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An Analytical Method for Calculating Start Time of Terminal Guidance in
Order to Achieving Proper Impact Angle in a Tactical Missile

Abstract: The terminal phase is an intercept phase. Missile performance is dependent on: guidance law, seeker
accuracy, impact angle. Impact angle should be control for most performance of warhead in target destruction.
A great impact angle is not achievable because of some limitations. Start time of terminal phase is significant
parameter for control of impact angle in case of surface target such as tanks and ships. This time determines
impact angle to target and missile impact to ground avoidance before impact to target. This paper presents an
algorithm to determination start time of terminal phase by using of biased true proportional navigation
guidance and approximation of impact angle so that controls final impact angle. Maximum value of impact
angle analyzes and conditions of solution existence for purposed algorithm to achieve desired impact angle is
determined with a theorem declaration and proof.

Keywords: Biased true proportional navigation (BTPN), Terminal phase, Impact angle to target.

! Impact Angle
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A Robust Active Queue Management for Delay Sensitive Internet traffic

Abstract: Real time network applications require effective mechanisms for managing Internet traffic in order
to avoid or at least limit the level of congestion. We propose, design and analyze an Active Queue Manager
(AQM) for controlling jitter using robust control theory. Here, we use an output feedback controller and this
controller is based on discrete-time model of TCP. The natural properties of robust controller help us
decreasing effect of model uncertainties and undesirable flows on performance of traffic control. The proposed
Robust Discrete-Time Controller (RDTC) ensures the maintenance of the router's queue length at the desired
value. We used ns2 for simulation of controller performance and the results obtained verify the validity of the
algorithm.

Keywords: Network Congestion Control; Robust Control; Output Feedback; Disturbance Attenuation.
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Positioning Four-Wheeled Autonomous Vehicle using Sensor Fusion

Abstract: In this article, sensor fusion for positioning a four wheeled autonomous vehicle, using indirect
feedforward Kalman filter algorithm is simulated. Sensors such as accelerometer, tachometer, compass and
potentiometer are used. At first, vehicle and its dynamic equations are introduced then system identification is
done in order to find parameters of vehicle that is performed in two phases: vehicle parameters identification
and motor parameters identification. Also, accelerometer noise and random bias reduction is done using direct
and indirect Kalman filter. In order to remove the sensors error, indirect Kalman filter is utilized. The
governing equations of error model are linear and time varying. Observability test indicates that these
equations are not observable and Kalman filter implementation in such systems leads to non optimal result. A
new approach for solving this problem based on finding the observable subsystem of the main system is
introduced and Kalman filter is used for estimating the observable states. Simulation results show efficiency of
the proposed method. Also, a new approach to find process and measurements noise covariance matrices using
reverse shaping filter is presented.

Keywords: Four wheeled autonomous vehicle, Sensor fusion, Kalman filter, Observability, Accelerometer
random bias.
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Surge Stabilization in Multi-stage Axial Compressor using PDC Method
Based on T-S Fuzzy Model

Abstract: This paper presents the stabilization of surge instability in multi-stage axial compressors
using parallel distributed compensation (PDC) method based on Takagi-Sugeno (T-S) fuzzy model.
In this study, the conservation equations of mass, momentum and energy are firstly employed for
compressor stages to develop a multi-stage compressor nonlinear model. Based on the linear
subsystems, a T-S fuzzy model is then constructed for the compressor. In addition, a PDC controller
is designed based on the T-S model to stabilize the closed loop system where the LMIs required for
the stability conditions are satisfied. Finally, computer simulation of the closed loop nonlinear
model integrated with the PDC controller is performed where the compressor bleed is used as the
control input. The results obtained show that the multi-stage compressor flow is stabilized through
the transition between stable and unstable region. Moreover, the outlet bleed flow for stabilization of
the compression system is only a small percentage of the total compressor mass flow, implying the
effectiveness and the efficiency of the proposed approach.

Keywords: Axial Compressor — Surge — T-S Fuzzy Model — Stabilization — PDC
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Nonlinear Modeling and Simulation of Optimal Decision Making for the ECU of
Gasoline Automotive

Abstract: This paper presents nonlinear modeling for Intake Manifold, Throttle, Compression and Combustion for a
gasoline automotive. The differences of this automotive between gaseous automotive and gasoline automotive is discussed.
The Backflow model in gaseous state is combined to gasoline automotive model. Cold start, normal, and acceleration as
three important stages are discussed in this research. Using pollution and efficiency models and defining a proper cost
function, the optimal values of spark times advanced and air to fuel ratios are computed via numerical optimization method.
Also in this paper a fuzzy controller is used for recognizing of acceleration and normal stages. The optimal values of spark
times advanced and air to fuel ratios are considered corresponding to each stage.

Keywords: Dual Fuel Automotive Model, Optimization, Data Fusion, Pollution and Efficiency Models, Fuel Consumption
Reduction, Backflow, Spark Advanced.
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The Evidential Reasoning Approach for a Multi Attribute Decision Making
Method in Geospatial Information

Abstract: Multi attribute decision making is a method to rank decision alternatives based on
judges conducted by each criteria. These judges have been accompanied with some uncertainties
and a decision making method dealing with the uncertainties could lead to more rational and
precise decisions. A number of classical methods for multi attribute decision making have been
proposed such as Analytic Hierarchy Process(AHP). However the methods do not include
uncertainties in data and decisions appropriately. For modeling the uncertainties, some intelligent
methods have also been employed. One of the most popular ones is Dempster-Shafer Analytic
Hierarchy Process (DS/AHP). This method is based on independent assumption of intuition
sources that is not established in data such as geospatial information. To solve this problem, this
paper has proposed a new intelligent decision making method based on evidential reasoning theory
and a combination rule that does not need independent assumption of information. The method has
been used for seismic vulnerability assessment of urban areas of Tehran using dependent
geospatial information.

Keywords: Multi Attribute Decision Making, Evidential Reasoning, Uncertainty, Cautious
Conjunctive Rule.
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Abstract: In this paper the synthesis of logic-based switching H,/H,, state-feedback controller for
continuous-time LTI singular perturbation systems is considered which achieves a minimum bound
on the H, performance level, while satisfying the H,, performance. The proposed hybrid control
scheme is based on a fuzzy supervisor which manages the combination of two controllers. A convex
LMI-Based formulation of the two fast and slow subsystem controllers leads to a structure which
ensures a good performance in both the transient phase and the steady state phase. The stability
analysis uses the Lyapunov technique, inspired from switching system theory, to prove that the
system with the proposed controller remains globally stable despite the configuration (controller)
changing.

Keywords: continuous-time LTI singular perturbation system, Fuzzy supervisor, switching H,/H.,
state-feedback control, Linear Matrix Inequality (LMI).
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1- Introduction

Systems with slow and fast dynamics, described
mathematically by singular perturbations, are studied
extensively in numerous papers and books; see for
examples [3, 4, 8, 12, 13]. In the robust control

approach of singular perturbation systems, the

controller is wusually derived through indirect
mathematical programming approaches (e.g. solving
the Riccati equations), which encounter serious

numerical problem linked with the stiffness of the
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equations involved in the design. To avoid this
difficulty, several approaches [12, 13] have been
developed to transform the original problem into e-
independent sub-problems, among which, the time-
scale decomposition [12] is commonly adopted. As
an alternative to the Riccati equation solution, the
LMI formulation has been attracting more and more
attention of robust control researchers. However, up
to the present, it remains an open area solving the
mixed H,/H, control problems for singular
perturbation systems through LMI approach. Garcia
et al. [4] extended the results of [14] and proposed a
solution for the infinite time near optimal regulator
problem (H, control) for singular perturbation
systems through an LMI formulation. A time scale-
decomposition was employed on the overall system
as well. In [15] a different way for solving this
problem is presented. By proposing a new lemma,
the problem is formulated into a set of inequalities
independent of e. An algorithm is given to solve this
set of inequalities through the LMI formulation. But
extension of this method to mixed H,/H,, control is
very difficult. In [16] a same approach is used for
solving problem with static output feedback instead
of state feedback.

Combination of different techniques to obtain the
different performances is widely used today ([7, 10]).
This method results in the hybrid dynamical systems
which include continuous and discrete dynamics and
a mechanism (supervisor) managing the interaction
between these dynamics [2]. In an actual engineering
control problem, various conflicting requirements
such as disturbance rejection and robustness to
changing conditions and plant uncertainties have to
be satisfied.

problems are difficult and remain mostly open up to

General multi-objective  control
now. By the multi-objective control, we mean
synthesis problems with a mix of performances. The
mixed H,/H,, control is an important robust control
method and has been studied by many researchers.
The mixed H,/H, control is concerned with the
design of a controller that minimizes the H,
performance of the system with respect to some

input noises while it guarantees certain worst case

performance with respect to other external
disturbances.

Compared with the sole H,, control, the mixed
H,/H,, control is more attractive in engineering
practice, since the former is a worst-case design
which tends to be conservative whereas the later
minimizes the average performance with a
guaranteed the worse-case performance.

In the present paper, the switching mixed Hy/H,,
state feedback control problems for continuous-time
linear singular perturbation systems are solved. The
simple design methods of [1] are applied to derive
the state-feedback gains, separately for two fast and
slow sub-systems. A fuzzy supervisor is proposed for
the hybrid combination of these controllers to use
their advantages and to ensure the required
performances and the stability of the closed loop
system.

The contribution of the presented work is
combining fast and slow sub-system controllers
using a supervisor, which manages the gradual
transition from one controller to another. This
method is applied to use the advantages of each
controller. The gradual transition attenuates the
uncontrollability and instability problems related to
the abrupt switch. The control signal is obtained via
a weighted sum of the two signals given by the slow
and fast sub-system controllers. This weighted sum
is managed thanks to a fuzzy supervisor, which is
adapted to obtain the desired closed loop system
performances. So, the fast sub-system controller
mainly acts in the transient phase providing a fast
dynamic response and enlarging the stability limits
of the system, while the slow sub-system controller
acts mainly in the steady state to reduce chattering
and to maintain the tracking performances.
Furthermore, the global stability of the system even
if the system switches from one configuration to
another (transient to steady state and vice versa) is
guaranteed.

The structure of the paper is as follows. Section 2
presents the system definition and the controllers
used. In Section 3, the fuzzy supervisor and the
proposed control law are described. Stability analysis

is demonstrated in Section 4. The design procedure is
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explained in Section 5 and an example is given to
illustrate the efficiency of the proposed method,

followed by conclusions in Section 6.

Notation: Throughout the paper the superscript ‘T’
stands for matrix transposition, R"denotes the n
dimensional Euclidean space, R™™is the set of all
n X m real matrices, and the notation P > 0,
(respectively, P = 0) for P € R™"™ means that P is
symmetric and positive definite (respectively,
positive semi- definite).

2- Problem Statement

Consider the following linear singularly

perturbated system  with slow and fast dynamics
described in the "singularly perturbated" form:

()’(1 = A1xy + AzXx; + By, w+ Bju
5. €X; = AgXy + AyX; + By, w + Byu 0
' Z = Czlxl + CZZXZ + Dzu

y = Cixq +Cx,

Where x;e R™,i = 1,2, are the states; ue R™ is the
control input; we R™2 is the disturbance input; ye Rl1
is the measured output; ze Rz is output to be

regulated; and is a small positive parameter. By

introducing the following notation:

N A A
X = A =1 1
Xl feT(2a, ZA
g € 3 € 4
i) e
= 1 B €= 1
€ ;BZ W, ;sz
Cz=[C21 sz], C=1[C Cy]

The system I can be rewritten into the following
compact form:

X = Agx + By, w+ Beu
2:4z=Cx+D,u 3)
y = Cx
Applying a static state feedback control:
u = Kx “)
Leads to the following closed-loop system:

. X = ACIX + BClW
Zail, — o ®)
Where
Ag =A; +BK
Bg = By, (6)
Cq=0C,+D,K

Denote the transfer function of the closed-loop
system X4 from w to z as:

T(s,K) = Cy(sl - Acl)_chl
The generalized Hynorm of T(s, K) is defined by[1]:
Mingl[T(s, K)ll; = Ming {llz(D)ll: xa = 0,7 =

0, Jy Iw(®)l2dt < 1} = Min 12leo -

Iwllz

And the H,, norm of T(s, K) is defined by:
IT(s, K)lleo = Supy ot ®)
2

Where the norm ||E|| of a complex matrix E is
defined as the largest singular value of E.

Slow and fast sub-systems: If A, be a nonsingular
matrix, we can decomposite the original singularly
perturbated system (1) to two slow and fast
subsystems. The slow subsystem defined letting
€ = 0 in second equation of (1) and computing X, in
terms of x4, w and u, then substituting it in the first
equation. Therefore, the slow subsystem is obtained
as follows:

Xs = AgXs + By, W + By ug
zg = Cz Xs + Dy, W + Dgug 9)
¥s = CsXs + Dw51W + Dy ug

Where:

Ay =A; — AATA By, =Bw, — AzAleWz

By, =B, - A,A7B, Cp=Cyy — CZZA21A3

Dy, = —CZZAleWz D, =D, — CZzAleZ (10)
C = C; — C,A7A; Dy, = —CzAleW2

Dg; = —C,A3'B;

The fast subsystem of (1) is defined by:
eX¢ = AgXr + By, w + Boug

Zf = CZZXf + DZUf (1 1)

ye = CoXg
Therefore, according to (9) and (11) we can
decompose the overall full order system (1) into two
slow and fast subsystems. In sequel, we use these
two subsystems for slow and fast controller design
and then mix them using a fuzzy supervisor to
produce proposed controller for the overall system.

The Suboptimal H, static state feedback control
problem: let v > 0 be a given constant. If possible
to find a static state feedback gain K such that the
closed loop system be asymptotically stable and
IT(s, K2 <w.

The Suboptimal H,, static state feedback control
problem: let y > 0 be a given constant. If possible
to find a static state feedback gain K such that the
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closed loop system be asymptotically stable and
IT(s, K)o <.

The Suboptimal mixed H,/H, static state
feedback control problem: let y >0 be a given
constant. If possible to find a static state feedback
gain K such that the closed loop system be
asymptotically stable and we have:

Min ||IT(s, K)lI;

Subject to: || T(s, K) |l < ¥

In this paper we focus on the suboptimal mixed
H,/H, static state feedback control problem. In
sequel, we express the suboptimal H, H,, and mixed
H,/H, problems in terms of the linear matrix
inequalities (LMI).

Lemma 2.1. [1](The Suboptimal overall H, static
state feedback control problem):

Consider overall system (1). The static state
feedback control law (4) stabilize closed loop system
(5) and achieves a prescribed Hy-norm bound v > 0
for closed loop system (5), if and only if there exists
P = PT > 0 and Z with appropriate dimensions such

that:
((AS + B.K)P + P(A. + B.K)T P(C, + DZK)T>
(C, +D,K)P -1
<0

P B,,
(BEVS ; ) >0 (12)

Trace(Z) <v

In (12), P, K and Z shall be found. But cross product
of K and P is appeared in (12) and therefore, it is not
in the LMI format. With change of variables as
Q = P,R = KQ, we can transform the nonlinear form
(12) to the following LMI form

(ASQ + QAT +BR+RTB.T QCT + RTDZT) <0
C,Q+D,R —1

Q By,
(BT 7 ) >0 (13)
Trace(Z) <v

By solving the mentioned LMI's, Q, R and Z will be
found and control law (4) is calculated as:

K=RQ! (14)
Applying (14) to system (1), guarantees that the
closed loop system (5) is asymptotically stable and
Hj-norm (7) is less than v > 0.

Lemma 2.2. [1](The Suboptimal overall H,, static
state feedback control problem): Consider the overall
system (1). The static state feedback control law (4)
stabilize closed loop system (5) and achieves a
prescribed H,-norm bound y > 0 for the closed loop
system (5), if and only if there exists P =PT > 0
with appropriate dimension such that:

(A + BK)P+P(A, +BK)T B, P(C,+D,K)T

By, -1 DY
(C, + D,K)P Dy —2
<0 (15)

In (15), P and K are variables to be finding. But cross
product of them is appeared in (15) and therefore,
(15) is not a LMI. With change of variables as
Q = P,R = KQ, we can transform the nonlinear form
(15) into the following LMI form:

A.Q+ QAT +BR+RTB," B,  QCI+R™D,"

By, " —1 DY
C,Q +D,R Dy —v2I
<0 (16)

By solving LMI (16), Q and R will be found and the
control law (4) is calculated from (14). Applying this
controller to system (1), guarantees that the closed
loop system (5) is asymptotically stable and H.,-
norm (8) is less thany > 0 .

Lemma 2.3. [1] (The Suboptimal overall Mixed
H,/H, static state feedback control problem):
Consider the overall system (1). The static state
feedback control law (4) satisfies mixed H,/H,,
control problem if and only if the following LMI's
for Q = QT,R,Z and a given positive scalar y > 0 are
satisfied:

Minv

Subject to: (13) and (16) 17
By solving (17) we can find Q, R, Z and «. Then, the
control law (4) is computed from (14). Therefore, in
the Mixed H,/H,, control problem, we can minimize
H,-norm of the closed loop system (5) subject to a
constraint on the it's H.-norm by using static state
feedback (14).

3- Fuzzy supervisor

The approach used in this paper for solving the

mixed H,/H,, control problem for the linear singular

Journal of Control, Vol. 3, No. 3, Fall 2009

WA ol OFosla O dlor J 25 alone



68 Logic Based Switching H,/H,, Control of Linear Singular Perturbation Systems: a Fuzzy Supervisory Approach
Ahmad Fakharian, Fatemeh Jamshidi and Mohammad Taghi Hamidi Beheshti

perturbation system is different from former
approaches. We start with an overall linear singular
perturbation system and decompose it to the slow
and fast subsystems. Then we solve the mixed H,/H.,
control problem for each slow and fast subsystems
and find Kggand Kgow by
corresponding LMI's. It is well known that the fast

solving  the

subsystem is a good approximation for the transient
time of the overall system response and the slow
subsystem is a good model for the steady state time
of overall system response. Therefore, the fast
subsystem controller K¢,s; can be used during the
transient time and the slow subsystem controller
Ksiow can be used during the steady state, their
control actions are combined by means of a
weighting factor, a € [0,1], representing the output
of a fuzzy logic supervisor that takes the tracking
error ¢ and its time derivatives 6, &,...,e"" 1 as
inputs.

The fuzzy system is constructed from a collection
of fuzzy rules whose j™ component can be given in

the form
ifeis H and ...and e 'is H' | Thena = o (18)

Where Hg is a fuzzy set and o is a singleton.

It is easy to see that it can be considered as a
fuzzy rule of a Takagi—Sugeno fuzzy system. The
fuzzy implication uses the product operation rule.
The connective AND is implemented by means of
the minimum operation, whereas the fuzzy rules are
combined by algebraic addition. Defuzzification is
performed using the centroid method, which
generates the gravity center of the membership
function of the output set. Since the membership
functions that define the linguistic terms of the
output variable are singletons, the output of the fuzzy
system is given by:

m n
_ Yi=104 Hj:1 K

m fn )
i=1 Hj=1 M5

(19)

Where ulj is the degree of membership of H: and m is
the number of fuzzy rules used.

The objective of this fuzzy supervisor is to
determine the weighting factor, a, which gives the
participation rate of each control signal. Indeed,
when the norm of the tracking error ¢ and its time

n—-1

derivatives €, €,...,e" “are small, the plant is

governed by the slow subsystem controller Kgjow

(@ = 1) . Conversely, if the error and its derivatives
are large, the plant is governed by the fast subsystem

controller Ko (¢ = 0). The control action u is

determined by:
u=(1- O()ufast + QUglow (20)
Where:

Ugjow = KslowX1
Ugast = KrastX2 (21)

Structure of the proposed controller with the fuzzy

supervisor is shown in figure 1.

Fuzzy
SUpervisor

, S

Fig. 1: Structure of Proposed Controller

Remark 3.1. In the case of a large rule base, some
techniques can be employed to significantly reduce
the number of rules activated at each sampled time
by using the system position in the state space.
Indeed, it is demonstrated that using a strict
triangular partitioning allows guaranteeing that, at
each sampling time, each input variable is described
with two linguistic terms at the most. Thus, the
output generated by the fuzzy system with n inputs is
then reduced to that produced by the subsystem
composed of the 2™ fired rules.

4- Stability analysis

The theorem of Essounbouli et al. [7] is used to

prove the global stability of the system governed by

the control law (20). Similar to [7], this theorem is

rewritten as follows:

Theorem 4.1. Consider a combined fuzzy logic

control system as described in this work. If:

1. There exists a positive definite, continuously

differentiable and radially unbounded scalar function
for each subsystem,

2. Every fuzzy subsystem gives a negative definite V

in its active region,
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3. The weighted sum defuzzification method is used,

such that for any control input u

min (uslowrufast) <u <max (u’SlOW'ufaSC)'
Then the resulting control u, given by (20),
guarantees the global stability of the closed loop

system.

Proof: Satisfying two first conditions guarantees
the existence of a Lyapunov function in the active
region which is a sufficient condition for ensuring
the asymptotic stability of the system during the
transition from the fast subsystem controller to the
slow subsystem controller. Consider the Lyapunov
function Vpg = P& Where Prg is a positive
definite matrix and the solution of (17) for fast
subsystem (11) and we have Apin(Prast)ETe <
ETPrastE, Where Apin (Prast) is the minimal eigenvalue
of Prase. Consider the Lyapunov function Vg, =
£TP, 0w Where Py, is a positive definite matrix and
the solution of (17) for the slow subsystem (9) and

we have

ET Pslowz < )\max (Pslow)ETEa

where Apax(Psiow) 18 the maximal eigenvalue of

1:)slow'

To satisfy the second condition of the theorem, it

is enough to choose Pyy,and Pr,g; such that:

}\max(Pslow) < )\min(Pfast) (22)

This condition guarantees that in the
neighborhood of the steady state (the slow
subsystem controller), the value of the Lyapunov
function Vg, is greater than that of Vg,,. To
guarantee the third condition, the balancing term

takes its values in the interval [0 1].
Consequently, the three conditions of the above
theorem are satisfied and the global stability of
the system is guaranteed. Also, according to [8] in
steady state phase, when we use Ugow = KgowX1
for control of open loop system (1), full order
closed loop system (5) will be asymptotically
stable. So, The
switching H,/He control) will be as:

Problem formulation (the

Minimize (|IT (s, K)ll2)siow
subject to: (IT(s, K)”oo)slow < ¥stow

and

Minimize (||T (s, K)II2) fast
subject to: (IIT(s, K)|loo) fast < Vfast
While:

}\max(Pslow) < Amin(Pfast) (23)

Remark 4.1. It should be noted that the proof of
stability in this case is similar to those used for the
switching system theory [7, 9]. Indeed the energy of
the slow subsystem is less than that for the fast
subsystem, guaranteeing the stability of the closed
loop system during the transition from fast to slow.
In the event of large external disturbance, which
force the system back to a transient phase, the
proposed controller adjusts the weighting factor in a
way that the system remains stable in the new
configuration until returning to the steady state,

which implies a new variation of the control signal.

5- Design procedure

We can summarize the design procedure as follows:

1- Compute the slow and fast subsystems of the
overall system (1) from (9) and (11).

2- Solve the control problem (23) for the slow and
fast subsystems (9) and (11) with given positive
scalars Ygjow and Y to find Kgow and Keg;
from (14).

3- Compute Ugy,, and Ug,g from (21).

4- Calculate the control signal u from u=

a€f0,1] is

governed by the fuzzy supervisor according to

(1 — Qugg + AUy that

the error and its derivatives.
5- Apply this control signal to (1) and construct
the closed loop system (5).

To construct the fuzzy supervisor, first, the fuzzy
sets are defined for each input (the error and its
derivatives) and output; then, the rule base is
elaborated. The error vector is computed and then is
injected in the supervisor to determine the value of

to apply to the global control signal.

Example. 5.1. To demonstrate the solvability of the
various LMIs, simplicity and low conservativeness
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of the proposed method, a forth-order, four-output,
two-input example is considered and a switching
static state feedback controllers is sought:

Consider a singularly perturbated system described
by (1) with:

_-3 1 _[15 1 _J05 1
Al_[1 —1]’ AZ_[1 1]’ A3_[1 2]
_I-5 1 _J0 0 _[ o
A4‘[3 —4]’ Bl_[o 0l’ BZ_[O 1]

[1 0 0O [0 010

B,, =

1t~ 1lo 10 0o ™"1o 0 0 1
1 0
120 120 _lo 1
Cl_[o 1l CZ_[O 1l Czl_o 0
0 0
0 0 0 0
_lo o _fo o _
CZZ—lO ol Dz—1 ol e=0.1
0 0 0 1

According to the proposed design method in section

5, the following results are obtained:

« =[—48.5439 —109.0648
slow = |_392422 —88.1933

_ 1o11 o [ 00752 —0.0050
Kfase = 10 ><[—0.3309 —0.2191
Koptimal
=[—54.7228 —122.8205 —7.6385 —6.1837]
—442937 —-994387 —6.1880 —5.0030

szitching = [(1 — OKpast  aKsiow]

The fuzzy supervisor is constructed by using three
fuzzy sets zero, medium and large for the tracking
error and its time derivative. The corresponding
membership functions are triangular, as shown in
Figure 3. For the output, five singletons are selected;
very large (VL), large (L), medium (M), small (S)
and zero (Z), corresponding to 1, 0.75, 0.5, 0.25 and
0, respectively. The fuzzy rule base is depicted in
Figure 2. Rules are defined by a table; for example, a
rule in the table can be stated as follows: “IF the
norm of the error is medium AND the norm of the
error derivative is large, THEN a is zero”.

From obtained simulation results in the table 1, it
is clear that the proposed method gives better
response than the conventional optimal design
method. In our proposed switching method, with a

smaller y for H,constraint, we have a smaller H,

norm. But both of H, and H,norms are increased in
conventional optimal method. From figure 2, it is
clear that the state regulation in our proposed
controller is better related to conventional optimal
controller.

Table 1: Performance Comparison of Example 5.1

H, H,
Optimal 11.9754 1.8664
Switching 29774 1.0274

Fig. 2: State Responses of Example 5.1

lerror|
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5 |M |S S Z
é L Y4 Z Y4

Fig. 3: Structure of The Proposed Fuzzy Supervisor

Example. 5.2. [8] To demonstrate the solvability of
the various LMIs, simplicity and low conservatives
of the proposed method, a forth-order, four-output,
one-input example is considered and a switching
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static state feedback controllers is sought.Consider a

singularly perturbated system described by (1) with:

_ [—0.195378 —0.676469]
0

171 1.478265
_ [—091716 0.109033
Az_[ 0 0 ]
_ [—0.051601 0]
3 0.013579 0
A, — [0:367954 0438041
4

~ 1-2.102596 —0.21464

B; =[-0.023109 —16.945030]

B, = [-0.048184 —3.810954]

B,, =[-0.223371x 1072 0]

B,, =[-0.279448 x 1072 1.596845 x 1072]

10 O 10 O
¢ =|0 10 o _fo 10
0 O 0 0
0 0 0 0
_[0 1 _[0.921022 -0.161179
CZl - [0 0 4 CZZ - [ 0 1 ]
D,=[1 1], ¢=0.0835

Following the proposed design method in section 5,
the following results are obtained:

Kgow = [-0.1668 2.8659]

Keast = [2.5759  9.0772]
Koptimal = [0.3680 3.0164 3.5976 3.1751]

szitching = [(1 - o()Kfast O(Kslow]

From obtained simulation results in table 2, it is clear
that proposed method give better response than
conventional optimal design method. In our proposed
switching method, with a smaller for Hconstraint,
we have a smaller H, norm. But both of H, and
H,norms are increased in conventional optimal
method. From figure 4, it is clear that output
regulation in our proposed controller is better related
to conventional optimal controller.

Table 2: Performance Comparison of Example 5.2

HZ Hoo
Optimal 0.1734 0.0286
Switching 0.0410 0.0058

\ ‘H ‘1‘\, Ml 1 | iy W
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Fig. 4: Output Responses of Example 5.2

6- Conclusions

In this paper, the convex optimization method is
used for design of the logic based switching H,/H,,
controller for a linear singular perturbation system.
The proposed controller guarantees stability of the
closed loop system and satisfies the prescribed level
of the performance indexes for the both of H, and
H., norms. Use of two reduced-order fast and slow
mode controllers instead of one full-order optimal
controller is the main contribution of this paper. A
fuzzy supervisor manages both of fast and slow
controllers performance such that stability of the
closed loop system is guaranteed and the
performance criteria is satisfied. Reality, the fast
mode controller has a good performance in the
transient interval (the fast dynamic response and the
low energy impulse response) and the slow mode
controller affect the steady state section and attenuate
the low frequency disturbances interaction. The
simulation results show that the proposed controller
cause a considerable improvement in the
performance of the closed loop system.
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