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A Nonlinear Controller Design Approach and
Its Application to a Biochemical Reactor
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Abstract; This paper addressed a design problem for a class of nonlinear control systems via g
two-step approach. The simulation result of a biochemical reactor example shows that the method pro-
posed is applicable to practical problems.
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1 Introduction
In the global linearization methodology to an affine nonlinear system, &= f (z)—{—g(;)u’
one must solve a set of pa.mal differential equations in order to get a nonlinear transformation,
In this paper , we will develop another kind of transformation problems for a class of nonlin-
ear systems, and then the nonlinear controller to the system is derived via a two-step design ap-
proach. Finally, an example of a biochemical reactor is given to show the applicability of the
method proposed. | ‘ '
2 Nonlinear State Transformation
Consider the following class of nonlinear systems:
S1. # = £1(®1,22) : )
= f2(%1,%258) . ' - ()
where z= {sT z]}TE€R"*, it is assumed that = is an even number and dlm(zl) dxm(zz) =2
When = is an odd number, a dummy state (e g. #.=0) could be added to z in order to make #
+ 1 be even. Here the key of this assumption is that the control action € R" only acts on less”
than half state variables, e. g z;. And we assume that the nonlinear functxons, fl(zn?’z)'
f z($1 ,23,u), are at least twice differentiable with respect to ;,zz,u. For the convenience, d¢-
note f1(zy, ) =F1(2), f2(@1s22,8)=F2(z,8).
Note the special structure of the system, consider the following nonlinear state-transform#”
tion (z=T(2)=[TT(z) TE(=) 1" : |
z = Ty (z) = =1,
2y = Ty(z) = & = f1(2),

where z is the new state vector in the mapping space.
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,rhwrem 1 The nonlinear system (1)~ (2) can be transformed, by the nonlinear state
, oﬁnatxon (3)~(4), into the following linear controllable canonical form:

ﬁ""sf t = Az + By, (5
sl
b

o 1 ol
A= , B=
lo o] L1]”
z = [Z]_ T
v = -a%f,(znzz) + g%fz(znzz,u)- , , (6

proof According to Egs. (3)~(4), the proof is straightforward.

Theorem 2 The nonlinear state transformation T (z—>2) is invertible if and only if

| aot[Z] 0. )
Nonlinear Feedback Control Algorithm

1 Step-by-Step Design Approach for Nonlinear Controller

The main idea of the step-by-step design approach was proposed by Takamatsu et al. o, .
. ’I‘his approach divides the controller design by several steps using different simpler models, respec-

ively. .
_ Step 1 It is not difficult to design a linear control law for the linear controllable canonical

' model Eq. (5) as follows:

; v = Kz. (8
__And according to the relations Eqs. (3)~(4), we can obtain
v =1v(z), ¢))

@gre v(z) is some nonlinear function of the system state z.

" Step 2 In this step, we will use the result obtained in step 1 to develop a nonlinear control
law for the original system (1), (2) based on the Eq. (8) of theorem 1 as follows:
u=u(v,z) = u(v(),r) = u(). 10)
5 2 Nonlinear Feedback Control Law

Eq. (10) is the solution of Eq. (6), which will be the desired feedback control law in the
Ronlinear expression. However, the explicit form of the control algorithm, Eq. (10), is mostly
impossible to be available, except for the special case when the control action u appears linearly.
Here we will use discretization method to give a control algorithm{!J. From Eq. (8) we take the

Taylor series around one instant k— 1 before, and approximating with only the first order, we

'haVe
f ‘(k)] Tw—X LIOYNCR)

=f2(zk—1,uk—-1) + %2"2(’0 - 1)(1‘; - z._l) +§él_fl—2(k - 1)(1[; - ub—-l)) (11) ‘
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M By Uy Dt = f(zEsz—lyubfl) 9

where

M(Z}_],u)_l) = afz(k - 1)9
Farmm) =— £ — D+ L — Duy + L — D@y — 2

+ (gﬁ-@))_ @ — Ly — no.
Eq. (12) consists of a set of linear algebric equations. The existence conditions of the contro| lay,
is given in Takamatsu et al. [1]
4 Nonlinear Control of a Biochemical Reactor
In this section an exainble of a biochemical regctbr cited from Takamatsu et al. [2] jg take

into consideration for nonlinear controller design. The nonlinear model of the process is as fq).

lows .
da 0 OOla 8
& = 0 1853exp(— T goE s
—02945(+0385)( s S,
ale 0.001 +8 0.25+ 8"
de 258. 9848
FTi 83.53(7.6 —¢) — (m + 3.3)X,,
dX, _ 0.2945aSX,
G —0.00lrs VX
ds 0. 040948X, _ 0.048X, e
@0 001Fs Lists VAT

By applying the result above, Fig. 1 shows only the result of the key variable; X,, under the
nonlinear control, linear control, and noh-control; when its initial stafq away from the steady
state by 0. 3.' Fig. 2 shows the result that in a normal operation around thé steady state, a sudden
shut of the control valve occurs for one hour, after it repaired, the deéigned hoxilinear contro(;

linear control, and non-control are running again. The results in two fngures give that the perfor-

mance by nonlinear control is better than -
that by linear control or non-control. 0-6
0.3 0.4 . .
by non-control’ : by non-control "
0.2 by linear control by linear control
| by nonlinear control 0.29 - by nonlinear control
01
0. 0
0.0
v —2. 0 )f’ﬁ,’)
10 20 30 40 t(h) 0 10 20 30
Fig. 1 A simulation with 75(0)=0. 3 Fig. 2 A simulation with a sudden shutdown of

control value for one hour at ¢=>5.
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Conclusions
This paper concerns with the state transformation of a class of nonlinear systems, and a
o-steP design approach for nonlinear controller. - The simulation results of the biochemical reac-

¢ shoW that the design approach proposed in this paper is appliéable.
9
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