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Abstract

Background: In the present study, a metric approach has been made to distinguish between genuine and forged signatures.
Certain fixed points were selected and the range of variability between 14 different parameters was calculated. Our study
provides mathematics-based corroborative evidence to support the opinion of Forensic Document Examiners.
Methodology: For sample collection the samples were obtained in two different sets, in set 1 subject was guided to provide
their genuine signature in a continuous running hand fashion and, in set 2, two individuals consisting of a male and a female
were asked to forge the sample first by un-practiced hand and then later by the practiced hand i.e. after having practiced and
then forge the sample, this exercise was also performed by 50 subjects. Therefore, 500 genuine signatures of 50 subjects were
taken, each subject providing 10 samples of their original writing to understand the natural variation, master pattern and
range of variability and 200 samples by forging the signature; 100 samples by male subjects and 100 samples by females;
inclusive of both practiced and unpractised samples and allotted them a manually calculated mathematical value. This exercise
was done for every sample. All the samples belonged to the age range of 20-25 years.

Results: The study developed a scientific and reliable method to compare the practiced signature of the individual using a
statistical metric deviation-based method.

Conclusion: The conclusion showed that forged signatures fail to lie within the limits of the variability of the mathematical
parameters taken.
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Abbreviations: PH- Practiced Hand; U-PH- Un-Practiced person’s signature to determine its authenticity, where
Hand. both class characteristics and individual characteristics

are considered [1,2]. Various characteristics of a signature,
such as slant, movement, loops, alignment, t-crossing,

Introduction i ' ST
spacing, strokes, skill, and other distinguishing features,
Signature identification is a process that involves are examined by document experts [2]. Handwritten
comparing and analysing the unique characteristics of a signatures are widely used for personal verification and
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authentication in legal and financial transactions. However,
the rise of fraud has made signature authentication more
important. Confirming the authenticity of signatures is
crucial in processes like account openings, property-related
matters, and other transactional disputes [2,3]. Individuals
are generally more willing to have their signatures verified
compared to other authentication systems. Handwritten
signatures are the results of a combination of factors such
as muscular control, coordination, health, age, and frequency
of writing [4]. They can be classified into formal signatures
(used for important documents), informal signatures (used
for routine correspondence), and careless scribbles (used for
credit cards, autographs, etc.) [5,6]. An authentic signature
is consistent with the natural conditions surrounding the
signed document and reflects the writer’s lack of attention to
the writing process [7]. It is written rapidly [8], has rhythm
(when written by an experienced writer with good health),
may miss certain details, and has a smooth and natural
appearance [5,8]. The handwritten signature serves as a
means of identity verification in various aspects of daily life,
but the visual inspection of signatures is often done casually
[3,8]. Therefore, the development of a metric system that can
mathematically support the opinion of forensic document

examiners is important to understand the natural variation
being observed in one individual based on the variability
of parameters like distances, angles between fixed points
and various other meaningful mathematical parameters.
Hence, in this present study, this metric approach has been
made to compute the natural variation and calculate the
range of variability between distance and angles between
the fixed points due to natural variations, manually. Results
show that forged signatures fail to lie within the limits of
variability of these parameters. The present study aims to
provide mathematical assistance to the opinion of Forensic
Document Examiners [9-12].

Materials and Methods

For the present study, a total of 700 samples was
obtained in two different sets as shown in Table 1 in set 1- a
subject was guided to provide their genuine signature in a
continuous running hand fashion and, in set 2- two subjects
consisting a male and a female individual were asked to forge
the sample 1st by un-practiced hand and then later by the
practiced hand i.e. after having practiced.

Sample Type Number of Participants Sample given by each Participant | Total Samples
Original or Genuine 50 10 by each 500
Forged by un-practiced hand (U-PH) 50 2 (1by rr.1a.le, 1 l?y female of the 100
original signature)
Forged by Practiced hand (After 50 2 (1 by male, 1 by female of the 100
practising 10 times) original signature)
Total Samples 700

Table 1: Showcasing Methodology Adopted for the Sample Collection.

In this way a total of 50 subjects, students of Jhansi city
between the age group of 20-25 years were asked to provide
their signature samples. The process that each student
followed is to give their signature 10 times in a continuous
running hand fashion. Hence, we obtained 10 such samples
of signatures from each student to verify the natural
variation in mathematical metric format for 14 different
parameters and allotted them a calculated mathematical
value for 500 such signatures. And, in the 2nd set 50 groups
of each student, each having a male and a female writer to
provide 1st an un-practiced sample of signature followed by
practiced signature sample [13,14].

The fourteen parameters that were studied namely:
e Length of the whole Signature,
e  Width of the whole signature,
¢ Angle of highest point from Initial Point,
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Angle of highest point from Terminal point,
Angle of mid-point from Initial Point,

Angle of mid-point from Terminal Point,
Distance between initial and terminal point,
Distance between Highest and Lowest point,
Distance between initial to the highest point,
Distance between Terminal to the highest point,
Distance between Initial to the lowest point,
Distance between Terminal to the lowest point,
Distance between Mid to Highest point, and
Distance between Mid to Lowest point.

A signature sample is marked by coloured pencils by
taking certain fixed points. A midpoint was taken between
the initial and terminal points of stroke. All these points and
their distances were then measured with the help of scale
and the angles with the help of a protector [15-20].
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Step I: Sample Collection

Samples were collected in the Performa shown in Figure
1 (for genuine signature samples) and Figure 2 (for forged
signature samples).

-

Figure 1: Genuine Signature Performa.

Figure 2: Forged Signature Performa.
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Step II: Feature Extraction

Feature Extraction Performa shown in Figure 3 (Length
& Width of the sample) and Figure 4 (Initial & Terminal
points).

Figure 3: Length & Width of the sample.

Figure 4: Initial & Terminal points.

J

The way of marking the samples with the help of pencil
colours is as follows:
Step 1: Marking a fixed point in the signature with the help
of a green pencil colour.
Step 2: Joining of fixed points with the help of a red pencil
colour using scale.
Step 3: Marking a baseline for the whole signature with the
help of blue pencil colour using scale.
Step 4: Marking the area presenting the length and width of
the whole signature using a red pencil colour by scale.

Step III: Noting Observations

The frequency distribution and percentage of each
feature was calculated in the signature samples.

Step IV: Comparison

The samples of signatures were then compared based
on observed differentiating features to determine the range
of variability among 14 different parameters of a sample.
The metric deviation of the features was then calculated
manually.
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Observations

The frequency distribution and percentage of each
feature were observed in the practiced and un-practiced
hand-forged signature samples.

Comparison

The samples of practiced hand and un-practiced hand
forged signatures were compared based on observed
differentiating features to determine the range of variability
between the distances and angles of the practiced and un-
practiced hand forged signatures. The metric deviations of
the features were calculated manually [21-25].

Results

The results have been divided into two parts:

e Analysis of practiced hand-forged signatures
e Analysis of un-practiced hand-forged signatures.

Table 2 represents frequency and percentage of observed
characteristics where forged signatures by practiced hand
failed to meet the metric variability criteria of genuine
signatures. The most distinguishing feature was found to be
the angle of highest point from the terminal point of baseline
with a frequency percentage of 68%, followed by the length of
signature, width of signature, distance between initial point
to the terminal point of stroke, distance between terminal
point to highest point, angle of highest point from initial
point of baseline, angle of midpoint from terminal point of
baseline, distance between terminal to lowest point, distance
between highest to lowest point, distance between midpoint
to lowest point each with a percentage of 64%, 64%, 64%,
62% a 60%, 54%, 54%, 52% and 52% respectively [26,27].

S. No. Features Frequency (50 samples) | Frequency in % (50 samples)
1 Angle of highest point fr-om terminal point of 34 68%
base line

Length of whole signature 32 64%

Width of whole signature 32 64%

: e i :

5 Distance between terminal point to highest point 31 62%

6 Angle of highest point .from initial point of base 30 60%
line

7 Angle of midpoint fror.n terminal point of base 27 54%
line

Distance between terminal to lowest point 27 54%

Distance between highest point to lowest point 26 52%

10 Distance between midpoint to lowest point 26 52%

11 Angle of midpoint from initial point of base line 23 46%

12 Distance between initial to lowest point 23 46%

13 Distance between initial to highest point 22 44%

14 Distance between midpoint to highest point 18 36%

Table 2: Frequency and Frequency Percentage of forged samples by Practiced hand (10 times).

The feature that was found to be proof of forgery was the
distance between midpoint to highest point with a distinction
percentage of 36%, followed by the distance between the
initial to highest point, angle of midpoint from initial point of
baseline and distance between initial to lowest point with a
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distinction percentage of 44%, 46% and 46% respectively as
shown in Figure 5 (Based on the data mentioned in Table-2)
[28].
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Figure 5: Showing Frequency and frequency percentage of forged samples by practiced hand.

J

Table 3 shows the frequency and frequency percentage
of those observed characteristics in which forged signatures
by un-practiced hand failed to fulfil the different metric
variability criteria of a genuine signature. The most
distinguishing feature was found to be angle of midpoint
from terminal point of baseline with a frequency percentage
of 74%, followed by the distance between terminal to lowest
point, distance between terminal to highest point, angle of

highest point from terminal point of the base line, length of
whole signature, distance between initial point to terminal
point of stroke, angle of midpoint from initial point of
baseline, width of whole signature, distance between highest
to lowest point and distance between midpoint to lowest
point each with a frequency percentage of 66%, 64%, 64%,
62%, 60%, 60%, 58%, 54%, 52% and 52% respectively
[29,30].

S. No. Features Frequency (50 samples) Frequency % (50 samples)

Angle of midpoint from terminal point of base line 37 74%

2 Distance between terminal to lowest point 33 66%
Distance between terminal to highest point 32 64%

4 Angle of highest point fr.om terminal point of base 31 62%

line

5 Length of whole signature 30 60%
6 Distance between initial to terminal point of stroke 30 60%
7 Angle of midpoint from initial point of base line 29 58%
8 Width of whole signature 27 54%
9 Distance between highest to lowest point 26 52%
10 Distance between midpoint to lowest point 26 52%
11 Angle of highest point from initial point of base line 23 46%
12 Distance between initial to highest point 21 42%
13 Distance between initial to lowest point 21 42%
14 Distance between midpoint to highest point 19 38%

Table 3: Frequency and Frequency percentage of forged signature by un-practiced hand.

The feature that was found to be prove to forgery was
distance between midpoint to highest point with a distinction
percentage of 38%, followed by the distance between initial
to highest point, distance between initial to lowest point and
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angle of highest point from initial point of base line with a
distinction percentage of 42%, 42% and 46% respectively as
shown in Figure 6, Based on the data mentioned in Table 3
[31].

Copyright© Bhandari D, et al.



Open Access Journal of Criminology Investigation & Justice

Figure 6: Shows Frequency and Frequency percentage of
forged and un-practiced hand.

J

After, the individual examination of both practiced and
un-practiced hand-forged offline signature samples. The
practiced hand and un-practiced hand-forged samples were
compared together. The comparative results of practiced and
un-practiced hand-forged samples are shown in Table 4; it
shows the comparison between the frequency and frequency
percentage of observed distinguishing characteristics in
which forged signatures by practiced and un-practiced
hands failed to fulfil the different metric variability criteria
of genuine signature.

Frequency
S. No. Features Frequency (50 percentage (50 Frequency _(50 Frequency percer_ltage
samples) PH samples) PH samples) U-PH (50 samples) U-PH
Length of whole signature 32 64% 30 60%
Width of whole signature 32 64% 27 54%
Angle of highest point
3 from initial point of base 30 60% 23 46%
line
Angle of highest point
4 from terminal point of 34 68% 31 62%
base line
5 Angle of midpoint from 23 46% 29 58%
initial point of base line
6 Angle of m}dpmnt frorp 27 549 37 74%
terminal point of base line
Distance between initial
7 point to terminal point of 32 64% 30 60%
stroke
8 Dlstapce between hlghest 26 5206 26 5206
point to lowest point
Distance between initial
0, 0,
9 point to highest point 22 4% 21 2%
10 Dlstar.lce between Termmal 31 62% 37 64%
point to highest point
11 Dist:fmce between in'itial 23 46% 21 42
point to lowest point
12 Dlstar.lce between termlnal 27 54 33 66%
point to lowest point
13 Distance b_etween rpldp01nt 18 36% 19 38%
to highest point
14 Distance between r.mdpomt 2 5206 2 520
to lowest point

Table 4: Frequency and frequency percentage of forged samples by practiced hand (PH) and un-practiced hand (U-PH).

Bhandari D, et al. Metric Deviations between Genuine and Forged Signatures: A Mathematical

Approach. ] Criminol Investigation Justice 2024, 2(1): 000111.

Copyright© Bhandari D, et al.



Open Access Journal of Criminology Investigation & Justice

Discussion

The present study was conducted to calculate the range
of variation between distances and angles of the features
of genuine and forged signatures, which was calculated
manually. After evaluating the features, results showed that
forged signatures fail to lie within the limits of variability
of the parameter. The study emphasis was given to those
features which were more differentiating in forged signatures
by practiced hand and un-practiced hand forgery. Out of 14
features, the most differentiating results given by practiced
hand forgery were: Angle of highest point from terminal
point of base line, length of signature, width of signature,
distance between initial point to terminal point of stroke,
distance between terminal point to highest point and angle
of highest point from initial point of base line with a relative
percentage of 68%, 64%, 64%, 64% and 62% respectively as
can be observed from Figure 7 [31].

Figure 7: Shows Frequency and frequency percentage of

forged samples by practiced hand and un-practiced hand.

Chauhan A, et al. [5] worked on the implementation of
metric system in the credentials of disguised handwriting.
They performed their research on the samples collected
from the students of Amity University between the age
group 16-20 years [5]. They used the metric system to
identify the disguise writings and the original author of
it, based on parameters which were fixed from line of the
writing and consisted of length of the original writing as
well as the disguised, breadth of the original signature as
well as disguised, the angle of the signature from the line of
writing that started from the below side of first letter as well
as disguised and the formation of the middle letter was also
measured. After taking all the measurements, the statistical
analysis of both of signatures was calculated. For statistical
analysis, SPSS software was used. By the statistical analysis,
it was observed that the length of the original signature
(u=4.15) in comparison of disguise writing (1=4.56) doesn’t
have a significant difference. The breadth of the original
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signature (u= 2.33) in comparison of the disguise signature
(n=2.33) also doesn’t differentiate them. A difference was
noticed between the angle of the original signature and the
disguise signatures from the starting point of line of writing
as (0=15.41 & 22). Although both the studies observed a
different set of parameters (characteristics), the results
were found to be consistent that forged signatures (both
by practiced and un- practiced hand) fails to fall within the
range of variability of genuine signatures [31].

Conclusion

The present study has been carried out to distinguish
between genuine and forged signatures to calculate the range
of variation between the features preferred for the purpose.
To calculate the range of variation between the distances and
angles of the features 50 genuine signature samples were
randomly collected from Jhansi, Uttar Pradesh. And these
genuine signatures were made to be forged by practiced
hand and un-practiced hand. 14 features were studied for
distances and angles for the calculation of range of variability.
Then all practiced and un-practiced hand-forged signature
samples are compared together and after comparison it has
been concluded that:

By practiced hand angle of highest point from terminal
point of baseline, length of signature, distance between
initial point to terminal point of stroke, width of signature,
angle of highest point from initial point of base line, distance
between initial point to lowest point and distance between
initial point to highest point with a percentage of 68%, 64%,
64%, 64%, 60%, 46% and 44% respectively. On the other
hand, by un-practiced hand the percentage for same features
are 62%, 60%, 60%, 54%, 46%, 42% and 42% respectively.

By un-practiced hand angle of midpoint from terminal
point of baseline, distance between terminal point to lowest
point, distance between terminal to highest point, angle of
midpoint from initial point of baseline and distance between
midpoint to highest point with a percentage of 74%, 66%,
64%, 58% and 38% respectively. On the other hand by
practiced hand percentage for the same features are 54%,
54%, 62%, 46% and 36% respectively.

There are two features between practiced hand and
un-practiced hand forged signature samples having same
calculated value and percentage among 50 samples; the
features are Distance between highest point to lowest point
and distance between midpoint to lowest point with the same
percentage of 52% and 52% respectively. Hence, the present
study will provide mathematical assistance to the opinion
of Forensic Document Examiners in the identification of
genuine and forged signatures. The results of this study will
prove to be helpful for various law enforcement agencies
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in distinguishing between genuine and forged signature

samples.
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