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Abstract: Graphology is a technique for analyzing an
individual’s personality based on the given sample of their
handwriting. Graphology considers the fact that the movement of
our hand is directly related to the state of our brain. This paper
implements the techniques of graphology using machine
learning. The pre-defined data about the analysis of handwriting
is given as learning data set for the machine. An image of a
handwritten text document in jpg format is given as input to this
machine. The processed output gives the personality of the
individual corresponding to the input handwriting.
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[ INTRODUCTION

Every individual has a unique personality some of which
are comprehended on the basis of the books they read, the
songs they hear and the kind of music taste they have. It isa
lesser known fact that handwriting conveys your personality.
A simple evidence to this statement is that the human brain
controls all activities done by a human and the same brain
helps to write. Thus, handwriting is used as a medium for
studying the brain’s behaviour. This is called as graphology.
The physical, mental and emotional state of an individua
influences their handwriting. Graphology does not focus on
the content that has been written but by the way they are
written. There are several factors based on which graphology
works. Some of them are asfollows:

A. Margin and dant

Under this category, the spacing of the paragraph along
with the four margins and the slant of letters, whether it is
left or right, is considered. The variation of spacing from all
the marginal sides plays a mgjor role in determining their
personality.

B. Pen Pressure

Every person has a different level of exerting pressure on
a pen as they write. The pen pressure can be light, medium,
heavy, distinct, lateral, pasty, sharp and so on. Thus, varying
levels of darkness are obtained based on the pen pressure.
This can be used to determine the energy level and ego of the
person.
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C. Sizeand Basdline

The size of the letters indicates the self-esteem that a
person possesses in oneself. On the other hand, the basdline

of their handwriting indicates the disposition of the
person, that is, the organizational capabilities that a person
holds.

D. Featuresof letters

Each letter has a particular feature such as looping,
curves, arcs, strokes etc., This paper focuses on many such
features of handwriting to detect the personality of the
individual.
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The requirements for the machine are as follows,

E. Pre-defined data set

The algorithm works on the basis of a pre-defined data
set. The pre-defined data set consists of different ways of
representing a letter. For each way of representation there is
an associated persondity trait. The sample data set is as
follows,

5.N0 image shape
1 Without initial stroke
"

Personality
Simple personality

With long, straight initial stroke | Firm principles, rigor, good
ahilities and
apgressiveness, May be

inappropriate and tiring.

3 Long, straight, disconnected Oppositionist. Inclination
A initial stroke towards disagreement and
y oratory.
/
4 i Initial stroke begins in the Rebels against parental

| superior zone authority, introversion,
possessive instincts,
conservative, Objections

against religion.

The pre-defined data set consists of various letters and
their personality traits.
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F. Segmentation of input data

Segmentation of the input data has to be done. This is
done in order to distinguish between white and black spaces
present in the image. The image consists of one or more
lines written by the individual whose character has to be
determined. The segmentation part analyses the margin
space and baseline of the given input. It helps to recognize
the position of the letter in the given image and focusses on
it.

G. Python Compiler

The machine is coded in python. Image processing has
to be done in order to extract the individua lettersin the
given word. This processed image produces multiple images
each consisting of asingle letter. Thisis used for
comparison with the pre-defined input data. To do this, the
system requires the following packages

o Cv2
e NumPy
The cv2 package of OpenCV helpsto read an image as the
input. This image is stored in an object and converted to a
two-dimensional array for processing purposes. Each array
element indicated the pixel density in that region. An array

BASELINE

value of O indicates the color black and 255 indicates the
color white.

The NumPy header helps to work on two-dimensional
arrays. The comparison of the matrix forms of the pre-
defined data set with the given input image. This is done by
accessing a particular pixel in any of the images. By
accessing the required pixel of both the images, comparison
of the images can be done. Using a python code, these
header files are implemented.

D. Feature Extraction

The character extracted by Skimage processing function is
used as input here. This character in image format should be
converted to a data format so that it is easier to compare it
with another image. To do this the “NumPy” package of
python is used. This NumPy package converts the image
data into a multi-dimensional array. This array consists of
entries 0 or 255 only. O represents black while 255
represents white. Thus, it considers the regions which
consist of O to process the image. This multi-dimensional
array is given to TensorFlow. Each value in the array is
added to a fixed pre-determined value so as to generate a
final value which can be used for comparison

E. Input and Output

This program aims at obtaining an image as input. This
input image should be in .jpg format. The handwritten text
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that has to be analyzed is captured as an image and given as
input to the compiler.

The output of the program is a result of the analysis of the
input image. It describes the personality traits of the
individual whose handwriting was given as input. The
accuracy of this result is dependent on the quality of the
input data.

REPRESENTATION OF CHARACTERS

The handwritten text of the individual who has to be
analysed is given as input in the form of an image. The
OpenCV package reads this image and converts it to
greyscale. Any unnecessary backgrounds or disturbances are
removed. This pre-processed image is stored in an object and
analysed. The result of this analysis gives a two-dimensional
array, that is, a matrix representing the colour intensity in
each pixel.

For the input image as follows,

-~ UPPER ZONE 2 Sphere of

imagmakien  mind. & spink.,
intelleck & creahividy ..

MIDDLE ZONE = fpheve ¢

achizliby,, social hije  evemday
Concerng

LOWER ZONE: Sphere of e
unconscious .. Inskinctuzl unges,
material demands.. b'°'°"'§‘.‘e'as

The generated matrix is as follows,

[[152 152 152 ... 126 126 126]
[152 152 152 ... 126 126 127]
[152 152 152 ... 126 126 127]
[145 144 143 ... 115 115 115]
[145 144 143 ... 116 115 114]
[144 144 143 ... 116 116 114]]

This pixel representation is compared with pre-defined
input data set. This pre-defined input data set is also present
in matrix format. The comparison of these two matrices
provides percentage of matching. The matrix with highest
matching percentage isthe
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required matrix. The pre-defined character associated
with this matrix is the matching character. The personality
trait associated with this character is the personality of the
individual . This generated matrix matches with the following
matrix,

[[243 242 241 ... 236 244 212]
[242 242 241 ... 236 240 208
[242 242 242 ... 236 241 210]
[246 246 247 ... 241 242 242)
[247 247 247 ... 241 242 242)
[248 248 247 ... 241 242 242]]

It is noted that the approximate difference between each
value of corresponding cells is the same. This is because of
the varying colour intensity when the image is converted to a
grayscale. And hence, the matching ‘p’ associated with this
matrix is

Ll

Therefore, it is concluded that the person reflects good
education, erudition, simplicity and mental activity.

Thus, each character from the given input is extracted and
corresponding matrix is generated for the processed image.
This process is continued until no unique characters are
recognized, that is, until the full input text has been analysed.

This is the easiest method for recognition of characters
using matrices.

FLOW GRAPH SVM ALGORITHM

For cases other than comparing the features of |etters, such
as, the cases of checking baseline and margins the SVM
algorithm can be used. After performing segmentation, the
white space is calculated for each line of the given input.
This is stored in percentage. The same process is repeated
for each line in the given input.

After calculating the scores of al the lines in the input
image it is sent as input to TensorFlow. The TensorFlow is
trained with input sets which are pre-defined. It consists of
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various possibilities of baselines and margins and their
associated characteristics. These are numbered from 0 to 10
each number representing a particular character.

When it receives the scores of the input data from the
segmentation part, it calculates the average of all these
scores and finds the corresponding value from atotal of 100
to atotal of 10. The score obtained lies in the range of 0, 1,
2, 3, ...10. This value is compared with the input set given
above and the corresponding character is printed on the
screen.

RESULT ANALYSIS

The system was tested with different possible inputs and the
cases where an error might occur were anayzed. The
following are the cases that were checked:

* The analysis of features of letters were checked
first. All possible inputs were given to the machine and
checked for accuracy. In al the cases, the matching was
done and the personality trait was found to be right.

* The remaining algorithms such as baseline,

margins, slant, size of letters, spacing were checked. Since,
all the algorithms have to be executed for a single input they
were checked simultaneously. It was found that, the baseline
agorithm gives a result which is correct 9 out of 10 times.
Hence, the algorithm has 90% accuracy.
» Similarly, for other features also, the accuracy was
checked. It was found that there were a few deviations from
the expected result. In conclusion, the error rate for the
system is about 5% which can be decreased when a paid
software of higher accuracy is used for the same.

V| .CONCLUSION

This technigue can be implemented in forensic
departments and in psychology. In forensic departments,
many handwritten evidences will be obtained. On
performing the above personality analysis on these
handwritten evidences, the mental state of the individual
who wrote the text can be determined. This could help in
further investigation of the cases. On the other hand, in
psychology, especialy in child psychology, where the
patient is unable to convey their situation, handwriting
analysis could help to a greater extent to understand the
reasoning of their particular behavior. Apart from
psychology, it can aso be used in cancer detection and
identification of heart diseases. But to do this data of at least
10 yearsisrequired.

However, the same technique cannot be applied for
determining a teenager’s psychology. This is because the
mental state of a teenager changes frequently due to
hormonal changes during this age period. Also, this does not
determine the differences between a fake and a original
handwriting, unlike an expert. With improved levels of
accuracy these defects can be overcome easily.
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