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Scalable Recognition with a
Vocabulary: Tree

The paper describes a system which can
recognize objects from a veny:large
database with great speediandfrecognition
guality:

The system uses local region descriptors
whichi are hierarchically, guantized in'a
vocabulary tree.

Strengths!

Potential for en-the=fly insertion

= An offlinerunsuperviseditiaining stage: Is
necessary. to create the vecabulany, but new;
Images can heraddedito) therdatabase on-the-
Ty

s Images canlbe added anithe same rate as
leature extraction:

n Excellent benefit for large scalablelimage
databases.
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Strengths!

The vocabulany tree directly defines; the
guantization.
u Eachrhigh=dimension feature VECLOr s

guantized inte anfinteger whichrcorrespoends
10 a pathiin thevecabulany tree:

s Results in speed

Feature extraction on a 640x480) video frame. in
0.2 sec. and database guery in 25ms on a 50000
Image database.

= Results in compactness

Adding, Querying and Removing
Images at full speed




Training, and Addition are Separate System Overview,

Meaximally Stable Extremal Regions

r (MSERs) featurerextractor:
SIET feature descriptor
Feature space: isiguantized through k=
means clustering and! build inte a
vocabulary tree.
1@ retrieve images; a hierarchicall scaning
scheme is used based!on erm Erequency.
Inverse Document: Freguency (TF-1DE).

Common Approach Our approach
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Implementation of Scoring

Evenyinode!is associated withian'inverted file;
althioughi enly:Ieai- nodes are: explicitly;
represented. InnerneUes are a concatenation of
the leaif nodes:

Inverted files store the'id-numbers of the
IMages I Which a particularnode  eeeurs, and
the termifieguency for: that image:

Tihe vectors representing the database images
as,well'asithe gueny/images; ane nermalized to
unit magnitude.

Tiesting

Ground truth
datalyase consisted of
B376) Images; in
groups; effieur.
Therdatabase was
gueried withreveny,
Image andiwas
evaluatedon how,
freguently’ therother
three imagesiarne
found perfectly.

Definition of Scoring

Weights are assigned'te each node (with
centain exceptions)

Query and database vectors are defined
according to their assigned weights

Each| database image! is given a.
relevance score based on the normalized
differences between the guery and
database vectors

Normalization

1o compute the normalized difference in’ Lp-
nonm: (5)
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For the case off the [L2=norm:
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Results fior only: 1400 images Results fior only: 1400 Images
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Results with full 6376 image

Other Tests — 40000 CD: covers
database

Vethod was
tested oni a
datalase; of
40000 CD
COVEYS

- running; real:
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Performance (%)

Other Tests — 1 million images Other Tests — 1 million images

Methoed was alsoitested onl a datalase o d _ T dkpendent et
millioniimages. The ground tiuthi Images Were - s
embedded into) a database contaiming all'the
frames; fiom several movies: The Bourne
ldentity, The Matnhix, Braveheart, Collateral,
Resident Evil, Almoest Famous and Vensters Inc.

Performance (%)

QUuEeriesionl a 8GB machine would take: about: 1 1ok 100K
second. Database: creation took 2.5 days. Database Size




Other Tests — Non movie images

gueried oni 300K frames Conclusion

Tihis methedology: prevides: the abililty to
make fast Searchies onj extremely: large
databases:

Paves the'way: torsemeday create an
internet-scale content based image search
engine.

Questions
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