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set up the convergence condiftiilotnerfioomrg CiKec hdingumassysualktascie
the covariance matrix turnsonepgatiivel aeffiilntidres ,ast hae rSeRCWKIF
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the creepage between thet wheel
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wheels and raRls, Thedmaigepubprfe of the
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The given equation represent.
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‘ o . i While theooctibaamnuee Kal man fil
Wy C_E g (17 provides a computationally eff
nonlinear estimation, its con

i 40BA RO (1¢ knowl edge of nanR)e, swhaitcihsti € s
whebe i s: i mpractical in rail waynganpphlei c
o P equati™nand®fin (18) and (28), |
: & (19 can be concluded that bhedproc
5 @ s @ 88 ,_,; N measurement coVYamivanaecmatiicaé

In Equations (18), (23), AhET 1 2v3l ukbpee A@B@F&@@@”!WV?E‘?n

denotes the upper triangul arS nla®Rqrixt agdt &R% K§ih e e islipgee f dpré
decomposition of the inputCORdteridencegni Lehfphermanesd, jand
commonly used in square ro&OW§VYROteaijnyign gt oP rECd S&r vR O itShee
numerical stabilityedridieent88! p§80tNngetdaskhy as these st
the covari #mcenamayri ¢os. a mat§YixOWpMmSt Ui €es, researchers
comppQeR] =qr (M), and define:matrices through tri-abnanmi regr
Tr(MAR process [ 26] . hTad | ewerec canmed tehliis

wheRies an upper Weihnygal apdafsetdd xher trmeatihoasd eémiaer pape
equations accordingly and clC%0OMNsSiiGetd Tt™d st My€e £CiOnViariiodnn G & Mante
text. When measurement is reQUrsilttetge! ltinkentypaRake pbPREKEL

calculated as foll ows: by integrating a differential
i 0O 6 Q ple: (20 tu@anRi Thi s hybridizati on re
¥ : : abyilsi by of SRCKF while addin

t he transformedarceubtartaurr$m|polelultsl ) .
. and -tameiinsge nooondi ti ons. The |
measurement equation:

22 (21 ensures that the filtesorldg nan
e e operational challenges, such a
The megn val-uest amfd tsme’a“m\_'aar{danecneso"}atir_n'a?(ccur_acies, witho
of predicted measur ement po'Cnotn‘f‘paarred etsot'rmé"‘égﬁle AGREKFY @ chi
G P 22 (22 comparable accuracy with | ower
‘ ¢ ® I'n proposed method, an alter
Y i 40BA FY (23 optimizatamthbased on the DE al
whesu"reis as: proposedhi s métamddj mesesi bhe as
¢ ' 6 and 2 1T 2, which are assumed
(A1 i_ LA T LS L S 1 S I SR | 8
o, §]
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W G (2 um 1T o T o Ay
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s Qg g By 8B .. j O LA
The updadhg@mhdsttditeeo®quarfe cov arhieanadiem i s t o enhance t he
Ysare obtained as foll ows: modi fying théandMmpooedisgofo a
Oy O 0 & G (26) function. The fitness function
v i 0o Y (27) bet ween the estimated and mea
N ¢ g current .
wheuo es as: ) L. - . .
Y b 0 -B Q0 HTQ Q0 HQ (30)
. Y (2 where N represents the number
v —“YF|$ vari @bdreot es the actual, Hst at o

To determine the appr

. represents t he esar'ncn‘uLthedtbeat
can employ the estimate

. . Eucl i dean distance. Stator cur
performing the followin
current sensor s, and a smaller
v . c :
Y O (2¢ current and i ts measur ement

estimation of the speed of the
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Suppdseqw 8 ® represents theporutraretntto highlight that th

popul ation of DG amth idociht e réaxt€Count ed mul t i pl et o nime® ainfd teha
" A n n n n i 1 is each cafdiadameters based on each indi
solution to the robl e@To of gpt+—+—mi—zationr—at —t—efat+on
P . AP GgorifhmeBligent, SRCKE
generate a new population, At—h—e—&r—e—s—s—e—v—e—r—n%ﬁt—a—H—e—FF and
. 1: LLni tiali ze the _part .
selection operators are appljed. Thle! 'c3lo's5%vet® ah@" 'mut at i
rom Q and_ R .
operators are used to generat the trial vectors. A critic
. . ..Iterafte it1he fO|fOWIn
in the DE process is the creafion o the "tri v(fc or To
. : Reconstruct adn.
t hkee st trial vector, selection’ olgera Igs us e in the n¢
gener anhi drh.e suggested approa%h, e m%ta i on
; Fvaluatﬁ t he |tn?s§
operator creates a trail vectg;r r eac rnember of .he cui
. 5. .. : . pdat? the velociti
popul ati owmin Fohe epabul &atiison, trai vect.or
using Equations (28) to
generated as foll ows: . . )
« o =h - 9Continue until reachin
+ w 0w w (31) 10: Out put the opti mal

whedies t he mut_at&)bs sbel eafgghoVepeEb®rQ and R.
to be pertur?,zkﬂ)@d iast tihteertaarigoent vector

n

the present population with Atfter rntgi1 I'OerSGdevtaelrun}eI noEf?tﬂtgmBS[e
function. A crossover mech@él'%:gnlsl]soru \A{aeﬂe%r(aei haaﬁﬁ%f"s‘%lgﬁé
diversity of the new popul ag|jpwdequfente Gt 0ofthesEh@pei MaEPOYS]
operatpeiiiedprayi r toafrvgeetd and proposed met hod, egteismdttiioorg o fn
its corresponditmg gmnteamtt evad@dd abk! &ectbhe intelll_gent SRC
o, The binomial crossover sztabnydsI eavserar?en%othef?e'quljcelnl?ll?/s
utilized crossover method i n | nputu [Saasﬁ y defin
foll ows:

i ¥ EAO E

Y 5 i OEAOXEOA (32) L,

wh e bies the set of crossover ' e
crossover, to obtain the fithn QR / al vect
evaluated and selection opera ! The val

of itnessoff tleraccthi @edii sl cwenptaare d WET BBl dck dilmgreamimfent SRCKF
i ts corresponunlwnglnaogeIErVEOtmiretermlne

107

whet her t he¥sthroiudld vbeec tiomcl uded i n|

Proposed Method

gener@tpj ont i s c.onpfarteldedttori al v e« ‘ ;’j i |
produces a superior result for th“e “_;,“ “ comp
I . NG - . i I
tawill be r¥phatéde mbpcoming geqe ‘N‘ I
Al ternatively, fp rtohvee s p rt eov i boeu s movr, | \;
favorable, it wildl be retained f o LA - W gener at.i
. N E BN b |
L (33)

® i OEAOxEOA l
The process of mutation, selection?ant ‘gf FssFver is repea
after the new population is propamgated unt il the ideal st
reached. When the best fitness ve W\ ool @ d € t € r mi n e
val ue, the iteBaseédnon sfittemensg nat &
values, DE optimizesOhahébwnknown p
updating the particle solutions tq cl es bette
The new sol utl ama raen dt huepnd autseedd f o°r’ “
adaptation of SRCKF for t he nex nt|I a
predetermined number of iteratio ch|eved
Subsequently, the moasnd®afraevor abl e
acquired. Ulti mateDbDwn¥ahe opti mizea, yaraes. 0T
incorporated into the online running SRERF estimator. It

Fi gEs®2imated currents
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| VResul t at t hee awheelont act (FN = 50 k
In thisheeetifemrtivenaeppsr ooafcheh&epr ps9e&dficient (C1 = 4.

for adhesion force is eval uat e8d 4anld L%t aN/e2)wi t i wWk%F.and
estimated motor currents and

TABLBpalrameters of the Ysming both the suggésyged tedh

N o exhibit the path traced by the
C.'— .
S < < o c c ) é corresponding flux errors, res
- S 3 3 0 O c & g
(o8
3 3 o)
9 2 2 3 2 0 0 0 0. 0.
50 2 0 .5 .1 1 .1:05:8001
s 7
Tabl e | presents the parameters pertaining to the tracti
system empl oyedThen ctohvea rsiiamucleatmaotnr.i ces
used in methods are considered as:

0 QQp® fprt fprt fprt fpm fpm
Y QQdpiR fpm

Proposed Method
0.8 UKF

0.6

0.4

0.2

0

error of isa

-0.2

0.4

L L L L
0 2 4 6 8 10 12 14 16 18 20

Time(sec) F|gESt4|mated fluXeS

FigCuBrent errors

I'n all condudthed sexpdriinmge nttisme was set to

T=0.00ALs. conducted experiments to ensure accurate
tracki ng -forfeqtuheenclyi gdhynami cs of the induction

mot or . Thi s fine resolution i s particul arly i mportant f
capturing the rapid changes in stator currents and rotor
and for mai nt aiabi hgt ynhumar itchad Bul er

discretized model used by t he SRCKF al gorithm.
Additionally, the initial conditions for all estimated st
both algorithms were assumed to be zero. The parameters
used in these exparxieme wtfs tihreclcwde atche s e mi

el lipse (anm b 5 IM)B0 Tt heonormal foreegrl 5x errors



