[ Downloaded from joc.kntu.ac.ir on 2025-11-04 ]

[ DOR: 20.1001.1.20088345.1395.10.4.4.0 ]

J S o

|

« 7 ISSN 2008-8345
C
E

OO-FA ameip (A\WAD Oliws s oF o lad ¢V r Al Frs
eIt )

(S b (SO (S 5 45 0 Slgvius Sl B I b >
& SO gwiml 23385 b (S 03Il a3 Lol o
oS e bl e

hamed.torabi@yah00.Com cagie w5 5 ol Kails (J 25 03 8 (5 omolign (5,555 (S sl
N-Pariz@UM.aC.ir cigis owss b ol oJ 28 055 cokul”
Karimpor@um.ac.ir cigie o ss 5 ouils oJ 28 o5 5 o lssls

OFRO/NV/Y e Wlie oy s ATAD/AA dlin 3L 55 53 0)

Slils S 3l 55 Gy B3lal st b (5 43 0 Slgatenm (1 ot b IS s 6 dlie ol s oy
or o 25 Dopa U COM by fles Gl (6 S5 5 (e 55 5l 35 8 0 Sl S s pnal w55
3lde B3 sle 4 ABl oo pslie Telily 53 palhe b (laesls 4y S (g8 3 b sr (S3ldibe Lol L ol ok ol oty
il e (5 7S TRl Syl 35 geatblynn alhe b glasy g & Comd (3 il @35 b amlie 53 (o8 @55 L R 35
P L ns g8 ol il 02,8 3 dmn 3l gealdly s pslie sl 4 by s S o (gl e ST
izl 53 el 53 358 Sl sy 5 sy les 53 A 1515 L 5 5 bsy sl 4 e Sl (Sae (uS
3l s 5 gzl 5 g S 55 533, Sher alia b OT 51 g 338 o i 57 ol st b (68 450 (Slantie
a;u:.wlb.d“u:,::,ﬂ\‘_;xfajl.ulﬁ,;l{‘_;,,fgfggwélﬁohsﬂ; oS A b a4 ceslsly g polae slyls glay s
ol o3 oks b s s Shes gl (5loacs w5 Je 3 GO LTl s e atls T Sk o blal o g,
3 ke (iluant s o 05 8 alie 5 Lisgtal 5 sS Slajrs s g 3 (58 4 Bl are g IS s oSS L dlie

Aasr OLES (ol ot b (6 S 45 g Slgatnn LIl Gla e e 53 1y 0l (b s Cl

(St o Bzl (o e ((F S5 gl 55 ( $3LaT (s b (5 S 45 pn Sl 1S Ol

Nonlinear Kalman Filter Design for the Fractional Order Nonlinear
Stochastic Systems with Student’s t measurement Noise

Hamed Torabi, Naser Pariz, Ali Karimpour

Abstract: This paper presents a fractional order Kalman filter for the stochastic nonlinear
fractional order systems where the measurement noise is assumed to have Student’s t distribution.
Modeling of the system and measurement noises in the state space representation, for target tracking
problems, often carried out by additive Gaussian noise, but Gaussian distribution is not enough
robust to the outliers, in the other words, Gaussian distribution has much less robustness against

! Student’s t

? Target tracking

® Outliers

* Robustness

® Fractional order systems

® Variational Bayesian inference
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outliers than Student's t distribution, so if the tracking system affected by noises that have outliers,
modeling of theses noises by the Gaussian distribution, may cause large estimation error or
divergence of filter in the filtering and estimation problems. In this paper, after defining the
stochastic fractional order systems, by comparing the performance of two Student’s t and Gaussian
distributions in the modeling of noises that have outliers, try to design a nonlinear Kalman filter for
fractional order systems using variational Bayesian inference method. Finally by comparing the
simulation results of proposed filter in this paper and a fractional extended Kalman filer in the
presence of Gaussian and Student’s t noises, the effectiveness of the proposed filter in estimation of
states of the fractional order systems is demonestrated.

Keywords: Fractional order nonlinear systems, Student’s t distribution, State estimation and

Kalman filtering, Variational Bayesian inference
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4 Commensurate

® Rational

® Irrational

" Integro-differential operator
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! Fractional calculus
2 Fractional order
% Integer order
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4 Augmented vector

® Well behaved

® Target tracking

" High maneuver

8 Variational Bayesian inference
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