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In this paper, we formulate a hybrid mathematical model of an inventory system with piecewise holding cost. We write
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model with various desired inventory level. From the computational simulation results, we observed that the inventory
level follows the given desired inventory level very well. © 2015 IEEE.
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Abstract—In this paper, we present a new approach to track
moving objects in videos having a dynamic background. At
first, we apply an object detection algorithm that deals with the
detection of real objects in a degraded video by separating them
from turbulence-induced motions using a two-level thresholding
technique. Then, a generalized regression neural network is used
to track the detected objects throughout the frames in the video.
The proposed approach utilizes the features of centroid and area
of moving objects and creates the reference regions instantly
by selecting the objects within a circle. The performance of the
proposed approach is compared with that of an existing approach
by applying them to turbulence degraded videos, and competitive
results are obtained.

Keywords—Dynamic background; target tracking; moving ob-
ject detection; generalized regression neural network; Kalman filter.

I. INTRODUCTION

Target detection and tracking is an important task in
many computer vision applications such as surveillance, safety
detection, traffic management, military guidance, and so on
[1]–[3]. Tracking can simply be defined as the problem of
estimating the path of a target in the image plane as it moves
around a stationary or dynamic scene. Target tracking can
be challenging due to several reasons such as noise in the
images, non-rigid nature of targets, illumination changes of
scenes, and turbulence in the propagation medium. Amongst
those problems, turbulence is a significant one, especially in
the cases of long-distance imaging and underwater imaging,
which is caused due to the reflection and refraction of light
rays throughout the medium of interest’s path resulting in
random geometric distortions and non-uniform blurring of the
acquired videos [4]–[6]. A variety of tracking algorithms has
been proposed so far; only a few of those algorithms take the
effect of dynamic backgrounds into consideration whilst most
of them do not.

A model-based algorithm is proposed in [7] to track
moving objects in a complex background. The algorithm
decomposes the images of objects into 2D motion and 2D
shape-change, which are explicitly represented by a sequence
of models used to track the objects. The application of this
algorithm is limited to those problems where objects move
slowly, that is, the non-translational motions are small from
frame to frame. The authors in [8] show that the color
distributions of multi-color targets can be modeled based on
Gaussian mixtures, which in turn, are used to track the targets.
A probabilistic method is developed in [9] for background

subtraction, in which each pixel of an image is modeled as
a mixture of Gaussians. The models are updated using an on-
line approximation that is suitable for real-time target tracking.
The sensitivity of detection for this method decreases when the
background changes rapidly, and also if modeled with a small
number of Gaussian distributions.

An adaptive Kalman filter is proposed in [1] for tracking,
where the moving objects selected by a user are segmented
and the prime colors of those segments are extracted. Using
those prime colors as features, a motion model describing
the system is employed to track the objects in the upcoming
frames. A linear Kalman filter-based multiple objects tracking
algorithm is presented in [2] which uses the centroid and the
area of the moving objects as the features for matching and
tracking objects. The developed motion model in [2] does not
require any manual input for initialization, though it is only
applicable to scenes having a static background. In order to
reduce the estimation errors caused by typical Kalman filters
due to the uncertainty of the state and observation models, a
centroid weighted Kalman filter is proposed in [10]. It applies
a background subtraction technique to detect moving objects
and uses the specialized Kalman filter to predict the objects’
next locations. The method is only suitable for short-distance
imaging, since a simple background subtraction operation
may not accurately detect moving objects in long-distance or
underwater imaging where backgrounds are always in a warp-
ing nature. Using a combination of particle filter and Gibbs
sampling, a multi-target tracking approach is proposed in [11]
where the particle filter predicts the trajectories of the targets
in the upcoming frames and the Gibbs sampler estimates the
stochastic vector of assignment. However, the conventional
particle filter tracker cannot effectively differentiate moving
objects from background in the case of complex sceneries.

There are several other methods that use artificial neural
networks (ANNs) for tracking moving objects. The main
advantage of those methods is that they do not require a motion
estimation model. A feed-forward neural network (FFNN) is
applied in [12] for multi-target tracking, though only for static
scenes. The method handles detection and labeling of targets
separately because of the specialization of target detection
algorithms which intensifies individual skills. In order to apply
for complex backgrounds, a new approach incorporating the
learning technique of the deep neural network with an on-line
boosting framework is proposed in [13]. The deep learning
architecture is capable of automatically learning useful features
of images in different levels, whereas boosting framework
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Abstract—A Stewart platform is a well-known mechanism
which can be used for a wide variety of vibration control
problems. In this paper, an LQR controller for a Stewart
platform prototype is proposed which, combined with propor-
tional derivative gain matrix, achieves a good performance when
compared to the classical PID control system. By testing some
trajectories, we observe that the tracking error between the actual
and pre-established trajectories is smaller when applying the
controller designed in this work. The final purpose is not only the
implementation of this kind of control to a real Stewart platform
constructed at the Universitat Politècnica de Catalunya (UPC) by
our research group, but its application to other similar parallel
robots.

Keywords—Stewart platform; inverse kinematics; LQR control;
tracking control.

I. INTRODUCTION

The control of dynamical systems affected by complex
vibrations is a challenging problem of interest in the field
of automatic control. In recent years, it has been remarkably
developed a line of vibration control in structures subject to
external perturbations in the base [1], [2], [3], [4], [5], [6], [7].
Usually, the excitations are considered in a single direction
only, i.e. one degree of freedom. In very few cases there
have been taken into account disturbances in multidirectional
vibrations [8], [9].

One of the most significant structure of parallel robot is the
Stewart platform. It can be classified as a complex mechatronic
system because a variety of different topics are involved in
it: mechanics, electronics, computing and control. This kind
of robot is a six degree-of-freedom manipulator mechanism
composed by two parallel platforms, that is, a base platform
and a top plate connected by six extensible legs. To modify
the position of the top plate relative to the bottom platform,
the legs have to move in a coordinated direction in order to
produce a desired displacement. Although it was created in
1965 as a flight simulator [10], in recent years it has been
used in industry areas such as energy generation, automotive,
mechanics, aeronautic or civil engineering. Some applications
are found in machine tool technology [11], precision laser
cutting [12], surgical operations [13], throwing platform of
missiles, radio telescopes [14], vehicle suspensions [15], med-
ical imaging [16] or biomechanics [17], among others. In
addition, other potential applications can be found on ships,
buoys or floating platforms at sea supporting devices such as

precision instrumentation systems, cranes, positioning systems
or wind turbines.

Undoubtedly, one of the main goals of a Stewart platform
is to generate, with high accuracy, pre-established multidirec-
tional movements in order to study their effect on flexible
structures located on the top plate [18]. Since we have a
platform prototype designed and constructed by our research
group at the UPC, the first task is to get a precise tuning.
For this purpose, we will design control laws in order to
measure if the center of the top plate follows a given trajectory
with minimum error. Once it is assumed that the platform
moves with high precision, it can be used to carry out more
complex simulations, generating multidirectional excitations
for different applications.

An important drawback in this problem is the nonlinear
character of a Stewart platform [19]. In order to carry out
a real-time control, a simplification of the motion equations
is required. In this case, model linearization is a very com-
mon strategy that facilitates the controller design and im-
plementation but, at the same time, it may introduce unde-
sirable inaccuracies when the platform moves far from the
linearization point. Usually, when working with a linearized
system, the control forces applied on the legs are based on
classical PID controllers. However, in this paper we design
and implement an LQR controller which is modified with the
addition of a derivative gain matrix to reduce the tracking error
for a given trajectory. By means of two preset trajectories,
the proposed controller is tested, producing less error when
the modified LQR control is applied. The simulations are
performed with Matlab together with the toolboxes Simulink
and SimMechanics [20], [21], after introducing the parameters
and the characteristics of our platform prototype. The designed
controller could provide good performance when applied to a
real platform.

The paper is organized as follows: Section II is devoted to
the characteristics of our Stewart platform prototype. Section
III summarizes briefly the inverse kinematics method for
control purposes. Section IV presents two kind of controllers,
a PID controller and a modified LQR control to be compared.
The numerical and graphical results for two different trajec-
tories are discussed in Section V. Finally, the conclusions are
given in Section VI.

58

user
Highlight



Int’l Conf. on Advanced Mechatronics, Intelligent Manufactur, and Industrial Application 2015 (ICAMIMIA 2015) 
Institut Teknologi Sepuluh Nopember (ITS), Surabaya, Indonesia, on October 15-17, 2015 

Trajectory Tracking of A Wheeled Wall Climbing 
Robot Using PID Controller 

 
Chung-Hsien Kuo and  Hung-Chyun Chou Felix L. Chernousko, V.G. Gradetsky and Nikolay 

Department of Electrical Engineering, Bolotnik 
National Taiwan University of Science and Technology The Institute for Problems in Mechanics RAS

Taipei, Taiwan, ROC Moscow,  Russia 
e-mail:  { chkuo,  d9907308}@mail.ntust.edu.tw e-mail:  {chern, gradet, bolotnik}@ipmnet.ru

Yunafi'atul Aniroh, Eko Setijadi  
Diploma of Electrical Enginering,  

Sepuluh Nopember Institute Of Technology,  
Surabaya, Indonesia  

email: {yuna, ekoset} @ee.its.ac.id  
 
 

Abstract—One of the most challenging research topics in 
robotics is the wall climbing robot. The wall climbing robots are 
able to perform dangerous operation, such as cleaning the high-
rise building. This paper present Trajectory Tracking of a 
Wheeled Wall Climbing Robot Using PID Controller. To make 
sure that the wheels can be always well contacted to the wall 
without sacrificing robot’s mobility is the most important 
consideration for controlling the wall-climbing robot. To evaluate 
the performance of the robot and the proposed controller, this 
paper conducted experiments of several trajectory tracking. 
Practically, encoder sensor provides the spatial posture 
information for realizing PID control schemes. The sensor is 
connected to a field-programmable gate array (FPGA) based 
onboard motion controller to generate control inputs for wheel 
motors and suction motor according to a specific trajectory. 
Finally, real tests were performed with the trajectories of circle, 
triangle and rectangle. The results were evaluated according to 
the measurement of the accuracy of trajectory. 

 

Keywords— Wall climbing robot, PID controller, trajectory 
tracking. 

I.  INTRODUCTION 

The wall climbing robot is one of the most challenging 
research topics in robotics. The wall climbing robots are able 
to perform dangerous operation, such as inspection of the 
high-rise building, spray painting and sand blasting of gas 
tanks, maintenance of nuclear facilities, aircraft inspection, 
surveillance and reconnaissance, assistance in firefighting and 
rescue operation, etc. The wall climbing robot with the 
function of transit between different surfaces, which include 
grounds, walls, and ceilings has been developed by The 
robotics team of the City College of New York (CCNY) [1, 2, 
3]. 

The designs of movement platforms of a wall climbing 
robot are usually categorized as legged [4], [5] and wheeled 
[6], [7] configurations. The legged wall climbing robots are 
designed with complicated leg structures. Contrarily, the 
wheeled wall climbing robots are designed with simple rotary 
wheels. In this paper discusses about the trajectory tracking of 
a wheeled wall climbing robot using simple controller, PID 
controller. [8] presents an adaptive controller for the trajectory 

tracking and the stabilization of the robot via the adaptive 
backstepping approach. Despite the remarkable theoretical 
accomplishments and successful applications of adaptive 
control, the algorithm is very complicated. To avoid this 
problem, this paper propose simple controller to control the 
robot movement along the trajectory planning. 

Practically, encoder sensor provides the spatial posture 
information for realizing PID control schemes. The sensor is 
connected to a field-programmable gate array (FPGA) based 
onboard motion controller to generate control inputs for wheel 
motors and suction motor according to a specific trajectory. 
Finally, real tests were performed with the trajectories of 
circle, triangle and rectangle. The results were evaluated 
according to the measurement of the accuracy of trajectory. 

II. SYSTEM OVERVIEW 

This section describes about wall climbing robot design, 
which consists of Mechanical Design, electronic design and 
PID controller. 

2.1. Mechanical Design 

 The design concepts for the wall climbing robot can be 
separated into three main components. The two major 
components are the vacuum motor and vacuum chamber seal. 
Combined together, they produce the most critical device that 
makes the robot “stick” to wall surfaces. The third component 
is the locomotion mechanism that is responsible for the planar 
motion on the surface the robot is adhering to. The following 
sub-sections describe the design concepts and alternatives of 
each component. 

2.1.1. Vacuum Motor 

 In order to make the robot moving on the wall, the robot is 
equipped with a commercial portable vacuum cleaner (Fig. 1). 
The rated voltage of the vacuuming motor is 18 volt for the 
purpose of proper vacuuming.  
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