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Abstract

In this thesis, static and dynamic camera-based object tracking systems have been developed.
The static camera-based object tracking system was developed using LabVIEW and Math
Script node. The dynamic camera-based object tracking system has been proposed using a
Fuzzy-PID controller to locate and expeditiously follow the course/ trajectory of the moving
object. The pan/tilt mechanism (a servomechanism) has been used to adjust the pan/azimuth
and tilt/elevation positioning of the camera setup. PID, Fuzzy and Fuzzy-PID controllers have
been designed for comparison purposes. A genetic algorithm was implemented in order to
obtain the optimal values of the Fuzzy-PID controller parameters. The corresponding objective
function used for optimization was Integral of Time-weighted Absolute Error (ITAE). The
simulation results showed that the pan and tilt system time responses recorded for the Fuzzy-
PID controller were 9.4 and 7.9 milliseconds rise time, and 16 and 15 milliseconds settling
time respectively. In both cases the steady-state error and the maximum overshoot were
negligible i.e., steady-state was reached. The overall performance shows that GA tuned Fuzzy-

PID controller has given us the best results in contrast to the other control techniques.

Keywords: Object Tracking, LabVIEW, Fuzzy-PID, Pan/Tilt System, Genetic Algorithm.



Obiject Detection and Optimal Fuzzy-PID Controller Design for Tracking

Chapter One

Introduction

1.1 Background

All animals need to recognize the dynamic nature of their surrounding environment [1]. They
do detect and manifold those environmental changes through physiological systems placed in
their body. The five sense organs used by animals to understand the scene and take the right
actions to reach their goals are sight, hearing, touch, smell, and taste. Animals other than
humans (non-rational animals) intentions are just simple and limited to safety, chasing for food
and defense. But humans have a high level of understanding and are capable of interpreting the
changes happening in the environment, adding knowledge, and think forward to do in advance

for future behaviors [1].

Interest object detection and tracking are significant researches in the field of computer vision
[2]. Computer vision [3] is the study of letting computers see, recognize and further interact
with the world in the way we human beings do. In order to understand and cooperate with the
world, computers must be talented to locate objects of interest and continuously follow these
objects. This is the task of visual tracking which is also the heart of numerous computer vision

applications such as surveillance, robotic, and monitoring applications [1, 2].

The first computer vision-connected research works began in the early 1970s [4]. Researchers
tried to impersonate human intelligence into computers. And during then, computer vision was
considered as a visual insight component. By feeding a computer some visual inputs, it was
expected to define what it sees. The summer vision project proposed by the undergraduate
student Gerald J. Sussman of MIT was taken as an example. By linking a camera, a computer

was aimed to define what it saw in the surrounding environment [4].

Computer vision systems do not need all sensitive senses rather than sight [1]. They are
equipped only with "eyes" and attempt to understand the surrounding environment looking for
scene modifications [1]. Scene changes can be occurred due to illumination changes, noise in
the acquisition process, and objects movement. The behavior and movement of the object are
the most significant features to be traced, due to the fact that illumination changes are global
properties and could not give enough information about the dynamic nature of the scene. Noise

is an unwanted signal added, by the acquisition device, over the real representation of the scene.

Addis Ababa Institute of Technology (AAIT) October 2021 GC 1



Obiject Detection and Optimal Fuzzy-PID Controller Design for Tracking

In the extraction of objects' motion in an image, illumination changes and noise should be

considered with great care as their change causes it difficult [1].

Obiject tracking, the main objective of this thesis, is the method of locating a moving object (or
several ones) and estimating its course along time in a sequence of images. It comprises two
steps: detection of interest objects and traces their trajectories. Furthermore, object tracking
could also involve behavior analysis, object and activity classification, specific person
identification, counting, flux statistics, and alarming. Tracking [5] is the way of locating a
moving object or multiple objects over a period of time with a camera. Object tracking is

technically a problem of reckoning object paths in image planes while moving around a scene.

Normally, tracking is seen as the main task involving several subtasks such as image
segmentation for object detection, object matching, and position estimation. Lots of tracking
algorithms have been established to implement and solve these subtasks. But each of the
algorithms has its strengths and weaknesses. To find an optimal tracking system for a certain
kind of application, extensive researches have been conducted in this field over the last years.
Even though different object tracking approaches have been proposed in many works of
literature for the last years, they are not capable to generate accurate results for all kinds of
scenes. Good results are dependent on a certain number of assumption verifications [1]. This
reason is the motivation to study and implement new tracking approaches introducing new

concepts, such as the Fuzzy-PID controller, to improve the tracking process.

LabVIEW, a graphical programming language first brought up for the Apple Macintosh in
1986, can be utilized for many applications like computer vision, data acquisition, industrial
automation, instrumental control, and different computations [13]. Image processing using
LabVIEW gives better results. It takes place with block representations and becomes simpler
than writing complicated programming. Object tracking, pattern matching, edge detection, and
histogram, etc. can be easily done using the NI-LabVIEW and NI-Vision Assistant [13, 23].

This thesis work is a great tool to learn about image processing and servo control mechanisms
using NI-LabVIEW and GA tuned Fuzzy-PID controller and can be utilized for many

applications so that it can greatly reduce very tedious and repetitive human-based operations.
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1.2 Problem Statement

Besides its need, tracking an object from a video has made outstanding improvements in many
aspects. Despite this, object tracking and its process is a very difficult task and remains a
challenge for researchers. The need for efficient and relatively simple object tracking methods

also increases drastically.

Many object tracking algorithms have been proposed to detect and track the moving object
from the scenes, but those algorithms require more time to process and be effective, and
become more complex. Complex algorithms, long design and computation time, increased
cost, non-efficient results and unsatisfactory real-time processing requirements are the

challenges.

The presented work goal is to study the problem of object tracking in a sequence of images
using Fuzzy-PID control concepts. The object must have a distinguishing feature that can be
used to characterize it. In this work, only the value of grey level (histogram) is used to
distinguish the object from the background. With the introduction of GA tuned Fuzzy-PID
controller, optimal tracking of the moving object is expected.

Therefore, LabVIEW-based object tracking is used to eliminate and replace the complicated
programming language with a simple drag and drop graphical programming language. The
genetic algorithm tuned Fuzzy-PID controller here is used to optimally track the object of

interest by controlling the pan/tilt mechanism which is governed by servo systems.

1.3 Objectives of the Thesis
1.3.1 General Objective
The main objective of this thesis is Object Detection and Design of a Genetic Algorithm Tuned

Fuzzy-PID Controller for Tracking.

1.3.2 Specific Objectives
The specific objectives of the thesis are:

i.  Object detection and tracking in LabVIEW.
ii.  To build a modeling simulation for DC servo-motors using NI Control Design and
Simulation Module.
iii.  Todesign PID, Fuzzy Logic, and Fuzzy-PID controllers for the pan/tilt mechanism.

iv.  Todevelop a genetic-algorithm based parameter optimization for both the conventional
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PID and Fuzzy-PID controllers.

v.  Over all model simulation and evaluation.

1.4 Contribution of the Thesis

This thesis contributes the use of genetic algorithm tuned PID and Fuzzy-PID controller
methods for moving object course tracking with a dynamic camera configuration. The use of
LabVIEW NI-Vision for the static camera-based moving object trajectory tracking is also

another contribution of this thesis.

1.5 Organization of the Thesis

This thesis is organized into five chapters. The first chapter of the thesis presents the
background section of the study, problem statement, objective, and contributions of the
study. Chapter two presents background and literature review, where a detailed review on
object detection and tracking is made. LabVIEW and its different features which are required
for the tracking system are also discussed. Furthermore, PID and Fuzzy-Logic controllers are
discussed in detail. In the literature review section of this chapter, a comparison of this research
and the most related recent research works are discussed. In chapter three, the methodology
followed in LabVIEW NI-Vision for object detection and tracking, and modeling and
parameter selection of the actuator is presented. Chapter four presented the design and analysis
of PID and Fuzzy-PID controllers and genetic algorithm optimization for object tracking
systems. The result and discussion section of the thesis is presented in chapter five. Simulation
results are presented both in graphical and tabular forms and a brief discussion is made based
on the obtained results and the objective of the study. Finally, the last chapter of the
thesis, chapter six, mentions the conclusion and future works for future study.

Cited references and supporting appendices are noted at the end of this thesis report.
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Chapter Two

Background and Literature Review

2.1 Object Tracking and Detection

Being part of computer vision, object tracking is a very difficult and complex research area but
has many practical applications. The complexity of the tracking method arises due to many
problems like noise, quick lighting condition changes, sudden or complex object motions,
change in appearance patterns of the object and the view, non-rigid object appearances, object-
to-object, and object-to-view occlusions, camera motion, and real-time processing

requirements [1, 4].

Some assumptions are made in almost all object tracking algorithms depending on the type of
application needed to make tracking algorithms to minimize their complexity. For instance, the
assumption taken looks like object motion is smooth, or impose some constraints on the object

moves to make it constant in velocity or acceleration [4]

Human-computer collaboration became more effective due to the emerging technology of
object tracking. Computers are allowed to get an improved model/ prototype of the real world.
For example, in areas where human communication is difficult to state the environment in a
quick and accurate way, autonomous vehicles can be used instead and generate reliable, exact,

and effective results [4].

Object tracking is done by using sensor measurement results; for instance, the sensors like
camera, radar, sonar, microphone, infrared sensor, ultrasound, or any other sensor types can be
used [6]. These sensor measurements can be utilized to gather information data about objects
surrounding the environment, to find out the position, course, and features of objects of interest.
Based on the data obtained from the sensors, tracking algorithms are employed in order to

generate some essential information from the scene.

Object detection involves locating objects in the frame of a video sequence. Every tracking
algorithm needs an object-detection system either in each frame or when the object first appears
in the video [5].

The three main steps used by the tracking process are detection of object of interest, tracking

of those interest objects, and examination of object tracks to understand and interpret their
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behavior. Tracking algorithms are capable of identifying objects in video images and follow
them in successive sequential video frames. They can identify and locate target objects while
ignoring similarly shaped objects. This is in order to track the object’s trajectory, measure the

speed, and/or investigate the object’s interaction with other objects [6, 7].

2.1.1 Application

The early tracking algorithms were mainly used in surveillance tasks, but nowadays researchers
made tracking algorithms applicable in a wider range of fields such as [1]: Video surveillance,
Human-machine interaction (HMI), Traffic monitoring, Medical support, Live sport video
analysis, Laboratory animal tracking, Smart rooms, Robotic vision, and Air space monitoring,

etc.

An important tracking problem is the tracking of aircraft with radar, such as for air traffic
control [6]. Military surveillance systems use radar tracking in order to identify aircraft's type,
speed, location, and the likelihood of intentions whether they are a threat or not. Those radars
can have a wide variety of measurement capabilities ranging from simple range measurements
to high-resolution imaging. Radar uses reflected radio waves to measure the direction, distance,
and radial speed of the detected object. A radar transmitter emits electromagnetic waves, which
are reflected by the object and detected by a receiver. The measured data are used to draw out

paths, which are often presented together with the object reflections on a display screen [6].

Nowadays, video surveillance is used in all sectors of society such as airports, buildings, banks,
department stores, casinos, railway stations, highways, streets, stadiums, crowd gathering
places, and all government institutions, as a means to increase public safety and security and

deter criminal acts [6].

In order to provide weather forecasts, weather bureaus release weather balloons and track them,
which then provide information on high-altitude wind velocities, pressure, humidity, and

temperature [6].

In addition, in the examination of cell biology medical researchers carefully organize and
capture sequential images at a regular interval where in some cases the images can be collected
for several days. The collected images are then analyzed manually in order to find the required
parameters such as speed, division, and death of each cell [6]. This process is a very time-

consuming task and may lead to making an error, sometimes it became impractical too. And
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therefore, in order to escape from such difficulty, this problem can be formulated as the
problem of tracking cells over a sequence of images. The events of cell division and death are

then observed by looking at the track initiation and termination probabilities [6].

2.1.2 Object Representation

The object tracking process can have different steps to follow; object representation, object
detection, object tracking, and interpretation. And to have an efficient and successful object
tracker, it is necessary to have the best representation of the object of interest depending on the
application we need. Usually, object representation is defined to consist of a shape
representation and/or an appearance representation. A brief description of the two is given
below: [4, 5].

Shape Representation
The most widely used shape representations include points, geometric shapes, silhouettes,
articulated shape models, contour, and skeletal models [4, 5]. The different approaches

regarding shape representation are given in Figure 2.1 below.

Q) -
<

(a) (d)

(h) (1)

Figure 2.1: Shape representation approaches: (a) single point, (b) multi-point, (c) geometric/
rectangle, (d) geometric/ ellipse, (e) articulated shape, (f) skeletal model, (g & h) contour, (i)
silhouette [4].
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Appearance Representation

As for shape representation, there are various ways to represent the appearance feature of the
object [4, 5]. Both shape and appearance representations are combined while doing object
tracking. The most commonly used appearance representation methods are [4, 5, 8]: probability
densities, templates, active appearance models, and Multiview appearance models.

2.1.3 Object Detection

Identification of stationary background from the foreground object is a very significant task
but remains the most difficult problem for researchers [1]. Detecting the foreground objects is
the initial step of a visual surveillance system. Object detection became more difficult with the
occurrence of short and long-term dynamic scene changes. These changes include repetitive
motions like waiving tree leaves, shadows, noise on the camera, light reflectance, and sudden
illumination variations [1]. Hence, it is important to pay necessary attention to object detection

steps to have a reliable, and fast visual surveillance system [1].

Object detection methods can be motion-based or feature-based object detectors [1]. In motion-
based detection, the movement of objects can be detected as revealed by the dynamics of the
scene. The most common motion-based object detection methods are frame differencing,
optical flow, and background subtraction [1, 5]. A feature is a unique attribute of an object.
Selecting the right feature plays a great role in tracking applications. Features include color,
grey level, contour, edges, and texture [1].

After identifying the feature of the object to be represented, one can use either of the following
object detection methods, which are: point detectors, background subtraction, segmentation,
supervised learning, or temporal differencing [4].

2.1.4 Object Tracking

Obiject tracking is a problem of creating correspondence with objects or parts in a consecutive
frame in order to fetch information of the object like trajectory, speed, posture, and direction,
etc. [5]. It is an important part of many systems like surveillance, traffic monitoring, and air

space monitoring [1, 4, 5].

There are many different algorithms that are utilized for the aim of tracking objects [4,]. Some
algorithms only handle single object tracking while others explicitly handle the case of

occlusion to make it possible to track multiple objects. Algorithms used for object-tracking can
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be categorized into broad groups or categories. The most common way is to divide these
methods into three groups which are kernel tracking, point tracking, and silhouette tracking [4,

5, 8]. These are usually divided into two subcategories each and are shown in Figure 2.2 below.

Object Tracking
y Y y
Point Tracking Kernel Tracking Silhouette Tracking
h J Y h J h J h J h J
Deterministic Probabilistic Multi-view Template Contour Shape
(Statstical) Based Based Evolution Matching

Figure 2.2: Types of object tracking approaches [4].

Point Tracking

This point tracking approach is used when one needs to denote the object of interest as point(s).
Then tracking is performed by observing the state of point(s) in terms of position and motion
[4]. It is made possible by associating points across frames based on the previous object states.
This makes it a complicated problem especially when there has an increase of complexity like

occlusion, misdetections, and entries and exit of objects [4].

Kernel Tracking

This kernel-based tracking approach is based on reckoning the movement of an object
represented by a primitive object region. By employing motion models and analyzing the
movement of an object from one frame to the other, determination of its next position is
possible [4]. Kernel, in this view, refers to the look of the object that comprises the shape and
appearance. Kernel tracking methods can be categorized into two categories as multi-view-
based appearance model and template-based appearance models as shown in Figure 2.2 above
[4,5,8].

Silhouette Tracking

Silhouette tracking is also known as region tracking or region-based tracking gives an accurate
shape description of objects which have complex shapes like hands, shoulder, and head that
cannot be well described by simple geometric shapes [4, 8]. The main objective of a silhouette-

based object tracker is to get the object region in every frame by way of an object model

Addis Ababa Institute of Technology (AAIT) October 2021 GC 9



Obiject Detection and Optimal Fuzzy-PID Controller Design for Tracking

generated from the previous frame [8]. Silhouette-based object trackers could be, shape
matching type or contour tracking approach. Contour tracking approaches develop an initial
contour to its new position in the current frame by using state-space models or direct
minimization of some energy functions while shape matching approaches to search for the

object silhouette in the current frame [8].

2.2 Object Tracking in LabVIEW

Object tracking in LabVIEW is done with help of a mean-shift algorithm. A mean-shift
algorithm is an effective approach for target object tracking and to acquire sequential images
and is not greatly affected by the presence of similar objects [7]. In the mean-shift algorithm,
the interest object’s current location is searched based on the histograms of the object generated
in the previous image frame. The peak of the probability density function near the object’s old
position is found by shifting the mean of the result [7]. The mean-shift algorithm needs the
correct determination of the initial location of the target object. Having given the initial location
of the target, new target locations are searched by ignoring many other similar-shaped objects

as the video images progress sequentially in time [7].

2.2.1 LabVIEW
LabVIEW (Laboratory Virtual Instrumentation Engineering Workbench) is a graphical-based
programing language developed by National Instruments (NI) [32, 34].

LabVIEW programs are referred to as Virtual Instruments (VIs) due to their appearance and
functioning mimic physical instruments such as oscilloscopes and multi-meters [33]. Its
graphical nature makes it ideal for test and measurement (T&M), automation, instrument
control, data acquisition, and data analysis applications. This results in significant productivity
improvement over conventional programming languages and National Instruments' focus on

products for T&M, giving them a good insight into developing LabVIEW [32].

2.2.2 Virtual Instruments

Virtual Instruments (VIs) are LabVIEW programming elements that contain block diagrams,
front panels, icons, and connector panes which are used to create programs [32, 33, 35]. The
front panel consists of indicators and controllers while the main code of the V1 is located in the
block diagram. Icons are visual representations of VIs and consist of connectors for program
inputs and outputs. Programing languages such as C and BASIC use functions and subroutines

as a programming element, while LabVIEW uses the VI. In order to create large-scale
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applications, multiple Vs ranging to several of hundreds are used. User interface elements in

VIs such as graphs, controls, are drag-and-drop and this makes LabVIEW easy [32].

Front Panel

Front panels, build with controls and indicators, are the user interface part of the VI. The
controls are the interactive input terminals while indicators show the output of the program for
the user. Control terminals include input devices like pushbuttons, knobs, and dials while
indicators show results and include graphs, LEDs, and other displaying devices [32, 35]. The
front panel of the VI is shown in Figure 2.3 (a) below.

3 simpleAdder.vi — O X [ simpleAdder.vi Block Diagram *  — O x
File Edit View Project Operate Tools Win ] File Edit View Project Operate Tools Window |
S @ N P R @I G 2 T T il
% - “
1y 0
720
stop
L L
< > L4 >

(@) (b)
Figure 2.3: Virtual Instruments: (a) front panel; (b) block diagram

Block Diagram

The objects from the front panel are controlled by the code build with a graphical illustration
of functions in the block diagram [35]. The graphical source code of a program is contained in
block diagrams as seen in Figure 2.3 (b) above. It contains input and output terminals, wires
that transfer data between the block diagram objects, subVIs, constants, functions, and
structures, etc. [35]. Connector panes and icons are also built-in LabVIEW block diagrams in
order to be used in high-level VIs to reduce the complexity of the program. subVIs are also
used within another VI which corresponds to a subprogram in text-based programming

languages. lcons which may include texts, images, and both of the two, are graphical
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representations of a VI [35]. Connector panes are used to build VIs as subVIs by setting up

controls and indicators of the VI i.e., inputs and outputs of the V1 [35].

2.2.3 Machine Vision Basics in LabVIEW

Machine vision (MV) is the way toward applying a scope of advancements to give an imaging-
based programmed assessment, measure control, and robot direction in modern applications
[7]. The essential uses for machine vision are programmed assessment and robot direction. In
machine vision, PCs are let see and comprehend their current circumstance as we people do.
In addition, PCs are let make moves depending on their perspective on the encompassing when

required [7].

And to perform for computers vision capabilities, the following components are basic [7]:

Images and Component of the imaging system.

Images

The fundamental computerized picture (image) is made out of a two-dimensional cluster of
numbers. Each number in the exhibit speaks to an estimation of the littlest visual component,
a pixel. The listed area of the pixel esteem in the cluster relates to the X and Y areas of the
pixel inside the picture, as estimated from the upper left corner. Pictures can be partitioned into

three, Grayscale picture, Binary picture, and Color picture [7].

The most ordinarily utilized picture design for finding the presence of the item, area, and size
data is a binary picture [7]. The binary picture pixel has two-digit esteems, where an object has
the estimation of 1 and the background has the estimation of 0 much of the time. Since there
are just two qualities utilized, it is frequently called a 1-bit picture (bit depth of 1, or 21). To
make a binary picture, the grayscale picture is generally utilized as a beginning stage. By and
large, we utilize a threshold value to change over a grayscale picture to a binary picture. For
the situation that the interest object in a picture is splendid against a dull background (the
imaged item's pixel esteem is bigger than a picked threshold value), it is named the object (a
pixel picture estimation of 1) and if the picture esteem is not exactly the threshold, it very well
may be named the background (the pixel picture estimation of 0). Notwithstanding, it should
be noticed that there will be situations where the dim pieces of a picture may speak to the object
with the bright part including the background. When the grayscale picture is changed over to a

binary picture, different picture preparation capacities can be utilized. For instance, we can

Addis Ababa Institute of Technology (AAIT) October 2021 GC 12



Obiject Detection and Optimal Fuzzy-PID Controller Design for Tracking

utilize the particle analysis function from which the size, zone, and focal point of the object

can be handily gotten [7].

Digital color pictures from advanced cameras are normally portrayed by three-color esteems,
R (red), G (green), and B (blue). The three-color esteems that speak to a picture pixel depict
the color and brightness of the pixel. All in all, the brightness and color of the pixels in a picture
got from an advanced color camera are commonly characterized by the blend of the R, G, and

B values. All potential colors can be characterized by these three essential color mixes [7].

Component of Imaging System
The basic parts of the imaging system are the vision system (camera, lens, bus, and lighting),

image/ video acquisition (computer), and image processing (software) [7].

2.2.4 Software Used for Vision Systems in LabVIEW
National Instruments offers different kinds of Vision software depending on our application
and our needs. And are given below [36]:

e NI Vision Acquisition Software

e NI Vision Assistant Software

e NI Vision Development Module

e NI Vision Builder for Automated Inspections

e LabVIEW Math-Script RT Module (optional)

e LabVIEW Control Design and Simulation Module (optional)

+ CL Search % Customize¥

IMAL E> wfl Pa
b= b= b= bt
NI-IMACG Vision Utilities Image Machine Vision
Processing
=] | Y
h = b
MI-IMACdx Yision RIO Vision Express

Figure 2.4: Vision and motion palette in LabVIEW
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NI-Vision Acquisition Software

NI-Vision Acquisition is the fundamental programming we have, to make vision applications
in LabVIEW. It incorporates vital drives, for example, NI-IMAQ and NI-IMAQdx. The NI-
IMAQdx driver programming enables us to obtain pictures with IEEE 1394 (firewire), GigE
Vision (Ethernet), and USB cameras [36].

NI-Vision Assistant Software

It is a device for prototyping, testing, and making picture-handling applications [7]. To model
a picture preparing the application, custom algorithms with the vision assistant script
component are developed. The script component records each progression of the preparing
algorithm and in the wake of finishing it, one can test it on different pictures to ensure that it
works [37].

NI-Vision Development Module
NI-Vision Development Module is utilized for further developed machine vision and picture
preparing/processing applications. It contains many pictures handling and machine vision

capacities. This bundle incorporates the underlying capacities for [36]:

e Pattern matching

e Texture recognition

e Counting and classification

e OCR (Optical Character Recognition)
e Bar code readers

e Image filters etc.

NI-Vision Builder for Automated Inspections
NI-Vision Builder for Automated Inspection (Al) is an outer and free application for building

machine vision applications without the requirement for programming [36].

LabVIEW Math-Script RT Module

This module is a text-based device that is fundamentally the same as MATLAB. The syntax
structure is like MATLAB, we can make and run alleged m files, and so forth. The module is
accessible from the tool’s menu inside LabVIEW. Math-script is an advanced, text-based

programming language. Math-script incorporates in excess of 800 inherent functions and the
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syntax is like MATLAB. We may likewise make custom-made m-files as we do in MATLAB
[38].

In spite of the fact that Math-script is an extra module to LabVIEW, we don't have to realize
LabVIEW programming to utilize it. At the point when we need to coordinate Math-script
functions (built-in or custom-made m-files) as a component of a LabVIEW application and
consolidate graphical and literary programming, we can work with the Math-Script Node [38].

LabVIEW Control Design and Simulation Module

The Control Design Toolkit was first dispatched in Spring 2004. It extends LabVIEW's
capacities for control and dynamic system investigation and plans significantly. The
arrangement of functions accessible is tantamount to the Control System Toolbox compartment
in MATLAB and the comparative control system function class in Octave [39]. This module
is utilized for making Control and Simulation applications with LabVIEW. Here we can
discover PID regulators, Fuzzy Logic regulators, and so forth. The module is accessible as a

palette on our block diagram [39].

With LabVIEW Control Design and Simulation Module we can build plant and control models
utilizing transfer function, state-space, or zero-pole-gain; examine system execution with
devices, for example, step response, pole-zero maps, and Bode plots; and simulate linear,
nonlinear, furthermore, discrete systems with a wide choice of solvers. We can likewise dissect
open-loop model behavior, design closed-loop regulators, simulate online and offline systems,

and conduct physical implementations [39].

2.3 Controllers

2.3.1 PID Controller

The PID (Proportional-Integral-Derivative) controller algorithm is among regularly utilized
control algorithms in process industries (like heating and cooling systems, flow control,
pressure control, and fluid level monitoring, and so on) because of its simplicity, and give an
acceptable performance [12]. While using the PID controller, one need to indicate a process
variable (system parameters we need to control such as temperature, pressure, or flow rate) and
a set point (a desired value for the above parameters we will control). A PID controller
generates a control signal and applies it to the system which thusly will drive the process to its

desired value [12].
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PID controllers give better execution just at a specific working range and their performance
diminishes as the working boundaries change and should be re-tuned when the working range
let changed. In PID controller structure, we have four types of controllers that belong to the
family of PID controller and these are P (Proportional Controller), Pl (Proportional plus
Integral Controller), PD (Proportional plus Derivative Controller), and PID (Proportional plus

Integral plus Derivative Controller) [30].

2.3.1.1 PID Algorithms
In PID controller, the controller generates the control signal (controller action), u(t), from the
error signal, which is the contrast between the ideal yield and the deliberate yield of the system,

as seen in the equation below [12]:

() =K +1ftdt +Tde 2.1
u) =Keletq | e er 21)

L
Where K_ is controller gain and error, e, is the difference between desired output and the actual
output of the system. T; and T, are the integral and derivative control gains respectively. The

Laplace Transform of equation (2.1) above is:

U(s) =K.(1+ % + Tys)E(S) (2.2)

l

In terms of error: the proportional controller part depends on the present error signal; the
integral controller part depends on the accumulation of past error signals, and the derivative
controller part forecasts the future error signal.

P

Ke(t)

Figure 2.5: PID controller structure [40].
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2.3.1.2 Tuning Mechanism for PID Controllers

Tuning is a method of choosing the PID controller parameters to meet the necessary plant
execution specifications. Many tuning approaches were created for PID controllers and can be
named the manual and automatic tuning strategies. Manual tuning methods are comparatively

inefficient especially when the computation time becomes longer [31].

The manual tuning method here is based on the work of Ziegler and Nichols, the developers of
the quarter-decay ratio tuning techniques derived from a combination of theory and empirical
observations [12]. The closed-loop quarter decay ratio values are given in Table 2.1 below. The

procedure used in this tuning method is as given in [12].

Table 2.1: Closed-loop quarter decay ratio values [12].

Controller PB (Percent) Reset (Minutes) Rate (Minutes)
P 2.00PB,
Pl 2.22PB, 0.83T,,
PID 1.67PB, 0.50T,, 0.125T,

2.3.2 Fuzzy Logic Controller

Modern control systems theory has arisen during the Second World War, when the plan,
examination, and synthesis of servomechanisms were fundamental in the assembling of
electromechanical systems [10]. The advancement of control systems theory has since
experienced a developmental process, beginning from some essential, oversimplified,
frequency-domain examination for single-input single-output (SISO) linear control systems,
and summed up to a numerically refined modern theory of multi-input multi-output (MIMO)

linear or nonlinear systems portrayed by differential and/or difference equations [10].

The improvement of space innovation during the 1950s totally changed the soul and direction
of the traditional control systems theory: the difficulties presented by the high accuracy and

extraordinary unpredictability of the space systems [10].

A computer scientist at the University of California Berkeley, Lofty Zadeh proposed the fuzzy
set theory in 1965. "A fuzzy set is a class of objects with a continuum of grades of
membership." Lofty characterized fuzzy sets as a class of sets with grades of membership from

0 to 1. Advanced Systems, Artificial Neural Networks, and Fuzzy Systems share the property
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of being model-free approximations, which implies that no accurate mathematical model of the

actual system to control or to estimated is required [11].

The point of fuzzy control systems theory is to expand the existing fruitful conventional control
systems procedures and strategies as effective as possible and to create numerous new and
extraordinary purposed ones, for a lot bigger class of complex, complicated, and badly modeled
systems — fuzzy systems and developed manly to solve real-world problems [10].

Fuzzy controllers are utilized to control fuzzy systems. Most conventional control algorithms
require the mathematical model of the system to be controlled and numerous actual systems
are sufficiently complex to locate their mathematical models [12]. Likewise, numerous
processes are either non-linear or hard to be controlled with the conventional control
algorithms. And hence a qualitative portrayal or description of the control system is a superior

fit for such complex processes [12].

2.3.2.1 Fuzzy Logic Concepts

Fuzzy sets plan to model the uncertainty or ambiguity related to natural human reasoning,
which depends on linguistic words and sentences rather than in mathematical expressions and
relations. It depends on approximate reasoning (or fuzzy reasoning) which is a reasoning
method of neither exact nor inexact and it is basic for fuzzy inference system. To see how it is

performed, three fundamental ideas should be characterized [11]:

e Linguistic Variable: is a variable whose qualities are words or sentences in a natural or
artificial language, not numbers. For example, the variable temperature can be

portrayed as it is introduced underneath.

Temperature = {Cold, Moderate, Hot} = {C, M, H} (2.3)
e Fuzzy Proposition: is a statement expressed in a natural or artificial language. Rather
than classical logic suggestions, a fuzzy proposition may receive a truth-value from the
interval [0, 1]. For instance, the Temperature is Hot.
e Linguistic Rule: is an IF-THEN rule utilized for setting the activities that should be
possible by the controller. It has two sections: Antecedent Part (premise), expressed by:

if < fuzzy proposition>, and Consequent Part, expressed by: then < fuzzy proposition>.

A fuzzy set, F, is characterized by a membership function which assigns to each element a
grade of membership and is entirely defined by the set of ordered pairs.
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F={( ur(x) | XeU}and pup: U— [0, 1], (2.4)
Where x is an element of the universe of discourse U and u is a membership function that

assigns a degree of membership ur (X) to each element x of F.

Inputs in a Fuzzy logic system can get membership values between 0 and 1, but in conventional

logic, the membership value is limited to only two values, 0 or 1 [11].

Membership Functions

Membership functions are numerical functions that relating to linguistic terms. It speaks to the
level of membership of linguistic values inside their linguistic terms. The degree of
membership is nonstop somewhere in the range of 0 and 1, where 0 is equivalent to 0%
membership and 1 is equivalent to 100% membership [11]. A fuzzy set is totally described by
its MF (membership function) indicated by p and it tends to be a discrete or a continuous
universe of discourse. The typical continuous universe of discourse shapes of membership

functions is: trapezoidal, triangular, Gaussian, sigmoidal, generalized bell and so forth.

2.3.2.2 Fuzzy Logic Control Components
The basic fuzzy logic control components consist of: fuzzification, rule base, decision making

(computation) and defuzzification [31].

e u
Confrolfer ™| Fuzzification [ ™| Fuzzy Rule Base [ ™| Defuzzification Corftrol ler
Input Output

Fuzzy Logic Controller (FLC)

Figure 2.6: General structure of a Fuzzy Logic Controller [10].

Fuzzification Methods

Fuzzification is the way of associating crisp or numerical input values with the linguistic terms
of the corresponding input linguistic variable [12]. It is the way of representation of a crisp
value by a membership function. For example, we can have the accompanying tasks: the room
temperature of 50 degrees can associate with a linguistic term of Cold with a degree of
membership 0.4, the room temperature of 70 degrees can relate to a linguistic term of Moderate
with a degree of membership 0.8, the room temperature of 100 degrees can relate to a linguistic

term of Hot with a degree of membership 1 and so forth [12].
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Fuzzy Rule Base

The rule base is a critical component of fuzzy logic to make the controller work appropriately
and viably [10]. Its responsibility is to create the control activity, in fuzzy terms, in light of the
data gave by the fuzzification module and control application prerequisites. All the more
explicitly, the rule base is a bunch of IF-THEN rules which has the accompanying structures
[10]:

R: IF controller input e; is E;; AND ... AND controller input e,, is E;,, THEN

controller output u, is Uj.

R™: IF controller input e; is E,;; AND ... AND controller input e, is E,,,, THEN

controller output u,,, is U,,.

The foundation of this rule base relies intensely upon the designer’s work experience,
information about the actual plant, analysis and design skills, and so forth, and is, consequently,

more or less subjective [10].

Defuzzification Methods

Defuzzification is the process of changing the degrees of membership of output linguistic
variables within their linguistic terms into crisp numerical values [12]. Fuzzy regulators utilize
an implication strategy to scale the membership function of output linguistic variables prior to
performing defuzzification. Among a few numerical techniques used to perform
defuzzification are Center of Area (CoA), modified Center of Area (mCoA), Center of Sums
(CoS), Center of Maximum (CoM) and Maximum of Maximum (MoM) [10, 12].

2.4 Genetic Algorithm

Genetic Algorithm (GA), which utilizes the idea of Darwin's theory of evolution, is a search
heuristic. It attempts to play out an intelligent search for an optimal or approximate solution
from a boundless number of potential solutions. The algorithm utilizes a process of natural
selection where the fittest individuals are chosen to create offspring of the next generation [42,
43].
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Figure 2.7: Genetic algorithm crossover operation [43].

Notion of Natural Selection

The process of natural selection begins from the distinguishing proof of fittest individuals from
the available populaces [43]. At that point, they produce children which acquire the attributes
of the parents and are utilized for the reproduction of the next generation. The chance of
survival of the newly produced offspring will be better than parents if the parents have better

fitness. The process keeps iterating until a generation with the fittest individual is found.

In genetic algorithm, the following five phases are considered:

Initial population size

Fitness function

Selection

Crossover and

Mutation

In a genetic algorithm, an initial population size of n strings for n parameters of length L is
created. The strings are created in a random fashion by placing the zeros and ones in the string
arbitrarily. The strings at that point are decoded into a bunch of boundaries that it speaks to.
The set of parameters is passed by a mathematical model of the problem space. Depending on
the input set of parameters the mathematical model gives out a solution. On the basis of the
efficiency and character of the solution, the string is allotted a fitness value. The fitness values
are evaluated for each string in the entire population. Using these fitness values, a new

generation of strings are produced which is expected to perform better than their parents [43].
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Then again, individuals with the best fitness value are selected and let give their genes to the
next generation. The selected individuals are then mated by choosing a crossover point
randomly from within the genes. Crossover is the most significant phase of the genetic
algorithm. While producing new offspring, there is a probability that some of their genes can
be subjected to a mutation with a very low tendency to occur i.e., some of the bits in the bit
string can be flipped. It happens to keep up variety inside a populace and forestall untimely
combination. The algorithm then terminates when the population converges (does not produce
offspring which are significantly different from the previous generation) and gives a set of

solutions to our problem [43].

The algorithm mostly ends when either an acceptable fitness level has been reached, or a
maximum number of generations has been produced. When the algorithm is terminated due to
a satisfactory fitness level then the satisfactory solution is expected, but if it is terminated due
to a maximum number of generations then the required solution may or may not have been

reached.

2.5 Literature Review of Related Recent Researches

Due to their wide range of applications, object tracking techniques have become a rapidly
growing research area. A summary of works of literature published regarding the object-
tracking system is given next. Considerable care is taken to recognize and summarize related

and publicly available research papers.

The author in [13] addressed image tracking techniques in LabVIEW and tried to detect,
recognize and track the circular-shaped image among the other shapes. The researcher
generates the path of the image on the script module. But he did not suggest the type of object
tracker he designed with respect to the field-of-view of the camera i.e., fixed or dynamic
background. As the simulation results put on indicates the camera he has used was fixed (static)

and cannot follow moving objects out of the field-of-view of the camera.

Another set of authors in [2] used a mean-shift algorithm in order to follow objects from a
video source. The video object is recorded and stored as an AVI file, then they tried to follow
the object of interest from the video. They did not use live video capturing cameras and follow

the object of interest in real-time.
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The researchers in [23] had investigated a real-time eye-tracking algorithm using a NI-smart
camera. They had captured and tracked the eye with NI smart camera, LabVIEW and NI Vision
Builder. They had simulated their system with a mounted camera and a fixed distance to the
object. The eye-tracking accuracy decreases with increasing frame rates, which shows that no

control algorithm has been implemented.

The authors in [46] have proposed a smart autonomous camera tracking system with a pan/tilt
mechanism. They tried to track the object based on its color and pan/tilt adjustment is done in
order to automatically adjust the region of interest captured by the camera. NI myRIO module
is used to generate the appropriate pulse width modulation (PWM) signals for the servo motors
used as a pan/tilt mechanism. But in this research, no way of servo motor position control

techniques has been suggested.

The other set of researchers [9] used a Neuro-Fuzzy based approach for motion prediction and
tracking. The interest object tracking system model was developed with the help of a Neuro-
Fuzzy hybrid-based approach to predict the object’s trajectory and follow its path. The Neuro-
Fuzzy hybrid approach was used to design the fuzzy rule base of the intelligent system. They
have used ANFIS methodology in order to build a Segeno fuzzy model for controlling the
position of a servo motor while carrying the charge-coupled device camera (CCD). They finally
had obtained the time responses of the azimuth (pan) and elevation (tilt) mechanism as rise
time, t, = 0.1 and 0.3 seconds respectively. The settling time t; = 0.5 second for both and
zero steady-state error has been reported with the ANFIS controller [9]. But they have not

suggested any tracking algorithm used for the moving object detection.
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Chapter Three

Methodology

3.1 Introduction

To follow the object of interest, the camera is set to track the object by adjusting the x and y
coordinates automatically as it moves. In other words, from the camera's viewpoint, the object
is always set to remain at the center of the camera. The camera is constantly directed towards

the center of the object of interest.

While tracking an object, if the interest object is not at the center point of the camera, the error
signals are generated that show the deviation from the object center to the camera center. Based
on these error signals a correcting measure is taken by the controller. In Figure 3.1 shown
below, the camera center is defined as (320, 240) and the tracked object center location is given
by (a, b) in the frame. Here the resolution of each frame from the camera is assumed to be (640,

480), hence the pixel point (320, 240) is the center point of the camera.

Y pixels
480

(ab)

240

(320, 240)1

(0,0)

|

320 640 X pixels

Figure 3.1: Coordinate system from captured frame

The distance error signal is defined as the difference between the camera center coordinate and
object center coordinate. The x and y error signals’ deviation from the center point of the

camera to the object center are given respectively in the following equations.
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(320 —a)

Xerror = T 640 3.1)
(240 — b)

Yerror = 48_0 (3.2)

Where x,,., represents the horizontal error obtained due to the camera’s horizontal movement
and y,,-o- represents the vertical error obtained when the camera moves in a vertical plane in

order to stick with the object.

In addition, the size of the interest object from the camera’s perspective becomes smaller when
the distance measured between the camera and the interest object increases, and it becomes
larger when the distance measured between the two decreases. And this generates the area error
signal as of the distance error signal above. The bounding box’s size, created to represent the
object of interest, changes as the object approaches or departs the camera. The area error signal
can be calculated as in equation (3.3) below. From this area error signal, one can identify

whether the object is approaching or departing the camera.

Ainitial - Acurrent (3 3)

Aerror -

Apitial
Where Agrrors Ainitiars aNd Aqurrene are the area error, initial area of the bounding-box and

current area of the bounding-box as the object approaches or departs the camera respectively.

Y pixels
480 |

(ab)

240

(0.0)

640 X pixels

Figure 3.2: Coordinate system when object gets far from the camera
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Obiject tracking is then achieved by using these error signals as feedback and design controllers
in order to minimize the errors and let the camera always follow the interest object in desired

direction and speed.

In perfect tracking, the object center (a, b) aligns with the camera center (320, 240) and in this
case, both the horizontal and vertical errors become zero. The area error can be used to keep
the distance between the camera and the object if the camera is let free to move in the z-

direction, but this is not the concern of this work.

3.2 System Description

The proposed object tracking system comprises a camera for object vision, two servo motors
to perform high accuracy positioning system (pan and tilt mechanism). It additionally has a
regulator to efficiently follow the object under the scene by changing the position of the servo
motors with a feedback system. The camera is mounted to the pan motor shaft, and the tilt

motor is attached in a manner to give a tilt move for the camera and pan motor configuration.

d
* j=
Camera center Controller Pan/ Tilt w
Pixel (Y) Y + System Camera
d +
Camera centej Controller
Pixel (X) | + X +
- Object location in the camera
" Image
in Pixel (X) D e—
Processing
Object location in the camera
in Pixel (Y)

Figure 3.3: Block diagram of object tracking system connections.

3.3 Pan/ Tilt Mechanism Model

The pan and tilt mechanism of the tracking system can be modeled as two separate actuators.
The one actuator corresponds to the pan movement, and the other one corresponds to the tilt
movement of the camera. The camera here acts as a sensor. It captures the interest object with
the help of NI-Vision and after some image processing techniques, object’s x and y location
on the captured frame are extracted. These object locations in a 2-D plane are then feedbacked

to the controller in order to control the position of the actuators efficiently. The actuators used
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for this purpose are servo motors. Servo motors are electromechanical devices used to push or
rotate interest objects with greater precision to some specific angles or distance. They are
constructed with a simple motor that operates through a servomechanism. They can be DC
servo motors or AC servo motors based on the used power source [41].

3.3.1 Mathematical Modeling

The type of servomotor used in this thesis work is separately excited armature-controlled DC
servomotor. It is selected as it is the most well-known and common motor type and exhibits
excellent torque-speed characteristics and can be controlled by changing the voltage signal
associated with the input [9]. Likewise, armature-controlled DC servomotor is a closed-loop
system that let it favored over field-controlled DC servomotor that is an open-loop system. The

equivalent circuit of this motor is given in Figure 3.4 beneath [9].

Jar Dy =10 Dy,

Figure 3.4: The equivalent circuit representation of DC servomotor and a gear load [9].

As the motor is in armature-controlled mode, the field current is kept constant. Then the torque

on the motor T, is related to the armature current I, by a constant factor and is given by,

Ty = Krl, (3.4)
Where K is the given motor torque constant in (N-m/A) and I, is the armature current in (A).

Similarly, the back EMF E,, is related to the angular velocity o as follows,

do.
Eb = Kb(x) = Kbd_;n (35)

Where K;, is back EMF constant in (volt-sec/rad) and 6,, is angular displacement at the motor
shaft.

DC servomotors have both electrical and mechanical parts. The electrical part comprises
resistance, inductance, input voltage, and the back EMF while the mechanical part comprises
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a motor shaft, inertia of the motor, and load and damping. With the help of Kirchhoff's and

Newton's laws, the non-linear differential equation of a DC servo motor is given beneath [9].

di

Ly—4 Ry, =V, — K, ® (3.6)
dt
d

]—d“t’ +Dw =Kol — T, 3.7)

Where V,, T,,, J and D are the applied armature voltage in volts, the disturbance torque in
Newton-meter (N-m), Moment of Inertia (Kg-m?) and Viscous-friction coefficient (N-

m/KRPM) respectively. The Laplace Transform of Equation (3.6) is given by:

LasIa(s) + Ralg (s) = Va(s) — Ep(s) (3.8)
(Las + R (8) = Va(s) — Ep(s) (3.9)
Transfer function of the process involved in the primary loop relating I,(s) and V,(s) — E,(s
) is given by:
Io (s) 1
= 3.10
® — B Les + R (310
Similarly, the Laplace Transform of Equation (3.7) setting T,, = 0 is given by:
Jsw(s) + Dw(s) = Krl(s)- 0 (3.11)
+D
Io(s) = O (3.12)
Kr

Transfer function of the process that involved in the primary loop relating w(s) and I,(s) is
given by:
w(s) Kr

I,(s) (s+D)
The non-linear differential equations of the DC servomotor given in Equations (3.6) and (3.7)

(3.13)

are used for multi-objective cascade-control system design of DC servomotor, thus maintaining

the non-linear characteristics [9].

In our case, the DC motor shaft is attached to a gearbox with ratio (K, = Ii]v—’), (where

N, and N,, are the number of teeth on the load side and the number of teeth on the motor side

respectively), and then the camera is attached to the output shaft of the gearbox. The gear ratio

relates motor shaft angular position 6,, to the load shaft angular position 6, as K, = 66—’”). The
l
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load inertia J; acting at the output shaft of the gearbox reflected to the motor shaft side is given

by % J;. As torque is utilized to drive the motor shaft and the camera load attached, the torque
g

equation in Equation (3.7) above can be rewritten as below assuming no disturbance torque
[9]:

Ty = Kol = | d29m+ 1 ; d26m+ 1 Ddem (3.14)
M = Brig = Jm 2 J1 2 .
dt? K, dt? K, dt

d?o, do,
TMKg = ]eq F + D E (315)
Where, ], =]ml(g2 + J;, is the total load inertia reflected at the motor shaft and D is the

rotational viscous friction constant. Taking the Laplace Transform of Equation (3.14), the

below equation is obtained:

1 1
TM(S) =]m529m(5) + _zjlszem(s) + —ZDSQm(S) (3.16)
Kg Kg

After having some algebraic manipulations, the equations relating 6,,,(s) with V,(s) and 6,(s)

with V,(s) are given below:

OnlS) _ Ky Kr =T (317)
Va(S)  LaJeqs® + (LaD + RaJeq)s? + (RyD + K, *KrKy)s '
O,(s K K
u(S) _ £ (3.18)

Va(S)  LaJegs® + (LaD + Rajeq)s? + (RaD + K 2Ky Ky)s
The block diagram representation of the motor and the load together with the gear is presented

in Figure 3.5 below.

Va 6, N, 0,
— T, N

Figure 3.5: Representation of the transfer function between load angle (angle at secondary

gear) and armature voltage.

The transfer function from the input voltage V, (s) to the load shaft angular velocity w;(s) is

given by:
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w(s) K Ky
Va(8)  Lafeqs® + (LoD + RaJeq)s + (RaD + K, K1 Ky)

(3.19)

As the characteristic equation is a second order, take two simple real roots as rz and ry,.

Applying partial fraction expansion to Equation (3.19) above the below equation is obtained:

(01(5)2 Ag n Ay
V,(s) s+r1rg s+ry

(3.20)

The forced response of a system to input V, (t) (with zero initial conditions) after applying the

Laplace Transform is given by:

t
() = j [Ape e 4 Ay MEDV, ()dg (3.21)
0

In most practical armature-controlled DC servomotor applications, 15 >>r,, and this lets the
electrical subsystem respond well faster than the mechanical subsystem. Due to this, the first

exponential term in Equation (3.20) above decays rapidly which leads the response w,(t) to
be dominated only by the mechanical subsystem Si—’:’. In other words, the effect of the electrical
M

subsystem component which is, SA%, on the response w;(t) in most DC servomotor control
E

applications is neglected. This is effective by neglecting the effect of the armature inductance,

L,. And using this simplification, the DC motor load angular velocity response, w;(s), to the

armature voltage input, V,(s), transfer function given in Equation (3.19) above can be

approximated by a first-order transfer function model, and is given below [9]:

w(s) Ky Kr
Va($)  JoqRas + (DR, + K, K7 K})

(3.22)

In S1 units Ky and K, numerical values are equal, and the transfer function in Equation (3.22)
above can be reduced to:
w(s) K
V,(s) 1s+1

Where K and t are DC gain and mechanical time constant of the DC servomotor respectively.

(3.23)

3.3.2 Closed-loop Position Control of Servo Motors
The new transfer function, obtained from Equation (3.20) by neglecting the electrical

component, relating the output shaft angular position to the input voltage is given below:
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0,(s A
((s) _ M (3.24)
Va(s)  s(s+7mu)
The s- domain unit step response of the output angular position is:
0,(s) = Av_ 1 3.25
s Cs(s+my)s (3.25)
The final value of the response by employing final value theorem is given by:
lim 6,(t) = lims6,(s) =li w1 3.26
lim 6, (¢) = lim 56, (s) —Sl_f)%s(mg = o (3.26)

As seen from Equation (3.26) above, the final value of the response is unbounded and hence in
order to control the output position follow the input position command, the output position is
feedback to the input and this insures it. Considering only a proportional control, the equation

for the control unit is given below [9, 16]:

Va(s) = Kp[6;(s) — 6,(s)] (3.27)

From Equation (3.24) above we have:

s(s+r
(o) = XM g (5 (3.28)
M
Then the block diagram showing the servo motor position control using position feedback is
given below.
0,(s . Ay 0,(s)

A

; K,

ulR

S+7‘M

Figure 3.6: Servo motor position control using position feedback.
The transfer function relating 6,(s) to 6;(s) is given as follows:

Ql(s) _ AMKp
0i(s) s*+rys+AyK,

(3.29)

Equating Equations (3.20) and (3.22) above and with some rearrangement A,, and r, can be

given as:

_ NgKyKr

Ay =2 - (3.30)
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DR, + nyK,* Kr K,

v = RaJeq

Where, ng, is the motor gear box efficiency.

(3.31)

Using parameters obtained from servo motor vendors [44], the specifications of DC servo

motors employed in the modeling process are presented in Table 3.1 below:

Table 3.1: Specifications of DC servo motor [44]

Parameter Definition y-motor (elevation) | x-motor (azimuth)

Px Rated output power (W) 80 60

Vg Rated armature voltage (V) 24 24

Tx Rated torque (Nm) 0.26 0.19

Ip Rated armature current (A) 5.0 3.9

Ny Rated speed (rpm) 3000 3000

T Continuous stall torque (Nm) 0.32 0.24

Tp Peak stall torque (Nm) 2.16 1.8

I Armature stall current (A) 5.2 4.5

L, Peak armature stall current (A) 40 31

Qr Rated power rate (kW/s) 1.8 1.6

K; Torque constant (Nm/A) 0.06 0.057
K, Back EMF constant (Vs/rad) 0.66 x 1073 0.63x1073
Jeq Rotor inertia (kg m?) 0.37x107* 0.22x10°*
D Damping constant (Nms/rad) 8.22x 1073 2.97x 1073
R, Armature winding resistance 0.44 1.1

Q)

L, Armature inductance (mH) 0.3 0.5

Tm Mechanical time constant (ms) 4.5 7.4

T, Electrical time constant (ms) 0.61 0.45

K, Gear ratio 0.1 0.1

Ng Motor efficiency 0.87 0.87
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The elevation and azimuth actuator transfer functions are then obtained by employing

Equations (3.30) and (3.31) as follows:

For x-motor (azimuth):

NgKgKr
Ay = —2— =204.92 3.32
DR, + nyK,* Kr K,
= = 135.01 3.33
Ty Raes 35.0 (3.33)
6,(s) _ 204.92K, 204.92 (3.3

6,(s) 52+ 135.01s + 204.926K, s? + 135.01s + 204.92

For y-motor (elevation):

NgKgKr
Ay = —2—— =320.64 3.35
" R (3.35)
DR, + ngK,” Kr K,
= = 222. 3.36
T Roloc 222.18 (3.36)
0,(s) _ 320.64K, 320.64 (337)

0;(s)  s2+ 222.18s + 320.64K, T SZ+222.18s + 320.64
Having obtained the Equations (3.34) and (3.37) above, the unit step response of the modeled

pan/tilt mechanism is simulated and given in the below figure.

........ SK.‘D iI'IDI.It
— Azimuth
— — Elevation | ]

08

Amplitude
[=]
=21

o
E

02r

1 1 1 1 1 1
0 05 1 1.5 2 25 3 3.5 4 45 5
Offset=0 Time (seconds)

Figure 3.7: Step response of the actuators.
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3.4 Methodology of Object Tracking in LabVIEW

The method used while doing object tracking techniques in LabVIEW is given below.

Configure Camera Settings } NI-MAX

A
Vision
Object Acquisition Acquisitio
n
v
~
Interest Object Detection

A

> Vision

Object Image Editing Assistant

Y

Object Tracking

\ J

Script

Sketch Trajectory of the Object } Math-

Figure 3.8: Image tracking methodology.

3.4.1 Camera Configuration

To follow the object of interest, the device (camera) should be first interfaced with a PC. The
NI-MAX (Measurement and Automation Explorer) is used to configure the camera and all the
settings required for object tracking. The camera attributes to be configured include: backlight
compensation, brightness, contrast, exposure, gamma, hue, saturation, sharpness, and white
balance; and the acquisition attributes include: mode (video), pixel format, image type, region
of interest, timeout, and the package size and so forth. Here the camera object utilized for the
following design is the webcam of the PC. However, for the execution reason, the camera

recommended to pick is the National Instruments’ smart camera.
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R‘ HP Webcam "cam0" - Measurement & Automation Explorer - O X
File Edit View Tools Help
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v & Devices and Interfaces 2 ‘ (&Back R~
@ HP Webcam "cam0"
"4 Network Devices NI-IMAQdx Basics
> (@ NI Switch Executive Virtual D| What do you want to do?
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> 44 Scales
. & Software ® Configure my device
> - VI Drivers || ® Set myremote image
> B8 Remote Systems Sl
v
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v
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Panning
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Frames per second: 7, 7 (displayed, acquired)

Figure 3.9: Camera configuration properties with MAX.

3.4.2 Image Acquisition

With the help of NI Vision Acquisition Express, single images or continuous images can be
acquired which are going to be used for image pattern matching or image tracking purposes as
required. The Vision Acquisition VI subroutine located in the block diagram is used to acquire,
save and display images from the camera coupled to the computer (or the webcam of the
computer) in real-time. This subroutine has some configuration settings like acquisition type
(continuous acquisition with inline processing is used in this work), acquisition configuration
settings (brightness, contrast, saturation, sharpness, etc.) so an adjustment has been done until
a better result on the acquired image is obtained. The images acquired here can then be feed to

the NI Vision Assistant for further processing.
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}V NI Vision Acquisition Express
Select Acquisition Source | Select Acquisition Type | Configure Acquisition Settings | Configure Image Logging Settings | Select Controls/Indicators ‘?

Acquisition Sources for Localhost 2 ﬂ L, peifeAp) ;

EHs2 NI-IMAQdx Devices A
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Done
640x480 32-bit RGB image 153,156,175 (308,471)

<< Back ‘Next»l l Finish H Cancel ‘

Figure 3.10: NI vision acquisition express.

3.4.3 Image Processing
The images acquired by the camera can then be processed by the Vision Assistant tool which
uses a large variety of programming techniques.

[T NI Vision Assistant - Code Generation Target: LabVIEW & a X
File Edit View Image Color Grayscale Binary Machine Vision Identificaton Tools Help
mE caaa:s HlHx2 =

0850176 1.png - RG (32 bits) - 640x480
WM o« » o 'y

EN .= %[ 5

Histogram: Counts the total number of
pixels in each grayscale value and graphs it.

Line Profile: Displays the pixel value
distribution along a line of pixels in an image.

Measure: Calculates measurement statistics 640x480 1X 187 (470,339) .3 ) 22
associated with a region of interest n the
image. Script: Untitled Script 1
3D View: Displays the light intensity in a |
three-dimensional coordinate system. *@WHEH @ »ru <> 21
Brightness: Alters the brightness, contrast,
Set Coordinate System: Buids a coordinate Original Image Color Plane Extraction | Object Tracking 1
system based on the location and orientation 4
of areference feature.
Image Mask: Builds a mask from an entre
image or a selected region of interest.
T hen <<processinages | SelectContros>> | | Fmsh | | cancel

Figure 3.11: NI vision assistant.
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While doing object tracking, the grayscale images are preferred over RGB color images in
order to get a better efficiency as color images let the display respond slowly especially at

higher resolutions [14]. The block diagram of the object tracking system is given in Figure 3.12
below.

Image Out

pﬁg Objects (pixel) (Object Tracking 1)
EE Vision Assistant
Image Qut ¥
Vision “+ IrnageIn
jects (pi { b [ Objects (pixel) (Object Tracking 1)[0].Location.X
..Iﬂthulsrgon : SEJ-ECt: |:p|x|e|).|" 15 1 | jects (pixe ject Tracking 1)[0].Location, : title( Object Tracking )
Stop (F) mage Out jects (real-we 2 wlim([0 540]):
" Stopped v v [mage Dst 3 ylim([0 420]);
[SMp Stop (B) errorout ¥ 4 xlabel(X (Pixel));
error out Moo error in 5 ylabel('Y (Pixel));
— |CI3_iect5 (pixel) (Object Tracking 1)[0].Location. BE 2 r':ﬂgdos.n;
2 plot(BB(,1),(420-BB(;,2)),'g")
9 legend( Trajectory Plot')
(o : 2
Figure 3.12: Block diagram of object tracking.
Stop (F) Image Out

N

«| [ »

1640x480 1X 8-bit image 120 (00)

Figure 3.13: Target object chosen for tracking algorithm.
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3.4.4 Tracking Algorithm

A mean-shift is a simple tracking algorithm that follows the user-defined interest objects by
iteratively updating their position [45]. Conversely, shape adaptive mean shift is a broadened
version of the mean-shift algorithm. In this case, not only the location but also the shape of the

object including its scale is adapted frame after frame [45].

While tracking, the target object has been first described over a feature space. For
representation purposes, the color histogram is used, as it is a very robust representation of the
object’s appearance and is chosen as a feature space. At that point, moving objects are
described by their histograms. The feature-histogram-based target representations are

regularized by spatial masking with an isotropic kernel [45].

The shape adaptive kernel-based mean-shift algorithm is used for the tracking purpose in order
to track objects of interest. It is used to track objects that may appear to change in size or shape
in a better way than the mean-shift algorithm [45].

A target object is chosen in a given frame and represented by a feature space which is a color
histogram in this case with a kernel as shown in Figure 3.13 above. Then by maximizing the
similarity function, a search with the current histogram and spatial data for the best target match
candidate is done in the next frame [45]. The target center then moves from the current location
to a new location as shown in the below figure. Until a convergence in a similarity function

exists, the kernel is moved and if done, the new position of the object is updated.

o || @

frame 1 frame 2

(a) (b)

Figure 3.14: Mean-shift: (a) object center movement, (b) location and target update in next
frame [45].
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Chapter Four

Controller Design

4.1 Introduction

The principal goal of a control system is to minimize the error signals, deviations from the
setpoint, as much as possible and to improve transient responses characteristics. A good
controller is characterized by its stability and performance. A controller is said to be stable if
in a finite time the error signals converge to a small value (or usually zero) and a good

performance control system needs less time for the error signals to converge to zero.

4.2 PID Controller Design

Due to their simple structure, comprehensible control algorithm, and low cost, PID controllers
are commonly utilized in industrial control applications [31]. Here our point is to design a
controller whose output signals of a controlled plant can track the reference signal given as an

input to the plant with the possibility of negligible error at steady-state.

e(t) =r) —y() (4.1)
The schematic model of a control system with a PID controller which can incorporate the

disturbance input is given below. A parallel PID controller is used in this work.

+ +
o, e _ K. u g Pan/Tilt 6.(s)
- v + Mechanism o
+
Kyd/dt

PID

Figure 4.1: PID controller schematic model.

The Ziegler-Nicolas manual tuning rules have been used to tune the PID controller parameters.
Those values obtained after employing this tuning mechanism are presented in Table 4.1 below

with parameters obtained after GA-based optimization for the sake of comparison.
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Table 4.1: PID controller parameters obtained after Z-N tuning and GA optimization.

Mechanism Proportional (K3,) Integral (K;) Derivative (K,)
Z-N Tune | GA Tuned | Z-N Tune | GA Tuned | Z-N Tune | GA Tuned
Pan 1.6073 63.138 4.696 96.139 -0.0406 0.337
Tilt 1.351 68.86 3.899 99.847 -0.0254 0.087

The Ziegler- Nicholas tuning method used here is very time taking and does not guaranty the
optimum values of the PID parameters. This has been shown by the results obtained after
employing this tuning technique. In order to improve the response and optimate those
parameters of a PID controller, another efficient tuning mechanism is needed. GA optimization

technique is required here to see if it can handle this problem.

4.2.1 Genetic Algorithm Based PID Parameter Optimization

As discussed before, a genetic algorithm is used to generate the most effective results for
optimization and search problems by employing biologically inspired operations such as
crossover, selection, and mutations [43]. In addition, the GA includes some major components

such as encoding schemes and fitness evaluations.

Performance Measure

The performance measure (fitness function) is selected on the basis of the controller to be tuned.

The different possible performance measure criteria used to optimize a controller are:

e Transient performance-based criteria like maximum overshoot, settling time, decay
ratio, etc.

e Error-based criteria such as ITAE (Integral of Time-weighted Absolute Error), 1AE
(Integral Absolute Error), ITSE (Integral Time Square Error), ISE (Integral Square
Error), etc. Each one is a function of the error profile of the output and is given in the

below equations.

ITAE =ft|e|dt 4.2)
IAE = f le|dt (4.3)
ISE = fezdt (4.9
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ITSE = ftezdt (4.5)

And here in this thesis, an ITAE is used as a performance measure which is used to formulate
the fitness function for the GA optimization, and binary coding is applied as an encoding

scheme.

Table 4.2: Selected design parameters for GA based PID optimization.

No. Design parameter Value
1 Population size 30
2 Number of variables 3
3 Optimization function ITAE
4 Reproduction rate 0.2
5 Crossover rate 0.8
6 Mutation rate 0.05
7 Maximum iteration 30

The design parameters used in the simulation are shown in Table 4.2 above, while the source
code developed in MATLAB is found in Appendix A of the document for the purpose of

reference.

The block diagram developed for the genetic-algorithm based PID parameter optimization is

given in the following figure.
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Figure 4.2: Block diagram of GA based PID parameter optimization for pan/tilt mechanism.

The step responses of the designed auto-tuning and GA-tuned PID controllers are presented in
the results section of the document. The system’s response without a controller, with Z-N tuned

and GA tuned PID controller are given together for the comparison purpose.

Even though PID controllers can handle very well with linear control systems, they may fail to
produce a robust result when they experience some non-linearity features. On the other hand,
controllers like fuzzy logic produce better results when compared to conventional PID
controllers. They can handle system non-linearities in a better way than PID controllers. That

is why the design of the fuzzy logic controller is required here.

4.3 Design Principles of a Fuzzy Logic Controller

Here our aim is to design a Fuzzy-Logic-Controller that will drive the camera configuration
output to track the constant set point so that the error goes to zero as the time approaches
infinity.

e(t) = r(t) — y(t) —0 as t — oo (4.6)
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The general approaches of fuzzy logic controller design consist of three main parts and are

given as follows [10].

4.3.1 The Fuzzification Module

Fuzzification transforms the physical values of the current process signal, the error signal
which is input to the fuzzy logic controller, into a normalized fuzzy subset. The fuzzy subset
consisting of a subset (interval) for the range of the input values and an associate membership
function describing the degrees of the confidence of the input belonging to this range [10]. In
this module we are going to create, linguistic variables that represent in words the input and
output variables of our system and membership functions which are numerical functions that

correspond to linguistic terms [10].

Creating Linguistic Variables

While creating the linguistic variables to represent an input or output variable, identifying the
number of linguistic terms and categories of the values of the linguistic variable is necessary
[10, 12]. Usually, the number of linguistic terms of a linguistic variable is set to be odd and are
symmetrical about the center linguistic term at each extreme. Three to seven linguistic terms

are adequate in most applications, for categorizing the values of a linguistic variable [12].

Our goal here is to design Fuzzy Logic Control in order to minimize the error between the
camera center and the object center. And hence, we use the error e(t) and change of error é(t)
as the input variables to the controller and u(t) as the output variable. The following two

equations give the required system equations.

e(t) = r(t) - y(t) (4.7)
e(t) = (e(t) - e(t—1))/At (4.8)

Where r(t) is desired camera center and y(t) is object center.

The number of linguistic terms for both the input and output variables here is taken to be five,
i.e., the deviation of the center point of the camera to the object center can be adjusted by giving
the appropriate signals to the pan and tilt servo motors. The linguistic terms for camera position
in both x and y direction, i.e., for pan motor and tilt motor, can be defined as Left (L), Left
Center (LC), Center (C), Right Center (RC), Right (R), and Down (D), Down Center (DC),
Center (C), Up Center (UC) and Up (U) respectively. The corresponding output variable
linguistic terms can be defined as NL (Negative Large), NS (Negative Small), Z (Zero), PS
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(Positive Small), and PL (Positive Large). Error Negative Large (ENA), Error Negative Small
(ENB), Zero (Z), Error Positive Small (EPB), and Error Positive Large (EPA) linguistic terms
are used for the change of error input variable. The region of interest of the camera mapped to
motor orientations is given in Figure 4.3 below. The pan motor mapped to the horizontal
movement direction while the tilt motor corresponds to the vertical movement of the interest

object.

Y pixels
480 1 +90

(a,b)

240

-90 +90

0,0 90 640 X pixels

Figure 4.3: Region of interest mapped to motor orientations.

Creating Membership Functions
The numerical functions corresponding to each linguistic term have been created by applying
the normalized standard membership functions (Triangular Type and Trapezoidal Type) and
illustrated in the following figures.
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Figure 4.4: Membership functions of pan motor; (a) error, (b) change of error and (c) output.

Note that, the membership functions of the tilt mechanism are created in a similar fashion as a

tilt motor.
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4.3.2 The Fuzzy Logic Rule Base

The rule base of a FLC should be designed with more attention since it determines the

satisfactoriness of the given controller for the application needed. A general procedure used

while designing a fuzzy logic rule base includes the following [10]:

1)

2)

Identifying the Process States and Control Variables.

The set-point r here is the desired object position in pixel, r = 320 for x motor and r =
240 for y motor, and the overall controlled system output is y(t), objects current position
in pixels. The control variable u is created from the error signal through the controller.
Identifying Input Variables to the Controller.

The error signal e(t) is one of the input variables to the controller. And in order to build
an efficient and complete rule base, more auxiliary input variables are needed. Hence,
to write an IF-THEN control rule the error signal e(t) is not sufficient. Therefore, in this
particular work the change of error is used as a second input variable to the controller;
whereas more input variables such as the second derivative and/or the sum of the errors
can be used as an input variable to make the controller more effective for other
applications.

From the principles of Calculus that if a curve is moving up, the derivative of the curve
is positive and if it is moving down its derivative is negative. Hence, the change of the
error signal, denoted é & or Ae, can help us to distinguish the two situations at points a
and d, as well as at points b and c, of Figure 4.5.

A
Object Position (Pixel)

' c y(t)
. /D/‘\« /N -

N_

e(t)

TN A
\/\/t

Figure 4.5: Object position set-point tracking.
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3) Creating a Fuzzy Logic IF-THEN Rule Base
While creating the fuzzy logic IF-THEN rule base, the four situations (a, b, ¢ and d)
shown in Figure 4.5 above have been considered. The control rules have been
formulated as follows:
R IFe>0AND é <0 THEN u(t+) = u(t), (position a on the Figure)
R?%: IFe <0 AND é <0 THEN u(t+) = -u(t), (position b on the Figure)
R3:IFe <0 AND ¢é > 0 THEN u(t+) = u(t), (position ¢ on the Figure)
R*:IFe>0 AND é >0 THEN u(t+) = -u(t), (position d on the Figure)
Where u(t+) = u(t) tells the controller to retain its previous action and u(t+) = -u(t) tells
the controller to change its previous action to the opposite. To have an efficient
controller the above four control rules are not sufficient and additional control rules
have been added. If the output is far away from the reference signal, then the control
action will be large and if the output is close to the reference, then the control action is
small. And doing this, the possible total number of rules for a given fuzzy system [10,

11, 12] is given by the following equation:

N=P, XP,x...xP, (4.9
Where B, is the number of linguistic terms for the input linguistic variable n. Using this,

we are going to have 5 x 5 = 25 total number of rules and are given in Table 4.3 below.

Table 4.3: A complete rule base used.

AND Change of error
ENA | ENB Z EPB | EPA
L NL NL NS NS PL
LC NS NS NS NS PS
S C Z NS |z |z Z
- RC PS Z PS NS NS
R PL PS PS NS NL

4) Specifying an Antecedent Connective [12]
For rules with more than one antecedent, an antecedent connective should be
determined in order to calculate the truth value of the aggregated rule antecedent. The

most common antecedent connectives are given below.
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AND (Minimum): u (A*B) = min (u 4, u B), intends to utilize the minimum degree of
membership of the antecedents as the truth value of the aggregated rule antecedent.
AND (Product): u (4*B) = (u A x u B) intends to utilize the product of the degrees of
membership of the antecedents.

OR (Maximum): u (A+B) = max (u A, u B) specifies to use the largest degree of
membership of the antecedents.

OR (Probabilistic): u (4+B) = ((A+B) - (AB)) specifies to use the probabilistic sum of
the degrees of membership of the antecedents.

Notice that these definitions agree with the logical operators used in Boolean logic. A
truth table uses conventional operators to yield equivalent results. Considering all the
above inference methods, the AND (Minimum) antecedent connective is used in this
work which gives us a better result.

4.3.3 The Defuzzification Module

After creating a rule base of a fuzzy control system, it is a must to specify how a fuzzy controller
performs Defuzzification for the system. It is the reverse of the fuzzification module.
Defuzzification converts all the fuzzy terms created by the rule base of the controller to crisp
terms or numerical values. After then it sends them to the physical system which is a plant or
process in order to execute the control of the system. While selecting a defuzzification method,
it is necessary to consider the context of the decision we want to calculate with the fuzzy logic
controller. For quantitative decisions like project prioritization, the CoM method is better than
others and for qualitative decisions, such as an evaluation of creditworthiness MoM is the
efficient method [12].

In this work, a Center of Area (CoA) defuzzification method is used, as it is usually applied for
closed-loop control applications and generates better results. The designed Fuzzy Logic
Controller for pan/tilt mechanism is shown in Figure 4.6 below. The corresponding results of

the designed controller are given in the simulation and results section of the document.

The simulation results showed that the fuzzy-logic controller is still inefficient to generate
efficient results. Especially it is very difficult to obtain the appropriate operating ranges and
nonlinear factors of each variable. In the next section, we are going to design the Fuzzy-PID
controller where the operating ranges of the variables are obtained by genetic algorithm-based

optimization. The inputs of the fuzzy-logic controllers are set to be the proportional, integral,
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and derivative parts of the conventional PID controller. The genetic algorithm here is utilized

to optimize the operating ranges of both the inputs and output of a fuzzy logic controller.

Control & Simulation Loop
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Figure 4.6: The proposed fuzzy logic control system for the pan/ tilt mechanism.

4.4 Optimal Fuzzy-PID Controller Design

Fuzzy Logic Controller design mainly focuses on the type of FLC, the number and shape of
MFs, and the fuzzy rules. Since the design techniques of conventional linear PID controllers
have matured, using GA to optimize the Fuzzy-PID controller design will give a better result
and is advantageous [29]. The GA is used here in order to find the optimum parameters of a

system.

In Fuzzy-PID Controller Design, the controller structure should be considered in advance. The
fuzzy control rules should follow conventional PID controller and in order to improve system
performance, membership function tuning is performed [29]. Here the shape of the MFs is set
to be a symmetrical shape. There are also other methods like readjustment of symmetrical
membership functions to asymmetrical membership functions which still produce improved
system performance [29]. In this thesis, the operating ranges are tuned, which are useful
parameters that describe the equivalent FLC design from a PID controller.

Fuzzy Variables
The three inputs e(t), [ e(t), é(t) and the output u(t) of the conventional PID controller are used

as fuzzy variables in the fuzzy logic design as given in Figure 4.7 below. The operating ranges

Addis Ababa Institute of Technology (AAIT) October 2021 GC 49



Obiject Detection and Optimal Fuzzy-PID Controller Design for Tracking

for each of the variables are assumed to be: e(t) = [-a,, a.], [ e(t) = [-a;, a;], é(t) = [-aq, aq],

u(®) = [-ay, ay].
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Figure 4.7: FPID controller for pan/tilt mechanism.

For input fuzzy variables, each variable is represented by five triangular-shaped and equally
spaced membership functions, and the output variable is represented by thirteen singleton
membership functions. Note that, the fuzzy type used here is a Sugeno-type over Mamdani-
type. The main difference between the two is that in Sugeno, output MFs are either linear or

constant. The digital hardware design of Mamdani Fuzzy Controllers is long and complex

[48].
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Figure 4.8: Graphical definition of membership functions for fuzzy variables [29].
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The overall fuzzy rules are represented by the sliced cube fuzzy associative memory (FAM)

[29] as shown in Figure 4.9 below. Each fuzzy rule is defined as:

If e(t) is E; and [ e(t) is I; and é(t) is D, THEN u(t) is Uy, | = i+j+k-2 (4.10)

e
A

m Uzm—l Ujm 2

R : i i &(t)

ml Uy | = | Uz é(r) A

m

- .
m| Un e Uy

Figure 4.9: Sliced cube FAM representation of the knowledge base [29].

And the crisp output u(t) of the corresponding equivalent fuzzy logic controller is given by
[29]:

ay

u(t) = =L e(t) + 30'—;‘1} e(t)dt +;T”de'(t) (4.11)

3a,

Which gives us a linear PID controller with:

au au
Kp=—,K1=£,andKD=E (412)
l

Equation (4.12) shows us it has no relation with m (number of membership functions). Here in
the Fuzzy-PID controller which is the equivalent of the conventional PID controller, we have
four parameters for tuning. Those parameters to be optimized or tuned are: a,, a;, a; and a,,.
While designing an optimal Fuzzy-PID controller, one can try to optimize the scaling factor,
the nonlinear factor, and/or the rule base depending on the application used and design

parameter requirements. Even though optimization of the nonlinear factor and rule bases
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generates improved results, the computation time becomes too long and the complexity of the

system increases too [29]. The fuzzy inference system, rule base view, and surface view of the

FPID controller are given in the below figures.
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Figure 4.10: Fuzzy inference system.
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Figure 4.11: Rule base view.
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Figure 4.12: Surface view.

The parameters used for genetic algorithm-based Fuzzy-PID parameter optimization are

tabulated in Table 4.4 below, while the code developed for the optimization purpose is

presented in the Appendix section of the document.

Table 4.4: Selected design parameters for GA based FPID optimization.

No. Design parameter Value
1 Population size 30

2 Number of variables 5

3 Membership function type Triangular, singleton
4 No. of input fuzzy sets 5

5 No. of output fuzzy sets 13

6 No. of input/output variables 3/1

7 Optimization function ITAE
8 Reproduction rate 0.2
9 Crossover rate 0.8

10 Mutation rate 0.05
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The proposed genetic algorithm tuned Fuzzy-PID controller block diagram is given in the
following figure. The operating range scaling factors for the inputs and output are inside the

fuzzy logic source code and can be referenced in the Appendix section of the document.

a, L
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e(t)
Referen e(t utt S5
+ le(t] ¥ Fuzzy ( Pan/tilt system
é(t)

Figure 4.13: The proposed optimal FPID controller.

The corresponding simulation results of the designed FPID controller are illustrated in the
results and discussion section of the document. There, the simulation results of the conventional

PID, Fuzzy Logic, and Fuzzy-PID controllers have been discussed.
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Chapter Five

Simulation Results and Discussion

Obiject tracking is a broad concept consisting of many system components. This thesis does not
attempt to implement a full real-time object tracking system. The goal of this thesis was to
develop an object tracker in a two-dimensional (2-D) plane both in static and dynamic cameras.
The vertical and horizontal movements of the tracker are designed to be at their possible
efficient values. This chapter consists of the simulation results and discussion parts of the
thesis. In the first section, the performance evaluation of designed controllers is presented. Next
is the static camera-based object tracking that has been given. Finally, dynamic camera-based

object tracking is presented.

5.1 Performance Evaluation of Designed Controllers
The corresponding step responses of the designed controllers are given as follows. In Figures
5.1 and 5.2 the step responses of the no-controller profile, Z-N Tuned PID, GA tuned PID and

fuzzy logic controller response plots are given.

Azimuth Elevation
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Figure 5.1: PID unit step response of: (a) the azimuth system and (b) the elevation system.
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Figure 5.2: Fuzzy unit step response of: (a) the azimuth and (b) elevation system.

As Figures 5.1 and 5.2 above showed the responses of the fuzzy logic controller given are
better than the corresponding conventional PID controller. The fuzzy logic controller response
has least overshot, least settling time, and minimum rise time but has a steady-state error when
compared to the conventional PID controller. As PID controllers are poor at handling non-
linear systems, the fuzzy logic controllers are capable of generating good results with respect
to conventional PID controllers. But fuzzy logic controllers are not still efficient and another
method of controller design technique, FPID, is proposed. When compared to the fuzzy logic
controller designed response, the GA tuned PID controller generated a very good result. It has
fast rising time, minimum overshoot, and minimum settling time. Therefore, GA tuned PID
response is better than the fuzzy logic controller designed in this case. Again, a better result
has been obtained after implementing a fuzzy logic controller with PID and optimizing it with

a genetic algorithm.

Figures 5.3 and 5.4 showed the response plots of the FPID controller and GA tuned FPID
controller. The FPID controller response had an overshot, big rising time, and settling time
when compared to the corresponding GA-tuned FPID controller. The proposed GA-tuned FPID
controller shown in Figure 5.4 has given improved results when compared to the previous
controllers. The response has minimum overshoot, negligible steady-state error, and a very
short rising and settling time as shown in Tables 5.2 and 5.3 below. Therefore, the GA-tuned

FPID controller has given a speedy response with a minimum steady-state errors.
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Figure 5.3: Unit step response of FPID controller before GA optimization.

The parameters obtained after GA optimization for each case are tabulated in Table 5.1 below.

Table 5.1: Tuned FPID parameters.

Parameter K, K, K; K, K
Azimuth 3.01 108.91 | 759.64 | 4752.19 | 3169.12
Elevation 3.002 | 1157.456 | 948.234 | 4582.13 | 120.224
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Figure 5.4: Unit step response of the GA tuned FPID system for (a) azimuth and (b) elevation.
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In Figures 5.5 and 5.6 the GA-tuned PID and GA-tuned FPID controller step responses for the
pan/tilt mechanism are plotted. As shown in Tables 5.2 and 5.3, the GA-tuned FPID controller
had given comparatively better results over the GA-tuned PID controller. The rise time reduced
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Figure 5.5: GA tuned PID and GA tuned FPID responses of azimuth system.

from 20.2 to 9.4 and 16.9 to 7.9 milliseconds (ms) for the pan/tilt system respectively. The
settling time is dropped from 34 to 16 and 27 to 15 milliseconds (ms) for the pan/tilt system
respectively. The steady-state error is negligible for each case and the maximum overshoot has
been reduced from 11.2 to 0.1 and O for GA PID and GA FPID controllers respectively for pan

motor.
Table 5.2: Transient and steady-state response parameters for azimuth,
Controller Transient and steady-state response parameter (Pan)
T, (ms)10-90% T, (ms) £2% Steady-state error | Overshoot (%)
GA_FPID 9.4 16 3.973*107° 0
GA_PID 20.2 34 6.775*107° 0.1
FPID 65.6 500 7.130*10°* 11.2
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Figure 5.6: GA tuned PID and GA tuned FPID response of elevation system.

Table 5.3: Transient and steady-state response parameters for elevation.

Controller Transient response parameter (Tilt)
T, (ms)10-90% | T, (ms) +2% Steady state error Overshoot (%)
GA_FPID 7.9 15 1.466*10~° 0.1
GA_PID 16.9 27 1.363*10* 0.2
FPID 66.75 512 1.016*1073 11.0

Based on these results, therefore, the genetic algorithm tuned Fuzzy-PID controller achieved
better results than the genetic algorithm tuned PID controller. It is then used for the tracking

mechanism in order to effectively control the position of the pan/tilt system.

The corresponding actuating signals for the designed controllers are given below. As the below

figures show, the control voltage for the controller GA tuned FPID is big which may go beyond

the ratings of our actuators and may tend to damage them.
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Figure 5.7: The actuating signals due to a step input.

Hence, saturation is used so as the control voltage is not increased beyond the actuator’s ratings
or natural capabilities. The response of the actuating signals due to a step input in the case of

GA tuned FPID controller with saturation incorporated are given below.
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Figure 5.8: The actuating signals due to a step input with saturation.

The response of the system with saturation tracks the set point with 3.095*10~3 and

9.487*10~* steady-state error for x and y respectively and given in Figure 5.9 below.
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Figure 5.9: GA tuned FPID controller response with saturation.

External Disturbance Rejection Capability

The performance of the controllers with external disturbance are tested by additively applying
a pulse signal of amplitude 2, frequency 1 rad/sec and pulse width of 10 % at the input to the
plant. Due to symmetry only the controllers of the azimuth motor are discussed here. The
performance of the design controller with an external disturbances like wind and dust is shown
in the below figure. As the simulation results showed the GA tuned Fuzzy-PID controller has

a better performance.
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Figure 5.10: External disturbance rejection capability of the controller.
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5.2 Static Camera Based Object Tracking

The interest object has been tracked with a static camera. The field of view of the camera is let
fixed at some point. Interest objects are then tracked throughout the entire frame. In this case,
there is a probability of missing the object of interest when it goes beyond the field of view of
the camera. And that is why a dynamic camera setup is required in order to follow the path of

the object by automatically adjusting the FOV.

The block diagram has been constructed in LabVIEW with vision acquisition and vision
assistant tools. After configuring the camera attributes with NI-MAX, vision acquisition has
been set to acquire objects in a grab mode. Then image processing techniques have been done
with the vision assistant tool. While doing image processing, the interest object’s kernel has
been selected and for the purpose of efficiency, the gray-scale was used rather than RGB. The
kernel was saved as a template and the new object has been compared to it. When it gets
matched to the previously stored template, the object found button is ON, and the new captured
object has been tracked. The motion of the object has been tracked by integrating the math
script node and LabVIEW blocks. The front panel and plot of the trajectory of the object are
given in Figure 5.11 and Figure 5.12 below. As the object gets matched to the saved template,
the bounding box (highlighted in red) appeared on the object and moves synchronized with it.

Stop (F)

Objects (pixel) (Object Tracking 1)

| 640x480 1X 8-bit image 122 (0,0) |

Figure 5.11: Front panel of the object tracking system.
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Figure 5.12: Object trajectory plots.

5.3 Dynamic Camera Based Object Tracking

As stated before, in static camera-based object tracking, the FOV is fixed and the object is lost
if it goes out of the focus area of the camera. To overcome this problem the camera is then
attached to a pan/tilt mechanism and let to pan and tilt in the 2-D plane. Two actuators are used
to give horizontal and vertical movements to the camera. The corresponding simulation results

of both the azimuth and elevation actuators are presented below.

Movement in the x Axis

Obijects initial position is taken to be (0,0) and the object is let to be at the center of the camera
which is (320,240).
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Figure 5.13: System response of the horizontal movement.
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Movement in the y Axis

Similarly, the objects initial position in the y axis is taken to be 0 pixel and the set point is 240

pixels which is the center point of the captured frame.
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Figure 5.14: System response of the vertical movement.

As seen from the plots above, the GA-tuned FPID controller gives better results. With non-

zero initial positions of the object, for example (600,450), the response plots are shown in
Figures 5.15 below.
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Figure 5.15: System responses with non-zero initial position for, (a): azimuth and (b):

elevation.

Object Trajectory Tracking

1) Asinusoidal trajectory of amplitude 1 and angular frequency 1rad/sec, 50 rad/sec and 100
rad/sec are taken as a reference signal to show the performance of the object tracking
capability of the camera. The time response plots are given in Figure 5.16 below. As seen
from the given plots, the sinusoidal trajectory generated is tracked with negligible steady-
state error at 1 rad/sec and the steady-state error increases at high frequencies.
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Figure 5.16: Trajectory tracking performance of the camera with GA tuned FPID Controller
(@) at 1 rad/sec (b) at 50 rad/sec and (c) at 100 rad/sec for azimuth.

Similarly, the sinusoidal trajectory tracking performance of the elevation system is

given in Figure 5.17 below. The designed controller has better response at low

frequencies with acceptable tracking performance. As the tracking speed increases, the

steady-state error increases and this drops the performance of the controller.
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Figure 5.17: Trajectory tracking performance of the camera with GA tuned FPID Controller
(@) at 1 rad/sec (b) at 50 rad/sec and (c) at 100 rad/sec for elevation.

2) Circular and elliptical trajectories are given as a reference (test) signal for the pan/tilt
mechanism to demonstrate its performance of trajectory tracking capability. The angular
frequency of the reference signal for the pan/tilt mechanism is taken to be 0.5 and 1 rad/sec
while the magnitude is considered to be 1. As seen from Figure 5.18, the camera tracked
the object with an acceptable steady-state error with GA tuned FPID controller. Figure
5.19 also shows the elliptical trajectory tracking capability of the installed system. The
response showed best transient and steady-state response characteristics and best tracking
performance at low frequencies.
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Figure 5.18: Circular trajectory tracking capability of the pan/tilt system (a) 0.5 rad/sec and

(b) 1 rad/sec.
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Figure 5.19: Elliptical trajectory tracking capability of the pan/tilt system at 1 rad/sec.

As the frequency increases, the controller’s performance decreases which complies with
the real characteristics of physical systems.
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Chapter Six

Conclusion and Future Work

6.1 Conclusion

Analysis of interest object tracking has been discussed in this thesis. Both static-camera-based
and dynamic-camera-based object tracking methods have been addressed. In the case of static
camera-based object tracking, the object of interest’s course was traced using a camera having
a fixed field of view (FOV) and plotted. In this case, the camera is set fixed at some point and
the object of interest was detected and tracked. As the field of view of the camera is fixed, the
object is lost when it moves beyond it. The dynamic-camera-based object tracking is proposed

in order to improve this problem.

In the case of dynamic camera-based object tracking, the field of view of the camera is let
changing depending on the movement of the object. The camera let attached to the pan/tilt
system in x and y coordinates. The camera is always directed towards the object of interest.
And to effectively control the orientation of the camera, different control techniques like
conventional PID, genetic algorithm tuned PID, fuzzy logic, and genetic algorithm tuned FPID
controllers have been designed. As the simulation results showed, the genetic algorithm tuned
FPID controller has given the best results. The corresponding rise and settling times have been
reduced from 20.2 to 9.4 milliseconds and from 34 to 16 milliseconds respectively for the
azimuth motor compared to the genetic algorithm tuned PID controller. Similarly, the rise and
settling times reduced from 16.9 to 7.9 milliseconds and 27 to 15 milliseconds respectively for
the elevation motor when compared to the genetic algorithm tuned PID controller. Maximum
overshoot (%) of 0.1 and 0.2 is found for GA tuned FPID and GA tune PID controllers
respectively. The steady-state errors recorded are 1.466 * 10~° and 1.363 = 10~* for the GA
tune FPID and GA tune PID controllers respectively.

In general, this paper proposed an optimal FPID controlled design with the fuzzy variable’s
membership function tuned by an operating range. The GA-tuned FPID controller gave the
best results considering the transient and steady-state response specifications. As seen from the
results section, the actuating signals found were about 550 and 520 volts, which are impractical.
To limit the controller output (actuating signals) within the actuator ratings, so as to protect the

actuators, saturation has been used and the actuating signals are kept within the ratings of the
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actuators. But an acceptable increase in the steady-state error has been obtained. Finally, the
objective of the research to design an optimal Fuzzy-PID controller for object tracking systems

has been achieved.

6.2 Future Work
Further work may focus on the implementation of an Optimal Fuzzy-PID controller for the
object tracking systems to achieve an efficient and real-time object tracking system with a

smart camera.
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Appendix A

A.1 GA Tuned Fuzzy-PID Controller Block Diagram for Pan/Tilt Mechanism
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Figure A.1: Block diagram of azimuth motor PID and FPID controller design in Simulink.
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Figure A.2: Block diagram of elevation motor PID and FPID controller design in Simulink.
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A.2 The Corresponding Optimization Tool GUI and Fitness Function Value

4\ Optimization Tool - O X
File Help
Problem Setup and Results Options Quick Reference <
@ El Population @ i i
Solver: iga - Genetic Algorithm = Genetic Algorithm
Population type: | Double vector Solver
Problem This tool corresponds to
Fitness function: @(x) GA_based_PID_Optimization(: Population sizet (@ Use default: 50 for five or fewer variable the ga function.
Number of variables: |3 O Specify: Click to expand the
- seclion below
ErsEe Creation function: | Constraint dependent corresponding to your
Linear inequalities: A b: task
- Problem Setup and
Linear equalities: Aeq: beq: Initial population: (@ Use default: [] Results P
Bounds: Lower: |[000] Upper. 010 ) Specify: Brablem
Nenlinear constraint function: e mere= @ Use default: [] Caonstraints
Integer variable indices: O specity: Run salver and view
results
Run solver and view results
Initial range: (®) Use default: [-10:10] Opti
[] Use random states from previous run i ptions
O Specify: Specify options for the
Start Pause Stop - . Genetic Algorithm solver.
[l Fitness scaling
i 2 Fopulation
Current iteration: | 72 Clear Re Scaling function: | Rank p
Objective function value: 0,01858034245614351 Fitness scaling
Optimization terminated: average change in the fitness val Selection
less than opticns.FunctienTelerance,
- Reproduction
Final point: El Selection Wutation
14 2 3 Selection function: | Stochastic uniform Crossover
89.973 78.015 v v -
< > < > Migration -
Figure A.3: MATLAB optimization tool box.
Best Function Value: 0.00159261
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Figure A.4: FPID optimization fitness function.
A.3 MATLAB Code for GA Based PID Optimization

% Genetic algorithm code development for PID Optimization
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% This code with optimtool tool box generates the optimized PID controller
% parameter values

function [J]=GA based PID Optimization (x)

1b=[0 0 0]; ub=[100 100 100];

assignin('base', 'x', x);

sim('GA based PID Optim.slx'");

J=ITAE (length (ITAE)); end

A.4 MATLAB Code for GA Based FPID Optimization

% Genetic algorithm code development for FPID Optimization. This code in
% line with optimization tool box generates the optimized FPID controller
% parameter values

function [J]=FPID GA Optim (k)

1b=[0 0 0 0 0]; ub=[500 5000 5000 5000 5000];

assignin('base', 'k', k);

$sim('FPID Optimization X.slx',0.01); % for Azimuth

sim('FPID Optimization Y.slx',0.01); % for Elevation

J=ITAE (length (ITAE)); end

function out=FPID XM (input)

k=evalin('base','k'"); warning off;

error=input (1); error int=input(2); error dot=input(3);
tfc=newfis('tfc','sugeno'); % Sugeno type FLC

sal=[0.5,0.5]; % Membership function distribution for error
sbl1l=[0.5,0.5]; % Membership function distribution for integral error
scl=[0.5,0.5]; % Membership function distribution for derivative error
sdl=[0.167,0.167,0.167,0.167,0.167];% MF distribution for output

% Input and output declaration

tfc=addvar (tfc, '"input', 'error',k(1)*[-1 1]);

tfc=addvar (tfc, "input', 'error int',k(2)*[-1 11);

tfc=addvar (tfc, "input', 'error dot',k(3)*[-1 11);
tfc=addvar (tfc, 'output', 'ul', [-1 1]);

% Membership function for input 1 (error)

tfc=addmf (tfc, "input',1, 'NB', "trimf', k(1) *[-1 -1 -sal(2)]);

tfc=addmf (tfc, "input',1, 'NS', "trimf', k(1) *[-1 -sal(l) 0]);

tfc=addmf (tfc, "input',1, '20", "trimf', k(1) *[-sal(l) 0 sal(l)1);
tfc=addmf (tfc, 'input',1, 'PS', "trimf',k(1)*[0 sal(l) 1]);

tfc=addmf (tfc, 'input',1, 'PB', "trimf',k (1) *[sal(2) 1 1]);
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o)

% Membership function for input 2

(error int)

tfc=addmf (tfc, "input',2, 'NB', "trimf',k(2)*[-1 -1 -sbl(2)]);
tfc=addmf (tfc, "input',2, 'NS', "trimf',k(2)*[-1 -sbl (1)

tfc=addmf (tfc, "input',2, 'Z20", "trimf',k(2)*[-sbl (1)
tfc=addmf (tfc, "input',2, 'PS', 'trimf',k(2)*[0 sbl (1)
tfc=addmf (tfc, "input',2, "PB', "trimf',k(2) *[sbl (2)

Q

% Membership function for input 3

(error dot)

01):

0 sbl(1)1);
11);
1.11);

tfc=addmf (tfc, "input',3, 'NB', "trimf',k(3)*[-1 -1 -scl(2)]1);
"trimf',k(3)*[-1 -scl (1)

tfc=addmf (tfc, "input',3, 'NS',
tfc=addmf (tfc, "input',3, '20",
tfc=addmf (tfc, "input',3, 'PS"',
tfc=addmf (tfc, "input',3, 'PB',

[

tfc=addmf (tfc, 'output', 1,

tfc=addmf (tfc, "output'
tfc=addmf (tfc, "output'
tfc=addmf (tfc, 'output'
tfc=addmf (tfc, 'output'
tfc=addmf (tfc, 'output’
tfc=addmf (tfc, "output'
tfc=addmf (tfc, 'output'
tfc=addmf (tfc, "output'
tfc=addmf (tfc, 'output'
tfc=addmf (tfc, 'output'
tfc=addmf (tfc, "output'
tfc=addmf (tfc, "output'

o)

% Rule Matrix

rule matrix = [

w w NDNdDND NN R

N P w0y W NN

Y
Y
Y
r 1y
r 1y
Y
Y
ey
r Ly
r Ly
ey
=y

[ = T = T = T S e e

"trimf',k(3)*[-scl (1)
"trimf',k(3)*[0 scl (1)
"trimf',k(3)*[scl (2)

% Membership function for output (u)

'NE6', 'constant', [-11);

'"NES5',
'NE4',
'NE3',
'NE2',
'NEL1',
"NEO',
"PE1',
"PE2',
"PE3',
"PE4"',
"PES5',
"PEG',

W oy WDl NN

[ = T = T = T S e e

'constant', [-sd1(5)]);
'constant', [-sd1(4)]);
'constant', [-sd1(3)]);
'constant', [-sd1(2)]);
'constant', [-sd1(1)]);
'constant', [0]);

'constant', [sdl(1)]);
'constant', [sd1(2)1);
'constant', [sd1(3)1]);
'constant', [sdl(4)1]);
'constant', [sd1(5)]);

'"constant', [1]):

~. ~. ~. ~e ~e

~e

~e ~. ~. ~.

[ = T = T = T S e e
~

~e

01):

0 scl(l)]);
11);
1.11);
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5 3 4 10 1 1;
5 4 4 11 1 1;
5 5 4 12 1 1;
1 1 5 5 1 1;
1 2 5 6 1 1;
1 3 5 7 1 1;
1 4 5 8 1 1;
1 5 5 9 1 1;
2 1 5 6 1 1;
2 2 5 7 1 1;
2 3 5 8 1 1;
2 4 5 9 1 1;
2 5 5 10 1 1;
31 5 7 1 1;
3 2 5 8 1 1;
33 5 9 1 1;
3 4 5 10 1 1;
3 5 5 11 1 1;
4 1 5 8 1 1;
4 2 5 9 1 1;
4 3 5 10 1 1;
4 4 5 11 1 1;
4 5 5 12 1 1;
5 1 5 9 1 1;
5 2 5 10 1 1;
5 3 5 11 1 1;
5 4 5 12 1 1;
5 5 5 13 1 1;

17
tfc=addrule (tfc, rule matrix);

out= evalfis([error error int error dot],tfc);
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