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The bionic fuzzy system embeds the biologically active adaptive strategy into the traditional T-S fuzzy system, which increases the
active adaptability. On the basis of the researches, an identification model is added to the system, and a hybrid bionic adaptive fuzzy
control method is proposed in this paper, which makes the system have biological adaptability and strong anti-interference ability.
The adaptive law contains two items: the first one is the general term for adjusting system parameters by using the current state
and the second one is a compensation item for the adjustment of system parameters based on the development trend. Lyapunov
synthesis method is used to analyze the stability and convergence of system. The design method of fuzzy controller, adaptive laws,
and parameter constraints are given. Finally, the effectiveness of the method is verified by simulation of inverted pendulum model.

1. Introduction

Due to the high complexity of dynamic environment and
system structure, the research of nonlinear systems is difficult
to achieve accurate description. At the same time, higher
requirements on the stability and effectiveness of the con-
trolled system needed to meet certain performance index.
By combining the adaptive control strategy and fuzzy con-
trol method, the stability and anti-interference of the system
can be improved due to the active adaptability of the organism
[1, 2]. The niche of individual organism is introduced into
the design of fuzzy systems, and adaptive behavior and
individual feedback are used to establish the fuzzy control
model based on ecological niche [3]. The design method of
genetic algorithm and double nested fuzzy control method
are given to make optimized controllable niche structure. A
tracking feedback control method based on optimum niche
is proposed, which is applied in the intelligent greenhouse
system to realize the fuzzy control design for optimal eco-
logical system [4]. In [5, 6], the self-organization and self-
learning of niche are added to the fuzzy system, and a new
fuzzy control method based on niche model is given. At
the same time, the universal approximation of system was
demonstrated, which achieved good results by using the sys-
tenyfunctionrasrapproximationnim|7jythe T-S adaptive fuzzy
control method is established by using the niche proximity

with normal distribution characteristics as the consequent of
fuzzy rules. The research [8] gives H® tracking performance
designs in both indirect and direct adaptive fuzzy systems.
On the basis of the study, in this paper, combining the
identification model [9, 10] with bionic fuzzy system and
mixing the model error with tracking error, the hybrid bionic
fuzzy control method is built. Stability and convergence
analyzed by Lyapunov synthesis method [11-13], adaptive
law, and constraints of the system parameters are given. The
two items of bionic adaptive law, respectively, represent the
current state and development trend of systems, which makes
the system have good active adaptability. Finally, the strong
anti-interference and better stability of highly complexity
nonlinear system are verified by the simulation [14-18].

2. Basic Theory of Fuzzy System

2.1. Hybrid Adaptive Fuzzy System. Consider the following
nonlinear systems:

M= f (x,x,...,x("_l)) + g(x,fc,...,x("_l)) u
1)
y =X
f(x) and g(x) are continuous functions; u, y € R are the
input and output of the system. x = (x},%,,...,%,) =

(%, %,..., 6T € R" is obtained by measuring the state

www.manaraa.com


https://doi.org/10.1155/2017/9341073

vector. In order to control the system, when x belongs to a
controllable interval U, ¢ R", g(x) # 0 might as well set

g(x) > 0.
The ideal controllers in the form

ut = e [f(x)+y")+kT] (2)

sete=y,-y=y,-% e=(eé....e" N, k=(k,k,
.,k;)T and make the real part of all the roots of polynomial
s"+ k5" + -+ + k, negative. When t — 0o, e(t) — 0. That
is, the output of the system converges y asymptotically to the
ideal output y,,.
A hybrid adaptive controller is constructed as follows [12]:
u=ou,+(1—o)up+u, +u;. 3)
u, is equivalent controller, up, is output controller, u is super-
visory controller, u; is adaptive compensation controller, and
« € [0, 1] is weighted factor.

2.2. Bionic Fuzzy System

2.2.1. Niche Ecostate-Ecorole Theory Function. Considering
the ecosystem with # biological unit, the size of the niche of
the k biological unit is defined as

i + CrePre

N:
k ZJIS]+CP

(4)

; indicates the state of the j biological unit, C; is the
djlmensmnal conversion coefficient, and p; indicates the rate

£ (5 + Gt £ (Z5 5+ ) I e [~ (- %)) 18)) ]
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of change of the j biological unit, j = 1,2,...,n. If the
biological individual has a good state and good development
trend, then the niche of the biological individual is relatively
large, N} € [0, 1]. When the niche N, of the k biological unit
is greater, it indicates the greater niche role relatively in the
biological unit in the system in study.

2.2.2. Bionic Fuzzy System Rules. Considering system (1),
f(x) and g(x) are unknown functions, and the fuzzy system
is constructed by a series of “if-then” fuzzy rules:

R}: if x; is A and x, is A} ... and x,, is A’ , then

fix) =Ny, i=1,2,..., M.

R:if x, is By and x, is B, ... and x,, is B, then

=N, i=12,...,M,

g'(x)
k =1,2,...,n, R represents i fuzzy rule, and A’ and
Bj are the fuzzy sets of state vector x;, determined by
the Ecostate s and the Ecorole pj. of the k biological
unit. N,i = (s;;+Ckp;;)/(Zm 1 sm+Cmp£n) is the output
of the i rule.

Using the center-average defuzzifier, product inference
engine, singleton fuzzifier, and Gauss membership function,
Adaptive fuzzy system based on biological adaptive strategy
is as follows:

F(x0.5.6,) =

where

6, = (6,600,

i _ Sk
VS (s Gip)
07 = (0303 ..,el‘jf)T,

_ Pl (6)
2 Yo (s + Couhy)”

E@) = (8 0,8 (x),...8% @),
07 exp [ ((x;-%)) /5))’]
)/5;)]

)3 Hj:l exp [_ ((x - X )/61) ]

=08 () +CbE(x), ()

Similarly,
G(x16,5,0,5) = 0{,7(x) + Cub 0 (x), 7)
up (x| 615, 6,p) = 0150 (x) + Cibypp (x),  (8)

where 0,4, 0,,, 0, are on behalf of the current state of the
biological individuals and 0,(, 6,,, 0, represent develop-
ment trend of the biological individuals in the future.

3. Bionic Hybrid Controller

A nonlinear system is introduced in parallel with system (1):

5&1 = xz,

Xy = X3

www.manaraa.com



Mathematical Problems in Engineering

= f(x16,5,0,) +3(x16,,6,,)u
)
Define model error as
e=x,(t) - x,(t). (10)

From system 3 and system (1), it can be obtained that
e=[f(x1617.6,) ~ f(x)]

+ [g(x | elg,ezg) - g(x)] u.

The model error of the original system and the identifica-
tion model combined as

&= ¢, (£ (x) + Cy & (x) + by 11 (x) u

(11)

+</>2TgC17(x)u+w,
¢ p=0,,-6],
1f = Y1 ~ Yy 1)
¢2f=92f_62f’
¢1g = elg - 9;9,
¢2g=92g_6;g

using f(x | 6,7,60,7), Gx | 6,7,6,7), up(x | 6,p,6,p)
replace f(x), glx
error is

w=alf(x]6]65) - f(x)
+ (g(x | Gfg,G;g) - g(x))uc] +(1-a)g(x)(u" (13)

—Up (x | elD’GZD)) .

Tracking error can be written as
é=Ae+bfa(f(x16,6,)- f (%)
+[3(x1614,055) g @] u )} +b.1-) g (x) (14)

: (”* —Up (x | 6:p» 62D)) -b

), and up(x); the minimum approximation

9 (x) (us + uI) .

Following design u satisfies V' < 0, and design supervi-
sion controller as

usz(%> sgn(e Pb)[ ( )|f(x|01f’02f)|
(860 8,) 0 )

+ (f1 (x) + |y,(::)| + kTe)] + (%)P sgn (eTPbC) (1 (15)

- ) [lUD (x| 91D»92D)|

Choose the compensation controller as
Ur = ¢, sgn (eTPbC) . (16)

¢ is positive number; then the fuzzy controller of the closed
loop system is

1

u= oc—) [—f(x | 91f’92f) + |y,(,f)|

(160,90 (17)

+ lkOTe” +(1—a)up (x| 60,p,60,p) + g + 1.

IfV <V, the supervisory controller is 0; if the system tends
to separate, V > V, using u, to ensure V < V.
4. The Design of Adaptive Laws

Adjusting optimal parameters of hybrid fuzzy system based

on Bionic 0,, 0,,, 6,,, 0,, O/, O3p

(057.05¢)

= arg min sup |f x| Glf,sz x)|
015€0Q,1.0,7€005 | xeu;

(65565)

=arg  min [sup|g x|0

1 ’
0,5€Q145,0,,€Q0, | xeu 9

(18)
g (x)|] ,
(6 05p)

=arg  min [sup [u(x16,p,6,p) —u( x)|]

0,p€Q .02 | xeu;

Qyp = {01 : 0] < Mg}
Oy = 912f x| < Moy}

{
{
{

O, = {6}, 8 < |, | < My} .
0y, = {65, : 6 < |65, < M},

Qup =105 : [00p] < Min}

Qp = {0+ 50| < Map} -

Qi Qyps Qpgs Dy O lD’ QzD are, respectively, the con-
straint set of 51f, 0,¢> O1gs Zg’ 01p> Oyp and My, My,
M, 4 M,y Mp, Myp, 4 are given constant.

Consider the followed Lyapunov function:

1 *
V= e Pe+2;" (6r,-6;,) (61 -67))

(04

o (62~ 65,)" (62 - 65))
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[ « \T *
*3 (619 B elg) (915 - Glg)
ylg
[0 * T *
o (029 =035) (624 -65,)
YZg
(1 - “) % \T *
+ 5 (6ip - 9113) Ch 91D)
Y1D
[24 % \T *
+ EY (60 = 05p)" (0,0 - 63p)-
Y2D

(20)

P is apositive definite matrix and satisfies the Lyapunov equa-
tion, and Q is an arbitrary positive definite matrix.

The bionic adaptive laws of the identification system are
as follows:

0 r =iy [ye + eTPbc] &(x),
sz Y [ya + eTPbCC] &(x),

ng = i [ys + eTPbC] n(x)u,

Mathematical Problems in Engineering

ng = Yy [ye + eTPbCC] n(x)u,
QID =~Vip [ye + g (x) eTPbc] P (x) >

0,5 = —yap [ye+ g (x) €' PLC] 9 (x),
(21)

where 0, ¢, 0,,, 0,p represent the current state and 0, ¢, 0,,,
0, represent the development trend of systems, which makes
the systems have good active adaptability.

5. Analysis of System
Stability and Convergence

It will affect the stability when the system is disturbed. In this
paper, a hybrid adaptive fuzzy controller is designed, and the
adaptive law is given. The following analysis is conducted for
the performance of fuzzy controller. To ensure 6,7 € Q,
0,p € Qyp, 01y € Qpp, 0,5 € Qy, O1p € Qip, O,p € Qyp,
parametric projection method is designed to satisty the
parameter vector.

In terms of f(x | 0,1,055),

{—ylf [ys + eTPbC] E(x) when (||01f|| <My or ||91f|| =My, e'Pb.E (x) Gle > 0)
Qlf =
P {—ylf [ys + eTPbC] 3 (x)} when (||01f|| =My, e'PhE (x) GTf < 0)
(22)
{—yzf [ys + eTPbC] E(x) when (||02f|| < M,y or ||92f|| = M,y, e'Pb.E (x) GZTf > 0)
92f =
P {—yzf [ys + eTPbC] £ (x)} when (||02f|| =M,y e Pb,CE (x) 92Tf < 0)
which satisfies the projection operator . {—Y1g [ve+e"Pb | (x)u (ye+e"Pb)n (x)u<0
04 = T 1
P {_%f [ys N eTPbC] f(x)} 0 (ys +e Pbc) n(x)u=0
= i [ye+ " P E) - o (24)
23
ngfgle (x) ~Yag [ys + eTPbCC] 7 (x)u (ys + eTPbCC) 7 (x)u<o
+1 [ys + eTPbC] _ = r )
f |61f|2 0 (ye te PbCC) 7 (x)u > 0.
In terms of g(x | 6, ,,0,,), if one element of 0, ;, 6, satisfies
6, s=0 o, g = 0, then Otherwise,
. {—ylg [ys + eTPbC] 1 (x) when (Hﬂlg" < My, or ”61g" = M,,, e’ Pb.n (x) Ong > 0)
1y =
! P {—Y1g [ys + eTPbC] n (x)} when (HGIg" =M, e"Pby (x) Gfg < 0)
(25)

~Yag [ys + eTPbCC] 1 (x)

when ("92g" < M,, or ||92g|| = M, e'PbCn(x) 607 > 0)

2g =

n (x)} when (||02g|| = M, eTPbCCn (x) 92Tg < 0)
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which satisfies the projection operator 61Tg91 g1 (%)

+ Y1y [ys + eTPbC] ‘ |
1g

P {_Y1g [ys + eTPbC] n (x)} (26)

T
- _ylg [ys te Pbc] ’1 (x) In terms Of uD(X I 01D’ GZD)’

, {—ym [ye+ePbg(x)]@(x)  when (|6ip] < Mip or [61p] = Mip, €"Pbg (x) 9 (x) 6]}, > 0)
6 —
p {—le [ys + eTPng (x)] 0] (x)} when (| 1D" =M, or eTPng (%) @ (x) OITD < O)
(27)
. {—yZD [ys +e'Phg (x)] ¢ (x) when (||62D|| < M,p, or |6, = M,p, e'Ph.g(x) ¢ (x) 01, > 0)
O,p =

P {_YzD [ys + eTPbcg (x)] 0] (x)} when ||02D|| M,p, e el P .9 (X) @ (x)@ D < 0)

which satisfies the projection operator (1) All parameters and state variables are bounded:
6 ,
P {_YlD [YS + eTPbC] @ (x)} " f" <My
= —1ip [ve + e"Pb.] ¢ (x) |62, < M.
(28)
+ [ e+e P (x)] _GITD91D<P (x) "6 " < Mg, (9)
Yip [ g 0 165, < Mo |64 < Mips
|62 < Mo,

Theorem 1. Set the constraints set of Qyp Qyp Oy,
Qyg Qps Qyp which are given by (19); if the initial value of Ix (O] < M,
the parameter satisfies Glf(O) € Qi 0,(0) € Qyp, 0,,(0) €

Qg 0,5(0) € Oy, 0,p(0) € Qyp, 6,5(0) € Qyp, to any

t > 0, adaptive laws can ensure 0,(f) € Qyf, 0,4(t) € and My, My, My M,y Myp, Myp, M, are given
Qyp, 014(t) € Qg 0,5(t) € Oy, O1p(t) € Qip, O,p(t) € positive constant.

2 (2) The boundary of tracking error and the model error is
Proof. Set V, f o= (1/2)01 01> if formula (24) satisfies the given by th]e minimum approximation error set ¢ =
first condition, when |0, /| = M, ¢, |0, ¢| < M. Otherwise, (¢f + pgu) §(x); then

Vlf = —ylf(ys + eTPbﬁle)E(x) < 0, and |91f| < Mg
if formula (24) satisfies the second condition, then |6, ¢l =

t t t
J |e(T)|2dT+I |¢(r)|2drsa+bI o (1) dr,
0 0 0

le, and Vlf = _Ylf[ye + eTPb ]9 {(x) + Y]f[ys +

TPb](G 01 7§(x)/16, fI )6 E(x) 0; therefore, in this case, V>0,

16,1 < M1 , due to the 1n1t1a1 conditions 6, ((0) < M, , . . , (30)
to anyt > 0, 0, ¢(t) < M. Similarly, it can be proved that J el 2dT+J e (D dr <a+bJ w0 dr

92f(t) < My, dlg(t) < My, 02g(t) < My, 0,p(t) < Myp, 0 le (ol 0 le @l B 0 o @Fdr.

and 0,5(t) < M,p,.
It can be obtained by formula (24) that if 91 =6,6 >0,

1g =
then there is 6} > 6, |0 | > &. Similarly, 0 > S. OJ

2g =

vVt > 0.

1g 2
(3) If square of w is integrable, it means that

Theorem 2. Hybrid adaptive fuzzy systems form (1), where foo W@ Pdt < oo then lim, ._|e®)] = 0
0 4 t—00 - >

f(x) and g(x) are all unknown functions, and the equivalent L
controller u,, the output controller up, the supervisory con- lim,_ o, [e(t)] = 0.

troller ug, and the adaptive compensation controller u; are, ; ;
respectwely, deszgned accordmg to formulas (3), (8), (15), and Proof. |6} il < Mg 16} ol < Mg 1161l < Mg, 16,11 <
d adaptive fuzzy M, 16} ipll € M p, and ||62D|| < M,p have been proved in
cteristics: Theorem 1, and the following is to prove that |x| < M,.

-
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While designing the controller u,, set V < V, V is a given
constant, set Ap,; is the minimum eigenvalue of P, and due

to V = (1/2)e” Pe, it can be obtained that

/1 min 1 /\ 'min 12
V1/2 > <PT) le |_( P2 ) |x| |ym| (31)

Therefore, V < V equals |x| < |y,,] + QV/Apmin) "
satisfy |x| < M, it can choose

2 and to

A 2
V:ﬂ(Mx_supb/ml) . (32)
2 £20

O

Proof. Combine the adaptive laws (21), (22), (24), (25), and
(26) into the following Lyapunov function:

V= —%eTQe +e' Phw
o .
+ —¢1 (615 +yipe’ POE ()]
Yif
o .
+ —¢y 7 [0sf + 2" PL.CE ()]
Yar
o .
+ _¢Tg [elg + YIgeTPbc”l (x) u] (33)
Ylg
o .
+ y—gbgg [029 + yzgeTPbCCr] (x) u]
29

l-« .
i $1p [61p + Vipe' Pbog (x) 9 (x)]
1D

sy [GZD + YzDeTPbcg (x) Co (X)] .
Y2p
Then

V= —%eTQe + eTPbcw + ¢1Tf [—yeg ()]

+¢2f[ —yeCE (x)] + Z¢ [e Pb.? (x)u]

—yen? (x) u]

+Z¢fg[
p

(34)

+ Z 5 [eTPbCqu (x) u]
q

+ ) 8%, [-yeCn (x)u] + ¢y, [~yep ()]
q

Mathematical Problems in Engineering

due to that,
Z ¢ [—yen” (x)u]
< I
+ Z‘ﬁi]g [—yen? (x) u] = Z¢1g [—ysn (x) u] ,
1 I=1

Y ¢ [~yeCrl (x) u]
P

(35)
M
+ ) 3 [-veCr (x)ul = Y ¢, [-yeCrf (x)u],
q =1
17 [—yeE ()] + o1, [~yen (x) u] + ¢, [-yeCE (x)]
+ ¢, [-yeCn () u] = —y¢” - Ao,
and there is
¢ = 1 & (x) + Cy & (x) + 1 (x) u + 3, C (x) u
(36)
=&—W.
Set
_ 'e]
€= >
K
_ [Q 0
Q= B Zy] ) (37)
_ [Py
B - ]
L~Y
so it can be obtained that
i 1
V< —EeTQe + (eTPbC - yqb) w -y’
= —%5T6e~+ & Pw
IR (38)
<-3 AGmin lel® + - IE1 +
Aspin — 1 1=
_ _ZQmin " =2 2
- 2 e+ 2 Py
toanyt >0,
jt E@ldr < —2— [V(0) -V ()]
0 Qmin 1
— |2
+ A’(jmin 1 L lw (T)|° dt
5 (39)
< pr— [V (0)]
~ 12 ¢
+ pr— L lw (7)|” dt
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0.3

0.2 F

0.15

0.1

-0.05 : - : - :
0 10 20 30 40 50 60

- -~ x; with disturbance
- -~ x; without disturbance

FIGURE I: x, and x, with internal disturbance.

and because of [(1)[* = le()I? + [e()12, |B, = IPb* + yl?,
it can be proved by
3 2V (0)
(min {A grins 27} = 1)°
__ e[ +y? w
(min {A g, 29} = 1)
noting that {1, 2y} = 1 > 0. O

Proof. If w € L,, we can obtain e € L, by Theory 2, because
the variables are bounded; then é € L, by Barbalat lemma
(feeL,NL, andé € L, thenlim,_, le(t)| = 0); we can
getlim, ,le(t)| =0 O

6. Simulation

Example 1. The inverted pendulum problem is studied by the
hybrid adaptive fuzzy control method:

J'Cl = xz,

gsin x; — mlx3 sin x, / (m, + m)
X5 =
> 1(4/3 - mcostx, [ (m, +m))

(41)

cos x;/ (m. +m)
1(4/3 mcos?x,/ (m, +m))

andg 9.8 m/s’, m, —lkg,m 0.1kg, ! = 0.5m. Choosing
iag (10 10), by solv-

0.1
0.05 | I,\\
ot
005}
-0.1 :.!
-0.15 —I:
-0.2 :I
—0.25 |
0.3}
035 10 20 30 10 50 60
- -~ x, with disturbance
- -~ x, without disturbance
The membership function is
X, +(11/6) (71/6)
o () = x| - (2 )
targ (x1) = exp (”/10) ]
x; — (1/6)
”M% (xl)zexp ( 17_[/10 ) ]’
(42)
x, + (7'[/6)
o () =exp |- (20 ) |
a2 (x3) = exp (71/1 ) ]
x, = (/6) \*
o (x2) = exp | - (2 ) .

Set the initial conditions x(0) (-7/9,7t/12)T, the
original system, and control system with internal disturbance
(system state input x is substituted by (1+3J;)x, 6, = 0.5) and

external disturbance (6, = 0.01).

From Figures 1-3, when the system is disturbed, the
hybrid bionic adaptive controller proposed in this paper
makes the system have more anti-interference and good
convergence. In addition, this paper makes a comparison
when the output trajectory has both internal and external
disturbances; it can be seen that the fuzzy system has
achieved good results. From Figure 4(a), when C, = 1, the
system has good convergence and biological adaptability than
system controlled by traditional method. From Figure 4(b),

www.manaraa.com
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0.3 T T T T T 0.1 T T T T T
b .
i 0.05} 1\ g
0.25 r: i i
: 0 :/ _\\_ P e
: 1
0.2 fi ] i
| —0.05 | ]
' 0
1
015} 1 -0.1 4 1
I i
: 1
1
0.1}1 | 015k ]
[ 1
! i
! —02 | ]
005! : !
| ~025f ]
o \ |
IN —
L -03} ]
I
-0.05 s s s s s -0.35 s s s s s
0 10 20 30 40 50 60 0 10 20 30 40 50 60
- -~ x; with disturbance - -~ x, with disturbance
- -~ x; without disturbance - -~ x, without disturbance
FIGURE 2: x, and x, with external disturbance.
0.3 T T T T T 0.1 T T T T T
F‘ 0.05 | 1, g
0.25 r: 1 ! L
' S
: Ofi |
02}y ; 0
! —0.05 | 1
' '
0.15 1 -o01h 1
i 1
! |
0.1} | -oasp ]
i |
| 1
! -0.2 |t 1
0.05 ! : !
\ -025f ]
\ '
0F 1~——
v -0.3} E
v/
-0.05 s s s s s -0.35 s s s s s
0 10 20 30 40 50 60 0 10 20 30 40 50 60

- -~ x; with disturbance
- -~ x; without disturbance

- -~ x, with disturbance
- -~ x, without disturbance

FIGURE 3: x; and x, with both internal and external disturbances.

by comparing the output trajectories, it can be obtained that

where w € R is the unmodelled dynamics of the system.
the bionic hybrid fuzzy control has better result.

Ah(w) is the related uncertain item of the unmodelled

dynamics w.
Example 2. Consider the following uncertain system: Set
. 2, .2
w:—w+x1+x2, Ah(w)=2w,
X, = Xy, (43) b +b 2.2 (44)
cos (2t) x1x
Af (x’ v, t) — 1 2 ( ) 17%2

a; + ay sin () + asx? + a;x3
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0.35 T T T T
0.3 R
4 T T T
0.25 g
0.2 E 3t 1
0.15 i
0.1 g
0.05 1 = 1
0
-0.05 g
-0.1 i
~0.15 N N . . ) L L N
0 10 20 30 40 50 0 5 10 15 20
Time (s)
—— x; when (Ck = 0) —— x; when (Ck = 0.8)
- -~ x; when (Ck = 0.2) — x; when (Ck = 1) —— x; with control —— x; without control
~-- x, when (Ck = 0.5) —— x, with control ——— x, without control’ location
(a) x, with both internal and external disturbances (when C; chooses (b) Sliding mode control output trajectories x;, X,
different values)
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FIGURE 5: x; and x, with internal disturbance.
a, bare unknown constants, satisfying the fact that a; > a, + From Figure5, to the uncertain system with distur-
1>0,a;>1,a,>1. bance, the hybrid bionic adaptive controller proposed makes

In stimulation, seta, = 2, a, = 0.5, a; = 1.5, 4, = 1.5,  the system have more anti-interference and good conver-
gence. From Figure 6, when C, = 1, the system has good
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0.7

—— x; when (Ck = 0)
--- x; when (Ck = 0.5)
—— x; when (Ck =1)

FIGURE 6: x, with both internal and external disturbances (when C,
chooses different values).

convergence and biological adaptability than system con-
trolled by traditional method.

7. Conclusion

In this paper, the hybrid fuzzy control method combined
model error with tracking error to design the adaptive laws.
Compared with traditional method, it has faster convergence
rate. In addition, the biological characteristics are embedded
in the bionic fuzzy system, which improved the condition that
traditional adaptive law just considers the current state of sys-
tem. The method proposed in this paper makes system have
advantages of anti-interference and strong self-adaptability.
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