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[0006] Not applicable.

[0007] REFERENCE TO APPENDIX

[0008] Not applicable.

[0009] BACKGROUND OF THE INVENTION

[0010] Field of the Invention. The inventions disclosed and taught
herein relate generally to monitoring a load in a power distribution

system; and, more specifically, relate to a method and apparatus for
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under stood and appreciated in its proper context,
reference may be made to a nunber of prior U S

weaients2as follows: [0012] U S. Pat. No. 5, 28RCT/85808/a56787
Crane, issued January 25, 1994, discl oses an

"automatically sw tched power receptacle,” in which
reawteiuﬁeraoa&%%g;ia QR €k PePOWRI Qlataﬁmtm syistem adapted to
el ectrical load to any one of a plurality of branch

vaneuee tﬁbrﬁé‘ﬁbﬁmafﬂ“c?e it Rﬁﬁﬁs@ﬁ‘éﬁﬁg Gt iy g?gdﬁh&‘é’?s a

sensing circuit for sensing electrica ng on each
of the branch circuits. Alogic circuit is coupled to

sensing cirguit for selecting one of the branch )
loéﬁﬁ&ui t s HesEEpiieRn&ft dier oRelrtada hocol ®jdes itae provide
sensed | oading to provide bal anced | oading on each

i . 1 o U o . 4
bk T imetene 1R Bl ARerdEiniy b8 completely

"intelligent power switcher," in which an intelligent
unsterstoadi andi appsestaiadi & dis Preper contexht referenge may be

the electrical connection of a power source to each of

médB'tBré’"ril}Sr%b%fr iels %J.S?gﬁieﬁs R RelRfyg comput ers

componénts or el'ectroni'c ertai nnment. equi prent .
Switchcircuitry is coupled to relay circuitry for

8enerati3? shgnals resgonsive to_user comuands to
[004R3ct at).SorPabrNoof 2841309 tai Cranesissited dagaary 25, 1994,
output. [0014] U. S. Pat. No. 5,862,393 to Davis,

CHGRYES B LAHoRFac R AR FRieE FEGE” n which
switched power circuit selectively connects an electrical load to any one
of a plurality of branch power circuits. The switched power circuit
includes a sensing circuit for sensing electrical loading on each of the
branch circuits. A logic circuit is coupled to the sensing circuit for
selecting one of the branch circuits to be connected to the load

according to the sensed loading to provide balanced loading on each

branch circuit.

[0013] U.S. Pat. No. 5,424,903 to Schreiber, issued June 13, 1995,
discloses an “intelligent power switcher,” in which an intelligent power
switching system is disclosed for controlling the electrical connection of
a power source to each of a plurality of outputs, such as personal

computers components or electronic entertainment equipment. Switch
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devices." The patent discloses a systemfor managi ng
power consunption by comruni cating power managenent
we@®stsiseo a renovabl e device of the conput er . PATIUS2008/056787
response to a power nanagenent event, a device renoval
.signal, is transmtted to a deyice controller for the _
Cirguhoy S ICOURIBEL (@IAY.CH Pt g@eneratiBg-signalsrespansive to
a socket of a conputer. This device renoval signal can
USRI OUOATMBRIIS" 0 OSeRAIMAT GiAIR RNetatdwithereibdrto each
such as the interruption of electrical power to that
devi ce. The power state change is comuni cated by the
oudput.ce controller to a device driver in response to
t he device renoval signal. Electrical power to the
device is termnated in response to the power
[007A39eME SVt NGAY, 862139 8%0 BARY! B Iahiuity 19, 1999,
sighal is transnitted’'to the device controller in
_response to another power managenent event and while
digclosesvacsystemi fy managingdpawern af eneosieuier. withi emovable
device insertion signal provides notice of another
: »cha f [ Electy,i (N :
deMAgeE a1 « RateiRt; dBtIGSes cshnslS AN, MRY° ImRBaging  power
managenent event.[0015] U S. Patent No. 6,618,772 to
coksaraptian. , by s cosanBapcabibg powaroINatiagemesd events to a
“met hod and apparatus for selecting, nonitoring, and

refRSiRee 8V ieE b pafie: VeSMIEIEfec “Th eletnofedily @ power
power ed devi ce having a key operating |line and
managemegt eventpl devise removalcsignall isukapsnuittechéo a device
controller for the removable device while the device is installed within a
socket of a computer. This device removal signal can provide notice of
a power state change for the device, such as the interruption of
electrical power to that device. The power state change is
communicated by the device controller to a device driver in response to
the device removal signal. Electrical power to the device is terminated
in response to the power management event. Additionally, a device
insertion signal is transmitted to the device controller in response to
another power management event and while the device remains
installed within the socket. This device insertion signal provides notice

of another state change for the device. Electrical power is reapplied to

the device in response to this power management event.
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el ectrically powered device by interrupting continuity
of the key operating line. [0016] U S. Pat. No. 6,741
womsmxszsr\/bl\lally, i ssued May 25, 2004, discl oSEGT/H82008/056787
“intelligent power distribution system" mhlch
| ose ne_or nore intel wer strips. T
(0683 °2t U85 Rateth - érisie Tante Kadteal-nissiad September
t hat may be adapted for nounting in an equi pnent rack.

9, BBOBOWRsCIDSESPE frHEINSH 4Rl 48BaPSNR f(??'?‘%%&‘?ﬁg\e monitoring,

C|rCU|try that can power-on and power-off the
outlets in accordance with an operator defi ned
ansk goatllingelestagally prwesedrdevicegenelit ofie embegdiment, the

can further sense electrical current drawn by the

apts ué”tﬁlﬂ& Cégt r@bcﬂ?@élyigfbm?éréd‘edéwﬁé ﬁbrv'irﬁ’g a key

€ sense ectric arrent to mni
branch circuit breaker tripping. [0017] U S. Pat.
op@raumglﬁoet a@rrerawitchings wantoan €ircuitzgon Qﬂﬂiﬁ@b@@@g&m of the
“outlet strip controlled by PC using |ow voltage

I GNEAEE; poNiel dPYicR Bain iR R FBuRLRS" dr°Fhe key

de-energi ze one or nore devices which are plugged into

operatisig lime. upon receiving an electrical signal from
the primary device, w thout need for manual actuation
of a switch on the electrical strip or an under

[003Bl e ShverPpboNeb et b4 MENEIM 3R, Rty 25. 2004,

appropriate socket of the primary device (which may be
disclpsesoaml“intelligent power distribution system,” which discloses one

or more intelligent power strips. The power strips can each include an
elongated housing that may be adapted for mounting in an equipment
rack. The power strips further include power management circuitry that
can power-on and power-off the power outlets in accordance with an
operator defined sequence and delays. The power management
circuitry can further sense electrical current drawn by the power strip
and control operation of the power strip based on the sensed electrical

current to minimize branch circuit breaker tripping.

[0017] U.S. Pat. No. 6,744,150 to Rendic, issued June 1, 2004,
discloses an “outlet strip controlled by PC using low voltage powertap.”

The patent discloses an improved electrical power strip which will
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conmputer) to sense the primary status of the power
supply. The output signal triggers a synchronous
W e@ss2se9 switch or relay which enabl es power POI/US2008/056787
secondary devices, permtting themto be synchronously
t ur ned or off dependi ng on the conputer statuys. )
al{t@m@t]cacijrys.ewglz b desseigiza SneoREHTOTe! YeVICas avhich are
August 30, 2005 discloses a "nodul ar power
G4 §b! i QReURt herd@giving apWeledtritl ! Sigrndinfrom th
p%@t, m met hog %’f si ng tcﬁéé same." The patentgigtr1eﬂ ° ©
di scl oses a nodul ar power_ distribution unit for ]
prisugpy ydenjcel seithout giaed fos manusleackpligneod ai switch on the

envi ronnents such as data centers, conputer roons, and

[ nt 2D egqui or
eléa@z?ﬂe%ﬂ?quﬁgnl{ﬁan%; m.ﬁ)%ﬁgg%eor\t\]ergyd{s ri eur];'i (I]he system
unit includes a frame and one or nore user-replaceabl e
useswe lovduvelkagenipawer ttapntaorsnectori whish fig aptuggadhin any
power nodul e provi des one or nore plug receptacle

arpSRratpaEPEkef T e hhina d PeeR. (WfliTinay bg 2 personal

particul ar environnment, asneeded. The power nodul es
comyuter)rtonserese thespeamany statusnofetieh poyeer sapphe. The output
frame without interrupting power to other nodul es or

oA BRI AN e A, PP i enabes

that is renptely neasuring and detecting and
poyvet i toyisecendant alevicessr peemitied) athem! tesber dyinohronously

di sturbances caused or created

turned on or off depending on the computer status.

[0018] U.S. Pat. No. 6,937,461 to Donahue, 1V, issued August 30,
2005 discloses a “modular power distribution unit, module for the power
distribution unit, and method of using the same.” The patent discloses
a modular power distribution unit for supplying electric power to
attached equipment in environments such as data centers, computer
rooms, and communication centers, where power requirement for
attached equipment may vary. The power distribution unit includes a
frame and one or more user-replaceable power modules, which fit into
slots in the frame. Each power module provides one or more plug
receptacle types, receptacle numbers, and power rating configuration

to accommodate various equipment in a particular environment, as
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by the electrical |oads and to validate the

performance of the electrical |oad sensing in the
wappanzatses. There remains then a need for propRCT/ESZH08/056787

accurate nmeasuring of the power-related signals of the

el ectric | oads, current levels and/or voltage | evels
negdeGal i %llrh’e@i AOWET 1 RROJHIAS | MY r difbr ECTIRNEGn mﬁalled and
while the | oads are still operative. [0020] The
o . el . . ¢
g 1§ e T8t U baY iterRIPED, PPR [ 5hagy MModules
BRI EF SUMVARY OF THE | NVENTI ON [ 0022] Applicants have
or dpdhecpower istiddetoRedmidd and apparatus for renotely
nonitoring an electrical |oad and assessi ng key
attri butes of power-related anomalies and |ine

[ogggt_lwba'l\gﬁﬁef@mﬁé féfe?gﬁeégdtéycﬁ&e seél%mgeitﬁ@ a'tg% patent

qual itfying thelrr conformty to certain &xpecte
steady state conditions. The disclosure provides a .
prablern that val reanately tmeasaring nande det@etingi agcbyalifying a

not limted to, the accuracyand validity, of the |oad

oo RyeP IS APRRER s DEIARRISA B KGR By roatec

a power output section, a power input section, a _
bycthenelectidalloaelst and, tanalidatatthe performance Tfethe electrical
intelligent power distribution nodule can further

o3 B, FREGP 1aPBat: THER RS B & peestiprproper

al so provides a nethod for nonitoring an .
and accurate measuring of the power-related signals of the electrical

loads, current levels and/or voltage levels and calibration of the same in

a remote fashion and while the loads are still operative.

[0020] The inventions disclosed and taught herein are directed to a

method and apparatus for monitoring a load.
[0021] BRIEF SUMMARY OF THE INVENTION

[0022] Applicants have created an improved method and
apparatus for remotely monitoring an electrical load and assessing key
attributes of power-related anomalies and line disturbances caused or
created by the electrical load and qualifying their conformity to certain
expected steady state conditions. The disclosure provides a means for

validating the performance, including but, not limited to, the accuracy
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el ectrical |oad having a current and voltage
requi renent supplied by an electrical source coupled

wo eooshziskoad general |y includes: interfaci ng aPGEISINg 056787
nodul e between the | oad and the electrical source;

sensi ng. one_or re characgteristics of the |oad., and
arwﬁtvahﬂqw,n@fthh@nﬁ@aﬂom@g lm&h@ia@ar@xusnoﬁ he apparatus
limted, accuracy and validity, of the |oad sensing.

. I. I E [
T G e PO S Y ORI Pt ogfTipglude 2
present specification and are included to further . ]
poxeeh estpHt Sesditonaiah RAWEE 1RPYE SEGdION, 3 &MMiRigation section,

The invention nmay be better understood by reference to

P (N T one: Taelige it RWERHAAOIDR, Mbdyle can

herein.[0026] Figure 1 illustrates an exenplary _
fudheodinaludeofa tmemaryel ségikon, ppweensirg rdevidegna processing
nodul e. [0027] Figure 2 illustrates the intelligent

r olqNSt 1 fon nodule in an intelligent power
de&ﬁﬁ?T?@gﬁ%gﬁagyitenl [0028] Figure 3 illustrates
anot her enbodi ment of the intelligent power

distribution nodule in an intelligent power
[0G23]r i builihen digslosure] adse] provides a methad doesmonitoring an

anot her enbodi nent of the intelligent power

el%@{cﬁl ﬁﬁ%bgﬂaﬂwéﬁgﬂﬂeﬁ Al St tef Bl ment supplied by an
electrical source coupled to the load generally includes: interfacing a
sensing module between the load and the electrical source; sensing
one or more characteristics of the load; and determining the
performance, including, but not limited, accuracy and validity, of the

load sensing.

[0024] BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE

DRAWINGS

[0025] The following figures form part of the present specification
and are included to further demonstrate certain aspects of the present
invention. The invention may be better understood by reference to one
or more of these figures in combination with the detailed description of

specific embodiments presented herein.
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[0030] Figure 4A illustrates another enbodi nent of the
intelligent power distribution nodule in an
WO paosli2isgent power distribution system|[0031] FMTUS®IE056787
is an exenplary systematic diagramillustrating
rmning the accuracy of results f on1nnn|tor|n an
loaﬁéitricﬁgu&m @w%aytesg@ré exemplatyat egIbgaiment of the
enbodi ment of the callbratlon wavef or m [0033] Fi gure
intéll by trisReAi FRIYylel a superposition
maé%# E19{0034] e 1 nvention disclosed herein

are susceptible to varlous nodi fi cati ons and
rnative forng, only a few s eC|f|cenbod| nts have
[0683 shoWmguie waylusira @ It tgenénawapsiskitbutien module
described in detail below The figures and detail ed
' i h fd odi nrents are not
|ﬂ?ﬁf§ﬁ§ﬂ§jto ?ﬁ$¥hﬁﬁﬂqgreagt ggﬁzcope of the
|nvent|ve concepts or the appended clains in any
ner. the fzgures and detail ed descriptions
[0a28] pr ov.Fcugure o3 i illugi siataseanpthenembiogimeiic &t the dntelligent

person of ordinary skill in the art and to enabl e such

oo LR R P S BB R EP SRR B 05,

herein and the witten description of specific

structures and functions bel ow are not presented t
[0028]t thEigu el oflustrateappnotaat embas m%tuoédthﬁ intelligent
the scope of the appended

power distribution module in an intelligent power distribution system.

[0030] Figure 4A illustrates another embodiment of the intelligent

power distribution module in an intelligent power distribution system

[0031] Figure 5 is an exemplary systematic diagram illustrating

determining the accuracy of results from monitoring an electrical load.

[0032] Figure 6 Iillustrates an embodiment of the calibration
waveform.
[0033] Figure 7 illustrates an embodiment of a superposition
waveform.
[0034] While the invention disclosed herein are susceptible to

various modifications and alternative forms, only a few specific
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claims. Rather, the Figures and witten description

are provided to teach any person skilled in the art to
woralos/12n3eb use the inventions for which patent PCT/US2008/056787

protection is sought. Those skilled in the art wll

appreci ate that not a|l features of a commercia
erah8gimeens hAva HEamSERTLRY Wey abexArbRE mt%@mwmgs and

for the sake of clarity and understandi ng. Persons of
arédéscriBelilindatdil Welowal Thegfifesahfd! detailche descrlptlons of

devel opnent an actual commerci al odi nen

i ncorporating aspects of the present inventions w
thesquspecitiomavbedimandseatat nohistended ctaidisnii th% br@adth or

achi eve the developer's ultimtegoal for the

I 0 .

SCRTS! hengERALLIBShoo By (T8 S5BORALLEERARACH afy manner
conpliance with systemrel ated, business-related,

Rajbesr hentigueesitand atetailede deseniption hese pm\anlaehjzo illustrate

vary by specific inplenentation, |ocation and from

thi fielfive, FondRBsoIE g SO i e R SRUPEL thE apt and to

efforts woul d be, neverthel ess, a routine undertaking
enfabletsucte pefrseki ol mdke aad ubetheginvamdivie cohcefpts.

di scl osure. It nust be understood that the inventions

di scl osed and taught herein are susceptible to

nunmer ous and various nodifications and alternative

fornms. Lastly, the use of a singular term such as,

not I-md NE intended to limt the
[ogg’!—r?‘ler opﬁrger?rg!zt[&[)s%sqlﬁ!epmlghlof rel ati onal terns,
such as, but not limted to,

[0036] The Figures described herein and the written description of
specific structures and functions below are not presented to limit the
scope of what Applicants have invented or the scope of the appended
claims. Rather, the Figures and written description are provided to
teach any person skilled in the art to make and use the inventions for
which patent protection is sought. Those skilled in the art will
appreciate that not all features of a commercial embodiment of the
inventions are described or shown for the sake of clarity and
understanding. Persons of skill in this art will also appreciate that the
development of an actual commercial embodiment incorporating
aspects of the present inventions will require numerous

implementation-specific decisions to achieve the developer’s ultimate
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"top," "bottom" "left," "right," "upper,"” "lower,"
“down, " "up," "side," and the like are used in the

wowristizszdescription for clarity in specific redBUS00&056787
to the Figures and are not intended to limt the scope

nventi on or the appended cla
gompfqrcm@scqammeé@@ét em Im%%ve&éﬁ Haﬁplsﬁ@éntatlon specific

appar atus for renntely nDn|tor|ng an electrical |oad,

deciseng Ynégailnbfu 36, RS ) oargﬂgmhtétft ”dcém‘ﬁﬁlance with

I stur banc ectric ating 't
perfornmance of the sensin deV|ce The appar at us
Syst@m:a%lat@d mb@SllrIQﬁ@nt'eﬁg@\dr dgevermnanimelated ¢ and: other

can include apower output section, a power input

oﬂ%‘t‘r‘élﬂfb WHCH MG R/ rgg ?egpbﬁfﬁc ﬁ‘ﬁﬂ?léﬁﬁéﬁl%qlon location and

circuitry
section, a senshba1deV|ce a proceSS|ng devi ce, and a

frosmi tiote toHEMest ilma devielopensg affosisemight he leemplex and
having a current and voltage requirenent supplied by

trfi o dhy oafin A8SBLAE: HGehshu SRLPLERs L woud e,

| oad and the source for sensing one or nore _ _
neseatlzeless, sa i cxutaie t hedeoakingnfory thoge pofveskill elras edrt having
anomal i es and |ine disturbances caused or created by

bekaftabf Shl fibclRiite,o 308t 46 FhodRiBad, hat.dhe inventions

per formance, including, but not limted, accuracy and
disclosed andotatdht hereiseane sasceptidde ® poweerowsided various

can receive electrical power froma power
modifications and alternative forms. Lastly, the use of a singular term,
such as, but not limited to, “a,” is not intended to limit the number of
items. Also, the use of relational terms, such as, but not limited to,

11 11

“top,” “bottom,” “left,” “right,” “upper,” “lower,

11 ” “ L1

down,” “up,” “side,” and
the like are used in the written description for clarity in specific
reference to the Figures and are not intended to limit the scope of the

invention or the appended claims.

[0037] Applicants have created an improved method and
apparatus for remotely monitoring an electrical load, remotely analyzing
power-related anomalies and line disturbances of an electrical load and
validating the performance of the sensing device. The apparatus

includes an intelligent power distribution module that can include a

10
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i nput section and route the power through a swtched
device to a power output section to a |load. The

WO paosli2isgent power distribution nodule 2 of theECPUERE$1056787
di sclosure is an inprovenent on prior art nodul es. The

intelligent wer distribution nmodule 2 in an
PoMRPUL 8 @@3&%@1@%’%0\%%5&% Od, a@mfafméranqa}lon section,

callbrate and determ ne the performance, including,

adwtrél'éied't’}‘rﬁﬁﬁr ac IﬁéCYnéﬂdlé’aé%ﬁi ‘lertE@fr Htﬁutlgal% memory

sensi ng of the |nte i gent power distribution nodule

2. There are varjous types of intelligent power
segtion, i Busepsingeiadee 2 a0waessing deviee.eand a switch. The

conflguratlons to nmeet custoners' denmands. For

mERIP JS{ fth‘ﬁ'lftb‘rﬁ{%EaQ‘?@I BRIES| Igiq?# erQHHQOQ c'fﬁ’i‘iléh?sarﬁ@Woltage

ave eren ratngs, erent
recept acl es, dlfferent sensi ng- devi ces, or plugs Load
requrranngntasluppheddé)ysmm e@ecﬁnmalusonlgceea@umlad to the load
signals or characteristics anywhere in the apparatus,

gei{é?(ﬁﬂ&t B geERirEl o, 2 St G, DR sBRub OB i Joad and

nonitoring the load in the apparatus, nonitoring
the hsowper donssensimgi oo ngr t horeensharactevistiesi roft the load,;
apparatus. The | oad sensing can be enbodi ed by a

angy i P werRRlaR E G giso Aty SRRy i Caused or
Fléure 1l illustrates an exenplary enbodi nent of the
created Ib(}gethe eloetricdl 4Joadbgermsingodnke or Timerentkarag@ristics of

power stribution nmodul e generally includes: a power
theult pu 35 tdepermlnlngpt%e per?grmance including, but not limited,

accuracy and validity, of the load sensing.

[0038] A power module can receive electrical power from a power
input section and route the power through a switched device to a power
output section to a load. The intelligent power distribution module 2 of
the present disclosure is an improvement on prior art modules. The
intelligent power distribution module 2 in an exemplary embodiment
allows users to automatically calibrate and determine the performance,
including, but not limited, accuracy and validity, of the load sensing of
the intelligent power distribution module 2. There are various types of
intelligent power distribution modules 2 each having different

configurations to meet customers’ demands. For example, the

11
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section 15, a communi cation section 25 and rel ated
circuitry, which generally includes a nenory section
wa@osa2sensi ng devi ce 35, a processing devi ce BO/US2008/056787
switch 20 adapted to determ ne the perfornance,
. including, but nat limted, accuracy and validity, of )
Intﬂﬁ@%taegy\@rsd@rlﬁwngwmwgsemﬁammf?er@@t gower ratings,
described in nore detail below [0040] The input power
i i i ti i TR C QY
D B e o R SR A R oo Tl Load
50, Further details are shown and described in, Figures
sepsing Theapovikiclddar ceensingl i Malugivgr measuring.i osignals or
systemutilizing the intelligent power distribution

CHERAHIGIRGE RWhELE, i Mo “HB0RI S aRURST PN 88 Between

power strip, a branch circuit nonitoring system _ _
the "power) input andi therload sonnaated tariheoapparajss-eqncluding,
("LDM'). The input power section 15 may be enbodi ed by

bR e matoring: ﬁb@ii{%—%ﬁﬁ,naﬁ?%ﬁ%%@)%i’ fihitoring the

El ectrical Minufacturers Association ("NEMA") 5-1 5P
apparsiiv drsrraitorimg tthe sehsdigreevidce lintheaapparatus. The load
Figure 1, the power output section 15 is shown to have

sekibfnd S b8 B B B Rl “FomePel g Syatarfen including

nodul e 2 may be configured to have one or nore power
sensg cadteds, which is described in more detail below.

[0039] Figure 1 Iillustrates an exemplary embodiment of the
intelligent power distribution module. The intelligent power distribution
module generally includes: a power output section 10, a power input
section 15, a communication section 25 and related circuitry, which
generally includes a memory section 30, a sensing device 35, a
processing device 40, and switch 20 adapted to determine the
performance, including, but not limited, accuracy and validity, of the
load sensing. The various elements will be described in more detail

below.

[0040] The input power section 15 is a connection device adapted

to connect with and receive electrical power from a power source 50.

12
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[0041] The related circuitry generally includes a
menory section 30, a sensing device 35, a processing
waelewsazis29, and a switch 20 and i s adapted to PEL/E8I0081656787
t he performance, including, but not limted, accuracy
idity, of the |oad sensing.,6K The_penory n
deaallen@%rs&pwp ang Hescaibbs Ietlérgary@srjavg éﬁwe power
Wthout limtation, the nenory section 30 can be
SOgfrees’ used Yneéag%}%@r RISEHIHER | 8ySRIROUNATRIHE intelligent
%Le menory secti 30 is a apteﬁ X store datar T g

data coul d include, for_ exanp]e, reference dat a
poywver elistnleuyiéos, nrmréle:&rsﬁﬁmt inehuder @dsnﬁrramelﬂ oa8 electrical
from ot her conmponents in the power distribution

poWért Il R4 5'?1387%&? eF&af> £PE %cﬁi-’c%lapower strip, a

current-sensi ng an age- sehsi ng

adapted to sense current or vol t age fronrthe

braant ciretit anoniteeing:raystgnie(BLEMS’ )c a0r Iarebﬁrrc edistributed
transducer. The sensrng device 35 may provide, for

ARG DETOE. VL) au Hhe: I Pl Sheetion, g5 may be

determ ne the performance, including, but not limted,
embodied ybynanyapowiery plog, tsuch casl aesafety. ageows) rébegnrzed
processing device 40 is a device adapted to contro

stafiald iwb? Whet Mo T bLe: S ARl Ec el feButacturers

sensing and/or nonitoring functions. The processing
AssngiattoA0("NeMAXa6P aan NEMAI Bbe20PR!. uelh dhedembodiment

illustrated in Figure 1, the power output section 15 is shown to have the
dimensional and electrical specifications of a NEMA 5-15P plug. The
intelligent power distribution module 2 may be configured to have one

or more power input sections 15.

[0041] The related circuitry generally includes a memory section
30, a sensing device 35, a processing device 40, and a switch 20 and
is adapted to determine the performance, including, but not limited,
accuracy and validity, of the load sensing. The memory section 30 may
be embodied by any number of storage devices. Without limitation, the
memory section 30 can be electrically erasable programmable read-
only memory. The memory section 30 is adapted to store data. This

data could include, for example, reference data, current levels, power

13
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calibrating and determ ning the perfornmance,
i ncluding, but not limted, accuracy and validity, of
wo b@sho@Eed sensing. The intelligent power distrP@UUSNG/ 056787
nodul e 2 conprises a display 60 indicating the status
of the nodule. This displag, for eEaane, can displﬁ¥
CONSMMBLOR, sCOBYNUUcRIONRLTaBY @teer Lraponetsniy the power
the nodul e needs to be replaced, or a power quality
diSFPRItRSA systyndent . [0044] The conmuni cation section 25
IS a deviCe adapted to transmt data to and fromthe
intelligent power distribution nodule 2. The

ni cation section 25 communi cate, for exanp]| e,
[0§§ fedlge ml@gsd%w@@ggé COMRNiRE S b 6EiIrFRMr-sensing and/or
illustrated in Figure 1, the communication section 25

, ] Dot LT . .

2 Bl G Ry Tl 68 Al o S GRS Dltage from the
exanpl es are offered_and other ways are avail abl e.

powest inpute seatiami cal hen sersingn deviegy 3dmeam ceea current

over the electrical pathway fromthe power source 15.

R, T SEMATIIEe <5518 ARABBITA Ao e cata
y

Third, the comunication section nmay communi cate over
fol ther stedigentypower tdistribetionedsviae do, atdonmedticall\e,calibrate
with the power source or some other conmponent of the

ar@g%tgﬂhﬁéé: Er‘l‘éd' @%qﬁgﬁ%&[ Zr@q‘;‘l@bi@? Aot O fitdd, accuracy

and validity, of the load sensing.

[0043] The processing device 40 is a device adapted to control the
intelligent power distribution module including, for example, controlling
various functions of the sensing and/or monitoring functions. The
processing device 40, for example, can calculate values used in
calibrating and determining the performance, including, but not limited,
accuracy and validity, of the load sensing. The intelligent power
distribution module 2 comprises a display 60 indicating the status of the
module. This display, for example, can display that data has been
sent, the module is calibrating, the module needs to be replaced, or a

power quality problem is evident.
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adapted to connect with and transfer electrical power

to one or nore | oads 45. Further details are shown and
waele®sn2tsed in Figures 2-5. The power output seRCT/U82008056787

nay be enbodi ed by any power receptacle, such as a

ty a cy recognlzed standard p [ receptacle,
[oégﬁexan‘g—?’l&e GORRRNICAlGR SECHAN B0 ol5320- deyiCanadapted to
F (Cl3) outlet. In the enbodi nment |IIustrated in

trdfisHitedata ttbeaHWorﬁUﬂféﬂl @éﬁ'ﬂ ﬁé\Nb‘PSdi'@‘ﬂ“bhﬂoHenﬂ)dule 2.

cross section of a C13 out e Intell1gent power

di stribution nDduIe 2 can be conflgured to have one
Thereomenenicatignt seelionord 1oay[ communigates for 5example by

illustrate the intelligent power distribution nodule 2

wikdd dPRirel sy S¥%5@| W?h? @Werﬁ ﬁlpﬁ't%téh% Figure 1, the

system These ures ew | ration

the many di fferent enbodi nents of intelligent power
codngiunisatioon sectivrs 25 aisd aewvired ogmamgnicadsr]bus. The

Figure 2 illustrates the intelligent power

ol AqriBAHbER SEAT 251y, Sl RIRRIEHE 2 dpumharogf ways.

power source 50, illustrated here as a power strip,
Tkn*eene«taeﬂptes amei offerédgand otiverr whys rareuaivaiabbelul Eirst, the
and an electrical power load 45, illustrated here

ool EReR S SEUAh o 9B kAU b OB, olectrca

connun!cat!on section 25 is wireless. The wirel ess
pathwaynifeatm othe power source 15. Second, the communication

section may communicate over a dedicated wired communication
signal, such as a bus. Third, the communication section may
communicate over a wireless signal with a remote station, for example,
with the power source or some other component of the power

distribution system.

[0045] The power output section 10 is a connection device
adapted to connect with and transfer electrical power to one or more
loads 45. Further details are shown and described in Figures 2-5. The
power output section 10 may be embodied by any power receptacle,
such as a safety agency recognized standard power receptacle, for
example, a NEMA 5-15R or an IEC 60320-2-2- Sheet F (C13) outlet. In

the embodiment illustrated in Figure 1, the power output section 10 is
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section 25 allows the intelligent power distribution

nmodule 2 to wirelessly transmt and receive data from
wanastizisehe i ntelligent power distribution nodedEUR2008/056787

The wirel ess conmmuni cati on section can transmt data,

for exanple, one or npre charagteristi t he, | pad
shouwa i 1oy bier acraseosarions pbhm 18c0utiekno Cf{lsle datalligant power

A renote | ocationcan include, for exanple, another
dlét'i“?ﬁltldrgf'?ﬂ d @'éﬁtlgé_b?'{)h figuredUc HRivédhetdeore power

system Fi gure rates anot her enbodi nent

of the |nteII|gent power distribution nodule in an
outputseciens bower distribution system The system

i ncludes an el ectrical power source 50, illustrated
here as a pomer rail, connected to an intelligent
r di letel kC&ictrihiiti
(080T i Figufus! PeTIee 308 IR Sohercalistibution

conbi ned dual set of NEMA 5-1 5P and a plug |nterface
mogule a2 cardogixesaplasyt yariadianghgdenentpowenndistrdaution system.
the intelligent power distribution nodule 2. [0049] In

THAYe SEBRI TR shiBSy | 8L bl ANLHRRANEIS P UHPULRNY different

ncl udes Wi F'ed” contruni cat I on sec
mul tiple electrlcal power output sections, 10a 10b,
embodimentsdof dotelkgent gpgwerodistributjone nsotulest2 aaed related
how the intelligent power distribution nodule 2 can

fer energy to multiple and different types of
Sy&k%%§'45a and 45b (collectively "45"). The power

source 50, enbodied here as a power

[0047] Figure 2 illustrates the intelligent power distribution module
in an intelligent power distribution system. The system includes an
electrical power source 50, illustrated here as a power strip, connected
to an intelligent power distribution module 2, and an electrical power
load 45, illustrated here as a NEMA 5-15P plug, connected to the
intelligent power distribution module 2. In this embodiment, the
communication section 25 is wireless. The wireless communication
section 25 allows the intelligent power distribution module 2 to
wirelessly transmit and receive data from and to the intelligent power
distribution module 2. The wireless communication section can
transmit data, for example, one or more characteristics of the load

sensing or of a module, from or to a remote location. A remote location
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rail includes a wired conmmuni cation receptacles 55.

The intelligent power distribution nodule 2 has a
w@bkwsatisey of el ectrical power output secti onsPADUS2VAS8/056787

thus can handle a plurality of |oads 45. The

intelligentpower distribution ule 2 has the ability
carbNGHAn TR EXAMpIa, anpélaeaérr»@ﬁgeat inﬂwge@pﬂsrabwtm module
an electrical power source 50. [0050] Figure 4

orghug§ﬁﬁépg sfdipt her enbodi ment of the intelligent
power distribution nodule in an intelligent power

di stribution system The systemincludes an electrica

r soyrce 50, illustrated here as a power rail with
[083gfabi | Higure 2 diketates anethar &mngﬁm%tw@? the intelligent
di stribution nodul es 2a and 2b (collectively "2"). The
. L _ oy . :
PAE GSERIIGRRIGAIE! 1] 21 IATITHEH: Hok8ribidhuten system.
as do the loads. The intelligent power distributions

Theaystemzinciundesian eleetripahpawer spuieei ahsijlustiated here as a

exanpl e, automatically calibrating and determ ning the

o FATEORneFREd 4R A infligBRk potpl sy G Rigllfe 2, and

| oad sensing, even though the |oads 45, such as is
muliigphe etectrigal epowerr doadandbazcand 466, piustrated hee as a

and not to the power output sections 10 of the

copthfiad 400 PR of SEMAY i3 amatichen: Purd) flfrface with 2

intelligent power distribution nodule in an
custvelizedeconpackeardansgenent, ocoapscted fohithe intelligent power
alternative enbodinent, simlar to the enbodi nent

digBidH module 2.

[0049] In this embodiment, the intelligent power distribution module
2 includes a wired communication section 25 and multiple electrical
power output sections, 10a, 10b, 10c and 10d (collectively “107).
Figure 3 illustrates how the intelligent power distribution module 2 can
transfer energy to multiple and different types of loads 45a and 45b
(collectively “45"). The power source 50, embodied here as a power
rail includes a wired communication receptacles 55. The intelligent
power distribution module 2 has a plurality of electrical power output

sections 10 and thus can handle a plurality of loads 45. The intelligent
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Figure 4 , may be illustrated by only one intelligent

power distribution nodule 2 connected to the power
waeosp2Mee h a plurality of power inputsecti onsPCEHES2MNS/056787

here as 10a and 10b, which can connect to a plurality

of loads. 45, The intelljge ( distributioqon nodul e
powvengisiribution medulg |2ubg Ethebﬁ gy o genRamynicaty via a wired

mul tiple | oads. The intelligent power distribution

co'ﬂﬁﬁwrﬂcétleﬁ“s@@tr RWWith i E\‘@éﬁr!&‘@?i)ror\r/lflgr regﬁ?g@'@@

automatically calibrating and
perfornance i ncl udi ng, but not limted, accuracy and

dlty of on r nmore char cterls |c of th
[Oé h. ng BYJUFR Zﬁﬂ?usmgegeagpﬁa@ ? the |nteII|gent
|nteII|gent power distribution nDduIe 2 even t hough

pdviér 'd?é‘ﬂﬁod‘tﬁ)ﬁrrﬁdd%ﬂ@eﬁi eth tlﬁtélhﬁegi"(’ﬁél e eﬁjﬁtﬁ@uﬁﬁﬁ system.

not e power output sections gent
power distribution nodule 2 . In this Figure 4A,

Thmsys’pera inehsdag aneleelsicat pawear seuree d0llustrated here as a
intelligent pomer di stribution nodule 2 sense the one

po; el'“rPéﬂ3 ﬂ‘?‘rtﬁ I|I§? G e'c’ﬂﬁjRJ\/S |b?§m§gen JREr Sstribution

eeMJ wmn gme pwmr

dlstrlbutlon deV|ce only senses one | oad 45. This
Mmedutes Zenancai bbécojﬁm\/leiya?o) ankihe dntelligentpower idigtribution
system ("BCM5") or a Liebert distributed nonitoring

G0 020 LB BB b Me pover

http://ww. |liebert.conf. [0052] In one enbodi nent, the
socncesds denthee lo:asur EHer imteligleont powaradisénbutions modules 2

enbodi nent, the current accuracy can be neasured and
can still perform their functions, for example, automatically calibrating
and determining the performance, including, but not limited, accuracy
and validity, of the one or more characteristics of the load sensing,
even though the loads 45, such as is shown in Figure 3, are connected

to the power strip 50 and not to the power output sections 10 of the

intelligent power distribution modules 2.

[0051] Figure 4A illustrates another embodiment of the intelligent
power distribution module in an intelligent power distribution system.
This alternative embodiment, similar to the embodiment shown in
Figure 4, may be illustrated by only one intelligent power distribution

module 2 connected to the power strip with a plurality of power input
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used to calibrate the signals at the operator's

di scretion. In yet anotherenbodi nent, the current
wa@ewsnzisy can be nmeasured and used to cal i br at BCT/I82008/056787

signal s autonatlcally [0053] The inproved nethod

created the a pI| nt is thod for nonitorjn
segligns: i) notaar$ @aaaedr { @Eevgw@hveana@@nnect t0 a plurality
requi renent supplied by an el ectrical source coupl ed

of“@gﬁ%%"éoam?@ﬂﬁtélhp ént 5 @'rrkﬂistr’lﬁuﬁbﬁaﬁtdtﬁjlth embodied in

ul e between the the source for sensing one
or nore characterlstlcs of the | cad; and sensi

n
thigr ilusteationiadesnansible der multlpiedloamd cﬂ'eherlngetilg@nt power
t he performance, including, but not limted, accuracy

di?ﬂiﬁtﬁ?ﬂﬁ dirﬁiéuéﬁé tye dpad @‘Fétrﬂg it érhefdﬁii fifs. Cofor_example,

er inc anal yzi ng e pomerrelate
and |ine disturbances caused or created by the
automatically dalirating aald detenmining thef perforceantet Hiacluding,

| oad sensing. [0054] Figure 5 illustrates an

o S TR, A e Grid dalolif o ik [y Rhappoteristios of

more characteristics of the load. In this enbodi ment,
the lpadrsénsyngpbysthes imgltipbs iseesing, devices 3D afhindelligent power
enbodi nent as 35a, 35b, 35c, and 35d (collectively

distbutionf KfobDlE ngFy HATSh 3 P4t e EBMpBed to the

The sensing devices 35 can be coupled to at |east one
poweistrig. 5Thandl Aot rocdhe | pederasutpuwiuseetionand0 of intelligent

vol tage requirenent froma pomer sour ce and
poy@%éo(ﬁl Ak e{,{ﬂslt Iﬁﬁﬁbgllﬁbg 22" fils! |CHFé 62}6\ multlple sensing
devices 35a and 35b of the intelligent power distribution module 2
sense the one or more characteristics of multiple loads 45, whereas the
embodiment in Figure 4 of the intelligent power distribution device only
senses one load 45. This embodiment can be used in a branch circuit
monitoring system (“BCMS”) or a Liebert distributed monitoring system

("LDM?"). More information on the BCMS and LDM may be found on

Liebert Corporation’s website, http://www.liebert.com/.

[0052] In one embodiment, the current can be measured remotely.
In another embodiment, the current accuracy can be measured and

used to calibrate the signals at the operator’s discretion. In yet another
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5 are therefore current sensing devices such as

current transforners that transduce the change in
woregnarised fi el ds at different current flow ratBGT/HS2088/056787

vol t age change across a burden resistor, however,

of her types of sensors may be used |n other
er@ﬁ@éﬂﬂ@g& dherqdirent aeadrafy 069N c e Jpegseirednangy used to
the one or nore characteristics, 70a, 70b, 70c, and

caﬁﬁﬁﬂé’fhé%}i’%né%aéﬁtd@%ﬁcﬁl ., 45c, and 45d.

I ona a current source 65 is interfaced to a
wire 80 that is routed through each sensing device 35
nd_termnated to a | oad, 85. A burden resistor nmay be
[0§53&ed atl tehémpiioyed arethre eipalast byetng a@pilmreéSﬁ.method

[0055] To calibrate the nodule to provide normative

foﬁe?r?'é'ﬁi?ﬁﬁﬁgt !é‘ﬁoregégzt]r‘g&ﬁllorlg‘é@ | Aalfh@N% Cbubrt and voltage

characteristics o oad sensing,” the current

source 65 outputs a calibrating current signal. For
reguirepnent asdppliedolny 1amni etectsical asoarcer soupledutoetihe load

signal with a tapered sinusoidal formwith a

t &5 Shifn-a : ' [
RS B3 o B i 1P lg e REK 7% 19e8 ana the
magni tude of the load line frequency. O her _
sotucefostsensingroretosimpral shamctarisikasdoffive igad; and sensing

di fferent waveform construct. The calibrating current

i gnal i.S.Lnj ' he i e 8 at nd:
orghaBh e ia@tibBsfies et ofob0S MY dkfifing the
I n anot her exenpl ary enbodi nent, the calibrating
perfonmeancei dneludiag, beut matohmiitecd accunagyf anoh vhlidyo of the
mmc the features of the actual |ine disturbances or
Iog‘crltééﬁgltngt.o J?ﬁe method can further include analyzing the power-
related anomalies and line disturbances caused or created by the

electrical load and validating the performance of the load sensing.

[0054] Figure 5 illustrates an embodiment for monitoring a load,
which further comprises calibrating the module to measure one or more
characteristics of the load. In this embodiment, a plurality of sensing
devices 35, shown in this embodiment as 35a, 35b, 35c, and 35d
(collectively “35"), are interfaced between an electrical load and the
source for sensing one or more characteristics. The sensing devices
35 can be coupled to at least one module 2. The electrical load has a

current and voltage requirement from a power source and the
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detected. Figure 6 illustrates an enbodi nent of the
calibration waveform In yet another exenplary
wepmed2rsent, t he waveform characteri stics of tPEI/US2008/056787
calibrating signal is such that it |s unli kely the
current Si | of the |gad would cqopntain simla ) )
chaeaetRmbetic gel@meagureg InFWEENbpe .ww&aéow in Figure

tran3|ent or quasi-stationary artifact. The nethods

t‘g‘% Ve @Sl ridhd %etriﬁngoéévio%sd's%‘?ﬁ@%cbﬁﬁérﬂ transformers
eSt a

reference or nornmati ve neasur enent
conditions or while the load is connected to cal

thabdéransduee tha ghangednnaragnetie firlds. airrd;ffﬁaéenbwrrent flow
di scl osed herein may be used for accurate analysis of

ra{é$ I net(?q)ér ansi eﬁe"‘@&@%’ée ?%@@O%ir exéﬁﬁ ;WUOC ever other

H|Ibert Huang Transform which may aIIOM/anaIﬁ§|s of
types-afisensormomay e Lsedriyn atharf embaedinents.oddre foer sensing
use of an adaptive basis to filter the signal. The

defecr i Bro eI IRGR: B RBra ! Rlgtishes: 705, 7ob, 70c,

Hi | bert-Huang Transforns and Its Application, Chapter
ant 70d, rofdfeur trads 45@, 4b)etbe Haang4bdangXaditioaadlyi ascurrent
Rel ated Mat hematical Probl ens, pages 1-26 (2005); G

sobEp& i s 1terac SR At B0 ki Lol RN oot sensing

Hi | bert-Huang Transformin Nonlinear Structura

deﬁmer@ﬁ andutewhirdted hoaai lpadrds Cor rimlirdefl reslstoromay be
- 77-105, pages 1-30 (2008); Norden Huang,

Iaceg Irttthgljc"illr}{“’put of the current sensing device 35.

[0055] To calibrate the module to provide normative measurement
information or validate one or more characteristics of the load sensing,
the current source 65 outputs a calibrating current signal. For example,
and without limitation, a calibrating current signal with a tapered
sinusoidal form with a characteristic attack, stationary, and decay
periods of an operating frequency greater than an order of magnitude
of the load line frequency. Other calibrating current signals can be
used having different waveform construct. The calibrating current
signal is injected into the wire 80 that may be wound one or more times
around the current sensing device. In another exemplary embodiment,

the calibrating current signal may be so construed in waveform shape
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Transform A Method for Anal yzing Nonlinear, NASA
Medi cal Technol ogy Sunm t, Pasadena, CA, pages 1-38

W@ E@b/12339 2003). [0056] Using conmon nonencl apcir/es1008/056787
wavel et theory, a brief description with particularity

of .appljcation to this invention follows. The )
to 1ipimith }%aw@ﬁc@?ﬁt%@ apﬁwhﬁnsdaﬁtuﬁancagt ar 1atigact to be
common wavel et theory nomenclature: (i) C Sidney

deBEEtd: eFidlire 8. liMUSREUSS | ap té’}_@‘ﬁf&(ﬁhﬁ‘éﬁt agg ¥y ekslibration

Transtorns = A?Prl nmer, Prentice pages

205-207 (1998); (ii) Yves N evergelt, Wavel ets Made
wafprmsi r kinaugel  anather sxemplagooemioedimentr ghea waveform

Bur ke Hubbard, The Wbrld According to Wavel ets, AK

. -3 . _ . .0 RY, — [
Ch%?égf:i%srt?@%t%c’f al'tglﬁ)e Dé%li@%t@ é%gﬁ%rlgcégéhnéhi Igr g%?llj r&lgﬁ(ely the
Approach, Addi son-Wesl ey, pages 184-190 (1993%. [oo571
cuorerdt sigrnal eluthenoadowotkd g miada wieslar partusbationg during its

current signal, a phase-locked [oop (PLL) controlled

ot oPosHeh Bnsed BR LaiaRy & Bl IRbRer- AR TEL The

| east a single integral period T of the |ine
métrape gy Diee apadlicd avihide the lead s gistonrected dboestablish

linearly inposed on the current signal of |oads 45a,

reffiuctod BBPuiRe dMBariEaniedt SERlonEnsCaE RBYE Mdoad is

processi ng system and current sensing devices. Figure
connddtedt tatealibratenbparatiohabfdatee touttes imponative data. The

wavef orm as shown bel ow at onefourth
methods disclosed herein may be used for accurate analysis of linear
and stationary waveform data perturbed by well-defined transients.
Other methods exist, such as Hilbert-Huang Transform, which may
allow analysis of non-linear, non-stationary waveform data through the
use of an adaptive basis to filter the signal. The following reference
may provide additional details on the Hilbert-Huang Transform: Norden
E. Huang, Hilbert-Huang Transforms and Its Application, Chapter 1:
Introduction to the Hilbert-Huang Transform and its Related
Mathematical Problems, pages 1-26 (2005); G. Kerschen, A.F.
Vakakis, Y.S. Lee, D.M. McFarland, L.A. Bergman, Toward a

Fundamental Understanding of the Hilbert-Huang Transform in

Nonlinear Structural Dynamic, Journal of Vibration and Control, Vol. 14,
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period T. [0058] The 2N equal |y spaced sanples are
nmeasured over at least a single integral period T of

wo b@slizrsed f r equency. A continuous wavel et tranREDUR00$056787
performed over this interval by convolving the sanple

set th_a itable vel e scaling fuynction
NexHir ﬁ”b t?w G5 minagesa Qréﬁ&eﬁﬁzjd@h RuARgnt Hilbert-Huang
calibration signal for highest sensitivity to matching

Tréh%f’érmTh ?ﬂ%‘tﬁoéetfdrs F\rr\%Tgii‘PffgmNé’ﬁllﬁééP”pRﬁ@SA Medical

|nto an or e set consistin ts average val ue
- 1 wavel et coefficients whose na

TIPS EE T HaSadenEoh. RaORST 38 Ihebn? 212002).

original signal. A continuous wavelet transformis
desirabl e because of its tinme shift invariant

[og5eperti eWg %rﬁmtﬁén?éﬁ%lfa’tlﬁﬁ‘énﬁ \APaS\?eIet Ltheory, a brief

suscepti b o the sanple interval start of

deconposition process. [0059] A continuous mavelet
descapian withs pespedtarityokapplicatiogria thisrinyestionofoliaves. The

line frequency so that a | ong-term nean val ue of

foff i1 TesBiendBnag SAhiLbabaHiRL CABISIOB BoM AP wavelet

e res nean valued coefTi cl ent “Set
correlated with the reference or normative coeff|C|ent
theery mamneanalatiwe: ()i s cBitneyp@urius;sebyalt asamdroduction to
current sensing device 45 without current [oad. It nay

WEgshiECanf W a bt A5 CETPAIER PREtce Hall pages 62,

| oner -frequency content of the |load current signa
205-207 (1998); (ii) Yves Nievergelt, Wavelets Made Easy, Blrkhauser

pages 58-60 (1999); (iii) Barbara Burke Hubbard, The World According
to Wavelets, AK Peters, pages 30-33, 78-81 (1996); or (iv) Emmanuel
C. Ifeachor, et al, Digital Signal Processing—A Practical Approach,

Addison-Wesley, pages 184-190 (1993).

[0057] Once a the current source 65 produces a calibrating current
signal, a phase-locked loop (PLL) controlled sampling system is
established to digitize the current signal 75 for sample 2" equally
spaced samples over at least a single integral period T of the line
frequency. The calibration current signal is therefore linearly imposed
on the current signal of loads 45a, 45b, 45c, and 45d, and the resultant

voltage potential developed across the burden resistor is measured by
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using a hard or soft thresholding technique. A
cross-correlation, e.g. digital matched filtering, or
war@sages2nagni t ude cross-difference, or other BCTUBBNS/ 056787
correlation analysis is performed for the equal |ength
sequences of coefficient pairs tq validate the
alacessing & RN 8Nck qa@rr%éﬁsaﬂwags%vms naiG4ieed iBystrates
their residual differences. Because the calibration
I L -
arfSRRQUINEREEE the SAIPetSh ol Vel Riin HiCSROTT BRA6R at one
properties_of the continuous wavel et transform the
ﬂ3uﬂb§@966df54atlon will not have to be conputed for
difference lags in order to establish t he | argest
correl ation value. [0060] The sensor's or neasurenent
em s N n Fragn
[08Z8NTS cméo%ea?ﬁgéﬁzmﬁ? SRR plES e B R B%er at least
agi ng,,  or failure. non-zero reS|duaI error between
a siglexipdegeal aeaoﬂctT uaf therline {requeneys f Accontinuous wavelet
i ndi cation of deviation fromthe original accuracy
t ; [
oGl i B ool FusY hfpirielyal BV cah#ilingrihg Sample set
_correc; for the error and/or g}OVIdeS a signaling
witheansuitable weaveled tarud isealinghiuntiare @xdibiting: sirmdar waveform
either an internal or an external neans for the

SR8 48T Phob BB R08.4 o5 6 landsh 4555 Ao matching

enbodi nent for nonitoring a | oad whereby the

erraras Urteeresgmpitel setl isbtranisformead be decempodsd inloramerdered
enbodi nent of the nethod for nonitoring a | oad, the

set consisting of its average value and 2" - 1 wavelet coefficients

whose magnitudes approximates the proportional harmonic content of

the original signal. A continuous wavelet transform is desirable

because of its time shift invariant properties which make the

coefficients less susceptible to the sample interval start of the

decomposition process.

[0059] A continuous wavelet transform is repeated over N integral
periods T of the line frequency so that a long-term mean value of
coefficients may be calculated and converge to stable values. The
resultant mean valued coefficient set is correlated with the reference or

normative coefficient set measured over quiescent conditions by the
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met hod can neasure one or nore characteristics of the
| oad. One or nobre characteristics of the | oad can
WO pBazis29 f or exanpl e, voltage, current and/ or PEIDUE2008/056787
Further, one or nore characteristics of the | oad can
i ncl ude other conditjons, r exa the t r at
sapne REMeld SeNsing Q@Vﬂ@@négngv@mgﬁt orwEent isqri? notlﬁerfnay be

enbodi nent, one or nore characteristics of the nodul e,

nefdérss%?if?”%e idcaee AU Swetafr é‘ﬁé‘g“&@@ﬁ?&@nts that can be

communicated to a renote | ocati yet anot her
enbodi nent, the nodule can calibrate the nodul e t

infieeaeadrey whet lewer-frequency sonfantef the nad @urr@mte&gnal by

characteristics of the |oad are being accurately

usrf?gsé‘rf% ¥ taﬂw'rggh%'ib‘flﬂlggfe{;ﬁﬁl Ur AC¥r s %Bf%elatlon e.g.

suring o € one or nore charatteristics o
| oad. The callbratlng procedure or nethod nmay be
digital snatched fHerimghber avevage mnagnitublea arosiediftsrence, or
di fferent waveform constructs. [0062] O her and

othE" AR KanLORE 3havaitvis B REC GE0F fadup! tength

departing fromthe spirit of Applicant's invention.
sefurermesfecoefflmenteaiss itocvabdate ithe nelative awceracy of the
aspects of the inventiondisclosed herein may be used

mEgRBHNG PSRN dPUEtee by s TPl R RS c BRGiuse the
or purpose. Additionally, any nunber of other nethods
calibyatienuswdehorsigrakis enalled anprecisedy éhe same phase of the

characteristics of the load or for calibrating
cycle and due to the time shift invariant properties of the continuous
wavelet transform, the cross-correlation will not have to be computed

for difference lags in order to establish the largest correlation value.

[0060] The sensor's or measurement system’s original accuracy
specification may change due to component parametric changes from
temperature, aging, or failure. A non-zero residual error between the
expected and actual correlation coefficient is an indication of deviation
from the original accuracy specification of the system’s current signal,
so this information allows for compensatory scaling effects to correct for
the error and/or provides a signaling means for event detection. The
system provides for either an internal or an external means for the

generation of the calibration signal. As described above, Figure 5
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the nodule to neasure the one or nore characteristics

of the |oad. Further, the various nethods and
wepdsd2rsent s of the inproved nmethod and appar apCEUSZNG/ 056787

be included in conmbination with each other to produce

varlatlons of the disclosed net hqods and enbodi
illysteatessi oRlYor a8i myemPlanenemRoduRent c fohe M drmg a load

el enents and vi ceversa. [0063] The order of steps can

wiéety the ?p?é’sb?ébh%ft SEE“AIRAtGN 65A 158 PRaveSe

speC|f|ca The various steps descri bed
herein can be conbined with other steps, interlineated

ith the stated steps and/ or spli mul tip
[06”643 . simiang eymbedirpent @fhté\eenaﬁ@w&%m%aormg a load, the
functionally and can be enbodi ed as separate

mERTRISE meestfe % SO B ackamRepaneRIds. One or

descrlbed in the caontext of preferred and ot her
merschatatterisigsnef therlpashigan naelude, tfios exasaplesnvoltage,
has been descri bed. Cbvious nodifications and

Ut BhGRIP rsyi FIREE} DBHle SR MbIE U BERe AR B fhe load

ose of nar I nt
and undlsclosed enbodlnents are not intended to [imt
caor inGludei othemheoschithensy fappxacapid,ithe émperature of the load
i nvention conceived of by the Applicants, but rather,

i C 1 4 RA(E e j i N d
oritef PFATIANg B hUrbAEBRt o0, Ao BEhGEghE: bR or more

i nprovenents that conme within the scope or range of
chagactexistics obft tiee f ohdduwieng foraiexantphd, 1t8nthéracibel Scan be
measured and communicated to a remote location. In yet another
embodiment, the module can calibrate the module to determine
whether the measured values of one or more characteristics of the load
are being accurately measured. Calibrating ensures the accuracy of
the measuring of the one or more characteristics of the load. The

calibrating procedure or method may be performed in any number of

ways and with a number of different waveform constructs.

[0062] Other and further embodiments utilizing one or more
aspects of the inventions described above can be devised without
departing from the spirit of Applicant’s invention. For example,

embodiments incorporating one or more aspects of the invention
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1. An intelligent power distribution nodule

conprising: a power input section adapted to connect
wWOowRaoR/1zn5eb r ecei ve el ectrical power from a sourPE[/US2008/056787

circuitry receiving power fromthe power input section

.and conprisjing a nenory section, a power-related |,
dl%@%eﬁgnﬁ@é@nrb%]aﬁm &'S&C€§@§%ﬁ)'ﬂ§|nﬁe@ﬂé’eﬂu lePh different type
| east the processing device is adapted to determ ne

oftél%d?ﬁéépgja?ﬂé? urded Wngse'v@ﬁﬁsufeaﬁéa%gemg%netion or

power out section coupled to the circurtry”an

adapted to connect with and transfer electrical power
purposee Additipaallya@ny ammbes inoheametagdsmay be used for

adapted to transmt data to and fromthe intelligent

mEASEHNY B U b Pl Rarcto PSSl 28 of Bl calibrating
calibrating current signal into the electrical signa
thef maduleetsi measirel $he coneear enwreoshanadteristiasmtof the load.

signal ; neasure one or nore characteristics of the

; 1N r : o) :
FUBEr, . 378 VRS S e o C BT RRlindis 7' the improved
circuitry is adapted to apply a mat hemati cal transform
methadanbappardtasrcambesingladeshth combination with each other
to produce variations of the disclosed methods and embodiments.

Discussion of singular elements can include plural elements and vice-

versa.

[0063] The order of steps can occur in a variety of sequences
unless otherwise specifically limited. The various steps described
herein can be combined with other steps, interlineated with the stated
steps, and/or split into multiple steps. Similarly, elements have been
described functionally and can be embodied as separate components

or can be combined into components having multiple functions.

[0064] The inventions have been described in the context of
preferred and other embodiments and not every embodiment of the
invention has been described. Obvious modifications and alterations to

the described embodiments are available to those of ordinary skill in
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electrical signal in the nodule. 4 . The nodul e of
claim3, wherein the mathematical transform conprises
wa2manzised transform 5. The nodul e of cl ai m 4PCT/US2008/056787
wherein the sensing device is a current sensing
device 6. The nodyle of claim5, wherein the circuit
th@@@d%h@o&ﬁglmg End dindigc é@dira@n ts argmBot intended
nodul e of claim6, wherein the cirCU|t is adapted to
to' Wﬁ@ﬁlﬁrerggégglc%h%g/cﬁgfé‘é?%mma@él Af}ﬁof’ﬁrpéhﬁglbﬁnﬁ@)nséﬁﬁéélved of
rein the circuit is adapted to_automatica
bYCatthrl%@I@“@ﬁ@tS‘selbél ngathan cin  eonfarenidydwith oﬁnecnaatﬂnt laws,
8, conprising a display indicating the status of the
AdRfARs LhiehdT=tBodilly TRBtESE | B AQUBHPCIOARICARAG  and
aving a current and v € requirenent supp
an el ectrical source coupled to the load, conprisin
imiprogennentsyythatseame yvithiduthe seopeeor traagenal eaqua?ent of the

el ectrical source for sensing one or nore
ics of the load; injecting a calibrating
ﬂﬂ%ﬂ&'ﬁ%Eﬁéh@% into the el ectrical si gna
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of the sensing nodul e; conbining the calibrating
current signal with the electrical signal into a

W@ eouBi1zwsed current signal; neasuring one or norBCT/US2008/056787

W

characteristics of the | oad using the conbi ned signal;
and determ ning the performance of the sensing of one
or nore characteristics of the |load. 11. The nethod of

M-l f er.conprising applying a mathemati cal
gbogmlg}iébe[%onbi ned current signal and

el ectrical signal in the sensing nodule. 12. The

nmet hod of claim 11, further conprising applying a

e AL P A S F OB R e PR e i 1

the calli rgbgﬁ% g’gﬁlﬁte%cﬁbﬂr‘?{jgpﬁe& tbagéﬁﬁ%cfivwﬁgér‘?@'receive

formwt teristic a statronary, an

dec:@ye@l@rdacpgi)wérmﬁaé ise@rEpequency greater than an
order of magnitude of a |ine frequency of the | oad.

14. The getireditef réteivimd lbowbe feom tHee P@ﬁi/élb[rﬁ]lhtngection and
ormw a

current signal i's a tapered sinusoi dal
chacamhprisiFig @ anembry segtiomaay poaver-oeledgdpsensitsg device,

of operating frequency greater than an order of

mag@ind. depodces singe devezpiewderein tateldasidhel prodéssing device

?ﬁte'?é’ dac(l);pfelzdai trg %Itte;r%ﬁége{hé ogggfi)?ringgncceon&urt]riléaé)io(}\?er-related
sensing device;

a power output section coupled to the circuitry and adapted
to connect with and transfer electrical power to one or more
loads; and

a communication section adapted to transmit data to and
from the intelligent power distribution module.

The module of claim 1, wherein the circuitry is adapted to inject a
calibrating current signal into the electrical signal of the sensing
module to create a combined current signal; measure one or
more characteristics of the load; and determine the performance
of the load sensing.

The module of claim 2, wherein the circuitry is adapted to apply a
mathematical transform to the combined current signal and
electrical signal in the module.

The module of claim 3, wherein the mathematical transform
comprises a wavelet transform.

The module of claim 4, wherein the sensing device is a current

sensing device.
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characteristics of the load to a renote station. 16.
The nmethod of claim 16, further conprising calibrating

wo b@stoided e t o nmeasure the characteristics of PCBEUSDOSI056787
by means of software. 17. A nethod for nonitoring an
el ectrical | pad_havjng_a current and voltage .

6. equiheReng e 0F Glalmbg, wheseiis thecarcus is cidaptgs & calibrate
to the load, conprising: interfacing a sensing nodul e
bet R PERINOARVIZRd the el ectrical source for sensing

7. cai oMU Br Sehl Grishdriln R LBAL 1 ARERiE measure
cur PR SRS EhieteRiefRics Mithe MBgff erlstd By dng sensing

I Nt geRijcQnbi ned current signal; measuring one or nore
characteristics of the |oad; analyzing power-rel ated

8.anomd ep@ddld | O Elapiir Pangaereint e elcpeluit CRY adaPted to

| oad; and validating the perfornmance of the sensing o

one geitofwticalinptalibpatesthes sepisineldvdiad. 18. The net hod
of claim 17, further conprising applying a

9. gﬁg Fri}"é????lé!ff log(ﬂé'rnlwr@,t ooﬂimising)ér@i@pgaly redicatirapdhe status
of the module. gnal 1 n the sensing noaul e.

10. A method for monitoring an electrical load having a current and
voltage requirement supplied by an electrical source coupled to
the load, comprising:

interfacing a sensing module between the load and the
electrical source for sensing one or more characteristics of the
load;

injecting a calibrating current signal into the electrical signal
of the sensing module;

combining the calibrating current signal with the electrical
signal into a combined current signal;

measuring one or more characteristics of the load using the
combined signal; and

determining the performance of the sensing of one or more
characteristics of the load.

11. The method of claim 10, further comprising applying a
mathematical transform to the combined current signal and
electrical signal in the sensing module.

12. The method of claim 11, further comprising applying a wavelet

transform to the combined current signal in the sensing module.
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19. The nethod of claim 18, further conprising
applying a wavel et transformto the conbi ned current

war@aakisen the sensing nodule. 20. The method BET/TEH1056787

19, further conprising connunicating t he

chatacteristigcs_of the to. a renD ation
13the ?mdp@n‘ &alamdd W ?ﬁ%m 'Eurﬁéjngﬁtﬂrcﬁﬁﬂi ﬁéﬂneﬂ is a

t he 5§rfornance of@LEe | oad,,sensin

sof tABPEY SBNURaahdarTo M Ho o arar ERolpp atACls Stationary,
Vol Ex5k ol Perinf® s aPeealtsy MBLBRGS, SHEHEIURIE an order
"t O 7RD AR BERTNTS R e G BT HRAoABE o < he

148! eqtyd ﬁ?éth?ﬁb?%#él?ﬁ W%h@g?ﬁf"ﬂ]é’ba%'i’ﬁtmg current signal is a

characteristics o the dppara I nj ect

8?' *tﬁﬂiéﬁéd‘gslﬁ‘dfsro%'él %a'wﬁﬁ‘té’ élﬁ?raﬁ’sté%"ubcé‘ttaﬁkgné!atlonary,

e appar at us; |n|ng the calibrating current

si gald Widlgayt Fb%rﬁicﬁsﬂdfl cperatingdreqoency gersdierethan an order

current signa measuri ng one or nore characteristics

of vifienagpituaaief aslimg ftdguenopiofatiesiogich! ; and
determ ning the performance of the sensing of one or

15mor dhe method of claim 14, further comprising communicating the

characteristics of the load to a remote station.

16. The method of claim 16, further comprising calibrating the module

to measure the characteristics of the load by means of software.

17. A method for monitoring an electrical load having a current and

voltage requirement supplied by an electrical source coupled to
the load, comprising:

interfacing a sensing module between the load and the
electrical source for sensing one or more characteristics of the
load;

injecting a calibrating current signal into the electrical signal
of the sensing module;

combining the calibrating current signal and the electrical
signal in the module into a combined current signal;

measuring one or more characteristics of the load;

analyzing power-related anomalies and line disturbances of
the electrical load; and

validating the performance of the sensing of one or more

characteristics of the load.
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characteristics of the apparatus. 23. The nethod of
claim 22, further conprising applying a nathemati cal

wao e@sstisem t o the conmbi ned current signal and PCT/US2008/056787
el ectr| cal SI gnal in the apparatus.24. The method of

cl ai rt her risin a wave| et
18.ra rrﬁ‘? Q¢e fgnﬁ HBY curr eﬁi% n&JOMRrisHag applying a
appar ap, us.

hod pof 2 wh
ool ThattiShatical Erangba%alt% ', Gtsindd et signal and

coc e leB S08pr Bl Bie SerbiAhaBBEMG ot cat er & nan an

192[)Sjﬂ1aeffm€ﬂ%‘dt8fj%lgﬁna18' ParthetIEERRdhgt Bpplying a wavelet
transform to the combined current signal in the sensing module.

20. The method of claim 19, further comprising communicating the
characteristics of the load to a remote station.

21. The method of claim 20, further comprising validating the
performance of the load sensing by means of software.

22. A method for monitoring an apparatus connected to an electrical
load having a current and voltage requirement supplied by an
electrical source coupled to the apparatus and the load,
comprising:

interfacing the apparatus between the load and the
electrical source for sensing one or more characteristics of the
apparatus,

injecting a calibrating current signal into the electrical signal
of the apparatus;

combining the calibrating current signal with the electrical
signal into a combined current signal;

measuring one or more characteristics of the apparatus
using the combined signal; and

determining the performance of the sensing of one or more
characteristics of the apparatus.

23. The method of claim 22, further comprising applying a
mathematical transform to the combined current signal and

electrical signal in the apparatus.
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24. The method of claim 22, further comprising applying a wavelet
transform to the combined current signal in the apparatus.

25. The method of claim 22, wherein the calibrating current signal is a
tapered sinusoidal form with a characteristic attack, stationary,
and decay periods of operating frequency greater than an order

of magnitude of a line frequency of the apparatus.
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