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Abstract: This study presents a novel Interval Type-2 Fuzzy Immune Control (IT2FIC) for linear and nonlinear
discrete systems. The controller 1s designed by integration of the Interval Type-2 Fuzzy Logic Control (IT2FLC)

and immune feedback control law. The type-2 fuzzy logic system is adopted to approximate the undetermined
nonlinear function of the immune system. In order to reduce the computational loads of the type-reduction
process, a new algorithm 1s proposed for type-reduction with a geometric analysis, which is utilized to derive

a formula for computational geometry. Finally, the computer simulation results demonstrate that the proposed
ITZFIC can obtain the best tracking performance among the Type-1 Fuzzy Logic Control (T1FLC), the IT2FIC

and the Type-1 Fuzzy Immune Control (T1FIC).
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INTRODUCTION

For decades, growth in the understanding of
several computational intelligence approaches, such as
artificial neural networks (Culibrk et al., 2007), fuzzy
systems (Linfeng et al., 2009), evolutionary algorithms
(Zhhuan et al, 2010) and artificial immune systems
(Yu et al., 2007), has led to propose a soft computing
paradigm. The biological immune system has properties
that have very strong and high self-
adaptability even m the face of uncertain situations and
unexpected distwbances. Thus, it is hoped that this
immmune system will provide new paradigms appropriate
for dynamic systems under unknown environments
(Luh and Liw, 2008).

Basically, bone marrow is a type of soft tissue which
can be found in the cavity of elongated bones. During the

robusiness

differentiation of a bloed cell into a B-cell, bone marrow
can produce and exhibit an antibody molecule on its
surface. An antibody molecule has two main functions,
one 18 to bind with an antigen and the other 1s to perform
an effector function. The primary fumction oceurs when
the immune system first encounters an antigen As it
learns about the antigen, it prepares the body against
further invasion by that antigen, thus creating memory in
the immune system. The secondary function cccurs when
the same antigen is encountered. This response exhibits
a quicker and more abundant production of antibodies

(Takahashi and Yamada, 1998; Yu et al., 2007). When a
naive B-cell encounters an antigen molecule through its
receptor, the cell is activated and begins dividing rapidly;
the cells from these B cells differentiate into memory B
cells and effector B cells or plasma cells.

Fuzzy logic controls have been successfully applied
to a wide variety of domam areas, such as bilinear
systems (L1 et al, 2008), car-like mobile robots, robot
mampulators and visual servoing (Linfeng et al., 2009).
The concept of type-2 fuzzy sets (T2F3s) was first
introduced by Zadeh (1975) as an extension of the
concept of well known ordinary fuzzy sets, type-1 fuzzy
sets. Typically, T2FSs have the characteristics of grades
of membership fuzzy themselves. A type-2 fuzzy set is
characterized by a fuzzy membership function, i.e., the
membership grade for each element is also a fuzzy set in
[0.1] (Hsiao et al., 2008; Kamik et al., 1999), unlike a type-1
fuzzy set, where the membership grade 1s a crisp number
1 [0,1]. The membership functions of type-2 fuzzy sets are
three-dimensional and include a Footprint of Uncertainty
(FOU), which 1s the new third dimension of type-2 fuzzy
sets. The footprint of uncertamty provides an additional
degree of freedom to make it possible to directly model
and handle uncertainties. The type-2 fuzzy sets are useful
especially when it is difficult to determine the exact and
precise membership functions.

The type-2 fuzzy logic system was coined by
Karnik and Mendel (1998) and it can be used under

Corresponding Author: Tzuu-Hseng S. Li, Department of Electrical Engineering, National Cheng Kung University,
1 University Road, Tainan 701, Taiwarn, Republic of China
Tel: 886-06-2757575/62363 Fax: 886-6-2372789
1115



Inform. Technol J., 9 (6): 1115-1123, 2010

uncertain circumstances when the membership grades
can not be determined exactly. For systems with
uncertainties and disturbances, the type-2 fuzzy logic
system can outperform a conventional fuzzy logic system
(Hsiao et al., 2008; Wu and Mendel, 2007).

In this study, we propose a novel interval type-2
fuzzy mmmune control for a class of discrete nonlinear
systems, which combine type-2 fuzzy logic and immune
systems. This controller can provide more robustness
than that of the conventional FLC and also handle
uncertamties and disturbances.

IMMUNE FEEDBACK CONTROL DESIGN

The helper T-cell T, m the immune system acts as a
stimulant to the B cell, while the mlibitory T-cell acts as
an inhibitant to the B cell. Suppose that the k-th
generation of the antigen is e(k), the output of the
stimulated helper T-cell from the antigen 1s T (k) and the
mhibition of the B cell from the mhibitory T-cell restramned
is T4(k), then, the total stimulation received by the B cell
can be expressed as (Takahashi and Yamada, 1998;
Kan et al., 2008):

S, (k)= T, (k) - T(k) (1)
T, (k) = K, (K)e(k) 2
T, (k) = Kof (S, AS, (ky)e(k) (3

where, f(Sy(k), ASy(k)) 1s a nonlinear function that
presents the relation between the output of the T, cell and
the antigen, i.e., the magnitude of the inhibition capability
of the cell.

If we consider that the total stimulation that the
B cells receive is the control input u(k) and the
amount of antigen is e(k), which is equal to
letk)|-sign(e(k+Ale(k)-e(k-1)/T, where e(k) = r(k)-y(k),
then the feedback control law can be obtained as follows:

u(k)= K, -sign (e(k) +A(ek)y—elk - 1))/T) -K fluk -1,
Anlk ~1))-|efk)| -sign (e(k) +a(elk) —elk - 1))/T)
K, {1 —I;—:f (u(kfl),Au(kfl))} Jedk)- @
sign (e(k) +h{elk) - e(k - 1))/T)
=K {l-nf{uk -1, a0k -D)}|e(k)|-
sign (e(k) + 2. (e(k) - e(k 1))/ T)

where Au(k-1) = u(k-1)-u(k-2), K}, K; and A are scaling
factors, K, is the reactive rate and 1 = K /K, is utilized to
control the stabilization effect. Now, the nonlinear
function flu(k-1), Au(k-1)) will be approximated by using
a type-2 fuzzy logic system.

The selection of f{u(k-1), Au(k-1)) in Eq. 4 may affect
the performance of the controlled system and the fuzzy
system 18 a universal approximator for a nonlinear system
(Dianyou et af., 2007, Wang and Mendel, 1992). Here, we
adopt the interval type-2 fuzzy system to approximate the
nonlinear terms in the immune system. The control input
u(k-1) and its variation Au(k-1) of the immune system are
also the control inputs of the type-2 fuzzy system, which
is shown in Fig. 1. Tt is not necessary to know the precise
model of immune system when designing the type-2 fuzzy
controller.

INTERVAL TYPE-2 FUZZY IMMUNE
CONTROL DESIGN

The design procedures for an mterval type-2 fuzzy
logic controller will be introduced here. The architecture
of the type-2 fuzzy logic system is very similar to that of
the conventional fuzzy logic system (type-1 fuzzy logical
system), but its antecedent and/or consequent sets are
now at least one of these sets and are clarified as type-2
fuzzy sets. The major difference is the output processor,
which includes the type-reducer and the defuzzifier: while
the former outputs type-1 fuzzy sets, the latter outputs a
crisp number. The T2FL.Cs can be used under uncertain
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Fig. 1: The block diagram of the internal type-2 fuzzy immune control system
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logic system, similarly, we adopt this Max-Min scheme to
find the upper and lower bounds of the fired resulting
mterval sets. The detailed procedures are described as
follows.

The upper bound of the interval type-2 fuzzy sets o
and o canbe expressed as:

&: = max {min [E,A_;}} (6a)

ieM

[ max{rE%P[E,B_‘n}} (6b)

Its associated upper bound of weighting value for the
n-th fuzzy rule can be obtained by:

an:min(&:,ai) (7)

The upper bound of output for the n-th fuzzy rule can
be obtained by:

E =min {VT Dl (8)

e |

So, the upper bound of the resulting interval set can
be expressed as:

f'= max{fl‘ ,,,,, E} 9

Similarly, the lower bound can be expressed as:

ot . 10w
o, = max{r;g}i\g[@,]g_; ]} (10b)

Its associated lower bound of weighting value for the
n-th fuzzy rule can be obtained by:

:min(uA,aB) (11)

The lower bound of output for the n-th fuzzy rule can
be obtained by:

i =min{wn,D;} (12)
o em 27T

So, the lower bound of the resulting interval set can
be expressed as:

£ =max{f’, '} (13)

The summation of the inference resulting interval set
from each fired rule can be expressed with the upper and
lower bounds as:

F= [f‘,ﬂ (14)

The inference process can be illustrated graphically
as in Fig. 6.

Type-reducer: The output processor includes a type-
reducer and defuzzifier. The type-reduction method is an
extension of type-1 defuzzification obtained by applying
the Extension Principle to a specific defuzzification
method (Visconti and Tahayori, 2008). The type-reduced
set using the Center of Sets (COS) type-reduction can be
expressed as:

Tt
Pty
(15)

ca(u)=[a ol ] .ng[CIL,CIL]"'.I.c"g[cr,f,c;ﬂ]J-ﬂg[fﬂ”'.l.fug[g,r_"]l

where, U= [u(k-1) Au(k-1)]}, is the input of the IT2FL.C.
Determination of the interval set [CLM,CRM ] 18 described
follows.

The left-most minimum C, _ : As the left-most minimum
G, .. of the type-reduced set is not just simply to calculate
the center of gravity of the lower bound of the fired
membership grades, we need to determine point to
rearrange all the fired interval sets to find the center of
gravity,
membership function.

Le., to determine the weighting of each

From the weighting methodology, we take the left-
hand side of the test point p as f, and the right-hand side
of the test point P as fi | respectively, as shown in Fig. 7a.
As point P intersects the first singleton output set, C; can
be obtained by:

I 0 e ) 1 8

(a5

where, Ax is the span of wuncertainty and ¥, is the
1-th centroid of the consequent output set. while
point P intersects the second or beyond the second
singleton output set, shown i Fig. 7b, C; can be
calculated by:
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