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In troduction

PID contro llers have played an
important ro le in control engineering
and still co ntinue to do so. These PIO
controllers arc implemented by usually
analysing the plant dynami cs. which
should be know n as a priori. On the
other hand, NNs have also been used
in many contro l applications even with
PID controllers (Cho,2005) to tunc
them as adaptive systems.

Th is paper focuses 0 11 an attempt to
develop two NN-based controllers
whereby the dynamics of the system is
not required as a priori. The main
concept is to develop a controller
where the plant is a ' black-box' as far
as the dynamics are concerned . Two
d ifferent NN topologies are developed
and investigated . TIle developed NN
based contro llers s imulate a simple
plan t with unknown dynamics, and
examine the performance by
comparing it with a conven tional PID
controller.

NN-based Controller Topologies

The main basis here is to utilize the
robu stness and flexibility of a NN and
combine it with the concept of the
time-tested PIO contro lle r to fonn a
novel NN-based controller which
wou ld perform superior to a
conventional PIO controlle r. Two
different arch itectures are developed.
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(i ) Two-parallel NN controller

Th is contro ller utilizes 2 parallel NNs.
each with I hidden layer of 3 neurons.
where NN -l uses the reference input
(r) as its input and NN-2 uses the error
of the output (r-y) as its input. The
output of NN: 1 is considered as the
main actuator input (u) whi lst NN-2 is
made to produce a correct ive act ion to
the plant input (Au) by considering the
error of the plant output (r oy).
(;i) rlDNN
A three layered NN is formed as
shown in Fig. I, where the tv... o input
neurons receive the refere nce input (r)

and the output of the system (v) as its
inputs. The act ivation functions of the
three hidden neurons, N,.. NJ and It;'1J '
are different and are formulated to be
comparab le with Proportional. Integral
and Derivative act ion, as in a
conventional PlD controller.
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FiJ:.2 Compa rison be tween the PID cont roller with two-NN controller a nd
PI DNN cont roller

Discussion
Th e perfo rmances of both contro llers
are superior to that of the conventiona l
PID contro ller even in the midst of
d isturbances to the system. The Two-

In it ia lly. a simple second-order under
da mped syste m is used to test the
perfo rmance of the develo ped
contro llers and the resu lts are
compared with that of a conventiona l
PID contro ller. Fig ure 2 g ives the
performance of the two controllers
with a comparison with the
conventiona l PID contro ller for a unit
ste p input. Figure 3 shows the
response in the midst of an extraneous
dist urbance to the syste m.
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para llel NN contro ller even perfo rms
we ll in the midst of parameter
va riations in the system. ,... here as the
PIDNN shows a significant steady
stale erro r for large r inputs as we ll as
parameter variations of the syste m.
T wo-paral lel NN co ntro ller see ms to
mimic the inversion of the plant and
needs to be further investiga ted with
non-minimum phase plants as we ll as
hig her order plants to ve rify its
effectiveness. Further verificat ion is
a lso necessa ry for the PIDNN
contro ller.
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ofEva lua tio nPerfo rmance
Co nt ro llers

As ment ioned above, the COil tro ller
dyna mic s are cons idered unknown.
Various inputs are give n to the plant
a nd a rc: recorded a long with the
correspond ing. o utputs. These input
output datasets are used in train ing the
NN s along with the back-propagati on
a lgo rithm with Levenberg-Ma rquardt
o ptimizat ion. The perform ance
cri terion is the mea n square error
bet ween the targets and the o utputs .

503


