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Abstract  The classical control theory is based 
on the design of linear controllers for systems de-
scribed by linear models. However, there exist some 
situations where it is not recommended, or even im-
possible, to use a linear controller. One of those 
situations arises when the magnitude of the process 
gain experiences a dramatic variation within the op-
erating range of interest. A classic example of a 
chemical process where this situation occurs is the 
pH control around the neutralization point in a con-
tinuous stirred tank. In this work, the pH control for 
a strong acid – strong base system is addressed. To 
solve this problem, a nonlinear H  control law is de-
rived based on a nonlinear model previously devel-
oped. The attainment of that control law is done with 
the help of recent mathematical results from the au-
thors concerning the solution of Hamilton-Jacobi-
Isaacs inequalities. The nonlinear controller is im-
plemented on an experimental reactor and its per-
formance is compared with a PID control law tuned 
according to the classical minimum error integral 
criteria. The obtained results show that the nonlin-
ear H control theory can be a good alternative to 
solve this difficult SISO (Single Input – Single Out-
put) control problem. 

Keywords  Nonlinear Control, pH control, Non-
linear H-infinity Control. 

I. INTRODUCTION 

The theory of classic control is based on the design of 
linear controllers for systems described by linear models 
or nonlinear models linearized around an operating 
point. However, there exist some situations where it is 
not recommended to use a linear controller. One of 
those situations arises when the magnitude of the proc-
ess gain experiences a dramatic variation within the 
operating range of interest. In this situation, the use of a 
fixed linear controller can lead to a poor performance of 
the closed loop system and even to its loss of stability. 
A classical example of a chemical process where this 
situation happens is the pH control around the neutrali-
zation point in a continuous stirred tank. In this control 
problem, the titration curve – which represents the sys-
tem’s input-output mapping – presents a highly nonlin-

ear behavior in response to addition of acid or base. 
This behavior is amplified even more if the reagents are 
strong acid and/or base.  

In the present work, the objective is to control the 
pH of an experimental system within this difficult range 
of operation. The problem can be stated as to maintain 
the pH in the neutralization point manipulating a strong 
base stream flow rate in response to disturbances on the 
strong acid flow rate. To solve this disturbance attenua-
tion problem, a nonlinear H  controller is designed and 
implemented in a bench-scale plant. This synthesis ap-
proach is possible due to recent mathematical results 
from the authors concerning the solution of Hamilton-
Jacobi-Isaacs inequalities (Longhi et al., 2000). It must 
be emphasized that this control law synthesis is not 
based on any kind of linearization procedure, such as 
multi-linear models (Galán et al., 2000), gain scheduling 
or adaptive schemes (Sung et al., 1998), nor in a change 
of control objective to fit a known solution method (Li 
and Zhang, 1999). 

In the sequence of this work, the relations between 
the disturbance attenuation problem and the nonlinear 
H  control theory are briefly explained in section 2. In 
section 3, the experimental apparatus is described and a 
mathematical phenomenological model is developed 
and compared to the experimental data. The controller 
synthesis and the experimental results are presented in 
section 4. Finally, in section 5, the conclusions are pre-
sented.

II. DISTURBANCE ATTENUATION AND 
NONLINEAR H  CONTROL THEORY 

Consider the IA (Input-Affine) nonlinear system de-
scription of Eq. (1). 
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where x  M (M n) is the vector of the system’s 
state variables defined on a neighborhood of the origin, 
w q is the vector of exogenous inputs, u m is the 
vector of control inputs, and z s is the vector of ex-
ogenous outputs which characterizes the control objec-  




