Journal of Electrical, Electronics and Informatics, p-ISSN: 2549-8304 e-ISSN: 2622-0393 6

Modelling Fuzzy Logic Type-2 for Liquid Waste
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Abstract Waste water cannot be disposed of directly, so it must be processed so as not to cause pollution to the surrounding
environment. Both BOD (Biological Oxygen Demand) and COD (Chemical Oxygen Demand) treatment, oxygen is also required
so that the quality of the liquid waste is safe for the environment. Waste water treatment mostly utilizes aerators to produce high
pressure air in liquid waste containing oxygen (O2). The problem that occurs in most waste water treatment is the determination
of the working time of the aerator machine, resulting in excessive use of electrical energy, but the results of the waste are still
within unsafe limits. In general, the operating time of the aerator is manually, this causes the use of electrical energy to be
wasteful. This research was conducted, how to develop a control system design for aerator operating time on the quality of liquid
waste. The development of the control system used is Sugeno interval fuzzy logic type-2 with 2 (two) input types of Gauss
membership function. The advantage of interval fuzzy logic type-2 over type-1 fuzzy logic is the ability to provide more accurate
output for higher input uncertainty. The input variables used are waste volume and COD reduction, while the output is the
aerator's operating time. The advantages obtained in the system design can be applied properly and in accordance with the setting
point with an average aerator operating time of 6.8 hours and can reduce the use of electrical energy by 38.2%.

Index Terms— Aerator operating time, COD reduction, Energy consumption, Interval Fuzzy Logic type-2.

in an intelligent way with the output of aerator working
time (hours) and input of liquid waste characteristics based

I. INTRODUCTION

The wastewater treatment plant model that is often
encountered is biologically activated sludge (Activated
Sludge Unit) which is a bioreactor (aeration tank) called an
aerated lagoon. The mechanism for the growth of
microorganisms requires oxygen (O2) in the form of air
(gas phase) directly to the liquid phase through stirring. In
general, oxygen is produced by an aerator by the aeration
process as a producer of oxygen in the form of air foam
mixed with water to reduce BOD and COD aerobically.
Based on preliminary research data, the Suwung WWTP
aerator is still operated manually for 11 hours per day.
Uncertain aerator operation causes the use of electrical
energy to be wasteful. Based on the description above, this
study aims to design and make an automatic control device

on interval fuzzy logic type-2 but the waste output is still
within safe limits.

Modern control technology using a different treatment
aeration control system strategy shows, electrical energy
consumption to be reduced by about 30%. [1,2]. Methods
with fuzzy logic techniques can be applied by utilizing the
advantages of linguistic reasoning processes without the
need for complicated mathematical models. The
development of technology as a classical control strategy
that has complex nonlinear process constraints with the help
of simulation models has proven to be a tool for researchers
to evaluate algorithms [3,4].

Research on industrial wastewater treatment with
aeration process shows that the maximum bacterial growth
occurs with an aeration time of 8 hours and the
effectiveness of the aeration system in liquid waste shows
that aerators can reduce COD and suspended solids in
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liquid waste. [5,6].

A regulatory expert system based on fuzzy logic rules
was developed by Alper KAYA and Doaa M. Atia for the
diagnosis and control of a wastewater treatment plant.
proportional integrative derivative (PID), turned out to be
the easiest and most effective method accepted as the fuzzy
logic control method[7,8].

Research conducted by Lisa Harrington, et al., on
controlling aeration on-off at intervals of 3 hours can
reduce BOD, increase pH, maintain nitrite levels and can
maintain bacterial growth wastewater [9].

Research on the application of PI control on aerators
shows that regulating the rotational speed of the motor on a
wastewater treatment aerator can be adjusted to the oxygen
level, so that the oxygen requirement to decompose
pollutants in the waste can be adjusted [10].

II. RESEARCHMETHOD

The research data were taken from the daily wastewater
treatment plant (WWTP) for 3 months. The data collected
in this study are in the form of standard data on liquid waste
quality, daily BOD&COD data, volume of liquid waste,
number of waste aerators, acrator specifications, data on the
length of time (hours) of aerator work and data on daily
electricity consumption (KWh) of aerators.

A. Design Model of Interval Fuzzy Logic (ILF) type-2

The software design for this system can be explained as
follows. The design for the fuzzy logic control system (FIS)
uses two inputs and one output with the Sugeno inference
model. The input used is the volume value and COD
reduction, while the output used is the aerator operating
time. Both inputs have three quantization types of Gaussian
member functions, while the output uses nine membership
functions with constant types. The number of basic rules
(Rule base) consists of 9 (Nine) rules, as shown in Figure 1.
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Fig. 1. ILF type-2 Design

The first input variable is volume use three quantization,
namely negative (a little), zero (normal) and positive (a lot),
as shown in Figure 2.

Membership Function Plot

Input Variable "COD red”

Fig. 2. COD Reduction Input of ILF type-2

The second input variable is COD reduction using three
quantization are negative (small), zero (medium), positive
(large), types of Gaussian membership function as shown in
Figure 3.

Fig. 3. Volume Input of ILF type-2

The output is the aerator operating time using 9 (nine)
constant types of quantization, namely mfl, mf2, mf3, mf4,
mf5, mf6, mf7, mf8, and mf9 as shown in Figure 4 below.
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Fig. 4. Output Operation Time of ILF type-2

The system inference process using the Sugeno model
contains 9 (nine) membership functions mfl, mf2, mf3,
mf4, mf5, mf6, mf7, mf8, and mfY, the basic rules used are
as follows.
1.If (Volume is Negative AND CODred is Negative )

THEN (operation time is mfl)
2.1f (Volume is Negative AND CODred is Zero) THEN

(operation time is mf2)
3.1f (Volume is Negative AND CODred is Positive) THEN

(operation time is mf3)

aan
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4.1f (Volume is Zero AND CODred is Negative) THEN
(operation time is mf4)

5.1If (Volume is Zero AND CODred is Zero) THEN
(operation time is mf5)

6.1f (Volume is Zero AND CODred is Positive ) THEN
(operation time is mf6)

7.1f (Volume is Positive AND CODred is Negative) THEN
(operation time is mf7)

8.If (Volume is Positive AND CODred is Zero) THEN
(operation time is mf8)

9.1f (Volume is Positive AND CODred is Positive) THEN
(operation time is mf9)
Based on the type-2 ITF design above, the basic rules

look like Figure 5 below.
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the smallest energy consumption value of 968.4 KWh and
the largest 1156.0 KWh. Total energy consumption per
month is 33,630 KWh, while based on real data, electricity
consumption is 54,450 KWh. This means that there is a
decrease in electricity consumption per month by 38.2%.
This is also supported by research conducted by Amand L,
et al and Filali A etal [1],[2].

The type-2 fuzzy ITL control design uses volume input
and COD reduction with the output of the aerator operating
time and 8 basic rules to produce a Surface view graph as
shown in Figure 6. The average aerator operating time is
almost the same for the volume and COD reduction is small
to moderate. While the operating time of the aerator shows
an increase for large to very large COD reductions.
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Fig. 6. Rules View of ILF type-2
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Fig. 5. Rules base of ILF type-2

B. Inference system Process

The inferential process of the system consists of
antecedent  processes, consequent processes and
aggregations. The final output value is obtained after going
through the reduction process using the Karnik-Mendel
(KM) method.

III. RESULTS AND DISCUSS

Based on the proposed type-2 fuzzy logic interval design,
testing using real data for 30 (thirty) days. The simulation
results can be seen in table 1.

Based on table 1, it can be calculated that the average
volume is 14891.1 m3, with the smallest value of 8146.8
m3 and the largest of 53893.5 m3. The average COD
reduction was 27.37%, with the smallest value of 0% and
the largest being 130%, while the average length of
operation of the aerator was 6.79 hours, with the smallest
value of 5.87 hours and the largest value of 7.01 hours. The
average energy consumption per day is 1121.0 KWh, with

0. 08510 T 20y

IV. CONCLUSION

The advantages of ITL fuzzy type-2 aerator control
modelling have been well used for setting the working time
of the aerator in waste water treatment and the calculation
process to obtain a relative output does not require a high
level of mathematics. In this study, the proposed control
model is able to reduce the use of electrical energy by
38.2% with an average aerator operating time of 6.8 hours,
this means that it automatically reduces the cost of monthly
electricity payments. For further research, it can be
developed and the performance of the system can be
compared with conventional control methods and other
intelligent controls.
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TABLE 1
OUTPUT RESULTS OF AERATOR OPERATION AND ENERGY CONSUMPTION

Parameter Unit Results

1 2 3 4 5 6 7 8 9 10
Volume 1 m? 8769.9 10657.8 11197.2 15596.1 16237.8 174189 53893.5 8332.8 8825.7 9141.9
Volume-2 m? 9262.8  9327.0 9588.3 10704.3  13150.2 13168.8 16581.9 25816.8 44035.5 8146.8
Volume 3 m? 8900.1 9774.3 10397.4 113553 118854  9588.3 19092.9 24924.0 9718.5 11243.7
CODred 1 percen 52 20 30 14 8 0 48 14 30 4
CODred_2 percen 0 12 32 18 8 30 24 24 4 6
CODred 3 percen 30 32 80 32 33 32 12 130 36 26
Opt time_1 h 6.11 6.98 6.89 6.97 6.98 6.97 6.58 7.00 6.90 7.00
Opt time 2 h 6.99 6.85 6.98 6.89 6.99 6.89 6.95 6.84 6.19 7.01
Opt time 3 h 6.89 6.85 5.87 6.86 6.83 6.85 6.95 5.89 6.73 6.94
Energy 1 KWh  1008.8 1152.4 1137.9 1151.1 1151.1 1151.0 1150.1 1086.0 1155.3 1138.0
Energy 2 KWh  1155.5 1155.0 1131.0 1153.2 1153.2 1137.6 1146.2 1130.0 1023.0 1156.0
Energy 3 KWh  1138.0 1131.0 968.4 1131.1 1126.9 1131.0 1147.9 971.9 1110.6 1146.4

Volume average = 14891.1 CODred average = 27.37

Operation time average= 6.793939082

Energy average = 1121.0
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