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Abstract—In forensic world, the process of identifying and
calculating the fingerprint features is complex and take time
when it is done manually using fingerprint laboratories
magnifying glass. This study is meant to enhance the forensic
manual method by proposing a new algorithm for fingerprint
global feature extraction for gender classification. The result
shows that the new algorithm gives higher acceptable readings
which is above 70% of classification rate when it is compared to
the manual method. This algorithm is highly recommended in
extracting a fingerprint global feature for gender classification
process.
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. INTRODUCTION

Fingerprint and other skin ridges are called
dermatologlyphics. Fingerprint skin ridges have a special
characteristic that can differentiate the gender of a person. The
statistics of dermatologlyphics differ between gender, ethical
groups, and age categories[1][2]. These categories were
defined during the early investigation of fingerprint structure
by looking at the intensity of ridges and ridge count

[31[4][51L61[7]8].

Based on previous research [3][4][5][6][7][8], ridge density
is the criteria which is most prominent to differentiate the sex
of a person [9]. From these studies, we can infer that ridge
density is a good feature for identifying the gender.

Many research publication works discover and appraise the
weakness of gender classification accuracy problem [10], while
some researcher propose of a new classification methods for
gender classification problem [11][12][13] and several
publications enhance the accuracy by comparing the
classification rate using different classifier [3][14].

Within the last few years, researchers are still finding the
best technique to estimate gender-based on fingerprint. So far,
various methods have been used using fingerprint physical
features like the ridge count, the ridges density and the ridges
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thickness. Due to the great potential of fingerprints as an
efficient classification method, a researcher keeps analysing the
fingerprint correlation with gender of an individual [11].

Based on the previous research in forensic area for gender
classification  [4][5][7][15][16][17][18][19][20][21],  the
process ridge count had been done manually. This process is
done by calculating the ridge under a 5 mm x 5 mm square
drawn on a transparent film. The ridge is also count under
Fingerprint Laboratories Magnifying Glass. The process of the
ridge count takes long time and a lot of energy and focus in
order to avoid any error in calculation.
[41[51[71[15][16][17][18][19].

Nowadays, the existence of the fingerprint gender
classification method is not very good in recognizing the
gender of a real person. This is due to the human errors when
the process of the ridge count begins. As a feature extraction
and classification part is an important step in the fingerprint
gender classification process, researcher’s keeps finding the
best classification method in performing the best and highly
accurate method [22].

The problem always happens in gender classification
because of their problem in feature extraction. The
effectiveness of feature extraction depends on the quality of the
images, representation of the image data, the image processing
models, and the evaluation of the extracted features [22]. The
calculation exactness is also depends on the quality of latent
fingerprint images. If the fingerprint images are not clear and
blurred, then the fingerprint images need to be recaptured and
this makes the classification process longer as it is done
manually. As the calculation involves human, human error
factors need to be considered too before any conclusion can be
derived. Image enhancement is a very important step to ensure
the extraction of reliable features, especially on poor quality
fingerprints [23]. The image quality of the fingerprint is
important due to the fact that it is affecting the success of
classification accuracy [24].
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Thus, this study aims to develop a new algorithm for
calculating the fingerprint global features for making the
process of classifying to be easier than before.

Il. METHODOLOGY

The sample of this study consists of 3000 fingerprint
images which 1430 fingerprints are from male and another
1570 are from female. The fingerprint images are taken
manually using the data collection form and was scanned using
Fuji Xerox Docuscan C4250 with the format of Grayscale,
600dpi and JPEG.

The process of developing an algorithm begin with the
calculation of the correlation of pixel value with the inch value.
In order to get the value of 5 mm x 5 mm square area in pixel,
some calculation needs to be proved. The process of
calculation is shown below:

600 dpi =
(600 pixel)/(1 inch )=(600 pixel)/(25.mm)=(23.622 pixel)/(1
mm)=(118 pixel)/5mm)

The size of pixel use in the calculation after the conversion
process is 118 pixels per 5 mm. The process of developing this
algorithm is involved in two phases which are Image Pre-
processing and Feature Extraction. Image preprocessing
focused on removing the unimportant data information of the
fingerprint images. The preprocessing is implemented to get
the separated of ridges and valleys image. In this study, the
image is processed wusing normalization, binarization,
complement image, and filtering image in order to get a high
quality fingerprint image.

Fig. 1. Normalization

Fig. 2. Binarization
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Fig. 4. Filtering Image

For feature extraction, the calculation of Ridge Density is
done by calculating the connected black and white line. The
process of translating the forensic manual method to the
proposed algorithm is shown in Table I.

TABLE I. COMPARISON OF FORENSIC MANUAL METHOD WITH

PROPOSED METHOD

Conventional

Phase Method

Proposed Method

1.The 10 fingerprint image has been
taken manually using a data
collection form and thumbprint pad.

2.The data collection document is
scanned using Fuji Xerox
DocuScan C4250 with the
properties as below:

Item Type: JPEG Image
Resolution:  600dpi
Dimension: 4961 x 7016
Width: 4961 pixel
Height: 7016 pixel

1.Ten-print card
Image containing all ten
Preproces | inked fingerprint
sing impressions of an
individual

3.From the scanned document, the
process of image cropping for all
ten fingerprints for each respondent
is done using Matlab.

4.The image is cropped to the fixed
size for all ten fingerprint of the
respondent. The fixed size image is
1inch x 1 inch.

5.Then, the image undergo a
preprocessing image which is
normalization, binarization,
filtering, image inverting/
complement in order to get the clear
ridge and valley image in order to
make the calculation of the ridge
easier.
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Feature
Extraction

1.Epidermal ridges
from fingerprint
samples of both
men and women
were counted within
a5Smmx5mm
square drawn on
transparent film.

2.The value
represents the
number of ridges/25
mm? and will be
referred to as the
ridge density value.

3.Fingerprints from
the left hand, the
square was placed
to the upper right of
the central core area
and for the right
hand, the square
was placed to the
upper left of the
central core. The
ridges are
calculated on the
specific square
using a magnifying
lens

1.In order to convert the
value in inch to millimeter
and find the correlation of
millimeter and pixel, some
calculation need to be
proved. The calculation as
shown below:

600dpi = (600 pixel)/(1
inch)= (600 pixel )/(25.4
mm)= (23.622
pixel)/Tmm=(118 pixel)/(5
mm)

2. The size of 5 mm after
the conversion calculation is
equivalent to 118 pixels.

3.Build the rectangle
with the size of 118 x 118
pixels to the ulnar/ radial
position and crop the specific
image.
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Fig. 5. Fingerprint image with the

25mm? square area

7

Fig. 6. Fingerprint images after
crop to the 25mm? square size

4. Calculate the
connected black and white
from the image. The value of
connected black and white is
the number of ridge count in
the image.

5. Calculate the Ridge
Density using formula,

Ridge Density =
(Number of Ridge Count)/ [
25mm) "2

using formula,

IIl.  RESULT AND DISCUSSION

The performance of the proposed algorithm is tested on
how many readings that come out from the algorithm which
can be accepted. The acceptable value is getting from the value
of the =+ standard deviation to the mean of each fingerprint
features. The acceptable value must be in the range of the
tstandard deviation with the mean of each fingerprint features.

A. Ridge Density Extract from Forensic Manual Method

Table 1l shows the class of mean number of ridges count
and the percentages of the mean number of ridge count of male
and female. The result shows that the male respondents tend to
have a lower mean number of ridges density with a maximum
number of 15.1-15.9 mean of ridges counts compared to female
respondents with a maximum of 18.1-18.9 mean number of
ridges count. In terms of percentage, 38% of the male
respondents tend to have 11.1-11.9 mean number of ridges
while for female respondent, the majority of the group have
15.1-15.9 mean number of ridges which accumulate 45%.

TABLE II. No. oF RIDGE COUNT USING FORENSIC MANUAL METHOD
Male Female
Mean
Class Number ggr(zifci ant (%) ’F\’lgr?ifci ant (%0)
of Ridge P P
A 9.1-9.9 5 4 0 0
B 10.1-109 | 35 24 0 0
C 11.1-11.9 53 38 0 0
D 12.1-129 | 33 23 0 0
E 13.1-13.9 13 9 2 1
F 14.1-14.9 2 1 12 8
G 15.1-15.9 2 1 70 45
H 16.1-169 |0 0 35 22
| 17.1-17.9 0 0 24 15
J 18.1-18.9 0 0 14 9
Total 143 100 157 100

Ridge Count using Manual Method

B Male ® Female

70

No of
respondent

A B C D E F G H I J
Mean Number of Ridge Class

Fig. 7. Data Visualization of Ridge Count using Manual Method
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Figure 7 shows the histogram the data visualization of the
respondents and its ridge in both genders. It shows that the
male respondents tend to have a lower number of ridges
densities with maximum of it in group G compared to female
respondents with maximum of it in group J. On the other hand,
no female respondents were found in class A, B, C and D in
which the mean number of ridge count is between 9.1 and 12.9
and no male respondents is in a class of H, I, J in which the
mean number of ridges count is between of 16.1 and 18.9.
From the histogram, there are an escalating number of female
respondents having more ridges when the number of ridge
increases from class E to class J. While for male respondents, it
can be seen that the pattern is totally contrary, when the mean
numbers of ridges increase after 11.1-11.9. After the
calculation have been made, it is shown in Table Il that mean
for male and female in Malaysia is around 11.4 and 15.7 each
with the standard deviation of 1.3822 and 0.9496.

TABLE IIl.  STATISTICAL OF RIDGE DENSITY IN BOTH MALE AND FEMALE
Male Female
Mean 11.4 15.7
Standard Deviation 1.3822 0.9496

Vol. 7, No. 6, 2016

TABLE V. STATISTICAL OF RIDGE DENSITY IN BOTH MALE AND FEMALE
Male Female
Mean 11.8 16.3
Standard Deviation 1.38 1.11

From the information retrieved on the analysis shows in
Table 11, the results were based on 300 fingerprint images,
among which 143 were males fingerprint only 111 readings
from this algorithm are in the range of acceptable reading while
32 readings are out of the range. For female fingerprints, only
113 readings from 157 females fingerprint are in the acceptable
range, while another 44 fingerprint reading is out of the range.
This algorithm achieved 77% of the algorithm applicability for
male and 72% for female. Overall acceptability of this
algorithm achieved 74.5%. This result is shown in Table VI.

TABLE VI.  INFORMATION RETRIEVE FROM THE ANALYSIS OF RIDGE
COUNT
Acceptable Not- Percentage Acceptability
Acceptable
Male 111 32 7%
Female | 113 44 2%

B. Ridge Density Extract from Proposed Method

Table IV shows the mean number of ridge count for all 10
fingerprints for each participant and percentages of mean
ridges count for every class of mean. The result shows that the
male respondent tends to have lower mean number of ridges
with the maximum number of it in the range of group H which
is 16.1-16.9 compared to female respondent with a maximum
mean no of ridge in group J which is 18.1-18.9. In terms of
percentage, the majority of 41% of female respondents are in
group H with the range of 16.1-16.9 of a mean number of ridge
while the majority of 35% of male respondent are in group C
with the range of 11.1-11.9.

TABLE IV.  No OF RIDGE COUNT USING PROPOSED METHOD
Male Female
Mean
Class Number Egr(t)ifcipant (%0) sz(;r(:ifcipant (%0)
of Ridge
A 9.1-9.9 3 2 0 0
B 10.1-109 | 37 26 0 0
C 11.1-11.9 50 35 0 0
D 12.1-12.9 31 22 0 0
E 13.1-139 | 13 9 2 1
F 14.1-14.9 2 1 12 8
G 15.1-15.9 4 3 39 25
H 16.1-16.9 3 2 65 41
I 17.1-17.9 0 0 24 15
J 18.1-18.9 0 0 15 10
Total 143 100 157 100

Table V shows the descriptive statistical of ridge count for
both male and female respondent. It shows that the mean for
male and female respondent for Malaysian population is
around 11.8231 and 16.3494 each with the standard deviation
of 1.3793 and 1.1143. The standard error for each gender is
0.1153 for male respondent and 0.8922 for female respondent.

The calculation of percentage relative error using formula
(1) is done in order to see the error disburse of the proposed
algorithm with the manual method.

Percentage of Error =(JActual Value- Measured Value|/
Actual Value) x 100% (D)

Male Relative Error = |11.4—11.8231|11.4 x 100% = 3.7%

Female Relative Error = [16.3494-15.7|]15.7 x 100% =
4.1%

Several studies have been done by the researcher on gender
classification using fingerprint, but the process of extract and
calculating the fingerprint features is done manually using
fingerprint laboratories magnifying glass
[41[51[7][15][16][17][18][19][20][2][25][26]. Based on the
previous research, the study on gender classification using
fingerprint ridge density are still in trend from 2001 until 2016.
The development of this algorithm will make the work easier
in extracting feature and reduce the time taken in classifying
gender.

From the result, it can be said that the proposed algorithm
helps in extracting and calculating a fingerprint global feature
which help the previous study that are done manually and the
result gives a higher acceptable reading which is above 70%
with the relative error is 3.7% for male and 4.1% for female.
More than 2100 fingerprint images are classified as male and
female. This algorithm is recommended for classifying gender
using the fingerprint global feature.

IV. CONCLUSION

For conclusion, the development of this algorithm will give
a benefit to the forensic area where this method is adopted
from the forensic manual works in classifying gender. This
algorithm achieved 74.5% of correctly classified of male and
female when it is comparing with the manual method.
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Our future work will be continued with the implementation
of this algorithm with the data mining classifier and developing
an application on gender classification using fingerprint global
level features.
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