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ABSTRACT
The main idea of this paper is to give and explore original results related to the general asymptotic regional
gradient observer for a diffusion system in connection with gradient strategic sensors structures. Thus, we
establish a definitions and characterization of this notion and show that under what condition the general
asymptotic regional gradient observer guaranteed. The obtained results are applied through the example with
various gradient sensors structure.

KEYWORDS: exactly wg-observable, w,, -detectability, w,, -observers, w, -strategic sensors, Diffusion
system.

INTRODUCTION

The analysis of distributed parameter system is motivated to be able to deal with many questions in real
problems such as mechanic, thermic and environments as in [13-14]. Thus, the concept of observability notion
has been developed and survey of these developments as in [15-16]. One of the most important notion in system
theory is focused on reconstruction the state of the system from knowledge of dynamic system and output
function not in whole the domain but only in the sub-region of a spatial domain as in [6,19]. An extension of
theses notion is found in[7] when one may be reconstruction the gradient state observation in a critical sub-
region of the spatial domain. These concepts have been extension from regional internal gradient case to the
regional boundary gradient case as in [10, k[22]. Thus, it is very necessary to deal with the observer theory
concept to estimate (observe) the state of dynamic system by building another dynamic system from measured
input and output of the original system[17,20]. Thus, the study of a asymptotic regional behavior of the system
has been introduced by Al-Saphory and El Jai [3-4]. Thus , the principal reason for introducing this concept is
that, firstly it makes sense for the usual observer concept closer to real world problems, and secondly, it can be
introduced and explore the original results related to the general asymptotic regional gradient observer in [11]
for a diffusion system in connection with gradient strategic sensors structure. Moe precisely, we establish a
definition and characterization of this notion and we show that under what condition the general asymptotic
regional gradient observeris guaranteed. This is the subject of this paper which is organized as follows:

In section two is devoted to the presentation of the system under consideration. Section 3 we give some
definitions related to the wg-strategic sensors, w,. -detectability and w, -observers. In section 4 we gives a
characterize for existing w,g;-observers to provide a general asymptotic regional gradient estimator of gradient
state for an original system via sensors structures and we show that there exist a general asymptotic wg -
observers in the subregion is not general asymptotic G- observerin the whole the domain Q.

2. Problem Statement:

Let Q be a regular bounded open subset of R™, with smooth boundary dQ and w be subregion of Q, [0,T],
T >0 be a time measurement interval. we denoted Q = Qx10,T[, £ = 0Q x ]0,T[ . We considered
distributed parabolic systemis described by the following equation:

Z—’z(e‘, t) = Ax(&,t) + Bu(®) Q
x(£,0) = x4() Q ()
x(m,) =0 z
Augmented with the output function
y(,t) = Ccx(,t) )

Where A is a second order linear differential operator, which generator a strongly continuous semi-group
(54®),.,0n the Hilbert space X and is self-adjoin with compact resolvent. The operator B € L(R?,X) and
C € L(R%,X), depend on the structure of actuators and sensors [18]. The space X,U and O be separable Hilbert
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spaces where X is the state space, U = L2(0, T, RP) is the control space and O = L2(0, T, R9) is the observation
space where p and q are the numbers of actuators and sensors (see Figure 2).

Informiacicon

Fig. 2: The domain of Q, the sub-region w, various sensors locations

Under the given assumption, the system (1) has a unique solution [21]:
x(E,0) =8, x(©) +J Syt - DBu@ dr @)
The measurements are obtained through the output function by using of zone, point wise which may located
in Q (or Q). [18]
y(,t) = Cx(&,0) 4
e  Wefirstrecall asensors is defined by any couple (D, f), where D is its spatial support represented by a
nonempty part of Q and f represents the distribution of the sensing measurements on D. Depending on the nature
of D and f , we could have various type of sensors. A sensor may be pointwise if D={b} with b € Q and

f =6(—b), where § is the Dirac mass concentrated at b. In this case the operator C is unbounded and the
output function (2) can be written in the form

y(t) = x(b,t)
It may be zonal when D < Q and f € L?(D). The output function (2) can be written in the form

(O = f 2, DF(©)de
D

In the case of boundary zone sensor, we consider D; =I; ¢ dQ and f, € L*(I}), the output function (2)
can be written as

y(0 =0 = [ x0,0 fdy
1".
e  We define the operator
K:x€X - Kx =CS,()xe O
We notethat K*: 0 — X is the adjoint operator of K defined by
t

Ky = f S:()C*y ()ds
0
e Consider the operator

V:H'(Q) - (H'(Q)"
x - Vx = (651""'3511)

and the adjoint denotes byV* is given as
vV (HY@Q)" - HY(Q)
x->Vx=v
where v is a solution of the Dirichlet problem
{Av =—divx) inQ
v=20 on 0Q
e For anonempty subsetw c Q consider the regional gradient restriction operator
Yot (H' Q)" > (H' (o))"
X 2 XX =Xy
It’s adjoint is denoted by y;,.
. (HY(Q) - H'(w)
* <»'{Jc—>)~(mx=x|(D
where x |, is the restriction of x to ® .
It’s adjoint is denoted by ¥, .
e Finally, we introduced the operator H = y,VK* from O into (H*( w))™.

The problem is how to build an approach which observe (estimates) an asymptotic regional gradient state in
subregionin w of Q in general case only.
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3. Sensor and Asymptotic wg-Detectability:

This concept of regional detectability is introduced and extended by Al-Saphory and El-Jai as in [1, 3-4]
and then for the boundary case see [10-11]. In this section, we extend some definitions and characterizations to
the concept of asymptotic regional gradient detectability in order to construct an general asymptotic wy -
observer for the current gradient state of the original system. For this purpose we need some definitions and
characterization as in [6, 9-10].

3.1 Definitions and Characterizations:
Definition 3.1:

The systems (1)-(2) are said to be exactly regionally gradient observableon w (exactly w, —observable) if
ImH =1Imy,VK* = (H'(0))"

Definition 3.2:

The systems (1)—(2) are said to be weakly regionally gradient observableon w (weakly w; —observable)if
ImH = Tm y ,VK* = (H'(w))"

Remark 3.3:

The definition 3.2 is equivalentto say that the systems (1)-(2) are weakly w; —observable if
ker H* = ker KV*y," ={0}

Definition 3.4:
A sensor (D, f) is gradient strategic on w (wg -strategic) if the observed systemis weakly w-observable.

Definition 3.5:

The system (1)is said to be gradient stable (Q-stable) if the operator A generates a semi-group which is
gradient stable on the (H*(Q))™. It is easy to see that the system (1) is Q-stable, if and only if for some
positive constants M, a, we have
VS, ()l 2 opyn < Me™, vt 20

If (S,4(t)) a0 IS Qg -stable semi-group in (H(Q))", then for all x, € H*(Q), the solution of associated
systemsatisfies
lim, NIVx (., )l gregyyn = lim,1VS, O xoll gigayyn = 0 (5)

Definition 3.6:

The systems (1)-(2) are said to be asymptotic gradient detectable (asymptotic Q-detectable) if there exists
an operator Hy:R9 — (H*(Q))" such that (A — H,C) generates a strongly continuous semi-group (Suy, ®) =0

which is asymptotically G-stable on (H*(Q))™.

Definition 3.7:

The system (1) is said to be regional gradient stable (w;-stable) if the operator A generates a semi-group
which is gradient stable on the (H*(w))™. It is easy to see that the system (1) is wg-stable, if and only if for
some positive constants M,, ., a,,., we have
”XwVSA(-)"(Hl(w))n < MwGe_“‘”Gt,Vt >0

If (S4(t)) a0 IS wg -Stable semi-group in (H'(w))™, then for all x, € H*(Q), the solution of associated
systemsatisfies

limg M, V(o ) et yyn = lime i, VS, ()Xol (gt ayyn = 0 (6)

Definition 3.8:

The systems (1)-(2) are said to be asymptotic regional grad ient detectable (asymptotic w. -detectable) if there
exists an operator H,,.:RY — (H'(w))" such that (4 — HwGC) generates a strongly continuous semi-group
(SHwG ()20 Which is asymptotically G-stable on (H* (w))™.

Remark 3.9:
In this paper, we only need the relation (6) to be true on a sub-region w of the region Q
mllva (., O)ll gt yn = 0

Now, to study the relation between the asymptoticw -detectable and wy; -Strategic sensors. Let us consider
the systems (1)-(2) which are observed by q sensors (D;, f;)i<i<q With D; € Q and f; € HY(Q) for i=
1,..,q. We assume that the operator A has a complete set of eigenfunctions denoted by 1,,; in GEO)E
orthonormal in (H*(w))™ associated with the eigenvalues 2,, of multiplicity 7, and suppose that the system (1)

v
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has unstable modes. We have the following sufficient condition for existence of asymptotic w, -detectability in
terms of the strategic sensors structure.

Theorem 3.10:
Suppose that there are g zone sensors (D;, f;)1<i<q @nd the spectrum of A contains J eigenvalues with non-
negative real parts. The system(1) togetherwith output function (2) is wg - detectable if and only if :
1. g=r
2. rank G, =1%,, Ym,m =1, ..,] with
I(l,llmj (b)), £,() >2p,) for zone sensors

_ _ llij (bi)for pointwise sensors
Gm - (Gm)ij - al/) )
< a;n] yA®. >2(r,) for boundary zone sensors
where sup r, = m < wandj =1,..,%,.
Proof:

The proof is limited to the case of zone sensors. Under the assumptions of section 2, the system (1) can be
decomposed by the projections P and I — P on two parts, unstable and stable. The state vector may be given by
x(& 1) =[x, 1), x,(& )] where x,(&,t) is the state component of the unstable part of the system (1), may
be written in the form

aaitl(g’, t) = A, x, (&, t) + PBu(t) Q
x,(§,0) = x4, &) Q Y
x,(n,t) =0 0

and x, (& t) is the component state of the stable part of the system(1) given by
ZL(g,0) = Ayx,(§,0) + (1 — P)Bu(®) 90
xz(f,O) = xoz(f) Q ®)
xz(n,t) =0 )

The operator A, is represented by a matrix of order (X _ %, X _ %) given by

Ay = diag[Ay, ..., 49,45, .., Ay, Ay, ] @nd PB = [G{7,G57, ..., Gf"]. The condition (2) of this theorem,
allows that the suit (D;, f;)1<i<q Of sensors is wg -strategic for the unstable part of the system (1), the subsystem
(7) is weakly w,-observable[8-9], and since it is finite dimensional, then it is exactly w;-observable. Therefor it
is wg -detectable, and hence there exists an operator H2 suchthat (4, — H2 C) which is satisfied the following:

IM},al > 0 such that||e(A1'H‘}’C)t||(H1(w))n < Mie a®

and then we have
||X1(., t)”(Hl(w))n < Mi',e_aé"(t) ”PxO( )”(Hl(w))n'
Since the semi-group generated by the operator A4, is stable on (H*(w))™, then there exist M2, a2 > 0
such that
2
”XZ(., t) ”(Hl((u))n < Mf,e_“‘“(t) ”(1 - P)xo(.)”(Hl(w))"

t
+ [ M2 BN ~ Py Oll oy lu(rll ar
0

and therefor x(¢,t) - Owhen t — . Finally, the system (1)-(2) are w;-detectable. Reciprocally, if the
system (1) together with the output function (2) is w, -detectable, there exsts an operator H, €
L(RY, (HY(w))™, such that (4 — H,,C) generates a wg-stable, strongly continuous semi-group (Sy, (£))¢so ON
the space (H!(w))", which is satisfied the following:

iM,, a, > 0 such that")(wVSHw(.)”(Hl(w))n < M, e %O,

Thus, the unstable subsystem (7) is w,-detectable. We recall that a system is weakly w,-observable, i.e.
[KV x:x*(,t) = 0= x*(,,t) =0][8-9]. Forx*(,,t) € (H*(w))", we have
J
* * * Am-f * *
KV (0 = (O €™ < O, 107 00 >0t < Yimy (O£ 00 >t @)rsisq
m=1

Am;
e m]t < lem] ( ), x* (., t) >(H1(w))71< lpm] ( ),f}'(., t) >H1(Q))1Si5q

Il
N

1

-3

Aot ;
e m] < Il)mj ( ),x (,t) >(H1(w))"< lpmj ( ),f}(,t) >(H1((u))n)1$i5q

=1

3



The Twenty Third Specialist Scientific Conference of Education College, Al-Mustansiriyah University, IRAQ

If the rank G, x,, # 1, form,m = 1,...,], there exists x*(.,t) € (H(w))™, such that KV* y;x*(.,t) = 0,
this leads

X< Py (2700 > 1 yn < 9,0, £;C,8) >pa ) = 0.

The state vectors x,,, may be given by
x,0, 0 =[< wlj(.),x*(.,t) >t @< ¥y, (O,x7 (0 >p]7 #0

we then obtain G, x,, = 0form,m =1,...,J] . Consequently, the subsystem (7) is not weakly w; -
observable and therefore the suite (D;, f;) 1<i<q Of s€nsors is not wg -strategic. Thus, the system (1)-(2) is not
wg -detectable. Finally we have therank G,,, # r;,, forallm,m =1, ...,J.0

Now, it is clear that:

1. A systemwhich is G- detectable, is w - detectable.

2. A systemwhich is exponentially w - detectable, is asymptotically wy - detectable.

3. A system which is asymptotically w -detectable, is w} - detectable, for every subset w,of w but the
converseis nottrue.

4. General Asymptotic w -observers:

The purpose of this section is to introduced an approach which enable to achieve the existence of general
asymptotic regional gradient observer (GAwg -observer) in general case is derived from [1,17].This approach
which allows to construct the current gradient state in w of the systems (1)-(2) in connection of asymptotically
wg -detectability and w, -strategic sensors in order to characterize the asymptotic regional gradient
observability. Thus, it’s necessary to approximate the dynamic characteristics of the observer in subspace
spanned by a finite number of suitably chosen bases. Let us consider the operator A has a complete set of
eigenfunctions ¢,,; in (H'(Q))" orthonormalto (H*(w))" associated with the eigenvalues 1,, of multiplicity 7,
and suppose that the system (1) has unstable modes. Then, we present sufficient conditions for existing a
GAw-observer in order to provide an approximation to the gradient state of observed system.

4.1 Definitions:
Definition 4.1:

Suppose there exists a dynamical systemwith state z(.,t) € Z given by

? =F,.z(,t) + G, ult) + H,,y(®) Q
Z(f,O) = ZO({T) Q (9)
z(n,t) =0 5

Where F,, . generator a strongly continuous semi-group (SFwG (t)) =0 ON separable Hilbert space Z which is
asymptotically w; —stable. Thus, EIMng'aFwG > 0 suchthat

||SF‘UG(') || S MFcuGe_aFth;Vt = 0.
and let G,,, € L(U,2), H,,, € L(0,Z) such thatthe solution of (9) similar to (3)
t

#E,0) = 55, D2 + [ 5, (€= D[Gopu@) + HypyD]dr

0

The system (9) defines asymptotic regional gradient estimator for x,VTx(¢,t) where x(&,t) is the
solution of the systems (1)-&2) if
}:1_)12”2(., t) - )(wVTx(f ,t) |(H1(a)))n =0

and x,VT maps D(A) into D(F) where z(&,t) is the solution of system (9). And (9) specifies an
asymptotic w, -observer of the systemgiven by (1) and (2) if the following holds:

1-  There exists M,,. € L(RY, (H'(w))™) and N, € L((H"(w))™) suchthat My, C+ Ny x VT =1,

2 xoVTA—=F,.x,VT = H,.C, G,, = x,VTB.

3- The system(9) defines an asymptotic w -estimator for y,VTx(¢ ,t).

The object of an asymptotic w, -estimator (asymptotic wg;-observer) is to provide an approximation to the
gradient state of the original system. This approximation is given by
£(t) = M,,y®) + N, z(t)

Definition 4.2:
The systems (1)-(2) are general asymptotic regional gradient observable (AG w, -observable) if there exists a
dynamical systemwhich is GAw-observer for the original system.
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4.2 GAwg-observer reconstruction method:

The problem of studying asymptotic w-observability may be through the observation operator C, that
means, we can the characterize the GAwg -observer by a good choice of the sensors structure. For this objective
suppose the systemhas g sensors (D; , f; )1<i<q-

Consider the system

%ﬂaﬂzAﬂaﬂ+Bﬂﬂ Q
x(£,0) = x,(&) Q (10)
x(n,t) =0 X
In this case the output function (2)
y(@®) = cx(.,t) (11)

Let w be a given subdomain of Q and suppose that T € L((H*(Q))™), and x,VTx(&,t) =T, Vx(&,t) there
exists a systemwith state z(£,t) suchthat
z(&,t) =y, VTx(&, t) (12
From equation (11) and (12) we have
HEIeE
z XoVT
If we assume that there exist two bounded linear operators
M, 0 = (H (@)™ and N, : (H* (@)™ = ((H'(@))", such that M,,.C+ N, T, =1, then by deriving

z(&, 1) in (12) we gave
9
é({,t) = waTa—: &, t) = x,VTAx(E, t) + x,VTBu(t)

= x,VTAM, y(, 1) + x,VTAN, z(§,t) + x,VTBu(t)
Now, considerthe system(which is destined to be the w;-observer)
0z N
— 0 =F,; 26,0 + Goou® + Hy,y(, 0 Q
2(£,0) = z,(8) Q (13)
2(n,0) =0 z

Where F,,. generates a strongly continuous semi-group (SFMG(t))t20 on separable Hilbert space Z which is

asymptotically gradient stable thus,
Mg, . ag,,. > 0 such that ||XwVSFwG(')|| < MFwGe_“Fwat, vt = 0.
and let G,,, € L(U,Z), H,, € L(0,Z) suchthatthesolution of (13) is given by
t

26,0 = S5, 02O + [ 55, €~ D[G,gu@) + Hypx(by D]t
0
Now, we present the main result which enable to observe asymptotically the current gradient state in w, by
the gradient state of the system(13).

Theorem 4.3:

Suppose that the operator F,. generates a strongly continuous semi-group which is wg -stable on
((H*(w))", then, the system(13) is GAw -observer for systems (1)-(2), thatis,
lim{x, VTx(§, £) —2(§,0)] = 0

If the following conditions hold:

1- There exists M, € LRI, (H*(@)™) and N, € L((H (@)™ such that
M,.C+ Ny x VT =1,

2 x,VTA—F, x,VT=H,.C, G, = x,VTB.

Proof:

Let z(&,t) = x,VTx(&,)and 2(&,t) be a solution of (13) and let us denote the observer error by the
following form
e(&,t) =z ) — 20

\5Ve have 5 55
i(f,t) = 5({, t) — a—tz(f, ) = x,VTAx(E, 1) + x,VTBu(t) — F, 2(§,6) — G, ,u(t) —H, y(&, 0

=F,e,0) —F, z( 0 + x,VTAx &, 1) — H,,. y(, 1) + x,VTBu(®) — G, u®)
=F, e, 0+ [x,VTAxE, 0) — F,_x,VTxE, 0 — H,_ Cx(& O] + [x,VTBu®) — G, u®)]
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=F,. e, ) + [x,VTA = E, xo,VT — H, Clx@, O + [x,VTB — G, Ju(t) =F,_e,t)

Consequently e(¢, t) = Sp,,. (O[x,VTx,() — 2,()]. the G-stability of the operator allows to obtain
”e(f, t) ”(Hl(w))n) < MFwGe_aF“’Gt”)(wVTxo(f) - ZAO(f)”(Hl(w))'ﬂ)

And therefore lim,_,, e(£,t) = 0.

Now, let the approximate solution to the gradient state of the original system is
2,0 =M, y(,0) +N, 2(,0), thenwe have

e, t) =x(,0) — 2,0 =x&,0) —M, y(,) =N, 2(,1),

=x(&,8) = M, Cx(&,8) = Ny x o VTX(E, ) + N,y [, VTx(E, 8) — 2(¢,8) ]
= Ny, [0, VTx(E, ) — 26,01 = N, [2(¢,8) — 2(¢,0] = N, e(€, 1)

Finally, we have

lim,_,, 26,0=zE .o

Thus, we can deduced a sufficient condition for existence GAw;-observer is formulated in the following
theorem.

Remark 4.4:

We can deduced that

1. The theorem 4.3 gives the conditions which guarantee that the dynamical system (9) is a GAwy -
observerfor the system(1)-(2).

2. From theorem 4.3 we get the relation between the regional gradient strategic sensor and GAwg -
observer.

3. Asystemwhich is an AGG -observer is AG wg-observer.

4. If a system is GAwg -observer, then it is GAw} -observer in every subset w; of w, but the converse is
nottrue. This is may be explain in the following example;

Example4.5:
Consider the system

‘;—’:(s,t)=y1%(f,t)+y2x(f,t) 10,a[,t >0

x(£,0) = x,(8) 10, a[
x(0,t) =x(a,t) =0 t>0

(14)

Wherey, >0, y, > 0 and Q=]0,a[. Let b; € Qare the locations of the pointwise sensors (b;,8,,). Then the
augmented output function is given by:
y(,0) = fy x(€,08(& — b)dé. (15)
Now, consiqerthe dynamical system
260 =1 556 0 +1,26,0 — HO(26,0 - x(E,0)  10,alt >0

z(£,0) = z,(&) 10,a[ (16)
z(n,t) =0 t>0
2
Let w = (@, B) be a subregion of Q. The eigenfunctions and the eigenvalue related to the operator A= (y; ;?+

y,) are given by:
1
(2 )\z_. E-a _4_(nm 2
0,(&) = (_ﬁ—a) smnn(—ﬁ_a) and 1,=1 (_ﬂ—a) .
Now, if% € @ N (0,a) then the sensor is not w -strategic [8-9] for unstable subsystem of (14) and therefor
the system (14)-(15) is not wg; -detectable in Q [4]. Then the dynamical system (16) is not w; — observer for the

system (14)-(15). Thus, the system (14)-(15) is w -detectable if (bi_“) ¢ Q N (0,a). That means, the sensors

B—a
(b;,6,,;) are wg-strategic to unstable subsystem of (14) and therefor the systems (14)-(15) arew, -detectable.

Therefor, thedynamical systems (16) arew, — observerfor the system(14)-(15) [4]. o

5. Applicationto GAwg-observer:

In this section, we give some results related to different types of measurements domains and boundary
conditions. We consider the distributed diffusion systems defined on two dimensional domain 10, a,[x]0, a,[
on Q.
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2 2
Z (60 = 37;(51,52,1:) + %(El,fz,t) Q
x(flvEZ’O) zxo(fpfz) Q 17
xEnt) =0 b
The augmented output function is given by
y(, 0 = fro x(01,M, O)f (4, m)dn, dn, (18)

32

2
LetT = {a,} x]0,a,[ be a region on ]0,a, [x]0, a,[. The eigenfunctions of the operator (652 + aa?) for the
1 2

Dirichlet boundary condition are defined by

2 $1 $s
(&, &) = —=sin it — sinjr —
(plj 61 52 m a1 J az
Associated with the eigenvalues
l'2 -2

— (—— 2
Ay = Gt m

The dynamical system
(66,0 = Z2(62,600 + 22,60 + Bul§y, 6,0 — Hy, (€ 2(6,6,0 —y(©) Q

2(51'52'0) = Zo(fpfz) Q
z(ny,m,t) =0 z
together with the system (17)-(18) are equivalent to the systems (1)-(2) and (9) with the operator A =

Gr+ie)

(19)

Zone sensor cases:
Let the measurement supportis rectangular with 1&, —1,,&; +1,[x]&, — 1,, &, + 1,[€ Q (see Figure 3).

| L2EN

o s -
o, i
LU ﬁj S, ™

Fig. 3: Location of internal zone sensor D.

If f; is symmetric about &, = &,; and f, is symmetric with respect to &, = &,, then we have get the
following result:

Corollary5.1:
The dynamical system (19) is AGw-observer for the system (17)-(18) if i& and ’zﬂe N,Vi,j =
1 2

1,..,].
In the case where I" c dQ and f € L>(I"), the sensor (D, f) may be located on the boundary in I}y =]ny, —
1,,m01 +11[% {a,}, thenwe have:

Corollary5.2:
One side case (see Figure 4):

suppose that the sensor (D, f) is located on Iy =]ng; — 11,191 +11[*x{a,} €0Q , and f is symmetric
with respect to n, = ny, then the dynamical systems (19) are GAw, -observer for the system (17)-(18) if

Bugn vij=1,..,J
a;
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Fig. 4: Location of boundary zone sensor one side case

Two side case (see Figure 5):
suppose that the sensor (D, f) is located on Iy, =]0,n4, +1,[X {0} U {0} X]0,7,, + 1,[c 9Q , and flr1 is
symmetric with respect ton, =n,, and the function flr2 is symmetric with respect to n, = n,,, then the

dynamical system(19) is GAw;-observerfor the system (17)-(18) if liﬁ and ’iﬁ &N, Vi,j=1,..,].
1 2

Fig. 5: Location of boundary zone sensor two side case

ii. Pointwise sensor cases:
In this casesif b = (b,,b,) € 0Q then, we have:

Corollary5.3:
Internal case (see Figure 6):

The dynamical system(19) is GAw; -observer for the systems(17)-(18) if — and ]aﬁ € N,Vi,j=1,..,].
2

a

]
=
:‘- -

Fig. 6: Location of Internal pointwise sensors.

Filament case (see Figure 7):
Suppose that the observation is given by the filament sensor where o = Im(y) is symmetric with respect to

the line b = (by, b,), if 21 ond —’:2 € N,Vij=1,..,J. Then the dynamical system (19) is GAw, -observer
1 2
for the systems(17)-(18).

@y b N i
Fr fmm - ﬁﬂ
" €3, !
B,r= i
i
o :
2 HIl o
0 = By fes iy

Fig. 7: Location of Internal pointwise sensors (filament case).

Boundary case (see Figure 8):
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The dynamical system(19) is GAw -observerfor the systems(17)-(18) if ’aﬁ €N, Vj=1,..,].
2

. ¥
b 0. .‘/

B
(1, 5

LA ] 'l-rll [i: a

Fig. 8: Location of boundary pointwise sensor b.

Remark 5.4:
We can extend these results to the case where w is sub-region of the boundary of the domain Q as in[12].

Conclusion:

The concept have been studied in this paper is related to the existing and characterizing an GAw -observer
only for a distributed parameter systems. More precisely, we have given an approach for building a GAw -
estimator which reconstruct a gradient state in considered sub-region w. Also, we show that there exists a
dynamical system is not GAw, -observer in usual sense but it is GAG -observer. For the future work, one can
extension of these results to the problem in identity case and in reduced order case as in [8-9]
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