
Fra
tional Order Dis
rete States-Spa
e SystemSimulink Toolkit User Guide v.1.7Dominik Siero
iukWarsaw University of Te
hnologyInstitute of Control and Industrial Ele
troni
sul. Koszykowa 75 00-662, Warsaw, Polande-mail:dominik.siero
iuk�ee.pw.edu.plAbstra
tThis paper presents User Guide for the Fra
tional Order Dis
reteStates-Spa
e System Toolkit. The instalation pro
edure, blo
ks des
rip-tion and examples is presented.Keywords: dis
rete fra
tional systems, fra
tional Kalman �lter, state feedba
k
ontrol1 InstalationTo install the toolkit unpa
k the �le fsstX_Y.zip, where X_Y is a version ofthe toolkit, and add the dire
tory to the Matlab path. after that please run thes
ript meake_mex.m, whi
h 
ompile C 
ode to mex fun
tions that 
an be rununder Simulink. The zipped �le 
ontains following �les:fsim_x0.
 � C-MEX S-fun
tion of the Fra
tional States-Spa
e Systemfkf.
 � C-MEX S-fun
tion of the Fra
tional Kalman Filterfsim_x0_st.
 � C-MEX S-fun
tion of the Fra
tional States-Spa
e Systemwith internal noise inputfodif.
 � C-MEX S-fun
tion of the Fra
tional Order Di�eren
efss.mdl � Simulink library of the toolkitslblo
ks.m � data for Simulink Library Browsermeake_mex.m � 
ompilation s
ript whi
h generate *.mex �lesexamples\ex1.mdl � Example of systems simulationexamples\ex2.mdl � Example of state feedba
k 
ontrolAfter instalation the FSST should be seen in Simulink Library Browser. Thetoolkit 
ontains the following blo
ks: 1



�Fra
tional Order States-Spa
e System� des
ribed in Se
tion 2�Sto
hasti
 Fra
tional Order States-Spa
e System� des
ribed in Se
tion 3�Fra
tional Kalman Filter� des
ribed in Se
tion 4�Fra
tional Order Di�eren
e� des
ribed in Se
tion 4.1The Toolkit s-fun
tion is written in C language in order to allow them tousing for example in Real Time Workshop and generate 
ode for dSPACE 
ardslike DS1104.2 Fra
tional order states-spa
e system s-fun
tionThe fra
tional order states-spa
e system is de�ned as following (to more detailsee [5℄):
∆Υxk+1 = Adxk + Buk (1)

xk+1 = ∆Υxk+1 −
k+1
∑

j=1

(−1)jΥjxk−j+1. (2)
yk = Cxk (3)where:
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and n1, ..., nN are degrees of system equations.For real-time simulation there is a requirement of limiting the number ofsamples in sum operation. It was done by implemented the 
ir
ular bu�er withlimited number of samples, given by parameter Nbuf .the (
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) symbol is evaluated as:
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(4)what for j > 0 
an be 
ounted re
ursively as:
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(5)using this form there is no need to 
ount fa
torial of very high numbers whatis limited by type of used variables .The S-fun
tion fsim have following parameters in turn A, B, C, N, T s, Nbuf .

A, B, C, N are system matri
es where A is size Nx,Nx, B is Nx,Nu C Ny,NxN Nx,1 2



Ts is a sample time
Nbuf is a width of a 
ir
ular bu�er of past states ve
tors.where Nx-number of states, Nu- number of inputs, Ny- number of outputs3 Sto
hasti
 Fra
tional Order States-Spa
e Sys-tem s-fun
tion3.1 Dis
rete Sto
hasti
 Fra
tional Order State-Spa
e Sys-tem Blo
kDe�nition 1 The dis
rete linear fra
tional order sto
hasti
 system in state-spa
e representation is given by the following set of equations

∆nxk+1 = Adxk + Buk + ωk (6)
xk+1 = ∆nxk+1

−

k+1
∑

j=1

(−1)j

(

n

j

)

xk+1−j (7)
yk = Cxk + νk (8)

� The Dis
rete Sto
hasti
 Fra
tional Order State-Spa
e System Blo
k has thesame properties as the Dis
rete Fra
tional Order State-Spa
e System Blo
k, hasonly one additionaly input omega for the system noise ωk. The output noise νkis easily to add outside the blo
k as it is presented in Figure 1.
Figure 1: Using of the Dis
rete Sto
hasti
 Fra
tional Order State-Spa
e SystemBlo
k s
heme4 Fra
tional Kalman Filter s-fun
tionFor system de�ned in Se
tion 2 the Fra
tional Kalman Filter is de�nes as follows(for more detail see [5℄ ):
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∆Υx̃k+1 = Adx̂k + Buk

x̃k+1 = ∆Υx̃k+1 +

k+1
∑

j=1

(−1)jΥj x̂k−j+1

P̃k = (Ad + Υ1)Pk−1 (Ad + Υ1)
T

+

+Qk−1 +
k

∑

j=2

ΥjPk−jΥ
T
j

Kk = P̃kCT (CP̃kCT + Rk)−1

x̂k = x̃k + Kk(yk − Cx̃k)

Pk = (I − KkC)P̃kwhere: R is a 
ovarian
e matrix of output noise ν and Q is a 
ovarian
ematrix of system noise ω. Both of that noises are assumed to be independentand with zero expe
ted value.The S-fun
tion fsim have following parameters in turnA, B, C, N ,P, Q, R, x0, T s, Nbuf .
A, B, C, N are system matri
es where A is size Nx,Nx, B is Nx,Nu CNy,Nx N Nx,1
P, Q, R, x0 are FKF matri
es where P is size Nx,Nx Q Nx,Nx R Ny,Ny x0Nx,1
Ts is a sample time
Nbuf is a width of a 
ir
ular bu�er of past states ve
tors and past 
ovari-an
e matri
es.The number of system output (rows number of C matrix) is limited to 1 (infuture versions will not be limited).4.1 Fra
tional Order Di�eren
e Blo
kThe 
ode of the Fra
tional Order Di�eren
e Blo
k is implemented in fodif.
 �le.The S-fun
tion fodif have following parameters in turn N, Ts, Nbuf , where
N is a matrix of orders
Ts is a sample time
Nbuf is a width of a 
ir
ular bu�er of past states ve
tors (memory length
L).5 ExamplesIn dire
toryFSSTexamples the following examples of using the FSST toolkit is atta
hed.4



Figure 2: Using of Fra
tional Order Di�eren
e Blo
k s
heme5.1 Example 1: Fra
tional State-spa
e systems simulationThe aim of this example is to show dependen
y of the output of the fra
tionalsystem to the 
ir
ular bu�er length (Nbuf). The system used in example isde�ned by following matri
es:
Ad =

[

0 0.1
−0.01 −0.02

]

, N =

[

0.7
1.2

] (9)
B =

[

0
0.1

]

, C =
[

0.1 0.3
] (10)The system is simulated for di�erent lengths of the 
ir
ular bu�er (Nbuf =

10, 20, 50, 100, 300). Results are shown in Fig. 3.
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Figure 3: Results Fra
tional Order States-Spa
e System simulation
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5.2 Example 2: Fra
tional Order States-Spa
e System statesfeedba
k 
ontrolThis example shows the use of states estimation doing by FKF to states feedba
k
ontrol (more detail will be presented at [6℄).
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k 
ontrol example s
hemeThe system used in example is de�ned by following matri
es:
Ad =

[

0 0.1
−0.035 −0.01

]

, N =

[

0.8
0.7

] (11)
B =

[

0
0.1

]

, C =
[

0.3 0.4
] (12)The 
ontrol law is de�ned as:

u = uref − Kx (13)where
K =

[

−0.015 0.03
] (14)The referen
e system, for that 
ontrol law, has a matrix A as follows:

Ad =

[

0 0.1
−0.02 −0.04

] (15)6 Li
enseThe Fra
tional States-Spa
e Toolkit is freeware.[℄
6
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ontrol7
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