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(ABSTRACT) 

In order for an industrial inspection system to be of utility in manufacturing 

it must be fast, accurate, and flexible [Chin 1986]. Current machine vision systems 

are very specialized and inflexible in nature. A reason for the inflexibility of current 

machine vision systems is the need for real-time processing of image data. Such a 

need has forced both the use of very specialized image processing hardware as well 

as the use of rather simple, very specialized computer vision algorithms to do the 

analysis. On the other hand, most, if not all, of today’s computer vision methods 

* are not general purpose in nature. In the absence of truly robust general purpose 

methods, developing satisfactory machine vision solutions will continue to involve 

experimenting with machine vision hardware and software components. 

Given the current state of machine vision technology, it would seem that the 

best method for creating flexible machine vision systems is, perhaps, to define a 

subclass of inspection problems where all the problems within the subclass have a 

number of common features about them. Such a subclass must be of interest to a 

number of manufacturers. It must also be “reasonable” to solve, given the current 

state of the art. Once the subclass has been selected, the next logical step would 

seem to be to create a device that makes performing all the needed experiments 

on the various problems within the class easy to perform.



Based on the above line of reasoning, this work has four major objectives. 

The first objective is to define a meaningful subclass of inspection problems that 

are a) of interest to a number of manufacturers, and b) represent inspection tasks 

that seem “reasonable” within the current state-of-the-art of computer vision. The 

subclass of inspection problems selected for this work is the longitudinal planar web 

inspection problem under the two-dimensional imaging restriction. 

The second objective of this work is to create a vehicle that will allow the 

types of experimentation usually associated with the development of machine vi- 

sion systems to be facilitated. This vehicle created is called a “machine vision 

prototyper.” 

The third objective of this work is to use the machine vision prototyper system 

to attack a particular planar web applications problem. The application considered 

is the problem of locating and identifying surface defects in surfaced hardwood 

lumber in a species independent manner. 

The fourth objective of this research is to indicate how the prototyper system 

can be used to attack a second planar web application problem. This application 

problem is the inspection of hardwood parts coming out of a molder. 

The utility of the machine vision prototyper system as an experimental tool 

is demonstrated on two of the three possible types of longitudinal planar web 

inspection problems. The results include the development of a machine vision 

system for a hardwood surfaced lumber surface feature detection problem, and a 

discussion of how the prototyper can be used to attack the problem of inspecting 

hardwood parts coming out of a molder.
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Chapter 1 

INTRODUCTION 

1.1 Motivation 

Machine vision systems for automated industrial inspection have been devel- 

oped for a number of manufacturing applications (Chin (1982), Kent (1986), Chin 

(1988)). In order for an industrial inspection system to be of utility in manufac- 

turing it must satisfy the following requirements (Chin (1986)): 

1. Its speed of operation must match production line speeds. 

2. Its accuracy in defect detection must be acceptable. 

3. It must be flexible in order to accommodate changes in products. 

Current machine vision systems are very specialized in nature. Each represents 

a very specialized set of algorithms implemented on very specialized image pro- 

cessing hardware. Each system’s purpose is to solve, in real-time, a very specific 

industrial inspection problem. As such current systems are very inflexible in that 

they cannot be easily adapted to meet the changing requirements associated with 

the inspection of a particular product, nor can they be easily modified to run on 

inspection problems other than the one each was explicitly defined to solve. As 

Chin (1986) has stated: 

“Most current vision systems are custom-engineered systems with only 

one specific task in mind. They represent ad hoc approaches to a single



problem. As more complex industrial parts must be handled, the vision 

system has to be flexible and more versatile. Until recently, we have not 

seen a strong desire for general-purpose machine vision systems. The cap- 

ital costs of general systems are relatively high because they are difficult 

to design, but they can be justified in the long run by their utilization 

rate.” 

The inflexibility of current machine vision systems has markedly limited the utility 

of these systems in manufacturing and has kept these systems from being very 

widely used. A number of manufacturers who attempted to employ machine vision 

technology in the early to mid 1980s have removed these systems from their pro- 

ductions lines and have not replaced them with any newer technology. If machine 

vision is to be extensively used in manufacturing it must be “flexible.” 

Part of the reason for the inflexibility of current machine vision systems comes 

from the need for real-time processing of image data. As Chin pointed out, for a 

machine vision system to be of utility it must be able to match industrial production 

speeds. This means that the system must be able to process images in real-time. 

The need for real-time processing forces both the use of very specialized image 

processing hardware as well as the use of rather simple, very specialized computer 

vision algorithms to do the analysis. 

The Intel Corporation predicts that by the year 2000 a benchmark micro- 

processor system will be able to execute 2 billion instructions per second. The 

availability of microcomputer systems capable of executing this number of instruc- 

tions per second should alleviate the problem of creating machine vision systems 

that can match production line speeds. The availability of these systems should 

mean that the speed issue is no longer of concern in the majority of inspection



problems encountered in manufacturing. General purpose microcomputers with 

this level of computational capability should allow even sophisticated computer vi- 

sion algorithms to be executed in real-time without the need for specialized image 

processing hardware. The availability of such microcomputers should also mean 

that future machine vision systems should be more flexible. This follows from the 

fact that more computationally complex methods are typically more robust, i.e., 

more applicable to a wider range of problems and from the fact that the general 

purpose computer, i.e., the high speed microcomputer, is typically much easier to 

reprogram to address a new or modified problem than the specialized image pro- 

cessing hardware it will replace. Further, the availability of such systems should 

mean that future machine vision systems should be more accurate. Logic suggests 

that computationally complex algorithms should be more accurate than less so- 

phisticated simple methods. Finaliy, the availability of such systems should also 

markedly reduce the complexity of developing a machine vision system since de- 

velopers are no longer confined to using computationally simple computer vision 

algorithms and are freed from the task of having to design or select special pur- 

pose image processing hardware. As such, the availability of computationally very 

capable microcomputer systems would seem to offer the possibility of markedly ex- 

panding the role machine vision technology can play in automating manufacturing 

processes. 

Unfortunately, the existence of such microcomputer systems does not, within 

itself, guarantee the expanded use of machine vision technology in manufacturing. 

Perhaps the most troubling problem that limits the expanded role of machine vi- 

sion technology in manufacturing is the current state-of-the-art in computer vision 

algorithms. After nearly thirty years of research the development of truly robust,



general purpose image analysis and scene analysis methods has proven to be a 

very, very difficult task. Irrespective of computational complexity, most if not all 

of today’s computer vision methods are not general purpose in nature. Each seems 

to work well on only a fairly limited class of problems. In fact, the lack of progress 

in creating general purpose computer vision algorithms capable of at least match- 

ing some level of human visual performance has disheartened some investigators. 

What has resulted after these thirty years of research is a huge collection of com- 

puter vision algorithms without any common unifying thread. This frustration is 

well expressed by Zavidovique et al. (1991): 

“Nowhere are existing theories and algorithms characterized in a way 

that permits us to thoroughly understand image-processing semantics, 

regardless of implementation or approach. Instead, this vast know-how 

is scattered in conference proceedings, books, and lecture notes, which 

makes it harder for users to learn the fundamentals. Because there is no 

unifying formalism, the study of algorithm design has suffered. Instead, 

there is a neverending production of algorithms that resembles a creative 

art more than a well-established science.” 

Given the record over the last thirty years, it seems prudent to assume this 

inability to create truly general purpose methods will persist well into the future. 

This observation has a number of significant ramifications. First, it implies that 

there is going to be some definite limit as to how flexible machine vision systems 

can be made to be. It means that a “flexible” system might only be able to 

handle a limited subclass of problems. Obviously for a system to be of utility the 

subclass of problems it can handle must be ones that are of interest to a number of 

manufacturers. And this “flexible” system must be flexible enough to address the 

differing needs of the various manufacturers interested in this subclass of inspection 

problems.



The above observation about the current and foreseeable state of computer 

vision technology has one other important ramification. This is that creating au- 

tomatic methods for solving a particular industrial visual inspection problem is, 

and will remain for some time, an art and not a science. Since developing machine 

vision systems is an art, one cannot be assured that given a particular applications 

problem a solution yielding the required accuracies can be found. Since developing 

machine vision systems is an art, one is even more hard pressed to arrive at a 

“flexible” solution to a subclass of inspection problems. 

In the absence of truly robust general purpose methods, developing satisfac- 

tory machine vision solutions will continue to involve fixing the viewing geometry, 

using special lighting, and/or employing special sensors, so that the computer vi- 

sion algorithm development/selection problem is markedly simplified. Therefore, 

developing machine vision systems requires and will continue to require a good 

deal of experimentation, experimentation with a variety of different computer vi- 

sion algorithms, experimentation with various viewing geometries, experimentation 

with various types of lighting, experimentation with various types of sensors, and 

experimentation with various filters, reflectors, lenses, etc. A good deal of exper- 

imentation is typically needed to arrive at an acceptable solution and even more 

experimentation needed to arrive at a “flexible” solution for a subclass of problems. 

And, of course, it is the machine vision research community’s ability to create flexi- 

ble solutions that is going to determine the extent to which machine vision systems 

are going to be used in manufacturing. 

1.2 Underlying Assumptions 

It would seem that few things in science and engineering are revolutionary.



Rather most are evolutionary. Hence, the best method for creating flexible machine 

vision systems is, perhaps, to define a subclass of inspection problems where all the 

problems within the subclass have a number of common features about them. The 

subclass chosen must satisfy the following criteria: 1. The subclass of problems 

selected must be such that a number of manufacturers are interested in inspection 

problems within this subclass. Just as important is the fact that: 2. The inspection 

problems within the subclass seem “reasonable” to solve given the current state- 

of-the-art of computer vision. 

Once the subclass has been selected, the next logical step would seem to be to 

create a device that makes performing all the needed experiments on the various 

problems within the class easy to perform. Reducing the difficulty in performing the 

needed experiments should reduce the time needed to find a satisfactory solution 

for each of the problems in the subclass. Hence, it should also reduce the time 

needed to find a satisfactory “flexible” solution to all the problems within the 

subclass. 

Once the experimental tool has been created, the next logical step is to select 

a problem from within the subclass, and, using the experimental tool, attempt to 

find a satisfactory solution for this problem. Then, select another problem from 

within the subclass and using the experimental tool, attempt to find a solution to 

this problem. Obviously, to generate a solution for the second problem, some of 

the methods used in solving the first method should be tried. If these methods do 

not work on the second problem the reasons for the failures should be documented. 

If the methods used on the first problem can be modified so that they will now 

work on both problems one and two, these modifications should be made. If not, 

new methods must be created. The desire in creating the new methods is to



develop algorithms that will work on both problems one and two. New methods 

must also be developed should the second problem require a different solution. 

This evolutionary process continues with the selection of further problems to be 

solved. The methods to be explored involve not only algorithm development but 

also hardware considerations such a lighting conditions, viewing angles, sensors, 

etc. 

It is assumed that this particular line of attack represents a very good method 

for evolving a machine vision technology that will eventually be flexible enough 

to address all the problems in the subclass. Hence this will be the basic line of 

approach used in this dissertation. 

1.3 Objectives 

Based on the above underlying assumptions, this work has four major objec- 

tives. The first objective is to define a meaningful subclass of inspection problems 

that are a) of interest to a number of manufacturers, and b) represent inspection 

tasks that seem “reasonable” within the current state-of-the-art of computer vi- 

sion. The subclass of problems that was selected is those involving planar webs. 

The reasons for selecting this particular subclass are given in the next subsection. 

The second objective of this work was to create a vehicle that will allow 

the types of experimentation usually associated with the development of machine 

vision systems to be facilitated. This vehicle created is called a “prototyper” 

system because it allows an investigator to easily and rapidly prototype both the 

hardware and software components of a machine vision system so that ability of 

various combinations of components to solve a particular applications problem can



be evaluated. This machine vision prototyper system was designed, in particular, 

to address the planar web inspection problem. 

The third objective of this work was to use the machine vision prototyper 

system to attack a particular planar web applications problem. The application 

considered is a relatively complex industrial inspection problem, the problem of 

locating and identifying surface defects in surfaced hardwood lumber in a species 

independent manner. The machine vision system being developed using the pro- 

totyper is for use in the hardwood furniture and fixture industry. The goal of this 

research was two fold. The first was to demonstrate the utility of the prototyper in 

facilitating the experimentation needed to develop machine vision systems aimed 

at the planar web inspection problem. The second goal was to create at least a 

partial solution to the surfaced lumber inspection problem. The goal was to try to 

create a machine vision system that is as complete as possible, given the limitations 

of time and funding. 

The fourth objective of this research is to indicate how the prototyper system 

can be used to attack a second planar web application problem. This application 

problem is the inspection of hardwood parts coming out of a molder. The molding 

operation introduces machine defects in otherwise acceptable parts. The defects 

caused by the molder typically involve the lack of the desired smoothness on the 

surface of the machined part or in a deviation from a desired three-dimensional 

shape. 

1.4 Scope and Limitations 

To fulfill the first objective, the subclass of industrial inspection problems 

selected for study in this research is a subclass of a set of problems commonly called



web inspection problems. Classically, a web is defined to be any material produced 

in the form of strips (Purll (1985)). The general web inspection problem consists 

of the inspection of continuous strips of material for the detection of undesirable 

defects or blemishes. Under this definition of webs, however, the inspection of any 

material can be categorized as a web inspection problem. To restrict the extent of 

the problems to be addressed to a manageable size , i.e., to make it “reasonable”, 

a subclass of webs will be considered. The restrictions considered involve both the 

permissible characteristics of the web and the types of image data collected from 

the web. Let t be a unit vector denoting the direction of travel. Let P be a plane 

perpendicular to v. If there exists an orientation of an object such that when the 

object is in this orientation and travels along v, it presents a uniform cross section 

as it passes through P, the object will be called a web. This is further illustrated 

in Figure 1.1. In the figure, P denotes a plane perpendicular to v and U is the 

uniform cross section on plane P. Referring to Figure 1.1, U is further defined as a 

four-sided polygon with the sides $1 and $3 being of lengths that are appreciably 

smaller than the lengths of sides $2 and $4. The web will be called a planar web. 

Under this definition planar webs have constant shape characteristics with respect 

to the plane P. 

However, even the planar web problem is still too broad to reasonably be- 

lieve that a uniform set of methods can be found for attacking all such problems. 

Therefore further restrictions are required. Suppose the dimensions of a planar 

web in the plane P are small in relation to the dimension of the web along 7. Such 

planar webs will be called longitudinal planar webs. There would seem to be 

only three types of inspection tasks that can be performed on longitudinal planar 

webs. One type of inspection involves the analysis of the surfaces of the longitudi- 

nal web to look for surface defects that manifest themselves as variations in color,



P - Plane perpendicular to v 

U - Uniform cross section on P 

  

  

  

    
  

  

$2 

S1 / U \ $3 

$1,S3 << $2,S4 
S4 

Figure 1.1. Diagram depicting the definition of a planar web. 
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tone, and/or texture from that of the normal web surface. A second type involves 

examining the surface of longitudinal planar webs to look for defects that manifest 

themselves by causing a variation in the cross section the web presents in the plane 

P as the web travels through P along t. Such defects alter the three-dimensional 

shape characteristics of the longitudinal planar web. A third type of inspection 

involves examining the longitudinal web to look for internal defects in the web. 

A careful examination of this last inspection type suggests that there can be 

a wide variation in the type of sensors that can be employed on this inspection 

problem. Techniques for performing this inspection operation range from simple 

backlighting methods in those instances when the longitudinal webs are trans- 

parent or translucent to x-ray scanning to even computer tomography, magnetic 

resonance imaging or ultrasonic imaging. These last three imaging modalities cre- 

ate three-dimensional images of the web being inspected. All the other sensors 

only create two-dimensional images of longitudinal planar webs. The analysis of 

three-dimensional images can be very different from the analysis of two-dimensional 

images. Hence for purposes of this research, the subclass of webs to be considered 

is longitudinal planar webs with the additional restriction that these webs will be 

imaged with sensors that create only two-dimensional images. The problem to 

be considered will be called the longitudinal web inspection problems under the 

two-dimensional imaging restriction. 

This particular subproblem was chosen for a variety of different reasons. First, 

the longitudinal web inspection problem under the two-dimensional imaging restric- 

tion is an important subclass of industrial inspection problems in that a number of 

manufacturers have a potential interests in its solution (Chin (1986)). The manu- 

facturing industries that could use machine vision systems that address this class 
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of problems include the plastics industry, the metals industry, the textile industry, 

and the forest products industry. Therefore this subclass satisfies the above stated 

first requirement for selection. 

Next, the longitudinal planar web inspection problem under the two dimen- 

sional restriction seemingly lends itself to only two basic types of imaging tech- 

nology, one of which is line scan imaging technology for surface defect inspection. 

Also, to successfully attack the totality of longitudinal planar web inspection prob- 

lems under the two dimensional imaging restriction seemingly requires the use of 

multiple sensors, all imaging the web simultaneously. In particular it is entirely 

possible that the longitudinal planar web problem will require at least one sensor 

to detect surface defects, at least one sensor to detect interior defects, and at least 

one sensor for gauging shape related defects. 

Most general purpose image processing hardware is designed to accept data 

from only one imaging modality, typically an area array cameras. Further, general 

purpose systems do not lend themselves to the easy collection of data from a line 

scan imaging device let alone a number of these devices. Nor does most general 

purpose image processing hardware provide a mechanism for the control of the 

materials handling components needed to move objects through the field of view 

of the various line scan cameras used in a data collection configuration. Hence, the 

hardware needed to attack this subclass of problems is not generally available. It 

is perhaps for this reason that this subclass of problems has not been significantly 

investigated. 

Given that the hardware needed to do the required experiments on the lon- 

gitudinal planar web inspection problem is not generally available, the first task 
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was to create a hardware system that could be used to address a spectrum of 

problems in this subclass. The resulting experimental testbed is called a machine 

vision prototyper. The “prototyper” is a collection of reusable hardware and 

software components that can be combined in a sufficient number of ways to allow 

one to consider different solutions to an inspection problem. The software compo- 

nents include computer vision algorithms, display and plotting functions, device 

drivers for various hardware components, and control algorithms for controlling 

various mechanical and electronic devices. As such, the software components of 

this system represent a superset of the operations normally found in a typical im- 

age processing system. The hardware components include various imaging and 

non imaging sensors; sensor interfaces to a computer; various types of lighting; 

mounting components for both the sensors and lighting; filters for selecting and/or 

rejecting various wavebands of electromagnetic energy; various lenses; a mounting 

platform that facilitates the easy relocation of components; a free standing en- 

closure for preventing ambient electromagnetic energy from entering the imaging 

areas; a materials handling system for moving objects through the imaging areas; 

a cooling system for removing heat generated by the illumination systems from 

the free standing enclosure; and a computer for collecting image data, controlling 

mechanical and electronic components, and for performing the image analysis and 

scene analysis functions. This system was created so that all the components are 

reusable and are easily reconfigurable, i.e., are extensible. 

To obtain the significant degree of reusability and extensibility needed for the 

rapid prototyping of machine vision systems, the design of the prototyper is based 

on the concepts of object-oriented system design. Using an object oriented scheme 

allows the reusable hardware components that interact with the computer and the 
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software components to be treated in the same conceptual manner. Each reusable 

hardware component is an object defined by the construction of the component, 

and the functions it performs through commands sent by the computer. Each 

reusable software component is defined by a set of data structures and a set of 

software operations it performs, or that can be performed on it. The software for 

the prototyper is not written in an object oriented-programming language such as 

C++, but in the C language. The reason that an object-oriented programming 

language is not used is because of the amount of executable overhead involved 

in supporting object-oriented mechanisms. Since the prototyper is designed to 

handle large high resolution images collected from multiple sensors, software speed 

becomes a very real concern. This is the reason C was selected. The use of C 

allows the programmer to custom design the object-oriented mechanisms to suit 

the application. For the prototyper, the object-oriented mechanisms have been 

designed to support a software environment that is meant to operate on image 

data only. 

It has been argued that currently, the most robust computer visions systems 

are all knowledged based (Cho (1991)). Obviously, in designing the prototyper it 

was important that the software methodologies used support the development of 

knowledged based computer vision methods. The object oriented paradigm sup- 

ports such development by providing a natural way of implementing a blackboard 

data structure (Cappellini (1990)), a data structure that is arguably the one to use 

in knowledge based vision systems (Nagao (1980)). 

The particular longitudinal web inspection problem selected for consideration 

in this research was the hardwood surfaced lumber, surface defect inspection prob- 

lem. The goal is to create methods that can locate, identify and measure the 
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“important characteristics” of surface defects such as knots, split /checks, and the 

like in a species independent manner. This problem will be described in detail 

later. This particular problem was selected because it represents what is seemingly 

one of the more difficult longitudinal web inspection problems. The difficulty of 

the problem stems from the fact that hardwood species vary significantly in their 

appearance, and in the way surface defects manifest themselves in their lumber. 

Even within a species, there is significant variation in the appearance of boards 

and in the way surface defects manifest themselves from one tree to another. 

An objective of this research is to demonstrate the feasibility of addressing 

this problem using machine vision methods. If one can establish the feasibility of 

addressing this problem, then it can be argued that the subclass of longitudinal 

web inspection problems may be “reasonably” solved using today’s technology or 

variations on this basic technology, i.e., this subclass of problems can be addressed 

by evolutionary methods and not revolutionary methods. 

A second longitudinal web inspection problem will also be described. This 

second problem addresses the inspection of the three-dimensional shape character- 

istics of longitudinal planar webs. The sensor technology used is a black and white 

array camera, laser based structured lighting, and algorithms for transforming the 

two-dimensional images obtained from the array camera into a line of ”range” data. 

There are two goals in describing this inspection problem. The first is to demon- 

strate the utility of the prototyper system in addressing a ” variety” of longitudinal 

planar web inspection problems. The second goal is to further demonstrate that a 

spectrum of longitudinal planar web inspection problems would seem ”reasonable” 

given today’s computer vision technology and/or an evolutionary variation of this 

technology. 
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There are a number of limitations to the reported research. First the proto- 

typer system was not developed to its most general form. The basic concept of the 

prototyper system is to have a variety of both hardware and software components 

readily available for use to perform any needed experiments. Limitations in both 

time and money has limited the number of reusable components that could be 

developed for future work. How<ver, the demonstration of the usefulness of the 

system across two of the three general categories of inspection problems that can 

be performed on longitudinal planar webs hopefully demonstrates this system’s 

capability in absence of it being in its fully developed form. 

Another limitation of the work concerns the extent of the research on the sur- 

faced lumber inspection problem. Once again limits on time and funding prevented 

a more complete vision technology to address this problem from being developed. 

Much of the work was concentrated on the low-level segmentation component of 

the vision system. The high-level recognition component was not developed to the 

extent desired. However, even the rather limited scope of the work presented does 

suggest that, with more research, an adequate solution to this automated indus- 

trial inspection problem can be found. In fact, the reported research provided the 

basis for a more complete work by Cho (1991). 

Perhaps because of the above, one can argue that a final limitation of the 

study comes from the fact that the “reasonableness” of the longitudinal planar 

web inspection subclass of problems has not been completely demonstrated. And 

this is true. However, the goal of university research is to consider problems whose 

feasibility has not yet been completely demonstrated. 
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1.5 Hypotheses 

The basic hypotheses that have been tested during the course of this research 

is that 

1. The machine vision prototyper system can be used as an experimental 

tool for investigating the subclass of longitudinal planar web inspection 

problems under the two-dimensional imaging restriction. The hypothesis 

is tested on two of the three possible types of longitudinal planar web 

inspection problems. 

2. The development of a machine vision system for solving a hardwood 

surfaced lumber surface defect detection problem is feasible. Such a ma- 

chine vision system has been developed and tested. 

1.6 Organization of the Dissertation 

The next chapter introduces rapid-prototyping and machine vision system de- 

sign. In the chapter, a background into the wide variety of technology necessary 

for designing the prototyper is provided. Chapter 3 describes machine vision pro- 

totyping and overall design of the machine vision prototyper. Chapter 4 presents a 

detailed description of the hardware and software development of the prototyper. 

Chapter 5 defines the hardwood lumber inspection problem and Chapter 6 demon- 

strates the utility of the prototyper in designing a machine vision system for the 

hardwood lumber inspection problem. Chapter 7 will demonstrate the utility of 

the prototyper on a second planar web inspection problem. In particular, it will 

describe how a structured light-based vision system can be designed using the pro- 

totyper. A summary and conclusion is provided in Chapter 8. Recommendations 

for future research are also given in Chapter 8. 
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Chapter 2 

RAPID-PROTOTYPING AND 

MACHINE VISION SYSTEM DESIGN 

The meaning of the terms machine vision system, computer vision system, 

and industrial inspection system has varied in the literature so much so that some- 

times these expressions are used interchangeably. For purposes of this dissertation, 

the term machine vision system is taken to mean a system consisting of both 

hardware and software components. The hardware components of a machine vi- 

sion system include the sensors, the illumination sources, the materials handling 

system, and a computing system. The software components of a machine vision 

system include a computer vision system and control software for controlling the 

imaging hardware and materials handling system. The term computer vision 

system refers to the software system involved in the analysis of images. Impor- 

tant issues in a computer vision system are the algorithms and mathematics used 

in the analysis process. An industrial inspection system is a machine vision 

system applied to a particular industrial inspection task. 

As described in Chapter 1, the second objective of this work is to create an 

experimental tool, i.e., a machine vision prototyper, that will facilitate the exper- 

iments needed to create machine vision systems for various planar web inspection 

problems. The hope is that in considering the various planar web inspection prob- 

lems, a single, flexible, machine vision technology will evolve, a technology that 
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will be able to handle a broad cross section, if not the entire class, of planar web 

inspection problems. 

Successful achievement of this objective requires an understanding of, not only 

the general planar web inspection problem, but also an understanding of computer 

vision technology, machine vision technology, and rapid-prototyping system design 

methods. This chapter provides the necessary background in these subject areas. 

The objectives of this chapter are four fold. The first objective is to restate 

in more detail the planar web inspection problem and to discuss the basic charac- 

teristics of the problem. Designing a machine vision prototyping system for planar 

web inspection applications implies the need for an appropriate method of system 

design. The second objective is thus to introduce a suitable method of system 

design. As the “prototyper” is a system for designing machine vision systems, a 

mechanism must be provided for designing such systems. The mechanism chosen is 

the one associated with rapid-prototyping. Associated with the concept of rapid- 

prototyping is the concept of reusability. For components to be reusable, these 

components must correspond to functions that are common tasks performed by 

machine vision systems on a wide variety of inspection tasks. The third objective, 

then, is to study the typical components of computer and machine vision systems. 

The fourth and final objective is to study existing computer and machine vision 

systems to identify the characteristics that they have in common. In studying 

these systems, an objective is to show that the incorporation of knowledge based 

methods are a common trend and therefore, the machine vision prototyper must 

be able to support the use of knowledge based methods. 
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2.1 Planar Web Inspection 

In Chapter 1, a planar web was defined as having a uniform cross section 

on a plane as it travels along an axis perpendicular to the plane. It is basically a 

continuous strip of material of finite length, measured along this axis. A restriction 

was further imposed on the dimensions of the planar web in order to make solving 

the problem more tractable, i.e., more “reasonable” to solve. A subclass of planar 

webs, longitudinal planar webs, was defined as planar webs with cross sectional 

dimensions in the plane being small in relation to the dimension of the web along 

the direction of travel. A final restriction is that these longitudinal planar webs 

will be imaged with sensors that create only two-dimensional images. Henceforth, 

the term planar web will be taken to mean longitudinal planar web unless it 

is otherwise stated. 

There are basically three types of planar web inspection problems. The first 

is to detect undesirable defects or blemishes on the surfaces of a planar web. A 

defect or blemish on a surface of a planar web can be defined to be a region 

on the surface of the planar web that is a connected subset of the surface with 

properties that make it undesirable. A connected region is one in which a curve 

can be drawn to join any two points within the region such that the curve lies 

completely within the region. These undesirable properties manifest themselves 

as variations in color, tone, and/or texture from that of the normal web surface. 

The second type of planar web inspection problem involves examining the shape 

of the surface of the web to look for defects that manifest themselves by causing 

a variation in the shape of the uniform cross section on the plane perpendicular 

to its direction of travel. Finally, the third type of planar web inspection problem 
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�o�r�i�e�n�t�e�d� �m�e�t�h�o�d�s� �(�M�u�l�l�i�n� �(�1�9�9�0�)�)�.� �I�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �t�h�e� �c�o�n�c�e�p�t�s� �o�f� �p�r�o�t�o�t�y�p�i�n�g�,� 

�r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �a�n�d� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n� �i�s� �i�n�t�r�o�d�u�c�e�d�.� 

�T�h�e� �t�e�r�m� �p�r�o�t�o�t�y�p�i�n�g� �r�e�f�e�r�s� �t�o� �t�h�e� �p�r�o�c�e�s�s� �o�f� �d�e�v�e�l�o�p�i�n�g� �a� �s�c�a�l�e�d�-�d�o�w�n� 

�v�e�r�s�i�o�n� �o�f� �a� �s�y�s�t�e�m� �t�o� �u�s�e� �i�n� �b�u�i�l�d�i�n�g� �a� �f�u�l�l�-�s�c�a�l�e� �s�y�s�t�e�m�.� �T�h�e� �t�e�r�m� �r�a�p�i�d�-� 

�p�r�o�t�o�t�y�p�i�n�g� �r�e�f�e�r�s� �t�o� �t�h�e� �p�r�o�c�e�s�s� �o�f� �q�u�i�c�k�l�y� �b�u�i�l�d�i�n�g� �a�n�d� �e�v�a�l�u�a�t�i�n�g� �a� �s�e�r�i�e�s� �o�f� 

�p�r�o�t�o�t�y�p�e�s� �(�T�a�n�i�k� �(�1�9�8�9�)�,� �L�u�q�i� �(�1�9�8�9�)�)�.� �R�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �h�a�s� �b�e�e�n� �a�p�p�l�i�e�d� �t�o� �a� 

�d�i�v�e�r�s�i�t�y� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s� �s�u�c�h� �a�s� �t�h�e� �d�e�s�i�g�n� �o�f� �u�s�e�r� �i�n�t�e�r�f�a�c�e�s� �(�G�r�a�y� �(�1�9�8�8�)�)�,� �V�L�S�I� 

�c�o�m�p�u�t�e�r�-�a�i�d�e�d� �d�e�s�i�g�n� �s�y�s�t�e�m�s� �(�G�u�p�t�a� �(�1�9�8�9�)�)�,� �t�e�s�t�i�n�g� �v�e�h�i�c�l�e� �c�o�n�t�r�o�l� �a�l�g�o�r�i�t�h�m�s� 

�i�n� �a�i�r�c�r�a�f�t� �(�D�u�k�e� �(�1�9�8�9�)�)�,� �a�n�d� �t�h�e� �s�t�u�d�y� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n� �n�e�t�w�o�r�k� �d�e�s�i�g�n� �a�n�d� 

�b�e�h�a�v�i�o�r� �(�C�i�e�s�l�a�k� �(�1�9�8�9�)�)�.� �T�h�e� �l�a�s�t� �t�w�o� �r�e�f�e�r�e�n�c�e�s� �d�e�s�c�r�i�b�e� �s�y�s�t�e�m�s� �t�h�a�t� �i�n�v�o�l�v�e� 

�b�o�t�h� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �a�s�p�e�c�t�s�.� �C�i�e�s�l�a�k�,� �e�t� �a�l�.�,� �i�n� �p�a�r�t�i�c�u�l�a�r�,� �d�e�s�c�r�i�b�e� �t�h�e� �u�s�e� 

�o�f� �r�e�u�s�a�b�l�e� �h�a�r�d�w�a�r�e� �m�o�d�u�l�e�s� �w�i�t�h�i�n� �t�h�e� �p�r�o�t�o�t�y�p�i�n�g� �e�n�v�i�r�o�n�m�e�n�t� �t�h�a�t� �p�r�o�v�i�d�e�s� 

�t�h�e� �s�o�f�t�w�a�r�e� �t�o�o�l�s� �t�o� �h�e�l�p� �d�e�s�i�g�n�,� �t�e�s�t�,� �a�n�d� �a�n�a�l�y�z�e� �a� �n�e�t�w�o�r�k� �(�C�i�e�s�l�a�k� �(�1�9�8�9�)�)�.� 

�T�h�e� �c�o�n�c�e�p�t�s� �o�f� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �h�a�v�e� �m�o�s�t�l�y� �b�e�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�o�f�t�w�a�r�e� 

�s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e�s�e� �c�o�n�c�e�p�t�s� �r�e�v�o�l�v�e� �a�r�o�u�n�d� �t�h�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �c�y�c�l�e� 

�t�h�a�t� �b�e�g�i�n�s� �w�i�t�h� �t�h�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�l�l�o�w�e�d� �b�y� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �a� 

�p�r�o�t�o�t�y�p�e�.� �T�h�i�s� �p�r�o�t�o�t�y�p�e� �i�s� �t�h�e�n� �t�e�s�t�e�d� �a�n�d� �a� �r�e�f�i�n�e�m�e�n�t� �o�f� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� 

�m�a�d�e�,� �s�h�o�u�l�d� �i�t� �n�o�t� �b�e� �a�c�c�e�p�t�a�b�l�e�.� �T�h�i�s� �i�s� �f�o�l�l�o�w�e�d� �b�y� �a�n�o�t�h�e�r� �c�y�c�l�e� �o�f� �p�r�o�t�o�t�y�p�i�n�g� 
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�a�n�d� �t�e�s�t�i�n�g�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �i�s� �e�x�e�m�p�l�i�f�i�e�d� �i�n� �g�r�e�a�t� �d�e�t�a�i�l� �b�y� �M�u�l�l�i�n� �(�1�9�9�0�)�.� �T�h�e� 

�r�e�a�s�o�n� �t�h�a�t� �s�u�c�h� �a� �p�r�o�c�e�d�u�r�e� �i�s� �n�e�e�d�e�d� �i�s� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �e�x�a�c�t� �r�e�q�u�i�r�e�m�e�n�t�s� 

�f�o�r� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �i�n�d�u�s�t�r�y� �i�s� �t�y�p�i�c�a�l�l�y� �n�o�t� �c�o�m�p�l�e�t�e�l�y� �k�n�o�w�n� �(�J�a�c�o�b�s�o�n� 

�(�1�9�9�1�)�)�.� �A�s� �n�o�t�e�d� �b�y� �J�a�c�o�b�s�o�n�,� �i�n�c�r�e�m�e�n�t�a�l� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �s�y�s�t�e�m� �m�a�y� �t�h�u�s� �b�e� 

�a� �p�r�e�f�e�r�r�e�d� �s�t�r�a�t�e�g�y� �t�h�a�t� �c�a�n� �b�e� �f�a�c�i�l�i�t�a�t�e�d� �b�y� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�.� 

�I�n� �i�n�t�r�o�d�u�c�i�n�g� �t�h�e� �u�t�i�l�i�t�y� �o�f� �p�r�o�t�o�t�y�p�i�n�g� �t�o� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �u�s�e�r� �r�e�q�u�i�r�e�m�e�n�t�s�,� 

�A�n�d�r�i�o�l�e� �(�1�9�8�9�)� �m�a�k�e�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�t�a�t�e�m�e�n�t�:� 

 ��W�h�e�r�e� �d�i�d� �w�e� �g�o� �w�r�o�n�g�?� �W�h�y� �d�o� �s�o� �m�a�n�y� �o�f� �o�u�r� �i�n�t�e�r�a�c�t�i�v�e� �c�o�m�p�u�t�e�r�-� 

�b�a�s�e�d� �s�y�s�t�e�m�s� �f�a�i�l� �t�o� �s�a�t�i�s�f�y� �u�s�e�r� �r�e�q�u�i�r�e�m�e�n�t�s�?� �T�h�e� �s�h�o�r�t� �a�n�s�w�e�r� �i�s� �t�h�a�t� 

�t�h�i�n�g�s� �h�a�v�e� �c�h�a�n�g�e�d�. �� 

�A�n�d�r�i�o�l�e� �l�a�t�e�r� �r�e�m�a�r�k�s� �t�h�a�t�:� 

 ��R�e�g�a�r�d�l�e�s�s� �o�f� �a�r�g�u�m�e�n�t�s� �a�g�a�i�n�s�t� �p�r�o�t�o�t�y�p�i�n�g�,� �i�t� �h�a�s� �b�e�c�o�m�e� �c�l�e�a�r� �o�v�e�r� 

�t�h�e� �p�a�s�t� �f�e�w� �y�e�a�r�s� �t�h�a�t� �a�n�a�l�y�t�i�c�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �s�i�m�p�l�y� �c�a�n�n�o�t� �b�e� �c�a�p�-� 

�t�u�r�e�d� �v�i�a� �c�o�n�v�e�n�t�i�o�n�a�l�  ��s�p�e�c�i�f�i�c�a�t�i�o�n�s�, �� �a�n�d� �t�h�a�t� �n�e�w� �t�o�o�l�s�,� �t�e�c�h�n�i�q�u�e�s�,� 

�a�n�d� �a�t�t�i�t�u�d�e�s� �a�r�e� �n�e�c�e�s�s�a�r�y�. �� 

�T�h�e�r�e� �a�r�e� �t�w�o� �o�p�p�o�s�i�n�g� �v�i�e�w�s� �i�n� �d�e�s�i�g�n� �p�h�i�l�o�s�o�p�h�y� �t�h�a�t� �a�r�e� �s�o�m�e�t�i�m�e�s� �f�o�l�-� 

�l�o�w�e�d� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �c�o�m�p�l�e�x� �s�y�s�t�e�m�s�.� �T�h�e� �f�i�r�s�t� �c�o�n�s�i�s�t�s� �o�f� �q�u�i�c�k�l�y� �d�e�s�i�g�n�i�n�g� 

�a� �s�e�r�i�e�s� �o�f� �p�r�o�t�o�t�y�p�e�s� �w�i�t�h� �e�a�c�h� �p�r�e�c�e�d�i�n�g� �p�r�o�t�o�t�y�p�e� �b�e�i�n�g� �d�i�s�c�a�r�d�e�d� �a�s� �a� �n�e�w� 

�i�m�p�r�o�v�e�d� �v�e�r�s�i�o�n� �c�o�m�e�s� �i�n�t�o� �e�x�i�s�t�e�n�c�e�.� �T�h�i�s� �m�e�t�h�o�d� �i�s� �w�a�s�t�e�f�u�l� �i�n� �t�e�r�m�s� �o�f� �t�i�m�e� 

�s�p�e�n�t� �a�n�d� �c�o�s�t� �o�f� �e�q�u�i�p�m�e�n�t� �l�o�s�t�.� �T�h�i�s� �m�e�t�h�o�d� �c�a�n� �b�e� �r�e�g�a�r�d�e�d� �a�s� �a� �r�e�v�o�l�u�t�i�o�n�a�r�y� 

�m�e�t�h�o�d� �o�f� �o�f� �s�y�s�t�e�m� �d�e�s�i�g�n�.� �T�h�e� �s�e�c�o�n�d� �v�i�e�w� �r�e�q�u�i�r�e�s� �a� �c�o�m�p�l�e�t�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� 

�o�f� �s�y�s�t�e�m� �r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �d�e�s�i�g�n� �p�a�r�a�m�e�t�e�r�s� �l�e�a�d�i�n�g� �t�o� �a� �f�i�n�a�l� �p�r�o�t�o�t�y�p�e� �i�n� �a� 

�s�i�n�g�l�e� �s�t�e�p�.� �S�u�c�h� �a� �m�e�t�h�o�d�o�l�o�g�y� �w�o�u�l�d� �b�e� �b�a�s�e�d� �o�n� �f�o�r�m�a�l� �d�e�s�i�g�n� �m�e�t�h�o�d�s� �s�u�c�h� �a�s� 

�s�t�r�u�c�t�u�r�e�d� �d�e�s�i�g�n�.� �T�h�i�s� �m�e�t�h�o�d� �i�s� �u�s�u�a�l�l�y� �a�p�p�l�i�e�d� �o�n�l�y� �t�o� �s�i�m�p�l�e�r� �s�y�s�t�e�m�s� �w�h�o�s�e� 

�r�e�q�u�i�r�e�m�e�n�t�s� �c�a�n� �b�e� �f�u�l�l�y� �s�p�e�c�i�f�i�e�d�.� �S�u�c�h� �s�y�s�t�e�m�s� �t�e�n�d� �t�o� �b�e� �s�p�e�c�i�a�l�i�z�e�d� �d�e�s�i�g�n�s� 
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�a�n�d� �a�r�e� �t�h�e�r�e�f�o�r�e� �i�n�f�l�e�x�i�b�l�e�.� �T�h�e� �c�o�m�p�l�e�t�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �c�o�m�p�l�e�x� �s�y�s�t�e�m�s�,� �h�o�w�-� 

�e�v�e�r�,� �m�a�y� �n�o�t� �a�l�w�a�y�s� �b�e� �k�n�o�w�n� �i�n� �t�h�e� �i�n�i�t�i�a�l� �d�e�s�i�g�n� �p�h�a�s�e�.� �I�t� �i�s� �o�f�t�e�n� �t�h�e� �c�a�s�e� �t�h�a�t� 

�n�e�w� �r�e�q�u�i�r�e�m�e�n�t�s� �c�o�m�e� �i�n�t�o� �e�x�i�s�t�e�n�c�e� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�i�n�g� �o�f� �a� �p�r�o�t�o�t�y�p�e� �p�e�r�h�a�p�s� 

�d�u�e� �t�o� �s�o�m�e� �f�a�c�t� �o�r� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�h�a�t� �h�a�d� �b�e�e�n� �o�v�e�r�l�o�o�k�e�d�.� �F�o�r� �t�h�e�s�e� �r�e�a�s�o�n�s�,� �t�h�e� 

�m�i�d�d�l�e� �g�r�o�u�n�d� �b�a�s�e�d� �o�n� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e�s�e� �t�w�o� �o�p�p�o�s�i�n�g� �p�h�i�l�o�s�o�p�h�i�e�s� �i�s� �o�f�t�e�n� 

�d�e�s�i�r�a�b�l�e�.� �T�h�i�s� �m�i�d�d�l�e� �g�r�o�u�n�d� �c�o�n�s�i�s�t�s� �o�f� �t�h�e� �a�b�i�l�i�t�y� �t�o� �q�u�i�c�k�l�y� �d�e�s�i�g�n� �p�r�o�t�o�t�y�p�e�s� 

�b�a�s�e�d� �o�n� �r�e�u�s�a�b�l�e� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �c�a�n� �b�e� �d�e�s�i�g�n�e�d� �u�s�i�n�g� �f�o�r�m�a�l� �m�e�t�h�o�d�s�.� �T�h�i�s� �i�s� 

�t�h�e� �r�a�p�i�d�-�p�r�o�p�t�o�t�y�p�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �s�y�s�t�e�m� �d�e�s�i�g�n� �a�n�d� �i�s� �b�a�s�i�c�a�l�l�y� �e�v�o�l�u�t�i�o�n�a�r�y� �i�n� 

�n�a�t�u�r�e�.� 

�T�h�e� �a�p�p�r�o�a�c�h� �t�o� �s�y�s�t�e�m� �d�e�s�i�g�n� �t�h�a�t� �r�e�q�u�i�r�e�s� �t�h�e� �c�o�m�p�l�e�t�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� 

�u�s�e�r� �r�e�q�u�i�r�e�m�e�n�t�s� �b�e�f�o�r�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �h�a�s� �b�e�e�n� �c�o�m�p�a�r�e�d� �t�o� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� 

�b�y� �B�o�e�h�m� �e�t� �a�l�.� �(�1�9�8�4�)� �i�n� �a�n� �e�x�p�e�r�i�m�e�n�t� �i�n� �w�h�i�c�h� �f�o�u�r� �g�r�o�u�p�s� �o�f� �s�o�f�t�w�a�r�e� �t�e�a�m�s� 

�u�s�e�d� �t�h�e�  ��s�p�e�c�i�f�y�i�n�g �� �a�p�p�r�o�a�c�h� �a�n�d� �t�h�r�e�e� �g�r�o�u�p�s� �u�s�e�d� �t�h�e�  ��p�r�o�t�o�t�y�p�i�n�g �� �a�p�p�r�o�a�c�h�.� 

�O�n�e� �o�f� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �t�h�a�t� �p�r�o�t�o�t�y�p�i�n�g� �y�i�e�l�d�e�d� �p�r�o�d�u�c�t�s� �w�i�t�h� 

�r�o�u�g�h�l�y� �e�q�u�i�v�a�l�e�n�t� �p�e�r�f�o�r�m�a�n�c�e�,� �b�u�t� �w�i�t�h� �4�0� �p�e�r�c�e�n�t� �l�e�s�s� �c�o�d�e� �a�n�d� �r�e�q�u�i�r�i�n�g� �4�5� 

�p�e�r�c�e�n�t� �l�e�s�s� �e�f�f�o�r�t� �t�o� �d�e�v�e�l�o�p�.� 

�A�m�o�n�g� �t�h�e� �m�o�s�t� �e�x�t�e�n�s�i�v�e� �w�o�r�k� �i�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�y�s�t�e�m�s� �f�o�r� �t�h�e� �r�a�p�i�d�-� 

�p�r�o�t�o�t�y�p�i�n�g� �o�f� �s�o�f�t�w�a�r�e� �i�s� �t�h�a�t� �w�h�i�c�h� �h�a�s� �b�e�e�n� �d�o�n�e� �b�y� �L�u�q�i�.� �I�n� �a� �s�e�r�i�e�s� �o�f� 

�p�a�p�e�r�s�,� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �a� �h�i�g�h� �l�e�v�e�l� �l�a�n�g�u�a�g�e� �k�n�o�w�n� �a�s� �t�h�e� �P�r�o�t�o�t�y�p�e� �S�y�s�-� 

�t�e�m� �D�e�s�c�r�i�p�t�i�o�n� �L�a�n�g�u�a�g�e� �(�P�S�D�L�)� �(�L�u�q�i� �(�1�9�8�8�b�)�)�,� �w�i�t�h� �a�n� �a�u�t�o�m�a�t�e�d� �p�r�o�t�o�t�y�p�-� 

�i�n�g� �e�n�v�i�r�o�n�m�e�n�t� �(�L�u�q�i� �(�1�9�8�8�c�)�)� �f�o�r� �r�a�p�i�d�l�y� �p�r�o�t�o�t�y�p�i�n�g� �r�e�a�l�-�t�i�m�e� �s�y�s�t�e�m�s� �(�L�u�q�i� 

�(�1�9�8�8�a�)�)� �i�s� �d�e�s�c�r�i�b�e�d�.� �T�h�e� �m�e�t�h�o�d�o�l�o�g�y� �w�a�s� �f�u�r�t�h�e�r� �e�x�t�e�n�d�e�d� �a�n�d� �f�o�r�m�a�l�i�z�e�d� �f�o�r� 

�s�o�f�t�w�a�r�e� �s�y�s�t�e�m�s�,� �i�n� �g�e�n�e�r�a�l�,� �i�n� �a�n�o�t�h�e�r� �s�t�u�d�y� �b�y� �L�u�q�i� �(�1�9�8�9�)�)�.� �T�h�i�s� �s�t�u�d�y� �d�e�-� 

�s�c�r�i�b�e�s� �a�n� �i�n�t�e�g�r�a�t�e�d� �s�e�t� �o�f� �c�o�m�p�u�t�e�r�-�a�i�d�e�d� �s�o�f�t�w�a�r�e� �t�o�o�l�s� �k�n�o�w�n� �a�s� �t�h�e� �C�o�m�p�u�t�e�r�-� 

�A�i�d�e�d� �P�r�o�t�o�t�y�p�i�n�g� �S�y�s�t�e�m� �(�C�A�P�S�)� �t�h�a�t� �s�u�p�p�o�r�t�s� �s�o�f�t�w�a�r�e� �e�v�o�l�u�t�i�o�n� �t�h�r�o�u�g�h� �r�a�p�i�d�-� 

�p�r�o�t�o�t�y�p�i�n�g�.� �T�h�i�s� �s�e�t� �o�f� �t�o�o�l�s� �p�r�o�v�i�d�e�s� �f�a�c�i�l�i�t�i�e�s� �f�o�r� �q�u�i�c�k�l�y� �c�o�n�f�i�g�u�r�i�n�g� �p�r�o�t�o�t�y�p�e� 
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�d�e�s�i�g�n�s�,� �f�a�c�i�l�i�t�i�e�s� �f�o�r� �e�a�s�i�l�y� �m�a�k�i�n�g� �d�e�s�i�g�n� �c�h�a�n�g�e�s�,� �a�n�d� �i�n�c�l�u�d�e�s� �a� �d�a�t�a�b�a�s�e� �o�f� 

�r�e�u�s�a�b�l�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e�s�e� �a�r�e� �a�l�l� �e�s�s�e�n�t�i�a�l� �a�s�p�e�c�t�s� �o�f� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�.� 

�A�n� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� �t�h�e� �w�o�r�k� �d�e�s�c�r�i�b�e�d� �b�y� �L�u�q�i� �(�1�9�8�9�)� �i�s� �t�h�e� �c�o�n�c�e�p�t� 

�o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�t�o�t�y�p�i�n�g�.� �O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�t�o�t�y�p�i�n�g� �i�s� �d�e�s�c�r�i�b�e�d� �b�y� �L�u�q�i� 

�t�o� �b�e� �t�h�e�  ��r�a�p�i�d� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m�s� �u�s�i�n�g� �o�b�j�e�c�t�s� �t�h�a�t� �e�n�c�a�p�s�u�l�a�t�e� 

�d�a�t�a� �a�s� �b�u�i�l�d�i�n�g� �b�l�o�c�k�s�. �� �T�h�e� �u�s�e� �o�f� �o�b�j�e�c�t�s� �a�s� �b�u�i�l�d�i�n�g� �b�l�o�c�k�s� �o�f� �a� �s�y�s�t�e�m� �s�e�r�v�e�s� 

�t�o� �l�o�c�a�l�i�z�e� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� �r�e�d�u�c�i�n�g� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �a� �s�y�s�t�e�m�.� �T�h�i�s� �a�i�d�s� �r�a�p�i�d�-� 

�p�r�o�t�o�t�y�p�i�n�g� �b�y� �a�l�l�o�w�i�n�g� �o�n�e� �t�o� �m�a�k�e� �c�h�a�n�g�e�s� �i�n� �a� �p�r�o�t�o�t�y�p�e� �t�h�r�o�u�g�h� �m�o�d�i�f�i�c�a�t�i�o�n�s� 

�o�n� �a�n� �o�b�j�e�c�t�.� �O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �h�a�s� �b�e�c�o�m�e� �a�n� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� 

�s�o�f�t�w�a�r�e� �d�e�s�i�g�n� �a�s� �i�t� �g�i�v�e�s� �a� �p�r�o�g�r�a�m�m�e�r� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�n� �h�o�w� �t�o� �v�i�e�w� 

�a� �p�r�o�g�r�a�m�m�i�n�g� �p�r�o�b�l�e�m�,� �p�r�o�m�o�t�e�s� �r�e�u�s�a�b�i�l�i�t�y�,� �a�n�d� �m�a�k�e�s� �s�o�f�t�w�a�r�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� 

�s�i�m�p�l�e�r�.� �I�t� �h�a�s�,� �i�n� �f�a�c�t�,� �g�a�i�n�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� �a�t�t�e�n�t�i�o�n� �i�n� �t�h�e� �c�o�m�p�u�t�e�r� �i�n�d�u�s�t�r�y� 

�(�V�e�r�i�t�y� �(�1�9�9�1�)�)�.� �O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �h�a�s� �s�e�e�n� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� 

�a�p�p�l�i�c�a�t�i�o�n�s� �s�u�c�h� �a�s� �i�n� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �s�y�s�t�e�m�s� �(�L�u�q�i� �(�1�9�8�9�)�)�,� �s�i�m�u�l�a�t�i�o�n� �o�f� �m�a�n�-� 

�u�f�a�c�t�u�r�i�n�g� �s�y�s�t�e�m�s� �(�S�t�e�i�n� �(�1�9�8�9�)�)�,� �t�e�l�e�c�o�m�m�u�n�i�c�a�t�i�o�n� �s�w�i�t�c�h�i�n�g� �s�y�s�t�e�m�s� �(�D�e�s�t�o�r� 

�(�1�9�9�0�)�)�,� �d�a�t�a�b�a�s�e� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�s� �(�A�t�w�o�o�d� �(�1�9�9�1�)�)�,� �i�m�a�g�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� 

�(�L�a�w�t�o�n� �(�1�9�9�0�)�)�,� �a�n�d� �a� �v�a�r�i�e�t�y� �o�f� �a�r�t�i�f�i�c�i�a�l� �i�n�t�e�l�l�i�g�e�n�c�e� �a�p�p�l�i�c�a�t�i�o�n�s� �(�A�l�p�e�r�t� �(�1�9�9�0�)�)� 

�s�u�c�h� �a�s� �k�n�o�w�l�e�d�g�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �(�N�e�w�t�o�n� �(�1�9�8�8�)�)�,� �e�x�p�e�r�t� �s�y�s�t�e�m� �s�h�e�l�l� �d�e�s�i�g�n� �(�L�e�-� 

�u�n�g� �(�1�9�9�0�)�)�,� �a�n�d� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �(�D�u�f�f� �(�1�9�9�1�)�)�.� �I�t� �i�s� �a�l�s�o� �r�e�c�o�m�m�e�n�d�e�d� �a�s� �a� �m�e�a�n�s� 

�o�f� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�o�f�t�w�a�r�e� �(�W�a�l�s�h� �(�1�9�9�0�)�)�.� 

�T�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �a�p�p�r�o�a�c�h� �t�o� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �a�s� �d�e�f�i�n�e�d� �b�y� �B�o�o�c�h� 

�(�1�9�8�6�)� �i�s�:� 

�c�c� �a�n� �a�p�p�r�o�a�c�h� �t�o� �s�o�f�t�w�a�r�e� �d�e�s�i�g�n� �i�n� �w�h�i�c�h� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �a� 

�s�y�s�t�e�m� �i�s� �b�a�s�e�d� �u�p�o�n� �t�h�e� �c�o�n�c�e�p�t� �o�f� �a�n� �o�b�j�e�c�t�.� �A�n� �o�b�j�e�c�t� �i�s� �a�n� �e�n�t�i�t�y� 
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�w�h�o�s�e� �b�e�h�a�v�i�o�r� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�h�e� �a�c�t�i�o�n�s� �t�h�a�t� �i�t� �s�u�f�f�e�r�s� �a�n�d� �t�h�a�t� �i�t� 

�r�e�q�u�i�r�e�s� �o�f� �o�t�h�e�r� �o�b�j�e�c�t�s�. �� 

�T�h�i�s� �a�p�p�r�o�a�c�h� �e�n�t�a�i�l�s� �t�h�e� �m�o�d�e�l�i�n�g� �o�f� �a� �s�y�s�t�e�m� �b�y� �a� �s�e�t� �o�f� �o�b�j�e�c�t�s� �t�h�a�t� �s�i�m�u�l�a�t�e�s� 

�t�h�e� �b�e�h�a�v�i�o�r� �o�f� �v�a�r�i�o�u�s� �p�a�r�t�s� �t�h�a�t� �m�a�k�e� �u�p� �t�h�e� �s�y�s�t�e�m�.� �T�h�e� �a�d�v�a�n�t�a�g�e� �t�o� �t�h�i�s� �i�s� 

�t�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�c�o�m�p�o�s�e� �a� �c�o�m�p�l�e�x� �p�r�o�b�l�e�m� �i�n�t�o� �s�m�a�l�l�e�r� �s�u�b�-�p�r�o�b�l�e�m�s� �i�n� �a� �m�a�n�n�e�r� 

�t�h�a�t� �s�e�e�m�s� �n�a�t�u�r�a�l� �a�n�d� �s�i�m�p�l�e�r� �t�o� �d�o�.� �N�o�t�e� �t�h�a�t� �t�h�i�s� �a�p�p�r�o�a�c�h� �n�e�e�d� �n�o�t� �b�e� �l�i�m�i�t�e�d� 

�t�o� �s�o�f�t�w�a�r�e� �d�e�s�i�g�n�.� �H�a�r�d�w�a�r�e� �d�e�s�i�g�n� �c�a�n� �a�l�s�o� �b�e� �d�e�c�o�m�p�o�s�e�d� �i�n� �t�h�i�s� �m�a�n�n�e�r�.� 

�O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �t�h�u�s� �p�r�o�v�i�d�e�s� �a� �c�o�n�c�e�p�t�u�a�l� �f�r�a�m�e�w�o�r�k� �u�n�d�e�r� �w�h�i�c�h� �b�o�t�h� 

�h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �c�a�n� �b�e� �t�r�e�a�t�e�d� �i�n� �t�h�e� �s�a�m�e� �c�o�n�c�e�p�t�u�a�l� �m�a�n�n�e�r�.� 

�T�h�e� �c�o�n�c�e�p�t�s� �o�f� �p�r�o�t�o�t�y�p�i�n�g�,� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �a�n�d� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� 

�d�e�s�i�g�n� �p�r�o�v�i�d�e� �a� �s�u�i�t�a�b�l�e� �a�p�p�r�o�a�c�h� �t�o� �e�v�o�l�u�t�i�o�n�a�r�y� �s�y�s�t�e�m� �d�e�s�i�g�n�.� �S�i�n�c�e� �t�h�e� �d�e�s�i�g�n� 

�o�f� �c�o�m�p�l�e�x� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �i�s� �t�y�p�i�c�a�l�l�y� �e�v�o�l�u�t�i�o�n�a�r�y� �i�n� �n�a�t�u�r�e�,� �o�f�t�e�n� �r�e�-� 

�q�u�i�r�i�n�g� �c�o�n�s�i�d�e�r�a�b�l�e� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �b�e�f�o�r�e� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �a� �f�i�n�a�l� �p�r�o�t�o�t�y�p�e�,� �t�h�e� 

�m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �p�r�o�p�o�s�e�d� �i�n� �t�h�i�s� �w�o�r�k� �w�i�l�l� �b�e� �b�a�s�e�d� �o�n� �t�h�e�s�e� �c�o�n�c�e�p�t�s�.� 

�H�o�w�e�v�e�r�,� �t�o� �d�e�s�i�g�n� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �o�n�e� �m�u�s�t� �f�i�r�s�t� �u�n�d�e�r�s�t�a�n�d� �m�a�c�h�i�n�e� 

�v�i�s�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n� �r�e�q�u�i�r�e�m�e�n�t�s�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n� �t�h�e� �n�e�x�t� �s�e�c�t�i�o�n� �w�i�l�l� �d�i�s�c�u�s�s� �t�h�e� 

�m�a�j�o�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �t�y�p�i�c�a�l� �m�a�c�h�i�n�e� �s�y�s�t�e�m�.� 

�2�.�3� �C�o�m�p�o�n�e�n�t�s� �o�f� �a� �M�a�c�h�i�n�e� �V�i�s�i�o�n� �S�y�s�t�e�m� 

�T�h�e� �m�a�j�o�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �t�y�p�i�c�a�l� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �i�n�c�l�u�d�e� �i�m�a�g�i�n�g� 

�s�u�b�s�y�s�t�e�m�s�,� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�s�,� �c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e�s�,� �a� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� 

�s�y�s�t�e�m�,� �a�n�d� �a� �c�o�m�p�u�t�i�n�g� �r�e�s�o�u�r�c�e�.� �H�e�n�c�e�,� �a�n�y� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �m�u�s�t� 

�h�a�v�e� �a� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� �s�a�m�e� �c�o�m�p�o�n�e�n�t�s� �a�v�a�i�l�a�b�l�e�.� �I�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �w�e� �w�i�l�l� �e�x�-� 

�a�m�i�n�e� �t�h�e� �c�h�o�i�c�e�s� �t�h�a�t� �m�u�s�t� �b�e� �m�a�d�e� �i�n� �s�e�l�e�c�t�i�n�g� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �f�o�r� �s�o�l�v�i�n�g� �a� 
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�m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�b�l�e�m�.� �I�t� �w�i�l�l� �b�e� �s�e�e�n� �t�h�a�t� �t�h�e� �b�r�e�a�d�t�h� �a�n�d� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e�s�e� 

�c�h�o�i�c�e�s� �m�o�t�i�v�a�t�e�s� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�.� �T�h�e� �g�o�a�l� �o�f� 

�t�h�i�s� �p�r�o�t�o�t�y�p�e�r� �i�s� �t�o� �p�r�o�v�i�d�e� �a� �w�a�y� �o�f� �h�a�n�d�l�i�n�g� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �m�a�k�i�n�g� �d�e�s�i�g�n� 

�c�h�o�i�c�e�s�.� 

�2�.�3�.�1� �T�h�e� �I�m�a�g�i�n�g� �S�u�b�s�y�s�t�e�m� 

�T�h�e� �i�m�a�g�i�n�g� �p�r�o�c�e�s�s� �i�s� �f�a�c�i�l�i�t�a�t�e�d� �b�y� �a� �s�u�i�t�a�b�l�e� �c�h�o�i�c�e� �o�f� �s�e�n�s�o�r�s�,� �i�l�l�u�m�i�n�a�t�i�o�n� 

�s�o�u�r�c�e�s�,� �l�e�n�s�e�s�,� �f�i�l�t�e�r�s�,� �a�n�d� �a� �s�u�i�t�a�b�l�e� �s�y�s�t�e�m� �f�o�r� �m�o�u�n�t�i�n�g� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s�.� �S�e�t�-� 

�t�i�n�g� �u�p� �t�h�e� �v�a�r�i�o�u�s� �c�o�m�p�o�n�e�n�t�s� �i�s� �o�f�t�e�n� �a� �c�o�m�p�l�e�x� �t�a�s�k�.� �F�u�r�t�h�e�r�m�o�r�e�,� �d�i�f�f�e�r�e�n�t� 

�p�l�a�n�a�r� �w�e�b� �a�p�p�l�i�c�a�t�i�o�n�s� �m�a�y� �r�e�q�u�i�r�e� �d�i�f�f�e�r�e�n�t� �s�e�t�u�p�s�.� �A�n� �i�m�p�o�r�t�a�n�t� �r�e�q�u�i�r�e�m�e�n�t� 

�i�s� �a� �m�o�u�n�t�i�n�g� �s�y�s�t�e�m� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �o�n�e� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �i�m�a�g�i�n�g� 

�g�e�o�m�e�t�r�i�e�s�.� 

�A� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �s�e�n�s�o�r� �t�e�c�h�n�o�l�o�g�y� �e�x�i�s�t�s�,� �e�a�c�h� �p�r�o�v�i�d�i�n�g� �i�t�s� �o�w�n� �o�u�t�p�u�t� �s�i�g�-� 

�n�a�l�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �v�a�r�i�a�b�l�e� �t�h�a�t� �i�t� �i�s� �s�e�n�s�i�n�g�.� �O�n�e� �o�f� �t�h�e� �m�o�s�t� 

�f�r�e�q�u�e�n�t�l�y� �u�s�e�d� �s�e�n�s�o�r� �i�n� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �i�s� �t�h�e� �c�a�m�e�r�a� �t�h�a�t� �c�r�e�a�t�e�s� �i�m�a�g�e�s� 

�o�f� �o�b�j�e�c�t�s� �i�n� �t�h�e� �v�i�s�i�b�l�e� �l�i�g�h�t� �p�o�r�t�i�o�n� �o�f� �t�h�e� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�c� �s�p�e�c�t�r�u�m�.� �C�a�m�e�r�a�s� 

�a�r�e� �e�i�t�h�e�r� �o�f� �t�h�e� �e�l�e�c�t�r�o�n� �t�u�b�e� �o�r� �s�o�l�i�d� �s�t�a�t�e� �v�a�r�i�e�t�y� �(�G�a�l�b�i�a�t�i� �(�1�9�9�0�)�)�.� �T�h�e� �d�i�s�a�d�-� 

�v�a�n�t�a�g�e�s� �(�G�a�l�b�i�a�t�i� �(�1�9�9�0�)�)� �o�f� �e�l�e�c�t�r�o�n� �t�u�b�e� �c�a�m�e�r�a�s� �a�r�e� �i�t�s� �r�e�l�a�t�i�v�e�l�y� �s�h�o�r�t�e�r� �l�i�f�e� 

�a�s� �c�o�m�p�a�r�e�d� �t�o� �s�o�l�i�d� �s�t�a�t�e� �c�a�m�e�r�a�s�,� �i�t�s� �l�o�w� �s�p�e�e�d� �o�f� �r�e�s�p�o�n�s�e� �r�e�s�u�l�t�i�n�g� �i�n� �i�m�a�g�e� 

�l�a�g�,� �a�n�d� �i�t�s� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �t�o� �i�m�a�g�e� �b�u�r�n� �f�r�o�m� �o�v�e�r� �i�n�t�e�n�s�e� �r�a�d�i�a�t�i�o�n�.� �E�l�e�c�t�r�o�n� �t�u�b�e� 

�c�a�m�e�r�a�s� �a�r�e� �a�l�s�o� �h�e�a�v�i�e�r�,� �l�a�r�g�e�r�,� �a�n�d� �p�r�o�d�u�c�e� �m�o�r�e� �h�e�a�t� �t�h�a�n� �s�o�l�i�d� �s�t�a�t�e� �c�a�m�e�r�a�s�.� 

�T�h�e�y� �a�r�e� �a�f�f�e�c�t�e�d� �b�y� �m�a�g�n�e�t�i�c� �f�i�e�l�d�s�,� �s�u�f�f�e�r� �f�r�o�m� �g�e�o�m�e�t�r�i�c� �d�i�s�t�o�r�t�i�o�n�,� �a�n�d� �a�r�e� �s�e�n�-� 

�s�i�t�i�v�e� �t�o� �v�i�b�r�a�t�i�o�n�.� �T�h�e�y� �a�l�s�o� �t�e�n�d� �t�o� �e�x�h�i�b�i�t� �a� �g�r�e�a�t�e�r� �s�p�e�c�t�r�a�l� �s�e�n�s�i�t�i�v�i�t�y� �t�o�w�a�r�d�s� 

�t�h�e� �b�l�u�e� �t�o� �u�l�t�r�a�v�i�o�l�e�t� �p�o�r�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�t�r�u�m�.� �T�h�e�s�e� �c�a�m�e�r�a�s� �w�o�u�l�d� �b�e� �n�e�e�d�e�d� 

�2�7



�s�h�o�u�l�d� �u�l�t�r�a�v�i�o�l�e�t� �i�m�a�g�e�r�y� �b�e� �d�e�s�i�r�e�d�.� �S�o�l�i�d� �s�t�a�t�e� �c�a�m�e�r�a�s� �d�o� �n�o�t� �h�a�v�e� �t�h�e� �d�i�s�a�d�-� 

�v�a�n�t�a�g�e�s� �o�f� �e�l�e�c�t�r�o�n� �t�u�b�e� �c�a�m�e�r�a�s� �l�i�s�t�e�d� �a�b�o�v�e�.� �T�h�e�y� �t�e�n�d� �t�o� �b�e� �l�i�g�h�t� �a�n�d� �r�u�g�g�e�d� 

�a�n�d� �c�o�n�s�u�m�e� �l�i�t�t�l�e� �p�o�w�e�r�.� �T�h�e� �s�p�e�c�t�r�a�l� �r�e�s�p�o�n�s�e� �o�f� �t�h�e�s�e� �c�a�m�e�r�a�s� �a�r�e�,� �h�o�w�e�v�e�r�,� 

�h�i�g�h�e�s�t� �i�n� �t�h�e� �i�n�f�r�a�r�e�d� �r�e�g�i�o�n� �o�f� �t�h�e� �s�p�e�c�t�r�u�m� �a�n�d� �m�a�y� �r�e�q�u�i�r�e� �i�n�f�r�a�r�e�d� �r�e�j�e�c�t�i�o�n� 

�f�i�l�t�e�r�s� �e�s�p�e�c�i�a�l�l�y� �w�h�e�n� �c�o�l�o�r� �i�m�a�g�e�s� �a�r�e� �d�e�s�i�r�e�d� �(�C�h�i�e�n� �(�1�9�7�5�)�)�.� 

�S�o�l�i�d� �s�t�a�t�e� �c�a�m�e�r�a�s� �a�r�e� �e�i�t�h�e�r� �o�f� �t�h�e�  ��l�i�n�e�a�r� �a�r�r�a�y �� �o�r� �t�h�e�  ��l�i�n�e� �s�c�a�n �� �v�a�r�i�e�t�y�.� 

�H�e�r�e� �w�e� �m�u�s�t� �c�o�n�s�i�d�e�r� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �i�m�a�g�i�n�g� �p�r�o�b�l�e�m� �i�n� �m�a�k�i�n�g� �t�h�e� �c�h�o�i�c�e� 

�b�e�t�w�e�e�n� �c�a�m�e�r�a� �t�y�p�e�s�.� �L�i�n�e�a�r� �a�r�r�a�y� �c�a�m�e�r�a�s� �t�y�p�i�c�a�l�l�y� �r�e�q�u�i�r�e� �t�h�a�t� �o�b�j�e�c�t�s� �t�o� �b�e� 

�i�m�a�g�e�d� �b�e� �s�t�a�t�i�o�n�a�r�y�.� �T�h�i�s� �i�s� �b�e�c�a�u�s�e� �t�h�e� �f�u�l�l� �o�b�j�e�c�t� �m�u�s�t� �b�e� �i�n� �v�i�e�w� �b�e�f�o�r�e� �i�m�a�g�i�n�g� 

�c�a�n� �b�e� �p�e�r�f�o�r�m�e�d�.� �A� �m�o�v�i�n�g� �o�b�j�e�c�t� �c�a�n� �s�t�i�l�l� �b�e� �i�m�a�g�e�d� �w�i�t�h� �a� �l�i�n�e�a�r� �a�r�r�a�y� �c�a�m�e�r�a� 

�i�f� �t�h�e� �s�c�a�n�n�i�n�g� �s�p�e�e�d� �o�f� �t�h�e� �c�a�m�e�r�a� �i�s� �s�u�f�f�i�c�i�e�n�t�l�y� �f�a�s�t�,� �o�r� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �l�i�g�h�t�i�n�g� 

�m�e�t�h�o�d� �s�u�c�h� �a�s� �a� �s�t�r�o�b�o�s�c�o�p�i�c� �l�i�g�h�t� �s�o�u�r�c�e� �i�s� �u�s�e�d�.� �W�i�t�h� �s�t�r�o�b�e� �l�i�g�h�t�i�n�g�,� �h�o�w�e�v�e�r�,� 

�s�y�n�c�h�r�o�n�i�z�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �l�i�g�h�t� �s�o�u�r�c�e� �a�n�d� �c�a�m�e�r�a� �a�d�d�s� �f�u�r�t�h�e�r� �c�o�m�p�l�e�x�i�t�y� �i�n� 

�t�h�e� �i�m�a�g�i�n�g� �p�r�o�c�e�s�s�.� 

�L�i�n�e� �s�c�a�n� �c�a�m�e�r�a�s� �m�a�k�e� �s�c�a�n�s� �o�f� �a� �t�h�i�n� �l�i�n�e� �o�f� �s�i�g�h�t� �f�r�o�m� �a� �s�t�a�t�i�o�n�a�r�y� �p�o�s�i�-� 

�t�i�o�n�.� �A�n� �o�b�j�e�c�t� �m�o�v�i�n�g� �p�a�s�t� �t�h�i�s� �l�i�n�e� �o�f� �s�i�g�h�t� �i�s� �i�m�a�g�e�d� �o�n�e� �s�c�a�n� �l�i�n�e� �a�t� �a� �t�i�m�e�.� 

�I�n� �t�h�i�s� �w�a�y�,� �a�r�b�i�t�r�a�r�i�l�y� �l�o�n�g� �o�b�j�e�c�t�s� �c�a�n� �b�e� �i�m�a�g�e�d� �b�y� �l�i�n�e� �s�c�a�n� �c�a�m�e�r�a�s�.� �F�u�r�t�h�e�r�-� 

�m�o�r�e�,� �l�i�n�e� �s�c�a�n� �c�a�m�e�r�a�s� �a�f�f�o�r�d� �g�r�e�a�t�e�r� �f�l�e�x�i�b�i�l�i�t�y� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �i�m�a�g�e� �r�e�s�o�l�u�t�i�o�n� 

�a�s� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �a�l�o�n�g� �a� �s�c�a�n� �l�i�n�e� �c�a�n� �b�e� �f�i�x�e�d� �i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �i�n� 

�a� �d�i�r�e�c�t�i�o�n� �p�e�r�p�e�n�d�i�c�u�l�a�r� �t�o� �t�h�e� �s�c�a�n� �l�i�n�e�.� 

�A�n� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� �a� �c�a�m�e�r�a� �i�s� �i�t�s� �o�p�t�i�c�a�l� �l�e�n�s� �s�y�s�t�e�m�.� �F�o�u�r� �i�m�p�o�r�t�a�n�t� 

�p�a�r�a�m�e�t�e�r�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �o�p�t�i�c�a�l� �l�e�n�s�e�s� �l�i�s�t�e�d� �b�y� �G�a�l�b�i�a�t�i� �(�1�9�9�0�)� �a�r�e� �i�t�s� �m�a�g�-� 

�n�i�f�i�c�a�t�i�o�n�,� �f�o�c�a�l� �l�e�n�g�t�h�,� �d�e�p�t�h� �o�f� �f�i�e�l�d�,� �a�n�d� �i�t�s� �m�o�u�n�t�i�n�g� �s�y�s�t�e�m�.� �T�h�e� �f�i�r�s�t� �t�h�r�e�e� 

�p�a�r�a�m�e�t�e�r�s� �h�a�v�e� �t�o� �b�e� �a�d�j�u�s�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �w�h�i�l�e� �i�t�s� �m�o�u�n�t�i�n�g� 
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�h�a�s� �t�o� �b�e� �m�a�t�c�h�e�d� �t�o� �t�h�e� �c�a�m�e�r�a� �b�e�i�n�g� �u�s�e�d�.� �A�n� �i�m�p�o�r�t�a�n�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�n� �a� 

�l�e�n�s� �i�s� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �i�m�a�g�e� �i�t� �f�o�r�m�s�.� �T�h�e� �q�u�a�l�i�t�y� �o�f� �a�n� �i�m�a�g�e� �f�o�r�m�e�d� �b�y� �a� �l�e�n�s� 

�i�s� �a�f�f�e�c�t�e�d� �b�y� �s�p�h�e�r�i�c�a�l� �a�b�e�r�r�a�t�i�o�n�,� �c�o�m�a�,� �c�u�r�v�a�t�u�r�e� �o�f� �t�h�e� �s�u�r�f�a�c�e� �b�e�i�n�g� �i�m�a�g�e�d�,� 

�r�a�d�i�a�l� �d�i�s�t�o�r�t�i�o�n�,� �a�n�d� �a�s�t�i�g�m�a�t�i�s�m�.� �W�i�t�h� �p�r�o�p�e�r� �l�e�n�s� �d�e�s�i�g�n�,� �t�h�e�s�e� �e�f�f�e�c�t�s� �c�a�n� �b�e� 

�m�i�n�i�m�i�z�e�d�.� �A� �c�o�m�p�l�e�t�e� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e�s�e� �e�f�f�e�c�t�s� �i�s� �g�i�v�e�n� �b�y� �P�r�i�c�e� �(�1�9�7�6�)�.� 

�N�e�x�t� �t�o� �t�h�e� �c�h�o�i�c�e� �o�f� �l�e�n�s� �a�n�d� �c�a�m�e�r�a� �i�s� �t�h�e� �c�h�o�i�c�e� �o�f� �t�h�e� �i�l�l�u�m�i�n�a�t�i�o�n� �s�y�s�t�e�m�.� 

�T�h�e� �f�i�r�s�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�s� �t�h�e� �c�h�o�i�c�e� �o�f� �l�i�g�h�t� �s�o�u�r�c�e�s�.� �T�h�e� �t�y�p�e�s� �o�f� �l�a�m�p�s� �u�s�e�d� 

�m�o�s�t� �f�r�e�q�u�e�n�t�l�y� �i�n� �i�n�d�u�s�t�r�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�s� �a�r�e� �i�n�c�a�n�d�e�s�c�e�n�t�,� �f�l�u�o�r�e�s�c�e�n�t�,� �m�e�r�c�u�r�y� 

�v�a�p�o�r�,� �a�n�d� �s�o�d�i�u�m� �v�a�p�o�r� �l�a�m�p�s� �(�G�a�l�b�i�a�t�i� �(�1�9�9�0�)�)�.� �A�n� �i�m�p�o�r�t�a�n�t� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�n� 

�t�h�e� �c�h�o�i�c�e� �o�f� �l�a�m�p�s� �a�r�e� �i�t�s� �s�p�e�c�t�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�u�n�g�s�t�e�n� �h�a�l�o�g�e�n� 

�l�a�m�p�s� �t�h�a�t� �p�r�o�d�u�c�e� �l�i�g�h�t� �i�n� �t�h�e� �v�i�s�i�b�l�e� �a�n�d� �i�n�f�r�a�r�e�d� �p�o�r�t�i�o�n� �o�f� �t�h�e� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�c� 

�s�p�e�c�t�r�u�m� �a�r�e� �o�f�t�e�n� �u�s�e�d� �d�u�e� �t�o� �t�h�e� �a�b�i�l�i�t�y� �o�f� �e�a�c�h� �l�a�m�p� �t�o� �s�u�s�t�a�i�n� �r�e�l�a�t�i�v�e�l�y� �l�i�t�t�l�e� 

�c�h�a�n�g�e� �i�n� �i�n�t�e�n�s�i�t�y� �f�o�r� �m�o�s�t� �o�f� �i�t�s� �l�i�f�e�.� �S�u�c�h� �l�a�m�p�s� �a�r�e� �v�e�r�y� �s�u�i�t�a�b�l�e� �f�o�r� �b�l�a�c�k� 

�a�n�d� �w�h�i�t�e� �i�m�a�g�i�n�g� �b�u�t� �w�i�l�l� �r�e�q�u�i�r�e� �s�o�m�e� �f�o�r�m� �o�f� �f�i�l�t�e�r�i�n�g� �s�h�o�u�l�d� �c�o�l�o�r� �i�m�a�g�i�n�g� �b�e� 

�r�e�q�u�i�r�e�d�.� �A�n� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �t�u�n�g�s�t�e�n� �h�a�l�o�g�e�n� �l�a�m�p�s� �t�h�a�t� �m�a�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�r�e� 

�x�e�n�o�n� �a�r�c� �l�a�m�p�s� �t�h�a�t� �h�a�v�e� �h�i�g�h�e�r� �i�n�t�e�n�s�i�t�i�e�s�,� �a� �f�l�a�t�t�e�r� �s�p�e�c�t�r�u�m� �s�i�m�i�l�a�r� �t�o� �t�h�e� �s�u�n ��s�,� 

�a�n�d� �l�o�n�g�e�r� �l�i�v�e�s� �t�h�a�n� �t�u�n�g�s�t�e�n� �h�a�l�o�g�e�n� �l�a�m�p�s�.� �T�h�e�y� �a�r�e�,� �h�o�w�e�v�e�r�,� �c�o�n�s�i�d�e�r�a�b�l�y� 

�m�o�r�e� �e�x�p�e�n�s�i�v�e� �t�h�a�n� �t�u�n�g�s�t�e�n� �h�a�l�o�g�e�n� �l�a�m�p�s�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �c�h�o�i�c�e� 

�o�f� �l�a�m�p�s� �i�n� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �n�e�e�d� �n�o�t� �b�e� �l�i�m�i�t�e�d� �t�o� �l�a�m�p�s� �r�a�d�i�a�t�i�n�g� �l�i�g�h�t� �i�n� 

�t�h�e� �v�i�s�i�b�l�e� �r�e�g�i�o�n� �o�f� �t�h�e� �e�l�e�c�t�r�o�m�a�g�n�e�t�i�c� �s�p�e�c�t�r�u�m�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �u�s�e� �o�f� �X�-�r�a�y�s� 

�m�a�y� �b�e� �d�e�s�i�r�a�b�l�e� �f�o�r� �d�e�t�e�c�t�i�n�g� �i�n�t�e�r�n�a�l� �d�e�f�e�c�t�s� �o�f� �a� �p�l�a�n�a�r� �w�e�b�.� 

�F�i�l�t�e�r�s� �a�r�e� �o�f�t�e�n� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �l�e�n�s�e�s� �a�n�d� �c�a�m�e�r�a�s� �t�o� �c�o�r�r�e�c�t� �f�o�r� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �s�p�e�c�t�r�a�l� �r�e�s�p�o�n�s�e� �o�v�e�r� �t�h�e� �d�e�s�i�r�e�d� �s�p�e�c�t�r�u�m� �o�r� �f�o�r� �b�a�n�d�-�l�i�m�i�t�i�n�g� �t�h�e� 

�r�a�d�i�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �f�o�r� �s�o�l�i�d� �s�t�a�t�e� �c�a�m�e�r�a�s�,� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �t�y�p�i�c�a�l� �s�i�l�i�c�o�n� 
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�b�a�s�e�d� �s�o�l�i�d� �s�t�a�t�e� �c�a�m�e�r�a�s� �a�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �i�n�f�r�a�r�e�d� �l�i�g�h�t�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �i�n�f�r�a�r�e�d� 

�r�e�j�e�c�t�i�o�n� �f�i�l�t�e�r�s� �h�a�v�e� �t�o� �b�e� �u�s�e�d�.� 

�N�e�x�t� �t�o� �t�h�e� �c�h�o�i�c�e� �o�f� �l�i�g�h�t� �s�o�u�r�c�e�s� �i�s� �t�h�e� �t�y�p�e� �o�f� �l�i�g�h�t�i�n�g� �u�s�e�d� �t�o� �i�l�l�u�m�i�n�a�t�e� 

�t�h�e� �d�e�s�i�r�e�d� �o�b�j�e�c�t�s�.� �T�h�e� �v�a�r�i�o�u�s� �f�o�r�m�s� �o�f� �l�i�g�h�t�i�n�g� �c�a�n� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �f�o�u�r� �c�a�t�e�-� 

�g�o�r�i�e�s�,� �n�a�m�e�l�y�,� �b�a�c�k� �l�i�g�h�t�i�n�g�,� �f�r�o�n�t� �l�i�g�h�t�i�n�g�,� �s�t�r�u�c�t�u�r�e�d� �l�i�g�h�t�i�n�g� �a�n�d� �s�t�r�o�b�e� �l�i�g�h�t�i�n�g� 

�(�G�a�l�b�i�a�t�i� �(�1�9�9�0�)�)�.� �I�n� �b�a�c�:� �l�i�g�h�t�i�n�g�,� �a�n� �o�b�j�e�c�t� �i�s� �p�l�a�c�e�d� �b�e�t�w�e�e�n� �t�h�e� �l�i�g�h�t� �s�o�u�r�c�e� 

�a�n�d� �c�a�m�e�r�a�.� �T�h�i�s� �m�e�t�h�o�d� �i�s� �o�f�t�e�n� �u�s�e�d� �f�o�r� �t�a�s�k�s� �l�i�k�e� �t�h�e� �d�e�t�e�c�t�i�o�n� �a�n�d� �l�o�c�a�t�i�o�n� 

�o�f� �o�p�a�q�u�e� �f�o�r�e�i�g�n� �m�a�t�e�r�i�a�l� �i�n� �t�r�a�n�s�p�a�r�e�n�t� �o�b�j�e�c�t�s�.� �I�t� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �t�o� �d�e�t�e�c�t� 

�h�o�l�e�s� �i�n� �o�p�a�q�u�e� �o�b�j�e�c�t�s�.� �I�n� �f�r�o�n�t� �l�i�g�h�t�i�n�g�,� �l�i�g�h�t� �r�e�f�l�e�c�t�e�d� �f�r�o�m� �a�n� �o�b�j�e�c�t� �i�s� �v�i�e�w�e�d� 

�b�y� �t�h�e� �c�a�m�e�r�a� �t�o� �p�r�o�d�u�c�e� �a�n� �i�m�a�g�e� �o�f� �t�h�e� �o�b�j�e�c�t�.� �S�t�r�o�b�e� �l�i�g�h�t�i�n�g� �i�s� �o�f�t�e�n� �u�s�e�d� 

�f�o�r� �t�h�e� �i�l�l�u�m�i�n�a�t�i�o�n� �o�f� �m�o�v�i�n�g� �o�b�j�e�c�t�s� �b�y� �a� �s�h�o�r�t� �p�u�l�s�e� �o�f� �h�i�g�h�-�i�n�t�e�n�s�i�t�y� �l�i�g�h�t� �t�o� 

�f�r�e�e�z�e� �t�h�e� �m�o�t�i�o�n� �o�f� �t�h�e�s�e� �o�b�j�e�c�t�s�.� �F�i�n�a�l�l�y�,� �i�n� �s�t�r�u�c�t�u�r�e�d� �l�i�g�h�t�i�n�g�,� �i�l�l�u�m�i�n�a�t�i�o�n� �o�f� 

�a�n� �o�b�j�e�c�t� �i�s� �c�a�r�r�i�e�d� �o�u�t� �w�i�t�h� �a� �s�p�e�c�i�a�l� �p�a�t�t�e�r�n�.� �T�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �s�h�a�p�e� �o�f� 

�a�n� �o�b�j�e�c�t� �c�a�n� �b�e� �e�x�t�r�a�c�t�e�d� �b�a�s�e�d� �o�n� �t�h�e� �r�e�s�u�l�t�i�n�g� �p�a�t�t�e�r�n� �a�s� �v�i�e�w�e�d� �b�y� �a� �c�a�m�e�r�a�.� 

�S�e�l�e�c�t�i�n�g� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �l�i�g�h�t� �s�o�u�r�c�e�,� �l�i�g�h�t�i�n�g� �m�e�t�h�o�d�,� �a�n�d� �c�a�m�e�r�a� �l�e�n�s� �c�a�n� �b�e� 

�a� �d�i�f�f�i�c�u�l�t� �u�n�d�e�r�t�a�k�i�n�g� �a�n�d� �h�a�s� �p�r�o�m�p�t�e�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a�n� �e�x�p�e�r�t� �s�y�s�t�e�m� �t�o� 

�h�e�l�p� �i�n� �m�a�k�i�n�g� �t�h�i�s� �c�h�o�i�c�e� �(�N�o�v�i�n�i� �(�1�9�9�0�)�)�.� �T�h�i�s� �e�x�p�e�r�t� �s�y�s�t�e�m�,� �h�o�w�e�v�e�r�,� �i�s� �l�i�m�i�t�e�d� 

�t�o� �o�n�l�y� �o�n�e� �s�m�a�l�l� �g�r�o�u�p� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �a�p�p�l�i�c�a�t�i�o�n�s�,� �t�h�a�t� �o�f� �s�m�a�l�l� �p�a�r�t�s� �a�s�s�e�m�-� 

�b�l�y� �v�e�r�i�f�i�c�a�t�i�o�n�.� �E�v�e�n� �t�h�e�n�,� �t�h�e�r�e� �w�e�r�e� �o�v�e�r� �t�h�r�e�e� �h�u�n�d�r�e�d� �r�u�l�e�s� �i�n� �t�h�e� �s�y�s�t�e�m�,� �a� 

�f�u�r�t�h�e�r� �i�n�d�i�c�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �t�h�e� �p�r�o�b�l�e�m�.� 

�2�.�3�.�2� �M�a�t�e�r�i�a�l�s� �H�a�n�d�l�i�n�g� �S�y�s�t�e�m� 

�I�n� �o�r�d�e�r� �t�o� �i�m�a�g�e� �a�n� �o�b�j�e�c�t� �i�n� �a�n� �i�n�d�u�s�t�r�i�a�l� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�,� �t�h�e�r�e� �n�e�e�d�s� 

�t�o� �b�e� �a� �s�y�s�t�e�m� �f�o�r� �t�r�a�n�s�p�o�r�t�i�n�g� �t�h�e� �o�b�j�e�c�t� �i�n�t�o� �t�h�e� �f�i�e�l�d� �o�f� �v�i�e�w� �o�f� �t�h�e� �i�m�a�g�i�n�g� �s�u�b�-� 

�s�y�s�t�e�m�s�.� �T�h�e� �t�r�a�n�s�p�o�r�t� �f�u�n�c�t�i�o�n� �i�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �a� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m�.� 

�3�0



�C�o�n�s�i�d�e�r�a�t�i�o�n�s� �s�u�c�h� �a�s� �s�p�e�e�d� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m�,� �t�h�e� �m�a�x�i�m�u�m� �l�o�a�d� �c�a�p�a�c�i�t�y�,� 

�i�t�s� �a�c�c�u�r�a�c�y� �i�n� �p�o�s�i�t�i�o�n�i�n�g� �a�n� �o�b�j�e�c�t�,� �a�n�d� �t�h�e� �m�a�n�n�e�r� �i�n� �w�h�i�c�h� �a�n� �o�b�j�e�c�t� �c�a�n� �b�e� 

�m�o�u�n�t�e�d� �t�o� �i�t�,� �a�r�e� �i�m�p�o�r�t�a�n�t� �i�n� �s�e�l�e�c�t�i�n�g� �a� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m�.� 

�P�e�r�h�a�p�s� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� �t�h�e� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m� �i�s� �t�h�e� �c�h�o�i�c�e� �o�f� 

�a�c�t�u�a�t�o�r�s� �u�s�e�d� �t�o� �c�o�n�t�r�o�l� �i�t�.� �A�n� �a�c�t�u�a�t�o�r� �c�a�n� �b�e� �v�i�e�w�e�d� �a�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �a� �t�r�a�n�s�-� 

�d�u�c�e�r� �a�n�d� �a�n� �a�m�p�l�i�f�i�e�r� �(�L�a�w�r�e�n�c�e� �(�1�9�8�8�)�)�.� �T�h�e� �t�r�a�n�s�d�u�c�e�r� �c�o�n�v�e�r�t�s� �e�l�e�c�t�r�i�c�a�l� 

�e�n�e�r�g�y� �i�n�t�o� �t�h�e� �r�e�q�u�i�r�e�d� �c�o�n�t�r�o�l� �f�u�n�c�t�i�o�n�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �e�l�e�c�t�r�i�c�a�l� �m�o�t�o�r�s�,� �f�o�r� 

�i�n�s�t�a�n�c�e�,� �t�h�e�y� �c�o�n�v�e�r�t� �e�l�e�c�t�r�i�c�a�l� �e�n�e�r�g�y� �i�n�t�o� �m�e�c�h�a�n�i�c�a�l� �m�o�t�i�o�n�.� �T�h�e� �a�m�p�l�i�f�i�e�r� �a�m�-� 

�p�l�i�f�i�e�s� �t�h�e� �c�o�n�t�r�o�l� �s�i�g�n�a�l�s� �f�r�o�m� �a� �c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e� �t�o� �a� �s�u�f�f�i�c�i�e�n�t� �l�e�v�e�l� �f�o�r� �d�r�i�v�i�n�g� 

�t�h�e� �t�r�a�n�s�d�u�c�e�r�.� �I�n� �m�a�n�y� �c�a�s�e�s�,� �t�h�e� �t�r�a�n�s�d�u�c�e�r� �a�n�d� �a�m�p�l�i�f�i�e�r� �i�s� �a�v�a�i�l�a�b�l�e� �a�s� �a� �s�i�n�g�l�e� 

�u�n�i�t�.� 

�E�l�e�c�t�r�i�c�a�l� �m�o�t�o�r�s� �t�h�a�t� �p�r�o�v�i�d�e� �m�e�c�h�a�n�i�c�a�l� �m�o�t�i�o�n� �f�o�r� �t�h�e� �t�r�a�n�s�p�o�r�t� �o�f� �w�e�b�s� 

�a�n�d� �w�h�o�s�e� �v�e�l�o�c�i�t�y� �a�n�d� �p�o�s�i�t�i�o�n� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �a�r�e� �o�f� �t�w�o� �b�a�s�i�c� �t�y�p�e�s�,� �s�t�e�p�p�i�n�g� 

�m�o�t�o�r�s� �a�n�d� �c�o�n�t�i�n�u�o�u�s� �d�i�r�e�c�t� �c�u�r�r�e�n�t� �s�e�r�v�o�m�o�t�o�r�s�.� �S�t�e�p�p�i�n�g� �m�o�t�o�r�s� �a�p�p�l�y� �e�l�e�c�t�r�i�c� 

�p�u�l�s�e�s� �t�o� �t�h�e�i�r� �w�i�n�d�i�n�g�s� �t�o� �a�c�h�i�e�v�e� �i�n�c�r�e�m�e�n�t�a�l� �m�o�t�i�o�n�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n� �t�h�e�y� �p�r�o�v�i�d�e� 

�p�r�e�c�i�s�e� �p�o�s�i�t�i�o�n�a�l� �c�o�n�t�r�o�l� �w�i�t�h�i�n� �t�h�e� �l�i�m�i�t�s� �o�f� �e�a�c�h� �i�n�c�r�e�m�e�n�t�.� �T�h�e� �s�p�e�e�d� �o�f� �r�o�t�a�t�i�o�n� 

�i�s� �e�a�s�i�l�y� �c�o�n�t�r�o�l�l�e�d� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �t�i�m�e� �b�e�t�w�e�e�n� �s�u�c�c�e�s�s�i�v�e� �s�t�e�p�s� �o�f� 

�t�h�e� �r�o�t�o�r�.� �T�h�e� �p�o�s�i�t�i�o�n� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �s�t�e�p�s�.� 

�T�h�e�s�e� �t�w�o� �f�a�c�t�o�r�s� �m�a�k�e� �i�t� �e�a�s�y� �f�o�r� �c�o�m�p�u�t�e�r�s� �t�o� �c�o�n�t�r�o�l� �a� �s�t�e�p�p�i�n�g� �m�o�t�o�r�.� �D�C� 

�s�e�r�v�o�m�o�t�o�r�s� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d� �a�r�e� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �c�o�n�t�r�o�l� �a�s� �m�o�t�o�r� �t�o�r�q�u�e� �i�s� 

�e�n�t�i�r�e�l�y� �c�o�n�t�r�o�l�l�e�d� �b�y� �a�r�m�a�t�u�r�e� �c�u�r�r�e�n�t�.� �T�h�e� �v�e�l�o�c�i�t�y� �a�n�d� �p�o�s�i�t�i�o�n� �o�f� �t�h�e�s�e� �m�o�t�o�r�s� 

�c�a�n� �o�n�l�y� �b�e� �c�o�n�t�r�o�l�l�e�d� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �f�e�e�d�b�a�c�k�.� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e�s�e� �m�o�t�o�r�s� �a�r�e� 

�o�f�t�e�n� �e�q�u�i�p�p�e�d� �w�i�t�h� �v�e�l�o�c�i�t�y� �a�n�d� �f�e�e�d�b�a�c�k� �s�e�n�s�o�r�s�.� 

�3�1



�2�.�3�.�3� �O�b�j�e�c�t� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� 

�A�n� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t� �o�f� �m�a�n�y� �i�n�d�u�s�t�r�i�a�l� �i�n�s�p�e�c�t�i�o�n� �s�y�s�t�e�m�s� �i�s� �a�n� �o�b�j�e�c�t� 

�d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m� �t�h�a�t� �i�s� �u�s�e�d� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �o�b�j�e�c�t�.� �T�h�i�s� �i�s� 

�n�e�c�e�s�s�a�r�y� �t�o� �r�e�l�i�e�v�e� �t�h�e� �c�o�m�p�u�t�e�r� �f�r�o�m� �c�o�n�t�i�n�u�o�u�s�l�y� �a�n�a�l�y�z�i�n�g� �a�n� �i�m�a�g�e� �f�o�r� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �a�n� �o�b�j�e�c�t�.� �I�t� �a�l�s�o� �a�l�l�o�w�s� �t�h�e� �c�o�m�p�u�t�e�r� �t�o� �m�o�v�e� �t�h�e� �o�b�j�e�c�t� �c�l�o�s�e� �t�o� �a� 

�c�a�m�e�r�a� �o�r� �s�e�n�s�o�r� �b�e�f�o�r�e� �s�t�a�r�t�i�n�g� �t�o� �s�c�a�n�.� �T�h�e� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m� �n�e�e�d� �n�o�t� �b�e� 

�e�l�a�b�o�r�a�t�e�.� �A� �s�i�m�p�l�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �a�n� �i�n�f�r�a�r�e�d� �l�i�g�h�t� �s�o�u�r�c�e� �t�o� �g�e�n�e�r�a�t�e� �a� �b�e�a�m� �a�n�d� 

�a� �p�h�o�t�o�t�r�a�n�s�i�s�t�o�r� �t�o� �d�e�t�e�c�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �t�h�e� �b�e�a�m� �o�f� �l�i�g�h�t�,� �d�e�p�e�n�d�i�n�g� 

�o�n� �w�h�e�t�h�e�r� �t�h�e� �o�b�j�e�c�t� �h�a�s� �b�r�o�k�e�n� �t�h�e� �b�e�a�m�,� �i�s� �o�f�t�e�n� �s�u�f�f�i�c�i�e�n�t�.� 

�2�.�3�.�4� �T�h�e� �C�o�m�p�u�t�e�r� �I�n�t�e�r�f�a�c�e� 

�E�a�c�h� �s�e�n�s�o�r� �m�u�s�t� �h�a�v�e� �a�n� �i�n�t�e�r�f�a�c�e� �f�o�r� �t�r�a�n�s�f�e�r�r�i�n�g� �i�t�s� �d�i�g�i�t�i�z�e�d� �i�m�a�g�e�s� �t�o� �a� 

�c�o�m�p�u�t�e�r� �f�o�r� �f�u�r�t�h�e�r� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e� �m�a�i�n� �f�u�n�c�t�i�o�n�s� �o�f� �a� �c�o�m�p�u�t�e�r� �i�n�p�u�t�/�o�u�t�p�u�t� 

�i�n�t�e�r�f�a�c�e� �a�r�e� �t�w�o�f�o�l�d�.� �F�i�r�s�t�l�y�,� �i�t� �m�u�s�t� �c�o�o�r�d�i�n�a�t�e� �t�h�e� �t�r�a�n�s�f�e�r� �o�f� �d�a�t�a� �b�e�t�w�e�e�n� 

�t�h�e� �e�x�t�e�r�n�a�l� �d�e�v�i�c�e� �a�n�d� �t�h�e� �p�r�o�c�e�s�s�o�r�.� �S�e�c�o�n�d�,� �i�t� �m�u�s�t� �c�o�n�v�e�r�t� �d�a�t�a� �f�r�o�m� �a� �f�o�r�m� 

�r�e�c�o�g�n�i�z�e�d� �b�y� �t�h�e� �e�x�t�e�r�n�a�l� �d�e�v�i�c�e�,� �t�o� �a� �f�o�r�m� �r�e�c�o�g�n�i�z�a�b�l�e� �b�y� �t�h�e� �c�o�m�p�u�t�e�r�.� �T�h�e�r�e� 

�a�r�e� �s�e�v�e�r�a�l� �w�a�y�s� �i�n� �w�h�i�c�h� �t�h�e� �i�m�a�g�i�n�g� �s�y�s�t�e�m� �c�a�n� �b�e� �i�n�t�e�r�f�a�c�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e�r�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �t�h�e� �i�n�t�e�r�f�a�c�e� �m�a�y� �b�e� �m�a�d�e� �t�h�r�o�u�g�h� �d�i�r�e�c�t� �m�e�m�o�r�y� �a�c�c�e�s�s� �(�D�M�A�)� 

�m�e�t�h�o�d�s�.� �I�f� �t�h�e� �d�a�t�a� �t�r�a�n�s�f�e�r� �r�a�t�e� �i�s� �n�o�t� �i�m�p�o�r�t�a�n�t�,� �t�h�e� �i�n�t�e�r�f�a�c�e� �m�a�y� �b�e� �m�a�d�e� 

�t�h�r�o�u�g�h� �t�h�e� �r�e�g�u�l�a�r� �p�a�r�a�l�l�e�l� �o�r� �s�e�r�i�a�l� �p�o�r�t�s� �o�n�e� �t�y�p�i�c�a�l�l�y� �f�i�n�d�s� �o�n� �c�o�m�p�u�t�e�r�s�.� �T�o� 

�e�f�f�e�c�t� �t�h�e� �t�r�a�n�s�f�e�r� �o�f� �d�a�t�a� �t�h�r�o�u�g�h� �t�h�e� �c�o�n�t�r�o�l� �o�f� �t�h�e� �i�n�t�e�r�f�a�c�e�,� �a� �d�e�v�i�c�e�-�d�r�i�v�e�r� �m�u�s�t� 

�b�e� �w�r�i�t�t�e�n�.� �A� �d�e�v�i�c�e�-�d�r�i�v�e�r� �i�s� �a� �s�o�f�t�w�a�r�e� �e�n�t�i�t�y� �u�s�e�d� �b�y� �a�n� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m� �t�o� 

�c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �a�n� �e�x�t�e�r�n�a�l� �d�e�v�i�c�e� �t�h�r�o�u�g�h� �a� �s�y�s�t�e�m� �o�f� �s�i�g�n�a�l� �p�r�o�t�o�c�o�l�s� �b�e�t�w�e�e�n� 

�t�h�e� �c�o�m�p�u�t�e�r� �a�n�d� �d�e�v�i�c�e�.� 

�3�2



�A�p�a�r�t� �f�r�o�m� �t�h�e� �i�n�t�e�r�f�a�c�e� �f�o�r� �t�r�a�n�s�f�e�r�r�i�n�g� �d�i�g�i�t�i�z�e�d� �i�m�a�g�e�s� �t�o� �t�h�e� �c�o�m�p�u�t�e�r�,� 

�t�h�e�r�e� �i�s� �a� �n�e�e�d� �f�o�r� �t�h�e� �i�n�t�e�r�f�a�c�e�s� �t�o� �t�h�e� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m� �c�o�n�s�i�s�t�i�n�g� �o�f� 

�t�h�e� �w�e�b� �t�r�a�n�s�p�o�r�t� �m�e�c�h�a�n�i�s�m� �a�n�d� �t�h�e� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m� �f�o�r� �d�e�t�e�c�t�i�n�g� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �a� �w�e�b�.� �T�h�e�s�e� �i�n�t�e�r�f�a�c�e�s� �u�s�u�a�l�l�y� �d�o� �n�o�t� �h�a�v�e� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �d�a�t�a� �t�o� �b�e� 

�t�r�a�n�s�f�e�r�r�e�d� �a�t� �a� �h�i�g�h� �r�a�t�e� �a�n�d�,� �a�s� �s�u�c�h�,� �a� �s�e�r�i�a�l� �i�n�t�e�r�f�a�c�e� �i�s� �o�f�t�e�n� �a�l�l� �t�h�a�t� �i�s� �r�e�q�u�i�r�e�d�.� 

�2�.�3�.�5� �S�u�p�p�o�r�t�i�n�g� �S�o�f�t�w�a�r�e� 

�E�v�e�r�y� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �m�u�s�t� �h�a�v�e� �s�u�p�p�o�r�t�i�n�g� �s�o�f�t�w�a�r�e� �t�o� �p�e�r�f�o�r�m� �a� �v�a�-� 

�r�i�e�t�y� �o�f� �f�u�n�c�t�i�o�n�s�.� �T�h�e� �s�u�p�p�o�r�t�i�n�g� �s�o�f�t�w�a�r�e� �i�n�c�l�u�d�e�s� �s�y�s�t�e�m� �m�a�n�a�g�e�m�e�n�t� �s�o�f�t�w�a�r�e� 

�f�o�r� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �c�o�m�p�u�t�i�n�g� �s�y�s�t�e�m ��s� �r�e�s�o�u�r�c�e�s�,� �a�n�d� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g�/�c�o�m�p�u�t�e�r� 

�v�i�s�i�o�n� �s�o�f�t�w�a�r�e� �f�o�r� �a�n�a�l�y�z�i�n�g� �t�h�e� �a�c�q�u�i�r�e�d� �i�m�a�g�e�s�.� �T�h�e� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g�/�c�o�m�p�u�t�e�r� 

�v�i�s�i�o�n� �s�o�f�t�w�a�r�e� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �n�e�x�t� �t�w�o� �s�e�c�t�i�o�n�s�.� �T�h�i�s� �s�e�c�t�i�o�n� �w�i�l�l� �c�o�n�-� 

�c�e�n�t�r�a�t�e� �o�n� �t�h�e� �s�y�s�t�e�m� �m�a�n�a�g�e�m�e�n�t� �s�o�f�t�w�a�r�e�.� 

�T�h�e� �c�e�n�t�r�a�l� �c�o�n�t�r�o�l�l�i�n�g� �s�o�f�t�w�a�r�e� �o�n� �a�n�y� �c�o�m�p�u�t�e�r� �i�s� �i�t�s� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�.� �A�n� 

�o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m� �i�s� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �p�r�o�g�r�a�m�s� �t�h�a�t� �c�o�o�r�d�i�n�a�t�e� �t�h�e� �e�x�e�c�u�t�i�o�n� �o�f� �u�s�e�r� 

�p�r�o�g�r�a�m�s� �o�n� �a� �c�o�m�p�u�t�e�r�.� �I�t� �p�r�o�v�i�d�e�s� �a�c�c�e�s�s� �t�o� �h�a�r�d�w�a�r�e� �r�e�s�o�u�r�c�e�s� �t�o� �u�s�e�r� �p�r�o�c�e�s�s�e�s� 

�a�n�d� �a�l�s�o� �a�l�l�o�w�s� �t�h�e�s�e� �p�r�o�c�e�s�s�e�s� �t�o� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�.� �T�h�e�r�e� �e�x�i�s�t� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �v�a�r�i�e�t�y� �o�f� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s� �r�a�n�g�i�n�g� �f�r�o�m� �s�i�m�p�l�e� �o�n�e�s� �l�i�k�e� �M�S�-�D�O�S� �f�r�o�m� 

�M�i�c�r�o�s�o�f�t� �C�o�r�p�o�r�a�t�i�o�n� �f�o�r� �m�i�c�r�o�c�o�m�p�u�t�e�r�s� �t�o� �c�o�m�p�l�e�x� �s�y�s�t�e�m�s� �l�i�k�e� �I�B�M ��s� �V�M� �f�o�r� 

�l�a�r�g�e� �s�c�a�l�e� �c�o�m�p�u�t�e�r�s�.� �T�h�e� �c�h�o�i�c�e� �o�f� �a�n� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m� �d�e�p�e�n�d�s� �o�n� �t�h�e� �t�y�p�e� 

�o�f� �c�o�m�p�u�t�e�r� �a�n�d� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n�s�.� �M�S�-�D�O�S� �i�s� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �c�h�o�i�c�e� �f�o�r� �p�e�r�s�o�n�a�l� 

�c�o�m�p�u�t�e�r�s� �t�h�a�t� �d�o� �n�o�t� �h�a�v�e� �a�p�p�l�i�c�a�t�i�o�n�s� �t�h�a�t� �r�e�q�u�i�r�e� �l�a�r�g�e� �m�a�i�n�-�m�e�m�o�r�i�e�s�,� �o�r� �t�h�a�t� 

�d�o� �n�o�t� �r�e�q�u�i�r�e� �s�u�p�p�o�r�t� �f�o�r� �a� �m�u�l�t�i�u�s�e�r�,� �m�u�l�t�i�t�a�s�k�i�n�g� �e�n�v�i�r�o�n�m�e�n�t�.� �I�B�M ��s� �V�M� �o�n� 

�t�h�e� �o�t�h�e�r� �h�a�n�d� �p�r�o�v�i�d�e�s� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �s�u�p�p�o�r�t� �f�o�r� �t�h�e�s�e� �e�n�v�i�r�o�n�m�e�n�t�s�.� �T�h�e�r�e� �a�r�e� 
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�a�l�s�o� �m�a�n�y� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s� �s�u�i�t�e�d� �t�o� �m�e�d�i�u�m� �s�c�a�l�e� �c�o�m�p�u�t�i�n�g� �i�n�s�t�a�l�l�a�t�i�o�n�s� �s�u�c�h� 

�a�s� �D�E�C ��s� �V�A�X� �V�M�S� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�s� �a�n�d� �A�T�&�T ��s� �U�N�I�X� �o�p�e�r�a�t�i�n�g� �s�y�s�t�e�m�.� 

�2�.�3�.�6� �C�o�m�p�u�t�i�n�g� �R�e�s�o�u�r�c�e� 

�T�h�e� �n�e�x�t� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t� �i�n� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �i�s� �t�h�e� �c�o�m�p�u�t�e�r� 

�a�n�d� �i�t�s� �s�u�p�p�o�r�t�i�n�g� �s�o�f�t�w�a�r�e�.� �T�h�e� �c�h�o�i�c�e� �o�f� �t�h�e� �c�o�m�p�u�t�e�r� �i�s� �a�n� �o�p�e�n�-�e�n�d�e�d� �q�u�e�s�t�i�o�n� 

�c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �m�u�l�t�i�t�u�d�e� �o�f� �c�o�m�p�u�t�e�r�s� �i�n� �t�h�e� �m�a�r�k�e�t�.� �B�a�s�i�c� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �i�n�c�l�u�d�e� 

�t�h�e� �C�P�U� �p�r�o�c�e�s�s�i�n�g� �s�p�e�e�d�,� �t�h�e� �t�y�p�e� �o�f� �b�u�s� �f�o�r� �m�o�u�n�t�i�n�g� �i�n�t�e�r�f�a�c�e�s� �t�o� �e�x�t�e�r�n�a�l� 

�d�e�v�i�c�e�s� �(�c�h�o�o�s�i�n�g� �a� �c�o�m�p�u�t�e�r� �w�i�t�h� �a� �s�t�a�n�d�a�r�d� �b�u�s� �a�v�a�i�l�a�b�l�e� �i�n� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� 

�c�o�m�p�u�t�e�r�s� �e�n�a�b�l�e�s� �a� �d�e�s�i�g�n�e�r� �t�o� �r�e�u�s�e� �a�n�y� �i�n�t�e�r�f�a�c�e�s� �d�e�s�i�g�n�e�d� �f�o�r� �t�h�e� �b�u�s�,� �w�h�e�n� 

�u�p�g�r�a�d�i�n�g� �o�r� �p�o�r�t�i�n�g� �f�r�o�m� �o�n�e� �s�y�s�t�e�m� �t�o� �a�n�o�t�h�e�r� �c�o�m�p�u�t�e�r�)�,� �t�h�e� �a�m�o�u�n�t� �o�f� �m�a�i�n� 

�m�e�m�o�r�y�,� �a�n�d� �s�o� �o�n�.� �T�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �s�t�a�n�d�a�r�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �s�u�c�h� �a�s� 

�c�o�m�p�i�l�e�r�s�,� �w�o�r�d� �p�r�o�c�e�s�s�i�n�g� �s�o�f�t�w�a�r�e�,� �e�t�c�.�,� �i�s� �a�l�s�o� �i�m�p�o�r�t�a�n�t� �a�s� �t�h�e�s�e� �m�a�y� �c�o�n�t�r�i�b�u�t�e� 

�c�o�n�s�i�d�e�r�a�b�l�y� �t�o� �t�h�e� �c�o�s�t�s� �o�f� �p�u�r�c�h�a�s�i�n�g� �t�h�e� �c�o�m�p�u�t�i�n�g� �r�e�s�o�u�r�c�e�.� 

�W�h�e�n� �m�a�k�i�n�g� �t�h�e� �c�h�o�i�c�e� �o�f� �a� �c�o�m�p�u�t�e�r�,� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m� 

�i�s� �u�s�u�a�l�l�y� �a�n� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�.� �F�o�r� �e�x�a�m�p�l�e�,� �l�o�n�g� �p�l�a�n�a�r� �w�e�b�s� �o�f� �u�p� �t�o� �s�e�v�e�r�a�l� 

�f�e�e�t� �i�n� �l�e�n�g�t�h� �r�e�q�u�i�r�i�n�g� �h�i�g�h� �s�p�a�t�i�a�l� �r�e�s�o�l�u�t�i�o�n� �i�m�a�g�i�n�g� �m�a�y� �r�e�q�u�i�r�e� �C�P�U� �s�p�e�e�d�s� 

�o�f� �s�e�v�e�r�a�l� �h�u�n�d�r�e�d� �m�i�l�l�i�o�n� �i�n�s�t�r�u�c�t�i�o�n�s� �p�e�r� �s�e�c�o�n�d� �(�m�i�p�s�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �s�i�z�e� 

�o�f� �t�h�e� �w�e�b� �a�n�d� �t�h�e� �r�e�q�u�i�r�e�d� �i�m�a�g�e� �r�e�s�o�l�u�t�i�o�n� �w�i�l�l� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�m�o�u�n�t� �o�f� �m�a�i�n� 

�m�e�m�o�r�y� �n�e�c�e�s�s�a�r�y�.� �I�f� �a� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� �i�m�a�g�e�s� �a�r�e� �t�o� �b�e� �s�t�o�r�e�d� �f�o�r� �f�u�r�t�h�e�r� �o�f�f�l�i�n�e� 

�a�n�a�l�y�s�i�s�,� �t�h�i�s� �w�o�u�l�d� �a�l�s�o� �n�e�c�e�s�s�i�t�a�t�e� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �a� �l�a�r�g�e� �d�i�s�k� �s�t�o�r�a�g�e� �c�a�p�a�c�i�t�y�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �c�o�m�p�u�t�e�r� �s�h�o�u�l�d� �b�e� �a� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �c�o�m�p�u�t�e�r� �a�s� �s�p�e�c�i�a�l� �p�u�r�p�o�s�e� 

�m�a�c�h�i�n�e�s� �d�o� �n�o�t� �p�r�o�v�i�d�e� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �r�e�q�u�i�r�e�d� �f�o�r� �r�a�p�i�d� �p�r�o�t�o�t�y�p�i�n�g�.� �S�p�e�c�i�a�l� 

�p�u�r�p�o�s�e� �m�a�c�h�i�n�e�s�,� �b�y� �d�e�f�i�n�i�t�i�o�n�,� �h�a�v�e� �h�a�r�d�w�a�r�e� �s�p�e�c�i�a�l�l�y� �d�e�s�i�g�n�e�d� �t�o� �i�m�p�l�e�m�e�n�t� 

�3�4



�s�p�e�c�i�f�i�c� �a�l�g�o�r�i�t�h�m�s�.� �A�s� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �a�l�g�o�r�i�t�h�m�s� �i�s� �v�e�r�y� �l�a�r�g�e� 

�w�i�t�h�o�u�t� �a�n�y� �u�n�i�f�y�i�n�g� �t�h�e�o�r�y�,� �a�n�d� �s�i�n�c�e� �d�e�v�e�l�o�p�i�n�g� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �a�l�g�o�r�i�t�h�m�s� �i�s� 

�m�o�r�e� �a�n� �a�r�t� �t�h�a�n� �a� �s�c�i�e�n�c�e�,� �t�h�e� �g�e�n�e�r�a�l� �u�t�i�l�i�t�y� �o�f� �a� �s�p�e�c�i�a�l�i�z�e�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� 

�a�n�y� �s�e�t� �o�f� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �a�l�g�o�r�i�t�h�m�s�,� �i�s� �q�u�e�s�t�i�o�n�a�b�l�e�.� 

�2�.�4� �C�o�m�p�u�t�e�r� �V�i�s�i�o�n� �S�y�s�t�e�m�s�:� �A� �T�h�e�o�r�e�t�i�c�a�l� �R�e�v�i�e�w� 

�A�n�i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �i�s� �t�h�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�o�f�t�w�a�r�e� 

�f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �i�m�a�g�e�s�.� �I�n� �t�h�i�s� �s�e�c�t�i�o�n� �w�e� �r�e�v�i�e�w� �s�o�m�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �m�e�t�h�o�d�-� 

�o�l�o�g�i�e�s� �a�n�d� �s�h�o�w� �t�h�a�t� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �s�u�i�t�a�b�l�e� �t�e�c�h�n�i�q�u�e�s� �c�a�n� �b�e� �q�u�i�t�e� �d�i�f�f�i�c�u�l�t� 

�g�i�v�e�n� �t�h�e� �p�l�e�t�h�o�r�a� �o�f� �a�v�a�i�l�a�b�l�e� �t�e�c�h�n�i�q�u�e�s�.� 

�C�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �c�a�n� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�w�o� �b�a�s�i�c� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e� �f�i�r�s�t� 

�c�o�m�p�o�n�e�n�t�,� �w�h�i�c�h� �w�i�l�l� �b�e� �c�a�l�l�e�d� �t�h�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �c�o�m�p�o�n�e�n�t�,� �b�a�s�i�c�a�l�l�y� �s�e�g�m�e�n�t�s� 

�a�n� �i�m�a�g�e� �i�n�t�o� �u�n�i�f�o�r�m� �a�r�e�a�s� �a�n�d� �e�x�t�r�a�c�t�s� �i�m�p�o�r�t�a�n�t� �i�n�f�o�r�m�a�t�i�o�n� �o�r� �f�e�a�t�u�r�e�s� �f�r�o�m� 

�t�h�e�s�e� �s�e�g�m�e�n�t�e�d� �a�r�e�a�s� �f�o�r� �f�u�r�t�h�e�r� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e� �s�e�c�o�n�d� �c�o�m�p�o�n�e�n�t�,� �c�a�l�l�e�d� �t�h�e� 

�s�c�e�n�e� �a�n�a�l�y�s�i�s� �c�o�m�p�o�n�e�n�t� �u�s�e�s� �i�n�f�o�r�m�a�t�i�o�n� �p�r�o�v�i�d�e�d� �t�o� �i�t� �b�y� �t�h�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� 

�c�o�m�p�o�n�e�n�t� �t�o� �i�n�t�e�r�p�r�e�t� �t�h�e� �s�c�e�n�e� �w�i�t�h�i�n� �t�h�e� �i�m�a�g�e�.� �P�a�v�l�i�d�i�s� �(�1�9�7�7�)� �s�t�a�t�e�s� �t�h�a�t�:� 

 ��W�e� �s�h�a�l�l� �u�s�e� �t�h�e� �t�e�r�m�  ��s�c�e�n�e� �a�n�a�l�y�s�i�s �� �t�o� �d�e�n�o�t�e� �t�h�e� �a�s�s�i�g�n�m�e�n�t� �o�f� �l�a�-� 

�b�e�l�s� �o�r� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �t�o� �t�h�e� �r�e�s�u�l�t�s� �o�f� �a� �s�e�g�m�e�n�t�a�t�i�o�n� �a�l�g�o�r�i�t�h�m�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �w�e� �m�a�y� �d�e�c�i�d�e� �t�o� �c�a�l�l� �a� �r�e�g�i�o�n� �t�h�e�  ��r�i�g�h�t� �l�u�n�g �� �i�n� �a� �c�h�e�s�t� �x�-�r�a�y� 

�p�i�c�t�u�r�e�,� �o�r� �a� �s�e�t� �o�f� �r�e�g�i�o�n�s� �a�  ��h�i�g�h�w�a�y �� �i�n� �a� �s�a�t�e�l�l�i�t�e� �p�h�o�t�o�g�r�a�p�h�. �� 

�2�.�4�.�1� �I�m�a�g�e� �A�n�a�l�y�s�i�s� �M�e�t�h�o�d�s� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �a�n� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m� �i�s� �t�o� �e�x�t�r�a�c�t� �f�e�a�t�u�r�e�s� �f�r�o�m� �a� �d�i�g�-� 

�i�t�a�l� �i�m�a�g�e� �a�n�d� �t�h�e�n� �t�o� �s�e�g�m�e�n�t� �t�h�i�s� �i�m�a�g�e� �i�n�t�o� �r�e�g�i�o�n�s� �w�h�i�c�h� �a�r�e� �u�n�i�f�o�r�m� �w�i�t�h� 

�3�5



�r�e�s�p�e�c�t� �t�o� �o�n�e� �o�r� �m�o�r�e� �o�f� �t�h�e� �e�x�t�r�a�c�t�e�d� �f�e�a�t�u�r�e�s�.� �T�h�e�s�e� �f�e�a�t�u�r�e�s� �a�r�e� �o�b�t�a�i�n�e�d� �b�y� 

�a�p�p�l�y�i�n�g� �o�p�e�r�a�t�o�r�s� �t�o� �t�h�e� �i�m�a�g�e�.� �A�s� �t�h�e� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m� �d�e�p�e�n�d�s� �o�n� �i�n�f�o�r�-� 

�m�a�t�i�o�n� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�h�a�t� �t�h�e� �s�e�g�m�e�n�t�e�d� 

�i�m�a�g�e� �b�e� �a�s� �n�o�i�s�e� �f�r�e�e� �a�s� �i�s� �p�o�s�s�i�b�l�e�.� �I�m�a�g�e� �a�n�a�l�y�s�i�s� �s�t�r�a�t�e�g�i�e�s� �t�h�a�t� �p�e�r�f�o�r�m� �i�m�-� 

�a�g�e� �s�e�g�m�e�n�t�a�t�i�o�n� �c�a�n� �b�e� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�r�e�e� �t�y�p�e�s� �o�f� �s�t�r�a�t�e�g�i�e�s�.� �T�h�e� �t�h�r�e�e� �t�y�p�e�s� 

�o�f� �s�t�r�a�t�e�g�i�e�s� �a�r�e� �c�a�l�l�e�d� �t�h�e� �l�o�c�a�l�-�t�o�-�g�l�o�b�a�l�,� �m�i�d�d�l�e�-�o�u�t�,� �a�n�d� �g�l�o�b�a�l�-�t�o�-�l�o�c�a�l� �s�t�r�a�t�e�-� 

�g�i�e�s�.� �T�h�e�s�e� �n�a�m�e�s� �a�r�e� �u�s�e�d� �i�n� �o�r�d�e�r� �t�o� �b�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�e�r�m�i�n�o�l�o�g�y� �u�s�e�d� �b�y� 

�p�e�r�c�e�p�t�u�a�l� �p�s�y�c�h�o�l�o�g�i�s�t�s�.� 

�L�o�c�a�l�-�t�o�-�g�l�o�b�a�l� �p�r�o�c�e�s�s�i�n�g� �i�n�v�o�l�v�e�s� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �r�e�g�i�o�n�s� �b�y� �c�o�m�b�i�n�i�n�g� �t�o�-� 

�g�e�t�h�e�r� �s�m�a�l�l� �a�r�e�a�s� �w�h�i�c�h� �h�a�v�e� �s�i�m�i�l�a�r� �p�r�o�p�e�r�t�i�e�s�.� �T�h�e�r�e� �a�r�e� �t�w�o� �b�a�s�i�c� �w�a�y�s� �w�e� 

�c�a�n� �g�o� �a�b�o�u�t� �d�o�i�n�g� �t�h�i�s�.� �T�h�e� �f�i�r�s�t� �i�n�v�o�l�v�e�s� �t�h�e� �g�r�o�u�p�i�n�g� �t�o�g�e�t�h�e�r� �o�f� �p�o�i�n�t�s� �w�i�t�h�i�n� 

�t�h�e� �i�m�a�g�e� �t�h�a�t� �h�a�v�e� �t�h�e� �g�r�e�a�t�e�s�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �g�r�a�y� �l�e�v�e�l�s�.� �T�h�e� �s�e�c�o�n�d� �m�e�t�h�o�d� 

�i�n�v�o�l�v�e�s� �m�e�r�g�i�n�g� �t�o�g�e�t�h�e�r� �p�o�i�n�t�s� �t�h�a�t� �h�a�v�e� �s�i�m�i�l�a�r� �g�r�a�y� �l�e�v�e�l�s�.� �B�o�t�h� �t�h�e�s�e� �m�e�t�h�o�d�s� 

�i�m�p�l�y� �t�h�e� �u�s�e� �o�f� �o�p�e�r�a�t�o�r�s� �w�h�o�s�e� �d�o�m�a�i�n� �o�f� �d�e�f�i�n�i�t�i�o�n� �a�r�e� �s�m�a�l�l� �a�r�e�a�s�.� �M�u�c�h� �o�f� 

�t�h�e� �e�a�r�l�i�e�s�t� �w�o�r�k� �i�n� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �m�a�d�e� �u�s�e� �o�f� �t�h�e�s�e� �s�t�r�a�t�e�g�i�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� 

�R�o�b�e�r�t�s� �(�1�9�6�5�)� �i�n� �h�i�s� �b�l�o�c�k ��s� �w�o�r�l�d� �e�n�v�i�r�o�n�m�e�n�t� �e�m�p�l�o�y�e�d� �a� �s�i�m�p�l�e� �g�r�a�d�i�e�n�t�-�b�a�s�e�d� 

�e�d�g�e� �d�e�t�e�c�t�o�r� �t�o� �s�e�g�m�e�n�t� �s�i�m�p�l�e� �s�c�e�n�e�s� �i�n�t�o� �l�i�n�e�s�.� �E�d�g�e� �d�e�t�e�c�t�o�r�s� �c�o�r�r�e�s�p�o�n�d� �t�o� 

�t�h�e� �f�i�r�s�t� �m�e�t�h�o�d� �o�f� �l�o�c�a�l�-�t�o�-�g�l�o�b�a�l� �a�n�a�l�y�s�i�s�.� �I�n� �1�9�7�0�,� �B�r�i�c�e� �e�t� �a�l�.� �(�1�9�7�0�)�,� �i�n�t�r�o�d�u�c�e�d� 

�t�h�e� �c�o�n�c�e�p�t� �o�f� �r�e�g�i�o�n� �g�r�o�w�i�n�g� �w�h�i�c�h� �i�s� �b�a�s�i�c�a�l�l�y� �t�h�e� �g�r�o�u�p�i�n�g� �o�f� �s�i�m�i�l�a�r� �p�o�i�n�t�s� �i�n�t�o� 

�r�e�g�i�o�n�s�.� �L�o�c�a�l�-�t�o�-�g�l�o�b�a�l� �m�e�t�h�o�d�s� �w�e�r�e�,� �h�o�w�e�v�e�r�,� �f�o�u�n�d� �t�o� �p�r�o�d�u�c�e� �n�o�i�s�y� �o�u�t�p�u�t�s� 

�a�n�d�,� �t�h�e�r�e�f�o�r�e�,� �a�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �u�s�e�.� 

�A�t� �t�h�e� �o�t�h�e�r� �e�x�t�r�e�m�e� �o�f� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�t�r�a�t�e�g�i�e�s� �l�i�e�s� �t�h�e� �c�a�t�e�g�o�r�y� �o�f� �g�l�o�b�a�l�-� 

�t�o�-�l�o�c�a�l� �m�e�t�h�o�d�s�.� �I�n� �g�l�o�b�a�l�-�t�o�-�l�o�c�a�l� �p�r�o�c�e�s�s�i�n�g�,� �l�a�r�g�e� �g�l�o�b�a�l� �r�e�g�i�o�n�s� �a�r�e� �f�o�r�m�e�d� 

�f�i�r�s�t� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �f�o�r�m�a�t�i�o�n�,� �i�f� �n�e�c�e�s�s�a�r�y�,� �o�f� �s�m�a�l�l�e�r� �r�e�g�i�o�n�s� �w�i�t�h�i�n� �t�h�e�s�e� �g�l�o�b�a�l� 

�r�e�g�i�o�n�s�.� �A�n� �e�x�a�m�p�l�e� �o�f� �s�u�c�h� �a� �s�t�r�a�t�e�g�y� �i�s� �t�h�e� �p�u�r�e�-�s�p�l�i�t� �p�r�o�c�e�d�u�r�e� �(�P�a�v�l�i�d�i�s� �(�1�9�7�7�)�)�.� 
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�T�h�e� �i�n�i�t�i�a�l� �l�a�r�g�e� �a�r�e�a� �i�n� �t�h�i�s� �c�a�s�e� �i�s� �t�h�e� �w�h�o�l�e� �i�m�a�g�e�.� �M�i�d�w�a�y� �b�e�t�w�e�e�n� �t�h�e� �l�o�c�a�l�-�t�o�-� 

�g�l�o�b�a�l� �a�n�d� �g�l�o�b�a�l�-�t�o�-�l�o�c�a�l� �s�t�r�a�t�e�g�i�e�s� �a�r�e� �t�h�e� �m�i�d�d�l�e�-�o�u�t� �s�t�r�a�t�e�g�i�e�s� �w�i�t�h�  ��m�e�d�i�u�m �� 

�s�i�z�e�d� �r�e�g�i�o�n�s� �b�e�i�n�g� �f�o�r�m�e�d� �f�i�r�s�t�.� �A�n� �e�x�a�m�p�l�e� �o�f� �t�h�i�s� �s�t�r�a�t�e�g�y� �i�s� �t�h�e� �s�p�l�i�t�-�a�n�d�-�m�e�r�g�e� 

�p�r�o�c�e�d�u�r�e� �d�e�s�c�r�i�b�e�d� �b�y� �P�a�v�l�i�d�i�s� �(�1�9�7�7�)�.� 

�T�h�e�s�e� �l�a�s�t� �t�w�o� �c�a�t�e�g�o�r�i�e�s� �o�f� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�t�r�a�t�e�g�i�e�s� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �r�e�l�a�-� 

�t�i�v�e�l�y� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�o� �n�o�i�s�e� �t�h�a�n� �i�n� �t�h�e� �l�o�c�a�l�-�t�o�-�g�l�o�b�a�l� �s�t�r�a�t�e�g�i�e�s�.� �H�o�w�e�v�e�r�,� �b�e�c�a�u�s�e� 

�t�h�e�i�r� �d�o�m�a�i�n� �o�f� �d�e�f�i�n�i�t�i�o�n� �a�r�e� �o�v�e�r� �r�e�l�a�t�i�v�e� �l�a�r�g�e� �a�r�e�a�s�,� �a� �r�i�c�h� �d�e�s�c�r�i�p�t�i�v�e� �v�o�c�a�b�u�l�a�r�y� 

�i�s� �n�e�e�d�e�d� �f�o�r� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �g�r�e�a�t�e�r� �n�u�m�b�e�r� �o�f� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�i�t�h�i�n� �a� �l�a�r�g�e� �r�e�g�i�o�n� 

�a�s� �c�o�m�p�a�r�e�d� �t�o� �s�m�a�l�l� �r�e�g�i�o�n�s�.� �T�h�e� �n�e�e�d� �f�o�r� �a� �r�i�c�h�e�r� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �s�e�g�m�e�n�t�e�d� 

�r�e�g�i�o�n�s�,� �i�r�r�e�s�p�e�c�t�i�v�e� �o�f� �t�h�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�t�r�a�t�e�g�y� �u�s�e�d�,� �h�a�s� �b�e�e�n� �r�e�c�o�g�n�i�z�e�d� �f�o�r� 

�s�o�m�e� �t�i�m�e� �(�C�o�n�n�e�r�s� �(�1�9�8�9�b�)�)�.� 

�R�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �s�t�r�a�t�e�g�y� �u�s�e�d�,� �t�h�e�r�e� �a�r�e� �t�w�o� �b�a�s�i�c� �a�p�p�r�o�a�c�h�e�s� �u�s�e�d� �t�o� �i�m�-� 

�p�l�e�m�e�n�t� �t�h�e�s�e� �s�t�r�a�t�e�g�i�e�s�.� �T�h�e� �t�w�o� �b�a�s�i�c� �s�e�g�m�e�n�t�a�t�i�o�n� �a�p�p�r�o�a�c�h�e�s� �a�r�e� �e�d�g�e�-�b�a�s�e�d� 

�a�n�d� �r�e�g�i�o�n�-�b�a�s�e�d�.� �I�n� �e�d�g�e�-�b�a�s�e�d� �a�p�p�r�o�a�c�h�e�s�,� �l�o�c�a�l� �d�i�s�c�o�n�t�i�n�u�i�t�i�e�s� �a�r�e� �d�e�t�e�c�t�e�d� �t�o� 

�f�o�r�m� �b�o�u�n�d�a�r�i�e�s� �a�r�o�u�n�d� �r�e�g�i�o�n�s� �w�h�i�l�e� �i�n� �r�e�g�i�o�n�-�b�a�s�e�d� �a�p�p�r�o�a�c�h�e�s�,� �h�o�m�o�g�e�n�e�o�u�s� 

�a�r�e�a�s� �a�r�e� �f�i�r�s�t� �f�o�u�n�d� �w�h�i�c�h� �t�h�e�n� �g�i�v�e� �u�s� �t�h�e� �b�o�u�n�d�a�r�i�e�s� �(�N�e�v�a�t�i�a� �(�1�9�8�6�)�)�.� �S�e�v�e�r�a�l� 

�p�r�o�b�l�e�m�s� �a�r�e� �i�n�h�e�r�e�n�t� �t�o� �e�d�g�e�-�b�a�s�e�d� �a�p�p�r�o�a�c�h�e�s�.� �E�d�g�e� �o�p�e�r�a�t�o�r�s� �t�h�a�t� �a�r�e� �a�b�l�e� �t�o� 

�f�i�n�d� �m�o�s�t� �e�d�g�e�s� �a�l�s�o� �r�e�s�p�o�n�d� �t�o� �n�o�i�s�e� �w�h�i�l�e� �e�d�g�e� �o�p�e�r�a�t�o�r�s� �t�h�a�t� �a�r�e� �n�o�i�s�e�-�i�n�s�e�n�s�i�t�i�v�e� 

�o�f�t�e�n� �m�i�s�s� �s�o�m�e� �c�r�u�c�i�a�l� �e�d�g�e�s� �(�B�a�l�l�a�r�d� �(�1�9�8�2�)�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �b�u�i�l�d�i�n�g� �s�c�e�n�e� �d�e�-� 

�s�c�r�i�p�t�i�o�n�s� �f�r�o�m� �e�d�g�e� �i�m�a�g�e�s� �o�f� �c�o�m�p�l�e�x� �s�c�e�n�e�s� �c�a�n� �b�e� �a� �n�i�g�h�t�m�a�r�i�s�h� �t�a�s�k�.� 

�A� �g�o�o�d� �s�u�r�v�e�y� �o�f� �r�e�g�i�o�n�-�b�a�s�e�d� �i�m�a�g�e� �s�e�g�m�e�n�t�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �i�s� �g�i�v�e�n� �b�y� 

�H�a�r�a�l�i�c�k� �a�n�d� �S�h�a�p�i�r�o� �(�1�9�8�5�)�.� �R�e�g�i�o�n�-�b�a�s�e�d� �t�e�c�h�n�i�q�u�e�s� �i�n�c�l�u�d�e� �t�h�e� �v�a�r�i�o�u�s� �f�o�r�m�s� 

�o�f� �s�p�a�t�i�a�l� �c�l�u�s�t�e�r�i�n�g� �a�n�d� �m�e�a�s�u�r�e�m�e�n�t� �s�p�a�c�e� �g�u�i�d�e�d� �s�p�a�t�i�a�l� �c�l�u�s�t�e�r�i�n�g�.� �A�m�o�n�g� �t�h�e� 

�m�o�s�t� �p�o�p�u�l�a�r� �a�n�d� �s�i�m�p�l�e� �t�o� �i�m�p�l�e�m�e�n�t� �p�r�o�c�e�d�u�r�e�s� �a�r�e� �o�n�e�s� �l�i�s�t�e�d� �u�n�d�e�r� �m�e�a�s�u�r�e�-� 

�m�e�n�t� �s�p�a�c�e� �g�u�i�d�e�d� �s�p�a�t�i�a�l� �c�l�u�s�t�e�r�i�n�g�.� �I�n� �t�h�i�s� �c�a�t�e�g�o�r�y�,� �e�a�c�h� �p�i�x�e�l� �i�n� �a�n� �i�m�a�g�e� �i�s� 
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�a�s�s�i�g�n�e�d� �a� �l�a�b�e�l� �r�e�p�r�e�s�e�n�t�i�n�g� �a� �p�o�i�n�t� �i�n� �m�e�a�s�u�r�e�m�e�n�t� �s�p�a�c�e�.� �T�h�e� �v�a�r�i�o�u�s� �p�o�i�n�t�s� 

�i�n� �m�e�a�s�u�r�e�m�e�n�t� �s�p�a�c�e� �a�r�e� �t�h�e�n� �c�l�u�s�t�e�r�e�d� �t�o� �s�e�p�a�r�a�t�e� �p�o�i�n�t�s� �b�e�l�o�n�g�i�n�g� �t�o� �d�i�f�f�e�r�-� 

�e�n�t� �o�b�j�e�c�t�s�.� �A�n� �e�x�a�m�p�l�e� �i�s� �t�h�e� �s�i�m�p�l�e� �m�e�t�h�o�d� �o�f� �h�i�s�t�o�g�r�a�m� �t�h�r�e�s�h�o�l�d�i�n�g�.� �I�n� �t�h�i�s� 

�m�e�t�h�o�d�,� �a� �h�i�s�t�o�g�r�a�m� �(�a� �p�r�o�b�a�b�i�l�i�t�y� �d�e�n�s�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n�)� �i�s� �m�a�d�e� �o�f� �t�h�e� �g�r�a�y� �l�e�v�e�l�s� 

�o�f� �p�i�x�e�l�s� �w�i�t�h�i�n� �a�n� �i�m�a�g�e�.� �P�e�a�k�s� �i�n� �t�h�e� �h�i�s�t�o�g�r�a�m� �r�e�p�r�e�s�e�n�t� �o�b�j�e�c�t�s� �a�n�d� �t�h�r�e�s�h�o�l�d�s� 

�a�r�e� �s�e�t� �i�n� �t�h�e� �v�a�l�l�e�y�s� �b�e�t�w�e�e�n� �p�e�a�k�s�.� �A� �g�o�o�d� �s�u�r�v�e�y� �o�f� �t�h�r�e�s�h�o�l�d�i�n�g� �t�e�c�h�n�i�q�u�e�s� 

�u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �m�e�a�s�u�r�e�m�e�n�t� �s�p�a�c�e�s� �i�s� �g�i�v�e�n� �b�y� �S�a�h�o�o� �e�t� �a�l�.� �(�1�9�8�8�)�.� �M�e�a�s�u�r�e�m�e�n�t� 

�s�p�a�c�e� �g�u�i�d�e�d� �t�e�c�h�n�i�q�u�e�s� �a�r�e� �b�a�s�i�c�a�l�l�y� �g�l�o�b�a�l�-�t�o�-�l�o�c�a�l� �s�e�g�m�e�n�t�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �i�n� 

�w�h�i�c�h� �t�h�e� �g�l�o�b�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �p�i�x�e�l�s� �a�r�e� �a�n�a�l�y�z�e�d� �i�n� �m�e�a�s�u�r�e�m�e�n�t� �s�p�a�c�e� �a�n�d� �u�s�e�d� 

�t�o� �g�u�i�d�e� �t�h�e� �s�e�g�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �i�m�a�g�e�.� 

�A�n� �a�s�p�e�c�t� �o�f� �r�e�g�i�o�n� �b�a�s�e�d� �s�e�g�m�e�n�t�a�t�i�o�n� �a�r�e� �t�h�e� �t�e�x�t�u�r�e� �b�a�s�e�d� �s�e�g�m�e�n�t�a�t�i�o�n� 

�t�e�c�h�n�i�q�u�e�s�.� �A� �t�e�x�t�u�r�e� �c�a�n� �b�e� �r�e�g�a�r�d�e�d� �a�s� �a� �g�e�n�e�r�a�l�i�z�a�t�i�o�n� �o�f� �a� �r�e�g�i�o�n� �w�h�e�r�e� �t�h�e� 

�r�e�g�i�o�n� �n�e�e�d� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �u�n�i�f�o�r�m�i�t�y� �i�n� �g�r�a�y� �l�e�v�e�l� �v�a�l�u�e�s�.� 

�T�h�e�r�e� �a�r�e� �b�a�s�i�c�a�l�l�y� �t�w�o� �a�p�p�r�o�a�c�h�e�s� �t�o� �t�e�x�t�u�r�e� �a�n�a�l�y�s�i�s�,� �n�a�m�e�l�y�,� �t�h�e� �s�t�r�u�c�t�u�r�a�l� �a�n�d� 

�s�t�a�t�i�s�t�i�c�a�l� �a�p�p�r�o�a�c�h�e�s� �(�H�a�r�a�l�i�c�k� �(�1�9�7�9�)�)�.� �T�h�e� �s�t�r�u�c�t�u�r�a�l� �a�p�p�r�o�a�c�h� �r�e�g�a�r�d�s� �t�e�x�t�u�r�e� 

�a�s� �a� �g�l�o�b�a�l� �p�a�t�t�e�r�n� �a�r�i�s�i�n�g� �f�r�o�m� �a� �r�e�p�e�t�i�t�i�o�n� �o�f� �l�o�c�a�l� �s�u�b�p�a�t�t�e�r�n�s� �a�r�r�a�n�g�e�d� �t�o�g�e�t�h�e�r� 

�a�c�c�o�r�d�i�n�g� �t�o� �c�e�r�t�a�i�n� �p�l�a�c�e�m�e�n�t� �r�u�l�e�s�.� �T�h�e� �s�t�r�u�c�t�u�r�a�l� �a�p�p�r�o�a�c�h� �t�o� �t�e�x�t�u�r�e� �a�n�a�l�y�-� 

�s�i�s� �i�s� �b�a�s�e�d� �o�n� �l�o�c�a�t�i�n�g� �a�n�d� �d�e�s�c�r�i�b�i�n�g� �t�h�e�s�e� �l�o�c�a�l� �s�u�b�p�a�t�t�e�r�n�s� �a�n�d� �d�e�t�e�r�m�i�n�i�n�g� 

�t�h�e� �r�u�l�e�s� �f�o�r� �t�h�e�i�r� �p�l�a�c�e�m�e�n�t�.� �T�h�e� �s�t�a�t�i�s�t�i�c�a�l� �a�p�p�r�o�a�c�h� �d�e�s�c�r�i�b�e�s� �t�e�x�t�u�r�e� �t�h�r�o�u�g�h� 

�s�t�a�t�i�s�t�i�c�a�l� �m�o�d�e�l�s� �t�h�a�t� �d�e�s�c�r�i�b�e� �t�h�e� �s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �a�n�d� �r�e�l�a�t�i�o�n� �o�f� �g�r�a�y� �l�e�v�-� 

�e�l�s�.� �T�h�e� �s�t�r�u�c�t�u�r�a�l� �a�p�p�r�o�a�c�h� �i�s� �m�o�r�e� �s�u�i�t�e�d� �t�o� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �r�e�g�i�o�n�s� �t�h�a�t� �h�a�v�e� �a� 

�w�e�l�l� �c�h�a�r�a�c�t�e�r�i�z�e�d� �s�t�r�u�c�t�u�r�e� �s�u�c�h� �a�s� �a� �p�e�r�i�o�d�i�c� �p�a�t�t�e�r�n�.� �T�h�e� �s�t�a�t�i�s�t�i�c�a�l� �a�p�p�r�o�a�c�h� �i�s� 

�m�o�r�e� �s�u�i�t�e�d� �t�o� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �r�e�g�i�o�n�s� �t�h�a�t� �a�r�e� �m�o�r�e� �r�a�n�d�o�m� �i�n� �n�a�t�u�r�e� �e�s�p�e�c�i�a�l�l�y� 

�w�h�e�n� �t�h�e� �t�e�x�t�u�r�a�l� �e�l�e�m�e�n�t�s� �o�r� �p�r�i�m�i�t�i�v�e�s� �a�r�e� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l�.� �T�h�e� �t�e�x�t�u�r�a�l� �a�p�-� 

�p�r�o�a�c�h� �(�w�h�e�t�h�e�r� �s�t�r�u�c�t�u�r�a�l� �o�r� �s�t�a�t�i�s�t�i�c�a�l�)� �t�o� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �i�s� �a� �p�o�w�e�r�f�u�l� �b�u�t� �v�e�r�y� 
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�c�o�m�p�u�t�a�t�i�o�n�a�l�l�y� �i�n�t�e�n�s�i�v�e� �a�p�p�r�o�a�c�h�.� �A�s� �s�u�c�h�,� �t�e�x�t�u�r�e� �b�a�s�e�d� �m�e�t�h�o�d�s� �m�a�y� �n�o�t� �b�e� 

�s�u�i�t�a�b�l�e� �t�o� �m�a�n�y� �r�e�a�l�-�t�i�m�e� �a�p�p�l�i�c�a�t�i�o�n�s�.� 

�U�n�f�o�r�t�u�n�a�t�e�l�y�,� �a�l�l� �t�h�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d�s� �s�u�g�g�e�s�t�e�d� �t�o� �d�a�t�e� �h�a�v�e� �d�i�f�f�i�c�u�l�t�y� 

�s�e�g�m�e�n�t�i�n�g� �i�m�a�g�e�s� �i�n�t�o� �v�i�s�u�a�l�l�y� �m�e�a�n�i�n�g�f�u�l� �r�e�g�i�o�n�s�.� �I�n� �s�o�m�e� �c�a�s�e�s� �t�h�e�y� �m�a�y� �o�v�e�r� 

�f�r�a�g�m�e�n�t� �a�n� �o�b�j�e�c�t�,� �i�.�e�.�,� �a�n� �o�b�j�e�c�t� �m�a�y� �b�e� �f�r�a�g�m�e�n�t�e�d� �i�n�t�o� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �r�e�g�i�o�n�s�,� 

�r�e�g�i�o�n�s� �w�h�i�c�h�,� �t�o� �a� �h�u�m�a�n� �o�b�s�e�r�v�e�r�,� �d�o� �n�o�t� �c�o�r�r�e�s�p�o�n�d� �t�o� �a�n�y� �v�i�s�u�a�l�l�y� �r�e�c�o�g�n�i�z�a�b�l�e� 

�c�o�m�p�o�n�e�n�t�s�.� �I�n� �o�t�h�e�r� �c�a�s�e�s�,� �r�e�g�i�o�n�s� �t�h�a�t� �c�o�n�t�a�i�n� �s�e�p�a�r�a�t�e� �o�b�j�e�c�t�s� �m�a�y� �b�e� �m�e�r�g�e�d� 

�i�n�t�o� �a� �s�i�n�g�l�e� �r�e�g�i�o�n�.� �O�n� �s�o�m�e� �s�c�e�n�e�s�,� �r�e�g�i�o�n� �b�a�s�e�d� �o�p�e�r�a�t�o�r�s� �w�o�r�k� �b�e�t�t�e�r�.� �I�n� �o�t�h�e�r� 

�s�c�e�n�e�s�,� �e�d�g�e�-�b�a�s�e�d� �m�e�t�h�o�d�s� �w�o�r�k� �b�e�t�t�e�r�.� �I�t� �i�s� �d�i�f�f�i�c�u�l�t� �t�o� �k�n�o�w� �w�h�i�c�h� �t�e�c�h�n�i�q�u�e� 

�m�i�g�h�t� �w�o�r�k� �b�e�s�t� �i�n� �a�n�y� �g�i�v�e�n� �s�i�t�u�a�t�i�o�n�.� �A�n�d�,� �a�s� �m�i�g�h�t� �b�e� �s�u�s�p�e�c�t�e�d�,� �t�h�e� �r�e�s�u�l�t�s� 

�o�b�t�a�i�n�a�b�l�e� �b�y� �t�h�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m� �m�a�r�k�e�d�l�y� �a�f�f�e�c�t�s� �t�h�e� �d�e�s�i�g�n� �c�o�m�p�l�e�x�i�t�y� 

�a�n�d� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �h�i�g�h�e�r� �l�e�v�e�l� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d�s�.� 

�G�i�v�e�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �s�c�e�n�e� �s�e�g�m�e�n�t�a�t�i�o�n�,� �t�w�o� �b�a�s�i�c� �a�p�p�r�o�a�c�h�e�s� �h�a�v�e� 

�b�e�e�n� �t�a�k�e�n� �t�o� �a�s�s�u�r�e� �t�h�a�t� �t�h�e� �h�i�g�h�e�s�t� �q�u�a�l�i�t�y� �s�e�g�m�e�n�t�a�t�i�o�n� �i�s� �a�c�h�i�e�v�a�b�l�e� �o�n� �a� �p�a�r�-� 

�t�i�c�u�l�a�r� �a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �f�i�r�s�t� �a�p�p�r�o�a�c�h� �t�h�a�t� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �b�y� �t�h�e� �r�e�s�e�a�r�c�h� �c�o�m�-� 

�m�u�n�i�t�y� �w�a�s� �t�o� �d�e�v�e�l�o�p� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �i�m�a�g�e�-�p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m�s�.� �T�h�e�s�e� �s�y�s�t�e�m�s� 

�p�r�o�v�i�d�e� �a� �r�e�l�a�t�i�v�e�l�y� �c�o�n�v�e�n�i�e�n�t� �m�e�t�h�o�d� �f�o�r� �e�x�h�a�u�s�t�i�v�e�l�y� �t�r�y�i�n�g� �a� �n�u�m�b�e�r� �o�f� �i�m�a�g�e� 

�a�n�a�l�y�s�i�s� �m�e�t�h�o�d�s� �a�n�d� �f�o�r� �d�i�s�p�l�a�y�i�n�g� �t�h�e� �r�e�s�u�l�t�s� �a�t� �v�a�r�i�o�u�s� �s�t�a�g�e�s� �o�f� �p�r�o�c�e�s�s�i�n�g� �s�o� 

�t�h�a�t� �t�h�e� �r�e�s�u�l�t�s� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d�.� �A� �n�u�m�b�e�r� �o�f� �s�u�c�h� �s�y�s�t�e�m�s� �h�a�v�e� �b�e�e�n� �c�r�e�a�t�e�d� �a�n�d� 

�i�n�c�l�u�d�e�s� �G�I�P�S�Y� �(�G�a�r�l�a�n�d� �(�1�9�8�6�)�)�,� �R�I�P�S� �P�e�r�c�e�p�t�i�c�s� �(�1�9�8�6�)�)�,� �a�n�d� �E�L�A�S� �(�B�e�v�e�r�l�y� 

�(�1�9�8�9�)�)�.� 

�A� �s�e�c�o�n�d� �a�p�p�r�o�a�c�h� �h�a�s� �b�e�e�n� �t�o� �a�t�t�e�m�p�t� �t�o� �u�n�i�f�y� �t�h�e� �v�a�r�i�o�u�s� �m�e�t�h�o�d�s� �a�v�a�i�l�-� 

�a�b�l�e� �i�n�t�o� �a�n� �e�x�p�e�r�t� �s�y�s�t�e�m�.� �T�h�i�s� �e�x�p�e�r�t� �s�y�s�t�e�m� �u�s�e�s� �v�a�r�i�o�u�s� �h�e�u�r�i�s�t�i�c�s� �t�o� �d�e�t�e�r�-� 

�m�i�n�e� �w�h�i�c�h� �a�l�g�o�r�i�t�h�m� �s�h�o�u�l�d� �b�e� �a�p�p�l�i�e�d� �t�o� �v�a�r�i�o�u�s� �s�c�e�n�e�s� �o�r� �t�o� �v�a�r�i�o�u�s� �p�a�r�t�s� �o�f� �a� 
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�s�c�e�n�e�.� �T�o� �d�a�t�e� �t�w�o� �s�u�c�h� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �(�N�a�z�i�f� �(�1�9�8�4�)�,� �M�e�i�s�e�l�s� 

�(�1�9�8�8�)�)�.� 

�T�h�e� �e�x�p�e�r�t� �s�y�s�t�e�m� �f�o�r� �l�o�w�-�l�e�v�e�l� �s�e�g�m�e�n�t�a�t�i�o�n� �d�e�s�c�r�i�b�e�d� �i�n� �(�N�a�z�i�f� �(�1�9�8�4�)�)� �a�n�d� 

�(�L�e�v�i�n�e� �(�1�9�8�5�)�)� �u�n�i�f�i�e�s� �t�h�e� �p�r�o�c�e�s�s�e�s� �o�f� �e�d�g�e� �d�e�t�e�c�t�i�o�n� �a�n�d� �r�e�g�i�o�n� �g�r�o�w�i�n�g� �w�i�t�h� 

�t�h�e�i�r� �v�a�r�i�o�u�s� �h�e�u�r�i�s�t�i�c�s� �i�n�t�o� �a� �s�i�n�g�l�e� �s�y�s�t�e�m�.� �I�n� �t�h�e� �s�y�s�t�e�m�,� �t�h�e� �i�n�p�u�t� �i�m�a�g�e�,� 

�s�e�g�m�e�n�t�a�t�i�o�n� �d�a�t�a� �a�n�d� �a�t� �t�h�e� �e�n�d� �o�f� �p�r�o�c�e�s�s�i�n�g�,� �t�h�e� �o�u�t�p�u�t�,� �a�r�e� �s�t�o�r�e�d� �i�n� �t�h�e� �s�h�o�r�t� 

�t�e�r�m� �m�e�m�o�r�y� �(�S�T�M�)�.� �T�h�e� �l�o�n�g� �t�e�r�m� �m�e�m�o�r�y� �(�L�T�M�)� �c�o�n�t�a�i�n�s� �t�h�e� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� 

�l�o�w�-�l�e�v�e�l� �s�e�g�m�e�n�t�a�t�i�o�n� �a�s� �w�e�l�l� �a�s� �c�o�n�t�r�o�l� �s�t�r�a�t�e�g�y�.� �V�a�r�i�o�u�s� �s�y�s�t�e�m� �p�r�o�c�e�s�s�e�s� �s�u�c�h� 

�a�s� �a� �l�i�n�e� �a�n�a�l�y�z�e�r�,� �r�e�g�i�o�n� �a�n�a�l�y�z�e�r�,� �f�o�c�u�s� �o�f� �a�t�t�e�n�t�i�o�n�,� �e�t�c�.�,� �m�a�t�c�h� �r�u�l�e�s� �i�n� �t�h�e� �L�T�M� 

�a�g�a�i�n�s�t� �t�h�e� �d�a�t�a� �s�t�o�r�e�d� �i�n� �t�h�e� �S�T�M�.� �W�h�e�n� �a� �m�a�t�c�h� �o�c�c�u�r�s�,� �t�h�e� �r�u�l�e� �f�i�r�e�s�.� �T�h�i�s� 

�t�r�i�g�g�e�r�s� �a�n� �a�c�t�i�o�n� �t�h�a�t� �i�s� �u�s�u�a�l�l�y� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �d�a�t�a�.� �A� �w�e�a�k�n�e�s�s� �o�f� �t�h�e� �a�b�o�v�e� 

�s�y�s�t�e�m� �i�s� �t�h�a�t� �i�t� �w�a�s� �d�e�s�i�g�n�e�d� �a�s� �a� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �s�e�g�m�e�n�t�a�t�i�o�n� �s�y�s�t�e�m� �w�i�t�h�o�u�t� 

�t�h�e� �u�s�e� �o�f� �a�n�y� �s�c�e�n�e� �d�e�p�e�n�d�e�n�t� �c�o�n�t�e�x�t�u�a�l� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �s�y�s�t�e�m� �o�f� �M�e�i�s�e�l�s� 

�a�n�d� �B�e�r�g�m�a�n� �(�1�9�8�8�)� �s�e�e�k�s� �t�o� �a�l�l�e�v�i�a�t�e� �s�u�c�h� �a� �w�e�a�k�n�e�s�s� �b�y� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� 

�s�c�e�n�e� �d�e�p�e�n�d�e�n�t� �c�o�n�t�e�x�t�u�a�l� �i�n�f�o�r�m�a�t�i�o�n�.� �I�t� �d�o�e�s� �s�o� �b�y� �k�e�e�p�i�n�g� �a� �l�i�s�t� �o�f� �s�i�m�p�l�e� 

 ��g�e�o�m�e�t�r�i�c �� �o�b�j�e�c�t�s� �t�h�a�t� �i�t� �c�a�n� �l�o�o�k� �f�o�r� �i�n� �a� �p�a�r�t�i�c�u�l�a�r� �t�y�p�e� �o�f� �s�c�e�n�e�.� 

�U�n�f�o�r�t�u�n�a�t�e�l�y�,� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �f�o�r� �a�l�g�o�r�i�t�h�m� �s�e�l�e�c�t�i�o�n� �c�a�n� �b�e� �v�e�r�y� �l�a�r�g�e� �a�n�d� 

�c�o�m�p�l�e�x� �t�h�e�m�s�e�l�v�e�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �b�r�e�a�d�t�h� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s� �t�h�e�y� �a�t�t�e�m�p�t� �t�o� 

�a�d�d�r�e�s�s�.� �T�h�e�r�e� �i�s� �a�l�s�o� �a� �c�o�n�c�e�r�n� �a�b�o�u�t� �t�h�e� �a�b�i�l�i�t�y� �o�f� �h�e�u�r�i�s�t�i�c�s� �t�o� �m�a�k�e� �t�h�e� �b�e�s�t� 

�s�e�l�e�c�t�i�o�n� �o�f� �a�l�g�o�r�i�t�h�m� �t�o� �e�m�p�l�o�y�.� �I�f� �t�r�u�l�y� �r�o�b�u�s�t� �h�e�u�r�i�s�t�i�c�s� �w�e�r�e� �a�v�a�i�l�a�b�l�e�,� �t�h�e�y� 

�c�o�u�l�d� �b�e� �u�s�e�d� �b�y� �a�n� �i�n�v�e�s�t�i�g�a�t�o�r� �w�i�t�h�o�u�t� �t�h�e� �n�e�e�d� �o�f� �a�n� �e�x�p�e�r�t� �s�y�s�t�e�m�.� 

�2�.�4�.�2� �S�c�e�n�e� �A�n�a�l�y�s�i�s� �M�e�t�h�o�d�s� 

�I�n� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n�,� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �r�e�f�e�r�s� �t�o� �t�h�e� �p�r�o�c�e�s�s� �o�f� �a�s�s�i�g�n�i�n�g� �l�a�b�e�l�s� �o�r� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n�s� �t�o� �t�h�e� �r�e�s�u�l�t�s� �o�f� �a� �s�e�g�m�e�n�t�a�t�i�o�n� �(�P�a�v�l�i�d�i�s� �(�1�9�7�7�)�)�.� �U�n�l�i�k�e� �t�h�e� �i�m�a�g�e� 
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�a�n�a�l�y�s�i�s� �s�t�r�a�t�e�g�i�e�s� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�u�b�-�s�e�c�t�i�o�n�,� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �d�e�p�e�n�d�s� �a� 

�g�r�e�a�t� �d�e�a�l� �o�n� �d�o�m�a�i�n� �s�p�e�c�i�f�i�c� �i�n�f�o�r�m�a�t�i�o�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�n� �o�r�d�e�r� �t�o� �l�a�b�e�l� �t�h�e� 

�d�i�f�f�e�r�e�n�t� �o�b�j�e�c�t�s� �i�n� �a� �s�c�e�n�e�,� �w�e� �n�e�e�d� �t�o� �h�a�v�e� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e�s�e� �o�b�j�e�c�t�s� �s�u�c�h� �a�s� �a� 

�l�i�s�t� �o�f� �e�x�p�e�c�t�e�d� �o�b�j�e�c�t�s�,� �a� �m�o�d�e�l� �o�f� �e�a�c�h� �t�y�p�e� �o�f� �o�b�j�e�c�t� �a�n�d� �e�x�p�e�c�t�e�d� �l�o�c�a�t�i�o�n�s� �o�f� 

�t�h�e� �v�a�r�i�o�u�s� �t�y�p�e�s� �o�f� �o�b�j�e�c�t�s�.� 

�S�c�e�n�e� �a�n�a�l�y�s�i�s� �s�t�r�a�t�e�g�i�e�s� �c�a�n� �b�e� �c�l�a�s�s�i�f�i�e�d� �i�n�t�o� �t�o�p�-�d�o�w�n�,� �b�o�t�t�o�m�-�u�p� �o�r� �c�o�m�b�i�-� 

�n�a�t�i�o�n� �c�a�t�e�g�o�r�i�e�s�.� �T�o�p�-�d�o�w�n� �s�t�r�a�t�e�g�i�e�s� �a�r�e� �b�a�s�i�c�a�l�l�y� �g�o�a�l�-�d�i�r�e�c�t�e�d� �a�n�d� �c�o�n�t�a�i�n� �n�o� 

�d�a�t�a�-�d�i�r�e�c�t�e�d� �p�r�o�c�e�d�u�r�e�s�.� �S�u�c�h� �s�t�r�a�t�e�g�i�e�s� �i�n�v�o�l�v�e�s� �m�a�k�i�n�g� �h�y�p�o�t�h�e�s�e�s� �a�s� �t�o� �w�h�a�t� 

�o�b�j�e�c�t�s� �a�r�e� �i�n� �t�h�e� �s�c�e�n�e� �b�e�i�n�g� �a�n�a�l�y�z�e�d�.� �S�c�e�n�e� �a�n�a�l�y�s�i�s� �o�p�e�r�a�t�o�r�s� �a�r�e� �u�s�e�d� �t�o� �v�e�r�i�f�y� 

�i�f� �a� �h�y�p�o�t�h�e�s�i�s� �i�s� �t�r�u�e�.� �I�f� �f�o�u�n�d� �t�o� �b�e� �f�a�l�s�e�,� �a� �n�e�w� �h�y�p�o�t�h�e�s�i�s� �i�s� �g�e�n�e�r�a�t�e�d�,� �i�n�d�e�-� 

�p�e�n�d�e�n�t� �o�f� �p�r�e�v�i�o�u�s� �p�r�o�c�e�s�s�i�n�g�.� �T�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �s�u�c�h� �a� �s�t�r�a�t�e�g�y� �i�s� �t�h�a�t� �k�n�o�w�n� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �v�a�r�i�o�u�s� �o�b�j�e�c�t�s� �c�a�n� �b�e� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �h�e�u�r�i�s�t�i�c�s� �t�h�a�t� �c�a�n� 

�h�e�l�p� �l�o�c�a�t�e� �t�h�e� �o�b�j�e�c�t�s� �i�n� �n�o�i�s�y� �s�e�g�m�e�n�t�e�d� �i�m�a�g�e�s�.� �S�u�c�h� �h�e�u�r�i�s�t�i�c�s� �a�r�e� �m�o�r�e� �e�a�s�i�l�y� 

�f�o�u�n�d� �i�n�,� �a�n�d� �u�s�u�a�l�l�y� �o�n�l�y� �a�p�p�l�i�c�a�b�l�e� �t�o�,� �h�i�g�h�l�y� �s�t�r�u�c�t�u�r�e�d� �s�c�e�n�e�s�.� 

�B�o�t�t�o�m�-�u�p� �p�r�o�c�e�d�u�r�e�s� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �s�t�a�r�t�s� �w�i�t�h� �t�h�e� �i�n�p�u�t� �d�a�t�a�.� �O�p�e�r�a�-� 

�t�o�r�s� �a�r�e� �u�s�e�d� �t�o� �e�x�t�r�a�c�t� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �d�a�t�a� �t�o� �f�o�r�m� �a� �r�i�c�h�e�r� �d�e�s�c�r�i�p�t�i�o�n� �t�o� 

�b�e� �u�s�e�d� �a�t� �t�h�e� �n�e�x�t� �l�e�v�e�l� �o�f� �a�n�a�l�y�s�i�s�.� �F�i�n�a�l�l�y�,� �w�h�e�n� �a� �r�i�c�h� �e�n�o�u�g�h� �d�e�s�c�r�i�p�t�i�o�n� �h�a�s� 

�b�e�e�n� �r�e�a�c�h�e�d�,� �t�h�e�s�e� �d�e�s�c�r�i�p�t�i�o�n�s� �a�r�e� �m�a�t�c�h�e�d� �t�o� �m�o�d�e�l�s� �o�f� �k�n�o�w�n� �o�b�j�e�c�t�s�.� �T�h�e� �a�d�-� 

�v�a�n�t�a�g�e� �o�f� �b�o�t�t�o�m�-�u�p� �s�t�r�a�t�e�g�i�e�s� �i�s� �t�h�a�t� �n�o� �p�r�i�o�r� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �s�c�e�n�e� �i�s� �r�e�q�u�i�r�e�d� 

�a�n�d� �i�s� �t�h�u�s� �a�p�p�l�i�c�a�b�l�e� �t�o� �a�n�y� �t�y�p�e� �o�f� �i�m�a�g�e�.� �T�h�e� �d�i�s�a�d�v�a�n�t�a�g�e� �i�s� �t�h�a�t� �a�n�y� �n�o�i�s�e� 

�i�n�t�r�o�d�u�c�e�d� �a�t� �a�n�y� �s�t�e�p� �a�l�o�n�g� �t�h�e� �a�n�a�l�y�s�i�s� �p�r�o�p�a�g�a�t�e�s� �o�n� �t�o� �s�u�b�s�e�q�u�e�n�t� �s�t�e�p�s�.� 

�C�o�m�b�i�n�a�t�i�o�n� �s�t�r�a�t�e�g�i�e�s� �c�a�n� �c�o�m�b�i�n�e� �t�h�e� �b�e�s�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �b�o�t�h� �b�o�t�t�o�m�-� 

�u�p� �a�n�d� �t�o�p�-�d�o�w�n� �s�t�r�a�t�e�g�i�e�s�.� �S�u�c�h� �s�t�r�a�t�e�g�i�e�s� �u�s�u�a�l�l�y� �b�e�g�i�n� �b�y� �u�s�i�n�g� �b�o�t�t�o�m�-�u�p� 

�p�r�o�c�e�d�u�r�e�s� �t�o� �g�e�n�e�r�a�t�e� �a� �l�i�s�t� �o�f� �p�o�s�s�i�b�l�e� �o�b�j�e�c�t�s�.� �T�o�p�-�d�o�w�n� �p�r�o�c�e�d�u�r�e�s� �c�o�u�l�d� �t�h�e�n� 

�4�1



�u�s�e� �t�h�i�s� �l�i�s�t� �a�s� �a� �s�e�t� �o�f� �h�y�p�o�t�h�e�s�e�s� �t�o� �b�e� �v�e�r�i�f�i�e�d�.� �T�h�e� �o�b�j�e�c�t� �o�f� �t�h�i�s� �s�t�r�a�t�e�g�y� �i�s� �t�o� 

�l�i�m�i�t� �t�h�e� �n�u�m�b�e�r� �o�f� �h�y�p�o�t�h�e�s�e�s� �t�h�a�t� �n�e�e�d�s� �t�o� �b�e� �v�e�r�i�f�i�e�d� �a�n�d� �t�h�u�s� �t�o� �r�e�d�u�c�e� �t�h�e� 

�c�o�m�p�u�t�a�t�i�o�n�s� �i�n�v�o�l�v�e�d�.� �A� �f�u�r�t�h�e�r� �d�i�s�c�u�s�s�i�o�n� �o�f� �a�l�l� �t�h�r�e�e� �s�t�r�a�t�e�g�i�e�s� �c�a�n� �b�e� �f�o�u�n�d� �i�n� 

�(�B�a�l�l�a�r�d� �(�1�9�8�2�)�)�.� 

�A�n� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �m�e�t�h�o�d�s� �i�s� �t�h�e� �f�o�r�m� �o�f� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� 

�s�c�e�n�e� �o�b�j�e�c�t�s�.� �I�t� �i�s� �t�h�i�s� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� �s�c�e�n�e� �o�b�j�e�c�t�s� �t�h�a�t� �a�l�l�o�w� �t�h�e� �r�e�c�o�g�n�i�t�i�o�n� 

�p�r�o�c�e�s�s� �i�n� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �t�o� �t�a�k�e� �p�l�a�c�e�.� �W�h�i�l�e� �s�i�m�p�l�e� �s�c�e�n�e�s� �d�o� �n�o�t� �r�e�q�u�i�r�e� �m�u�c�h� 

�k�n�o�w�l�e�d�g�e� �t�o� �b�e� �s�t�o�r�e�d�,� �c�o�m�p�l�e�x� �s�c�e�n�e�s� �o�f�t�e�n� �r�e�q�u�i�r�e� �e�x�t�e�n�s�i�v�e� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� 

�t�h�e� �o�b�j�e�c�t�s� �t�o� �b�e� �r�e�c�o�g�n�i�z�e�d� �i�n� �a� �s�c�e�n�e�.� �W�h�e�n� �t�h�i�s� �i�s� �t�h�e� �c�a�s�e�,� �k�n�o�w�l�e�d�g�e� �r�e�p�r�e�-� 

�s�e�n�t�a�t�i�o�n� �s�c�h�e�m�e�s� �b�e�c�o�m�e� �a�n� �i�m�p�o�r�t�a�n�t� �i�s�s�u�e�.� �E�x�a�m�p�l�e�s� �o�f� �k�n�o�w�l�e�d�g�e� �r�e�p�r�e�s�e�n�-� 

�t�a�t�i�o�n� �s�c�h�e�m�e�s� �a�r�e� �s�e�m�a�n�t�i�c� �n�e�t�s�,� �f�r�a�m�e�s� �(�a� �t�y�p�e� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� 

�s�c�h�e�m�e�)�,� �p�r�o�d�u�c�t�i�o�n� �s�y�s�t�e�m�s�,� �a�n�d� �f�i�r�s�t�-�o�r�d�e�r� �l�o�g�i�c� �(�R�a�o� �(�1�9�8�8�)�)�.� �S�e�m�a�n�t�i�c� �n�e�t�s� 

�b�a�s�i�c�a�l�l�y� �r�e�p�r�e�s�e�n�t� �o�b�j�e�c�t�s� �a�n�d� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �o�b�j�e�c�t�s� �i�n� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� 

�g�r�a�p�h�s� �o�f� �n�o�d�e�s� �a�n�d� �a�r�c�s� �(�B�a�l�l�a�r�d� �(�1�9�8�2�)�)�.� �T�h�e�s�e� �s�c�h�e�m�e� �i�s� �w�e�l�l� �s�u�i�t�e�d� �t�o� �t�h�e� 

�o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �v�i�e�w� �o�f� �s�y�s�t�e�m�s�.� �F�r�a�m�e�s� �r�e�p�r�e�s�e�n�t� �k�n�o�w�l�e�d�g�e� �i�n� �t�h�e� �f�o�r�m� �o�f� �d�a�t�a� 

�s�t�r�u�c�t�u�r�e�s� �c�o�n�t�a�i�n�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �a� �s�i�t�u�a�t�i�o�n� �o�r� �o�b�j�e�c�t�.� �A�t�t�a�c�h�e�d� �t�o� �e�a�c�h� 

�f�r�a�m�e� �i�s� �a� �q�u�a�n�t�u�m� �o�f� �k�n�o�w�l�e�d�g�e� �a�b�o�u�t� �t�h�e� �s�i�t�u�a�t�i�o�n� �o�r� �o�b�j�e�c�t�.� �F�r�a�m�e�s� �c�a�n� �b�e� 

�d�e�s�i�g�n�e�d� �a�r�o�u�n�d� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�c�h�e�m�e� �w�h�e�r�e� �e�a�c�h� �f�r�a�m�e� �r�e�p�r�e�s�e�n�t�s� �a�n� �o�b�j�e�c�t�.� 

�T�h�e�y� �c�a�n� �a�l�s�o� �b�e� �c�o�m�b�i�n�e�d� �i�n�t�o� �a� �s�e�m�a�n�t�i�c� �n�e�t�w�o�r�k� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �w�h�e�r�e� �e�a�c�h� 

�n�o�d�e� �i�s� �a� �f�r�a�m�e�.� �A�n�o�t�h�e�r� �w�a�y� �i�n� �w�h�i�c�h� �k�n�o�w�l�e�d�g�e� �c�a�n� �b�e� �s�t�o�r�e�d� �i�s� �i�n� �t�h�e� �f�o�r�m� �o�f� 

�p�r�o�d�u�c�t�i�o�n� �r�u�l�e�s� �a�s� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �p�r�o�d�u�c�t�i�o�n� �s�y�s�t�e�m�s�.� �T�h�e�s�e� �r�u�l�e�s� �o�f�t�e�n� �t�a�k�e� 

�t�h�e� �f�o�r�m� �o�f� �a� �r�e�w�r�i�t�i�n�g� �r�u�l�e� �s�u�c�h� �a�s� �A�  �� �B�C� �w�h�i�c�h� �m�e�a�n�s�  ��g�i�v�e�n� �A�,� �r�e�w�r�i�t�e� �A� 

�a�s� �B�C�. �� �T�h�e�s�e� �r�u�l�e�s� �c�a�n� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �c�o�m�p�u�t�e�r� �p�r�o�g�r�a�m�s� �i�n� �t�h�e� �f�o�r�m� �o�f� �a�n� 

�I�F�-�T�H�E�N� �s�t�a�t�e�m�e�n�t�.� �F�i�r�s�t�-�o�r�d�e�r� �l�o�g�i�c� �r�e�p�r�e�s�e�n�t� �k�n�o�w�l�e�d�g�e� �i�n� �t�e�r�m�s� �o�f� �p�r�e�d�i�c�a�t�e�s�.� 

�A� �p�r�e�d�i�c�a�t�e� �i�s� �a� �f�u�n�c�t�i�o�n� �t�h�a�t� �r�e�t�u�r�n�s� �a� �t�r�u�e� �o�r� �f�a�l�s�e� �v�a�l�u�e� �a�n�d� �i�s� �b�a�s�i�c�a�l�l�y� �u�s�e�d� 
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�t�o� �d�e�s�c�r�i�b�e� �s�o�m�e� �p�r�o�p�e�r�t�y� �o�f� �a�n� �o�b�j�e�c�t�.� �F�i�r�s�t�-�o�r�d�e�r� �l�o�g�i�c�,� �h�o�w�e�v�e�r�,� �s�u�f�f�e�r�s� �f�r�o�m� 

�t�h�e� �f�a�c�t� �t�h�a�t� �i�t� �c�a�n�n�o�t� �r�e�p�r�e�s�e�n�t� �i�m�p�r�e�c�i�s�e� �o�r� �f�u�z�z�y� �k�n�o�w�l�e�d�g�e�.� �W�i�t�h� �t�h�e� �i�n�c�r�e�a�s�-� 

�i�n�g� �c�o�m�p�l�e�x�i�t�y� �o�f� �i�n�s�p�e�c�t�i�o�n� �t�a�s�k�s� �b�e�i�n�g� �p�e�r�f�o�r�m�e�d� �s�y�s�t�e�m�s� �t�h�a�t� �i�n�c�o�r�p�o�r�a�t�e� �s�o�m�e� 

�f�o�r�m� �o�f� �k�n�o�w�l�e�d�g�e� �b�a�s�e� �a�r�e� �b�e�c�o�m�i�n�g� �n�e�c�e�s�s�a�r�y�.� 

�2�.�5� �E�x�i�s�t�i�n�g� �C�o�m�p�u�t�e�r� �a�n�d� �M�a�c�h�i�n�e� �V�i�s�i�o�n� �S�y�s�t�e�m�s� 

�D�e�s�i�g�n�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �q�u�i�t�e� �a� �c�o�m�p�l�e�x� �t�a�s�k�.� 

�T�o� �p�r�o�v�i�d�e� �g�r�e�a�t�e�r� �i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �d�e�s�i�g�n� �p�r�o�c�e�s�s� �t�h�i�s� �s�e�c�t�i�o�n� �w�i�l�l� 

�d�i�s�c�u�s�s� �s�o�m�e� �e�x�i�s�t�i�n�g� �c�o�m�p�u�t�e�r� �a�n�d� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� �T�h�e� �s�y�s�t�e�m�s� �t�o� �b�e� 

�d�i�s�c�u�s�s�e�d� �c�o�v�e�r� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �a�p�p�l�i�c�a�t�i�o�n�s� �s�u�c�h� �a�s� �i�n�d�u�s�t�r�i�a�l� �i�n�s�p�e�c�t�i�o�n�,� �a�u�-� 

�t�o�n�o�m�o�u�s� �v�e�h�i�c�l�e� �n�a�v�i�g�a�t�i�o�n�,� �m�e�d�i�c�a�l� �i�m�a�g�e� �a�n�a�l�y�s�i�s�,� �a�e�r�i�a�l� �i�m�a�g�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�,� 

�a�n�d� �h�a�r�d�w�o�o�d� �l�u�m�b�e�r� �i�n�s�p�e�c�t�i�o�n�.� �W�h�i�l�e� �s�o�m�e� �o�f� �t�h�e�s�e� �s�y�s�t�e�m�s� �a�r�e� �f�u�l�l�y� �i�n�t�e�g�r�a�t�e�d� 

�h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m�s�,� �m�a�n�y� �c�o�n�c�e�n�t�r�a�t�e� �o�n� �t�h�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �a�s�p�e�c�t�,� 

�d�e�e�m�p�h�a�z�i�n�g� �t�h�e� �h�a�r�d�w�a�r�e� �a�s�p�e�c�t�s� �s�u�c�h� �a�s� �t�h�e� �i�m�a�g�e� �a�c�q�u�i�s�i�t�i�o�n� �m�e�t�h�o�d�o�l�o�g�y�.� 

�T�h�o�s�e� �t�h�a�t� �a�r�e� �p�u�r�e�l�y� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �a�r�e� �u�s�u�a�l�l�y� �n�o�n�-�r�e�a�l� �t�i�m�e� �s�y�s�t�e�m�s�.� 

�T�h�e�y� �a�t�t�e�m�p�t� �t�o� �b�e� �m�o�r�e� �r�o�b�u�s�t� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �k�n�o�w�l�e�d�g�e�-�b�a�s�e�d� �m�e�t�h�o�d�s�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �g�o�a�l�s� �i�n� �s�t�u�d�y�i�n�g� �t�h�e�s�e� �c�o�m�p�u�t�e�r� �a�n�d� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� 

�T�h�e� �f�i�r�s�t� �g�o�a�l� �i�s� �t�o� �s�h�o�w� �t�h�a�t� �w�h�i�l�e� �m�o�s�t� �e�x�i�s�t�i�n�g� �i�n�d�u�s�t�r�i�a�l� �i�n�s�p�e�c�t�i�o�n� �s�y�s�t�e�m�s� 

�a�r�e� �s�p�e�c�i�a�l�i�z�e�d� �i�n� �n�a�t�u�r�e�,� �a�n�d� �n�o�t� �w�e�l�l� �s�u�i�t�e�d� �t�o� �c�o�m�p�l�e�x� �t�a�s�k�s� �o�r� �c�h�a�n�g�e�s� �i�n� �r�e�-� 

�q�u�i�r�e�m�e�n�t�s� �i�n� �t�h�e�s�e� �t�a�s�k�s�,� �t�h�e�r�e� �i�s� �a� �t�r�e�n�d� �t�o�w�a�r�d�s� �i�n�c�o�r�p�o�r�a�t�i�n�g� �k�n�o�w�l�e�d�g�e�-�b�a�s�e�d� 

�m�e�t�h�o�d�s� �i�n� �t�h�e�s�e� �s�y�s�t�e�m�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e�i�r� �r�o�b�u�s�t�n�e�s�s�.� �T�h�e�s�e� �s�y�s�t�e�m�s�,� �h�o�w�e�v�e�r�,� 

�d�o� �n�o�t� �i�n�c�o�r�p�o�r�a�t�e� �v�e�r�y� �s�o�p�h�i�s�t�i�c�a�t�e�d� �k�n�o�w�l�e�d�g�e�-�b�a�s�e�d� �m�e�t�h�o�d�s�.� �A�s� �s�u�c�h�,� �a� �c�o�n�-� 

�s�i�d�e�r�a�t�i�o�n� �o�f� �c�o�m�p�u�t�e�r� �a�n�d� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �i�n� �o�t�h�e�r� �a�r�e�a�s� �o�f� �a�p�p�l�i�c�a�t�i�o�n� 

�a�r�e� �c�o�n�s�i�d�e�r�e�d�.� �T�h�e� �i�n�t�e�n�t� �i�s� �t�o� �s�h�o�w� �t�h�a�t� �k�n�o�w�l�e�d�g�e�-�b�a�s�e�d� �m�e�t�h�o�d�s� �c�a�n� �b�e� �f�o�u�n�d� 

�4�3



�i�n� �m�a�n�y� �a�r�e�a�s� �o�f� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �c�o�m�p�u�t�e�r� �a�n�d� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� �T�h�i�s� �b�e�i�n�g� 

�t�h�e� �c�a�s�e�,� �i�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�h�a�t� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �i�s� �a�b�l�e� �t�o� �s�u�p�p�o�r�t� �t�h�e� 

�d�e�s�i�g�n� �o�f� �k�n�o�w�l�e�d�g�e�-�b�a�s�e�d� �s�y�s�t�e�m�s�.� 

�T�h�e� �s�e�c�o�n�d� �g�o�a�l� �i�s� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t�,� �i�n� �s�p�i�t�e� �o�f� �t�h�e� �l�a�r�g�e� �s�e�l�e�c�t�i�o�n� �o�f� 

�a�v�a�i�l�a�b�l�e� �m�e�t�h�o�d�o�l�o�g�i�e�s�,� �t�h�e�s�e� �c�o�m�p�u�t�e�r� �a�n�d� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �h�a�v�e� �m�a�n�y� 

�c�o�m�m�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�.� �T�h�e�s�e� �c�o�m�m�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�r�e� �t�h�e� �o�n�e�s� �a�s�s�o�c�i�a�t�e�d� 

�w�i�t�h� �t�h�e� �d�i�f�f�e�r�e�n�t� �a�s�p�e�c�t�s� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n�s� 

�2�.�3� �a�n�d� �2�.�4�.� �K�n�o�w�l�e�d�g�e� �o�f� �t�h�e�s�e� �c�o�m�m�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �i�s� �u�s�e�f�u�l� �i�n� �d�e�s�i�g�n�i�n�g� �t�h�e� 

�m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �a�s� �i�t� �p�r�o�v�i�d�e�s� �a� �g�e�n�e�r�a�l� �f�r�a�m�e�w�o�r�k� �o�n� �w�h�i�c�h� �t�o� �d�e�v�e�l�o�p� 

�t�h�e� �p�r�o�t�o�t�y�p�e�r�.� 

�2�.�5�.�1� �I�n�d�u�s�t�r�i�a�l� �I�n�s�p�e�c�t�i�o�n� �S�y�s�t�e�m�s� 

�T�h�e�r�e� �h�a�v�e� �b�e�e�n� �a� �g�r�e�a�t� �n�u�m�b�e�r� �o�f� �a�u�t�o�m�a�t�e�d� �v�i�s�u�a�l� �i�n�s�p�e�c�t�i�o�n� �s�y�s�t�e�m�s� �d�e�-� 

�s�i�g�n�e�d� �i�n� �t�h�e� �p�a�s�t� �t�w�e�n�t�y� �y�e�a�r�s� �(�C�h�i�n� �(�1�9�8�2�)�,� �C�h�i�n� �(�1�9�8�8�)�)� �t�h�a�t� �p�e�r�f�o�r�m� �s�u�c�h� �t�a�s�k�s� 

�a�s� �t�h�e� �i�n�s�p�e�c�t�i�o�n� �o�f� �p�r�i�n�t�e�d� �c�i�r�c�u�i�t� �b�o�a�r�d�s� �(�B�e�n�h�a�b�i�b� �(�1�9�9�0�)�)� �t�o� �t�h�e� �d�e�t�e�c�t�i�o�n� �o�f� 

�s�u�r�f�a�c�e� �d�e�f�e�c�t�s� �i�n� �w�o�o�d� �s�u�r�f�a�c�e�s� �(�C�o�n�n�e�r�s� �(�1�9�8�9�a�)�)�,� �c�a�s�t� �m�e�t�a�l�s� �(�O�k�a�w�a� �(�1�9�8�4�)�)�,� 

�a�n�d� �a�p�p�l�e�s� �(�R�e�h�k�u�g�l�e�r� �(�1�9�8�6�)�)�.� �T�h�e� �g�o�a�l� �o�f� �a�u�t�o�m�a�t�i�c� �i�n�s�p�e�c�t�i�o�n� �s�y�s�t�e�m�s� �i�s� �t�o� 

�l�o�c�a�t�e� �a�n�d� �i�d�e�n�t�i�f�y� �o�b�j�e�c�t�s� �w�i�t�h�i�n� �i�m�a�g�e� �d�a�t�a�.� �O�n�c�e� �t�h�e�s�e� �o�b�j�e�c�t�s� �a�r�e� �d�e�t�e�c�t�e�d�,� 

�f�u�n�c�t�i�o�n�s� �s�u�c�h� �a�s� �s�o�r�t�i�n�g� �o�r� �d�e�t�e�c�t�i�o�n� �o�f� �a�n�o�m�a�l�i�e�s� �w�i�t�h�i�n� �t�h�e� �o�b�j�e�c�t�s�,� �a�r�e� �p�e�r�-� 

�f�o�r�m�e�d�.� �O�n�e� �p�l�a�c�e� �o�b�j�e�c�t� �s�p�e�c�i�f�i�c� �k�n�o�w�l�e�d�g�e� �i�s� �u�s�e�d� �i�s� �i�n� �t�h�e� �o�b�j�e�c�t� �m�o�d�e�l�s� �u�s�e�d� 

�b�y� �a� �m�a�t�c�h�i�n�g� �p�r�o�c�e�s�s� �d�u�r�i�n�g� �o�b�j�e�c�t� �i�d�e�n�t�i�f�i�c�a�t�i�o�n�.� �A�n�o�t�h�e�r� �w�a�y� �o�b�j�e�c�t� �s�p�e�c�i�f�i�c� 

�k�n�o�w�l�e�d�g�e� �i�s� �u�s�e�d� �i�s� �i�n� �t�h�e� �d�i�r�e�c�t� �d�e�t�e�c�t�i�o�n� �o�f� �d�e�f�e�c�t�s� �b�y� �s�u�b�t�r�a�c�t�i�o�n� �w�h�e�r�e� �a� �s�u�s�-� 

�p�e�c�t� �i�m�a�g�e� �i�s� �s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �a� �p�e�r�f�e�c�t� �i�m�a�g�e� �(�C�h�i�n� �(�1�9�8�6�)�)�.� �M�o�s�t� �a�u�t�o�m�a�t�i�c� 

�i�n�s�p�e�c�t�i�o�n� �s�y�s�t�e�m�s� �a�r�e� �d�e�s�i�g�n�e�d� �f�o�r� �o�p�e�r�a�t�i�o�n� �i�n� �w�e�l�l�-�c�o�n�t�r�o�l�l�e�d� �e�n�v�i�r�o�n�m�e�n�t�s� �w�i�t�h� 
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�s�i�m�p�l�e� �t�a�s�k�s� �t�o� �p�e�r�f�o�r�m�.� �T�h�e�y� �a�r�e� �u�s�u�a�l�l�y� �h�i�g�h�-�s�p�e�e�d�,� �s�p�e�c�i�a�l�-�p�u�r�p�o�s�e� �s�y�s�t�e�m�s� 

�w�h�i�c�h� �a�r�e� �s�p�e�c�i�a�l�l�y� �d�e�s�i�g�n�e�d� �t�o� �p�e�r�f�o�r�m� �a� �s�p�e�c�i�f�i�c� �i�n�s�p�e�c�t�i�o�n� �t�a�s�k� �(�C�h�i�n� �(�1�9�8�8�)�)�.� 

�T�h�e�y� �t�y�p�i�c�a�l�l�y� �r�e�p�r�e�s�e�n�t� �a�d� �h�o�c� �a�p�p�r�o�a�c�h�e�s� �t�o� �t�h�e� �s�o�l�u�t�i�o�n� �o�f� �a� �s�i�n�g�l�e�,� �v�e�r�y� �s�p�e�c�i�f�i�c�,� 

�p�r�o�b�l�e�m� �(�C�h�i�n� �(�1�9�8�6�)�.� 

�A�s� �w�a�s� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �1�,� �f�l�e�x�i�b�i�l�i�t�y� �a�n�d� �r�o�b�u�s�t�n�e�s�s� �a�r�e� �i�m�p�o�r�t�a�n�t� �r�e�-� 

�q�u�i�r�e�m�e�n�t�s� �f�o�r� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �(�C�h�i�n� �(�1�9�8�6�)�)�.� �T�h�e�r�e� �h�a�v�e� �b�e�e�n� �r�e�c�e�n�t� �a�t�t�e�m�p�t�s� �t�o� 

�i�m�p�r�o�v�e� �t�h�e� �r�o�b�u�s�t�n�e�s�s� �o�f� �a�u�t�o�m�a�t�i�c� �i�n�s�p�e�c�t�i�o�n� �s�y�s�t�e�m�s� �t�h�r�o�u�g�h� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� 

�o�f� �r�u�l�e�-�b�a�s�e�d� �s�y�s�t�e�m�s� �i�n� �t�h�e� �i�n�s�p�e�c�t�i�o�n� �p�r�o�c�e�s�s�.� �B�a�r�t�l�e�t�t� �e�t� �a�l�.� �(�1�9�8�8�)� �a�n�d� �D�a�r�w�i�s�h� 

�e�t� �a�l�.� �(�1�9�8�8�)� �f�o�r� �e�x�a�m�p�l�e�,� �a�p�p�l�y� �t�h�e� �u�s�e� �o�f� �r�u�l�e�-�b�a�s�e� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �t�o� �p�r�i�n�t�e�d�-� 

�c�i�r�c�u�i�t�-�b�o�a�r�d� �i�n�s�p�e�c�t�i�o�n�.� �O�n�e� �s�y�s�t�e�m� �(�B�a�r�t�l�e�t�t� �(�1�9�8�8�)�)� �i�s� �a� �s�i�m�p�l�e� �r�u�l�e�-�b�a�s�e�d� �s�y�s�-� 

�t�e�m� �t�h�a�t� �i�s� �s�t�i�l�l� �i�n� �d�e�v�e�l�o�p�m�e�n�t�a�l� �p�h�a�s�e�.� �I�n� �t�h�e�i�r� �a�p�p�r�o�a�c�h�,� �a� �m�a�n�u�a�l� �r�e�g�i�s�t�r�a�t�i�o�n� �o�f� 

�s�o�l�d�e�r�-�j�o�i�n�t� �i�m�a�g�e�s� �i�s� �p�e�r�f�o�r�m�e�d� �a�n�d� �p�e�r�f�e�c�t� �r�e�g�i�s�t�r�a�t�i�o�n� �i�s� �a�s�s�u�m�e�d�.� �F�e�a�t�u�r�e�s� �a�r�e� 

�e�x�t�r�a�c�t�e�d� �f�r�o�m� �a� �s�u�b�i�m�a�g�e� �a�n�d� �d�e�f�e�c�t� �d�e�t�e�c�t�i�o�n� �i�s� �p�e�r�f�o�r�m�e�d� �b�y� �t�w�o� �a�p�p�r�o�a�c�h�e�s�,� 

�a� �s�t�a�t�i�s�t�i�c�a�l� �p�a�t�t�e�r�n� �r�e�c�o�g�n�i�t�i�o�n� �a�p�p�r�o�a�c�h�,� �a�n�d� �a�n� �e�x�p�e�r�t� �s�y�s�t�e�m�s� �a�p�p�r�o�a�c�h�.� �T�h�i�s� 

�c�a�n� �h�a�r�d�l�y� �b�e� �c�o�n�s�i�d�e�r�e�d� �a� �f�u�l�l�y� �a�u�t�o�m�a�t�i�c� �s�y�s�t�e�m� �d�u�e� �t�o� �t�h�e� �m�a�n�u�a�l� �r�e�g�i�s�t�r�a�t�i�o�n� 

�o�f� �i�m�a�g�e�s� �t�h�a�t� �i�s� �r�e�q�u�i�r�e�d�.� �A�n�o�t�h�e�r� �s�y�s�t�e�m� �(�D�a�r�w�i�s�h� �(�1�9�8�8�)�)�,� �u�s�e�s� �a� �r�u�l�e�-�b�a�s�e�d� 

�s�y�s�t�e�m� �i�n� �w�h�i�c�h� �k�n�o�w�l�e�d�g�e� �i�s� �s�t�o�r�e�d� �i�n� �a� �f�o�r�m� �b�a�s�e�d� �o�n� �s�e�m�a�n�t�i�c� �n�e�t�w�o�r�k�s� �a�n�d� 

�f�r�a�m�e�s�.� �T�h�e�i�r� �a�p�p�r�o�a�c�h� �c�o�n�s�i�s�t�s� �o�f� �b�i�n�a�r�y� �t�h�r�e�s�h�o�l�d�i�n�g�,� �c�o�n�v�e�r�s�i�o�n� �o�f� �t�h�e� �b�i�n�a�r�y� 

�i�m�a�g�e� �i�n�t�o� �a� �l�i�n�e� �d�r�a�w�i�n�g�,� �a�n�d� �a� �s�e�m�a�n�t�i�c� �n�e�t�w�o�r�k� �c�o�n�s�t�r�u�c�t�e�d� �f�r�o�m� �t�h�e� �l�i�n�e� �d�r�a�w�-� 

�i�n�g�.� �T�h�i�s� �s�e�m�a�n�t�i�c� �n�e�t�w�o�r�k� �i�s� �t�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �a� �s�t�o�r�e�d� �m�o�d�e�l� �b�y� �a� �r�u�l�e�-�b�a�s�e�d� 

�s�y�s�t�e�m� �t�o� �d�e�t�e�c�t� �d�e�f�e�c�t�s�.� �O�n�e� �o�f� �i�t�s� �w�e�a�k�n�e�s�s�e�s� �i�s� �t�h�a�t� �b�i�n�a�r�y� �t�h�r�e�s�h�o�l�d�i�n�g� �i�s� �u�s�e�d� 

�i�n� �i�t�s� �s�e�g�m�e�n�t�a�t�i�o�n�,� �a� �w�e�a�k�n�e�s�s� �t�h�a�t� �i�s� �c�o�m�m�o�n� �t�o� �m�a�n�y� �i�n�d�u�s�t�r�i�a�l� �i�n�s�p�e�c�t�i�o�n� �s�y�s�-� 

�t�e�m�s� �(�C�h�i�n� �(�1�9�8�6�)�)�.� �A�n�o�t�h�e�r� �e�x�a�m�p�l�e� �o�f� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �a� �r�u�l�e�-�b�a�s�e�d� �s�y�s�t�e�m� 

�i�n�t�o� �a�n� �i�n�d�u�s�t�r�i�a�l� �i�n�s�p�e�c�t�i�o�n� �i�s� �t�h�e� �a�u�t�o�m�a�t�e�d� �i�n�s�p�e�c�t�i�o�n� �o�f� �t�h�i�n� �f�i�l�m� �d�i�s�k� �h�e�a�d�s� �r�e�-� 

�p�o�r�t�e�d� �b�y� �S�a�n�z� �a�n�d� �P�e�t�k�o�v�i�c� �(�1�9�8�8�)�.� �I�n� �t�h�i�s� �s�y�s�t�e�m�,� �i�m�a�g�e�s� �o�f� �t�h�i�n�-�f�i�l�m� �d�i�s�k� �h�e�a�d�s� 
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�a�r�e� �f�i�r�s�t� �s�e�g�m�e�n�t�e�d� �b�y� �h�i�s�t�o�g�r�a�m� �b�a�s�e�d� �t�h�r�e�s�h�o�l�d�i�n�g�,� �f�o�l�l�o�w�e�d� �b�y� �a� �c�o�n�n�e�c�t�e�d� �c�o�m�-� 

�p�o�n�e�n�t� �l�a�b�e�l�i�n�g� �a�n�d� �f�e�a�t�u�r�e� �e�x�t�r�a�c�t�i�o�n�.� �F�i�n�a�l�l�y�,� �a� �r�u�l�e�-�b�a�s�e�d� �s�y�s�t�e�m� �i�s� �u�s�e�d� �t�o� 

�i�d�e�n�t�i�f�y� �d�e�f�e�c�t�s� �b�a�s�e�d� �o�n� �t�h�e�s�e� �f�e�a�t�u�r�e�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �e�x�t�r�a�c�t�e�d�.� 

�T�h�e� �c�o�m�m�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �a�l�l� �t�h�r�e�e� �s�y�s�t�e�m�s� �a�r�e�:� 

�1�)� �I�m�a�g�e� �a�c�q�u�i�s�i�t�i�o�n� �i�s� �f�i�r�s�t� �p�e�r�f�o�r�m�e�d�.� 

�2�)� �S�e�g�m�e�n�t�a�t�i�o�n� �a�n�d� �f�e�a�t�u�r�e� �e�x�t�r�a�c�t�i�o�n� �f�o�l�l�o�w�s� �i�m�a�g�e� �a�c�q�u�i�s�i�t�i�o�n�.� 

�3�)� �A� �h�i�g�h�-�l�e�v�e�l� �k�n�o�w�l�e�d�g�e� �b�a�s�e�d� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m� �i�s� �u�s�e�d� �t�o� �d�e�t�e�c�t� �d�e�f�e�c�t�s� 

�b�a�s�e�d� �o�n� �t�h�e� �s�e�g�m�e�n�t�a�t�i�o�n� �a�n�d� �f�e�a�t�u�r�e�s� �e�x�t�r�a�c�t�e�d�.� 

�A�l�l� �t�h�r�e�e� �s�y�s�t�e�m�s�,� �h�o�w�e�v�e�r�,� �a�r�e� �s�t�i�l�l� �a�p�p�l�i�c�a�t�i�o�n� �s�p�e�c�i�f�i�c� �a�n�d� �a�r�e� �t�h�e�r�e�f�o�r�e� �n�o�t� �f�l�e�x�-� 

�i�b�l�e�.� 

�I�t� �w�o�u�l�d� �s�e�e�m� �t�h�a�t� �t�h�e� �t�r�e�n�d� �i�s� �t�o� �u�s�e� �k�n�o�w�l�e�d�g�e� �b�a�s�e�d� �i�n�t�e�l�l�i�g�e�n�t� �a�u�t�o�m�a�t�i�c� 

�i�n�s�p�e�c�t�i�o�n� �t�o� �s�o�l�v�e� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�s�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �i�n�c�o�r�p�o�r�a�t�i�n�g� �i�n�t�e�l�l�i�g�e�n�c�e� 

�i�s� �t�o� �p�r�o�v�i�d�e� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �a�n�d� �r�o�b�u�s�t�n�e�s�s� �f�o�r� �s�o�l�v�i�n�g� �c�o�m�p�l�e�x� �p�r�o�b�l�e�m�s� �e�n�c�o�u�n�-� 

�t�e�r�e�d� �i�n� �i�n�s�p�e�c�t�i�o�n� �t�a�s�k�s�.� �T�h�e� �u�s�e� �o�f� �k�n�o�w�l�e�d�g�e� �b�a�s�e�d� �m�e�t�h�o�d�s�,� �h�o�w�e�v�e�r�,� �i�s� �n�o�t� 

�l�i�m�i�t�e�d� �t�o� �t�h�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m� �i�n� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� �F�o�r� �e�x�a�m�p�l�e�,� 

�i�n� �o�n�e� �p�r�i�n�t�e�d� �c�i�r�c�u�i�t� �b�o�a�r�d� �i�n�s�p�e�c�t�i�o�n� �s�y�s�t�e�m� �(�B�e�n�h�a�b�i�b� �(�1�9�9�0�)�)�,� �a�n� �a�d�a�p�t�i�v�e� �i�l�-� 

�l�u�m�i�n�a�t�i�o�n� �s�y�s�t�e�m� �i�s� �e�m�p�l�o�y�e�d�.� �T�h�i�s� �s�y�s�t�e�m� �i�s� �a�b�l�e� �t�o� �a�u�t�o�m�a�t�i�c�a�l�l�y� �c�h�a�n�g�e� �t�h�e� 

�i�n�t�e�n�s�i�t�y� �o�f� �i�t�s� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s�,� �f�o�r� �e�x�a�m�p�l�e�,� �t�o� �s�u�i�t� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �p�r�i�n�t�e�d� 

�c�i�r�c�u�i�t� �b�o�a�r�d�s�.� 

�2�.�5�.�2� �A�u�t�o�n�o�m�o�u�s� �V�e�h�i�c�l�e� �N�a�v�i�g�a�t�i�o�n� 

�M�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �f�o�r� �t�h�e� �n�a�v�i�g�a�t�i�o�n� �o�f� �a�u�t�o�n�o�m�o�u�s� �v�e�h�i�c�l�e�s� �a�r�e� �f�i�n�e� 

�e�x�a�m�p�l�e�s� �o�f� �t�h�e� �c�o�m�p�l�e�t�e� �i�n�t�e�g�r�a�t�i�o�n� �o�f� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m�s�.� �T�w�o� �o�f� 
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�t�h�e�s�e� �s�y�s�t�e�m�s� �h�a�v�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �r�e�l�e�v�a�n�t� �t�o� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 

�p�r�o�t�o�t�y�p�e�r�.� �D�i�c�k�i�n�s�o�n� �a�n�d� �D�a�v�i�s� �(�1�9�8�8�)� �d�e�s�c�r�i�b�e� �a�n� �e�x�p�e�r�t� �v�i�s�i�o�n� �s�y�s�t�e�m� �f�o�r� �A�u�-� 

�t�o�n�o�m�o�u�s� �L�a�n�d� �V�e�h�i�c�l�e� �(�A�L�V�)� �r�o�a�d� �f�o�l�l�o�w�i�n�g�.� �T�h�e� �s�y�s�t�e�m� �u�s�e�s� �a� �t�o�p�-�d�o�w�n� �o�b�j�e�c�t� 

�h�y�p�o�t�h�e�s�i�s� �g�e�n�e�r�a�t�i�o�n� �a�n�d� �b�o�t�t�o�m�-�u�p� �o�b�j�e�c�t� �h�y�p�o�t�h�e�s�i�s� �v�e�r�i�f�i�c�a�t�i�o�n� �m�e�t�h�o�d�o�l�o�g�y� 

�i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �t�h�e� �h�y�p�o�t�h�e�s�i�z�e�-�a�n�d�-�t�e�s�t� �p�a�r�a�d�i�g�m�.� �I�n�i�t�i�a�l�l�y� �a� �s�c�e�n�e� �m�o�d�e�l� �i�s� 

�b�u�i�l�t� �f�r�o�m� �i�m�a�g�e�s� �a�c�q�u�i�r�e�d� �f�r�o�m� �a� �c�a�m�e�r�a�.� �T�h�i�s� �i�s� �d�o�n�e� �b�y� �a� �s�u�b�s�y�s�t�e�m� �c�a�l�l�e�d� 

�t�h�e� �P�l�a�n�n�e�r� �w�h�i�c�h� �g�e�n�e�r�a�t�e�s� �o�b�j�e�c�t� �h�y�p�o�t�h�e�s�e�s� �w�i�t�h� �t�h�e� �h�e�l�p� �o�f� �a� �r�o�a�d� �m�a�p� �a�n�d� 

�s�e�n�d�s� �t�h�e�s�e� �h�y�p�o�t�h�e�s�e�s� �t�o� �a�n�o�t�h�e�r� �s�u�b�s�y�s�t�e�m� �c�a�l�l�e�d� �t�h�e� �V�e�r�i�f�i�e�r� �w�h�i�c�h� �t�h�e�n� �r�e�-� 

�t�u�r�n�s� �v�e�r�i�f�i�e�d� �o�b�j�e�c�t�s� �t�o� �t�h�e� �P�l�a�n�n�e�r�.� �O�b�j�e�c�t�s� �(�s�u�c�h� �a�s� �r�o�a�d�s� �a�n�d� �t�e�l�e�p�h�o�n�e� �p�o�l�e�s�)� 

�a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �n�e�t�w�o�r�k�s� �o�f� �f�r�a�m�e�s� �c�o�n�s�t�r�u�c�t�e�d� �b�y� �a� �m�o�d�u�l�a�r� �s�y�s�t�e�m� �o�f� �c�o�m�-� 

�m�u�n�i�c�a�t�i�n�g� �b�l�a�c�k�b�o�a�r�d�s�.� �E�a�c�h� �b�l�a�c�k�b�o�a�r�d�,� �i�m�p�l�e�m�e�n�t�e�d� �b�y� �a� �p�r�o�d�u�c�t�i�o�n� �s�y�s�t�e�m�,� 

�c�o�n�t�r�o�l�s� �t�h�e� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �s�i�n�g�l�e� �o�b�j�e�c�t� �c�l�a�s�s�.� �B�a�s�e�d� �o�n� �t�h�e� �s�c�e�n�e� �m�o�d�e�l� �t�h�e� �A�L�V� 

�p�l�a�n�s� �a� �c�o�u�r�s�e� �a�n�d� �m�o�v�e�s� �t�h�r�o�u�g�h� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �f�o�l�l�o�w�i�n�g� �t�h�e� �c�o�u�r�s�e� �p�l�a�n�.� �T�h�i�s� 

�s�y�s�t�e�m� �d�e�m�o�n�s�t�r�a�t�e�s� �t�h�e� �u�t�i�l�i�t�y� �o�f� �a� �m�i�x�e�d� �t�o�p�-�d�o�w�n� �a�n�d� �b�o�t�t�o�m�-�u�p� �c�o�n�t�r�o�l� �s�t�r�a�t�-� 

�e�g�y� �i�n� �a� �s�c�e�n�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �s�y�s�t�e�m� �w�i�t�h� �a�l�l� �t�h�e� �a�d�v�a�n�t�a�g�e�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� 

�2�.�4�.�2�.� �T�h�e� �s�y�s�t�e�m� �i�s� �s�t�i�l�l� �b�e�i�n�g� �i�m�p�r�o�v�e�d� �u�p�o�n� �a�n�d� �t�h�e� �a�u�t�h�o�r�s� �d�o� �n�o�t� �p�r�o�v�i�d�e� �a�n�y� 

�i�n�f�o�r�m�a�t�i�o�n� �a�s� �t�o� �t�h�e� �s�p�e�e�d�s� �w�i�t�h� �w�h�i�c�h� �t�h�e�i�r� �A�L�V� �c�a�n� �m�o�v�e�.� 

�V�I�T�S� �(�T�u�r�k� �(�1�9�8�8�)�)� �b�u�i�l�d�s� �s�y�m�b�o�l�i�c� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �o�b�j�e�c�t�s� �i�n� �t�h�e� �e�n�v�i�r�o�n�-� 

�m�e�n�t� �u�s�i�n�g� �b�o�t�h� �v�i�d�e�o� �a�n�d� �r�a�n�g�e� �s�e�n�s�o�r�s�.� �T�h�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �b�a�s�i�c�a�l�l�y� �o�p�e�r�a�t�e�s� �i�n� 

�a� �b�o�t�t�o�m�-�u�p� �m�a�n�n�e�r� �w�i�t�h� �s�o�m�e� �a�s�p�e�c�t�s� �o�f� �t�h�e� �v�i�s�i�o�n� �p�r�o�c�e�s�s� �b�e�i�n�g� �t�o�p�-�d�o�w�n� �i�n� 

�n�a�t�u�r�e�.� �T�h�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �f�i�r�s�t� �p�e�r�f�o�r�m�s� �a� �s�e�g�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �s�c�e�n�e�.� �C�o�l�o�r� �i�m�-� 

�a�g�e�s� �a�r�e� �s�e�g�m�e�n�t�e�d� �u�s�i�n�g� �b�a�s�e�d� �o�n� �c�l�u�s�t�e�r�s� �f�o�r�m�e�d� �i�n� �a� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �h�i�s�t�o�g�r�a�m� 

�c�o�m�p�u�t�e�d� �f�r�o�m� �t�h�e� �r�e�d� �a�n�d� �b�l�u�e� �c�o�l�o�r� �b�a�n�d�s�.� �A� �s�c�e�n�e� �m�o�d�e�l� �i�s� �t�h�e�n� �c�o�n�s�t�r�u�c�t�e�d�.� 

�T�h�e� �s�c�e�n�e� �m�o�d�e�l� �i�s� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �r�o�a�d�.� �T�h�e� �s�c�e�n�e� �m�o�d�e�l� �i�s� �t�h�e�n� 

�s�e�n�t� �t�o� �a� �r�e�a�s�o�n�i�n�g� �s�u�b�s�y�s�t�e�m� �w�h�o�s�e� �j�o�b� �i�t� �i�s� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �s�c�e�n�e� �m�o�d�e�l� �a�n�d� �t�o� 
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�n�a�v�i�g�a�t�e�,� �b�a�s�e�d� �o�n� �a� �p�l�a�n� �s�c�r�i�p�t� �r�e�c�e�i�v�e�d� �f�r�o�m� �a� �h�u�m�a�n� �t�e�s�t� �c�o�n�d�u�c�t�o�r�.� �A�n�o�t�h�e�r� 

�f�u�n�c�t�i�o�n� �o�f� �t�h�e� �r�e�a�s�o�n�i�n�g� �s�u�b�s�y�s�t�e�m� �i�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �a� �v�i�s�u�a�l�l�y� �i�d�e�n�t�i�f�i�a�b�l�e� �f�e�a�t�u�r�e� 

�i�s� �w�i�t�h�i�n� �t�h�e� �f�i�e�l�d� �o�f� �v�i�e�w� �b�a�s�e�d� �o�n� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �s�t�o�r�e�d� �i�n� �a� �k�n�o�w�l�e�d�g�e� �b�a�s�e�.� 

�T�h�e�s�e� �v�i�s�u�a�l� �c�u�e�s�,� �a�r�e� �u�s�e�d� �t�o� �h�e�l�p� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�o�r�m� �o�f� �v�i�s�i�o�n� �p�r�o�c�e�s�s�i�n�g�.� 

�T�h�o�u�g�h� �t�h�e�s�e� �A�L�V� �s�y�s�t�e�m�s� �a�r�e� �a�l�s�o� �a�p�p�l�i�c�a�t�i�o�n� �s�p�e�c�i�f�i�c� �t�h�e�y� �a�g�a�i�n� �d�e�m�o�n�-� 

�s�t�r�a�t�e� �t�h�e� �c�o�m�m�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �a� �c�o�m�p�l�e�t�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �i�n� �t�h�a�t� �1�)� 

�t�h�e�y� �a�r�e� �c�o�m�p�o�s�e�d� �o�f� �a�n� �i�m�a�g�e� �a�c�q�u�i�s�i�t�i�o�n� �s�y�s�t�e�m�,� �a� �l�o�w�-�l�e�v�e�l� �s�e�g�m�e�n�t�a�t�i�o�n� �a�n�d� 

�f�e�a�t�u�r�e� �e�x�t�r�a�c�t�i�o�n� �s�y�s�t�e�m�,� �a�n�d� �a� �h�i�g�h� �l�e�v�e�l� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m�,� �a�n�d� �2�)� �t�h�e�y� 

�e�m�p�l�o�y� �k�n�o�w�l�e�d�g�e� �b�a�s�e�d� �m�e�t�h�o�d�s� �i�n� �t�h�e�i�r� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m�.� 

�2�.�5�.�3� �M�e�d�i�c�a�l� �I�m�a�g�e� �A�n�a�l�y�s�i�s� 

�A� �k�n�o�w�l�e�d�g�e�-�b�a�s�e�d� �s�y�s�t�e�m� �f�o�r� �o�b�t�a�i�n�i�n�g� �a� �c�o�m�p�l�e�t�e� �d�i�a�g�n�o�s�t�i�c� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 

�a�n� �i�m�a�g�e� �s�e�q�u�e�n�c�e� �t�a�k�e�n� �i�n� �n�u�c�l�e�a�r� �m�e�d�i�c�i�n�e� �f�r�o�m� �t�h�e� �h�u�m�a�n� �h�e�a�r�t� �i�s� �d�e�s�c�r�i�b�e�d� 

�b�y� �N�i�e�m�a�n�n� �e�t� �a�l�.� �(�1�9�8�5�)�.� �I�n� �t�h�i�s� �s�y�s�t�e�m�,� �i�m�a�g�e�s� �a�r�e� �f�i�r�s�t� �s�m�o�o�t�h�e�d� �a�n�d� �o�r�g�a�n� 

�c�o�n�t�o�u�r�s� �e�x�t�r�a�c�t�e�d�.� �T�h�e� �r�e�s�u�l�t� �i�s� �u�s�e�d� �a�s� �t�h�e� �i�n�p�u�t� �f�o�r� �h�i�g�h� �l�e�v�e�l� �s�c�e�n�e� �a�n�a�l�y�s�i�s� 

�s�y�s�t�e�m�.� �K�n�o�w�l�e�d�g�e� �i�n� �t�h�e� �f�o�r�m� �o�f� �b�o�t�h� �d�e�c�l�a�r�a�t�i�v�e� �a�n�d� �p�r�o�c�e�d�u�r�a�l� �k�n�o�w�l�e�d�g�e� �i�s� 

�s�t�o�r�e�d� �i�n� �a� �s�e�m�a�n�t�i�c� �n�e�t�w�o�r�k�.� �C�o�n�c�l�u�s�i�o�n�s� �a�r�e� �m�a�d�e� �b�y� �a� �p�r�o�d�u�c�t�i�o�n� �r�u�l�e� �s�y�s�t�e�m�.� 

�T�h�i�s� �i�s� �b�a�s�i�c�a�l�l�y� �a� �b�o�t�t�o�m�-�u�p� �s�y�s�t�e�m�.� 

�A�g�a�i�n�,� �w�e� �n�o�t�i�c�e� �t�h�e� �p�a�r�t�i�t�i�o�n�i�n�g� �o�f� �t�h�e� �s�y�s�t�e�m� �i�n�t�o� �a�n� �i�m�a�g�e� �a�c�q�u�i�s�i�t�i�o�n� 

�s�y�s�t�e�m�,� �a� �l�o�w�-�l�e�v�e�l� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m�,� �a�n�d� �a� �h�i�g�h� �l�e�v�e�l� �k�n�o�w�l�e�d�g�e� �b�a�s�e�d� �s�y�s�t�e�m�.� 

�T�h�i�s� �s�y�s�t�e�m� �i�s�,� �h�o�w�e�v�e�r�,� �a� �n�o�n�-�r�e�a�l� �t�i�m�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m�.� �T�h�e� �i�m�a�g�e� 

�a�c�q�u�i�s�i�t�i�o�n� �s�y�s�t�e�m� �i�s� �n�o�t� �d�i�r�e�c�t�l�y� �c�o�u�p�l�e�d� �t�o� �t�h�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� 
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�2�.�5�.�4� �A�e�r�i�a�l� �I�m�a�g�e� �I�n�t�e�r�p�r�e�t�a�t�i�o�n� 

�T�h�e� �n�e�x�t� �t�h�r�e�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �a�g�a�i�n� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �u�s�e� �o�f� �k�n�o�w�l�-� 

�e�d�g�e� �b�a�s�e�d� �m�e�t�h�o�d�s� �i�n� �t�h�e�i�r� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�u�b�s�y�s�t�e�m�s�.� �T�h�e� �f�i�r�s�t�,� �a� �k�n�o�w�l�e�d�g�e� 

�b�a�s�e�d� �v�i�s�i�o�n� �s�y�s�t�e�m� �f�o�r� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �a�e�r�i�a�l� �i�m�a�g�e�s� �i�s� �r�e�p�o�r�t�e�d� �b�y� �N�a�g�a�o� �a�n�d� �M�a�t�-� 

�s�u�y�a�m�a� �(�1�9�8�0�)�.� �T�h�e� �s�y�s�t�e�m� �b�e�g�i�n�s� �a�n�a�l�y�s�i�s� �b�y� �a�p�p�l�y�i�n�g� �e�d�g�e�-�p�r�e�s�e�r�v�i�n�g� �s�m�o�o�t�h�i�n�g� 

�t�o� �r�e�m�o�v�e� �n�o�i�s�e� �a�n�d� �t�h�e�n� �s�e�g�m�e�n�t�i�n�g� �t�h�e� �i�m�a�g�e� �b�a�s�e�d� �o�n� �m�u�l�t�i�s�p�e�c�t�r�a�l� �p�r�o�p�e�r�t�i�e�s�.� 

�F�o�l�l�o�w�i�n�g� �t�h�i�s�,� �r�e�g�i�o�n�s� �w�i�t�h� �p�r�o�m�i�n�e�n�t� �f�e�a�t�u�r�e�s� �(�c�a�l�l�e�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �r�e�g�i�o�n�s�)� �a�r�e� 

�e�x�t�r�a�c�t�e�d�.� �A� �s�e�t� �o�f� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�s� �a�n�a�l�y�z�e�s� �s�p�e�c�i�f�i�c� �l�o�c�a�l� �a�r�e�a�s� �m�a�d�e� �o�f� 

�s�o�m�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �r�e�g�i�o�n�s� �a�n�d� �c�h�e�c�k�s� �f�o�r� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �s�p�e�c�i�f�i�c� �o�b�j�e�c�t�s�.� �T�h�e� 

�d�e�t�e�c�t�i�o�n� �o�f� �o�b�j�e�c�t�s� �b�y� �t�h�e� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�s� �a�r�e� �p�e�r�f�o�r�m�e�d� �b�y� �b�o�t�h� �d�a�t�a�-� 

�d�r�i�v�e�n� �a�n�d� �m�o�d�e�l�-�d�r�i�v�e�n� �a�n�a�l�y�s�i�s�.� �A�l�l� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �r�e�c�o�g�n�i�z�e�d� �a�n�d� �u�n�r�e�c�o�g�n�i�z�e�d� 

�o�b�j�e�c�t�s�,� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �r�e�g�i�o�n�s� �a�n�d� �t�h�e� �e�l�e�m�e�n�t�a�r�y� �r�e�g�i�o�n�s� �f�r�o�m� �w�h�i�c�h� �t�h�e�s�e� �c�h�a�r�-� 

�a�c�t�e�r�i�s�t�i�c� �r�e�g�i�o�n�s� �a�r�e� �m�a�d�e� �u�p� �o�f�,� �a�r�e� �s�t�o�r�e�d� �i�n� �a� �c�o�m�m�o�n� �d�a�t�a�b�a�s�e� �k�n�o�w�n� �a�s� �a� 

�b�l�a�c�k�b�o�a�r�d�.� �E�a�c�h� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m� �c�h�e�c�k�s� �t�h�e� �b�l�a�c�k�b�o�a�r�d� �f�o�r� �t�h�e�i�r� �a�c�t�i�-� 

�v�a�t�i�o�n� �a�n�d� �e�n�t�e�r�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �a�n�y� �a�n�a�l�y�s�i�s� �t�h�e�y� �p�e�r�f�o�r�m�.� �T�h�e� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� 

�s�y�s�t�e�m�s� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �e�a�c�h� �o�t�h�e�r� �t�h�r�o�u�g�h� �t�h�e� �b�l�a�c�k�b�o�a�r�d�.� �B�i�n�f�o�r�d� �(�1�9�8�2�)� 

�l�i�s�t�s� �s�e�v�e�r�a�l� �w�e�a�k�n�e�s�s�e�s� �w�i�t�h� �t�h�e� �s�y�s�t�e�m�.� �T�h�e� �s�m�o�o�t�h�i�n�g� �o�p�e�r�a�t�i�o�n� �t�e�n�d�s� �t�o� �e�r�o�d�e� 

�t�h�i�n� �l�i�n�e�s� �a�n�d� �s�m�a�l�l� �r�e�g�i�o�n�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �a�s�s�u�m�p�t�i�o�n�s� �m�a�d�e� �i�n� �t�h�e� �i�n�t�e�r�p�r�e�t�a�-� 

�t�i�o�n� �a�r�e� �n�o�t� �g�e�n�e�r�a�l�l�y� �u�s�e�f�u�l�.� �F�o�r� �e�x�a�m�p�l�e�,� �w�a�t�e�r� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �d�a�r�k�e�r� �t�h�e�n� 

�a�d�j�a�c�e�n�t� �l�a�n�d�.� �T�h�i�s� �i�s� �n�o�t� �a�l�w�a�y�s� �t�r�u�e� �a�s� �w�a�t�e�r� �c�a�n� �b�e� �b�r�i�g�h�t�e�r� �o�r� �d�a�r�k�e�r� �t�h�a�n� �s�u�r�-� 

�r�o�u�n�d�i�n�g� �l�a�n�d�.� �T�h�e�s�e� �w�e�a�k�n�e�s�s�e�s� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �n�e�e�d� �f�o�r� �e�v�o�l�u�t�i�o�n�a�r�y� �s�y�s�t�e�m� 

�d�e�s�i�g�n�.� �W�h�e�n� �s�u�c�h� �w�e�a�k�n�e�s�s�e�s� �a�r�e� �f�o�u�n�d�,� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �m�u�s�t� �b�e� �a�l�l�o�w�e�d� 

�t�o� �e�v�o�l�v�e� �t�o� �o�v�e�r�c�o�m�e� �t�h�e�s�e� �w�e�a�k�n�e�s�s�e�s�.� �N�o�t�e� �a�l�s�o� �t�h�a�t� �t�h�i�s� �s�y�s�t�e�m� �h�a�s� �a� �l�o�w� �l�e�v�e�l� 

�s�e�g�m�e�n�t�a�t�i�o�n� �s�y�s�t�e�m� �a�n�d� �a� �h�i�g�h� �l�e�v�e�l� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m�.� 
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�A�C�R�O�N�Y�M� �(�B�r�o�o�k�s� �(�1�9�8�1�)�,� �B�r�o�o�k�s� �(�1�9�8�3�)�)�,� �i�s� �a� �m�o�d�e�l�-�b�a�s�e�d� �v�i�s�i�o�n� �s�y�s�t�e�m� 

�t�h�a�t� �u�s�e�s� �v�i�e�w�p�o�i�n�t� �i�n�d�e�p�e�n�d�e�n�t� �m�o�d�e�l�s� �o�f� �o�b�j�e�c�t�s�.� �T�h�e�s�e� �o�b�j�e�c�t�s� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� 

�a�s� �g�e�n�e�r�a�l�i�z�e�d� �c�y�l�i�n�d�e�r�s�.� �A�n� �e�d�g�e� �d�e�t�e�c�t�o�r� �i�s� �u�s�e�d� �t�o� �d�e�r�i�v�e� �r�i�b�b�o�n�s� �a�n�d� �e�l�l�i�p�s�e�s� 

�f�r�o�m� �i�n�p�u�t� �i�m�a�g�e�s�.� �T�h�e�s�e� �r�i�b�b�o�n�s� �a�n�d� �e�l�l�i�p�s�e�s� �r�e�p�r�e�s�e�n�t� �a� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �p�r�o�-� 

�j�e�c�t�i�o�n� �o�f� �t�h�e� �b�o�u�n�d�a�r�i�e�s� �o�f� �t�h�e� �t�h�r�e�e�-�d�i�m�e�n�s�i�o�n�a�l� �g�e�n�e�r�a�l�i�z�e�d� �c�y�l�i�n�d�e�r�.� �O�b�j�e�c�t� 

�r�e�c�o�g�n�i�t�i�o�n� �i�s� �p�e�r�f�o�r�m�e�d� �b�y� �m�a�t�c�h�i�n�g� �t�h�e�s�e� �r�i�b�b�o�n�s� �a�n�d� �e�l�l�i�p�s�e�s� �w�i�t�h� �o�b�j�e�c�t� �m�o�d�-� 

�e�l�s�.� �T�h�i�s� �i�s� �d�o�n�e� �i�n� �a� �t�o�p�-�d�o�w�n� �m�a�n�n�e�r�.� �T�h�e� �m�a�i�n� �w�e�a�k�n�e�s�s� �i�n� �t�h�i�s� �s�y�s�t�e�m� �i�s� �i�t�s� 

�d�e�p�e�n�d�e�n�c�e� �o�n� �n�o�i�s�y� �e�d�g�e�-�d�e�t�e�c�t�i�o�n� �b�a�s�e�d� �s�e�g�m�e�n�t�a�t�i�o�n� �t�h�a�t� �s�o�m�e�t�i�m�e�s� �r�e�s�u�l�t�s� �i�n� 

�s�p�u�r�i�o�u�s� �r�i�b�b�o�n�s� �b�e�i�n�g� �e�x�t�r�a�c�t�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �i�t� �w�o�u�l�d� �n�o�t� �b�e� �a�b�l�e� �t�o� �h�a�n�d�l�e� 

�h�i�g�h�l�y� �t�e�x�t�u�r�e�d� �r�e�g�i�o�n�s� �v�e�r�y� �w�e�l�l� �d�u�e� �t�o� �i�t�s� �d�e�p�e�n�d�e�n�c�e� �o�n� �e�d�g�e�-�d�e�t�e�c�t�i�o�n�.� 

�S�I�G�M�A� �(�H�w�a�n�g� �(�1�9�8�6�)�)� �i�s� �a� �f�r�a�m�e�d�-�b�a�s�e�d� �i�m�a�g�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �s�y�s�t�e�m�.� �O�b�-� 

�j�e�c�t� �m�o�d�e�l�s� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �a� �s�e�m�a�n�t�i�c� �n�e�t�w�o�r�k� �w�i�t�h� �e�a�c�h� �n�o�d�e� �d�e�s�c�r�i�b�e�d� �b�y� 

�f�r�a�m�e�s�.� �T�h�i�s� �s�y�s�t�e�m� �u�s�e�s� �b�o�t�h� �t�o�p�-�d�o�w�n� �a�n�d� �b�o�t�t�o�m�-�u�p� �i�n�f�e�r�e�n�c�i�n�g� �c�o�n�t�r�o�l� �t�o� 

�a�c�h�i�e�v�e� �a� �c�o�n�s�i�s�t�e�n�t� �m�a�t�c�h� �b�e�t�w�e�e�n� �a�n� �i�n�p�u�t� �i�m�a�g�e� �a�n�d� �a�n� �u�n�d�e�r�l�y�i�n�g� �s�c�e�n�e� �m�o�d�e�l�.� 

�T�h�e� �s�y�s�t�e�m� �b�e�g�i�n�s� �a�n�a�l�y�s�i�s� �b�y� �f�i�r�s�t� �p�e�r�f�o�r�m�i�n�g� �a�n� �i�n�i�t�i�a�l� �s�e�g�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �i�m�a�g�e� 

�t�o� �f�o�r�m� �a� �s�e�t� �o�f� �i�m�a�g�e� �s�t�r�u�c�t�u�r�e�s�.� �T�h�e� �h�i�g�h�-�l�e�v�e�l� �s�y�s�t�e�m� �o�f� �S�I�G�M�A� �t�h�e�n� �c�o�n�s�t�r�u�c�t�s� 

�a� �p�a�r�t�i�a�l� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �b�a�s�e�d� �o�n� �t�h�e� �i�n�i�t�i�a�l� �s�e�g�m�e�n�t�a�t�i�o�n�.� �D�u�r�i�n�g� �t�h�i�s� �p�r�o�c�e�s�s� �t�h�e� 

�h�i�g�h�-�l�e�v�e�l� �s�y�s�t�e�m� �m�a�y� �d�i�r�e�c�t� �t�h�e� �l�o�w�-�l�e�v�e�l� �s�y�s�t�e�m� �t�o� �f�i�n�d� �m�o�r�e� �i�m�a�g�e� �s�t�r�u�c�t�u�r�e�s� �a�s� 

�n�e�e�d�e�d�.� �A� �q�u�e�r�y�-�a�n�s�w�e�r�i�n�g� �m�o�d�e�l� �i�s� �t�h�e�n� �u�s�e�d� �f�o�r� �s�e�l�e�c�t�i�n�g�  ��g�o�o�d� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s �� 

�f�r�o�m� �t�h�e� �s�e�t� �o�f� �p�a�r�t�i�a�l� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s�,� �a�n�d� �t�o� �d�i�s�p�l�a�y� �t�h�e� �r�e�a�s�o�n�i�n�g� �u�s�e�d� �t�o� �a�c�h�i�e�v�e� 

�t�h�e�s�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�s�.� �A�s� �i�s� �t�h�e� �c�a�s�e� �w�i�t�h� �m�o�s�t� �a�e�r�i�a�l� �i�m�a�g�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �s�y�s�t�e�m�s�,� 

�o�b�j�e�c�t�s� �a�r�e� �f�a�i�r�l�y� �w�e�l�l�-�d�e�f�i�n�e�d� �a�n�d� �r�e�l�a�t�i�v�e�l�y� �e�a�s�y� �t�o� �m�o�d�e�l�.� �S�u�c�h� �s�y�s�t�e�m�s� �b�a�s�e�d� 

�o�n� �w�e�l�l�-�d�e�f�i�n�e�d� �o�b�j�e�c�t� �m�o�d�e�l�s� �a�r�e�,� �h�o�w�e�v�e�r�,� �n�o�t� �s�u�i�t�a�b�l�e� �f�o�r� �m�a�n�y� �w�e�b� �i�n�s�p�e�c�t�i�o�n� 

�p�r�o�b�l�e�m�s� �w�h�e�r�e� �d�e�f�e�c�t� �d�o� �n�o�t� �h�a�v�e� �a� �c�o�n�s�i�s�t�e�n�t� �s�h�a�p�e� �o�r� �s�i�z�e� �n�o�r� �d�o� �t�h�e�y� �a�l�w�a�y�s� 

�h�a�v�e� �d�e�f�i�n�i�t�e� �r�e�l�a�t�i�o�n�a�l� �c�o�n�s�t�r�a�i�n�t�s� �i�m�p�o�s�e�d� �o�n� �t�h�e�i�r� �l�o�c�a�t�i�o�n�.� 

�5�0



�A�l�l� �t�h�r�e�e� �o�f� �t�h�e�s�e� �s�y�s�t�e�m�s� �d�e�m�o�n�s�t�r�a�t�e� �a� �p�a�r�t�i�t�i�o�n�i�n�g� �o�f� �t�h�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� 

�s�y�s�t�e�m� �i�n�t�o� �a� �l�o�w� �l�e�v�e�l� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m�,� �a�n�d� �a� �h�i�g�h� �l�e�v�e�l� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�y�s�-� 

�t�e�m�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e�y� �i�n�c�o�r�p�o�r�a�t�e� �s�o�p�h�i�s�t�i�c�a�t�e�d� �k�n�o�w�l�e�d�g�e� �b�a�s�e�d� �m�e�t�h�o�d�s� �w�i�t�h�i�n� 

�t�h�e�i�r� �h�i�g�h� �l�e�v�e�l� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�y�s�t�e�m�.� �T�h�e�s�e� �s�y�s�t�e�m�s� �w�e�r�e� �d�e�s�i�g�n�e�d� �w�i�t�h�o�u�t� �t�h�e� 

�a�b�i�l�i�t�y� �t�o� �a�d�j�u�s�t� �i�m�a�g�e� �a�c�q�u�i�s�i�t�i�o�n� �p�a�r�a�m�e�t�e�r�s�.� �T�h�i�s� �i�s� �i�n� �f�a�c�t� �a� �m�a�j�o�r� �w�e�a�k�n�e�s�s� �o�f� 

�a�l�l� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� �W�i�t�h�o�u�t� �t�h�e� �a�b�i�l�i�t�y� �t�o� �c�o�n�t�r�o�l� �t�h�e� �i�m�a�g�e� �a�c�q�u�i�s�i�t�i�o�n�,� 

�t�h�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m� �t�y�p�i�c�a�l�l�y� �h�a�s� �t�o� �u�s�e� �m�u�c�h� �o�f� �i�t�s� �c�o�m�p�u�t�i�n�g� �p�o�w�e�r� �t�o� 

�p�r�e�p�r�o�c�e�s�s� �i�m�a�g�e�s� �t�o� �m�a�k�e� �t�h�e�m� �s�u�i�t�a�b�l�e� �f�o�r� �a�n�a�l�y�s�i�s�.� �W�h�i�l�e� �t�h�i�s� �m�a�y� �b�e� �u�n�a�v�o�i�d�-� 

�a�b�l�e� �w�i�t�h� �a�e�r�i�a�l� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �s�y�s�t�e�m�s�,� �f�o�r� �e�x�a�m�p�l�e�,� �r�e�a�l�-�t�i�m�e� �s�y�s�t�e�m�s� �f�o�r� �s�o�l�v�i�n�g� 

�c�o�m�p�l�e�x� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�s� �d�o� �n�o�t� �h�a�v�e� �t�h�i�s� �l�u�x�u�r�y�.� 

�2�.�6� �S�u�m�m�a�r�y� 

�I�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �t�h�e� �b�a�s�i�c� �c�o�n�c�e�p�t� �o�f� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �w�a�s� �i�n�t�r�o�d�u�c�e�d� �a�s� �a� 

�m�e�t�h�o�d� �o�f� �s�y�s�t�e�m� �d�e�s�i�g�n� �t�o� �b�e� �u�t�i�l�i�z�e�d� �b�y� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�.� �R�a�p�i�d�-� 

�p�r�o�t�o�t�y�p�i�n�g� �p�r�o�v�i�d�e�s� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �w�i�t�h� �a� �m�e�c�h�a�n�i�s�m� �f�o�r� �d�e�s�i�g�n�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 

�s�y�s�t�e�m�s�.� �G�i�v�e�n� �a� �s�u�i�t�a�b�l�e� �s�y�s�t�e�m� �d�e�s�i�g�n� �m�e�c�h�a�n�i�s�m�,� �t�h�e� �n�e�x�t� �s�t�e�p� �i�s� �t�o� �p�r�o�v�i�d�e� 

�t�h�e� �n�e�c�e�s�s�a�r�y� �c�o�m�p�o�n�e�n�t�s� �n�e�e�d�e�d� �b�y� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� �T�o� �d�e�s�i�g�n� �s�u�c�h� �c�o�m�-� 

�p�o�n�e�n�t�s�,� �a� �k�n�o�w�l�e�d�g�e� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �t�e�c�h�n�o�l�o�g�y� �i�s� �n�e�c�e�s�s�a�r�y�.� �A�s� �s�u�c�h�,� 

�a� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �m�a�j�o�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �t�y�p�i�c�a�l� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �w�a�s� �p�r�o�-� 

�v�i�d�e�d�.� �T�o� �f�u�r�t�h�e�r� �a�c�q�u�a�i�n�t� �t�h�e� �r�e�a�d�e�r� �w�i�t�h� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �t�e�c�h�n�o�l�o�g�y�,� �a� 

�b�r�i�e�f� �d�i�s�c�u�s�s�i�o�n� �o�f� �s�o�m�e� �e�x�i�s�t�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �w�a�s� �g�i�v�e�n�.� �I�t� �w�a�s� �f�o�u�n�d� 

�t�h�a�t� �e�x�i�s�t�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �f�o�r� �i�n�d�u�s�t�r�i�a�l� �i�n�s�p�e�c�t�i�o�n� �w�e�r�e� �b�y� �n�a�t�u�r�e� �r�a�t�h�e�r� 

�s�i�m�p�l�e� �a�n�d� �i�n�a�p�p�r�o�p�r�i�a�t�e� �t�o� �t�h�e� �t�a�s�k� �o�f� �i�n�s�p�e�c�t�i�n�g� �m�o�r�e� �c�o�m�p�l�e�x� �p�l�a�n�a�r� �w�e�b�s�.� �F�o�r� 

�t�h�i�s� �r�e�a�s�o�n� �a� �d�i�s�c�u�s�s�i�o�n� �o�f� �s�o�m�e� �k�n�o�w�l�e�d�g�e� �b�a�s�e�d� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �w�a�s� �g�i�v�e�n� 

�t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �u�t�i�l�i�t�y� �o�f� �t�h�e� �k�n�o�w�l�e�d�g�e�-�b�a�s�e�d� �a�p�p�r�o�a�c�h� �f�o�r� �s�o�l�v�i�n�g� �c�o�m�p�l�e�x� 
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�p�r�o�b�l�e�m�s�.� �T�h�e� �n�e�x�t� �c�h�a�p�t�e�r� �w�i�l�l� �p�r�o�v�i�d�e� �a�n� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�-� 

�t�y�p�e�r�.� 
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�C�h�a�p�t�e�r� �3� 

�O�V�E�R�V�I�E�W� �O�F� �T�H�E� 

�T�H�E� �M�A�C�H�I�N�E� �V�I�S�I�O�N� �P�R�O�T�O�T�Y�P�E�R� 

�C�h�a�p�t�e�r� �2� �p�r�o�v�i�d�e�d� �a� �s�u�r�v�e�y� �o�f� �t�h�e� �e�x�t�e�n�s�i�v�e�n�e�s�s� �a�n�d� �c�o�m�p�l�e�x�i�t�y� �o�f� �c�u�r�r�e�n�t� 

�m�a�c�h�i�n�e� �v�i�s�i�o�n� �t�e�c�h�n�o�l�o�g�y�.� �F�r�o�m� �t�h�e� �s�u�r�v�e�y�,� �i�t� �i�s� �c�l�e�a�r� �t�h�a�t� �t�h�e�r�e� �i�s� �c�u�r�r�e�n�t�l�y� 

�n�o� �c�o�n�s�i�s�t�e�n�t� �t�h�e�o�r�y� �a�v�a�i�l�a�b�l�e� �f�o�r� �d�e�s�i�g�n�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� �R�a�t�h�e�r�,� �a� 

�g�r�e�a�t� �d�e�a�l� �o�f� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �i�s� �n�e�e�d�e�d� �w�h�e�n� �d�e�s�i�g�n�i�n�g� �s�u�c�h� �s�y�s�t�e�m�s�.� �T�h�e�r�e�f�o�r�e�,� 

�a�n� �i�m�p�o�r�t�a�n�t� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �c�r�e�a�t�e� �a� �v�e�h�i�c�l�e� �t�h�a�t� �w�i�l�l� �a�l�l�o�w� �t�h�e� 

�t�y�p�e�s� �o�f� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �u�s�u�a�l�l�y� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 

�s�y�s�t�e�m�s�,� �t�o� �b�e� �f�a�c�i�l�i�t�a�t�e�d�.� �T�h�i�s� �v�e�h�i�c�l�e� �i�s� �c�a�l�l�e�d� �t�h�e�  ��m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�. �� 

�T�h�i�s� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �a�d�d�r�e�s�s� �p�l�a�n�a�r� �w�e�b� �i�n�s�p�e�c�t�i�o�n� 

�p�r�o�b�l�e�m�s�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �i�s� �t�o� �p�r�o�v�i�d�e� �a�n� �o�v�e�r�v�i�e�w� �o�f� �t�h�e�  ��m�a�c�h�i�n�e� 

�v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r ��,� �a�n�d� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l� �m�e�t�h�o�d�o�l�o�g�i�e�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� 

�u�t�i�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�t�o�t�y�p�e�r�.� 

�3�.�1� �R�a�p�i�d�-�P�r�o�t�o�t�y�p�i�n�g� �a�n�d� �M�a�c�h�i�n�e� �V�i�s�i�o�n� �S�y�s�t�e�m� �D�e�s�i�g�n� 

�C�h�a�p�t�e�r� �2� �l�i�s�t�s� �1�)� �a�n� �i�m�a�g�i�n�g� �s�u�b�s�y�s�t�e�m�,� �2�)� �a� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m�,� �3�)� 

�a�n� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�,� �4�)� �c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e�s�,� �5�)� �s�u�p�p�o�r�t�i�n�g� �s�o�f�t�w�a�r�e�,� �6�)� �a� 

�c�o�m�p�u�t�i�n�g� �r�e�s�o�u�r�c�e�,� �a�s� �t�h�e� �m�a�j�o�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� �T�o� 

�d�e�s�i�g�n� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�,� �a�l�l� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� 

�d�e�s�i�g�n�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �a�s� �h�a�s� �b�e�e�n� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �1�,� �c�h�o�o�s�i�n�g� �s�o�m�e� �o�f� �t�h�e�s�e� 

�o�o



�c�o�m�p�o�n�e�n�t�s� �i�s� �a� �d�i�f�f�i�c�u�l�t� �t�a�s�k�,� �a� �t�a�s�k� �t�h�a�t� �m�a�y� �r�e�q�u�i�r�e� �s�o�m�e� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�.� �T�o� 

�d�e�s�i�g�n� �a�  ��f�l�e�x�i�b�l�e �� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �f�o�r� �a�t�t�a�c�k�i�n�g� �a� �n�u�m�b�e�r� �o�f� �p�r�o�b�l�e�m�s�,� �t�h�e� 

�c�h�o�i�c�e� �i�s� �m�a�d�e� �e�v�e�n� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �a�s� �c�o�n�s�i�d�e�r�a�b�l�e� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �m�a�y� �b�e� �n�e�e�d�e�d� 

�t�o� �a�c�h�i�e�v�e� �a�n� �a�c�c�e�p�t�a�b�l�e� �s�o�l�u�t�i�o�n�.� 

�A� �w�a�y� �i�n� �w�h�i�c�h� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �c�a�n� �b�e� �f�a�c�i�l�i�t�a�t�e�d� �i�s� �t�o� �c�o�n�s�t�r�u�c�t� �p�a�r�-� 

�t�i�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �w�i�t�h� �e�a�c�h� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �p�r�o�v�i�d�i�n�g� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �c�a�n� �b�e� 

�r�e�u�s�e�d� �i�n� �t�h�e� �n�e�x�t� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�.� �A� �t�y�p�i�c�a�l� �p�r�o�c�e�d�u�r�e� �t�h�a�t� �c�a�n� �b�e� �f�o�l�l�o�w�e�d� �t�o� 

�p�e�r�f�o�r�m� �t�h�i�s� �m�e�t�h�o�d� �o�f� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�1�.� �T�h�i�s� �f�l�o�w�c�h�a�r�t� �d�o�e�s� 

�n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �r�e�p�r�e�s�e�n�t� �a� �p�r�o�c�e�d�u�r�e� �t�h�a�t� �h�a�s� �t�o� �b�e� �f�o�l�l�o�w�e�d�.� �I�n� �t�h�e� �b�o�x� �l�a�b�e�l�l�e�d� 

 ��P�r�o�b�l�e�m� �D�e�f�i�n�i�t�i�o�n �� �t�h�e� �s�t�a�t�e�m�e�n�t� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�b�l�e�m� �t�o�g�e�t�h�e�r� �w�i�t�h� 

�t�h�e� �d�e�r�i�v�a�t�i�o�n� �o�f� �a�n� �i�n�i�t�i�a�l� �s�e�t� �o�f� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �f�o�r�m�e�d�.� �T�h�i�s� �s�e�t� �o�f� �r�e�q�u�i�r�e�m�e�n�t�s� 

�n�e�e�d� �n�o�t� �b�e� �c�o�m�p�l�e�t�e� �b�u�t� �s�h�o�u�l�d� �a�t� �l�e�a�s�t� �i�n�c�l�u�d�e� �a�l�l� �t�h�e� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t�s�.� 

�T�h�e� �n�e�x�t� �s�t�a�g�e� �t�a�k�e�s� �t�h�e� �p�r�o�b�l�e�m� �d�e�f�i�n�i�t�i�o�n� �a�n�d� �c�o�n�f�i�g�u�r�e�s� �a�n� �i�n�i�t�i�a�l� �s�e�t� �o�f� �h�a�r�d�-� 

�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �m�a�y� �b�e� �e�x�i�s�t�i�n�g� �h�a�r�d�w�a�r�e� �o�r� 

�s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�.� �T�h�i�s� �i�s� �a� �v�e�r�y� �i�m�p�o�r�t�a�n�t� �s�t�a�g�e� �a�s� �i�t� �w�o�u�l�d� �b�e� �t�h�e� �f�i�r�s�t� �o�p�-� 

�p�o�r�t�u�n�i�t�y� �t�o� �c�o�n�s�i�d�e�r� �t�h�e� �e�x�t�e�n�t� �t�o� �w�h�i�c�h� �h�a�r�d�w�a�r�e� �o�r� �s�o�f�t�w�a�r�e� �i�s� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� 

�s�o�l�v�i�n�g� �d�i�f�f�e�r�e�n�t� �p�a�r�t�s� �o�f� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�b�l�e�m�.� �S�o�m�e�t�i�m�e�s�,� �h�o�w�e�v�e�r�,� �s�o�m�e� �o�f� 

�t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �a�r�e�  ��a�b�s�t�r�a�c�t�e�d�. �� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �t�h�e� �f�u�n�c�t�i�o�n�s� �o�f� �t�h�e�s�e� �c�o�m�-� 

�p�o�n�e�n�t�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �b�u�t� �n�o�t� �i�n�i�t�i�a�l�l�y� �i�m�p�l�e�m�e�n�t�e�d�.� �F�o�r� �i�n�s�t�a�n�c�e�,� �b�e�f�o�r�e� �a� �s�e�n�s�o�r� 

�i�s� �c�h�o�s�e�n�,� �t�h�e� �t�y�p�e�s� �o�f� �i�m�a�g�e� �d�a�t�a� �t�o� �b�e� �p�r�o�v�i�d�e�d� �i�s� �f�i�r�s�t� �d�e�s�c�r�i�b�e�d�.� �I�f� �s�u�c�h� �i�m�a�g�e� 

�d�a�t�a� �a�l�r�e�a�d�y� �e�x�i�s�t�s�,� �o�t�h�e�r� �p�a�r�t�s� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �c�a�n� �f�i�r�s�t� �b�e� �d�e�s�i�g�n�e�d� 

�t�o� �a�n�a�l�y�z�e� �t�h�e�s�e� �i�m�a�g�e�s�.� �T�h�e� �c�h�o�i�c�e� �o�f� �s�e�n�s�o�r�s� �a�n�d� �i�m�a�g�i�n�g� �m�e�t�h�o�d�s� �c�a�n� �t�h�e�n� �b�e� 

�d�e�c�i�d�e�d� �o�n� �l�a�t�e�r�.� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �t�h�e�n� �b�r�a�n�c�h�e�s� �i�n�t�o� �s�e�p�a�r�a�t�e� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �p�r�o�t�o�t�y�p�-� 

�i�n�g� �p�r�o�c�e�d�u�r�e�s�.� �I�n� �t�h�e�s�e� �t�w�o� �s�t�e�p�s�,� �t�h�e� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �u�n�i�t�s� �a�r�e� �c�o�n�f�i�g�u�r�e�d� 
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�F�i�g�u�r�e� �3�.�1�.� �E�x�a�m�p�l�e� �o�f� �a� �t�y�p�i�c�a�l� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �p�r�o�c�e�d�u�r�e�.� 
�s�h�a�p�e�d� �b�o�x� �r�e�p�r�e�s�e�n�t�s� �a� �d�e�c�i�s�i�o�n� �p�o�i�n�t� �i�n� �a� �p�r�o�t�o�t�y�p�i�n�g� �c�y�c�l�e�.� 

�E�a�c�h� �d�i�a�m�o�n�d� 
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�a�n�d� �t�e�s�t�e�d� �t�o� �s�e�e� �i�f� �t�h�e�y� �p�e�r�f�o�r�m� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �i�n�i�t�i�a�l� �r�e�q�u�i�r�e�m�e�n�t�s�.� �A�n�y� �p�r�o�b�-� 

�l�e�m�s� �o�r� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �t�h�a�t� �s�u�r�f�a�c�e� �a�t� �t�h�i�s� �s�t�a�g�e� �c�a�n� �b�e� �u�s�e�d� �t�o� �r�e�d�e�f�i�n�e� �t�h�e� �i�n�i�t�i�a�l� 

�r�e�q�u�i�r�e�m�e�n�t�s� �a�n�d� �c�a�u�s�e� �f�u�r�t�h�e�r� �i�t�e�r�a�t�i�o�n�s� �i�n� �t�h�e� �h�a�r�d�w�a�r�e� �o�r� �s�o�f�t�w�a�r�e� �p�r�o�t�o�t�y�p�i�n�g� 

�c�y�c�l�e�.� �I�t� �i�s� �d�u�r�i�n�g� �t�h�e� �p�r�o�t�o�t�y�p�i�n�g� �c�y�c�l�e�s� �t�h�a�t� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �i�s� �p�e�r�f�o�r�m�e�d�.� �D�u�r�-� 

�i�n�g� �s�u�c�h� �a� �c�y�c�l�e�,� �a� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �c�o�m�p�o�n�e�n�t�s� �i�s� �t�e�s�t�e�d�.� �I�f� �t�h�i�s� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�d�o�e�s� �n�o�t� �m�e�e�t� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s�,� �r�e�c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �o�r� �t�h�e� �d�e�s�i�g�n� 

�o�f� �n�e�w� �c�o�m�p�o�n�e�n�t�s� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y�.� �T�h�i�s� �p�r�o�c�e�s�s� �c�o�n�t�i�n�u�e�s� �u�n�t�i�l� �a� �s�a�t�i�s�f�a�c�t�o�r�y� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �f�o�u�n�d�.� 

�T�h�o�u�g�h� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �p�r�o�t�o�t�y�p�i�n�g� �a�p�p�e�a�r� �t�o� �b�e� �t�w�o� �i�n�d�e�p�e�n�d�e�n�t� 

�e�f�f�o�r�t�s�,� �t�h�e�y� �s�o�m�e�t�i�m�e�s� �a�r�e� �n�o�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �i�f� �t�h�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �a�l�g�o�r�i�t�h�m�s� 

�s�u�i�t�a�b�l�e� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� �t�y�p�e� �o�f� �s�e�n�s�o�r� �a�r�e� �f�o�u�n�d� �t�o� �b�e� �u�n�s�u�i�t�a�b�l�e� �f�o�r� �a�t�t�a�c�k�i�n�g� 

�a� �p�r�o�b�l�e�m�,� �o�n�e� �m�i�g�h�t� �c�o�n�s�i�d�e�r� �t�h�e� �u�s�e� �o�f� �o�t�h�e�r� �t�y�p�e�s� �o�f� �s�e�n�s�o�r�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� 

�a� �t�e�m�p�o�r�a�r�y� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �h�a�r�d�w�a�r�e� �m�a�y� �b�e� �p�r�o�v�i�d�e�d� �t�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� 

�s�o�f�t�w�a�r�e� �p�r�o�t�o�t�y�p�i�n�g�.� �F�o�r� �e�x�a�m�p�l�e�,� �b�e�f�o�r�e� �a� �c�o�m�p�l�e�x� �h�i�g�h� �s�p�e�e�d� �i�n�t�e�r�f�a�c�e� �t�o� �a� 

�s�e�n�s�o�r� �i�s� �c�o�m�p�l�e�t�e�d�,� �a� �s�i�m�p�l�e�r� �p�a�r�a�l�l�e�l� �p�o�r�t� �i�n�t�e�r�f�a�c�e� �w�i�t�h� �a� �s�l�o�w�e�r� �d�a�t�a� �t�r�a�n�s�f�e�r� 

�r�a�t�e� �m�a�y� �b�e� �d�e�s�i�g�n�e�d� �a�n�d� �u�s�e�d� �t�e�m�p�o�r�a�r�i�l�y� �t�o� �t�e�s�t� �t�h�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�o�f�t�w�a�r�e� 

�b�e�i�n�g� �p�r�o�t�o�t�y�p�e�d�.� �W�h�e�n� �i�t� �a�p�p�e�a�r�s� �t�h�a�t� �s�u�i�t�a�b�l�e� �c�h�o�i�c�e�s� �o�f� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� 

�c�o�m�p�o�n�e�n�t�s� �h�a�v�e� �b�e�e�n� �m�a�d�e�,� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �i�n�t�e�g�r�a�t�e�d� �i�n�t�o� �a� �c�o�m�p�l�e�t�e� 

�s�y�s�t�e�m� �f�o�r� �f�u�r�t�h�e�r� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �a�n�d� �t�e�s�t�i�n�g�.� �T�e�s�t�s� �i�n�c�l�u�d�e� �t�e�s�t�i�n�g� �t�h�e� �a�c�c�u�r�a�c�y� 

�o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�,� �a�n�d� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �s�p�e�e�d� �w�i�t�h� �w�h�i�c�h� �i�t� �p�e�r�f�o�r�m�s� 

�i�t ��s� �t�a�s�k�s�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �i�f� �i�t� �i�s� �r�e�q�u�i�r�e�d� �t�h�a�t� �e�a�c�h� �p�a�r�t�i�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �m�a�c�h�i�n�e� 

�v�i�s�i�o�n� �s�y�s�t�e�m� �b�e� �d�o�n�e� �q�u�i�c�k�l�y�,� �t�h�e� �n�u�m�b�e�r� �o�f� �h�a�r�d�w�a�r�e� �o�r� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� 

�t�h�a�t� �a�r�e� �a�v�a�i�l�a�b�l�e� �m�u�s�t� �b�e� �r�e�l�a�t�i�v�e�l�y� �l�a�r�g�e�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �m�u�s�t� �b�e� 
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�r�e�u�s�a�b�l�e�.� �I�t� �i�s� �a�s�s�u�m�e�d� �i�n� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n� �t�h�a�t� �t�h�e� �r�e�u�s�a�b�i�l�i�t�y� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� 

�w�i�l�l� �e�v�o�l�v�e� �a�s� �t�h�e�y� �a�r�e� �a�p�p�l�i�e�d� �t�o� �m�o�r�e� �p�r�o�b�l�e�m�s�.� 

�T�h�i�s� �e�v�o�l�u�t�i�o�n�a�r�y� �f�o�r�m� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �d�e�s�i�g�n� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �c�o�n�c�e�p�t�s� 

�o�f� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�.� �I�n� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �n�o� �f�o�r�m�a�l� �p�r�o�c�e�d�u�r�e� �e�x�i�s�t�s�.� �T�h�e� �m�a�i�n� 

�i�d�e�a� �b�e�h�i�n�d� �e�v�o�l�u�t�i�o�n�a�r�y� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �i�s� �t�o� �f�i�r�s�t� �c�o�n�s�t�r�u�c�t� �p�a�r�t�i�a�l� �i�m�p�l�e�m�e�n�t�a�-� 

�t�i�o�n�s� �o�f� �a� �s�y�s�t�e�m� �w�h�i�c�h� �m�e�e�t� �k�n�o�w�n� �r�e�q�u�i�r�e�m�e�n�t�s�,� �o�r� �a� �s�u�b�s�e�t� �o�f� �t�h�e�s�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�E�a�c�h� �p�r�o�t�o�t�y�p�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �t�h�e�n� �u�s�e�d� �t�o� �h�e�l�p� �u�n�d�e�r�s�t�a�n�d� �t�h�e� �f�u�l�l� �r�e�q�u�i�r�e�-� 

�m�e�n�t�s�,� �o�r� �t�o� �i�d�e�n�t�i�f�y� �r�e�q�u�i�r�e�m�e�n�t�s� �y�e�t� �u�n�k�n�o�w�n�.� �T�h�i�s� �p�r�o�c�e�s�s� �i�m�p�l�i�e�s� �a� �g�r�e�a�t� �d�e�a�l� 

�o�f� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�o� �b�e� �a�b�l�e� �t�o� �q�u�i�c�k�l�y� �d�e�s�i�g�n� �a� �n�e�w� �p�r�o�t�o�t�y�p�e�,� 

�s�o�m�e�,� �o�r� �a�l�l� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �p�r�e�v�i�o�u�s� �p�r�o�t�o�t�y�p�e� �s�h�o�u�l�d� �b�e� �r�e�u�s�a�b�l�e�.� �T�h�e�y� 

�s�h�o�u�l�d� �a�l�s�o� �b�e� �e�x�t�e�n�s�i�b�l�e�,� �i�.�e�.�,� �e�a�c�h� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �s�h�o�u�l�d� �b�e� �e�a�s�i�l�y� �c�h�a�n�g�e�d� 

�i�n� �o�r�d�e�r� �t�h�a�t� �t�h�e�y� �c�a�n� �e�v�o�l�v�e� �w�i�t�h� �u�s�a�g�e�,� �a�n�d� �e�a�s�i�l�y� �r�e�c�o�n�f�i�g�u�r�a�b�l�e� �i�n� �o�r�d�e�r� �t�h�a�t� 

�t�h�e�y� �b�e� �e�a�s�i�l�y� �r�e�u�s�e�d� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �a� �n�e�w� �p�r�o�t�o�t�y�p�e�.� 

�F�o�r� �t�h�e� �d�e�s�i�g�n� �o�f�  ��f�l�e�x�i�b�l�e �� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�,� �s�u�p�p�o�r�t� �m�u�s�t� �b�e� �p�r�o�v�i�d�e�d� 

�f�o�r� �b�o�t�h� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �p�r�o�t�o�t�y�p�i�n�g�.� �A� �m�a�c�h�i�n�e� �v�i�s�i�o�n�  ��p�r�o�t�o�t�y�p�e�r �� �m�u�s�t� 

�p�r�o�v�i�d�e� �a� �p�l�a�t�f�o�r�m� �o�n� �w�h�i�c�h� �t�o� �q�u�i�c�k�l�y� �c�o�n�f�i�g�u�r�e� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�-� 

�n�e�n�t�s�,� �t�o� �t�e�s�t� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s�,� �a�n�d� �t�o� �q�u�i�c�k�l�y� �d�e�s�i�g�n� �n�e�w� �c�o�m�p�o�n�e�n�t�s� �i�f� �n�e�e�d�e�d�.� 

�I�t� �w�o�u�l�d� �a�l�s�o� �b�e� �o�f� �g�r�e�a�t� �h�e�l�p� �i�f� �t�h�e�s�e� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �c�a�n� �b�e� 

�t�r�e�a�t�e�d� �i�n� �t�h�e� �s�a�m�e� �u�n�i�f�o�r�m� �m�a�n�n�e�r�.� �B�e�i�n�g� �a�b�l�e� �t�o� �t�r�e�a�t� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� 

�c�o�m�p�o�n�e�n�t�s� �i�n� �t�h�e� �s�a�m�e� �u�n�i�f�o�r�m� �m�a�n�n�e�r� �s�i�m�p�l�i�f�i�e�s� �t�h�e� �d�e�s�i�g�n� �p�r�o�c�e�s�s�.� �I�n� �t�r�e�a�t�i�n�g� 

�t�h�e�m� �i�n� �t�h�e� �s�a�m�e� �u�n�i�f�o�r�m� �m�a�n�n�e�r�,� �w�e� �h�a�v�e� �t�o� �h�i�d�e� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �o�f� 

�a� �p�a�r�t�i�c�u�l�a�r� �c�o�m�p�o�n�e�n�t�.� �N�o�t� �h�a�v�i�n�g� �t�o� �d�e�a�l� �w�i�t�h� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �a�l�l�o�w�s� 

�a� �d�e�v�e�l�o�p�e�r� �t�o� �c�o�n�c�e�n�t�r�a�t�e� �o�n� �t�h�e� �a�c�t�u�a�l� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �i�n� �a� �m�a�-� 

�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �h�a�s� �t�o� �p�e�r�f�o�r�m�.� �T�h�i�s� �r�e�d�u�c�e�s� �t�h�e� �l�e�v�e�l� �o�f� �e�f�f�o�r�t� �r�e�q�u�i�r�e�d� �i�n� 
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�u�n�d�e�r�s�t�a�n�d�i�n�g� �a� �c�o�m�p�l�e�x� �d�e�s�i�g�n� �a�n�d� �t�h�u�s� �s�i�m�p�l�i�f�i�e�s� �t�h�e� �d�e�s�i�g�n� �p�r�o�c�e�s�s�.� �F�u�r�t�h�e�r�-� 

�m�o�r�e�,� �s�o�m�e� �s�o�f�t�w�a�r�e� �f�u�n�c�t�i�o�n�s� �m�a�y� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �h�a�r�d�w�a�r�e�,� �a�n�d� �v�i�c�e� �v�e�r�s�a�.� 

�T�h�e�r�e�f�o�r�e�,� �t�r�e�a�t�i�n�g� �t�h�e�m� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �s�e�e�m�i�n�g�l�y� �m�a�k�e�s� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �s�e�n�s�e�.� 

�3�.�2� �R�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� �M�a�c�h�i�n�e� �V�i�s�i�o�n� �P�r�o�t�o�t�y�p�e�r� 

�T�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �i�s� �a� �s�y�s�t�e�m� �t�h�a�t� �w�i�l�l� �b�e� �u�s�e�d� �t�o� �a�i�d� �t�h�e� �d�e�v�e�l�-� 

�o�p�m�e�n�t� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �f�o�r� �a�t�t�a�c�k�i�n�g� �a� �n�u�m�b�e�r� �o�f� �p�l�a�n�a�r� �w�e�b� �i�n�s�p�e�c�t�i�o�n� 

�p�r�o�b�l�e�m�s�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �i�s� �t�o� �p�r�o�v�i�d�e� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �v�e�h�i�c�l�e� 

�n�e�e�d�e�d� �t�o� �d�e�s�i�g�n� �s�u�c�h� �s�y�s�t�e�m�s�.� �T�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �c�a�n� �b�e� �d�e�f�i�n�e�d� �t�o� 

�b�e� �a� �s�e�t� �o�f� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �u�n�i�t�s� �t�h�a�t� �c�a�n� �b�e� �c�o�m�b�i�n�e�d� �i�n� �a� �s�u�f�f�i�c�i�e�n�t� �v�a�r�i�e�t�y� 

�o�f� �w�a�y�s� �i�n� �o�r�d�e�r� �t�o� �a�l�l�o�w� �t�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �s�o�l�u�t�i�o�n�s� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� �i�n�-� 

�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�.� �F�o�r� �s�u�c�h� �a� �p�r�o�t�o�t�y�p�e�r� �s�y�s�t�e�m� �t�o� �b�e� �o�f� �g�r�e�a�t�e�s�t� �u�t�i�l�i�t�y� �i�t� �s�h�o�u�l�d� 

�b�e� �a�b�l�e� �t�o� �d�e�r�i�v�e� �s�o�l�u�t�i�o�n�s� �t�h�a�t� �a�r�e� �a�s� �c�l�o�s�e� �t�o� �t�h�e� �f�i�n�a�l� �s�o�l�u�t�i�o�n� �a�s� �i�s� �p�o�s�s�i�b�l�e�.� 

�I�n�s�t�e�a�d� �o�f� �b�e�i�n�g� �l�i�m�i�t�e�d� �t�o� �a� �f�i�x�e�d� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �f�o�r�c�i�n�g� �a� 

 ��p�a�r�t�i�c�u�l�a�r �� �s�o�l�u�t�i�o�n� �o�n�t�o� �a� �p�r�o�b�l�e�m�,� �i�t� �s�h�o�u�l�d� �a�l�s�o� �b�e� �o�f� �s�u�f�f�i�c�i�e�n�t� �g�e�n�e�r�a�l�i�t�y� �t�o� 

�a�c�c�o�m�o�d�a�t�e� �a� �v�a�r�i�e�t�y� �o�f� �d�i�f�f�e�r�e�n�t� �s�o�l�u�t�i�o�n�s� �t�o� �a� �p�r�o�b�l�e�m�.� �F�o�r� �t�h�e� �p�r�o�t�o�t�y�p�e�r�,� �t�h�e� 

�g�o�a�l� �i�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� �N�o�t�e� 

�t�h�a�t� �t�h�i�s� �g�o�a�l� �i�s� �n�o�t� �j�u�s�t� �c�o�n�f�i�n�e�d� �t�o� �a�p�p�l�y�i�n�g� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �m�e�t�h�o�d�s� �i�n� �d�e�s�i�g�n�-� 

�i�n�g� �a� �s�i�n�g�l�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� �T�h�e� �c�r�i�t�e�r�i�a� �u�s�e�d� �i�n� �d�e�s�i�g�n�i�n�g� �t�h�e� �p�r�o�t�o�t�y�p�e�r� 

�c�a�n� �b�e� �s�u�m�m�a�r�i�z�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�(�1�)� �T�h�e� �s�y�s�t�e�m� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�o�o�l�s� �n�e�e�d�e�d� �t�o� �c�o�n�s�i�d�e�r� �d�i�f�f�e�r�-� 

�e�n�t� �s�o�l�u�t�i�o�n�s� �t�o� �a� �p�l�a�n�a�r� �w�e�b� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�.� �T�h�e�s�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�o�o�l�s� 

�s�h�o�u�l�d� �a�l�l�o�w� �o�n�e� �t�o� �t�e�s�t� �d�i�f�f�e�r�e�n�t� �s�o�l�u�t�i�o�n�s� �a�n�d� �t�o� �v�i�e�w� �t�h�e� �r�e�s�u�l�t�s� �o�f� �a�n�y� �t�e�s�t�.� 

�I�n� �o�t�h�e�r� �w�o�r�d�s�,� �t�h�e� �s�y�s�t�e�m� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�o�o�l�s� �n�e�e�d�e�d� �t�o� 
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�r�a�p�i�d�l�y�-�p�r�o�t�o�t�y�p�e� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �f�o�r� �a�t�t�a�c�k�i�n�g� �a� �p�l�a�n�a�r� �w�e�b� �i�n�s�p�e�c�-� 

�t�i�o�n� �p�r�o�b�l�e�m�.� 

�(�2�)� �T�h�e� �s�y�s�t�e�m� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �t�h�e� �f�a�c�i�l�i�t�i�e�s� �t�o� �r�a�p�i�d�l�y�-�p�r�o�t�o�t�y�p�e� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 

�s�y�s�t�e�m� �f�o�r� �n�e�w� �p�l�a�n�a�r� �w�e�b� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�s�.� �T�h�e�s�e� �f�a�c�i�l�i�t�i�e�s� �i�n�c�l�u�d�e� �a� 

�d�a�t�a�b�a�s�e� �o�f� �r�e�u�s�a�b�l�e� �c�o�m�p�o�n�e�n�t�s� �f�r�o�m� �p�r�e�v�i�o�u�s� �d�e�s�i�g�n�s�.� 

�(�3�)� �T�h�e� �s�y�s�t�e�m� �m�u�s�t� �a�l�l�o�w� �t�h�e� �d�e�s�i�g�n� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �c�o�m�p�o�n�e�n�t�s� �t�o� �e�v�o�l�v�e�,� 

�n�o�t� �o�n�l�y� �w�i�t�h� �n�e�w� �t�e�c�h�n�o�l�o�g�y�,� �b�u�t� �a�l�s�o� �w�i�t�h� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �n�e�w� �p�l�a�n�a�r� �w�e�b� 

�i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�s�.� �T�h�i�s� �i�s� �a�n� �e�x�t�e�n�s�i�o�n� �o�f� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�.� �I�t� �m�e�a�n�s� �t�h�a�t� 

�r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �s�h�o�u�l�d� �n�o�t� �e�n�d� �w�i�t�h� �t�h�e� �d�e�s�i�g�n� �o�f� �a� �f�i�n�a�l� �p�r�o�t�o�t�y�p�e�.� 

�T�o� �a�c�c�o�m�p�l�i�s�h� �t�h�e� �f�i�r�s�t� �d�e�s�i�g�n� �c�r�i�t�e�r�i�a�,� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �s�h�o�u�l�d� 

�s�u�p�p�o�r�t� �t�h�e� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �d�e�s�i�g�n� �a�c�t�i�v�i�t�y� �r�e�q�u�i�r�e�d� �t�o� �r�a�p�i�d�l�y�-�p�r�o�t�o�t�y�p�e� 

�a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� �T�h�i�s� �a�c�t�i�v�i�t�y� �i�n�c�l�u�d�e�s� �t�h�e� �m�o�u�n�t�i�n�g� �o�f� �h�a�r�d�w�a�r�e� �c�o�m�-� 

�p�o�n�e�n�t�s�,� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �i�m�a�g�i�n�g� �g�e�o�m�e�t�r�y� �a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n�,� �v�i�e�w�i�n�g� �a�n�d� �a�n�-� 

�a�l�y�z�i�n�g� �i�m�a�g�e�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �s�c�a�n�n�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e�i�r� �q�u�a�l�i�t�y�,� �a�n�d� �t�o� �d�i�s�p�l�a�y� 

�t�h�e� �r�e�s�u�l�t�s� �o�f� �a�p�p�l�y�i�n�g� �d�i�f�f�e�r�e�n�t� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �a�l�g�o�r�i�t�h�m�s�.� �E�x�p�e�r�i�m�e�n�t�a�l� �t�o�o�l�s� 

�m�u�s�t� �b�e� �p�r�o�v�i�d�e�d� �t�o� �s�u�p�p�o�r�t� �s�u�c�h� �a�c�t�i�v�i�t�i�e�s�.� 

�T�o� �a�c�c�o�m�p�l�i�s�h� �t�h�e� �s�e�c�o�n�d� �c�r�i�t�e�r�i�a�,� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �s�h�o�u�l�d� �p�r�o�-� 

�v�i�d�e� �a� �v�a�r�i�e�t�y� �o�f� �r�e�u�s�a�b�l�e� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e� �h�a�r�d�w�a�r�e� �c�o�m�-� 

�p�o�n�e�n�t�s� �i�n�c�l�u�d�e� �a� �v�a�r�i�e�t�y� �o�f� �d�i�f�f�e�r�e�n�t� �s�e�n�s�o�r�s� �a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s�.� �T�h�e� �s�o�f�t�w�a�r�e� 

�c�o�m�p�o�n�e�n�t�s� �i�n�c�l�u�d�e� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �c�o�m�m�u�n�i�c�a�t�e� �w�i�t�h� �t�h�e� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� 

�a�n�d� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �p�e�r�f�o�r�m� �t�h�e� �d�i�f�f�e�r�e�n�t� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �t�a�s�k�s�.� �O�b�v�i�o�u�s�l�y�,� �t�h�e� 

�n�u�m�b�e�r� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �s�h�o�u�l�d� �i�n�c�r�e�a�s�e� �w�i�t�h� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �m�a�c�h�i�n�e� 

�v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �t�o� �m�o�r�e� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�s�.� 
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�T�h�e� �s�u�p�p�o�r�t� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �i�n� �a�c�c�o�m�p�l�i�s�h�i�n�g� �t�h�e� �f�i�r�s�t� �t�w�o� �c�r�i�t�e�r�i�a� 

�r�e�q�u�i�r�e�s� �b�o�t�h� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �s�u�p�p�o�r�t� �a�n�d� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�3� 

�a�n�d� �s�e�c�t�i�o�n� �3�.�4�.� 

�T�o� �a�c�c�o�m�p�l�i�s�h� �t�h�e� �t�h�i�r�d� �c�r�i�t�e�r�i�a�,� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �s�h�o�u�l�d� �p�r�o�v�i�d�e� 

�a� �s�y�s�t�e�m� �d�e�s�i�g�n� �e�n�v�i�r�o�n�m�e�n�t� �t�h�a�t� �p�r�o�m�o�t�e�s� �e�v�o�l�u�t�i�o�n�a�r�y� �s�y�s�t�e�m� �d�e�s�i�g�n� �m�e�t�h�o�d�s�.� 

�S�u�c�h� �a� �s�y�s�t�e�m� �d�e�s�i�g�n� �e�n�v�i�r�o�n�m�e�n�t� �s�h�o�u�l�d� �p�r�o�v�i�d�e� �s�u�p�p�o�r�t� �f�o�r� �t�h�e� �m�i�d�d�l�e� �g�r�o�u�n�d� 

�o�f� �d�e�s�i�g�n� �p�h�i�l�o�s�o�p�h�i�e�s� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �2�.� �T�h�i�s� �m�i�d�d�l�e� �g�r�o�u�n�d� �i�s� �t�h�a�t� �b�e�-� 

�t�w�e�e�n� �d�e�s�i�g�n�i�n�g�  ��t�h�r�o�w�a�w�a�y �� �p�r�o�t�o�t�y�p�e�s�,� �a�n�d� �t�h�e� �c�o�m�p�l�e�t�e� �s�p�e�c�i�f�i�c�a�t�i�o�n� �o�f� �s�y�s�t�e�m� 

�r�e�q�u�i�r�e�m�e�n�t�s� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �d�e�s�i�g�n� �o�f� �a� �f�i�n�a�l� �p�r�o�t�o�t�y�p�e� �i�n� �a� �s�i�n�g�l�e� �s�t�e�p�.� �R�a�p�i�d�-� 

�p�r�o�t�o�t�y�p�i�n�g� �r�e�q�u�i�r�e�s� �s�u�c�h� �a�n� �e�n�v�i�r�o�n�m�e�n�t�.� �R�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �r�e�q�u�i�r�e�s� �a� �d�a�t�a�b�a�s�e� 

�o�f� �p�r�e�v�i�o�u�s�l�y� �d�e�s�i�g�n�e�d� �c�o�m�p�o�n�e�n�t�s�.� �S�u�c�h� �c�o�m�p�o�n�e�n�t�s� �m�u�s�t� �b�e� �a�l�l�o�w�e�d� �t�o� �e�v�o�l�v�e� �t�o� 

�i�n�c�r�e�a�s�e� �t�h�e�i�r� �u�t�i�l�i�t�y�.� �F�u�r�t�h�e�r�m�o�r�e�,� �i�n� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �i�n�i�t�i�a�l� �p�r�o�t�o�t�y�p�e�s� �(�p�a�r�t�i�a�l� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�)� �e�v�o�l�v�e� �t�o� �p�r�o�t�o�t�y�p�e�s� �t�h�a�t� �a�r�e� �c�l�o�s�e�r� �t�o� �m�e�e�t�i�n�g� �t�h�e� �f�u�l�l� �r�e�q�u�i�r�e�-� 

�m�e�n�t�s�.� �A� �m�e�t�h�o�d� �o�f� �s�y�s�t�e�m� �d�e�s�i�g�n� �t�h�a�t� �a�l�l�o�w�s� �p�r�e�v�i�o�u�s�l�y� �d�e�s�i�g�n�e�d� �c�o�m�p�o�n�e�n�t�s� 

�t�o� �e�a�s�i�l�y� �e�v�o�l�v�e�,� �a�n�d� �p�r�o�t�o�t�y�p�e�s� �c�o�n�s�i�s�t� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �t�o� �e�v�o�l�v�e� �i�s� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n�.� �T�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n� �c�o�n�c�e�p�t�s� �u�t�i�l�i�z�e�d� �i�n� �t�h�e� 

�p�r�o�t�o�t�y�p�e�r� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �s�e�c�t�i�o�n� �3�.�5�.� 

�3�.�3� �H�a�r�d�w�a�r�e� �C�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �M�a�c�h�i�n�e� �V�i�s�i�o�n� �P�r�o�t�o�t�y�p�e�r� 

�T�h�e� �b�a�s�i�c� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �a�n�y� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �i�n�c�l�u�d�e�:� 

�1�.� �o�n�e� �o�r� �m�o�r�e� �s�e�n�s�o�r�s�,� 

�2�.� �i�m�a�g�i�n�g� �o�p�t�i�c�s�,� �e�.�g�.�,� �b�a�n�d� �p�a�s�s�/�r�e�j�e�c�t�i�o�n� �f�i�l�t�e�r�s�,� �l�e�n�s�e�s�,� �e�t�c�.�,� 

�3�.� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s�,� 
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�4�.� �i�n�t�e�r�f�a�c�e�s� �t�o� �c�o�n�n�e�c�t� �s�e�n�s�o�r�s� �t�o� �a� �c�o�m�p�u�t�e�r�,� 

�5�.� �a� �c�o�m�p�u�t�e�r�.� 

�T�h�e� �g�o�a�l� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �i�s� �t�o� �p�r�o�v�i�d�e� �a� �m�e�c�h�a�n�i�s�m� 

�f�o�r� �r�a�p�i�d�l�y� �p�r�o�t�o�t�y�p�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� �T�o� �f�a�c�i�l�i�t�a�t�e� �h�a�r�d�w�a�r�e� �r�a�p�i�d�-� 

�p�r�o�t�o�t�y�p�i�n�g� �i�n� �d�e�s�i�g�n�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�,� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �s�h�o�u�l�d� �h�a�v�e� �a� 

�n�u�m�b�e�r� �o�f� �s�e�n�s�o�r�s�,� �s�e�n�s�o�r� �i�n�t�e�r�f�a�c�e�s�,� �l�e�n�s�e�s�,� �f�i�l�t�e�r�s�,� �a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s� �i�n� 

�i�t�s�  ��d�a�t�a� �b�a�s�e �� �o�f� �h�a�r�d�w�a�r�e�.� �T�o� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�e�,� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �m�u�s�t� �h�a�v�e� �t�h�e� 

�c�a�p�a�b�i�l�i�t�y� �t�o� �m�o�u�n�t� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �a�n�d� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �c�o�n�-� 

�f�i�g�u�r�a�t�i�o�n�s� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s�.� �F�o�r� �t�h�e� �p�l�a�n�a�r� �w�e�b� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�,� �t�h�e� �p�r�o�-� 

�t�o�t�y�p�e�r� �m�u�s�t� �a�l�s�o� �p�r�o�v�i�d�e� �t�h�e� �c�a�p�a�b�i�l�i�t�y� �t�o� �t�r�a�n�s�p�o�r�t� �p�l�a�n�a�r� �w�e�b�s�,� �a�n�d� �t�o� �d�e�t�e�c�t� 

�t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �w�e�b�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �m�u�s�t� �b�e� �a�b�l�e� �t�o� �s�u�p�p�o�r�t� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� 

�t�o� �p�r�o�v�i�d�e� �a� �m�e�c�h�a�n�i�s�m� �t�o� �r�a�p�i�d�l�y� �p�r�o�t�o�t�y�p�e� �a�l�t�e�r�n�a�t�i�v�e� �h�a�r�d�w�a�r�e� �s�o�l�u�t�i�o�n�s� �t�o� �a� 

�p�l�a�n�a�r� �w�e�b� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�.� 

�T�o� �s�u�p�p�o�r�t� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t�,� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �m�u�s�t� �h�a�v�e� 

�1�.� �i�m�a�g�e� �d�i�s�p�l�a�y� �c�a�p�a�b�i�l�i�t�y�,� �p�r�e�f�e�r�a�b�l�y� �a� �h�i�g�h� �r�e�s�o�l�u�t�i�o�n� �2�4� �b�i�t� �f�u�l�l� �c�o�l�o�r� �d�i�s�p�l�a�y� 

�c�a�p�a�b�i�l�i�t�y�,� 

�2�.� �t�h�e� �a�b�i�l�i�t�y� �t�o� �m�a�k�e� �h�a�r�d�c�o�p�i�e�s� �o�f� �i�m�a�g�e�s�,� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �p�r�o�c�e�s�s�i�n�g� �o�f� 

�t�h�e�s�e� �i�m�a�g�e�s�,� 

�3�.� �a�n�d� �a� �s�e�c�o�n�d�a�r�y� �s�t�o�r�a�g�e� �c�a�p�a�b�i�l�i�t�y�.� 

�T�o� �p�r�o�v�i�d�e� �f�o�r� �m�o�s�t� �o�f� �t�h�e� �a�b�o�v�e� �c�a�p�a�b�i�l�i�t�i�e�s�,� �t�h�e� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� 

�p�r�o�t�o�t�y�p�e�r� �c�o�n�s�i�s�t�s� �o�f� 

�6�1



�1�.� �a� �b�a�s�i�c� �p�l�a�t�f�o�r�m� �f�o�r� �m�o�u�n�t�i�n�g� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �f�o�r� �t�r�a�n�s�p�o�r�t�i�n�g� �p�l�a�n�a�r� 

�w�e�b�s�,� �a�n�d� �f�o�r� �d�e�t�e�c�t�i�n�g� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �w�e�b�.� 

�2�.� �a� �d�a�t�a�b�a�s�e� �o�f� �r�e�u�s�a�b�l�e� �m�o�d�u�l�e�s�,� 

�3�.� �A� �c�o�l�o�r� �m�o�n�i�t�o�r� �f�o�r� �d�i�s�p�l�a�y�i�n�g� �i�m�a�g�e�s�,� �a� �l�a�s�e�r� �p�r�i�n�t�e�r� �f�o�r� �o�b�t�a�i�n�i�n�g� �h�a�r�d�c�o�p�i�e�s� 

�o�f� �i�m�a�g�e�s�,� �a�n�d� �a� �p�l�o�t�t�e�r� �f�o�r� �d�r�a�w�i�n�g� �l�i�n�e�s� �s�u�c�h� �a�s� �o�u�t�l�i�n�e�s� �o�f� �w�e�b�s� �a�n�d� �o�u�t�l�i�n�e�s� 

�o�f� �d�e�f�e�c�t�s� �i�n� �t�h�e�s�e� �w�e�b�s�.� �T�h�e� �l�a�s�e�r� �p�r�i�n�t�e�r� �i�s� �a�l�s�o� �a�b�l�e� �t�o� �d�r�a�w� �t�h�e�s�e� �l�i�n�e�s�.� 

�4�.� �A� �c�o�m�p�u�t�e�r�.� 

�T�h�e� �h�a�r�d�w�a�r�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �p�r�o�c�e�s�s� �r�e�q�u�i�r�e�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�x�p�e�r�i�m�e�n�t� 

�w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�e�n�s�o�r�s� �a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s�,� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �i�m�a�g�-� 

�i�n�g� �g�e�o�m�e�t�r�i�e�s�,� �a�n�d� �t�o� �m�o�v�e� �a�n� �o�b�j�e�c�t� �t�o� �w�i�t�h�i�n� �v�i�e�w�i�n�g� �r�a�n�g�e� �o�f� �a� �s�e�n�s�o�r�.� �T�o� 

�s�u�p�p�o�r�t� �h�a�r�d�w�a�r�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �m�u�s�t� �p�r�o�v�i�d�e� 

�t�h�e� �m�e�a�n�s� �t�o� �m�o�u�n�t� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �a� �m�a�t�e�r�i�a�l�s� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m�,� �a�n�d� �a�n� 

�o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�.� �C�h�a�p�t�e�r� �4� �p�r�o�v�i�d�e�s� �a� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �h�a�r�d�w�a�r�e� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�.� 

�3�.�4� �S�o�f�t�w�a�r�e� �C�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �M�a�c�h�i�n�e� �V�i�s�i�o�n� �P�r�o�t�o�t�y�p�e�r� 

�T�h�e� �b�a�s�i�c� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �a�n�y� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �i�n�c�l�u�d�e� 

�1�.� �i�m�a�g�e� �a�n�d� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�o�f�t�w�a�r�e�,� 

�2�.� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �s�o�f�t�w�a�r�e�,� �a�n�d� 

�3�.� �d�e�v�i�c�e� �d�r�i�v�e�r�s� �f�o�r� �c�o�m�m�u�n�i�c�a�t�i�n�g� �w�i�t�h� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� 

�4�.� �s�y�s�t�e�m� �s�o�f�t�w�a�r�e� �f�o�r� �o�p�e�r�a�t�i�n�g� �i�m�a�g�e� �d�i�s�p�l�a�y�s� �a�n�d� �h�a�r�d�c�o�p�y� �d�e�v�i�c�e�s�.� 

�6�2



�T�o� �f�a�c�i�l�i�t�a�t�e� �s�o�f�t�w�a�r�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �i�n� �d�e�s�i�g�n�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�,� 

�t�h�e� �p�r�o�t�o�t�y�p�e�r� �s�h�o�u�l�d� �h�a�v�e� �a� �d�a�t�a�b�a�s�e� �o�f� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �p�r�o�v�i�d�i�n�g� �a� �v�a�r�i�e�t�y� 

�o�f� �i�m�a�g�e� �a�n�d� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �o�p�e�r�a�t�o�r�s�,� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �o�p�e�r�a�t�o�r�s�,� �d�e�v�i�c�e� �d�r�i�v�e�r�s� 

�a�n�d� �o�t�h�e�r� �s�y�s�t�e�m� �s�o�f�t�w�a�r�e� �t�h�a�t� �p�r�o�v�i�d�e� �t�h�e� �s�o�f�t�w�a�r�e� �s�e�r�v�i�c�e�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �o�p�e�r�a�t�i�n�g� 

�s�e�n�s�o�r�s�,� �m�a�t�e�r�i�a�l�s� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m�s�,� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�s�,� �i�m�a�g�e� �d�i�s�p�l�a�y�s�,� �a�n�d� 

�p�l�o�t�t�i�n�g� �d�e�v�i�c�e�s�.� �T�o� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �s�o�f�t�w�a�r�e�,� �t�h�e� �p�r�o�t�o�-� 

�t�y�p�e�r� �m�u�s�t� �p�r�o�v�i�d�e� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �a�b�o�v�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� 

�a�n�d� �t�o� �p�r�o�v�i�d�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �r�e�l�a�t�e�d� 

�s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�a�s�i�l�y� �c�o�n�f�i�g�u�r�e� �t�h�e� �o�t�h�e�r� �s�o�f�t�w�a�r�e� �c�o�m�p�o�-� 

�n�e�n�t�s�.� 

�T�h�e� �s�o�f�t�w�a�r�e� �d�e�s�i�g�n� �g�o�a�l�s� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �a�r�e� �t�h�u�s� �t�o� �p�r�o�-� 

�v�i�d�e� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �d�e�s�i�g�n�i�n�g� �a�n�d� �t�e�s�t�i�n�g� �r�e�u�s�a�b�l�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �a�n�d� 

�t�o� �c�r�e�a�t�e� �a� �d�a�t�a�b�a�s�e� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s�.� �I�t� �i�s� �a�l�s�o� �t�h�e� �g�o�a�l� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 

�p�r�o�t�o�t�y�p�e�r� �t�o� �p�r�o�v�i�d�e� �a� �m�e�c�h�a�n�i�s�m� �f�o�r� �t�r�e�a�t�i�n�g� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� 

�i�n� �t�h�e� �s�a�m�e� �c�o�n�c�e�p�t�u�a�l� �m�a�n�n�e�r�.� �T�h�e� �a�b�i�l�i�t�y� �t�o� �t�r�e�a�t� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�-� 

�p�o�n�e�n�t�s� �i�n� �t�h�e� �s�a�m�e� �c�o�n�c�e�p�t�u�a�l� �m�a�n�n�e�r� �a�l�l�o�w�s� �a� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�r� �t�o� �t�r�e�a�t� �b�o�t�h� 

�t�y�p�e�s� �o�f� �c�o�m�p�o�n�e�n�t�s� �a�s� �b�u�i�l�d�i�n�g� �b�l�o�c�k�s� �f�o�r� �c�o�n�f�i�g�u�r�i�n�g� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� 

�T�o� �a�c�h�i�e�v�e� �t�h�e�s�e� �t�h�r�e�e� �s�o�f�t�w�a�r�e� �g�o�a�l�s� �t�h�e� �p�r�o�t�o�t�o�t�y�p�e�r� �p�r�o�v�i�d�e�s� 

�1�.� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �e�n�v�i�r�o�n�m�e�n�t�,� 

�2�.� �a� �d�a�t�a�b�a�s�e� �o�f� �r�e�u�s�a�b�l�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� 

�3�.� �a� �k�e�r�n�e�l� �o�f� �s�u�p�p�o�r�t� �f�o�r� �l�o�w�-�l�e�v�e�l� �s�y�s�t�e�m� �f�u�n�c�t�i�o�n�s� �a�n�d� �f�o�r� �f�a�c�i�l�i�t�a�t�i�n�g� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n�.� 

�6�3



�T�h�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �i�s� �f�u�r�t�h�e�r� �d�e�s�c�r�i�b�e�d� �i�n� 

�C�h�a�p�t�e�r� �4�.� �U�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �a�l�s�o� �r�e�q�u�i�r�e� �a� �f�u�r�t�h�e�r� �b�a�c�k�g�r�o�u�n�d� 

�i�n�t�o� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n� �c�o�n�c�e�p�t�s� �s�u�p�p�o�r�t�e�d� �i�n� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n�.� 

�3�.�5� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �S�y�s�t�e�m� �D�e�s�i�g�n� 

�T�o� �f�a�c�i�l�i�t�a�t�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �o�n� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�,� �a�n� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �m�e�t�h�o�d� �o�f� �s�y�s�t�e�m� �d�e�s�i�g�n� �i�s� �p�r�o�p�o�s�e�d�,� �a� �m�e�t�h�o�d� �t�h�a�t� �h�a�s� �b�e�e�n� �f�o�u�n�d� 

�t�o� �b�e� �u�s�e�f�u�l� �f�o�r� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �(�M�u�l�l�i�n�s� �(�1�9�9�0�)�,� �L�u�q�i� �(�1�9�8�9�)�)�.� �I�n� �t�h�e� �r�a�p�i�d�-� 

�p�r�o�t�o�t�y�p�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �d�e�s�i�g�n�i�n�g� �c�o�m�p�l�e�x� �s�y�s�t�e�m�s�,� �o�n�e� �o�f�t�e�n� �b�e�g�i�n�s� �b�y� �a�b�s�t�r�a�c�t�-� 

�i�n�g� �t�h�e� �v�a�r�i�o�u�s� �c�o�m�p�o�n�e�n�t�s� �a�n�d� �t�h�e�i�r� �f�u�n�c�t�i�o�n�s�.� �T�h�i�s� �a�l�l�o�w�s� �t�h�e� �d�e�v�e�l�o�p�e�r� �t�o� 

�c�o�n�c�e�n�t�r�a�t�e� �o�n� �t�h�e� �i�m�p�o�r�t�a�n�t� �f�u�n�c�t�i�o�n�a�l� �a�s�p�e�c�t�s� �o�f� �t�h�e� �d�e�s�i�g�n�.� �T�h�i�s� �a�l�s�o� �f�r�e�e�s� �a� �d�e�-� 

�v�e�l�o�p�e�r� �w�h�o� �w�i�s�h�e�s� �t�o� �u�t�i�l�i�z�e� �a� �p�r�e�v�i�o�u�s�l�y� �d�e�s�i�g�n�e�d� �o�b�j�e�c�t�,� �f�r�o�m� �t�h�e� �r�e�s�p�o�n�s�i�b�i�l�i�t�y� 

�o�f� �h�a�v�i�n�g� �t�o� �k�n�o�w� �h�o�w� �t�o� �o�p�e�r�a�t�e� �o�n� �a�n� �o�b�j�e�c�t�,� �a�l�l�o�w�i�n�g� �h�i�m� �t�o� �c�o�n�c�e�n�t�r�a�t�e� �o�n� �w�h�a�t� 

�t�h�e� �o�b�j�e�c�t� �a�n�d� �i�t�s� �f�u�n�c�t�i�o�n�s� �d�o�.� �O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n� �h�a�s� �b�e�e�n� �f�o�u�n�d� �t�o� 

�b�e� �u�s�e�f�u�l� �i�n� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n� �b�y� �a� �n�u�m�b�e�r� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �(�C�a�p�p�e�l�l�i�n�i� 

�(�1�9�9�0�)�,� �F�l�i�c�k�n�e�r� �(�1�9�9�0�)�,� �L�a�w�t�o�n� �(�1�9�9�0�)�,� �M�o�h�a�n� �(�1�9�8�8�)�,� �a�n�d� �Z�a�v�i�d�o�v�i�q�u�e� �(�1�9�9�1�)�)�.� 

�O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s� �t�e�n�d� �t�o� �b�e� �e�a�s�y� �t�o� �u�s�e� �a�n�d� �p�o�r�t�a�b�l�e� �d�u�e� �t�o� �t�h�e� �a�b�-� 

�s�t�r�a�c�t�i�o�n� �o�f� �u�n�d�e�r�l�y�i�n�g� �d�a�t�a� �(�S�t�e�f�i�k� �(�1�9�8�6�)�)�.� �I�n� �t�h�e� �a�b�s�t�r�a�c�t�i�o�n� �o�f� �d�a�t�a�,� �t�h�e� �f�u�n�c�-� 

�t�i�o�n�a�l�i�t�y� �o�f� �t�h�e� �d�a�t�a� �i�s� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �t�h�a�n� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �o�f� �t�h�e� �d�a�t�a�.� 

�T�h�i�s� �a�b�s�t�r�a�c�t�i�o�n� �c�a�n� �b�e� �e�x�t�e�n�d�e�d� �t�o� �h�a�r�d�w�a�r�e� �o�b�j�e�c�t�s�.� �A�n� �e�x�a�m�p�l�e� �o�f� �t�h�i�s� �c�o�u�l�d� 

�b�e� �a� �s�e�n�s�o�r� �i�n�t�e�r�f�a�c�e� �w�h�e�r�e� �a� �r�e�l�a�t�i�v�e�l�y� �s�l�o�w� �8�-�b�i�t� �p�a�r�a�l�l�e�l� �p�o�r�t� �i�n�t�e�r�f�a�c�e� �(�f�o�u�n�d� �i�n� 

�I�B�M� �P�C�s� �a�n�d� �u�s�u�a�l�l�y� �u�s�e�d� �a�s� �a� �p�r�i�n�t�e�r� �p�o�r�t� �i�n�t�e�r�f�a�c�e�)� �t�o� �a� �s�e�n�s�o�r� �i�s� �d�e�s�i�g�n�e�d�.� �H�i�d�-� 

�i�n�g� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �o�f� �o�b�j�e�c�t�s� �t�e�n�d�s� �t�o� �r�e�d�u�c�e� �p�r�o�c�e�s�s�i�n�g� �e�r�r�o�r�s� �w�h�e�n� 

�t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �c�o�r�r�e�c�t�.� �T�h�e� �h�i�d�i�n�g� �o�f� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �i�s� �k�n�o�w�n� �a�s� 
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�e�n�c�a�p�s�u�l�a�t�i�o�n�.� �I�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s�,� �d�a�t�a� �a�n�d� �f�u�n�c�t�i�o�n�s� �(�o�p�e�r�a�t�o�r�s�)� �a�r�e� 

�e�n�c�a�p�s�u�l�a�t�e�d� �i�n�t�o� �a� �s�i�n�g�l�e� �u�n�i�t� �k�n�o�w�n� �a�s� �a�n� �o�b�j�e�c�t�.� �E�n�c�a�p�s�u�l�a�t�i�o�n� �h�a�s� �b�e�e�n� �u�s�e�d� 

�a�s� �a� �p�r�o�g�r�a�m�m�i�n�g� �t�e�c�h�n�i�q�u�e� �e�v�e�n� �i�n� �n�o�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �l�a�n�g�u�a�g�e�s� �s�u�c�h� �a�s� �A�D�A� 

�(�B�o�o�c�h� �(�1�9�8�3�)�)�.� �T�h�e� �p�u�r�p�o�s�e� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �h�i�d�i�n�g� �i�s� �t�o� �m�a�k�e� �i�n�a�c�c�e�s�s�i�b�l�e� �c�e�r�t�a�i�n� 

�d�e�t�a�i�l�s� �t�h�a�t� �s�h�o�u�l�d� �n�o�t� �a�f�f�e�c�t� �o�t�h�e�r� �p�a�r�t�s� �o�f� �a� �s�y�s�t�e�m� �(�B�o�o�c�h� �(�1�9�8�6�)�)�.� �W�i�t�h� �i�n�f�o�r�-� 

�m�a�t�i�o�n� �h�i�d�i�n�g� �i�n� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �e�n�v�i�r�o�n�m�e�n�t�,� �a�d�d�i�n�g� �n�e�w� �p�r�o�g�r�a�m� �k�n�o�w�l�e�d�g�e� 

�o�r� �r�e�m�o�v�i�n�g� �u�n�n�e�e�d�e�d� �f�a�c�t�s� �(�o�r� �c�h�a�n�g�i�n�g� �a� �s�e�n�s�o�r� �i�n�t�e�r�f�a�c�e�)� �i�n�v�o�l�v�e�s� �c�h�a�n�g�i�n�g� �t�h�e� 

�i�n�d�e�p�e�n�d�e�n�t� �o�b�j�e�c�t� �w�i�t�h�o�u�t� �a�f�f�e�c�t�i�n�g� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �s�y�s�t�e�m�.� �O�n�l�y� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� 

�t�h�e� �s�y�s�t�e�m� �t�o� �g�i�v�e�n� �s�e�t�s� �o�f� �c�i�r�c�u�m�s�t�a�n�c�e�s� �a�r�e� �a�l�t�e�r�e�d�.� �T�h�e� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d�/�o�r� 

�u�p�d�a�t�i�n�g� �o�f� �t�h�e� �s�y�s�t�e�m� �w�o�u�l�d� �t�h�u�s� �b�e� �g�r�e�a�t�l�y� �s�i�m�p�l�i�f�i�e�d�.� �S�u�c�h� �a� �s�y�s�t�e�m� �w�o�u�l�d� 

�m�a�k�e� �t�h�e� �r�e�-�d�e�f�i�n�i�t�i�o�n� �o�f� �a� �r�e�m�o�v�a�b�l�e� �d�e�f�e�c�t� �a� �f�a�i�r�l�y� �s�t�r�a�i�g�h�t�f�o�r�w�a�r�d� �p�r�o�c�e�s�s�.� �S�u�c�h� 

�a� �s�y�s�t�e�m� �a�l�s�o� �p�r�o�v�i�d�e�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�a�s�i�l�y� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �c�o�m�p�o�n�e�n�t�s� 

�o�r� �a�l�g�o�r�i�t�h�m�s�.� 

�I�n� �C�h�a�p�t�e�r� �2�,� �B�o�o�c�h� �(�1�9�8�6�)� �w�a�s� �q�u�o�t�e�d� �s�t�a�t�i�n�g� �t�h�a�t� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �a�p�-� 

�p�r�o�a�c�h� �t�o� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �a�n� �a�p�p�r�o�a�c�h� �i�n� �w�h�i�c�h� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �a� 

�s�y�s�t�e�m� �i�s� �b�a�s�e�d� �u�p�o�n� �t�h�e� �c�o�n�c�e�p�t� �o�f� �a�n� �o�b�j�e�c�t�.� �S�y�s�t�e�m� �d�e�c�o�m�p�o�s�i�t�i�o�n� �i�s� �c�o�n�c�e�r�n�e�d� 

�w�i�t�h� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �a� �s�y�s�t�e�m� �i�n� �t�e�r�m�s� �o�f� �i�t�s� �v�a�r�i�o�u�s� �c�o�m�p�o�n�e�n�t�s�.� 

�I�t� �i�s� �a�n� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t� �o�f� �d�e�s�i�g�n� �a�s� �i�t� �a�l�s�o� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �a� 

�p�r�o�b�l�e�m� �f�o�r� �w�h�i�c�h� �t�h�e� �s�y�s�t�e�m� �i�s� �i�n�t�e�n�t�e�d� �t�o� �s�o�l�v�e�.� �F�u�r�t�h�e�r�m�o�r�e�,� �k�n�o�w�l�e�d�g�e� �o�f� �s�y�s�-� 

�t�e�m� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �s�p�e�c�i�f�y� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �c�a�n� �a�i�d� �t�h�e� �s�y�s�t�e�m� 

�d�e�s�i�g�n� �p�r�o�c�e�s�s�.� �I�t� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �t�o� �h�e�l�p� �a�u�t�o�m�a�t�e� �t�h�e� �p�r�o�t�o�t�y�p�i�n�g� �p�r�o�c�e�s�s� �t�o� 

�w�h�a�t�e�v�e�r� �e�x�t�e�n�t� �i�s� �p�o�s�s�i�b�l�e�.� 

�T�h�r�e�e� �d�i�f�f�e�r�e�n�t� �v�i�e�w�s� �o�f� �s�y�s�t�e�m� �d�e�c�o�m�p�o�s�i�t�i�o�n� �h�a�v�e� �o�f�t�e�n� �b�e�e�n� �u�s�e�d�.� �T�h�e�s�e� 

�a�r�e� �t�h�e� �d�a�t�a�-�f�l�o�w� �v�i�e�w�,� �t�h�e� �c�o�n�t�r�o�l�-�f�l�o�w� �v�i�e�w� �a�n�d� �f�u�n�c�t�i�o�n�a�l� �d�e�c�o�m�p�o�s�i�t�i�o�n� �v�i�e�w� 

�(�L�a�w�r�e�n�c�e� �(�1�9�8�8�)�)�.� �T�h�o�u�g�h� �a�l�l� �t�h�r�e�e� �m�e�t�h�o�d�s� �a�r�e� �w�i�d�e�l�y� �u�s�e�d� �b�y� �s�y�s�t�e�m� �d�e�s�i�g�n�e�r�s�,� 
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�p�r�o�p�o�n�e�n�t�s� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�r�e� �o�f� �t�h�e� �o�p�i�n�i�o�n� �t�h�a�t� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�c�r�i�p�t�i�o�n� �p�r�o�v�i�d�e�s� �a�n� �e�a�s�i�e�r� �w�a�y� �o�f� �u�n�d�e�r�s�t�a�n�d�i�n�g� �s�y�s�t�e�m� �d�e�s�i�g�n� 

�(�C�o�a�d� �(�1�9�9�0�)�)�.� �V�a�r�i�a�n�t�s� �o�f� �t�h�e� �t�h�r�e�e� �m�e�t�h�o�d�s�,� �h�o�w�e�v�e�r�,� �h�a�v�e� �b�e�e�n� �u�s�e�d� �a�s� �t�o�o�l�s� 

�f�o�r� �d�e�s�i�g�n�i�n�g� �p�a�r�t�s� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s� �(�C�o�a�d� �(�1�9�9�0�)�,� �L�u�q�i� �(�1�9�8�9�)�)�.� 

�T�h�e� �b�a�s�i�c� �u�n�i�t� �o�f� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�c�o�m�p�o�s�i�t�i�o�n� �i�s� �t�h�e� �o�b�j�e�c�t�.� �O�f�-� 

�t�e�n�,� �t�h�e�s�e� �o�b�j�e�c�t�s� �c�a�n� �b�e� �g�r�o�u�p�e�d� �i�n�t�o� �d�i�f�f�e�r�e�n�t� �c�l�a�s�s�e�s�,� �a�n�d� �s�u�b�c�l�a�s�s�e�s� �r�e�s�u�l�t�i�n�g� �i�n� 

�a� �h�i�e�r�a�r�c�h�i�c�a�l� �d�e�c�o�m�p�o�s�i�t�i�o�n�.� �A� �c�l�a�s�s� �c�a�n� �b�e� �d�e�f�i�n�e�d� �a�s� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �o�b�j�e�c�t�s� �w�i�t�h� 

�o�n�e� �o�r� �m�o�r�e� �s�i�m�i�l�a�r� �a�t�t�r�i�b�u�t�e�s�.� �A�n� �a�t�t�r�i�b�u�t�e� �i�s� �a� �p�r�o�p�e�r�t�y� �o�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �a�n� 

�o�b�j�e�c�t�.� �A�n� �o�b�j�e�c�t� �i�s� �a�n� �a�b�s�t�r�a�c�t�i�o�n� �o�f� �a�n� �e�n�t�i�t�y�.� �O�b�j�e�c�t�s� �c�a�n� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�a� �s�e�t� �o�f� �d�a�t�a� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �o�p�e�r�a�t�o�r�s�.� �T�h�e� �s�t�a�t�e� �o�f� �a�n� �o�b�j�e�c�t� �i�s� �d�e�f�i�n�e�d� �b�y� �i�t�s� �d�a�t�a� 

�s�t�r�u�c�t�u�r�e�s� �w�h�i�c�h� �m�a�y� �b�e� �c�h�a�n�g�e�d� �b�y� �t�h�e� �a�c�t�i�o�n� �o�f� �i�t�s� �o�p�e�r�a�t�o�r�s� �o�n� �i�t�s� �v�a�r�i�a�b�l�e�s�.� 

�T�h�e�s�e� �o�p�e�r�a�t�o�r�s� �a�r�e� �a�c�t�i�v�a�t�e�d� �t�h�r�o�u�g�h� �a� �m�e�s�s�a�g�e� �p�a�s�s�i�n�g� �m�e�c�h�a�n�i�s�m� �(�s�u�c�h� �a�s� �a� 

�f�u�n�c�t�i�o�n� �c�a�l�l�)� �b�e�t�w�e�e�n� �o�b�j�e�c�t�s�.� 

�A� �s�u�b�c�l�a�s�s� �o�f� �a� �c�l�a�s�s�,� �w�h�i�c�h� �i�s� �a�l�s�o� �a� �c�l�a�s�s� �i�n� �i�t�s�e�l�f�,� �i�s� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �o�b�j�e�c�t�s� 

�w�h�i�c�h� �h�a�s� �s�o�m�e� �o�r� �a�l�l� �o�f� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �i�t�s� �p�a�r�e�n�t� �c�l�a�s�s� �o�f� �o�b�j�e�c�t�s� �a�n�d� �a�l�s�o� �a� �s�e�t� �o�f� 

�p�r�o�p�e�r�t�i�e�s� �n�o�t� �f�o�u�n�d� �i�n� �o�b�j�e�c�t�s� �o�f� �i�t�s� �p�a�r�e�n�t� �c�l�a�s�s�.� �T�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �a�n� �o�b�j�e�c�t� �t�h�a�t� 

�a�r�e� �i�n�h�e�r�i�t�e�d� �f�r�o�m� �i�t�s� �p�a�r�e�n�t� �c�l�a�s�s� �o�f� �o�b�j�e�c�t�s� �a�r�e� �i�t�s� �c�l�a�s�s� �i�n�h�e�r�i�t�a�n�c�e�.� �F�i�n�a�l�l�y�,� 

�o�b�j�e�c�t�s� �m�a�y� �n�o�t� �a�l�w�a�y�s� �e�x�i�s�t�.� �W�h�e�n� �a�n� �o�b�j�e�c�t� �c�o�m�e�s� �i�n�t�o� �e�x�i�s�t�e�n�c�e�,� �i�t� �i�s� �c�a�l�l�e�d� �a�n� 

�i�n�s�t�a�n�c�e� �o�f� �a�n� �o�b�j�e�c�t�.� 

�O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s� �a�r�e� �o�f�t�e�n� �d�e�v�e�l�o�p�e�d� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s� �s�u�c�h� �a�s� �C�+�+� �a�n�d� �S�m�a�l�l�t�a�l�k�.� �T�h�e�s�e� �l�a�n�g�u�a�g�e�s� �p�r�o�v�i�d�e� �a� 

�h�i�g�h�-�l�e�v�e�l� �o�f� �s�u�p�p�o�r�t� �f�o�r� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �c�o�n�c�e�p�t�s� �(�C�o�o�k� �(�1�9�8�6�)�)�.� �O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�p�r�o�g�r�a�m�m�i�n�g�,� �h�o�w�e�v�e�r�,� �i�s� �n�o�t� �l�i�m�i�t�e�d� �t�o� �t�h�e� �u�s�e� �o�f� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �l�a�n�g�u�a�g�e�s�.� �C�o�n�-� 

�v�e�n�t�i�o�n�a�l� �l�a�n�g�u�a�g�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �u�s�e�d�,� �s�u�c�h� �a�s� �a�n� �o�b�j�e�c�t� �b�a�s�e�d� �i�n�t�e�r�p�r�e�t�e�r� �w�r�i�t�t�e�n� 
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�i�n� �t�h�e� �C� �l�a�n�g�u�a�g�e� �(�C�a�m�p�b�e�l�l� �(�1�9�9�1�)�)� �a�n�d� �a� �m�e�d�i�c�a�l� �a�p�p�l�i�c�a�t�i�o�n� �p�r�o�g�r�a�m� �w�r�i�t�t�e�n� 

�i�n� �s�t�a�n�d�a�r�d� �P�a�s�c�a�l� �(�J�a�c�k�y� �(�1�9�8�7�)�)�.� �W�h�i�l�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �c�o�n�c�e�p�t�s� �a�r�e� �n�o�t� �s�t�r�i�c�t�l�y� 

�e�n�f�o�r�c�e�d� �b�y� �a� �c�o�n�v�e�n�t�i�o�n�a�l� �l�a�n�g�u�a�g�e�,� �t�h�e�y� �m�a�y� �b�e� �e�n�f�o�r�c�e�d� �b�y� �t�h�e� �p�r�o�g�r�a�m�m�e�r�.� 

�I�n� �d�o�i�n�g� �s�o�,� �t�h�e� �a�d�v�a�n�t�a�g�e�s� �f�o�u�n�d� �i�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s� �s�u�c�h� 

�a�s� �e�n�c�a�p�s�u�l�a�t�i�o�n� �(�t�h�a�t� �p�r�o�m�o�t�e�s� �r�e�d�u�c�e�d�-�e�r�r�o�r� �p�r�o�g�r�a�m�m�i�n�g�)�,� �r�e�u�s�a�b�i�l�i�t�y�,� �a�n�d� �e�x�-� 

�t�e�n�s�i�b�i�l�i�t�y� �(�M�i�c�a�l�l�e�f� �(�1�9�8�8�)�)� �m�a�y� �a�l�s�o� �b�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �u�s�e� �o�f� �c�o�n�v�e�n�t�i�o�n�a�l� �p�r�o�-� 

�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s�.� �E�n�c�a�p�s�u�l�a�t�i�o�n� �i�s� �t�h�e� �s�t�r�i�c�t� �e�n�f�o�r�c�e�m�e�n�t� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �h�i�d�-� 

�i�n�g�,� �r�e�u�s�a�b�i�l�i�t�y� �i�s� �t�h�e� �a�b�i�l�i�t�y� �o�f� �p�a�r�t�s� �o�f� �s�y�s�t�e�m� �t�o� �b�e� �r�e�u�s�e�d� �i�n� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� 

�o�f� �n�e�w� �s�y�s�t�e�m�s�,� �a�n�d� �e�x�t�e�n�s�i�b�i�l�i�t�y� �i�s� �t�h�e� �e�a�s�e� �w�i�t�h� �w�h�i�c�h� �a� �s�o�f�t�w�a�r�e� �s�y�s�t�e�m� �m�a�y� 

�b�e� �m�o�d�i�f�i�e�d� �i�n� �r�e�s�p�o�n�s�e� �t�o� �c�h�a�n�g�e�s� �i�n� �i�t�s� �r�e�q�u�i�r�e�m�e�n�t�s� �(�M�i�c�a�l�l�e�f� �(�1�9�8�8�)�)�.� 

�T�h�e� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e� �C� �i�s� �u�s�e�d� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �m�u�c�h� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �i�n� 

�t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�.� �T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s� �f�o�r� �n�o�t� �u�s�i�n�g� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �l�a�n�g�u�a�g�e�s�.� �T�h�e� �c�o�m�p�l�e�x�i�t�y� �o�f� �s�o�m�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �l�a�n�g�u�a�g�e�s� �m�a�y� �c�a�u�s�e� 

�p�r�o�b�l�e�m�s� �p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �l�e�a�r�n�i�n�g� �t�h�e�i�r� �u�s�e�,� �a�s� �w�a�s� �f�o�u�n�d� �b�y� �N�i�e�l�s�e�n� �a�n�d� �R�i�c�h�a�r�d�s� 

�(�1�9�8�9�)� �i�n� �l�e�a�r�n�i�n�g� �t�o� �u�s�e� �t�h�e� �l�a�n�g�u�a�g�e� �S�m�a�l�l�t�a�l�k�.� �F�u�r�t�h�e�r�m�o�r�e�,� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� 

�l�a�n�g�u�a�g�e�s� �t�e�n�d� �t�o� �c�o�m�p�i�l�e� �i�n�t�o� �s�l�o�w�e�r� �e�x�e�c�u�t�a�b�l�e� �c�o�d�e� �a�n�d� �m�a�y� �n�o�t� �b�e� �s�u�i�t�a�b�l�e� �i�n� 

�a� �r�e�a�l�-�t�i�m�e� �e�n�v�i�r�o�n�m�e�n�t�.� �S�o�m�e� �o�f� �t�h�e�s�e� �l�a�n�g�u�a�g�e�s� �a�r�e� �s�o�m�e�t�i�m�e�s� �u�s�e�d� �o�n�l�y� �i�n� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t�a�l� �p�h�a�s�e� �o�f� �a� �s�y�s�t�e�m� �d�e�s�i�g�n�.� �F�o�r� �e�x�a�m�p�l�e�,� �G�r�a�y� �e�t� �a�l�.� �(�1�9�8�8�)� �n�o�t�e�s� 

�t�h�a�t� �S�m�a�l�l�t�a�l�k� �i�s� �o�f�t�e�n� �u�s�e�d� �c�o�m�m�e�r�c�i�a�l�l�y� �f�o�r�  ��r�e�v�o�l�u�t�i�o�n�a�r�y �� �p�r�o�t�o�t�y�p�i�n�g� �w�h�e�r�e� 

�t�h�e� �p�r�o�t�o�t�y�p�e� �i�s� �d�i�s�c�a�r�d�e�d� �a�n�d� �a� �f�i�n�a�l� �s�y�s�t�e�m� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �s�c�r�a�t�c�h� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� 

�d�e�v�e�l�o�p�m�e�n�t� �t�o�o�l�s�.� 

�F�o�r� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�,� �r�e�u�s�a�b�l�e� �c�o�m�p�o�n�e�n�t�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �o�b�j�e�c�t�s�.� 

�O�b�j�e�c�t�s� �m�a�y� �b�e� �h�a�r�d�w�a�r�e� �o�r� �s�o�f�t�w�a�r�e� �o�b�j�e�c�t�s�.� �W�h�e�n� �c�o�n�f�i�g�u�r�e�d� �i�n�t�o� �a� �m�a�c�h�i�n�e� 

�v�i�s�i�o�n� �s�y�s�t�e�m�,� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �r�e�p�r�e�s�e�n�t� �a� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 

�s�y�s�t�e�m�.� �O�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s� �c�a�n�,� �h�o�w�e�v�e�r�,� �b�e� �f�o�u�n�d� �i�n� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �f�o�r�m�s� 
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�a�n�d� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �(�C�o�a�d� �(�1�9�9�0�)�,� �B�l�a�i�r� �(�1�9�9�0�)�)�.� �T�h�e� �m�o�s�t� �b�a�s�i�c� 

�c�o�n�c�e�p�t�s� �t�h�a�t� �u�n�i�f�y� �m�o�s�t� �o�f� �t�h�e�s�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s� �a�r�e� �t�h�e� �e�n�c�a�p�s�u�l�a�t�i�o�n� �o�f� 

�d�a�t�a� �a�n�d� �o�p�e�r�a�t�o�r�s� �i�n�t�o� �o�b�j�e�c�t�s�,� �t�h�e� �g�r�o�u�p�i�n�g� �o�f� �o�b�j�e�c�t�s� �i�n�t�o� �c�l�a�s�s�e�s� �a�n�d� �s�u�b�c�l�a�s�s�e�s�,� 

�a�n�d� �c�l�a�s�s� �i�n�h�e�r�i�t�a�n�c�e�.� �I�n� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n�,� �t�h�e� �t�e�r�m�  ��o�b�j�e�c�t �� �a�p�p�l�i�e�s� �t�o� �b�o�t�h� �h�a�r�d�-� 

�w�a�r�e� �o�r� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�.� �W�h�e�n� �s�p�e�c�i�f�y�i�n�g� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �a� �s�y�s�t�e�m�,� �n�o� 

�d�i�s�t�i�n�c�t�i�o�n� �n�e�e�d� �b�e� �m�a�d�e� �a�s� �t�h�e� �d�e�f�i�n�i�t�i�o�n�s� �m�a�y� �b�e� �a�p�p�l�i�e�d� �t�o� �e�i�t�h�e�r� �s�o�f�t�w�a�r�e� �o�r� 

�h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �t�h�u�s� �m�a�i�n�t�a�i�n�i�n�g� �t�h�e� �g�e�n�e�r�a�l�i�t�y� �a�n�d� �u�n�i�f�o�r�m�i�t�y� �o�f� �d�e�s�c�r�i�p�-� 

�t�i�o�n�s�.� �R�e�a�l�-�w�o�r�l�d� �e�n�t�i�t�i�e�s� �a�r�e� �u�s�u�a�l�l�y� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �v�i�e�w� �b�y� 

�i�t�s� �v�a�r�i�a�b�l�e�s� �a�n�d� �p�r�o�c�e�d�u�r�e�s� �i�n� �s�o�f�t�w�a�r�e�.� �W�h�e�n� �s�o� �r�e�p�r�e�s�e�n�t�e�d�,� �t�h�e� �s�o�f�t�w�a�r�e� �o�b�j�e�c�t� 

�i�s� �m�e�r�e�l�y� �a� �s�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �r�e�a�l�-�w�o�r�l�d� �e�n�t�i�t�y�.� �F�o�r� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�,� 

�t�h�e� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �n�o�t� �s�i�m�u�l�a�t�e�d�.� �I�n�s�t�e�a�d�,� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �r�e�p�r�e�s�e�n�t� 

�t�h�e�m�s�e�l�v�e�s�,� �n�o�t� �b�y� �s�o�m�e� �s�o�f�t�w�a�r�e� �d�a�t�a�-�s�t�r�u�c�t�u�r�e�.� �T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�r�o�c�e�d�u�r�e�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�s�e� �a�c�t�u�a�l� �o�b�j�e�c�t�s� �m�a�y� �b�e� �e�i�t�h�e�r� �s�o�f�t�w�a�r�e� �p�r�o�c�e�d�u�r�e�s� �t�h�a�t� �c�o�n�-� 

�t�r�o�l�s� �t�h�e� �s�t�a�t�e� �o�f� �t�h�e�s�e� �o�b�j�e�c�t�s� �t�h�r�o�u�g�h� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e�,� �o�r� 

�t�h�r�o�u�g�h� �m�a�n�u�a�l�l�y� �o�p�e�r�a�t�e�d� �c�o�n�t�r�o�l�s�.� 

�F�i�g�u�r�e� �3�.�2� �s�h�o�w�s� �a�n� �e�x�a�m�p�l�e� �o�f� �h�o�w� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�c�o�m�p�o�s�i�t�i�o�n� �m�a�y� �b�e� 

�a�p�p�l�i�e�d� �t�o� �t�h�e� �d�e�s�i�g�n� �o�f� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� �I�n� �t�h�i�s� �f�i�g�u�r�e�,� �t�h�e� �o�b�j�e�c�t� �I�m�a�g�e� 

�A�n�a�l�y�s�i�s� �S�u�b�s�y�s�t�e�m� �b�e�l�o�n�g�s� �t�o� �t�h�e� �s�u�b�c�l�a�s�s� �o�f� �t�h�e� �c�l�a�s�s� �t�h�a�t� �I�m�a�g�i�n�g� �S�u�b�s�y�s�t�e�m� 

�b�e�l�o�n�g�s� �t�o�.� �T�h�e� �a�r�c� �t�h�a�t� �l�i�n�k�s� �I�m�a�g�i�n�g� �S�u�b�s�y�s�t�e�m� �a�n�d� �I�m�a�g�e� �A�n�a�l�y�s�i�s� �S�u�b�s�y�s�t�e�m� 

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �I�m�a�g�e� �A�n�a�l�y�s�i�s� �S�u�b�s�y�s�t�e�m� �i�s� �a�n� �o�b�j�e�c�t� �b�e�l�o�n�g�i�n�g� �t�o� �a� �s�u�b�c�l�a�s�s� �o�f� 

�t�h�e� �I�m�a�g�i�n�g� �S�u�b�s�y�s�t�e�m� �o�b�j�e�c�t�.� �T�h�e� �s�u�b�c�l�a�s�s� �t�h�a�t� �S�c�e�n�e� �A�n�a�l�y�s�i�s� �S�u�b�s�y�s�t�e�m� 

�b�e�l�o�n�g�s� �t�o� �i�s� �a� �c�l�a�s�s� �t�h�a�t� �i�n�h�e�r�i�t�s� �p�r�o�p�e�r�t�i�e�s� �f�r�o�m� �t�h�e� �c�l�a�s�s�e�s� �t�h�a�t� �I�m�a�g�e� �A�n�a�l�y�s�i�s� 

�S�u�b�s�y�s�t�e�m� �b�e�l�o�n�g� �t�o�.� 

�F�i�g�u�r�e�s� �3�.�3�,� �3�.�4�,� �a�n�d� �3�.�5� �s�h�o�w� �a� �p�o�s�s�i�b�l�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �e�a�c�h� �o�f� �t�h�e� 

�o�b�j�e�c�t�s� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �3�.�2�.� �F�i�g�u�r�e� �3�.�3� �i�n� �p�a�r�t�i�c�u�l�a�r� �s�h�o�w�s� �a�n� �e�x�a�m�p�l�e� �o�f� �a� �m�u�l�t�i�p�l�e� 
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� � 

�I�m�a�g�i�n�g� 

�S�u�b�s�y�s�t�e�m� 

� � � � � � 

� � � � 

�I�m�a�g�e� �A�n�a�l�y�s�i�s� 

�S�u�b�s�y�s�t�e�m� � � � � � � 

� � � � 

�S�c�e�n�e� �A�n�a�l�y�s�i�s� 

�S�u�b�s�y�s�t�e�m� � � � � � � 

�F�i�g�u�r�e� �3�.�2�.� �E�x�a�m�p�l�e� �o�f� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� 
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� � 

�L�i�n�e�a�r� �O�b�j�e�c�t� 
�s�t�a�g�e� �d�e�t�e�c�t�o�r� � � � � � � � � � � 

�C�a�m�e�r�a� 
� � � � � � 

�a�e� 

�L�i�n�e�a�r� �s�t�a�g�e� �+� 
�O�b�j�e�c�t� �d�e�t�e�c�t�o�r� 

� � 

� � � � � � 

� � � 

� � 

� � 

�I�m�a�g�i�n�g� 
�s�u�b�s�y�s�t�e�m� � � � � � � 

�F�i�g�u�r�e� �3�.�3�.� �D�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �i�m�a�g�i�n�g� �s�u�b�s�y�s�t�e�m� �o�f� �F�i�g�u�r�e� �3�.�2�.� 
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� � 

�S�e�g�m�e�n�t�a�t�i�o�n� 
�S�y�s�t�e�m� � � � � � � 

� � � � 

�C�o�n�n�e�c�t�e�d� 

�C�o�m�p�o�n�e�n�t�s� 
�S�y�s�t�e�m� � � � � � � 

�F�i�g�u�r�e� �3�.�4�.� �A� �p�o�s�s�i�b�l�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �s�u�b�s�y�s�t�e�m� �i�n� �F�i�g�u�r�e� 
�3�.�2�.� 
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� � 

�B�l�a�c�k�b�o�a�r�d� 
� � � � � � 

�K�n�o�w�l�e�d�g�e� �S�o�u�r�c�e�s� 

�F�i�g�u�r�e� �3�.�5�.� �A� �p�o�s�s�i�b�l�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�u�b�s�y�s�t�e�m� �i�n� �F�i�g�u�r�e� 
�3�.�2�.� 
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�i�n�h�e�r�i�t�a�n�c�e� �i�n� �w�h�i�c�h� �t�h�e� �I�m�a�g�i�n�g� �S�u�b�s�y�s�t�e�m� �o�b�j�e�c�t� �i�n�h�e�r�i�t�s� �f�r�o�m� �(�a�n�d� �c�a�n� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �c�o�m�p�o�s�e�d� �o�f�)� �t�h�e� �L�i�n�e�a�r� �s�t�a�g�e�,� �O�b�j�e�c�t� �d�e�t�e�c�t�o�r�,� �a�n�d� �C�a�m�e�r�a� 

�o�b�j�e�c�t�s�.� 

�F�i�n�a�l�l�y�,� �i�n� �o�r�d�e�r� �f�o�r� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �s�y�s�t�e�m� �t�o� �b�e� 

�r�e�u�s�a�b�l�e�,� �i�t� �m�u�s�t� �b�e� �f�u�n�c�t�i�o�n�a�l�l�y� �e�q�u�i�v�a�l�e�n�t� �t�o� �c�o�m�p�o�n�e�n�t�s� �i�n� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� 

�o�f� �o�t�h�e�r� �s�y�s�t�e�m�s�.� �T�o� �i�n�c�r�e�a�s�e� �t�h�e� �m�a�t�c�h� �b�e�t�w�c�e�n� �c�o�m�p�o�n�e�n�t�s� �a�r�i�s�i�n�g� �f�o�r�m� �t�h�e� 

�d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �s�y�s�t�e�m�s�,� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �s�h�o�u�l�d� �c�o�n�f�o�r�m�,� �a�s� �m�u�c�h� 

�a�s� �i�s� �p�o�s�s�i�b�l�e�,� �t�o� �s�t�a�n�d�a�r�d� �f�u�n�c�t�i�o�n�s� �o�n�e� �w�o�u�l�d� �n�o�r�m�a�l�l�y� �f�i�n�d� �i�n� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 

�s�y�s�t�e�m�.� �C�h�a�p�t�e�r� �2� �p�r�o�v�i�d�e�d� �a� �b�a�c�k�g�r�o�u�n�d� �i�n�t�o� �t�h�e� �t�y�p�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �v�i�s�i�o�n� 

�s�y�s�t�e�m�s�.� 

�3�.�6� �C�o�m�p�a�r�i�s�o�n� �W�i�t�h� �O�t�h�e�r� �W�o�r�k� 

�W�e� �h�a�v�e� �s�e�e�n� �i�n� �C�h�a�p�t�e�r� �2� �t�h�a�t� �m�o�s�t� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �d�e�s�i�g�n�e�d� �f�o�r� 

�i�n�d�u�s�t�r�i�a�l� �i�n�s�p�e�c�t�i�o�n� �a�r�e� �h�i�g�h�l�y� �s�p�e�c�i�a�l�i�z�e�d� �a�n�d� �i�n�f�l�e�x�i�b�l�e� �s�y�s�t�e�m�s�.� �A�n� �i�m�p�o�r�t�a�n�t� 

�a�s�p�e�c�t� �o�f� �t�h�e� �a�p�p�r�o�a�c�h� �t�a�k�e�n� �i�n� �t�h�i�s� �w�o�r�k� �i�s� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �d�e�s�i�g�n�i�n�g� �s�y�s�-� 

�t�e�m�s� �t�h�a�t� �c�a�n� �b�e� �e�a�s�i�l�y� �i�m�p�l�e�m�e�n�t� �o�n�  ��g�e�n�e�r�a�l�-�p�u�r�p�o�s�e �� �c�o�m�p�u�t�e�r�-�b�a�s�e�d� �s�y�s�t�e�m�s�.� 

�R�e�l�a�t�e�d� �t�o� �t�h�i�s� �a�s�p�e�c�t� �o�f� �t�h�e� �w�o�r�k� �a�r�e� �t�h�e� �l�a�r�g�e�-�n�u�m�b�e�r� �o�f� �g�e�n�e�r�a�l�-�p�u�r�p�o�s�e� �d�e�v�e�l�-� 

�o�p�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �i�m�a�g�e� �a�n�a�l�y�s�i�s�.� 

�A� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� �d�e�v�e�l�o�p�e�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �c�a�n� �b�e� 

�c�a�t�e�g�o�r�i�z�e�d� �i�n�t�o� �t�h�r�e�e� �c�a�t�e�g�o�r�i�e�s� �(�F�l�i�c�k�n�e�r� �(�1�9�9�0�)�)�.� �I�n�c�l�u�d�e�d� �i�n� �t�h�e� �f�i�r�s�t� �c�a�t�e�g�o�r�y� 

�a�r�e� �t�h�e� �c�o�m�m�a�n�d�-� �a�n�d� �m�e�n�u�-�b�a�s�e�d� �s�y�s�t�e�m�s� �s�u�c�h� �a�s� �K�B�V�i�s�i�o�n� �(�W�i�l�l�i�a�m�s� �(�1�9�9�0�)�)�,� 

�I�m�a�g�e� �A�n�a�l�y�s�t� �(�R�o�s�e�n�t�h�a�l� �(�1�9�9�0�)�)�,� �G�Y�P�S�Y� �(�G�a�r�l�a�n�d� �(�1�9�8�6�)�)�,� �E�L�A�S� �(�B�e�v�e�r�l�e�y� 

�(�1�9�8�9�)�)�,� �a�n�d� �R�I�P�S� �(�P�e�r�c�e�p�t�i�c�s� �(�1�9�8�6�)�)�,� �w�h�i�c�h� �a�r�e� �e�a�s�y� �t�o� �u�s�e� �b�u�t� �a�r�e� �l�i�m�i�t�e�d� �b�y� 
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�p�o�o�r� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �s�o�f�t�w�a�r�e� �m�o�d�u�l�e�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �s�o�m�e� �m�e�n�u�-�b�a�s�e�d� 

�s�y�s�t�e�m�s� �s�u�c�h� �a�s� �K�B�V�i�s�i�o�n�,� �I�m�a�g�e� �A�n�a�l�y�s�t�,� �a�n�d� �R�I�P�S�,� �o�r�g�a�n�i�z�e� �d�a�t�a� �a�n�d� �a�c�t�i�o�n�s� �a�t� 

�v�a�r�y�i�n�g� �l�e�v�e�l�s� �o�f� �a�b�s�t�r�a�c�t�i�o�n� �t�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �b�e�t�w�e�e�n� �c�o�m�m�a�n�d�s�.� 

�T�h�i�s� �d�e�s�i�r�e� �t�o� �i�s�o�l�a�t�e� �t�h�e� �u�s�e�r� �f�r�o�m� �t�h�e� �u�n�d�e�r�l�y�i�n�g� �d�a�t�a� �a�n�d� �d�a�t�a�-�m�a�n�i�p�u�l�a�t�i�o�n� 

�a�c�t�i�o�n�s� �r�e�q�u�i�r�e� �e�x�t�e�n�s�i�v�e� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�e�m�e�n�t� �t�h�a�t� �m�a�y� �r�e�s�u�l�t� �i�n� �i�n�c�r�e�a�s�e�d� �c�o�m�-� 

�p�u�t�a�t�i�o�n�a�l� �c�o�m�p�l�e�x�i�t�y�.� 

�F�l�i�c�k�n�e�r� �e�t� �a�l�.� �(�1�9�9�0�)� �l�i�s�t�s� �s�y�s�t�e�m�s� �b�u�i�l�t� �a�r�o�u�n�d� �s�u�b�r�o�u�t�i�n�e� �l�i�b�r�a�r�i�e�s�,� �a�s� �a�n�-� 

�o�t�h�e�r� �c�a�t�e�g�o�r�y� �o�f� �d�e�v�e�l�o�p�e�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �a�n�d� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g�.� 

�S�u�c�h� �s�y�s�t�e�m�s� �w�h�i�l�e� �n�o�t� �h�a�v�i�n�g� �t�h�e� �s�a�m�e� �i�n�t�e�r�-�m�o�d�u�l�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �p�r�o�b�l�e�m�s�,� 

�d�o� �r�e�q�u�i�r�e� �e�x�t�e�n�s�i�v�e� �p�r�o�g�r�a�m�m�i�n�g�.� �F�u�r�t�h�e�r�m�o�r�e�,� �e�x�t�e�n�s�i�v�e� �s�u�b�r�o�u�t�i�n�e� �l�i�b�r�a�r�i�e�s� �c�a�n� 

�l�e�a�d� �t�o� �p�r�o�g�r�a�m�m�i�n�g� �e�r�r�o�r�s� �d�u�e� �p�e�r�h�a�p�s� �i�n�c�o�r�r�e�c�t� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�d�e�t�a�i�l�s�.� 

�T�h�e� �f�i�n�a�l� �c�a�t�e�g�o�r�y� �l�i�s�t�e�d� �i�n� �(�F�l�i�c�k�n�e�r� �(�1�9�9�0�)�)� �i�n�c�l�u�d�e�s� �s�y�s�t�e�m�s� �b�u�i�l�t� �a�r�o�u�n�d� 

�s�p�e�c�i�a�l�i�z�e�d� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e�s� �d�e�s�i�g�n�e�d� �f�o�r� �t�h�e� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �i�m�a�g�e�s�.� �A�n� 

�e�x�a�m�p�l�e� �i�s� �t�h�e� �P�r�o�l�o�g�-�b�a�s�e�d� �s�y�s�t�e�m� �d�e�s�c�r�i�b�e�d� �b�y� �C�h�a�n� �e�t� �a�l�.� �(�1�9�9�0�a�)� �t�h�a�t� �h�a�s� �b�e�e�n� 

�u�s�e�d� �i�n� �t�h�e� �i�n�s�p�e�c�t�i�o�n� �o�f� �f�o�o�d� �p�r�o�d�u�c�t�s� �(�C�h�a�n� �(�1�9�9�0�b�)�)�.� �I�n� �t�h�i�s� �s�y�s�t�e�m� �a� �c�o�m�p�u�t�e�r� 

�v�i�s�i�o�n� �p�r�o�b�l�e�m� �i�s� �d�e�c�o�m�p�o�s�e�d� �i�n�t�o� �a� �P�r�o�l�o�g� �b�a�s�e�d� �d�e�s�c�r�i�p�t�i�o�n�.� �T�h�e�s�e� �s�y�s�t�e�m�s� �t�e�n�d� 

�t�o� �s�u�f�f�e�r� �f�r�o�m� �p�o�r�t�a�b�i�l�i�t�y� �a�s� �t�h�e� �l�a�n�g�u�a�g�e�s� �u�s�e�d� �a�r�e� �n�o�t� �g�e�n�e�r�a�l�l�y� �a�v�a�i�l�a�b�l�e�.� �T�h�e�y� 

�h�a�v�e� �t�o� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �b�e�f�o�r�e� �t�h�e�s�e� �s�y�s�t�e�m�s� �c�a�n� �b�e� �u�s�e�d�.� �T�h�i�s� �r�e�s�t�r�i�c�t�s� �t�h�e� �c�h�o�i�c�e� 

�o�f� �c�o�m�p�u�t�e�r�s� �i�n� �w�h�i�c�h� �t�h�e�y� �m�a�y� �b�e� �i�m�p�l�e�m�e�n�t�e�d�.� 

�A�l�l� �o�f� �t�h�e�s�e� �s�y�s�t�e�m�s� �a�l�s�o� �s�u�f�f�e�r� �f�r�o�m� �t�h�e� �n�e�e�d� �t�o� �b�a�l�a�n�c�e� �p�o�r�t�a�b�i�l�i�t�y� �a�n�d� �e�a�s�e� 

�o�f� �u�s�e� �a�g�a�i�n�s�t� �e�f�f�i�c�i�e�n�c�y� �(�F�l�i�c�k�n�e�r� �(�1�9�9�0�)�)�.� �T�o� �a�l�l�e�v�i�a�t�e� �t�h�i�s� �p�r�o�b�l�e�m�,� �F�l�i�c�k�n�e�r� 

�e�t� �a�l�.� �(�1�9�9�0�)� �p�r�o�p�o�s�e�s� �t�h�e� �u�s�e� �o�f� �O�L�I�V�E�,� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �l�a�n�g�u�a�g�e�  ��s�c�h�e�m�a �� 

�c�o�m�p�o�s�e�d� �o�f� �a� �s�e�t� �o�f� �o�b�j�e�c�t�s� �a�n�d� �o�p�e�r�a�t�i�o�n�s� �t�o� �b�e� �a�d�d�e�d� �t�o� �e�x�i�s�t�i�n�g� �l�a�n�g�u�a�g�e�s�.� 
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�T�h�i�s� �i�s� �t�h�e� �b�a�s�i�c� �a�p�p�r�o�a�c�h� �t�a�k�e�n� �i�n� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n�,� �i�n� �t�h�e� �d�e�s�i�g�n� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� 

�e�n�v�i�r�o�n�m�e�n�t�.� 

�M�o�s�t� �o�f� �t�h�e�s�e� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �s�y�s�t�e�m�s� �a�r�e� �a�i�m�e�d� �a�t� �p�r�o�v�i�d�i�n�g� �a� �s�e�t� �o�f� �g�e�n�e�r�a�l� 

�p�u�r�p�o�s�e� �i�m�a�g�e� �a�n�a�l�y�s�i�s� �o�p�e�r�a�t�o�r�s�.� �T�h�e�y� �d�o� �n�o�t� �a�d�d�r�e�s�s� �t�h�e� �s�p�e�c�i�a�l� �n�e�e�d�s� �o�f� �s�p�e�c�i�f�i�c� 

�c�l�a�s�s�e�s� �o�f� �p�r�o�b�l�e�m�s�.� �T�h�e� �p�r�o�b�l�e�m� �i�s� �t�h�a�t�,� �g�i�v�e�n� �s�u�c�h� �a� �s�e�t� �o�f� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� 

 ��m�e�t�h�o�d�s �� �a�n�d�  ��t�o�o�l�s ��,� �a� �s�o�l�u�t�i�o�n� �b�a�s�e�d� �o�n� �t�h�e�m� �i�s� �o�f�t�e�n� �f�o�r�c�e�d� �a�n�d� �t�h�u�s� �m�a�y� 

�n�o�t� �b�e� �o�p�t�i�m�a�l�.� �T�h�i�s�  ��c�a�r�t� �b�e�f�o�r�e� �t�h�e� �h�o�r�s�e �� �p�h�i�l�o�s�o�p�h�y� �a�s� �L�a�w�s�o�n� �(�1�9�9�0�)� �c�a�l�l�s� 

�i�t�,� �o�f�t�e�n� �h�i�n�d�e�r�s� �t�h�e� �p�r�o�p�e�r� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �c�o�m�p�u�t�e�r�-�b�a�s�e�d� �s�y�s�t�e�m�s�.� �F�r�o�m� �t�h�e� 

�s�o�f�t�w�a�r�e� �s�t�a�n�d�p�o�i�n�t�,� �w�h�e�n� �s�u�c�h� �a� �d�e�s�i�g�n� �m�e�t�h�o�d�o�l�o�g�y� �i�s� �u�s�e�d�,� �L�a�w�s�o�n� �s�t�a�t�e�s� �t�h�a�t� 

 ��.�.�f�r�o�m� �t�h�e� �b�e�g�i�n�n�i�n�g�,� �a� �n�u�m�b�e�r� �o�f� �d�e�g�r�e�e�s� �o�f� �f�r�e�e�d�o�m� �a�r�e� �r�e�m�o�v�e�d�,� �r�e�-� 

�s�t�r�i�c�t�i�n�g� �t�h�e� �s�o�l�u�t�i�o�n� �d�o�m�a�i�n�.� �I�n� �t�h�i�s� �e�n�v�i�r�o�n�m�e�n�t�,� �t�h�e� �p�r�o�b�l�e�m� �s�o�l�u�t�i�o�n� 

�i�s� �o�f�t�e�n� �f�o�r�c�e�d� �i�n�t�o� �t�h�e� �f�r�a�m�e�w�o�r�k� �o�f� �c�o�m�p�u�t�e�r�-�r�e�l�a�t�e�d� �a�r�t�i�f�a�c�t�s� �t�h�a�t� �c�o�n�-� 

�f�l�i�c�t� �w�i�t�h� �t�h�e� �n�a�t�u�r�a�l� �p�r�o�b�l�e�m� �p�h�i�l�o�s�o�p�h�y�.� �E�v�e�n�t�u�a�l�l�y�,� �t�h�i�s� �r�e�s�u�l�t�s� �i�n� �a� 

�v�a�r�i�e�t�y� �o�f� �l�o�n�g�-�l�a�s�t�i�n�g� �a�n�d� �c�o�s�t�l�y� �p�r�a�c�t�i�c�a�l� �p�r�o�b�l�e�m�s� �.�.�. �� 

�T�h�e� �a�p�p�r�o�a�c�h� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �L�a�w�s�o�n� �(�1�9�9�0�)� �i�s� �t�o� �f�i�r�s�t� �e�s�t�a�b�l�i�s�h� �a� �p�r�o�b�l�e�m�-� 

�r�e�l�e�v�a�n�t� �p�h�i�l�o�s�o�p�h�y�,� �a�n�d� �t�h�e�n� �t�o� �d�e�f�i�n�e� �t�h�e�  ��c�o�m�p�u�t�e�r�-�r�e�l�a�t�e�d� �a�r�t�i�f�a�c�t�s �� �a�s� �h�e� �c�a�l�l�s� 

�i�t� �a�s� �a� �n�a�t�u�r�a�l� �c�o�n�s�e�q�u�e�n�c�e� �o�f�,� �a�n�d� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h�,� �t�h�i�s� �p�h�i�l�o�s�o�p�h�y�.� �T�h�e� �w�o�r�d� 

 ��p�h�i�l�o�s�o�p�h�y �� �a�s� �u�s�e�d� �b�y� �L�a�w�s�o�n� �(�1�9�9�0�)� �i�s� �t�a�k�e�n� �t�o� �m�e�a�n�:� 

 ��.�.�.� �a� �u�n�i�f�y�i�n�g� �c�o�m�m�o�n� �v�i�e�w� �o�f� �h�o�w� �a� �p�r�o�b�l�e�m� �o�r� �c�l�a�s�s� �o�f� �p�r�o�b�l�e�m�s� �s�h�a�l�l� 

 ��i�n� �p�r�i�n�c�i�p�l�e �� �b�e� �t�r�e�a�t�e�d�. �� 

�N�o�t�e� �t�h�a�t� �t�h�i�s� �d�e�s�i�g�n� �p�h�i�l�o�s�o�p�h�y� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� �p�r�o�m�o�t�i�n�g� �t�h�e� �r�e�u�s�a�b�i�l�i�t�y� �o�f� 

 ��c�o�m�p�u�t�e�r�-�r�e�l�a�t�e�d� �a�r�t�i�f�a�c�t�s�. �� 

�F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �s�y�s�t�e�m�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �d�e�s�c�r�i�b�e�d� �b�a�s�i�c�a�l�l�y� �p�r�o�v�i�d�e� �a�n� �e�n�-� 

�v�i�r�o�n�m�e�n�t� �t�h�a�t� �c�o�n�c�e�n�t�r�a�t�e�s� �o�n� �t�h�e� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �a�s�p�e�c�t�s� �o�f� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 
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�s�y�s�t�e�m� �d�e�s�i�g�n�.� �M�i�n�i�m�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n� �i�s� �g�i�v�e�n� �t�o� �h�a�r�d�w�a�r�e� �p�r�o�t�o�t�y�p�i�n�g�.� �T�h�i�s� �d�i�s�-� 

�s�e�r�t�a�t�i�o�n� �t�a�k�e�s� �a�n� �i�n�t�e�g�r�a�t�e�d� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �v�i�e�w�,� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �t�h�a�t� �i�s� 

�c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �i�m�p�o�r�t�a�n�t� �f�o�r� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �d�e�s�i�g�n�e�d� �f�o�r� �u�s�e� �i�n� �i�n�d�u�s�t�r�y� 

�(�L�a�v�i�n� �(�1�9�8�8�)�)�.� �A�t� �t�h�e� �t�i�m�e� �o�f� �t�h�i�s� �w�r�i�t�i�n�g�,� �t�h�e� �a�u�t�h�o�r� �w�a�s� �n�o�t� �a�w�a�r�e� �o�f� �a�n�y� �s�y�s�t�e�m� 

�t�h�a�t� �u�n�i�f�i�e�s� �t�o�t�a�l� �s�y�s�t�e�m� �d�e�s�i�g�n� �f�o�r� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s� �i�n� �t�h�i�s� �m�a�n�n�e�r�.� 

�T�h�e� �c�o�n�c�e�p�t� �o�f� �a� �t�o�t�a�l� �d�e�s�i�g�n� �f�r�a�m�e�w�o�r�k� �w�h�e�r�e�i�n� �a� �s�y�s�t�e�m� �d�e�s�i�g�n� �m�u�s�t� �c�o�n�-� 

�s�i�d�e�r� �b�o�t�h� �t�h�e� �s�o�f�t�w�a�r�e� �a�n�d� �h�a�r�d�w�a�r�e� �a�s�p�e�c�t�s� �a�s� �a� �s�i�n�g�l�e� �c�o�n�c�e�r�n� �r�a�t�h�e�r� �t�h�a�n� �a�s� 

�s�e�p�a�r�a�t�e� �i�s�s�u�e�s� �i�s� �f�u�r�t�h�e�r� �e�l�a�b�o�r�a�t�e�d� �b�y� �R�o�m�a�n� �e�t� �a�l�.� �(�1�9�8�4�)�:� 

 ��S�y�s�t�e�m� �i�n�a�d�e�q�u�a�c�i�e�s� �m�a�y� �b�e� �t�h�e� �f�a�u�l�t� �o�f� �d�e�s�i�g�n�e�r�s� �w�h�o� �d�i�d�n ��t� �l�o�o�k� �a�t� 

�t�h�e� �w�h�o�l�e� �p�i�c�t�u�r�e�.� �T�o� �b�e� �s�u�c�c�e�s�s�f�u�l�,� �a� �d�e�s�i�g�n� �m�u�s�t� �m�e�r�g�e� �h�a�r�d�w�a�r�e� �a�n�d� 

�s�o�f�t�w�a�r�e� �c�o�n�c�e�r�n�s� �i�n�t�o� �a� �s�i�n�g�l�e�,� �u�n�i�f�i�e�d� �p�e�r�s�p�e�c�t�i�v�e�. �� 

�T�h�e� �a�u�t�h�o�r�s� �(�R�o�m�a�n� �(�1�9�8�4�)�)� �p�r�e�s�e�n�t� �t�h�e� �t�o�t�a�l� �d�e�s�i�g�n� �f�r�a�m�e�w�o�r�k� �i�n� �s�t�a�g�e�s� �b�e�g�i�n�n�i�n�g� 

�w�i�t�h� �t�h�e� �p�r�o�b�l�e�m� �d�e�f�i�n�i�t�i�o�n� �s�t�a�g�e�.� �T�h�i�s� �i�s� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �s�y�s�t�e�m� �d�e�s�i�g�n� �s�t�a�g�e� �w�h�e�r�e� 

�b�o�t�h� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �r�e�q�u�i�r�e�m�e�n�t�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d�.� �O�n�l�y� �a�f�t�e�r� �t�h�i�s� �a�r�e� �t�h�e� 

�h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �d�e�s�i�g�n�e�d� �s�e�p�a�r�a�t�e�l�y�.� 

�I�n� �g�e�n�e�r�a�l� �t�h�e�s�e� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �s�y�s�t�e�m�s� �t�y�p�i�c�a�l�l�y� 

�(�1�)� �a�c�c�e�p�t� �d�a�t�a� �f�r�o�m� �o�n�l�y� �o�n�e� �i�m�a�g�i�n�g� �m�o�d�a�l�i�t�y� �-� �u�s�u�a�l�l�y� �a�r�e�a� �a�r�r�a�y� �c�a�m�e�r�a�s�,� 

�(�2�)� �d�o� �n�o�t� �p�r�o�v�i�d�e� �a� �m�e�c�h�a�n�i�s�m� �f�o�r� �c�o�n�t�r�o�l� �o�f� �a� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m� �f�o�r� 

�t�r�a�n�s�p�o�r�t�i�n�g� �p�l�a�n�a�r� �w�e�b�s�,� 

�(�3�)� �d�o� �n�o�t� �s�u�p�p�o�r�t� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �w�i�t�h� �h�a�r�d�w�a�r�e�.� 
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�3�.�7� �S�u�m�m�a�r�y� 

�A�n� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �h�a�s� �b�e�e�n� �p�r�o�v�i�d�e�d� �i�n� �t�h�i�s� �c�h�a�p�-� 

�t�e�r�.� �T�h�i�s� �o�v�e�r�v�i�e�w� �i�n�c�l�u�d�e�d� �a� �d�i�s�c�u�s�s�i�o�n� �o�f� �h�o�w� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �c�a�n� �b�e� �u�t�i�l�i�z�e�d� �t�o� 

�r�a�p�i�d�l�y� �p�r�o�t�o�t�y�p�e� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�.� �T�h�e� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �m�a�-� 

�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �w�a�s� �n�e�x�t� �d�e�s�c�r�i�b�e�d�.� �T�o� �s�u�p�p�o�r�t� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �a�c�t�i�v�i�t�y�,� 

�a� �p�l�a�t�f�o�r�m� �f�o�r� �m�o�u�n�t�i�n�g� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �a� �m�a�t�e�r�i�a�l�s� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m�,� �a�n�d� 

�a�n� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m� �i�s� �p�r�o�v�i�d�e�d�.� �T�o� �f�a�c�i�l�i�t�a�t�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �a� �d�a�t�a�b�a�s�e� 

�o�f� �c�o�m�p�o�n�e�n�t�s� �i�s� �m�a�d�e� �a�v�a�i�l�a�b�l�e�.� �T�h�i�s� �l�i�m�i�t�e�d� �d�a�t�a�b�a�s�e� �c�u�r�r�e�n�t�l�y� �c�o�n�s�i�s�t�s� �o�f� �c�o�m�-� 

�p�o�n�e�n�t�s� �s�u�i�t�a�b�l�e� �f�o�r� �t�h�e� �t�y�p�e� �o�f� �i�n�s�p�e�c�t�i�o�n� �t�h�a�t� �a�n�a�l�y�z�e�s� �p�l�a�n�a�r� �w�e�b�s� �f�o�r� �s�u�r�f�a�c�e� 

�d�e�f�e�c�t�s� �t�h�a�t� �m�a�n�i�f�e�s�t� �t�h�e�m�s�e�l�v�e�s� �a�s� �v�a�r�i�a�t�i�o�n�s� �i�n� �c�o�l�o�r�,� �t�o�n�e�,� �a�n�d�/�o�r� �t�e�x�t�u�r�e� �f�r�o�m� 

�t�h�a�t� �o�f� �a� �n�o�r�m�a�l� �w�e�b� �s�u�r�f�a�c�e�.� 

�F�o�l�l�o�w�i�n�g� �t�h�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�e� 

�s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �w�a�s� �d�e�s�c�r�i�b�e�d�.� �T�o� �s�u�p�p�o�r�t� 

�r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �a�c�t�i�v�i�t�y�,� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �a�p�p�r�o�a�c�h� �t�o� �s�y�s�t�e�m� �d�e�s�i�g�n� �i�s� �t�a�k�e�n�.� 

�T�o� �f�a�c�i�l�i�t�a�t�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �a� �d�a�t�a�b�a�s�e� �o�f� �o�f� �s�o�f�t�w�a�r�e� �m�o�d�u�l�e�s� �i�s� �m�a�d�e� �a�v�a�i�l�a�b�l�e�.� 

�F�i�n�a�l�l�y�,� �a� �c�o�m�p�a�r�i�s�o�n� �w�i�t�h� �o�t�h�e�r� �v�i�s�i�o�n� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �s�y�s�t�e�m�s� �w�a�s� �g�i�v�e�n�.� �I�t� 

�w�a�s� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e�s�e� �s�y�s�t�e�m�s� �w�e�r�e� �o�f� �l�i�m�i�t�e�d� �u�t�i�l�i�t�y� �b�e�c�a�u�s�e� �t�h�e�y� �d�i�d� �n�o�t� 

�p�r�o�v�i�d�e� �a� �f�r�a�m�e�w�o�r�k� �f�o�r� �c�o�m�b�i�n�e�d� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �d�e�s�i�g�n�.� 
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�C�h�a�p�t�e�r� �4� 

�C�O�M�P�O�N�E�N�T�S� �O�F� �T�H�E� 

�M�A�C�H�I�N�E� �V�I�S�I�O�N� �P�R�O�T�O�T�Y�P�E�R� 

�I�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�h�a�t� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �d�e�s�i�g�n� �i�s� �a� �c�o�m�p�l�e�x� �a�n�d� �m�a�j�o�r� 

�u�n�d�e�r�t�a�k�i�n�g� �r�e�q�u�i�r�i�n�g� �m�u�c�h� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�.� �T�h�i�s� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �i�s� �n�e�e�d�e�d� �t�o� 

�a�l�l�o�w� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �s�o�l�u�t�i�o�n�s� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�.� �A� �m�a�-� 

�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �w�a�s� �t�h�u�s� �p�r�o�p�o�s�e�d� �a�s� �a�n� �e�x�p�e�r�i�m�e�n�t�a�l� �v�e�h�i�c�l�e� �f�o�r� �d�e�s�i�g�n�i�n�g� 

�m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�s�.� �I�n� �C�h�a�p�t�e�r� �3�,� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �w�a�s� �d�e�f�i�n�e�d� 

�t�o� �b�e� �a� �s�e�t� �o�f� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �c�a�n� �b�e� �c�o�m�b�i�n�e�d� �i�n� �a� �v�a�r�i�e�t�y� 

�o�f� �w�a�y�s� �t�o� �a�l�l�o�w� �t�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �s�o�l�u�t�i�o�n�s� �t�o� �a� �p�a�r�t�i�c�u�l�a�r� �i�n�s�p�e�c�t�i�o�n� 

�p�r�o�b�l�e�m�.� �C�h�a�p�t�e�r� �3� �a�l�s�o� �p�r�o�v�i�d�e�d� �a�n� �o�v�e�r�v�i�e�w� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�.� 

�T�h�e� �o�b�j�e�c�t� �o�f� �t�h�i�s� �c�h�a�p�t�e�r� �i�s� �t�h�u�s� �t�o� �p�r�o�v�i�d�e� �a� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �m�a�j�o�r� 

�h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r�.� 

�4�.�1� �H�a�r�d�w�a�r�e� �C�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �M�a�c�h�i�n�e� �V�i�s�i�o�n� �P�r�o�t�o�t�y�p�e�r� 

�T�o� �s�u�p�p�o�r�t� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �C�h�a�p�t�e�r� �3� �l�i�s�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�a�s� �n�e�c�e�s�s�a�r�y� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �p�r�o�t�o�t�y�p�e�r�:� 

�1�.� �A� �b�a�s�i�c� �p�l�a�t�f�o�r�m� �f�o�r� �m�o�u�n�t�i�n�g� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� �f�o�r� �t�r�a�n�s�p�o�r�t�i�n�g� �p�l�a�n�a�r� 

�w�e�b�s�,� �a�n�d� �f�o�r� �d�e�t�e�c�t�i�n�g� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �w�e�b�.� 

�2�.� �A� �d�a�t�a�b�a�s�e� �o�f� �r�e�u�s�a�b�l�e� �m�o�d�u�l�e�s�.� 

�7�8



�3�.� �A� �c�o�l�o�r� �m�o�n�i�t�o�r� �f�o�r� �d�i�s�p�l�a�y�i�n�g� �i�m�a�g�e�s�,� �a� �l�a�s�e�r� �p�r�i�n�t�e�r� �f�o�r� �o�b�t�a�i�n�i�n�g� �h�a�r�d�c�o�p�i�e�s� 

�o�f� �i�m�a�g�e�s�,� �a�n�d� �a� �p�l�o�t�t�e�r� �f�o�r� �d�r�a�w�i�n�g� �l�i�n�e�s� �s�u�c�h� �a�s� �o�u�t�l�i�n�e�s� �o�f� �w�e�b�s� �a�n�d� �o�u�t�l�i�n�e�s� 

�o�f� �d�e�f�e�c�t�s� �i�n� �t�h�e�s�e� �w�e�b�s�.� �T�h�e� �l�a�s�e�r� �p�r�i�n�t�e�r� �i�s� �a�l�s�o� �a�b�l�e� �t�o� �d�r�a�w� �t�h�e�s�e� �l�i�n�e�s�.� 

�4�.� �A� �c�o�m�p�u�t�e�r�.� 

�F�o�r� �h�a�r�d�w�a�r�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �p�r�o�v�i�d�e�s� �a� �b�a�s�i�c� �p�l�a�t�f�o�r�m� �f�o�r� 

�e�x�p�e�r�i�m�e�n�t�a�t�i�o�n� �c�o�n�s�i�s�t�i�n�g� �o�f� �1�)� �a� �m�o�u�n�t�i�n�g� �s�y�s�t�e�m�,� �2�)� �a� �m�a�t�e�r�i�a�l�s� �t�r�a�n�s�p�o�r�t� �s�y�s�-� 

�t�e�m�,� �a�n�d� �3�)� �a�n� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�.� �T�h�e�s�e� �t�h�r�e�e� �i�t�e�m�s� �p�r�o�v�i�d�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� 

�e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �s�e�n�s�o�r�s� �a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s�,� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�-� 

�f�e�r�e�n�t� �i�m�a�g�i�n�g� �g�e�o�m�e�t�r�i�e�s�,� �a�n�d� �t�o� �m�o�v�e� �a�n� �o�b�j�e�c�t� �t�o� �w�i�t�h�i�n� �v�i�e�w�i�n�g� �r�a�n�g�e� �o�f� �a� 

�s�e�n�s�o�r�.� 

�4�.�1�.�1� �T�h�e� �M�o�u�n�t�i�n�g� �S�y�s�t�e�m� 

�T�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t�s� �o�f� �h�a�r�d�w�a�r�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �i�s� �i�n� �t�h�e� �a�b�i�l�i�t�y� 

�t�o� �e�a�s�i�l�y� �c�h�a�n�g�e� �i�m�a�g�i�n�g� �g�e�o�m�e�t�r�y� �a�n�d� �i�n� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� 

�i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e� �n�e�e�d� �t�o� �e�a�s�i�l�y� �c�h�a�n�g�e� �i�m�a�g�i�n�g� �g�e�o�m�e�t�r�y� �a�n�d� �e�x�p�e�r�i�m�e�n�t� 

�w�i�t�h� �d�i�f�f�e�r�e�n�t� �i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s� �m�a�k�e� �i�t� �v�e�r�y� �d�e�s�i�r�a�b�l�e� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �n�u�m�b�e�r� 

�o�f� �s�p�e�c�i�a�l� �p�u�r�p�o�s�e� �m�a�c�h�i�n�e�d� �p�a�r�t�s� �r�e�q�u�i�r�e�d� �f�o�r� �m�o�u�n�t�i�n�g� �i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e� 

�b�a�s�i�c� �o�b�j�e�c�t�i�v�e� �o�f� �a� �m�o�u�n�t�i�n�g� �s�y�s�t�e�m� �m�u�s�t� �t�h�e�r�e�f�o�r�e� �b�e� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �n�u�m�b�e�r� �o�f� 

�s�p�e�c�i�a�l� �p�u�r�p�o�s�e� �m�a�c�h�i�n�e� �p�a�r�t�s�.� �T�h�e� �m�o�u�n�t�i�n�g� �s�y�s�t�e�m� �m�u�s�t� �a�l�s�o� �b�e� �a�b�l�e� �t�o� �p�o�i�n�t� 

�s�e�n�s�o�r�s� �w�i�t�h� �s�o�m�e� �d�e�g�r�e�e� �o�f� �a�c�c�u�r�a�c�y�.� �I�t� �m�u�s�t� �a�l�s�o� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �p�o�s�i�t�i�o�n� 

�a�n�d� �p�o�i�n�t� �t�h�e� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s� �t�o� �p�r�o�v�i�d�e� �t�h�e� �b�e�s�t� �p�o�s�s�i�b�l�e� �i�l�l�u�m�i�n�a�t�i�o�n� �o�v�e�r� 

�a�n� �o�b�j�e�c�t� �t�o� �b�e� �i�m�a�g�e�d�.� 
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�T�h�e� �a�b�o�v�e� �r�e�q�u�i�r�e�m�e�n�t�s� �c�a�n� �b�e� �m�e�t� �b�y� �u�s�i�n�g� �a�n� �o�p�t�i�c�a�l� �t�a�b�l�e� �w�i�t�h� �a� �v�a�r�i�e�t�y� 

�o�f� �p�a�r�t�s� �a�v�a�i�l�a�b�l�e� �i�n�c�l�u�d�i�n�g� �p�o�s�i�t�i�o�n�i�n�g� �a�n�d� �p�o�i�n�t�i�n�g� �h�a�r�d�w�a�r�e�.� �T�h�e� �o�p�t�i�c�a�l� �t�a�b�l�e� 

�t�h�a�t� �h�a�s� �b�e�e�n� �p�r�o�v�i�d�e�d� �f�o�r� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �a�l�l�o�w�s� �c�o�m�p�o�n�e�n�t�s� �t�o� �b�e� �m�o�u�n�t�e�d� �a�t� 

�d�i�f�f�e�r�e�n�t� �p�o�i�n�t�s� �o�n� �i�t�s� �s�u�r�f�a�c�e� �s�p�a�c�e�d� �a�n� �i�n�c�h� �a�p�a�r�t� �a�n�d� �t�h�u�s� �p�r�o�v�i�d�e�s� �t�w�o� �d�e�g�r�e�e�s� 

�o�f� �f�r�e�e�d�o�m� �f�o�r� �p�o�s�i�t�i�o�n�i�n�g� �c�o�m�p�o�n�e�n�t�s�.� �A�c�c�e�s�s�o�r�i�e�s� �t�h�a�t� �a�r�e� �a�v�a�i�l�a�b�l�e� �w�i�t�h� �t�h�e� 

�o�p�t�i�c�a�l� �t�a�b�l�e� �i�n�c�l�u�d�e� �m�i�c�r�o�p�o�s�i�t�i�o�n�i�n�g� �d�e�v�i�c�e�s� �s�u�c�h� �a�s� �t�r�a�n�s�l�a�t�o�r�s� �a�n�d� �r�o�t�a�t�o�r�s�,� �a� 

�v�a�r�i�e�t�y� �o�f� �r�o�d� �s�l�i�d�e�s�,� �o�p�t�i�c�a�l� �r�o�d� �m�o�u�n�t�s�,� �r�o�d� �h�o�l�d�e�r�s�,� �c�a�r�r�i�e�r�s� �a�n�d� �o�p�t�i�c�a�l� �t�a�b�l�e� �r�a�i�l�s�.� 

�M�i�c�r�o�p�o�s�i�t�i�o�n�i�n�g� �d�e�v�i�c�e�s� �p�e�r�m�i�t� �s�e�n�s�o�r�s� �t�o� �b�e� �m�o�u�n�t�e�d� �a�n�d� �a�c�c�u�r�a�t�e�l�y� �p�o�i�n�t�e�d�.� 

�R�o�d� �s�l�i�d�e�s� �p�e�r�m�i�t� �m�i�c�r�o�p�o�s�i�t�i�o�n�i�n�g� �d�e�v�i�c�e�s� �a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s� �t�o� �b�e� �m�o�u�n�t�e�d� 

�o�n� �o�p�t�i�c�a�l� �r�o�d� �m�o�u�n�t�s�.� �T�h�e�s�e� �r�o�d� �s�l�i�d�e�s� �e�n�a�b�l�e� �c�o�m�p�o�n�e�n�t�s� �t�o� �b�e� �m�o�u�n�t�e�d� �a�t� �a�n�y� 

�p�o�i�n�t� �v�e�r�t�i�c�a�l�l�y� �a�l�o�n�g� �t�h�e� �l�e�n�g�t�h�s� �o�f� �o�p�t�i�c�a�l� �r�o�d� �m�o�u�n�t�s� �t�o� �p�r�o�v�i�d�e� �a� �t�h�i�r�d� �d�e�g�r�e�e� 

�o�f� �f�r�e�e�d�o�m� �f�o�r� �p�o�s�i�t�i�o�n�i�n�g� �c�o�m�p�o�n�e�n�t�s�.� �R�o�d� �h�o�l�d�e�r�s� �a�r�e� �p�r�o�v�i�d�e�d� �f�o�r� �m�o�u�n�t�i�n�g� 

�o�p�t�i�c�a�l� �r�o�d� �m�o�u�n�t�s� �o�n� �t�h�e� �o�p�t�i�c�a�l� �t�a�b�l�e�.� �C�a�r�r�i�e�r�s� �a�r�e� �f�o�r� �m�o�u�n�t�i�n�g� �r�o�d� �m�o�u�n�t�s� 

�o�n�t�o� �o�p�t�i�c�a�l� �t�a�b�l�e� �r�a�i�l�s�.� �O�p�t�i�c�a�l� �t�a�b�l�e� �r�a�i�l�s� �p�e�r�m�i�t� �m�o�u�n�t�e�d� �s�e�n�s�o�r�s� �t�o� �b�e� �p�r�e�c�i�s�e�l�y� 

�p�o�s�i�t�i�o�n�e�d� �a�t� �a�n�y� �d�e�s�i�r�e�d� �d�i�s�t�a�n�c�e� �f�r�o�m� �a�n� �o�b�j�e�c�t�.� �F�i�n�a�l�l�y�,� �o�p�t�i�c�a�l� �m�o�u�n�t�s� �a�r�e� �a�l�s�o� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �h�o�l�d�i�n�g� �l�e�n�s� �f�i�l�t�e�r�s�.� 

�A�l�l� �o�f� �t�h�e�s�e� �o�p�t�i�c�a�l� �f�i�x�t�u�r�e�s� �p�r�o�v�i�d�e� �t�h�e� �f�l�e�x�i�b�i�l�i�t�y� �t�o� �q�u�i�c�k�l�y� �c�h�a�n�g�e� �i�m�a�g�i�n�g� 

�g�e�o�m�e�t�r�y� �a�n�d� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �i�m�a�g�i�n�g� �h�a�r�d�w�a�r�e�.� �T�h�e�s�e� �f�i�x�t�u�r�e�s� �w�i�l�l� 

�t�h�u�s� �e�n�s�u�r�e� �t�h�e� �r�e�u�s�a�b�i�l�i�t�y� �o�f� �i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s�.� �A�l�l� �t�h�a�t� �r�e�m�a�i�n�s� �a�r�e� �t�h�e� �s�p�e�c�i�a�l� 

�c�o�n�n�e�c�t�i�n�g� �m�o�u�n�t�s� �f�o�r� �b�o�l�t�i�n�g� �c�o�m�p�o�n�e�n�t�s� �o�n�t�o� �t�h�e�s�e� �o�p�t�i�c�a�l� �f�i�x�t�u�r�e�s�.� �T�h�e� �n�e�e�d� 

�f�o�r� �m�i�l�l�i�n�g� �s�p�e�c�i�a�l� �p�u�r�p�o�s�e� �p�a�r�t�s� �a�r�e� �t�h�u�s� �m�i�n�i�m�i�z�e�d�.� 

�I�t� �w�o�u�l�d� �a�l�s�o� �b�e� �v�e�r�y� �u�s�e�f�u�l� �i�f� �a�l�l� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �u�s�e�d� �t�h�e� �s�a�m�e� �b�a�s�i�c� �t�y�p�e�s� 

�o�f� �b�o�l�t�s� �f�o�r� �m�o�u�n�t�i�n�g� �o�n�t�o� �t�h�e� �o�p�t�i�c�a�l� �t�a�b�l�e�.� �O�n�e� �w�o�u�l�d� �t�h�e�n� �o�n�l�y� �n�e�e�d� �t�o� �k�e�e�p� 

�a� �d�a�t�a�b�a�s�e� �o�f� �a� �n�u�m�b�e�r� �o�f� �l�e�n�g�t�h�s� �o�f� �t�h�i�s� �b�a�s�i�c� �b�o�l�t� �i�n�s�t�e�a�d� �o�f� �h�a�v�i�n�g� �t�o� �k�e�e�p� �i�n� 

�s�t�o�r�e� �b�o�l�t�s� �o�f� �e�v�e�r�y� �p�o�s�s�i�b�l�e� �s�i�z�e�.� 
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�A� �c�l�o�t�h� �e�n�c�l�o�s�u�r�e� �i�s� �u�s�e�d� �t�o� �h�o�u�s�e� �i�m�a�g�i�n�g� �s�y�s�t�e�m�s� �m�o�u�n�t�e�d� �o�n� �t�h�e� �o�p�t�i�c�a�l� 

�b�e�n�c�h� �i�n� �o�r�d�e�r� �t�o� �p�r�o�v�i�d�e� �a� �m�e�a�s�u�r�e� �o�f� �c�o�n�t�r�o�l� �o�v�e�r� �t�h�e� �i�l�l�u�m�i�n�a�t�i�o�n�.� �A�n� �e�x�h�a�u�s�t� 

�s�y�s�t�e�m� �i�s� �a�l�s�o� �p�r�o�v�i�d�e�d� �t�o� �l�o�w�e�r� �t�h�e� �a�m�o�u�n�t� �o�f� �h�e�a�t� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �i�l�l�u�m�i�n�a�t�i�o�n�,� 

�d�o�w�n� �t�o� �a� �m�i�n�i�m�u�m�.� 

�I�n� �t�h�e� �h�a�r�d�w�a�r�e� �p�r�o�t�o�t�y�p�i�n�g� �p�r�o�c�e�d�u�r�e�,� �c�h�a�n�g�e�s� �i�n� �i�m�a�g�i�n�g� �g�e�o�m�e�t�r�y� �c�a�n� �b�e� 

�m�a�d�e� �a�n�d� �t�e�s�t�e�d� �b�y� �v�i�e�w�i�n�g� �i�m�a�g�e�s� �s�c�a�n�n�e�d� �o�n� �a� �s�e�n�s�o�r�.� �C�h�a�n�g�e�s� �i�n� �i�m�a�g�i�n�g� 

�g�e�o�m�e�t�r�y� �a�r�e� �m�a�d�e� �t�i�l�l� �i�m�a�g�e�s� �o�f� �s�u�f�f�i�c�i�e�n�t� �q�u�a�l�i�t�y� �a�r�e� �o�b�t�a�i�n�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� 

�o�p�t�i�c�a�l� �t�a�b�l�e� �a�l�l�o�w�s� �t�h�e� �m�o�u�n�t�i�n�g� �o�f� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �s�e�n�s�o�r�s� �s�u�c�h� �a�s� �c�o�l�o�r� �c�a�m�e�r�a�s�,� 

�X�-�r�a�y� �s�c�a�n�n�e�r�s�,� �a�n�d� �a�n�y� �o�t�h�e�r� �t�y�p�e� �o�f� �s�e�n�s�o�r�.� �I�t� �w�i�l�l� �a�l�s�o� �p�e�r�m�i�t� �a� �v�a�r�i�e�t�y� �o�f� �i�m�a�g�i�n�g� 

�m�e�t�h�o�d�s� �s�u�c�h� �a�s� �f�r�o�n�t�-�l�i�g�h�t�i�n�g�,� �b�a�c�k�-�l�i�g�h�t�i�n�g�,� �a�n�d� �s�t�r�u�c�t�u�r�e�d�-�l�i�g�h�t�i�n�g�,� �t�o� �b�e� �u�s�e�d�.� 

�4�.�1�.�2� �T�h�e� �M�a�t�e�r�i�a�l�s� �H�a�n�d�l�i�n�g� �S�y�s�t�e�m� 

�T�o� �c�a�p�t�u�r�e� �a�n� �i�m�a�g�e� �o�f� �a� �w�e�b�,� �t�h�e� �w�e�b� �m�u�s�t� �b�e� �t�r�a�n�s�p�o�r�t�e�d� �w�i�t�h�i�n� �v�i�e�w� �o�f� 

�t�h�e� �i�m�a�g�i�n�g� �s�e�n�s�o�r�.� �T�h�e�r�e�f�o�r�e�,� �a� �m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m� �t�h�a�t� �c�a�n� �a�c�c�u�r�a�t�e�l�y� 

�c�o�n�t�r�o�l� �t�h�e� �v�e�l�o�c�i�t�y� �a�n�d� �p�o�s�i�t�i�o�n� �o�f� �a� �w�e�b� �i�s� �n�e�e�d�e�d�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �a� �6� �f�o�o�t� �l�o�n�g� 

�V�e�l�m�e�x� �l�i�n�e�a�r� �s�t�a�g�e� �u�s�i�n�g� �s�t�e�p�p�e�r� �m�o�t�o�r�s� �i�s� �u�s�e�d�.� �T�h�i�s� �l�i�n�e�a�r� �s�t�a�g�e� �c�a�n�n�o�t� �h�a�n�d�l�e� 

�v�e�r�y� �l�o�n�g� �w�e�b�s� �n�o�r� �w�i�l�l� �i�t� �m�o�v�e� �w�e�b�s� �t�h�r�o�u�g�h� �a�t� �h�i�g�h� �i�n�d�u�s�t�r�i�a�l� �s�p�e�e�d�s�.� �I�t� �d�o�e�s�,� 

�h�o�w�e�v�e�r�,� �l�e�t� �u�s� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �t�h�e� �i�m�a�g�i�n�g� �s�y�t�e�m�.� 

�T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �c�h�o�i�c�e� �o�f� �a� �s�t�e�p�p�i�n�g� �m�o�t�o�r� �i�s� �t�h�a�t� �s�i�m�p�l�e� �a�n�d� �p�r�e�c�i�s�e� �c�o�n�t�r�o�l� 

�o�f� �v�e�l�o�c�i�t�y� �a�n�d� �p�o�s�i�t�i�o�n� �t�h�r�o�u�g�h� �a� �c�o�m�p�u�t�e�r� �c�a�n� �b�e� �a�c�h�i�e�v�e�d�,� �a�n� �a�d�v�a�n�t�a�g�e� �o�v�e�r� �t�h�e� 

�D�C� �s�e�r�v�o�m�o�t�o�r�s� �a�s� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �2�.� �T�h�e� �s�p�e�e�d� �o�f� �t�h�e� �m�o�t�o�r�-�d�r�i�v�e�n� �s�l�i�d�e� �c�a�n� 

�b�e� �s�p�e�c�i�f�i�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �s�t�e�p�s� �p�e�r� �s�e�c�o�n�d�.� �F�o�r� �t�h�e� �s�l�i�d�e� �a�s�s�e�m�b�l�y� �c�u�r�r�e�n�t�l�y� 

�b�e�i�n�g� �u�s�e�d�,� �e�a�c�h� �s�t�e�p� �m�o�v�e�s� �t�h�e� �s�l�i�d�e� �a�n� �i�n�c�r�e�m�e�n�t� �o�f� �0�.�0�0�0�5� �i�n�c�h�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�v�e�l�o�c�i�t�y� �(�V�,�)� �o�f� �t�h�e� �s�l�i�d�e� �i�n� �i�n�c�h�e�s� �p�e�r� �s�e�c�o�n�d� �i�s� �g�i�v�e�n� �b�y�:� 
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�V�;� �=� �0�.�0�0�0�5�V�,�,� 

�w�h�e�r�e� �V�,� �i�s� �t�h�e� �a�c�t�u�a�l� �v�e�l�o�c�i�t�y� �o�f� �t�h�e� �s�l�i�d�e� �i�n� �s�t�e�p�s� �p�e�r� �s�e�c�o�n�d�.� 

�P�r�e�c�i�s�e� �p�o�s�i�t�i�o�n�i�n�g� �c�a�n� �b�e� �a�c�h�i�e�v�e�d� �b�y� �t�h�e� �a�b�i�l�i�t�y� �t�o� �s�p�e�c�i�f�y�,� �i�n�d�e�p�e�n�d�e�n�t�l�y� �o�f� 

�t�h�e� �s�p�e�e�d� �o�f� �t�h�e� �s�l�i�d�e�,� �t�h�e� �e�x�a�c�t� �n�u�m�b�e�r� �o�f� �s�t�e�p�s� �t�o� �m�o�v�e�.� �T�h�e� �a�b�i�l�i�t�y� �t�o� �p�r�e�c�i�s�e�l�y� 

�p�o�s�i�t�i�o�n� �a�n� �o�b�j�e�c�t� �p�e�r�m�i�t�s� �a� �c�o�m�p�u�t�e�r� �t�o� �a�u�t�o�m�a�t�i�c�a�l�l�y� �b�r�i�n�g� �t�h�e� �o�b�j�e�c�t� �i�n�t�o� �t�h�e� 

�p�r�o�p�e�r� �f�i�e�l�d� �o�f� �v�i�e�w� �o�f� �a� �s�e�n�s�o�r�.� 

�T�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �u�t�i�l�i�t�y� �o�f� �p�r�e�c�i�s�e� �c�o�n�t�r�o�l� �o�v�e�r� �t�h�e� �v�e�l�o�c�i�t�y� �o�f� �t�h�e� �s�l�i�d�e�,� �l�e�t� �u�s� 

�c�o�n�s�i�d�e�r� �t�h�e� �s�c�a�n�n�i�n�g� �o�f� �i�m�a�g�e�s� �b�y� �a� �l�i�n�e� �s�c�a�n� �c�a�m�e�r�a�.� �F�o�r� �a� �p�l�a�n�a�r� �w�e�b�,� �t�h�e� �w�e�b� �t�o� 

�b�e� �i�m�a�g�e�d� �i�s� �s�c�a�n�n�e�d� �l�i�n�e� �b�y� �l�i�n�e� �a�s� �i�t� �p�a�s�s�e�s� �t�h�r�o�u�g�h� �t�h�e� �l�i�n�e� �o�f� �v�i�e�w� �o�f� �t�h�e� �c�a�m�e�r�a�.� 

�T�h�e�r�e�f�o�r�e�,� �o�n�e� �d�i�m�e�n�s�i�o�n� �o�f� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �t�h�e� �s�c�a�n�n�e�d� �i�m�a�g�e� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�t�h�e� �t�i�m�e� �b�e�t�w�e�e�n� �e�a�c�h� �s�c�a�n� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �c�a�m�e�r�a� �a�n�d� �t�h�e� �v�e�l�o�c�i�t�y� �o�f� �t�h�e� �o�b�j�e�c�t� 

�m�o�u�n�t�e�d� �o�n� �t�h�e� �t�r�a�n�s�p�o�r�t� �s�y�s�t�e�m�.� �W�e� �s�h�a�l�l� �f�r�o�m� �h�e�r�e� �o�n� �r�e�f�e�r� �t�o� �t�h�i�s� �d�i�m�e�n�s�i�o�n� 

�a�s� �t�h�e� �d�o�w�n�w�e�b� �r�e�s�o�l�u�t�i�o�n�.� �T�h�e� �o�t�h�e�r� �d�i�m�e�n�s�i�o�n� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� 

�t�h�e� �l�i�n�e� �s�c�a�n� �c�a�m�e�r�a� �a�n�d� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �d�o�w�n�w�e�b� �r�e�s�o�l�u�t�i�o�n�.� 

�D�o�w�n�w�e�b� �r�e�s�o�l�u�t�i�o�n� �c�a�n� �b�e� �s�p�e�c�i�f�i�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �s�c�a�n� �l�i�n�e�s� �p�e�r� 

�i�n�c�h�.� �L�e�t� �R�y� �r�e�p�r�e�s�e�n�t� �t�h�e� �d�o�w�n�w�e�b� �r�e�s�o�l�u�t�i�o�n� �a�n�d� �t�,� �t�h�e� �t�i�m�e� �b�e�t�w�e�e�n� �e�a�c�h� �s�c�a�n� 

�p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �c�a�m�e�r�a�.� �T�h�e�r�e�f�o�r�e�,� 

�1� �1� �_�_� �2�0�0�0� 
�R�a�=� �T�=� �0�.�0�0�0�5�V�,�t�,� �n�t�,� 
� � 

�W�e� �c�a�n� �n�o�w� �d�e�t�e�r�m�i�n�e� �a�n� �a�r�b�i�t�r�a�r�y� �d�o�w�n�w�e�b� �r�e�s�o�l�u�t�i�o�n� �a�s� �c�a�n� �b�e� �s�e�e�n� �i�n� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �e�x�a�m�p�l�e�.� 
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�S�u�p�p�o�s�e� �w�e� �w�i�s�h� �t�o� �h�a�v�e� �a� �d�o�w�n�w�e�b� �r�e�s�o�l�u�t�i�o�n� �o�f� �3�2� �p�o�i�n�t�s� �p�e�r� �i�n�c�h�.� �W�e� �a�r�e� 

�f�u�r�t�h�e�r� �g�i�v�e�n� �t�h�a�t� �t�h�e� �t�i�m�e� �b�e�t�w�e�e�n� �e�a�c�h� �s�c�a�n� �p�e�r�f�o�r�m�e�d� �b�y� �t�h�e� �c�a�m�e�r�a� �i�s� �0�.�4�0�0�6�4�1� 

�s�e�c�o�n�d�.� �T�h�e�r�e�f�o�r�e� �w�e� �h�a�v�e� �t�o� �d�r�i�v�e� �t�h�e� �s�l�i�d�e� �w�i�t�h� �a� �v�e�l�o�c�i�t�y� �i�n� �s�t�e�p�s� �p�e�r� �s�e�c�o�n�d�,� 

�V�a�,� �g�i�v�e�n� �b�y�,� 

�2�0�0�0� �_� �2�0�0�0� 
�=� �=� �=� �1�5�6� 

�R�a�t�;� �3�2�.�0� �x� �0�.�4�0�0�6�4�1� 
�V�n� � � 

�T�h�e� �s�t�e�p�p�e�r� �m�o�t�o�r� �t�h�a�t� �d�r�i�v�e�s� �t�h�e� �m�a�t�e�r�i�a�l�s� �c�a�r�r�y�i�n�g� �s�l�i�d�e� �i�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �a� 

�f�e�l�m�e�x� �8�3�1�2� �C�o�n�t�r�o�l�l�e�r�/�D�r�i�v�e�r�.� �C�o�m�m�u�n�i�c�a�t�i�o�n� �w�i�t�h� �t�h�e� �V�e�l�m�e�x� �8�3�1�2� �i�s� �h�a�n�d�l�e�d� 

�t�h�r�o�u�g�h� �a� �f�u�l�l�-�d�u�p�l�e�x� �R�S�-�2�3�2�C� �p�o�r�t�.� �T�h�e� �h�o�s�t� �c�o�m�p�u�t�e�r� �s�e�n�d�s� �c�o�m�m�a�n�d�s� �t�h�r�o�u�g�h� 

�o�n�e� �o�f� �i�t�s� �o�w�n� �s�e�r�i�a�l� �p�o�r�t�s� �t�o� �c�o�n�t�r�o�l� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �f�u�n�c�t�i�o�n�s� �w�h�i�c�h� �i�n�c�l�u�d�e� 

�s�t�a�r�t�i�n�g�,� �a�c�c�e�l�e�r�a�t�i�o�n�,� �s�t�o�p�p�i�n�g�,� �v�e�l�o�c�i�t�y� �a�n�d� �d�i�s�t�a�n�c�e� �t�o� �m�o�v�e�.� 

�4�.�1�.�3� �T�h�e� �O�b�j�e�c�t� �D�e�t�e�c�t�i�o�n� �S�y�s�t�e�m� 

�T�h�e� �l�e�n�g�t�h�s� �o�f� �p�l�a�n�a�r� �w�e�b�s� �v�a�r�y� �a� �g�r�e�a�t� �d�e�a�l� �a�n�d� �c�a�n� �b�e� �u�p� �t�o� �s�e�v�e�r�a�l� �f�e�e�t� �i�n� 

�l�e�n�g�t�h�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e�s�e� �w�e�b�s� �a�r�e� �t�y�p�i�c�a�l�l�y� �i�m�a�g�e�d� �a�t� �h�i�g�h� �s�p�a�t�i�a�l� �r�e�s�o�l�u�t�i�o�n�s�.� 

�A�s� �a� �r�e�s�u�l�t�,� �a� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �o�f� �d�a�t�a� �m�a�y� �s�o�m�e�t�i�m�e�s� �b�e� �e�x�p�e�c�t�e�d� �f�r�o�m� �i�m�a�g�i�n�g� �a� 

�w�e�b�.� �T�o� �k�e�e�p� �t�h�i�s� �a�m�o�u�n�t� �o�f� �d�a�t�a� �a�t� �a� �m�i�n�i�m�u�m�,� �o�n�l�y� �i�m�a�g�e� �d�a�t�a� �t�h�a�t� �i�s� �a�b�s�o�l�u�t�e�l�y� 

�n�e�c�e�s�s�a�r�y� �s�h�o�u�l�d� �b�e� �s�c�a�n�n�e�d�.� �T�h�i�s� �i�s� �f�a�c�i�l�i�t�a�t�e�d� �b�y� �t�h�e� �u�s�e� �o�f� �a�n� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� 

�s�y�s�t�e�m� �t�h�a�t� �c�a�n� �d�e�t�e�c�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �a�n�d� �e�n�d� �o�f� �a� �w�e�b�.� �T�h�e� �s�y�s�t�e�m� �p�r�o�v�i�d�e�d� 

�f�o�r� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �o�n� �t�h�e� �p�r�o�t�o�t�p�e�r� �i�s� �t�h�e� �O�p�t�o�s�c�a�n� �s�y�s�t�e�m� �m�a�n�u�f�a�c�t�u�r�e�d� �b�y� 

�S�c�i�e�n�t�i�f�i�c� �T�e�c�h�n�o�l�o�g�i�e�s�,� �I�n�c�.�.� �T�h�i�s� �s�y�s�t�e�m� �i�s� �m�a�d�e� �u�p� �o�f� �a�n� �a�r�r�a�y� �o�f� �i�n�f�r�a�r�e�d� �l�a�s�e�r�s� 

�o�n� �2� �i�n�c�h� �c�e�n�t�e�r�s� �a�l�o�n�g� �a� �2�4� �i�n�c�h� �l�e�n�g�t�h� �a�n�d� �a�n� �a�r�r�a�y� �o�f� �d�e�t�e�c�t�o�r�s� �a�l�s�o� �o�n� �2� �i�n�c�h� 

�c�e�n�t�e�r�s� �a�l�o�n�g� �a� �2�4� �i�n�c�h� �l�e�n�g�t�h�.� �A� �w�e�b� �b�r�e�a�k�i�n�g� �t�h�e� �p�a�t�h� �b�e�i�n�g� �m�o�n�i�t�o�r�e�d� �b�y� �t�h�e� 

�O�p�t�o�s�c�a�n� �s�y�s�t�e�m� �c�a�n� �b�e� �i�n�s�t�a�n�t�l�y� �d�e�t�e�c�t�e�d�.� 
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�4�.�1�.�4� �T�h�e� �D�a�t�a�b�a�s�e� �o�f� �R�e�u�s�a�b�l�e� �C�o�m�p�o�n�e�n�t�s� 

�H�a�r�d�w�a�r�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �r�e�q�u�i�r�e�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �d�i�f�f�e�r�-� 

�e�n�t� �s�e�n�s�o�r�s� �a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n� �s�o�u�r�c�e�s�.� �T�o� �f�a�c�i�l�i�t�a�t�e� �h�a�r�d�w�a�r�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �a� 

�d�a�t�a�b�a�s�e� �o�f� �t�h�e�s�e� �h�a�r�d�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �m�u�s�t� �b�e� �a�v�a�i�l�a�b�l�e�.� �F�o�r� �t�h�e� �i�n�s�p�e�c�t�i�o�n� �o�f� 

�p�l�a�n�a�r� �w�e�b�s�,� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �i�n�c�l�u�d�e� �t�h�e� �i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s� �f�o�r� �t�h�e� �t�h�r�e�e� �k�i�n�d�s� 

�o�f� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�s� �a�s� �s�t�a�t�e�d� �i�n� �C�h�a�p�t�e�r� �1�.� �T�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �c�u�r�-� 

�r�e�n�t�l�y� �h�a�s� �a� �l�i�m�i�t�e�d� �s�e�t� �o�f� �s�u�c�h� �c�o�m�p�o�n�e�n�t�s�.� �T�h�e� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� 

�a�r�e� �l�i�m�i�t�e�d� �d�u�e� �m�a�i�n�l�y� �t�o�  ��f�i�n�a�n�c�i�a�l� �c�o�n�s�t�r�a�i�n�t�s�. �� �H�o�w�e�v�e�r�,� �t�h�e� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� 

�c�o�m�p�o�n�e�n�t�s� �i�s� �e�x�p�e�c�t�e�d� �t�o� �i�n�c�r�e�a�s�e� �w�i�t�h� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �t�o� �n�e�w� 

�a�n�d� �d�i�f�f�e�r�e�n�t� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m�s�.� 

�T�h�e� �c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e� �i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s� �i�s� �m�e�a�n�t� �f�o�r� �u�s�e� �i�n� �t�h�e� �f�i�r�s�t� �t�y�p�e� 

�o�f� �i�n�s�p�e�c�t�i�o�n� �p�r�o�b�l�e�m� �a�s� �s�t�a�t�e�d� �i�n� �C�h�a�p�t�e�r� �1�.� �T�h�i�s� �t�y�p�e� �o�f� �i�n�s�p�e�c�t�i�o�n� �i�n�v�o�l�v�e�s� �t�h�e� 

�a�n�a�l�y�s�i�s� �o�f� �t�h�e� �s�u�r�f�a�c�e�s� �o�f� �t�h�e� �p�l�a�n�a�r� �w�e�b�s� �t�o� �l�o�o�k� �f�o�r� �s�u�r�f�a�c�e� �d�e�f�e�c�t�s� �t�h�a�t� �m�a�n�i�f�e�s�t� 

�t�h�e�m�s�e�l�v�e�s� �a�s� �v�a�r�i�a�t�i�o�n�s� �i�n� �c�o�l�o�r�,� �t�o�n�e�,� �a�n�d�/�o�r� �t�e�x�t�u�r�e� �f�r�o�m� �t�h�a�t� �o�f� �t�h�e� �n�o�r�m�a�l� �w�e�b� 

�s�u�r�f�a�c�e�.� �T�h�e� �c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e� �i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s� �i�n�c�l�u�d�e� �t�w�o� �c�o�l�o�r� �l�i�n�e� �s�c�a�n� 

�c�a�m�e�r�a�s�,� �f�i�b�e�r�-�o�p�t�i�c� �l�i�g�h�t� �s�o�u�r�c�e�s� �w�i�t�h� �t�u�n�g�s�t�e�n� �h�a�l�o�g�e�n� �b�u�l�b�s�,� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� 

�f�i�l�t�e�r�s�,� �a�n�d� �t�h�e� �c�a�m�e�r�a� �i�n�t�e�r�f�a�c�e�s� �t�o� �t�h�e� �c�o�m�p�u�t�e�r�.� �T�h�e� �i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s� �f�o�r� 

�t�h�i�s� �t�y�p�e� �o�f� �i�n�s�p�e�c�t�i�o�n� �i�s� �f�u�r�t�h�e�r� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �6� �a�s� �t�h�e�y� �a�r�e� �p�a�r�t� �o�f� �t�h�e� 

�m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �f�o�r� �t�h�e� �i�n�s�p�e�c�t�i�o�n� �h�a�r�d�w�o�o�d� �l�u�m�b�e�r� �d�e�s�c�r�i�b�e�d� �i�n� �c�h�a�p�t�e�r� �6�.� 

�W�o�r�k� �i�s� �c�u�r�r�e�n�t�l�y� �u�n�d�e�r�w�a�y� �t�o� �d�e�v�e�l�o�p� �a� �s�t�r�u�c�t�u�r�e�d�-�l�i�g�h�t� �b�a�s�e�d� �i�m�a�g�i�n�g� �s�y�s�-� 

�t�e�m�.� �T�h�e� �i�m�a�g�i�n�g� �c�o�m�p�o�n�e�n�t�s� �a�n�d� �c�o�m�p�u�t�e�r� �i�n�t�e�r�f�a�c�e�s� �n�e�e�d�e�d� �f�o�r� �s�u�c�h� �a� �s�y�s�t�e�m� 

�a�r�e� �d�e�s�c�r�i�b�e�d� �b�y� �H�o�u� �(�1�9�9�3�)�.� 
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�4�.�1�.�5� �D�i�s�p�l�a�y� �a�n�d� �P�l�o�t�t�i�n�g� 

�T�o� �s�u�p�p�o�r�t� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g�,� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �m�u�s�t� �p�r�o�v�i�d�e� �t�h�e� �f�a�c�i�l�i�t�i�e�s� �t�o� 

�a�n�a�l�y�z�e� �a�n�d� �c�o�m�p�a�r�e� �c�h�a�n�g�e�s� �t�o� �i�m�a�g�i�n�g� �g�e�o�m�e�t�r�y�,� �s�e�n�s�o�r�s�,� �a�n�d� �i�l�l�u�m�i�n�a�t�i�o�n� �c�o�m�-� 

�p�o�n�e�n�t�s�,� �a�n�d� �t�o� �v�i�e�w� �t�h�e� �r�e�s�u�l�t�s� �o�f� �p�r�o�c�e�s�s�i�n�g� �d�u�r�i�n�g� �s�o�f�t�w�a�r�e� �d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e� 

�f�a�c�i�l�i�t�i�e�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �c�o�n�s�i�s�t� �o�f� �i�m�a�g�e� �d�i�s�p�l�a�y� �c�a�p�a�b�i�l�i�t�y�,� �t�h�e� �a�b�i�l�i�t�y� 

�t�o� �m�a�k�e� �h�a�r�d�c�o�p�i�e�s� �o�f� �i�m�a�g�e�s�,� �a�n�d� �p�l�o�t�t�i�n�g� �c�a�p�a�b�i�l�i�t�y�.� 

�T�h�r�e�e� �d�i�s�p�l�a�y� �d�e�v�i�c�e�s� �a�r�e� �c�u�r�r�e�n�t�l�y� �a�v�a�i�l�a�b�l�e� �f�o�r� �d�i�s�p�l�a�y�i�n�g� �i�m�a�g�e�s�.� �T�h�e�s�e� 

�d�i�s�p�l�a�y� �d�e�v�i�c�e�s� �a�r�e� �u�t�i�l�i�z�e�d� �o�n� �t�h�e� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �c�o�m�p�u�t�e�r� �s�y�s�t�e�m� �o�n� �w�h�i�c�h� �t�h�e� 

�m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �i�s� �i�m�p�l�e�m�e�n�t�e�d�.� �O�n� �t�h�e� �V�A�X� �1�1�/�7�8�5� �s�y�s�t�e�m�,� �a� �P�e�r�c�e�p�-� 

�t�i�c�s� �d�i�s�p�l�a�y� �i�s� �a�v�a�i�l�a�b�l�e� �w�i�t�h� �a�b�i�l�i�t�y� �t�o� �d�i�s�p�l�a�y� �i�m�a�g�e�s� �o�f� �s�i�z�e�s� �u�p� �t�o� �5�1�2� �r�o�w�s� �a�n�d� 

�5�1�2� �c�o�l�u�m�n�s�.� �O�n� �t�h�e� �I�B�M� �P�S�/�2� �M�o�d�e�l� �8�0�,� �a� �V�G�A� �d�i�s�p�l�a�y� �i�s� �a�v�a�i�l�a�b�l�e�.� �T�h�e� �V�G�A� 

�m�o�n�i�t�o�r� �h�o�w�e�v�e�r�,� �i�s� �l�i�m�i�t�e�d� �i�n� �i�t�s� �a�b�i�l�i�t�y� �t�o� �d�i�s�p�l�a�y� �c�o�l�o�r� �i�m�a�g�e�s� �i�n� �a�l�l� �t�h�e� �p�o�s�s�i�b�l�e� 

�c�o�l�o�r�s�.� �T�h�e� �V�G�A� �m�o�n�i�t�o�r� �c�a�n� �o�n�l�y� �d�i�s�p�l�a�y� �a� �m�a�x�i�m�u�m� �o�f� �2�5�6� �c�o�l�o�r�s� �a�t� �a� �t�i�m�e�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �t�h�e� �m�o�n�i�t�o�r� �i�n� �t�h�e� �2�5�6� �c�o�l�o�r� �d�i�s�p�l�a�y� �m�o�d�e� �i�s� �o�n�l�y� 

�2�0�0� �r�o�w�s� �b�y� �3�2�0� �c�o�l�u�m�n�s�.� �T�h�e� �p�r�o�t�o�t�y�p�e�r� �i�s� �a�l�s�o� �i�m�p�l�e�m�e�n�t�e�d� �o�n� �a�n� �I�B�M� �R�S�6�0�0�0� 

�m�o�d�e�l� �5�2�0� �w�o�r�k�s�t�a�t�i�o�n�.� �T�h�e� �w�o�r�k�s�t�a�t�i�o�n� �h�a�s� �a� �2�4� �b�i�t� �c�o�l�o�r� �g�r�a�p�h�i�c�s� �p�r�o�c�e�s�s�o�r� �a�n�d� 

�i�s� �c�a�p�a�b�l�e� �o�f� �d�i�s�p�l�a�y�i�n�g� �i�m�a�g�e�s� �o�f� �s�i�z�e�s� �u�p� �t�o� �1�0�2�4� �r�o�w�s� �b�y� �1�2�8�0� �c�o�l�u�m�n�s�.� �F�o�r� 

�m�a�k�i�n�g� �h�a�r�d�c�o�p�i�e�s� �o�f� �i�m�a�g�e�s�,� �a�n� �I�B�M� �l�a�s�e�r� �p�r�i�n�t�e�r� �a�n�d� �a�n� �A�p�p�l�e� �l�a�s�e�r� �p�r�i�n�t�e�r� �a�r�e� 

�a�v�a�i�l�a�b�l�e�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �i�m�a�g�e� �d�i�s�p�l�a�y� �c�a�p�a�b�i�l�i�t�y�,� �l�i�n�e� �d�r�a�w�i�n�g� �c�a�p�a�b�i�l�i�t�y� �i�s� �p�r�o�v�i�d�e�d� 

�b�y� �a� �H�P� �D�r�a�f�t�m�a�s�t�e�r� �I�I� �p�l�o�t�t�e�r� �a�n�d� �t�h�e� �l�a�s�e�r� �p�r�i�n�t�e�r�s�.� �T�h�i�s� �c�a�p�a�b�i�l�i�t�y� �i�s� �n�e�e�d�e�d� 

�t�o� �p�l�o�t� �t�h�e� �o�u�t�l�i�n�e�s� �o�f� �d�e�f�e�c�t�s�,� �a�m�o�n�g� �o�t�h�e�r� �t�h�i�n�g�s�.� �T�h�e� �H�P� �p�l�o�t�t�e�r� �p�r�o�v�i�d�e�s� �t�h�e� 

�a�d�d�i�t�i�o�n�a�l� �c�a�p�a�b�i�l�i�t�y� �t�o� �m�a�k�e� �l�i�n�e� �d�r�a�w�i�n�g�s� �t�o� �s�c�a�l�e�,� �i�.�e�.�,� �t�h�e� �a�c�t�u�a�l� �s�i�z�e�s� �o�f� �o�b�j�e�c�t�s� 
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�c�a�n� �b�e� �d�r�a�w�n� �t�o� �s�c�a�l�e�.� �S�u�c�h� �a� �c�a�p�a�b�i�l�i�t�y� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �a�c�c�u�r�a�c�y� 

�o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �i�n� �l�o�c�a�t�i�n�g� �a� �d�e�f�e�c�t�.� 

�T�o� �o�b�t�a�i�n� �l�i�n�e� �d�r�a�w�i�n�g�s� �o�f� �o�b�j�e�c�t�s� �d�r�a�w�n� �t�o� �s�c�a�l�e� �w�e� �n�e�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� 

�v�e�r�t�i�c�a�l� �a�n�d� �h�o�r�i�z�o�n�t�a�l� �p�a�r�a�m�e�t�e�r�s�.� �V�e�r�t�i�c�a�l� �c�o�o�r�d�i�n�a�t�e�s� �o�f� �p�o�i�n�t�s� �o�n� �t�h�e� �H�P� �p�l�o�t�t�e�r� 

�c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �g�i�v�e�n� �R�,� �=� �t�h�e� �n�u�m�b�e�r� �o�f� �p�o�i�n�t�s� �p�e�r� �i�n�c�h� �r�e�s�o�l�u�t�i�o�n� �o�f� �t�h�e� �p�l�o�t�t�e�r�,� 

�a�n�d� �R�y� �=� �t�h�e� �d�o�w�n�w�e�b� �r�e�s�o�l�u�t�i�o�n� �o�f� �t�i�e� �i�m�a�g�e�s�.� �L�e�t� �i� �b�e� �t�h�e� �r�o�w� �n�u�m�b�e�r� �o�f� �a� 

�p�o�i�n�t� �i�n� �a�n� �i�m�a�g�e�.� �L�e�t� �y� �b�e� �t�h�e� �r�o�w� �n�u�m�b�e�r� �o�f� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �p�o�i�n�t� �o�n� �t�h�e� �h�p� 

�p�l�o�t�t�e�r�.� �T�h�e�r�e�f�o�r�e� �y� �a�n�d� �i� �a�r�e� �r�e�l�a�t�e�d� �b�y�:� 

�y�=� �R�a�z�)� 

�H�o�r�i�z�o�n�t�a�l� �c�o�o�r�d�i�n�a�t�e�s� �a�r�e� �c�a�l�c�u�l�a�t�e�d� �i�n� �a� �s�i�m�i�l�a�r� �f�a�s�h�i�o�n�.� 

�4�.�1�.�6� �T�h�e� �C�o�m�p�u�t�e�r� 

�T�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �a� �c�o�m�p�u�t�e�r� �f�o�r� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �i�n�c�l�u�d�e� 

�a�n� �a�p�p�r�o�p�r�i�a�t�e� �b�u�s� �w�i�t�h� �s�u�f�f�i�c�i�e�n�t� �e�x�p�a�n�s�i�o�n� �s�l�o�t�s� �t�o� �p�r�o�v�i�d�e� �f�o�r� �s�e�n�s�o�r� �i�n�t�e�r�f�a�c�e�s�,� 

�s�u�f�f�i�c�i�e�n�t� �m�a�i�n� �m�e�m�o�r�y� �t�o� �a�l�l�o�w� �i�m�a�g�e� �d�a�t�a� �a�n�d� �c�o�m�p�u�t�e�r� �v�i�s�i�o�n� �s�o�f�t�w�a�r�e� �t�o� �b�e� 

�c�o�m�p�l�e�t�e�l�y� �m�e�m�o�r�y� �r�e�s�i�d�e�n�t�,� �s�e�c�o�n�d�a�r�y� �s�t�o�r�a�g�e� �c�a�p�a�b�i�l�i�t�y� �f�o�r� �s�t�o�r�i�n�g� �i�m�a�g�e�s� �t�o� �b�e� 

�s�c�a�n�n�e�d�,� �a�n�d� �a� �v�a�r�i�e�t�y� �o�f� �p�a�r�a�l�l�e�l� �a�n�d� �s�e�r�i�a�l� �p�o�r�t�s� �f�o�r� �i�n�t�e�r�f�a�c�i�n�g� �w�i�t�h� �p�e�r�i�p�h�e�r�a�l� 

�d�e�v�i�c�e�s� �s�u�c�h� �a�s� �t�h�e� �o�b�j�e�c�t� �d�e�t�e�c�t�o�r� �t�h�e� �l�i�n�e�a�r� �s�t�a�g�e� �a�n�d� �a� �p�r�i�n�t�e�r�.� 

�T�h�e� �o�r�i�g�i�n�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �p�r�o�t�o�t�y�p�e�r� 

�w�a�s� �o�n� �a� �V�A�X� �1�1�/�7�8�5� �c�o�m�p�u�t�e�r�.� �T�h�i�s� �w�a�s� �t�h�e� �o�n�l�y� �c�o�m�p�u�t�e�r� �a�v�a�i�l�a�b�l�e� �w�h�e�n� �t�h�e� 

�r�e�s�e�a�r�c�h� �f�i�r�s�t� �b�e�g�a�n�.� �T�h�e� �f�i�r�s�t� �c�o�m�p�l�e�t�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �w�a�s� 
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�p�r�o�v�i�d�e�d� �o�n� �a�n� �I�B�M� �P�S�/�2� �M�o�d�e�l� �8�0� �c�o�m�p�u�t�e�r� �w�i�t�h� �a� �M�i�c�r�o�c�h�a�n�n�e�l� �b�u�s�.� �T�h�e� 

�c�u�r�r�e�n�t� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�u�t�e�r� �h�a�s� �1�0� �m�e�g�a�b�y�t�e�s� �o�f� �m�a�i�n� �m�e�m�o�r�y�,� �a� �1�.�4�4� 

�m�e�g�a�b�y�t�e� �d�i�s�k�e�t�t�e� �d�r�i�v�e�,� �3�0�0� �m�e�g�a�b�y�t�e�s� �o�f� �h�a�r�d� �d�i�s�k�,� �5� �s�e�r�i�a�l� �p�o�r�t�s�,� �2� �p�a�r�a�l�l�e�l� �p�o�r�t�s�,� 

�a�n�d� �V�G�A� �c�o�l�o�r� �d�i�s�p�l�a�y�.� �T�h�e� �I�B�M� �P�S�/�2� �M�o�d�e�l� �8�0� �w�a�s� �c�h�o�s�e�n� �d�u�e� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t� 

�b�y� �t�h�e� �f�u�n�d�i�n�g� �a�g�e�n�c�y� �t�h�a�t� �t�h�e� �c�o�m�p�u�t�e�r� �b�e� �a�n� �I�B�M�.� �T�h�e� �p�r�o�t�o�t�y�p�e�r� �s�y�s�t�e�m� �h�a�s� 

�s�i�n�c�e� �b�e�e�n� �i�m�p�l�e�m�e�n�t�e�d� �o�n� �a�n� �I�B�M� �R�I�S�C� �6�0�0�0� �m�o�d�e�l� �5�2�0� �w�o�r�k�s�t�a�t�i�o�n�.� 

�4�.�2� �S�o�f�t�w�a�r�e� �C�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �M�a�c�h�i�n�e� �V�i�s�i�o�n� �P�r�o�t�o�t�y�p�e�r� 

�T�h�e� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �d�e�v�e�l�o�p�m�e�n�t� �e�n�t�a�i�l�s� 

�t�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�s�i�g�n� �p�a�r�t�i�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �w�i�t�h� �e�a�c�h� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �e�v�o�l�v�i�n�g� 

�(�a�f�t�e�r� �s�o�m�e� �e�x�p�e�r�i�m�e�n�t�a�t�i�o�n�)� �t�o� �t�h�e� �n�e�x�t� �h�i�g�h�e�r� �l�e�v�e�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �t�h�a�t� �i�s� �c�l�o�s�e�r� 

�t�o� �m�e�e�t�i�n�g� �d�e�s�i�g�n� �r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e� �k�e�y� �t�o� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �i�s� �i�n� �t�h�e� �a�b�i�l�i�t�y� 

�t�o� �r�e�u�s�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �p�r�e�v�i�o�u�s� �p�a�r�t�i�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �f�o�r� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� 

�t�h�e� �n�e�x�t� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�,� �a�n�d� �t�h�e� �a�b�i�l�i�t�y� �t�o� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �e�a�c�h� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�.� 

�T�h�e�r�e�f�o�r�e�,� �t�o� �s�u�p�p�o�r�t� �t�h�e� �r�a�p�i�d�-�p�r�o�t�o�t�y� �p�i�n�g� �a�p�p�r�o�a�c�h� �t�o� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �d�e�s�i�g�n�,� �t�h�e� 

�s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �m�u�s�t� �p�r�o�v�i�d�e� �1�)� �a�n� �e�n�v�i�r�o�n�-� 

�m�e�n�t� �f�o�r� �d�e�s�i�g�n�i�n�g� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �p�a�r�t�i�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�,� �a�n�d� �2�)� �e�x�p�e�r�i�m�e�n�t�a�l� 

�t�o�o�l�s� �f�o�r� �t�e�s�t�i�n�g� �p�a�r�t�i�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s�.� �T�h�i�s� �e�n�v�i�r�o�n�m�e�n�t� �m�u�s�t� �a�l�s�o� �a�l�l�o�w� �e�a�c�h� 

�i�m�p�l�e�m�e�n�t�a�t�i�o�n� �t�o� �e�v�o�l�v�e� �f�r�o�m� �a� �p�r�e�v�i�o�u�s� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �t�o� �t�h�e� �n�e�x�t� �w�i�t�h� �a� �m�i�n�i�-� 

�m�u�m� �o�f� �e�f�f�o�r�t�.� �T�h�i�s� �e�f�f�o�r�t� �c�a�n� �b�e� �m�i�n�i�m�i�z�e�d� �b�y� �i�m�p�r�o�v�i�n�g� �t�h�e� �r�e�u�s�a�b�i�l�i�t�y� �o�f� �e�x�i�s�t�i�n�g� 

�c�o�m�p�o�n�e�n�t�s�.� 

�C�h�a�p�t�e�r� �3� �l�i�s�t�s� 

�1�.� �a�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �e�n�v�i�r�o�n�m�e�n�t�,� 
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�2�.� �a� �d�a�t�a�b�a�s�e� �o�f� �r�e�u�s�a�b�l�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s�,� 

�3�.� �a� �k�e�r�n�e�l� �o�f� �s�u�p�p�o�r�t� �f�o�r� �l�o�w�-�l�e�v�e�l� �s�y�s�t�e�m� �f�u�n�c�t�i�o�n�s� �a�n�d� �f�o�r� �f�a�c�i�l�i�t�a�t�i�n�g� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n�,� 

�a�s� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�-� 

�t�o�t�y�p�e�r� �f�o�r� �s�u�p�p�o�r�t�i�n�g� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �a�c�t�i�v�i�t�y�.� �T�h�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �e�n�-� 

�v�i�r�o�n�m�e�n�t� �p�r�o�v�i�d�e�s� �a�n� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �d�e�s�i�g�n�i�n�g� �c�o�m�p�o�n�e�n�t�s� �o�f� �m�a�c�h�i�n�e� �v�i�s�i�o�n� 

�s�y�s�t�e�m�s�.� �E�x�p�e�r�i�m�e�n�t�a�l� �t�o�o�l�s� �f�o�r� �t�e�s�t�i�n�g� �p�r�o�t�o�t�y�p�e� �d�e�s�i�g�n�s� �a�r�e� �a�l�s�o� �p�r�o�v�i�d�e�d� �w�i�t�h�i�n� 

�t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �T�o� �f�a�c�i�l�i�t�a�t�e� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �e�a�c�h� �p�a�r�t�i�a�l� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �t�o� �t�h�e� 

�n�e�x�t� �a�n�d� �t�o� �k�e�e�p� �t�h�e� �n�u�m�b�e�r� �o�f� �t�h�e�s�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n�s� �t�o� �a� �m�i�n�i�m�u�m�,� �a�n� �e�x�t�e�n�s�i�v�e� 

�d�a�t�a�b�a�s�e� �o�f� �r�e�u�s�a�b�l�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �i�s� �n�e�e�d�e�d�.� �I�t� �i�s� �q�u�i�t�e� �c�l�e�a�r� �t�h�a�t� �t�h�e� �m�o�r�e� 

�r�e�u�s�a�b�l�e� �c�o�m�p�o�n�e�n�t�s� �t�h�e�r�e� �a�r�e� �t�h�a�t� �c�a�n� �b�e� �u�s�e�d� �i�n� �a�n�y� �d�e�s�i�g�n�,� �t�h�e� �f�a�s�t�e�r� �w�e� �c�a�n� 

�a�p�p�r�o�a�c�h� �a� �f�i�n�a�l� �p�r�o�t�o�t�y�p�e�.� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �s�e�c�t�i�o�n� �i�s� �t�h�u�s� �t�o� �p�r�o�v�i�d�e� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �e�n�v�i�r�o�n�m�e�n�t� �f�o�r� �d�e�s�i�g�n�i�n�g� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �c�o�m�p�o�n�e�n�t�s�,� �a�n�d� 

�a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�o�o�l�s� �p�r�o�v�i�d�e�d� �f�o�r� �t�e�s�t�i�n�g� �p�r�o�t�o�t�y�p�e� �i�m�p�l�e�m�e�n�t�a�-� 

�t�i�o�n�s�.� �A�l�s�o� �p�r�o�v�i�d�e�d� �i�s� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �l�o�w�-�l�e�v�e�l� �u�t�i�l�i�t�y� �f�u�n�c�t�i�o�n�s� �t�h�a�t� �p�r�o�v�i�d�e� 

�l�o�w�-�l�e�v�e�l� �s�y�s�t�e�m� �s�e�r�v�i�c�e�s� �a�n�d� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m� �d�e�s�i�g�n� �s�u�p�p�o�r�t�.� �T�h�e� �d�a�t�a�b�a�s�e� 

�o�f� �r�e�u�s�a�b�l�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �d�e�t�a�i�l� �i�n� �C�h�a�p�t�e�r� �6� �s�i�n�c�e� �t�h�e�y� �w�e�r�e� 

�d�e�v�e�l�o�p�e�d� �w�h�i�l�e� �d�e�m�o�n�s�t�r�a�t�i�n�g� �t�h�e� �u�t�i�l�i�t�y� �o�f� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �p�r�o�t�o�t�y�p�e�r� �i�n� �d�e�-� 

�s�i�g�n�i�n�g� �t�h�e� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m� �f�o�r� �t�h�e� �i�n�s�p�e�c�t�i�o�n� �o�f� �h�a�r�d�w�o�o�d� �l�u�m�b�e�r�.� 

�4�.�2�.�1� �T�h�e� �O�b�j�e�c�t�-�O�r�i�e�n�t�e�d� �D�e�s�i�g�n� �E�n�v�i�r�o�n�m�e�n�t� 

�R�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �i�s� �f�a�c�i�l�i�t�a�t�e�d� �n�o�t� �o�n�l�y� �b�y� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �c�o�m�p�o�n�e�n�t�s� 

�t�h�a�t� �c�a�n� �b�e� �u�s�e�d� �i�n� �i�m�p�l�e�m�e�n�t�i�n�g� �p�r�o�t�o�t�y�p�e�s�,� �b�u�t� �a�l�s�o� �b�y� �t�h�e� �e�a�s�e� �w�i�t�h� �w�h�i�c�h� 
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�t�h�e�s�e� �c�o�m�p�o�n�e�n�t�s� �c�a�n� �b�e� �i�n�t�e�r�f�a�c�e�d� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�.� �A�n� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� 

�e�n�v�i�r�o�n�m�e�n�t� �w�a�s� �c�h�o�s�e�n� �b�e�c�a�u�s�e� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �s�y�s�t�e�m�s� �a�r�e� �i�n�h�e�r�e�n�t�l�y� �m�o�d�u�l�a�r� 

�w�i�t�h� �e�a�c�h� �m�o�d�u�l�e� �o�r� �o�b�j�e�c�t� �b�e�i�n�g� �r�e�l�a�t�i�v�e�l�y� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �n�e�x�t�.� �S�u�c�h� �a�n� �e�n�-� 

�v�i�r�o�n�m�e�n�t� �i�s� �w�e�l�l� �s�u�i�t�e�d� �t�o� �r�a�p�i�d�-�p�r�o�t�o�t�y�p�i�n�g� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� 

�o�n�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �t�o� �t�h�e� �n�e�x�t� �i�s� �m�a�d�e� �e�a�s�i�e�r� �a�s� �c�h�a�n�g�e�s� �w�i�t�h�i�n� �e�a�c�h� �i�n�d�e�p�e�n�d�e�n�t� 

�m�o�d�u�l�e� �(�o�b�j�e�c�t�)� �c�a�n� �b�e� �m�a�d�e� �w�i�t�h�o�u�t� �a�f�f�e�c�t�i�n�g� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �s�y�s�t�e�m�.� �A�s� �w�a�s� �d�i�s�-� 

�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �3�,� �o�n�l�y� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �s�y�s�t�e�m� �t�o� �g�i�v�e�n� �s�e�t�s� �o�f� �c�i�r�c�u�m�s�t�a�n�c�e�s� 

�a�r�e� �a�l�t�e�r�e�d�.� 

�O�b�j�e�c�t�s� �c�a�n� �b�e� �d�e�s�i�g�n�e�d� �t�o� �b�e� �r�e�l�a�t�i�v�e�l�y� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �o�n�e� �a�n�o�t�h�e�r� �d�u�e� �t�o� 

�i�n�f�o�r�m�a�t�i�o�n� �h�i�d�i�n�g� �t�h�r�o�u�g�h� �e�n�c�a�p�s�u�l�a�t�i�o�n�.� �T�h�r�o�u�g�h� �i�n�f�o�r�m�a�t�i�o�n� �h�i�d�i�n�g�,� �a� �u�s�e�r� 

�n�e�e�d� �n�o�t� �k�n�o�w� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �d�e�t�a�i�l�s� �o�f� �o�b�j�e�c�t�s�.� �S�u�c�h� �d�e�t�a�i�l�s� �a�r�e� �a�c�c�e�s�s�i�b�l�e� 

�o�n�l�y� �o�n� �a�  ��n�e�e�d� �t�o� �k�n�o�w �� �b�a�s�i�s�.� �A�s� �s�u�c�h�,� �e�a�s�e� �o�f� �u�s�e� �a�n�d� �e�a�s�e� �o�f� �l�e�a�r�n�i�n�g� �i�s� 

�p�r�o�m�o�t�e�d� �t�h�r�o�u�g�h� �a� �m�i�n�i�m�i�z�i�n�g� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �n�e�e�d�e�d� �b�y� �a� �u�s�e�r�.� �H�e�n�c�e�,� �a�n� �o�b�j�e�c�t�-� 

�o�r�i�e�n�t�e�d� �d�e�s�i�g�n� �e�n�v�i�r�o�n�m�e�n�t� �w�a�s� �a� �g�o�o�d� �c�h�o�i�c�e� �f�o�r� �t�h�e� �p�r�o�t�o�t�y�p�e�r�.� 

�O�n� �t�h�e� �p�r�o�t�o�t�y�p�e�r�,� �e�a�c�h� �r�e�u�s�a�b�l�e� �s�o�f�t�w�a�r�e� �c�o�m�p�o�n�e�n�t� �i�s� �d�e�s�i�g�n�e�d� �a�r�o�u�n�d� �t�h�e� 

�c�o�n�c�e�p�t� �o�f� �a�n� �o�b�j�e�c�t�.� �A�n� �o�b�j�e�c�t� �i�s� �a�n� �e�n�c�a�p�s�u�l�a�t�i�o�n� �o�f� �d�a�t�a� �a�n�d� �o�p�e�r�a�t�o�r�s� �w�h�i�c�h� 

�m�a�n�i�p�u�l�a�t�e� �t�h�e� �d�a�t�a�.� �T�h�i�s� �a�p�p�l�i�e�s� �t�o� �b�o�t�h� �h�a�r�d�w�a�r�e� �a�n�d� �s�o�f�t�w�a�r�e� �o�b�j�e�c�t�s�.� �H�a�r�d�-� 

�w�a�r�e� �c�o�m�p�o�n�e�n�t�s� �c�a�n� �a�l�s�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �o�b�j�e�c�t�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �d�a�t�a� �a�n�d� �o�p�-� 

�e�r�a�t�o�r�s�.� �A�s� �f�a�r� �a�s� �t�h�e� �s�o�f�t�w�a�r�e� �i�s� �c�o�n�c�e�r�n�e�d� �o�p�e�r�a�t�o�r�s� �b�e�l�o�n�g�i�n�g� �t�o� �h�a�r�d�w�a�r�e� �o�b�-� 

�j�e�c�t�s� �a�r�e� �a�c�t�u�a�l�l�y� �m�a�n�i�p�u�l�a�t�i�n�g�  ��d�a�t�a�. �� �I�n� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n�,� �o�p�e�r�a�t�o�r�s� �b�e�l�o�n�g�i�n�g� 

�t�o� �o�b�j�e�c�t�s� �w�i�l�l� �b�e� �c�a�l�l�e�d�  ��o�b�j�e�c�t�-�m�a�n�i�p�u�l�a�t�o�r�s �� �t�o� �a�v�o�i�d� �m�u�l�t�i�p�l�e� �u�s�e� �o�f� �t�h�e� �w�o�r�d� 

 ��o�p�e�r�a�t�o�r �� �(�s�u�c�h� �a�s� �i�n�  ��i�m�a�g�e� �a�n�a�l�y�s�i�s� �o�p�e�r�a�t�o�r ��)�.� 

�T�o� �s�u�p�p�o�r�t� �o�b�j�e�c�t�-�o�r�i�e�n�t�e�d� �d�e�s�i�g�n�,� �a�n�d� �t�o� �p�r�o�v�i�d�e� �t�h�e� �n�e�c�e�s�s�a�r�y� �l�o�w�-�l�e�v�e�l� �s�y�s�-� 

�t�e�m� �s�o�f�t�w�a�r�e� �s�u�p�p�o�r�t�,� �a� �s�e�t� �o�f� �u�t�i�l�i�t�y� �f�u�n�c�t�i�o�n�s� �i�s� �p�r�o�v�i�d�e�d�.� �T�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� 
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�s�o�f�t�w�a�r�e� �e�n�v�i�r�o�n�m�e�n�t� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �p�r�o�t�o�t�y�p�e�r� �c�a�n� �t�h�u�s� �b�e� �s�e�e�n� �t�o� �b�e� �m�a�d�e� �u�p� 

�o�f� 

�1�.� �o�b�j�e�c�t�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �d�a�t�a� �a�n�d� �t�h�e�i�r� �a�s�s�o�c�i�a�t�e�d� �o�b�j�e�c�t�-�m�a�n�i�p�u�l�a�t�o�r�s�,� �a�n�d� 

�2�.� �l�o�w�-�l�e�v�e�l� �s�y�s�t�e�m� �s�o�f�t�w�a�r�e�.� 

�T�h�i�s� �i�s� �a� �s�i�m�p�l�e� �t�w�o�-�l�e�v�e�l� �s�y�s�t�e�m� �s�t�r�u�c�t�u�r�e� �t�h�a�t� �i�s� �e�a�s�y� �t�o� �l�e�a�r�n� �a�n�d� �u�s�e�.� 

�O�b�j�e�c�t�-�m�a�n�i�p�u�l�a�t�o�r�s� �i�n�c�l�u�d�e� 

�(�1�)� �h�a�r�d�w�a�r�e� �o�b�j�e�c�t�-�m�a�n�i�p�u�l�a�t�o�r�s� �t�h�a�t� �p�e�r�f�o�r�m� �f�u�n�c�t�i�o�n�s� �s�u�c�h� �a�s� �c�o�n�t�r�o�l� �o�f� �t�h�e� 

�m�a�t�e�r�i�a�l�s� �h�a�n�d�l�i�n�g� �s�y�s�t�e�m�,� �c�o�n�t�r�o�l� �o�f� �t�h�e� �o�b�j�e�c�t� �d�e�t�e�c�t�i�o�n� �s�y�s�t�e�m�,� �c�o�n�t�r�o�l� �o�f� 

�s�e�n�s�o�r�s� �a�n�d� �s�e�n�s�o�r� �i�n�t�e�r�f�a�c�e�s�,� �a�n�d� �c�o�n�t�r�o�l� �o�f� �t�h�e� �i�m�a�g�e� �d�i�s�p�l�a�y� �a�n�d� �h�a�r�d�c�o�p�y� 

�d�e�v�i�c�e�s�,� �a�n�d� 

�(�2�)� �s�o�f�t�w�a�r�e� �o�b�j�e�c�t�-�m�a�n�i�p�u�l�a�t�o�r�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �i�m�a�g�e� �a�n�d� �s�c�e�n�e� �a�n�a�l�y�s�i�s� �s�o�f�t�w�a�r�e�,� 

�i�m�a�g�e� �p�r�o�c�e�s�s�i�n�g� �s�o�f�t�w�a�r�e�,� �a�n�d� �g�e�n�e�r�a�l� �p�u�r�p�o�s�e� �u�t�i�l�i�t�i�e�s�.� 

�T�h�e�s�e� �o�b�j�e�c�t�-�m�a�n�i�p�u�l�a�t�o�r�s� �c�a�n� �b�e� �f�u�r�t�h�e�r� �d�i�v�i�d�e�d� �i�n�t�o� �c�o�m�p�o�n�e�n�t�s� �t�h�a�t� �c�a�n� �b�e� 

�u�s�e�d� �i�n� �a� �m�a�c�h�i�n�e� �v�i�s�i�o�n� �s�y�s�t�e�m�,� �a�n�d� �c�o�m�p�o�n�e�n�t�s� �p�r�o�v�i�d�e�d� �a�s� �e�x�p�e�r�i�m�e�n�t�a�l� �t�o�o�l�s� 

�f�o�r� �t�e�s�t�i�n�g� �p�r�o�t�o�t�y�p�e� �d�e�s�i�g�n�s�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �t�o�o�l�s� �w�i�l�l� �b�e� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �n�e�x�t� 

�s�e�c�t�i�o�n�.� 

�T�h�e� �l�o�w�-�l�e�v�e�l� �s�y�s�t�e�m� �s�o�f�t�w�a�r�e� �c�o�n�s�i�s�t�s� �o�f� �a�n� 

�1�.� �o�b�j�e�c�t� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�,� 

�2�.� �a� �p�a�r�a�m�e�t�e�r� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�,� 

�3�.� �a� �s�p�e�c�i�f�i�c�a�t�i�o�n� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m�,� 

�4�.� �a� �s�e�t� �o�f� �s�y�s�t�e�m� �f�u�n�c�t�i�o�n�s� �k�n�o�w�n� �a�s� �t�h�e� �s�y�s�t�e�m� �p�r�i�m�i�t�i�v�e�s�.� 
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