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A B S T R AC T

The focus of the paper was the description of a feedback control system that, based on the pre-
dictions of a previously formulated hybrid neural model, allowed improving the performance 
of proteins UF, carried out in pulsating conditions. The behavior of three classical feedback con-
trollers, i.e., proportional (P), proportional integral (PI) and proportional-integral-derivative 
(PID), were compared and analyzed in different situations. The characteristic equation defi ning 
each type of controller was added to the already developed hybrid model in order to obtain the 
true closed-loop responses, thus allowing achieving a proper design and an accurate tuning of 
the controllers. It was observed that when no control action occurred, the permeate fl ux tended 
to progressively decay and that a proportional control was capable to reduce this decay only 
to a limited extent. The differences between the actual permeate fl ux and the desired set-point 
tended, instead, to nil when a properly tuned PI or PID controller was utilized. The selection 
of the best values for the adjustable parameters of the controller was eventually attained by a 
time-integral performance criterion, i.e., the minimization of the integral of the time-weighted 
absolute error (ITAE), using, as a starting point, the values provided by the application of the 
Ziegler-Nichols tuning method.
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1. Introduction

Pulsating conditions represented a simple and rather 
effective method aimed at reducing the permeate fl ux 
decay occurring during membrane fi ltration [1,2]. In a 
previous paper [3], a hybrid system modeling the behav-
ior of BSA ultrafi ltration in pulsating conditions was pre-
sented. The developed hybrid neural model consisted of 
two different parts: a classic theoretical model and a very 
simple artifi cial neural network, together concurring, in 
an iterative scheme, at the obtainment of the time evo-
lution of permeate fl ux decay, Jp(t), as a function of the 
system inputs. The theoretical model was characterized 

by the solution of momentum, continuity and convec-
tion-diffusion equations in the module channel, coupled 
to the Brinkman and the continuity equation written 
to determine the velocity fi eld within the membrane, 
which was assumed to completely reject BSA. The neu-
ral model, consisting of two end-layers with one neu-
ron each and one hidden layer with fi ve neurons, was 
used to determine the complex functional relationship 
existing between the BSA concentration adsorbed on 
the membrane surface, Ca(t), and the additional resis-
tance due to membrane fouling, Rad(t). A schematic 
representation of the hybrid neural model is shown in 
Fig. 1. Five different inputs were identifi ed: the trans-
membrane pressure (TMP), the current value of feed 
fl ow rate (Q), the feed concentration of BSA solutions 
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