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 a) 

 b) 

 c) Figure 4. PP. Three different metrics used to evaluate the quality of the tiny to full matching algorithm. a) Distance, b) Number of inliers and c) Distance over number of inliers. 
Once that the third metric has been selected as the most suitable to recognise neighbours, figure 9.12 shows the percentage of images for which our classification technique has selected at least one of the correct neighbour given all patch sizes and the full to full image comparison (expressed with the radius � = 200 pixels). Together with the original results, we have performed two additional tests in which only a portion of the salient points from the full image are used as input of the PF-Registration framework: 50 
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best salient points used and 100 best salient points used. Considering that the random chance of obtaining the correct result is h\@h ≅ 0,011, and that the sample sizes are tiny (e.g. a 20 pixel radius is approximately 5-10% of the full image), we believe that our reported accuracy is good given this high quality and real image database with no previously established ground truth. Moreover, the matching process is done between the patch of one image and a full image taken from another angle and position. Also, it is interesting to note that for � ≥ 60, there is no need to use the whole set of 800 salient points from the full image to obtain a good accuracy. 

 Figure 4. PT. Recognition ratio of the classification technique as the radius of the circular patch increases, given different number of salient points used from the full image; (Ο) 50 salient points, (×) 100 salient points, (∆) 800 salient points. 
Reducing the number of salient points used from the whole image has a direct impact on the runtime. In table 9.1, we show the time spent to compute the comparison of one partial image against the whole reference set measured in seconds. In terms of runtime, the difference between using 100 salient points of the full image compared to 800 salient points is considerable. For these tests, we used a PC with Intel 3.4 GHz CPU and Windows 7 operating system.  
Table 4. P. Runtime (in seconds) to compare a patch against the whole reference set. Radius (pixels) 20 40 60 80 100 200 50 best salient points 853.41 876.85 902.24 904.24 910.34 910.39 100 best salient points 917.64 921.18 925.65 946.02 994.32 1065.70 800 best salient points 951.37 988.78 1076.91 1999.37 2702.01 15458.47  
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9.6 Discussion 
Several methods have been presented to solve the image registration problem. Some of them are general methods applicable to a large spectrum of problems, but other ones as in the case of palmprint recognition, are application dependent. In some scenarios, image registration is based on finding a partial patch of the image inside a larger one. In these cases, most of the typical image registration methods (general methods or application dependent ones) that do not consider this specific feature are not able to obtain optimal results. In this chapter, we have presented a non-application dependent method that specifically considers the case that one of the images is a small part of the other one. It is based on two main steps that involve a matching and voting process, and generates a correspondence, which in connection with the work that has been presented previously, could be later used in frameworks that aim to find a representative prototype. 
In the experimental section, we have shown the functionality of the method in two completely different applications: palmprint recognition and outdoor scenes detection. The first one provides a comparison with a state of the art method specifically designed for PF matching, and the second one validates the framework in a database with no requirement of a ground truth. For both scenarios, FBP has proven to be the matching algorithm that achieves a high accuracy in a reduced runtime. Also, it is shown that the framework is capable of considering only a portion of the salient points detected and extracted from the full image to further reduce the runtime while maintaining the accuracy rate. 
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Chapter 10                  
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Future Work
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10.1 Conclusions 
In this work, we have presented a new approach for aiding the matching 
process commonly addressed in pattern recognition and computer vision 
tasks, based on the use and manipulation of correspondences, which are the 
one-to-one relations between the elements of an output object and an input 
object. The objects that can be matched through correspondences can be 
very diverse (i.e. images, body parts, social networks, characters, chemical 
structures, etc.) and can be represented through different data structures 
commonly used in these fields, such as sets of points, strings, graphs, trees 
and data clusters.  
We have devoted the first part of this work to clearly identify and define 
what correspondences are, providing a sufficient amount of information 
regarding their generation, properties, and the forms to measure the 
dissimilarity of two or more correspondences through the proper use of a 
distance function between them. 
As our main contribution, we have introduced the concept of learning the 
consensus for correspondences, which is a framework that is specifically 
designed to use these correspondences to learn a final consensus 
correspondence which has a better accuracy than the original ones, based 
on several constraints which have been studied and described throughout 
this work.  
In addition, we have presented two advances that could potentially aid and 
diversify the current consensus framework. On the one hand, a new distance 
function and a weighted mean search strategy for a pair of correspondences 
have been introduced; these two concepts could be useful not only for the 
consensus framework, but also for other tasks that are widely demanded in 
pattern recognition, such as classification, ensemble clustering, machine 
learning, among others. On the other hand, a specific framework has been 
developed for image registration, where the output image is a tiny 
representation of the input image. We considered pertinent to include this 
latter development in this work due to its evident relation with 
correspondences in general. 
 
 

UNIVERSITAT ROVIRA I VIRGILI 
LEARNING THE CONSENSUS OF MULTIPLE CORRESPONDENCES BETWEEN DATA STRUCTURES 
Carlos Francisco Moreno García 



Conclusions and Future Work 

 
 160 

10.2 Future Work 
From the developments and results presented in this work, the following 
tasks are considered our future perspectives: 
• As show in chapter 8, a new edit distance for correspondences and a 

search strategy for weighted means has been proposed in the present 
work. Nonetheless, it has not yet been explored how these two advances 
could enhance the consensus framework presented in this document. 

• In chapter 9, a parallel contribution developed during this research time 
was presented, where we specifically address the issue of an output 
image being matched to a larger input one, referred as the PF-
Registration framework. It is possible that better results can be achieved 
by combining this framework with other proposals through the 
application of a partial to full consensus learning framework. 

• More methodologies that have been previously presented in literature 
could be explored for learning the consensus of a set of correspondences. 
For instance, the embedding algorithm has proven to be a reliable 
method in other domains such as strings, graphs and data clusters. 
Moreover, numerous voting schemes and constraints related to diverse 
data representations could be used as well to design new consensus 
models. 

• By establishing correspondences as reliable data structures for data 
representation, it is possible to explore more uses for correspondences. 
For instance, machine learning, kernels, ensemble clustering and 
classification are just some of the many options that can be developed in 
the future. 

• The datasets presented for the validation of this work will be collected in 
order to present a repository specifically designed for matching and 
classification based on correspondences. 

• Finally, it is imperative that the frameworks presented in this work find 
their way in aiding more areas of science, beyond the ones explored so 
far. 
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