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Chapterr 6 

Summaryy & Conclusions 

Att the outset of this thesis, we arrive at the perhaps counter-intuitive con-
clusionn that the search for generic description and recognition strategies for 
symboll  detection, produce domain specific results, limitin g the robustness and 
performancee of symbol detection. Instead, we argue the need for symbol spe-
cificc recognition and description strategies (semantic detectors) embedded in 
aa modular framework. This modular framework is then capable of recognizing 
formall  drawings. 

AA distinction is made between passive and active detectors. An active 
detectorr gets as input a region of interest, and returns symbols as detected in 
thatt region {which symbols X arc present m region. Y?). A passive detector on 
thee other hand, answers the question whether a collection of pixels classifies 
ass the symbol which the detector operates on (is symbol X present at location 
Yf). Yf). 

Inn this thesis we distinguish between four types of graphical symbols: fixed 
symbols,, regular symbols, irregular symbols and compounded symbols. These 
typess differ in the number of free parameters and strictness of grammar cov-
eringg the full range of graphical symbols found on maps. Then, we develop 
detectorss for four different symbols: arrowheads, galleys, dashed lines and ar-
rowss covering the full range of graphical symbols found on maps. For galleys 
wee develop two separate detectors: a passive detector capable of recognizing 
loww quality lines, and an active detector that is capable of describing an image 
ass a set of curvilinear structures. 

C h a p t e rr 2. A case s t u d y in performance analys is of recogn i t ion of 
graphicall s igns. 

Thee arrow detector defines an arrow as a combination of symbols (a shaft 
andd two arrowheads). We demonstrate that the critical component in detect-
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ingg arrows lies in detecting arrowheads. A factor in our success in detecting 
arrows,, stems from first detecting the shaft (which is relatively easy) and then 
usingg the estimated parameters to decrease the number of free parameters in 
thee arrowhead recognition. We recommend this general approach in recogniz-
ingg compounded symbols. 

Inn developing the arrowhead detector, three different types of detection 
algorithmss are implemented. Al l three algorithms performed satisfactory, on 
bothh real and synthetic images. They produce almost identical results to 
thee degree that there is no expected gain in combining detectors in a voting 
scheme.. We conclude that the nature of the data permits no improvement. 

C h a p t e rr 3 . A l ine tracker. 
Thee line tracker is based on the basic concept of extending a line with a 

givenn step size, and then searching for evidence for the expansion of the line. 
Thee line tracker is designed such that it is robust against line ruptures. One 
usefull  parameter of the line tracker is the maximum curvature of the line. 
Anotherr useful parameter is the step size which balances the accuracy of the 
linee against robustness and computation t ime. 

Inn experiments, it appears the algorithm is capable of detecting low quality 

liness with littl e a priori knowledge. This is achieved without introducing a host 

off  magic numbers that would make the detector domain specific. Experiments 

showw the resulting spline to be an accurate and precise approximation of the 

underlyingg line. 

AA strong point of the tracking algorithm is its flexibility . The flexibilit y 

iss demonstrated in an example where two line trackers are combined into a 

parallell  line tracker. 

C h a p t e rr 4. G r o u p i n g l ines . 
Wee present a method to build curvilinear structures by grouping primi-

tivess in a hierarchy. We argue that any general grouping method necessarily 
deliverss its results in the form of a hierarchy as there is no locally decidable 
t ru th.. Hence, the grouping hierarchy represents a priority on primitives being 
grouped.. The method is built around a grouping cue measuring the likeliness 
thatt a set of primitives originates from one underlying structure. The group-
ingg cue is the measure by which primitives or sets of primitives are placed in 
thee grouping hierarchy. 

Thee algorithm is shown to be of worst computational complexity 0(?r3), 
wit hh n the number of primitives in the image. The average case complexity is 
shownn to be of order 0(n2). We maintain that a grouping algorithm is only of 
valuee when its computat ional complexity is manageable. The computational 
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complexityy is derived using a search algorithm that was shown to be optimal 
forr the presented grouping cue. 

Experimentss demonstrate that the method provides good results on com-
plexx images. It is shown that the automatically selected level in the grouping 
hierarchyy yields a good interpretation of the image. When compared to a 
modernn generic clustering approach introduced by Amir [1], our method of 
hierarchicall  grouping is shown to provide better results, to be more robust 
andd to operate faster than the reference. 

Chapterr 5. G r a m m a t i c a l inference of dashed l ines. 
AA method is developed to infer the grammar of a string of symbols. These 

symbolss are assumed to be distributed along a so-called virtual line. First 
thee graphical symbols present in the image need to be detected. Then a 
centerlinee of the dashed line is determined. We show, by extending techniques 
knownn from the field of string matching, how the matching distance between a 
grammarr and a string of graphical symbols can be determined using dynamic 
programming. . 

Methodss are investigated to generate the set of possible grammars that 
couldd have generated the string. It is shown that an exhaustive search over 
alll  possible grammars is not feasible. There are two ways to overcome this 
problem.. First, restrictions can be imposed on the size and type of the gram-
mar.. These restrictions can often be derived from domain knowledge about 
thee line-drawings under study. They lead to an algorithm with acceptable 
performance.. The second way to reduce the computational load of the gram-
maticall  inference is by introducing heuristics. We develop heuristics that in all 
butt pathological circumstances return the optimal grammar while significantly 
reducingg the computational load. 

Experimentss show that the algorithm is capable of recognizing common 
dashedd lines to the point where a dashed line is degraded beyond the human 
recognitionn capability. 

Thee detectors developed in this thesis have littl e in common. Different meth-
odss of describing images and features are used for each different type of detec-
tor.. For example, the line tracker uses grey value images as input. The arrow 
detectorr uses a combination of line segments and binary images converted to 
profiless describing the distance to the background from a (virtual) line in the 
image. . 

Thiss thesis does not make a contribution to the field of low level image 
processing.. Instead, we use off-the-shelf methods for segmentation and line 
pointt detection. We did not encounter serious limitations in working with 



150 0 Conclusion n 

thesee methods. Even when segmentation and (low level) line detection are 
stilll  open for improvement, there imperfect ness shows the robustness of the 
detectorss following their results. The source of errors in symbol recognition 
arc11 seldom caused by problems in low level image processing. 

Thee resulting errors in detection for the detectors did not stem from errors 
inn low level image processing, but rather from deviation of the symbol models. 
Thiss calls for explicit disturbance modelling, both in terms of image distur-
bancess (such as noise or touching objects) and model disturbances. Modelling 
disturbancess is conceptually difficult . If engineers drawing maps regularly de-
viatee from the symbol models, shouldn't the symbol model include the possible 
deviations?? In other words, the symbol model could be relaxed to incorporate 
alll  feasible deviations. However, the model would then lose its descriptive and 
discriminativee power. There is a balance to be found, and new case studies 
shouldd be undertaken to find that balance. 

Inn the dashed line detector, the model disturbances and image disturbances 
wheree explicitly modelled and integrated in the algorithm. We find this ap-
proachh very fruitful , and worthy of further research. 

Thee methods for recognition differ even more between the detectors, varying 

fromm the Hough transform to cyclic graph matching. The differences between 

thee detectors confirm the analysis of the introduction: different symbols need 

differentt recognition and recognition methods to achieve optimal detection of 

symbols. . 

Whil ee detectors have littl e in common, they share characteristics in their 
development.. The detectors are tested on real and synthetic images, which en-
abledd insight in the breaking points and in the performance of the algorithms. 
Fromm an engineering perspective, again, extensive testing on a large range of 
reall  and synthetic images is necessary. 

Inn comparing the performance of our detectors with competing detecting 

methodss from li terature, we are hindered by the lack of a model based (open 

source)) data set containing images from a wide array of sources, extended with 

groundd t ru th. Such a data set would facilitate comparison and development 

off  detectors. 

Thee work in this thesis has shown that high recognition results can be achieved 

whenn symbol recognition is done by a model-based and symbol specific ap-

proach.. From our point of view, it follows that in order to construct high 

performancee interpretation systems, more symbol detectors need to be devel-

oped. . 
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Thee work in this thesis is clone with the knowledge that when a general 
theoryy of vision and understanding is developed and implemented this thesis 
wil ll  be rendered obsolete and irrelevant, but in the confidence that it will take 
severall  lifetimes for that moment to arrive. 
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