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“Statistical Examination of Handwriting Characteristics using
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Previous Research

1. Height relationship of the “t” to the “h”
a. tshorterthan h (78%)
b. t even with h (1.5%)
c. ttallerthanh  (5.5%)
d. No set pattern (15%)

2. Shape of loop of “h”
a. Retraced (27.5%)
b. curved right side and straight left side (32%)
c. curved left side and straight right side (2.5%)
d. Both sides curved (17%)
e. No set pattern (21%)
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Singer/Moran

1. Number of strokes for formation of "a™:  (a)

(a) one continuous
(b} two strokes

(c) three strokes
(d)} uppercase

(e} no fixed pattem

2. Formation of staff of "2~

(a) tented

(b) retraced

(c) looped

(d) no staff

(e} no fixed pattem




Truthing Tool

% Feature Truthing for “and™

Express Load
(1 - 1568)

() Cursive () Hand-printed Skip

Initial stroke of Formation of "a" Mumber of strokes For Farmation of "a"

Farmation of staff of "a" Formation of staff of "a"

Mumber of arches of "n" Murmber of strokes For Formation of "n"

shape of arches of "'n" Formation of skaff of "n"

Location of mid-point of "n" Shape of arch of "n"

Formation of skaff of "d" Mumber of strokes For Formation of "d"

Formation of initial stroke of "d" Farmation of staff of "d"

Farmation of terminal stroke of "d" Initial stroke of "d"
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Symbol in place of the word "and" Unusual Farmations




Truthing Tool
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Truthing Tool
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Truthing Tool
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Probabilistic Analysis
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Joint Probability Calculation

e Calculation of probability of a given
combination of characteristics is complex

e How much data is needed?

— |If we don’t assume that the nine characteristics
are independent, we will need to determine over
a million probabilities

e 100 million to billion samples needed
e How much time for the computation?
— NP-hard



What if we assume independence?

True Joint Probabilities:  Prob (height,weight)

P(a,b) b° (heavy) bl (light) P(a) (height)
a®  (tall)

al (short)

P(b) (weight)

Prob(tall, light) < Prob(short,light) Given that person is light, six times likely to be short

Assuming Independence

P(a,b) b° (heavy) bl (light) P(a) (height)
a® (tall)

al (short)

P(b) (weight)

P(tall,light) > P(short,light) Given that person is light, twice likely to be tall



Compromise Solution: PGMs

Revolution in big data analysis

Led by statistical machine learning and
probabilistic graphical models

Exploit as to what independencies exist rather
than assume everything is independent

PGMs are directed (Bayesian Networks) or
undirected (Markov networks)



Bayesian Networks for and

Cursive Handprint

99 parameters

/7 parameters



Common and Rare and

(a) Cursive-Common

(b) Cursive-Rare

(¢) Handprint-Common

(d) Handprint-Rare
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Probabilities available online

Cursive data: http://www.cedar.buffalo.edu/~srihari/HW-Stats/cursive-and
Handprint data: http:/www.cedar.buffalo.edu/~srihari/HW-Stats/handprint-and
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Markov networks for and




Conclusions

FDEs defined a set of characteristics for a
common word and

Developed a truthing interface
FDEs entered data using interface

Developed learning algorithms to create
statistical models

Models used to infer probability of
characteristics



Future Research

e Continue to mine existing data for
information, add more individualizing
characteristics

e Continue to research “th” combination

e Study the same characteristics with a more
homogenous population (e.g. Durina research,
twins)
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