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}%ﬁ Problem Statement

Information
Retrieval
Technigues

Document Document image
Analysis and retrieval:

Recognition v machine-print
Technigues

« Search engine for handwritten document images performs
poorly because of the low recognition rate

* Objective: Improve IR performance on handwritten data,
especially that of poor quality
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Gy Document Retrieval — An
cseebuftelr QVEIVIEW
 The similarity between a document and a query can be

roughly measured by the number of occurrences of the
guery terms in the document, for example:

{d .}={d, ="pt hasa trauma", d, ="pt has breath difficulty"}
J 1 2

{t;}={t, ="pt",t, ="has", 15 ="a",t, ="trauma”, t; ="breath",z5 ="difficulty"}

11111111010 n - - ]
q; ;= LL0,0@} g ="breath difficulty ,qtfi’q = [0,0,0,0@

* The frequency fieq; ; Is the most crucial for a document
retrieval system
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Gy Estimating freq; ; from Noisy
b Handwriting Recognition Results

 |Index built on top-n Word

Recognition Results [Lee, ICDAROS] W

« Assigning different weights to ]
candidates -
fréqi, ;= Z Pr(z, |w,) [Rath04] [Heccgrnizerj
k

" Const
or freq; ; = Z [HoweO05]

’ RANK(z;, wy.)
k ! Buffalo 0.9
. . Boston 06
Wy, Wy... : word images in document d, Dallas 0.5
. . . Chicago 0.3
Pr(¢, | wi): word recognition posterior probability Amherst 0.1

« Perfect word segmentation?
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I]é mproved Estimation of freq; j
ncorporating Word Segmentation and

<seehfes | anguage Models [Our Approach]
freq; ; = ZP"(VN 5)‘21”(2T | W) freq; ;

Ql
Il

(010,...07] : observation series

=[ww,..w;]: word images

LSy

7 =[ry7,...7; ]: terms (OCR results)

Pr(w|o): word sequence segmentation probability
Pr(z | w): word sequence recognition probability
freq; z number of ¢,in 7

Solved by dynamic programming
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Y3 Word Gap Labeling

ucse@b
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

NN (D L (S et Jli

By Bayes’ rule

Pr(Valid) p(fv | Valid)
Pr(Valid)p(F/ | Valid) + Pr(Non — valid)p(ﬁ | Non —valid)

Pr(Valid | fv) =

The likelihoods are estimated non-parametrically using Parzen window
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Yy Word Spotting Using Word Gap
«eehpitr | abeling

Word image (w) is representedby
connected components ;

W= Ci,Ciygseeni €

Word gap probability (o) : .

The probability of the gap between \

¢ and ¢, being a word gap m . .

Word - query similarity :
SiM(w,q) =0y -...-0 ;- Pr(q | w)
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Search Engine Diagram

Preprocessing:
Binarization
Line removal
Segmentation

L 2

RR{ADE TEIMWL TmncR

Line separation/
Word recognition/
Probability estimation

y

will : 0.1973
bail : 0.1600
spinal : 0.1475
gail 1 0.1243

indexing of
y vector model
req; ;
lfiJ = L - tf

#{d .
idfizlog# 1 df
{d; | freq; ; >0} 1

Probabilistic I

0.212,0.08,...,0.01 1‘|

0.005,0.0023,.__0
[1.4.75.....1.58]

Indexing

Query phrase
>back pain

!

query vector
[0...10...010...0]

|

TF-IDF
similarity

I

PCR database

|

Keyword
spotting
similarity

f

=chest

Keyword

RANK 1
FORM ID=918
RANK=2

RANK 1
FORM ID=8§
X=980,Y=1918

RANK=2
FORM ID=9
X= 1063,Y=1029

RANK=3
FORM ID=42
X=2000,Y=1902

FORM ID=61
RANK=3
.\FORM ID=302

Retrieval

if ¢, isin query g
otherwise

ff, = L
f;',q_ 0,

simw,q) =01 -....0; -Pr(q|w)
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e Handwritten document
Image data: Pre-hospital
Care Report (PCR) forms
(written on carbonized
paper, word recognition
accuracy Is typically
<20%)
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'(13_53 Document Retrieval Performance:
=eehufiir Recall — Precision

342 Documents; 28 Queries

11-Feint Average Frecision
1
0.9 - —— Top-1 words
0.8 - WAP=11.7%. E-Prec=14.9%
5
:E 0.7 1 —o— Tap-n words using pr weights
2 0.6 1 [4P=15 8%. R-Prec=16.8%
g5 -
=04 —o— Praposed method
T WAF=2004%. E-FPrec=19.0%
z 0.3 A
0.2 -
0.1 -
|:I I I I I I I I I I I
0 01 02 03 04 05 0B 0¥ 08 09 1
Recall
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Ygdy Word Spotting Performance:
«eehuft Recall — Precision

342 Documents; 33 Queries

11-Point Average Precision Curves
0_; i —e— Test1: Word Spotting with
0.8 - Segmentation Probability
0.7 X\
5 0.6 - —a— Test2: Word Spotting
:g 05 - without.Sfegmentation
E 0.4 - Probability
0.3 -
0.2 -
01+ e,
= % @ * . 4
0 . . . T T — 5 ¥ # N
0 01 02 03 04 05 06 07 08 0.9 1
Recall
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G
Wrivrd Future Work

 |Investigation of other high-level applications
using the ranked OCR output
— Machine translation for the handwritten documents
— Handwritten document categorization
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