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ABSTRACT
The reliability of gas turbine health state monit ortiankge na |
from the unit. Outlier detection techniques have acqgqueimeead s
and i mprove data quality. To this purpose, statiskhowl egge

the specific unit required to perform the awWameybodol bg p
effectiveness in a previ,ws mhteadyn goreirct otrinmeal Der itehse, Houw envoer Kk
estimator s-imestehodyl 6t tpe &re usually characterized by | ow st
This pagptvailantgne benefits of i mpld stmenidtirinegs B OMW sftr asmheawt o rskt.i
approaches iamet ciosEpapgkicrds kMARt hnap!ll dagegs mean od madlnsett ehroddeorl
with median and mean absolute deviat iGMAD( MABD)a nespkchygbel
thdiakhd ™MA® ket hodol ogies for the backward and-wehghfomeahd
i mpl ebrwert ght mevaen gdond shiandard deviation as |l ocation and di
First, the parameheds!|l ofi ¢ebeare tuned and the respective

Di fferent scenarios are considered to evaluate st actei sofi ctah

met hodol ohgeire si nivse sftuirgtat ed by injecting outliers in field da
Results prove that al l the investigated methodol ogieh ar
met hodol ogy alklaowonhefi déefnfiefent scenarios in which their
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NOMENCLATURE

c paramet ewebf§ht hmebhodol ogy
k acceptability-ttasesbtoidefioonthe k
m outlier magnitude factor

me d medi an

N number

S noise factor

ir standard deviation

E biwei ght standard deviation

u wei ght

w number of measurements in the window sampl e
X measurement in the time series

o me an

W biwei ght mean

Subscripts and Superscripts

b backward window

f forward window

Acronyms

GT gas nteur bi

FNR false negative rate

FPR false positive rate

MAD medi an absolute deviation
SD standard deviati on

TPR true positive rate

I NTRODUCTI ON

The energy mar ket demand sets high requirements to tdhe g

efficiency levels to achieve cost effectiveness. thhweeahth me!
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and condition of the turbines. For these reasons, thepment
of tools for m®oannidt otrrienngd,i ndgi aogfn otshtei cheal t h st3at e4,0f5]GT Dfalteae:
means of software tools ai ®med datr e@Tt hneeaal stuhr eamrmeanl tyss iasciquus uraelldll
in GToneaei t .

However, the environmeahedtar evimélcyh BBa&mslbr sAmnprg adteher caus
speed and unsteady operation of the units may cause fliazcdwa
the quality of sensouraldatya dlaét]a. fTohre GTn phueta lotfh laonva lgy si s af f e
performance assessments and erroneous anomaly call s. |Faldse
to excessive demlceynepetr adfi omai ntcearussi ng unnecessar yt odvawrdts

cust omer s.

For these reasons, the application of methods at i ndretranec
to enhanceal intppyut tdlausa mausing outlier i demoGhicaei ®namd ma p
8, 9, 10] . I n order to be suitable for industrialg.appl faat
if detection capabilities are somewhat related to tohfe insusmb

rtaher than a -besedi met ISodoli cgticersgeptet heatl gssi demhhdnnéeton

based techniques or complréeherimer modymamispemodelcs . knowl edge

analysis can be al most nul | . This feature enhaonoetstWwet e
substanti al modi fi cattloinernsn dheiirdemtnii niged |l aas facdtconoegdielnc
derived from available observations, bdgemeard O6fodi natbrey
16, 17, 18] . However, tuning complexity and poor penrfecrsiam
models techniques for industrial applications.

I n thi s -Gneentsheo,dpotlboegeyd t o be particularly attractive for as
In [19], the authors derived direct and generally applfioc avial

moving wiherdew BEMW) that also all owed it.hee. aduwrliitdaed omt & od i@

infers the statistical feature of a certain portiemundbpthaea
samplmean and standard deviation (SD) as |l ocation and osfcal
statistical robustnessamwnadi otghtei sbteannecfei ,t tohfi si nppa jpeanteindidomeayr tsth e
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acceptabil ittmetrhwldeo |ofgyt. herhker ef ore, different statistical n
performance is compa-timat towddlhagy.of the BFMW Kk
This paper sets as arphrt wbfchwihegtfecmehgentmey d$i egomesrdsds nuou s |

automated data processing to ultimately enhance data qual

technwigubleiyet i nvol vement osfi ofnrse g uiesnti nhufreacnt dcercuci al |, consi
collected on a daily basis from Siemens units. The bysthe
aut hor s. In [19], whr e€mt i magdert,r otdwac tiomyr dwe d haep pruaoachels ar
met hodol ogy and the moving window approach is found ns tbe
i mprove the met hodorleogevVv aplruoaptoesde,d iinmn orlde]jr at o i mpl ement t h
comprehensiDe¢ etbobnfo€l assification and I ntegrated Diagno

described and testalilntfy20f, GRssensers mhasmeemeama s byl aisa
Furthermor e, the DCIDS tool is able to classify amamdloises
performance ®@$seéethebyoahal gsiasg di fferent types of field me
This paper is organized as follows. The first secctoinosni dperrc

i n the Tamiaghugi sdiedf.i ngeesner al validity afrer regporttwerdbiimed haep pluibsa

a first assessment of the capabilities of the met hofdiodlodyi dec
fmo Si emens units with outliers injected at randomlyogetl et
with best practices to fully exploit the potentiaaclhbifewatine
and novel contribution of this paper.

RESI STANT STIATMETHGCBOL OGIAANSOMAQR DETECTI ON

The performance of statistical estimators is commonly eve
Efficiency i ®adefienoed samphénm variability, i . e. the inf
expressed as a percentage referred to the samplingovaripahbi
Gaussitanbdison [6]. For this reason, it is commonly define
Robustness describes the ability of a model or taesfatd,ef

a set of randomcebsarvyatioonfs, mutl at € mesumptions regarding

di stributionktobmdestismatft di cétealyad o loaiempdassfipelafd.e |
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Resi stance refer stitotitcdheb fctapakpilgdet md astsitmati on uninfl u
sampRRda]. An indicator of the resistance of an esti mattohrati s
can be replraaed nwintbhe rasr bniitt hout affecting the estimate valu

Sampl e mean akidowD laadceatwedn and scale estimators for ran

homogenous, i .e. stationary, titnhee sseereisetsi nnaittohr sGaaurses i kanno wdni s
easy to compute [6]. I n [19], the authors demonstr adyyrna mihe
time series, so proving he Mmeasuiremehéeé sfoTher meeboidoyogys

Wi ndow ( BIFMW)!| ekment s tbhye snee ansgt d onbamheotrrsi ¢ t est -sé dietde mioon nap pvli

frame. Accor di nigaptpor otahceh ,( BaiveWd)lc sk s v alieir e r el i able if the f

M<kb OR‘xt-)i(f‘<k1 1)

§

The BF-WMwetkhodol ogy (hereadifparoveidmdltys redffercrte d e sk tiowar

[19]achi epéngehtbages of detectntoages mbf nfeal swé t no simtail Ve pealcl
However, the employment of mean and SD as estimators may
di stributions are npespciotnep|lseaned ys preecriiffiice dc dsbgasstimedsats G
di stributed. I n this case, sample mean and SD provi deiamce
[ 23] . However, aaudesviaat imorde | sr omctulme i@ t he data set, the
22]. Anomal ous observations, i.e. outliers, represanand ph
negative edfiecs8Dohnhsmpanticul arly severe, being the breakdo
per f or manlmee tohfo dtonleogky can be | owered, because of the scarce
in imetpacatest.

These considerations suggest potenti al benefits fremteht
criterion. Tht sdeveehleid iao osftaaitmss t i ¢ al met hodol ogy ei m Itehmeennthe
robustness and resistance. However, resi st ancoef fansdo leuftfiiocni
searched. Therefore, three alternatives to saanpd ei meant iaga
paper.

The first alt erimettihwea otl m-gtphoewsB FaMW eksit scal e estimator, i .

[ 22, 24] , which became popul ar f or outalkideorwni doeon tnitf,i cia.tei.o n!
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exceptional robustness, the performance of the MAD iam tcarsm
[25]. Another drawback of the MAD ia a&ahateiyd®dl i p24pualntseu
identified as outliers despite their absolute differenmnuadf
data coming from sensor readihnbset mAdi aher MpDacetph éabhecm&Pn:

criteri ewADf ometthhoed ok ogy can be expressed as:

- med| g - med] 0
MAD, MAD,

The second alter-dmdtilveddloodyhei BFaMWh kbr ilches bbdmeéoghkccobdin

the one under assessment have already been processeditahyat c

the backward window contains outlier is rather | ow &mdttih:e
condition, efficient estimators |ike mean and SDwbedowe w0
contrary, outliers can stildl occur among observatitoinmatien a
consequently of the test criterion. | n thh sascatshee meodbiuasn aer
required to prevent the reliability assessment from tbkee ng

applicat-litomstofctitihteeki on t o t hevADa d kevsa roc tvihiered covww maarrdd  ami Atbhoew . |

acceptability rule can be expressed as:
Mﬂ(bORmﬂﬁ (3)
MAD,
This resistance towards the presence of outliers i sl yf utnd
cause a high number of false positive call s.

For these realatseornrsat iav et-ithoe tthioe oB B MW, kpii mrieedr naetd ibaed e s &0 ut i o
met hodol ogMARnde tttheed &kl ogy, c iawne i bgeh t o fnfeearne da nbdy StDh ee sht i mat or s,
behaviour than median and MAD, whibktt [bepimogsar aO@eiddh th aksdto
of dispersion is moresampl €i e o3tlp dehl@aehmepnit rse, MO cihn iass very s
analysed by the authors in [19] f or atshseé gBhhF MW dDddHdme.enThaev
according to their proximity stnoetrtseel yermptrropoaft itomal dit ot rntihkeu
wei ghts are assi-weieghtacfcwomdt inagpni,ingg rasasbunad d syu rdeencernetas det ach

they drop to 0O when a certain distance is riemfctlheencd@sitsheh
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each weobghtach xdbss emrswsdtgiesgiieand ycome peoftiof mggceaotot Henmet

y, =2 med (@)
cMAD
However, despite the interesting property of assigniheg |
tuning of the methodol ogy may result compl ex. Dir ecatdeom s

application. Hoagl i ncbett wele.n [62 G]e Usafdogpdtsain Baanltwdeis| e fKa f6a dhar a|
suitable range, concluding that the best performance is o0b
I n this papser pofobnhehénbar mati on acv &i laslslueneidn elqgiutaé r atou 6e
for 4wkeéeght met hodol ogy i s expressed by replacing mean and
pr evidoeussclryi bed wei ghting procedur e:

% - %| % - %]

_ <k, OR <k, ()

& ’ &
I't can be seen that, i f the valuwatdg@dnshd 29¢cal(68)e atnidmgtsogr
solution occurs. | n aotrodre rf rtoom pbreeivnegn te qtulag d-@om ezmeirmog iinn ftihrei tte

can be added tae&SDht MED, anegspectivel y.kamkt hbesthopdsf ammi n
capabilities areodobbgsgtbg memansaofi métmhl ated dat a. Subsec

datasets with injected outliers used to replace randomly <c

TUNI NG OF THANTREMH TSHODOL OGIERASISBYF S| MUATAAT ED

The best performing tuning parameters for the methodol og
series generation and outlier contamination is td{imet b oodgoye m
in [19]. Data are distributed accoracdpegctaoatag€éaoné$si hen Gasbl
Outliers are added to the ti nf@8%,54806r°b% and®Wh with respectucstleermeas patue) iatf |
randomly selected time points.

Three -uwdadklpyer formance indices, derived from statistical
the different methodol ogies.

a)True Positivee.RaperddPtRgge ratio between the true positi

observations flagged as anomalies by the algorithm, i.e.
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TPR= Ntruepositive (6)

N +N

truepositive falsepositive

by Fal sei WegRatee( FWRYcentage ratio between the number of an

of true outliers
ENR = Nfalsenegative =1- Ntruepositive (7)
N

trueoutlier trueoutlier

c) Fal se Positive. Rmercé®mtPRge r &t f al beamde sthhte kneusmmbuentb eaf ot r ue
FPR = aseooste (8)
truereliable
The simulated data scenarios employed for tuning the met
careful Ibyy stehleescatuetdhat st heir morphol ogy could enhance the e
three perfoTrmBNBaeRPRdticc esomprehensi vely evaluate the detec:

Tuning of theThe maptdibuaghgsi denti fied for the methodol ogi

0 fMb, ko, Wwsa nlkdf or -Gnmeet (kodo!l ogy were determined in [19], the paral
this paper tiomdAnPiRINeV ¢ hte FeNiRm@asduan [ 19] . The settings identif
for the subsequent analysis performed in this paper.

Tabli®©pti mal tuning of the resistant statistical

Wb kb W ki

k-G [ 19] 50 3 25 2

k-MA D 50 3 25 3

Hy b &-MA D 50 3 25 3

Biwei ght 50 3 25 3
The perfor mance of t he met hodol ogi es i s i nvestigated t

met hodol ogi es depends on the characteristics of thgatestt e

capabilities towards different criteria. Namel y, ekeinptioged
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for t Rlened dlomod ogy in [19] with 1% data noise. Thechabactari
of the Gaussian distribution used for the generatiemeaofyt |
al so simulated with a significantly highes mnei eoa(iuae ed2 W)
restricted portion of a stationary time series wathSdmifar
[19], thEPResuhbs fBPBesabtednteweerl yt hOa.nl % pipnr caxlilmatthe anal \
Effi cTrewcyonsidered simulation scenari o consi sts °8%,°4%, dyn
°5% and® 7% with respect to the mean value). Simulated outliers represent the 5% of data. The step magnitude during the transie

fixed at 10% and Gaussian noise at 1%. A sample of the sim

13 ‘ —
- Data ¢ Outliers
1.2
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*
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0.9 : ‘ ‘
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FiguirSi mMul ated time series for efficiency evaluation (1

Resul ts TrPnEINBIregpresented i nTIHWBRPBueref o2r manndc eF i fgourr et h3e 7 %,
similar for aldddlhegicoesnsiwrirlea dnefifher ences arl e Hiaghalnidd Hitdeedk

MAD met hodol ogi esTRR hwlteiveeh tsheet shigthe&2 % i nsteadvedoQhb4@ndnd

scheme, respectivel y.
ThedekNRCc hisateissfactorily |l ow values for all the methodol c
for outlier maNd¥nai [ tuuedse caotn s3 %,e r a9b5l %. iAnccrroesass ealtlo t810e% eve n g ih d €

me tdhool o gy achi eFvNeRs wthh dleaheitghheedsotl ogy proves FMRgbalstt and kewmen

magnitude scenari o.
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mk-c 7Zk-MAD @ Hybrid c-MAD  Bi-weight

TPR [%]

4 5
Outlier magnitude [%]

FigurlePResults for efficiency evaluation

mk-c #“k-MAD ®Hybrid 6-MAD = Bi-weight

FNR [%]

4 5
Outlier magnitude [%]

Fi gurFeNBesults for efficiency evaluation

RobustTnhees sconsi dered simulation scenario is the same as
di fference that Gaussian noise is increased to 2%. A sampl
1.3 ———
* Data ¢ Outllers\

1.2+

400 500 600

Figuir$i mMul ated time series for robustness evaluation (2
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As it can be seen from Figure 5, the performance ofemt |
noise (2% in EPhguneF#dgunst éRNIRD hhipgahen ctuhanm ,9%%ef or all t he

at 5% outlier magni t ud®Eme tahso dsohl covgny iuns uFail gTurRea t6h.e eTvhees kt he hi ¢

- Bk-c #k-MAD &Hybrid 6-MAD Bi-weight

90 ) =
80
70
60 -
50 A =
40 -
30 Z 7 A
20
10 { B
o4 % A % | 7
] 7

TPR [%]

|
3 4 . 5
Outlier magnitude [%

Fi guirlePBesul ts for robustness evaluation

Ek-o

Bi-weight

k-MAD & Hybrid 6-MAD
100 + 5 B

90 -
80 A
70

60 -
50 4
40
30 A
20 -
10 A

FNR [%]

7

Fi guirFeNBesul ts for robustness evaluation

4 5
Outlier magnitude [%]

Resi sTheceonsi dered si mulsatte aodhy sscteantaer itoi ngceo nsseirsitess owi tah ou
clustered in a data window of 100 observations. Dibfsfeerrveantti o
are considered. Gauslsitamm In%.i sAe siasmpalses uonfe dt heequsi mul at ed t i me
out IReesrisl.t s are reported in Figures 8 almkthodlot oggnibkevees
presence of oclhowt esrge @ onatrlkReRdy git,ehcer ecaosnet aonfi nati on rate incr e

Further more, unl i ke -Utrheet hprdeoV iogys exagpseas.,ent ke FKNR o d rgdhe st

contamination rate. Similaheme eaucdwe ibdiret brbestelr ovdeadl of goyr, twvhiet hh yt
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t han hybr i dlnsecthheonteo | aongdy .-MA Dh smheetahdo, d aotlhoegyk proves to be the mo

by) clustered outliers amobgthhEmRutENRENaT hwad meett thoodoll cogy eh ol

achi eviTP®nd5 BNERoNt i | the contamination rate reaches 25%.

- Data ¢ Outliers‘

400 00 40 40 K00

¢t ¢ 0

100 200 300 400

FiguirSi mul ated time seri@ddmdioseyrecutltiaaddmagymail uade oaqua

Bk-c #“k-MAD EHybrid 6-MAD " Bi-weight

TPR [%]

5 10 50

25 35
Contamination rate [%]

Fi guirlePBesul ts for resistance evaluation

50 Bk-c #k-MAD & Hybrid 6-MAD  Bi-weight
90 -
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70 A
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50 A

FNR [%]

30 A
20
10 1 B

5 10 25 35
Contamination rate [%]

Fi gurFeN®esul ts for resistance evaluation
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ASSESSMENT OFRANRESMESTHODOL OMERSISBYF FI EWIDT DATMIECTEBRSOUTL I

Even if simulated data were mpesatginreg ¢ on diet irempy ,estemdayatsgtvi
whose wunder | yi ngohiaes svuempitfiioends inmayfi el d dat a. For this reaso
chall enged by injecting ionttd i @iresmeviis hf iceolnd rovdtl @dsetagni daude
I n fact, as the position of &wPRmadmRRReird ok mawmrc,e iith ias | pessi
The magnitude ofxpirnessesretde di no uttrebrf nest hoefi sspuelsteiepflaetsher SD of ea
time series. Therefornm, stehlee cvtaeldu et oo fb et hree pol basceerdv avtiitohn an ou

expression:

Xtoutlier = Xt +ms (9)
I n order to est abltibshhe aa ncaolhyesriesnto nc osmpnauliastoend data, field
i . e. set point change maneuvestaaderémvant wimehsuotemert edoDbDSst
injected outliers affect the quality of the anal ydiis, ptulre c

datasets were previously anaalnydz eadp pblyi cnaeta nosn ooff wveinsgu anle eirn snpge

occurred. Mor eover, it has to be pointsddchacgdr dihag Doti héus
mai n goal i s the teivfail uattiiom odp olitlliitey adatdesmmt eady state con
The capabilities of the methodol ogies are investigdtogd eist

ai med ameameéeingd ul for each anabkbyand, ppesobderdtawbiaghkki dbt i
that dynamic time series are nor mal iszgdnebwh iulsédé nme & rh eo fmealnl
for stationary data sets.

The consi derreads uWlattsasertes raemplort ed and Aiscanu dbeetsleeempdef ar ne
met hodol ogies is not strictly data dependemtnENIRM dfi accets, aea\ee
across ehedamnmal yet s, so that general considerations can be
is the one that achievéEBRhHdeANoRedtin Halcance nbdathweRfBold iogdidn gr,e
siFPResulted | ower than approximately 1% in all the analyz

Datasets used foThefdnal vyqnicy iasnap grsfiesr.med on the basis of

from Siemens units. d namaolmpdaddanizye wditrhg thiemwlasteed dat a, dy
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di spersion are evaluated. Outliers are injoadtl écdcrwi trte gdoidfafdn

observations.

The first time series, here referred as temperatureedgudal c
to 1 second. The time series consists of two diffatbédet §¢0a
fact, it is 0.005 and 0.001 for the two segmentsgurespgdct.i

- Data ¢ Injected outliers
4ot AP ED 6 1000 Va0 6P & Us

1.05 -, o~ .Fx»m

Nondimensional temperature
T1 [-]
2
o { ?

e,
0.95 '
o83 166
Time [min]
Figuriédobhdi mensional temFgédmaguouireudd dafacsteéd outliers
The second dataset, hereafter referred as temperaturies T2
dataset is considered particularly challenging f oggniehnet smect:

be identified, with SD 0.05, 0.02, 0.02 and 0. 01t=r38883p and tni

t=423 min) wit-hO® asnep+sShwhgrerenpectid piddtg7.OrMaor ed0Mtr eap t her e

£ 200 _ :
< ‘ - Data ¢ Injected outliers
5 175
% 1.50 ; e » e
271257 e .C.-:‘M 'ﬁ—- 000 W 00t 0o
< — : P
j= e\ . -
SE 100N 3
g5 075 v
g s
B 0.50 :
5 0 500 1000 1500
Z Time [min]
Figurdobhdii mensional temFédmagonirtude dafesetéd outliers
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its influence on detection capabilities with clustemesd unut
are conshideramalfypysi ¢.

The first dataset contains temperatures collected wi t$hD a
value is 0.001. Outliers are injected in a ti=m&3f maime ddhmp
time series, together with injected outliers, is reported

The second time series is composed of measurements oafs ro
hereafter refhérsepededs Sdot ®ata noise is rather | ow; in fact

window, the33emimn58ndii n, as shown in Figure 15.

2 1.04 ‘ _ _

= - Data ¢ Injected outliers

5

j=7

QE) 1.02 - 1

= LA LT T N

g o . e

2 F1.00 P

z i )

£ e

=098 ‘

5 0 42 83 125 166

Z Time [min]
Figuridlobdi mensi onal temperature TQutdlaitarset with 5% m

ERREY \ L
k=) - Data ¢ Injected outliers,
521-02- »"’o)‘k" i
ERZ i ot L St i pe i)
%10 RIS il
g n ().98 ”0}, :‘0 -0t
=
g 0.96 ! ' '
C 16 .33 50 66
Time [min]
Figuri®dob®i mensional rotational speed S1 dataset with
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The third dataset, |l abell ed as temperature T4, i nclard eiss t
one or detrudd Imargmer than in the previous cases, as SD reac
start+n® mitn, as shown in Figure 16.

Finally, the same dataset pressure Pljgprevildysl!l y semplsoy
statistical resistance. For this purpose, dut40@0 smiamet @ nts
Mor eover, as for all the cases @aonsildereduith i thiss asectiingre

nondi mensional time series with injected outliers is prese

| - Data * Injected outliers

*

Nondimensional temperature

0.95
0 .6 9 12
Time [min]
Figuriédohdi mensional temperature T4 dataset with 5% m
10.0
- Data * Injected oulliers‘
7.5

WMoty iaPer,

| m&&“ .\.0 J&
0 2000 4000 6000 8000 10000
Time [min]

Nondimensional pressure

Figuridobhdi mepséeodhchdeadPé&mawgniht ude injected outliers

Ef ficienclyn agneankseyrsai® wn i n Fi gluregiskei BotblrogghaPhRenvfesr marec
each outlier magnitude scenaritohldPdral allels trlmengeord giodne r8edddo d @
performance | evels even in the most <challenging scemarriio,i

which the methodol ogy moat ncttahsee $ yofoveheomempehat ot hedat as
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dat aset P1 (Figure 22f)metRodoltbhggeodat-Mame et hdddhlkdgy db ik
respecti vel y.TPIRned evxa | aucehsi -eonfeetdh libeyo Ipchev & it s | ow sensitivity
magni tude, meaning a certain stability in detedMADomep drofdod
foll owdinheelkmMB adhi evi ng dveaxl uiers tofe trhdmge nf-MADM &Hhdowt log DD
met hodol ogies achieve SsTiPWR bart pewkeor mamae tihmitn ee fhnoddioa fohgyi kersi.
The temperature dataset T2 pr ok@&me tthoo dooel otghye inso satb | ceh atlol en
experiencingofahldP®% | dleecsr evddséh respect to | ess challenging ti
met hodol ogy andweaitg MtM%hfdonekt hbodbbbgifBReir hor mance -Ulaetdwe ehre  tol
met hodol ogi es is causlenkethy dtoH @ goya g abiildietnyt idfy tfreew K al se po:
val uTePBbefcr ease according toefGgen¢g) (1lThmhenbow) sampmbihngefl wi t
step change of the transient in the T2 dataset, C rse atnecsr eaa S
the probability f oracochespetravhaitliiotnys tthor & s hecslpdass si megiodsceddo Iboyg t heea
this phenomenon better than the other methodol ogi es.
ThENRal ues can be considered satisfactorilyFNRal ue@s adt e da
by tlhmetkhodol ogy with the widest gap with respect to the ot
I n any case, the maximum value is 38% in hér RBét bhoaddliegi s<
t hanklimeé hodol ogFNRnwt ehmgsab28% | ower t han

ThENResul t s, combined with the considerati on sUnoent hfoadl osleo gpy
capability to detect true positives and tendency heebtatot ldi
magnitude decreaseslUmevheanddlfogytmhernrf dramafae,m tkhe hybrid sct

Final -IWAD téhred-vkée hghti met hodol ogi es prove to be the | east eff
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Figuri@gPRDhEINRal ues as a functi onproefs doduatelai®eert magni t ude

Resistanc®i mnaealglsli siin all the performance of the met hodol
pattern for all/l t he idn fRieglwernds td 2dnet sreau gels ,2 A,s isthoiwn possi b
on the whol e.

Thelnket hodol ogy proves to be effective for outlier detect

efficienbelkenhgdobogy is the best methodology when the cor

—

he hTRRerRestween 85% and 40% NRvbethwesean i 20 candi L¥) | oWhe e X
dataseth ahl whhe met hoTUPR obguRN® Indeohvieadviemgt &b dokogy sets at

al mosgNRuUIl &l | the other methodol ogi es.

However, t he det ec tlnent hooadpod boiglyi tp recsg roefs stinvienlait i derc rreaatsee ia
performance decrease can be mMMRilcredf dgt ,a tsheensv dll ees nafr eal
contamination rate passes from 5% to 10% 0% eaarcchi M@% vrea syp ehd

the considered dataset s  -Umehteh odetl oqgtyi cam ec aagd anwislti tniud d afs tthe

—

hFeNRt 95%. Thémefhoedol 6dhe Eroves tocbeasbeomosheatbactaednt
On the coMADamegt htolde®l lbogy demonstrates high effectiveness
capabilities-MADh imeuwehd dioy otglye ak e enhanced raesacthh en gc d ritsa miemrd

he 35% contamination rate scenari o. This turns into Aan | e;

—

contamination rates, e.g. 5% for alt,dabhespesf-dhdDaimeehdtot

s sensibly TPWetrhimedmgeats tod t he ot h-BMMADmmehbddbbgoggsi sHboh

al [FONMR o we r than 4 %.
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