-1- STATI STI CAL METHOD AND APPARATUS FOR MONI TORI NG
PARAMETERS | N AN ELECTRI C POAER DI STRI BUTI ON SYSTEM
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threshold is set just above nominal and is therefore, very sensitive. Furthermore, the
user is still not aware of whether the conditions are normal even though the parameters
may be within the dynamically adjusted ranges.
SUMMARY OF THE INVENTION
Statistically derived dynamic thresholds are used to define existing

normal conditions at a monitoring site in an electric power distribution system.
One aspect of the invention provides a method for monitoring

parameters in an electric power distribution system comprising the steps of:
measuring a selected parameter of the electric power distribution system
repetitively to generate measured values of the selected parameter; periodically
determining the standard deviation of the measured values; periodically establishing
at least one dynamic threshold for the measured values as a function of the standard
deviation; generating an output relating the measured values to the at least one

dynamic threshold; wherein generating the at least one dynamic threshold is



One aspect of the invention provides a nethod for
nmonitoring paraneters in an electric power

di stribution system conprising;jhe steps of:

nmeasuring a selected paraneter of the electric power
dlstrlbutlon system repetltlvely to generate neasured
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output relating the neasured values to the at | east
one dynam c threshol d; wherein generating the at

| east one dynamic threshold is | a- generated within a
range of about three to about six tines the standard
devi ation; and generating a first dynam c threshold
at about three tinmes the standard deviation and a
second dynam c threshold at about six tinmes the
standard devi ation. -2- Another aspect of the

i nvention provides a nethod for nonitoring paraneters
in an-electric power distribution system conprising
the steps of. neasuring a selected paraneter of the
el ectric power distribution systemrepetitively to
generate neasured val ues of the sel ected paraneter;
periodically determ ning the standard deviation of

t he neasured val ues; periodically establishing at

| east one dynamic threshold for the neasured val ues
as a function of the standard devi ation; generating
an output relating the neasured values to the at | east
one dynam ¢ threshold; and wherein the sel ected
paraneter is selected froma list conprising: volts,
anps, vars, watts, VA, power factor, total harnonic
distortion in the current, total harnonic distortion
in the voltage, flicker, and frequency. -3- Another
aspect of the invention provides a nonitoring system .
for nonitoring an electric power. distribution system.
conprising: a sensor sensing



conditions in the electric power distribution system
processi ng neans generating from sensed conditions
neasured val ues of a sel ected paraneter and
periodically generating a standard deviation of the
nmeasured val ues and at | east one dynamc threshold
for the neasured val ues using the standard devi ati on;
out put MERRSher A§HRES RithOhvaRiAYrPHIcsaGh&hdd brihhitoring
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BRI EF DESCRI PTI ON OF THE DRAW NGS A ful |l understandi ng
of the invention can be gained fromthe foll ow ng
-description of the preferred enbodi nents when read in
conjunction wth the acconpanying draw ngs in which:
Figure 1 i s a schematic diagram of a nonitoring
systemin accordance with the invention. Figure 2 is
an exenplary histogramillustrating values of voltage
recorded using the invention. Figures 3A and 3B
conprise a flowhart illustrating operation of the
noni toring systemof Figure 1. Figure 4 illustrates
dynam ¢ adjustnent of a trigger threshold in
accordance with the invention.



-4- DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The
invention is directed to a nethod and nonitor that
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Figure 2 is an exemplary histogram illustrating values of voltage
recorded using the invention.
Figures 3A and 3B comprise a flowchart illustrating operation of the
monitoring system of Figure 1.
Figure 4 illustrates dynamic adjustment of a trigger threshold in

accordance with the invention.
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25 Dependi ng upon the application and the preferences
of the user, the dynam c threshold can be set at a
selected multiplier times the standard devi ati on.
Selecting a multiplier of 6, that is 6a to set the
dynami ¢ threshol d provides a T®sponse in which only
truly abnornmal events will cause a paraneter to reach
the threshold. For sonme paraneters, a high and | ow
dynam c threshold can be set using a positive
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frequency. Additional and/or other parameters could also be processed. These
measured values are derived in a module 15 within the processors 13. The processor
13 also includes a module 17 that calculates a mean and a standard deviation for each
of the selected parameters. An additional module 19 generates at least one dynamic
threshold as a function of the standard deviation for each of the selected parameters.
Depending upon the application and the preferences of the user, the dynamic
threshold can be set at a selected multiplier times the standard deviation. Selecting a
multiplier of 6, that is 6 to set the dynamic threshold provides a response in which
only truly abnormal events will cause a parameter to reach the threshold. For some
parameters, a high and low dynamic threshold can be set using a positive multiplier
times the standard deviation and a negative multiplier times the standard deviation,
respectively. For instance, dynamic thresholds could be set at +6¢ and -66. Also,

different levels of dynamic threshold can be established. Thus, for instance, a first
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standard deviation of 0.81. Thus 3a is 2.43 and 6u is
4.86. Hence, a trigger set for 6a has thresholds at
120.2+/-, 4.86 V so that the |lower threshold is 115.34
V and the wupper threshold is 125.06 V. The 3a
threshol ds woul d be at 117.77-and 122.63 V. 20 The
standard devi ati on of each sel ected paraneter can
alternatively be estimated with an averaging filter.
By using a noving average, normal changes in the

amie thresheld gan kenget siuhtoggotitle e ggitiamindizaticmbefbe: the second
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are usedq.during the first year to calculate the
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then added Tﬁ@h’t’aﬁ@e{r&’ deﬁﬁié&ffo?s eorgegsfuré alé{e%%rfla%elegtggl parameter

running average after t ear Of Sservice.

| andcipproommated imsoerdanye. Riguke 201 R&RRS us®bf 4 Kigtogram 25 in
invegtion. t he neasu ed:%glues for each of the
swhigh periodis mgaswed yalyes of the selpsted pripmetss araplotiedyIn the example,

t A0 AU thPpIRsE BB |n%§tr£fv0§t9§eg§ﬁ%1?g%ﬂ%ﬁégﬁdg “ﬁn%ggsgal??érg{

a sel ected interval and then
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- \skdndarddeveain otfo.8 herigrl3eGt 0d3RansEs 9's. Hidhek N ﬁég%rt set for 66

exanple, the followng Equation 1 is used to calc
thae tyasholdecatd 2Ag-ng. 88 saithet e lower thessholdds! 1 VB4, and the

WSS‘%{%SH EWS@% _\ﬁi’bﬁ%&%ﬂ&ﬁ%ﬁé’%&%ﬁ be af 177.77 and 122.63 V.
The standard deviation of each selected parameter can alternatively be
estimated with an averaging filter. By using a moving average, normal changes in the
distribution system, such as through aging, can be accommodated. The longer the
long-term average, the more stable will be the results. In the exemplary monitor and
method, a period of one year is selected for the long-term average. However, as this
requires gathering a full year of statistics, a two stage averaging is utilized.
Accordingly, a first long-term average which is a first moving average of the
measured values taken over a first time period is used to generate the second moving
average over the second time period which is a multiple of the first time period. In
the example, the first time period is one week and the second time period is the one
year. Thus, statistics gathered over weekly periods are used during the first year to
calculate the standard deviation. The same weekly statistics are then added weekly to

calculation of the yearly running average after the first year of service.
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10 Data is calculated for 10-mnute intervals, there
being 1008 10-mnute intervals in a week. The weekly
average for each paraneter is then utilized to
generate the second long-term_ean, e.g., one-year
novi ng average, using the fol I'gviii ng formula: 15 flovg
= 52 [51,uayg +,uw J Eq. (2) These fornulas, one and
two, are used to generate the long-term nmean for each

of the sel ctgglngar.amaters. A,%vi ng average of the

vari ance of 'PREVHE%JIA AECPTdalce ddth an ashpetaf ficigventipnpthe

t Arabigedvthlaes WWeachlof 5 ifs
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val ues of t Flllzﬂ{see gﬁg gﬁ:dﬁ’ﬁ;tgg?&n&%q‘@ﬂ%dllgfﬁg ta Gplrpigte the one-
t reek prowitigoii@rah@ off thettheasirtlde/alid, M, S1Raek bR sBBAYE parameters:
The vallue X is the index for the selected paranet eps

j ch_i's [y aiA,i al zero as shown at 27. A loop i
e f”erb(ﬁ{}@[tlmgé}‘"SAE%I rocess each of the paraneters SEq'(l)
serially. Each paraneter in sequence is evaluated at
31 to determine if the neasured value is reasonable.
| Haty r ) L$ . not al i.d.as, det erm. ned, at )
RoteIS AR HER b el Ras WO B et ecvats in a
pwogk.am | oops back and sel ects the next paranmeter at

34. If the [Pgasur ed value is valid at 33
e weekly average for each parameter is then utilized to generate the

second long-term mean, e.g., one-year moving average, using the following formula:

1
Hag =25 511105 + 18, Eq.(2)

These formulas, one and two, are used to gencrate the long-term mean for each of the

selected parameters.
A moving average of the variance of the measured values is calculated
by the formula:
2 1

or = 00752, + (MV - 11, ] Eq. (3)

A moving average of the standard deviation, which is the square root of the variance,

over one year is calculated by the formula:

Oy = %[SICTW&,_] + crw] Eq. (4)

Figures 3A and 3B illustrate a flow chart 25 implemented by the

processor 13 to calculate the long-term average, standard deviation and dynamic
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then the interval count for that paraneter is
increnmented at 35. If this is the first tinme 10
through the routine for this paranmeter as determn ned
at 37, the nean value is set at this first nmeasured
val ue, the variance is set to Zéro and a "first pass
flag" is set to false all at 39 so that this pass is
bypassed during subsequent passes. On the first pass
t he weekl

and . supsequept passes nmean and the
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whk tedatérming ifdhe micaswethvalfiors resimenslslt e tft thel nid@siped #418¢ & not

MR BB i DRl e S
Erpopt baik ahd selt@tsTheRda paratlR¥ddk 32N 1f e ﬁ%a%ﬂ%@b%ﬁ% ?Sfmaéid at 33

the square root of thé variance (Equatio _
y&gn the infrival ¢ourhforthabparametye ieinateantedsit 85 Hhigtit the first time

4 Ll.owing. this,.the upper and |l ower 36 and 60 . i
S B hok s mapaun BB i 67, Wadreambets st at this
bfenneasbevade, thd'ariRel iRt LPARS ahl®s kil pad ﬂtag” set to false all
sel ect the next paraneter. After the flrsP week, V\%en

t He3 9 savbatrtinapass is bapassed dwing subseRIcH, pashes. (Orode dirstyiakd and

| o 43 t 0O ock .45 on each interval,
AURERE ! S he S S e Sl Fhuteo e SOl aE b ine
CBipiohed ahll8. MRAIE,the i GRER of S, ATH 2BV IBNTA” will
thresholds will be recal cul ated at 47 and 49. During
ebicirisedh 43 and ipl 4 werk ofcdagshasiteen colesterk sy thedniegtaliesunt

. h 30 b
L s N R T R

apardibetanai ti ng the next 10 mnute interval. -8 Figure
4 illustrat an exanpl e of the operation of the
i nvention. {HeEh@ccleboparaion, péendha intarval spustgeadhes 1008 at 43

lafMataBdint PR IIRATHE QLAY R HEShEE ShS TN Vbt ¥Er the selected
parameter 1s set equal to zero and the “AMPLEDATA” flag is set to true. The year
mean is then calculated using Equation 2, the standard deviation is calculated as the
square root of the variance (Equation 3) and the year standard deviation is generated
using Equation 4. Following this, the upper and lower 36 and 66 dynamic thresholds
are generated at 49. When this has been completed, the routine loops back to 29 to
select the next parameter. After the first week, when the “AMPLEDATA” flag is set
to TRUE, the program will advance through block 43 to block 45 on each interval,
and when a week’s worth of measured values have been collected the means, standard
deviations and dynamic thresholds will be recalculated at 47 and 49. During each run
of the routine 25, when the measured values for all of the selected parameters have

been processed as determined at 29, the program is exited at 51 awaiting the next 10

minute interval.
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val ues 53. The +6a dynamc threshold is illustrated at
55 and the -6a dynamc threshold is shown at 57. The
typi cal data varies from about 118V to about 122V, 5
which are within 3a of the norg1 but there are a

nunber of mnor sags 59 at arodnd 115V. Gven this

di stribution, the system adjusts the dynamc

thresholds to trigger on the alarm ng val ue |evels,
e.g., the 66111.&%n2n10 threshol ds. The data of Figure 4
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ethestwic chrpshodds. di st ri buti on system conprising the

steps of. neasuring a sel ected paranmeter of the
el ectric power distribution system repetitively to
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por odi cal |y Hee Brons o mtfol e BYflof B Re6 perriped n
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alternatives to those details could be developed in light of the overall teachings of the
disclosure. Accordingly, the particular arrangements disclosed are meant to be
illustrative only and not limiting as to the scope of the invention which is to be given

the full breadth of the claims appended and any and all equivalents thereof.



periodically establishing at |east one dynamc
threshold for the nmeasured values as a function of
the standard devi ation; generating an output relating
the neasured values to the at | east one dynamc

t hreshol d; wherein generating the at |east one dynamc
threshold is generated wthi a range of about three
to about six tines the standard devi ati on; and
generating a first dynami c threshold at about three
tinmes the standard deviation and a second dynam c
WhatisHleiingd st about six tines the standard deviation.

2. 1. Themesioh aer ﬁfonﬁérﬁig”bﬂ#ra%?é’r@ iR Hepskdl ipddet '&%’trﬂﬂh@h‘tsystem
conpri ses . generati ntg cauti on when t he neasured
rst

val ué°re" © gives P dynanmi ¢ threshol d and

gener atrhdélg;uﬂtﬁg Iae%éct@ﬂ%aﬂafm@élr o aferna|aaﬂc %Bwéﬁ‘dis@ﬁbu‘ﬂﬁﬁ%ystem
rea second dynam c

t hrF 8%&'8?[%0 %ene/@t%g}eﬁaléreﬁ o ?'uﬁﬁ ﬁﬁ"ﬁ SPRge Hi“rél'"ﬁﬁt%r s in an

-el ect r iperipdivadly ddtesrhfnirigihe @tmnsmitdymn@omh@ ?ieﬁngbb Qalues;

st eps f a_se araneter o

el ect rl%c r'pomagﬁ i ts F"]"B%ta\tg Sif eq%napécp&\r?sﬂotggf% thg measured
vaeeane Binntasdf thedstemdasd sedétiarhe sel ected paraneter;

peri odi ¢ é' réiﬂb%{nnb&})&lgretlg}% ;tk% Sr? aaésfjre%ewluge;sl {) n hgfa%tt Ieast one

measur ed ues I'Sh
one @Xmmﬁtbfetshﬂléshol d for the neasured values as a

function Qﬁer&h%eﬁ%@ﬁnﬁﬂ% ﬁ%sﬁ&ﬁ@&na&?&@h&hbl@% ggljcﬁrated within

out put relati nug asure al ues
one 2MNYSHf abquh treem s aboubsiy tivnes the standsed deviationeand
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. vars, wat VA, power factor ar

d| st%‘?"t’qt'é?ﬂ il @h%ecem rdyREMIG Hirggholdy at ﬁ@ﬁwtcs’mtgtr@ﬁ ﬁhebﬁtandard
i n t&sviatvht age, flicker, and frequency. 10

2. The method of claim 1 wherein generating the output comprises generating a
caution when the measured value reaches the first dynamic threshold and
generating at least one of an alarm and an action when the measured value
reaches the second dynamic threshold.

3. A method for monitoring parameters in an electric power distribution system
comprising the steps of:
| measuring a selected parameter of the electric power distribution system

repetitively to generate measured values of the selected parameter;

periodically determining the standard deviation of the measured values;
| periodically establishing at least one dynamic threshold for the measured
values as a function of the standard deviation;

generating an output relating the measuredl values to the at least one
dynamic threshold; and

wherein the selected parameter is selected from a list comprising: volts,
amps, vars, watts, VA, power factor, total harmonic distortion in the current, total
harmonic distortion in the voltage, flicker, and frequency.




4. A nmonitoring systemfor nonitoring an electric

power distribution system conprising: a sensor

sensing conditions in the electric power distribution
system processing nmeans generating from sensed

condi tions nmeasured values of a sel ected paraneter

and periodically generating P standard devi ation of

the measured val ues and at | east one dynamc

threshold for the neasured values using the standard

devi ati on; output neans generating an output relating

t he freaduPeditermguwysten farhaoritoring eastledine pdyeradistibution system,
t hr eghpsbingther ei n the processing neans conprises

means generating a _long-term avenge of the neasured

val ues, aR&eMPARYWHFONEiPPYinthe elgetric pawer dstebudipn sistem;

t hr eshol dpfeyesyidi RGard JBubiatiRg B deh8&BcdnbRiond ﬁ‘u@g?ﬁgd values of

deviation to the | on%-ter_m . avenge; and wherein the
meang &SP ARCISh &Nt Periogically SRNgiEnR Stansiaet Heyiation of the
genemebeged vhiues bnd b &8st ohd d9sA1At Ahidshdl 1@ the Midasured values

mul tjplier and a secaond dynamc threshold using a
seco'ﬁ%n ts?apﬂ%ﬁ'a'(? Vﬁ\?'a'é'r than the first nultiplier,

and wher eouipttmesane @eperatimgean sugene@laiihg theam&sutddvalues fo the at
indi%ﬁ%iﬂgcﬁﬁﬁﬂmﬁﬂ%s&ﬁ&St dynam c threshold is
e (by e

reac nmeasured val ues and generates at | east
one of a weareinrthe ardessing aebin® comprsestrhears agoaditing a long-term

dynaéoe‘ﬁgé Ef ﬁ"n\%hﬁééiu}e% Jaﬁi%%f‘&‘?d %aﬁ$§en@?§%ﬁ rtl%j atv I{éllasl{%sr’lé dynamic

threshold by adding a multiplier times the standard deviation to the long-term
avenge; and '

wherein the means generating the at least one dynamic threshold

generates a first dynamic threshold using a first multiplier and a second dynamic

threshold using a second multiplier larger than the first multiplier, and wherein the

output means geherates a.caution indication when the first dynamic threshold is

reached by the measured values and generates at least one of a warning and an

- action when the second dynamic threshold is reached by the measured values.



