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Abstract— This research introduces a dual design
proportional-integral-derivative (PID) controller architecture
process that aims to improve system performance by reducing
overshoot and conserving electrical energy. A dual design PID
controller uses real-time error and one-time step delay to adjust
the confidence weights of the controller, leading to improved
performance in reducing overshoot and saving electrical energy.
To evaluate the effectiveness of a dual design PID controller,
experiments were conducted to compare it with the PID
controller using least overshoot tuning by Chien—Hrones—
Reswick (CHR) technique. The results showed that a dual
design PID controller was more effective at reducing overshoot
and saving electrical energy. A case study was also conducted as
part of this research, and it demonstrated that the system
performed better when using a dual design PID controller.
Overshoot and electrical energy consumption are common
issues in systems that can impact performance, and a dual
design PID controller architecture process provides a solution
to these issues by reducing overshoot and saving electrical
energy. A dual design PID controller offers a new technique for
addressing these issues and improving system performance. In
summary, this research presents a new technique for addressing
overshoot and electrical energy consumption in systems through
the use of a dual design PID controller. A dual design PID
controller architecture process was found to be an effective
solution for reducing overshoot and saving electrical energy in
systems, as demonstrated by the experiments and case study
conducted as part of this research. A dual design PID controller
presents a promising solution for improving system
performance by addressing the issues of overshoot and electrical
energy consumption.
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l. INTRODUCTION

Recently, robotic arms are dominant in industrial
applications, hospitals, clinics, etc. and are very popular to
use robots to assist in various types of tasks. Minimal error is
a problem that requires a theoretical approach in many
different control systems to solve problems, such as robotic
arms that are used to determine the movements at the desired
point of motion. The movement has an error within the
system as moving parts move from one location to another
with repetitive movements from the same position. In
practice, each cycle has found that there will be repeating
errors and often a range of values always the same.

The research has applications to the welding robot as
discussed elsewhere [1], [2] in automatic welding for the
joining of stainless steel or commercially pure titanium. By
controlling the movement of the robotic arm, various robot

motion control systems have been developed. In most cases,
a developer of a mechanical robotics arm tends to develop
both mechanical systems [3] and electronic control systems.
The most popular development of robotic arms is usually
focused on algorithms to control the rotation or movement of
electric motors. For example, using the PID control [4] is the
basic control in various systems. In the controller of the
robotics arm is the current development in PID control, which
has been many improvements to this system. It will be a way
to adjust the gain value suitable for the system to be flexible,
such as using the Fuzzy Neural Network Algorithm as
discussed by [5] to design the gain of PID control [6] and
control input before coming to the system. There are also
other controllers used in the development of system
controllers. The adaptive fuzzy system [7], [8] proposed a
controller to show higher precision and stronger robustness,
optimal control [9], adaptive sliding mode [10], adaptive
neural network tracking control [11], etc., to improve the
internal control system.

In the robotics arm category, GrblGru [12] is designed
with 5 axis manipulator robots and can use G-code to control
the robot. Various techniques of the program have been
proposed to design MATLAB GUI and arduino IDE [13] in
the programming to control the mini robot for application to
pick up things or the robotic apply for COVID-19 Specimen
Collection Process [14] to help the medical personnel in the
future. Simulink, a program of MATLAB, can simulate to test
the system in controller design. Various research has been
proposed to design the system including Micro-Robotics
[15], MICROGRID [16], Mini Drone [17], DC Motor
Control [18], [19], BLDC Motor [20], lane-keeping control
[21], and hexapod robot [22].

In the design of a motion profile to control the movement
of robotic arms, the operator must define the motion path as
the movement of a robotic arm. In the control of a program,
there will be a point-to-point control [23] and trajectory
tracking control [24], [25], in which each control has different
advantages and disadvantages. The repetitive process [26] is
part of the robot's control to do the same thing again. It may
be a batch process or a continuous process with periodic input
(continuously periodic process). In the operation of robotic
arms, there is often a problem in the error value caused by
repetitive motion. It is always the same size as the robotic
arms repeat each move. In fact, the user cannot adjust the
internal controller in the system. Therefore, users are popular
to develop the design using iterative learning control,
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repetitive control, and run-to-run control is often applied to
solve this problem.

Iterative learning control (ILC) and repetitive control
(RC) have a similar workflow, where the difference is that
the ILC always has initial parameters before it is restarted,
the RC can continue to run the process. Trajectory tracking
process control of the robotic arm by controlling the system
in a batch process of the ILC control [27] can be applied to
develop the robotic arm to achieve the most efficient
movement. Basic ILC implementation is typically in the form
of a P-type ILC. The learning gain is applied as a 1-dimension
or first-order ILC [28], [29]. A dual design iterative learning
control (Dual design ILC) [30], which has an idea from the
previous works. By extending the technique of using dual
integral learners [31], the concept of this study was a neural
network control with adjusted learning rates and application
to use in MORF robot [32], where two of which were fast
learners and slow learners. The adjusted learning rate is fast
and slow coordinate work, allowing the system to quickly
reduce the error value, regardless of whether the error signal
is large or small. The system will be able to adjust the
response value appropriately in the implementation of the
ILC system with a total of two learners consisting, in the first
learner using the concept of fuzzy logic control (FLC) to track
both the desired learning control input and the desired
trajectory in the gain adjustment mechanism (GAM) [33] in
slow learner by using this fuzzy logic control and fast learner
uses the technique of designing a repeatable control system
with inverse frequency response (IFR) for ILC [34] and RC
[35]. It can be reduced RMSE to lower and it can be applied
in the system to prevent the occurrence of the transient
response in the system.

The use of PID controllers in the development of control
systems for mobile robotics has a long history, with early
studies dating to [36], [37], [38], [39]. These controllers have

become popular in the field of mobile robotics due to their
ease of design and testing [40]. In the development of motor

systems for mobile robots, PID controllers have been used in
a variety of motor types, including DC servo motors [41], DC
motors [42], [43], brushless DC motors [44], [45], [46], and
modified versions such as those used in electric wheelchairs
[47], [48], [49], [50], [51], [52], [53] and balance vehicles
with PID control [54], [55], [56]. In some cases, PID
controllers have been combined with fuzzy control methods,
such as [57], [58], [59], [60], to improve the performance of
mobile robots with mecanum wheels and omnidirectional
wheels [61], [62], [63], [64]. These advances in control

systems have the potential to pave the way for the
development of industrial robots in the future.

There are several techniques that have been proposed for
tuning the gain of a PID controller, including the Ziegler and
Nicholas (ZN) method [65], [66], [67], [68], the Modified ZN
(MZN) method [69], [70], [71], the Tyreus-Luyben (TL)
method [72], [73], [74], and the CHR tuning method [75],
[76]. These techniques can be applied in both open-loop and
closed-loop control modes and can be used to find the gain
values for a system by substituting known values into pre-
estimated equations or tables. This makes it easy to tune a
system that requires initial control. However, the use of

optimization algorithms such as genetic algorithm (GA) [77],
[781, [79] or particle swarm optimization (PSO) [80], [81] can
also provide a more flexible or cost-effective approach to
tuning a PID system for specific systems. These algorithms
can help to find the optimal gain values for a PID system that
are suitable for a particular system and its requirements, but
they may require a longer sampling time in order to learn and
optimize the system.

The research contribution of this study includes the
development and implementation of a dual design PID
controller architecture that aims to improve system
performance by reducing overshoot and conserving electric
energy in systems. This controller architecture uses real-time
error and one-time step delay to adjust the confidence weights
of the controller, resulting in improved performance in terms
of overshoot reduction and electric energy conservation. The
effectiveness of a dual design PID controller was also
evaluated and compared to a PID controller using the least
overshoot tuning technique developed by CHR. Another
research contribution of this study is the demonstration of a
dual design PID controller's ability to effectively reduce
overshoot and save electrical energy in systems through
experiments and a case study. These findings offer promising
solutions for improving system performance through the use
of a dual design PID controller.

1. METHOD

A. Robotic manipulator Seiko D-Tran RT3200

The cartesian robot and the block diagram in Fig. 1 and
Fig. 2, is a robotic arm structure that is used to manipulate
screw nuts. It consists of 4 joints that allow for movement in
the X-axis plane (joint R), rotation in the X-Y plane (joints T
and A), and lifting and lowering in the Z-axis (joint Z). The
robotic arm is controlled by a set of instructions entered
through a LabVIEW program using the NI-cRIO board and
an Arduino board. These boards work together to control the
movement of the robot's joints (A, R, T, and Z) with feedback
control. The movement of all joints can be set
simultaneously, as shown in Fig. 2. The Seiko D-Tran
RT3200 device is used as the controller for the system.

Deired Pah Aduel Pah
——————————| LabVIEW >
[
Gotrdler Bax y Sako D TranRT3X0
cRIO-9075
NI 9401 —1 Drive Motor »| DC Motor
[
\ A
Arduino AUE | Encoder

Fig. 1. Block diagram of the overall system.
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Fig. 2. Seiko D-Tran RT3200 and device for controller.

The system can be divided into three main parts: the
LabVIEW program execution, the controller box, and the
Seiko D-Tran RT3200 robot. Fig. 1 and Fig. 2 provide an
overview of the system's operation. The LabVIEW program
controls the overall operation of the system, including the
movement of the Seiko D-Tran RT3200 robotic manipulator.
The program receives data from the controller box, which
processes signals to control the robot's movement. The cRIO
9075 serves as the main processor, connecting the LabVIEW
program to the NI1-9401, which controls the H-bridge driver
DC motor to rotate the motor. The motor is responsible for
the movement of the Seiko D-Tran RT3200 robot's joint A,
joint R, joint T, and joint Z. As the motor rotates, the encoder
sends data to the Arduino DUE board to process the motion
coordinate signal and send it back to the NI-9401. The NI-

9401 then sends a signal back to the cRIO 9075, which
processes the data and sends it back to the LabVIEW program
to be displayed on the computer screen as the target
coordinates.

The flowchart in Fig. 3 illustrates the operation of the
program written in the LabVIEW program for the Seiko D-
Tran RT3200. The program receives motion coordinates for
joints A, R, T, and Z, with only joints R, T, and Z being
considered in this research. The coordinates are then sent to
the main processor. The program waits until the start button
is pressed and then moves the robot to the specified
coordinates. Once the displacement coordinates have been
reached, the program execution ends.

B. Hardware Implementations

This section explains the components that had been used
including embedded controller, digital 1/O interface cards,
Arduino DUE, and DC motor drivers.

Desired trajectory to control

Open All Motors in robotics

Add Data to Program

Start Button

Robotic Movement Following a
Desired Past Trajectory

End

Fig. 3. Program flowchart of Seiko D-Tran RT3200.

The cRIO 9075 is a robust, fanless embedded controller
that is well suited for advanced control and monitoring
applications. It features a real-time processor and an FPGA,
and offers a range of connectivity options, including one
ethernet port and one serial port. As shown in Fig. 4, the
controller has a 4-slot, 400 MHz CPU, 128 MB DRAM, and
256 MB storage. It also has a xilinx spartan-6 LX 25 FPGA.
The cRIO 9075 connects the LabVIEW program to the Seiko
D-Tran RT3200 robot, serving as the main processor to
control the robot's movements.

Fig. 4. cRIO 9075.

The NI-9401, as shown in Fig. 5, is a digital 1/O interface
that can be configured for input or output in 4-bit increments.
This allows for three different configurations: 8 digital inputs,
8 digital outputs, or 4 digital inputs and 4 digital outputs. It
uses reconfigurable 1/0 (RIO) technology, which is only
available on CompactRIO controllers, and can be
programmed using the LabVIEW FPGA Module for custom
applications such as high-speed counter/timers, digital

P. Chotikunnan, Dual Design Proportional Controller for Robotic Manipulator Application



Journal of Robotics and Control (JRC)

ISSN: 2715-5072 26

communication protocols, and pulse generation. Each
channel is isolated from the others and the backplane using
transient isolation. The NI1-9401 operates at 5 V/TTL and has
8 bidirectional channels with a response time of 100 ns. It
connects the drive motor controller to the motors of the Seiko
D-Tran RT3200 robot, allowing the robot to move to the
specified coordinates and receive encoder data. The Arduino
Due board is used to send and receive encoder data to the NI-
9401, and the received encoder data is then forwarded by the
NI-9401 to the cRIO 9075 controller for further processing.

Fig. 5. N1-9401 card.

The Arduino DUE, shown in Fig. 6, is a microcontroller
board based on the Atmel SAM3X8E ARM Cortex-M3 CPU.
It is the first Arduino board to feature a 32-bit ARM core
microcontroller. The board has a total of 54 digital
input/output pins, of which 12 can be used as pulse-width
modulation (PWM) outputs, 12 analog inputs, 4 UARTS
(hardware serial ports), an 84 MHz clock, a USB OTG-
capable connection, 2 digital-to-analog converters (DACs), 2
TWI (two-wire interface) connections, a power jack, an SPI
header, a JTAG header, a reset button, and an erase button.
The Arduino DUE board connects to the encoder device to
check the rotation of the motor as the Seiko D-Tran RT3200
robot moves to the specified coordinates. The encoder device
sends a code to the NI-9401 board upon receiving it.

Fig. 6. Arduino DUE.

The H-bridge driver DC motor 200 A, as shown in Fig. 7,
is a single motor driver that is capable of controlling a DC
motor with a supply voltage of 12-48 V and a maximum
current of 200A. It features a fully complementary power
MOSFET driver and ultra-fast reverse recovery protection
diode. The input interface signals are fully opto-isolated and
operate at a TTL level of 5V with a current of 8 mA. The
driver can be controlled using ON-OFF control, direction
control, or speed control using pulse-width modulation
(PWM) drives. The recommended PWM frequency range is
400-800 Hz, with a range of 400-1000 Hz possible. The H-
bridge driver DC motor allows for the electronic switching of

the polarity of the DC motor, allowing it to rotate in both
clockwise and counterclockwise directions.

Fig. 7. DC motor driver.

C. Dynamic model of the robotic manipulator system

The robotic arm can be considered to find the system
equations of input and output signals from [30] in the time
domain. The robotic arm is a movement to move repeatedly
on each axis. The equations obtained through the motion path
generation model in the research presented in the equation are
defined as a discrete time and the sampling time is 0. 055 s,
which results in estimating the transfer function for each axis.
It complies with the equation as in (1).

Y1z
Y XET S

where the coefficients are used to appear in Table 1. The data
set in the table is the variables of the robotic arm.

P(z) =

TABLE I. PARAMETERS USED IN THE OPEN-LOOP SYSTEM.

Joint Y1 B4 Bo
JointR 0. 0333 -1. 6871 0.6884
Joint T 0. 0162 -1. 7077 0.7111
Joint Z 0. 0140 -1. 7519 0. 7526

I1l.  PID CONTROLLER DESIGN

In the basics of PID control, this is the design of individual
motor control systems in industrial robots. By specifying
G(2) as the feedback control system for each axis of the
robotic arm. As shown in (1), by Gx(Z), Gr(Z) and G,(Z) is
the value obtained from the approximation on each axis as in
table 1, in which the output value in each axis is y(k) by
setting the distance of error in motion is e(k) which can be
calculated from (2).

e(k) = yqa(k) —y(k) )

From (2) can be written in the state space and can be written
in the form of a matrix. The system can display the time step
response that occurs each time, where the following equation
can be obtained.

yj(k) = Ax(0) + Pu;(k) +V, 3)

(k) = [ (D 2)...w(p — DI @)
CA°B 0 . 0

p= .CAlB .CAOB O ; ©)

CAP~'B CAP~%B CA°B
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where p;=CA"™*B and q;=CA’, for i € [1,N]. Let x;(0) be
the presumed initial state variable of zero parameter to test
for iteration. Considering the system matrix P containing p;
along the diagonal lines, the coefficients p; are referred to as
Markov parameters of the system.

The control law of PID generating the feedforward control
signal is given by

k
k-N

+ Kq (k) — ¢k = 1))
where wu; is control inputs, K, is a proportional gain, K; is a
integral gain, K, is a derivative gain are in this study, and N is
the number of data points being used in a summation (In this

research, the value of N has been set to 5). It can show the
basic structure of the PID as shown in Fig. 8.

% F 8

Y ¥,

» Plant —

PID control

Fig. 8. Block diagram of PID control.

The motor system in joints R, T, and Z is controlled using
a PID controller with CHR tuning to least overshoot. The R
value, or R condition, for each axis was determined to be 12.
75 for joint R, 21. 33 for joint T, and 20. 11 for joint Z,
indicating that the P controller system should be used for
control because the R value or R condition is greater than 10.
The gain of the PID system for each axis is shown in Table 2
for joint R, Table 3 for joint T, and Table 4 for joint Z.

TABLE IV. PID GAIN VALUES OF JOINT Z
Joint K, K; K4
P controller 6.70 - -
Pl controller 7.82 0.29 -
PD controller 7.82 - 0.91
PI1D controller 13.41 0.49 0. 60

TABLE Il. PID GAIN VALUES OF JOINT R.
Joint K, K; K4
P controller 4.25 -
Pl controller 4.96 0.41 -
PD controller 4.96 - 0.40
PID controller 8. 50 0.71 0.27

TABLE IlI. PID GAIN VALUES OF JOINT T.

Joint K, K; K4
P controller 8.00 - -
Pl controller 9.33 0.39 -
PD controller 9.33 - 0.90

PID controller 16. 00 0. 67 0.60

IV. DUAL DESIGN PID CONTROLLER ARCHITECTURE

A dual design PID controller architecture is a design
concept that aims to improve the performance of a PID
controller by using two processors instead of one. The main
processor, also known as controller 1, is a standard PID
system that receives real-time input from the process and
generates an output signal to control the process. The
secondary processor, or controller 2, receives a one-time-step
delay of the input of the process and adjusts it before it is sent
as the control input to eliminate the control input from
controller 1.

By continuously adjusting the output signal this way, a
dual design PID controller is able to eliminate the tracking
errors or overshoot and improve the performance of the PID
controller. Fig. 9 shows a block diagram of a dual design PID
controller. As shown in the figure, the main processor
(controller 1) receives real-time errors as input from the
process and generates an output signal based on the PID
algorithm. The secondary processor (controller 2) receives a
one-time-step delay as input to the process and both values
are compensated as input into the system.

Controller 1

U +
PID control|— U Plant M7

Yty 8

Controller 2

PID control

Fig. 9. Block diagram of a dual design PID controller.

In a dual design PID control, a PID control law is
presented in controller 1, as shown in (9), and a PID control
with one time-step delay is presented in controller 2 as in
(10), and the sum of the answers of a dual design PID control
structure as in (11) and can describe the structure that is
designed in Fig. 4.

For controllers 1 and 2 can choose to use algorithm
development by PID techniques to work in the system.

k
Ul (k) = Kye; (k) + K; Z e; (k)
k—N

©)

+ Kq (k) — ¢k = 1))

k
20y = K0, ey u K _
uf2(k) = Lyl — 1) + - ;ej(k 1) w0
K
+ f(e,(k —1) - ¢k —2))

w;(k) = uft (k) — uf? (k) (11)

where « is a gain of one time-step delay PID controller.
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In the initial trial, where o has not yet been activated, the
initial error input e;(—1) is equal to zero. As a result, the
initial error input is equivalent to the reference command ;.
However, when a can define numbers between 1 to oo. In this
research are defined « in values of 2 for dual PID control.

The gain of controller 1, as shown in Fig. 9, is used in
Tables 2, 3, and 4 for joint R, joint T, and joint Z. The gain
of controller 2, also shown in Fig. 9, is used in Tables 5, 6,
and 7 for joint R, joint T, and joint Z.

TABLE V. PID GAIN VALUES OF CONTROLLER 2 IN JOINT R.
Joint K, K; Ky
P controller 2.13 - -
PI controller 2.48 0.21 -

PD controller 2.48 - 0.20
PID controller 4.25 0.36 0.13
TABLE VI. PID GAIN VALUES OF CONTROLLER 2 IN JOINT T.

Joint K, K; K4y
P controller 4.00 - -
PI controller 4.67 0.19 -

PD controller 4. 67 - 0.45
PID controller 8. 00 0.33 0.30
TABLE VII. PID GAIN VALUES OF CONTROLLER 2 IN JOINT Z.

Joint K, K; K4y
P controller 3.35 - -
P1 controller 3.91 0.14 -
PD controller 3.91 - 0.45
PID controller 6.70 0.25 0.30

V. DESIRED TRAJECTORY

The robotic arm has been programmed to follow a
trajectory consisting of 287 time-steps, with a sampling time
of 0. 055 seconds. This results in a total duration of 15. 73
seconds for the trajectory. The starting position and target
coordinates for the robot's movement can be seen in Fig. 10
and Fig. 11, respectively. The robot will use its joints R, T,
and Z to move the screw to the desired position on the hard
drive by using the nut as a reference point. The robot will
begin at the start position and end at the target coordinates are
shown in Fig. 10.

VI. SIMULATION AND EXPERIMENTAL RESULTS

In this section, there are three experimental results that
will be discussed. The first is an overview of the system
simulation results, which were tested on the Seiko D-Tran
RT3200 robot with both the PID Controller and the dual PID
controller. The second result is the system analysis of the P
controller and dual P controller in the simulation run, which
was also tested on the Seiko D-Tran RT3200 robot. The third
result is the analysis of the control input estimation of the P
controller and dual P controller in the simulation run, which
was also tested on the Seiko D-Tran RT3200 robot.

Joint R
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Fig. 10. Trajectory profile.

Fig. 11. Initial and goal points of the robotic manipulator.

A. First result

The first set of results presents both simulation and
experimental data on the performance of a PID controller and
adual PID controller on the Seiko D-Tran RT3200 robot. Fig.
12, Fig. 13, Fig. 14, and Fig. 15 show the simulation results,
while Fig. 16, Fig. 17, Fig. 18, and Fig. 19 show the
experimental results. These figures compare the performance
of the two control methods using a step input to define the
motion profile of the robotic arm. The trajectory profile in
Fig. 10 is used to move the robot in each axis. The PID
controller uses the gain values listed in Tables 2, 3, and 4,
while the dual PID controller uses the gain values listed in
Tables 2, 3, and 4 for controller 1 and Tables 5, 6, and 7 for
controller 2. These gains of the PID controller were used to
test the system's demonstrated performance of the system
under each controller.

In the simulation results, the step inputs are shown in Fig.
12, Fig. 13, Fig. 14, and Fig. 15 as an overview of the system
testing a dual design PID control. The PID control has the
highest overshoot compared to the dual design P control
method. Fig. 12 shows that the P control has a gain of 1,
which is calculated from the proportional error in the system.
The P control system is easy to design due to its basic nature.
In the simulation experiments, the P control system had a
slight overshoot while the dual P control system had a very
low overshoot. The simulation results for the joints R, T, and
Z were similar for all three joints.

Simulation results for PI control are shown in Fig. 13.
This type of control is a 2-gain system that estimates values
based on the proportion of errors in the system and error
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values from past sums. During testing, it was found that Pl
control had a higher overshoot than P control because the sum
of errors in integral term was collected, while dual PI control
had a slightly higher overshoot than dual P control but less
overshoot than the Pl control system. Simulation results in
joints R, T, and Z were similar in all three joints.

In Fig. 14, a PD control is a 2-gain controller that
estimates values from the proportion of errors in the system
and the difference of the error value. From the results of
system testing, it was found that PD control had less
overshoot but a higher value compared to P control because
K, was higher than K, in P control. Dual PD control had a
similar effect to dual P control and had a slightly higher
overshoot. The simulation results of joints R, T, and Z were
similar for all three joints.

Fig. 15 presents the results of testing a PID control
system, which uses three gain values to approximate the
proportional error in the system, the past summation error,
and the difference in the error value. According to the results
of the system test, it was found that the PID control system
had a higher overshoot than the PI control system. This was
due to the K, gain value being double and the integral term
having a large sum of errors in the system. The dual PID
control had a higher overshoot than other dual controls, but it
was able to reduce the overshoot faster than the PID control
according to the simulation results in joints R, T, and Z,
which were all similar.

In experiment 1, in-step inputs are shown in Fig. 5, Fig.
6, Fig. 7, and Fig. 8, a dual design P control is a decrease and
holds a small overshoot for o values are 2 and 4. P control has
the highest overshoot compared with a dual design P control
method, and the experiment is the same in the simulation, by
efficiency is the last.

The simulation results suggest that the P control system is
the best option for minimizing overshoot in the joints R, T,
and Z. This is supported by CHR tuning and the consideration
of the R-value or R condition, which shows that the R-value
for all three axes is greater than 10. The P control system also
had the lowest overshoot compared with Pl control, PD
control, and PID control. On the other hand, the PID control
system had the highest overshoot among the tested control
systems.

While a dual design PID control system was able to
reduce overshoot faster than the standard PID control system,
it still had higher overshoot compared to the other dual
control systems. The simulation results for the Pl and PD
control systems were similar, with the Pl control system
having higher overshoot than the P control system and the PD
control system having lower overshoot compared to the P
control system. The single controller versions of these control
systems had higher overshoot than dual design controllers. In
conclusion, the simulation results support the selection of the
P control system for use in the system, which is consistent
with the consideration of CHR tuning.

The experimental results showed that a dual design PID
control had the highest overshoot compared to the PID
control method, as depicted in Fig. 16, Fig. 17, Fig. 18, and
Fig. 19. These results were consistent with the system

simulation test. Although the P control performed the best in
this system, as shown in Fig. 16, the PD control in Fig. 18 had
a similar effect. On the other hand, when considering the
other controllers in Fig. 17 and Fig. 19, it was found that the
robot system used in the control system was unable to control
the desired coordinates due to an overshoot within the system.
However, the use of dual control helped to stabilize the
system because the control estimation was more appropriate
for the system. Overall, the system model and the
experimental results were consistent.
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Fig. 12. The results of P controller in simulation.
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B. Second result

In the second result, the performance of a P controller and
a dual P controller were evaluated through simulation and
experimentation on a Seiko D-Tran RT3200 robot. The
results showed that the dual P controller performed better
overall. Fig. 20 and Fig. 21 show a comparison of the
simulation and experimental results for the P controller and
dual P controller in certain time periods. The rise time,
settling time, and percentage of overshoot (%0S) were used
to assess the performance of the two controllers.

Based on the results presented in Tables 8 and 9 and Fig.
20 and Fig. 21, it appears that the P controller is effective at
improving the rise time, settling time, and overshoot of the
robotic arm in both simulation and experiments.
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Fig. 20. Magnified Fig. 12 of the result from simulation.
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Fig. 21. Magnified Fig. 16 of the result from experimental.

In simulations, the P controller was able to achieve a
shorter rise time and had overshoot rates of 18. 61% for joint
R, 43. 58% for joint T, and 20. 80% for joint Z.

In experiments, the P controller had overshoot rates of 10.
22% for joint R, 17. 14% for joint T, and 13. 68% for joint Z.
The dual design P controller also showed similar
performance in both simulations and experiments, with
overshoot rates of -0. 82% and -2. 22% for joint R, 2. 46%
and -0. 23% for joint T, and 1. 87% and -1. 84% for joint Z,
respectively.

The results suggest that the dual P controller is an
effective choice for optimizing system estimation in the
robotic arm. It is able to achieve the lowest overshoot and the
shortest settling time. While the P controller may have a
shorter rise time and higher overshoot rates, the dual P
controller is able to provide the optimal results in terms of the
lowest overshoot and shortest settling time. As a result, the
dual P controller is a good choice for optimizing system
estimation in the robotic arm.

TABLE VIII. OUTPUT OF STEP INPUT FROM SIMULATION.
Joint R
Controller Rise time Settling time %08
P control 0.33 1. 10 18. 61
Dual P control 0.72 0.72 -0. 82
Joint T
Controller Rise time Settling time %0S
P control 0.39 1.16 43.58
Dual P control 0. 66 0. 66 2.46
Joint Z
Controller Rise time Settling time %0S
P control 0.44 1.43 20. 80
Dual P control 0.83 0.83 1.87
TABLE IX. QUTPUT OF STEP INPUT FROM EXPERIMENT.
Joint R
Controller Rise time Settling time %0S
P control 0. 88 1. 65 10.22
Dual P control 1.05 1. 05 -2.22
Joint T
Controller Rise time Settling time %08
P control 0.50 1.49 17.14
Dual P control 0.83 0. 83 -0.23
Joint Z
Controller Rise time Settling time %08
P control 1. 02 2.31 13. 68
Dual P control 1.21 1.21 -1. 84

C. Third result

The third result of the analysis compared the control input
estimation of the P controller and dual P controller in a
simulation and on a Seiko D-Tran RT3200 robot. The results,
shown in Fig. 10, reveal the percentage of pulse-width
modulation (PWM) values used in the system. Fig. 22 and
Fig. 23 show that the dual P controller consumes less
electrical energy power than the P controller in the same
trajectory. This suggests that the dual P controller is more
accurate at estimating the control input, resulting in lower
power consumption and electrical energy savings in the
system.
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VII. CONCLUSION

In conclusion, this paper proposed a dual design PID
controller based on two PID controllers with real-time and
one-time step delays and compared the results obtained from
the control system operation to reduce the error values, rise
time, settling time, and overshoot caused by trajectory
tracking control. This study compared the performance of a
single PID controller using the least overshoot tuning
technique developed by CHR with that of a dual PID
controller design. The scope of the PID controller using the
CHR technique was also evaluated in this research. A dual
design PID controller has the advantage of allowing the user
to modify the selection weights to bring the delay of the
controller's response into the work coordination and focus on
adjusting this weight, which can select the delay or fast of the
system's response. The results of the testing system were
similar to the simulation results, indicating that a dual design
PID controller is a viable choice for an efficient, stable, and

electrical energy saving for the control system. For future
work, it would be beneficial to study the gain adjustment of a
dual design PID controller to ensure its suitability for a
variety of systems. Additionally, it would be useful to
examine any limitations on the use of the controller and to
optimize its tuning for specific applications. Further research
in these areas could motivate other researchers to continue
exploring the use of a dual design PID controller in various
contexts.
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