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(00107 Field of the Invention. The inventions disciosed and taught
herein relate generally to monitoring a load in a power distribution

system; and, more specifically, relate to a method and apparatus for



[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 WO 2008/121529PCT/US2008/056787 remotely

monitoring a teaddmanswer distribution system adapted to validate the pesfqrmangg.efa-1oad sensing
in an apparatus [OOll]Description of the Related Art.In order to provide background information so

that the i inven Ietely 5 stood and apprecjated jn its pr er context, reference
may be made o a n § 8'.%9; 5}%% Hg 8s RAERS: fﬁb%fi%t'@fbébf 8 398BHRAdCrane,
dJ 1994
Issue anua\%!sz afe the performance of a load sensing in an apparatus.
g b

100117 Description of the Related Art.  In order to provide
background information so that the invention may be completely
5 understood and appreciated in its proper context, reference may be

made {0 a number of prior U.S. patents as follows:

10012] U.5. Pat. No. 5,281,858 to Crane, issued January 25, 1994,
discloses an “automatically switched power receptacle,” in which a
switched power circuit selectively connects an electrical load to any one
10 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

15 branch circuit.

10013] 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

20 computers components or electronic entertainment equipment. Switch



discloses an "automatically switched power receptacle,” in which a 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 coup@desthig ensing circuit for selecting one of the branch circwitsrtoshegonnected to the
load according to the sensed loading to provide balanced Ioading on each 15branch circuit. [0013]U S.

Pat. No. 5, 4 c 9 n "intelligent power switcher," in
which an inte |gg§rﬁ o%eers ?&qr??s?ygsléevm| j"scl 5%5 con %é* ﬂ% ﬁ%%P@o’?%@c on of a
power source to each of a pl ragI uts stich as pegoﬁnal ZOComputers components or
electronic en%é%%wﬁﬁéﬂ%ﬁﬁn t8§ ha‘WO%Oé)/rlZ oPETRUYYESRERTEY KrcBiAR)is

coupled to relay circuitry for generating signals responsive to user commands to select an "on" or "off"
state with re§sE8its each output. [0014]U.S. Pat. No. 5,862,393 to Davis, issued January 19, 1999,
5discloses a "system for managing power of a computer with removable

[0014] U.S. Pat. No. 5,862,393 to Davis, issued January 19, 1999,
5 discloses a “system for managing power of a computer with rermovable
devices." The patent discloses a system for managing power
consumption by communicating power management events to a
removable device of the computer. In response to a power
management event, a device removal signal is transmitted to a device
10 controiler 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 o that device. The power state change is
communicated by the device controller to a device driver in response to
15 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 signa! provides notice
20 of another state change for the device. Electrical power is reapplied to

the device in response fo this power management event.



devices." The patent discloses a system for managing power consumption by communicating power
management events to a removable device of the computer. In response to a power management
event, a device removal signal is transmitted to a device controller for the removable device while the
device is installedhawithinza socket of a computer. This device removal signatcampmexiesnotice of a
power state change for the device, such as the interruption of electrical power to that device. The

power state IS co nj e | trall a device driver,inresponse to 15 the
device remoggﬁsqi%ial. Elérﬂcr’:#:iaglg%é%v?é{:ﬁ%'thég ?eq\/%gf?sﬁtgﬁnﬁéé%eg ?na\ﬁé’sy':)%%%éqogﬁg E%%%? '
managemengeve é dditionally, a device insertion signal is transmitted to the device controller in
response to n&é] rﬁ @P%ﬁﬁﬁg@m%%t%@ WRREHEYRVIRE REIRGHS stX RGNS the

socket. This device insertion signal provides notice 200f another state change for the device. Electrical
power is reapplibdtoitie! begiceactdsplyspawtiie poiariosmhagdmenewmboidnent, the

2008/121529PCT/US2008/056787 [0015]U.S. Patent No. 6,618,772 to Kao et al., issued September 9,
2003, disclosgspaiatethodnddappartsdnssieieating, anikeEng, asdicentiolifg glegtrigally powered

devices." In one embodiment, the apparatus includes an electrically powered device having a key 5

operatjng lin itch ol.CireLstry to u%ﬂ.g& he_electrically e ice by
interrugpting CS ntinuﬁi;@{/&ofgitﬁg %&%p%%ﬁ%%eﬁ%@b . ai??: 6%36, 4 'ILESJIZ lf%p%a%ﬁ%égued May
25, 2004, electrically powered device by interrupting continuity of the key

operating line.

[0016] U.S. Pat. No. 6,741,442 to McNally, issued May 25, 2004,
discloses an “intelligent power distribution system,” which discloses one
19 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
15 circuitry can further sense electrical current drawn by the power strip
and control operation of the power strip based on the sensed electrical

current o minimize branch circuit breaker tripping.

10017] U.S. Pat. No. 6,744,150 to Rendic, issued June 1, 2004,
discloses an “outlet strip controlled by PC using low voltage powertap.”

20 The patent discloses an improved electrical power strip which will



discloses an "intelligent power distribution system," which discloses one 10 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 @as98owigeOutlets in accordance with an operator defined sequigrscesamshthslays. The
power management 15 circuitry can further sense electrical current drawn by the power strip and

contol operaiRB Gl ARer SHih Jases an R sfsed sipotdraheueepido plaRedagRh oiru

breaker tripping. [001 Pat . 6,744, 15 dic, issued June 1 oses an

"outlet strlp ntrolle PC u3| low voltage powertap " 20The patent |sclose nlmp ved
electrical po 6&\)[% 8@@0%?1 5%% 2%'@8%%@@ ut%%ﬁ Wgﬁe fze or

de-energize one or more dewces which are plugged into the strip, upon receiving an electrical signal
from the prirfR&fyTaEYice: ViRBoul HBd fonarihuar adtaaibn chatuaiten opftie BrattictaBtiber an
under monitor system by the user. The system 5 uses a low voltage power tap connector which is

plugged in apleapprapreidsanketof tinel primaonitevicsy 6ibich imayHee apersofdisosymitar) to sense
the primary status of the power supply. The output signal triggers a synchronous transfer switch or

relay which gaglies, poyer iR, ferpRdanieyie g; REsPERadPeHR-Re @%@Q@@%'Ynméwyw on or
off depending on the computer status. [0018]U.S. Pat. No. 6,937,461 to Donahtue, IV, issued August
30, appropriate socket of the primary device (which may be a personal
computer) to sense the primary status of the power supply. The output
signal triggers a synchronous transfer swiich or relay which enables

power to secondary devices, permitting them to be synchronously

10 turned on or off depending on the computer status.

[0018] U.S. Pat. No. 6,937,461 to Donahue, IV, 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 fo
15 altached 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
20 receptacle types, recepiacle numbers, and power rating configuration

to accommodate various equipment in a particular environmeni, as

¥ ]



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 15 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 framszdad OrEner prate HSRLRIAC eAbIe ROWSTHOEH e avhiRkfih o stele NARg dipe

Each power module provides one or more plug 20receptacle types, receptacle numbers, and power
rating configufgiofapreCRIAaimIIaRR RGLIIAA IR BRFIGU IR GRYIETBRNtoAS HReatRof e
power modules may be removed, installed and interchanged In the frame without interruptirig power to
other moduleaiggr[ﬁdﬁ%lg%%r distribution unit. [0019]None of the references teaches solving the
above patent problem that is remotely measuring and detecting and qualifying a certain power-related
anomalies or line disturbances caused or created by the electrical loads and to validate the
performance gf the,electrical load sensing in the apparatus. There remains then a need for proper and
accurate me@nn of thecﬁg\ﬁgr-rg?at s@‘ﬁg?sr%ggﬁ elﬁéeé%n?gé@%a%%,véﬂﬁer%%vag%‘ﬁ%/dg %ﬁﬁ e
levels and calibration of the same in a remote fashion and while the loads are still operative.
[0020]Embo gt i dEmpiRiKioicaRegdaif Galptinger st cuirdditadoa ArARA and

apparatus for monitoring a load. _ _ ,
power-related anomalies or line disturbances caused or created by the

electrical loads and to validate the performance of the electrical load sensing
in the apparatus. There remains then a need for proper 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.

[00207 Embodiments of the present invention disclosed and taught

herein are directed to a method and apparatus for monitoring a load.
00217 BRIEF SUMMARY OF THE INVENTION

[0022] Applicants have created an improved method and apparatus for
remotely monitoring an electrical load and asseséing 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 forfvalidating the performance,

including but, not limited to, the accuracy



[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 performageg; mwﬂiygﬁtﬂn@%@ai%n@@rﬁﬁﬁé@fﬁa&@%@“%e@Hlﬁaﬁ%%@§%@§iﬂ@é%t@ﬁ

apparatus. The apparatus includes an intelligent power distribution module that can include a power

output sectiof, @ REWAY | ' ﬂbﬁﬁam%%%%éﬁ%wima@%?ﬁggéggtgﬂFéa@#&?,“t

power distribution module can further include a memory section, a sensin rocessing

device, and a switch 2a]ln a first aspect. there is provided,an intelligent. power distripution.module
comprising: ComueEini R CL e G e A S e SRR Do = <Borce:
a circuitry receivi ower from the power input section and comprising a memory section, a
power-re|ateér¥,@ﬂ%5&%@%@,@%@%%5&3@%@% Riallleddtithe prsiasiingaeliee ig
adapted to determine the performance of the power-related sensing device; wherein the circuitry is
adapted to cGPBRBG SaNBiatRgGPEREaIY SlRNgEsigt iats WHECBlectrical signal of the sensing
module to create a combined signal; measure one or more characteristics of the load; and determine
the performance of the load sensing; wherein the circuitry is adapted to apply a mathematical
transform to {#&éddmbined sigrial ififte MBBERE a Hiwier datplirsyited caupledntsitigeaitcuipyvaid

adapted to cqp ith.and. t fe igal po e ore lgads; and a.cammunication
section adap%ggﬁgs tlr%!r%ml 8&‘%“1 %o éﬁﬁj%#grén% ?fi#e) é&ﬁgg‘é%? p'oé))g; dﬁ'éet??@%ﬁor% &ﬁ@ﬁﬁé%&%meéd
disclosure alsaipravidbscraietheddotrivahitaringrafretactiicalioed; having-aioyrentanthyoliageer
requirement %Lg)r%ﬁed by an electrical source coupled to the Ipad generally includes:interfacing a

sensing mod iR POANE TP Hh PRIOB R SBIIBSIRASAGBRETGNY section, a power-

related sensing device, and a processing device; wherein at least the
processing device is adapted to determine the performance of the power-
related sensing device; wherein the circuitry is adaptied to combine a
calibrating current or voltage signal into the electrical signal of the sensing
module to create a combined signal, measure one or more characteristics of
the load; and determine the performance of the load sensing; wherein the
circuitry is adapted to apply a mathematical transform to the combined signal
in the module; a power output section coupled to the circuitry and adapted to
connect with and transfer electrical power to one or more iocads; and a
communication section adapted to transmit data to and from the intelligent

power distribution module.

[0023] The disclosure also provides a method for monitoring an
electrical load having a current and voitage requirement 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. [0023a]in a second aspect, there is provided 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 g GereriaiarierHes of fhe IRad cambiaing A aRIRERING PereieENelagepignabwith

the electrical signal into a combined signal; applying a mathematical transform to the combined Signal

in the sensin mq%{l%m igg g I cteristi h ing the combined signal;
and determin?)ng the perf’ormi':%ce of%%f%?‘%ﬁé@{?ﬁﬁ?{rgjé‘; éiwgféa%%gﬁ fics of the load. [0023b]In a
third aspect, there is provided a method for monitoring an electrical load having a current and voltage

requirement 5@@1' by ane jcal I u@%g 0:th C Ising. interfacing.a sensin
module betwgen tﬁ%jload andlgtﬁlgég %%eﬁi%gséegﬁfce ofé sienéfjf(?g\?gir?e&o%%%%@%E&ﬁ%ﬁégiﬁ%g oad,;
combining a eddibtatag tusrgnharirajtage signahwitinthevelteigeak signakinie a: cembinied sigpakin
applyinga ma hematiial transform to the combined signal in the sensing module; measuring one or

more charactefRESD (RAYSEH USHIPRE cdthhied SgRal: S RAEIFEng BISRGaEted SRmEles
- and line distuihgages BEReleaticadaacsaadvalldalin s ResfpuBange QARG SPBHAAA! R Q"

more characteristics of the load. [0023c]In a fourth aspect, there is provided a met or monitoring
an apparatusiardeeditesankliearics doaabing g curcaiibaatinvgltage esduire veiigaeppliggesby an

electrical so coupled to.the apparatus and the load,. comprising; interfacing the apparatus, between
the load and gﬂi eﬁ%rigi?%%crgz %9 ggﬁs{i agooﬁe %(?%?%%e&a%%%]i’st?b@p@ym% fbﬁfé&%@@gﬁ@ining
a calibrating framertonviitage signabividrithecriectricahsignehisia erEbiREdSISAARPIHAG B
mathematical transform to the combined signal in the sensing module; measuring one or more

characteristic8ofare @patafirticsiref tHeeckasi iési ey e annidnesisisgale pedlaiginininge
sensing of ong oL ke ehalACtBRS ngisgggggﬁ%\%fép%. Wrmracelaed bt oHd™

SEVERAL VIEWS OF THE DRAWI he following figures form pa e presen
specification and

[0023b] En}a third aspect, there is provided 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; combining a calibrating current or voltage signal
with the electrical signal into a combined signal; applying a mathematical
transform fo the combined signal in the sensing module; measuring one or
more characteristics of the load using the combined signal; and analyzing
power-related anomalies and line disturbances of the electrical load; and
validating the ;ﬁerformance of the sensing of one or more characteristics of
the load.

[0023c] In a fourth aspect, there is provided 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, combrising: interfacing the apparatus between the load and the

electrical source for sensing one or more characteristics of the apparatus;

Ta



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. WO 2008/121529PCT/US2008/056787
[0026]Figure 1 illustrates an exemplary embodiment of the intelligent power distribution module.
[0027]Figure Githisitnétep dheailibetitia gt powentistrinitegansiduigl inith itelligentpomiatigistfiution
system. [0028]Figure 3 illustrates another embodimenﬁ,‘of the intelligent power distribution madule in

an intelligentP RN AIERBURANS kst ROIPE FgdRe RiRFI dhaiPEmbiis: PRB M Iigent
power distribg%@gﬁ@%i%éﬁéﬂt@'im&Q@ef%@ﬁ@gmmgrbﬂéstsmn%%(?é%ﬁg&é%ﬁé%@raﬁeﬁ]e

another embo t of the intelligent
apparatus using the combined signal; and determining the performance of

the sensing of one or more characteristics of the apparatus.

[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.

b



10power 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 illustrates an embodiment of the calibration waveform. 15[0033]Figure 7 illustrates an
embodimentWPa@gpgerpssition waveform. WO 2008/121529PCT/US20084056Z8emmbediments have
been shown by way of example in the drawings and are described in detail below. The figures and

detailed desgfipit of th gg( sRecific ?ﬁgl{@ ntg,are ' d to Jimit adth of, scope of
the inventivefggf@ps)ts or ;ch apperplfde@% Ims i% a%@ mﬁéﬁﬁg %?atr%d,{%:)eé |g§é%s :(;1% Jﬁ%iled
descriptions.ar%@rovi ed to illuséﬁgeééh? inventi\ﬁffoncepts to a person of ordinary skill in the art and

to enable subMBUEGHYOAKRE AvtRYTRE \& concepts. [0035]DETAILED DESCRIPTION

00277 Figure 2 iliustrates the intelligent power distribution module

in an intelligent power distribution system.

5 10028] Figure 3 illusirates another embodiment of the intelligent

power distribution module in an intelligent power distribution system.

[0629] Figure 4 illustrates another embodiment of the intelligent

power distribution module in an intelligent power distribution system.

100307 Figure 4A illustrates another embodiment of the intelligent

10 power distribution module in an intelligent power distribution system

(060317 Figure 5 is an exemplary systematic diagram illustrating

determining the accuracy of results from monitoring an electrical load.

[0032] Figure 6 illustrates an embodiment of the calibration
waveform,.

15 10033] Figure 7 illustraies an embodiment of a superposition
waveform.
[0034] While the invention disclosed herein are susceptible to

various modifications and alternative forms, only a few specific



]0[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 ridkenesiitt 1ige the inventions for 15 which patent protection isseughtodserskilled in the
art will appreciate that not all features of a commercial embodiment of the inventions are described or

Shown for g sk ol pada e, Bersos of LB IS sl sl apmiecpls that e

development of an actual commercial embodimenti ora aspects

will require numerous implementation-specific degisions to achieve the developer's ultimate WO
2008/12152@%‘?%@6@%&%@%%3@?%@ cﬁﬁ%@é&ﬁ?%rﬁ%iﬁi@ﬁﬂ?%&ﬁﬁ%f&%@ﬂ%ﬁﬂfn-speciﬁc
decisions may include, and likely are not limited to, compliance with system-related, business-related,
governmentj’r%%@d shacitifecdohsirimenivhiskemaplanteydpdciic impibriteataties dbbation and 5

from time to time. While a developer's efforts might be complex and time-consuming in an absolute

sense, such sffopis whtid:Hevenibrthelessaptoutingendertainkibcibase ahskillyhis ankaving

benefit of this disclosure. It must be understood that the inventions disclosed and taught herein are

susceptible IRafBEIGKS A oumMadenten s RAL ARALVE TR ARl dheisg plia singular

term, such as, but not limited to, "a," is not intended to fitems. e use of
relational terms, such as, but not limited to, "top,” "bottom," "left," "right," "upper,” "lower," "down," "up,"
"side," and téﬂ%iﬁg\ﬁgﬁﬁ\égdqg ﬂ*(i;ee%#ﬁt R @éﬁ%ﬁ[ﬁ%ﬁ @F&gﬁgﬂ¥§§8¥%ci§5%%%r@%@fﬁh@ Figures
and are not intended to limit the scope of the invention or the appended claims. [0037]Applicants have
created an i,%@g;)}@dsfﬁg{'p]@@w to make and use the inventive concepts,

[0035] DETAILED DESCRIPTION

10 10036] 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

s which patent profection 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

20 aspects of the present inventions will require numerous

implementation-specific decisions to achieve the developer's ultimate



apparatus for remotely monitoring an electrical load, remotely analyzing power-related anomalies and
line disturbances of an electrical load and 20validating the performance of the sensing device. The
apparatus includes an intelligent power distribution module that can include a WO
2008/121529PEHR1852008/056787 power output section, a power input seetivusa@eurRmmication
section, and related circuitry. The module can further include a memory section, a sensing-device, a

processing dga&ef@%ﬁesv&?kﬁm ol RIASIIPABIR I fofGR Rer R and

voltage 5 reguirement supp ectrical source cou generally des
interfacing a nsm module bet n the Iqa @ d the sou for sensing one or.more characteristics
of the Ioad #ﬁ%cm%y réngt ?r%@i kﬁ% Iﬁ@d@ é] LhsCQBIRIBRER Myt ﬁ
electrical load; sensmg one or more characteristics of the Ioad and determining the performance,
including, bﬁ%ﬁ%f&!ﬁ%ura@#@ﬁ@%d@aiﬂ%e Iwﬁﬁwwmw%omiﬁnod@@%%n

receive electrical power from a power input section and route the power through a switched device to a
power outputsestita iy lmddchhenpieligeyt powepeistiib utiopleodues?ioh, 1pthstipesent
disclosure is an improvement on prior art modules. The intelligent power distribution module 2inan

exemplary efRbefifaBat aloyys ysera/igRupARIRabeR brate R Hﬁ@%ﬂﬁé formange,

including, but not limited, accuracy and validity, of the load sensing of the intelligen power dlstrlbutlon
module 2. TR ABNRIMRYPTS ©%n  absolute sense, such efforts would be,

nevertheless, a routine undertaking for those of skill this art having
benefit of this disclosure. It must be understood that the inventions
disclosed and taught herein are susceptible to numerous and various
10 modifications and alternative forms. Lastly, the use of a singular term,
such as, but not limited to, “a,” is not intended fo limit the number of
items. Also, the use of relational terms, such as, but not limited to,

FEI1 £

upper,” “lower,

”n oo o

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

invention or the appended claims.

100377 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
20 validating the performance of the sensing device. The apparatus

includes an intelligent power distribution module that can include a

10



20intelligent power distribution modules 2 each having different configurations to meet customers'
demands.For example, the WO 2008/121529PCT/U S2008/056787 intelligent power distribution
modules may have different power ratings, different power receptacles, different sensing-devices, or
plugs. Load semsing caseinclude sensing, including measuring, signals or ehamaciesstcasanywhere in
the apparatus, and/or anywhere between 5 the power input and the load connected to the
apparatus-in ing, not limited to itarin I in.the itaring the apparatus
or monitoringﬁ M%%@%@e%%%hea r&g@é’%m&%e‘%gg %@hgﬁ%%c?é%@néerﬁgggﬁe%g@@S/‘ariety of
sensing systems, including sensing device 35, which'is descrihed in maore gﬂ?tail below. i0[0039]Figure
1 illustrates &'8x éﬁ@a em%‘d%?%nt om iREIRGERt SSler GERBLHBICHEEUIE TREMETGent
power distribution module generally includes: a power output section 10, a power input section 15, a
communicatiREstiorn25andi fglatetvineitty Dibissgingraligviniudesd memoickectidha, a
sensing device 35, a 15 processing device 40, and switch 20 adapted to determine the performance,
including, butesitiirdités; acowraoyiagdaaliditciokibe lload sensing. Zhewvadausselgmesisydl be
described in more detail below. [0040]The input power section 15 is a connection device adapted 20to

connect with-apdieaeidpEICHRARPSY TR 2RAMBESPUESPSe coupled to the load

generally includes: interfacing a sensing module between the load and
the source for sensing one or more characteristics of the load;
analyzing power-related anomalies and line disturbances caused or
created by the electrical load; sensing one or more characteristics of
10 the load; and determining the performance, including, but not limited,

accuracy and validity, of the load sensing.

10038] 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
15 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
ithe intelligent power distribution module 2. There are various types of
20 intelligent power distribution modules 2 each having different

configurations to meet customers’ demands. For example, the

i1



WO 2008/121529PCT/US2008/056787 Further details are shown and described in Figures 2-5. The
power sources used in a power distribution system utilizing the intelligent power distribution module 2
can include, for example, an electrical power wall socket, an electrical power rail, an electrical power
strip, a 5 braeéregiscaitsagonitoring system ("BCMS"), or a Liebert distributedivassitenngsystem
('LDM"). The input power section 15 may be embodied by any power plug, such as a safety agency

recognized S| r. @F?ﬁ‘ew &Igﬁ@ |

("NEMA") 5- E{I@ﬁgé A?JRII_\%&HJ P@tlnt e em egﬁ()fllment %lbgf g%eyl |gurjgﬁwhésg§§v§ output
section 15 is nt have the dimensi ang elec rlcals ec:|f| ations of a NEMA 5- plug. The
intelligent po@%f%ﬁ b%ﬂWﬁﬂB%ﬁ?éo%ﬁ%ﬁ g&%@ﬁ%ﬁ e%@t% & PndrE B ]Eﬁtﬁ%%ctlons
15. [0041]The related circuitry generally includes a memory sectlon 15 30, a sensing dewce 35, a

processing de®ie@ A0, afidma sWidhide aribRHUbapted® @dtﬁ@nlﬂm&ﬁ&wmﬁmaﬁwmsludﬁn’g, but not
limited, accuracy and validity, of the load sensing. The memory section 30 may be embodied by any

number of storegadisticIVithguinnitatianiiibe apgroenussctionBo cambeyplseirigalyerasable
programmable read- 20only memory. The memory section 30 is adapted to store data. This data could

includg, for examplesisferange 43 %f?ﬁé@VE&HQ&@dVKe iR %éﬁsm LT Héa%‘?ﬁ 56787

consumption, or communications from other components in t on syste 042]The

sensing devigp ?sc??ﬂ?f!ts%?ﬁ}cunqui %?ﬂﬁségn DA in the apparatus, monitoring the

apparatus or monitoring the sensing device in the apparatus. The load
sensing can be embodied by a variety of sensing systems, including

sensing device 35, which is described in more detail below.

10 T0039] Figure 1 illustrates 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 & memory section 30, a sensing device 35, a

i5 processing device 40, and switch 20 adapted io determine the
performance, inciuding, but not limited, accuracy and validity, of the
load sensing. The various elements will be described in more detail

below.

10040] The input power section 15 is a connection device adapted

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

iz



a voltage-sensing device adapted to sense current or voltage from the 5 power input section. The
sensing device 35 can be a current transducer. The sensing device 35 may provide, for example, the
data for the intelligent power distribution device to automatically calibrate and determine the
performancepiftichingding sbut not limited, accuracy and validity, of the load sersingsie[@@48]The
processing device 40 is a device adapted to control the intelligent power distribution module including,

processing device 4015 a device adapted to contol the inteligent power istrbuiion module incluc
o 40, 1o I e ALATatt VAo oo e CRaBttD St StBring POSoAN e,

including, but not limited, 1 d validity, of the load sensing, The intelligent p
disributon ORI COSRHSLR SRR 6o RIRaING e oo M AeT HSRGRT: for

example, can display that data has been sent, the module is calibrating, the module needs to be
replaced, or BPERErGeHiBLNienlemas glédeht caTOIn0d8IE21 520 RGBS EN08/056 187 [BBH4] The
communication section 25 is a device adapted to transmit data to and from the intelligent power

distribution rpediuier 2v&hescakatyricatitectetminabypay aimannitateritasieyample gopvired or
wireless signals. In the embodiment illustrated in Figure 1, the 5 communication section 25 is a wired

camples it B A D R o o0 oo el o
comUnicat e 1 oSy SR PR PRS0 IS5, 2: SE20 s £ommygaron
embodied by any power plug, such as a safety agency recognized
standard power plug, for example, a National Electrical Manufacturers
Association ("NEMA”") 5-15P or NEMA L5-20P. In the embodiment
10 ttustrated 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.

10041] The related circuitry generally includes a memory section
15 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-
20 only memory. The memory section 30 is adapted to store data. This

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

i3



10section 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. 15[0045]The power
output sectiofY & %4 2E6¥nection device adapted to connect with and trangfer/stestricat ower to one
or more loads 45. Further details are shown and described in Figures 2-5. The power output section

10 may be eemm;*Mﬂy@owsmmﬁ!e%ﬁgCﬁs&a%ﬁspvegﬁg@E{g@g%'}ﬁ%étwgr power

receptacle, for 20example, a NEMA 5-15R or an IEC 60320-2-2- ) outlet.
embodimen%ﬁ%sﬁg%%%ggi re 1, the power output section 10 is WO

2008/12152 7 shown to be a cross section of a C13 outlet. The intelligent power
distribution module 2 can be configured to have one or more power output sections 10. [0046]Figures

2-5 illustrate intelligent.power distribution. 5 module 2 and exemplary variations in a power
distribution s&@é%%tﬂhesnjﬁﬁﬁé%qﬁwgh %Véf?@vﬁi%ugﬁgf%ﬂ%% HeGHERS SR Shdodivents of

intelligent power distribution modules 2 and related systems. [0047]Figure 2 illustrates the intelligent
power distridutiimgaakensing device adapted to sense current or voltage from the

5 power input section. The sensing device 35 can be a current
transducer. The sensing device 35 may provide, for example, the data
for the intelligent power distribution device o automatically calibrate
and determine the performance, including, but not limited, accuracy

and validity, of the load sensing.

10 [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,

15 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.

14



10 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 mculeiesAzimzthis embodiment, the 15 communication section 2btswirelgss Fhe wireless
communication section 25 allows the intelligent power distribution module 2 to wirelessly transmit and
receive data nd to intelligent -distribution le 2. The,wireless commupnication
section can gfﬁé%lg t data%f@fée?aé)rﬁﬁ%,L%%%g(gtrgrﬁorégéé%?ézter 5tics &t u%jee i‘{)'gg 28@%@%6{1 oi(%)f a
module, from or to a remote location. A remote lpcation WO 2008/121529PCT/US2008/056787 can
include, for di@RRITT HBtRerin RGO PbWRP JISIANEBA HoRWE L HAHY! BIHEP Ry BRI L6048 Figure 3
illustrates another embodiment of the intelligent power distribution module in an intelligent power
distribution sibent:06TThersgstéaninsidismandiecniagl ponersoticais), lostateohhbre ds7a power
rail, connected to an intelligent power distribution module 2, and multiple electrical power loads 45a

and 45b, illugifaseddredirsaseosigined dual ges aiiNbNrdSR Iansk R ErsRWthRe

customized contact arrangement, connected to the intelligent power iodistribution module 2. [0049]In

this embodiag el MRS ISHEPUID OgHER IREHARALRS FoBTUNcafgsecton

: i
25 and multiple electric
communication section 25 may communicate in a number of ways.

Three examples are offered and other ways are available. First, the
communication section 25 may communicate over the electrical
pathway from the power source 15. Second, the communication
10 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.

15 10045] 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 receptacie,
such as a safety agency recognized standard power receptacle, for

20 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



power output sections, 10a, 10b, 10c and 10d (collectively "10"). Figure 3 illustrates how the intelligent
power distribution module 2 can 15 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
communicatien reeeptacies 55. The intelligent power distribution module RdaEsaspiaditgy of electrical
power output sections 10 and thus can handle a plurality of loads 45. The intelligent WO

200811215296/ 3 08 WL PRI B T gricbas theahiibiipcammyente via a

wired communication secfion with an electrical power source 50. [0050]Figure 4 tes another
embodiment of th intelligergﬁ)ogzgdistribc?ation mogdule inggn intelligent power distribution system. 5

The systemquﬁi'affﬂE DR ef8 wWed's ?cé’\g&éigl%ﬁ et(?h s Fower 1A Witk th bility to

connect to two intelligent power distribution modules 2a and 2b (collectively "2"). The intelligent power
distribution RotRIBSEEBAEARH th this embodiment plugs directly into the power source, as do the
loads. The intelligent power distributions modules 2 10 can still perform their functions, for example,
automatically calibrating and determining the performance, including, but not limited, accuracy and
validity, of t{8#8r moreighuestedisticsibit@isadibensiiediganthonghvbe |6RalUsiikueh as is
shown in Figure 3, are connected to the power strip 50 and not to the power output sections 10 of the
15intelligentypeielslistribitipnanesutsts s [085Efiguse i#A dlustiates afiethengimhodimsatef the

intelligent
These figures will show a few illustrations of the many different
embodiments of intelligent power distribution modules 2 and related

systems.

[0047] Figure 2 illustrates the intelligent power distribution module
16 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
15 communication section 25 is wireless. The wireless communication
section 25 allows the intelligent power distribution module 2 o
wirelessly transmit and receive data from and to the intelligent power
distribution module 2. The wireless communication section can
fransmit data, for example, one or more characteristics of the load

20 sensing or of a module, from or to a remote location. A remote location

16



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 20module 2 connected to the power strip with a plurality of power input WO
20081121529RCAKIZS26H8/056787 sections, shown here as 10a and 10b,pyhighsasprrect to a
plurality of loads 45. The intelligent power distribution module 2 embodied in this illustration is

responsible f ' ags..The intelligent power distribution module 2 can perform its functions, for
example, 5 gl%?mqg@c@ﬁj% ci%iirggﬁgﬁ ﬁgd@@?ﬁﬁ/ﬁfng‘ (ﬁ%?fgnﬂg?%%r ﬂﬁmﬁg}&?%tmdi%ﬁed,
accuracy and validity, of one or more characteristics of the load sensing by the multiple sensing
devices 35 oPih@MiGGHPBoRER B ibution module 2, even though the loads 45 are connected to the

power strip 50 and not to the power output sections 10 of intelligent 10 power distribution module 2. In
this Figure 4A, multiple sensing devices 35a and 35b of the intelligent power distribution module 2

sense the onto8A&bre chiigstepisticd srshatipte apidias, ambredirtenénibotiraeimtalliigme 4 of the

intelligent power distribution device only senses one load 45. This embodiment can be used in a
branch circuip@§enodigdribg tpstem@BOMSY) anaihtelizgedistiest roesisbingory StgEHPM").
More information on the BCMS and LDM may be found on Liebert Corporation's website,

http:/www.lightest Somé0sRNHBRAMBIRMIMER! HRRHITENLA2D BY MAASHERIEMOIEY,s 5 N
another embodiment, the current accuracy can be measured and
power rail, connected to an intelligent power distribution module 2, and
multiple electrical power loads 45a and 45b, illustrated here as a
combined dual set of NEMA 5-15P and a plug interface with a

customized contact arrangement, connected to the intelligent power

10 distribution module 2.

[0049] In this embodiment, the intelligent power distribution module
2 includes a wired communication section 25 and multiple electrical
power ouiput sections, 10a, 10b, 10c and 10d (collectively “10).
Figure 3 illustrates how the intelligent power distribution module 2 can
15 transfer energy to muitiple 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 inteliigent
power distribution module 2 has a plurality of electrical power output

sections 10 and thus can handle a plurality of loads 45. The intelligent

17



20used to calibrate the signals at the operator's discretion. In yet another WO
2008/121529PCT/US2008/056787 embodiment, the current accuracy can be measured and used to
calibrate the signals automatically. [0053]The improved method created by the applicant is a method

for monitoringranzetectrisal load having a current and voltage 5 requireme@%u%gog L8N electrical
source coupled to the load generally including: interfacing the module between the load and the

source for sepsi Jmare characteristics of the load; and sensing one or more characteristics of
the load: and%%@k&%%%’ﬁ@@&f@?%@ﬁ%,%n%ﬁféji%? WEY IlRieRmipsin st anda fidirast the 10
load sensing. The method can further include analyzing the power-related anomalies and line
disturbancesCATUBY BICEHUaR § B iRE Mdbirrenl wiastEne valivaeng theperfifmance 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 15 characteristics of the load. In this embodiment, a
plurality of seR&imPHevicek igsirendwit atiztembatintient asrabadife 36 anHS5d (shilastvely
"35"), are interfaced between an electrical load and the source for sensing one or more characteristics.
The sensing feviers @5 icinubieconpleti fe atiegst anemgeuie éewlﬁ' elastrier)dead Q%@%Ocurrent

and voltage requirement from a power source and the
5 The system includes an electrical power source 50, illustrated here as a

power rail with the ability to connect to two intelligent power distribution
modules 2a and 2b (collectively “2"). The intelligent power distribution
modules 2a and 2b in this embodiment plugs directly into the power
source, as do the loads. The intelligent power distributions modules 2
10 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

5 intelligent power distribution modules 2.

106051] 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

20 module 2 connected to the power strip with a piurality of power input

18



WO 2008/121529PCT/US2008/056787 characteristic to be measured is current. The sensors shown in
Figure 5 are therefore current sensing devices such as current transformers that transduce the change
in magnetic fields at different current flow rates as a voltage change across a burden resistor,

however, otheroSdypesab sensors may be used in other embodiments. T%@Hgﬁg%y}g@gevices 35
are sensing the one or more characteristics, 70a, 70b, 70c, and 70d, of four loads 45a, 45b, 45c, and

45d. Additio rent squrce 63 is interfaced to,a wire 80 that is routed through each sensing
device 35 a:g#éﬁn?inate t Vgrlggﬁr%.aﬁ éetgﬁr%e?ﬂ‘isﬁgr Y SHlacenaetietoudlwialitycurrent
sensing devic% E%EO%TO calibrate the module to provide normative measurement information or
validate one 8 EHbractemsiideislivenh@owringiatidoedtitentrsauuéess ertpbtsticriliprating

current signal. For example, and without limitation, a calibrating current signal with a tapered 15
sinusoidal foiﬁﬁ%viﬁﬁi@h‘aﬁmctmimm%ﬁonamiam’éﬁ%mﬁ@”eritp‘%qm@gQ@Q@i@%%@uency

greater than an order of magnitude of the load line frequency. Other calibrating current signals can be

iy b6 WOLG GnE of more e Soaroud 1o Eatn Senig I andler SRy
embodmente i R EB a8 R G S ST anca Sncluding,
but not limited, accuracy and validity, of one or more characteristics of
the load sensing by the multiplie sensing devices 35 of intelligent power
distribution module 2, even though the loads 45 are connected to the
power strip 50 and not to the power output sections 10 of intelligent
10 power distribution module 2. In this Figure 4A, multiple 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
15 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, hitp://www.liebert.com/.

i0052] In one embodiment, the current can be measured remotely.
In another embodiment, the current accuracy can be measured and

20 used to calibrate the signals at the operator's discretion. in yet another

19



WO 2008/121529PCT/US2008/056787 to mimic the features of the actual line disturbances or artifact
to be detected. Figure 6 illustrates an embodiment of the calibration waveform. In yet another
exemplary embodiment, the waveform characteristics of the calibrating signal is such that it is unlikely

the 5 currenteigmakatthe load would contain similar perturbations during fis-fp&salaRsesation caused
by transient or quasi-stationary artifact. The methods may be applied while the load is disconnected to

establish re?ws%ﬁmé)ﬁrpatgﬁ% mee}_sur ment conditions or %hile the load is connected to calibrate
operational data to the Rormative data cHie 2 HIAREdS A chRBeffaeM Ry HadisHaqsr decurate

analysis of linear, and stationary waveform data perturbed by well-defined transients. Other methods
exist, such aSHIBGHEHH § SRS SHOMBETAE) allow analysis of non-linear, non-stationary
waveform data through the use of an adaptive basis to filter the signal. The following reference 15
may provide additional details on the Hilbert-Huang Transform: Norden E. Huang, Hilbert-Huang
Transforms 488 ft$pplicdtish oRspwad meibaut toe abatietiltes-suphgafransfarmaetitits Related
Mathematical Problems, pages 1-26 (2005); G. Kerschen, A.F. Vakakis, Y.S. Lee, D.M. McFarland,

L.A. BergmafoiTowerdito g6Eundamesitatidodérstandingafibg Hithertiivane Taapsfopmyigienlinear
Structural Dynamic, Journal of Vibration and Control, Vol. 14, WO 2008/121529PCT/US2008/056787

No. 1-2, 77-&@@@&@@%@%@@&%&%1%HU@MHMWT[@@%@: AM ﬁgaggfgoard‘\na'yzing

Nonlinear, NASA Medical Technology Summit, Pasadena, , pages eb.2
0056]Usi ture.f let t : ief
[0056]Using gamman nameng/ature s elfatng B8YH88M vetween the load and the

source for sensing one or more characteristics of the load: and sensing
cne or more characteristics of the load; and determining the
performance, including, but not limited, accuracy and validity, of the
10 load sensing. The 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.

10054] Figure 5 illustrates an embodiment for monitoring a load,
which further comprises calibrating the module to measure one or more
15 characteristics of the load. In this embodiment, a plurality of sensing
devices 35, shown in this embodiment as 35a, 358b, 35¢. 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

20 current and voitage requirement from a power source and the

20



5 description with particularity of application to this invention follows. The following reference may
provide additional details on common wavelet theory nomenclature: (i) C. Sidney Burrus, et al, An
Introduction to Wavelets and Wavelet Transforms - A Primer, Prentice Hall, pages 62, 205-207 (1998);

(i) Yves NievergetisiMaselets Made Easy, Birkhauser, 10 pages 58-60 (1989);{iBaibara Burke
Hubbard, The World According to Wavelets, AK Peters, pages 30-33, 78-81 (1996); or (iv) Emmanuel

C. Ifeachor, igl ignal Pro ing-A Practical Approach, Addison-Wesley, pages 184-190
(1993). [005%@%’1’&%%%3@%@nﬁésgﬁéc%ﬁ%%?i%Séﬁ‘??éﬁib ﬁé?ﬁ%&ﬁ?l@%@m,% d&68ocked
loop (PLL) cgﬂrolle sampling system is established to digitize the current signal 75 for sample 2"

equally spacgd¥Empli Fafid& SRGEINteglay sa R Ene BE Iverealidrays Krerealibration

current signal is therefore linearly imposed on the current signal of loads 45a, 45b, 45c, and 45d,

and the resulfaat dovoRalyspotbatiai devgibpadracrgesthe heldenaesifrrisimeastess: byo WO
2008/121529PCT/US2008/056787 the processing system and current sensing devices. Figure 7

illustrates anreaiodiment pbHmysuRErMRRSRsNENS OB ASRROWR BRIoW ahonesiourth hprigd T.
[0058]The 2" equally spaced samples are measured over at least '

s types of sensors may be used in other embodiments. The four sensing
devices 35 are sensing the one or more characteristics, 70z, 70b, 70c,
and 70d, of four loads 45a, 45b, 45¢, and 45d. Additionally a current
source 65 is inferfaced 1o a wire 80 that is routed through each sensing

device 35 and terminated to a load 85. A burden resistor may be

10 placed at the output 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
15 sinusoidal form with a characterisiic 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
20 around the current sensing device. in another exemplary embodiment,

the calibrating current signal may be so construed in waveform shape
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5 a single integral period T of the line frequency. A continuous wavelet transform is performed over
this interval by convolving the sample set with a suitable wavelet and scaling function exhibiting similar
waveform shape to the current calibration signal for highest sensitivity to matching error. The sample

set is transfommeeher despmposed into an ordered 10 set consisting of its gugraggvalyeand 2" - 1
wavelet coefficients whose magnitudes approximates the proportional harmonic content of the original

signal. A conjj Us wayelettransform i sirable because of its time shift invariant properties which
make the coglf?i(%i%%:l S eg@%J&%ﬂﬁfﬁ% t%?tﬁ %ﬁﬁ&@ﬁ@@aldé%HFW%Q%d&@ﬁ%@ﬁoWphﬁ:ess.

[0059]A continuous wavelet transform is repeated over N integral periods T of the line frequency so
that a long-termiRTEER valub iBiEsefitidHissialase @icuRmebaiicamvenie thatabisibaliisn The

resultant mean valued coefficient set is correlated with the reference or 20normative coefficient set

measured ovétyeilseent canditiats bytithew @ 20081124528 RBHYZORIOSETS7 sarpesysent

sensing device 45 without current load. It may be necessary to discard the lower frequency coefficients

that can be inffisnaeaehyilhs |@WtheQHﬁﬂ%tﬁﬁ’@g%?gﬂéﬁh?s'oﬁgﬁriﬁ%Sigr]%' DniIRER apard or soft

thresho_lding technique. A c_ro_ss-correlatipn, e.g. S di ital matc Itering, or average Wtude
coeticient Pt G AT I G A D o SRBEhs ST oS B atBch by e Focidual
e B a Cberation (aLsed by fansent or quaskeiatonary arifact Tho -
methods may be applied while the load is disconnected to establish
reference or normative measuremeant conditions or while the load is
connected to calibrate operational data to the normative data. The
10 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
15 may provide additional details on the Hilbert-Huang Transform: Norden
E. Huang, Hilbert-Huang Transforms and lts 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

2 Fundamental Understanding of the Hilbert-Huang Transform in

Nonlinear Structural Dynamic, Journal of Vibration and Control, Vol. 14,
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10 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 tovepmponenbparametric changes from 15 temperature, agin%,cgrr gailure._A non-zero
residual error between the expected and actual correlation coefficient is an'indication bf §8viation from

the original aq&gracﬁ peﬁﬂﬁf n of the syftem's current signal, so this information allows for
compensatory scali g’ef elcts 't coreeffor ﬁ@%rr@%ﬂ)’br@%‘ﬁ@& hisigngling ifeemsHorzewent
detection. The 20system provides for either an internal or an external means for the generation of the

calibration sigh@"A&HEScrided Metedigies 5 Av@l200811 2 MeEIREHL S2QA81066 161 dHus|rates

only an exemplary embodiment for monitoring a load whereby the measurement and calibration can

be made. [006 & DOBgMIRGiMent, ¢F thethetiod far @ggggiqggal @%%hgﬁ%@%gan measure one
0

or more characteristics of the load. One or 5 more characteristics of the load ¢an inctude, for example,
voltage, current and/or power. Further, one or more characteristics of the load can include other

conditions, fi8&ple, tHgsargpereiieshthedaagkRi s survnding gn ir%‘ﬂg‘ﬁr@}' 'f%g‘ gifer
a ca

embodiment, one or more characteristics of the module, for example; temperattire,
5 description with particularity of application to this invention follows. The

following reference may provide additional details on common wavelet
theory nomenclature: (i) C. Sidney Burrus, et al, An Introduction to
Waveleis and Wavelet Transforms - A Primer, Prentice Hall, pages 62,
205-207 (1998); (ii) Yves Nievergelt, Wavelets Made Easy, Birkhauser,
10 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. Ieachor, et al, Digital Signal Processing—A Practical Approach,

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

{00577 Once a the current source 85 produces a calibrating current
15 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, 45¢, and 45d, and the resuitant

20 voltage potential developed across the burden resistor is measured by
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10 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 charactsiistios/ofithe load. The 15calibrating procedure or method mayhe.pRieimed in any
number of ways and with a number of different waveform constructs. [0062]Other and further

of the inventions described above can be devised without

embodiments. Utilizi e or more aspec ] |
departing fro?ﬁ%h@@pgl??g 8%%8%5%(‘% RVEHHGH BOF SRARIIE, 2BYHHBSdirEHY Shéoihertiaigdne or
more aspects of the invention WO 2008/121529PCT/US2008/056787 disclosed herein may be used
comprising &8 REHAIBR GHePE DS 58 BRsitREeHonRY ehurce asrdbadenithbut/atfecting the
function or purpose. Additionally, any number of other methods may be used for measuring the one or
more characfétistiegetihe [bad or for calibrating 5 the module to measure the one or more
characteristics of the load. Further, the various methods and embodiments of the improved method
and apparatus can be included in combination with each other to produce variations of the disclosed

methods and @&dfidimentshDigtussionlof sipgded elemasiisscandnahedes phaal slpmrentsans

vice-versa. [0063]The order of steps can occur in a variety of sequences unless otherwise specifically
limited; The yagpugistepeEesFiathd T of the line frequency. A continuous wavelet

transform is performed over this interval by convolving the sample set
with a suitable wavelet and scaling function exhibiting similar waveform
shape to the current calibration signal for highest sensitivity to matching
error. The sample set is transformed or decomposed into an ordered
10 set consisting of its average value and 2V - 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

15 decomposition process.

100591 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

20 normative coefficient set measured over quiescent conditions by the
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herein can be combined with other steps, interlineated with the stated steps, and/or split into multiple
steps. Similarly, elements have been 15described functionally and can be embodied as separate
components or can be combined into components having multiple functions. [0064]The inventions

have been desoribedimstise context of preferred and other embodimentsangRretR¥eEemMbodiment
of the invention has been described. Obvious modifications and alterations to 20the described

embodiment vajl oth of ordinary s i%in O 2008/121529PCT/US2008/056787 the art.
The disclose%él::{[il?éjl unéﬁ%%ieéee%ﬁ%in?g%\%cére% tm}k%% B i’%@f#i‘Ctt k §E@;¥e Q@
applicability of the invention conceived of by the Applicants, but rather, in conformity with the patent

laws, ApplicaMtSFrEAMo RilFisease: dhudn Widificatisreatd Grafisienientdglatcmmewithin the

scope or range of equivalent of the following claims.
influenced by the lower-frequency content of the load current signal by

using a hard or soft thresholding technique. A cross-correlation, e.g.
5 digital maiched filtering, or average magnitude cross-difference, or
other similar correlation analysis is performed for the equal length
sequences of coefficient pairs {0 validate the relative accuracy of the
measuring system indicated by their residual differences. Because the
calibration current signal is enabled at precisely the same phase of the
0 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 vatue.

10060] The sensor's or measurement system’s original accuracy
specification may change due to component parametric changes from
15 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
20 system provides for either an internal or an external means for the

generation of the calibration signal. As described above, Figure 5



Claims: An intelligent power distribution module comprising: a power input section adapted to connect
with and receive electrical power from a source; a circuitry receiving power from the power input
section and comprising a memory section, a power-related sensing device, and a processing device;

wherein at lesst thesprasessing device is adapted to determine the performance.of e pawer-related
sensing device; wherein the circuitry is adapted to combine a calibrating current or voltage signal into

an electrical ﬁl%%%‘li%f the mﬁlgr distribution module to create a combined signal; measure one or more
characteristics Of the 16adand d&terh Herfo IBteNbalPSer8ingiHa@inandeaduitry is

adapted to apply a mathematical transform to the combined signal in the module; a power output
section coupléGE5eRY dheuipandraiasridasdsmlsvation ariuaaseedictrical power to one or
more loads; and a communication section adapted to transmit data to and from the intelligent power
distribution module. 2The module of claim 1, wherein the mathematical transform comprises a wavelet
transform. 100617 In one embodiment of the method for monitoring a load, the

method can measure one or more characteristics of the load. One or
5 more characteristics of the load can include, for example, voltage,
current and/or power. Further, one or more characteristics of the load
can include other conditions, for example, the temperature of the locad
or the surrounding environment. In another embodiment, one or more
characteristics of the module, for example, temperature, can be
0 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
15 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,

20 embodiments incorporating one or more aspects of the invention
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3. The module of claim 2, wherein the sensing device is a current sensing device. 4. The moqlule of
claim 3, wherein the circuitry is adapted to calibrate the sensing devipe. 5. The module of claim 4,
wherein the circuitry is adapted to measure one or more characteristics of the load sensed by the

sensing devicgoGaddreandule of claim 5, wherein the circuitry is adapt_ed %?HM&%HF% ¥7calibrate the
sensing device. 7. The module of claim 6, comprising a display indicating the status of the module. 8.

A method for monitoring an electrical lpad havilgrg%a current and voltage requirement supplied by an

electrical soUTEY St JY6T B 1533y HRSIHE HHIRRARIRG 25ensHERRUGE BEtReRnithe®ad and

the electrical source for sensing one or more characteristics of the .Ioad; _combi.ning a ca}librating
current or volgBERIHINIthawelesRicareRy iz ilne dscovithined siffealtiagplyieg Aumetiematical
transform to the combined signal in the sensing module; measuring one or more characteristics of the

load using thewmisieed Aigritioaad getermining:therperformencaaiiibe sensinorat aneer mere
characteristics of the load.
measuring the one or more characteristics of the load or for calibrating
5 the module to measure the one or more characteristics of the load.
Further, the various methods and embodiments of the improved
method and apparatus can be included in combination with each other
o produce variations of the disclosed methods and embodiments.

Discussion of singular elements can include plural elements and vice-

16 versa.

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

or can be combined into components having multiple functions.

[0084] 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

20 the described embodiments are available to those of ordinary skill in
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9. The method of claim 8, wherein applying a mathematical transform comprises applying a wavelet
transform to the combined signal in the sensing module. 10. The method of claim 8, wherein the
calibrating signal is a tapered sinusoidal form with a characteristic attack, stationary, and decay
periods of operating/fragrency greater than an order of magnitude of a lingfegugneyLREihe load. 11.
The method of claim 10, further comprising communicating the characteristics of the load to a remote
station. 12. T, hod of claim,11, further comprising calibrating the module to measure the
characteristigg}%;%%[é (ch;?ré%eo [Sefec éff @8%@%@‘%%‘3@%%%S?Wh@@imm@&rical load
comprises an apparatus. 14. A method for monitoring an electrical load having a current and voltage
requirement pEP6yaRtERtHeassEIeCE capRicaIiécid v mprntipnine rasived sdnsing
module between the load and the electrical source for sensing one or more characteristics of the load;
combining a balitifeatind.pureands voliagersitivet with arveléstriciaysigngl inte:a eembined:signal;

Applicants intend to fully protect all such modifications and
5 improvements that come within the scope or range of equivalent of the

following claims.
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applying a mathematical transform to the combined signal in the sensing module; measuring one or
more characteristics of the load using the combined signal; and 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. 15. The method of claim 14, wherein applying a mathematical
transform comprises applying a wavelet transform to the combined signal in the sensing module. 16.
The methot&B&im 15, further comprising communicating the characteristics of the load to a remote

station. 174The nmﬁhﬁggmg@ﬁmg@eﬁmgﬁb@mm;@ggﬁg%m&performance of the load sensing
us

by means of software. 18. A method for monitoring an apparatus connected to an electrical load
having a current h83¢RageFdgERetinentdapiff dngoamerdcitaasti reseapiieriochb rpparatus
and the load, comprising;dptesfaging-the apparatus between the load and the electrical source for
sensing one or more characteristics of the apparatus; combining a calibrating current or voltage signal
with an electrical &igHaFitto "GCHHBIMed YRNAPTBAPR R eRadmastan /b RITMRILRE combined

signal in the sensing mogylpsagssensLane Yoneraobasrcieninling abheanprialusysing g
combined signal; and ) i ] ) ,
device; wherein at least the processing device is adapted to
determine the performance of the power-related sensing device;
wherein the circuitry is adapted to combine a calibrating current or voltage
signal into an electrical signal of the power distribution module to
create a combined signal; measure one or more characteristics of the
load; and determine the performance of a load sensing;
wherein the circuitry is adapted to apply a mathematical transform to the
combined signal in the module;
a power output section coupled to the circuitry and adapted to connect with
and transfer electrical power fo one or more !oads;; and
a communication section adapted to fransmit data to and from the intelligent

power distribution module.

2 The modute of claim 1, wherein the mathematical transform comprises a

wavelet transform.

3. The module of claim 2, wherein the sensing device is a current sensing
device.
4. The module of claim 3, wherein the circuitry is adapted to calibrate the

sensing device.

5. The moduie of claim 4, wherein the circuitry is adapted to measure one or

more characteristics of the load sensed by the sensing device.

8. The module of claim 5, wherein the circuitry is adapted to automatically

calibrate the sensing device.
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determining the performance of the sensing of one or more characteris_tics of the_apparatus. 19. The
method of claim 18, wherein applying a mathematical transform comprises applyl_ng a Wavelet.
transform to the combined current signal in the apparatus. 20. The method of claim 1_8, wherein the
calibrating current signal is a tapered sinusoidal form with a characteristic attack, stationary, and decay

[ f rating frequency greater than an order of magnitude of a line frequency of the
gg;gfstl?s_%e "the r%odufg o claim 6, comprising a display indicating the status of the

module.

8. A method for monitoring an electrical load having a current and voltage
requirement supplied by an electrical source coupled fo the load, comprising:
interfacing a sensing module between the Ioad and the electrical source for
sensing one or more characteristics of the load:
combining a calibrating current or voltage signal with an electrical signal into
a combined signal;
applying a mathematical transform to the combined signal in the sensing
module;
measuring one or more characteristics of the load using the combined
signal; and
determining the performance of the sensing of one ar more characteristics of
the load.

8. The methed of claim 8 wherein applying a mathematical transform
cémprises applying a wavelet fransform to the combined signal in the

sensing module.

10.  The method of claim 8, wherein the calibrating signal is a tapered sinusoidal
form with a characteristic attack, stationary, and decay pericds of operating

frequency greater than an order of magnitude of a line frequency of the load.

11.  The method of claim 10, further comprising communicating the

characteristics of the ioad to a remote station.

12.  The method of claim 11, further comprising calibrating the module fo

measure the characteristics of the load by means of software.
13.  The method of claim 8, wherein the electrical load comprises an apparatus.

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

requiremeht suppiied by an electrical source coupied to the foad, comprising:
30



15.

16.

17.

18.

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

combining a calibrating current or voltage signal with an electrical signal into
a combined signal;

applying & mathematical transform to the combined signal in the sensing

module;

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

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.

The method of claim 14, wherein applying a mathematical transform
comprises applying a wavelet transform fo .the combined signal in the

sensing module.

The method of claim 15, further comprising communicating the

characteristics of the load to a remote station.

The method of claim 16, further comprising validating the performance of the

load sensing by means of software.

A method for monitoring an apparatus connected to an electrical load having

a current and voliage 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;

combining a calibrating current or voltage signal with an electrical signal into
a combined signal; |

applying a mathematical fransform to the combined signal in the sensing
module;

measuring one or more characteristics of the apparatus using the combined

signal; and
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determining the performance of the sensing of one or more characteristics of

the apparatus.

19, The method of claim 18, wherein applying a mathematical transform
comprises applying a wavelet transform to the combined current signal in the

apparatus.

20.  The method of claim 18, 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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