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Abstract—Fuzzy Model Reference Learning Control (FMRLC)
is a control technique developed by ext@éfling several self-
organizing linguistic control concepts and utilizing ideas from
the conventional Model Reference Adaptive Control (MRAC)
method. FMRLC in this study is used to control the speed of
a DC motor. FMRLC testing is performed on the step response,
set point with a constant value, tracking setpoint, and torque
load. The test results show the adaptive fuzzy control system
with the FMRLC algorithm to control a DC motor’s rotation
speed can be well designed, proven by simulating the FMRLC
control system using MATLAB. The performance of the FMRLC
control system that has a design to control the rotation speed of a
DC motor at a set point of 3000 rpm without lead includes: delay
time = 0.0681 seconds, rise time = 0.2279 seconds, setting time
= 0.3863 seconds. For DC motors at 3000 rpm, setpoint load Y2
torque raises a steady-state error of 0.0207 %, with a max torque
load resulting in a steady-state error of 0.0413% and when given
a load of 2x maximum torque produces a steady-state error of
0.0818 90, with each of the following sequential recovery times
0.6457 seconds 0.7939 seconds and 0.7532 seconds.

Index Terms—FMRLC, speed, DC motor, MATLAB

Controlling the speed of a DC motor becomes essential
to optimize the performance of the actuator. Motor speed
parameters can cmol well indicated by a transient response
thalasts briefly, and the steady-state error is getting smaller.

Fuzzy Model Reence Learning Control (FMRLC) is a
combination of the Fuzzy Logic Control (FLC) hod and
the Model Reference Adaptive Control (MRAC) / Model Ref-
erence Adaptive System (MRAS). The advantages of FMRLC
include an increase in convergence, more efficient control
energy, increasing the nature of interference rejection, and
rcng dependence on mathematical models [1].

FMRLC has three main parts: fuzzy controllers, reference
models, and learning mechanisms (adaptation mechanisms) [2]

[. INTRODUCTION
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EThc fuzzy controller will produce a control signal based
on the difference between the reference model’s output and
the plant output as a measure of performance for the whole
process.

II. RESEARCH METHOD
A. FMRLC For DC Motors

The design of DC motor speed control uses Simulink with
an input in the form of speed (rpm) and produces an output in a
control signal format [3]. Two inputs enter the fuzzy controller,
namely, error and error change. The output variable generated
from the fuzzy controller is the consequent linguistic value
associated with the rules set for Fuzzy Logic Control (FLC)
and the Fuzzy Inverse Model (FIM). The formation of the
FMRLC algorithm is carried out through several stages, as
shown in Fig. 1.

B. Plant Identification

The plant used in this study is a permanent magnet DC
motor with the brand Maxon A-max 32 Series type 118740.
Based on the datasheet, the values obtained are as shown in
Table I [4].

TABLE I
DC MOTOR SPECIFICATIONS

Machine Data Value
Resistance in the terminal (Ra) | 0.261 ohm
Inductance in the terminal (la) 0.0275 mH
Moment of motor inertia (J) 11.6 gcm?2
Torque constant (Ka) 8.00 mNm/A
Speed/gradient torque(f) 39.0 rpm/mNm

Plant identification is obtained based on DC motor model-
ing; the motor specification data enters into the DC motor
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Fig. 1. Flow Chart Formation of the FMRLC Algorithm.

mathematical model equation (1). The mathematical model
values were received to use as plant transfer functions for
each test performed.

R C) K,
G(”) — E. ~ (La s+ (La ftRo. s+ R, J+ K.tk 0

C. Reference models

The system reference model is designed using a time
response approach, where motor modeling is done using first-
order system identification. The approaching model or system
reduction model can be stated in equation (2). There is a
situation where the steady-state response does not reach its
reference value in the first-order system response. Based on
the steady-state error equation, if the input is a step voltage,
the steady-state error is shown in equation (3). For zero steady-
state errors, the value of b is equal to a; then, this criterion
is used in determining the reference model. The steps were
taken by researchers to get the value of the reference model
to follow the way done by Ilman [5].

A )
(s) T+ 1
ess=1— E (3)
i

D. Fuzzy Logic Control

The fuzzy logic design in this study uses the MAMDANI
method, which is often referred to as the min-max method,
namely, the process of implication is selected as the minimum
method, and the aggregation process is chosen as the maxi-
mum method [6]. The defuzzification process uses the centroid
method.

I1I. RESEARCH RESULT
A. Fuzzy Inference System Results in FMRLC control

Fuzzy Inference System (FIS) is knowledge of the system’s
workings that is transferred into the software (MATLAB) to
then map an input into an output based on the given IF-THEN
rule [7]. In the system built in this study, there are 2 FIS,
including the FIS basic rules of the Fuzzya:gic Control (FLC)
controller shown in Fig. 2 and FIS for the Fuzzy Inverse Model
(FIM) shown in Fig. 3 [8].

Fig. 2. FIS for Fuzzy Logic Control.

Fig. 3. FIS for Fuzzy Inverse Model.

B. Results of FMRLC Design

The Fuzzy Model Reference Learning Control algorithm’s
design is based on the control principle that the input signal
is the same as the output signal. It starts by identifying the
object to be studied in the form of a DC motor, which is
then referred to as a plant, then makes a reference model for
the plant followed by making a fuzzy logic c:ontrom and
finally forming a learning mechanism by building a fuzzy
inverse model and modifying the knowledge base. The results
of FMRLC without load design are shown in Fig. 4.

For the design of FMRLC with the addition of loads can
be seen in Fig. 5. The design of FMRLC with this load was
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Fig. 4. FMRLC Design Results with No Load.

made to determine the presence of controls designed on the
system. The addition to the load is based on the DC motor
torque load.

Fig. 5. FMRLC Design Results with Load.

C. Test result

The design of the Fuzzy Model Reference Learning Control
(FMRLC) that has been generated in the form of Simulink
is then performed several tests, including testing of the step
signal, testing of the setpoint, testing of the tracking setpoint,
and testing of the load. Here are a few examples.

Fig. 6 shows the results of testing the 3000 rpm setpoint
without a load. By observing the output of the set point 3000
test results, it is found that the fixing time (ts) = 0.3863
seconds, rising time (tr) = 0.2279 seconds, and delay time
(td) = 0.0681 seconds for the reference model output and the
output FMRLC produces the same transient response that is
the time of determination = (.3863 seconds, the rise time =
0.2279 seconds and the delay time = 0.0681 seconds.

S b e

.
i

Fig. 6. 3000 pm SetPoint Test Results with No Load.

The next test is testing the load at a set point of 3000 rpm
with half load maximum torque load testing, maximum torque,
and 2 times maximum torque with each of the magnitude of
5.7 mNm, 11.4 mNm, and 22.8 mNm. Fig. 7 shows that giving
Y2 maximum torque load from second to second to 15.905
affects the setpoint achievement before a steady-state load
occurs at a speed of 3000 rpm, whereas after a load is given,
the steady-state ac:hievement at a speed of 29993771 rpm.
Based on these differences, it can be seen the magnitude of
the steady-state error 1s 0.02076333%.

Fig. 7. Load Test Results Y2 Maximum Torque with SetPoint of 3000 rpm.

If Fig. 7 is enlarged, you can clearly see the recovery process
from the burden condition. Recovery time occurs from 15.2593
seconds to 15.905 seconds; this means that the recovery time
15 0.6457 seconds. This recovery process is shown in Fig. 8.

Fig. 8. Load Recovery Y2 Max Torque At SetPoint 3000.

The results of testing the load with maximum torque at the
set point of 3000 rpm are shown in Fig. 9. The load is given
during steady-state until the second to 22.7939. Achievement
of the steady-state set point changed from a speed of 3000
rpm to 2998.76 rpm. Based on these changes, the steady-state
error can be calculated, amounting to 0.041333333%.

Based on Fig. 10, it can be seen that the maximum torque
load recovery at the set point of 3000 rpm occurs in the
22nd second to the 22.7939 seconds. This means that the time
needed for recovery is (0.7939 seconds.

Testing the load at the 3000 rpm set point, the last one
is giving a maximum load of 2 x torque that is equal to
22.8 mNm. The test results are shown in Fig. 11. Based on
Fig. 12, it can be seen that the setpoint reduction decreased
from 3000 rpm to 2997,547 rpm, so the steady-state difference
is 0.081766667%.
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Fig. 9. Maximum Torque Load Test Results At 3000 rpm SetPoint.

Fig. 10. Maximum Torque Load Recovery at a Set Point of 3000 rpm.

The recovery of maximum torque load at set point 3000
rpm is shown in Fig. 12. Based on this picture, it can be seen
that recovery occurs in the range of seconds from 14.5022 to
15 seconds, 2554, so that it can be seen that the time needed
to restore stability is 0, 7532 seconds.

With the trial and error method and the PID controller
approach [2] for the best results, the values are:

ge = 0.1375

ge = 0.0286802889

gu = 0,02704250948

gye = 0,1375

gyc = 3013

Fig. 11. Load Test Results 2x Maximum Torque At 3000 rpm SetPoint.

Fig. 12. Maximum Load Recovery 2x Torque At 3000 rpm SetPoint.

gp = 0,02704250948

Table II. 1s the result of the no-load test. Based on this table,
it can be seen that the performance of FMRLC as a control
algorithm used in the research has been successtay applied.
The results obtained from testing in the form of settling time
Ts, rise time Tr, delay time Td, and ta amount of error or the
difference between the output of the reference model with the
output of Fuzzy Model Reference Learning Control (FMRLC),
which is seen from the achievement of the setpoint when
conditions are steadya«lte, From this table, it can be seen that
there is no difference in error between the reference modca'nd
the FMRLC control. For the reading of the determination time
(ts), the rise time (tr) and the delay time (td) are done on a
unit scale of seconds.

TABLE 11
PERFORMANCE TEST RESULT WITH No-Loap

Reference Model
Ts Tr [ Td Ts Tr Td
Step 13 | 123 1.23 | 106| 0%
100010.38520).2247)0. 2022470069 0%
SO000.35630.2Z79(0.1 F0.ITTON06E] 0%
Lpeed (rpm SO000.3852D.22470.06960.38530.2247D.0694 0%

P 70000.38260.2248[0.07020.3826D. 224800700 0%
(9000 .38500.22?(*).0698[1385 .2370[).0693 0%

Type of test Yo erro|

Betpoint is

Table III. summarizes the test results with the load is seen
based on the value of the Simulink design performance shown
in table III. Based on the table, it can be seen that the value
of the load given is proportional to the magnitude of the error
generated. The greater the load is given, the greater the steady-
state error. With the condition of increasing the load, FMRLC
is still able to follow the reference model even though there is
a set point error. The smaller the load is given, the resulting
difference is even smaller, and for large loads, the difference is
also large, so the magnitude of the load given is proportional
to the magnitude of the error produced. The results of this
test prove that the learning system built-in FMRLC has been
successfully implemented.

Based on the testing of disturbance in stable conditions, it
can be analyzed that FMRLC control is able to adapt to the
disturbance that occurs. Although there is a decrease in speed,
but these conditions can be immediately returned to stable
conditions to a steady-state with a relatively short recovery
time that is in the range of 0.6-0.84 seconds.

Based on the results of simulation and analysis, it can be
concluded that:

1. Adaptive fuzzy control system with FMRLC algorithm to
control the rotation speed of DC motors can be well designed
proven by simulations in the MATLAB software that FMRLC
output can follow the reference model output very well.

2. FMRLC control is the best control compared to MRAS or
Fuzzy PID, this is evidenced by the FMRLC transient response
which is faster than the other two methods and FMRLC is able
to adapt to the disturbance.

CONCLUSION
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TABLE 1L
LOAD TEST RESULT

. Steady-State error] Recovery
Type of test pen:_eumge (%) |time (second)
Y2 maximum torque| 0.0621009999 0.0696
Setpoint 1000 rpm[ Maximum torque O.TZTZRD99T 068
2% maximum torque 0.243356 0.6886
Y2 maximum torque|  0.02076333 0.6457
Setpoint 3000 rpm[ Maximum torque 0.041333333 07939
2x maximum torque] 008176666 07532
Y2 maximum torque 0.0116 0.8405
Setpoint 5000 rpm| Maximum torque 0.0246 0.6273
2x maximum torgque| 0.05 0.8222
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