SYSTEMS AND METHODS FOR UTI LI TY METER DATA COLLECTI ON
FI ELD OF THE | NVENTI ON [ 0001] The invention generally
WO edoaesy3i o systens and nethods for utility nePEr/USBDR013481
collection. More specifically, the invention relates
to data collection on distributed netering systens.
BACKGROUND OF THE | NVENTI ON [ 0002] Commodi ti es such as
gas, electric, and water are provided by utility
conpani es around the world to househol ds, busi nesses,
and ot her consuners. Uility conpanies typically
charge the consuners based on the quantity of the
commodity that the consumer wses or consunes. Thus,
utility conpani es conmonly gauge consunption using
meters and bill their custonmers accordingly.
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each custoner's neter readou iral's; ich reflect
usage. Mre recently, many utility conpani es have
depl oyed autonmatic neter reading systens that can
FIENDOOF THE INVENFIONe consunption data fromthe field.
In many cases, adapter nodules are fitted to existing

neters_to provide renpte data collection capability.
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utility data collection network is the ability to

of establishing patterns
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how much the consuner is using, but when the user is
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colMection 1s typlca nowr as I nterva
theledrsumert hes tor @onsumes. Thus, utility companies commonly gauge consumption

using meters and bill their customers accordingly. Traditionally, at the end of a reporting
period, a utility employee would physically inspect and record each customer's meter
readout dials, which reflect usage. More recently, many utility companies have deployed
automatic meter reading systems that can automatically capture consumption data from
the field. In many cases, adapter modules are fitted to existing meters to provide remote
data collection capability. The modules typically collect the data and transmit it over
wire and/or wireless communication methods so that the data is ultimately received by

the utility company.

[0003] One of the primary functions of a utility data collection network is the ability
to capture data for the purpose of establishing patterns of consumption. The data is used
to determine not only how much the consumer is using, but when the user is consuming

it. Collecting data for this purpose has been accomplished by frequently collecting the



Interval data collection is generally based on set
time intervals or sanpling periods, i.e., data is
wo emmonglaes for set intervals of tine. For exanpbPE&r/usmnyo13481
systens record the anmount of energy consuned every 2.5
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to the energy consumed during a given time period is generally transmitted at some
random point during a future time period. However, since it is usually desired that the
data be associated with a specific and precise time period to show when the information
was sampled from the meter, additional information has to be conveyed with the usage
data identifying the difference between data capture time and data transmission time.
Moreover, additional processing is usually required to calculate the time boundaries from

the transmitted data.



Mor eover, additional processing is usually required to
calculate the tine boundaries fromthe transmtted
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paraneter fromthe nmeter, a tinmer to nmeasure the
[OOQeSf}:pSigotthlerrrgsp%gtt \A??hr(]a gr%gelgt Slrllj\g:e%ggg Ilgl G data collection syst];m for the
collection of data from a plurality of commodity meters having telemetry devices and
collection devices. Each of the telemetry devices is associated with a meter and has a
sensor to successively measure a predetermined amount of a parameter from the meter, a
timer to measure the elapsed time between each successive measurement of the
predetermined amount of said parameter, a first memory configured to store the elapsed
times, and a transmitter for transmitting a packet of the stored elapsed times. The packet
will typically include an address unique to the telemetry device. The collection devices

may be located remotely from the telemetry devices and receive the signals.



predet erm ned anount of said paraneter, a first nmenory
configured to store the el apsed tines, and a
wo eapess7ss er for transmitting a packet of the BtDUSIHOS/013481
el apsed tinmes. The packet will typically include an
address unique to the telenetry device. The collection
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ncentrat or cting data transm
system having a meter reading device capable of recording data at intervals based at least

in part on the quantity of the utility that is consumed and sending the data to a

concentrator, and a concentrator for collecting data transmitted.

Another aspect of the present invention is a method of constructing a consumer
commodity consumption profile that involves recording data at set quantity intervals at a
utility meter, storing the data in a computer readable format, and processing the data to

construct a consumer commodity consumption profile.



Anot her aspect of the present invention is a nethod of
constructing a consuner comodity consunption profile
w0 bavb/o9s130l ves recordi ng data at set quantity PaL/Es2085/613481
at a utility meter, storing the data in a conputer
r le forpat., an roc j the data to construct
pryid B sra PR o OB REE NS or of 11 0. bR EF
DESCRI PTI ON OF THE DRAW NGS [ 0013] These and ot her

[0018t U Bifose ARP BHeP feafil?és, a6pLaR! m&av@ﬁtag&%mhs fR3¢nt invention are
invention are better understood when the follow n

bettut undexstbobeslaani the ifelhowing Mieiailodi Déscriptian srrced M@thtmgrence to the
accompanyi ng. draw ngs, wherein: [0014] FIG 1
ac‘fqr?plf‘gn?‘rngtdé%‘%ggfjtwmef7q§' meter nonitoring systemin which
the present invention may be utilized; [0015] FIG 2
[001l4] uStFIB. eb ilustratee P ludlivy pickedr mahitorigC kwtenofinwhigh the present
. [0016] FIG 3 illustrates exenplary prior art packets
invgptiomngy bpablizZadiFI G 4 il lustrates an exenplary packet
of data according to one enbodi nrent of the present

[odtlstemh@:z 01[19&113% afleGemplaty bisArA RRetRAFQkGL S of data

ransmtted according to dne enbodi ment of the present

i nventi on; £ 0019] FIG 6 illustrates a graph show ng
[001#] a cBIG. ddtligratasengmplafioprier artpackets pdalancy based

collection system [0020] FIG 7 illustrates a graph

O TR Bl RSP Bl 5l R

of Hephedegt @aémionp! | ecti on based on count step intervals
accordi ng to one enbodi nent of the present invention.
DETAI LED, DESCRI PTI ON OF SPECI FI C EMBODI MENTS .
[001§] o kit POl ustERiEEackse Ofﬁ% rﬁliap%mlt%/g égcog/glgﬁtt? £pe prbediment of
thd FEQRE inkVB@fbr | M- based, intervals for neter

[0019] FIG. 6 illustrates a graph showing data collection ranges for a radio frequency

based collection system;

[0020] FIG. 7 illustrates a graph showing prior art data collection based on time step

intervals; and

[0021] FIG. 8 illustrates a graph showing data collection based on count step

intervals according to one embodiment of the present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

Introduction

[0022] The invention uses quantity-based, rather than time-based, intervals for meter
usage data collection, reading, recording, and/or transmitting. The functions are based on

a set quantity interval (or count step interval) of the consumable commodity provided by



usage data collection, reading, recording, and/or
transmtting. The functions are based on a set

wa@meogrys i nterval (or count step interval) ofpd¢hes2005/013481
consunabl e commodity provi ded bya provider, especially

a urility. any, For example, th sage nm e )
o pighier bl Bab L e S A5ATP e Himies ey genitored to
detdtt Whih bschUa@dmeReHsPES JimMtilyes WS&H SehsbRaHapBESEd to read
transmt an el apsed time betweén these successive
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exalfble b i Bl S e dyePinr B Bhut 8 bRAL B be 1
kilosvattaair t Bastatimk thé Lsshabhsungdsran AitbonaRy kilewagtolug&dta may be
and/or transmtted to _a collection system System
recqgjed Y1day trapemiedity g gplectiopsysieny at es a si npli stic
utility meter nonitoring systemin which the present
I NVERLLODJFBg0e utilized. The present invention is
illustrated sinplistically herein for ease of
understanding. O course, it is specifically
[0023nt efjguae &dllustratestahaimplistaentility myesert moniterang $ystens sdwhich the

pregial A eBEeH PP S otpied. “Ae Petib N RbusH 6t glag mptistically
herdin 48 cds€06f afdbr&iandi®y. 018 cduise, di $€ kRRREY onwiifted tieat the

all incorporated herein by reference. Data is
presesl inventeen e€arohe ysad int 4 mese epplegorctar sedingvsysieonispch as those

des?r;b%lﬁe% qnd. Ltsa?dﬁr%& RaS ,6?96'6,@17?9ﬁ036,4%9§7 g %Ads 6,195,018, the

cal 'y use the usage’ data’to’generai é stati

discidriresostSwhigh dé lallsincorperaadchuréiaybyofeféofcest Daiasisi adleatdd from
billing statenents ?enerated depends upon_ the_| evel

:
utile agters OBYTIGEY BXENEIRAY (51OLFS e (U8EH L BBE 1 o Th drosta] 06 will
typi%%l‘ljﬁ]s%#g% u%ﬁ%s g%gg thlliE%te f"sl{aﬁpt%giﬁ? 'Eglgs%ﬁn{%% plife ﬁfé%ﬁmrﬁéy of the

sen ransm ssion o a based on a
statgtienand pilling sateadensrgeaeratet! depeyulsi uptoarthallgvet be detail provided by

h |nventi£n isdnot limted to neter reading devices and
the Lgnsnuted p§8¢ dfBansnit data. Certain enbodi ments of the
present invention relate to data capture, data

[00262di NOsholff Be TRED tHahdlthGpH Mahy of tAO eRhmpled presented involve
separately or in various conbinations hi sone

transssiinradriats bashé ov of Questityointervidl|dr coent sem ingefvalnthej invention is
not ofirlilﬁtrea; ' toC %ettfgj rxleafdlﬂ{g:tc{egﬁgs Y Q%telgg t!thV %a\ﬂgrgitatdat%l | " Certain
embodiments of the present invention relate to data capture, data reading, data recording,
and data transmission separately or in various combinations. In some embodiments,
these functions will be related and in others, certain functions may not be involved at all.
For example, in many embodiments data capture will be triggered by the occurrence of a
count step, while data transmission will not be triggered by the occurrence of a count
step. As further example, there are many benefits to simply storing data in the meter in
count step interval format. Such data may be compressed and processed for billing,

diagnostics, and other purposes. This time-insensitive data has many advantages over



For exanple, in many enbodi nents data capture will be

triggered by the occurrence of a count step, while
wa@lztos/09s7ansmm ssion will not be triggered by theCT/US2005/013481

occurrence of a count step. As further exanple, there
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thegitt h the meter to request and receive infornation.
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N w0 0 theyart. leoodtii Lit V. 100a-
0ol ST shlaly" ot e AL vy Ty s, P pBoords and
trankmag slatat iglatkal ® thelcaheuindrs ddnsumptisuofthecoaonsditypt Fanexample,
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basétb 88 QuilditR intervals rather than the expiration of a set interval of time. In other
words, the occurrence of the read, record, and/or transmit functions is based on
determinations that a set quantity of the commodity has been consumed rather than a

determination that a set period of time has expired.

[0027] Returning to Figure 1, a concentrator 102 collects usage data from one or
many utility meters 100a-n, which are typically located geographically close to the
concentrator 102. The data may be transmitted from the utility meter in a variety of ways

including by wireless or wire-based communication techniques, or can be collected



based on quantity intervals rather than the expiration

of a set interval of tinme. In other words, the
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functions is based on determ nati ons that a set
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corfri§ ‘é%%?@ﬁ? [ 0028] The takeout point 104 collects

data fromthe concentrator 102 and ot her concentrators
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omi&gcﬁ h?ﬁ}n%l%?%ﬁg}g%ﬁagw e value of the utility consuned.

description and exanpl e, references
to the absolute value of the utility consuned are
[00307i t t §He fanmumt b uakgnpérsamioé |duving [20 63 Qjeribd eofatume r’k04ofypically

e e SRRSHTES, 2414, 09,3 ool Rerd 6, O LA 204 o
the sB€tiRE Heliolf af it€ival tHIE nBF bOsertéd to bha 0 @dita T. Figure 3
illustrates a series of four successive packets of time-interval based data 300, 310, 320,
330 in a stream of usage data. Such a stream of packets may have been found in a time-
increment based prior art data collection system. Each packet of data 300, 310, 320, 330
contains data about the current or most recent time increment as well as data about a set
number of prior time periods. For example, the first packet 300 includes recent use data
304 and historical use data 301, 302, 303 for the n-1 previous time intervals. Thus, each
packet 300, 310, 320, 330 contains usage data about n time intervals. For example, if n=
18, then each packet 300, 310, 320, 330 will contain information about 18 time intervals,

which includes the present interval and the seventeen prior time intervals.



the set tine period, an interval that may be referred

to as a fixed delta T. Figure 3 illustrates a series
w®@boobmes73successi ve packets of tine-interval becEpUSHas/en13481

300, 310, 320, 330 in a streamof usage data. Such a

re of ckets ayv
10033) £ Rer DA e QY Ealhfiled U ey of i commodity
offefed®y tRAGHKIRE cohsustaddadusidg thad lithe id20val 3BOr @xanipd, rhsthéa"tr@t packet,
about the current or nbst recent tine increnent

cachygpla. elsmanic A0hba0R: 3035 e104nGaIaNS Sl EbRH TheneaseF .Sladguanuty

r CK&
o R T e B b daggp v o 2
minmted afpd @ m,ISOﬁsiunﬁ)tlbﬂtdafa\Aallléae tfamsmjtteelafoh egdiokighe 86018 periods,
310, 320, 0 cont e data about n t
whefeslcheriod g 1@5&%1%'}62 ¥ oS 48, Pt swse prACHlE> @ packet
mlgﬁtogontgﬁlx Ghe ?fgﬁowr'i‘l%g IlrﬂauSﬁ’ ghietiy uéz{gf: fuRlsl e PPRMEst ¥&ent 2.5

time 1ntervals I ncludes the present interval
mmmndnctrhmerste\f@m eaarheqmrtcp orost teqenti Gitbroval §.(,00319, 4k Oelich 1, 0,

talst ansm tted utt qani
RISk s (7 b e Pt B SEeRT Phis hnflGRiobity were
consﬁﬁ’fe’dnﬂl thB 8écohtl MRost ch@ﬂit\'iﬁJ:remEﬁ’tQ ey dbmﬂuﬁtht)h@exfelcbﬁiumed in
packet each data el enment 301, 302, 303, 304 contains
the dnltdamabtowpenthecr@mnge unifs qwﬁtqonw%ﬁma hg giexh gagket would
typlcafl mc 'dgfg gglﬁfdﬁg?%%rﬁé;nna% )ﬁg}éi gew 130%15{%%{41@29%\2%3 8 data
abo ih|e dSlGesIt riaceficht @d thofireasdkef (sohetimes tmdid ﬂnanumé}; In this
where each period has a length of 2.5 nute ﬁ
exampleeths mewi packetaRighpratain theOley g ¢ 3c rle di B 913504, 0,0,0,
0, 17 @12, 8 N6k HeQUalTRIA RBrRBRMI e 38l UricHRsuniibIc &orilliRd during
récént 2.5 mnute-1ncrements fromearliest to nost
the mesteadent Ome 3ncrémertt, The f@l]ovdng abldillugtrates thy ex@mple; 1,
0, 2, 0. This packet shows that in the nmost recent
Ta iremsnt O units of the combdity were consunmed, in
bll‘h second nost recent increnment 2 units of commodity

verel aenstinegp, [ An3 haga | \OIPAQYI EaeT | INTGY Ry 0

Paczlé{rl[ 5 WeT £ %Oﬂ >UI’6€9 gl c hhe n@xt @CKﬂr woul @

—t oe—oatg—apogt— oTret 11T TOT£) | hew
Packdi’y B30 OPt g, APt P (ORI TES HTOTE)

o cavve—ot1+ Ta abuout T UT'Uucotl

increment in the first packet (sonetines nore than
one). In this exanple, the new packet m ght contain
the followng data 0, 1, 1.0, 0 2 0 4 0_0 0

0, 1} &Q F,AQ, 3AQw t&Qt DeAQa uaQ3| raQr st i ndQt hetQ
amoupt 10f | cohsumibl € tdnsuided| duFi pglé 17 18 19

Packet 1 3 0 0 0 0 1 0 2 0

Packet2 | 3 0 0 0 0 1 0 2 0 [ 3

[0032] In Figure 3, each packet contains information about the most recent time
interval 304, 315, 326, 337 as well as data about previous time intervals 301, 302, 303,
312, 313, 314, 323, 324, 325, 334, 335, 336. The historical data provides redundancy and
protects against data loss in the event that some of the packets are not received by the

intended recipient.



the nost recent tinme increnent. The follow ng table

illustrates this exanple: Table 1. DQ 1 DQ2 DQB DX
W(Dﬁﬁm/@@sDQ? DB DQ9 Packet 1 0 3 01 1 0 0 2 ocPusioes/013481

3011002 DQDQDQDQDQDQDQDQDQDQlO 11
13 14 15 16 17 18 19 Packet

l
[0033}c keln omBodimgnis ¢f thegorosent 3‘“[69@‘312] f%F 0 sﬁvg% ;chngant eBatity or
coulﬁasﬁé)?tth ﬁg\%ﬁé U@l{ gréfa%go?té%g7 9 r&R0Weobd) %Hgygttrah%ﬁmnl)‘ Wien the

I nt as wel | ta about
speqi)ﬂewbmussttp e quathiétyviatesvaBOibs 1862 rea}ith 38, e)&hﬁ),le 3fba  electric
323,. 324, 325,.334, 335, 33 The hi storica ta
energy $his gaw by Qne, ktowathaa s voftseg thiseay i ol 15t sEa gafjon, for

genérﬁeco‘?l’{rﬁﬂﬁlt&?ﬁ“coﬁ‘aré?m 1}/ HeBﬁlsfé@C %%tyssuﬁﬁlﬁe ARdasire %@ huﬁﬂlt?}ian be

the 1 ntended recipien I n"enbodi ments of
usedor Aewmmnding to g appmach,othe au@t\tbmtmnlsqrmpnmﬁmmll pe @pnstant but
be activated to read,

the?’888£‘Hﬁlcgﬁ%‘?°8prst‘?“§*§ ﬁl y when the specific count

step or quantity- |nterval has been reached. For
[003#} anpFigurdsoF arkl & @llustrateaxemglary packetsaot daga trasmitted according to
kil owatt-hour, for volume this gan be a cubic foot or

one srr@smnaﬁm of e @éﬁ@? Imyepnodng pethejadvaiagss ofisape,prhodiments
of t%:J gnt N [2he tl{gei\.ﬁ?}ﬁ?y ﬁere%@ﬁhh&yc&ﬁ@tlm tééﬁﬁﬂues and

ing to thi's approac quantity-interval
systems Miayshepsedi with e daasthandre dfpriot e timmcad:mwmb@tﬁdl gystems.

Thug,| urggtla\gp ecégglrp\éf%réisgg%e oé)x%g; bFi A esgﬁ@ﬁq IE]{I'glaﬂal disturbance

to t%g}@fe% BénpSheARe mﬁgblﬁﬁ{% of‘ﬁesérﬂﬁloﬂrﬁﬁaﬁb Iy @&¥ere@bes to the
One of the advantages some enbodi nents of the

absqjuesenﬁue ofithe rutlhchqnsumhhtwltwlenquuémmclydﬁtdnm 'élmsiﬁta gaichure, are
on te ues and systens may be used with the
omlﬁgého ﬁg’fzﬂ? enl?eq‘b% or art time-increnent based
syst ens.

[0035] Figure 4 illustrates an exemplary packet of data according to one embodiment
of the present invention. It includes meter identification data 402 and data about the
amount of time 404 that elapsed while a set quantity of commodity offered by the utility

company is consumed.

[0036] Figure 5 illustrates packets of data transmitted according to one embodiment
of the present invention. For a set quantity interval, data is transmitted about the change
in time that elapsed while the quantity was consumed. Each packet 500, 510, 520
contains data about the time elapsed while the most recent quantity was consumed and
information about recent historical consumption during prior quantity intervals. For
example, in the first packet, each data element 501, 502, 503 contains data about the
change in time that elapsed while a fixed quantity of the commodity was consumed. For
example, if the fixed commodity is one Kilowatt-hour and the number of quantity

increments n = 18, data will be transmitted for each of the last eighteen kilowatt-hours
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Thus, the data collection of existing systens may be
converted with m nimal disturbance to the system
w@owpoyssst s. For sinplicity of description andeExesgbE013481
references to the absolute value of the utility
consuned, which may be included in the data structure
that gyese GoRUmEd- fAoMdR SRecH T TP (agvackstonibt catainthe following
infolthhttH SRLPTAR BEGITUA! MIARRKRuO boflBhRa286 A0 065. 19, 12, 12,
one enbodi ment of the present 1nvention i hcT’udes’
14, pBt26; 1) Hentli 1) r2atldp26. dBhia pdéket eirmlvsdhatahahmst recbrg kilowatt-hour

amount of tinme 404 that el a sed whj| uant
Was QONUEREA %%/mb‘?“r@r ts S5PrkkBORTpe<n i lf 1%?&)3 e Consinbed in 14
minfiRESHEIRErd thOQ 3&en kit £t our Way %Bﬁs%h?eﬁ iR3% lﬁﬁh§te§’fetcd ata
transmtted according to one embodi ment of the present
i nvention. For a set quantity interval, data is
[0037H anshe usofabinutestane raeramgefitime isrfer Hlvalratsieapapases and is not
the uantlt S. me a
mea\é\gdo elbrmt Sscagft' ac>f al Su Pv?rﬁ OlI"Il g)etheg I gllgaﬂl?gs\l;ﬁ}" tglg)(? ca.é lb% used.

AltdiRdivelye 6t efibadihichis ofake px@ﬁlﬁltl Tfﬁ/@n%ldcaﬁh‘t@rermﬂlo@ transmit other
about recent historical consu%tl on duri n%iaprl or

mfoqruatmn iy additien P Instesd ofthepniermatipn; phouf ithe ehange |iptime that

n
oA B AT PO S 6y L3 e
a a?fplé gmkermg@hoteﬂ mﬂﬁommﬁllmenbtlffahateﬁ&nn\hmtlty fintehval has been
i xed conmpdity is.one Kilaowatt-hour and. the er aof
congyagt ndyna Hae shage dnigrmation 1s ag%Vég% |1p apgtbey %IHQ?FIT%F% for ach
quaxflt‘i)(%r 1?1@?%1 of rdrfiendcPRt thel HHE 88 kit QWAL 2h@YF 36d1ahsté&R 68f or in

sume a nore specific exanple, a packet m ght
addxtmnttal 1nfclrmet161m labowti thg charigsr mmatime rthatbensurrethavhil thesset quantity
fent k|Io tt-hours consuned: 20, 10, 13, 5, 12, 12,
lmeivz“,wfﬁ?o% 0, 1, 1, 1, 1, 1, 12, 14, 26. This packet
shows that the nost recent kilowatt-hour was consuned

[0038) 261Mhekhedirhdif psReRitbdins lescHB&T) holvel @\aiférmiweidn about the
was consuned in 14 mnutes, the third npst recent

changd ip e istsayidedhBr caeiseintbe 18 quantitiiinarvals, ingaeh paakgt3 7The next
paclz_«{l Talt %gn gfn f@dﬂﬁ'&a‘i’? nﬂ'gnl?at%ﬁa@ Lf)'}&leﬁ{ ddth Tss! tﬁ?tfl%[g[ht togcgn through

e PN purposes an not nmeant to
mlssddmkafretd]ﬁlonnvﬁmhe)mpaclﬁtImen imdadeucomsuraption timecdata fwut one

(somiesh MHOCHR SOREYaRETEgrents ARG ot Rghe data bout the oldest

quantity increment in the first packet (sometimes more than one). In this example, the
new packet contains the following data 10, 13, 5, 12, 12, 12, 14, 22,1, 1,1, 1, 1, 1, 12,
14, 26, 23 with the value 23 representing the time change during the consumption of the

most recent quantity increment. The following table illustrates this example:

Table 2.

ATI1 | AT2 | AT3 | AT4 | ATS | AT6 | AT7 | AT8 | AT9 | ATIO

Packet1 | 20 10 13 5 12 12 12 14 22 1

Packet 2 10 13 5 12 12 12 14 22 1
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information in addition to or instead of the

i nformati on about the change in tine that occurred
wovkiobeod7he set quantity interval was consuned.PEDUS2005/013481

exanpl e, in one enbodi nent a sinple marker is stored

and/lar cn % notifyv that +h ﬂllﬁ"\flf\l |nfar\ln| 4has
ATTUAT val TI] LA ]

been| cORsir EU an@Tno {&Tm:@;amé i hidlm
providéh |1 A2anotders ébbodident 16for 12ag

Packeftlef vl & rlef érdnce tlo {hd tin2of &4y

Packetd or I1sent 1li nstdad|ofl of iln adtl2t| oh4dt ( r @atijon

about the change 1n tine that occurred while the set

[00339-] ant I Figufd S é4gh pacicet @&ﬂ&iﬁﬁ&ﬁfonﬁﬂﬂﬁﬁdbow tHehﬁost recent quantity
di ment gresently bei ng descri bed,

mterv@% éP?railﬂoﬁ 2By Wellids dagnahoyk preyiqus n@ewel%?f&v .58%d5 K513, 523,
524.6%43 H?&or&@a? d:c![tscl U@iﬂéé {G\ﬁufl({%g%g rdt&g@%s@ Q%QBSS ﬁmﬁe event

next packet ca contaln re tiron
thatpome patketkadra nbosseivétht i ght occur t hr ough nlssed
packet reception. The next packet can incl ude

nsu ion time dat sonet i nes e)  new
oofifian: T ShesihaneS abiseio sotd S R et QIR Jibe. iRk example
witt3h deifdurs) YR bhdkét EALHE mhatl&IFMOieﬁr&lﬁ RACKThis feature, in some
(sonetines nore than one). In'this exanple, the new

embodighants, @Hnwauthrscqll@etmgnwsm pegkmiay that the meter grading deyize is still

oper]a%P% éu 1’01 gse& RFI‘}OdS]qf 13w oil’ ho ﬁg elii’or égarnil;ﬁlg, %%Whe Iac?nsumer

ing the ti hge
goeSoms mmﬁJd@_f/l v@éatibh andifﬂfetcoﬁﬁﬁc&ﬁty 1§] datnisel Ynlichplthe Iiliﬁemér mddige will
follomﬁng table illustrates this exa
§

still zend) padiets lsttingdhe sobicction dhistpraciew @ég{)hﬁl Iﬁetex-rﬂaémgép?%e and
Inmgngyglpg gﬁg%%£g%§ﬁt quantity interval 503, 514, 535
u

as me t previous intervals 501, 502,
512, 513, 523, 524. The historical data provides
Therpebu ad dintsyinarethent based ineetlagla; itisstratiet ia Figwss 2 and Beprevidathighly

red i O e PRGOS FOL CKFDRBUPAKEH (e iS5 BT s mo

condunRionf &‘iwﬁ?ar‘mlﬁ hid bdHous 2o hdnces MG e BaBbryCoperAéd devices,

aut onati cal closed and sent.” This feature, 'in sone
creatgsh B taffics WIéh |noentieh dorc gpllisions nepds yessenf tdstac powedhetion of

perftBFna? t%rarerssee?:%fa dgmg ! o%%a astra%tSmlt edO D& %tg ﬂgs zgg’,g}lﬂi%ant amount

["OwW™Or  hHo usage
of prdressingdisoved@aad iMmory space for data storage, post-processing and archiving.

Richer Information Content

[0041] The quantity-interval based embodiments of the present invention can be
viewed as an optimized way of capturing, recording, and/or transmitting consumption
information. Certain embodiments provide a natural compression of consumption data
because during periods of small or low usage very little data is transmitted. As a result,
less data is required to convey the same level of accuracy with respect to the consumer’s
consumption as compared to prior art time-interval based techniques. This allows

systems to either reduce costs by reducing the amount of data that is collected, recorded,
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goes on a nulti-day vacation and the comodity is not

used nmuch, the neter nodule will still send packets
wo edobioysg3t he col | ection system know that the PCT/US2005/013481
nmet er-readi ng nodul e and neter are still operating

r oper| The prior art tine- |ncrenent based
and rpipstifed g (6 Hﬁmoga AESUraCY HNS the, PRSSETH AmUgh |0§E ata A without
incfe88HRda noving information. For exanple, packets are
sent"even if there is no consunption activity. This
has serious consequences for the battery-operated
[00d2)v i césguresr éangs mlﬁstratattliq mduwetdmrmjmqu |dala reguired when using a
I|s and f.data or redu

t)

auafiiss S 2 orlePih ecnPRbR B R ot Biprnigrvel ared date
colRBGorf &@ullmr@a arshgei f ishowt Arubity OferfisOHRRS pRAghPMAed typical

and nmenory space for data stora post - proceSS| n% and
conggne ity enSUMRSieh 400 oY Sithat ABRAVEIA éfmresF niodef3 catfested at set time-

| val.

basBHENRI ' el ERARRS DA BRIy Yorgh e RAR or the same
commapdity bmgumpeom 800 oger tiawed/ H)cliwé\re&rt&m i tonl}gcodlentsdl wptcowt step or

information. Certajn enbodi provi gg a natural
quaaghpbased IHFrvals reuRuEHBETEH Ei’t Tigghons B2 qur ng periods

of small or |ow usage very little data is transmtted.

AS §a\fu?%§l'ﬂzWeﬂﬁ?%nﬁﬁ&sbﬁssif&z%&@li’?ﬁ0 convey the same

| evel accuracy with respect” to the consuner's

consunpti on as conpared to prior _art tine-interval

[0043k ed Ansdhnsi etqiyéetagerhs ¢hay| memerysyill desused enly hehery B és new
mf& os‘ﬁon tt)cy %forecad%lcﬂ% mgw%?ﬁenqtb?%a 95&91 ,ta fle%v interval is captured
e ,and ed or to i mprove

ected, fecor ransm
ancﬁﬁ@tbﬂaéi&n U theee hﬁbebewhet&ﬁéﬁangwh iphostab A thenebnhbdiouhas been
I ncreasing costs. [0042] Figures 7 and 8 i I lustrate

conspiaeq.e dliic Embadieats 8f thmpreselqinveripnaHEw ey siafig elgments will be
colfalgﬁﬁtdnh.}?e%gc:f%g | ‘i"gfss g&lﬂ%&&%éﬁp elgsgigg 'bg;ﬁgfgﬁﬁné)gﬁe}%@s@afyouse of

Ime-1n ata co
mefriogyr €The sélome of datantansmisg@insissalso nahgechﬂieczhme af the reduced

am%%g Oﬁ.gﬁ}agglgnodl t COI’]S I Lon ggoe]g¥%§ ﬁtbgrggat%t{o%\/\gpwards are
alsé Bp@h¥Rl $n tid Qir‘r'ieese%sé | TH@EWa‘F%nfohﬁt SR ARt and stored at
versus time graph for the same commodity consunption
eveBpftepiscedudedbecddsevenlyrchangses arcirscaydéds col | ect ed on
count st ep or

Battery Drain / Gas and Water Meters

[0044] Remote reading and transmitting devices have significant difficulties in
applications with gas and water meters because such devices do not have a readily
available electrical source. Accordingly, these systems are typically battery operated and
consequently have very limited capabilities. The present system is advantageous because
the reduction in collection and transmission operations uses less of the valuable battery
power. The battery can last longer making consumption profiling meter reading a more

viable option for non-electrical commodities.
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quantity-based intervals resulting in fewer data
collections 802. Savings in Menory and Transm ssi on

wahkdosoosscy [ 0043] Anot her advantage i s that NBODUY2005/013481
will be used only mhen there is new information to

sto i me- | ment based systens, a new
i nt U%JP%C%E%I‘E{C é‘aéﬁ\(é’%@ g?‘é‘ﬂ”&f’é‘ﬁ if there has been

no change, even if none of the commobdity has been

[0045) NS UTRE nebd £ ﬁ@h%k& Qfcdsh Fr‘at@ r(EPSRY) is T¥@iel QRrough use of
féewer data el enents will be collected and recorded.

varighs embedimentsed the nms«;ntusm@oby Tz!mmiilbnwsgammwé% snafhy deployed

.use .of menory.. The vol une of data tran I

radifg R i R s S pPEa BB AR S EY et o a

redUBB¥E @n fHeQduReof MEtRbNEEuiintent aveled t® tolten idbrnialioh @Rer a given
upwards are al so optim zed in the sane sense. The

arex ypi cal anount of data transmtted and stored at every
step is reduced because only changes are recorded.

[004&)3t t erf){e@ Wnté S33e @f&gteg\ge@‘a[u%t)ﬁ 1% dRAAG i RRIRL 6 the average

adi ng tra smttin VI ces ave signi ficant
timel bétfweem |phcl&’$s fromap glvien atansmssumtdevgas Beavduseathe rdatee¢adlested is

ause such deyjce h d L i |
rihg} 66 ARiEdt FQUURLLS PIRAESH Srg1d Cormuatay fafiiong 1he reduced

am&u)‘lp'o‘fadaltay nRahd eNa QABepRted cﬁ'n@ha‘ﬁﬁf}s ALQAL biseakRa WAl Ycontain
l'imted capabilities. The present 'systemis

mfoamamn d:g:@bg@lsnmoag@ everlienuaidiaogér peripd of Bmeden pyirage) dhan each
ransn ssi on tions uses |ess of the valuable
pac}f)ea‘it ?E‘F‘}?lﬂtgw ?atﬁattery can | ast | onger naking
consunpti on proflllng neter reading a nore viable

[0047t i OFoff @anipde) fed £adily maﬁlmmmﬁbtlm@maﬁdmcaﬂsﬁaﬁkﬂth n=18
Success Rate (PSR) Requirenents LOO45 The need for a
and pminieacd 61 2.8 (RiBES 3¢ pagkets gidmmg based aré:a%@as phisymption data

ma#ﬁeere(aﬁltr?or hpb‘tﬁeﬁ@pﬁg' Wﬁg&e@foftt%@k atd Ql)éq’g%l%l% to assure

WS an I ncrease i n the radi u
thatrmtou@ln klamqluaspimen trecea&sedsﬂooamunatel}tlrgne@nﬁ poraﬂurhptlbh S)Vmayhe day.
in the

Corr a reduction any of.

67 BRaRe D aEck BaPIRE CHOISHT Gl POV GOGk fr beter
Alté?'ﬁﬁﬁfely, in a quantity-based increment system, only 3 packets (each with 18
increments) of back-to-back data will be required to accurately represent consumption
over the day even if above average consumption is assumed. This corresponds to

requiring around a 20% PSR.

[0048] The reduced demand for packet success rates allows the transmission system
to operate with fewer collection centers. Figure 6 illustrates the increased range available
to a collection device. As shown, the 80% PSR range 602 is significantly smaller in size
that the 20% PSR range 604, which may be many times as large. Alternatively, the
reduced PSR requirement allows the use of reduced strength transmission components.
In most cases, the reduced PSR requirements will result in some sort of economic

advantage through a reduced number of transmission components or reduced component
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[0046] These advantages are created because of the
effective increase in the average tine between packets
wo paeoes7gs ven transnm ssion devi ce. Because t hepCiBUS2005/013481
collected is richer, less data is required to provide
th ﬁ consunpt i on i nf ormati on. The reduced
srcggffy SO EATSAUISI QOCAMROZERE {0 B ugfbi TFpgte arcas were
it wh@ﬁ:%bi\bﬁély%ﬁ@&n@%ﬁ&lle&Aslb@@nt ain information about
consunption over a nuch |onger period of tinme (on
average) than each packet of tinme interval based data.
[0049047] h¢aedusgdmpinber pbhiransmissiong qém)fmprevemtha nackes success rate

ltseié'._ %eﬁe}nﬁg % el?g ar%%e S%(az{snm\{\élgﬂpn {Illﬁ%e e gee ver, Cﬁélggo n?%{hs ns reduce
packs) REs0R ﬂacerarﬂaa@ofﬂayglp,eremﬁmg EHsionginbriches thesvisall BSR.
packets of back-to-back data are required to assure

t hat enoujgh dat a has _been recel ved to accurately
r eprasene/ ComyIRAeT 6RimsrUthe day. Statistically,
this will require a packet success rate of

[0050]PT OB R $hey p R APy Hun QeI ©F a RS IBE bYREY collditiby is thﬁ ability

gquantity- based I nCrenent system only 3 packets (eac
to captiite do8a aanessghe pysedm 6dr thapkepbse- dfaestablistting patidrmspel consumption.

O S i B SRR PR B BB e et

chafper doRSIAGE Sat ldPfféEreAitiatds ikpahidibid) @nahe @it SRday w&me Eb@modity
reduced demand for packet success rates allows the

offqmwggilmos@wm Q@swped at wiggltyh a pililrcostnany #till have 5 or 6
s s 5t G b B AL ind P LRIAR IS e

PSR range 602 is si gn| f| cantly smaller in size that
[0051Ne 20% PSRuirange 604havinty ovellhdefined timwry windowes d8 time-of-use
|.arge. Alternatively, the reduced PSR requirenent

applisatgis plases (uatens Qihedesoditads dhat mabe HRedsingpnsumption data
tech‘rfl ONaftifne- idh&i@é{t b%?e?leéchﬁl s" @UGRE iFBments must be aligned

_ Uirenments Wil resuit in some sort of econom ¢
w1t1at1|r¢d>m1am1es of mghncawrmkbw@edh pudebter redificet thensngis oiff error, the time

TR AR T T T AR e

in &P RS IchIEH lah IWRBvaP2QNIdO Hed1MnRt oL ARHFOMamal LY minutes
feasibl e. [0049] The reduced nunber of transm ssions

arougidsthe itimsr windewt ipaingaridse tMergevasstime-anterval based applications require

additional resources so that each packet of consumption data can be accurately referenced
to a precise time boundary to show when the information was sampled from the meter.
Additional information must be conveyed with every packet identifying the difference
between the data capture time and the data transmission time. These features require
additional processing and memory because each packet of data has to be referenced to an

absolute and precise time.

[0052] The quantity-interval based techniques of the present invention allow for

consumption profile reconstruction based on fixed steps of the quantity being measured
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itself. Because there are fewer transm ssion, there
are fewer collisions. Collisions reduce packet success
WO adoe/0s8185 accordi ngly, reducing collisions i NECEESES5/013481
the overall PSR Pattern of Consunption / Tine-of-Use
[ .One,of . t.he .primary functions of et.wor k for )
and_ 88 8h 1 o' PR shoh Flep® e Geasel cribproblem of time

aligafleSR dpbroaset @ Hferdnd SvagindGfignyodf @8 habHIEm 8B iated with a
. _patterns of consunption. One type of pattern of
time-yHeyAlaseh aPRIpatinere iaypided.| ehegrsalution off the muantsy ingrempent can

' .ent rates
be §E B BRF Ul oloRAlcay BRSPS Rt b KM LBy, Regardiess of
the gizberfettie wpnsthepticn during thengiaa wihdove,0ths Wik . is Tigpérc@bisy ,than a
. utility conmpany will have 5 or 6 different periods
Sln@?q\}ﬁ% re&{g;‘f-ng the day, each w ndow having a
different rate. [0051] The requirenent of having
[0058)! | - detibned duaityWhEERWE: baded ké@ﬁﬁﬁﬁéyéﬁth@%&eﬁﬁmvgﬂ@odl, any

. pllaces limtation$S on the resolutions that ‘may be use
tim¢ howslaguwpl Rbovayd dicsbetwesrtivgueossurhptian bemnidagese 7Bl best estimate

or £ RSN AHE vk Vi o SESTRRLSUEES hOGHGEES Sorown,
becausdube tivoetimes Gt wiiéh eid ebnsuinpioh | BRNELFICWBRL feabhtlt are then
be kept relatively small. This has lead to the use of

knoyns kngwing that @ny dime bupdany liey ebwesn yonseccessive aensumption
i i ani f 1. 25 mnutes

sSSP AR S B, 68 (e Babf LAMh e ony

meaninpfuli quiartityafor imead-1p pliposds) #ils bé asiuédutat@dslitel quaatity interval
resources so that each p?cket of consunption data can

or capsumpliQR steg)that s disehiog@lled the dateci se tine boundary to

show when the information was sanpled fromthe neter.

0034 di t TosBAILY, HoP lRBRHPRNINMHB! c1B8riC FRUENES aPbiidatiEN
[' S|[Q)"31c:ket S;I?lden}t [ fyi'efng_ Phemdi ff%r eﬂce %tet%g#t%égﬁ’a{%one uses 1
kilowafithgre as itheequeantity indervralt shenr comswinporoat enyrtmeThemdary will be

feat.ures requir i tiopal ocessi ng and meno )

kno relc“élk}% g &% acﬁ’aogklg?ﬂ%‘ﬁtgg?‘g' ﬁg’és plga%et%p%ﬁ@rtgﬂ%gé}%eovaéw will

be RPERLMEE ORRcAY OGitl ahé | A¥BurabP BT 2fhatl Kffterval quantity and the time
_quantity-interval based techniques of the presént

alignment eriop Reepmmesvirrelgrant o As e 4sdhe prselutibe required Sy thectimorof-use
S 1 xed. st . nt.i ty.bein asur edand.
s S BB W o
provideaic ivittlin fHae rgsohivloam Béery ititfe-based quantity (demand, rolling demand,
load profile, system load snapshot, etc.) will benefit from time-alignment error being

irrelevant.
Randomization not necessary

[0055] Another advantage to quantity interval based techniques over time increment
based techniques is that randomization in the communication device may not be

necessary. In the quantity interval based techniques the different values of the quantity
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alignment is approached in a different way and many of
the problens associated with a tine-interval based

w@ppsoesobs are avoi ded. The resol ution of the qeemU$1095/013481
i ncrenent can be set so that the resolution is as good

ol B R R S SN SR A SR o e

conhhtmleartro@rchamdnever worse than a single quantity
increment. [0053] Under the quantity-increnent based

chniques of the present invention, any tinme boundary
IO"%\ﬁl L ﬁ%@ﬁga%rénm%m Vavoreasiiedi A iSEPATBIS LAPa @any prior art

timd li}fcré?ﬁéltt bgﬁg l%g qh%'tfﬁﬁs&%ﬂgg@&g r?%dolmlg&ﬁﬂlr these techniques

whenever t onsunpt I on boundaries are
to ayeidgasleet ﬁmsmmon icolbisioas. Whiks offtett heguired thatp sépainate randomlzatlon

undar i re reached are.th known. Know n a
modiie B HpRnsiHeCa o Bt st IS, g d84roiport based prior ar
HERRY P hed iV RlpYRer BRARS rh t taamt ah
fee consurrTﬁEtl onlat Ipt ha% tlgri b%ﬁtnrggtr%y, \Aﬁ’rlllgggol sgst %Véll 8%1|n§/ back on

andipatei seed nackqtmﬁttlilet sanfegime.i e -addresstbispssusos emdomlzdr lEbB'plca]ly
empqﬁyée%cg S%cthe 21 {1 Bangtghti%eéttﬂ ﬁr Valéleagr afgnsu 1s transmltted

Usu’EMpl @aishﬁssufrpfs élayed| ®r iaNrahiém alrR€ beticd AR ekd P8lue of that time
plication, if one uses 1 kilowatt-hour as the

Peﬂaﬁ éSn%qu9 9 fiearaghgt sottps ﬁh%marﬁfﬂﬂprdﬁ%mnarﬁlyatmaﬂ@t can determine
whéﬁofﬁ@dlﬂfe}t‘vﬂno cculki’%i1 ‘%%}‘Y%éé"' &F%ea?at?qsﬁr Pe%er% Such rqndomlzatlon

owat t i'S means - usSe
complohd:ntb earrde pechagute dare onste Gletessaty t n tth@_ Iﬁﬁ@lﬂlt a@yentfon because

i nterval quantit) d the tine alignnent erro
traniyagiont e il domieq By ghetendar ufags oF LBt ceness
by the tine-of-use service is conpatible with the

QUYL o SRIE Blagd NERYidalibn L1 ME- OF -use service wil |
be provided within that resolution. Every tinme-based

OOoE £l SHETRG: L8LLLAFSETRN i b9 BERRE BB Bems
and edither ad!maldnt@ the reclesta vt . transméitedi ssaindependeit cee@asiditions. One
dlff{cglgﬁﬁlli £t hj@ﬂﬁd:{%g Xa%ggg)ﬁéﬂ\yugrrlgr{gt )Il)rc;pg}'lgrl\r/laltlm%aliggval based
techniques is the marking of time discontinuity across a power outage. The quantity-
interval based techniques of the present invention avoid many of the common problems

because the count or interval information freezes with the power outage. No information

is lost. The consumption profile can be recorded completely accurately.
Electric Endpoint Example

[0058] The methods and systems of the present invention have many potential
applications with utility systems. As an example, a quantity-interval based reading
device could be installed at an electric meter at a consumer’s residence. As the consumer
uses electricity, the electric meter’s dial spins, tracking the amount of electricity being

consumed. The installed quantity-based reading device reads information from the
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based techniques is that random zation in the

comruni cati on device may not be necessary. In the
wa@D@an9d7ys i nt erval based techni ques the differeat/us2005/013481

val ues of the quantitycounters for different neters

W ll ensure a conpletely random access of k .
spingitng dighmbpAciietgnoRsdnsiaticd thedseiing He\ele%moggpagfsetﬂlg méter’s dial

RSP &t S bf EfinRSteB, SRRBIAL@MMIERNS BolRNWep is 1
for (RTERER ORI ErRSicP, SRR Inar PGt ColMep i
kilotvatithent. s Thas) siftar ene kilcleati-heut has paksed eont the khinlgthesreading device

s B L LS 2 S LG T . o

readifPHSTENESflinabs RARNITEL Bk BAMINGG’s ddhstiBPhion bfBlectricity. When
i ncrement based prior art techniques, it there is a

eactpadditioral incgementwi glentsicisy or dowatihawdislcensumad, thegigading device

b d tr) : i :
recoffithe ahert v stdrbgafe RRTARARR iRy’ (5P (e Deegnifgean

houPis RASUMEDS th eistdartd,rdRe eEi tARS i Sshshinb® at‘BAls qard, etc. In this
packet is transmtted. Usually, transmssion is

waygthe apading gevige hvpsnhas siered dn imamenye valae Jai the tofal (amgunt of

ene{ggﬁgﬂ.{%édotﬂati i3 V\ﬂgﬁil?ﬁj kﬁlg\twhg-:ﬁo L a&fal unkt iESnsume:d. Each of

entrator receiving packet can determ ne when
the titéies stoesdvialmemaeryrdoattl albe inchide ansfgencdad ahevisie of the event. In

. recorded. Such random.zati on.conponents and techni
this 3735 Hi MABEBEEANY GoRTA & HAVRLE FOCPTH, B Of S90RuTBon intervals
rath&rrtﬂgﬁmr%%%@?/f%lsare natural ly random zed by the random
of di

usage erent consuners. Flags and Power Qutage
Notification [0057] Flags and power outage _
[005%)t i f Thatdading dewice beyasnsiligelletansmitihe spsert cangumpiondaa to a

either added.to the kets .or_transm .
col A BREhe TEb PR oS et P L B Raqegton gvery 3
quaityl Bheren@dnts Yin dktkr GRkdspaAHK wAD bb hapenitted after 5 kilowatt-hours, after
time-interval based techniques is the marking of tinme
10 kilayeashhouasii afier dor b‘é@’*’&ﬁtspéﬂﬁerﬂéﬁﬁ&t@eﬁecw at the collection system
tjtvi. X i S . e ..
con B By e AR dp PSR RE Nty varisions
and talterationsxo thd above ekarapleiand off cvatse posdibleezes wi th t he
power outage. No information is |lost. The consunption

[00 r]gzlt lﬁﬁ@%%gx&eglgq :ﬂefc %&gﬁg{eg&rtm Iinevtereltlan aga%u rbae:t ellls\éd in a standard
electromechanical residential meter with a quantity interval of 1 kilowatt-hour. This
would provide acceptable information even for a household that consumes a well-above-
average amount of 2400 kilowatt-hours per month during periods of high consumption.
There would be approximately 80 transmissions necessary on the average day based on
this assumed consumption level. This represents slightly more than a 15 minute average
between any two data captures, which is six times less often data capture and three times
fewer data transmissions than a time-increment based system that transmits every five

minutes.
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[ 0058] The nethods and systens of the present

i nvention have nmany potential applications with
waitoobiotsr3syst ens. As an exanpl e, a quantity-i nPEr/vusto05/013481

based reading device could be installed at an electric

a consuner's residence, As the consuner . uses
1006é|l ect F@rémtlg/ interNals of St hedv Rk Gach Kilgatt %QBT aswil} fake gp yerage

of 2bBf: htegf( 1606766 rn'uﬁh%é{) Retsdpie n@iéﬁqglovﬂt‘te interval and there
I nsta Ie quant 1 ty- bas readi ng devi ce reads
wouldberlBetitio mténvakn ih Feastp packieh fprotinadveragedotal b€ aH3 3(1 6di8¢ eninutes

installed the readl devj ce nonit th t
consrua%ptxoﬁéngemex FeS PGt Ihe %Pd‘dY*{f‘l?ftS RLADQH IOV eeﬁccor%ngly, on

averaPd St %ﬁ@&%’s@a’ry tth & eEQH N bnft 8Re ipacket kveBWaddr - IS to Téihb!ﬁre data
after one kilowatt-hour has passed on'the dial, the
conmraatyl argixipackets required pet Hay. tlaatalcoahmum allomvsmemeyt regroduction

this point th unt is 1 kilowatt-hour. The
OfﬁF‘§Bpﬁﬁp%%VF8gkéoﬁﬁ$ﬁﬂ%§7to noni tor the consuner's
consunption of electricity. When each additiona
[0062)Cr efieednt@bt, @l B.6trhinatd, Y 8Oiitekvd] aitid-incheament iappmacis haxdnly 45
_the readin deV| ce records the event by storing.the
minpigs 9f i onj1p eﬁ@hﬁq;cyet apqqiurgqulaqst aemlqlﬂ)émg%{?% gackets per day to
comﬂ]e!téwﬂxtet BaHE Er%ﬁ? nst drz?dloige ue cyS L PdrSfhissBnl §Equif¥fhents are
rd s cons iIs sto etc. In this way
accdrhmgr}eaghlﬁgarrﬂlg\lessemdénm&nhazsbzsed)amdoacﬂl nmenory a val ue
for the total anobunt of energy consumed that is mﬁthin

kiI tt-hoyr t he actual ampunt con
(00 2t woltoir dbe ATHERLED aBiRARasC BT R FiamP He Hot for
avexragé %ﬁﬁﬁl@pd& bixerdthd¥erepfesé@ivv 8Ntthe hbovdaderd@y cadehef higher

menory woul d contain a historical record based on
conguapsipmreriofs. i ih‘he tesaithe qoasureptian, she mpreectfipicnt (ag|qgrantity-interval

h i- odi..
sk 038 5o, LB TGy PO v

of 60U iekaaRnlipur te 1@@) aof n@elly vérBumPtibmt @fenethe year At this
connecti on ever ntity- increnments. In othe
congyEmmiion ke at Wwill %/ak§@ntafvgwgﬁ1qf 13880 geqamds go complete 1 kllo“’a“ hour

and §8|s?1¥\@te%ed?so%§l§ ha@{eﬁqg a ddykid Q/WP{ag e AUy g@t)f out 30 minutes to
(NG) ata recelved at t ection
confp¥s¢ eachdalowactionn nnmvmlt so sachsmarvlabwilbtdrty atpua i@ minwtes of new

e AR SIS b AL SRR ety
Thlspi%stﬁ% thﬁval[eﬁocﬁq]S I%i'f?é)gf 1‘%1‘915%/ & eddhSaRk&S efttwduly BBhk&sary to

can be used in a standard
receive a little less than two packets per day to ensure correct reproduction of the daily

consumption pattern.

[0064] The quantity-interval based techniques also allow the demand resolution to be
refined as the demand increases. This is particularly useful in high-end meter
applications. While the amounts of energy to be measured by these meters may be higher
than the residential ones, in many cases the meter will come with a multiplier, reducing

by that amount the required dynamic range.
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el ectronechani cal residential nmeter with a quantity
interval of 1 kilowatt-hour. This would provide
waemepdsaks e i nformati on even for a househol d tbek/US2005/013481
consunes a wel | -aboveaver age anount of 2400
kilo t-gours per nonth during periods of high
Altepgivg fgthogirerther e woul d be approxi matel y 80
transm ssi ons necessary on the average day based on
[0045)i S BRSUSRECLGRES WAL ippdtebRY €ldescHbed BBVESBRisfrate exemplary
slightly nore than a 15 m nute_ average between any two
embgdinentapf invendiveghhespts isclyisd inj the prasefdnyintien. Q4lex systems and
capt ure t hhee, tines fe t 1.S Sy :
oo S p B PR ) Y B R B EER0 B
refefdn¥&s 13 thedeqsarti 04 Idmbodimeng viafihttsnsaind mddifitdnbeanbeaffected
.each kilowatt-hour, it will take an average of about
withig the spiitend(scopfopise invention ps descrbsfhinghis %&ewewi- | Bpegrpmple,
[ t [, ote | Sl .
the EFIqNE oF e 'hEER IR0t Fool B % HRTHIE Srcblle R scrial
conmaztionsTpNothing if thisngtetidicatimr ispacdoetq liont, ekgressiy ow ahpliditly, the
.of about hours. Accordingly, on average it is
Pla‘ﬁé@é@’%‘&ﬁﬁie&e’f‘%‘éﬁe@é“ @ﬁ&ﬂ}ﬁ%wégﬁ%w%t every four hours
to ensure data continuity or six packets required per
day. Data continuity allows a correct reproduction of
the consunption profile for the nmeter. [0062] In
contrast, a 2.5 mnute, 18 interval time-increnent
approach has only 45 mnutes of information in each
packet and requires a m ni num of 32 packets per day to
conpl ete the same profile. The radiof requency
transm ssion requirenments are accordingly
significantly | ess under a quantity-based approach.
[0063] Also, note that the consunption assunptions in
the exanple are not for average consunption but rather
representati ve of the above average case of higher
consunption periods. The | ess the consunption, the
nore efficient the quantity-interval based techni ques
operate. For exanple, a typical residential nmeter my
have an average of 900 kil owatt-hour (or |ess) of
nmont hly consunption over the year. At this consunption
rate, it wll take an average of 3000 seconds to
conplete 1 kil owatt-hour
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and 28 such events will happen in a day. It wll take

an average of about 50 m nutes to conpl ete each
wddoered78s hour interval, so each interval w | |PCBUS23005/013481

about 50 minutes of new information, and each packet

will contain about 900 (?ﬁ;éﬁﬁ m nut es of redundancy.

This is the equivalent o Burs of menory on each

?acket. It would be necessary to receive a little |less
That whichtigglaaediet s per day to ensure correct

reproduction of the daily consunption pattern. [0064]

The.quansi data i collectuad shstemd comphsing u scadlestor ahdving taheeceiver

emand resol ution be ref.ined as the depand, .
conflgPR IR BEENpHaL et By pILEHILY b s<iSers dhct Al Afgp s fgnfigured to
send'BA 8lapARIrh€ BEMRBE suclBisive hERuANRKEY 6f Lpre@ititivied Qukity of a

measured by these neters may be higher than the
congugedbleenmmpdityies, in many cases the neter will come

with a multiplier, reducing by that anount the

reqguire ' . t e [ ] :

Thg“yst r S%%%%ﬁg%%cgségég e{sh\ér‘ljaggg&gtb%ghé o[rqgg% of said
pluralifyusfisemsoes i€ x@ngrhiaey be Wicttisseddi s frofuenty sighalve concept s

included in the present invention. Qher systens and

prqcess are possible. \Wile the invention has been .

destr i belS SigB ol ey b AVHSEGIR St SEsoF #nds s glappgs time to said
collt185®r BahithEhRMADOdI IRl Serntifld QidnaRs and

nodi fications can be affected within the spirit and

scope of the invention as described in this docunent. )
For4. ex anipiessystemeoftctaimnl, ahercin paid senspr sandp saifl glapped bme to said
l.s0 e hth e er .serial connections.
ool RS AR G ok ERRERS BBME ' To FPm e,
expressly or inmplicitly, the plain nmeaning of the
t ersys usedatancélleetidolshwhngr cheacoectbAl d¥Slath difonwai slbrality of
is clained: 1. A data collection system conprising a
conp iy IRSFISKAPPHENE r ecei ver configured to receive data

Serh? by aapcfel'a‘l‘i[)agf ltg)’en‘fgtrgs&n}rccgg %a&?ﬁébgf%fplm.ﬁﬁhof telemetry devices

configured to 'send an ¢l apsed ti etween ‘successive
beinge asuciettdnwith odt leaghr adesdeatec ebteru ®ath tglemetra device including;
consunabﬂe connndity. . .
1 a sensor 1o successively measure a predetermined amount of a
parameter from said meter,
i1) a timer to measure the elapsed time between each successive
measurement of said predetermined amount said parameter;
iii) a first memory configured to store said elapsed times, and
1v) a sending module for sending a packet of a plurality of said stored
elapsed times, the packet including an address unique to a certain telemetry device; and
b) a plurality of collection devices located remote from said telemetry

devices for receiving said wireless signals.
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2. The systemof claim1, wherein the data sent by one

or nore of said plurality of sensors is transmtted by
wowooehsssss radi o frequency signal. 3. The syst eroDiS2005/013481

claim1, wherein said sensor sends said el apsed tine

to said collector for each neasurepent of said )
pr &detlBf iystem glughatm 5y whareintHie sspdingngdulg | cansists of a wireless
tran%ﬁfe?'f& §alsthifHBSAld ﬁeﬁ:ﬁgtsbfg'\ﬂréﬂsﬁ‘ 1t Bich Mmeihment of a
coll'ector at 1 ntervals based on the predeterm ned
predpteamtinagdyamd@int 8f shad paramkteect i on system for the
collection of data froma plurality of comuodity
nmeters cpnpri.sing: a).a.pluralit f tel enetry. . .
oV cos R agdiS ot oppihihiba pR oY & ShebFifling, dgformation
conmpeising @?ﬁ@m@tmemotéwdah cB@atin®BRLISH, @atiedf MRE @mote stations
each telenetry device including; i) a sensor to _ .
havingaueass iferegoperating date for trnsmissONRToTEE! Meginfor grodylating the data
r . e . . | .
for SELATEHS o RO BeotEh et ld BedBF o ol SBAEMP k'R pacie
of dagy shdptoettaismitreaitedat & 0por tachasudcg3siv e medasuremeenti §f @pfedetstmined
menory confjgured to store said el apsed tines, and iv)
amoynt R HMSTGARMRIBEEGr sending a packet of a plurality
of said stored el apsed tines, the packet including an
addy ess AMh&msd bPcAlckfRd 8htd rbiatcB B ld HefPod SsmmBAEy Bdmprising
plurality of collection devices |ocated renote from
the stepsdoft el enetry devi ces for receiving said wirel ess
signals.6. The system of claim E% vvherqei n th s?ndi.gg tered
modul e CHRSSPEYEY ofMEASYiNGe | % S FETEArq ¢ Hpoyrg, of said™ metere
conlnfigfi§An tting said packet by a wireless signal for each
measur enent of a predeterm ned anount of said ,
par amet gneasgringithezpdapsed Brmbsiveesnicgeh pracaisive mepsurement of said
1nj cat | F0f ' i.siing a plurality of
pred: N RhOE oL IS SCRARIRD) 80D, 2 P LS ot e
st at i onsstdring sagl elm@ed tifnerin geslematry devickat a f or
transm ssion, control neans for nodul ating the data

9. The method of claim 8 further comprising transmitting by wireless signal
said stored elapsed time to at least one collection device for each measurement of said

predetermined amount of said metered commodity.

10. The method of Claim 9 further comprising storing a plurality of elapsed

times in said telemetry device.
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for transm ssion on a radio frequency carrier and
arranged to formsaid data into a packet of data and

WO 000608873311 t sai d data upon each successive NERGIUSIBH013481
of a predeterm ned anobunt of a netered paraneter. 8. A

met hod col |ecting.d related .to a netered
conrtodi ?ﬁﬁeéﬁ?f'bﬁ’&g#ﬁg“fﬁb%é’iﬂéeﬁo’ﬁ‘ﬂ"s‘g‘%bpessi vel y
nmeasur i NG yactgeAdRE BF BafscaThie! fr&th saidl ithnmitRidaireless signals;

commodity; measuring the elapsed time between each
andsuccessi ve neasurenent of said predetermnmned anmount of

sai d metered. conmpdity; d storing said el apsed tine :
in atel®® @W :}gsﬁ%rbe\é cga eqa[pﬁga ?%‘?%2‘8 generate a 1a oft use of said
metbiéll cBRMOARYPr i Sing transnitting by wirel ess signal

said stored elapsed tine to at | east one collection
devi ce for each neasurenent of said predeterm ned

a nt o ' I O - hod of
Qi o GRRE JTEL AR ORI gt barg BitnifRIR
el apsed rhéniesingussgei of atcehmieiityyat davilioeméter; The met hod

of Caim10 further conprising:. extracting a series of
el apsed TEsHBEERBAt seliqyantity ipsvalsedndni r el ess si gnal s;

and anals}/ @%aﬁadaqaéggjdqﬁﬂ@gg{@psed tines to generate
use

arate o of sald netered comodity. 12. A nethod
of collecting commodity usage data conpri sing:

i ' f di.t Cutility :
ecorai riftdtehogef dafin dthery thefasf ininomafian Spgithgchane

in tifR tatdRb@réd whidé thedbt duahiity TR conddedifyWad @@ e@f

claim 12 wherein the data is information about the

change

14.  The method of claim 12 wherein the data is transmitted along with data

about previous quantity intervals.

15. The method of claim 12 wherein the data is transmitted at intervals based

on the quantity intervals.

16.  The method of claim 12 further comprising the step of sending the data to

a remote collection system.
17.  The method of claim 16 wherein the data sent to the remote collection
system comprises a meter ID and information about the change in time that occurred

while the set quantity of the commodity was consumed.

18.  The method of claim 17 wherein the data is transmitted in a packet over a

packet based transmission system.
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in time that occurred while the set quantity of the

comodity was consuned. 14. The nethod of claim 12
wob®se99134 he data is transnmitted al ong with dapcr/abmoi/o13481

previous quantity intervals. 15. The nmethod of claim

12 wherein the data is transmtted at intervals based

on1Phe dJbanmetked mierlpims 12 1@herent data nisq alsp ggcqrdpdy pfter a

f Mm-S ep of sending the data to a
predr?{é% eaggﬁﬁggftnlstgﬁggésgﬁémh 17. The nmethod of claim 16
wherein the data sent to the renote coll ection system
conprises a.meter | D and information about the change
i n20i e 4t hY ty&%ﬂr‘l‘a@u‘(ﬁéﬁl@ SIYﬁ%?rg%qmwg}ﬁ-i ty of the
comodi tym¥asSra@ing WeBide cdghbleldTaedBRiing daff at Ghidivalslbésed at least
wherein the data i's transmtted in a packet over a
in ppaciuethe bpeatityt ofathe reomwiashitysthat is raonsumerh andrsensing sgid data to a
claim12 wherein data is also recorded after a
Concfpgaté’f’ealnﬂi ned maxi numtine has passed. 20. A utility
met er  datcdnédtlafs foraddliestiigatiLRGMIths me@r-réading device.
nmet er -readi ng devi ce capabl e of recording data at
intervals based at least in part on the quantity of
t he,;commypi Xte{nh&tcléir% W%Wth@%tasﬁ'wfo%aﬁﬁ Sh @Y change
to™a concentrator; and a concentrator for collecting
in tiff@ttRatfocours tWhéle mBtequangeyd file widity ¢econfdmedhe syst em of
claim 20 wherein the data is information about the
change in tine that occurs while a set quantity of the
utichi ty 18 SRRAUIBHIK 20 WhEeRViRt §heterealli Megfle is capable of
wherein the neter-readi ng device is capable of sending
sendiag alatb abioutpprevions squguaityt intgrvalnwathy data wibiolt dbe suerbeiuguantity
.. the current quantity interval. 23. The systemof claim
mteB3lwherein the data transmitted to the col l ection

23.  The system of claim 20 wherein the data transmitted to the collection
system comprises a meter ID associated with the meter and information about the change

in time that occurs while the set quantity of the commodity is consumed.

24.  The system of claim 20 wherein the data is transmitted in a packet over a

packet based transmission system.

25.  The system of claim 20 wherein the meter-reading device also records
data after a predetermined maximum time has passed without a quantity interval based

recording.
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system conprises a neter ID associated with the neter

and i nformati on about the change in tinme that occurs
wovkiobeod7he set quantity of the commodity i s coPGIUEmNS/013481

24. The system of claim 20 wherein the data is

transmtted jn a _packet over a packet based i

tr 28sm gsimepihad, of cpnstostingr Recansumeh FARMOdLy fropgrmption profile
Comgpgilhgj n the nmeter-readi ng device al so records data

ter a predeterm ned maxi numtinme has passed w t hout

a quant irtoprding dntaal sdygaadity etenvalisaga 26lityAnetet; hod of

constructi n% a gﬁns.umsr commuodi t eGonsul tion profile

conpr i siSHyMBSadSIatA R ompytelFeada egﬁ%’?ﬁt’i interval s

at a utigrbde¥sifBlfit: dath 96 | stk h EgsAnien cBnHIERY! &nsumption

readabl € format; and processing said data to construct
profdeconsuner commodity consunption profile. 27. The

nmet hod of claim25 further conprising using the

profile for analysis. 28. The nethod of claim25

fungher THemRdthed Hfclaifi 2Dfuither gon@frisig dsirg fhie Ipkdfllg for2alysis.

The met hod of claim25 further conprising using the

profile to generate statistics regardi ng consuner

usage patt . G L oy

consr i 5,1 e ARIaHTES ARG FIE e he pHSHIOR biling

consuner based on time of use. 31. The nethod of claim

25 further conpri Si S the profile .to allo
st 0 st iﬁ1§| mgtggqi 392 iCEl%Bf chlg@‘ PrSiRe yying dhe ro\ffle to generate

statistics regarding consumer usage patterns.

30.  The method of claim 25 further comprising using the profile to allow

billing a consumer based on time of use.

31.  The method of claim 25 further comprising using the profile to allow

statistical analysis of consumer time of use.
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