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Abstract. Although it would seem obvious that object-orientedtechniques are well suited to modelling image 

processing systems,there is almost no research to substantiate this position. We review the unique challenges 

faced when modelling that is, specifying and designing, imaging systems. First, the argument is presented 

thatspecification and design of imaging systems should be studied as aspecial case. Next, a subset of techniques 

that have been used tomodel practical imaging systems is surveyed. Then the use ofobject-oriented techniques in 

the specification of imaging systems isinvestigated more fully and compared to a widely used alternative—

structured analysis and design—by way of a case study. We concludewith some recommendations for best 

practices and future research. 

 

1. Why Image Processing Specification and Design Is Different 

Software modelling techniques can be classified as operational, descriptive, or dual if they have both 

operationaland descriptive capabilities.1 Operational techniques are those that are defined in terms of states and 

transitions. Descriptive techniques are based on mathematical notation. Dual techniques tend to integrate the 

characteristics of both, allowing the formal specification to be both high and low level Imaging engineers tend 

to widely mix operational and descriptive specifications and to vary the level of detailwithin these ~mixing 

instructions, procedures, and systems, so as to obfuscate any notion of levelling ~providing a uniform level of 

abstractionWithin the system 

Specification. This is not generally the case in other kinds of systems, even other types of embedded systems. 

But there are other compelling reasons as to why imaging systems are different from other kinds of systems. 

These reasons are mainly that they involve the following volatile components: 

1. Interchangeable algorithms for critical operations(e.g., compression/decompression, filtration, 

enhancement,and display) 

2. Rapidly changing underlying hardware (e.g., displays,cameras, and storage), 

3. A great deal of hardware and software reuse, and legacy and off-the-shelf software that has not 

beendeveloped using rigorous software engineering approaches. 

While these characteristics can sometimes be found in other kinds of systems, they are pervasive in imaging 

systems. Unfortunately, there is little literature available that treats the specification or design of imaging 

systems as a special case. A thorough discussion of specification techniques for generalized complex 

applications is given in Ref. 3, but this study focuses largely on the connection between the specification 

technique and the programming language. Moreover, the unique aspects of modelling imaging systems, for 

example, how to represent images, is not covered. A wide-ranging, historical review of specification techniques 

is given in Ref. 1, but it is more focused on generalized specification methods and not on languages. More 

recent work by the authors has focused on these neglected topics, including a survey of techniques used in 

modelling image processing systems,2 a study of the use of object-oriented methods for modelling imaging 

systems both with4 and without5 temporal constraints, and the use of Unified Modelling Language ~UML! to 

specify real-time imaging systems.6 Many of these results are included and expanded on in this work. 

 

2. Survey of Commonly Used Techniques 

There appears to be no comprehensive study of specificationapproaches for imaging applications. Existing 

surveysof requirements’ specifications do not address the use ofthese approaches in imaging applications. In 
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general, it seems that imaging engineers tend to use one or a combination of the following approaches in writing 

software specifications for imaging applications. These are: 

• Top-down process decomposition or structured analysis ~structured analysis and structured design for 

example! 

• object-based or object-oriented approaches 

• Program description languages ~PDL! or pseudo-code 

• high-level functional specifications that are not further decomposed 

 
• Ad hoc techniques, including simply natural languageand mathematical description that are always 

included in virtually every system specification.  

To illustrate this, several fragments of examples are given in the following sections 

 

2.1 Multiresolution Block Matching System 

Specification Using a Block Diagram and Flowchart The example shown in Fig. 1 from Shi and Sun7 

indicatesthe use of flow charts in the operational specification for amultiresolution block-matching algorithm 

such as thoseused in motion estimation. In such a system, an image ispartitioned into a set of no overlapped, 

equally spaced,fixed size, and small rectangular blocks. Then, displacementvectors for these blocks are 

estimated by finding theirbest-matched counterparts in the previous frame. In thismanner, motion estimation is 

significantly easier than thatfor arbitrarily shaped blocks.A procedural description of the block-matching 

componentdenoted in Fig. 1 is then depicted using a flow chart, asshown in Fig. 2. No further specification is 

given for thetechnique, and it is expected that an ‘‘ordinary’’ imagingengineer would be able to implement a 

design and build thesystems using this level of specificity. There is no considerationfor the overall software 

architecture, the data structuresand their relationships, or the timing constraints thatmust be met. While this 

technique is suitable for the specificationof individual tasks or algorithms, it is not scalablefor large systems. 

 

2.2 Collision Testing of Graphical Objects Using 

Pseudo-Code Specification techniques with similar problems of scalabilityare pseudo-code and program 

description languages. Anexample of a pseudo-code specification is shown in Fig. 3. 

This is for the collision testing between graphical objects frequently used in video games taken from Mo¨ller 

and Haines.This type of specification is again sufficient for individual tasks or algorithms, but only at late stages 

of design where the majority of decisions have been made, because the pseudo-code representation is so close to 

code that it will likely be regarded as the final design version of system behaviour, rather than a description of 

system expectation. 
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2.3 Functional Representation of Machine Vision 

System Using a Structured Approach Rajeswari and Rodd9 use a functional description, similarto a context 

diagram used in structured design, to describea machine vision system for inspecting flaws in integratedcircuit 

wire bonds. The functional description is given inFig. 4. Further decomposition is given using their Q-

model,which is a novel technique for the specification of temporalproperties of systems similar to Petri nets.This 

represents a significant advance over the previous examples, since there is a segregation of perspectives in the 

overall specification: data flow is indicated in one diagram and timing and control information is on another. 

The use of structured approaches has its own drawbacks, however, which is discussed later with reference to a 

case study. 

 
2.4 Markov Random Fields Image Reconstruction 
Using Object-Oriented Design 

The final example found in the literature is the use of object-oriented techniques. It is important to note that 

there is a distinction between object-oriented design and specification and object-based image processing 

techniques. The latter is a technique used in image processing for identifying visual objects in a scene based on 

certain features. This is clearly different from the former, which is a software engineering approach interested in 

modelling systems as communities of entities that encapsulate state and behaviour. However, it seems that 

object-oriented techniques do seem to be well suited to specifying object-based imaging approaches. 

For example, Mariatos et al.10 proposed an object oriented design for an image reconstruction system used to 

reconstruct images damaged by transmission errors or lossy compression. The system applies edge-preserving 

smoothing transforms on an input image. The outputs are then a surface field (the transformed image)and a 

discontinuity field (the edge information). It can be seen from the class model in Fig. 5 that rather than 

decompose the system into constituent processes—a characteristic present in all the previous examples—the 

model is formed by representing the entities involved (F_Field is the surface field, for example. This aspect of 

object-oriented analysis and design is studied in detail further along in the work. 

 

2.5 Formal Methods 

Formal methods attempt to improve requirements’ formulation and expression by the use and extension of 

existing mathematical approaches such as propositional logic, predicate calculus, and set theory. This approach 

is attractive because it offers a highly scientific way to requirement specification. Writing formal requirements 

can often lead to error discovery in the earliest phases of the software lifecycle, where they can be corrected 

quickly and at a low cost. Informal specifications might not achieve this goal because they are not precise 

enough to be refuted bycounterexample.By their nature, specifications for most imaging systems usually contain 

some formality in the mathematical expression of the underlying imaging operations. While this fact does not 

justify claiming that any imaging system specificationis fully formalized, it does lead to some optimism that 

imaging systems can be made suitable for at least partial formalization. Formal methods, however, are difficult 

to use by even the most expertly trained and are sometimes error-prone. 

For these reason and because they are sometimes perceived to increase early lifecycle costs and delay projects, 

they arefrequently avoided.Approaches to requirement specification that are not formal,are either informal (such 

as the techniques discussed in Sec. 2.1 through 2.4)or semiformal. The UML is a semiformal specification 
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approach, meaning that while itdoes not appear to be mathematically based, it is, in thatevery one of its 

modelling tools can be converted to an underlying mathematical representation. Hence, it enjoysthe benefits of 

both informal and formal techniques. 

 

 

 
 

3 Case Study 

The previous survey of requirement specification techniquesused indicates that there is certainly no standard 

wayto write requirements for imaging systems. Moreover, most of the techniques that are used are informal or 

even ad hoc.It can be concluded, then, that much of what is going on in the engineering of imaging systems 

lacks software engineeringrigor. Because of this lack of rigor, many systems are probably costing more than 

they should to build and maintain. The lack of a de facto standard technique for specification and design further 

raises the question of whether anytechnique is more appropriate than another for the modelling of an imaging 

system. This work takes the position thatobject-oriented techniques are appropriate for specification and design 

of imaging systems, and in fact, the semiformalUML is a most desirable way to develop object-oriented 

software requirements specifications in this regard. To further explore this hypothesis, an example is presented 

of thespecification of an imaging system using both an object-oriented technique and non-object-oriented 

counterpoint,structured analysis and structured design ~SASD.The example is adapted from Ref. 11 and is of an 

industrialautomated visual inspection ~AVIsystem. AVI is an interesting case, since it represents a simple 

intuitive example of an embedded system where the temporal performance is dictated by the operating 

environment rather thanby the computer system itself. A typical setup is shown in Fig. 6. Images of the products 

are captured as they movealong the conveyor. The images are pre-processed and then classified, using an 

appropriate feature-matching algorithm,as pass or fail by the system, and defective products are removed from 

the conveyor by the reject mechanism. Thesystem is further detailed as the discussion proceeds. 

 

3.1 Structured Analysis and Design 

Methods for SASD have evolved for nearly 30 years and are widely used in image processing applications, 

probably because the techniques are closely associated with the programming languages with which they 

coevolved FORTRANand C, and in which many image processing applications are written. Structured methods 

appear in many forms see Refs. 12–15but the de facto standard is Yourdon’s modern structured analysis.16 

Yourdon’s modern structured analysis uses three viewpointsto describe a system: an environmental model, a 

behavioural model, and an implementation model. The elementsof each model are shown in Fig. 7. 

The environmental model embodies the analysis aspect of SASD and consists of a context diagram and an 

eventlist. The purpose of the environmental model is to model the system at a high level of abstraction. The 

behavioural model embodies the design aspect ofSASD as a series of data flow diagrams DFDs, 

entityrelationship diagrams (ERDs), process specifications, state transition diagrams, and a data dictionary. 

Using various combinations of these tools, the designer models the processes, functions, and flows of the system 

in detail.Finally, in the implementation model, the developer uses a selection of structure charts, natural 

language, and pseudo-code to describe the system to a level that can be readily translated to code. 
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3.1.1 Structured analysis 

Structured analysis (SA)is a way to try to overcome the problems of classical analysis using graphical tools and 

a top-down, functional decomposition method to define system requirements. SA deals only with aspects of 

analysis that can be structured—the functional specifications and the user interface. 

SA is used to model a system’s context (where inputs come from and where outputs go (processes what 

functions the system performs, how the functions interact, and how inputs are transformed to outputs), and  

 
 

 
content thedata the system needs to perform its functions.)SA seeks to overcome the problems inherent in 

analysis through: 

• Maintainability of the target document, 

• Use of an effective method of partitioning, 

• Use of graphics, 

• building a logical model of the system for the user 

Before implementation, and 

• Reduction of ambiguity and redundancy. 

The target document for SA is called the structured specification. It consists of a system context diagram, an 

integrated set of data flow diagrams showing the decomposition and interconnectivity of components, and an 

event listto represent the set of events that drive the system. To illustrate the SA technique, consider the visual 

inspection system previously introduced. Figure 8 depicts the context diagram. Here, the visual inspection 

system isshown with the other constituent system parts—camera, product detector, production conveyor 

controller system, and reject mechanism. Solid arcs indicate the flow of data between system components. In the 

example the only data flow involves the transmission of the captured image to the visual inspection system. The 

dashed lines represent the flow of control information. This facility is one of the extensions needed for dealing 

with real-time systems, which is discussed in Ref. 5. In the example, the event list consists of the 

NewIproductIevent, which indicates the detection of the next image on the line; accept, which indicates that the 

product has passed inspection and causes a signal to be sent to the conveyor controller; and reject, which causes 

a signal to be sent that directs the conveyor to move the product into a rejected product bin. The rejection 

mechanism automaticallycauses the next product item to be moved along by the conveyor controller. 
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3.1.2 Structured design 

Structured design ~SD! is a systematic approach concernedwith the specification and design of the software 

architectureand involves a number of techniques, strategies, andtools. SD provides a step-by-step design process 

that isintended to improve software quality and reduce risk offailure, and increase reliability, flexibility, 

maintainability,and effectiveness.SA is related to SD in the same way that a requirementsrepresentation is 

related to the software architecture, that is,the former is functional and flat and the latter is modularand 

hierarchical. This relationship is similar to the comparisonbetween a state transition diagram and a structure 

chart. The transition mechanisms from SA to SD are manualand involve significant analysis and trade-offs of 

alternativeapproaches. Normally, SD proceeds from SA in the following manner. Once the context diagram is 

drawn, a set ofdata flow diagrams is developed. The first data flow diagram,the level 0 diagram, shows the 

highest level of system abstraction. Decomposing processes to lower andlower levels until they are ready for 

detailed design rendersnew DFDs with successive levels of increasing detail. This decomposition process is 

called levelling.In a typical DFD, boxes represent terminators that arelabelled with a noun phrase that describes 

the system, agent,or device from which data enters or to which data exits. 

 

 
 

Each process, depicted by a circle, is labelled as a verbphrase describing the operation to be performed on 

thedata, although it may be labelled with the name of a systemor operation that manipulates the data. Solid arcs 

are usedto connect terminators to processes and between processesto indicate the flow of data through the 

system. Each arc islabelled with a noun phrase that describes the data. Dashedarcs are discussed later. Parallel 

lines indicate data stores,which are labelled by a noun phrase naming the file, database, or repository where the 

system stores data.Each DFD should have between three and nine processesonly. The descriptions for the lowest 

level, or primitive, processes are called process specifications, orP-SPECs, and are expressed in either structured 

English,pseudo-code, decision tables, or decision trees and are usedto describe the logic and policy of the 

program.Returning to the visual inspection system example, Fig. 

10 shows the level 0 DFD.Here the details of the system are given at a high level.First, the system reacts to the 

arrival of a new product by confirming that the image data is available. Next, the system captures the image by 

buffering the raw data from thecapture device to a file. Pre-processing of the raw data isperformed to produce an 

image frame to be used for classificationand generation of the appropriate control signalsto the conveyor 

system. 

Proceeding to the next level provides more detail forprocesses 1, 2, 3, and 4. Process 1 is essentially an 

interruptservice routine assigned to a photodiode detector thatsenses when a new product for inspection reaches 

the designatedpoint on the conveyer. Process 2 is a buffering routine,whose characteristics depend on the 

specifications ofthe camera. Hence, without knowing these details, it is notpossible to go deeper into the 

design.Figure 11 depicts the level 1 DFD for process 3. Noticehow the internal processes 3.1 and 3.2 are 

labelled to denotethat they are a finer degree of detail of process 3 shown inthe 0 level diagram. Successive 

levels of detail will followa similar numbering system (e.g., 3.1.1, 3.1.2). This conventionprovides simple 

traceability from specificationthrough design and on to code. Proceeding with the designexample, Fig. 12 shows 

the level 1 DFD for process 4without further explanation. 

In addition to the DFDs, SD uses a data dictionary todocument and control interfaces. Entity relationship 

diagramsare frequently used to define the relationship betweenthe components of the system, much as in the 

objectorientedparadigm. The data dictionary documents eachinterface flow in the DFD. Data structure diagrams 

are alsoused to describe information about logical relationships incomplex data structures. The entity 
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relationship model(which is optional)and data dictionary for the visual inspectionsystem are not shown for 

brevity. 

3.1.3 Problems with SASD in imaging applications 

There are several apparent problems in using SASD tomodel the visual inspection system, including difficulty 

inmodelling time and events. For example, what if the visualinspection system captures a new image in parallel 

withpre-processing of the last image capture? (This scenariowould be desirable if the reject mechanism were 

furtherdown the inspection line and the conveyor system wererunning at a high rate.)Concurrency is not easily 

depictedin this form of SASD. 

Another problem arises in the context diagram. Controlflows are not easily translated directly into code, such as 

‘‘reject’’ and ‘‘accept,’’ because they are hardware dependent.In addition, the CFD does not really make 

sense,since there is no connectivity between portions of it, a conditionknown as ‘‘floating.’’ 

Details of the detector and camera hardware also need tobe known for further modelling of process 1. What 

happensif the hardware changes? What if a different strategy forclassification in process 2 is needed? In the case 

of process (pre-processing) what if the algorithm or even the sensitivity levels change because of the installation 

of new hardware?In each case the changes would need to propagateinto the level 1 DFD for each process, any 

subsequent levels,and, ultimately, into the code.Clearly making and tracking any of these changes isfraught with 

danger. Moreover, any change means that significantamounts of code would need to be rewritten, 

recompiled,and properly linked with the unchanged code tomake the system work. None of these problems arise 

usingthe object-oriented paradigm. 

 

3.2 Object-Oriented Analysis and Design 

There are various ‘‘flavours’’ of object-oriented analysis and design(OOAD), each using their own toolsets. The 

developmentprocess described in Ref. 17 was used for the casestudy, and several of the UML models generated 

are shown.In this approach the system specification begins with therepresentation of externally accessible 

functionality as usecases. 

Use Cases are an essential artefact in OOAD and aredescribed graphically in one of the nine models provide 

bythe UML. The use case diagram can be considered analogousto the context diagram in SASD, in that it 

representsthe interactions of the software system with its externalenvironment. 

Use cases are represented graphically as ellipses, as canbe seen in Fig. 13. Each use case is, however, a 

documentthat describes scenarios of operation of the system underconsideration as well as pre- and post-

conditions and exceptions.In an iterative development lifecycle, these usecases become increasingly refined and 

detailed as theanalysis and design workflows progress. Interaction diagrams are then created to describe the 

behaviours defined byeach use case. In the first iteration, these diagrams depictthe system as a ‘‘black box,’’ but 

once domain modelling has been completed, the black box is transformed into acollaboration of objects as is 

seen later. 

As stated before, the domain model is created based on the use cases and, through further exploration of 

systembehaviour via the interaction diagrams, the domain modelevolves systematically into the design class 

diagram. Theconstruction of the domain model is, therefore, analogousto the analysis stage in SASD described 

earlier. In domainmodelling the central objective is to represent the real-worldentities involved in the domain as 

concepts in the domainmodel. This is a key aspect of object-oriented systems andis seen as a significant 

advantage of the paradigm, since theresultant model is closer to reality than in alternative modelling approaches, 

including SASD. Part of the design classdiagram that results from evolution of the domain model isshown in 

Fig. 14.The design class diagram is used to show the staticstructural view of the system by describing the 

classes ofobjects that comprise the software solution. As can be seenin Fig. 14 the system is composed of image 

capture elements(Camera Proxy, Frame Grabber)and image classification elements(Classifier, Image Processor, 

decorators, and Strategies). The decorators and strategies are aspects of thedesign introduced by applying well-

known design patternsfrom Ref. 18. The principle aim of these patterns is to allowfor dynamic ~i.e., runtime! 

Changes to the pre-processingand classification schemes. This is achieved by abstractinginvariant behaviour 

into super types(Image Processor, Process Decorator,and Classifier Strategy)and allowing subtypesto implement 

variant behaviour(NFeatureComparison,Filter Decorator).It can be argued that this generality is speculative, 

andtherefore overcomplicates the design, but the intent of thiswork is to build a framework for image processing 

systemswhere this generality is critical for reuse. This also highlightsa key advantage with object-oriented 

analysis anddesign: the reuse potential. In SASD development it can bevery difficult to extend the functionality 

of the completesystem because of the degree and direction of dependenciesthat are created between high- and 

low-level modules. Thatis, high-level modules call lower-level modules as a consequenceof the top-down 

decomposition approach. Whenchanges need to be made at these lower-levels, the moreabstract elements must 

also be modified due to these dependencies. 

In object-oriented systems this dependency hierarchyis normally inverted.For example, the N-Feature 

Comparison classificationstrategy could involve syntactic pattern recognition, correlationmeasures, or 

morphological approaches, which alldepend on the internal representation of the image. By sub classingN-
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Feature Comparison, this extension can be accommodatedwithout modifying any existing code or affectingany 

other requirements. In the case of the top-down,structured design fostered by SASD, this is not always thecase, 

and in fact, it is likely that every module in the systemthat used the feature comparison module would need to 

berewritten. 

 
Behavioural aspects of the design can be represented by anumber of different diagrams in the UML. Perhaps 

themost popular choice is to use sequence diagrams. The sequencediagram shown in Fig. 15 represents the 

ordering ofmessages between objects in the system in response to thearrival of the next product on the conveyor. 

It is clear thatthe next Product message is generated from the externalsensor, which triggers the Frame Grabber. 

The Image createdby the output from the Camera (via the Camera Proxy) is pre-processed using one of the 

decorators (Filter Decorator) and then classified using a classification strategy (NFeatureComparison). 

The result of the classification is thensent to the Reject Controller, which logs the result and triggersthe rejection 

mechanism if required. 

 

4 Object-Oriented Versus Structured Design andan Analysis of the Case Study 

The previous observations beg the question: Is OOADmore suitable than SASD for the visual inspection 

systemin particular, and image processing applications in general? 

SASD and OOAD are often compared and contrasted, andindeed, they are similar in some ways. This should be 

nosurprise, since both have their roots in the work of Parnasand his predecessors.Table 1 provides a side-by-

sidecomparison of the methodologies.Both SASD and OOD are full lifecycle methodologiesand use some 

similar tools and techniques. However, thereare major differences. SASD describes the system from afunctional 

perspective and separates data flows from thefunctions that transform them, while OOAD describes thesystem 

from the perspective of encapsulated entities thatpossess both function and form. 

Additionally, OOAD models include inheritance whileSASD does not, while SASD has a definite 

hierarchicalstructure this is a hierarchy of composition rather than heredity. This shortcoming leads to 

difficulties in  

maintainingand extending both the specification and design, such as inthe case of changes in the visual 

inspection system example.The purpose of this discussion is not to dismiss SASD,or even to conclude that it is 

better than OOAD in all cases.An overriding indicator of suitability of OOAD versusSASD to image processing 

is the nature of the application.To see this, consider the vertices of the triangle in Fig. 16representing three 

distinct viewpoints of a system: data,actions, and events. 
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Events represent stimuli and responses such as measurementsin process control systems, as in the case study. 

Actionsre rules that are followed in complex algorithms,such as ‘‘binaries,’’ ‘‘threshold,’’ and ‘‘classify.’’ The 

majorityof early computer systems were focused on one, or atmost two, of these vertices. For example, early, 

non-realtimeimage processing systems were data and action intensivebut did not encounter much in the way of 

stimuli andresponse. 

Image processing is data intensive and would seem wellsuited to SASD. But often the image itself contains 

control information~e.g., ‘‘reject,’’ ‘‘accept’’ which is not wellsuited to SASD. Moreover, while it is true that 

image processingis data intensive and an image has high informationcontent, this is not the same as the data 

intensity found in,say, a database management system. It is likely that image processing is as much event or 

activity based as it is databased, which makes it quite suitable for object-orientedtechniques. 

The evidence and case study point out, then, that OOADshould be seriously considered for broader use with 

imageprocessing systems. Yet, only one 9short)work discussingthe use of object-oriented approaches in image 

processingcould be found, and it was in the context of teaching imageprocessing with object-oriented 

programming languages.Further study, practice, and experience are clearly needed. 

 

5 Benefits of Object Orientation 

The previous section highlighted some considerations concerningthe appropriateness of the object-oriented 

paradigmto various application areas. There are, however, some additionalbenefits to using OOAD. When 

considering thebenefits of object-oriented approaches to image processing applications, it is easy to get wrapped 

up in the ideas ofcombining data and behaviour into an encapsulated entitythat better approximates the ‘‘things’’ 

in our problem domainand consider this closeness between reality and themodelling domain to be the central 

benefit of using objects.While this can be considered an advantage, the purported intuitiveness of the approach 

is, in fact, something of afortuitous side effect. The real advantages of applyingobject-oriented paradigms are 

the future extensibility andreuse that can be attained, and the relative ease of futurechanges. 
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Several studies indicate that software systems are subjectto near-continuous change: requirements 

change,merge, emerge, and mutate; target languages, platforms,and architectures change; and most significantly 

the waythe software is employed in practice changes.21 This flexibilityplaces considerable burden on the 

software design:how can systems that must support such widespread changebe built without compromising 

quality? 

While object-oriented systems can be designed to be asrigid and resistant to extension and modification as in 

anyother paradigm, object orientation has the ability to includedistinct design elements that can cater to future 

changesand extensions. These design patterns were first introducedto the mainstream of software engineering 

practice byGamma et al.The ‘‘Gang of Four’’ (GoF)patterns, asthey are commonly known, are based on four 

key principlesthat have been recognized as supporting reuse. 

 

 
 

5.1 Open Closed Principle 
First recorded by Meyer,the open closed principle (OCP) states that classes should be open to extension, but 

closedto modification. That is, it should be possible to extend thebehaviour of a class in response to new or 

changing requirements,but modification to the source code is not allowed. 

While these expectations may seem at odds, the key is abstraction.In object orientation, a superclass can be 

createdthat is fixed, but can represent unbounded variation by sub classing.This is evident in the prior case study 

in the classificationstrategies, where subclasses for each of the variousclassification algorithms are created, 

which inherit theirinterface from an abstract superclass. This aspect is clearlysuperior to structured approaches 

and top-down design in,for example, changes in classification strategies, whichwould require new function 

parameter lists and wholesalerecompilation of any modules calling that code in the structureddesign. 

 

5.2 Once and Only Once 

While certainly not a new idea, Beck23 put a name to theprinciple that any aspect of a software system—be it 

analgorithm, a set of constants, documentation, or logic—should exist in only one place. This isolates future 

changes,makes the system easier to comprehend and maintain, andthrough the low coupling and high cohesion 

that the principle instils, the reuse potential of these aspects increases. The encapsulation of state and behaviour 

in objects, and theability to inherit properties between classes, allows for therigorous application of these ideas 

in an object-orientedsystem, but is difficult to implement in structured techniques. 

 

5.3 Dependency Inversion Principle 
The dependency inversion principle (DIP) States that high level modules should not depend on low-level 

modules.Both should depend on abstractions, which can be restatedas: abstractions should not depend on details, 

details shoulddepend on abstractions. Martin24 introduced this idea as anextension to OCP with reference to the 

proliferation of dependenciesthat exist between high- and low-level modules.For example, in a structured 

decomposition approach, thehigh-level procedures reference the lower-level procedures,but changes often occur 

at the lowest levels. This infers thathigh-level modules or procedures that should be unaffectedby such detailed 

modifications may be affected due to thesedependencies. Again, consider the case where the 

cameracharacteristics change, and even though perhaps only oneroutine needs to be rewritten, the calling 

modulesneed tobe modified and recompiled as well. A preferable situationis to invert these dependencies, such 

as is evident in theLiskov substitution principle. This principle is at work inthe decorator pattern, which is used 

in the object-orientedcase study for the image pre-processing. The intent here is toallow dynamic changes in the 

pre-processing scheme, whichis achieved by ensuring that all the image processing objectsconform to the same 

interface, and are therefore interchangeable. 
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6. Conclusion 
Finally, this work has sought to describe the appropriateness of object-oriented analysis and design techniques 

for image processing applications. Through the use of a simple example application, an automated visual 

inspection system, an object-oriented approach that makes use of the semiformal Unified Modelling Language, 

has been compared to a process decomposition approach using structured analysis and structured design. At a 

superficial level, perhaps little advantage can be seen for one over the other, but through the application of some 

subtle design principles it is apparent that the object-oriented design can better accommodate future changes that 

are typical in all software systems. In addition, the object-oriented design principles have been codified into a 

set of reproducible design patterns that make the application of those principles simpler and more efficient, 

something that does not exist for structured approaches. Finally, as a semiformal methodology, the UML 

combines the benefits of the more graphical and easy-to-use informal techniques, with all the rigor and benefits 

of formal methods 
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