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using flash nmenory for the storage of 5 netering data. Still turther, the
present subject matter relates to a nethod for using flash nenory in
conjunction with random access nenory (hereinafter RAM for the storage of
netering data and mai ntaining such data despite a |oss of power. 10
Conventional nenory systens are well known. Large anounts of data are
comonly stored using rotating storage nedia such as magnetic disk drives.
Such systens are sl OMETHOD e¥0vUSrNENALA4® emMRiva ForAddi tional ly, such
systens require |arge anounts of 15 power and are relatively heavy. Size
constraints of certain exPEPRFYF MELHRINGNDAYR systens have linited their
typical use to storing o] LS.t hat are erased and then
rewitten in their ent EALKGRG di:nﬁg_%? ste .I%I‘E'stens 20 are not used to

store data becabheepdatent suﬁ:yjabeaﬂnéi;/teﬂ@erfé&&uwdréihﬂéé tgntirety. Instead,
data has: L r | t ernati,ve _nenory structures, such as
EPROVS, Egéﬁ%?hé%dggg%/haﬁee O;%g ﬁ&’%ﬂﬁ SERICIFASDS whiMaFeal | ow t he

al t er at i oR3GEI6HL§r Y 2FHsopresanbf suliiealt omédernfelatss @o. aSuch nenory

struct ur esethoweYel us B A1888 RORdreIIHCline sthage fd@ash menory systems and

'n thesca%gtgLiﬁgrég%g.t%ﬁgil further, the present subject

matter relates to a method for using flash memory in

conjunction with random access memory (hereinafter
RAM)'for the storage of metering data and maintaining
such data despite a loss of power.

10 Conventional memory systems are well known.
Large amounts of data are commonly stored using .
rotating storage media such as magnetic disk drives.
Such systems are slow to recover and store data.
Additionally, such systems require large amounts of

15 power and are relatively heavy.

Size constraints of certain existing £lash memory °
systems have limited their typical use to storing
programs and constants that are erased and then
rewritten in their entifety. In general, such systems -

20 are not used to store data because data is typically
not changed in its entirety. Instead, data has
typically been stored in alternative memory
structures, such as EPROMS, EEPROMS, and a variety of
RAM structures, which allow the alteration of only a

25 portion of the stored information. Such memnory
structures, however, are less cost effective than
flash memory systems and in the case of certain Lypes
of RAM, namely battery-backed RAM, there are
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| ocations cannot be rewitten to until such time as PHEPUER ased. The
erasure of stored information in 3uch nenory, however, cannot occur on a
partial basis..|nstead, erasure of such__infor Lon nmust be conpl ete at
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smal | er storage | C%i‘lt Qns. These ' nost 15 recent ash nenory systens are
flexi bl e EHARAE (500t §PE A gh dPEPETRELAR1 y UGPted for use in the
storage ofndietielualg statrage Wodae ieaghcafinstidhe stetrageenbt®cks nmust still be

erased | ir E@ti netLy a r evices_contai n enough small
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Conventional flash memory systems have been
developed such that they are more useful in storing
data. Such flash memory has been segmented into large
numbers of smaller storage locations. These most
15 recent flash memory systems are flexible enocugh to
-store data and are ideally suited for use in the
storage of metering data. While each of such storage
blocks must still be erased in their entirety, such
flash memory devices contain enough small storage
20 blocks to satisfactorily maintain stored metering
data. _
These conventional flash memory systems consume
- very little power and are relatively fast to operate.
New flash memory is also much more cost effective than
25 non-volatile memory such as EPROM, EEPROM, etc. In
additional to'being more cost effective, such
conventional flash memory systems are currently
available in higher density érrays than comparable
EEPROM and RAM memory systems. As the demand for the
30 storage of more metering data is made in the.utiiity
industry, cost savings realized through the use of
more efficient and cheaper memory systems will be
significant.




EEPROM and RAM nenory systens. As the demand for the 30 storage of nore
metering data is made in the utility industry, cost saviZidlctelealP9eed
through the use of nore efficient and cheaper nmenory systens will be

si gni fi GpPlsnetéss Oct ober 2006 WO 03/091964 PCT/ US03/ 12306 3 Wil e
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ot herw se desired paraneters o ] ) riormance or fhe demand
t her et hr otBhtheiask i meksRpre WPhivatirar: ctheke use dach non-vol atile
menory skowetimes limitRidetbnghapiddeafel 0fScbsstan® vBatiest No. 5, 548, 527,

which is |y _incorporated herein for.al 0_pur.poses by present reference
t hereto. %%ﬂrin %{g‘ﬁ%mr% §%trP§? Eﬁ?rr‘l\%%g f,ag'gﬁfl?@‘%gf?g%r%ﬂ%dg@y for the use of
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and conpi pedromhddd) G tReSQEhME L HERER LY ougHCh dinwyghatile nenory 15 is
t hen renoved for further ,E{iocgsm ng .to obtain the ,(Te5| red data and
repl aced B§arép]n%v6’¢ie¢ﬂ?r_ Lot Fed 1§ OFf BUFhi DPRgvel adteeMeTBEEked RAM menory

to store dataegtases\eld mesetdn@tdmoipicatdopseserves . sweedatRo. during power
Perdrs (B EIIR HE  Thpier O SR ORI L (0 P
4, 335t U4 7PUERRPSE W1 PFEPeRE erekRUSPGenéBepBtAt ed herein for all purposes by
present refer ened taret 0, st heferpatent 8, s6f s enciRavihesuse of various
for the use of non-volatile memory to store a set of
data measurements obtained over time and compiled
within an associated memory. Such non-volatile memory
15 is then removed for further processing to obtain the
desired data and replaced by a new memory structure.
Utilizing a battery-backed RaAM memory to store
data, as well as to attempt to preserve such data
during power outages to ensure the contimuity of the
20 usage data despite the power loss is the aim of U.S.
Patent No. 4,335,447, Both U.S. Patent Nos. 4,335,447
and 4,361,877 are fully incorporated herein for all
purposes by present reference thereto.
Cther patents referencihg the use of various
25 types of memory structures to handle and store utility
metering data include U.S. Patent Nos. 4,783,623;
4,792,677; 4,852,030; 5,270,639; 5,311,068; 5,377,114;
5,473,322; 5,918,380; 5,994,892; 6,006,212; and
6,163,276. '
30 While useful for their purposes, none of the
© above references solves the problems addressed by the
presently disclosed technology, namely, the need for a
cost-effective, efficient, non-volatile memory
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resent subject matter recognizes and addresses various of the foregoing
Finitation Fhdtar ghBaekTetardngt Keite atvhcerhibrinhey swohadetef measured

metering daiesmind thel g8 nbengnee . Ofpithat data duci gg g Lgss of power. In
accordance with one aspect of "the present
utilize a mutli-segmented flash memory for storing
metering data in conjunction with an associated
memory structure for use in alteration and
maintenance of the metering data during periods when

measurements are taken.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the present subject matter
recognizes and addresses various of the foregoing
limitations and drawbacks, and others, concerning the
storage of measured metering data and the maintenance
of that data during a loss df power.

In accordance with one aspect of the present
.invention, there 1s provided a method for storing
meter data comprising the steps of: providing a
plurality of memory structures, wherein said
plurality of memory structures includes at least one
multi-segmented non-volatile memory structure and at
least one additional associated memory structure;
measuring a plurality of utility-provider defined
metering data; detecting the existence of newly
-acquired or updated metering data; determining a
segment of said at least one non-volatile memory
structure where the newly acquired or updated

-metering data is to be stored; reading the data from
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structure; erasing the segnent of the non-volafile nend ructure that
was transfiélreed hansupdasisép of megmding tderuwatiare andthaew i tdagg t he

al tered dat t he.associ at ed nor structure to the erased segnent of
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the steps gfemd@) frQuiding a plurality of menory structures, wherein said
plurality of menory structures includes at |east one non-volatile nenory

structure and atln eastcagmknce with a second aspect of the
present invention, there is provided a utility
metering data storage, alteration and preservation
method, including steps for protecting data during
periods in which power is lost to a meter, said
method comprising the steps of: ({a) providing a
plurality of memory structures, wherein said
plurality of memory structures includes at least one
non-volatile memory structure and at least one
associated memory structure; (b) measuring utility-
provider defined metering data; (c¢) checking for any
impending power loss to said meter and upon a failure
to detect any impending power loss to said meter
skipping to step (J}; (d) reading all previously
acquired metering data into said at least one
associated memory structure; (e} rewriting said
previously acquired metering data to said at least
one non-volatile memory structure; (f) testing for a
restoration of power and repeating step (f) until a
positive indication of such is obtained; (g)
restoring said previously acquired metering data from
said at least one'non—volatile memory  structure to
said at least one associated memory structure upon a
restoration of power to said plurality of memory

structures; (h) erasing a portion of said at least




associ ated menmory structure; (b) nmeasuring utility- provider defined
metering data; (c) checking for any inpending pover | os20tQctexrd0@®t er and
upon a failure to detect any inpendigg power |oss to said nmeter skipping
to step (j); (d) reading all previously acquired netering data into said

at least one associated nenory structure; (e) rewiting said previously
' ne non-vol atile nmenory structure;

acquired neteri t said at |east . ( .
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acquired'n%§§35¥£égga'Rg%giim(%é¥¥%§ﬂ¥e; {m) altering said
previously acquired metering data within said
associated memory structure; (n) erasing said
previously acquired metering data from said segment
of said non-volatile memory structure; (o) rewriting
said newly acquired or updated metering data to said
erased segment of said non-volatile memory structure;
and (p) repeating step (c}.

In accordance with a third aspect of the present
invention, there is provided a utility metering data
storage, alteration and presexrvation method,
including steps to protect data for periods during
which power is lost to a meter, said method
comprising the steps of: (a) testing for an impending

- power loss to a meter and wherein no such failure is
detected, skipping to step (£f); (b) copying all
previously acquired metering data from an associated
memory structure to a non-volatile memory structure;
{c) testing for a restoration of power to said meter
until a positive indication of said power restoration
is detected; (d) restoring all previously acquired
metering data to said associated memory structure;
(e) returning to step (a); (f) testing for newly

-acquired or updated metering data and wherein no such




of said non-volatile nenory structure; (0) rewiting said newy acquired
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menory structure;, and (p) repeating gtep (c). In accordance with a third
aspect of the present invention, there is provided a utility netering data
storage, alteration and preservation nethod, including steps to protect

data for perj ing. _whjch power is Ilqost to a neter, said nmethod
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no such 20 ober© 200894 PhAPEALFER i 80det bbt ed REFPNRY EESBLep (c):
(g) readingasaid previously acquired netering data into said associated
menory structure; (h) altering said previously acquired netering data; (i)
rewiting said newy acquired or updated netering data to said non-

volatile menmory structure; and (j) repeating step (a) 20 Cctober 2006 5
Addi ti onal advantages of the present subject




matter are set forth in, or will be apparent to those of ordinary skill in
the art, fromthe detailed description as follows. Al so20iQciaikpd{ be
further appreciated that nodificatiogs and variations to the specifically
illustrated and di scussed steps, features, and materials, or devices
hereof may be practiced in various enbodi nents and uses of the disclosed
technol ogy without departing fromthe spirit and scope thereof, by virtue
of present refg{isi{lﬁe t her et Such variations may include, but are not

limted to, subs tPBR oﬁggaBFéaﬁént ofgt &pe, Erafemts, Fwaates, and
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reversal of various steps, parts, features, or thé IiKke. Sth further, it
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presently di of t-he present subject tter may
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steps, featapessceiea@ntiatomodilfdicataquisvalrent $atisel b ngocamai nati ons of
features 20_ Cct ojle)er 06 V\? 03/091964 PCT/ US03/12306 6 or configurations
t her eof not *RBXpt Js%‘?l’gf%homh FRSERatef| guprBE or ddfsredern t IKEewstai | ed
descri pti onjeatihese, a'&@lcptﬂgf:efﬁélgfes@ra%%%tc%sanﬂe?gﬁ@m Spedf the
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which are incor ted.] onstitute a part of thi specification,
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spirit and scope thereof, by virtue of present

reference thereto. Such variations may include, but
are not limited to, substitutions of equivalent
steps, elements, features, and materials for those
shown or discussed, and the functional or positional
reversal of various steps, parts, features, or the
like.

Still further, it is to be understood that
different embodiments, as well as different presently
preferred embodiments, of the present subject matter
may include various combinations or configurations of
presently disclosedl steps, features, elements, or

their equivalents (including combinations of features




subject matter and, together with the description, 10 serve to explain the
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BRIEF DESCRIPTION OF THE DRAWINGS

o A full and enabling disclésure of the present

subject matter, including the best mode thereof,
directed to one of ordinary skill in the art, is set

15 forth in the specification, which makes reference to
the appended figures, in which: -

Figure 1 is a flow chart diagram of the data
breservation methodology for power loss occurrences in
accordance with the present subject matter;

20 Figure 2 is a flow chart diagram of the data
storage methodology for newly acquired data in
accordance with the present subject matter; and

Figure 3 is a flow chart diagram of a data
preservation and storage methodology that provides a

25 data protection scheme during power loss to the meter
in accordance with the present subject wmatter.

Repeat use of reference characters throughout the
present specification and appended drawings is
intended to represent the same or analogous features

30 or elements of the disclosed technology.

DE‘I‘AILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to presently
preferred embodiments of the disclosed technology,
examples of which are fully represented in the




those skilled in the art that various nodifications 5 and vari ati ons can be
made in the present subject matter, w thout departing f20Qddler3piadit and
scope thereof. For instance, features illustrated or described as part of
one enbaqg} an be used on another enbodi ment to yiel d a still further
10 enboggge%%{jgw till further, variations in selecti on¥ /USO3A38¢ i al s and/ or
characteristics nmay be practiced, as well as, alteration of the order of
nmet hod steps to satisfﬁ?\gartlcul ar _desired user criteria. Thus, it is
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metering environnent: Jé’r?bga'f’%ml% T e 2B EPERd technol ogy are
further 25-hi#nesdt.edFoy anmrmnj draktnses i fglugaiehetl data | oss in the event
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I ncl udi ng | rof g energy .data, tinme-of-use data, Information data
and error/ ° %‘Beré‘bltlcéé’il@&daﬁds'é%%]r dFEBeT 30 | ater retrieval
ei t herioby eanhduhmened fEeldl phm@eﬁrel variat oy ARSBeI&tOibd @ra renote

| ocati on. Sye. f 0 d to.bett deternmne appropriate
billing rat esri‘tjiggﬁ g{é‘?%% c'rha{x%& EﬁQﬁ'é& i'0Us b&uiargat a?ﬁ/ 28%our period, as
wel | as, zgﬂébﬁgbealggg@tlon of the order of method steps to

satisfy particular desired user criteria. Thus, it is
intended that the present subject matter cover such

15 modifications and variations as come within the scope
of the present features and their equivalents.

As disclosed above, the present subject matter is
particularly concerned with a method of utilizing
flash memory structures for the storage and retention

20 of metering data. In particular, the present subject
matter provides a method of using a flash memory
structure with an additional associated memory
structure in a utility metering environment. Certain
embodiments of the disclosed technology are further

25 directed to a method of insuring against data loss in
the event of a power outage in a utility mefer.

Generally, various metering data, including load

profiles, energy data, time-of-use data, information
data and error/event logs are collected and stored for

30 later retrieval either by authorized field personnel
or via transmission to a remote location. Such
information is often used to better determine
appropriate billing rates both for various time
periods during any 24 hour period, as well as,
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a Ferro RAM,  Shadow RAM _ 10 battery-backed RAM or other simlar nenory
structure.? t%&ﬁté‘ﬁﬁppﬁﬁ%‘rﬂ%lra#@ﬁnfyriIse%ishmiiaﬂedew;ﬁm a non- volatile

flash menoroymet-rigl ti€eranthd s {}ayi@@ioﬂ‘serﬁahgﬁgn%egr%q ed to as
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22 fors dewdeliifenef MmiAowen | oﬂ%,r | 0ss. detection neans 22 may
correspond.,to, a varfetgl of pars’?lé“zﬁlga)r o ic%anéh?%ﬁ%gg. TBor exanpl e,

pover | 0s@B&CR R BFPEE e Sehama UF ot gesstiradr 6atmsiunicti bheor via a

Shec 1 enuoenetonrd o bervampapgrSteds Cuidsipiien. Such an

(ra\é\(/a\;]i t{ZnQigﬁgg%ggS%ref%tigpt g“%?%‘i‘?%%% %Ff“?’éyf’f’ tﬁ’é’ﬁm?y fromthe
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[ rein
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30 will narntar o TRoue BEECLY |15 @sFReiahed it @dnon
volatile flash memory structure, and thus may be
hereafter referred to as "associated memory. "

Upon the detection of an impending power loss,

15 there is a need to save any previously measured or
calculated metering data. In accordance with the
present subject matter, there may exist means 22 for
dgtection of a power loss. Power loss detection means

. 22 may correspond to a variety of particular

20 implementations. For example, power losgses could be
detected during software instruction or via a specific
sensor element or other appropriate circuitry. When
such an event is detected at. step 24, selected of the
presently stored data is rewritten in step 26 into the

25 non-volatile flash memory from the associated memoxry
structure. In certain instances, it is desired to
transfer the entire contents of the agsociated memory
structure into flash memory at step 26. By
definition, the non-volatile flash memory structure

30 will maintain without loss all of the data stored
therein despite the lack of power to the memory. In
sgch a mamner, all of the previously acquired metering
data may be preserved.




[ [ h a manner, all of
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' [ [ [ 1, upon the occurrence
t he r ject matter illustrated in Figure 1, /
of stgpe‘ggﬂgﬂgﬁre%?er begi ns checking at step 28 for a ?‘g&"ﬂ PABPbn of power

to the meter. 5 Checking for the re8toration of power, while formng no

i be acconplished in any of
Paer ous. pr ovt cceT e RHath Paays he | PETBL3o e rPa iR SEACBE st op 28, ¢ he
nunE;OEZtgéggégg%é%ﬁﬁﬁﬁﬁogﬁttgbpgubﬁmkaaEdpanhmﬁﬁnﬁnd,lﬁp@@ntinges to check
Pg\rNe over tRetOcAlthddNiEl sBENEIs 4 Sicdelef J?ns L‘Jﬂ}%rékq%t ection in step 28
f tﬁe re rajj on _of power to, the solig-s%i e meter. "alf the data
Oreviouslygﬁg%%%%é%Féﬁ'FﬁgEPE%t%RFiQ§ PEYESr e the meseérassoci ated menory
gtructdie fhedtioy Ior @heereonﬁéiﬂ@mteEipgwéﬂ{q&ﬂggiQ?ﬁgg% S:Lorﬁgn;?ythe

' ] ry . in s , .

ocati on | o aap et TeeRbel G HIPREERRE SaFhalbavy et M momory i ||
be repareﬂcTQméiﬁﬁqﬁdnéﬂfaﬂﬁf@ﬁrﬁﬂﬂeﬁﬁuappnevﬁquﬂiyeanewm.wmymar failure.
Aftgr 20 cohpietdoserofisedetdbedy =3t 8Red425 ! ha PLRGESS | oops back al ong

th 36 to I gni o{ th rocess, 20 efe the meter once again
Eg i ns ché%iﬁ%%#ﬁﬁ%‘%%Eggdﬁeagyfiéé SoP2pbwet Path $AcAndet hod, the limted
usg of1% hefHBH s sy fPacheek f fars powemorys sbratcica @n8jiUspdwez educi ng the

cont i nuousisMdeltied@eder aghoy éHHécE@&ﬁiiﬁrgkéﬂ AR (e
restoration of power to the solid-state meter, gll the
data previously transferred in Step 26 is restored to
the associated memory structure in step 32. Once the

15 metering information is restored to the associated
memory from the flash memory in step 32, the flash
memory location is erased in step 34. Step 34 ensures
that the flash memory will be prepared to store new
information upon a subsequent power failure. After

20 completion of exemplary step 34, the proéess loops
back along path 36 to the beginning of the process 20
where the meter once again begins checking for the
next loss of power. ‘

In such method, the limited use of the non-

25 volatile flash memory structure aids in reducing the
continuous writing, erasing and rewriting of data,
which limits the useful life of the memory structure
itself. Furthermore, due to the somewhat limited
nature of flash memory (i.e., requiring an entire

30 storage block of data to be erased and written over
anew) , such methodology aids in reducing the time
required by the metering system to properly record
each newly measured or calculated piece of data.




which [imts the useful life of the nmenory structure itself. Furthernore,
due to the somewhat limited nature of flash nmenory (i.e20Qcsepgt2@d8g an
entire 30 storage block of data to be erased and witten over anew), such

met hodol @@ysed9g i n reducing the tine required by thg @%%ehi n? systemto
properly record each newy neasured or cal cul ated pi CHUEPEEr A 20
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mul ti - segn@%@ég{,ngﬁ%@ol a_§| %SOFF%%‘%M%%FFJBWR@T iBnaassoci at ed menory
10 strudt uMEiéshpriekrr dfs BRRAMCERRROMerBerapy RAMragshadaw RAM

battery- baakedr&%&@roﬁ)tﬂ&br&a@rh&el‘@’!}' %Dr:i)étaStrt&?ttLi{ee I's also provided.
Each of_sugg an-vol at igﬁ% flash%%}tenor structure' $ segnents contains
measured BAG- TATOr GO IRRTER REPRRET ofieReT iRg it ar dsi denti al 15 or
commer ci al Peseareitld sttatreduln| 4 tyultst-@egmbht SO U vhgrapted that such
nmet er for me186n RAditd QM t of, .the present technology and are well
known %q) t hose of dgﬁgisﬁg};g@&gﬁ% I Q}nn atsggcg?if?g,&%errﬁ’fé’h, the neter itself
will rot bEFHEHS CPRELERR . oD FRRMh ERBRAM(Fesirio BAMof newl y neasured or

cal cul at edSiizday RAMET Baekbsy ShaciRRP RAMOoUPIALS: 1161 151 OhEfu-Pf Or mation. In
accordanceéﬂ!ﬁékdﬁ%eigrSiggtprovided. Each of such non-volatile

flash memory structure's segments contains measured

and recorded metering data from a typical regidential

15 or commercial use solid-state utility meter. It should
be noted that such meter forms no particular aspect of
the present technology and are well known to those of
ordinary gkill in the art. As such, the meter itself
will not be discussed herein.

20 _ Upon the acquisition of newly measured or
calculated data, there exists a need to update the
stored information. In aécordance with the present
subject matter, the detection of this new data may be
done in a variety of fashions and is indicated in

25 Figure 2 as new data indicator 42. One example of how
new data could be indicated ig to compare newly
acquired data to that already stored in non-volatile
memory to determine if the data requires alteration.
The present subject matter employs a process such as

30 exemplary data preservation and storage method 40 to
update newly acquired meter data. Such methodology
works to reduce the number of times the non-volatile
flash memory must be erased and rewritten thus
lengthening its effective lifespan within the meter.
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| engt heni n§1EPESet | et iR TMinaspan Gf (Miiatheresteted A2 Getdber 2006 WO

03/091964 REARLSAZ/ 123067 bk edCont stug N W HRohNge EXGMRI;ALY 5 A 0cess 40 of
Figure 2, %tggtﬂ%ﬂ%i&% 3if whet her . st ored. dat a needs up(Jiati ng i s
effected in Step 42 2 Uddn G&F8r i ntHiFSh atshapdadthfitonadedata i s i ndeed
at hand® t RéogkorageaBisiondkecobd adatiang st head| Hrstatihe sionead from the non-

vol atile flkash: MBAOEVasH mdGbul e BALGAR %9 | B9 A0 ;,83s50ci ated menmory
. Recent advances in fias nenory have provi ded for

structure in ste§ 4qf?
smal | er asB5BPOtREFY ST SFFUSH IR it 862PThEs neans 10 that the anount
of data read i rRecent asbaccaseth B mefbEWChANE Jravilien #&-is nuch

R g ra s A LR e R
nore fthsi bpat sﬁ?ﬁ@%%@aqﬁs neededntg sysizsEietqdi nemabput 256K of
non-vol at i berucRmmd Yirakdeabout i 2neh SHRPIEMEBNA] JIgRRTY. Thus, the anount
of data r98§£+{gdéf¥‘H%%%OBES£?52423%3%¥ Such advances in flash
memory technology make the use of flash memory in |
metering applications more feasible since exemplary
15 metering systems reguire about 256K of non-volatile
memory and about 2K of supplemental memory. Thug, the
amount of data read into an associated memory
structure in step 46 has a minimum and maximum limit
based on specific memory constraints. The minimum
20 amount of data read from flash memory is equal to the
smallest block size in flagh memory. Existing flash
memory may be characterized by about a thousand blocks
or more per data array. The maximum amount of data
read from flash memory in step 46 is determined by the
25 storage limit of the associated memory structure.
The associated memory structure may be one that
allows for the alteration of data without the need for
eliminating all of the data and replacing it with the
newly acquired metering data as is the case with Fflash
© 30 wemory. Instead, only individual bits of information
as needed within the entire storage block can be
changed in such memory structure thus reducing the
time required for updating the data. Thus, a selected
block or blocks of data is read into the associated
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uously offer the most up-to-date
metering data.
‘While it forms no particular aspect of the
15 present subject matter, the non-volatile flash memory
structures may be provided to contain enough data to
represent a utility-provider-defined time period such
as one month. In such an instance, appropriate field
personnel may "read" the meter to obtain the data
20 edlther through direct viewing or by remote
transmission/reception of the data at regular
intervals so as to avoid the loss of any of the
metering data.
Figure 3 represents a flow chart diagram of the
25 an exemplary embodiment in which both data
- preservation and storage methodologies are provided,
wherein such methodologies includes a data protection
scheme for periods during which power is lost to the
meter. Such methodology 100 preferably includes both
30 - Mmeans 142 for detecting newly acquired data and means
122 for determining an impending power loss 122.
Means 142 may be implemented in a similar fashion to
new data indicator means 42 and means 122 may be
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pover | oss" o P e dffEuctype. IfUl%be@V\élmFlégg ill@aﬁjet ected at step
124, tien sudierce nexilsesistmeed It acteansd eladah@inBigrtRg data to a

associated memory structure used for temporary storage

and alteration of data may be transferred to the non-
volatile flash memory structure in step 126.
Exemplary methodology 100 then begins a
‘15 continuous check in steps 128 and 130 to determine if
power has been restored to the solid-state meter.
Such a determination may be made through any of the
known methods and as it formg no particularly critical
aspect of the present subject matter such methods will
20 not be further explored herein, Upon a detection of
the restoration of power to the meter in step 128, all
of the data located within the non-volatile flash
memory structure may be rewritten to the associated
memory in step 132. The appropriate location in flash
25 memory should then be erased in step 134 such that new
data can be stored there again upon another power
failure. '
During its interrogation of the power loss
detection means should there exist no impending power
30  loss, the methodology of the present technology next
interrogates the newly acquired data detection means
142 in step 144. Such detection may operate to either
automatically update the non-volatile flash memoxry
upon each measurement or, more preferably, there.may -
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structure in step 146. The determination of the
appropriate storage block of memery may be based on
the use of a ring flash memory such that each

15 successive set of newly acquired data belongs in the
next'successive segment of the ring memory. '

Desired alterations to the data previously stored
in the associated memory structure are then performed
in step 148. After this alteration is performed, the

20 nomn-volatile flash memory segment previously
containing ‘the old data may be fully erased in step
150. The now ppdated data may then be rewritten into
the newly erased storage block of the non-volatile
flash memory in step 152. In accordance with the

25 present technology, the methodologies then repeat
themselves.at paths 136 and 154 so as to continuously
obtain the most up-to-date metering data while
ensuring the protection of the already acguired
metering data.

30 Although preferred embodiments of the disclosed
technology have been described using specific terms
and steps, such description is for illustrative
purposes only. The words used are words of
description rather than of limitation. It is to be




| ater nmethod works to reduce the nunber of tinmes the 5 non-volatile flash
nmenory nust be erased and rewitten thus |engthening it20&dteher 2Q08
lifespan within the neter. Wien it is deternmined in step 144 that the
stored Wahsdisigui res updating, the storage block containing 10 the old
data is rea%.flromthe non-vol atile flash nemory struct && %opied into
the associated nenory ‘structure iri5tep 146. The determ nation of the

appropri at ock of nenory, nay. be, based on the use of a ring
fl ash mmﬁngésﬁ%ﬁ%%hgk‘agagﬁa&%e% ﬁ@e?@%ﬁ@t%ﬁs FYnOfl PedR i r ed dat a
bel ongs i nthere aferrddinsresskiEl siegirbet ant witthdutndepapoinyg Desired
al terati onsrdw® tt}{éesg,gggtpgfvhgéj%ab[p%t Bﬁeghe Lé}ietéé%tagﬁgi% ted menory

ep 148.

structure are then pehformed in sfe er thrs-alteration is

per f or med, "¢ HET 20PAGR- V81 5B | nmdR Feeofyl sgmenelpinyi ousl y cont ai ni ng
the ol & dalm avsiithenf ultyskesubddd mnsbeptoddGnathaspavtspsat ed data nay
then be rew,itden y. erased storage blqck of the non-volatile
flash menmory jn sflgg[a?ﬁwcﬁ%ﬁg%%t& %gﬁcgeﬁ?%qqﬁénﬁggpgg Mt t echnol ogy, the
met hodol ogf%dl& K&nirepert. (Thansdores. bhe ptig t136d andpd BF so as to

cont i nuousthe speatiadt BBaimS tsHHIHOnIR e MBLA ieagtga%ﬁ‘e"‘hi le ensuring the
i i (Eat a. 30 Although preferred

protecti.on,of t.he.already acquired .nmeterjng ] ‘

enbodi nent%esocfrtlgﬁé‘oai ggl %IEEE(P et%c?ﬁﬁél BV €BERANEE RIS usi ng specific
terns and steps, such description is for illustrative purposes only. The
words used are words of description rather than of limtation. It is to be
20 Cctober 2006




WO 03/ 091964 PCTI US03/ 12306 15 understood that changes and vari ati ons may
be nade by those of ordinary skill igbthe art without dép&lctabsy2006r om t he
spirit or the scope of the present subject matter, which is-set forth in
the followng clainms. 5 In addition, it should be understood that aspects
of various_other enbodi nents may be interchanged both in whole or in
part. Therefb?&"Sthe spirit and scope of the appended clai ms shoul d not be
limted to {hep d LAti o] r d r_si | ne erein. 16
20 Cct ober 12'005 1?},1é‘<'§1imr3r§: %kAgrtrth 8§ %&ésfoﬁ:éﬁtg rfg@gﬁgg agcgr}r%ri sing the
steps of: prewsdbhy a plurality of menory structures, wherein said
plurality of mem)r% s(%ructures inci‘uges at. | east one nulti-segnmented non-
Btrle g

i tY2 afd BLUFBASHYonEE adii o dhals tEd&tdit&Sed nemory

vol atile nmenory

structure; neaswiéngim pkyial i pyueh1lutil i by- PrRwWder defifredJretering
data; detecting the existence of newly acquired or  updated netering data,
deterni ning a sebi@ehtd®$ satd dedsdastOwme moAtivekamehbegempop-struct ure

where the ne“Ay'vé§§E&Iﬁd ﬂémgggﬁggﬁfH8£§£é“3a98taaks ta e %%%red;

readi ng the data fromthe non- € nenor Structure Segnent” from said
det erm ni ng st eprddint porsal thassuiE atddiemenoy yststuaoisge; altering sel ected
data within tber%éi&féf%éuj a plurality cof utility-provider
defined metering data;
* detecting the existence of newly acquired or
updated metering data;
* determining a segment of said at least one non-
volatile memory structure where the newly
acquired or updated metering data is to be
stored;
* reading the data from the non-volatile memory
structure segment from said determining step
into said associated memory structure;
+ altering selected data within the associated
memory structure;

¢ erasing the segment of the non-volatile memory

structure that was transferred in said step of

reading the data; and

* rewriting the altered data from the associated
memory structure to the erased segment of said
non-volatile memory structure.

2. A method as set forth in claim 1, wherein said
at least one multi-segmented non-volatile memory
structure comprises flash memory.

3. A method as set forth in claim 2, wherein said
at least one associated memory structure is selected
from the group consisting of EPROM, EEPROM, Ferro
RAM, Shadow RAM, and battery-backed RAM. '
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forth in claiml, wherein said at |east one nulti-segmented non-volatile
memory structufe RofipFReesad| gsh wembhyin3claimethodhgsedst sk h in claim

2, wherein gaiditat leask.pne iate oLy st ture is selected from
t he group consiétﬁl% of E%RO\AQ%% ggrg?o éAI\/lcgaqsfiaadovlvrl Mdegn_d _
batt ery- backefoRMtidY 20rQetsploerdi2@06to4.aA Metlad aseseif fawkl in claim

1, wherein said.ytility-provider defined netering data includes
i nf or mat i onp]é%ﬁ'g%%bndi ngn?Eggt | ed@t®me of HHBAACI pPe% i | esd2&Rer gy dat a,

time-of - useifipbBmaticHOr i On Lhotr vl ordgyent logs. 5. A method as
set forth in claim2, further conprising the step of: conparing the data
from the non-vo?at f eNfiehedy asst pgEt uferslegrient cbtinaidd déuetiiem ng step to

the newly Yol 4pd ering data whereby the selected data in
e ER MR T

t he associ at ealtered in said altering step is determ ned.
6. A nmethod as seimfariry ivhel dema2 frdereien sahdvohon: Vel athbe yf | ash

menory is a ring nmemry and wherein_said step of determning a segnent of
said flash neno Efr%té%eetﬁggﬂgﬂfy Abgfiaréd ortapuhteyy step to

the newly acquired or updated metering data
whereby the selected data in the associated
memory to be altered in said altering step is
determined.

6. A method as set forth in claim 2, wherein said
non-volatile flash memory 1s a ring memory and
wherein said step of determining a segment of said

- flash ‘memory where the newly acgquired or updated
metering data is to be stored is a function of
reading the next successive segment of said ring
flash memory.

7. A utility metering data storage, alteration
and preservation method, including steps for
protecting data during periods in which power is lost
to a meter, said method comprising the steps of:

e (a) providing a‘plurality of memory structurés,
wherein said plurality of memory structures
includes at least one non-volatile memory
structure and at least one associated memory
structure; _

* (b) measuring utility-provider defined metering
data;

* {(c¢) checking for any impending pdwer loss to

said meter and upon a failure to detect ény




metering data is to be stored is a function of reading the next successive
segment of said ring flash menory. 7,5A utility met er i ng0 §tabes2Wibage,
alteration and preservation nethod, including steps for protecting data
during periods in which power is lost to a nmeter, said nethod conprising
the steps of: (a) providing a plurality of nenory structures, wherein
said plurality of"ReR8i)IsPowerurkessi hel vdds aretenssképpingn-twol atil e
menory structurgtéﬁd(?};least one associ ated nmenory structure; (b)
measuring utility-provider defined netering data; (c) checking for any

i npendi ng power Kdbs teadbagd akl erpwadi pory a datd i t aedeirgely any 18 20

Oct ober 2006 i npending . power,loss to said neter skipping to step (j);
(d) reading all ”g‘?g i &u%ézlcy 2240 rAdd fr‘%f‘%?i e d%?%th?Begain’t?H@trﬂ east one

associ ated nmenorytredtwedyure; (e) rewiting said previously acquired
metering data to said at | east one non-volatile nenory structure; (f)

testing for a®restbracvsiatdhapaiadd apteviepehy i aggstepd( fetentinlg a positive
i ndi cation of s i § 0bf aj ned,; estaoring sali reviously acquired

nmetering data fromsaid at” Teast one nho cture to
said at | east onetasstoctated menory structure upon a restoration of power

~to said .

* (f) testing for a restoration of power and
‘repeating step (f) until a positive indication
of such is obtained;

* (g) restoring said previously acquired metering
data from said at least one non-volatile memory
structure to said at least one associated memory
structure upon a restoration of power to said
plurality of memory structures;

* (h) erasing a portion of said at least one
multi-segmented non-volatile memory to enable
new data to be written therein:

* (i) returning to step (c);

e (j) checking for the existence of newly acquired
or updated metering data and upon a failure to
detect said newly acquired or updated metering
data skipping to step (c);

- * (k) determining the segment of said at least one
non-volatile memory structure which contains the
previously acquired metering data requiring
replacement or updating;

*» (1) reading said non-volatile memory structure
segment into said associated memory structure;

* (m} altering said previously acquired metering

-data within said associated memory structure;




plurality of menory structures; (h) erasing a portion of said at | east one
mul ti-segnmented non-vol atile nmenory tg enable new data 29Ostobgr2406en
therein; (i) returning to step (c); (j) checking for the existence of
new y acquired or updated netering data and upon a failure to detect said

newly acquired or updated netering data skipping to step (c); (k)
deternini ng tMe SRhneMicdinNEaisdisdt Praicvady rrdwoled i netwedmoy structure

whi ch contains thge pr@y&gus%éy-cgc ' tering .data requirin
repl acenent or upda?i ng; (1 lreagallgr%n%glaﬁ Oﬁf(r)ng%lo at i%loél %rfgr%gfcﬁqs?tructure
segnent into saimemsspcstedtuwerory structure; (n) altering said

~previously acgui E)e)d net er.i.n data wt hi g sai d associ ated nenory structure;
19 20 Oct ober “200% r(erﬂr:'etl)‘gkq nG2Ssi dBFLYi oRCTY BRYuidled UREBEEPNG dat a

from sai d segneniew©dr Sad d daen- vebatdd i RBARGLY SLEYGEME € or (QhiEEW i ting
said newWy acquired or_updated netering data to said erased segnent of
said non-vol at i M THERRR YLkt mrRame startEt s’ raspkating step (c). 8. A

nmet hod as set  forth J i m 7 erein said at |east one nulti-segnented
non-vol atile rrerr{)é)y f%%u%ﬁﬁ eStcegqrrp c|Ess'es flash nenory. 9. A nethod as set
forth in clai m®, Aesehod sas dseat foedist inne1a$x0Tj alved rBRADEY it ructure is
selected fromihe grou cons'sting of EPROM EEPROM Ferro RAM Shadow

" RAM and ba&itt er Ve HEe k e RAMMY ti-segmented non-volatile memory

structure comprises flash memory.

9. A method as set forth in claim 8; wherein said
at least one associated memory structure is selected
from the group consisting of EPROM, EEPROM, Ferro
RAM, Shadow RAM, and battery-backed RAM.

10. A method as set forth in claim 7, wherein
said utility-provider defined metering data includes
at least one of a load profiles, energy data, time-
of-use data, informational data or error/event logs.

11. A method as set forth in claim 8, wherein
said non-volatile flash memory is a ring memcry and
wherein said determination of the segment of said
flash memory containing said previously acquired
metering data in need of updating is a function of
reading the next successive segment of said ring
flash memory.

12. A method as set forth in claim 8, further
comprising the step of:

¢ providing a means for detecting an impending
power loss and a restoration of power to said
memory structures.

13. A method as set forth in claim 8, further
comprising the step of: |

* characterizing said newly acquired or updated

metering data as either necessitating or not




10. A method as set forth in claim7, wherein said utility-provider
defined metering data includes at | t one of a |oad pR@fQcabsr 2Qi6er gy
data, tinme- of-use data, informational data or error/event logs. 11. A

met hod as set forth in claim8, wherein said non-volatile flash nenory is
a ring menory and wherein said determ nation of the segnent of said flash
nmenory cont ai ni ngESEFF PretABusity aclyunged teet erdhd datrevilousded of

updating is a fugstiop @fmeteadl next successive segnent of said ring
flash nenory. 12. % met onclieas se?g?%ﬁh inclaim8, further conprising the

step of: provi i ngha neednel f s dettecfonigh athni denidi ny3, poneiraiass and a
restorationS {dpohwerato said . nmenpry stryctures. 13. A nmethaod as set forth
in claim8, F17t Het 2 Conpr 13T hy' t e BeapdoPh 2cRAFREFEPPRI RE $&Ed newl y

acqui red orpripetbdes y meiefi Ngdate s 8id hejatiecessi t akiind kA9t 20 20
Cct ober 2006 necessitating a change to said previously acquiréd netering
data.  14. ARTHRE a’r sePIpbethMekesiaiomdesa vitiet eipon sihd elvangct eri zati on

is based o o) i .OMS a i,red tering_data and said
oty mcqu TaGOTPRE 200y Coully DU oMM " SN AR, BRANERR: Card
previ ousl y et eyl catth saiel héshyieshuhs edlterhet bgodatAcanatihdentical no

alteration iosf t he dat(s is rﬁguih%ed. .ﬁS. Autility netering data storage,
al terati on dhd preservati on et HodUtHhttndPRbeEiepsdats pEerage -data for

~periods durdngewtiich PaMET pdreservation method, including steps
to protect data for periods during which power is
lost to a meter, said method comprising the steps of:

e (a) testing for an impending power loss to a
meter and wherein no such failure is detected,
skipping to step (f);

* (b) copying all previously acquired metering
data from an associated memory structure to a
non-volatile memory structure;

* (c) testing for a restoration of power to said
meter until a positive indication of said power
restoration is detected;

e (d) restoring all previously acquired metering
data to said associated memory structure;

e (e) returning‘to step (a);

. (f)_ testing for newly acquired or updated
metering data and wherein no such indication is
detected skipping to step {(c); |

* (g) reading said previously acquired metering
data into said associated memory structure;

* (h) altering said previously acquired metering
data;

e (i) rewriting said newly acquired or updated
metering data to said non-volatile memory

structure; and




|l ost to a nmeter, said nethod conprising the steps of: (a) testing for an
i npendi ng power loss to a neter and wherein no such fai P0Qetgber cted,
skipping to step (f); (b) copying all previously acquired netering data
froman associated nenory structure to a non-volatile nenory structure;
(c) testing for a restoration of power to said neter until a positive

i ndi cation of *saild! p6REEatiegt 6EaPi 6a)is detected; (d) restoring all
previously acquiged i at o] i SOC| d LY. .st.ructure;
(e) returning t%gstgp %11;18&(?)@ tsgest%iﬁgﬁ#gr%%e %/g‘%rgq&lg?e I%erreulﬁ]dat ed

met eri ng dasaidndtwheresitn ome suwdh ii-reigretiten iron-detlentided sidmpiyng to step
(c); (9) reading said previ ous%I cquired netering data into said

associ at ed ﬁ%?yug?rﬁgrﬁaré,ses( ¥a§]i]?]5‘?rf“ﬁﬁysai d previously acquired
metering data;17(ia reahdd NesSad newhyhagaui & edh@r 1¥pdafird-«sHet eri ng
data to said non-volatile nmenory structure; and 21 20 Oct ober 2006 (1)
repeating s¥@pd(at 2EasKk ndfodagsoseetedr thempre| afrustumsherdsi n  sai d at
| east one L d n- [ r jses flash
ooy, 17 A et rad At St Sl CETIT She PERAM SERPE Sact “one
associ at ed Henoe yRANy uthadew | BAM s edred tledt § & 0y b dek el oREM consi sti ng of
EPROV EEPROM Ferro RAM Shadow RAM and battery-backed RAM




