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Abstract
Way of walking is a spatio-temporal phenomenon that typifies the motion characteristics of
human. In this paper, we propose a human gender identification method based on the outdoor surveillance
of human gait using statistical techniques and geometrical function applied to three-dimensional (3D) joint
movement data. The statistical techniques are used to define the features of the joint of the human gait,
and the geometrical function applied for gender recognition. Our proposed scheme is based on extraction
of the concern joint (hip joint) data that provides plentiful information for gender recognition. Here the
rotation angle data from a hip joint was computed from the Biovision Hierarchical data (BVH file). The use
of the BVH file for human gender recognition is a novel feature of our work. The results indicated that the
proposed approach is highly reliable for gender recognition.
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1. Introduction

Gait-based gender identification has received increasing attention from researchers due
to its potential applications, and also to dedicate in automatic identification of demographic
properties such as gender, race and age. Determining the gender and human identification is an
important visual task that human beings can perform effectively from the face [1], the voice [2]
and through the gait [3-5,6]. Gait recognition is a kind of biometrics using the manner of walking
to recognize gender. Gait recognition refers to the automatic identification of a gender based on
the style of walking. The evolution of human walking methods was discussed by Levejoy [7].
The range of joint’s motion of the human body was described by Mackenzie [8] and Roach et al
[9]. Two statistical approaches were developed, one was proposed by Growney et al [10] for
gait evaluations using joint's kinematic and kinetic data collected on normal subjects and the
other was proposed by Yanmei et al [11] for gait signature for human identification. Motion
capture data have been used recently in many different fields [12-16, 17]. Research in areas
such as biometrics, analyzing, animation and synthesizing human joint's motion and orthopedics
is concerned with details of movement, which are most fruitfully grasped through motion capture
techniques, particularly thanks to the recent improvement of motion capture systems. In
particular, there has been a lot of interest in the ways of using and re-using motion capture data
[12-15, 18-19].

The hip joint has the richest information that can be used in distinguishing between
males and females [20]. More difference between the male pelvis (hip), see Figure 1 (b) (more
details in [21]) and the female pelvis (hip), see Figure 2 (b) (more details in [22-23]).

In this paper, we apply statistical techniques and geometric function to determine
gender with the usage of human walk motion data of BVH file, inspired by the aforementioned
research.

The motion capture data format a file is explained [24], such as BVH file, which is
employed in our experiments. It typically includes the position of the root and orientation of other
joints. We have also used the BVH file format because it is easy to extract motion data from
BVH file. This file format has two parts; one is skeleton information and the other is motion data.
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Figure 2. Skeleton Structure of Woman

By three-dimensional motion, we refer to the part of the BVH file containing the data
corresponding to the joint (hip) during movement. In this work, we will be concerned with only
the hip joint. The data corresponding to the hip joint in the BVH files will be called three-
dimensional motion (3DM). In Figure 1 (a), the skeleton structure of BVH file (Man) and Figure 2
the skeleton structure of BVH file (Woman). The motion part of the BVH file generated the
movements in joints of the skeleton. We have used a database of optical motion capture walk
sequence, which was used to train our system.

In this paper, a novel algorithm for human gender recognition is presented, which is
based on the statistical techniques [25] and geometric functions [26-27]. Features are selected
by choosing a definite humber of coordinate points of hip joint 3D motion walking data. The
variance of each coordinate of joint 3D motion data is calculated. These variances are used to
calculate the average mean of variances, which will be used as an angle of the unit circle. Note
that the BVH file formats have been used mostly for animation; here we have used it for gender
recognition. This is a novel concept of using the BVH file for gender recognition. The rest of this
paper is organized as follows: Section 2 contains materials and methods. Section 3 defines the
calculation by statistical techniques and geometric function. Section 4 discusses the
experimental results. Finally, Section 5 provides conclusions and the future work.

2. Materials and methods

Our method is about gender recognition through 3D motion during walking. We selected
an important joint as a hip joint. Calculate the variance of each coordinate of the hip joint. These
variances are used to calculate the mean of the variance. The mean of variance is used as an
angle of the unit circle, then we will add extra weight to the average mean of variance to the
separate quadrant of Cartesian coordinate of the circle and to achieve reliable results for gender
recognition.
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2.1. Concept Space

A concept where a concept exists is called a “concept space." It consists of hip joint 3D
motion of all subjects. The solution to our problem will be constructed using the concept space.
The one part of the concept space is shown in Figure 3. The full concept space consists of the
3D motion of the selected joint of all subjects. Figure 3 (a) shows the hip joint 3D motion, and
Figure 3 (b) shows the skeleton structure of lower joint's part of gender.
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Figure 3. Concepts Space

2.2. Constructing the Database

The process of building the proposed motion database is summarized in Figure 4, the
ASF/AMC files [28] captured from the motion capture system, which is represented as a pair of
skeleton and motion information (joint angle). The skeleton part consists of the human skeleton,
and the motion part correlates to the joint angular movement of human typically obtained by a
motion capture system. However, joint angle representation strictly depends on the skeleton of
the subject. After that, these pairs of files are converted into a single file as a BVH file format by
technical script techniques (BVH Converter). The BVH file is populated in Biovision with the
hierarchical data structure representing the bones of the skeleton. The BVH file consists of two
parts: the first part details the hierarchy and initial pose of the skeleton, and the second part has
the channel data for each frame.

Motion capture system
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Figure 4. Architecture of 3D Motion Gender Database

These channels store data in different orders of xyz like as yzx, zxy and zyx. Here we
used the zyx order for male and xzy for female to generate channel's data about the concerned
joint and arranged both in xyz order. We construct the database from the BVH files by taking the
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same number of frames for each subject of man and woman. Then we have calculated
variances of each coordinate of the joint for each subject, determined the mean of variance of
the variances of each coordinate of the joint. After that, the mean of variance is used to compute
geometric function values and define the threshold values according to the geometric function
values, which will be stored in the database. This is called gender database.

2.3. Our Proposed Flow Chart
The flowchart contains three units as shown in Figure 5: one is called the preprocessing
unit; the second is called the calculation unit, and the third one is called the recognition unit.

2.3.1. Preprocessing Unit

The preprocessing unit has two steps. The first step the ASF/AMC files captured from
the motion capture system. The second step is converting the ASF/AMC file into a BVH file
format. The BVH file has two sections; one is the skeleton section and other is the motion
section. Finally, the preprocessing unit stores the BVH files, having an equal number of frames
of walking for each subject (man and women).

2.3.2. Calculation Unit

The calculation unit also has two steps. The first step is to extract the 3D motion of the
concerned joint (hip joint). The second step is to apply statistical techniques, geometric function
and computed variance of each of the coordinate to the selected 3D motion of the concerned
joint and to obtain the mean of the variance.

2.3.3. Recognition Unit

Finally, the output of the calculation unit is used as an input to the recognition unit. First
step is to add extra weight to the average mean of variance for calculating geometric function
and compare with stored gait database values (threshold values) and to obtain the results of
gender identification.
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Figure 5. Flow Chart

3. Proposed Methods for Target Solution

We used 3D motion data of several male subjects and female subjects: each walking
many steps. The important quantities are used to measure the recognition of gender based on
statistical techniques and geometric functions by unit circle and under joint movement 3D
motion data. The calculation was carried out in the following steps.
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3.1. Decomposition of Joints Feature
Feature extractions are the key point of our work. Here variance is used as a feature of

the hip joint. The first step we computed is the mean of the hip joint of the X, y, z coordinate, of
each subject.

— 1 N
X hip = N_Zl Xhip, @)
— 1 N

- = 2
Yhip = N iZ::lyhipi @
_ 1 N
Zhip = N_Zl Zhip; 3)

Where i =1, 2............... N. Here N is the number of frames of the motion data, ihip , Y_hip

and ; hi are Means and xhip , yhip , zhip denote the values of x,y ,z coordinates of the hip

the joint.
The second step is to compute variances.

l N —
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Here y is the mean of variance value of the hip joint.

O Xxyz
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Where Xhip:* © Yhip and Zhip

coordinates values of the hip joint.

are the variances of the hip joint, Xhip'yhip and Zhipare

3.1.1. Computed Mean of Variance
Finally, we computed the mean of variance of each subject then we used as an angle of
the unite circle to compare stored angle values against the stored values in the database and to

find gender recognition.
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Figure 6. Unit Circle
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3.2. Gender Identification by Geometric Function
The unit circle is a popular topic in geometric part of the mathematical field. The unit
circle is just a circle [26] that is centered at origin, can be seen in Figure 6.

The equation of unit circle is:

2

X2+ y?2 =1 8)

The unit circle equation is derived as follows (see Figure 7). If p (X, y) is a point on the
unit circle in the first quadrant, then x and y are the lengths of the legs of the right triangle
whose hypotenuse has length 1. Thus, by the Pythagorean Theorem, x and y satisfy the Eq (8).

3.2.1. Geometric Function
The sine and cosine geometric functions can be defined on the unit circle as follows. If p
(x,y) is a point of the unit circle, and assuming the ray from the origin (0, 0) to (x, y) makes

an angle & from the positive x-axis, (where counterclockwise turning is positive), then we get
the following equations (see Figure 7):

X = Cc0s @ 9
y = sin @ (10)

L (x.y) =
cos 8, 5in 8)

A

Figure 7. Show p (%, y) Point on Unit Circle

Now Eq (8) become as:

cos?@ +sin?0 =1 (11)
Here we consider that the mean of the variance of the hip jointis equalto @ °© = X

o 2

Xyz

Equations (9), (10) and (11) become as,

Xx=cos X , (12)
Oz

y=sinX , (13)

cos’ )?Uz +sin? )?02 =1 (14)

In Figure 8, all possible values of the basic geometric functions on the unit circle by
quadrants is described; here we used 1% and 2™ quadrant, because our function values lied
between these ranges of quadrants. We added weight into an angle of each subject and to
achieve the human gender recognition. Now we distinguish between two cases. Case one,
when the value of x~ in the interval (0, 90) (i.e. 0 < X <90 ) Iis used to calculate the

o

2
O xyz

Xyz
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geometric functions of the circle (C0S&,SIN@). In this case, if the values are first quadrant

compared with stored values in the database then the result of gender is male. Case 2, when
the value of y _ in the interval (90, 180) (i.e. 90 < X <180) is used to calculate the
(o3

O xyz

2
Xyz

values of the geometric functions of the circle (C0S#,SIN@). In this case, if the values are

second quadrant, then compared with stored values in the database then the result of gender is
female.

8 8

2*®quadrant 1*quadrant

Figure 8. Basic Geometric Functions (COS Xaz ,Sin Xaz ) Values in1* and 2" Quadrant
Xyz Xyz

4. Experimental Results

In the experiments, datasets [29, 30] are used to recognize the human gender by using
statistical techniques and the geometric functions. The datasets are consisting of six male and
five female subjects.

Hip Joint Variance of Female Subjects Hip Joint Variance of Male Subjects
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The results are depicted in Table 3 and were reported in percentage, getting 100 %
results by our proposed method. The variances of the x, y, z coordinates of the hip joint of each
subject is shown in Figures 9 and 10. In Figure 11 can be shown the mean of variance (angle)
with added values to the angle of each subject. Furthermore, we held a training session see;
detail can be seen section 4.1.

4.1 Testing Session of Our Proposed Method

In our training session, the different subjects (male) walk several times, (such as:
walking 7 times, 2 times, 3 times, and 1 time). We obtained 100 % result for gender recognition
under our proposed method. Figure 12 and 13 show simulation results of our proposed method.
Table 1 shows the subject name (see [29, 30]), the number of walking times for each subject,
and the achieved mention results.

Tablel. Show the result of our proposed method in training session

S.No Subject Name Gender Type Walk time Gender Recognized
1 7 Male 7 Yes
2 8 Male 7 Yes
3 16 Male 7 Yes
4 35 Male 7 Yes
5 38 Male 2 Yes
6 39 Male 2 Yes
7 walkfl Female 7 Yes
8 walkf2 Female 1 Yes
9 walkf4 Female 1 Yes
10 walkf5 Female 1 Yes
11 walkf6 Female 1 Yes®
12 12 Male 3 Yes
13 29 Male 1 Yes
" ” | 18 ‘l’v- n 5 T ~ T
2] Result (male) o \ @ e"“" i
-~ EE— ok \ = w& I
04 40 LA - A 04t/
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Figure 12. Man Walk Simulation Result Figure 13. Woman Walks Simulation Result

5. Conclusion and Future Work

Gait walk based gender identification is a hew era of Biovision Hierarchical data (BVH
file). To the best of our knowledge, this is the first work to use the BVH file for gender
identification. Previous work used BVH file for computer animation, motion analysis, motion
transition and retargeting [12-15] but not for gender identification. In this work, we have
described a gender identification approach through 3D motion data (human gait) that can
identify gender by hip joint data from BVH file. Our experiments showed 100% accuracy for
recognizing the gender of a subject using BVH file 3D motion data. In future work, we would like
to further strengthen our result by studying a much larger database. Also we will consider other
parameters such as age, weight, and height by using the same file format of the motion capture
system. We have already started to extend this work using the Kinect Xbox 360 device with
different types (height, weight, age) of gender and different styles of gait for identification in real
time environment. We expected that it will reduce the cost of the system as compared to the
motion capture system.
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