 1pGHRIFETgHoY re@ﬁﬁpﬂsgfﬁcgﬁgl S dtthellcopistheg fogter Yo
anzig#& QG lest Gt PR UAG xeeelwﬁanra%ﬁg)u%g thedifla B dHeWirahd t Y

dévices within the power gri dat a managenment
ﬁrsijbgsemdth@rspcmnshhmg data storage associated with

a d |ce 05|t oned sec aof the grid, the data
& ot e BRR RBET R o B fvitsgn e Rl iyt

leaStedhi Hagd @ in BleCdultd {oChtherRARAWREEBEr thRodB eSS {PMe Frstt e
grid, the data storage conprising a plurality of

buﬁ@lhf@rt!?e $agond bahis for storing the sensed el ectri cal

I e A

the(&ﬂfrﬁlqjomtgﬁdslhﬂfoﬂg}e conprises links to the nmenory
| ocations in the data storage. 22. The data

- mandge iepgratign framewpricoflamph, whenin shenfitshporden of ghe
Wﬂ%ﬁc&n@rﬂuﬁ)@%g n8i- ger‘&&&{%f pi&sthgfﬁ}{-v\%&%hbl‘?z{l 23 The
m of clarm 22,

dat a rranagerrent Sy St grern the data
comprisiaget lass oae af ﬁ@iww dqualityh powemxetiabilio assenialthesnda
nmenory that is located in or on the substation. 24.
Strelsﬁgo@at a managenent system of claim 22, wherein the

10Su b%@ﬁﬂt@é}aﬁ@rpﬁ§mt3@§rﬂ ofMfaif thﬁh&%BHlpﬁ]gmg%Wﬁfrd @[1& d
aut hority; and wherein'’t ent ower grid

forgommaymi¢aping tbetvesntthecdnittak powert grial asgtmiritpndlabdlisg orage.

system, the third bus being separate from the first portion of the bus and the

second portion of the bus.

11. The integration framework of claim 1, wherein the first portion of the

bus is operatively connected to an operational data storage database and to at

least one of an outage management system, an energy management system,

and a distribution management system.

12. The integration framework of claim 11, wherein the first portion of the

bus is operatively connected to the operational data storage database and to the

outage management system, the energy management system, and to the

distribution management system.

13.  The integration framework of claim 1, wherein the second portion of

the bus is operatively connected to an event log storage database and to at least

one of an outage management system, an energy management system, and to a

distribution management system.

14.  The integration framework of claim 10, wherein the second bus is

operatively connected to the event log storage database and to the outage
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25. The data managenent system of claim 24, wherein
the central power grid authority accesses the link in
WO b@oasdws al data storage; wher ei n t he cROT/U&2009/000888
power grid authority sends a request to the substation
requesting data associated with the |ink; and
maghagera¢m systemchntenaigy poasegemgentdystemhand toythe disaibugi®na
response fromthe substation conprising the data
MANGEIRFUSEE i t h the 1ink. 26. The data management

158y St MetodThRédMatnic &thed eh@en%‘épg&\\?m&‘t %’ﬂlt et hh8foes

sends at | east one header associ ate he 11 nk:
a pamgr guighe methddecopgmising: power grid authority
- conprises: .. a.first portion of a bus. for .

commmERIge SpRtons e 9 e Rl PRIV &hidraarhasitnar
a ikt gbriget GO bilsy theldpRraRRaAI At DA prisit BatQOP bhSteABtiRfe

| east one real-time neasurenent of voltage, current,

meaggemgbhafrvoltage, coment 1eal powess of gactie Hoaves foraat peast a of

over. ar.i,d: and a second portion of a bus
pa’%tto%?ﬁ%onmmeﬁ' (r:lgt?nrﬁfg event data to the central power grid

aut keminfunicating es@t dach tpakid tedrabgiweg gty bham t he
first portion, the event data being distinct from and

seepaflipPEEPIF A drhus hide seeandipogiionieing sepawaie framdhe 8gir i si ng
I i j ' t Q. 0 ation
pofffor; R eAE LMY Hichity tih FATH ARt IRl al2REE S | D7
mamsasmertnadtcomprising avkasedne dnhlytiogleteatrimbizdiondat@ i S
communj.cated via the fi rgt ortion apd not
oPEigHAR AT hgPayey pUd PRedLadBR At Bt PG Fral Umg measuremghb e n

t he yaieRdh tfRrdtDnSOIIMRI B inGthidhd {iRehSHSPPSHiBRGAE ON
and not communi cated via the first portion.
not communicated via the second portion, and
wherein the event data is communicated via the second portion and not
communicated via the first portion.
16.  The method of claim 15, wherein the first portion of the bus comprises
a first segment and the second portion of the bus comprises a second segment,
the first and second segments being different segments on the same bus.
17.  The method of claim 16, wherein the first portion of the bus comprises
a first dedicated segment dedicated exclusively to communicating the
operational data; and
wherein the second portion of the bus comprises a second dedicated
segment dedicated exclusively to communicating the event data
18.  The method of claim 15, wherein the first portion of the bus comprises
a first bus and the second portion of the bus comprises a second bus, and
wherein the first bus is physically separate from the second bus.
19.  The method of claim 18, further comprising:

analyzing at least a part of data received; and

routing the data to one of the first bus and the second bus.
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27. The data managenent system of claim 21, wherein
data is stored in the nenory location in the data

WG @vag®;ys wherein the central data stor aBpeT/vsmoLe008ss
the link to the menory location in the data storage
and does not store the data stored in the nenory

201 ocdhe arethod2&. claihe] 5 atlereia tiagfensepdrtisy of dwmbof fiitteirm 21,
wherein the at |.east, one of the plur %?t of .devi ces

commUR|cAtes AN SBRERHORH 43 e Brpgtansererational data omEriviE Boror

leaB & 0T POwer ﬁ@ahtﬁ‘ ﬂb@\y@? ?el%ilgy MRAAGEIR and ¥GE8 MafaO"
managi Nng a power ‘grid, the power grid conprising a

21 pl uadadta ;naoagegman(d sym«m dersa pavne goowthe ppvied gridnagenment

sten1co n ower. r|d aut har,ity for
com{RIG AGETIA PRURLEr Aoty Tor Faging e R cqeantie
pluRARY b 88AEkes Witlan fthd ﬁawe%w 82 data ltnaﬁaggfrieﬂt sylstegn fi 1 st

devi ce conpri si ng: first sensor for sensing an
compmgingi cal parameter in the flrst section of the grid;
a first Ihe sense

rocessor, for..a trical
® or SRt ARG e M LB Rl nEe SRR oS pEe
gridahe aafa@tdﬂggeamueg/ﬁr@kubﬁs eslthenieliRe, the dswibe Sdnstigrancal
par aneter, and a second grld devi ce positioned

elertsical prsarBetar Welbe pesiionfof theegrigh ithe datsatorge SAMPHEE e
plug@gg tokglep%mocago%safo %%Ppg 1 s%ﬁ? déf%ufl&ﬁ g&%&%‘}éﬂ Qg the

rst evi C
nodafcgntia data dteragd aﬁoa&t@ﬂ ivdth mf: ct::ktml powver griodputhsiityg

wherein the central data storage comprises links to the memory locations in
the data storage.
22.  The data management system of claim 21, wherein the device within
the power grid comprises a substation.
23. The data management systefn of claim 22, wherein the data storage
associated with the substation comprises a memory that is located in or on the
substation. ‘
24, The data management system of claim 22, wherein the substation
sends the link to the central power grid authority; and

wherein the central power grid authority stores the link in the central
data storage.
25.  The data management system of claim 24, wherein the central power
grid authority accesses the link in the central data storage;

wherein the central power grid authority sends a request to the
substation requesting data associated with the link; and

wherein the central power grid authority receives a response from the
substation comprising the data associated with the link.
26.  The data management system of claim 24, wherein the substation

further sends at least one header associated with the link; and
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the second section based on the event, and for
transmtting to the central power grid authority

WO ndoons@rs on i ndi cative of the nodification of Peh@&sSzne/000888
| east a section of the grid. 30. The power grid
managenent system of claim 29, wherein the second grid
deviwkeramdhé cedrat pewaenid anthafty chmppesser grid wi t hout
interventién of the Ctﬁgtral ower, grid authority. 31.

The power? Bt BOTHQR Q42 Rus foreoayuicAing ogerational dgftoei n
t he ' ' : [ : t aLil : 2.
e BEEANEM Bone: SR AR Bo e PERiBA B Aying o7 |
at |least pnomel-fimederaseieneni of erltagatwsreht, oenl phwer, or

subst at i on; the first aensor of the

st of
1 SRR ot forat leastctunrt piie Paver fid andor st or § or

at | east fsdeghd p&itioh BEabES A cofinitiidting e38nt dhftoRRYET
grid nmanagenent system of claim 32, whérein the second

gr i ccedtreli provelr grid aathocitynhe scegndipetion bdingeaparateffpom

sensin n el ecgrical rapeter .in the second ction
of e Rt partio e eVt R A0 A ol andiasedEd
anal e esl-tihke ByRitentéat Sidedastidyg htheast bh&hndyhid] devi ce
and the sensed el ectrical garaneter in the second

sectdespmanationas ¢ prpratipropidhe pewenssdl based pa thg atlleasst a

sect | f.. ' 34. The power grid nanagenent
systdél%r}g tlcl:'ﬁwarl%sn ge?nev%’er ein the substation further

conpri seswhiatia thé opagtoraddaaiiai@tmuhichtednth the dixstmat e
to the substation, the data storage caonprising a

pl urRQriien,ang neheamppnicated Via the eeendpiiphgndhe sensed

el ectric : ' : : i .
arid oSS e Sh b I BBE G E ESe R Rion,
f or adtrmt pemageiveietd vea/thiedmstiportien. power grid, the power

oL ORSIRE 8 2P SRR BRSSO A0k L [l
m¥hbRi 10cdtida ip ewedatdstbdget he met hod conpri sing:

wherein the central data storage stores the link to the memory location
in the data-storage and does not store the data stored in the memory location.
28. The data management system of claim 21, wherein the at least one of
the plurality of devices within the power grid comprises a meter at a customer
premises.
29. A power grid management system for managing a power grid, the
power grid comprising a plurality of grid devices, the power grid management
system comprising:

a central power grid authority for managing the power grid;

a first grid device positioned in a first section of the grid, the first
device comprising:

a first sensor for sensing an electrical parameter in the first

section of the grid;
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sensing, using an electrical device positioned in a

section of the grid, an electrical paraneter in the
waeawilsr7df the grid; storing the sensedpPCT/US2009/000888
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31. The power grid management system of claim 29, wherein the second
grid device comprises a substation. ‘
32. The power grid management system of claim 31, wherein at least one
feeder circuit emanates from the substation; and

wherein the first sensor of the first grid device senses the electrical
parameter for at least a part of the feeder circuit.
33. The power grid management system of claim 32, wherein the second
grid device further comprises a second sensor for sensing an electrical
parameter in the second section of the grid; and

wherein the second processor analyzes the event determined by the
first grid device and the sensed electrical parameter in the second section of
the grid in order to modify the at least a section of the grid.
34.  The power grid management system of claim 33, wherein the
substation further comprises data storage associated with and proximate to the
substation, the data storage comprising a plurality of memory locations for

storing the sensed electrical parameter in the second section of the grid.
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35. A method for data management system for a power grid, the power
grid comprising a central power grid authority for managing the power grid
and a plurality of devices within the power grid, the method comprising:

sensing, using an electrical device positioned in a section of the grid,
an electrical parameter in the section of the grid;

storing the sensed electrical parameter in a memory location of a data
storage device, the data storage device associated with the electrical device
and proximate to the device;

sending to a central data storage associated with the central power grid
authority the memory location of .the data storage device.
36.  The method of claim 35, wherein the device within the power grid
comprises a substation.
37. The method of claim 36, wherein the data storage associated with the
substation comprises a memory that is located in or on the substation.
38. The method of claim 36, wherein the substation sends the link to the
central power grid authority; and

wherein the central power grid authority stores the link in the central
data storage.
39. The method of claim 38, wherein the central power grid authority
accesses the link in the central data storage;

wherein the central power grid authority sends a request to the
substation requesting data associated with the link; and

wherein the central power grid authority receives a response from the

substation comprising the data associated with the link.
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