Testing of the Pneumatic System with Fuzzy Control

Two primary methods of testing fuzzy controller performance
were used. These are:
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The testing of the fuzzy controller with the full range of
error and error delta combinations to produce the full
range of outputs, which can be plotted to produce a
three-dimensional diagram of the surface of the fuzzy
transfer function. For vacuum application, this surface is
shown in figure 10 (ASVS units are in counts, 1 count =
24.42 micro-amps, error and Herror units are in counts,
1 count = 6.676 x 10 inches of mercury). This testing
is donc computationally, off-line, and can give the
engineer an idea of the rate of convergence of the open-
loop system, which is the slope at any point on the
surface. A greater slope will produce a faster
convergence rate, but also results in a greater overshoot.
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Figure 10. Pneumatic Fuzzy Controller Transfer Function
(Vacuum Application)

The testing of the fuzzy controller on the actual test set
hardware with a HP 64700 emulator, running closed-
loop. This type of testing was the primary technique
used to test the fuzzy-controlled system. Data collection
was limited to using the emulator’s trace capability (with
a maximum of 85 samples of error, error rate and servo
delta) until the very end of the project. Towards the end
of the project, an IEEE 488 interface was attached and
used to collect large streams of data for analysis,
enabling the construction of a more complete picture of
system performance. Had this data collection capability
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been available from the beginning of the proj‘ect,
development time would have been reduced dramatically,
since a full set of response data for a whole test could
have been analyzed, as opposed to capturing a few
milliseconds of data with an emulator trace.

For most of the closed-loop tests, the typical scenario
used a target altitude of 30,000 feet, a target altitude slew rate
of 5000 feet per minute, a target airspeed of 500 knots, and
a target airspeed slew rate of 200 knots per minute. The
worst case scenario most often used included a target altitude
of 60,000 feet, a target altitude slew rate of 30,000 feet per
minute, a target airspeed of 20 knots, and a target airspeed
slew rate of 20 knots.

Analysis and Tuning of the Fuzzy Controller

Once the test data had been collected it was loaded into
a spreadsheet and plotted. Characteristics of the fuzzy-
controlled system could be deduced by examining plots over
time of the inputs and corresponding outputs. Although the
fuzzy controtler is designed without regard to a mathematical
model of the physical system, its performance is dependent
upon its sensitivity to its inputs and on the response
characteristics of the output servo. Therefore, the analysis
and tuning centered around tuning the input and output
membership functions. The rulebase was not tuned, since we
already knew how we wanted the controller to bechave given
the various combinations of input membership classes.

From examining the behavior of this pneumatic system
during the tests and analysis of the test results, several
observations could be made with regard to the effects of
changes in the membership function ranges. These are:

Error (input) - Reducing the range of input values increases
the resolution and sensitivity of the controller to errors, but
limits larger errors. Increasing the range of any one
membership function within a set acts a filter. For example,
if the range of the middle (zero) membership function is
increased, the controller will be less sensitive to larger errors.
If the negative big or positive big membership functions arc
increased while the zero membership function is reduced, the
controller will be more sensitive to larger errors.

Error Rate (input) - The controller is affected by changes in
the mbf set for this input the same way as for the error,
except that changes in the error are filtered. This can be
useful in smoothing out noise, in which the error changes
drastically from one cycle to the next.

Servo Delta (output) - The mbf set for this output affects the
degree to which the servo is moved from its current position.
Decreasing the range of the zero mbf decreases the amount
by which the servo will be moved in response to a given error
/ error rate combination. Knowing this is important, because




