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ONE DIMENSIONAL SCANNING ALGORITHM FOR ROBOTIC APPLICATIONS 

 

CHANDRESHKUMAR CHAUDHARI 

 

ABSTRACT 

 

This thesis proposes a novel image processing algorithm, One Dimensional Scanning 

algorithm (ODS), that provides an efficient alternative to the existing algorithms for 

object and target detection in camera based robot vision applications. In such indoor 

applications, it is observed that the algorithms used to analyze video data are sometimes 

unnecessarily complex and better techniques should be developed. The proposed 

algorithm addresses this issue effectively by processing two-dimensional image signals 

into one dimension, the central idea of the ODS algorithm. It offers significant reduction 

in storage and computational requirements, and simplifies the overall setup of the system. 

In the current thesis, the algorithm is implemented in MATLAB® for a robot vision task 

where a robot cart moves in a straight line and reads numbered door plates mounted on 

the wall. A comparison between the Hough transform and the ODS algorithm is made for 

a square object detection.  The robot is programmed using a Microchip PIC16F877 

microcontroller. The mobile robot communicates with the controller PC using wireless 

communication at 433.92 MHz frequency.  
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CHAPTER I 
 
 

INTRODUCTION 
 
 
 

1.1 BACKGROUND  

 

In recent years engineering technology has advanced to a stage where human life is 

inherently inhabited by technological innovations, and robots have not been an exception. 

Today, robots are being used in critical applications in diverse fields. We find many 

examples of these advancements where robots play a very important role in applications 

such as medicine and space missions. Although the technology has been advanced to a 

very sophisticated stage where robots are able to perform various complex tasks, they still 

lack human intelligence and other senses, especially perception abilities. This poses 

significant limitations to their use in applications that require some kind of intelligence 

apart from the structured environment and precise assignments. So there is a need for 

  1  



  

further research in this area to add human like perception abilities to robots in order for 

them to be able to carry out more complex tasks in complex environments. To facilitate 

this, systems must be developed that can understand the surrounding environment of a 

robot, process complex information mainly scenery, and perform complex decision 

making tasks for successful navigation based on the sensory information perceived by the 

sensors mounted on the robot [1]. 

  

“The successful introduction of robotics into human environments will rely on the 

development of competent and practical systems that are dependable, safe, and easy to 

use” [2]. The ability to navigate autonomously, without human intervention, in an 

environment has a tremendous impact on the success of such systems. Autonomous 

vehicle navigation is one of the areas that has been explored mainly by research 

organization such as NASA, the Defense Advanced Research Projects Agency (DARPA), 

and the Department of Defense (DOD) for military and space exploration applications. 

Much research work has been accomplished in recent years for utilizing robots for 

navigation tasks. This work can be divided broadly into two categories, indoor navigation 

and outdoor navigation. The research work described in this thesis is focused on the 

development of new design techniques related to the indoor navigation abilities of 

autonomous robots, especially for robot vision. 

 

Before discussing the technical details of robot vision, it would be advantageous to 

understand human vision and navigation. Human eyes receive visual information 

contained in the environment, convert it into ionic electrical signals, and then send these 
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signals to a specific part of the brain which is responsible for decoding and perceiving the 

received information. The neurons in this part of the brain are specialized to understand 

the received information and to send the necessary control information to another part of 

the brain which is responsible for taking control action (motor action) if necessary. This 

simple description suggests that a feedback system made up of a sensory part (the eyes), a 

controller (the brain), and actuators (the limbs) is essential. So it is very clear that in order 

to make robot navigation autonomous, we need to add some kind of sensory device (an 

eye) to the robot, which can receive visual information contained in the environment. 

Several researchers have investigated different sensors for this purpose (see section 1.2).  

 

There are several choices in selecting a sensor for gathering environment information in a 

typical robot vision setup. Some of the sensors used for similar purposes are ultrasound 

sensors, cameras, and infrared sensors. We chose a camera sensor for the thesis work 

because it offers better information at low costs. There are two famous types of cameras, 

complementary metal oxide semiconductor (CMOS) and charged coupled device (CCD). 

CCD and CMOS image sensors are two different technologies for capturing images 

digitally. Both types of imagers convert light into electric charge and process it into 

electronic signals. Each has unique strengths and weaknesses offering advantages in 

different applications. The choice of camera depends on the relative merits and demerits 

of each technology. Here we use a CCD camera because of its advantages: less power 

requirements and better picture quality at low cost. For this work, we limit ourselves to a 

robot vision system that receives sensory information, namely a video stream, from a 

CCD camera mounted on the robot [3].  
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After the sensor has received reliable environment information in the form of video data, 

the next important issue is to have an algorithm that can understand the visual 

information representing the current state of the robot and generate appropriate control 

signals for successful navigation of the robot in the environment. Numerous robot vision 

algorithms have been reported in the research literature. Most of them use computer 

vision techniques, image understanding techniques, and intelligent algorithms for this 

purpose. Each of them is designed to meet specific requirements such as road navigation 

systems and indoor navigation systems for postal delivery. For applications that use a 

CCD camera as the sensor, the robot vision algorithm becomes an image-understanding 

algorithm. According to J.K. Tsotos, "Image understanding (IU) is the research area 

concerned with the design and experimentation of computer systems that integrate 

explicit models of a visual problem domain with one or more methods for extracting 

features from images and one or more methods for matching features with models using a 

control structure. Given a goal, or a reason for looking at a particular scene, these systems 

produce descriptions of both the images and the world scenes that the images represent" 

[4].  

 

Although there are several important aspects of a successful robot vision research project, 

the research described in this thesis is limited to the development of a novel image-

understanding algorithm that can enable successful navigation of a robot in a well-

structured indoor environment using CCD camera vision. The goal of the experimental 

work in this project is to enable the robot to move in a straight line along a row of three 
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numbered doors, identify a specified number on one of the doors, and then perform an 

action as specified in the algorithm. 

 

1.2 LITERATURE REVIEW   

 

The word robot comes from the Czech word robota, meaning “forced labor.” According 

to The Robot Institute of America, a robot is “a reprogrammable, multifunctional 

manipulator designed to move materials, parts, tools, or specialized devices through 

various programmed motions for the performance of a variety of tasks" [5]. Being a 

multidisciplinary research domain, robotics covers several challenging areas; one of them 

is robot vision.  

 

“Mobile robotics development started at Stanford University when Nils Nilsson 

developed the mobile robot SHAKEY in 1969. This robot possessed a visual range 

finder, camera and binary tactile sensors. It was the first mobile robot to use artificial 

intelligence to control its actions. The main objective of SHAKEY was to navigate 

through highly structured environments such as office buildings” [6]. In 1977, the Jet 

Propulsion Laboratory (JPL) robot was developed to find the optimum path to a goal in 

an unknown environment using a path planning algorithm, PATH.  The robot used a 

navigation system that received visual inputs from visual sensors including a TV camera 

[7]. The use of cameras as navigation sensors motivated researchers to investigate robot 

vision applications at low cost. “The Stanford Cart [8], [9] used a single camera to take 

nine pictures, spaced along a 50 cm track, and used Moravec operator interest operator to 
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pick out distinctive features in the images. These features were correlated between 

images and their three dimensional positions were found using a stereo algorithm” [10]. 

“A vision system for a mobile robot intended for the factory floor was presented by Inigo 

et al.[11]. This system used edge detection, perspective inversion, and line fitting (via a 

Hough transform [12]) to find the path, an a priori road model of straight lines, and 

another stereo technique using vertical cameras, called motion driven scene correlation, 

to detect obstacles. Other mobile robots had been developed that use sensors particularly 

suitable to an indoor environment” [10].  

 

With the advancement in sensor technology, low cost color cameras became an appealing 

sensor for robot vision applications such as robot soccer. A real time, color based 

adaptive technique for color based object detection was investigated at Carnegie Mellon 

University (CMU). The research effort was based on the development of a new technique 

for a fast color vision algorithm in robot domains where lighting levels may vary [13].  In 

1999, the first robot vision application that guided people through a museum was 

reported. A robot application named RHINO [14] guided people through a museum. The 

robot was based on a laser device, but because of its high cost it, is impractical to use for 

commercial applications. Stefan Florczyn, a professor in computer science at the Munich 

University of Technology, Germany, has been active in research activities in robot vision 

for several years. In his recent book, “Robot Vision: Video based indoor exploration with 

autonomous and mobile robots,” he mentions that a robust robot-vision scenario that uses 

only cameras did not exist until year 2005. “Some imaginable applications could be 

postal delivery or a watchman in an office environment, service actions in a hospital or 
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nursing home, and so forth. Several researchers are currently working on such 

applications, but a reliable application does not currently exist” [15].  

 

Current research in the indoor robot vision area is focused on the development of new 

techniques that allow rapid recognition of objects that can be used as landmarks for path 

planning in a structured indoor environment. In indoor environments such as office 

buildings, static door number plates can be used as landmarks for preparing the graphical 

map for robot navigation. A static door number recognition system for mobile robots in 

office buildings was researched using a gap-based heuristic algorithm for rapid and 

accurate indoor navigation. A humanoid robot, HERMES, was provided with the 

topological map in the form of door plate landmarks. Template based matching 

techniques were used to recognize the door plates [16]. 

 

Image processing algorithms based on artificial intelligence, fuzzy logic, and other 

intelligent techniques can be found in the literature [17], [18]. Each of these algorithms 

uses some level of image processing operations, starting from simple edge detection to 

more complex morphological and color image processing. The specifics of the algorithm 

depend on the application under consideration. This thesis proposes a new algorithm, one 

dimensional scanning (ODS), for the very crucial subtask of the entire robot vision 

project, image understanding.  The ODS algorithm differs from the existing algorithms in 

two ways. The first is that it does not use template matching algorithms. Instead, it uses 

general techniques to recognize the target, and thus it is less prone to template matching 
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errors. The second is the reduction in analysis space dimensions which reduces storage 

space and computational complexity. 

 

1.3 MOTIVATION AND THESIS ORGANIZATION 

 

A well-known motivational theorist, Abraham Maslow, once commented: “When you 

have a hammer, everything looks like a nail” [19]. It stresses the meaning and importance 

of efficiency, and is the motivational seed for this work as well. It is not completely 

irrelevant to use powerful and proven techniques to achieve a desired objective, but it is 

equally difficult to justify the use of such techniques when considering the overall 

efficiency of the system. In computer vision and robot vision algorithms, a “hammer 

approach” has been followed since the very first application, where the Hough transform 

[12] undoubtedly played the role of hammer. 

 

Over the years, the Hough transform has been the most widely used technique for object 

identification. The strong and accurate mathematical formulation made it very popular 

among the research community for machine and computer vision algorithms. Although it 

is one of the best algorithms for object detection, its intense computational requirements 

cause the algorithm to respond slowly and be less efficient in terms of real-time 

performance. This has been experienced by several researchers and has motivated 

researchers to develop novel algorithms that can improve the system performance.  

 

  8  



  

The research described in this thesis reduces the computational burden by introducing a 

novel image processing technique called a one-dimensional scanning algorithm (ODS). It 

uses simple, but effective, image processing techniques, especially morphological 

techniques such as erosion, dilation, and opening and closing operations. The most 

effective part of this algorithm is the ingenious use of a signal processing technique for 

extracting information about image content that converts a two-dimensional image signal 

into two, one-dimensional discrete distance signals. This approach reduces the 

computational load by a significant factor, and thus produces effective real-time results.  

 

The thesis is organized into six chapters. Chapter 2 presents the research problem 

formulation for the novel image processing algorithm. A typical robot vision task is 

illustrated along with the experimental setup. Chapter 3 discusses basic image processing 

techniques. Morphological image processing techniques are explained in detail. Existing 

object-detection techniques are discussed and compared with the new algorithm, the one-

dimensional scanning (ODS) algorithm. Chapter 4 discusses the hardware 

implementation of the mobile robot. The implementation of the wireless CCD camera 

and its specifications are discussed in detail. This chapter also provides the technical 

details necessary to implement wireless communication between the PC controller and 

the mobile robot. Chapter 5 presents the experimental results for numbered door 

recognition using ODS algorithm. The single layer perceptron neural network 

architecture, training, and details related to digit (number) recognition are explained. 

Chapter 6 talks about the conclusions of the research effort and provides insight into the 

future research required to improve the results.  
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CHAPTER II 

 

ROBOT VISION 

 

When a robot is provided with vision capability, it also needs the ability to analyze and 

understand the acquired video information. This ability to analyze the information 

eventually needs an image processing algorithm that can understand the image content 

for a given application. There are several image processing algorithms in use for this 

purpose, but none has become a standard to date. This thesis proposes a new approach to 

analyzing the image information, the one-dimensional scanning algorithm (ODS). 

Section 2.1 discusses indoor robot navigation. The research problem for this thesis is 

discussed in Section 2.2. The one-dimensional scanning algorithm is also discussed in 

detail along with other existing algorithms. An experimental setup to verify the ODS 

algorithm is explained in Section 2.3. An example scenario is given in Section 2.4. 
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2.1 INDOOR ROBOT NAVIGATION  

 

Robot navigation in an indoor environment has been researched since the first robot 

vision application, SHAKEY, developed by Nils Nilsson [20] in 1969. There are several 

interesting applications that can be realized using mobile robots in an indoor 

environment. Most of these applications are related to tasks that are simple and 

monotonous for human beings. Such tasks require a limited amount of human 

intelligence and capabilities, and are fairly straightforward to implement with mobile 

robots. A simple robot vision indoor navigation task can be realized by mounting a 

wireless CCD Camera on the robot and using an algorithm that runs on a computer and 

commands robot accordingly. 

 

In order to perform a routine task such as delivering mail or performing a cleaning 

operation, a robot must be able to recognize objects such as an office in the building. The 

robot is provided with vision for this task by fitting a wireless camera onto the robot that 

can record the video data and transmit it to a computer for controlling robot navigation. 

The data sent by the camera provide information about the robot’s surrounding 

environment and the robot’s current location in the environment. A computer program, 

perhaps an intelligent algorithm, understands the data and computes the control action 

which commands the robot to achieve a desired objective. The command is transmitted to 

the robot wirelessly, and the controller hardware on the robot, a microcontroller, drives 

the robot for the given command. There are several important aspects of the design that 

need careful attention and can be divided into two broad categories. The first concerns 
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technical issues related to camera compatibility, the selection of an application 

development platform, and hardware resources. The second concerns issues related to 

selection of algorithmic techniques which enable the overall task to be implemented 

efficiently.  

 

In addition to developing innovations, it is equally important to investigate possible 

improvements in the current technology by applying better techniques that can reduce the 

cost of the overall technology without compromising efficiency. Robotics research has 

reached the stage where both research areas, innovations and improvements, are being 

heavily investigated. The One-Dimensional Scanning (ODS) algorithm converts a two-

dimensional image into two one-dimensional sequences and extracts the necessary 

information by processing the one-dimensional sequences, thereby reducing the 

computational efforts required.  

 

2.2 RESEARCH PROBLEM 

 

This thesis proposes a novel image processing algorithm, namely, the One Dimensional 

Scanning (ODS) algorithm. The motivation underlying this work was to use existing 

image processing operations in an innovative manner so as to generate an algorithm that 

is simple and more efficient when compared to existing algorithms. In this section, we 

first explain some of the important aspects of algorithm design that form a basis for this 

thesis work, followed by the scope of the work.  
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2.2.1 COMPUTER ALGORITHMS 

 

Although there is no agreed upon definition of an algorithm, a simple definition is: A set 

of instructions for solving a problem. Since the invention of the computer, the majority of 

algorithms are implemented using computers and programming. However, algorithms are 

also implemented by other means, such as in a biological neural network  (for example, 

the human brain implementing arithmetic or an insect looking for food), in an electrical 

circuit, or in a mechanical device. A computer algorithm is defined as: A computable set 

of steps to achieve a desired result.  

 

It is interesting to note that the same objective can be achieved using different algorithms, 

each having different properties. Thus, it is important to know how much of a particular 

resource (such as time or storage) is required for a given algorithm. Methods have been 

developed for the analysis of algorithms to obtain such quantitative answers. The field of 

computer engineering dedicated to the study of algorithm complexity is called computer 

algorithms.  

 

2.2.2 ONE-DIMENSIONAL SCANNING (ODS) ALGORITHM 

 

As explained in a typical robot vision task in the previous section, in order to navigate the 

robot, we need an algorithm that receives an image from video data as its input and 

provides an output in the form of a command signal to drive the robot in a particular 

direction. Many researchers have implemented robot vision tasks using cameras, and thus 
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several schemes are available for use in the literature. After a careful study of these 

algorithms, it is observed that for each application a form of target detection is required. 

Some of the methods use template-based matching where the presence of a target is 

determined by comparing the possible target with the target template stored in the 

memory. This approach suffers from several limitations described in the literature, and 

thus will not be discussed further in this thesis. A group of techniques use a structured 

algorithm, and this group requires a closer look and is discussed here. Such techniques 

process the input image and perform mathematical operations to extract the important 

information. A general scenario for this approach usually includes the following 

operations in the mentioned order: 

(1) Image filtering: To remove camera noise. 

(2) Image enhancement: For better image representation. 

(3) Region detection: To select a region that contains the desired information. 

(4) Object detection: To detect objects such as a square shape that contains numbers 

and/or characters. 

(5) Target identification: To identify the information in the target area of the image in 

order to, for example, understand digits on a number plate. 

(6) Command signal: Control signal to navigate the robot. 

The first two operations are common and can be performed using various well-known 

mathematical techniques. The result is an image that is ready for further processing. The 

most important phase of this sequence is the object detection step. There are some 

important questions that will help to better understand the necessity of the research in this 

thesis. These questions will be discussed next. 
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How is an object detected in the image? The answer to this question is straightforward: 

the object is detected by recognizing certain features of the object present in the image. 

Other questions are: What is meant by features? How are features determined? What 

techniques have been used in the past for this purpose? What is the best way to 

accomplish feature recognition? What is the most widely used technique, and why it is 

used so widely? 

 

Although all these questions have very precise answers, the answers are less important 

than the reasons for asking these questions since the reasons provide the motivation for 

conducting this research. The most critical and interesting question is the last one. The 

answer to this question may be obtained from the literature and is called the Hough 

Transform technique [12].  The reason for its wide use is that it has a very strong 

mathematical formulation that can fit most object detection tasks. As far as mathematical 

formulation is concerned, the Hough transform is the best choice, but a problem arises 

when one thinks in terms of implementation details, memory, and time complexity. Thus, 

one is interested in learning about the alternatives to the Hough transform, and this is the 

focus of the research problem for this thesis.  

 

In this thesis, we discuss the development of a new algorithm for processing the image 

and extracting the information contained in the image. The main advantage of this 

approach is the conversion of a two-dimensional image signal into two one-dimensional 

signals for further processing. This has a large positive effect on the efficiency of the 
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overall algorithm. It is worth comparing the normal image processing approach with this 

new approach in order to appreciate the large reduction in computational effort.  

 

2.2.3 IMAGE PROCESSING EXAMPLE 

 

Assume that we have a 200 x 300 image as shown in Figure 2.2. We want to look for the 

presence of a square in this image.  We discuss two approaches to accomplish this. The 

first approach, similar to the Hough transform, uses the normal approach, while the other 

uses the novel algorithm, ODS. The comparison gives a better insight into the research 

problem. 

 

The normal image processing approach: In this approach, generally we need to do 

some logical processing of the image to detect the presence of similar pixels in a straight 

line, both horizontal and vertical. If we temporarily ignore the exact mathematical details 

and only show non-mathematical, intuitive calculations, it is easy to verify that each pixel 

must be checked at least once (and that information must be stored) to identify horizontal 

and vertical lines, and thus a square. Therefore, even in a very simple case, we need at 

least 200 x 300 = 60000 operations.  
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Figure 2.1 One Dimensional Scanning Algorithm 

 

The one-dimensional scanning (ODS) approach: Here we convert the two-dimensional 

image signal into two one-dimensional signals and then analyze them for the presence of 

a square. So for a 200 x 300 image, we generate two one-dimensional signals, one having 

a length of 200 and the other, 300. In the next step of the process, we analyze these two 

signals, and thus we need only 200 + 300 = 500 operations. So this example illustrates 

the strength of the ODS algorithm, i.e., the reduction in the computational effort by a 

factor of 120 (60000 / 500) in this case. It is important to note here that in order to use 

this algorithm, it is necessary to understand and derive the unique features for the given 

task. These two steps are very important to the overall success of the ODS algorithm. 
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The algorithm uses a new technique where simple, but efficient, signal processing 

techniques are used to identify the object. It uses the most common and visible 

geometrical features of an object to detect the presence of such features in the signal. The 

quantitative comparison between the ODS algorithm and other existing algorithms can be 

shown using a mathematical analysis such as big-O notation, but here a more practical 

and qualitative approach is taken. The analysis shows the advantage of using simple 

techniques in place of more accurate, but complex, algorithms. The next section discusses 

the method for testing the applicability of the proposed algorithm.  

 

2.3 EXPERIMENTAL SETUP  

 

The ODS algorithm is implemented using a mobile robot cart driven by two DC motors. 

The robot moves in a straight line and reads number plates on the wall. There are three 

plates numbered 309, 310, and 311. A wireless camera mounted on the robot records 

video data and sends it to a receiver connected to a computer for processing of the input 

video data. A video object is created in MATLAB which receives the video data from the 

serial port of the computer when video data is available. The video object has several 

parameters that can be set according to requirements. Figure 2.3 shows the default 

parameter settings. In order to save computer memory, a gray-level video format is 

selected by setting a parameter in the video object that converts the input red-green-blue 

(RGB) format into a gray-level format.  
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Figure 2.2 A snapshot of video object parameter setting panel (Property Inspector). 

 

After the video data is read into the MATLAB workspace variable, the MATLAB image 

processing toolbox is used to process the gray level-image. The image is processed using 

an algorithmic procedure that includes pre-processing of the image, object detection 

using the ODS algorithm, target detection using the ODS algorithm, and recognition of 

the target using a neural network. The details are provided in the following chapters of 

this thesis. The output command to the robot is transmitted to the serial port of computer 

connected to the wireless transmitter circuit, and the command is implemented on the 

robot using a Microchip PIC16F877 microcontroller. The PIC16F877 is programmed in 

assembly language to read the serial RS 232 input from the serial port of the computer. 

The data transmitted from the MATLAB program to the PIC16F877 will generate 

appropriate data pattern at the output port of PIC16F877. This output is processed by an 
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encoder chip, HT640, followed by a transmitter circuit that modulates the command 

signal and transmits it via the antenna on the transmitter side. A receiver circuit on the 

robot receives the command via an antenna. The received command signal is 

demodulated and sent to a decoder chip, HT648 (similar to the encoder chip on 

transmitter side). The output of the decoder chip is read by the PIC16F877 

microcontroller on PORTC. The microcontroller is programmed to drive the robot cart by 

outputting two PWM signals on the PORTD pins, RD1 and RD2.  

 

2.4 EXAMPLE SCENARIO  

 

A robot is required to turn right when it reaches a particular door number, say 310. The 

target information is stored in the program logic for this task. It is important to note here 

that the target information is not stored in the form of an image of the door number 310 

as in the case of template-based pattern recognition. Here control logic is used for the 

task, and it is a decision-based design. While moving in a straight line, the robot records 

and transmits the video data to the computer which is running the control logic program 

for the robot. The computer analyzes the video data using the ODS algorithm and 

transmits a control signal determined by the current position of the robot. When the robot 

reaches the target, the algorithm generates a control signal that commands the robot to 

turn right. This simple scheme can be extended to more complex navigational tasks by 

implementing the necessary control logic in the algorithm. The basic structure remains 

the same. The following chapters explain the concept in detail, and Chapter 5 explains the 

experimental results for the scenario described above.  
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CHAPTER III 

 

IMAGE PROCESSING 

 

In video-based navigation systems, it is customary to analyze the image contents using 

image processing techniques. This chapter gives an overview of general image processing 

techniques, followed by a special class of image processing techniques called 

morphological image processing techniques. Section 3.1 gives an introduction to image 

processing and image analysis domain. Section 3.2 discusses important image processing 

operations accompanied by examples. Morphological image processing techniques are 

explained in section 3.3. Section 3.4 discusses object detection techniques for a square 

number plate object. Hough transform and ODS algorithm are also discussed for their 

application to square object detection.  
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3.1        INTRODUCTION TO IMAGE ANALYSIS 

 

“Vision is the most advanced of our senses, so it is not surprising that images play the 

single most important role in human perception” [21]. For vision based robotics 

applications, the scenic information is in the form of an image. In order to perceive the 

information contained in the image, the robot must be able to process the image and 

extract the necessary information. To do so, some form of image processing techniques, 

or image analysis/understanding techniques, or combination of both is required. The 

formal definitions of image processing and image analysis/understanding are given 

below. 

 

Image processing is any form of information processing for which the input is an image, 

such as photographs or frames of video; the output is not necessarily an image, but can 

be, for instance, a set of features of the image. Most image-processing techniques involve 

treating the image as a two-dimensional signal and applying standard signal-processing 

techniques to it. 

Digital image processing is the use of computer algorithms to perform image processing 

on digital images. 

Computer vision is the science and technology of machines that see. As a scientific 

discipline, computer vision is concerned with the theory and technology for building 

artificial systems that obtain information from images or multi-dimensional data. 

Machine vision (MV) is the application of computer vision to industry and 

manufacturing. 
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Image analysis is the extraction of meaningful information from images, mainly from 

digital images by means of digital image processing techniques. Image analysis tasks can 

be as simple as reading bar coded tags or as sophisticated as identifying a person from 

his/her face. 

As it is clear from the above definitions, the main difference between image processing 

and image analysis is that the former has an image as both input and output, while the 

later has an image as input and some form of information, not necessarily an image, as 

output. In this current work, we use images as input, and the output is the identification of 

door numbers as output so essentially, it comes under the category of image analysis 

techniques. 

 

3.2 IMAGE PROCESSING 

 

“An image may be defined as a two-dimensional function, f (x, y), where x and y are 

spatial coordinates, and the amplitude of f at any pair of coordinates (x, y) is called the 

intensity or gray level of the image at that point” [21]. In image processing literature, a 

point in two-dimensional space is known as a pixel, a word coined by Frederic Crockett 

Billingsley, an American engineer, who spent most of his career developing techniques 

for digital image processing in support of American space probes to the moon, to Mars, 

and to other planets. He published two papers in 1965 using the word pixel, and may have 

been the first to publish that neologism for picture element [22]. The images are 

described by their pixel size, for example a 640 x 480 image contains 640 rows and 480 

columns of pixels, totaling 307200 (640*480) pixels. The intensity value at each point 
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depends on the image format used to represent pixel value. There are three widely used 

image formats, namely RGB image format, Gray level image format, and Black and 

White (B&W) image, also called binary image format.  

 

An RGB image consists of three colors, Red, Green and Blue, for each pixel. Each color 

can be represented by a word, and thus it takes three words to completely represent single 

pixel intensity. A word may contain any number of bits; the most popular RGB image 

format uses an 8 bit word and is sometimes called RGB24 because of three 8 bit words 

for three colors. 

 

Each pixel can be represented by 24 bits in a color RGB image, 8 bits in a gray level 

image and 1 bit in a Black & White image. RGB images contain more accurate 

information about the scene but require more memory and thus more processing time. On 

the other hand, Black & White images require the least memory and processing time, but 

contain less information and no color information at all. The gray image format falls in 

between RGB and B&W. Each pixel can take one of the 256 values derived by an 8 bit 

word, where 0 represents black color and 255 represents white color. Figure 3.1 shows a 

B&W image and pixel information of the selected pixel region of the image. It is easy to 

see that a B&W image can be considered a matrix that contains binary information, i.e. 

either 0 (black) or 1 (white). 
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Figure 3.1 Pixel arrangements in B&W image 

 

Image processing techniques can be grouped into three levels: low-level, mid-level and 

high-level image processing techniques. Low-level techniques are generally used for 

preprocessing to reduce noise, contrasting enhancement, and image sharpening before 

applying algorithm onto the image to extract important features and information.  A low-

level technique generally has images as both inputs and outputs. “Mid-level processes on 

the images involves tasks such as segmentation (partitioning an image into regions or 

objects), description of those objects to reduce them to a form suitable for computer 

processing, and classification (recognition) of individual objects. A mid-level process is 

characterized by the fact that its inputs generally are images, but its outputs are attributes 

extracted from those images (e.g., edges, contours, and the identity of individual objects). 
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Finally, higher-level processing involves “making sense” of an ensemble of recognized 

objects, as in image analysis” [21]. 

 

We use some low-level and mid-level techniques to achieve our objective in this work, 

i.e. robot vision. At this point, it would be useful to understand some of these techniques 

through a series of images processed for each technique. Table 3.1 serves this purpose by 

summarizing the important image processing techniques; it shows images both before 

and after processing. The images were processed in Matlab.  
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Gray level image B&W image (Auto threshold)

 

 

 
Table 3.1 Sample image processing operations [23, 24] 

Edge detection using SOBEL method Edge detection using CANNY method 

Numbers cropped from the previous image 

B&W Image (Manual threshold)     Complement of B&W Image 

Cropped part of original gray level image

27 



  

3.3 MORPHOLOGICAL IMAGE PROCESSING 

 

A digital image can be processed in several ways depending on the specific need for the 

operation. Depending on this fact, there are different methods of image processing; some 

of them are listed below. 

• Image filtering 

• Frequency domain image processing methods 

• Color image processing methods 

• Morphological image processing 

• Image segmentation 

• Image representation 

 

As this thesis work uses some of the morphological image processing methods for 

identification of number plate, we will take a closer look at these techniques in this 

section.  

“The word morphology commonly denotes a branch of biology that deals with the form 

and structure of animals and plants. We use the same word here in the context of 

mathematical morphology as a tool for extracting image components that are useful in the 

representation and description of region shape such as boundaries, skeleton, and the 

convex hull” [21]. Dilation and erosion are two basic operations of morphology; more 

complex operations can be performed by combining these two operations [21].  The 

operations involved in this category are based on set theory. Morphological image 

processing can be used to enhance objects contained in the image. In the current work, 
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we use morphological operation to enhance square-like objects in the image while 

removing the less important objects in the image. In the next section, dilation and erosion 

operations are explained followed by more complex operations: opening and closing of 

images. 

 
 

3.3.1 EROSION AND DILATION OPERATION  

 

Dilation and erosion operations are the two most fundamental building blocks in 

morphological image processing operations. They are dual of each other. Here we 

consider binary dilation and erosion operations. A binary image can be viewed as a bi-

valued function of x and y. Morphological theory views binary image as the set of its 

foreground (1-valued pixel). Set operations, such as union and intersection, can be 

applied directly to binary image sets. For example, if A and B are binary images, then 

 is also a binary image.  BAC ∪=

 

3.3.2 DILATION OPERATION 

 

Dilation is an operation that “grows” or “thickens” objects in a binary image. The 

specific manner and extent of thickening is controlled by a shape referred to as a 

structuring element. Figure 3.2 illustrates how dilation works. Figure 3.2 (a) shows a 

simple binary image containing a rectangular object. Figure 3.2 (b) is a structuring 

element, a five-pixel-long diagonal line in this case. Computationally, structuring 

elements typically are represented by a matrix of 0s and 1s; sometimes it is convenient to 
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show only the 1s, as illustrated in the figure. In addition, the origin of the structuring 

element must be clearly identified. Figure 3.2(c) shows the origin of the structuring 

element using a black outline. Figure 3.2 (c) graphically depicts dilation as a process that 

translates the origin of the structuring element throughout the domain of the image and 

checks to see whether it overlaps with the 1-valued pixels. The output image pixel in 

figure 3.2(d) is ‘1’ at each location of the origin that the structuring element overlaps at 

least one 1-valued pixel in the input image.  
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Figure 3.2 Illustration of dilation [21]. (a) Original image with rectangular object (b) 

diagonal structuring element (c) Structuring element translation (d) Output image 

 

Mathematically dilation is defined in terms of set operations. The dilation of A and B, 

denoted by , is defined as BA ⊕

})ˆ(|{ Φ≠∩=⊕ ABzBA z  
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Where Φ is the empty set, B is the structuring element, B̂  is reflection of structuring 

element B, and subscript z denotes translation point. In words, the dilation of A and B is 

the set consisting of all the structuring element origin locations where the reflected and 

translated B overlaps at least some portion of A. Dilation is commutative; that is, 

. It is a convention in image processing to let the first operand of ABBA ⊕=⊕ BA ⊕  

be the image and the second operand be the structuring element, which usually is much 

smaller than the image. We follow this convention in this chapter. 

 

3.3.3 EROSION OPERATION 

 

Erosion “shrinks” or “thins” objects in a binary image. As in dilation, the manner and 

extent of shrinking is controlled by a structuring element. Figure 3.3 illustrates the 

erosion process. Figure 3.3 (b) is the structuring element, a short vertical line. Figure 3.3 

(c) graphically depicts erosion as a process of translating the structuring element 

throughout the domain of image and checking to see where it fits entirely within the 

foreground of the image. The output image in Figure 3.3 (d) has a value of 1 at each 

location of the origin of the structuring element; such that the element overlaps only 1-

valued pixels in the input image (i.e. it does not overlap any of the image background). 
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Figure 3.3 Illustration of erosion [21]. (a) Original image with rectangular object (b) 

Vertical structuring element (c) Structuring element translation (d) Output image 

 

The mathematical definition of erosion is similar to that of dilation. The erosion of A and 

B, denoted AΘB , is defined as 

   })(|{ Φ≠∩=Θ c
z ABzBA
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Where  is the complement of set A (all pixels not belonging to set A). In other words, 

erosion of A by B is the set of all structuring element origin locations where the translated 

B has no overlap with the background of A. 

cA

 

3.3.4 OPENING OPERATION 

 

The morphological opening of A by B, denoted by  A o B, is simply erosion of A by B, 

followed by dilation of the result by B:  

  A o B = AΘB( )⊕ B  

The morphological opening completely removes regions of an object that cannot contain 

the structuring element; smoothes object contours, breaks thin connections, and removes 

thin protrusions.  

 

Figure 3.4 Opening and Closing as union of translated structuring elements [21]. (a) 

Set A and structuring element B. (b) Translation of B that fit entirely within set A. 

(c) The complete opening (shaded). (d) Translations of B outside the border of A. (e) 

The complete closing (shaded)  
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Figure 3.5 Illustration of opening and closing [21]. (a) Original image. (b) Opening 

(c) Closing (d) Closing of (b) 

 

3.3.5 CLOSING OPERATION 

 

The morphological closing of A and B, denoted by A• B , is defined dilation followed by 

erosion: 

A • B = A ⊕ B( )ΘB  

Geometrically, A• B  is the complement of the union of all translations of B that do not 

overlap A. Figure 3.4(d) illustrates several translations of B that do not overlap A. By 

taking the complement of the union of all such translations, we obtain the shaded region 

of Figure 3.4(e), which is the complete closing. Like opening, morphological closing 

tends to smooth the contours of objects.  
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3.4 OBJECT IDENTIFICATION 

 

In robotics applications where the control action is dependent on the information 

contained in the image scene, it is necessary to extract important information from each 

image in real time. An image may contain information in form of shape, character, 

number or face. It also contains other information which is not wanted called noise. 

 

The three basic types of image discontinuities in a digital image are point, line and edge. 

Detection of isolated point surrounded by constant intensity neighborhood can be carried 

out using a mask, set of pixels with center pixel positive and neighborhood negative. 

“The important requirements are that the strongest response of a mask be when the mask 

is centered on isolated point, and that the response be 0 in areas of constant intensity” 

[21]. The next level of complexity is line detection. It can also be done using a mask that 

corresponds to a specific line. Lines having different slope can be generated using 

corresponding masks that have slope information embedded into the design. In similar 

lines, edge detection is also one of the most common approaches for detecting 

meaningful discontinuities. Such discontinuities are detected using derivative operators. 

Some famous edge detection operators are sobel edge detector, canny edge detector, 

prewitt edge detector, and zero crossings edge detector. Ideally, these methods work best 

when the edges are perfectly characterized. In reality, there will be discontinuities and 

breaks due to noise generated by camera and changes in the illumination. One approach 

that is used to find and link the line segments in an image is the Hough transform [12]. 
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3.4.1 HOUGH TRANSFORM 

 

“The Hough Transform has been developed by Paul Hough in 1962 and patented by 

IBM. It became in the last decade a standard tool in the domain of artificial vision for the 

recognition of straight lines, circles and ellipses” [12]. Hough transform principle is 

explained in Figure 3.6. A point (pixel) is represented by (xi, yi) in the xy plane. There are 

infinite lines passing through this point. All of these lines satisfy the slope-intercept 

relationship for different values of a and b given by: 

  baxy ii +=
 

If we represent the same equation with a and b as parameters then the parameter space 

(ab plane) representation of the point (xi, yi) becomes: 

 
ii yaxb +−=

 

b’

b = -xj a + yj

b = -xi a + yi

a

b y

x 

(xi, yi) 
(xj, yj)

Figure 3.6 Hough transform principle 

 

This equation represents a straight line in ab parameter space corresponding to a point 

(xi, yi) in xy plane. Also, each set of values of a and b represents a line passing through a 
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point (xi, yi) in xy plane. Similarly, if we take another point in xy plane, say (xj,yj), then 

according to the same analysis we see that this point can also be represented by a 

corresponding line in ab plane. If point A and point B are on the same line in the xy plane 

their corresponding lines in ab plane intersect at a point represented by (a’,b’). In order to 

find a line in the xy plane, we should plot lines in the ab plane corresponding to point in 

xy plane and then find points in ab plane where large number of lines intersect. Such 

points give slope-intercept information of the line in xy plane. Figure 3.6 (b) shows this 

graphically.  

  

Due to very large value of slope a, for vertical lines, generalized Hough transform is 

modified to map each point into sinusoidal in ρ-θ space as shown in Figure 3.7. The 

corresponding mathematical expression is given as: 

 
ρθθ = + sincos yx

 

xj cos θ + yj sin θ = ρ 

θ’

a

b 

xi cos θ + yi sin θ =  ρ 

θ ρ 
y

x 

(xi, yi) 
(xj, yj)

 

Figure 3.7 Modified Hough transform principle 
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3.4.2 ONE DIMENSIONAL SCANNING ALGORITHM 

 

One dimensional scanning algorithm (ODS), which is newly developed as part of this 

thesis work, is based on the fact that an object can be successfully identified if features 

unique to that object can be described mathematically and are easily separable from 

similar objects. For example, a square can be identified using several obvious features 

like area, length of its sides, or some unique information contained inside the square. 

Also, if some surrounding scenery information in which square is to be identified is 

available in advance then the task becomes even simpler as we can use such information 

to extract information from the image.  

 

In image processing, information analysis is based on pixel value and thus design of an 

image processing algorithm depends on careful selection image processing operations 

that enhances the original image and provides better image (easy to analyze) after each 

stage of processing without losing significant amount of information contained in the 

original image. So the overall result is a definite sequence of image processing 

operations, which requires some fine adjustments (like image threshold selection, 

filtering and other pre-processing steps) depending on the task and surrounding 

environment and provides successful detection of objects and information contained in 

the object. It is possible to make the algorithm independent of these fine adjustments. It 

can be achieved by using some intelligent decision making techniques that can determine 

values of those necessary parameters from a sample image and thus it is not discussed 

here. The ODS algorithm steps are listed in section 3.4.2.3. 
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3.4.2.1 SQUARE IDENTIFICATION 

 

In this thesis, the object detection task is to identify a numbered door. The number is 

contained in the square shaped number plate. Also, the location of the three digits is 

approximately fixed inside this square. So once the square number plate is identified, it s 

relatively easy to identify the area that contains the numbers. Figure 3.10 shows a sample 

image that contains the number plate.  

 

As we know that the object to be identified here is a square, it is easy to think about some 

of its unique features. The first thing that comes to our mind about square shape is that 

the length and width of a square is always same; so if we want to detect a square, we 

should detect the four lines having same length with each of them sharing a common 

coordinate with other two. As shown in Figure 3.10, line 1 share a point with line 2 and 

line 4. Similarly, we can see the relationship between other lines. If we know these four 

points, we can draw and thus detect the square, so the task is to identify these four points. 

In image processing domain, this is equivalent to identifying four pixel locations that 

share horizontal and vertical lines of the square.  

 

 
Figure 3.8 Sample square number plate image  
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As the square may be anywhere in the image depending on the current robot location, 

correct localization of square in the image is necessary. In the ODS algorithm, we process 

the image in a stepwise manner. First, a video data object provides video data stream, a 

series of image frames. Program takes a frame from this video data and converts it into a 

smaller size image to remove edge noise of camera (Figure 3.9).  

 

Figure 3.9 Gray image containing square object 

Second, a morphological image processing operation, closing operation, is performed 

using square structuring element. The result contains the image in which background 

noise is removed (Figure 3.10).  

 
Figure 3.10 Image after performing closing operation on original image in Figure 
3.9. 
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Third, the closed image is subtracted from the original image leaving a better image, 

better contrast between background and square shape (Figure 3.11).  

 

Figure 3.11 Clean image containing square number plate (result of subtraction of 

images in Figure 3.9 and Figure 3.10).  

Fourth, for simplifying the algorithm complexity, we prefer black and white image 

format for further processing. This is now possible because the image information is 

available in a much better format and it is not harmful to use black & white image format, 

perhaps it does help by presenting information in binary domain (Figure 3.12). 

Figure 3.12 Clean B&W image generated from image in Figure 3.11. 
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Once the image is available in black and white format, it is relatively easy to see that the 

task of identifying square is equivalent to identifying two horizontal and two vertical 

lines made up of 1’s in the image surrounded by 0’s as background. 

 

As it has been mentioned before, the main attraction of ODS algorithm is to identify a 

two dimensional object (square) using one dimensional signals. This can be achieved by 

converting two-dimensional black & white image into two one-dimensional signals, row 

vector and column vector. The row vector is generated by summing all pixel values in 

each column as shown in the Figure 3.13. Figure 3.14 and Figure 3.15 show the row 

vector and the column vector respectively. 

 

 

Figure 3.13 Illustration of ODS concept for square shaped object 
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Figure 3.14 Row vector after ODS scanning 
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Figure 3.15 Column vector after ODS scanning 
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If we have an image f(x, y), where x is row number and y is column number, we can 

represent single pixel by a notation p(x, y). Here we use p differentiate between image 

signal f(x, y), a matrix containing x times y pixel values, and single pixel value at location 

(x, y) denoted by p(x, y). Mathematically, we can describe the process of one dimensional 

scanning using following expression: 
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Where f(x) and f(y) are vectors generated after one dimensional scanning. These 

sequences can be processed for specific feature, like peaks for straight lines in square 

detection. As these sequences are one-dimensional signals, it requires less computational 

efforts to detect square object compared to Hough transform approach. The analysis 

domain is one-dimensional and is much simpler than other approaches. 

 

3.4.2.2 DIGIT IDENTIFICATION 

 

Once the number plate is identified successfully, the next step is to identify the 

information contained in the number plate area, numbers in this case. Although we know 

that the number plates are always of same size and contains printed numbers and 

characters, it is not straightforward to identify the numbers inside the number plate. Due 

to noise generated by camera, changes in light illumination and varying distance between 
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camera and number plate, the same number plate results into different binary image 

patterns. We can see this effect in Figure 3.16, where digit pattern for two ‘1’ is different 

in the binary image. So it is important to use some intelligent technique for digit 

recognition like a neural network. A neural network [26] can be trained to recognize the 

digit but it requires fix size of inputs for each digit to be identified each time. Thus, we 

need to extract each digit from the number plate and make it of same size before 

processing it to the input of neural network for recognition. For this purpose, we can use 

ODS for cropping each digit from the image area as shown in Figure 3.16.  

  
Figure 3.16 Digit cropping using ODS 
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3.4.2.3 ALGORITHM DESCRIPTION 

 

The formal description of the ODS algorithm is listed in this section for a typical robot 

vision task. The algorithm provides details about the use of the one dimensional scanning 

approach for robot vision tasks. The algorithm has a digital image as its input and a robot 

navigation command signal as its output. The steps are listed in order below. 

 

1. Read the image data from the video input. 

2. If the image data is not in gray scale, convert it to gray scale 

3. Perform the closing operation (using square structuring element) on the gray scale 

image as discussed in Section 3.4.5. 

4. Subtract the original image from the closed image. 

5. Convert the resulting image into B&W format. 

6. Add all pixels in each column to derive a row vector, Irow. 

7. Add all pixels in each row to derive a column vector, Icol. 

8. Scan through Irow for feature based object detection. For example, look for two 

peaks in each vector to detect a square. 

9. Repeat step 8 for the Icol vector. 

10. If recognizable features are found then localize the object as discussed in Section 

3.4.2.1; else go to step 1 and repeat for the next image frame. 

11. Use geometrical information about the object to identify the target area (for 

example, numbers in a square number plate). 
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12. Repeat steps 6, 7, and 8 as necessary to localize each target component, (i.e., each 

digit in this thesis). 

13. Use ODS to generate input training vectors for a neural network by concatenating 

two vectors, a row and a column vector, for each digit. 

14. Process each input derived in step 13 for digit identification using a neural 

network, as discussed in Section 5.4. 

15. Generate command signals for robot navigation and go back to step 1. 

 

A single layer perceptron neural network is trained for identifying the numbers from the 

digit image. To generate the training set and input for the neural network, ODS is used to 

minimize the structure and thus number of weights of the neural network. The details of 

the neural network are provided in Chapter 5.  
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CHAPTER IV 
 
 

ROBOT HARDWARE 

 

In this chapter we discuss the hardware and software that drives the mobile robot in an 

indoor environment. The robot is made up of two DC motors that drive the robot in four 

directions: forward, reverse, left, and right. The robot receives the command from a 

wireless transmitter connected to the serial port of a computer running the image 

processing algorithm. There is a wireless receiver on the robot that receives the input 

from the transmitter and inputs the appropriate bit pattern to the input port of the 

microcontroller on the robot. Section 4.1 discusses the Microchip PIC microcontrollers. 

The basic block diagram for robot vision task is explained in section 4.2. Section 4.3 and 

section 4.4 discuss the transmitter and receiver circuits respectively. Section 4.5 discusses 

the wireless CCD camera. Section 4.6 discusses the video data acquisition. 
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4.1 PIC MICROCONTROLLER 

One of the most popular and easy to use microcontrollers today is the Microchip PIC 

micro® microcontroller. The Peripheral Interface Controller (PIC) has a lot of variations, 

each designed to be suitable for different applications. These variations consist of a 

number of memory configurations, different I/O pin arrangements, amount of support 

hardware required, packaging and available peripheral functions. The primary role for 

these microcontrollers is to provide inexpensive, programmable logic control and 

interfacing to external devices. Thus, they typically are not required to provide highly 

complex functions. They are capable of providing surprisingly sophisticated control of 

different applications.  The cost of these microcontrollers is in the range of $1 to $20 

depending on complexity, features and quantity purchased. The navigation control of the 

mobile robot is implemented using the PIC16F877 microcontroller. Figure 4.1 shows the 

pin diagram for the PIC16F877 [25].  Figure 4.2 shows a picture of the PIC16F877 

microcontroller chip. Each processor may have different versions.  These versions are 

identified by letters after the part number. 
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Figure 4.1 PIC16F877 pin diagram [25] 
 

 
 
 

Figure 4.2 Picture of PIC16F877 microcontroller chip [25] 
 
 
PIC16F877 series of microcontrollers have several useful features. They contain a serial 

interfacing module for serial communication, and a pulse width modulation (PWM) 

module for PWM output. We use these two modules for transmitter and receiver PIC 

circuits in this project respectively. 
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Microchip PIC microcontrollers are famous for their peripheral interfacing capability and 

high performance RISC CPU architecture. Given an interfacing and control application, 

PIC microcontrollers are often the first choice due to the availability of powerful features 

at relatively low costs. Other choices for implementing the hardware algorithm are 

Digital Signal Processing (DSP) chips, Field Programmable Gate Arrays (FPGA), and 

Application specific integrated circuits (ASIC). Due to the control nature of the 

application in robotics, DSP chips are not suitable. FPGAs are becoming increasingly 

popular and can implement complex control logic using finite state machines (FSM). 

Also, FPGA implementation offers a cheap alternative to PIC microcontrollers. Although 

FPGAs seem to be a valid option, it is not considered at this time due to the research 

nature of the thesis work. Another reason for not using FPGA at this time is the ease of 

implementing the desired task using PIC16F877 microcontrollers. In the future, FPGA 

may be used to combine the transmitter circuitry on a single chip.  

 

Microchip’s MPLAB integrated development environment (IDE) is a development tool 

for creating the projects that fulfill the applications we need. It is capable of integrating 

all of the software development tasks which are provided in a source code level. MPLAB 

IDE provides functions that allow us to:  

• Create and edit source files  

• Group files into projects  

• Debug source code  

• Debug executable logic using the simulator or emulator  
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We create our source code on MPLAB, then compile it and download it to the 

microcontroller chip through an RS-232 serial cable connected between the computer and 

the PIC16F877 development kit. To enable in-circuit debugging, the debug code residing 

in the microcontroller in the MPLAB ICD module is programmed into the target 

PIC16F877. The code is an MPASM assembler module that will be programmed into the 

PIC16F877 through the MPLAB ICD header automatically by the MPLAB IDE. The 

demo board is provided for demonstration and evaluation of the PIC16F877 without a 

target application board. It can be connected to the MPLAB ICD module directly or via 

the MPLAB ICD header. The PIC16F877 can be unplugged from the header and plugged 

directly into the demo board for stand-alone operation [25].  

 

4.2 BLOCK DIAGRAM 

 

As shown in the block diagram in Figure 4.3, the robot vision system is a closed loop 

system with a controller sitting in the computer in the form of an image processing 

algorithm. The mobile robot records the video data using a camera mounted on it while 

moving in the indoor environment. The camera transmits the video data wirelessly to the 

video receiver on the other side. The video receiver is interfaced with the computer via a 

serial port. The computer generates appropriate commands for the robot and transmits it 

wirelessly using a transmitter circuit. Apart from the controller, there are three main 

building blocks of this system, transmitter, receiver, and camera. The transmitter block 

consists of a circuit that receives input from the computer and processes it using a PIC 

microcontroller. The microcontroller generates the appropriate command pattern which is 
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modulated and transmitted by the encoder and transmitter circuits. The receiver on the 

robot consists of circuits similar to that on the transmitter side. It demodulates and 

decodes the received input signal and sends it to a PIC microcontroller programmed to 

drive the mobile robot. The camera is a 1.2 GHz wireless camera that can transmit the 

video data up to 100 meters. The wireless camera is a pinhole camera with audio with 

built-in tiny high frequency wireless transmitter. The camera and receiver cost is $55. 

The details about the manufacturer and other accessories can be found in [26]. The video 

receiver on the other side receives this video data. The block diagram illustrates this 

process graphically. 

 

 

Video data 
reception Video data 

transmission 

Transmitter 

Video data 
receiver 

Receiver Mobile 
Robot + 
Camera 

 
Figure 4.3 Block diagram of robot vision task 
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4.3 TRANSMITTER CIRCUIT 

As shown in Figure 4.4, a command is received from the serial port of a computer 

running an image analysis algorithm. The signal is converted to the appropriate voltage 

level suitable to PIC16F877 microcontroller using MAX202, an RS-232 transceiver chip. 

It converts the -10 V to +10 V signal level to a 0 V to 5 V voltage level. The PIC16F877 

reads this signal at pin 26 and uses this signal to generate the corresponding bit pattern on 

an output port, PORTD; for example, if it receives an input number ‘2’ then it converts it 

into a bit pattern, ‘00000010’, on PORTD. The complete listing of the assembly program 

for transmitter PIC16F877 is listed in appendix B. This output bit pattern is encoded by 

an encoder chip, HT640. It generates an analog signal and sends this signal to a 

modulating circuit that converts it into an analog signal and transmits it on 433.96 MHz 

frequency channel on antenna. 

 
Figure 4.4 Transmitter circuit 
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4.4 RECEIVER CIRCUIT 

The antenna on the receiver circuit receives the command signal transmitted by the 

transmitter antenna. The received signal is processed by a demodulator circuit that 

removes the carrier signal and leaves the original signal (similar to the encoder output on 

the transmitter side). This analog signal is decoded into an 8-bit digital output pattern 

using an HT648L encoder chip. It gives an 8-bit data word for each command signal 

received. This 8-bit data is read by the PIC16F877 microcontroller on its PORTC. The 

PIC16F877 is programmed for generating appropriate PWM outputs on PORTD pins, 

RD1 and RD2. These pins are connected to the two DC motors through H-bridge motor 

drivers. The assembly code for the receiver is listed in the appendix B. Depending on the 

received signal and the corresponding 8-bit data on PORTC, the robot is navigated in the 

indoor environment.  

 
Figure 4.5 Receiver circuit 
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4.5 WIRELESS CCD CAMERA 

The basic setup for robot vision task consists of a robot controlled by wireless 

communication, a wireless camera, and a PC that runs the control algorithm in a 

MATLAB environment. The wireless camera mounted on the robot acquires video data 

and transmit it to the computer through wireless communication. At the receiver side, 

video data is read by a video object in MATLAB using an image acquisition toolbox 

function, videoinput. The image processing toolbox is used to analyze and further 

process acquired images to navigate the robot. This section explains the stepwise 

procedure to configure a video data object in MATLAB. Technical specifications for 

wireless camera and wireless receiver are listed in Table 4.1 and Table 4.2 respectively. 

Item Unit Value 
 

Imaging Sensor Inch 1/3 – inch  
 

CMOS Total Pixels Pixels 628 X 582 (PAL) 
510 X 492 (NTSC) 
 

Gain Control --- Automatic 
 

Frequency MHz 900 ~ 1230 
 

Transmission Power mW 200 
 

Modulation Mode --- FM 
 

Bandwidth MHz 20 
 

Power Supply VDC +8 
 

Consumption Current mA 80 & 120 (IR ON) 
 

Unobstructed Effective 
Range 

M 100 (Min) 
 

Table 4.1 Specifications for 1.2 GHz 200 mW Wireless Camera 
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Item Unit Value 
 

Frequency MHz 900 ~ 1230 
 

Receiving Sensitivity dBm -75 
 

Tuning knob 
 

  

 

Table 4.2 Specifications for 1.2 GHz Wireless Receivers 

 

4.6 VIDEO AND IMAGE DATA ACQUISITION 

 

To use the Image Acquisition Toolbox to acquire image data, several parameters need to 

be configured. The stepwise procedure to do this is explained in this section. 

 

4.6.1 INSTALLATION OF IMAGE THE ACQUISITION DEVICE 

The wireless camera software (Grab Bee II) should be installed and its functionality 

should be verified by viewing the live video stream in the frame grabber software. 

 

4.6.2 RETRIEVAL OF HARDWARE INFORMATION 

This step is very important as it uniquely identifies the image acquisition device to the 

image acquisition toolbox. In order to create an image acquisition object that reads video 

data, we need several pieces of information that identify the image acquisition device we 

want to access. The following command window text (in courier font) shows the 

above listed information for a session run with the wireless camera on MATLAB. 
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Adaptor name 

An adaptor is the software that the toolbox uses to communicate with an image 

acquisition device via its device driver. The toolbox includes adaptors for certain vendors 

of image acquisition equipment and for particular classes of image acquisition devices. 

Three adaptors supported by the MATLAB image acquisition toolbox are winvideo, 

matrox and dcam. We can check adaptor support on our system using the command 

imaqhwinfo as shown in the text box below. 

 

>> imaqhwinfo 

ans = 

InstalledAdaptors: {'winvideo'} 

MATLABVersion: '7.0 (R14)' 

ToolboxName: 'Image Acquisition Toolbox' 

ToolboxVersion: '1.5 (R14)' 

 

It shows that on this system ‘winvideo’ adaptor is available and we should use this 

adaptor to read the image acquisition device. 

 

Device ID 

The device ID is a number that the adaptor assigns to uniquely identify each image 

acquisition device with which it can communicate. The details of ‘winvideo’ adaptor 

can be acquired by using the imaqhwinfo command on MATLAB command prompt 

as shown in the text box below. 

>> info=imaqhwinfo('winvideo') 

 59  



 

info = 

AdaptorDllName: 

'C:\MATLAB7\toolbox\imaq\imaqadaptors\win32\mwwinvideoimaq.dll' 

AdaptorDllVersion: '1.5 (R14)' 

AdaptorName: 'winvideo' 

DeviceIDs: {[1]} 

DeviceInfo: [1x1 struct] 

 

We can also get the device information by using the imaqhwinfo command with the 

device ID. 

>> dev_info=imaqhwinfo('winvideo',1) 

dev_info = 

DefaultFormat: 'RGB24_320x240' 

DeviceFileSupported: 0 

DeviceName: 'USBVision Video Capture (1004)' 

DeviceID: 1 

ObjectConstructor: 'videoinput('winvideo', 1)' 

SupportedFormats: {1x16 cell} 

 

Video format 

The video format specifies the image resolution (width and height) and other aspects of 

the video stream. Image acquisition devices typically support multiple video formats. 

Specifying the video format is optional; the toolbox uses one of the supported formats as 

the default. We use the default video format, RGB24, and then convert it into a grayscale 

format for further processing in this work. 
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4.6.3 CREATE A VIDEO INPUT OBJECT 

In this step we create the video input object that the toolbox uses to represent the 

connection between MATLAB and an image acquisition device. Using the properties of a 

video input object, we can control many aspects of the image acquisition process. To 

create a video input object, enter the videoinput function at the MATLAB prompt. 

The videoinput function uses the adaptor name, device ID, and video format that we 

retrieved in step 2 to create the object. The adaptor name is the only required argument; 

the videoinput function can use defaults for the device ID and video format. 

>> vid=videoinput(‘winvideo’,1) 

>> vid 

Summary of Video Input Object Using 'USBVision Video Capture (1004)'. 

Acquisition Source(s): composite and svideo are available. 

Acquisition Parameters: 'composite' is the current selected 

source. 

100 frames per trigger using the selected 

source. 

'RGB24_320x240' video data to be logged 

upon START. 

Grabbing first of every 1 frame(s). 

Log data to 'memory' on trigger. 

Trigger Parameters: 1 'immediate' trigger(s) on START. 

Status: Waiting for START. 

0 frames acquired since starting. 

0 frames available for GETDATA. 

 

 

 61  



 

4.6.4 PREVIEW THE VIDEO STREAM (OPTIONAL) 

 

This step is optional. If we want to view the video stream being recorded by videoinput 

object, we can use preview command to view the video as shown in the text box below. 

This will display the preview window as shown in Figure 4.6.   

>> preview (vid) 

 

 

Figure 4.6 Preview of video in MATLAB.  
 

4.6.5 CONFIGURE IMAGE ACQUISITION OBJECT PROPERTIES 

If we need to change some of the object properties, like color format, then we can do this 

from either the command window as shown in text box below, or by double clicking vid 

object in the MATLAB workspace.  

>> get(vid) 

General Settings: 

DeviceID = 1 

DiskLogger = [] 

DiskLoggerFrameCount = 0 
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EventLog = [1x3 struct] 

FrameGrabInterval = 1 

FramesAcquired = 100 

FramesAvailable = 100 

FramesPerTrigger = 100 

Logging = off 

LoggingMode = memory 

Name = RGB24_320x240-winvideo-1 

NumberOfBands = 3 

Previewing = on 

ReturnedColorSpace = rgb 

ROIPosition = [0 0 320 240] 

Running = off 

Tag = 

Timeout = 10 

Type = videoinput 

UserData = [] 

VideoFormat = RGB24_320x240 

VideoResolution = [320 240] 

Callback Function Settings: 

ErrorFcn = @imaqcallback 

FramesAcquiredFcn = [] 

FramesAcquiredFcnCount = 0 

StartFcn = [] 

StopFcn = [] 

TimerFcn = [] 

TimerPeriod = 1 

TriggerFcn = [] 

Trigger Settings: 
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InitialTriggerTime = [2006 10 22 14 13 18.9370] 

TriggerCondition = none 

TriggerFrameDelay = 0 

TriggerRepeat = 0 

TriggersExecuted = 1 

TriggerSource = none 

TriggerType = immediate 

Acquisition Sources: 

SelectedSourceName = composite 

Source = [1x2 videosource] 

 

 

4.6.6 ACQUIRE IMAGE DATA 

After we create the video input object and configure its properties, we can acquire data. 

: 

pulate it 

l 

> frame = getsnapshot(vid); 

This is typically the core of any image acquisition application, and it involves these steps

Starting the video input object; Triggering the acquisition; Bringing data into the 

MATLAB workspace. Once the data is in the MATLAB workspace, we can mani

as we would any other data. The toolbox provides a convenient way to acquire a single 

frame of image data that doesn't require starting or triggering the object. In our case we 

will use this feature and get a single frame of video data and analyze it to take the contro

action for the robot. The following command line text box and Figure 4.7 show the use of 

this function called getsnapshot. 

 

 

>
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>> whos 

Name Size Bytes Class 

ans 1x1 658 struct array 

frame 240x320x3 230400 uint8 array 

vid 1x1 1132 videoinput object 

>> imview(frame) 

 

 

Frame acquired from video object Figure 4.7 
 

he hardware requirements for robot vision task explained in this chapter give an idea 

 

 to 

 

T

about the important building blocks of the entire setup. The transmitter and receiver 

circuits operate at 433.92 MHz radio frequency for wireless communication. On each

side, there is an encoder and a decoder chip that provide signal conversion from analog

digital domain. The video data communication explained in this section requires 
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MATLAB data acquisition toolbox support. Overall, once designed properly, the 

hardware part is pretty straightforward to implement and satisfies the real-time ope

requirements. After the ODS algorithm is implemented in MATLAB and the hardware 

setup is designed appropriately, the robot vision task can be performed for different targ

number plates. Chapter 5 explains the experimental results for the robot vision task.  

 

rating 

et 
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CHAPTER V 

 
 

EXPERIMENTAL RESULTS 

 

In this chapter, we discuss the experimental results for a robot vision task utilizing an 

ODS algorithm. The video data recorded by robot is analyzed using ODS algorithm and a 

single layer neural network. When the target is found in the video data, the robot takes 

the desired action. The ODS algorithm and neural network are implemented in 

MATLAB. Section 5.1 discusses the basic block diagram of the experimental setup. 

Experimental results for number plate recognition are shown in section 5.2. Section 5.3 

talks about the single layer perceptron neural network and its application in number 

recognition.  
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5.1 BLOCK DIAGRAM 

The robot vision task carried out in this thesis work is illustrated in the block diagram in 

Figure 5.1. The robot drive is made up of two 9V DC motors. The robot has a wireless 

camera, receiver circuit, and motor driver circuit on it. The robot moves in a straight line 

and reads the number plates, 309, 310 and 311, mounted on the wall. When a certain 

number plate (target) is read, the robot should take an appropriate action, for example, 

right turn in our setup. The recorded video is transmitted to the computer through 

wireless communication. The video receiver on the other side receives the video data and 

inputs it to the computer using serial port communication. The computer receives this 

data in a video object in MATLAB. The computer processes the video data using ODS 

algorithm in MATLAB. Based on the received video content, the algorithm generates the 

appropriate command for the robot. The command signal is sent to transmitter circuit 

through serial communication between the computer and the transmitter circuit. The 

transmitter circuit is programmed using a PIC16F877 microcontroller that generates the 

appropriate bit pattern for each command. The bit pattern is received by an encoder chip, 

HT 640 from Holtek semiconductor. This chip will encode the input bit pattern and will 

generate an analog signal that will be given to a transmitter chip, TW-434 which has a 

transmission range of 200 foot. It operates on 433.92 MHz RF channel. The receiver 

circuit receives the analog signal through an antenna. The carrier frequency for this 

communication is 433.92 MHz. The received signal is passed through a receiver chip 

RW-434 (counter part of TW-434 on the transmitter side). It generates analog signal 

which is decoded by a decoder chip, HT 648 from Holtek semiconductor. The decoder 

output is a 8-bit data that is sent to a PIC microcontroller. The PIC microcontroller is 
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programmed to drive the robot using two PWM outputs on pins RD1 and RD3. There are 

two 9V DC motors that drive the robot. Due to high current requirements of motors, a 

separate 9V DC supply is provided by the battery.  

Navigation command

Video feedback signal

Video Receiver

Transmitter 

Wireless camera 

Receiver antennaPIC microcontrollers 

 

Figure 5.1 Block diagram of experimental setup 

 

5.2 NUMBERED DOOR RECOGNITION 

A flowchart is shown in Figure 5.2 for numbered door recognition task using the ODS 

algorithm and a single layer perceptron neural network. Figure 5.3 shows the results of a 

sample run in which target was not specified and the robot passed by all the number 

plates. It had extracted the square number plate from the video data and read each number 

plate as shown in the Figure 5.3. The complete processing of each image takes about 0.4 

seconds on a PC running a MATLAB program for the ODS algorithm. It includes the 

extraction of an image from video object, image processing operations, and digit 

recognition using neural network.  
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Read video data into 
MATLAB video object 
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Video to image conversion 

Morphological image 
processing to generate 
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No 
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2 
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1 

Crop number plate 
(object) from image 

Number area (target) 
cropping and cleaning 

(ODS) 

Digit separation and 
neural network input 

generation (ODS) 

Digit recognition using 
single layer perceptron 
neural network (36-4). 

Target number 
plate? 

Perform desired action 
(Right turn) 

Stop 

Yes 

2 

No

 

Figure 5.2 Flowchart of experimental task 
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Figure 5.3 Sample results for a run without target. 

 

When the robot underwent a sample run with door number 310 as target, it was able to 

recognize the door number successfully and took a right turn as desired.  The robot 

started reading and analyzing the video data using ODS and single layer perceptron 

neural network. First, it had encountered door number 309. The door number was 

displayed on the PC screen as “This is door 309”.  Once the robot passed the 

door number 309 and when there was no door number in the robot’s sight, it displayed 

the screen output as “There is no door in sight”. Finally, when door number 

310 came into the sight of the robot, it displayed screen output as “This is door 

310” and took a right turn.   
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The entire process is illustrated in Figure 5.4. The number of times the door is detected 

depends upon the processing speeds of the computer and the algorithm. As shown in 

Figure 5.4, door number 309 was processed two times, where as door number 310 was 

processed just once. The experiment can be repeated for different targets and control 

actions.  

 

 

Figure 5.4 Sample run results for a target door plate 310 

 

Each image containing a number plate was analyzed by ODS algorithm in a stepwise 

procedure. Figure 5.5 shows a snapshot of image processing operations carried out in a 

single run. An RGB image frame is extracted from the video data and converted in the 
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gray level scale as shown in the figure. As we know that the number plate shape is 

square, we use a morphological closing operation with a square structuring element to 

generate a closed image that does not contain the number plate as shown in Figure 5.5. 

The closed image and the original gray level image can be used together to extract an 

enhanced image that contains a square number plate. It can be seen that most of the 

background is cleaned in this step, and now we have a better quality image containing a 

square number plate.  

 

  

 

 

 

 

 

 

 

 

 

Figure 5.5 ODS processing of the number plate 309 

Once we have a clean gray level image, it is converted into a B&W image format. After 

this step, we explicitly use the ODS algorithm for identifying the object and then the 

target. Figure 5.4 shows two discrete signals, a column vector and a row vector, 

generated from the B&W image using one dimensional scanning. These signals contain 
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two major peaks that indicate the location of the horizontal and vertical sides of the 

square. The peak location information is used to identify the square number plate in the 

image. In the next step, the area in the image containing three digits is cropped from the 

square image using the length-height relationship of the square with respect to the 

number area. The ODS technique is applied onto the cropped image containing numbers, 

and individual digits are derived. The use of ODS in this case minimizes the image 

dimensions and, thus, number of inputs for the neural network. The starting and ending of 

each digit can be identified using signal values of the ODS vectors. The final output of 

this process is three images, each 24 x 12 pixel size, containing door number digits. 

Figure 5.6 shows the similar results for number plate 310. It can be seen that the result of 

each image processing are three 24 x 12 pixel images that each contain a digit. In order to 

understand the number on the plate, a single layer perceptron neural network is trained 

that identifies these digits. The details of the neural network are provided in section 5.3. 

 
 

 

 

 

 

 

 

 
 
 
 
 
Figure 5.6 ODS processing of number plate 310 
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5.3 COMPARISON BETWEEN HOUGH TRANSFORM AND ODS ALGORITHM 

 

As it is customary to show the comparison between existing algorithms and the new 

algorithm in most of the research efforts, in this section we provide the comparison of 

experimental results of two object detection algorithms, the Hough transform and the 

ODS algorithm. Both techniques are compared for processing time requirements for a 

task of identifying the square number plate in the given image. The experiment was 

conducted on a 1.6 GHz, 512 MB RAM Pentium PC.  Both algorithms, the Hough and 

the ODS, were implemented using MATLAB functions and were compared under the 

same conditions on the same image. For better comparison results and simplicity, a B&W 

image was used. Table 5.1 shows the Hough transform of image, and peaks 

corresponding to lines in the image in the Hough transform are shown by small squares. 

To compute the Hough transform, the experiment used MATLAB files provided by The 

Mathworks® and in reference [21].  
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B&W image containing square object 

θ

ρ

-50 0 50

-300

-200

-100

0

100

200

300

Hough transform of showing four peaks for lines 

Square detection using Hough transform 

 

Square detection using ODS algorithm 

 
Table 5.1 Square detection results using Hough transform and ODS algorithm 
 
 

When the Hough transform was used for square detection in the B&W image, the time 

taken to detect the square was 0.6 seconds (average). The Hough matrix, the intersecting 

lines, and corresponding square are shown in Table 5.1. The ODS algorithm takes 0.14 

seconds (average) to detect the square in the same image. The last picture in Table 5.1 

shows the square detection using the ODS algorithm. The experiment was repeated 

several times on different platforms and it was observed that the ODS was faster than the 

Hough transform in most of the cases. Also, the ODS approach easily detects objects in 

gray scale while the Hough transform requires more detailed parameter selection.  

 77  



  

5.4 DIGIT RECOGNITION 

 

As it can be seen from the experimental results of ODS algorithm for door numbers 309 

and 310 in Figure 5.5 and Figure 5.6 respectively, the end result is three digit images. 

These images need to be processed to identify the correct door number. A careful 

observation of these digits shows that even though the numbers printed on the number 

plate are identical for a digit, they appear different in the digit images; for example, ‘3’ 

and ‘0’ in the 309 and 310 images (see Figure 5.5 and 5.6). Although they are not 

identical, the benefit is that they are similar and some intelligence can still be used to 

identify them using the similarity measure. One of the solutions is to use a neural network 

for this purpose and is followed in this thesis work. A single layer perceptron neural 

network is trained for this purpose. 

  

5.4.1 SINGLE LAYER PERCEPTRON 

 

“A neural network is a massively parallel distributed processor that has a natural 

propensity for storing experiential knowledge and making it available for use. It 

resembles the brain in two respects:  

   1. Knowledge is acquired by the network through a learning process.  

   2. Interneuron connection strengths known as synaptic weights are used to store the 

knowledge” [27]. 
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A perceptron neuron is a basic form of neural network and is mainly used for 

classification tasks. Due to the complex nature of the digit image – in this case, the 

similarity of digits like ‘3’, ‘9’, and ‘0’ – a single neuron is not sufficient. Different 

possibilities for the architecture of the neural network were investigated and, finally, a 

four neuron single layer neural network was found suitable for the task of identifying 

digits. As we have a 24 x 12 pixel image for each digit image, a total of 288 pixels 

contain the information. As it is not practical to use all pixels as inputs to the neural 

network, we need to minimize the number of inputs by extracting the features unique to 

each digit. Several approaches such as Fourier transform of image, correlation 

coefficients, and an edge detection of each digit were applied. Finally, it was found that 

the ODS approach can lead to better results. As the main feature of ODS is to convert 

two-dimensional information into one-dimension, it still contains sufficient information 

about the image. Also, we can reduce the inputs to 36 (24+12) from 288. Although the 

number of inputs (36) is still large, the advantage of this approach is that we don’t need to 

process the image for feature detection. Instead, ODS simply scans the image. The 

feature can be automatically detected by the network during the training phase, a big 

advantage of using a neural network. Figure 5.7 shows the architecture of the single layer 

perceptron neural network.  
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Input 1 

 

Figure 5.7 Single layer perceptron (36 – 4) architecture  

 

5.4.2 TRAINING OF NEURAL NETWORK 

 

To train a single layer perceptron neural network with 36 inputs and 4 neurons, the digit 

image is converted to a vector containing 36 elements using ODS technique. First, the 24 

x 12 image is converted into two vectors of length 24 and 12 as shown in Figure 5.8. In 

the next step, these two vectors are concatenated to generate a vector having a length of 

36. This process is repeated for each digit image. Finally, a total of 42 images, taken from 

the three number plates, were used to train the network. Figure 5.9 shows the training set 

containing 42 images of four digits, ‘0’, ‘1’, ‘3’, and ‘9’. The network was trained using 

b3

Σ

Σ

Σ

Σ

Input 2 

b1

‘0’ 

b2

‘1’ 

‘3’ 

b4

‘9’ 

Input 36 

 80  



  

these images in the order, ‘0’, ‘1’, ‘3’, ‘9’ , so that it cannot forget what it has learned 

before, and learns important features that are common to the same digits and are differe

for other digits. Figure 5.8 shows the process of converting a 24x12 pixel image into 36 

inputs for neural network. Figure 5.9 illustrates how the network can be trained using 

ODS approach for generating inputs from the image. The network was able to learn the

four digits in the seventh epoch of its learning cycle as shown in Figure 5.10. 

 

nt 

 

 

Figure 5.8 Training set generation using ODS  
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Figure 5.9 Training set   
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Figure 5.10 Training curve  

 

 82  



  

5.4.3 TESTING OF NEURAL NETWORK  

 

The single layer perceptron neural network trained using 42 training set images was 

trained with zero goal in seventh epoch as shown in Figure 5.10. When the network was 

tested using a set of test images which were not shown to the network during training, the 

network was successful in recognizing the digits in the images with the average accuracy 

of 90 %. The test set contained 60 test images for digits ‘3’ and ‘1’; 40 test images for 

digit ‘0’; and 20 test images for digit ‘9’; taken at different distances and angles. Table 

5.2 shows the percentage of images identified correctly by the neural network for each 

digit.  

 

Digit Number of correctly 
classified images 

Total images % correctly 
classified 

‘0’ 34 40 85 % 

‘1’ 58 60 96.67 % 

‘3’ 53 60 88.33 % 

‘9’ 18 20 90 % 

% correctly classified (average) 90 % 

 

Table 5.2 Neural network testing results 

 

As is clear from Table 5.2, although the network has learned some of the features that are 

unique to each digit, it is not able to completely recognize the digit based on the training 

samples. Digit ‘1’ is correctly classified with 96.67 % accuracy, whereas other digits 
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have a lower percentage of correct classification. Apart from the features learned by the 

neural network, the correct classification also depends upon the camera location, distance 

and angle, and light illumination factors. For better performance, future research efforts 

should conduct more extensive training using different variations of each digit along with 

techniques that help the network in learning unique features for each digit.  
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CHAPTER VI 

 
 

CONCLUSION 

 

6.1 SUMMARY 

 

This thesis work was aimed at developing an indoor robot vision application that uses 

camera vision. The robot vision task in a well structured indoor environment was studied 

in detail. While developing the big picture of the entire setup, it was observed that the 

image understanding task was the heart of the entire robot vision setup. For a successful 

robot vision application, an image processing algorithm that processes images for 

information extraction is crucial and deserves lot more research. The same was 

researched for better alternatives as a major objective in this thesis work. The main 
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objective of the thesis was to show the possibility of using simple but effective image 

processing techniques in a clever manner to accomplish the robot vision task in the best 

possible manner.  

 

The one dimensional scanning (ODS) algorithm used the idea of reducing analysis space 

from two dimensions to one dimension, and proved to be a very effective concept. The 

ODS technique was utilized for several subtasks such as digit cropping and training 

vector generation for the single layer perceptron neural network. To verify the feasibility 

of using the ODS algorithm in a real application, a numbered door recognition robot task, 

an experimental setup, was designed. The ODS algorithm was implemented for a 

numbered door recognition task, and was able to perform the task successfully as desired. 

The experimental setup showed that the ODS approach can be successfully applied to 

different applications that require image understanding capabilities. The reduction in 

storage space requirements and computational burden are the two main attractions of this 

approach relative to other image processing algorithms. 

 

When a sample image containing a square number plate object was processed using ODS 

and Hough transform on MATLAB platform, the results showed that ODS algorithm was 

able to achieve the desired result, square detection, in less time than the Hough transform. 

The average time taken by the ODS was 0.14 seconds, whereas the time taken by the 

Hough transform was 0.6 seconds. Both the times were measured using MATLAB inbuilt 

time commands, tic and toc, on the same platform. The experimental setup also illustrates 

the feasibility of using a low cost CCD camera, simple RF communication hardware and 
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powerful resources offered by PIC microcontrollers for the entire setup developed for 

robot vision research. More sophisticated robot hardware and sensors can be used to 

improve the overall performance. 

 

To summarize, this thesis achieved the objective of proposing an improvement in the 

image processing stage of a robot vision task. The benefits of the one dimensional 

scanning (ODS) approach can be acquired if there is a scheme for pre-processing the 

image to make it suitable for the ODS approach. 

 

6.2 FUTURE RESEARCH 

 

This thesis highlights the simplicity and effectiveness of the ODS approach rather than 

just its application to a numbered door recognition application. It provides a solid 

background for future research efforts in the robot vision field. The experimental setup 

will allow future researchers to spend more time on the development and improvement of 

algorithms for robot vision. The thesis work can be extended into several directions for 

further research.  

 

One possible area for further research is the extension of the ODS concept to problems 

that need multi-dimensional analysis space. The ODS approach can be investigated for 

such applications as analyzing three dimensional data into two dimensions for the 

detection of specific features, and then to use that information to work again in either the 

reduced dimensional space or higher dimensional space (the original problem space).  
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Another area for future research is the development of a sequence of operations that can 

be applied strategically to derive a standard stepwise procedure to enhance the object 

detection task in the raw image. This thesis has explained the process for square detection 

and more research can be conducted for other shapes. Thus, the ODS approach can be 

generalized and become more useful for simple applications. 

 

Another area for future research is the theoretical investigation of the ODS, including the 

development of conditions for convergence, accuracy, and stability. These conditions 

should then be compared with other image processing theory (e.g., the Hough transform) 

to get a better idea of the relative advantages and disadvantages of ODS.  

 

The current ODS algorithm is implemented on MATLAB platform with standard 

MATLAB toolbox functions. The real-time performance can be improved by 

implementing the algorithm on a better platform like C++ or a computer vision software 

package. To summarize, this thesis provides the researchers in robot vision domain a 

background for conducting experimental research. Furthermore, it also opens up a new 

direction to improve image understanding task by proposing a new concept, one-

dimensional scanning. 
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APPENDIX A 

ODS ALGORITHM IMPLEMENTATION FOR ROBOT VISION TASK 

This appendix lists the MATLAB code to implement the one dimensional scanning 

algorithm for indoor robot navigation task, i.e., numbered door recognition. The code 

reads the video data using MATLAB data acquisition toolbox functions and processes the 

data using image processing toolbox of MATLAB. The robot command is transmitted to 

the RF transmitter using serial port communication functions of MATLAB. 

 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%% 
% (C) Copyright 2007 Embedded Control Systems Research Laboratory (ECSRL) 
% Cleveland State University 
% Cleveland, OH 44115 
% Author: Chandresh Chaudhari (crchaudhari@gmail.com) 
% Advisor: Dr. Dan Simon 
% Name: One Dimensional Scanning (ODS) 
% Creation Date: April 2007 
% Description: One dimensional scanning algorithm detects number plate 
% object and recognizes the digits contained in the number plate image. 
% This program operates in real time and navigates a mobile robot moving  
% in the straight line. The robot takes right turn when it reads a  
% specific number plate, 310 in this case. 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%%  
close all; 
clear all; 
vid=videoinput('winvideo',1); % Create video object, vid. 
preview(vid); % View video in MATLAB preview window. 
for i=1:10 % Run ODS for 10 images from the video data 
frame1=getsnapshot(vid);% Image extraction from video data 
% Clean the image edges by removing the edge data 
frame = frame1(1:200,1:300); 
 
% Morphological operation on image to identify square in the image 
se = strel('square',20); % Square structuring element  
Ic = imclose(frame,se); % Closed image Ic 
I=Ic-frame; % Removes background leaving only square 
Ibw = im2bw(I,0.25); % B & W image 
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% To identify square from the image convert two dimensional image in to two 
% one dimensional signals by summing all rows and columns respectively. 
 
Irow = sum (Ibw,1); % Add all column pixels to generate a row vector 
Icol = sum (Ibw,2); % Add all row pixels to generate a column vector 
 
% To check both, row and column vectors, for vertical and horizontal 
% lines of square shaped number plate 
 
max1=Irow(1);% Temporary max variable 
for row=1:length(Irow) 
    if(Irow(row)>max1) % Find largest peak in the row vector 
    max1=Irow(row); 
    i1=row; % Store i1 co-ordinate of the peak 
    end 
end 
 
max2=Irow(1); 
for row=1:length(Irow) 
    if((Irow(row)<max1) & (Irow(row)>max2)& (abs(row-i1)>10))% Second peak  
    max2=Irow(row); 
    i2=row; %  Store i2 co-ordinate of the second peak 
    end 
end 
 
max3=Icol(1); 
for col=1:length(Icol) 
    if(Icol(col)>max3) % Find largest peak in the column vector 
    max3=Icol(col); 
    j1=col; % Find second peak away from first peak 
    end 
end 
max4=Icol(1); 
for col=1:length(Icol)-10 
    if((Icol(col)<max3) & (Icol(col)>max4)& (abs(col-j1)>10)) %Second peak  
    max4=Icol(col); 
    j2=col;  % Store j2 co-ordinate of the second peak 
    end 
end 
 
% sort i1,i2 and j1,j2 
if (i1>i2) 
    temp=i1; 
    i1=i2; 
    i2=temp; 
end 
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if (j1>j2) 
    temp=j1; 
    j1=j2; 
    j2=temp; 
end 
 
l1=i2-i1; % Length of square sides 
l2=j2-j1; 
l3=abs(l1-l2); % Check for correct square 
 
if((abs(l1-l2)<10)& abs(Irow(i1)-Irow(i2))< 0.5*(max(Irow(i1),Irow(i2))) & abs(Icol(j1)-
Icol(j2))< 0.5*(max(Icol(j1),Icol(j2))) ) 
if (l1>l2) 
    i2=i2-l3; 
elseif(l2>l1) 
    j2=j2-l3; 
end 
     
% Crop the square number plate from the original image 
Icrop=Ibw(j1:j2,i1:i2); 
 
% Cut numbers from the plate as we know the dimensional relationship 
 
p1=round((8/116)*length(Icrop)); 
p2=round((42/116)*length(Icrop)); 
p3=round((15/116)*length(Icrop)); 
p4=round((62/116)*length(Icrop)); 
 
Inumbers=Icrop(p1:p2,p3:p4); 
l=0; % Just for check 
else 
    disp('no square found'); 
    l=1; % Just for check 
    as=0;  
    sr; % Serial output command 
end 
 
% Remove black portion in numbers and start fron transition edge (ODS) 
if (l==0) 
Irownumbers=sum(Inumbers,1); 
Icolnumbers=sum(Inumbers,2); 
 
% Check for nonzero values from each side 
for i=1:length(Irownumbers) 
    if (Irownumbers(i)~=0) 
    q1=i; 
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    break; 
    end 
end 
for i=length(Irownumbers):-1:1 
    if (Irownumbers(i)~= 0) 
    q2=i; 
    break; 
    end 
end 
 
Icleanrownumbers=Irownumbers(q1:q2); 
 
% Column processing 
for i=1:length(Icolnumbers) 
    if (Icolnumbers(i)~=0) 
    w1=i; 
    break; 
    end 
end 
for i=length(Icolnumbers):-1:1 
    if (Icolnumbers(i)~= 0) 
    w2=i; 
    break; 
    end 
end 
 
Icleancolnumbers=Icolnumbers(w1:w2); 
     
Iclean=Inumbers(w1:w2,q1:q2); 
% Generate vectors 
Irowclean=sum(Iclean,1); 
 
for i=1:length(Irowclean) 
    if (Irowclean(i)==0) 
    t1=i; 
    break; 
    end 
end 
for i=length(Irowclean):-1:1 
    if (Irowclean(i)== 0) 
    t2=i; 
    break; 
    end 
end 
% Cut digits from the number area 
if (t1>(0.5*length(Irowclean))) 
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    t1=length(Irowclean)-t2; 
    Idigit1=Iclean(:,1:t1); 
    Idigit2=Iclean(:,t1+1:t2-1); 
    Idigit3=Iclean(:,t2:length(Irowclean)); 
elseif ((length(Irowclean)-t2)>(0.5*length(Irowclean))) 
     t2=length(Irowclean)-t1; 
    Idigit1=Iclean(:,1:t1); 
    Idigit2=Iclean(:,t1+1:t2-1); 
    Idigit3=Iclean(:,t2:length(Irowclean)); 
else 
    Idigit1=Iclean(:,1:t1); 
    Idigit2=Iclean(:,t1+1:t2-1); 
    Idigit3=Iclean(:,t2:length(Irowclean)); 
end 
    Idigit1=bwmorph((imresize(Idigit1,[24 12])),'thin',inf); 
    Idigit2=bwmorph((imresize(Idigit2,[24 12])),'thin',inf); 
    Idigit3=bwmorph((imresize(Idigit3,[24 12])),'thin',inf); 
 
% Row and column vectors for digits 1,2 and 3. 
 
Irowd1=sum(Idigit1,1); 
 
Icold1=sum(Idigit1,2); 
 
Irowd2=sum(Idigit2,1); 
 
Icold2=sum(Idigit2,2); 
 
Irowd3=sum(Idigit3,1); 
 
Icold3=sum(Idigit3,2); 
 
% Inputs for single layer perceptron neural network, netmarch1. 
pd1=[Irowd1';Icold1]; 
pd2=[Irowd2';Icold2]; 
pd3=[Irowd3';Icold3]; 
% Neural network simulation 
s1=sim(netmarch1,pd1); 
s2=sim(netmarch1,pd2); 
s3=sim(netmarch1,pd3); 
digit; % Number plate display 
as=1; 
sr; % Serial output command 
end; 
end; 
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APPENDIX B 

PIC 16F877 ASSEMBLY CODE 

This appendix shows the assembly codes for transmitter and receiver PICs. The 

transmitter PIC reads the command from the serial port of computer and generates the 

appropriate bit pattern for transmission via wireless channel. The receiver PIC reads the 

bit pattern from the decoder chip and controls the robot DC motors using PWM outputs 

on PORTD. 

1. Transmitter assembly code 
  
;********************************************************** 
; RS 232 communication between PIC16F877 and MATLAB  
; Originally written : Dr. Dan Simon (Lab06b) 
; Modified: Chandresh Chaudhari 
; Advisor: Dr. Dan Simon 
; Cleveland State University 
; 
; This program receives bytes in the serial port.  
;********************************************************** 
 
 list p=16f877 
 include "p16f877.inc" 
 
;********************************************************** 
; User-defined variables 
 
 cblock 0x20 
 WTemp   ; Must be reserved in all banks 
 StatusTemp 
 endc 
 
 cblock 0x0A0   ; bank 1 assignnments 
  WTemp1   ; bank 1 WTemp 
 endc 
 
 cblock 0x120   ; bank 2 assignnments 
  WTemp2   ; bank 2 WTemp 
 endc 
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 cblock 0x1A0   ; bank 3 assignnments 
  WTemp3   ; bank 3 WTemp 
 endc 
 
;********************************************************** 
; Macro Assignments 
 
push macro 
 movwf WTemp  ; WTemp must be reserved in all banks 
 swapf STATUS,W ; store in W without affecting status bits 
 banksel StatusTemp ; select StatusTemp bank 
 movwf StatusTemp ; save STATUS 
 endm 
 
pop macro 
 banksel StatusTemp ; point to StatusTemp bank 
 swapf StatusTemp,W ; unswap STATUS nybbles into W  
 movwf STATUS  ; restore STATUS (which points to where W was 

stored) 
 swapf WTemp,F  ; unswap W nybbles 
 swapf WTemp,W  ; restore W without affecting STATUS 
 endm 
 
;********************************************************** 
; Start of executable code 
 
 org 0x00  ; Reset vector 
 nop 
 goto Main 
 
;********************************************************** 
; Interrupt vector 
 
 org 0x04  ; interrupt vector 
 goto IntService 
 
;********************************************************** 
; Main program  
 
Main 
 call Initial  ; Initialize everything 
MainLoop  
 goto MainLoop ; Infinite loop 
 
;********************************************************** 
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; Initial Routine 
 
Initial  
 movlw D'23'  ; This sets the baud rate to 9600 
 banksel SPBRG  ; assuming BRGH=1 and Fosc=3.6864 MHz 
 movwf  SPBRG 
 
 banksel RCSTA  ; Enable the serial port 
 bsf RCSTA, SPEN 
 
 banksel TXSTA 
 bcf TXSTA, SYNC ; Set up the port for asynchronous operation 
 bsf TXSTA, BRGH ; High baud rate 
 
 banksel PIE1  ; Enable the Serial Port Reception Interrupt 
 bsf PIE1, RCIE 
 
 banksel INTCON ; Enable global and peripheral interrupts 
 bsf INTCON, GIE 
 bsf INTCON, PEIE 
 
 banksel  RCSTA  ; Enable serial port reception 
 bsf RCSTA, CREN 
 
 banksel TRISB  ; Set PortB bits as outputs 
 clrf TRISB    
 bsf TRISC,7  ; Set RC7/RX as an input pin 
 
 banksel PORTB ; Clear PortB bits  
 clrf PORTB 
 
 return 
 
;********************************************************** 
; Interrupt Service Routine 
; This routine is called whenever we get an interrupt. 
 
IntService 
 push 
 btfsc PIR1, RCIF ; Check for a Serial Port Reception interrupt 
 call Receive 
; btfsc ...  ; Check for another interrupt 
; call ... 
; btfsc ...  ; Check for another interrupt 
; call ... 
 pop 
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 retfie 
 
;********************************************************** 
; Receive Routine 
; This routine is called whenever we get a Serial Port Reception interrupt. 
 
Receive 
 movf RCREG, W 
 movwf  PORTB 
 return 
 end 
 
 
 
 

2. Receiver assembly code 
 
 
;********************************************************** 
; Mobile robot control 
; Originally written: Srikiran Kosanan (Embedded Control Systems Research Lab) 
; Modified: Chandresh Chaudhari 
; Advisor: Dr. Dan Simon 
; Cleveland State University 
; 
; This program receives bytes from a decoder on PORTC and controls robot motors using 
two ; PWM outputs on PORTD.  
;********************************************************** 
 
;********************************************************** 
 
 list p=16f877 
 include "p16f877.inc" 
 
;********************************************************** 
; User-defined variables 
 
 cblock 0x20 
  WTemp 
             StatusTemp 
  scaler 
  counter 
  higher 
  lower 
  Div_lo 
  Div_hi 
  Divisor 
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  offtime 
  var 
  variables 
  pfs1 
  pfs2 
  pfmr 
  pfml 
  pin 
  control 
  upcounter 
  locounter 
  rcount 
  loopcount 
  keypadnum 
   
 endc 
            cblock 0x0A0   ; bank 1 assignnments 
  WTemp1  ; bank 1 WTemp 
 endc 
 
 cblock 0x120   ; bank 2 assignnments 
  WTemp2  ; bank 2 WTemp 
 endc 
 
 cblock 0x1A0   ; bank 3 assignnments 
  WTemp3  ; bank 3 WTemp 
 endc 
;************************************************************* 
push macro 
 movwf WTemp  ;WTemp must be reserved in all banks 
 swapf STATUS,W  ;store in W without affecting status bits 
 banksel StatusTemp ;select StatusTemp bank 
 movwf StatusTemp  ;save STATUS 
 endm 
 
pop macro 
 banksel StatusTemp ;point to StatusTemp bank 
 swapf StatusTemp,W  ;unswap STATUS nybbles into W  
 movwf STATUS  ;restore STATUS 
 swapf WTemp,F  ;unswap W nybbles 
 swapf WTemp,W  ;restore W without affecting STATUS 
 endm 
 
;***************************************************************** 
        org     0x00 
        nop 
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        call    initial 
        goto    Main 
 
;**************************************************************** 
Main 
 banksel var 
 clrf    control 
 
 banksel PORTC 
 movf PORTC,w 
 banksel var 
 movwf keypadnum 
 call fiveus 
 
 movlw  .2 
 banksel var 
 subwf keypadnum,w 
 btfsc STATUS,Z 
 goto forward 
 
 movlw  .4 
 banksel var 
 subwf keypadnum,w 
 btfsc STATUS,Z 
 goto leftturn 
 
 movlw  .6 
 banksel var 
 subwf keypadnum,w 
 btfsc STATUS,Z 
 goto rightturn 
 
 movlw  .8 
 banksel var 
 subwf keypadnum,w 
 btfsc STATUS,Z 
 goto backup 
 
 movlw  0x0A 
 banksel var 
 subwf keypadnum,w 
 btfsc STATUS,Z 
 goto stop 
 goto Main 
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;***************************************************8 
 
forward 
        banksel var 
 clrf control 
 bsf control,2 
 call RUN 
 goto Main 
 
leftturn 
 banksel var 
 clrf control 
 bsf control,4 
 call RUN 
 goto Main 
 
rightturn 
 banksel var 
 clrf control 
 bsf control,3 
 call RUN 
 goto Main 
 
backup 
 banksel var 
 clrf control 
 bsf control,5 
 call RUN 
 goto Main 
 
stop 
 banksel var 
 clrf control 
 bsf control,1 
 call RUN 
 goto Main 
 
;******************************************* 
 
looprun 
        banksel var 
  movlw .2 
 movwf loopcount 
above 
 call RUN 
 banksel var 
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 decfsz rcount,f 
 goto above 
 return 
;******************************************* 
 
initial 
 
   movlw 0xFF 
 banksel TRISC 
 movwf TRISC 
 
 banksel TRISD 
 clrf TRISD 
 banksel PORTD 
 clrf PORTD 
 return 
 
;********************************************* 
 
 
stopmtr 
 banksel PORTD 
 bcf PORTD,3 
 bcf PORTD,1 
ipr nop 
 goto ipr 
 
 
;********************************************** 
 
 
RUN 
 banksel variables 
 clrf scaler 
 clrf counter 
  
 banksel PORTD 
 clrf PORTD 
 
 banksel TRISD 
 clrf TRISD 
 
 banksel var 
 clrf scaler 
  
 banksel var 
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 movlw D'70' 
 movwf pfmr 
 
 banksel var 
 movlw D'130' 
 movwf pfml 
 
 banksel var 
 
 btfsc control,1 
 goto STOP  
 
 btfsc control,4 
 goto LTURN 
 
 btfsc control,3 
 goto RTURN 
  
 btfsc control,2 
 goto BOTHRUN 
  
 btfsc control,5 
 goto BACKRUN 
 
STOP 
 banksel PORTD 
 bcf PORTD,3 
 bcf PORTD,1 
 goto stopend 
 
LTURN 
 
 banksel PORTD 
 bsf PORTD,3 
 bcf PORTD,1 
 
iloop1 
 call fiveus 
 banksel var 
 decfsz pfmr,f 
 
 goto iloop1 
 nop 
 banksel PORTD 
 bcf PORTD,3 
 goto LJUMP 
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RTURN 
;************************************************** 
 
 banksel PORTD 
 bsf PORTD,1 
 bcf PORTD,3 
  
iloop2 
 call fiveus 
 banksel var 
 decfsz pfml,f 
 goto iloop2 
 nop  
 banksel PORTD 
 bcf PORTD,1 
 goto RJUMP 
 
;***************************************************** 
 
BACKRUN 
 banksel PORTD 
 bsf PORTD,1 
 bsf PORTD,3 
 return 
iloop8 
 call fiveus 
 banksel var 
 decfsz pfmr,f 
 goto iloop8 
 nop 
 banksel PORTD 
 bcf PORTD,1 
 
 banksel var 
 movlw D'60' 
 movwf pfs2 
 
iloop9 
 call fiveus 
 banksel var 
 decfsz pfs2,f 
 goto iloop9 
 nop 
 banksel PORTD 
 bcf PORTD,3 
 goto RJUMP 
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;********************************************************* 
 
BOTHRUN 
 
 banksel PORTD 
 bsf PORTD,1 
 bsf PORTD,3 
 
iloop3 
 call fiveus 
 banksel var 
 decfsz pfmr,f 
 goto iloop3 
 nop 
 banksel PORTD 
 bcf PORTD,3  
 banksel var 
 movlw D'60' 
 movwf pfs2 
 
iloop4 
 call fiveus 
 banksel var 
 decfsz pfs2,f 
 goto iloop4 
 nop 
 banksel PORTD 
 bcf PORTD,1 
RJUMP 
 banksel var 
 movf pfml,0 
 movlw pfs1  
 goto divide 
 
LJUMP 
 banksel var 
 movf pfmr,0 
 movlw pfs1 
 goto divide 
 
;*************************************************** 
 
divide 
 banksel var 
 movf pfs1,w 
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 movwf Div_lo 
 movlw D'0' 
 banksel var 
 movwf Div_hi 
 banksel var 
 movlw .10 
 movwf Divisor 
 clrf scaler 
Divide 
 movf Divisor,w 
 subwf Div_lo,f 
 btfss STATUS,C 
 goto Borrow 
 goto Div_2 
 
Borrow  
 movlw 0x01 
 subwf Div_hi,f 
 btfss STATUS,C 
 goto finish 
 
Div_2 
 incf scaler,f 
 goto Divide 
finish 
;**************************************************** 
 movf scaler,w 
 sublw 0xBA 
 banksel variables 
 movwf   offtime 
OFF_PULSE 
 call delay 
 banksel variables 
 decfsz offtime,f 
 goto OFF_PULSE 
stopend 
 return 
 
 
 
;************************************************** 
 
fiveus 
 nop 
 nop 
 nop 
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 nop 
 nop 
 return 
 
;************************************************ 
 
delay 
 movlw .15 
 banksel counter 
 movwf counter 
 
aloop 
 decfsz counter,f 
 goto aloop 
 return 
 
;************************************************* 
 
startdelay 
 movlw .500 
 banksel upcounter 
 movwf upcounter 
ploop 
 movlw .500 
 banksel locounter 
 movwf locounter 
tloop 
 decfsz locounter,f 
 goto tloop 
 banksel upcounter 
 decfsz upcounter,f 
 goto ploop 
 return 
 
 
end 
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