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Abstract

Gait recognition technology has become a new
research hotspot in the field of biometric recognition
in recent years. Compared with other biometric
features, the human gait is the most potential for the
identification of biological characteristics, which has
aroused the interest of the majority of researchers. A
method for the application of curve fitting to the gait
recognition is presented in this paper. In this paper,
the process of extraction, credibility and original data
preprocessing is firstly introduced, and then the
method of smoothing spline curve fitting is shortly
analyzed. Next, the coordinate data of the ankle and
the knee in the process of human walking are
extracted, and the method of calculating their
similarity is proposed. Finally, the effectiveness of
the proposed method is verified by the actual test.
Keywords: gait recognition, curve fitting, reliability
degree, similarity degree

1. Introduction

Gait refers to the characteristics of the human
body during walking [1]. Gait can be used as an
effective biological identification method to identify
the human's identity as the result of each person's
posture in different ways [2]. The gait recognition
technology is used in the field of biological
identification in 1994, proposed by Niyogi and
Adelson [3-5]. Since then, gait recognition
technology has attracted more and more people's
attention. They began to get a wide range of research.

As an important branch of pattern recognition,
gait recognition technology includes three processes:
gait detection, feature extraction and gait recognition
[6-8]. Many literatures have made a deep research on
these three processes. In gait detection methods, there
are active contour model method [9], Hausdorff
method [10], inter frame difference method [11-12]
and background subtraction method [13], optical flow
method [14], etc. In the aspect of feature extraction,
the methods are mainly divided into two kinds, the
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structural characterization methods and the non
structural characterization methods. In the methods of
structural representation, there are the pendulum
model proposed by literature [15], the five link biped
model proposed by literature [16]; and the literature
[17] proposed a model of the whole body
stratification.

In non structural characterization methods,
some of the literature presents a contour of the
unwrapping gait recognition method [18]; some of
the literature presents in the 1D gait signal based on
wavelet packet transform method of gait feature [19];
and some of literature combined the outline width
and the profile as gait feature extraction [20]. From
the above introduction, a conclusion can be drawn
that in the field of gait recognition, the methods are
varied. Each has its own distinctive characteristics.
However, from the practical application of these
methods in gait recognition, they are easy to be
affected by environmental factors, the detection is not
accurate, and the recognition accuracy is not high
[21-23]. In the actual gait recognition process, the
effect of the application is not obvious, which can not
meet the practical requirements. It is aimed to solve
this problem in this paper.

2. Gait Feature Detection

2.1 The Detection of Gait Feature

Due to the popularity of the camera and video
recording equipments, the camera or video recorder
has become the most convenient and economical way
to detect the feature of gait recognition. Because of
this, the method of setting the camera on the ground
to get the characteristic data of the gait recognition is
chosen in this paper. Taking that the distance of the
object in the practical application is too close to the
camera equipment, and there are the environmental
interference and other factors into account, the
following settings are set up in the experimental
environment in this paper. The common digital
cameras are located about 30cm from the ground, the
coverage range of camera is 1-2m, and the distance
between the camera and the person who is walking is
0.5m. When the image is being collected, the digital
camera is always fixed on the ground. The time
interval of each frame is 0.05s. After the experiment,
the photos obtained are shown in Figure 1.
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Figure 1: Original photo obtained by experiment

In the selection of the object, the detection speed
and accuracy of the model have been taken into
account in this paper. Therefore, the ankle and knee
have been chosen as the target to be detected. The
specific method of obtaining the characteristic is to
set the point of the upper left corner of the original
photograph as the origin of the coordinate system to
establish the X-Y coordinate system. And then get the
ankle coordinate [x1, y1] and knee coordinate [x2, y2]
of the walking person. In this case, the distance
between the knee point and ankle point of the same
person should not changed in the experiment.
Therefore, the distance

S= \/(X2 —x)’+(y,—V,)> between the knee

point and ankle point is an important parameter to
judge the validity of the data collected. In a certain
experiment, the test data is shown in Table 1.

Table 1: The coordinates of the ankles and knees

of the subjects
Ankle Knee
coordinates coordinate Distance (CM)

(CM) (CM)
[13.55,84.67] [24.34,27.71] 57.97
[14.18,84.24] [29.21,29.85] 56.43
[14.61,84.03] [33.66,30.90] 56.44
[14.82,83.40] [36.41,30.48] 57.15
[14.82,82.76] [37.68,34.08] 53.78
[16.72,79.59] [46.36,34.93] 53.60
[21.38,75.14] [55.03,33.66] 53.41
[27.73.70.27] [67.52,31.75] 55.38
[47.84,67.73] [90.59,34.08] 54.40
none [114.94,28.79] none

As it can be seen from Table 1, the ankle data
of the detected person in the experimental
environment is blocked by other objects, or some of
the original photos are blurred because of the
camera’s own problem. Therefore, the data cannot be
located., and it is necessary to take the data of the
original photograph into pre-treatment.

2.2 The Credibility and Pre-treatment of

Original Data

In the actual gait recognition process, it is not
possible to obtain only one set of data for the same
time. It must obtain a lot of sets of data in different
times. In order to obtain more accurate recognition
results in the process of gait recognition, the initial
data from several groups in the experiment must be
selected. The concept of data credibility is introduced
here, and the credibility degree of the data is
expressed as:

c== 1)

In the formula, d is the sample variance of the
distance S between the knee and ankle in the data
group. For example, the sample variance of the knee
and ankle distance of the participants in this set of
data as shown in Table 1 is 2.51, so the credibility of
this group of data is 0.40.

Assume that the reliability degrees of the two
sets of data obtained in the experiment are

respectively C,and C,. And the relationship between

C,and C,is as follows: C, >C, . Therefore, in the
process of gait recognition, the data whose credibility
degree is C; is chosen to improve the accuracy of gait

recognition.

Obviously, due to the placement of the digital
camera in the experiment, the shooting angle, as well
as the environment in the experiment, the disturbance
of stroke and foreign body occlusion and other issues,
there must be noise interference in the selected group
of original data after compared by the size of the
credibility. For example, in the 10th frame in the
Table 1, due to the impact of various factors, the
ankle coordinates of the side legs of the camera
equipment is not obtained in this experiment, so this
phenomenon is called the lack of original data.
Assume that the data is

[X, v, 1. 0%, Yo 1o [X0 Y] When  the
phenomenon of data loss occurs, the following
treatment should be taken:

(1) When the missing data is [X;,Y,] or

[X,,Y,] : The missing data is not

processed. Use the rest data to carry out the
operation of the gait recognition.
(2) When the missing data is

[, Y. k#Lk=n, calculate the

average value of two data on both sides
of missing data to fill the missing data.
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X = Xk—l + Xk+1

k
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(3) If the data on both sides of the missing data
are still not normal data, select the data on
both sides before and after the two noise
data, Calculate the substitution value of
two noise data in accordance with the
arithmetic way. Assume that the missing

data are X and X, ,,, the normal data are

X._,and X, there are:

— 2Xk—l + Xk+2
s
3
5 3
X _ kal + Xk+2
k+1 — 3

2.3 Curve Fitting of Gait Characteristic

Data

In gait recognition, a linear function
relationship does not exist in different variables for
human of walking postures. Therefore, in order to
reveal the relationship between variables, the
appropriate type of curve to fit the data obtained in
the experiment need be selected. In addition, in this
paper, the human body model is simplified to a
two-point model of the ankle and knee. Compared to
other gait recognition methods (such as the use of
various Kinds of artificial intelligence algorithm of
gait recognition method), the curve fitting method not
only remains at a high level in recognition accuracy,
but also it has the advantages of simple procedure,
fast operation speed, less hardware support and so
on[24-26]. Therefore, in this paper, a deep research
will be taken on the application of curve fitting in gait
recognition.

There are many kinds of curve fitting, such as
Fourier function fitting, exponential function fitting,
logarithm function fitting, interpolation function
fitting, Bessel curve fitting and so on. The Fourier
function fitting has some stringent requirements for
the number of parameters. In addition to the input
data, the Bessel curve fitting requires additional
control points, and the control points have great
influence on the fitting results. After the analysis,
comparison and experiment, the calculation method
of interpolation function fitting method which has the
wide range of application is used to fit the
experimental data in this paper.

According to the data as shown in Table 1,
cubic spline curve fitting and smoothing spline curve
fitting operation have been carried out. The fitting
results are shown in Figures 2 and 3.
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Figure 2: Cubic spline curve fitting
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Figure 3: Smooth spline curve fitting

From Figures 2 and 3, the conclusion can be
drawn that in the fitting process of the relevant data
in Table 1, the fluctuation of cubic spline curve is
much greater than smoothing spline curve. In order to
have the stability and avoid the fitting error, the
smoothing spline curve is used to fit the data obtained
in the experiment in this paper.

Smoothing spline is a common method of
spline interpolation and curve. Compared with other
interpolation methods, the advantage of the
smoothing curve interpolation method is that the
smoothness of the piecewise linear interpolation
function is improved.

For the given n+1 different nodes
X(1=0,1L,n), and their function values are

y,(1=0,1,1,n) .The mathematical functions are
constructed to satisfy that:
(1) f(X) has two order continuous derivative
on[a,b].
@) (%) =Y, (k=012,L,n).
(3) f(X) is the three degree polynomial in
each sub region X, ,,(k=0,1,2,L,n).

This is the mathematical principle of smoothing
spline curve.

3. Design of Gait Recognition
System

3.1 Process Design of Gait Recognition

System

In this paper, in the process of gait recognition
researching, the human body model in walking is
simplified to the two points of the ankle and the knee.
The gait recognition system designed in this paper is
mainly used in the occasion that the flow of people is
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high, such as subway station, railway station and
airport. It has advantages that the detection speed is
high, and the demand for the photographic equipment
is low. In this paper, the main design idea of the gait
recognition system is to use the camera equipment to
continuously shoot the walking people at the same
time interval. Then set the upper left corner of the
photo as the origin to establish the coordinate system,
Record the coordinates of the data, with each 10 data
for a set of records to the database. Put the set of data
which has the largest reliability degree after
calculating into the process of gait recognition. The
specific workflow of the gait recognition system is
shown in Figure 4.
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Figure 4: The flow chat of gait recognition system

3.2 Design of Feature Acquisition Process

Acquisition of gait features is an important step
in the process of gait recognition. The so-called gait
characteristics refers to the information collected in
the true response to each person's unique walking
posture with part of the characteristic. In other
literature, some selected the foot step as gait feature,
and others selected the pace as the gait feature. In fact,
these methods want to increase the accuracy of gait
recognition by focusing on the speed and acceleration
information of walking gait.

However, under normal circumstances, the
equipment of gait recognition is the ordinary digital
camera, not equipped with devices that can directly
detect the foot step and pace of walking persons. The
idea to obtain step or pace feature through the
analysis of the camera shooting pictures is not very
realistic and accurate. Therefore, in this paper, the
coordinates of the ankle and the knee obtained from
the pictures are taken as the gait feature. And based
on this feature, the degree of similarity can be
calculated between the two times of walking.

Gait recognition is actually a process of comparison
and judgment. There are only two kinds of results
after the gait recognition process:

1. The two walking patterns are not similar. They are
not the same person.

2. The similarity degree of two walking patterns is
high. It is the same person.

In this comparison and judgment process, the
similarity between the curve fittings of two times
walking judged by eyes is not enough. The
quantitative analysis must be introduced. Therefore,
the concept of similarity is introduced in this paper.
The similarity between the two walking in the
process of gait recognition is defined as the similarity

degree, which is expressed as h. The similarity
degree h represents the result of gait recognition.

The greater the h , the higher the degree of similarity
between the two walking. On the contrary, when the

his smaller, the possibility that different persons

walk is higher. The calculation method of h is
deduced in detail below.

Assume that the ankle coordinate data collected
through the two walks are

{064 Y1), (% ¥2)s s (%90 Yi0) 3 and
{(a,b).(a,,b,),....(a,,00)} . For ankle

coordinates, the similarity degree h1 is:
0.5

h =
1w IO — )+t (% —24)°]
0.5

+
1+ W, \JI(Y; —B)% ot (Vg — i)

®)
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In the formula, W,,W, are the weight

coefficients. The role of weight coefficient is to
adjust the amplitude of the similarity, so that when
the data slightly changes, the change of the similarity
degree is not too small. When the data changes
dramatically, the change of the similarity degree is
not too large.

From the Formula 5, a conclusion can be drawn

that the maximum value of the similarity degree h1

is 1. When the similarity degree |’11 is 1, it shows that

the two walks are exactly the same. There is no
difference between them.

Similarly, knee data collected in two times of
walks can be used to calculate the coordinates for the
coordinates of the knee similarity degree. The

calculation methods of h, and h, are the same, so

it is not reiterated here.
Therefore, the whole process of gait recognition

similarity is h, its size is equal to the smaller one
between h and h,, thatis:

h=min{h,h,} (6)

After reading literature and experimental
verification, it can be drawn in generally, the
similarity degree of the two walks with the same
person is more than 0.95, but the similarity between
two walks with the different persons is less than 0.75.
It indicates that the effect of similarity on gait
recognition is obvious.

4. Results and Analysis of Experiment

In this paper, it not only presented a gait
recognition method based on curve fitting, but also
designed relevant experiments to verify the
correctness and effectiveness of the gait recognition
method..

Taking into account that in the actual gait
recognition process, the results is similar or not
similar; the experiments are designed for these two
cases:

(1) Two walks with the same person.
(2) Two walks with the different persons.

After several tests on these two cases, the
following results are obtained.

In the experiment, the pictures taken by the
camera are shown in Figure 5.

5.|k| g p;}\otdgraph obtained in the
experiment

The two red dots in the Figure 5 represent the
marks of the ankle and the knee. Their coordinates
are [14.82] and [83.40].

Table 2: The coordinates of the ankles and knees
of two walks with the same person

Ankle Knee
coordinates coordinate
(C™M) (C™M)
[13.55,84.67] [24.34,27.71]
[14.18,84.24] [29.21,29.85]
[14.61,84.03] [33.66,30.90]
[14.82,83.40] [36.41,30.48]
[14.82,82.76] [37.68,34.08]
[16.72,79.59] [46.36,34.93]
[21.38,75.14] [65.03,33.66]
[27.73.70.27] [67.52,31.75]
[47.84,67.73] [90.59,34.08]

none [114.94,28.79]
Ankle Knee
coordinates coordinate
(CM) (CM)
[14.56,83.82] [22.28,28.31]
[14.95,83.53] [27.85,30.13]
[15.33,83.11] [31.59,31.23]
[16.02,80.12] [34.88,30.97]
[16.04,79.65] [36.01,34.85]
[18.37,77.22] [45.97,35.24]
[23.76,75.83] [54.29,34.96]
[28.94,72.66] [66.27,32.25]
[49.13,70.29] [88.92,35.61]
[50.11,66.15] [112.85,29.73]

Table 2 shows the coordinate data of the ankle
and knee in the gait recognition system in the process
of two walks with the same person. According to the
data in the table, the fitting curve can be made as
shown in Figures 6 and 7.
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Figure 6: The curve fitting of coordinates of the
ankles in two walks with the same
person

“"“ 7\

Vet

Figure 7: The curve fitting of coordinates of the
knees in two walks with the same
person

From Figures 6 and 7, it can be drawn that the
gait recognition method based on curve fitting has a
good ability to distinguish the two walks of the same
person.

In Figures 6 and 7, the blue curve is the curve
fitting of first walk. The red curve is the curve fitting
of second walk. It can be clearly seen that the red
curve and the blue curve of the degree of fit are very
high. In particular, according to the curve of the knee
data fitting, the two curves in some parts are of the
near coincidence. This also illustrates the
effectiveness of the gait recognition method based on
the curve fitting proposed in this paper. Then
calculate the similarity of the two walks with the
same person.

According to the content introduced in Section

3.2, it can be calculated h =0.975, h, =0.984,
h=min{h,h,} can know that

h=0.975, This result shows that the similarity of
the two walking is very high, which proves the
accuracy of the method for the same person walking
process proposed in this paper.

According to the process of the two walking of
different people, the experiment obtained the data as
shown in Table 3.

so from

Table 3: The coordinates of the ankles and knees
of two walks with the different persons.

none [114.94,28.79]
Ankle Knee
coordinates coordinate
(C™M) (C™M)
[20.65,73.89] [40.89,50.12]
[31.54,65.98] [43.27,51.22]
[38.83,77.28] [45.88,54.92]
[49.29,80.91] [50.49,58.10]
[50.83,90.20] [52.84,60.81]
[56.48,78.26] [63.31,50.91]
[60.41,85.24] [54.29,48.33]
[68.04,96.81] [66.27,52.69]
[69.19,85.27] [88.92,59.12]
[75.34,80.75] [90.24,60.26]

40

Ankle Knee
coordinates coordinate
(CM) (CM)
[13.55,84.67] [24.34,27.71]
[14.18,84.24] [29.21,29.85]
[14.61,84.03] [33.66,30.90]
[14.82,83.40] [36.41,30.48]
[14.82,82.76] [37.68,34.08]
[16.72,79.59] [46.36,34.93]
[21.38,75.14] [55.03,33.66]
[27.73.70.27] [67.52,31.75]
[47.84,67.73] [90.59,34.08]

Table 3 shows the coordinate data of the ankle
and knee in the gait recognition system in the process
of walking with two different people. According to
the data in the table the fitting curve can be made as
shown in Figures 8 and 9.

Figure 8: The curve fitting of coordinates of the
ankles in two walks with the different
persons

Figure 9: The curve fitting of coordinates of the
knees in two walks with the different
persons

From Figures 8 and 9, it can be drawn that the
gait recognition method based on curve fitting has a
good ability to distinguish the two walks of the
different persons.

In Figures 8 and 9, the blue curve is the curve
fitting of first walk. The red curve is the curve fitting
of second walk. It can be clearly seen that the
correlation between the red curve and the blue curve
is very low. In particular, according to the knee data
fitting curve, the two curves are completely not
related. This also illustrates the effectiveness of the
gait recognition method based on the curve fitting
proposed in this paper. Then calculate the similarity
of the two walks with the different persons.
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According to the content introduced in Section
3.2, it can calculate h =0.532,h, =0.618. So

from h=min{h,h,}can know that h=0.532.

This result shows that the similarity of the two
walking is very low, which proves the accuracy of the
method proposed in this paper.

5. Conclusions

Firstly the concept of gait recognition is
introduced, and the three processes of gait
recognition including gait detection, feature
extraction and gait recognition are pointed out. In the
process of gait detection, the method of obtaining the
data from the photograph is introduced in this paper.
And the concept of credibility and the method to
process the data under the condition of data loss is
put forward. In the process of feature extraction and
gait recognition, the process of gait recognition
system is designed, and the calculation method is
proposed to calculate the similarity between two
walks.

A gait recognition method based on smoothing
spline curve fitting is proposed in this paper. Get the
relevant data of person in walking. Then use
smoothing spline curves to fit the data, and then
extract the characteristic quantity. Finally, the whole
curve fitting process is completed through the method
of calculating the similarity. The actual test shows
that the gait recognition method based on smoothing
spline curve fitting can be effective for accurate gait
recognition of the same person and different persons.
It has great development research space and great
practical value.
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