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Keyword Spotting
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Keyword Spotting

Previous Work

Sequential Profile and DTW

[Rath et al, CVPR 2003]
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KeyWO rd S pOttI N g Feature Extraction
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OCR- Based Approaches

» [Toni, SIGIRO04] j> Multiple writers

— Probabilistic annotation

— Learn word pdf (over image features) Model segmentation
— Requires large annotated training set hypotheses

— Ranks not used

— Segmentation assumed perfect

— Single writer- not scalable

* [Howe, SIGIR2005] j> Use confidence

— Use word ranks scores
— Assumes ranks obey Zipfian distribution
— Segmentation assumed perfect
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Proposed Keyword Spotting System
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Word Spotting Model
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W = C,C,

d\t — SIM(q|w)= ,*(1- 5)*( 4)*
Pr(q|w)

Sim(q|w)= ;*@- )*...*(1- ) (P*Pr(a|w)
« - Word Gap Probability
Pr( g |w) : Word Recognition Probability
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Word Gap Probabilistic Annotation

Features for each gap between two CC’s
— fv,: Euclidian distance between bounding boxes
— fv,: Shortest white run length between two CC’s

— fv;: Distance between the convex hulls

Aok LE(R] MRL% Wm

By Bayes’ rule

Pr(valid) p( fv|Valid)

Pr(valid | fv) = _ _
Pr{valid) p( fv|Valid) + Pr(Non- valid) p( fv| Non- valid)

The likelihood is estimated non-parametrically using Parzen window
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Performance of Word Gap Labeling

Recall-Precision Curve for Word Gap Classification
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Word Recognition Probability

« Segmentation based word recognizer [Kim and Govindaraju,
T-PAMI 1997]

— Segmentation into character image

— Word matching performed on character-level using Euclidean
distance

— A matching score sis returned
 Word recognition probability
— Estimated from word matching score s(w,t;)
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Genuine Matching Probability Pr{Genuine|s) vs. Score s
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A Universal Background Model (UBM) [Reynolds2000]
UBM(s) = Pr(Genuin¢|s) =
Pr(GenuingPr(s| Genuing
Pr(Genuing Pr(s| Genuing + Pr(Imposte) Pr(s| Imposte)
Probabllity

Pr(Genuine|s)

Pr(; |w) 1 UBM(s(w,t,))
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Index Construction

« Given a series of consecutive connected components c,
.C5,C3, ... ,Cp,

forifroml1lton
for j from i to min(i+C_,-1,n)
if sim(c; ¢4 -..C;,Q) > SIM,
Store the word image as index
end-if
end-j
end-i

CiCis1 ---C;: word image composed of connected

components ¢;, Ciy, ..., C;
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Corpus

* Pre Hospital Care Report
WNY: 250,000 filed a year
NYC: 50,000 filed in a day
PDA’s not popular

» Challenges
Loosely constrained handwriting
Symbols and abbreviations mix
Multiple writers
Sloppy handwriting i

Short documents~100 words |
—

L -/

e Data Sets
Forms with ground truth: 342
Queries: 33 keywords
Lexicon:4405 words
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Experiments

Pre-processing

MRF( Markov Random Field ) Based Binarization

MRF Based Binarization method improves word recognition accuracy
from 18.7% to 28.6%
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Experiments

Evaluation Metrics

Average Precision

Mean Average Precision
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Results

Test 1: MAP = 4.7%; Test 2: MAP = 2.8%
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Summary

o Keyword Spotting in unconstrained handwritten
documents is a challenging problem

* The retrieval performance is improved using a
probabllistic annotation of word gap probability

e Use of topic categorization or semantic indexing
needs to be investigated for content based
retrieval of document images.
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