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Introduction

Recent demands in robotics accelerated the growth of high precision
technology using parallel mechanism in various applications such as
medicine, environmental investigations, industry, inteligent systems
etc. Maintaining the desired dynamic behavior of systems in the face
of perturbations and other uncertainties has become the ultimate goal
in stability of robotic systems, [1]. In some robotic systems the external
disturbances cannot be accurately predicted. However, the appropriately
chosen parameters can be kept inside acceptable boundaries.

The parallel robotic platform (or Stewart mechanism), widely
known as hexapod, is a parallel kinematic structure that can be used
as a basis for controlled motion with six degrees-of-freedom (DOF),
[2]. Parallel robots have several advantages comparing to serial robots,
mainly related to stiffness, accuracy, flexibility and high speed. The
detailed overview of such robotic mechanisms [3-4], included both
theoretical and practical considerations. The parallel robotic mechanism
belongs to a group of the parallel manipulator. These types of robotic
systems consist of a moving top platform connected by extendable legs.
The mobile upper platform is connected to a stationary base via six
legs mounted on universal joints. To control the motion of the upper
platform, the solution of inverse kinematics was used to compute the
angles for the desired position of the moving platform. Dynamics of
parallel robotic platform has been demanding and challenging task. An
algorithm for solving direct kinematics was suggested in [5]. Based on
the principle of virtual work and the concept of link Jacobian matrices,
a methodology for deriving the dynamical equations of motion (inverse
dynamics) has been developed [6]. The comprehensive study and
the dynamic equation of the Stewart platform manipulator has been
analyzed in [7]. Using an external laser measuring device to determine
the actual accuracy of a parallel robotic platform, a practical and simple
leg length compensating calibration method [8] was used to improve
the accuracy of the system.

Control Methodologies

The control problem for the parallel robotic platform was
rigorously analyzed in the robotic community. Widely used PID
control usually provides sufficiently good results. However, for the
practical applications sometimes is necessary to deal with the different
uncertainties or nonlinearities. Hence, the significant research on the
control of parallel robotic platforms was done by analyzing adaptive,
robust and predictive control approach.

The adaptive robust control approach was introduced with an idea
to combine the advantages of these two approaches during the control
task [9]. In [10] a novel robust controller was proposed to minimize
the errors during the robust tracking procedures. Article [11] presents
the controller synthesis for a highly accurate system of a 3-DOF micro
parallel positioning platform. A double servo system for high precision
that govern the platform was developed. A method of robust control of
6-DOF hydraulic parallel robot was presented in [12]. The information
about the friction was used to reduce the high frequency motions. The
non-linear dynamics method and robust multi-input multi-output
(MIMO) controller [13] guaranteed system stability. The control tasks

were performed on a linearized system model. Further work on L2
robust controller was conducted in [14]. The purpose of the nonlinear
controller was to reduce the vibrations of the system. Another robust
MIMO controller [15] which solved the tracking problems for the high
precision systems. The friction signal was used as an uncertainty that
needs to stay within the predefined limits. The presence of uncertainty
remained in focus of the authors of the robust controller for tracking
tasks [16]. The proposed control was developed based on Lyapunov
second method. The sulution of inverse kinematic problem [17] was
given for the adaptive robust control of parallel robotic platform. The
Lagrange energy method was used in [18] to solve forward dynamics
problem and to model the Stewart system. Another solution for
vibration problems of the parallel robotic platforms was presented in
[19]. The nonlinear robust controller was proposed with the previously
developed system dynamics using the Newton-Euler method.

Several reported studies related to the use of the robust controllers
together with some other control methodology. The robust control
approach was sometimes used as a dual control together with regular
feed-forward force control, as in [20]. Furthermore, the predictive
model and robust control was used in [21] for position tracing tasks
of a parallel manipulator. The task space equations of motion were
developed to control the Stewart platform using combined robust and
adaptive controller. The developed equations were obtained using the
virtual work approach, [22]. A control scheme combining the dynamics
disturbance force forward feed with p synthesis was suggested in [23].
The parallel platform governed by hydraulic system showed high
disturbance force during the tracking motions. In this case, the robust
controller eliminated the influence of known uncertainties. A new
mathematical method [24] used an identification transfer matrix for
parallel system dynamics analysis. Article [25] focused on deriving a
robust back-stepping control methodology to solve the active vibration
isolation problem of the parallel robotic system. The solution of a
control problem where the robotic system was loaded with asymmetric
payloads was presented in [26]. The examples of different variation of
robust controller, such as robust sliding-mode control were analyzed
in [27]. The method solved the motion problem with uncertain
dynamical behavior in presence of non-linearity. A regulation control
of the parallel robots was introduced in [28]. The control schema was
applied in the double input/double output (DIDO) subsystems. A novel
non-linear adaptive control method, using the robust observer was
reported in [29]. A robust-based control algorithm assures the system’s
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asymptotic stability and it is based on Lyapunov methodology. A simple
robust auto-disturbance rejection controller (ADRC) in link-space [30]
was used to realize high precision tracking control of a 6 (DOF) Stewart
platform.

Medical Robotics-A Profitable Challenge

Medical robotics is an exciting and relatively new field. Robotics
plays an important role in medical engineering. Medical robots were
initially used in the 1980s, in the field of urology. Robotic arms were
developed and used for prostate resection. They can also be highly
specialized and assist in diagnosing and treating patients. While there
is still much more work to be done, using robots can enhance medical
treatments in terms of both the quality and accessibility of care. Using
robots can help reduce human error and bring highly specialized
information to remote areas without requiring physicians’ direct
intervention [31].

For instsance, in radiation therapy, high-energy radiation from
X-rays, gamma rays, neutrons, and other sources has been used to kill
cancer cells and shrink tumors. Radiation may come from a machine
outside the body (external-beam radiation therapy), or it may come
from radioactive materials placed in the body near cancer cells (internal
radiation therapy, implant radiation, or brachytherapy). The usage of
robotic systems to improve the cancer treatment outcome is a new
field. This field overlaps with electronics, computer science, artificial
intelligence, mechatronics, nanotechnology, and bioengineering.

For this purpose, paralle robotic systems can be used in medical
facilities to perform different tasks such as delivering radiation
sources, real-time tracking during radiation delivery or external beam
delivery. In recent years, the investigation of various aspects of motion
management and tracking in medicine, using parallel robotic systems,
leaded to development of tools to deliver precise dose to moving target
[32]. Consequently, there are strong reasons to believe that medical
robotic systems, including parallel manipulators, will continue to
attract significant attention in the scientific community.
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