
5. If distance is CLOSE and speed
is VERY SLOW then braking is
LIGHT

6. If distance is CLOSE and speed is
SLOW then braking is LIGHT

7. If distance is CLOSE and speed is
FAST then braking is HEAVY

8. If distance is CLOSE and speed is
VERY FAST then braking is VEAR
HEAVY

9. If distance is FAR and speed is VERY
SLOW then braking is LIGHT

10. If distance is FAR and speed is SLOW
then braking is VERY LIGHT

11. If distance is FAR and speed is FAST
then braking is LIGHT

12. If distance is FAR and speed is VERY
FAST then braking is HEAVY

13. If distance is VERY FAR and speed is
VERY SLOW then braking is VERY
LIGHT

14. If distance is VERY FAR and speed
is SLOW then braking is VERY
LIGHT

15. If distance is VERY FAR and speed is
FAST then braking is LIGHT

16. If distance is VERY FAR and speed is
VERY FAST then braking is LIGHT

The other chosen parameters for the fuzzy sys-
tem were: And Method = minimum, Implica-
tion = minimum, Aggregation = maximum and
Defuzzification = centroid. Those parameters
were used in all implementations ahead.

To comparing results, two sets of one-
hundred randomic real numbers were generated
and applied to each input variable for both sys-
tems. The graphics below represents the output
forms, described as follows: the figure 6 illustrates
the outputs (Braking Power) for a Mamdani’s in-
ference system, with the red series representing
the Java Toolbox output and the blue series repre-
senting the Matlab Toolbox output; the figure 7
illustrates the outputs for a Takagi-Sugeno’s infe-
rence system, with the red series representing the
Java Toolbox output and the blue series repre-
senting the Matlab Toolbox output; the figure 8
shows the positive percent error resulting from
Mamdani’s system implemented on Java toolbox
compared to Matlab Toolbox; the figure 9 shows
the positive percent error resulting from Takagi-
Sugeno’s system implemented on Java toolbox
compared to Matlab Toolbox.

7.2 Control Task

At this subsection, a real control problem was used
to validate the Java Toolbox.

Figure 5: Membership Functions for Braking Sys-
tem in Trains: a) Distance b) Speed c) Braking
Power

Figure 6: Outputs for Mamdani’s Inference Sys-
tem

Figure 7: Outputs for Takagi-Sugeno’s Inference
System
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Figure 8: Error for Mamdani’s system

Figure 9: Error for Takagi-Sugeno’s system

A common control problem in petrochemical
process industries is the control of liquid levels in
storage tanks and reaction vessels. In minor pro-
portions, we can solve this problem using an ex-
periment plant, referenced by Quanser Coupled
Water Tanks (Quanser, 2004).

The “Two Tank Module” consists of a pump
with a water basin. The pump thrusts water verti-
cally to two quick connect, normally closed orifices
“Out1” and “Out2”. Two tanks mounted on the
front plate are configured such that flow from the
first tank flows into the second tank and outflow
from the second tank flows into the main water
basin. The case study for the Java Fuzzy Toolbox
is design an intelligent control system to regulate
the water level in the second tank, with the set-
point equals to 10 centimeters. For this problem,
three situations were implemented for results com-
parison.

In the first situation, the control problem was
treated with a PI controller, implemented on a
PLC, model ZAP 900 from HI Tecnologia (HI-
Tecnologia, 2009). In that case, the proportional
gain KP was fixed in 10 and the integral time Ti
was fixed in 0.5.

In a second moment, a direct fuzzy control
was applied to the plant. The model of the di-
rect fuzzy controller is described below, and the
membership functions are shown on figure 10.

• Input Variables - Error, Error Variation

• Output Variable - Output Voltage

• Membership Functions

– Error: Negative High, Negative Low,
Zero, Positive Low, Positive High;

– Error Variation: Negative, Zero, Posi-
tive;

– Output Voltage: Zero, Low, High;

• Inference Rules

1. If error is NEGATIVE HIGH and
errorvariation is NEGATIVE then
outputvoltage is HIGH

2. If error is NEGATIVE HIGH
and errorvariation is ZERO then
outputvoltage is HIGH

3. If error is NEGATIVE HIGH and
errorvariation is POSITIVE then
outputvoltage is LOW

4. If error is NEGATIVE LOW and
errorvariation is NEGATIVE then
outputvoltage is LOW

5. If error is NEGATIVE LOW
and errorvariation is ZERO then
outputvoltage is LOW

6. If error is NEGATIVE LOW and
errorvariation is POSITIVE then
outputvoltage is ZERO

7. If error is ZERO and errorvariation
is NEGATIVE then outputvoltage is
LOW

8. If error is ZERO and errorvariation is
ZERO then outputvoltage is ZERO

9. If error is ZERO and errorvariation
is POSITIVE then outputvoltage is
ZERO

10. If error is POSITIVE LOW then
outputvoltage is ZERO

11. If error is POSITIVE HIGH then
outputvoltage is ZERO

The last experiment consisted in a simple
adaptive PID controller. In this work, there is
a Intelligent Control block (inserted in Supervi-
sion layer) that sets the proportional gain KP
according to the error value. The block diagram of
this approach is shown on figure 11 and the archi-
tecture of the control system is shown at figure 12.

The last fuzzy controller is described as
follows, and the membership functions for the in-
put and output variables are shown on figure 13.
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Figure 15: Positive Error from Three Different
Control Approaches

Table 1: Detailed Result Values
Controller Overshoot (%) Settling

Time at
2% (s)

Rise
Time (s)

PID 125.0 27.0 2.5
Fuzzy 24.0 ∞ 3.0

Fuzzy PID 34.0 15.0 6.0

8 Conclusion

The Java Fuzzy Logic Toolbox is a useful software
for constructing fuzzy logic systems and apply-
ing them on control tasks for industrial processes.
Another feature of the toolbox is that it is a
proprietary platform-independent, based on Java,
with a powerful functions set and friendly inter-
face. The results shown that the implemented sys-
tem generated high accurate outputs, compared
with Matlab Fuzzy Toolbox. The Java Toolbox
was also efficient solving the tank level control
problem, specially if cascaded to a PI controller.
The OPC protocol compatibility increments the
field of applicability and the space of usefulness
of this tool, allowing direct communication with
common industrial processes.
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