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Abstract—The central idea of this paper is the modeling and
implementation of a real-time dc servomotor angular speed
control system with an unknown bounded uncertainty using a
sliding mode observer (SMO) control strategy. We prefer to use
a SMO in our approach due to its great potential in fault
detection and isolation (FDI) of the actuators and sensor faults
subjected frequently to several failures due to an abnormal
change in their operating conditions or parameters. We use for
this purpose the most suitable real time implementation tool
MATLAB/SIMULINK software package. It provides special
features for real time implementation by its extensions Real-
Time Workshop (RTW) and the Real-Time Windows
Target (RTWT). The novelty of our paper is to prove in an
extensive simulation MATLAB/SIMULINK frame the real
time implementation potential of a most recently sliding mode
observer (SMO) control strategy applied to a particular case
study, namely for a dc servomotor angular speed control
system. The proposed real-time Sliding Mode Observer (SMO)
consists of an embedded nonlinear Sliding Mode Observer
(SMO) with the dc servomotor actuator in an integrated
control system structure to estimate its angular speed and
armature current and to implement the sliding mode control
law.

I. INTRODUCTION

THE most important common actuator integrated in a
forward path of the control systems structure is the dc
servomotor. It directly provides rotary motion and, coupled
with wheels or drums and cables, can also provide transi-
tional motion. The cause roots of the majority faults in con-
trol systems are the result of unexpected failures, interfer-
ences as well as the age of their crucial components. In our
research defective measurement and control loops equip-
ment, in particular a sensor and an actuator are under inves-
tigation. More precisely, we assume that the dc servomotor
control system is subjected to an unknown but bounded un-
certainty, and its speed is controlled in closed-loop feedback
by using a state feedback control law with an embedded
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sliding mode observer (SMO) that is integrated in the
closed-loop control structure. The dc servomotors are pre-
ferred in control area applications because they possess a
high start torque characteristics, high response performance,
and easier to be linearly controlled etc. Also the dc servo-
motor speed can be adjusted by varying its input voltage.
Therefore, the dc motor control is better compared to all ac
induction motors that need expensive frequency drivers. The
real-time dc servomotor speed control can be easily under-
stood and interfaced with MATLAB/SIMULINK or Any-
Logic multi-paradigms hybrid simulator in the case of
UML-RT implementations [8] with a fast response. Further-
more, the preliminary results of this research will be useful
for us for future exploration of using a sliding mode ob-
server to develop more attractive control strategies, for ex-
ample the detection and isolation of the faults (FDI) [1], [5],
[6], [7] that occur in the actuators and sensors, and also for
trust modeling in Multi-agent Systems [3], will be an inter-
esting future directions of our research. Whenever these crit-
ical situations come out the control systems could lose the
control, require much more energy, and could operate harm-
fully. Therefore to operate in real-time at high energy effi-
ciency and to guarantee the equipment safety and reliability
it is important to develop suitable FDI strategies capable to
detect and diagnose any time every faulty control system
components and consequently corrective and reconfigura-
tion actions should be initiated promptly [7]. Effectively the
existing methods to identify and to adjust the equipment
failures are mostly labor-intensive task, and consequently
sustained, rhythmic and error-prone [7]. In the majority of
these situations the windings currents are recorded to deter-
mine the health of the dc servomotors currents compared to
statistical evaluation that necessitates considerable human
knowledge, hence error-prone that could generate severely
equipment operation. In these conditions the problem of
control systems monitoring and fault diagnosis becomes a
critical issue, of high complexity that need to be
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implemented in mainframe environment by using more
sophisticated control systems and artificial intelligence
strategies. This research work is based on our previous
results in implementation of different control systems
strategies and now we are interested to prove the
effectiveness of real-time implementation of our proposed
SMO control strategy. Closing, the main objective of our
research is to develop a more suitable, accurate and
consistent real-time nonlinear SMO control strategy to be
used in our future real-time FDI control strategies
implementation development.

II. THE DC SERVOMOTOR DYNAMICS

The electric circuit of the dc servomotor armature and the
free body diagram of the rotor are shown in figure 1. For
simulation purpose we will assume the following
experimental values for the physical parameters [9]:

kgm?
]

e moment of inertia of the rotor: /] = 0.001 [ =
e damping ratio of the mechanical system:
b = 0.01[Nms]
e  counter electromotive force coefficient (cemf):
k. = k; = k= 0.0517 [Nm/A]
e motor electric resistance: R =1 [Q]

e motor electric inductance: L = 0.5[H]

. ., . d
e motor initial angular speed: w = 1[%],

e input dc power supply: V = 12[V]
e load torque: T, = 0.1sin(t) [Nm]

The dynamics of the dc servomotor actuator is described
by the following input-state-output equations [8]-[9]

2
b =k~ T,
Q)
LEE 4RI, =V -k, 5.
where T, =T = kI, is the dc servomotor torque developed
to the shaft, T, is the load torque, and e =k, Z—f =k,w is

the counter electromotive force (cemf) of the dc servomotor.
In a state-space representation the dc servomotor actuator
dynamics is described by following equations:

(i) State Equation:

dxy _b ke _ T
at | _| 17 1 |[* J
dxa| T | ke R [x2]+ u @
dt L L L

rad
X, =w,x, =1, u=V,x00) =1 [T],xZ(O) = 0[4]
(ii) Output equation:

y=01 o] 3)
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where we assume that the only the state x; is measurable,
and the input command u =V is a function defined by the
armature voltage (dc power supply) and is designed in
closed-loop as a state feedback control law.  Also the load
torque T, is considered unknown which is bounded and has
a bounded derivative.

AN (Te 1
v <+ Armature [
= circuit
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Rotfor

DC 1e-0090hm
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DC 10MOhm v C s1
Voltmeter

e = cemf|

N

Fig. 1 The simplified equivalent electrical circuit of the dc servomotor
(Reproduced from [8]-[9] )

III. SLIDING MODE CONTROLLERS VERSUS SLIDING MODE
OBSERVERS

To formulate any practical control application is not a
straightforward task due to a more or less mismatch between
the actual plant and its mathematical model used for the
controller design. This mismatch could arise from unknown
external disturbances, plant parameters, or modeling errors.
To design a suitable control law in order to provide the
desired performance to the negative feedback closed-loop
control system in the presence of these disturbances or
uncertainties is a very difficult task for any control engineer.
This has led to an intensive research to develop some kind of
robust control methods that are supposed to solve this
problem. The sliding mode control (SMC) is one of
particular attractive approach to design a robust controller
due to its potential as a robust control method. A sliding
mode control (SMC) is characterized by a suite of feedback
control laws and a decision rule [1]. The decision rule is a
sort of switching function that has as its input some measure
of the current system behavior in order to generate as an
output a particular feedback robust controller which should
be used at that time instant [1]-[2]. The sliding mode control
(SMC) strategy is designed such that the variable structure
control systems have to be capable to drive the system states
on the convergent phase trajectories and then to constrain
these to lie within a neighborhood of the switching function



NICOLAE TUDOROIU ET AL.: REAL-TIME IMPLEMENTATION OF A DC SERVOMOTOR ACTUATOR 843

that can be represented by a switching line or switching
surface, such is shown in figure 2 [8]. In this approach the
dynamic behavior of the control system may be adapted to a
particular choice of switching function, and also the
feedback closed-loop response becomes totally insensitive to
a particular class of uncertainty in the system, more
precisely proving a high robustness feature to all kind of
system uncertainties. The main drawback of using the
sliding mode control (SMC) techniques to design a large
variety of control industrial applications is the necessity to
implement a basically discontinuous control signal which
hypothetically must switch with infinite frequency to
provide total rejection of the uncertainties [1]-[2].
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Fig. 2 Switching dynamics represented in phase plane for: (a) ideal sliding
mode control and (b) practical sliding control mode (Reproduced from [8])

In contrast, the application of sliding mode methods in
combination with observer control problems provide the
ability to generate a sliding motion on the error between the
measured plant output and the output of the observer such
that to ensure that a sliding mode observer (SMO) produces
a set of state estimates precisely matching with the actual
output of the plant. Also the analysis of the average value of
the applied observer injection signal, the so-called
equivalent injection signal, contains useful information
about the mismatch between the model used to define the
observer and the actual plant. Furthermore, the
discontinuous injection signals in this case don’t remain
anymore a drawback for software based observer
frameworks in control applications [1], [2], [4], [5].

The development of SMO control strategy design in this
research paper follows the same design guidelines suggested
in [1],[2] and [4], [5] related to the design of sliding mode
observer (SMO) control strategies for fault detection and
isolation based on the equivalent injection signal principle.

IV. SLIDING MODE OBSERVER FOR LINEAR DC SERVOMOTOR
WITHOUT MODEL OR DISTURBANCES UNCERTAINTIES

For simulation purpose we assume in this section that the
experimental values for the physical parameters of the dc
servomotor are the same with those introduced in section IL
With these values, the dynamics of the dc servomotor is
described in state-space representation by the following first
order differential equation:

dx _

ol ApxnX + Bpymu + Dy P (x, 4, t)
Y =Cpnx=[1 0]x (@)

1=_g03a 35 1B=[3].2 =[]
W(x,u,t) = (—10007,,,q) = —10sin(t).

where x € R™ is a n - dimensional state vector (n = 2),y €
RP is a p-dimensional output vector (p = 1) ,and u € R™ is
a m-dimensional input vector (m = 1). For this development
phase the load torque disturbance uncertainty is
considered T} 44 = 0, (dc Servomotor no-load speed) and so
WY(x,u,t) =0, in order to investigate in the first phase of
our development only the linear case. By some
manipulations of the matrices A, B, C we can easily find that
B, C have a full rank and the pair (4, C) is observable, as
main requirements assumed in [1].

To design a sliding mode observer (SMO) for this control
system we follow the same procedure as in [1]. Firstly we
attach to the original system an Utkin observer [1], [2] in a
canonical form. For this task we need to find a nonsingular
state transform T, € R™" that changes the state vector x in
a state vector

Z T
z=Tx = [Zl],zl €R"P,z, ERP T, = [AH

N, € R"x(np) 3)
where the column of the matrix N, spans the null space of

yields
C, 3z, # O(n—p)xl — N Xz = O(n—p)xl-

This nonsingular state transform T, converts the nominal
system (2) in the following canonical form:

d
f = A112,(t) + A127,(8) + Byu(t)

(4)
d
f = Az121(8) + Az 2, (1) + Byu(t)
Now the dynamics of the observer is described by the
following similar equations:
dd_z;l = Allel(t) + A12Z’\2(t) + Blu(t) + L19

)

dz R R

d_: = A312,(t) + Az22,(0) + Bou(t) — 9

where the pair (Z;, Z,) represent the estimated values of the
transformed components state vector z, and L € RM"P)*P jg
the observer gain matrix, given by

9; = Msgn(zAz‘i - zz‘i),M ER,i=1,..,p (6)

The dynamics of the system errors is described by the
following first order differential equations:

% = Allel(t) + Alzez(t) + L19
d
f = Ay16,(t) + Apze,(t) =9 (7)

e (t) = 2,(t) = 21 (1), e;(t) = 2,(t) — 2, (6)

The observer gain matrix L € R™P)XP is chosen in order
to make the spectrum of the matrix ( A;; + LA,;) to lie in
C_, where the pair matrices (4,4,4,) is observable due to
the fact that the pair (4, C) is also observable.
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Without to lose the generality we can choose the
coordinates transform matrix such as:
r=[W]-[ L ®
¢ c 1 0
that converts the triple (4, B, C) into (4,B,C), where the
lines of the matrix N[ span the null space of the vector C,
and also:

5 4_[ -2 —=0.1034] _ [An A1z]
A=TAT = [51.70 —10 1714y Ay
5 )
B _ _[21_|b1| f o pp-1 = _
B=TB= [O] = Bz],c =CT- =0 1]=[¢, G,
From the matrix structure A we get A;; = —2 (stable),
and A, =—0.1034, A,, =51.70,4,, =—10. Also,

B, =2,B,=0,C;=0,C, =1.
The value of the observer matrix gain L can be choose
A11

such as A, + LA,; <0, let take this L=—-1< ——==

A21
0.0387. Setting the observer matrix gain L to 0.01 the
dynamics of the linear observer and of its error are
described by the following first order differential equations:
dz,

= 22, () — 0.10342,(t) + 2u(t) =
dd—ij =51.702,(t) — 10 2,(t) — 9
21 — _2e,(t)—0.1034e,(t) + 0.019

— (10)
= 51.70e,(t) — 10e,(t) — 9

dt
de
dat
9 =sgn(Z, — z,) = sgn(e,(t)),M =1

4.1 SIMULATION RESULTS

In all the above equations we set u(t) = 12 [V]in order
to solve the problem of designing a sliding mode observer
(SMO) by using MATLAB/SIMULINK software package.
The model of the original system in SIMULINK is shown in
figure 3, and the evolution of the states, i.e. angular
speed(x,) and armature current (x,) are shown in figures 4
and 5. The state-space representation model of the dc
servomotor in canonical form and the Utkin classical
observer dynamics model embedded in the same integrated
control structure are represented in MATLAB/SIMULINK,
as are shown in figure 6 and the evolution of the both model
and estimated states, namely the angular speed (z,) and the
armature current (z;) are shown in figures 7 and 8. The dc
servomotor angular speed (e,) and armature currents (e;)
SMO residuals are shown in figures 9 and 10. In figure 11
are shown the SMO errors dynamics modeled in
SIMULINK.

An ideal sliding motion will take place on the sliding
surface [1], [2], [4], [5]:
Sw = {(e1, e;)|e; = 0)} (11)
After some finite time ¢, for all subsequent time, e, = 0,
dey
and e 0.

The corresponding sliding mode dynamics are given in

[11-2]:
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déq(t)

T A, 8,()

(12)
where

é~1(t) =e;(t) + Ley(t) = ey (t) — e,(t)

A, =4, +LA,; =—-2-51.70 =-53.70 < 0.

Since A,; < 0, the linear homogenous equation (12) has
a stable solution, &;(t) = C,e 5379, where C, is a
integration constant determined from the initial condition
€,(0) = &,, . By a suitable choice of the gain L, such as in
our case study L = —1 < 0.0387,we can conclude that
always the system is stable, therefore &, (t) 311‘15) 0, and also

n yields A
2,(t) —> z,(t) as t > oo,

aind

51.70 |— » cument
| To Wankspaced
+
7 2
step *
_ Inte gr ator Scopes
Gair2 cair
AddE in
Q‘

-_'

To Wi o s pave

—1—

Scoped

o= - 1
= L

Sign3 + Inte araters

Soope
Fig. 3 DC servomotor state space-representation of nominal model in
MATLAB/SIMULINK

DC Servomotor armature current-original state-space representation
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Fig. 4 DC servomotor armature current-state-space representation in
MATLAB/SIMULINK

DC servomotor Angular speed -original state-space representation

Angular speed (rad/s)
—
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Fig. 5 DC servomotor angular speed- original state-space representation
model in MATLAB/SIMULINK
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In figure 12 is captured much more commutations around
the sliding line:
de
Syt d—: =0,e,=0

and is shown the time switching control function
9 =sgn(Z, — z,) = sgn(e,(t)),M =1, L=-1.

Secondly, we build a classical Utkin observer with linear
injection that is used in next section to introduce a
constructive sliding mode observer design framework.

JZQ_SFIEEd
21_zlest_current

Step Input, u=12v

+

]

Signt

Cantrol_Switch
o
L |

Fig. 6 Sliding Mode Observer - state space-representation in
MATLAB/SIMULINK
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Fig. 7 DC servomotor armature current estimated versus canonical
model current using SMO control strategy in MATLAB/SIMULINK

DC Servomotor angular speed estimated values versus canonical model values
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Fig. 8 DC servomotor angular speed estimated versus model angular
speed using SMO control strategy in MATLAB/SIMULINK
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Fig. 9 DC servomotor SMO armature currents residual
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Fig. 10 DC servomotor angular residual speed using SMO control
strategy
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SMO Switching Control Function

~
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Fig. 12 SMO control switching function around sliding line

V.SLIDING MODE OBSERVER FOR LINEAR DC SERVOMOTOR
WITH MODEL OR DISTURBANCE UNCERTAINTY

For the uncertain system (2) we define the following
observer described in state-space representation [1]-[2], [4]-
[5] by the following equations:

2 = Apen® + Brsemtt = Gy Cosn€(8) + Gy (13)
where the error e(t) is

e(t) = 2(t) — x(¢t) (14)
9 is a discontinuous switching function about the sliding
hyperplane:
Sw = {e € R™"|Ce = 0)} (15)
and the precise structure of injection signal matrices gains
GLnxpr Gy nxp 18 10 be determined.

The existence conditions for a SMO of the form (13) that
rejects the uncertainty class W(x,u,t): R, X R®" X R™ —
R™of dc servomotor load  torque Troad =
10sint(t) described in (2) are given in [1]-[2], [4]-[5]:

o rank(CxD)=q=1,1=q<p<n=2 (l6)
e any invariant zeros of the original nominal system
matrices (4, D, C) given in (2) must lies in the half
left complex plane C_ (stable).
For a square nominal linear system these two conditions
require that the triplet (4, D, C) to be relative degree one and
minimum phase. Furthermore, the existence conditions
depend upon a specific selection of the uncertainty channel
and the observer design will be directly determined by the
uncertainty distribution matrix D. The necessary and
sufficient conditions for existence of a sliding mode
observer (SMO) together with the canonical form provide a
pathway to a constructive method for observer design [2],
[4], [5]-
The original nominal system (2) is converted in the
canonical form (3) using a possible change in coordinates
7, = T,x through a canonical transformation matrix T, given

in (8):
_ 1 _[ -2 —0.1034] _ [Allc AlZC]
Ae = TeAT [51.70 -10 Ayie Ay

wena--

C.=CT;/'=[0 1] =[Cy, Cpel

pe=r.0=[3 ollol = 1= o]

a7
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In this structure all the required existence conditions
mentioned in [2] to design a SMO are satisfied. The matrix
gain L defined in [Sarah] for our case study becomes L =
L=0.

Define now a new nonsingular matrix T; of the following
structure [2], [4], [5]:

O A 19

that converts the system from canonical form (17) in the
following state-space representation:
z, = Tx,

_ -2 —0.1034
A =T AT =4.= [51.70 -10
A — [All,L AlZ,L]

L A21,L AZZ,L

B, L], (19)

B, =T,B, = [(2)] = [BZ‘L
C,=T . =C.=[0 1] =[Cy, Cp]

D, =T,D, = [é (ﬂ [2] = [2] - [g;]

and so, by chance, the same structure as in the canonical
form.

The system triplet (4;,C.,D;) can be put in the following
form [1], [2]:

dz
dlt'L = A11,121,,(8) + A1p.75 (1) + By Lu(t)
dz
dzt'L = Ay1,21,(t) + Az 25, (t) + By pul(t) + -

D, W(x,u,t)

y(€) = Cp125,(8) = 75, (¢) ,
and so we can write also the following equivalent equation:

(20)

dy(t

3:i(t) = Ap1121,(t) + Az y(t) + By u(t) + -

DZ,Llp(x; u, t) (21)

The corresponding observer is described by the following
equations:

d 2 5 A~

th,L = A11.LZ1,L(t) + Alz,LY(t) + Bl,Lu(t) — AlZ,Ley(t)
ap(t R

J;(t) = A21‘LZ1‘L(t) + Azz,LY(t) + BZ,Lu(t) —

(AZZ,L - A%Z,L)ey(t) +9

ey (t) = 2,,(t) — 2, () =Y () —y(t) = e, (t)
where A3,; is a stable design matrix, let us to take it
A3, = —2. Let us to consider also a symmetric positive
definite matrix for A$,,, P, € RP*P, that is a unique
solution of the Lyapunov equation:
(Aiz,L)TPZ + Py (A3,) = Q2 (23)
with Q, € RP*P a symmetric positive definite design matrix.
For a particular selection of matrix Q, = 4 we get:
—4P, =—-4->P, =1 (24)

Now a robust observer design is well defined and can be

described by the following equations:
dz o
7 = Abnsen® F Brosn = Gr g Gy €(8) + Gyt jxp?

P(t) = Cp o 2(0) (26)
e(t) = 2(t) — x(¢t)

ey(®) =9 —y®)

where the gain matrices have the particular form [1], [2],[4],

[5]:

(22)
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_ A ]
GL_L,nxp =T [AZZ,L — A5, [—0 10348

-1 [0 1
GN_L,nxP = ”DZH T; ! [Ip] = [0] (27)
Corresponding to a particular selection of canonical
coordinates transform, T, = [(1)

Also, the discontinuous switching function 9 about the
sliding hyperplane S,, (15) is given by:

ey(t) #0
ey(t) =0

Remark: A big advantage of this development in this
formulation of the sliding mode observer (SMO) design
framework is that there is no requirement for (A, C) to be
observable [2].

On the state components the developed robust observer
given in (26) can be written in the following form:

Paey(t)

Paey(t)||

o= { p(t y, W 2L|||| (28)
0

dd—’? = —2%,(t) — 0.10349(¢) + 2u(t) + 8e, (t) —

p(t,y, u)sign(e,(t))
dzit) = 51.70%,(t) — 109(¢) + 0.1034e,,(t)
with the dynamical errors described by following equations:

(29)

de;:t) = Ay 6. (t) = —2e(t)
d
e;:t) = Ayye,(t) + A3, 6, () +9 — Dy W(x,u, t)

=51.70e,(t) — 2¢e,(t) + ¥ — ¥(x,u,t)
e (t) = %,(t) — %, (6)
ey(®) = () — ¥()
where the uncertainty function p(t, y, u) is bounded by:
p(t,y,u) = r||u(t)|| +a(y,t)+8 = 12r + 10sin(t) + §
For a particular selection according to [Sarah]:

(30)

r=07>0,8=16>0a(yt)=—10sin(t), (1)
the equations become:

dd—’? = —22,(t) — 0.1034%,(t) + 2u(t) + 8e,, (t) —

...— 20sign(e, (1)) (32)
2D — 51.702,(£) — 109(2) + 0.1034e, (1)

where the scalar function p(t,y, u) is bounded by:

p(t,y,uw) =20 (33)

5.1 SIMULATION RESULTS

The dynamics errors of the Sliding mode Observer model
(30) attached to the dc Servomotor actuator with disturbance
uncertainty (the load torque, T;,,q = 10sint(t)) are
modeled in SIMULINK and shown in figure 13. Their
dynamic evolution, i.e. armature current residual (e;) and
angular speed residual(e, ), is shown in figures 14 and 15.

The SMO control switching function around sliding line 9
is calculated according to (28) and (31) and is shown in
figure 16. The state-space representation of the robust
Sliding Mode Observer model (26) in canonical form is
represented also in SIMULINK, and the evolution of the
both model and estimated states, namely the angular output
speed (y(t),7(t)) and the armature current (x,(t), X;(¢))

are shown in figures 17 and 18, for open-loop system for the
same setting u(t) = 12 [V]. From the last two figures we
observe that after approximately 2 seconds, visually perfect
replication of the true and estimated states is taking place.
To demonstrate the robustness of the nonlinear observer
tracking the output from the dc Servomotor when the initial
conditions of the true states and observer states are
deliberately set to different values. If the nonlinear
component is removed by setting p(t,y,u) to zero, the
resulting Luenberger Observer [2] behaves as simple
observer without sliding motion.
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g. 13 DC servomotor SMO error dynamics with modeling uncertainty
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Fig. 14 DC servomotor armature residual current using SMO control
strategy with modeling uncertainty
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Fig. 15 DC servomotor angular residual speed using SMO control
strategy with modeling uncertainty
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Fig. 17 DC servomotor angular speed estimated versus model angular
speed using SMO control strategy with modeling uncertainty -
MATLAB/SIMULINK simulations
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Fig. 18 DC servomotor armature current estimated versus model value
using SMO control strategy with modeling uncertainty -
MATLAB/SIMULINK simulations

VI. SLIDING MODE OBSERVER REAL-TIME IMPLEMENTATION

In control systems literature rarely we find details about
the real-time software and hardware implementation aspects,
and no sufficient attention is given about the algorithms and
the sampling time selection. Usually the implementation
aspect and real-time control systems design are connected
together but in the most cases this connection is always
ignored. Furthermore the real-time control systems design is
treated from control perspective ignoring the implementation
aspects of the control algorithms. Fortunately, recently the
real-time implementation and design aspects get a
considerable attention from part of control engineering
community due to the introduction of new software tools
like MATLAB/SIMULINK with its RTW (Real-Time
Workshop) and the RTWT (Real-Time Windows Target)
Toolboxes. The real-time platform used to perform these
real-time simulations is a MATLAB R2013a with
SIMULINK running on two processors WINDOWS OS

PROCEEDINGS OF THE FEDCSIS. GDANSK, 2016

machine. Certainly these new real-time platforms do the
implementation of real-time experiments easier and save
much time but on the other hand they have some drawbacks
regarding a good perception of the real-life problems that
could appear during the real-time implementation of the
control systems.

VII. CONCLUSIONS

In this paper, we have studied the possibility of using a
Sliding Mode Observer strategy design to a dc Servomotor
actuator with disturbance uncertainty that is integrated in the
same control system structure. The implementation in real
time of SMO proposed control strategy will be very useful
for our future developments in fault detection and isolation
(FDI) control applications based on the equivalent signal
injection principle [1]-[4]. This new FDI control strategy
will be design in the future work based on the injection
signal principle [1]-[2], [4]-[S]. The main contributions in
our research are summarized briefly as follows:

(a) Comparison of performance capabilities and
advantages of real-time implementation of a Sliding
Mode Observer (SMO) versus Sliding Mode
Control (SMC),

Implementation in real time a Sliding Mode
Observer of a linear dc Servomotor actuator
without uncertainty,

Implementation in real time a Sliding Mode
Observer for a linear de Servomotor actuator with
bounded disturbance uncertainty.

(b)

(©)
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