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ABSTRACT

Handwriting identification has become a major area for
research these days. It refers to the ability of the computer to
receive the image of the handwritten character from sources
such as paper documents, touch screens, etc and compare it
with an existing database. Handwriting and hand-printing
analysis is applied to many types of investigation: fraud,
homicide, suicide, drug trafficking and clandestine labs,
sexual offences, threats and extortion, blackmail, arson,
bombings, and theft. It is also implemented in many
subjective handwritten exams in cases of discrepancies. This
paper is aimed at obtaining a unique and unambiguous
approach to do the same using the Discrete Wavelet
Transform. Each and every character scribbled is treated as a
specific shape and hence its corresponding features are
extracted using DWT. These features are used to compare the
handwritten characters of various individuals with the
database. The algorithm developed in this paper is done using
the English script calligraphy and could be comfortably
applied to every other script using the same procedure.
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1. INTRODUCTION

Many papers have been published in handwriting
identification. Multichannel Gabor filter and texture analysis
has had immense applications in this field [1] [2]. Wavelet
filters has found its applications in offline signature
verifications [3] where again each signature is treated as curve
pregnant with a specific pattern inside it.

Handwriting identification is unlike signature verification
where only certain characters of an individual‘s handwriting
comes into play. It is quite easy to forge one’s signature than
to forge one’s handwriting. A handwritten document
comprising of several lines usually involves almost all the
characters of a particular script and thus one needs to imitate
the style of each and every character of an individual’s
handwriting, which is expected to be quite difficult. This
paper is aimed at checking each and every character of an
individual’s handwriting separately and thus obtaining a
robust match.
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The basic concepts considered in this paper are (i) that no two
people can have the same handwriting style and (ii) that every
time an individual writes, his or her handwriting style
encounters a slight variation [4].0ne of the main targets of
this paper is to identify the threshold limit for the variations in
the handwriting styles of an individual using the Discrete
Wavelet Transform and thus identifying an individual’s
handwriting.

The Discrete Wavelet Transform has wide applications in the
field of human biometrics [5] [6].This paper is aimed at
obtaining a robust approach by carefully scrutinizing the
values of approximate co-efficient and details matrix of each
and every character of an individual’s handwriting by passing
it through low and high pass filters respectively. The
complexity of the algorithm is usually associated with the
type of language used. Complexity increases in those
languages where the numbers of characters are more. For
example in the English script we have only 52 characters to
deal with (considering both upper case as well as lower case).

2. PROPOSED METHOD

The proposed method is depicted by a flowchart shown in
Fig(1).

2.1 Database:

Each and every individual was asked to write the sentence
” a quick brown fox jumps over the lazy dog” on a white sheet
of paper with any ink they preferred to use. The significance
of the above sentence is not only that it contains each and
every character of the English script but also allows user to
maintain his or her natural handwriting style. The above
sentence was asked to be written in both lower as well as
upper case so that we get a complete collection of the data of
all the characters in the English script.(Note: we have ignored
digits). The above database constitutes documents from 30
individuals.
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Fig 1: Flowchart of the proposed algorithm

2.2 Preprocessing:

Each document scanned (Fig (2)) is first converted into gray
scale image. The gray scale image is then converted into
binary image (Fig (3)) such that the background is assigned
with zero intensity value and the handwritten part script is
assigned with the intensity value one. Thresholding is done to
separate the image into two sets: a) the background b) the
script. Threshold is determined as the average intensity value
of the total image. Since the scanned document is a white
paper (as in our case) therefore the set above the threshold
intensity is considered to be the background and the
remaining as script.

a (VQCR brown Jox duhs ow the ank\ (\ca

Fig 2: The scanned handwritten document

Fig 3: The image converted into binary.

2.3 Aspect Ratio (AR) determination using
Connected Component Analysis:

A Minimum Bounding Rectangle (MBR), the smallest
rectangle enclosing a connected component, is calculated for
each and every connected component, based on the MBR, a
Clipping Window is defined such that it’s width is determined
as the sum of the widths of all MBRs divided by the total
number of characters (which in this case is 33) and the height
is taken as the maximum of all the MBRs. This means that a
unique Clipping window is defined for every individual. The
Aspect Ratio (AR) is determined by a

feature: [Hpa/Waglwhere Hpax and Wayg denotes the
maximum height of all MBRs and the average width of all
MBRs respectively. Characters when matched with the
database are first compared on the basis of their ARs. They
are sent for further matching only if their AR difference is less
than a suitable threshold value which is obtained by
comparing the documents of the first four individuals with the
database. In cases where dimensions of the characters in the
document are bigger as compared to that of the database, the
former is resized. Only those MBR’s are considered whose
width is greater than a particular value, this is done to reduce
noise(Punctuation marks such as dot, comma etc are thus
neglected).

The above defined clipping window is used to extract each
and every character from a given sentence(Fig4).This may
also result in error prone extraction of characters(Fig5).This
however can be ignored in cases where the same error is
encountered in the individual’s document as well.

Fig (4) Fig (5)

Fig 4: Proper clipping of character‘s’ from a given
sentence.
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Fig 5: Error prone clipping: the characters ‘0’ and ‘g’ both has
been clipped by the clipping window.

2.4 Feature Extraction:
DISCRETE WAVELET THEORY:

The basic idea behind wavelets is to scrutinize a signal
according to scale. It has found wide applications in the area
of signal processing, numerical analysis and mathematics
during recent years [7] [8]. The wavelet transform could also
be considered as an advanced technique of signal and image
analysis. It was developed as an alternative to the short time
Fourier [9] to overcome problems related to its frequency and
time resolution properties. The basic idea of DWT is to
provide the time-frequency representation. The 2D-DWT
represents an image in terms of a set of shifted and dilated
wavelet functions y LH ,y HL ,y HH and scaling functions ¢
LL that form an orthonormal basis for L2 (R2 ) . Given a J-
scale DWT, an image x(s, t) of NxN is decomposed as:

X(S)=2p) g tai O IKG) + Tp X o1 Thido pas @° .
k,iy® J.K,i(s,t)

The function 1 can be described as:

D I Ki(s,) = 272p(27s5-k, 27t-1), W BT KLi(s,0),wBI K i(s,0)
= 27248275k, 27t-1),BéB,B ... )

LH, HL and HH used here are called wavelet or DWT  sub-
bands. uJ k,i =[] x(s, t)e J ki dsdt is a scaling coefficient
and W8 i i=llx(s,t) w® jxidsdt denotes the (k,i)th wavelet
coefficient in scale j and sub-band B. Fig(6) shows the scaling
concept in wavelet transform
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localization property. Applying DWT in 2D images
corresponds to 2D filter image processing in each dimension.
The input image is divided into 4 non-overlapping multi-
resolution sub-bands by the filters, namely LL1
(Approximation coefficients), LH1 (vertical details), HL1
(horizontal details) and HH1 (diagonal details). The sub-band
(LL1) is processed further to obtain the next coarser scale of
wavelet coefficients, until some final scale “N” is reached.
When “N” is reached, we’ll have 3N+1 sub-bands consisting
of the multi-resolution sub-bands (LLN) and (LHX), (HLX)
and (HHX) where “X” ranges from 1 until “N”. Generally
most of the Image energy is stored in these sub-bands. Here
the ‘haar’ wavelet is used for all the subsequent operations in
the ‘Feature Extraction’ process.

After applying DWT, a feature vector is defined for each and
every character. Since we have decomposed the image up to
the3 level therefore the feature vector comprises of 10
(3N+1) elements. Of the 10 elements the first 9 elements
consists of the Average Intensity Value (AIV) of the matrixes
that are obtained when passed through high pass filters, which
are of course the horizontal, vertical and diagonal details
matrix obtained at each level, whereas the 10" element
consists of the AIV of the approximate co-efficient matrix
(the sub-band obtained when passed through the low pass
filter). The feature vector is thus defined as [h; h, h;d; d, ds
Vi V, V3 al. Where h;, d; and v; are the AIVs of the
horizontal, diagonal and vertical details matrix at the i"" level
respectively and a is the AlV of the approximate coefficient
matrix. This feature vector is used as a signature to each and
every character.

LL3<>HL3-> HL2 — HL1

\
[H3 | FF:
nEIAN

|
Lh2 \\4 HiH2
=N

Fig (a) Fig (b) Fig (c) Fig (d)

|
' NN
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Fig 6 :Scaling concept of 2D-DWT

The wavelet transform describes a multi-resolution
decomposition process in terms of expansion of an image onto
a set of wavelet basis functions. Discrete Wavelet
Transformation has its own excellent space frequency

Fig 7: Fig (a)the diagonal details image,Fig (b)the
horizontal detaisl image,Fig (c)the vertical details image
and Fig (d)the image of the character ‘g’ respectively.The
details shown are of the first level of decomposition.

2.5 Euclidean Distance:

Euclidean distance is given by Eq. (3) and is used to compute
the match value between two given vectors. A perfect match
is implied by a value zero. The signature tends towards
mismatch as the distance value increases.The Euclidean
distance is calculated between the feature vectors of each and
every character of a certain number of individuals to obtain a
threshold distance value for a particular character. Eg T, is the
threshold distance value for lower case ‘a’. Similarly
thresholds of all the 52 characters are obtained.

D(’icu;l)l =,’ Mo (xiyi)?
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2.6 Percentage Character Match:

Once the thresholds for the characters are determined two

vectors comprising 26 elements each are defined as follows:
A=[tatote . ] andB=[T,TpTc.....T,]

The vector A consists of the thresholds of the smaller case

handwritten characters of 26 alphabets whereas the vector B

consists of the thresholds of the upper case handwritten

characters.

When a given individual’s handwriting is tested with the
database two vectors are formed as following.
T, =[e,€p... .6 and T;=[eaep. ... .. e7]
The above two vectors consists of the Euclidean distances of
lower case and upper case of handwritten characters of an
individual respectively when compared with the database. The
vectors T, and T, are compared with A and B respectively and
new vectors Ry and R, are formed. Such that:

{Ri(i)=1 for T,(i)<A(),
Similarly: {R,(i)=1 for T,(i)<B(i),

Else 0}
Else 0}

Thus R; and R, are vectors comprising of elements ‘0’ and
‘1’ respectively. The percentage of matching is thus defined in

Eq( 4).

(2%, R1()+X25, R2()] 1

52 0 )

Thus a character match threshold is obtained to determine the
minimum number of characters that needs to match to identify
an individual’s handwriting. An individual’s handwritten
document is considered to be his or her own if it’s percentage
character matching is greater than the threshold.(Note: an
individual’s handwritten document may not include all the
characters of a particular script, in that case the formula for
percentage matching changes, but the threshold value remains
almost the same)

3. RESULTS
The algorithm was tested on a database consisting of
handwritings of 30 individuals .The threshold vectors

A:[ta,tb,tc .................... tz] and B:[Ta,Tb,TC ................ Tz] was
obtained by calculating the mean of each elements of vectors
Ty =[eatp, ....&J]and To-[eaes . . ez] respectively from

the first four individuals each having ten documents(apart

. . Yea
from the one in the database).Example: i 18 calculated to

determine t,(4X10 means 4 individual having 10 documents
each). The obtained threshold vector was now tested again
with the same set of (first four) individuals to obtain the
threshold value percentage character match. The algorithm
was then applied to the remaining database with the obtained
set of thresholds. The results obtained are shown in Table 1.
All the results were calculated using MATLAB 7.5.0.342
(R2007b).
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Criteria FRR(False FAR(False AVER
Rejection Ratio) Acceptance Ratio) AGE
percentage percentage EFFIC
IENC
Y (%)
Aspect 0% 12.73% 87.3%
Ratio(AR)
Lower 26.66% 2.33% 71.1%
Case
Characters
(LCC)
only
Upper 16.66% 1.33% 82.01%
Case
Characters
(uce)
only
UCC+LCC 21.66% 1.78% 76.56%
AR+LCC+ 21.66% 1.33% 77.01%
uccC

4. CONCLUSION

The average efficiency is highest when calculated based on
the parameter AR (Aspect Ratio), but the FAR (False
Acceptance Ratio) reduces considerably when the parameters
LCC (Lower Case Character) or UCC (Upper Case Character)
are considered for matching. FAR is least when the matching
is done based on the criteria UCC, this is so because UCC
seldom encounters the error shown in Fig (4).

The results obtained could be further improved if worked on a
larger database. The thresholds obtained would then turn up to
give more efficient results.

In some scripts where the characters are well separated and
equally spaced Eg. like Chinese, Tamil, Telegu etc. this
algorithm may prove out to be more efficient. These
languages would seldom encounter the error shown in Fig( 4).

The future work remaining is to increase the size of the
feature vector (by increasing the number decompositions
further) and to study the size (level of decomposition) at
which the results obtained would turn out to be more efficient.
Moreover efforts to increase the time complexity of the above
algorithm would also be emphasized in the near future
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