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Abstract: This paper exhibits the hexapod robot movement performance.
motor in the robotic system and to enhance the function, The Hexap
Platform (V  REP) software. Throug

Robot  Experimentation
robot body and legs movement in various parameters. The Robg
are given..
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controller and S0 thg ; Servo
motor) perfor e h Proportional
Integral  Derivative ; and without
Proportional Integral Deriva& PID) controller using
MATLAB software ' results are compared.

Each hexapod robot s ‘s legs contain three joints
and three links (Jointl, Joint2, Joint3, Link1, Link2,
Link3). The performance of hexapod robot system and
each joints (1,2,3), links (1,2,3) has been analyzed in
various parameters using Virtual Robot Experimentation
Platform (V REP) software. Simulation and analysis
of the robot movement control system provide how to
the intelligent controller effect the output speed of the
system.

®nd technology of robots, their
application. Robotics requires a

codmpanied by a large working knowledge of many
ubjects. A person working in the field is a

roboticist. The appearance and capabilities of robots vary
vastly, all robots share the features of a mechanical, movable
structure under some form of autonomous control. The
structure of a robot is usually mostly mechanical and can be
called a kinematic chain (its functionality being similar to the
skeleton of the human body). The chain is formed of links (its
bones), actuators (its muscles) and joints which can allow one
or more degrees of freedom. Most contemporary robots use
open serial chains in which each link connects the one before
to the one after it. These robots are called serial robots and
often resemble the human arm. Some robots, such as the
Stewart platform, use closed parallel kinematic chains. Other
structures, such as those that mimic the mechanical structure
of humans, various animals and insects, are comparatively
rare, the development and use of such structures in robots is
an active area of research. Robots used as manipulators have
an end effector mounted on the last link.
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C. Speed Control Method of DC motor
1) DC Motor Modeling
The electrical diagram of the permanent magnet DC motor is
shown as Fig. 3. According to the Kirchhoff law, the
electrical equation of DC motors can be expressed as in
Equation (1).
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Fig.2.

Electrical diagram of DC motor
By applying the Newton's law and Kirc
motor system, we come up with mat
and (2) of DC motors

Ea” is the & . L an

electric i i respectl AN T
the moment o damping ratio

the mech e, Tm, is related .
armature %r Iqq
(armature/torque_ consta tor/speed

constant)). The
by the equation (3). :
tm = kt:i
@)
2) Speed control structur
Figure 3 illustrates a speed control structure of DC motor The
control scheme consists of an inner current control loop and
an outer speed control loop. The output signal of speed
controller is the input of the current controller.
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Fig.3. Speed Control Structure for DC motor

Those two controllers can be designed independently because
the mechanical dynamics of the system is usually much
slower than the dynamics of the armature circuit. Reference
speed oref is the desired speed which the motor should be
achleved after a de5|gned time. The controller found in typical

current sensor and encoder arg
devices in the system,
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Fig 4. (a) Hexapod robot model (b) Links and joints of
Robot Leg
Though it needs feedback and positive reaction to acquire
smoother walk. This type of robot can be used in many ways
for real life circumstances such as search and rescue
application during disaster environment exploration and also
as a CNC machine. Figure 4(a) shows the actual hexapod
robot system and figure 4 (b) shows leg of the hexapod robot
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system, its includes three joints (joint 1, joint 2, joint (3) and
three links (link 1, link 2, link 3).

E. Robot movement control system

The robotic movement control system designed for this
project is based on few subsystems normally available in
most digitally controlled movement design technology. The
speed system is the DC motor subsystem. This system can be
divided into two parts, the mechanical system and electrical
system. Both systems are designed to be controlled by a
digital controller subsystem. The sensor subsystem is
designed to interact with the digital controller subsystem. The
sensor subsystem provides the digital controller subsystem
with all information or signals about the environment
condition. From this information or signals, the digital

controller is expected to be able to control the DC motgr

subsystem rotation speed. Input switching subsys
designed to turn on or turn off the motor. Implem
fuzzy logic based controller system is another ap
design.
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Fig.5. Block diagram of fobot movement control system

This controller will interact with the sensor signal and provide
additional control to the DC motor subsystem. The designed
robotic movement control system block diagram is shown in
Fig.5. The DC motor subsystem is the main component that
decides how fast the robotic system will move. This
subsystem is connected to the mechanical movement system
of the designed robot. The main idea in this simulation is to
observe how the speed of the robotic system can be controlled
and how does a fuzzified controller affect the system. Speed
control of a robotic design is always based on how or which
type of motor system to be developed. Various types of motor
can be used to move the robot joint, robot base system, robot
arm and etc. For a simple design, designers normally choose
to use either DC servomotor or step motor. In this study,
digital controlled DC motor model was chosen for the robotic
speed control system design. Basic structure of a DC motor
can be divided into two part; voltage controlled circuitry and

mechanical rotor. The motor torque provides the movement
over inertia for the rotor system. If the motor initially in static
condition, it requires larger torque value to start the motor. If
the motor initially in moving condition, the inertia of the
motor will sum up with the system torque to give a grater

hexapod Robot
B Position value

pbtic system safely.
hexapod robot and
r graph of hexapod robot
analyse the performance of

Positi
on

Sec

(Sec) X Y Z
93.35 0.177165 1.265485 | 0.104299
98.25 -0.02717 1.290485 | 0.104317
100.00 -0.0881 1.257966 | 0.104393
105.00 -0.29584 1.344015 | 0.104438
106.40 -0.40952 1.372836 | 0.104203

Table 1. Position value of

Hexapod Robot System with sensor
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IV.CONCLUSIONS
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robot body position can analyzed and improve the

[1] Li, ]
redundant "“

Sprin .'
[2] Gambao, 1

Puente, E. (19 %r the
construction p% *Mternational
Conference on Robotics ‘afer (ICRA™97), pp.
46-51, ISBN 0-7803-3612-7, derque (USA), April
1997, IEEE (USA) _ASe"

[3] X.N. Song, S.Y. Xu,@. en, Robust Hoo control for
uncertain fuzzy systems with distributed  delays via output
feedback controllers, Information Sciences 178 (2008) 4341—
4356.

[4] C.C. Hua, G. Feng, X.P. Guan, Robust controller design
of a class of nonlinear time delay systems via back
stepping, Automatica 44 (2008)567-573.

[5] Y.S. Yang, G. Feng, J.S. Ren, A combined back stepping
and small-gain approach to robust  adaptive fuzzy control
for strict-feedback nonlinear systems,IEEE Transactions on
Systems, Man, and Cybernetics-Part A: Systems and
Humans 34 (2004) 406-420.

[6] Habib, M.K. ,”Designing fuzzy logic controllers for DC
servomotors supported by fuzzy logic  control development
environment”, Industrial Electronics Society (IECON '01),
The 27th Annual  Conference of the IEEE. 3: 2093-2098,
2001.

[7] Sinha, A.S.C., Pidaparti, R., Rizkalla, M. and Ei
Sharkawy, M.A. , Analysis and design of fuzzy control
systems with random delays using invariant cones”. IEEE
Conference, 2002, P.553 — 557.

22





