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Abstract

Research of position control of 1-DOF high-precision rotary table
using adaptive Neuro-Fuzzy inference system (ANFIS) controller has
been done. In the closed-loop system without a controller, the
response was oscillating and pounding caused by inertial torque. It
because a rotary table receives a considerable load. Based on this, the
ANFIS controller is needed to eliminate oscillations and compensate
for the inertia. The result shows that there was no oscillation or
overshoot with the steady-state error value of 2.27% for the reference
angle of 45°, valued at 0.10% reference angle of 180°, and valued at
0% reference angle of 360°. The result proves that ANFIS controllers
can eliminate oscillations with and compensate for inertia.

Keywords: ANFIS, position control, BLDC motor, rotary table,
response time.

1. INTRODUCTION

The rotary table has been widely used in many areas such as synthetic
aperture radar System (SAR)[1], industrial applications[2][3][4][5][6],
calibration tools[7][8][9], transportation systems[10] and so on. In order to get
a satisfactory result, the rotary table has to meet high precision output which
in this case is an accurate position of determined angle. Nevertheless to get
high precision of position angle is not easy. Many problems to be addressed,
such as dynamic friction and dynamic load. These problems have an effect on
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increasing the steady-state error and the nonlinearity problem[11]. As like
general rotary table platform, a motor was used for the main actuator of the
system. In this research, Brushless DC (BLDC) motor has chosen for the
actuator. BLDC motor has advantages in lower noise, more reliable, higher
torque, more efficient and smaller than Brushed DC motor [12][13][14] so it
will solve any problems that brushed DC motor cannot handle. An experiment
in the closed-loop system without controller has been conducted, and the result
showed the response was oscillating and pounding caused by inertial torque. It
because a rotary table receives a considerable load.

One of the valid methods to composite for the nonlinearity is to apply
nonlinear control algorithm [11], and adaptive controls are still one of popular
option in the scientific world [11] [14][15][16]. The adaptive control system
method used in this research was an Adaptive Neuro-Fuzzy Inference System
(ANFIS). To achieve high precision of angle of the rotary table, various closed-
loop motor controls have been developed in previous research.

This research focuses on the implementation of ANFIS control system on
the rotary table to reduce the oscillations on BLDC motor.

2. RELATED WORKS

The research using ANFIS has been done in several previous works such
as in the paper [17], where the ANFIS controller was used for bipedal robot
control to determine the movement of the robot's legs using a neuro-fuzzy
technique. The other research related to the application of ANFIS control
system was also carried out on paper [18], where the ANFIS control system
was used for 6-DoF Robot Arm control.

ANFIS can be used to generate a trajectory on the excavator's arm [19].
The trajectory was designed at several special points, then inverse kinematics
were used to determine the movement angle of the arm through determined
points in the joint space. The ANFIS control system serves to smoothen arm
movements. In paper [20], ANFIS-Inverse-Controlled was used to overcome
the complex movement of the PUMA 560 3-DoF robot at all angles of the robot
joint.

3. ORIGINALITY

Most of the previous research about ANFIS control system was used to
perform speed control. The main contribution of this paper is to overcome the
problem of the BLDC motor response on the rotary table position using ANFIS
control system, where the BLDC motor was oscillating and pounding caused
by inertial torque. It because a rotary table receives a considerable load. The
use of ANFIS control system on the BLDC motor can increase the accuracy and
precision of the rotary table position. The biggest advantage of using ANFIS
controller is better accuracy rate than other controllers, Its also good to be
applied to the nonlinear system [21]. The results of this study are expected to
contribute on the fields of militaries, industrial applications, calibration tools,
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transportation systems, and other fields that require a rotary table with high
level of precision and accuracy.

4. SYSTEM DESIGN
4.1. ANFIS Controller Design

In this research, input on ANFIS system was calculated in the form of error
(e) and derivative error (de) and the output of ANFIS system is speed which
sent in the form of PWM signal. The equation (1) and equation (2) showed the
calculation of error and derivative error (de) that was used in this research.

e=0ref— 0 (D

de = [d(Oref — 6)]/dt (2)

where Orefis the reference angle, 6 is the position of the actual angle, and dt is
sampling time.

The ANFIS architecture used consists of two entries with nine rules, and

each input has three membership sets. Figure 1 shows the ANFIS Architecture
of this research.

Figure 1. ANFIS Architecture

Based on Figure 1, ANFIS architecture consists of layers described as follows:

Layer 1: in this layer, each input was mapped according to the classification.
Each node in this layer is adaptive with membership set of errors (e) and
derivative error (de)[22],

e<a
e—a
1 _ . _)—a <e<b
0i = pAi(e) =qb-a ) —, _ ¢ (3)
—p Cc=<e
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de<a
a <de<b

b<de<c (4)
b c <de

0} = uBi(de) =1 b-a

Layer 2: there were nine rules in this layer. Each node in this layer represents
the activation level, which presented in the equation(5) [22][23],

0 = wi = pdi(e).uBi(de) (5)

Layer 3: the node in this layer calculates the ratio of total activation level,
which described in the equation (6) [22][23],

3 _ . wi
Oi = wi= wil+---+w9 (6)

Layer 4: adaptive node i in this layer calculates the combination of the rule. In
this layer, there are tree parameters (pi, qi, ri) whose values can be set
according to the plant output. The equation (7) describes the calculation of the
output [22][23],

0} = wifi = wi(pi.e + qi.de + 1) (7)

where @ is the output of layer 3, and {pi, qi, ri} is the parameter set,

Layer 5: in this layer, all output from the fourth layer would be calculated by
adding the total signal output [22][23],

0f = Liwifi = 528 (8

Equations (5) to equation (8) were substituted as described in equation (9),

wuAi(e).uBi(de)i
wl+w2+w3+w4+w5+w6+w7+w8+w9

0; = Lwifi =X (pi.e + qi.de + i) (9

In this research, the membership functions used were triangles shape.
Each input is mapped according to the classification chosen with linguistic
variables (near, medium, far) that were used to describe each input
condition[24] . The membership sets of error (e) and derivative error (de)
were shown in Figure 2.
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Figure 2. membership functions of (a) error (e) and (b) derivative error (de).

Based on Figure 2, there are two types of membership, namely error (e)
and derivative error (de). In the clustering error process, the near condition
the membership value is 1 to 0, for bit error range of 0 to 256. In the medium
condition the membership value is 0 to 1, for bit error range of 0 to 256, and 1
to O for bit error range of 256 to 512. In far condition, the membership value
is 0 to 1 for the bit error range of 256 to 512, and 1 for the 512 error bit range
to 1023.

In the clustering process of derivative error, the near condition of
membership value is 1 for derivative error range of 0 to 5, and 1 to 0 for the
range 5 to 10. In medium condition, the membership value is 0 to 1 for
derivative error range of 5 to 10, and 1 to 0 for derivative error range of 10 to
20. In far condition, the membership value is 0 to 1 for derivative error range
of 10 to 20 and 1 for derivative error range of 20 to 40.
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4.2 Hardware Design
Figure 3 shows the hardware circuit scheme which used in this research.
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24 Volt
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| | |
+ | |
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Figure 3. Schematic circuit: (a) component scheme; and (b) wiring scheme

In this research, Teensy 3.2 was used as the controller unit. The controller
unit receives feedback in the form of angular position data from absolute
rotary encoder, which has previously been processed first on Arduino nano to
converting the binary to decimal data. The type of absolute rotary encoder
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which used is EP50S8-1024-2F-P-24. The angular position data was used as
the actual value for the ANFIS control system to correct the reference value.

The output of the ANFIS control system was used to generate PWM pulses
as input for the BLDC motor driver, where the PWM works at a frequency of
488.28 Hz. The type of BLDC motor which used is AXH5100KC-5 and the type
of driver which used is AXHD100K. BLDC motor drivers require a voltage from
0 to 5 Voltto control speed, but the maximum voltage output of the pulse signal
pin on the Teensy 3.2 is 3.3 Volt. It requires a signal amplifier circuit (non-
inverting amplifier) to increase the voltage to 5 Volt. LM358 used as an op-amp
on amplifier circuit. Figure 4 shows the schematic of the non-inverting
amplifier circuit.
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(b)
Figure 4. Non-inverting op-amp: (a) circuit scheme; and (b) output
performance
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Based on the circuit scheme in Figure 4 (a), the components used include
the LM358 op-amp, resistor with value of 17K Ohm and 33K Ohm. In Figure 4
(b), the performance of the module looks linear with a linear regression value
of Ris 0.9984.

5. EXPERIMENT AND ANALYSIS

Figure 5 below describes the experimental set-up in this research.

S — —— r, . m—r——

Figure 5. Experimental Set-up

Based on Figure 5, the experiment was carried out on the body of the
rotary table, which was controlled using Teensy 3.2 via the BLDC motor type
AXH5100KC-5. The BLDC motor itself was operated using the AXH5D100K
Motor Driver. The experiment was done by looking at how fast the response
from a DC motor to reach a predetermined position. In this research, the input
references used were 45°,90°, 135°,180°,225°,270°, 315 °, and 360°.

The quality of the control system response can be seen from the values
of rising time and settling time. Rise time was the motor traveled time to reach
the 2% tolerance band while settling time was the motor traveled time to
reach steady-state condition. Rise time would be recorded when the motor has
reached 98% of reference angle and the settling time would be recorded when
the motor has reached steady-state condition. Table 1 presents the value of
rise time and settling time in millisecond units.
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Table 1. BLDC motor response with ANFIS Controller

References (°) Rise Time(ms) Settling Time (ms)

45 2240 2800

90 2720 3400
135 3200 4000
180 3680 4600
225 4160 5200
270 4640 5800
315 5120 6400
360 5600 7000

Based on Table 1, for a 45° reference angle, the rise time value was 2240
ms and the settling time value was 2800 ms, for 90° reference angle, the rise time
value was 2720 ms and settling time value was 3400 ms, for 135° reference angle,
the rise time value was 3200 ms and the settling time value was 4000 ms, for 180°
reference angle, the rise time value was 3680 ms and the settling time value was
4600 ms, for 225° reference angle, the rise time value was 4160 ms and the settling
time value was 5200 ms, for 270° reference angle, the rise time value was 4640 ms
and the settling time value was 5800 ms, for 315° reference angle, the rise time
value was 5120 ms and the settling time value was 6400 ms, and for 360° reference
angle, the rise time value was 5600 ms and the settling time value was 7000 ms.

Three reference angle of experiment response signals were taken as a
sample and presented in graphical form, namely 45°, 180°, and 360°. Figure 6
presented the graph of the test results that have been done.

EMITTER International Journal of Engineering Technology, ISSN: 2443-1168



520

60.00

50.00

00

egrea

38.00

25.00

gle

10.00

0.00

200.00

400,00
350,00
300,00
T 250,00

200,00

Angle (degree

-
8
(=]
(=]

100,00

50,00

0,00

-200

Volume 7, No. 2, December 2019

Non Controller ~ == ANFIS Reference
2000 4000 6000 8000 10000
Time (ms)
(a)
Non Controller =~ =———ANFIS Reference

4800 . 9800 14800 19800
Time (ms)
(b)
Mon Controller ——ANFIS ——Reference

o . o . . . o

1800 3800 5800 Je00 SEQN0 11800 13800 15800 17800 19800
Time (ms)

(c)

Figure 6. Non-Controller versus with ANFIS Controller, with References:

(a) 45°; (b)180°; and (c) 360°

EMITTER International Journal of Engineering Technology, ISSN: 2443-1168



Volume 7, No. 2, December 2019 521

Based on the graph in Figure 6, there were three response signals that
have been compared between non-controller and ANFIS Controller, which was
a reference angle of 45° 180° and 360°. On the non-controller graph, the
output signal looks oscillated with it has an average difference value of 7.43°
on reference angle of 45 °, 7.21° on the reference angle of 180° and 7.74° on
reference angle of 360°. Based on these observed signals, the oscillations have
a large band fairly, so it required a control system to reduce it. On the other
hand, the test result of ANFIS Controller output signal shown that the steady-
state error value for a 45° reference angle was obtained at 2.27%, then 0.10%
for the 180° reference angle, and 0% for 360° reference angle. That means the
percentage of oscillations reduced by the controller is 16.51%, 4.01%, and
2.15% on the reference angle of 45°,180°, and 360° respectively. According to
these results, the ANFIS Controller could fix the oscillation of the rotary table
compared with the non-controller system.

6. CONCLUSION

Based on the result, an applied of ANFIS controller produced neither
oscillation nor overshoot with the steady-state error value of 2.27%, 0.10%,
and 0% for reference angle 45°, 180°, and 360° respectively. Therefore, it can
be concluded that the rotary table controlled by an Adaptive Neuro-Fuzzy
Inference System (ANFIS) shows a better response by eliminating overshoot
and oscillation. So, high-level accuracy and precision of the rotary table could
be achieved in this research.
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