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Motivation

» Gender identification plays a vital role in forensic applications, such as document
authorization, suspecting person who committed crimes etc. In addition, It can be
used for studying psychological behavior of the person.

« |t assists forensic investigation to identify the actual crime along with the other
biometric based methods.

 However, handwriting based Gender identification 1Is challenging due to
unconstrained handwriting and individual differences in writing.
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Sample handwriting of female and male.

Proposed method

* \We explore Adaptive Multi-Gradient (AMG) Sobel kernels based feature for gender
Identification in this work.

* For each segmented text lines, the proposed method finds dominant points based on
gradient directional symmetry of text pixels.

* The histogram operation is performed for the AMG features extracted corresponding
to dominant points of respective Sobel kernels to find the values which contributes to
highest peak.

 The feature vector Is formed based on value of histogram highest peaks. The
proposed method finds correlation between the feature vectors between first and
successive text lines In the image.

 The consistency and Inconsistency based on correlation iIs studied for gender
Identification.
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(a) Male (left) and female (right) line images

(b) Canny edge images of the male and female text line images.
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(c) Distribution of normal gradient magnitude of female text line image.
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(d) Distribution of normal gradient magnitude of male text line image.
Cues for gender identification with the gradient distribution of male and
female line images

Adaptive Multi-Gradient Directional Symmetry for Dominant Pixel Detection

§ = LscaleSlocal  \yhere 5, represents the Sum of Absolute Difference (SAD), and

Smax

Smax TEpresents the maximum SAD value.

Siocal = SAD = gzﬁz_l Yi__|F@,j))—F(@+K,j+L)| Where F(i, j)is the middle
pixel 3x3 window In the gray image,
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Multi Sobel directional kernels for AMG features extraction: Horizontal-Vertical,
Vertical-Horizontal, South West-South East and North East-North West.

(a) Dominant pixels obtained by D1 of female (left) and male
(right) line images

(b) Dominant pixels obtained by D2 of female and male
line images

(c) Dominant pixels obtained by D3 of female and male line
Images

(d) Dominant pixels obtained by D4 of female and male line

(b) Normal gradient direction for the edge pixels
In complement image

(c) Normal gradient direction for corner, junction,

end pixels in normal |ma1e

(d) Normal gradient direction for corner, junction, images
end pixels in complement image. Dominant pixel detection by AMG directional
Basis for defining dominant pixels. symmetry.

Adaptive Multi-Gradient Magnitude for Gender Classification

Convergence
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Histogram for AMG magnitude of dominant pixels of D1 and D2.
I > (a) Converging criterion for female text line image
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Histogram for AMG magnitude of dominant pixels of D3 and DA4.
(a) Histogram for adaptive multi-gradient magnitude v/s frequencies
of dominant pixels of female line image.

Hlstogram forAMG magnltude of domlnant plxels of Dl and D2.

. next vector, [ IS the mean of ground

E'fj | [ truth vectors, p, denotes the mean of

the next vector, and X gives the length
Histogram for AMG magnitude of dominant plxels of D3 and D4.

of the vector.
(b) Histogram for AMG magnitude vs frequencies of dominant
pixels of male line image.

[llustration of choosing an AMG which contributes to
the highest peak from histograms.

Experimental Results

 We use 100 male and 100 female documents for experimentation. In addition, 990
Images from QUWI, IAM-1, IAM-2 and KHATT.

D1 e D=
1673

Divergence

FREQUENCY

Difference

CENWLEWNBGQ-mD

i D2 D=
Seriesl 00226 D001 2 E.0918

(b) Diverging criterion for male text line image.
Studying error between correlation coefficient between
first line with successive lines.
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p Is correlation coefficient, G represents
the ground truth vector, L represents the

p = Here,
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Table I. Confusion matrix and classification rate (CR) of the proposed and existing
methods on our and QUWI datasets

Our Bouadjenck | Bouadjenek
datase Femal Femal Mal Femal Male

Femal
Femal Femal Male Fe(ranal Male Fe(ranal Male

Fenui 26.1 enua

90.0 589 411 739 699 30.1 9592 408 648 352 632 36.8

Male

70.0 56.7 66.0 64.3

Male 16 840 377 623 273 727 259 741 299 701 457 543 327 673 346 654

87.0 60.6 73.3 (2.2

Table Il. Confusion matrix and classification rate (CR) of the proposed and existing
methods on IAM and KHATT datasets

Bouadjenek | Bouadjenek KHA Bouadjenek | Bouadjenek
T Femal Femal Femal Femal
Mal Mal Mal
m

Female Male Female Male Female Male Female Male T
e

IAM1
+IAM

Fema

al

/3.2 268 665 335 743 257 715 285 741 259 683 317 728 272 724 276

Male 19.9 801 283 717 239 761 252 74.8 229 771 289 711 243 757 294 70.6

76.65 69.1 75.2 73.2 75.6 69.7 74.2 715
Conclusion

 We have proposed a novel adaptive multi-gradient feature given by multi-gradient
directional Sobel kernels for gender identification based on handwriting analysis.

 Dominant pixels are detected using gradient direction symmetry in normal and
complement image.

 The correlation between first and successive text lines are used for gender
Identification.

 The method can be extended to word level in near future.
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