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Abstract— Handwriting analysis also known as Graphology,
which is a pseudo-scientific study of handwriting in relation
to human psychology. Handwriting reveals true personality
including fears, emotional outlay, defences, honesty and
over many other individual personality traits. Handwriting is
often called a reflection of a person’s brain. The
fundamental aim of this research paper is to study and
analysis various techniques used on basis of accuracy and
number of features selected by researchers for human
behavior prediction based on signature analysis.
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|I. INTRODUCTION

Human personality recognition is becoming more and more
important in the modern world. It helps human simplify
their jobs and solve more complex tasks. Handwriting
analysis which is also known as Graphology is a scientific
method for evaluating, identifying and understanding
personality through the strokes and patterns revealed by
handwriting of human. . In Graphology, handwriting is
analyzed by structural graphic elements in order to derive
information about the writer's personality and various
aspects. With the aid of graphology theory, graphologists
identify the traits, attitudes, qualities, sentiments or postures
that seem indicated in the handwriting; they further seek
insight into how these aspects of selfhood may integrate
together to constitute the dynamic organization that we
recagnize as the personality of that writer [1]. It can expose
marks such as deep and emotional instability, which can
further lead an individual to engage in deviant behavior.
Handwriting is unique for each individual, regardless of the
word formation of an individual’s handwriting; the shape of
the character will reside the same. This is applicable to all
other languages. Imitation of another person’s handwriting
can easily be identified by proper forensic examining
characteristics like pen pressure and oscillation.
Theoretically, it is difficult to determine personality
especially when it is related to forensics. There are two
approaches in graphology i.e. graphical analysis of the
structure type of writing and analysis of the type of symbol
or letter. Signature analysis includes first approach. Type of
writing in the form of signatures and letters stroked can
describe the personality of the author.[2] Meanwhile the use
of signatures is usually used to identify certain personality
as with appearance of dots, streaks, shapes or shell, and
bottom line [3,4]. Among the many aspects of handwriting
that can serve as scheme to predict personality traits are
baseline, connecting strokes, width of margins, spacing
between letters, words and lines, writing pressure, end-
strokes, word-slant, speed, size of letters and many more.
Domains where human behavior understanding is a
crucial need (e.g., affective computing, human computer
interaction and social signal processing) rely on advanced
pattern recognition techniques to automatically interpret

complex behavioral patterns generated when humans
interact with machines or with others. The topics of the
Human Behavior Understanding (HBU) Workshop reflect
some of the domain:
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Fig. 1: Signature Sample
— Social behaviour analysis & modelling
—  Temporal patterns
— Facial, gestural and voice-based affect recognition
— Sign-language recognition
— Human motion analysis
— Human-computer interaction

A. Artificial Neural Network:

Artificial neural networks (ANNS) are a family of statistical
learning algorithms inspired by biological neural networks
(the central nervous systems). They include nervous system
of animals, especially the brain and are used to estimate or
approximate functions that can depend on a large number of
inputs and are generally unknown.. These are capable of
machine learning as well as pattern recognition thanks to
their adaptive nature. Artificial neural networks are
generally presented as systems of interconnected "neurons™
which can compute values from inputs.
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Fig. 2: Artificial Neuron
Predictive coding posits that neural systems make

forward-looking predictions about incoming data or
information. Neural signals contain information not only
about the currently perceived stimulant, but about the
difference between the observed and the predicted stimulant.
There are various application of artificial neural network:

— Pattern recognition

—  Sequence recognition
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—  Can be trained to solve various tasks
— Data compression
—  Function modelling

Il. SCHEMES FOR BEHAVIOR PREDICTION

A. Neural Network Based Schemes:

1) Back Propagation:

Handwriting reveals the actual personality including
honesty, fears and defenses and etc. The image split into two
areas: the signature based on three features and application
form of letters digit area. Handwriting stroke reflects the
written trace of each individual's rhythm and Style.
Evaluation is done by calculating mean square error using
Back Propagation Neural Network (BPNN).Human
behavior is analyzed on the basis of signature by using
neural network. Prediction of human behavior is a process
of conceiving something as it might happen in future, based
fundamentally, on knowledge gathered from past
experiences and from present scenario. [9] The role of
internal factors for modeling behavior has been and remains
the subject of lively debate. Neural Networks may
effectively mimic such internal processes e.g. learning. We
demonstrate that back-propagation learning of Artificial
Neural Networks, a process of Biomimicry, contributes in
the output of efficient predictions of human behavior. The
back propagation neural network (BPNN) can easily fall
into the local minimum point in time series forecasting.
BPNN is well known for its back propagation-learning
algorithm, which is a mentor-learning algorithm of gradient
descent, or its alteration. According to the theory, the
connection weights and thresholds of a network are
randomly initialized first. Then, by using the training
sample, the connection weights and thresholds of the
network are adjusted to minimize the mean square error
(MSE) of the network output value and actual value through
gradient descent. When the MSE achieves the goal setting,
the connection weights and thresholds are determined, and
the training process of the network is finished.[13]

2) Multilayer Perceptron:

By examining all elements of handwriting and interpreting
them separately or integrated, a sketch of the writer's
character traits, emotional disposition and social style can be
generated using standard of graphology. Combination of
graphical approach based on signature and digit of character
of application form using multi-structure algorithms and
multilayer perceptron neural network can be used.
Multilayer Perceptron Neural Networks (MLPNN) or
Multilayer Fast-forward Neural Network (MFNN) is a fast-
forward semantic net instrument. Each neuron in multilayer
neural network is connected to other neurons via a weighted
communication line where weights are adjusted in training.
Substituting three layers, input, intermediate, output. The
MLPNN nominate different roles for every layer. Input layer
maintains balanced count of neurons parallel to that of the
no. of warbles in the problem. The output panel
encompasses a number of neurons balanced to the elected
count of amplitude, computed from the input and makes
obtainable the pestering feedback . Recognition of signature
area based on the nine features, i.e. five features using ANN
and four features multi-algorithm structure can be done
where ANN based features results an accuracy of 56-78%

and other features of the signature using Multi structure
algorithm results 87-100% accuracy. [8]

3) Feed Forward:

The feed forward neural networks consist of Interconnected
artificial neurons (processing units), grouped in three or
more layers. The usually neurons used are McCulloch-Pitts.
Automatic Hand writer identification using scanned images
of Handwriting can be done with feed forward neural
networks. From the individual behavior traits or the physical
body property, biometric templates are extracted and used in
the identification process. Advantage of using feed forward
network is fast computation, fault tolerant. [11]

B. Support Vector Machine Scheme:

In order to predict the personality we the writing sample are
taken and from it different features are extracted i.e. slant of
letters and words, pen pressure, spacing between letter as
well as spacing between words, size of letters, baseline.
Segmentation method is used to extract the feature of
handwriting which are given to the SVM which shows the
behavior of the writer sample. This gives optimum accuracy
with the use of Redial Kernel function. [10] For this
experiment 100 different writers were used for different
handwriting data samples. This method gives about 94% of
accuracy rate with RBF kernel to predict the psychological
personality of the writer. The performance of the system is
measured under two different conditions with the same
sample. [12]

C. Model Based Schemes:

1) Dynamic Markov Model:

Many human behaviors can be accurately described as a set
of dynamic models (e.g., Kalman .Iters) sequenced together
by a Markov chain. Use of these dynamic Markov models is
to recognize human behaviors from sensory data and to
predict human behaviors over a few seconds time. In this
approach human are considered as a device with a large
number of internal mind states, each with its own particular
control behavior and interstate transition probabilities. Such
a model of human behavior could be used to produce
improved human-machine systems. If the machine could
recognize the human’s behavior or, even better, if it could
anticipate the human’s behavior, it could adjust itself to
serve the human’s needs better. To accomplish this, the
machine would need to be able to determine which of the
human’s control states was currently active and to predict
transitions between control states. It could then configure
itself to achieve its best overall performance. [14]

2) Sigma-Lognormal Model:

The variability observed in handwriting patterns is analyzed
from the perspective of integrating the resulting motor
control knowledge in the design of more powerful
handwriting recognizers in personal digital assistants
(PDAs) and smartphones. Two main issues are addressed
from a kinematic perspective of movements produced by
human. On the one hand, what makes some signatures
perform better than others in automatic signature
verification systems, while on the other hand if that
information may be used as a quality measure in order to
predict the expected performance of a given sample. An
analysis of the quality of handwritten signatures is carried
out based on the Sigma-Lognormal model. It considers
single strokes as primitives from which complex patterns are
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built. Each primitivel has a lognormal velocity profile and a
direction profile described by an error function. [16]

D. Automation Method;

To predict the personality of a person from the features
extracted from his handwriting, the personality traits
revealed by the pen pressure, the baseline, the letter ‘t’ , the
lower loop of letter ‘y’ and the slant of the writing as found
in an individual’s handwriting are explored. The five
parameters, the baseline, the pen pressure and the slant of
the writing, the height of the t-bar on the stem of the
letter‘t’, the lower loop of the letter “y’, are the inputs to the
Rule-Base which outputs the personality trait of the writer
based on these parameters. The evaluation of the baseline is
using the polygonalization method and the evaluation of the
pen pressure utilizes the grey-level threshold value. The

parameter which is height of the t-bar on the stem of the
letter‘t’ is calculated using template matching. The shape of
the lower loop of letter ‘y’ is calculated using the
Generalized Hough Transform (GHT) and the slant of
writing is calculated using template matching again. These
parameters from a handwriting reveal a lot of accurate

information. [5]

I1l. COMPARISON OF VARIOUS TECHNIQUES FOR HUMAN
BEHAVIOR PREDICTION

This table shows different techniques of human behavior
prediction and its comparison with other techniques. In this
table various advantages and disadvantages of these
techniques are also discussed.

Sr.

No. Based On

Features

Technique

Advantage Disadvantage

Pen pressure, letter ‘t’,

1. | Handwriting baseline

Artificial neural
network

This method shows the
results feasible and
effective

Requires training of nodes,
S0 time consuming process.

Size, slant, baseline,
spacing between words
as well as letters.

2. | Handwriting

Feed Forward
N.N

Cannot be used with little
data available.

This technique has a
fixed computation time.

Size, baseline, breaks,

3. | Handwriting Margins, speed

Calibration with
manual analysis

Involves lesser image
pre-processing of the
image.

Was successful in Various enhancements

4. | Handwriting Slant of Iet;ciazrz, g5 ReLlrgiziron analysing handwriting | were required like position
g of any language. of*t’ bar.
four features multi- Multilayer Allows detecting the Variation of data training is

5. Signature algorithm structure and

five features using ANN.

Perceptron N.N

presence of more than

less.
one feature.

crop, alignment,

6. Signature thinning, resize

Back
propagation N.N

Cost of implementation
increases, due to pre-
requisite training.

Speed of classification
is fast

Pressure, spacing,

7. | Handwriting margins, speed, size

Support vector
machine

Due to dimension reduction
there area chances of data
loss.

It decreases the memory
requirement

Table 1: Comparison of different Techniques for Human Behavior Prediction

IV. CONCLUSION

Several existing methods have been studied. From the study,
it is concluded that learning rate and training algorithm
affects the accuracy of technique. Number of features used
for training also affects the accuracy of the technique.
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