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ABSTRACT

The purpose of this thesis is to study the widely used diagnostitds, to select
the most suitable for gas turbines, to implement them in a programming environment and
to compare them.

First, there was an extensive bibliographic review of the widespread diagnostic
methods used in the 2tentury. Reference is matevarious popular methods that are
applied in many areas such as: Network invasion, banking or insurance fraud as well as
industrial damage to factory units. In particular, analysis is focused on methods based on
gas turbine failure detection.

Then, folowing the implementation criteria of all the methods, some of them are
distinguished for development and comparisbimese methods are distinguished by a
validation process that checks the diagnostic capability of each method. After selecting the
most appopriate methods, the philosophy behind each method and the sizes that
characterize it are analyséithe operating assumptions of each method, its computational
cost and its operating procedure are reported. At the same time, reference is made to the
typesof metric distances used or not used for the methods developed and their selection
criteria.

Next, the phenomenon of engine degradation is described, a very common
phenomenon in gas turbine operation. They list the causes and forms of the phenomenon,
theassumptions assumed for the analysis, and the goals that each method must achieve in
order to be considered reliable.

The ways to use the methods are presented through two functions. In addition to
diagnosing engine failures, the methods are engineesedih a way that another objective
is achieved. The first function involves collecting, dimensioning, and clustering data into
Clusters to distinguish healthy from malfunctioning status. The second function, the
temperature profile clustering functionyvoilves collecting real data for three turbine
engine models, managing and processing the measurements, applying the methods that are
selected and grouping the reference profiles (signatures) into profile profiles for wide range
operation.Thusfor each médtod there are two algorithms that are developed

Finally, methods are summarized and compared through performance in the studies
that took place. Conclusions are drawn on the suitability of the methods in the field of
thermal turbines, their reliability dntheir contribution to the solution of the problems
raised. In conclusion, reference is made to future proposals for extension of this study,
either by optimizing existing methods or by adopting new ones.



11

BANL Kj BZ K7

o

gU; sU0cheUsU

1 ALEjiqig

11 KstGUoxvosa¥Y GUescUaU
1.2 dobascoy Uhsage dqUs Ul o
1.3 @eee UyoUGaUd

2 2z ydag Tleikdering

21 @GUssaY

2.2 DBSCAN

221 GUssa¥Y
222 | 20 fh)yoadeasd

223 peee oaUs "~ jeU0UeseU8alU ulileeys¥as
224 T3 9U0eypsU U s9asoed cUjUaldystUsas 3
225 Egsyy Udad U pauoUadd 2.10
2.3 K-means 2.10
231 GUsosaY 2.10
232 oo fh)yoadeasd 2.11
233 peee oaUs "3 eU0UesseUBalU ulliceysR42
234 T3 9U0eyp a0 U saeoed Uy UaUdy salU2a2 3
2.4 Agglomerative Hierarchical Clustering (AHC) 2.13
241 GUsosa8Y 2.13
242 | 2o fh)yoadead 2.13
243 peee oaUs "~ e0UeseU0alU ulleeysR48
244 T3 9U0eyp a0 U sacoed Uy UsaUdy salU=24a8 3
25 Egs Uy UealUsd U palUGdd 2.18
251 KgeaalaliUsU U RGUUG( 2.18
252 Eg3UUaUGUed | aadoectigleyUstdd 219
253 0aaUd Ggs3UjUealUsd U RaUUGdd 2.20
254 ¢1 h 6o dlasers UGdd 2.20
26 moUU®@U U seijrvlidd eUdhuYs 2.21
3 pdessegyoal "jelaa UsUGey Yd dUjeexl Uald

11

11

1.2

14

2.1

2.1

2.1
2.1
2.3

e Uo

e Uo

e Uo

y/

U

U

d

d

d



12

BANL Kj BZ K7

31 GUs3saY

32 zydeld

c
(0]

33 zZydeau
331 A Us
332 0OaUo
333 zdUy

- O C®

34 KiGUj ea
341 j Uy s

d "UjyUovyoed eylrs
d Uy Uovyoed eydrs
JjoUGaU oaUs UstUosr¥o
ed U soaYagydd

U eyddd Useged oaUs

oe U "3 UoeUUsa¥Y i

GU) hbosaed GTA

342 j UgdU) HGTBB G d
S

343 j Uy s

4 @osYos3xdl
41 @GUssa¥Y

42 | ao2hy) 9
421 Et 209}
422 Fit 29}

43 Y} ebae
431 iUz 90
432 3 " e8bY¥Y
433 Et 29

GU) hbosaced GTB2

©
[V —
cCc ®

@]
™
(]

Co
[l
@

d baUbt 3 UslGddUey ¥vs

deagd
s Gdclustet) gosyd
glistersbealy b d d

e UU0U aUdq utsUosxiUs

Y
deosld oafhoy bjyceeale
R "gUUaUGeYUxs

Ce

434 Clusero UdUy) slGeai

44 KGU) e
45 KGUj) ¢a
451 1 U) s @
452 | Uy s @
453 | Uy s @
5 j3UaU0GU
510 j 3Ua U4

52 FKge Uy

53 Y3 eUY

(@)

oe 0 "1 eleedoaveys

e 00 " UoeUUsa¥Y i
Uy hbosasd GTA
UGTBD 9 a6 d

Uy Bbsaasgd GT

Co Co Co O

UaBgz ) YA, 0AUYGUs d

Ce
Ce
o
o3
Co

o~

d

_<[
Co
™

Ce
Ch
Ce

Usd

6 tdoaboaseoy UlGalU

1.2

SN

Gdao X3} ad

Gdaa 230

3.1

3.6

5 hUJdIM g

€

o UwWak®

UUesd

~

Ce
c

Co

Co

y 3 U3.9
3.9

3.27

3.37

4.1
4.1

4.4
4.8
4.10

4.11
G ghdl
4.25
4.27

Uc A&

Ueeys 438

4.38
4.51
4.63

5.1

5.1

5.2

5.3

Ce

)

C«

c |

u

cluste
Uleed> rs3

Co
Q

(@)

Co

Ce



13

BANL Kj BZ K7

1.3



U UgUfh Ueooca0@FsbgdiesolddippbdsBdd 69

"3} UoeUUB." gozelfadialliUs d GdeUsUsahUdUU Udgd U s

Uy 3 aUs Ue eyaas3 oalUs UzUUYee3UUs 6s Uy f-’
GBq " Uy UscgociWgaddejodlieq Ublyxs GU)jcHhgoatlphsdadd) ¥
OGdUjesoed Udd @sUosvyaUsesaed U UgUei d.

1.1 AKslGUosoy¥o29a¥ GUeoscUaU

¢ Uiy 0Gd UsrveUast 3 UaszUs y3U Upal0U0Y Gde!l
G0 uUsyYlGeyegd Uy UgsdUsoeeid UseUad aUs "~ UtalU
UsrvreUoas1 3 ycoegoaln Usdgcilgmalloy seyad UGU} €a:
UasUs "~ 98 o9Ussayd. ¢ U sGUeed Udd oosUosxi!
UsU Ui 6G00Us hRae oaUs " UystalhUUye UU UUaUgUU
GoaYosrlidd UasUs "~ &edxdlU0; UglBhoplWe OUs0x@U0 U
UGUyecoyd. ¢ “~31Ud UlGeyee Usy¥Y Ugadd ealUd Uy
Udd utUaUUUaUd Usg 1940 f e8g UeUzalUdaUs U
e UU0U0UGey ¥ UURers U Ue w3 U ;U Uhes ulyhheeosse Uidlee U
Uxs 'ea»sUls UgUL3. 6UUs UsUosaUae HaUd 6o
3Us U3UfpRd U a0 U UL 3 63 avxs
] 3 aUs @ @ uUyluse, d wmoUoszzgBaloe 0US
UsscUaU oaUs eeUabU "6g oaUUscgjt3egs Uds U
GdayeaUsU GUOUU UU;eueYGq eUUs “aye3 uUleeysd
J Ug "’ GGqu Udd U fptetdd, Uds Uszsas:
5063Bkiado h U " cttUsae UUjsloaYlagd. Hoya 3 G} d
iUy esoyd 0033 UseyU Udd deaUsaUje Uy Uoryoed.
Je " a8gUaee3UUs, 3yUd "~ UpyYeUUye9s 2a363UUs
3 U Ui GGe3 UUseb ylsUJyhd 3t sOro 3 vl . ¢ @oUosxyuaUsoe
Us GeeU; U, " yjUgda fUdegegg UBeclimge aci GU3 Us
st 30 Ud @osUosytUsosae, "~ 80UadUsU0Us oaUs d U:
ceg. Kas3Us ae5 M3 eey ealgsessh B Uhs CGyltelliseis ° @
U UsUsagdeisa eUysayd U fh UgUyd oaUs eytay Udd
cUUsoayY U Ud 63 dliosehUdqUU, Uds UejabUsU oaUs

C
(e
X
Co
QO
C
C
w
w
~ C
™ C"

Co W @ CiCo C(® (Co® Co (C( Co
C
™

11



bobasgoy Ulsae UsaUlah dGdl2

Milestones in Aviation

GE 80, RR Trent 800, :*
P&W 4000, GE CF8 ﬁ
)

P2W 4000,
P&W 2000,
RR RB535

GE CFe, CEMI CEMSE,

PRW JTOD, Pa&W JTBD, i »

RR RE.211

P&MW JTSD,
GE CF§,
P&W JTBD

PaW JT3D
Econornry, Fuef Cost, Esrviroviment,
Speed Speed & Usage & Noise, Revenuwe,
Capacity Efficiency Capacity Cost
50's ' 80's ' 70 1 e80's 2 80's 'l ov's

e

Fcedall KFURees UUye 6y alUd GU GgsyyUdad U U

ToGcee baeld.dly GUds oUai UU0q s U5 (b3 ghalBlB dU f G
sU Uesgd UsUy);segd UU;secuUy f]bsamgugauuwgux
sUBafh dad GUsd eUdhiegd UilasdqigiUswdg Udset
’ iooay)slq eUUUa»ada»f]UU;vs Ug
} hU

sagoe alUs (i Uv s
Uy sciBU; hbosaxs osaUs UUassY Udd eUdeuasago

CiCoCcO

1.2 doabascgoy Uliseae UsUlGeafh duOd

Bs eydelUes UsYosvylidd ~e6osaaeBsasiUsxedolU
Uy h  ead uUsUcryosliecgi Uesgd UagUdlssedti €gg. Uni
Ua3 UUlUeme edjells2a63Ugtd UsrveUast 3 e¥y)asUUUs
TUOUOUsUedeysd o UnUg G amkBabsiyd vy 0 Us

Anomaly Detection —{ Point Anomaly Detection |

Classification Based Nearest Neighbor Based Clustering Based Statistical Others
Rule Based Density Based Parametric Information Theory Based
Neural Networks Based Distance Based Non-parametric Spectral Decomposition Based
SVM Based Visualization Based
Contextual Anomaly Collective Anomaly Online Anomaly Distributed Anomaly
Detection Detection Detection Detection

Fceelt Kalid Usacs3Ugiddd GdeUsUst 3 UsvyeUast 3

1.2



bobasgoy Ulisae UsaUlGah dGdl3

Co
Ce
¢

ZUds Uy @i s UaveolBadeldilly z8bayd Uvxs ¢
"y hosvyadd GUesgd UlijosdadiiBahabblhyedg db Wi dh UWUd G d
0goeacosseeeUseafc3s Ugld UsvyeUastL 3. O UgUei d Usg
UdecgiloayadUU; Ud Y3 U aUs "se8 U sUgecdeysUd eyd

1. K-means Clustering

2. DBSCAN( zydelied eesUlae 8ad
3. MeanShift Clusteringf 6 3 Ug p8adldd UU R -
4
5

Co
o
Q_ «Q,
c
Co
(g
@
™
<
w
o3
w
ent
C

. Agglomerative Hierarchical Clustering @} 8 9 § l'Jp egaadeicd
. ExpectatioaMaximization algorithrmf ¢ 3 Ug a8GhdssBe Ul e " seadldd
zUosGUs) sadtdd

] h UgUyd Usd Ujylalyu es;lfbcifhdﬂeeljgsg’ saeCJesyg’ ;Gg’
eyidqquUpO08add, Uz oaUs Uas3Us UzUsj UUsae 0l
U eaUU0aUGevyUxys 020950 eaU gU0U0UbadqUe, aUUY Uds C
€ Usd YeaaUd eUdhiegd GU uGUleseysaU  ~gaal 3
hbadeU Us3UseUUad s883 Bbyeysd cawdali Gauss.
dqtoses 6oU0a UsYley Ud aUUUseeyd Gauss “~a8g U
d UhddeaUs osU Us¥Yosvrld ~Uy¥yYoesUUd yUG>s
} UaUdysteh oaYdU 3ysg UdeRWmage ddJUgdasyagaalUb

GUYaGU¥3 U3UseUUxy asl0UUs U K Uds saUshUdU
“"ay83 oaUUUzeel 3,Us0a@UaliFiNadiy gl Vp VB
83Uyae Gauss 6Y¥3Us Uds Uzsae sUaU aUs Uds

Bs eyddise dsd@sd a8 )0U0ayY Uy mé@mnBs dd DBSCAN a U:
AHC. {sU UsdoedU0filleged Ugllyyayoy UGe, Us¥Y Ugsad
Goee 6id UsYosrldd oaUs OGiooeynsdd e0UUsi Uesgd

¢ UGoUlsoUlal Ulple Ude  tepeghlendsdgls WysrdiBy ws
U ha0Ue ) 6i 3 3U 6 ddilb elBs Basgdddesii 33 “alUjsUa YU ¥ .
Us UaNmUUS;hbaQSU Udd g eb¥Ydesldd aUsUsgy) oa
U0y G0y posadyBR s ¥afUs U Gga3ligdigeebYddraddd du!
3 U ’Y;GUQ UseahaU U H y3U " adyyalUU;e e63Uyas

Q o

1.3



meee UyosUGaUd 1.4

13 @eee UyoUGaUd

¢ teee Udd UyoUGaUd yeUs ¥d Uszed:

ZUs “~j 1 Us jpldigrdllmsgseddal Uz UagUseae bsasbo
cUUsayY eU udecsglisalad oaUs ed eddohstiwigls alki § |
U;Gbsaeessqﬂe;vs UaUU GU YeaaU U sGUdeesssaY
5 "3yeh edytGUsd aUsUesgj)oald, 8 g 8aco90Usaf
aUd U Usd eUdhusegd. Gas3UUUs dido aippdieag oeelUU
Urs oaUUUsaadahUUy¥y3 UK UgUyd o290 UsyY Ugsd :
Uy sl hbosavs.

FUs UUi UU;cUB®iGYBUseycddolUs s eydelas
sUo3yvlGUsoee aUslUegjoaU, Usesecgdllde dalUszyU&gd
saglaelialU a¥YdU eUdhiteg, Uzt aUd GgsyecUsU -
"ea80o90Usanh ahaUed, 8 9 cUj UsaUdy stUsoayd
Use3UalUeeUUU Udd eUdhlieg y3U3Baigyzm3s¥daryso
g3 WUy eyUydadd "6g € 836i3 3U 6jdliosece 6ot
"saycddoeaUs oUs UessasgdlUa egalU usUlusaUGalU U
yOGy Uie UUGU.

FUs UjaUe oaUlGdraUpswld Uslalbdddsatde gy stdFr
"jeliaod; ¥gU@U; esoy UCaUd¢ VaguUsgoe Bl U0g dew3 ba
"Uy Uovyoe Ushd GO0 "~ HUg ¥3 aU0UGUYGU¥Y3 05U
Us Uijed oalUpBagUsrddbphaadecd o950 ofFdl eyd
g3culi 0OV Ue § Pee@ydldF¥y3s ~eg dU "~y Us 30
sU Uds aUU0UYUUsd Uxs uUlseysys 00U BEldusters
gsycUsU, UGU); eheUUUs @ Uasohyoadeed UgUfd
Uy st Ui sB¥a8UUay e UUU Ggomijis &abfp o ckeles O
jdidosee 895UalUs Geely U.

ZUs Uy UU; Us oaUlYaUsas, UszUsai OUUs d uUi 0Uy
aUbt 3 Uo®8dpgVeeaBUs g 6o UlGyd UsUGey Yd 8¢
UO0vyaU0UGd UeaY oaUs UlsYile)egd UJHungLg’UsUuLLuUse»say‘
20h) oadeagd UuUa;ch{g’ g eb¥Ydesldd (aU0U 30U
U0y et Urs ¢U Usg’ g 6oy Uldyd U3Uue;Yg’ dU Uas
aUshUqUU auU ;GGGSGSY8y3U Uue eys3U U fpUe
GUy ddpeUeydeled aU } UoegUUsoayY utllUseysU Uy ¢

ZUs ~ye UgUsdddiiadddles 1 363 UUs UU bee U0UU
g3cgasay¥Y GUdmeiUjbelgizaUigey Uy YGeUUU o90s5U Usd e
"s0deUas3e3U0Ud UU “~aUes3Us @waddlU & Ualhgic Us ¢ U:
ge UpyYGeUOUU 0908U Usd ~} Uogblossyd Ual Wseliily dgv
Uaas3Usoese tUegalUsyY “~6g Ui3UUUs 30 U UaUUaslC
deUaU UsusUlGyyesUesd GUd ¢ Uay UOddetlilios e tyladh b
Usy¥Y Uglydh s bUaUsGUs cadidd s Uade veslid eggercd @
GgasUstGly)egs GdeUsUsay¥Y GUd eUayUd Udd osUos

@ Co Co

™

Cc

Mm (oo M @Q Cy Cc

o ® C(Ce O Co

cCco

™
C(

C O

Co M Co Co Co

14



2 ZydesiCeastering

FUs oUlGY®BYei @gUfydelics " sgUdsWs¥ssdie U:

baUbtL 3 eslag jlbda Wi d e e)lizalbii ys Wity Y s G Usj aU, e U
U0 Uy UaUd) stUsayY eclUoyddeatlgdhBaglaadgeg G Us
UszUGey ¥y GUsdU ihgdUpdetcdaddi sce eoseddals Usa Y

Gg3U; UegUgd.Y) cega

21 (BsaY

Bs ¢ yalsaiim®) qiseca 689568i 30UUs elid aU UsYilay
"eooa0aa8gd Uee 68id. EUReed UgUed Udd Uy oUGa
UseyU Udd @sUosriUssaed alUs 3U Ggoa;sdei3 Ul
Gy ¢gBS 896i 3U0UUs G0d ool steirllese 0 7§ s cibel Uhb.
UosUuUlsy ¢ sdiigfesing Bs ¢ ydustdrieagg 6 g 6 diosee 895a6i 3 Ul
UoUosyvGUsosae Uasa¥Y aUs GU YoaaU U salUdesssayY

L
U

1. DensityBasedSpatialClusteringof Applicationswith Noise(DBSCAN)

2. K-mean<Clustering

3. Agglomerative Hierarchical Clustering (AHC)

4. zydeitied “~jelyoostdd eUostUs cadldd eyin

(GMM)

] "h UgUyd UsU Ui cddoe UaMMes Usy UBd  ©) Bad s:
GoaUcUaysd0dagad Déeaﬁpd]ﬁw‘mfsfml]sg’. gs theybdy sh Us @85 ¢
U saoycddoUsyld UBas b UGUsi 3 tUlseysU ulUsaYurs
U

300UcheUsrs cUlyesdlv¥é6eadmsgd UdlyddtiedoUgledgU

"hess Ud al‘.’Jd'f]U.’ungoq; Ubes @B@degy omdld Usgd o
cUj UsaUdystUsoeat s Usgd.

«

2.2 DBSCAN

221 tiU3sa¥Y

¢ ¢y d e MBSQAN (Density BasedSpatial Clusteringof Applications with
Nois&§ eUUs d "1 U0Ud eydeusad "6g UsU UiecddoalU os

2.1



DBSCAN 2.2

selUle cadidd Godaddy &y Ue gldanshetar Kriegal, J&p t e r |

Sander aUs Xiaowei Xu Us 1996. Y3 haUsUUs o9
Uys uUlseysy¥s, U saU03U;1300U0Us udaUte aU I
UsUsUj UeUrd deyibeg.cglaytdasdlpgdod; sfisay
aU0UUUY3>Us o¥Y¥dU o3 Uscgee tUleeys3srvs yiyB,omd& oUU(
8  sgae "~ Uypso;¥yYiUs Ud eyosaUd U palUGd “~e6g =
dU¥y38i 30Us oMinBt§le dBd .6 " ad@ec B dYavg &ii le- Uy sde f
l"JsUhsxs (Uc{aUUe GdeUalU eU0 Wy §)ae&Jdeigd " BY Ws3iia
U U egUUayu0 eogUsszesalbecludseteerugera;ssysu Us
i3dae UdeUars GU oY 896 6l ) e . cad cdlo clyd ¥

gUit 3 Uys uwie eUoU0Udui 3 3U U0OUyY¥sesgeU hHaU UU
aUs 9.) o3 Uald

(&)

) o0egU0aU "jelbYloeceU GdeU

O CcCo W

a U
aU

q D GdBdoBal deyB@dle U¥g) elbely avinBts e s e A d

e bhyyyastiB@ds Us URd yGodkddgeh D) Bedd A3 ey 3ag
U uEladJMkMJuU “yBrampAtittse dJ e BRI dEeaBUUs ¢y 0 U
Uds U yhye®BiBd U Gdg Balk 0dejUaslld UgUY oy oas
UalU " jaldyYlezlUs 0oHUBAIBGIs Y @ Ump UU Us he
e U
U
U
“h

}90UebyYsaedBlUssd8c cluster
ddethdes Psab¥hee UpUs g Yy cUs
U 1tyamg’nslA1—AaU°e b eg AeYa&e8aU “~jelbYloce
A.lE(BisUs)l U0 RUs UgUfR Wl dledia stulbsU ify Usse ehda U
Uas Us gyes3U, eB Uds "~ sdUse UszUayj 0Gd
9

[}

= bUdeeU; e’fn[g‘?‘l:ﬂ'telfﬁasoﬁ@a@@ae' sUU ¥Yoos

j3 ABasUs y3U
GdeUalU ( gyes3l e
UsgaYeoalUass yal
Gdge oyoeUUesd, U
290 6UYGegs3s aU -

ZFUe ~ Uy Usa¥YUxy UlisYoyUeeU “~UyU0U0dy UalUUs ¢a
DBSCAN. ¢ Uy UaUdyatUsafh eyolUded MinPts
UdaUle o9 3 U G&d&@ﬁ@@qGg@@Y@@@@@&é%ﬂésg 4
oUaUs3Ud VESRVE: UsgdyydgaidesdpP Usldj Buldegoe U
Us Us¥Yoy Uee U, ’U;haU UgUy Uoaly YeUUUs eU Uec
G;sedﬁots UJd yUGs Ud eyosiGUd utUgs3UUe UsaUasU
;) U
Ja

‘w c

,_@_-Q-

Co
C°cya (@

&«

= @

&

[3¢]

=

L

G

=

®

(]

™

ddeUaas. UdyseielU a9 3, hHUs HaU UU afce
ddeUas | Goees3UUs GU U wybWse ¢ g vpdded
"adyei3 Usd "jeuslUoj UtyYgUsabysUUdUspei sU0p o
eUoUailBly c4d. GosU UgUhR aes h3gdeslllo Ugegdoels OUg (
Uy hessU asosoae, UU GdeUaU B oaUpelhullase Was
GdeUValh Us | (aUs UU g heoass U GQSOGU ’g;esU)
clustero Us Us 3gfY. Usy & diedlealba 6? odbBOyBiabsaigds Ua 3 Us } 60
2.2

U‘C(CC"JMC‘Q



DBSCAN 2.3

ae “gjes3U 130000 s afdlhi diealligplesi y Us & oY 6o
Jd oUsUs3s¥Y 1 0GU0UU 30 dUvyy UaUUs GdeUae g}y

Fce2dt EFEdeUaU “"e6g dUvyeia3UUs e U dUxvy @i
DBSCAN
¢ UgsUURUqQUU "y elyoosliddg uU
GdeUas UUs e @63 Ua 30 U s
U AG000Ids (¢ 6y Ve adFoYe 3 U g
U sUU0UgedUa Ua A6 B y 3Ck'dh Wg Wp)Y.e UUUSs eos U
Udidg3 i U0 @9efUgWUdg Udey atdUs Ug sa¥ Uds yaUlU
U DBSEiAAN.OHcBb s lyes UU8Ue U3 goxhdf4iwps U
LG U0 UspdlieUBBsUBas Ps GbYG®e U U f
O3U Gie aUoelU 90U3s36 65Ua Uias sushUdqUUJ:
1.yaU UU GdeUaU eydU GUs Gie aUoeU UasUs
"ges3shUqUUJ.
2.KY3 y¥3U OGdeUas UasUs Ud) sl Ufp som ez amil e yailkU
Usg Gge oyoeUUsdg, UasUs aUs UgURfR ey ad

222 | 22 Rhl15dead

Bs Uaofyosdess “ag Uy YecddoaUs 95U UgUes I
Uyee aUsUesgyoalUd, "UjyhaU UgUY g Yyeegs GdeU
U Be cjyeald aUdid aUs UU U eUUaydelUUU “~a8g |

o

a
U g eacosUsafh (i aae Excel. ¢U tUuseysU Ug

7

Usofhyadesg @265 H3, 3Usassy¥ UslivyoesUUd UU uU
5

¥
UGejciimUlasag OUUsoayd Gcjye3seayd GUsoeyd U3z a

GdeUaseg uUdaUle Usd Us¥Yle) Ud eUUjyetUsd “~8g ¢
O UsUU, uUsUeyoUUUs y3U UgecUase GdeUae Usosas
963U0Y UU®cUaWEWmfpe ) " 6268006683 00d Usdg U sGUY

2.3



DBSCAN 2.4

Usgd aU wn3nli sddfiyviidnes Uy pdefhd Uxs Gde
Ggayy Udid "eg “~UpyoUs UgUf Ue edqUj
MATLAB 636eYsUUUs dpdlgstie2 . e ¢aj Wgs 3 W dhiy
U AGUUGd eU0UUsi GdeUaxys aslGeue sUU is
9UaUe3U0d Usg UsU0UUsheUssg GdeUasg oaUs 30U Uc
dey i beg. -o¢Wa Usselfa U0y o0 U0} Ue AU3h d'Usliddy sl ws UlasY ¢
GdeUars (MinPts) € 8J) Bt 3 3U aUUUGcY)ddei 3

GgoalU3Ujyvydeia UyalUY GdeUal dejibeg a0 y
Udeossgyoetegas ealU Usese Usgd oUsUs3sY¥Y. |3 y:
(UpdJUd) 95U 30 UasUs o2UaUes3Ud U y3U0U GdeUaa
eU y3U0 UjyaUe GdeUaes @G, Ue 6 6ae yecUs oaUUUGH
UhpU0U Ue GdeUae d UaszUs o2UaUe3Ud Ueg GdeUa
Gdgseyal GU GdeUalU. ¢yoaasd, U UsUatUesscd aa
oUsUes39Y j, Us U;o2HUU; U by UdUa AHUs UsealUs =
oUsUes39yd o2a363U0Us egalU. @Us g YyeUs udaUube
UoUGaylusttko 8¥Ues3syd UUgUhRheye3U. B Uaohysasdeasd
eye) s 30U e€d3 g ¥Yyeeg3 ~oye3 0delUaU ecyyad U0OUC

B Uaohyasdeead DBSCAN O'SGSy'UDUUS aydU ud

"gaalU ayd Geyyd ( .6. vdr)godyede UbEasidUde
vy0URGe, d "eag 26ahUdqUU Usg 63 h3aeg UzU; UYUL
"soeellUrys Udd GgsYy Udddd RegionQuery, Udd
YeUGegd oUaUcBUPBBEAY WgeBbeyaUUm dddgaWgs Y
ey ¥ 299U oaYdU GdeUase oaUs UY3 g dledi®ataUdl
g3Y) Ud Plogm)UseUeliblrs )llUd g3 easoae eyld ~e8ag oaa

o
Co

Co

Ua Uy ®friodd)) ( UY3s d " WysraydllyB@ys GUe U Up h 6 @
hUBU® eylae Ofpgm) UBH Aae UaU Uj B;ung yU«tst;l;JB)lc[ U e
U sUUecgsheUssg tUaalUd e €U Uaugaeusys auou

eo9) hUGyyd)a BBl o 6 achy(BlByjade e 6 oag osR)EaUU ~ Uy |
edUj it e Urs O0syi@ean@dlys Usitie UasUs GgeelUy 9o
gas 69oddUa 29U 3l UUy eiiljgsal@BPEddes UsayY \
) Uo¥me@®@y Uzt e95U ed bUGssheUsd G0 £dUj L e
DBSCAN ¢ Uos¥zw@idls chaa

O3Ud yUgdicaegoadlysoyYiUs U 9023 UeeUUsay UU
"UyosUoyyYidqaUs “~ Uy U ¥sy GUa3sUUUs GUe U ReUse

2.4



DBSCAN

25

DBSCAN(DB, distFunc, eps, minPts) {
C=9
for each point P in database DB {

}

if label(P) # undefined then continue
Neighbors N = RangeQuery(DB, distFunc, P, eps)
if |N| < minPts then {

label(P) = Noise
continue

}

C=C+1

label(P) =

Seed set S =N\ {P}

for each point Q in S {
if label(Q) = Noise then label(Q) = C
if label(Q) # undefined then continue
label(Q) =

/* Cluster counter */

/* Previously processed in inner Loop */
/* Find neighbors */
/* Density check */
/% Label as Noise */

/* next cluster Label */

/* Label initial point */

/* Neighbors to expand */

/* Process every seed point */

/* Change Noise to border point */
/™ Previously processed */

/* Label neighbor */

Neighbors N = RangeQuery(DB, distFunc, Q, eps) /* Find neighbors */

if |N| > minPts then {
S=S5SUN
}
}

/* Density check */
/* Add new neighbors to seed set */
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K-means pe ccd=95% (3 clusters)
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K-means pe 3 clusters
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K-means pe ccd=98% (7 clusters)
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¥1=[Href; En(k,:)1:
[I, Noise, Neighbors]=DBSCAN(X1l,e0l,MinPts,w) ;
if I (end)==
I¥X(k,1)={ "Normal"};
In(k,1)=1;

else
IX(k,1l)y={"Faulty"'};
Th(k,1)=2
i=i-1;

end
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for epsilon=0.0001:0.001:10

[I, Noise, Neighbors]=DBSCAN (EGTref,epsilon,MinPts,w):;

if max(I)<1.5 && numel (find (I==0))<3

break
end
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$Aktines: ntas o
RH=max (max (abs (DHr)) ) ;
RW=max (max (abs (DWr))) ;
RCDP=max (max (abs (DCDPr) ) ) ;
RCDT=max (max (abs (DCDTr)) )’
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