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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

dodo —

Sldie 5 st ' (6 S bl 53 3 2 g0 (Satigh SISl 3l 055l
(S a8 Al lab 4 Gl S (Ko glaedidy 53ds
oS J25 b pmen 5 o sla Kiss oL 5 s
@B sa ok S5 5,05m 55 0 03 Ol (Geslizl (5 S 45 e
Ao SLSl,y Coen pl 4 Gime 0935, s LY
4 S it el ST s 4 TS a3 (Slapts
3 ok, s 5l Al (Fsore Slgatons) o 430 Sla o
S8 4o Dlasloms gly 53 s Sl 5 65V (Sl
ﬁf&ugjzf&\{@@w@fapl’u&é\iﬁwdb
35 30 (S Sl 3l S0l 0558l ol wBL G333l S5, e
AL s ldde 68 aim il s SVslae b (o @
Bl ge ke 515 Al Sls 5 latem Lol b 4 Lledd
i iz 55 Sl slie 4 0T ded Sl &S o lgatan Sx
e 4y 3l fg (S A Gl b oSl wly S
Sl 5 Sl JUES Sl e Olyin (1] Wpd e (g ldta
(bl 5 2SN (slaa s Y] (S S (0531 Uit bl (Y] o>
33 b S 45 0 Slgatnn Law g &S Ss O gl 5,0 5 [F]
T 45 p s 33 4 Salys Slgatger Aok 53Ldke 5 VY
JB S i Glestem 5 (Jseme 450 Jglbe sleatoc)
35 4 35 i S 4 e Slgatenn (B b I EL o G

! 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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