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Abstract: In this paper, a Kalman filter for fractional order singular systems has been proposed. To design the
Kalman filter, the fractional order singular system is decomposed into two sub-systems by using several
transformations. The first sub-system is a dynamic system with fractional order non-singular state equations and the
second sub-system is a static system in which the output is a combination of fractional derivatives of its input. Then,
the Kalman filter has been elaborated for the system with an index 1 and 2. In the case of index 2, the identification
method should be used due to the existence of color noise. At the end, two examples are used to demonstrate

efficiency of the proposed method.
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1. Introduction

The history of fractional calculus started
almost at the same time when classical calculus was
established [1]. In recent years, fractional systems
(including fractional derivative or integral) have been
the concern of many researchers due to the wide
range of their applications[2]. The modelling of
physical phenomena such as heat conduction [3],
dielectric polarization[4], electromagnetic waves[5]
and diffusion waves[6] are examples of fractional
systems. Furthermore, fractional order controllers
such as the fractional PID controller [7-8] have
already been implemented to improve the
performance of closed loop control systems.

On the other hand, singular systems which
are a combination of algebraic and dynamic
equations- could be found in many applications, such
as robotic, electrical networks and biomedical
engineering systems[9]. These types of systems have
complexities and special theorems that complicate
their problems in comparison with nonsingular
systems. In the field of fractional order singular
systems, very few studies exist. So, there are many
challenging and unsolved problems.

Due to the wide range application of state
variable estimation for stochastic systems, the design
of the Kalman filter for fractional order singular
systems will be important. The Kalman filter problem
for discrete fractional order systems has been solved
in [10]. Also, the Kalman filter design for singular
systems has been studied in [11-17].

In this paper, a Kalman filter for fractional
order singular systems with an index of 1 and 2 is
designed. The paper is organized as follows. At first,
singular systems are introduced. Then, fractional
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order singular systems are presented in section 3. The
Kalman filter for fractional order singular systems is
considered in section 4. Section 5 includes two
examples to verify the effectiveness of the proposed
method. The paper is concluded in section 6.

2. Introduction of Singular System
Consider a singular system described by
Ex(t) = Jx(1) + Kqu(t) + Kovy (£)

1
V(1) = Lx(#) + v () M

Where x(¢) e R™ ,u(t)e R™1 , e RP¥

and v,(r)e RP! are state vector, input vector, system

noise and measurement noise, respectively. £ is a
square singular matrix with nxn dimension and the
other matrices have appropriate dimensions. System
noise and measurement noise are both white and
uncorrelated with zero mean and the covariance
matrices Q' andR .

In the literature, singular systems are also
called differential-algebraic systems [18], generalized
state space systems [19], descriptor systems [20] and
semi- state systems [21].

One of the main properties of singular
systems is derivative of the input vector effect in the
system state variable. Another property is that the
initial condition of singular systems can not be an
arbitrary value. In other words, for initial
condition x; , there may not exist a solution or a
solution may not be unique. A different property of
singular systems in comparison with non-singular
systems is that the transfer function of the system
may not be strictly proper.
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Theorem 1[22]- Singular system (1) is
regular if and only if there exists a scalar A such that
(AE - J)f1 exists.m

In solving a singular problem, assuming
regularity of the system is necessary to ensure
existence and uniqueness of the solution.

Definition 1[22]- the index of £ is the least
non-negative k£ which satisfies (2):

Rank(ﬁ)zRank(EkH) 2)
The index of singular system (1) is equal to the index
of the £ matrix , which is defined by (3).

E=(AE-J)'E (3)

3. Introduction of fractional order singular system
A fractional order singular system is
described by the following equations:
ED%x(t) = Jx(t) + Kqu(t) + Kov (£)
y(0) = Lx(t) + v (1) “4)
Where D% is the Riemann-Liouville fractional

derivative defined by the following equation, for
O<ax<l.

t
a1 (d\[_f@
D x(t)_l"(l—a)(dzj.([(t_,)a dr (5)

also v (f)e R”! and v,(r)e RP! are system noise

and measurement noise which are both white and
uncorrelated with zero mean and the covariance
matrices Q' and R, respectively.

Theorem 2[23]- Fractional order singular
system (4) is regular if and only if there exist a scalar

A such that (Z“E - J)i1 exists.m
Definition 2- The index of fractional order
singular system is defined similar to the index of the
singular system and equal to the index of E which is
defined as the following:
E=(%E-J)"'E
Theorem 3- Consider the fractional singular
system (4). If (4) is regular, then its solution can be
described as:
D%sy(t) = Asi (1) + Bu(t) + By (1) (6)
m—1 )
55 (t) = =Dyu(t) — Dyw () - ZN’DI (DZD%.. D% u(r))
i=1 i
m—1 )
- z N'D, (D“Df‘ .D% (1)) (7)

i=1 i
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() = LQ{:;((?)} +v3(6) + Byw (1)

= C151(t) + Csp (t) + v (t) + Bovy (1) (®)
{Sl(’)} 074

$2(1)
Where P and Q are non-singular matrices
such that the transformation

PEQQ ™! D%x(1) = PJOQ (1) + P[K; Kz]{”((?)} 9)
!

gives the system

" o ] ey 2] o

0N Dy Dy |[v(@)
where N is a nilpotent matrix.
Proof:

Consider (4). If the system is regular,
according to the singular theorem, there exist
transformation matrices P and @ such that the
decomposed fractional singular system is (10). By
defining a new state variable,

si(D | 1
Lz(f)}g x(t) (11)

system (10) can be written as
|:1 0:| Dasl(t) _|:A 0:||:S‘1(l‘):|
0 N DaS2 (l‘) - 0 I Sz(l‘)

Lk e
Dy Dy |[n(@)

Sl(’)}w) (13)

= LQLz o

Now, if N =0, it can be stated that
s ==Dyu(t) = Dyv (1) (14)
and the proof is made.
If N =0 we can multiply the second row of
(12) with N to get
N2 D%s5(t) = Nsy () + NDyu(t) + NDyvy (1) (15)
We now fractional differentiate (15) and
insert the second row of (12). This gives

s2(t) = —Dyu(t) — Dyvi (1)
— ND; D%u(t) — NDy D%v((t)+ N> D* D% s, ()
If N2=0 the proof is made, otherwise we

just continue until N =0. We would then arrive at
an expression like
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s2(t) = —Dyu(t) — Dyv (1)
m—1 )
- Z N'D|(D*D®...D% u(1))
i=1 i
m—1 )
- 2 N'D, (D“Df‘ D% v (1))
i=1 i
And the proof is complete.m
4. Kalman filter for fractional order singular
system
In [15], to design the Kalman filter for a
singular system, the covariance matrix is initially

considered as P(t):E[x(t)xT (t):| Then by

differentiation from both the sides of the equation
and the use of system equation, a riccati equation is
obtained for the system.

This approach has a basic problem for a
fractional singular system. The reason is that in
fractional calculus, the derivative of the product of
two functions is as follows:

D? (x(t)xT(t)) = Z(ZJDO"‘ (x(e) DX (x(1))

(16)

In other words, if we want to constitute a
covariance matrix and derivate it, we will be faced
with a series of infinite terms. Also, only a fractional
derivative with o order of state variable is obtained
from the system equation. While in this series, we
also need another fractional derivative of the state
variable.

In this section, the Kalman filter for
fractional order singular systems is designed. First,
the fractional singular system is decomposed into two
static and dynamic subsystems. Then, the Kalman
filter is designed for each subsystem. In order to
solve this problem, two cases of index 1 and 2 are
considered for the fractional order singular system.

Theorem 4- The Kalman filter for the
fractional singular system (4) with an index of 1 is
given by the following set of equations:

J =UR! (17)
ke +1]k) = (A— JCsy (k) + Bu(k) + T y(k)
k+1

— JCyDyu(k) - (—1)/'[7]51(“1—_;k+1—j)

2Dy ; ; |

(18)
T
R (k+1]k)= (A —Jq +(Tj1njﬁ(k|k)(A —JC+ (Tj]nj

k+1
+0 +Z(j}]’l(k+l—j|k+l—j)(j]

j=2
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-1
K =Aklk-nc] (qRloc] +r) (19)
(20)
k| k) = 51k |k = 1) + Ky (v(k) — C 8 (k |k —1) + Co Dyu(k))
(21)
R(k|k)=(I-K;Cy)R(k|k-1)
§5 (k|k) = ~Dyu(k) (22)
(23)
Py(klk)=E [(Sz(k)—f‘%(k))(Sz(k)—Sz(k))T }DzQ’DzT
(24)
_—— Hiky | | sy(k|k)
#H|k) = Os(k|k) = { 0] k)} = QLz &l (25)
[7}& (26)
J) jT(a-j+1)

Where T is the Gamma function which is a
generalization of the factorial concept for non-integer
numbers and §;(k|k) is the estimation of s;(k) and is
defined as:

5 (k[k) = E[5;(6) y(1),..0, y() ] 27)
Also, A (k|k) and Py(k|k) are the estimation

error covariance matrices of the state of first and
second subsystems, respectively.
Proof:

By assuming 1 for the index of the system,
the solution of the system is obtained as follows:

Dasl (t) = Asl(t) + Blu(t) + B2V1 (t)
$2(1) = =Dyu(t) = Dyw (1)

{Sl(f)}:Q—lx(t)

s2(0)

(28)
(29)

s1(2)
sz(t)}wz(t)

By considering

Lo=[C G]

And from (28),

Y1) = Cis1(1) + Cas2 () +v2 (1) 31)
= Cys1(1) = CoDyu(t) = CaDpvy (1) + v (1)

As can be observed, a continuous Kalman
filter for the first subsystem should be designed.
However, in a continuous fractional system, unlike an
integer system, a dynamic equation for the estimation
error covariance matrix cannot be found as a result of
the generalized Leibniz rule (14). Therefore, in the
procedure of designing a Kalman filter for a
fractional system similar to an integer one, a problem
is encountered in the step of covariance matrix. Thus,

Y0 LQ{ (30)
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for the estimation of s, , the first subsystem and
output equation are sampled(sampling time is 1).

A% s (k +1) = Asy (k) + Bu(k) + v} (k) (32)
k+1 M a

sk +1)= A%sy(k +1) - 2(71)1 ( .jsl(k +1-7)  (33)
=R

y(k) = Cysy (k) = CoDyu(t) + v (k) (34)

For simplicity, by defining

1(k) = Byv(k

V}( )= Bovi (k) (35)

v (k) = =CoDyvy (k) + v (k)

their covariance matrices are obtained as follows:

E[ () | = 32083 85 = 0

E[ v () |= CoDa0DE oy = Rioy (36)

E[ s () | =-B20DF T 55 = Uy

In [10], the fractional Kalman filter has been
designed for uncorrelated system noise and
measurement noise. However, as can be seen from
(36), these noises are correlated. Therefore, it is
necessary to change the Kalman filter equations
presented in [10].

The approach to solving this problem is to
reformulate the fractional dynamic equation and
cause the noise doses not to correlate with each other.
Subsequently, the fractional Kalman filter presented
in [10] is used to design a Kalman filter for the first
subsystem. This method is derived in detail as shown
below.

An item which consists of output equation
and equals zero is added to the right hand of (34).
The equation is
sy (k +1) = Asy (k) + Bu(k) + v} (k)

k+1
il @
—Z(—I)J( .jsl(kﬂ—j)
A
+J'(y(k) = Cysy (k) + CoDyu(t) = vi (k)
=(4-J'Cy)sy (k) + Bu(k)
k+1

(o
—Z(—l)/( .jsl(kﬂ—j)
- J
Jj=1
+ J’(y(k) + Cleu(t)) + v (k) - IV (k)
Where J'
determined. New system noise vik (k) is defined as

(38)

(37)

is a coefficient matrix to be

vy (k) = v (k) — T (k)

The expectation of vik (k) is calculated by
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E[vf‘ (k)} = B[ (k)] - JE[ ()] =0 (39)

. N *
The covariance between system noise vy (k)
in (38) and measurement noise v5 (k) is calculated by

E[(vi(k) — IV () ()T } U\~ Ry (40)

The coefficient matrix J' is determined by
U, -J'R; =0 . By rearranging the equation, we obtain

J =UR! 1)

That is to say, the Kalman filter presented in
[10] can be used to design a Kalman filter for the first
subsystem. By some manipulations, (18) - (22) will
be obtained. It is noted that equation (19) is the main
difference between the Kalman filter for the
fractional system with an integer order Kalman filter.
The calculation of the covariance error matrix

(B (k+ 1|k)) depends on the values of the covariance
matrices in  previous  time

Bk=1k-1),R(k-2lk-2),.. ), in
R(k-1lk-1) . The other difference between the

proposed Kalman filter and the conventional Kalman
filter is the insertion of C,Du(k) to the state
estimation equation.

Now, s, is estimated. As shown in (29), s,

samples  (i.e.
addition to

is an algebraic equation including the deterministic
input and system noise. So, the best estimation is the
mean of the algebraic equation.

$5 (k|k)=—Dyu(k) (42)

The estimation error covariance matrix can
be calculated by (24). The initial condition of (24) is:

P~ =[0 1]Q*1E[x0x0T }QT o 1T (43)

Py, " =Dy0D] (44)
By looking at (43)-(44), the covariance

matrix P, may have a discontinuity at zero time. This

is another important difference between singular and
non singular systems.

Also, with regard to (28)-(29), one can see
that the system noise is inserted to s, and s, ,

simultaneously. So it is necessary to calculate B, (k) .
However, if B, or D, are zero matrices, then they

will not need to be calculated. By some manipulation,
we have:

A0 = [ (310~ ) (526) -528) |

(45)
= E[a(0)e] ()| =Ky C2020

editor(@americanscience.org




Journal of American Science 2013;9(1)

http://www.jofamericanscience.org

Now, we present an important lemma which
is used for the design of the Kalman filter for
fractional singular systems with an index of 2.

Lemma 1- Assume that v; and v, are two

uncorrelated zero mean white noises. Their
covariance matrices are Q' and R, respectively. Then

v described by (46) is a color noise.

v3(k) = Avy (k) = BA%v| (k) + vy (k) (46)
Proof:
The covariance of v3(k) is calculated by

E[vsknf ()]

= 4 B[] () ]AT + E[makn] (|47
- AE[vl () ADT ( j)]BT + AE[vl vl ( j)]
- BE[A%(on ()| 4T~ BE[ A% (0 ()]
+BE[A“v1(k)Aav1T ( j)]BT —E[vz(k)A“wT (j)]BT
+E[n@0f ()]

The above equation is simplified as

£l (1]

4 E[vl oyl ( j)}AT - AE[vl kAN ( j)]BT
—BE[Aavl(k)vlT ( j)]AT +BE[Aav1(k)AaV1T (j)]BT

+E[ v ()]

J
o T ) T
=AQ'A 5,g-—A§ (-1 (IJQ S, j—1B
1=0

It is clear from the above equation that the
covariance matrix is nonzero for £ = j . Therefore, v;
is a color noise.m

In the next theorem, we design the Kalman
filter for the fractional singular system with an index
of 2.

Theorem 5- The Kalman filter for fractional
singular system (4) with an index of 2 is given by the
following set of equations:

J =UyRy ! (47)
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Ak +1]k) = (A~ JC) y (k|k) + Buy. + Jy(k)

— J'CyDyu(k) — J'CyDyA % u(k) (48)
k+1

—er;zl(k+1—j|k+1—j)
Jj=1

- - — - - — T
R (k+1jk)=(4-JC+T1)Akj)(4-JC+Ty) +0,

k+1
+2rj131(k+1—j|k+1—j)rj
=2
(49)
K =Rkl -DCT (C Akl -1 +R2)71 (50)

HLk|k) = 1 (k|k 1)
+ Ky (y(k) - C 21 (k|k = 1) + CoDyu(k) + CoNDjA% u(k))

(51)
R(k[k)=(I - KxC) A (k|k—1) (52)
. $i(k[k)
k|k)= 53
1( ‘ ) |:ﬁ(kk)J ( )
$,(k|k) =—Dyu(k) — NDiA%u(k) (54)
Py(k|k)=D,0'D} + D,0'DINT + ND,0'DY
k 55
cvon) 3 “Jo(%) ot Y
—\j) \Jj
j=0
o Hiky | | sy(k|k)
#Hk|k) = Os(k|k) = { %(Hk):i = QLz(ka) (56)
Where  §;(k|k),i=12 , R(|k) and
Py(k|k) are defined as theorem 4.

Proof:
If the index of the system is 2, then its
solution is obtained as follows (sampling time is 1):

A%y (k + 1) = Asy (k) + Bu(k) +v{ (k)

k+1 (a (57)
si(k+1)= A% (k+1) —Z(—DJ( _]sl(k +1-)
J
j=1
Sz(k) = —Dlu(k) - D2v1 (k) - ND]Aau(k)
—NDzAavl(k)

(58)
(k) = Cysy (k) = CoDyu(k) - CyNDyA%u(k) + v (k) (59)

Where
vi(k) = Byv (k)

(60)
v (k) = ~CoDyvy (k) — CyND A vy (K) + v ()

By lemma 1, it can be seen that v(k) is a
color noise. In order to design the Kalman filter, we
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find a dynamic system which its input is white noise
and its output is color noise with a mean and
covariance matrix similar to v5(k) by means of

identification methods.
n(k +1)=&n(k) +yw(k) ©61)
v (k) = g (k) + pw(k)
Now, the above system and the first
subsystem are augmented. Then the Kalman filter is
designed for the new system and (48)-(52) are
obtained. Similar to theorem 4, the second subsystem
is a static system, so the best estimation of the second
state is the mean of the algebraic equation and (54)-
(55) is derived.m

5. Numerical Examples

A. Consider the fractional order singular system with
an index of 1, described by

{0 1} D%x, (1) _{o —1}?(1)}
0 0] D*x, (1) -1 1 X, (1)
0.7071 0.7071
+{ ) :|u(t)+|: 0 }vl(t)

(1) =[0 1.4142]{ }+v2(1)

X
X2

(62)

(63)

Where v (¢) and v, (¢) are white noise with
zero mean value and the covariance matrices as:

E[vlvlT}zo.l , E[vzva}zo.l

The above system is regular for A =0. E is
obtained as:

E=(E-J) ' E=-sE= {0 1}

(64)

0 1 (65)

We have

mnk(%zl s mnk(Ez) =1

So, the index of this system is one.
According to the singular theorem, there exist
matrices P and Q

1.4142 0 0.7071 1
r { 0 —1} > 9= {0.7071 0} (66)
Such that the system is decomposed as follows:
D35y =—sy(£) + u(t) + 0.1y (¢)
s2(t) =u(?) (67)

(@) =s1() + v, (1)

Figure 1 shows the first subsystem state
variable and its estimation. It is clear that the state
variable has been estimated very well.

For the second subsystem state variable, we
have

so(t) =u(t) (68)
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In this case, the estimation of the state is
coincided by the state exactly, because this state
variable is independent of noise and is equal to the
deterministic input.

Figures (2)-(3) show the state variable of
system (64) and their estimations. It is evident that
the proposed method has an appropriate efficiency.

s1
estimation of s1

time

Figure 1. first subsystem state variable and its estimation

x1
estimation of x1

x2
estimation of x2

Figure 3. second state variable and its estimation

B. Consider the fractional order singular system (69).
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0.5
1o o)l 27O To -1 057 x0)
01 0[D%xm|=[0 0 -05|x0
00

0 -1.2
+10.45 ju(t)+| 2.6 |v(t)
0 -1
x (1)
y(1)=[2.27 227 0] xo(1) [+ v5(0) (70)
x3(1)
Where v(r) and v,(r) are white noise with
zero mean value and the covariance matrices as:

E[vlvlT}zo.l , E[vzva}zo.l

The above system is regular for 1=0. £ is
obtained as:

§ 0 0 0
E:(ZO'SE—A) E=-a4"E=|1 -1 0
0 2 0

We have
mnk(é%z 2, mnk(Ez) =1, mnk(E%) =1

So, the index of this system is two. Using non-
singular matrices P and Q

[ 2236 2236 2236
P=|-0.8944 0 0
|0 0 -1
0 0 1
0=l04472 0 -1
10.8944 —2.236 -2
We obtain
10 0 D50 | 121 0 o [ sy(6)
0 0 —0.8944 | D%sy1()|=| 0 1 0] s210)
0 0 0 D0'5s22(t) 0 0 1] 50
1 1]
+| 0 |u()+|1|v(2)
0 1]
(71)
(@) =s51(t) + vy (1) (72)

The first subsystem state variable and its
estimation are shown in figure (4). For the second
subsystem, we have

{szl(t)} :{—1}10)_{—0.8944})05”@) (73)

§72(1) -1 0

23
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Also, the estimation of the states of system
(69) are obtained as:

1) =525 ()
(1) = 0.447251(t) — $55 (1) (75)
() = 0.8944 51 () — 2.236 85 (1) — 259, (2)

The results are shown in figures (5)-(7).
These figures show that the proposed Kalman filter
works properly. As can be seen in figure (5), the
estimation of the first state variable is zero, because
this state is equal to system noise for which the mean
is zero. So, its estimation becomes zero.

—wl
— - — estimation of wl

L T S~ S T -

0 2 4 B g 10 12 14 18 13 20

Figure 4. first subsystem state variable and its estimation

1

x
08 estimation of x1

Sl
AP

-0.6

-0.8

-1

o
N
IS
°
®
3
N
N
>
]
3

x2
estimation of x2

Figure 6. second state variable and its estimation
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estimation of x3

0 2 4 6 8 10 12 14 16 18 20

Figure 7. third state variable and its estimation

6. conclusion

In this paper, the design of Kalman filters
for a fractional order singular system has been
proposed. To approach this goal, first the fractional
order singular system has been decomposed into two
subsystems and then the Kalman filters are elaborated
for each subsystem. Also, the main difference
between the fractional singular system and the
fractional non-singular system has been expressed in
this regard. We showed that in the design of the
kalman filter for a system with index of 2, we have a
color noise and it is necessary to use an identification
method to solve the problem. At the end, the validity
of the proposed method has been demonstrated by the
simulations.

Corresponding Author:

Leila Ashayeri

Department of Electrical Engineering

Amirkabir University of Technology, Tehran, Iran
E-mail: | _ashayeri@aut.ac.ir

References

1. Podlubny I. Fractional Differential Equations, Academic
Press, New York, 1999.

2. Dalir M., Bashour M., Applications of fractional calculus,
Applied Mathematical Sciences, 2010, vol. 4, no. 21, pp.
1021-1032.

3. Battaglia J. L., Cois O., Puigsegur L. and Oustaloup A,
Solving an inverse heat conduction problem using a non-
integer identified model, International Journal of Heat
and Mass Transfer, 2001, vol. 44, pp. 2671-2680.

4. Sun H.H., Abdelwahad A.A., Onaral B., Linear
approximation of transfer function with a pole of
fractional order, IEEE Trans. Automat. Cont., 1984, 29,
pp. 441-444.

5. Heaviside O., Electromagnetic Theory, Chelsea, New
York, 1971.

6. El-Sayed A.M.A., Fractional order diffusion wave
equation, Internat. J. Theoret. Phys., 1996, pp. 311-322.

1/27/2012

http://www.jofamericanscience.org

216

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Podlubny I, Fractional order systems and PI*D*
controllers, IEEE Trans. Automat. Control, 1999, pp.
208-214.

Zamani M., Karimi M. and Sadati N., FOPID controller
design for robust performance using particle swarm
optimization, Journal of Fractional Calculus and Applied
Analysis, 2007, vol. 10,no. 2, pp. 169-188.

Buzurovic 1., Podder T. and Yue Y., Prediction control for
Brachytherapy Robotic System, Journal of Robotics,
2010.

Sierociuk D. and Dzielinski A., Fractional kalman filter
algorithm for state, parameters and order of fractional
system estimation, International Journal of Applied
Mathematics and Computer Science, 2006,16 (1),pp. 129-
140.

Koszalka L. and  Shafiee M., Some problems in
stochastic control for singular systems, IEEE Proc. 19"
Southeastern Symposium on System Theory, 1987, pp.
558-563.

Shafiee M. and Razzaghi M., On the solution of the
covariance matrix differential equation for singular
systems, Int. J. Computer Math., 1998, vol. 68, pp. 337-
343.

Nikoukhah R., Willsky A. S. and Levy B. C., Kalman
filtering and riccati equations for descriptor systems,
IEEE Trans. Automat. Contr., 1992, vol. 34, pp. 1325-
1342.

Nikoukhah R., Campbell S. L. and Delebecque F.,
Kalman filtering for general discrete-time linear systems,
IEEE Trans. Automat. Contr., 1999, vol. 44, No. 10, pp.
1125-1145.

Shafiee M., Stochastic control for singular systems,
Math. Appl. Conference, 1986, Boston.

Dai L., Filtering and LQG problems for discrete-time
stochastic systems, IEEE Trans. Automat. Contr. , 1989,
vol. 34, pp. 1105-1108.

Allami A. and Shafiee M., Designing kalman filter for
continuous singular systems, Proc of 11-ICEE, 2003, pp.
208-216, Shiraz-Iran(In Persian).

Ayasun S., Nwankpa C. and Kwantny H., Computation
of singular and singularity induced bifurcation points of
differential-algebraic power system model, IEEE
Transaction On Circuit and Systems, 2004, vol. 51, no. 8,
pp. 1525-1538.

Verghese G., Levy B. and Kailath T., A generalized state
space for singular system, IEEE Trans. Aut. Cont., 1981,
AC-26, pp. 811-831.

Luenberger D., Dynamic equation in descriptor form,
IEEE Trans. Aut. Cont., 1977, AC-22, pp. 312-321.
Dziurla B. and Newcomb R., The drazin inverse and
semi-state equations, Proc. 4" Int. Symp. On Maths.
Theory and Systems, Netherland, 1979, pp. 283-289.
Campbell S.L., Singular Systems of Differential
Equations, Math. Appl. Conference, 1986, Boston.
NDoye 1., Zasadzinski M., Darouach M. and Radhy N.
E., Stabilization of singular fractional-order systems : An
LMI Approach, 18" Mediterranean Conference on
Control & Automation Congress Palace Hotel, Morocco,
2010, pp. 23-25.

editor(@americanscience.org




