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Chapter 7 

Summary and concluding 
remarks 

7.1 Summary 

In this thesis we set out to discuss the usefulness of three principles of design -
modularization, standardization and generalization - in the field of machine vision. 
We discuss the modularization of machine vision systems in general, resulting in the 
following modules a machine vision system should consist of: an image formation 
module, a detection module, a grouping module and a matching module. For each of 
these modules we discuss into what extent the modules themselves and the interfaces 
between them, can be designed generically. Based on the three design principles and 
the modular design of machine vision systems, we design a. methodology for inspection 
of objects specified by engineering drawings, build from the above proposed modules. 
We consider the image formation module outside the scope of this thesis. For the 
remaining modules we research the possibilities and limitations of generic design of 
those modules. 

In chapter 2 we present a characterization and categorization of measurement mod
ules or detection modules. This characterization and categorization ideally enables us 
to effectively describe measurement methods as well as search for the proper measure
ment method from existing methods (from literature), stimulating reuse of existing 
methods. The comparative study of chapter 2 shows that methods either give infor
mation about computational issues or about error analysis, but seldom give sufficient 
information on both topics, seriously hampering practical application. Hence, it turns 
out that a majority of methods from literature do not provide enough information to 
determine in which situations the method is to be preferred over others. 

As an aside, in chapter 3 we present a decomposition scheme for a large class of 
grey-scale concave structuring functions from mathematical morphology. In contrast 
with many existing decomposition schemes, our method is valid in the continuous 
domain. Conditions are given under which this continuous method can be properly 
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discretized. The class of functions that can be decomposed with our method consists 
of all concave 2D-functions that arc separable in two 1D-functions. This class contains 
the class of quadrat ic functions, that are of importance in distance transforms and 
morphological scale space. For the mentioned function class, a discrete decomposition 
in elements of n x n pixels is always possible, with n > 3. 

In chapter 4 we suggest proper definitions for generic grouping methods in com
puter vision. We discuss six consideration useful for the design of generic grouping 
algori thms, where all considerations are properly defined. The first consideration 
proposes that one should have at least proper definitions for modeling the group
ing process. The second consideration puts forward that it is desirable for a generic 
grouping algorithm to allow for a wide range of transformations like translation, rota
t ion and scaling. The third consideration proposes the ability to assign an element to 
more than one group, which is uncommon in the statistical grouping li terature. The 
fourth consideration puts forward that it is desirable for a grouping method to return 
more than one result. We propose to order these results in a hierarchy of groupings 
or a set of those hierarchies. The fifth consideration proposes to follow a principle 
resembling Occam's razor, i.e. to look for the grouping that represents the simplest 
in terpreta t ion of a scene, provided the grouping adheres to certain quality demands. 
T h e last consideration proposes robustness as a desired characteristic for grouping 
methods , meaning that a small change in the input of a grouping method may only 
result in a small change in the result. We observe none of the existing algorithms for 
grouping in vision meet all the considerations. We present a simple algorithm as an 
extension of a classical algorithm, where the extension is based on the considerations. 
T h e algori thm is applied to three examples: grouping pointsets. grouping polylines 
and grouping flowfield vectors. The complexity of the algorithm is O(IIOG). where 
ÖQ i-s ' h e complexity of the grouping measure. 

As a consequence of the desire to develop clustering methods or frameworks tha t 
can be used in more than one application, there is a need for generic quality measures 
for clustering results. In chapter 5 we propose a scheme for measuring the quality 
of clustering results t ha t is related to the entropy from the theory of Shannon. The 
quali ty of a clustering with respect t o the correct clustering is measured by playing 
a question game for counting the number of questions that is needed to construct 
the correct clustering from the clustering result. By tuning the strategy for asking-
questions one can obtain application dependent as well as application independent 
measures. A theoretically derived lower bound based on the entropy predicts to what 
extent a measure is application dependent. We propose four requirements a quality 
measure should fulfill, to characterize the behavior of quality measures from a more 
general point of view: the measure should be normalized, correct, informative and 
robust . Our scheme1 fulfills the first three requirements and it fulfills the fourth one 
by est imation. 

In chapter 6 we present a matching method for matching objects as specified by 
an engineering drawing against image data . Our method is specifically designed to 
verify whether industrial par ts correspond t o every (redundant) demand relevant for 
matching. The demands are implicitly specified in the engineering drawing, including 
the tolerance of the various par t s and relations. The examples in chapter 6' not only 
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Figure 7 . 1 : The online part of 'From engineering drawing to computer vision'. 

illustrate our matching method, but also illustrate the viability of the methodology 
for inspection of objects specified by engineering drawings, as put forward in chapter 
1. 

7.2 Concluding remarks 

This thesis describes possibilities and limitations of generic design in machine vision 
systems, where 'genericity". in a simplified view, can be seen as the ability of a method 
to be used in many different circumstances without having to change the method 
substantially. The advantage of genericity is that experience and optimization can be 
built more easily. Although generic methods need a larger investment in the short 
term than application specific methods do. we argue that generic design of methods. 
or parts of methods, will pay off in the long run. We research the possibilities and 
limitations of generic design of' machine vision systems by considering the design 
of systems for recognition and inspection of objects as specified by an engineering 
drawing. In figure 7.1 the proposed outline for the online part of such a system is 
given. The module that delivers the input image is regarded outside the scope of this 
thesis. We focus on three main modules of such a system: the detection module (or 
labeling module), the grouping module and the matching module. 

In literature one can find numerous methods to measure image properties, making 
it unnecessary to design all detection modules from scratch for each application. In 
the ideal case, detection modules can be picked off-the-shelf and inserted in a modular 
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system. In our view, what is missing, is a handbook indicating what methods to use 
when. Such a handbook could also help to design a more generic interface between 
the detection module and the grouping module, improving the reusability of both 
modules. As chapter 2 shows, it is possible to give a set of reasonable characteristics. 
large enough for making a distinction between different measurement methods but 
small enough to be practically usable, leading to an appropriate s t ructure for a hand
book of measurement modules. Unfortunately, the information currently available 
on measurement modules in literature is not sufficient to actually write that hand
book. As a consequence- the situation where detection or measurement methods can 
be taken off-the-shelf for use in vision systems is still far away, hampering the efficient 
implementat ion of modular as well as generic vision systems. We argue that as long 
as it stays common practice to neglect either the computational analysis or the error 
analysis in computer vision literature, truly efficient design of modular vision systems 
remains a future option. 

Whereas the l i terature on detection is huge and diverse, l i terature on grouping in 
vision is in a different phase. That is why we have set out to research the possibilities 
of designing generic grouping frameworks. To ensure the genericity of the grouping 
frameworks, we advocate- to base the design on fundamental considerations. It seems 
impossible to design a truly generic grouping framework for vision due to the rich and 
complex na ture of grouping problems. Nevertheless, it is clear that grouping modules 
can be designed far more generic than detection modules. One reason is the freedom 
in the design of bo th t he interface from the detector to the grouping module as well as 
the interface between the grouping module and the matching module. Furthermore 
we maintain that within the scope of grouping a limited number of data structures 
and algorithmic pa t te rns have the capacity to solve a large class of grouping problems 
satisfactorily. We define the desired behavior of grouping methods by formulating 
considerations (for grouping in general), that a given algorithm may instantiate given 
the constraints of the domain. We maintain many grouping problems will be solvable 
within all six considerations, provided there are appropriate grouping measures. In 
chapter 4 we provide a simple algorithm illustrating that it is practically possible to 
adhere to all six considerations. With respect to the design of the grouping measure. 
Gcstal t theory is successfully introduced by many ottiers to formulate desirable prop
erties for grouping measures to be applicable in a wide range of vision task. This 
observation, combined with the observation that a small set of basic visual elements 
can be combined to form a large class of visual objects (take for example engineering 
drawings) s t rengthen us in our opinion that it is possible to build a library of grouping 
measures that enables us to solve a large class of the grouping problem domain in vi
sion. We believe it will be possible to implement a limited set of'grouping frameworks 
forming a grouping library together with a set of grouping measures, which covers a 
major part of the possible grouping problems in vision. 

When there arc generic grouping or clustering modules available for a diversity 
of machine vision applications, the problem arises how to measure the quality ot 
modules without violating their generic character. Such a quality measure would 
enable comparison of cluster modules outside the scope of an application, making it 
easier to design cluster modules for a wide range of applications. Chapter 5 shows 
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that it is possible to measure aspects of cluster quality independently of a specific 
application. This is contrary to the generally held belief that the quality of grouping 
or clustering results is subjective and limited to an application domain. We believe 
that a generic method for measuring quality as put forward in chapter 5 in the end 
enables us to design quality measures of which the subjectivity can be controlled. In 
order to be practically useful it is required to refine the theory for grouping results 
instead of clustering results and to enhance questions strategies, both towards the 
'perfect' strategy as well as towards strategies tuned for a certain class of applications. 

The examples of chapter 6 illustrate that our methodology for inspection of ob
jects specified by engineering drawings can successfully be designed and implemented 
modular and generic. With respect to possibilities and limitations of generic design 
for machine vision systems, we conclude that it is possible for recognition and inspec
tion of the large class of objects as specified by engineering drawings. Extending the 
class of objects or extending the problem domain to an even more generic level, seems 
a more difficult task if possible at all. Although grouping modules can be designed 
for a wide range of applications, the assumptions from chapter 4 about grouping, 
show that not every grouping task can be solved by only one grouping framework. 
In addition the matching method from chapter 6 is dependent on the choice of the 
language we use to describe the objects. Not every object (class) can effectively be 
described by the language we chose. Despite these limitations, the results of using 
relative simple variations of classical methods (like the hierarchical grouping frame
work from [67] and the the geometric hashing algorithm from [81]) show the potential 
of taking the three principles of design into account in the design of generic machine 
vision modules. 




