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Abstract

In this paper, the solution of the robust control problem of some non-linear semi-explicit descriptor uncertain
systems having matching condition and linear algebraic equation with rank deficient of the algebraic coefficient
matrix is considered. An optimal control approach have been developed in the sense that, the solution of an
equivalent optimal control problem to the uncertain nonlinear descriptor system, is the solution to the given
descriptor one with matching condition. A relation between the robust control problem and its equivalent optimal
control problem have been developed with theorems and illustration.

1 Introduction

A descriptor control system describes a natural representation for physical systems and can be represented by
differential and algebraic equations which is a generalized representation of the state-space system. Descriptor
systems can be found in electrical circuits, robots and many other practical systems which are modelled with
additional algebraic constraints. This system is also referred to as singular system, implicit system, generalized
state-space system, semi-state system, or differential-algebraic system (Debeljkovic & Buzurovic 2011).

The solvability of linear descriptor systems may be found in (Campbell 1980), (Dai 1989) and (Brenan
et al. 1996), while, nonlinear descriptor systems is discussed by (Kunkel & Mehrmann 1994, 1995, 2001, 2004)
under some suitable assumptions. Furthermore, Stability of linear and non-linear descriptor systems are studied
by (Danielle et al. 2002), (Michael 2011), (Debeljkovic 2011), (Tadeusz 2012), (Shravan 2012) and (Xiaoming &
Zhi 2013).

The descriptor control uncertain system have been interested and introduced to preserve various system
properties under some perturbation in the model.

The insensitiveness of the system properties is called robustness and it is an important field of
investigation. The fact is that in many practical situations the parameters of system components are not known
exactly. Usually, there is only some information on the intervals to which they belong. Therefore, the robustness
for any system property is an important theoretical and practical question.

Recently, much attention has been given to the design of controllers, so that system properties are
preserved under various classes of uncertainties appearing in the system. Such controllers are called robust
controllers, and the resulting system is said to be robust control system.

Descriptor systems, like other systems may contain many types of uncertainties. These uncertainties can
be classified as with and without matching condition. In this paper, robust control with matching condition have
been considered.

Due to the difficulty in solving general robust descriptor systems see (SUN & WANG 2012), in this
paper, robust control problem is translated into a specific (equivalent) optimal control problem. The solution of
optimal control problem is then a solution to the robust control problem based on the nominal system structure and
the types of uncertainties.

The idea is the generalisation to the state-space approach of (FING LIN et al.1992 ) , (FING LIN 2000)
and (Radhi et al. 2006, 2008).

The aim of this paper is to solve the semi-explicit descriptor robust control systems with some type of
uncertainties. A new approach have been developed by finding an equivalent optimal control problem to robust
one so that the optimal solution of the optimal control problem is solution to the given robust descriptor uncertain
control system.

This approach up to our knowledge and survey, is a novel technique, which gives a procedure to study
the uncertain descriptor system with matching condition via an equivalent optimal control problem. The
construction of this approach is based on some theorems and lemmas which are developed in this paper with
illustration.

2 Problem formulation

Consider the non-linear semi-explicit descriptor system with matching condition
Ex = Ax + Bu+ Bf (x) (1)
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Where E,A € R¥™, rank(E) =ny, 0 <nyg<n x € R",u € R" and B € R™ are the system coefficients and
f € C*(R™; R") represent the uncertainty of the system, satisfying some conditions that will be defined to ensure
the solvability. System (1) is equivalent to

fCl = A1x1 + AzXz + Blu + Blf(.xl, xz) (28.)
0= A3x1 + A4_X2 + Bzu + Bzf(xl, xz) (Zb)
Where x; € R™, x, € R* ™ and A; € R™*", 4, € R™*XMm0) 4, € R™~"0)*m0 apd

. YA, ZA LB
A, € Rm0)X(m=n0) B € R™*T | B, € R"M0)XT  with (A . i 2) = QAP , (B 1) = QB for some
3 4 2
nonsingular matrices Q, P and Z and this can be obtained as follows:
Since rank(E) = n,, then it follows that there always exist unitary matrices U € R™ ™ and V € R™" such
that
—g(® O\yr
s=u(’ O ©
Where X = diag(oy,05,...,0p,) and oy = 0, = ..,= 0, > 0.
From (3), one can define
P2y, Q2ayt
-1 E 0\,7ly, (2 O
P =vu(Gg JVTv=( ,) )
On using (1) and (4) as well as rank (E) = n,, one gets

QEx = QAx + QBu + QBf (x) = QEPP~'x = QAPP 'x + QBu + QBf (x)

From

Plx = (;‘;) ox=P (2) X, € R™, x, € R"™"0 )
then

QEP (2) = QAP (2) + QBu + QBf (IP (2)) 6)
where QAP = (j; j—j) and QB:(E;) , which gives

fCl = A1X1 + AzXz + Blu + Blf(.xl, xz)
_ _ O =A3x1 '_|'A4_X2 +Bzu+B2f(x1,x2)
Whel‘e Al = Z_lAl ) Az = Z_lAZ 'Bl = Z_lBl .

In this paper, for simplicity, it is assumed that the matrix Q satisfies QB = (%1) , then the system (2) is

equivalent to
X1 = A1x, + Ayxy + Biu + By f(xq, x3) (7a)
0 = Azx; + Ayx, (7b)
To study the solvability of the differential algebraic equations (7) which is equivalent to the descriptor

X
system (1) by the invertible transformation x = P (x;)’ the following assumption have been presented (Kunkel

& Mehrmann 2001).
Assumptions A
1. Assume there exist an open set {1, € D such that for all £; € Q, it is possible to solve A3%;(t) +
Aux,(t) = 0 for X,. One can define the corresponding solution manifold as:
Q= {xl € 0, x, € R* | (J;l ((?)') eR(A; AD),t=0 } where R(+) denotes the kernel (null space)
2
of the operator ().
Let us denote the set of the consistent initial values of (7) by wy,

Wi 2 {xo = (x1,0,X20)| X0 € R([Az  A4]) } (3
2. Rank[Az A,] = RankA, © w, = R[A; A,] )
Lemma 1 (solvability)
Consider the system
X%, = Ayxy + Ayxy, + Biu 4+ By f (g, x3) (10a)
0 = Azx; + Aux, (10b)
(x1 (0), x, (0)) = (X1,0 X2,0) € Wi (10¢)

where x; € R™, x, € R*™ and A, € R™*"0, 4, € R™*""o),
Az € Rm0XM0 4, € RMm0)X(M=m0) and B, € R™*7, f € CY(R™; R"), £(0,0) = 0 and the system satisfies
Assumption A.

If A, is of rank deficient matrix, i.e., ank A, < n —n, , then there exists a matrix L of dimension (n —
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Ny) X ng then the system (10) will be in the reduced form, for x; € Q, which is open subset of R™0

%1 = (A; + A L)x; + Byu + B1f(x1: ¢(x1)) (11)
Where ¢p(x;) £ Lx;.
Which is solvable for a given (xl 0), x, (0)) € wy, and u € U[0,t], where

wie = {(x1(0),%,(0))]x;(0) € 0, x,(0) = P (x,(0)) }
and
U0, t] = {u()|u(t) is dif ferntiable on [0, t]}

And the solution to system (11) is x;(t) € Q, and x,(t) = ¢(x,(t)).
Proof
If A, is of rank deficient matrix in (10), then we may consider the existence of a matrix L of dimension (n —
ng) X ng such that

X (8) = Lxy (1) (12)

Ly (6) = x,() = 0 = (L = I, (xl(t))
x, ()
So  (x(t),x,(t)) € R(L  In-n,) and L satisfies A3x; + AyLx; = 0 or
(A3 + A L)x; = 0 forall x; # 0, x; € (. This means that
As+A,L=0 (13)
Such a matrix L is always exists when condition (8) is satisfied (see [8]). So the solution of (10b) have to belong
to the set X(L  In_n,), so the solution manifold is
Q2 {xeRyx(t) €RL ILhny)} (14)
Therefore, the solution of (10b) will be found locally in { and the system is then given in the reduced form for
x;, € Q,
% = (A; + A;L)x; + Byu+ B; f(xq, Lx;) (15)
From state space analysis and f € C*(R"; R"), the problem has a solution for a given u € U[0,t] and x; € Q. ,
hence the original system solution is x; (t) € Q, and x,(t) = ¢(x,(t)) with
x2(0) = ¢ (x1(0)). L

3 Robust Descriptor Control Problem
Consider the nonlinear semi-explicit descriptor robust control system with matching condition defined by (1)
which is (by using lemma 1)) equivalent to the system (15)
% = (A + AL)x; + Byu + By f(x1,Lxy), x; € Q,
X, = ¢(xq), (x1(0)'x2(0)) € Wy
The equilibrium states of the robust control system (15) can be calculated when the control function u is
identically 0 or is a constant vector u,. Since f(0,0) = 0, then the unique equilibrium state of the system is the
origin (x1,x,) = (0,0) .
Suppose that the control is feedback control defined by
u(t) = —kx,(t) (16)
Now, the aim of the following work is to find a suitable matrix k such that the feedback nonlinear dynamical
system
%1 = (A1 + A,L — Bik)xy + By f (%1, Lx;) (17a)
X, = ¢(x1) = Lxq, (xl(o)'xz (0)) € wy (17b)
Where x; € Q, , is asymptotically stable.
To find the conditions which make the nonlinear descriptor robust control system with matching condition
(1) is asymptotically stable, the following theorem has been developed.
Theorem 1
Consider the nonlinear descriptor robust control system with matching condition (1) which is locally equivalent to
the system (15), that satisfy
1. The system satisfies Assumption A.

2. The eigenvalues of A; + A,L satisfies (4; + A,L) = {A;|4; + A#0, Vi# j}.
3. (A + A,L,B;) is state space controllable, where x, = Lx;.
4. f(0,0)=0.
5. MFON < finax () = nllxllg, x = (x1,%2).
Where Q = (Qol (;) ) and Q,and Q, are symmetric positive semi-definite matrices and Q; = LTQ,L .
2

6. The control is defined by — u(t) = —kx; = —R™!Bf Px,,
Where R is symmetric positive definite matrix and P is the symmetric positive definite matrix that solves
Riccati equation
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(Ay + A,L)TP + P(Ay + A,L) — 2PBiR™*B{P + 2aP + 2Q, =0 (18)
7. a= i’;‘j:((;) Amax (@) (X + |ILIDNIB. ]l , where || || is suitable norm.
Then the equilibrium point (x;,x,) = (0,0) of (15) is asymptotically stable.
proof
Forx; €, , and (x;,x,) € O = {x; € Q,,x, € R"™| x, = Lx, } define Lyapunov function for (15) as
V(i (t) =xTPx,, PT=P>0
Since Amin (P x1 117 < xTPx; < Aa (P4 ]1> for PT=P >0 (19)
Where A, (P) and A4, (P) are the minimum and maximum eigenvalues of P respectively, from (15) and
condition (7) as well as u(t) = —R~*BT Px; with some computations, one gets
V(x;) = xT[(Ay + A,L)TP + P(A, + A,L) — 2PB,R™*BI P]x, + x] PB,f + fTB] Px,
By solving (18) for P , we have that

V(x;) =—2x7Q.x;—2axIPx, + xIPB,f + fTBT Px, , deletion of the positive term x7 Q,x, gives that
V(x)) < —2axTPx; +xTPB,f + fTBI Px,
Since

X1 PBif + fTBIPx; < 20 Anax (PYIIBy lllIx |1 llg, (1 + IIZID)
< 20 max (P) Amax QI By Il 1 (1 + IILID

X{ Pxy 2 Amin (P21 I = —x] Py < —Amin (P) |2,
Therefore, from the two inequalities above, we have that

V(1) < =20 Anin (PIx1 117 + 200 2mar (P) Amax (@I B llllxo 117 (L + L1
From assumption 6, we get that

V(x1) < 2(0=1)Amax (P)Amax (QIIB1 I (1 + [ILID 1y 17
Putting the condition n —1 < 0 onnie.,

And

0<n<1
Gives that
V(x1) < =2max (P)Amax@DIBLIIL + ILIDIx N2 = V() <0
This proves that x; = 0 is asymptotically stable. i.e.,
tlim ll2e; (DIl = 0, x; € Q,

And from the continuity of the norm ||-|| , then we have that
lim [l (01 = | lim x,(6)
t—oo t—oo

= ”tlim Lxl(t)”, x; € 0,
= ||L Jim xl(t)”, x;, € Q,
=0
Therefore the equilibrium point (x;, x,) = (0,0) is asymptotically stable. [ ]

Theoreml above gives as a class for the uncertainties f(x) which can be defined as

= {f|IrCoN < nllxllg 0 < n < 1@ = 525, @01 + ILIDIB |

i.e., the nonlinear descriptor robust control system with matching condition (1) is stable for all f € f, and its
solution is defined by w(t) = —R™1BI Px;.

Due to the difficulty in solving the equivalent robust control descriptor problem (15) in the presence of
system uncertainties, leads to develop a novel approach by finding an equal control problem ( in reduced system
form) which is equivalent to the robust one in the sense that the solution of the equivalent optimal control problem
is the solution to the robust one. The following theorems present this fact.

4 Optimal Control Equivalent Problem
Based on the optimal control theorem for state space systems [6], the following optimal control problem that
equivalent to the robust control problem (15) is presented.
For all x; € {1, , the nominal system of (15) is defined by
X1 = (A1 + A;L)x; + Byu, (xl (to), X2 (to)) = (xl,O'xZ,O) (20a)
Xz = Lxy, (%10, %20) € Wi
Where
X, € R™, x, € R" ™0, A, € R%*"0, 4, € R™*™ ") B € R™*" and L € R™®~"0)xm0,
Which depends on the known part of the system (15) and the cost functional or performance criterion

JE) 2 [ FRax @) + 21 (0)Qux1 (1) + " (H)Ru(t))dt (20b)
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Where x; (t) £ %1 (t; %10, u()) and fiZ,, (%) is a given upper bound of f(x), R is symmetric positive definite
matrix and @, is symmetric positive semi-definite matrix. Now the optimal control problem is to steer x; o to the
target state 0, using a control u(-) from the appropriate class for the problem, in such a way that J is a minimum.
Let the class of successful controls is denoted by A, i.c.,

A= {u(-) € U0, t]|3t > 0 such that x, (t; x1,0, u(-)) = 0}
Then a control u,(-) € U[0, t] is optimal if it is successful, i.e., u,(-) € A, and satisfies that

Jw.()) < J () forall u(-) € A.

To prove the necessary condition for optimality for the equivalent optimal control problem (20), the following
lemma will be introduced.

Lemma 2 (necessary condition for optimality)
Consider the equivalent optimal control system (20) of the robust descriptor control system (1), and there is a
positive definite continuously differentiable function V (x;) such that
V(1) £ min [ (FZe () + ] Quxy + uT Ru)de.
u
Then the necessary condition for existence of optimal control is that I (x;) must satisfies the Hamilton-Jacobi-
Bellman (HJB) equation
0= meig[fn%ax(x) +x{ Qux; + uRu + V(A + A;L)x, + Bju)|
u
av
Where V| = g
Proof the same as derivation in the state space proof, See Sage [8].

Main Theorem 2 (Equivalency theorem)
Consider the robust control problem
Ex = Ax+ Bu+ Bf(x), x(0) = x, 21
Where E,A € R™"  x € R®,u € R" and B € R™" are the system coefficients and f € C1(R"; R") represent
the uncertainty of the system and
l. rank(E) =ny<n
2. fCON < finax (X)), finax(0) =0,
3. f(0)=0,u€A.
And the optimal control problem
ggg] = fto (fnzlax(x) + xlTlel + uTRu)dt (223)
Subject to the controllable system
X = (A1 + A;L)x; + By, (x1 (to), x2 (to)) = (x1,o' xz,o) (22b)
Xz = Lxy, (%10, %2,0) € Wi, X, € O,

Where Q,is positive semi-definite matrix and R is positive definite matrix x = P (x1> ,
2

x; € R™, x, € R" ™0, [ is the solution of A; + A,L = 0 and QEP = (g 8) ,

QAP = (EAl ZAZ) ,0B = (231) for some suitable nonsingular matrices Q and P.
4, A, 0

Then, the solution of the optimal control problem (22) is the solution of the robust control problem (21).

proof
From lemma 1 and the conditions above, we get that the robust control problem (21) is equivalent to the robust
control problem

X%, = Ayxy + Ayxy, + Biu 4+ By f (g, x3) (23a)

0= A;x; + Ayx, (23b)
And this problem is reduced locally to the problem

%, = (A + A;L)x; + Byu + By f(xq, Lxq) (24)

Forall x; € Q, x, = Ly, (3, (£0), x5 (t0)) € wy
Now to prove the theorem, it is enough to prove that the solution of (22) is the solution of (24). To do
so, one can define

V() 2 | (fhax(®) + 2] Qxy + u"Ru)dt
to
to be the minimum cost of bringing the system (22b) from x; (t,) = x; 4 to x; = 0.
From lemma 2 , V (x;) must satisfies H-J-B equation
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0=min [ffe () + ] Quxy +u"Ru + Vi (4; + 4;L)x; + Byu)] (25)

u

Now if x; € {,, and u(0) = 0,3 u € A such that (25) is satisfied then there exists a solution to the optimal
control problem (25), u = u(x,) satisfies
fitax () +x{ Quxy + W Ry + VE((Ay + AL)x; + Bi) =0 (26)
2U"R+ VB, =0 (27)
x, =Lx; (28)
Now, one can show that u = u(x;) of (22) is the solution of the robust control problem (24), i.e., x; = 0 of (24)
is globally asymptotically stable for all admissible uncertainty f(x).
To do so, we show that V (x;) is a Lyapunov function of the system (24).
1. Since u(0) = 0, frnax(0) = 0, then V(0) = 0.
2. Andsince f;24,(x) > 0,x7Qx; > 0,u"Ru > 0,
vV x = (x;,Lx;) # (0,0), x; € Q, then V(x;) > 0.
V(x1) = [/;chxl
= iji [(Ay + A2L)x; + Biu + B f]
= Vle[(Al + A;L)x; + Byu] + Vx];Blf
Substitution (26) and (27), yields
V(xy) = —fhax(x) = x{ Qux; — u"Ru — 2u"R
By adding and subtracting the term fTRf , we have the following:
V() = —(frax () — f'RF) = x{ Q121 — u"Ru — 24" R — f'Rf
= —(fmax () = If COIIR) — %] Qs — (f + W'R(f + )
= —(fax () = IF R = s 11, — If () + ()l
From the condition || f (x)]|3 < f;24x(x) and ||f(x) + u(x)||3 =0,
Therefore, V(x) < —llxll3, <0
Thus, the condition of asymptotically stable is satisfied.
Consequently, there exists a neighborhood Np = {x; € Q,; lx1llo, < C } for some C > 0. Such that if x, (t)
enters N then tli_)rglollxl ®llg, =0
But x4 (t) cannot remains forever outside N, otherwise
llx; () llg, > C forall t > 0, therefore

VG (8) =V (0)) = i V(i (s))dls
t
< — [ ()3, ds
t
< -—J, C%ds
=—C%
V(x, (1) < V(x;(0)) — C*t
Letting — oo , we have V (x; (t)) —» —oo which contradicts the fact that V (x; (t)) > 0 for all x; € {1, . Therefore
gimllx1 (®llg, = 0. But x,(t) = Lx;(t) such that

x(t) = (%, (), %, (1)) € Q.

Then
Jim o) = |Jim ;0

| o] 5 e

- i s o] % e,

=0
So tlergollx(t)|| = ||tli_)rr'}o(x1(t), xz(t))”

= 0.

For all x(t) € {0 -

Based on the previous results, the following illustration have been developed.

5 Illustration
Consider the robust descriptor system

Ex = Ax + Bu + Bf (x)
Where x7 = (x;, x5, x3,x,) and
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030 0 12 3 -3 3 3
(200 0), (-6 2 =2 o)\ . [2
E={o 00 0/)4=|l 1 2 1 1):B=\o0
00 0 0 1 2 1 1 0

Let the uncertain f(x) € f, be assumed as:
f(x) = q x;sin(x;), ¢q € [—1,1] unknown parameter.

01 00
Using the transformation matrices P = (1) 8 2 8 and Q = I, and putting
v 0 0 0 1
1. _ (N (N _ (V3
P~ x = (Yz)' Y, = (y:) , Y, = (y4)’ the system above can be transformed to

Yy =AY + AyY, + By (u + qy, sin(yy))
O = A3Y1 + A4Y2

1 —4 -1 1 2 1 1 1 1

Where 4, = (1 —3)’ 4> = (_1 o)’ 45 = (2 1)’ a5 = ( 1 1)’ B = (1)
Or

Vi =Y =4y, — Y3+ Vst u+qy; sin(y,)

V2 =y1— 3y, —y3 tu+qy; sin(y,)

0=2y; +y, +y3+ W

0=2y; +y, +ys+ W
Clearly [lf )l < Iql |y:| Isin(y)] < |y-l

IfODII? < yF = frax ).
Here, the consistency space is

O={r,el,=R%Y, e R*| AY, + A,Y, =0}
Since A, is rank deficient and Rank[A; A,] = Rank A, = 1, then there exists a non singular matrix L such that
YZ = LY]_ With
_ _ _(1 1

(As + A,L)Y, =0,0t Ay + AL =0= L = (_3 _2)
0={r e, =R? Y, =LY,}.
N T N 2 T _ 1 1 V1
? = {(Y1ry2) € ?y =R (y3,54)" = (_3 _2) (Yz)}
Q= {(3’1'3’2)T €N, =R%y; =y, + ¥,y = =3y — 23’2}
Therefore, the initial condition (¥ o, ¥2,0, ¥3,0, Ya,0) 1S consistent iff
Y3,0 = Y10 T Y20 and ys 0 = =3y10 — 2¥2 o for a given (y1,0, ¥2,0),

S Wi = {()’1,0'3’2,0‘3’3,0'3’4,0” Y30 = Y10 t Y2,0 Va0 = —3V10 — 2V20 }

Therefore the robust control problem of finding a feedback control law that stabilizes the system for all possible
q can be transformed into the following optimal control problem:

For nominal system

Yl = AYI + Bu
_ (-3 =7 _(1
where A = ( 0 _4),3 = (1>
Since Rank(B;: (4; + A,L)B; ) = Rank(B: AB ) = 2, then the system is controllable.
Find a feedback control law u = —kY; that minimize

f (fmax @) + Y'Yy +uTw)dt = f Of +2y; +u)de
0 0
= f0°° (YlT (é g) Y, + uTu) dt
= fom(YlTQY1 +uTu)dt
This linear quadratic optimal control problem can be solved by solving the algebraic Riccati
equation
ATP + PA—PBR™BTP+Q =0

a IZ) then one can get that

b
-3 0\(a b a b\(-3 -7 a by (1 1\(a b 1 0y_/0 O
(S DG D+G D0 ZD-G DG DG D+6 2= o

Solving the system above gives
_ _ _ _ ( 0.1667 —0.1667
a=01667 , b=-01667 , c=05256 and P=( _ "' "L
{0.1012, 0.5910}. Then P is positive definite symmetric matrix. And the feedback control is

Suppose P = (

). The eigenvalues of P are
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u = —R™'BTPY; = —0.3589y,
By theorem 2, this is a solution to the original robust control problem.
Solutions of the optimal control problem and the robust control of the equivalent system are shown in the following

figures.

3

2.5

Time

Figure (1) Optimal solution represents (V1,V,, V3, Ya) With
(J’1,0'J’2,0'}’3,0'}’4,0) =(1,23,-7) € wy

It’s very important to notice that in contracts to the state-space (0.d.¢) systems, when the eigenvalues of
the nominal system have negative real part then the system is stable for all initial condition. While in descriptor
systems the initial condition divided into two parts, the first one concerns the dynamic (0.d.e) and the second part
is the algebraic equation which is called the consistent initial conditions. And these initial conditions effect the
system stability even when the spectrum of the dynamic system lie in the left half of C as one can see the figure
(2), the dynamic state space and the non dynamic state space vector are far from the equilibrium point (0,0) when
choosing the initial condition out of the consistency region.

5 T

State V(1)

Time

Figure (2) Optimal solution represents (1, V2,3, Vs) With
(3’1.0'3’2,0'3’3,0‘3’4,0) =(1,21,-5) € wy
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Figure (3) Optimal solution represents (X1, X, X3, X,) With

(xl,O' X2,00 X3,0 x4,0) =(213,-7)
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Time

Figure (4) The optimal control u(t)
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Figure (5) Robust solution represents (Y1, Y2, Vs, Va) With

(Y1,o')’2,o'3’3,o'3’4,0) =(123,-7)€w,,q=05
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Figure (6) Robust solution represents (1,2, V3, Va) With

(Y1,o'3’2,o'3’3,o'3’4,0) =(121,-5)¢€w,,q=05
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Figure (7) Robust solution represents (xq, Xy, X3, X4) With

(xl'o, xzro, x3’0, x4_'0) = (2,1,6, _5), q = 0.5

Time

Figure (8) Robust control with

(3’1,0’3’2,0'3’3,0'3’4,0) =(1,2,6,-5)€w,,q=05
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4 Conclusions
From this work, we can conclude the following points:

1. The solvability and Stabilizability of the robust control problem of some non-linear semi-explicit
descriptor uncertain systems having matching condition is discussed via an optimal control approach in
the sense that, the solution of an equivalent optimal control problem to the uncertain nonlinear descriptor
system, is the solution to the given descriptor one with matching condition.

2. This novel approach is very applicable for a large class of systems and make the original problems
tractable and easy for point of applications.

5 future work
The following work have been considered for publication:
1. The solution of the robust control problem of some non-linear semi-explicit descriptor uncertain systems
without matching condition and linear algebraic equation with rank deficient of the algebraic coefficient.
2. The solution of the robust control problem of some non-linear semi-explicit descriptor uncertain systems
with matching condition and non-linear algebraic equation.
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