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Main paper to be discussed

David Nister and Henrik Stewenius,Scalable Recognition
with a Vocabulary Tree, CVPR 2006.



Image
Matching

Srikumar
Ramalingam

Problem
Statement

Bag of
Features

Building the
Vocabulary
Tree

Matching Local Features

0Source: Kristen Grauman



Image
Matching

Srikumar
Ramalingam

Problem
Statement

Bag of
Features

Building the
Vocabulary
Tree

Matching Local Features

To generate candidate matches, find patches that have the
most similar appearance (e.g., lowest SSD)

Simplest approach: compare them all, take the closest (or
closest k, or within a thresholded distance)

0Source: Kristen Grauman
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Matching Local Features

In stereo case, may constrain by proximity if we make
assumptions on max disparities.

0Source: Kristen Grauman
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Indexing local features

Each patch / region has a descriptor, which is a point in
some high-dimensional feature space (e.g., SIFT)

0Source: Kristen Grauman
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Indexing local features

When we see close points in feature space, we have similar
descriptors, which indicates similar local content.

0Source: Kristen Grauman
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Indexing local features

With potentially thousands of features per image, and
hundreds to millions of images to search, how to efficiently
find those that are relevant to a new image?

0Source: Kristen Grauman
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Problem Statement

Scalable Recognition with a Vocabulary Tree

An image matching scheme that scales efficiently to a
large number of objects is presented.

Robust indexing of local image descriptors with respect to
background clutter and occlusion.

The local region descriptors are hierarchically quantized in
a vocabulary tree.
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Bag of features

Collection of features or parts reveal the underlying object.
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Collection of features or parts reveal the underlying object.
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Bag of features: texture classification

0Source: Kris Kitani
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Text Retrieval vs. Image Search

What makes the two problems different?

0Source: Kristen Grauman
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Visual Words: Main Idea
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Recall: Texture representation example

0Source: Kristen Grauman
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Visual Vocabulary Information

Sampling strategy: where to extract features?

Clustering / quantization algorithm

Unsupervised vs. supervised

What corpus provides features (universal vocabulary?)

Vocabulary size, number of words

0Source: Kristen Grauman
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Inverted file index
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Comparing bag of words

0Source: Kristen Grauman
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tf-idf weighting

0Source: Kristen Grauman
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Standard Bag of Words Pipeline
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K-Means Clustering
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Clustering and Vector Quantization

0Source: Kris Kitani
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Vocabulary Tree

An illustration of the process of building the vocabulary
tree. The hierarchical quantization is defined at each level
by k centers (in this case k = 3 ) and their Voronoi
regions.
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Building the Vocabulary Tree

The vocabulary tree is built by hierarchical k-means
clustering.

Descriptor vectors are used in the unsupervised training.

First, an initial k-means process is run to define k cluster
centers.

The training data is then partitioned into k groups, where
each group consists of the descriptor vectors closest to a
particular cluster center.

The same process is then recursively applied to each group
of descriptor vectors, recursively defining quantization cells
by splitting each quantization cell into k new parts.
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