TITLE: METHOD OF USING FLASH MEMORY FOR STORING
METERING DATA PRIORITY CLAIM This application is a
continuation-in-part of previously filed U.S. Patent Application with the
same title and inventors as present, assigned USSN 10/131,605, 5 filed
April 24, 2002, and which is incorporated herein by reference for all
purposes. BACKGROUND OF THE INVENTION The present subject
matter generally relates to 10 particular flash memory storage
applications. More particularly, the present subject matter relates to a
method of using flash memory for the storage of metering data. Still
further, the present subject matter relates to a method for using flash
memory in conjunction with an 15 associated memory for the storage and
manipulation of metering data and maintaining such data despite a loss of
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data are commorgm%gg @@gggﬂi%ﬁgstorage media such as

magnetic disk drives. Such systems are slow to recover and store data.
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title and inventors as present, assigned USSN 10/131, 605,

3 filed April 24, 2002, and which is incorporated herein by

reference for all purposes.

BACKGROUND OF THE TNVENTION

The present subject matter generally relates to

0 particular flash memory storage applications. More

particularly, the present subject matter relates to a
method of using flash memory for the storage of metering
data. Still further, the present subject matter relates

to a method for using flash memory in conjunction with an

i5 associated memory for the storage and manipulation &of

metering data and maintaining such data despite a loss of
power.
Conventional memory systems are well known. Large

amounts of data are commonly stored using rotating

20 storage media such as magnetic disk drives. Such systems

25

are slow to recover and store data. Additionally, such
systems require large amounts of power and are relatively
heavy. It has been appreciated in many conventional
memory systems that some data needs to be stored in non-

volatile memory, which by definition maintains data
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in accordance with the present subject matter. Various constraints
pertaining to the amount of data 5 that can be erased at a given time from
certain existing flash memory systems have limited their typical use to
storing programs and constants that are erased and then rewritten in their
entirety. In general, such systems are Rot used to store data because
data is typically not to 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
onf§ 2 pBrtid 6F e sOFed li%?o%ﬁ?%n{?%&%wr%rerﬁ 5 ry%t?u&%r?és,@
howeper, asedéss ibicosteffectios than fash memorgsysem3 AREiRtAE

case, of certain tynes, ot RAMenapebehattenshaeked AN  there are

additional lifetime costs associated with the maintenance of the Qatt%ryd a
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stogipgtintesmasione Suishdngividuali statagerecations cametibe eewstteny
to untl uch lime as they are grased: ;s grasire of storatinforgaatiansin
such memory, Rowever, cannot occur on a partial basis. Instead, erasure
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med@gﬁagég@g&1§Hﬂy¥LQ§H§tive memory structures, such as
EPROMS, EEPROMS, and a variety of RAM structures, which
allow the alteration of only a portien of the stored
information. Such memory structures, however, are less
cost effective than flash memory systems and in the case
of certain types of RAM, namely battery-backed RAM, there
are additional lifetime costs associated with the
maintenance of the battery. _

Farly flash memory systems consisted of a single
storage block for storing information. Such individual
storage locations cannot be rewritten to until such time
as they are erased. The erasure of stored information in
such memory, however, cannot occur on a partial basis.
‘Instead, erasure of such information must be complete at
which peoint all previously stored information is lost.
The number of times flash memory can be erased and then
rewritten is also limited over the lifetime of flash
memory, and has also thus been a concern for certain
applications.

Conventional flash memory systems have been

developed such that they are more useful in storing data.



3 Such flash memory has been segmented into large numbers of smaller
storage locations. These most recent flash memory systems are flexible
enough to store data and are ideally suited for use in the storage of
metering data. 5 While each of such storage blocks must still be erased in
its entirety, such flash memory devices éontain enough small storage
blocks to satisfactorily maintain stored metering data. These conventional
flash memory systems consume very 10 little power and are relatively
fast to operate. New flash memory is also much more cost effective lglan
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Pa%%%sh memory is also much more cost effective than other
non-volatile memory such as EPROM, EEPROM, etc. 1In
addition to being more cost effective, such conventional
flash memory systems are currently available in higher
density arrays than comparable EEPROM and RAM memory
systems. As the demand for the storage of more metering
data is made in the utility industry, cost savings
realized through the use of more efficient and cheaper
memory systems will be significant.

Non-volatile memory systems have been used in the
past for various metering applications, but utilization
of flash memory has been limited. Some conventional
metering systems have utilized non-volatile memory for
the storage of constant values and equationé for
performing calculations that may determine otherwise
desired parameters of a meter’s performance or the demand
therethrough. One example of the use of non-volatile
memory structures in metering applications is U.S. Patent
No. 5,548,527. Yet another example is found in U.S.
Patent No. 4,361,877, which provides for the use of non-

volatile memory to store a set of data measurements
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No. 5,548,527. Yet another example is found in U.S. 30 Patent No.
4,361,877, which provides for the use of non- volatile memory to store a
set of data measurements 4 obtained over time and compiled within an
associated memory. Such non-volatile memory is then removed for
further processing to obtain the desired data and replaced by a new
memory structure. 5 Utilizing a battery-éacked RAM memory to store data,
as well as to attempt to preserve such data during power outages to
ensure the continuity of the usage data despite the power loss is the aim

of 4.3, PAIeNt N 4334474 10 Aber patentsyeferencingshesuse.af

various types of memory structures to handle and store utility metefrln]g

daleleiitle USSCPafitit NGd 3k 788 6RE Y03 677084 g593RY T°

5,240:683:5 824 Q6% im3 7?4l Ik 473,322, I=918:88Q14%,894/892;

6,006,212; %6,163 276, 15 All of the al%ove-referenced patents are
= ity

inc%?Boraa ferein Foe'rwalfngfjnroproyse% r)f ViFtle of present reference

thereto. Whild Lsefdl for Hidit patdueskednBBf REBRN et Pefi@itesiatar

solygs.fhe prahleps addeegsed:by $ie peasantly, 29 diselosed teshnglogyr
namely, the need for a cost effective, efficient, non-volatile me

Qr
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notieeqiiitieg teéplagerentlibss, therefbee adasi@bld t@ prédteratmiéthod
for‘3 2§§1§iq§g} a more cost-effective memory, such as flash memory,

Other patents referencing the use of various types
of memory structures to handle and store utility metering
data include U.S$. Patent Nos. 4,783,623; 4,7%2,677;
4,852,030; 5,270,63%9; 5,311,068; 5,377,114; 5,473,322;
5,918,380, 5,994,892; 6,006,212; and 6,163,276.

All of the above-referenced patents are incorporated
herein for all purposes by virtue of present reference
thereto.

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-veolatile memcry structure and
associated methodology used to store metering data while
not requiring replacement.

It is, therefore, desirable to provide a method for
using a more cost-effective memory, such as flash memory,
to store metering data. Still further, it is desirable
to provide a method of using such flash memory in
conjunction with an additional associated memory
structure to reduce the number of times flash memory is
written to and erased, thus helping to extend the useable

life cycle of the flash memory. Finally, it is desirable



to store metering data. Still further, it is desirable to provide a method of
using such flash memory in conjunctton with an additional associated
memory structure to reduce the number of times flash memory is 30
written to and erased, thus helping to extend the useable life cycle of the
to uflash ArensoryiFinaty duisadesiablels 2o vtikzea muti-begimentedflaghering
datamemoryfes storingpetering, data in, canjunctionywith.an assogiated + ure  for
memory structure for use in updates and maintenance of the metering .
use ddta dititiy pericds wHen measarententsare take M BRIEE SUMRIKR YU r 119
veriOFTHEINVENEIONTEepresent subjest matter recognizes and
addresses various of the foregoing limitations and drawbacks, and
others, concerning the storage of measured metering data and the
maintenance of (RBEEHF aSIMIARRY |d3E T HRWBRVEREEIHre, the presently
disglosed technology-proyides a new -method.of storing.metering data into se <
“more cost effective non- volatile flash memory structures, while providing _
varigyacific datd fransfeP AfdritiSs thatddiiZe the poténtial ifeépan 6r  2nc
othesSdGh memexy strueturese Inaccordance with.afistraspeckefdhepresenta and
tne Mention, there is pravided @ method for storing and updating metey datg, ..
comprlsmgatlﬁle ?ollowmg steps: providing a pfuraﬁ;ty of memary stricturds;
Therwherein saideploraditeoft memobry stractedestinclbdes atlieastioreides & new
net nWyltizsegmented flagh memory structurg and at least one-assegiated: v non-

memory structure; obtaining meter data representative of one or more L
volabdratnetets HssoRMTET With>a GHIty préduct ofserficePEbpiiAgng  specific

data transfer algorithms that maximize the potential lifespan

of such memcry structures.

In  accordance with a first aspect of the present
inventicn, there is provided a method for storing and updating
meter dats, comprising the following steps: providing a
plurality o¢f memory structures, whereiln salid plurality of
memory structures includes at least one multi-segmented flash
memory structure and at least one assoclated memory structure;
obtaining meter data representative of one or more parameters
associated with & utility product or service; copying
previously obtained meter data stored in at least one selected
segnent of saild at least one mnmulti-segmented flash memory
structure intc sald at least cne assoclated memory structure;
updating with obtained meter data selected data within said at
least one associated memory structure; erasing the at least
one selected segment of sald at least one multi-segmented
filash memory structure from which data was transferred in said
copying step; and rewriting the updated selected data from
sald at least one assoclated memory structure To said at least
one selected segment of said at least one multi-segmented

flash memory structure.



previously obtained meter data stored in at least one selected segment of

said at least one multi-segmented flash memory structure into said at

least one associated memory structure; updating with obtained meter

data selected data within said al- least one associated memory structure;

erasingl e at leastt onasetected segmentafsaid atleastene to provide a

- multi- gﬁmented flash memory. structure ff om which data was f,gransferr! 9 ,

m@th?ndjsai(?% copyi%als?gp; aﬁar}g\?v%ﬁnd%e up a?esg* seléncﬁrélg data fom sasld at "¢
infolgkst ope asdbekxted mermony stadctiire teBEid Gt least ong Seledtéd present
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Embodiments of the disclosed technqlo%y seek to provide a method for
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to wpfthe present subjectimattér Jeeke provide anetering data during an

unscheduled loss of power or during a regular (i.e., user

planned) meter power down. More particularly,



- method of protecting metering data during a loss of power using a
combination of two distinct interacting memory structures. Another
embodiment of the presently disclosed technology seek to provide a
method that is cost effective for storing metering data. In such context,

embotherembedimentofthe peasent techinology seek tefurtbeeprovide ammerede 2

flexible-and_ efficient methodt:;ogthe storage of metering data. Additional
metho%f/aﬁ%aggsrgft%%%ﬁr%genltms%ua'l sk eiOff%e S8 pover

a Jéctn Matter are Setforth in- or wi
us ingpparenttoithése bt ordina®y skilt via thelar Hiomtthe dotailed descrptioremory
+ 8% fallows. Also, it should be further appreciated that modifications and

variations to the specifically illustrated and discussed steps, features, and
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like. Still further, it is to be understood that different embodiments, as well

additferentfreséitiiAprefsired embodifmeRtsefthe piésertt stbjBeftter are
set Mattenmay jnctudewariouscogphinations of configigations of presently ski1:
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variations to the specifically 1llustrated and discussed
steps, features, and materials, or devices hereof may be
practiced 1n wvarious embodiments and uses of the disclosed
technology without departing from the spirit and scope
therecot, by wvirtue o©f ©present reference Lhereto. Such
variations may include, but are not limited Lo, substitutions
of eqgquivalent steps, elements, features, and materials for
those shown or discussed, and the functional or positional
reversal of various steps, parts, Ieatures, or the like.

S£ill  further, it 18 to be understcocod that different
embodiments, as well as different presently preferred
embodiments, of the present subiject matter may include various
combinaticns or configurations of presently disclosed steps,
features, elements, or their eguivalents (including

combinations of features or configurations



the detailed description). In accordance with one exemplary embodiment
of the present subject matter, a method for storing meter data 5 includes
an initial step of providing a plurality of memory structures, including at
least one associated memory buffer and a non-volatile flash memory
structure having a plurality of memory blocks. Meter data representative
of one or more parameters associated vith 10 a utility product or service
may then be obtained and stored in the associated memory buffer. When
the associated memory buffer is full, the data is copied to at least one

selected block of the flash em&g%hgnnmorgigiﬁ%sca&th%%d in

erased S aRishpinter 15 moved to a next block of flash memory,
sudththat¢he ditd stesayd Btepandan be subsequently repeated until

either the flagh memoneis fllor Wil thedata sioredin Slastemensenthe
begins to repeat its predetermined stora%?)ds%ggence. 20 In accorda ce,

witR EetRdr SRBpRE EHEEdimént St present sthit hsts a
s methed ofistoring tontihaduslyarpdated metied daga #n aluttial atetept

includes the steps of praviding 8 plurality, of MEmQry, sruglues, inchuling

emor 3
at IEast ofe associated memory 25 butfer and a non-volatile flash memory

Struemesy obtifng @idatedRBEIUta R rihgaRE FHRREY nister HaE®
detegtind yvherp pawer 1@ he titilirdeteisodinabledyansk-cepyiag the
updated data into,the flaksh memory strucfure, ;EQ enrwetersdsgéa j%ted with
reptES&TATNE B 2750 FedStired of distribuied amount of & utiity product
100or a utility product or service may then be obtained and
stored in the associated memory buffer. When the
associated memory buffer is full, the data is copied to
at least one selected block of the flash memory. The
memory buffer can then be erased and a flash pointer

15 moved to a next block of flash memory, such that the data
storage steps can be subsequently repeated until either
the flash memory is full or until the data stored in
flash memory begins to repeat its predetermined storage
sequence.

20 In accordance with another exemplary embodiment of
the present subject matter, a method of storing
continuocusly updated meter data in a utility meter
includes the steps of providing a plurality of memory
structures, including at least one associated memory

25 buffer and a non-volatile flash memory structure,
obtaining updated meter data, storing the updated meter
data, detecting when power to the utility meter is
disabled, and copying the updated data into the flash
memory structure. The meter data is representative of a

30 measured or distributed amount of a utility product or

service, such as electricity, water, gas, cable or
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service, such as electricity, water, gas, cable or 8 telecommunications
service, etc. In the case of an electricity meter, for example, the data may
be watt- hours. A flash pointer may be utilized to determine to which
block(s) of flash memory the watt-hour meter data 5 is to be copied. A still
further exemplary embodiment of the pgesent subject matter corresponds
to a method for storing and altering meter data. Data stored in block(s) of
flash memory is copied to an associated memory structure where 10
portions of such data can be updated, and then copied back to the erased

location in flashimemeyframwhich, the data wastransferedoFhese and

other features, aspects and advantages of the present techrgjlo%gvill
beedRtBEdtundEtFed iith Y5 B RncENS tHE 13II8RNg FestHption
angdappendedsolaisns pbha eecompanyng didwings, whicleasgmine to

incorporated in and constiyte.a part.ahibis spegificaling. llugi i aBac
embBbt |r?ﬁe?r)1(1%fﬁ1(e? brépr;%n%%sau%ject mattgr and, together \I/Avith the :
deseriptiorRsetv® 128 to explain the principles of the technology. BRIEF

DESCRIRTIQN1QF fEHRRAWENG SaA fulkmpd enehiingadiseibeurerebtier
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referancsi togthecapperded figuresairswhitd Figurelepidides & Hiderh

dE%%%nguiga@Q%ied to an associated memory structure where
portions of such data can be updated, and then copiled
back to the erased location in flash memory from which
the data was transferred.

These and other features, aspects and advantages of
the present technology will become better understood with
reference to the following description and appended
claims. The accompanying drawings, which are
incorporated in and constitute a part of this
specification, illustrate an embodiment of the present

subject matter and, together with the description, serve

to explain the principles of the technology.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present
subject matter, including the best mode thereof, directed
to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended
figures, in which:

Figure 1 provides a block diagram illustrating
aspects of the transfer of data between a given non-

volatile memory and an associated memory in accordance

with the present subject matter;



aspects of the transfer of data between a given non- 30 volatile memory
and an associated memory in accordance with the present subject matter;
9 Figure 2 is a flow chart diagram of the data preservation methodology
for power loss occurrences in accordance with the present subject matter;
Figure 3 is a flow chart diagram of the data storage 5 methodology for
newly acquired data in accordance with *the present subject matter; and
Figure 4 is a flow chart diagram of a data preservation and storage
methodology that provides a data protection scheme during loss of power
to the meter in 10 gccprdance with re je s eat use
of referenté %ﬁﬁ?ai%e?’sstharo%%ﬁgutc gtl%%@?e%%t%&cﬁ%c%&ﬁ gr%fé) ,
apperseeianings keithondd@ o EpFessiitke Safie OF ARSI 7
features, steps or alements of thedlisclosed tanhnalegy.x15 DETAILED
DESCRIPTION OF THE PREFERRED tEI\{:\BODIMENJSt Reef recr]aces\e/g[rage
now be mAAE W Bethilt BrestRtly CpPetenad Embodiments of the
sdisglesed echnpjodisr examiples ofrwhiels arkafidlyire preseridanaehy Jg
accompanying drawi ch.gxanpl e provided by way of an
exp?ag]nezt%%/eg% tﬂ% \p,)gr@ggﬁ? %Cﬂ%olo%% i%?:{limitation thereof. In fact, it will

be appareRt @ TRode kil dihaHe ARt Hard AfdtemBdiftatidhe and

varigligns captiemadaiinstherpresent stbject bpfterh 26 pithoutddepartidgta
f”"gﬁg%g@gﬁ§Qd;§§§§;”§ﬂ$9&§:'555 of power to the meter in
10 accordance with the present subject matter.
Repeat use of reference characters throughout the
present specification and appended drawings is intended
to represent the same or analogous features, steps or

elements of the disclosed technology.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to presently
preferred embodiments of the disclosed technolegy,
examples of which are fully represented in the
20 accompanying drawings. Such examples are provided by way
of an explanation of the present technology, not
limitation thereof. 1In fact, it will be apparent to
those skilled in the art that various modifications and
variations can be made in the present subject matter,

25 without departing from the spirit and scope thereof. For
instance, features or steps illustrated or described as
part of one embodiment can be used on another embodiment
to yield a further embodiment. Still further, wvariations
in selection of materials and/or characteristics may be

30 practiced, as well as, alteration in some instances of

some of the order of method steps to satisfy particular
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instance, features or steps illustrated or described as part of one
embodiment can be used on another embodiment to yield a further
embodiment. Still further, variations in selection of materials and/or
characteristics may be 30 practiced, as well as, alteration in some
instances of some of the order of metq d steps to satisfy particular 10
desired user criteria. Thus, it is intended that the present subject matter
cover such modifications and variations as come within the scope of the
present features and their equivalents. 5 As disclosed above, the present

subject matter, is partigularlyconearned with asnethashokbutiliziag flask
memory structures for the storage and retention of metering data. In

paRERRENThS BRIEMT Bfd mEREP iR RictAGE GG 2Fash
memarysiiuaiyrenwithch® aniadditionalassoeiated inehmory stefre in a

utiipy metering envirgament, cegaiu gipodiments of the disclosed
tec noﬁ)gy are further directed to a method of insuring against data loss

in the evelt of BSFARERBUBRIY Gn, SPBOREF BBWN GHRAE THIiBAMEEST. 13
Gepgrally- Yasous meetesingndatay inelugdingshitawtolimiteditp-sireh a3 ioad

profiles, energy data, time-of- use data, informatiopal data, .
err&%\%ﬁ’tlﬁi%%uc S foarseﬁge de 5 (ip Storec

ure age &n ete bl
ory‘fogs, an feads are collected and ! stored ?or later
retriexa sither dytauthofizeddieid peksanndln \Ba 2B WansHASSIBR tHatter

remQte Jogation. Rueh Rfogpalionds aften ssgdmidfaxampleutaeten: ch
e PR S DO S D 19" I U RN diyng,
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metering environment. Certain embodiments of the
disclosed technology are further directed to a method of
insuring against data loss in the event of a power outage
in, or power down of, the utility meter.

Generally, various metering data, including but not
limited to such as load profiles, energy data, time-of-
use data} informational data, error/event/history logs,
and self-reads are collected and stored for later
retrieval either by authorized field personnel or via
transmission to a remote location. Such information is
often used, for example, to better determine appropriate
billing rates both for various time periods during any 24
hour period, as well as, alternative billing rates for
residential versus commercial users and for variations in
demand from season to season. In some applications, a
meter runs continuously while amassing relatively large
amounts of data, such as event logs or log profi;es. In
such an application, the newly amassed data can be
initially stored in an associated memory, for example but
not limited to a RAM buffer, and then incrementally

transferred to a nonvolatile flash memory in accordance



hour period, as well as, alternative billing rates for residential versus
commercial users and for variations in 25 demand from season to season.
In some applications, a meter runs continuously while amassing relatively
large amounts of data, such as event logs or log profiles. In such an
application, the newly amassed data can be initially stored in an
associated memory, for example but 3b'not limited to a RAM buffer, and
then incrementally transferred to a nonvolatile flash memory in
accordance Il with an algorithm (discussed herein) that helps reduce the
number of times data is Wrg N to the fla h mem rythln st(LI fur t?ei:educe

metEriy 4Bpifcdidhs® m‘et e Gata Sic earsewat hours e case of
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Referring now to Figure 1, a block diagram depicts
aspects of an exemplary configuration and corresponding
methodology for acquiring meter data and storing such
data into nonveolatile flash memory. "The exemplary

15 configuration of Figure 1 includes an associated memory 2
configured to operate in eonjunction with a nonvolatile
flash memory 4. Associated memory 2 is configured to
operate as a puffer for acquired metering data, and may
correspond to a RAM buffer or to another specific form of

20 memory, such as but not limited to EPROM, EEPROM, Ferro
RAM, Shadow RAM, or battery-backed RAM. Asscclated
memory 2 preferably includes a plurality of data blocks
6, which are respectively represented in Figure 1 as DATA
1, DATA 2,..., DATA N, and flash memory 4 preferably

25 includes a plurality of flash memory blocks 8
respectively represented as BL 1, BL 2, BL 3,..

When new data is acguired by a utility meter, it is
initially written to a block or blocks of associated
memory 2. Subsequently measured new data is sequentially

30 written to the associated memory 2 until the associated

buffer 2 is full. The associated memory serves as a
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20 memory, such as but not limited to EPROM, EEPROM, Ferro RAM,
Shadow RAM, or battery-backed RAM. Associated memory 2 preferably
includes a plurality of data blocks 6, which are respectively represented in
Figure 1 as DATA 1, DATA 2,..., DATA N, and flash memory 4 preferably
25 includes a plurality of flash memory glocks 8 respectively represented
as BL 1, BL 2, BL 3,.... When new data Is acquired by a utility meter, it is
initially written to a block or blocks of associated memory 2. Subsequently
measured new data is sequentially 30 written to the associated memory 2

uniil the.gssaciafed, buffer, 2 is fulb iha agsaEARE,MEMQrySEIVes AB1a the
12 buffer, and when the associated memory 2 is ful|, all the data stoor?gck

thetehPisSiRtter 16 esaittetferiphy bidtk™ Br Btk 5F RoRVoratile
flash MRBORE 4g After the -daiads Wreteil &sﬂaemmhegssociaaéd aerhiory
buffer is 5 cleared so that mare data,an be witten sty Rd the Matee: ;s
transf:er process repeats. A flash pointer 10 is employed in order to
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buffgk 2 is {a Repurtter Ahen thepassaciated 10 memory 2 is written to a
block of flash, the memory 2 is cleared an th%flash(pointeri:s moved to,
hf{% oved 1h 0

Fo) 0 is em der etermine
the next @rn ng glofeffas memor)f,) no¥ necessarily in a sequentla

ordar. Thedlashipoihter 16 nvfy B dstransanied t8 post &6 segaengal

blagles of flash Qrpay folow anyeother dtupredejprapined ordes i filling:

D e P g i e s O fash ok A Ga0 MR S5aRISR 2 5
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cleared and the flash pointer is moved to the next empty
block B of flash memory, not necessarily in a sequential
order. The flash pointer 10 may be incremented to point
to sequential blocks of flash or may follow any other
predetermined order for filling up the £lash blocks. The
arrays of flash blocks & can either sequence circularly
{i.e., newly buffered data is written to the flash block
containing the oldest data) or the flash memory 4 can be
written to until all the flash blocks 8 are full, at
which peint data transfer between the associated memory 2
and the flash memory 4 stops. The flash memory 4 can
then be cleared when the meter is read, so that more data
can be stcored therein.

The associated memory buffer 2 is used to reduce the
frequency of data writes to flash memory 4. An entire
memory buffer of, for example 20 or more load profiles
entries is filled up before the block is written to flash
memory. An exemplary data storage size for associated
memory 2 may be about 2K, which may preferably correspond
in some embodiments to the size of each block 8 of flash

memory 4. In such instance, if the total storage size of
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(i.e., newly buffered data is written to the flash block containing the oldest
data) or the flash memory 4 can be written to until all the flash blocks 8
are full, at 20 which point data transfer between the associated memory 2
and the flash memory 4 stops. The flash memory 4 can then be cleared
when the meter is read, so that more data can be stored therein. The
associated memory buffer 2 is used to reduce the 25 frequency of data
writes to flash memory 4. An entire memory buffer of, for example 20 or
more load profiles entries is filled up before the block is written to flash
megary nAneexengplaay datestorage s foriamochated LARTRERES N8y 2X

be apoul 215, which may reerably covespond Skinsome ermlodimantsa
to the size ?%ach lock 8 of flash memory 4. In such instance,éf tplelt_ptal

0
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be appreciated that the associated memog? and flash mem%rge%o%% berof
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to Figute 1 thatmany assqgjeles mansety buffesioay Pe,rungiag at the
fractional size of the flash memory.

it should be appreciated with respect to Figure 1
that many associated memory buffers may be running at the
same time, and being respectively copied into the flash
memory 4. For example, one‘associated memory buffer 2
can be dedicated to storing load profile data, while
another separate memory buffer 2’ is dedicated’to storing
event logs. Each buffer 2 and 2’ can respectively copy
into different streams of flash blocks B as they
respectively fill up. Multiple flash pointers may be
employed to determine to where each respective buffer
will copy in the flash memory.

In accordance with a more particular aspect of the
presently preferred embodiment, Figure 2 shows a flow
chart diagram 20 in which a protection scheme is provided
for measured data during the occurrence of a power
failure or a regular meter power down. Metering data is
stored in a supplemental memory structure, such as an
EPROM, EEPROM, or a Ferro RAM, Shadow RAM, battery-backed
RAM or other similar memory structure. Such supplemental

memory is associated with a non-volatile flash memory



same time, and being respectively copied into the flash 15 memory 4. For
example, one associated memory buffer 2 can be dedicated to storing
load profile data, while another separate memory buffer 2' is dedicated to
storing event logs. Each buffer 2 and 2' can respectively copy into
different streams of flash blocks 8 as they 20 respectively fill up. Multiple
flash pointers may be employed to determine to where each respective
buffer will copy in the flash memory. In accordance with a more particular
aspect of the presently preferred embodiment, Figure 2 shows a flow 25
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specific sensor element or other appropriate circuitry.
Details of detecting power loss, which form no particular
aspect of the present technology, may be accomplished in
any of numerous previously known ways. When such an
event is detected at step 24, selected of the presently
stored data is rewritten in step 26 into the non-volatile
flash memory from the associated memory structure. In
certain instances, it is desired to transfer all or
selected portions of data stored in the associated memory
structure into flash memory at step 26. By definition,
the non-volatile flash memory structure will maintain
without loss all of the data stored therein despite the
lack of power to the memory. In such a manner, all of
the previously acquired metering data may be preserved.
Continuing with the exemplary embodiment of the
present subject matter illustrated in Figure 2, upon the
occurrence of step 26 a meter begins checking at step 28
for a restoration of power to the meter, or for initial
provision of powex during a typical meter power up.
Details of checking for the restoration or initial

provision of power, which form no particular aspect of
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specific sensor element or other appropriate circuitry. Details of detecting
power loss, which form no particular aspect of the present technology,
may be accomplished in any of numerous previously known ways, When
such an 15 event is detected at step 24, selected of the presently stored
data is rewritten in step 26 into the non-volatile flash memory from the
associated memory structure. In certain’instances, it is desired to transfer
all or selected portions of data stored in the associated memory 20
structure into flash memory at step 26. By definition, the non-volatile flash

me@h"éﬂﬁ% FC&%? will.paintain, withaptiass.allgffhe dataystored thersin

r
despite the [lack of power to fie memory. In such a manner, all of the d
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restoration S.untll poweris qetected. Before a metergdypical QOWEL HIP gzt 4
(as’opposed to a reStoration of inadvertently lost power), this loop back
,nayyﬁﬁ%@Mﬁyﬁh&g@Qﬁﬁﬁfred in step 26 is restored to the

associated memory structure in step 32. ©Once the
metering information is restored tc 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 completion of
exeﬁplary step 34, the process loops back aleong path 36
to the beginning of the process 20 where the pertinent
technology once again begins checking for the next loss
of power.

In such method, the limited use of the non-volatile
flash memory structure aids in reducing the continuous
writing, erasing and rewriting of data, which would
ctherwise limit the useful life of the memory structure
itself. Furthermore, due to the somewhat limited nature
of flash memory (i.e., regquiring an entire 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.

In accordance with another aspect of the present
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detection in step 28 of the restoration or initial provision of power to the
solid-state meter, all the data 10 previously transferred in step 26 is
restored to the associated memory structure in step 32. Once the
metering information is restored to the associated memory from the flash
memory in step 32, the flash memory lecation is erased in step 34. Step
34 ensures that the 15 flash memory will be prepared to store new
information upon a subsequent power failure. After completion of
exemplary step 34, the process loops back along path 36 to the
begiririisg of 1 procedsi20 whetethEDdtRedt 1¢ShdIBEY bnce again

begins.chacking farthemnex lesemd) ok popescinssuctt methet ithe lmited

use of the non-volatile flash memory, structure.aids i ing th
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is also provided. Each of the non-volatile flash memory
structure’'s segments contains measured and recorded
metering data from a typical residential or commercial
use solid-state utility meter. It should be noted that
details of such meters form no particular aspect of the
present technology and are well known to those of
ordinary skill in the art. As such, the meter itself
will not be discussed herein.

Upon the acguisition of newly measured or calculated
data, such as but not limited to event/error/history
logs, load profiles, time-of-use data, self-reads, etc.,
there exists a need to update the stored information. 1In
accordance with the present subject matter, the detection
of this new data may be done in a variety of fashions and
is indicated in Figure 3 as new data indicator 42. One
example of how new data could be indicated is to compare
newly acgquired data to that already stored in non-
volatile memory to determine if the data reguires
updating. The present subject matter employs a process
such as exemplary data preservation and storage method 40

to update newly acquired meter data. Such methodology



5 updating of recorded metering data. In the presently preferred
embodiment, metering data is permanently stored in a multi-segmented
non-volatile flash memory structure. An associated memory structure
comprised of, for example and without limitation, EPROM, EEPROM,
Ferro RAM, Shadow 10 RAM, battery-backed RAM or other similar
memory structure is also provided. Each of the non-volatile flash memory
structure's segments contains measured and recorded metering data

from a typical residential or commercial use solid-state utility meter, It
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methodology 17 works to reduce the number of times the non-volatile
is effécted in step 44. Upon determining in step 44 that

new data is indeed at hand, the storage block containing

the old data is read from the non-volatile fiash memory

structure and copied into an asscciated memory structure
15 in step 46.

Recent advances in flash memory have provided for
small erase-block flash memory structures. This means
that the amount of data read into an associated memory
structure in step 46 is much smaller than might

20 previously have been possible. Such advanceé in flash
memory technology make the use of flash memory in
metering applications more feasible since exemplary
metering systems reqguire about 256K of non-veclatile
memory and about 2K of supplemental memory. Thus, the

25 amount of data read into an associated memcry structure
in step 46 has a minimum and maximum limit based on
specific memory constraints. The minimum amount of data
read from flash memory is eqgual to the smallest block
size in flash memory. Existing flash memory may be

30 characterized by about a thousand blocks or more per data

array. The maximum amount of data read from flash memory
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flash memory must be erased and rewritten thus lengthening its effective
lifespan within the meter. There could be other specific applications that 5
require alteration or other changing of data, such as in accordance with
performing meter upgrades, that aspects of the present subject matter,
especially with respect to Figure 3, mayg be utilized. Continuing with the
exemplary process 40 of Figure 10 3, a determination of whether stored
data needs updating is effected in step 44. Upon determining in step 44
that new data is indeed at hand, the storage block containing the old
daiaissrear fémithedtoreyoiiRé fla¥nh themoky tafcthidahd TopidtFinto

an associgied Mmemant stryetirer 4z4n step 46. Recent advances in flash
memory have provided for  small erase-block flash memory strugtyres.

This meah&ettfit IRE LMTEITSFTAA readifto an asddcited Memory
stratiuse in Step 464s nuctysmallée tiian mighe26 previofishatave'bEerut
pogsible, sueh-advances inflashy mematy teehnelogy make theuse pig it

flash memory in metering applications more feasible since exem(ggar th
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associated memory Stucture, in SieR 46,135 8MiNnug:3d AUy can
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memew. Fxistinglash merpaat May bas0xsharacterized, by abeutated

thogjfggg l%!gcléslg[:}rpsorg ea(lj:%tais read into the associated
memory in step 46, at which point data can be altered
within the associated memory in step 48.

On the completion of the alterations {such as
updating) of the previously stored data in the associated
memory structure in step 48, the non-volatile flash
memory segment previously containing the unaltered data
may be fully erased in step 50. The now updated data may
then be rewritten into the newly erased storage block of
the non-volatile flash memory in step 52. In accordance
with the presently disclosed technology, the method then
feeds back at path 54 to repeat itself so as to
continuously offer the most up~to-date metering data.

While details thereof form no particular aspect of
the present subjéct matter, the non-volatile flash memory
structures may be provided to contain encugh 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 either
through direct viewing or by remote

transmission/reception of the data at regular intervals



array. The maximum amount of data read from flash memory 18 in step
46 is determined by the storage limit of the associated memory structure.
The associated memory structure may be one that allows for the
changing (e.g., updating) of data without 5 the need for eliminating all of
the data and replacing it with the newly gcquired metering data as is the
case with flash memory. Instead, only individual bits of information as
needed within the entire storage block can be changed in such memory
structure thus reducing the 10 time required for updating the data. Thus, a
selectedsblockeordilackshef datssisatahintwthetssouiae: nterddbain
step 46, afyhich painf daja cap:he altereg, within the asgociatesk meraory,

in step 48. On the completion of the alterations (such as 15 updating) of
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means 42 and means 122 may be implemented in a similar

A

fashion to power loss indication means 22, and details of

either of such form no particular aspect of the present

technology, and are otherwise within the knowledge of one
15 of ordinary skill in the art. ‘

In an effort to avoid the loss of any previously
acquired meter data in the event of a power fallure, a
first step in exemplary method 100 corresponds to
checking for such a power loss with detection means 122.

20 If a power loss is detected at step 124, then there
exists a need to transfer the metering data to a non-
volatile memory structure. Upon a finding that such a
need exists, all metering data within the associated
memory structure used for temporary storage and updating

25  or other changing of data may be transferred te the non-
volatile flash memory structure in step 126.

Exemplary methodology 100 then begins a continuous
check via step 128 and path 130 to determine if power has
been restored to the solid-state meter. Such a

30 determination may be made through any of the known

methods and as it forms no particularly critical aspect



one month. In such an instance, appropriate field personnel may "read"
the meter to obtain the data either 30 through direct viewing or by remote
transmission/reception of the data at regular intervals 19 so as to avoid
the loss of any of the metering data. Figure 4 represents a flow chart
diagram of the an exemplary embodirg&nt in which both data preservation
and storage methodologies are provided, wherein such 5 methodologies
includes a data protection scheme for periods during which power to the

meter is lost. Such methodology 100 preferably includes both%rlneans 1.)42
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transfer the metering data to a non- volatile memory structure.
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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 memory upon
1S each measurement or, more preferably, there may exist
within means 142 further means for comparing the newly
acquired data to that already stored in the non-volatile
memory to determine if the data requires alteration. The
later method works to reduce the number of times the non-
20 volatile flash memory must be erased and rewritten, thus
lengthening its effective lifespan within the meter.

When it is determined in step 144 that the stored
data requires updating, the storage block containing the
old data is read from the non-volatile flash memory

25 structure and copled into the associated memory structure
in step 146. The determination of the appropriate
storage block of memory may be based on the use of a ring
flash memory such that each successive set of newly
acquired data belongs in the next successive segment of

30 the ring memory, or other non-successive segment schemes

may be alternatively practiced, per the present



25 or other changing of data may be transferred to the non- volatile flash
memory structure in step 126. Exemplary methodology 100 then begins a
continuous check via step 128 and path 130 to determine if power has
been restored to the solid-state meter. Such a 30 determination may be
made through any of the known methods and as it forms no particularly
critical aspect 20 of the present subject matter, such methods will not be
further explained herein. Upon a detection in step 128 of the restoration
of power to the meter, all of the data located within the non-volatile flash
memenhsivletgye 5 may be rewritten to the associated memory in step

132. The apRranriate jocatian;inflash memory:3haud thes be, erased in

step 134 such that new data can be stored there again upon another
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of the present technology next intercogates the newly acguired data
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Its ettective li gban within the meter:
paths 136 and 154 so as to continuously obtain the most
up-to-date metering data while ensuring the protection of
the already acgquired metering data,
Although preferred embodiments of the disclosed

15 technology have been described using specific terms and
steps, such description is for illustrative purposes
cnly. The words used are words of description rather
than of limitation. It is to be understood that changes
and variations may be made by those of ordinary skill in

200 the art without departing from the spirit or the scope of
the present subject matter, which is set forth in the
following c¢laims., In addition, it should be understood
that aspects of various cther embodiments may be
interchanged both in whole or in part. Therefore, the

25 spirit and scope of the appended claims should not be

limited to the description of the preferred version

contained herein.



When it is determined in step 144 that the stored data requires updating,

the storage block containing the old data is read from the non-volatile

flash memory 25 structure and copied into the associated memory

structure in step 146. The determination of the appropriate storage block

of memory may be based on the use®f a ring flash memory such that

each successive set of newly acquired data belongs in the next
wHBHCCESSMenseagmentof 30 the ring memory, or other non-successive

Segment schemes may be alternatively practiced, per the present 21

technology. Desired alterations (e.g., updates) to the data previously

stored in the agseciated memopystruetyre are: thepsperfergmed.in step qata,

148. After this alteration is 5 performed, the non-volatile flash memory
Coggod?ﬁéﬁF%r&%ué@%o%‘f&i?\ﬂwgsﬁw%poﬁd data may be fully erased in step

150.pckherhawrpdatech dateamaysthentbemewritten e the newdy erasedein
s=Siarage lock ot the nop-yolate flash memory in,step 192- Inacqerdance,

with the ﬁres‘en%flé> tecﬁngllo@y, the met odologies then repea%
muthemsedsssat paths 1836rand 484150 as toeontimgouslydbtain theemost one
as%gq-g%%n}gﬁg@g, data.while ensuring the protection of the already

acquired metering data. Although preferred embodiments of the disclosed
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padesesiption is fordlustrative punposes tanly - The words tsed ate words of

descrigtion rather than of limitation. It is to be understood that changes
copylng previcusly obtalned meter data stored in at

least one selected segment of saild at least one multi-
segmented Iflash memory structure into said at least one
assoclated memory structure;

updating with obtained meter data selected data within
said at least one associated memory structure;

erasing the at least one selected segment of said at
least one multi-segmented flash memory structure from which
data was transferred in said copying step; and

rewriting the updated selected data from said at least
one asscclated memory structure to sald at  least one
selected segment of said at least cone multi-segmented flash
memory structure.

2. The method of claim 1, wherein said at least one
assocliated memory structure and selected segments of saild
multi-segmented flash memory structure have substantially

the same amcunt of data storage capacity.



and variations may be made by those of ordinary skill in 20 the art without
departing from the spirit or the scope of the present subject matter, which
is set forth in the following claims. In addition, it should be understood
that aspects of various other embodiments may be interchanged both in
whole or in part. Therefore, the 25 s?pqﬁt and scope of the appended
claims should not be limited to the description of the preferred version

contained herein, 22, WHAF 18 CLAIMED 153; L. A methodifox stofingands

updating meter data, comprising the folfowing steps: providing a pluralit

2S§PMmemdty stitRftrds AWRereint Said pltiraity of nidtRory stitichités EEPROM,

raincludesatleastone dnulti-segmented flashuaemory strusturerand at
least one associated memory structure; obtaining meter data
représentafivé of Ghe S mare” pardmeterd A856ciatet with s Ufility product
or service; copying previously obtained meter data stored in at least one
selected segment of said at least one multi- segmented flash memory
structure into said at least one associated memory structure; updating

- with obtained meter data selected data within said at least one associated
memory structure; erasing the at least one selected segment of said at
least one multi-segmented flash memory structure from which data was
transferred in said copying step; and rewriting the updated selected data
from said at least



one associated memory structure to said at least one selected segment

of said at least one multi-segmented flash memory structure. 2. The

method of claim 1, wherein said at least one associated memory structure

and selected segments of said multi-segmented flash memory structure

have substantially the same amountdf data storage capacity. 22a 3. The

method of claim 1, wherein said at least one associated memory structure
coR@ppdses one alzBROM,EERRQM, :RAM, Shadow RAM, FeH9RAM v oy

and battery-backed RAN. 4. The method of claim 1, wherein said data 23
Logemprisesat fdast ore of history 1648 eVent fiiys Sérdr IotR! load§tofile ©F
sndatay timenelkge data, setfereads, or energy consumption data.



