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ABSTRACT

In this paper we investigate an entirely new domain and
application of image processing and forensic science, i.e.
detecting the human age from the handwritten documents using
multi class support vector machines. There have been significant
works in the direction of document analysis, character
segmentation and hand writing recognition. Writing style of
human being to a great extent varies as his age varies. In this
paper we propose techniques that establishes a relationship
between his age and his writing style and try to determine the age
from the handwriting. Here novel chain code approach and A
new type of generalized chain code(GCC) is proposed for
handwritten data. Distinctive features for each character are then
extracted based on the normalized GCC values. By using higher
statistical moments for the above NGCC values feature set is
obtained. Those features are passed to multiclass svm classifier
which generate the hyperplane. Multiclass hyperplane plots the
values of test images in the classified class. Here each classified
class belongs to one age group. Total five age groups are shown .
Results shows an efficiency of nearly 84.54%for age group 1,
79.52 for age group 2, 80.67 for age group 3, 82.58 for age group
4 and 90.467 for age group 5 which can be considered very high
as there is no linear relationship of the document image and the
age.

Categories and Subject Descriptors
1.5.2 [Pattern recognition]: Design Methodology — Classifier
design and evaluation.

General Terms
Design , Performance.
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1 INTRODUCTION

Handwriting is a personal biometric that is considered to be
unique to an individual . As a result , the use of handwriting
signature has been , for many centuries, a legally accepted means
of authenticating various documents. In addition, in some criminal
cases analysis of handwriting is often performed by forensic
document examiners to determine the authorship of a questioned
document. The methods used by forensic document examiners to
reach their expert opinion are based on a set of techniques that are
standardized and well documented in various texts [14, 26].
However, unlike other forms of forensic analysis (such as DNA
testing and chemical analysis of material, blood and tissue
samples) the analysis of handwriting does not have a strong
underlying scientific base. In a recent case the scientific
acceptability of in the United States courts [23]. There is,
therefore, a need for scientific study to support the analysis
methods used for the presentation of evidence in court. forensic
document examination has been successfully challenged A
detailed study of the possibility to identify a person by his/her
handwriting has been carried out in several previous works [18,
19, 20]. A person's handwriting the script and its placing on the
page express the unique impulses of the individual, logically, the
brain sends signals along the muscles to the writing implement
they control. S Srihari , C Huang , H Srinivasan [16, 17] studied
and reported on the discriminability of handwriting of the
handwriting of twins and individuality of handwriting. GX Tan, C
Viard-Gaudin, AC Kot [4] proposed the an automatic text
independent writer identification framework for online documents
using character prototypes. By examining a handwriting sample,
an expert graphologist is able to identify relevant features of the
handwritten script, and the way the features interact. The features,
and interaction between them, provide the information for the
analysis. In the proposed method , we have shown that some
computational features can be used for automatic age detection of
writer to achieve high verification accuracy. Computational
features of handwriting are the features that are unambiguously
defined and hence can be reliable measured from images of
handwriting. Vladimir pervouchin and graham ludhan[25] was
shown the direct analysis of feature analysis for writer
identification. Computational features may or may not be
correspond to any features of forensic document examiner use in
the analysis of handwriting. In the proposed method we are using
chain codes, here the generalized chain code scheme was used to
encode an isolated English handwritten characters and NGCC
values were generated. Chain codes, pioneered by Freeman, were
originally developed for data compression on line drawing and
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planar curves data [5 ,10], and recently extended to handwriting
and line graphics [6, 7, 11]. Chain codes are used to represent a
boundary by a connected sequence of straight line segment of
specified length and direction. Typically , this representation is
based on 4 or 8 connectivity of segments. The direction of each
segment is coded by using a numbering scheme. Conventional
generalized chain coding (GCC) uses a set of concentric coding
rings for adaptive encoding but the coding ring set must be
predetermined for efficient code assignment [10]. We extend the
generalized chain coding concept to novel GCC coding scheme
for recognition application. The shape of a curve can be
described by the new GCC codes, which constitutes the basis for
feature extraction. The writing speed information is valuable for
applications such as writer recognition/ identification. The
proposed new generalized chain code is able to preserve such
writing characteristics. The feature set of proposed method
provide the valuable information for determination of writers age.

2 NEW GENERALIZED CHAIN CODE

Hung Yuen [8] had given the chain coding approach for real time
recognition of ON-LINE Handwritten characters. Chain coding is
a spatially differential coding technique. To encode a curve, one
must find the nearest vector node intersected by the curve on a
square coding ring centred at the previous encoding point.
Generalized chain codes are a special class of chain codes that
uses multiple concentric coding rings. For higher efficiency, the
number of ring sizes that can be used is limited, and they are
usually predetermined in order to assign unique binary codes to
all the vector nodes. The actual coding ring size used at each
coding step is determined based on the smoothness of the trace in
such a way that a longer straight curve segment should be
encoded by a larger coding ring. Fig. 1 shows the conventional (1,
2, 3)-GCC coding rings.

n=3
N=

«— N=1

Figure 1: Conventional (1,2,3)-GCC coding rings

The proposed GCC code contains two parameters. The first
parameter is the specific coding ring order n. A coding ring

contains M nodes, where M =8n  andn=1,2, 3, .... The ring
order n can be determined by the max{ x-coordinate difference,
y-coordinate difference } between two successive data points.
The second parameter is the actual node number i, where i =0, 1,
2, .., 8n - 1. Hence, every handwritten data point except the
starting point can be completely specified by these two
parameters, based on the specific coding ring centred at the
previous data point. The proposed GCC code encodes the angular
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and spacing information for a vector link between two successive
data points. Compared to the zone coding developed for
telewriting in Sketchphone [22], the proposed GCC scheme is
much simpler since zone coding uses zone codes to encode
differential quadrant and zone information. We define the
normalized GCC (NGCC) code Ci as

Ci= i/n

The NGCC code Ci represents the absolute angular information
of each GCC link, independent of the specific GCC ring order n
being used. For example, if the NGCC code of a link is 1.78, this
link must lie between the two links connecting the primary node 1
and 2, and its angle 6 should be 45" <6 < 90". The proposed
NGCC coding is equivalent to an angular quantization shown in
Fig. 2

2
4 0
s v
6 7

Figure 2: Angular Quantization Based On NGCC Values

Therefore the proposed GCC code preserves the dynamic writing
information, which cannot be accomplished by conventional
chain coding.

3 SYSTEM ARCHITECTURE

The proposed system architecture as shown in
fig 3 consists of following steps.

1.  Handwritten samples both training and test samples of
different age groups.

2. Pre-processing

3. GCC Encoding

4. Multi class SVM Classifier
5. Detected Age group.

The dataset used for proposed method are the English handwritten
samples( All capital letters ‘A’ to ‘Z’°, All small letters ‘a’ to ‘z’
and digits ‘0’ to ‘9”) of different age groups. Total 500 samples
are collected from the different age group peoples. The age
groups are divided into total five different age groups as follows.
The first age group is from age 1 year to 20 year. The second age
group is from age 21 year to 40 year. The third age group is from
the age 41 year to 60 year. The fourth age group is from age 61
year to 80 year and the fifth age group is from age 81 year to 100
year. Each age group is having total 100 different English
handwritten samples. Half of the samples used as test images and
half of the samples used as training images. Before preprocessing
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the input data samples the ten fold experiment is conducted,
which mix the training and test samples in every experiment.
Total such ten experiments are conducted and at the end of each
experiment average recognition rate of each age group was
obtained and from that the overall average recognition rate was
obtained .

Handwritten Handwritten
Samples Of 5 Samples Of 5 Age
Age Groups Groups(Training
( Test Samples) Samples)
A 4 A 4
PRE- PRE-
PROCESSING PROCESSING
A 4 A 4
GCC GCC
ENCODING ENCODING
v
v FEATURE
FEATURE EXTRACTION
EXTRACTION
\ 4 A 4
MULTI CLASS SVM CLASSIFIER
A 4 A 4
DETECTED AGE GROUP

Figure 3: The System Architecture

In ten fold experiment every time the training and test images are
mixed and interchanged. We are calculating the average
classification rate by ten fold experiment by interchanging the
data in training and test dataset in every experiment by
considering 50% of training and 50% of test images. The total
500 handwritten sample images are used. Each age group is
having different 100 samples.

3.1 Pre-processing

The first step to any document analysis is pre-processing. First the
sample database is scanned and stored as an image. This is
specifically a grey scale image . A binary image is generated out
of this grey scale image and one bit binary noise is removed by
using erosion. The subsequent steps are all for normalizing the
data to common axis.

3.2 GCC Encoding
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The GCC scheme was used to encode isolated handwriting
English character and NGCC values were generated for each
character.

3.3 Feature Extraction

Feature extraction is an important procedure in handwriting
recognition process. For recognition purpose, distinctive features
that are invariant to translation, rotation and size scaling need to
be extracted from the handwritten data to represent a character.
The features generated in our proposed recognition method
include  NGCC values . NGCC values are used to describe the
shape of the handwritten curves constituting a character. The
NGCC codes represent the angular information of the GCC link
between two successive data points. The NGCC values are
generated for different handwritten characters of different age
groups and the higher statistical moments are applied which
generate the required feature set.

3.4 Classification

In the proposed method we are using Support vector machine
classifier . The Support Vector Machine(SVM) is a new learning
machine with very good generalization ability. The SVM
classifier has superior recognition rates when compared to other
classifiers. By applying the higher statistical moments on NGCC
values for different age groups of different characters. These
feature values are passed to multiclass svm classifier which
generates the hyperplane which will get classified into different
total five age group classes. The hyperplane provide the classified
class. Each class of svm hyperplane belongs to one age group.
The classified class provides the detected age groups.

4 RESULTS

Table 1 shows average age detection recognition rate of total five
age groups for handwritten character samples from ‘a’ to ‘z’.
Table 2 shows average age detection recognition rate of total five
age groups for handwritten character samples from ‘A’ to ‘Z’.

Table 3 shows average age detection recognition rate of total five
age groups for handwritten digit samples from ‘0’ to ‘9°. Table 4
shows overall average age detection recognition rate of total five
age groups for all handwritten character and digit samples.

The experimental results shows that, The average recognition rate
together for all handwritten English samples that is for all
handwritten English capital letters and all handwritten English
small letters and 0 to 9 English handwritten digits, for first age
group is 84.54%. The average recognition rate for second age
group is 79.52%. The average recognition rate for third age group
is 80.67%. The average recognition rate for fourth age group is
82.58%. The average recognition rate for fifth age group is
90.467%. The average recognition rate of age detection is highest
for the old age peoples having the age above 80 years and then
the second highest recognition results are for the minor age
peoples having the age below 20 years.

In the above table the following age groups are shown

Age group 1 =1 to 20 years, Age group 2 = 21 to 40 years
Age group 3 =41 to 60 years, Age group 4 =61 to 80 years
Age group 5 =81 to 100 year
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Table 2. Average AGE detection recognition rate of total five
age groups for handwritten samples ‘A’ to ‘Z’

Table 1. Average AGE detection recognition rate of total five IS;XZ' Avg. Age detection recognition rate of
age groups for handwritten samples ‘a’ to ‘z’ All five age groups (%)

H.W. | Avg. Age detection recognition rate of Age Age Age Age Age
Data | Ay five age groups (%) group | &P group group group

Age | Age Age Age Age ! : 3 4 5

group | 8roUP group group group A 84 79 82 80 88

1 2 3 4 5 B 80 78 80 79 91

a 74 70 78 77 P C 79 78 76 80 82
b 84 79 74 78 81 D 82 78 76 79 86
c 76 77 79 84 35 E 84 79 76 78 82
d 82 78 84 80 26 F 89 32 84 86 98
e 79 78 81 78 30 G 77 78 89 86 93
f 84 76 79 77 ]7 H 84 82 84 89 90
g 88 78 84 82 90 I 78 76 33 38 93
h 89 77 80 86 91 J 86 82 79 78 88
i 84 75 78 88 04 K 85 79 83 81 94
j 88 79 81 ’4 92 L 94 82 78 79 89
k 79 74 76 82 38 M 87 76 79 32 93
1 81 79 77 80 34 N 88 74 73 79 86
m 86 75 79 88 94 (0] 84 72 77 78 88
n 91 82 88 90 98 P 90 81 82 88 93
0 85 76 77 78 91 Q 89 79 86 79 89
P 93 84 83 88 90 R 77 78 74 78 83
q 77 79 84 89 93 S 93 81 78 90 94
r 87 75 82 89 92 T 84 86 82 78 91
s 85 77 78 89 04 U 75 74 80 79 93
t 92 75 78 93 98 v 92 92 79 86 95
u 79 84 83 89 93 w 98 82 87 79 97
v 91 90 80 ]7 94 X 84 88 90 82 94
w 77 76 30 84 89 Y 79 84 38 89 92
X 87 89 90 78 93 V4 86 82 88 83 98
y 76 80 84 85 92 ;)gv:rall 84.92 | 80.07 | 81.26 82.03 | 90.76
z 83 79 86 79 98 iit/:“io
Overall | 8373 | 78.5 80.88 83.92 | 90.34
deectio
n %
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Table 3. Average AGE detection recognition rate of total five
age groups for handwritten English digits ‘0’ to ‘9’

H.W. | Avg. Age detection recognition rate of

Digits | A five age groups (%)
Age Age Age Age Age
group | SOUP group group group

1 2 3 4 5

0 84 78 79 80 92

1 83 78 74 79 81

2 82 81 77 74 88

3 78 77 74 80 86

4 79 82 81 78 89

5 93 86 79 87 91

6 87 74 78 79 90

7 89 87 79 82 93

8 94 85 81 85 94

9 88 79 84 81 96

Overall | 857 80.7 78.6 80.5 90

age

detectio

n%

Table 4. Overall Avg. Age Detection Recognition Rate Of All
Five Age Groups (%) For All English Handwritten
Characters And Digits .

Overall Avg. Age Detection Recognition Rate Of

All Five Age Groups (%) For All English Handwritten
Characters And Digits .

Age Age Age Age Age
Group Group Group Group Group
1 2 3 4 5
84.54 79.52 80.67 82.58 90.46

Table 4 shows Overall Avg. Age Detection Recognition Rate Of
All Five Age Groups (%) For All English Handwritten Characters
And Digits .

S CONCLUSION

As in this paper we investigate an entirely new domain and
application of image processing ,pattern recognition and forensic
science. The experimental results shows that, The average
recognition rate for first age group is 84.54%. The average
recognition rate for second age group is 79.52%. The average
recognition rate for third age group is 80.67%. The average
recognition rate for fourth age group is 82.58%. The average
recognition rate for fifth age group is 90.467%. Results shows
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good efficiency which can be considered very high as there is no
linear relationship of the handwritten document image and age.
The proposed GCC scheme was used to encode isolated
handwritten English characters and NGCC values were generated
for each character. The feature set used in proposed method
provide valuable writing information , which can not be
accomplished by conventional chain coding. The proposed
generalized chain code is able to preserve such writing
characteristics which help us to determine the writers age using
English handwritten documents.
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