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 Low quality medical forms [+ = == = &= &
— Noisy carbon copies R AR A
— Text crossing form grids et _:é;.- L5E ||
_ Average word recognition  [EEEEEEEESEEE
accuracy is 20~30%
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X: binarized image; y: grayscale image

Objective:
X =argmaxPr(x|y) A
X MAP Or =) x-Pr(x|y) MMSE
=arg max Pr(x, y) X
X
Classic Binarization Problems: ORI T T A L
. . I : 2 I | !
In the MAP estimation kK =argminaoy, (k)
| k |
X — al’g maX Pl’(y | X) PI‘(X) : FiSher : o méximi?_e: .
X 'k =argmax o} (k)T 1
ASSUFnIng PI’(X) |S Constant and the : N gk B : Share of Share of Distance of

I 1.mode 2 mode the means

pixels are independent, the binarization '~ Njipiack’s local binarization
problem is converted into the histogram y

thresholding problem H_;,l.ﬁ Thr =mean+ A -dev
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Gh Motivation — Using the Markov
crebufpl Random Fields (MRF) for Binarization

X =argmaxPr(y | x)Pr(x) MAP

X

X=>" xPr(y|x)Pr(x)/Pr(y) MMSE

In addition to binarization using histogram thresholding, Pr(x) provides
constraints of connectivity and smoothness

Pr(x) can be represented by a Markov Random Field under local
dependence assumption

Computational Complexity is reduced by the Belief Propagation (BP)
algorithm (linear time in terms of the size of the image)
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G Motivation — Ruling Line Removal
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X: binarized image (the MRF)

y: grayscale image (the observation) Yi
y =Lyv, Yil,
y, - Visible observation;
y; - Invisible observation

Objective:

X =argmaxPr(x]|y,) MAP
X
or

=) x-Pr(x|y,) MMSE
X
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creebuflr Topology of the MRF

Patch-based topology

— x andy are divided into 5x5 non-
overlapping blocks

— Each patch has 225 possible states
Computational issue

— Computational Complexity is reduced by
the Belief Propagation (BP) algorithm
(linear time in the size of the image; but
guadratic time in the number of states)

— VQ and pruning are used for reducing
the set of states

Pair-wise prior probability
— learned from clean samples of
handwriting
Observation density

— Represented by local grayscale
histogram

illF [l Y

Joint Pr0.02 0.00001

N\
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Yy Results of MRF Binarization and
=eehuftr RUlIING-LINE Removal

Binarization
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Performance of MRF Binarization

Method Milewski | MRF | Niblack | Otsu
Top 1 rate 17.5% 25.9% | 19.4% | 11.6%
Set #1  Top 2 rate 244% | 36.6% | 26.9% | 16.0%
Top 5 rate 33.4% 44.9% | 359% | 23.3%
Top 10 rate 39.6% 51.7% | 42.3% | 28.8%
Top 1 rate 19.5% | 30.3% NA NA
Set #2  Top 2 rate 28.1% 40.7% NA NA
Top 5 rate 37.6% 52.7% NA NA
Top 10 rate | 45.0% 60.0% NA NA
Top 1 rate 18.7% 28.6% NA NA
Overall Top 2 rate 26.7% 39.1% NA NA
Top 5 rate 36.0% 49.7% NA NA
Top 10 rate | 42.9% 56.8% NA NA

Data: carbon copies of
PCR handwritten forms

* Set #1 does not require
line removal

** Set #2 requires line
removal
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Wrivrd Future Works

 Practical Issues

— Adaptive selection of model according to the size of
text

— Automatic ruling line detection
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