CIS 595:
Content Based Image And Video Retrieval
(Instructor: Rolf Lakaemper)
Section 1:
Feature Vector Based Databases & Fourier Analysis
1.1 Imagine a set of shapes given, no specific representation (yet). Please give the outline of a feature vector based shape similarity database.
1.2 Computing the similarity between two shapes using the feature vector approach reduces the relation between the shapes to a single scalar value, although the shapes might be ‘visually rich’: hence there’s a huge information loss. What are the two steps of information loss in the comparison by feature vectors ?
1.3 Having extracted the feature vectors of two shapes, how can you compare them to finally gain the desired scalar value ? Name at least two ways.
1.4 Imagine a database, that contains circles of different radii only. The greater the difference in radius, the higher the dissimilarity value should be for a comparison between a query-circle and the DB-content. Questions:

1.4.1 How many features do you have to extract to build this simple (!) database (or: what’s the feature vector’s dimension)?
1.4.2 How do you compare the feature vectors ?
1.4.3 Is there any information loss, i.e. is it possible, that the comparison of the quey Q with two database circles C1, C2 leads to the same value if C1,C2 are different by radius ?
1.5 In the paper of Osada and Funkhauser, 3D models where compared by shape similarity. What was their basic approach ? Was it revolutionary different from a 2D similarity measure ?
1.6 We used Fourier analysis to extract feature vectors from shape boundaries. To introduce this topic, please give the basic ideas of the Fourier SYNTHESIS and ANALYSIS.
1.7 Representing shape as a 1 dimensional function, the 1D Fourier analysis offers a feature extraction method to build a shape database. The 1D function is also called the shape signature. Questions:

1.7.1 Please give an example how to gain a shape signature from a 2D object.
1.7.2 Having the signature, where does the Fourier analysis come into play with respect to feature vector based shape databases (or: where and how can we use Fourier analysis to compare shape signatures) ?
Section 2:
Direct shape comparison & ASR algorithm
In contrast to feature based methods, direct comparison methods do not extract features, but compare properties of shapes in specific representations directly.

2.1 Please name two ways to measure distance directly.
2.2 The ASR algorithm, described in the paper by Latecki/Lakaemper, uses polygonal boundaries to represent shapes. They are an ordered set of 2D vertices, connected by edges. To simplify the shape in a preprocessing step, dominant points were extracted using the Discrete Curve Evolution (DCE).  Questions:

2.2.1 What are dominant points ?

2.2.2 What is the basic idea of the DCE ? How does it work ?

2.3 The picture beyond shows the 4 (A(B , B(C, C(D, D(E) basic preprocessing steps of the ASR algorithm from the raw query image A to the matching input E, the parts. Please name the steps along with computer vision techniques to process them (D(E: the technique wasn’t named. Just say what it does).
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2.4 The ASR algorithm is driven by 2 main modules:

1. a polyline comparison measure

2. a module finding the best correspondences between combinations of parts (connected subsets of polyline-shapes) utilizing the first module.
Questions:
2.4.1 How does the first module compare polylines, i.e. having two polylines, how is a scalar similarity value computed (keyword: tangent space) ?

2.4.2 A brute force approach to find the best (in the sense of the similarity value, given by the first module) correspondence between parts would be to check all possible combinations between parts of both shapes. This would lead to combinatorial explosion in computational expense for module 2. How is this avoided ?
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