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Abstract— This paper discusses the development of PD
confroller for comparison stability study in multiple
difference  disturbances. The multiple difference
disturbances in this paper are added to the inverted
pendulum model that based on robotic leg application such
as pendubot, By applying the pendubot medel via simulink
block diagram, the performances between the model and
disturbances are compared for stability in the simulation
results. The simulation results show that the PD controller
play the main role to reduce or eliminate disturbances.

Keywords—Inverted pendulum; pendubot; PD controller;
Disturbance. ’

I INTRODUCTION

Technology development growth fast onward
through over the world including Malaysia. Each part of
engineering tools is used to build and design the
technology such as robot, all types vehicle, building and
others. These technology especially robot application,
need a control system approach to organize, monitor and
stabilize any movement. Within this control system
approach, the robot would operate smoothly. In case, the
stability in control system is studied for the robetic leg
application.

Robotic leg application gives advantage in pendubot
at which also called arm-driven that doing tasks like
manipulating, moving, and painting. The tasks usually
found in industrial automation, architecture and artistic.
For industrial automation as example, the high quality
products are primary goal to achieve. To achieve the goal,
the arm-driven robots are developed more than workers
to maintain the products quality. This quality based on
stability [1] in control system that is being explained by
James Clerk Maxwell, Edward John Routh, William
Kingdon Ciifford, Adam Prize, and Alexandr
Michailovich Lyapunov in the latter half of the 19%
century. The stability of the robotic leg application in this
paper is the main problem for the study purposes with the
PD type controller in multiple difference disturbances.

The PD type controlier refers to the familiarity
terms of Proportional (P), Integral (I) and Derivative (D)
in PID controller that well-known as conventional
controller since the last few years ago. These terms quite
importance in define gains P, [ and D in root-locus
techniques. The root-locus techniques are based on the
development of advanced conirol systems from state-
space model. The state-space model refers to the inverted
pendulum as appiy in a robotic leg application such as

pendubot. In a robotic leg application, PID controller not
depends by self. Looking through from previous research,
the adapting idea of PID controller [2] preferred to use
PD than PID controller based on human naturally acts.
Considerably from other authors paper: the study of the
development of PI controller for disc speed [3], shows
that P! controller is also quite useful in eliminate and
reduce disturbance.

Sometimes, the researcher looking for a wide view
of research study, as posted in article of observer control
improves motion [4] by Kristin, found that the observer
control enable to eliminate ringing and overshoot, and
also solve the problem of PID loops disable to do. By the
way, this paper is focusing on PD controller development
for comparison stability in multiple difference
disturbances. Based on a few review of the introduction,
the minority contents of the paper included the
disturbances in general view, inverted pendulum model,
simulation results, conclusion, acknowledgement and
references as following,

. DISTURBANCES

Generally, disturbance (d; or d,) place at the plant
input or output, or both points. These disturbances [5, 6]
effected to the results output (y) at which considered
closed and open loop in control system. The block
diagram in Fig. 1 shows the proposed model of the
control system:

PD Plant

Controlier

Pendubot

Encoder 1

Figure 1. Block diagram for the proposed model of the
control system

In control system, disturbances consist like the
rejection or unused power sources such as sine, pulse
generator and step, environmental source such as wind,
machinery source such as vibration, and others. The
sources of disturbances place in the proposed model, with
the cascaded [7] loop in control system, give high
performance to the results output. From the results output
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produce, this shows that the algebra equation of inverted
pendulum model used the actual measured parameters.

HI.  INVERTED PENDULUM MODEL

The algebra equation of inverted pendulum model is
derived based on fourth physical model separately as
following. By the way, the inveried pendulum model in
this paper used cascade loop with two encoders
connected to dec motor and pendulum rode.

T
an m K-]

Jrn’Bm 8’" ad JJ:FL

dc motor rotating disc

J . F

Figure 2. Inverted pendutum physical plant on rotating
dise

«

T=T,+T,+T, (1)

J- ‘Bm BJTI

de motor
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rotating
disc

i

Figure 3. DC motor and rotating disc
physical plant

T.=J6 +B0

m-m m=m

+K[6,-6,] (2)

T,

9117 Qd Jd:‘Fc

rotating disc

Figure 4. Rofating disc physical
plant

Td:Jdéd_Kl[gm_Qd:’_'_F;& (3)

3

0,
s F
rotating disc
T
Figure 5. Rotating disc and pendulum physical
plant
Tp = Jpgp + K‘! [9.:1’ - ep] * (Fs-) Ig‘:(} (4)

Based on the algebra equation of inverted pendulum
model, the variable of parameters is summarized in Table
1 as below:

Table 1. The parameters of inverted
pendulum model

motor torque Tw
disc torque Ty
pendulum Ty
torque
motor moment Ja
inertia
disc moment Jy
inertia
pendulum Iy
moment inertia
viscous friction Bn
motor angle O
dis¢ angle 04
pendulum N
angle
torque KKK,
constant/ back
e.m.f
spring constant K,
Coulomb F.
friction
static friction F,

V. SIMULATION RESULTS

From the physical plant, the step power source of the
disturbance is added in Fig.6 to produce the simulation
results output. The step disturbance is placed at the plant
input.
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Figure 6. Pendubot plant with a step disturbance

By placing the step disturbance at the plant input, the
simulation results output presented as following. The
simulation results output in Fig.7 show that the output
follow the disturbance input (d;) from the plant input with
a stable condition. This stable condition also proved that
the response in the steady state error.

Plant output with a step disturbance

'/

00 3 2 3 4 5 6 7 g o 10
Time (seconds)

Pendulum angles (radians)

Figure 7. Qutput for pendubot plant with a step disturbance

The first pendubot plant in Fig.6 shows that the single
disturbance of the simulation results output follow the
plant input in Fig.7. By adding multiple disturbances to
the proposed model as given in Fig.8, the response of the
simulation results output change based on the
disturbances points.
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Figure 8. Pendubot piant with sine, pulse and step disturbances
This multiple disturbances in Fig.8 give the quick
response to the simulation results output in Fig.9. The
response almost achieved the steady state error in about a
second at which close to the stability. As a comparison of
stability study, the response of the simulation results for
Fig.7 looks more stable than Fig.9.

Plant output with sine, pulse and step ilisturbances
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Figure 9. Output for pendubot plant with sine, pulse and step
disturbances

For the last pendubot plant, the disturbances are
placed at the PD controller input, pendubot plant input
and pendubot plant output as shown in Fig.10. In Fig.10,
the disturbances mostly from periodic sources such as
pulse generator and two sine waves.
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Figure 10. Pendubot plant witl pulse, and two sine disturbances

The periodic sources of disturbances in Fig.10
presented the repeating simulation results output in
Fig.11. Based on Fig.11, the response of the simulation
results achieved the steady state error for a long period
and might not stable at all. This pendubot model might
cause problem to the hardware implementation for the
real-time system.
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Figure I1. Qutput for pendubot plant with pulse, and two sine
disturbances
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V. CONCLUSIONS

The multiple disturbances for the proposed model give
a better response of the simulation results output with the
cascaded loop. Within the PD controller also, the
response give less noise or disturbance for the inverted
pendulum proposed model. By the way, this simulation
results output not deny at all that a single disturbance
give less problems to the response compared to multiple
disturbance for the stability study.
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