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-1- STATI STI CAL METHOD AND APPARATUS FOR MONI TORI NG
PARAMETERS | N AN ELECTRI C POAER DI STRI BUTI ON SYSTEM
BACKGROUND OF THE | NVENTION Field of the Invention 5
The invention relates to a netlpod and apparatus for
nonitoring the performance of an electric power

di stribution system and in accordance with aspects
of the invention, defining normal ranges unique to a

speci f4EAPHSERMT, METHE0 WD APP MRRIVSFOR AGNIEHRING
O

SererA A AU PRI TORER ISR TIoN svsti

net hods and syst e CHGROUNENOHGHH IWeENTtONeasur e and

capt.yr olvver quality events in electric power

di-%?—lai‘—’g&%—%eﬂéégterrs. However, the state of the art

systens and mtiﬁ%ﬁoh 29kt S MEADS aflﬁ? ﬁqﬂapgtlgsr 8 %nﬁtgﬁng the
e | normal .

user whether t exl sting power quality 1s

Faerfesmanst of apolaetric poader tigtribatien systhing pindyn acdrdanee witt aspects
val.ues. anq. m%lfnum and xi mum.extrenes, but even if a

o Qi Esttion. dRiNne ormal ROEgT HNE BadPrCifigeystan fegelected
NQaraREAS §REULYhE QAW I stAikticalls dRVLd pdrhthEREIHITNEIdS.
attenpts to predefine acceptable power quality levels

f Backegroundlformwdtiodge uni que attributes of a
particul ar in an.electrical ?%st em

| |
conput er | l}é?e‘%ﬂlfserﬁethg%ws??ﬁ ¥§ ]ﬂ:ﬁ@ Idgxri]%[&geed to measure and

- dyagategRiviey qaslity sv@ds inCel@tii pYRerdlifdBButRhysRiR. Slowever, the

events., In practice, the nmethod results in bursts of

evisi of thoait syennad methpdsleek diemegana foy informing thouser whether
t ] [ j ust v i.nal and is therefore
SRR bRttty RooPRRY 3o kARG BPYe: el iy Sipiay and

awavoed eflusstrat heinining afd Adixin@h $x@éBed) Blit@ien eVLparbi ek} within
the paraneters may be within the dynam cal lf adj ust ed

r gscri g5 ibgtoes et peggesmlydllewthatedlis welly Fyahermose,
dYASHPE td PreASHRY iflekd Iy L i
nor%g\iJ co gli ti on%é%@alge #éﬁ?rt dralhﬂgleg%i?gﬁ%rtlég‘lhl&glwé%d%?iuglque
petebutel ofta paticiil arsits yis de alectrinalaystomd dn oge vdrhyputenienplemented

t of the i ti , g t i .el tri
o BRI 1E (8" APt s BieiRie s dysincd st Rpnis. In
S @lRGES theNALAR IRNIOH bk i€ 0Pl RBEh a&ol’ﬂﬁrveﬂJl e%&fabFHHidrg gs the

systemrepetitively to generate neasured val ues of t
s 8iresipbbis gefriasiabere nophisalsmdrisithertforey vy somwsitofk. flethermore, the

: val ues i.s ,det erm ned.. 30 periodically and at
ERE R BT R B it e (Ben TR X
ppiithd@iceinby 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.

In accordance with one aspect of the invention, parameters in an
electric power distribution system are monitored by measuring a selected parameter of
the electric power distribution system repetitively to generate measured values of the
selected parameter. The standard deviation of the measured values is determined
periodically and at least one threshold for the measured values is periodically
established as a function of the standard deviation. An output is generated relating the

measured values to the at least one threshold. The selected parameter can be
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establ ished as a function of the standard devi ati on.
An output is generated relating the neasured val ues
to the at | east one threshold. The sel ected paraneter
can be -2- neasured repetitiveby by taking multiple

sanpl es of the selected paraneter over a selected

i nterval and generating the neasured value as a
function of the multiple sanples, such as an average

v R Byt T B By il N inE SIRTR! By por

5 sebctedustemvalsnd deperating tiRnaeasuid Makie@g hatdon of the multiple

di stribution curve can be devel oped with_ the standard
deFmRlIsorich ar Ay agppacoxnshtned tymukiplpwimmiesat whi ch 32%

of the sanplgg A%ﬁlrdgr L ekids off etnqe%sﬁl%atvglruegéanb determined in
di stribution. anot her "exanple, an averaglngf?fﬁ?er

c areriohewuys. | For dbtdnoe eshistogtaen dhilistdbaivhesutlvdemi tetdedéloped with
Thys, the standard. deviation can be .generated by

ol et 1oV GHmreits HRpr e Bivg Py Pl AR 2% the samples
MRS it YAIHQnRPGE EOriBaidld ADgndinYxiApi) Vﬁe?%%lgt fiiter can
generate the standard devi ation. ere the desir

| dwgrtidisedriofestimgterthe sthndagd tibneatione ' Bigs, the stadddrd eviation can be
unaccept,ably .l ang. ti nme t.o produce result a firs

mbnirgted pehgetitne Pting B0chect af Gaet o Eihe freppred values and
t iy¥gRRE 1088-16aNaReaged6 BERME thel PAddAMPEEvENioh N8V here the desired
generation of a second noving average over a second

t ilpag-tepadpogenarsiiog thesavarage Moups! tekodn whescéptaldy larigteme to produce

' usi nul tiples the first vVin 5.average.
REL s e By s oS wlh cheiBiiob ity e PG PG con e
t hendrated foltowddty, tha ededgfonl diatseedndymoding Bvdtitd dlieP 8 sétdnd time
to the secaond noving average using nmultiples of the )

f inegpd Wiphdga mpdinlg ef thetlirst tipepariadisingaultiples of the first moving
r ' ' t ter .
IR HE A a5 bl Ty RNl Al AR v

aweerageinitiglyathen bdddiag upité theasamdenodsp eadragfustiganultiples of
0 dynam ¢ threshold is

. ti ,.th t | t .
Igg]}%? rﬁi %gv"&ﬁ aggrg_gmﬁ St%%&’ﬁfl ay bera ey edifanig sepond time
?%gﬁ@d,'aﬁ@ tﬁe?eaﬂ‘éphﬁné Qe &Eﬁrﬂl@gﬁ% Q\tg: age-gg 't_lZe gg*;-&érHlAésv%Yage.

or exanple, can range froma ree t
anot her aspéttccofdanbewithweethemaspea of the idyamgioh cthe at least one

t hol b t . Wi th ti tipli.
R SO, BB BY e tinbpumuaRaHRGs i s@sud Bevigon o
Mghit iddeiterin avird® M@ MBltpliePfok bXhpleYdAa Pufeel e ahR: gqeree to

of ~about three tines the standard 25 devi ation can
usd Asoangthsy hepecizpidheimverticana law dewond tiayshatd can be generated

t hr.gshol d.. of i x.tines t.he standard deviation..
c N TR ARG R Thibh Ol PuRlyPRf SRl Y G Bsive
whaitigliee. Aasdt edy walidedyrRathdseshbldoraBe@iBred YinaRltige standard
threshol d. The net hod can be applied wherein the

S ép@@tg(gbcaﬁéqem toyprpeids ajcagtiqapnd a second dynamic threshold of about

six times the standard deviation can be used to generate an alarm and/or an action
when the measured value reaches this second dynamic threshold.

'The method can be applied 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.
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froma list conprising: volts, anps, vars, watts, VA
power factor, total harnonic 30 distortion in the
current, total harnonic distortion in the voltage,
flicker, and frequency. -3- Agother aspect of the
invention is directed to a nonitoring systemfor
nmonitoring an electric power distribution system

whi ch conprises: a sensor sensing conditions in the

P om sensed Aand bkt bFAL i AIGRE ARGARAT S nRENAAR i for

) ons neasur ed values
pamemeirang aaretecpir povetr distriiyntiga sesterh) which cbmpiisadasdhsor sensing
devi ati on. of the asured val ues and. at | east one

dyPRMUERE YIS RBTVEN HEFOvin SYSeHs Brasassing means gensigiingigom sensed
standiiods SRY¥dAd YiliesdPd sél%t@d’f)a:ﬁ?i%? a&?ﬁ'&[}oﬂﬁdaﬁg Ig@ﬂlerating a
h val ues to the at" Feast

output relating the neasured
orrdandgdadeiviatiph oé teshahsuret ealpeoariss leugt omeebnsmirathreshold for the

a3 JER B R PR By oWty Remzsneraiing an outpu
t heREROIHE AsSBVERES oNBe & 1640 6hd @hatiic IRGNSIANTRHHo A Ssing

deviation fromthe | ong-term average and generating a
hiTBPANE garaeATEPss messing Bereying ad dngriprmayerfage of the maasurchealues

st eviation to the,| -termaver . T

BB B B Ahah® b Spolf I Rl G o Tion o gy
paleaiatbe frofVBe ldhgSiee 6¥d@sbe dndlg@hoaling@ i High (R BAAicehlelR1d by
measured val ues as an average of the sanplées over the

s éfdiagdp fupetaon ofithe stprdsrd deveatinnge dhesiongrtarseaysragan The

g : = t measured val ue
i ehar ol ERTUE NRARE o Phe s ORar S rRRNE Bty GeliBRa
Mihteivial arer gehenigesthe hivesisédndassthsdauverap@af the siiles over the

I o?l]g-tgrm aver ge. The multiplier can be positive to
gSFIEF'St BIEr ik o UYRRPROESSEIRE 82998 epMugraCTialongderpaverage of the
9 . .
SRR Aok NN, DI IEN e e ime
dyhesstarslatchdeyidiiondo thetlongitetth axcragelt Thomukiplienemadteqabsitive to
and a second, |arger tiplier.to generate a secaon
2GR Rtock fymagHe Feesapianl anetivedy Brtmretnaten dappmic treshold.
ach h@Mtibrs theabRiplicEh Bay OERERY ATE ANoeralHEARRAVWDNGS threshold
ful'l understanding of the invention can be gaihed from
t Bewhishlaapting is desaratedtand a se¢ondhlargsr efudtiplizn to generate a second

i - rread in_coniunction with the
gﬁlﬁlﬂ‘%ﬁlo%%%hlgh an alﬁrm V\ﬁlll(i[ﬂ]: afaction éqJ ey s a

mpanying draw ngs |

oy

with the invention. Figure 2 is an exenplary histogram
illustrati né‘ el ugderstan 1wﬁ%@vent1on can be gained from the following

description of the preferred embodiments when read in conjunction with the
accompanying drawings in which:

Figure 1 is a schematic diagram of a monitoring system in accordance
with the imvention.

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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recorded using the invention. Figures 3A and 3B
conprise a flowhart illustrating operation of the 30
nonitoring systemof Figure 1. Figure 4 illustrates
dynam c adjustnment of a triggeg._threshold in
accordance with the invention. -4- DESCRI PTION OF THE
PREFERRED EMBODI MENTS The invention is directed to a
nmet hod and nonitor that provide an indication of

pover qual ! bEsCRIFAOR OFFIE PREMBRRITPEAIRYGINENTYS| e
as represented by at
i s normal fdFhetineentioniid direttd to@ahdtbed andsmbdieor $hat provide an

ahsql ute finitign of naormal varies fromsite to
sitf Fatéons‘?fed%oi“@fﬁ ity }Pe%h‘g%“&E%Yifert‘gsmg@qus‘ﬁ&%éwfe?%tﬁd by

Pakleefel patamedQs BRled hfold Ghhie QoM 76 Be %ﬁpgfeﬁ gtgca}:ics)n. As the

st andar dey_l ations.  Wien an event occurs t
b eaperliitet dedinitionod nowl datiesfomtsitato steenstafigical mean is used to

R R Sl ReP kT S0A Db LS evinion,

t reRel 91 RIS oceuANHatGY BERMM the ARSTaPESRNtfon! tHab &fenfRASHSatically
vol tage and current, 10 respectively, in the nonitored

elcepuride wwarelening foi ligure dnthoymendior 9 inalides germorsi hyich as

i . ntation s used for clarjt typically the

o PR EREERERn L SRtk Sl lpe e and Somen
t regeetplehs én tiesh@oralded1Bd Bewer HQFiButisHHyskeR. aWhile a single
potential transformer 5 and current transformer 7 for

e AR rpHassatation s used Suelarifyrtupicallathg clesiricagaisr disgibution system
diggi,L, -t o- di Qi er | 1.for

Ok U023 0 G5l eSS st
c and entrersmeinsfotrhadefor Badhhythasd. ETHer sefised @WErEnts and voltages are

di stribution system.9 are used tQ generate neasured
| vé‘?&}%%edgw %@I@{O@éa%%ﬁaiﬁ%@\@r@{ 11 %%@U&f" taPEgeasop 13.

cal cul at ed. ﬁ%&fk@@%@@&%ﬂt mm?taggn%%@g@@go@yﬁ

current, RMS voltage, RVS5 power eactive
p Gt bytiparsytem\Ygre psaddo ghaarbtemeastrod shlubasliveleicted parameters,

distortion,in cyrrent, total harnonic distortion_j
VPP gL Wkt EiledI gy BycihPlaneleelr PARA ot Og RS current,
ORNES vBRARIRMY Sove@hviitd] RUDPRIANRGRIRE F\fars_ihﬁﬁepower factor,
measured val ues are derived in a nodule 15 W thin the
pideldwsspaic iBstortipe ipeurens $etal haronicsiistomtion irdedltage, flicker, and

eieh | ARlop Sty Uy pRalRER, A% G hEPiERESeguthose

agebatiired ahluede ikl 16 @Mesdless Rithin@Bé proee8odNBAMhHE processor
threshold as a function of the standard devi ati on for

-edd Alsgringlyges saneduieli/ hat eatetletpsa meamamepearilard derasion for cach

geﬁglr@h&gfe.bt%aﬁahﬁﬂle?&g ARGaBEEEA W SRGRST Spéengg?es Y felast otng %ynamic

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 +60 and -65. Also,

different levels of dynamic threshold can be established. Thus, for instance, a first
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threshol d can be set at a selected nultiplier tines
the standard deviation. Selecting a nultiplier of 6,
that is 6a to set the dynam c threshold provides a

~response-in which only truly_@bnormal events w ||

cause a paraneter to reach the threshold. For sone
paraneters, a high and | ow dynam c threshold can be

set using a positive multiplier 30 tinmes the standard

d Ql‘j{zhzﬁhfc%}eﬁﬂﬁd e g?’ o ﬂ%&r&h@é h%ﬁut}dnqﬁ%lc%tg%n liétf&gqgs%cond

deviation, Trespectiv I nstance
t idwn&hmlthkgsluxbd;lsdclbes &eUS &ﬂchleﬁa Cﬁmdurs&athen&lcso],d be multiple levels

di fferent |evels o threshol d can be
eﬁﬁ%ﬁl?‘é%@ﬂlne%ﬁtb‘ée SQPI‘Q% a first -5 dynanic

threshol d caRuRginges F ?éure'gis th&eﬁ’{é}é’d Seod Rﬁ’tqﬁlgdlg@2l that generates

i ndi cation before the second dynamc threshold, suc
agueutpul spase whdn thef mesurede/ahtehditie poahdebeaches hithdeshold. As

| evel.s f posjtiv nd negati.\ve am c .t hreshol ds
ratea s Ao RSt oo Rpi Sbiid ST S et G dor an
2 JclidtAduch 89RERIROf the SRNOWIR B Witk SRARSRfMERPHRE or recording.
measur ed val ue of the paraneter reaches a thr eshol d.

AOtheraationsireuldsmenves initrites sygh puevendsisunpéngouret in the power

qd/ h
 BEbEB SR B and a2 BB R A AR e 3 o
O provéduy Kiktogcal r@dﬁ@for&ﬂh]y@i@s could also be i n| tiated

such as even |nterrupt|ng current in the powe
di stri buti odhgytandad dﬂ&lﬂﬁl%f% theageaspred yaluep ef éﬁ@@ﬁted prjameter

oBU 6. BAEMSIE LR Bk B REEE igonrn 251

f ehidhhericd@sgastred ablies of)ﬂhe aclsabdpiraticpaiamitesd. In ﬂn: example,
S0P BROE TES Hies B SHetl valfodn i Bapictiedaabs sindard
Va!:\H&t%"orHE dEt'%ﬁm‘ﬁ@:{i Q%Eg?ﬂﬁ@ﬁﬁ%ﬁ B & thi Qcﬁﬁ e?rla {snl% of the

exanple, 100 val ues ase Bto ne
( vBNHr distla'blpiumt tlethe SRaepid, é»fﬁl‘éthab aﬁzeahevzklae othO 20V and a

det e paj.nt .at. which % sanpl.es

G DRl POl s AR B! PRoRBRr e oo
exateshol¥BN o 1a ARy y@ﬂﬂﬁtheﬁmﬂz&%%%{d and 5a34 V and the
standard devi ati on of 0.8 hus 3a is 2.43 and 6a is

AupBT Upeshokd lsd2ﬁﬁﬁ%eThes%<t ﬂmﬂhol@e wawibbe #rld3Hdland 132.63 V.
\1/22n§+{ he 43%%86‘%41 gﬂgﬁl oef ead I%ﬁ%h ea%%‘;ﬁtletg%cl:a% d terna;f)ive}y be

t butiesdnal Wih H@Eﬂ/diaéiﬁg gitter 13y Zﬁn@ﬁl tholdy H3rade, mfdmhhéhanges in the
st andar.d devi ati on of each sel ected paraneter can

aflisionten Retem.sach estranghaging ean berrcgosmagitig The foager the

' di Sg rgrga@r%%\/fhg%ﬁg SlaBRSVilIRS tﬁ@kesﬁlﬁsarlg(?ﬁe é}ﬂen{ﬁ momtor and

System “such as t agi ng,
amethodpdpdriad. othe yearig eeledidabfor kMgngwm Beripag Hovxtehér as this
m)re.stale.vvilgu be the results. In the exenpl ary
AP Es 2 ng a full year o stat1stlcs a two stage averaging 1s 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.




nmet hod, a period of one year is selected for the

| ong-term average. However, as this 25 requires
gathering a full year of statistics, a two stage
averaging is utilized. Accordgngly, a first long-term
average which is a first noving average of the

nmeasured val ues taken over a first tine period is used
to generate the second noving average over the second
time period whidefiohSin@ceHiidRvatln 4Bt iRtintdr®n, the
period. In the exanple, the first tine period is one
waekaspred vahies Sacesitot therselpeted pataingtetsyae oapetiBoely geamerated by

T tatisti d Kl ' .
g A e B S Y BB B S TRl e
dgiéhéating the theastiRI® a8 @K b Yursdhioh o tHeGRulapR shhplesatided
weekly to calculation of the yearly running average

afexemplagemopitier, sgraples gamerded during a teh miputg detprvabare averaged to

| o2 2161 inu@deTe
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are repetitilcheyexgapds, sicfdilbyingt Rdatign M tdef e claiealse one-
of tEe sel ect ed p%raneter over a_selected interval and

t SR TG BYeraas Al ke meastndamiugaMb cdsach ¢fithe selemiedparameters:
the nultiple sanples. In the 5 exenplary nonitor
saqp#es—gﬁﬂ@im@pdhﬂ%}ing a ten mnute interval are Eq.(1)
aver ag@88t o generate the measured val ue of each of

the selected paraneters. In the exanple, the foll ow ng
Equation 1 is used to calcul ate the one- week noving
avmtageakhlatdicfomb@singd imedvals, thié, beirfe HHBH Oerhiruleintervals in a

sel ected paraneters: 1 [1007pw_, + W] Eg. (1) 1008

10V%8ta is calculated for 10-nminute intervals, there

being 1008 Yferiddkiyeaveiod 1hdash pitaReteffiiien IlEc486 bbibrate the
avg;;ge for each paranmefer is then utilized to

gé tleng-teem neinongd , buonygedr eravingaerage, giing tedoNmring formula:
novi ng ,average, using the followng formula: 15 Flavg

= &2 £5Lpayg +u\ 1 Eq. (2) These fornulas, one andgq (2)
two, abf2 used to generate the |l ong-term nean for each

of the selected paranmeters. A noving average of the

~variance of the neasured values is calculated 20 by

t Maededfofithias, oviWard fwd, bW d genctdW thre, IMg-letmBAean(f8) each of the

selected parameters.

A moving average of the variance of the measured values is calculated

by the formula:
. 2 —, F
oy s 00702, + (MV — 41, ] 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:

1

Cmg = gz—{SIO'Wg_, + O'w] 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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1008 A noving average of the standard deviation, which

is the square root of the variance, over one year is
calculated by the fornmula: 25 6a g = 52 [51lva"g_. + 6w
Eq. (4) Figures 3A and 3B illgstrate a flow chart 25

i npl enented by the processor 13 to calculate the

| ong-term average, standard devi ation and dynamc -7-
threshol ds for each of the selected parameters. This

r alcksld2for el dhey¥éYedlfhrandBi! Ghishouiit 2918 rie sy ¢d

val ues of the selected paranmeters cal cul ated during

t HBinules aging dle measptaduiabites af hesalecigd pd@mtarmaiadﬁ@d/ during the

ﬁcﬁt}hsuﬁ) fﬁu#lﬁe fl]ll?&vzlilrllg glzésrcgfgé% Eﬂ% vewﬁ%g gl? g edn exI frgr the

enkkeed patan%&wihﬁ:hﬁﬁ DERAE 260 RishdéWe aPZT. RIS entered at 29
serially. Each paraneter in_sequence is evaluated at

310 PGSt @F P hibcipprameierpangially e dfaghy paramptsr esequeng e valuated at
| f24t I L.
33 P SeRRRR A Yplifed BolE rolBpite s HEMILAAR s ot
pratid asrﬂethmped h]ﬁﬁk fainktaek dat witahe 1sﬂf:1fdw PoLkalinE ties pragram

3 I f the d value is valid t hen t he
j‘t"%ﬂS\P&Fk and etcerighe P Papapeleret - i@h? mereReh YA avalid at 33
35hen! the §Eal ubh®r tHak &raﬁll‘:@? 1s]1g01teﬁfe9ﬂ%9 By %}:b erriRNtd 4 ﬁrst time

for this paramster as eterm ne € nean va
i dhrough tie rowtirs fof thus;parmasmse:httmnhmeel at 8fghy Hreamma:lae lssset at this

?Irsttng?aazs%rgg §8Htht§? v L St bsgs-gi?q %elrcgg% féréte Eﬁﬁtﬁ %’ ailsségt to false all
Subse gy ant HARSER. by&‘ss&h&uﬁﬂ% stbsRSH (Aks. BMRAREANE Phss and
passes, the weekly mean and the variance are
c éulwqmné tasses, the Wedkigmeg@yarat the naridnca e @lcubed aighltusing

bt T, PR ¥Ry ik BPonalion, 20 s aNPLEDR 1R win

c dble Ifﬂ@et &3 dnd vtil a Week bNdaehal bee® dllectdde A& NBE 18881 count
t he ro an1mn|| | oop _back and process f he’ neasur ed

v&tagaes B108; the prraram vl degpdhask andprasessdhquasksusgd value for the next
0 when the interval count reaches 1008 at 43
aﬁgIr 635 the program proceeds to 47 where the

interval cousdterhoveek béolse&htﬁﬁi; Meﬂ%eﬂﬁfeﬁd@b@mt r€ached 1008 at 43

equal zero and the ' LE ATA" flag.is set. to tru
THEd ‘g"f m@d%%ﬁﬁ@f???@ﬂsw Touhere &y igtarva) et e e seéected

t B&raﬁfeﬁz@ Aadedl SIRY kPt ®nd fhe %Mﬂf;abﬁ%&%haghgf set }HHAL . CThe year

root of the variance (Equation
s A iy thenlenléul ated nsing Egeatiand, ¢ stmsiarcgd@mnmnlmmlmlated as the

RSPRS00 A B e

C st Bhestiontd GFdllb'#ihg"@ué gRAPpLA&H bRel % bR 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 wg:ek’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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25 select the next paraneter. After the first week,
when the "AMPLEDATA" flag is set to TRUE, the program
wi | | advance through block 43 to block 45 on each
interval, and when a week's wgrth of neasured val ues
have been coll ected the nmeans, standard deviations
and dynam c thresholds will be recal culated at 47 and
49. During each run of the routine 25, when the

nmeasur ed valgiggref4alngtdesth dxb@phalrend &Qrﬁ%@{m&h%ntmn In the

-have 30 been processed as determ ned at 29

pr@fgmiﬁ, the newiinal yokeges's 120Miani thy mersuredwelues aremhnwn by the

oper af%éslg h 18F P E d%Inv e;hfujle%)%olf& i Shetegxé%la%ng kfeh gc e

nahieshdld vodhoageart 53. TROMpasat datta Qari@ABdH @Bow all 8 S0 abdut 122V,
shown by the values 53. The +6a dynam c threshold is

i | Whish pigriighiafoot t@ﬁ@mhbutth%re @gprﬁam ber of raagrspgs $%at around

fgﬂ‘g‘gfo 3§1V§r;5\f:r&gm%| C ar %@%W?r[ %oﬁ‘(%étsga S ?8%]%@ eri:llgghojr& 1o trlgger on

t hte elaﬁnhmga'gmr} ﬁd&l&{)s ok, mhen@n;] damgsc ﬁﬂeﬁgld&r () +13) d%tabf Sigure 4 also
en t hi i stribution, the system adjusts the
LR A T POYeewstem & falfed Lans W gr%@itage falls
| ecl‘f%bﬁ’ Toe Immefiiife g?ecgiémt? fr{ég s}éﬁl‘.ﬂ\%(t)y el eﬂ
Figure 4 also shows the ef uple o
sywidemng afifhe siofial amupead thvhdistibutien, v.el, ﬂﬂ:g@péﬁdtﬂdslomr)dynamic

8QVv. T ' j.Aat f t hat t
< dHEFHaId: 1 TR B BB oby” tire omataun i e siapin end
NQBRtallyPiRe Ay Rfmik hﬁ'egio?dsr Pk, OIT' theke ﬁlults %?réﬁﬁ@lﬁr tHPBecome

| oner dynami ¢ thresholds 55 and 57 wi den. However,
t partgyf shennrangbgstsibuion, I@bar@etthrastmcbdmﬂatmemdmmeﬁore ladjust the
dycpam %tfmrherﬁé olds narrow. If these faults are

é’&ﬁ%‘h e E}S becone part of the nornal
d| stribution, change the standard deviation, and
therefore adjust the dynamc thresholds. 15 Wile
speC| fic e lvnseidic gmbogdangnts/efithe grventignehaye dpen described in

[ [ [

o REfl Sl o ap HEL Rl oy choslsllc %, BEREE o Mol ReRons ana

alaltemativds\te those déthiss@uittbaidwveloped irdligle of €iealveptideadhings of the
teachi ngs of the  disclosure.

I f th
' i%ﬁwg W%mt%\#g%r:géﬂlq PEUFYUAC %fangﬁam diseloggdsare gsant tabe
m?ﬁﬁgtrafl@e @rﬁy %Qd héd lHﬁ‘ﬁlﬁQtaé YFthe Q{ﬁ? %E%enﬁ@edtlgﬁ%ﬁlé}gls% be given
Ich 1s to be glven

to the scope of the invention
t Mlee fulllHreaditecidhé claims dppendes ame aap padh dié dqu na ests yheaeud.

all equivalents thereof. -9 Wat is Cainedis:




- of the neasured values and using the | ong-term average

1. Anmethod for nonitoring paranmeters in an electric
power distribution systemconprising the steps of:
nmeasuring a selected paraneter of the electric power

di stribution systemrepetitivepPy to generate neasured
val ues of the selected paranmeter; periodically
determ ning the standard devi ati on of the neasured

val ues; periodically establishing at | east one dynamc
t hpvbghiel(daifier id-he neasured val ues as a function of
the standard deviation; and generating an out put

rel ating thel-meastymsdhaddformeniteringparametersds an elsaigic power
dy, \.C.: 0 T d of daim1 wherein
néggﬁpﬁﬁgnﬁﬁ%ﬁgéﬁg% ¥§‘ﬂ§§g§%§?er repetitively

conprises taking medstitipg & sdent@d gafétet Hths elegicgdwer
rrigéamster over a selected interval and generating the

ggpaien sysige saetiivelifetgeasrats meapered walues of the selegiedrarameter;
3. The net hod of (l. 'i'&lgr I e val
are generated asp(é‘z‘;tlgH aver gég{%&%lﬁg%&osﬁé@?f #@egfgartrlﬁ) t‘#gfeemeasured

sawbless over the selected tinme interval. 4. The

net hod of any one of  clains t.o 3 wherei )
periodical |y ged’épﬁ‘flﬁcﬂgy ?Sltfg’}lélfl%afalleﬁﬁt%‘?/aéﬁqnaﬁ threshold for the

COfRIsiRE S aReE ACH Fin@idy o 080 SEAIA P dcAad P grd €T M average

to generate the gehantag zh dépiutatiatmg ths mébheredwtilnedtodhe at least
Caim4 wherei.n,generating a | ong-term aver age

5} P’Eaé’&wg@'ﬁ%‘}"é‘?i ng a first noving average of the
measured values oNRmdhdd 6SClafmh MovheRSH kRFsur@GIRS @ldcAg
a second novi ng average over a second tine period
wiragametey repetigiyblyiohwpriess talkieg huligyle simplepef the selesedhparameter

T 2L 25 b B P A B o B0 R0

avmuldgle stplck. t he net hod has been enployed for the
second time period and thereafter generating the
l ong-term aver agdicuagthes efi{daise g sharamibicmacagyed yalues ge

BTNl SR AR By I S 15 DS e

t hteswhndard deviation to the |ong- term average.

4, The method of any one of claims 1 to 3 wherein periodically
generating the standard deviation comprises periodically generating a long-term
average of the measured values and using the long-term average to generate the
standard deviation. |

5. The method of Claim 4 wherein generating a long-term average
comprises generating a first moving average of the measured values over a first time
period, generating a second moving average over a second time period which is a
multiple of the first time period using multiples of the first moving average, and
generating the long-term average using only the first moving average until the method
has been employed for the second time period and thereafter generating the long-term
average using the second moving average.

6. The method of Claim 4 wherein the at least one dynamic
threshold is generated by adding a multiplier times the standard deviation to the long-

term average.



-10- 7. The nmethod of Claim6 wherein the multiplier
ranges from about three to about six. 8. The nethod
of Claim6 wherein the at |east one dynamic threshold
- conprises a |low dynam c threshwld generated with a
negative nultiplier, and a high dynam c threshold
generated with a positive multiplier. 9. The nethod of
any one of clainms 1 to 8 wherein generating the at

| east one dynani CTHNHEEHObECIasm GoARéih ek WhkipliBr @nges from
range of about three to about six tines the st andgard

dexppulthess to 2boutFixe met hod of Cl ai m 9 conpri si ng
generating g firsf eﬂéw %8 Cfaﬂﬁgsﬂﬂ? o eaﬁge u{%ehcfynamm

~tinmes the standar 'on an SEC
_t hhlesl’ﬁﬂdi domptisedladoi dyhamici thieshdld @erser @ 6d vittl adfégatatel Biltiplier,

thod of Claim 10 wherein generati ng t he
o@flﬂ&t t n&ﬂ@fﬂlgﬁ%ﬂ Heldascaiatg vthcapesibye makkiplien e
measur ed valgie r hﬁéh&h@f ingr&g of¥ ﬁ'Hg ftog%g%ﬁpégleratmg the

and generating at east one of an arm and an ac
whaeleasthoae niyasmicabrestuad weganexatdda&tmh e rageafidbolytniagt @ about six

thresflﬁg 2. . The, met hod of any one of clains 1 to 11
@?Féf%fl‘?vﬁ@tmé‘n out put conprises generating a

response wh t NErHIBASEY tg%;@m :
thrgshol d. ?2 Tﬁre net hoﬁgo(?ﬁgﬁgcgngﬁgﬁéggal ns i)glamw

whiareghiotd atraboutethescttinges thastamderd devistiomeind it secorfdrdymmmic threshold

I‘l Si a vars, watts, VA, power
fgi?boo &néffsqﬁ%f‘ ‘i‘?f“id%“i}?&m on in the current,
total harnonic diTHe @hethdofl Matnk €0 wWhekif reftllng‘ﬂj&,e(gutput
and frequency. 14. A nonitoring system noni t ori ng

ﬁO@péafISrgenerﬁbn&a cawdiogtwhep ihe waassigash enhye rcm?q@s thei firgt: dyaamic

PRI ERERAC e RP AL R 33k e i Faifl 4EaBPER iy e

samedea@hmhhesmd@mwmeshm ues of a sel ect ed
par ameter and periodically generating a standard
eV| ation oft?t he Thamethndetf apxione of elinsal to Hawhereingenerating an

gl% A éﬁé}‘g it g%egar{:fn%r rgglﬁng@@ﬁéﬁ £ nfRLUEs v}flﬁle p&cﬁ&eche dynamic
_threshold
13.  The method of any one of claims 1 to 12 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.
14. A monitoring system for monitoring an electric power
distribution system, comprising:
a sensor sensing conditions in the elecfric power distribution
system;
processing means generating from sensed conditions measured
values of a selected parameter and periodically generating a standard deviation of the
measured values and at least one dynamic threshold for the measured values using the
standard deviation; and
output means generating an output relating the measured values

to the at least one dynamic threshold.




out put neans generating an output relating the

nmeasured values to the at | east one dynamc

threshold. -11- 15. The nonitoring systemof Caim14
~wherein the processing nmeans cpnpri ses neans

generating a |long-term average of the neasured val ues
and generating a | ow dynam c threshold by subtracting

a function of the standard deviation fromthe

| ong- t er m aves. ageTtandoiesigaybbsh F (high 1 HwAaiChe processing
threshold by adding the function of the standard

d SVFHIS COMPFIEFSIRRANS gpRpratie langtergeaverage of the measintedrviahigs and
Sy, : [ . i.n.the.out.put.,nean

c e R e kot WD EAGRY br g3 RGer

medesiatied froal the logaehe avémge ail gdneasing aestildamicthreshold by
shold, 17. The nonitoring system of any one of

thr

c|aé‘§}?§ afungtiasol e sendard dpwationiodbe lang-tasaaerage.

conpri ses S - 2?gl :

par anet er nﬁ@@r gﬂggﬁg%Fg%gﬁ erEEFR%%%ngﬁgég%%%%”#ﬁguqnn
MEBSS edmpries @scaas garraingrageonte when theangkesd OXRE réddBes the

selected interval]. 1 The nonitoring system of any
oﬁéﬁﬁﬁ(ﬁFégﬂ@nfiL?ﬁm§¢ wherein the processing neans
conprises mygns %%%ﬂoﬁﬂg@yét&ﬁ%f%ﬁ’f Hﬁfﬁéﬁg@ﬂﬁ Igfft(t) tlgﬁ'glerein

measur ed val ues, and neans generating t eas
dihraprocessingesdans dothrised dhieags generatingispinples of thewsleted parameter

st andar eviation to the. | -term average. 19. The
RRCAL CSedsli}%ﬂ@i%fﬁ Exerting 17 meaaEs fVATvS AR Ar SRRcer the
| SampRS biérMBe tde@i@Ngtead£ a hi gh dynamc threshold and
negati ve toggener ate a low dynami c threshold. 20. The

noni tori ng dyst erhhgimapitating $Bsteth of eivhonchef aladmnd 4 to 17 wherein

' d i ¢ threshol d
o0 bl orh RS AT SRS < BRI Ra prmpg pf the
mueabyrbd eftue) dn@nﬁameﬁﬁﬁ%mmuéa@te@{e:qiyﬂmﬂﬁi'tﬁﬂes_ﬁold by adding

second multiplier |arger than the first nultiplier,
afdnuHeliitimesie Yendsrd dewiation tg dhrlong-sermaaverazei on

i ndi cation en ' : ] g L e ed .
by t ho. meastred yaf GeuSfind YR 6 EREAII R dERERer s
apostive geeacmtesnhigh thymminhiassidieaskoapadveiongitate a low dynamic
tﬂjrrgsilg% d is reached by the neasured val ues.

20.  The monitoring system of Claim 18 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 generates 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.




