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The methods of human gait recognition can be categorized into image-based and
model-based methods. Image-based methods are easily affected by the inaccurate foreground
detection. Model-based methods can extract the gait features (joint angles) robustly and avoid the
noise interference problem but the gait model fitting process is time consuming. To overcome
these shortcomings, a dynamic gait model fitting algorithm is proposed to fit the gait model to the
silnouette image sequence of a walking people efficiently. Then a new model-based projection
feature and model-based gait features are generated to improve the recognition accuracy.
Furthermore, view transformation for the gait images is applied to recognized human identities
for arbitrarily view angles. Finally, the accuracy of human gait recognition using various kinds of
gait features is analyzed.
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Abstract

The methods of human gait recognition can be
categorized into image-based and model-based
methods. Image-based methods are easily affected by
the inaccurare foregreund detection. Model-based
methods can exiract the gait features (joint angles)
robustly and avoid the noise interference problem.
However, the gait model fitting process is time
consuming. To overcome these shortcomings, a
dynamic gait model fitting algorithm is proposed to fit
the gair model to the silhouerte image sequence af a
walking people efficiently. Then a new model-based
projection feature and model-based gait features are
generated to improve the recognition accuracy.
Furthermore, view transformation for the gait images
is applied fo recognized human identities for
arbitrarily view angles. Finally, the accuracy of
human gait recognition using various kinds of gait
Jeatures is analyzed.

1. Introduction

Psychological studies [1] show that it 1s feasible to
identify human identity by using gait signatures. Hence,
human gait recognition is frequently applied to a
vanety of applicattons. eg. homan dentity
recognition, access control, video surveillance, ete.
The methods of human gait recogmition can be
categorized into image-based and model-based
methods.

In the 1mage-based gait recogmition approaches [2-
5], image features used to recognize the human identity
are extracted from the silhouette image. Because the
image features are extracted by using background
subtraction, edge mapping or optical flow detection,
they are sensitive to noise, background cluitenng,
illumination change and the distance of object to
camera. The vague silhouette image will introduce an
imprecise feature extraction and make the human gait
recognition inaccurate.

On the contrary, model-based approaches can
extract the gait features robustly. In [9] the movements
of the thighs are modeled as an interlinked pendulum
to exiract the angular wvartation. The gait feature
extraction using the model-based method can avoid the
noise interference problem [6]. When the silhouette
image of a walking people 1s vague, the model-based
methods [6. 9] still can extract trajectory of moving
human and gait features (joint angles). However, gait
model fitting process 1s time consuming.

To overcome the abovementioned shortcomings for
both the image-based and model-based methods, an
efficient dynamic gait model fitting algorithm is
proposed to fit the gait model to the silhouette i1mages.
Then model-based image projection features and
model-based gait features are generated to improve the
recognition accuracy. Furthermore, many conventional
gait recogmtion approaches linmt that the walking
direction has to be parallel to the image plane. Here,
the view angle transformation [7. 8] 1s applied to solve
the problem when people walk with arbitrary view
angles.

2. View Angle Transformation for Image-
Based Gait Feature Extraction

Because lugh recogmition rate 1s aclueved when
human gait 1s observed from the canonical view, the
immage transformation from the side view to the
canonical view [7] is applied to extract a reliable
image-based gait features.

2.1 Image Transformation from Side View to
Canonical View

The method of view transformation 1s developed
from the concept of perspective projection shown in
Fig. 1. Assume that a person of height i walks along
the lme AC and subtends an angle # with the
projection plane. The line AB 1s parallel to the plane
XY. An image pomnt p (human head in mmage plane)



with 1mage coordinate [x, y] 1s obtained by projecting
the 3-D pomnt P (human head in world coordinate) with
world coordinate [X] T, Z] to image plane. In Fig 1.
the pomnt O 1s the position of camera, Z; denotes the
distance of the person to the camera, o denotes the
angle formed by projecting the trajectorv of human
walking on the image plane, and f denotes the focal
length. Based on the perspective projection, the
following equality can be derived.
Z=Tan(hX +Z,.Y=h- (1)

By projecting the 3-D point to image plane, the
coordinates of 2-D image point can be derived as:

x=f = ry=f : | 2)

Z,+Tan().X Zy+Tan(@)X

Let K=-h/Z;, the equality for angles # and o can be
written as:

Tan(t) = %Tan(a} : 3)

PRLED

Figure 1. Image geometry of perspective projection.

The coordinate transformation from the side view to

the canonical view can be written as:

L~ Xgcos(@)+ fsin(d) Yo (4

S W=
—x,sin(?) + foos(@) =X Sin(@) + fCos()

2.2 Image Projection Feature

Image projection feature [7] 15 frequently applied to
recognize the human gaits, which is formed by
projecting the gait image along row or column
directions. Image projection features shown in Fig 2-
(a) and 2-(c) are constructed by projecting silhouette
images along the row and column directions.
Projection feature images shown in Fig. 2-(b) and 2-(d)
are formed by accumulating a sequence of image
projection features.

3. Dynamic Model Fitting for Gait Feature
Extraction

3.1 Dynamic Human Gait Model

Projection
along

TOW
dirsction
.

Projection
along
column
direction

()

(c
Figure 2. Projection feature images are shown in (b) and (d)
are constructed by accumulating a sequence of image
projection features in (a) and (c) respectively.

Here, the human model used to fit the human gaits
1s constructed with five rectangles. By the careful
observation, the length ratio for head, body. and foot 15
about 1: 2: 3. The human model is shown in Fig. 3. In
the human model, joint angles &, #. & and #; are
used to describe the joint angles on the legs. The
complete human model 1s established with the angle
feature vector @ = {#;, #, &5 6,} and the links L= {/,.
h, 15 L}. Then, the complete human model 1
represented as H= {®, L}.
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=
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(a) by
Figure 3. (3) Human model is constructed with five
rectangles. Symbols A, B. and C denote the lengths of head,
body, and foot. The jomnt angles on the legs are denoted as &),
s, Oy, and Oy The lings™ lengths are denoted as {,, [5 [4, and
l4. (b) The length ration of height to width for each rectangle
issetas 3 1.

In most model-based methods [6, 9], the fitting
process 15 complex and time consuming. To improve
the efficiency, a dynanuc gait model that simulates
cycle movements of human walking is proposed.

3.2 Dyvnamic Human Gait Model Fitting

The dynamic gait fitting algorithm is described as:

1. Extract the skeleton of the silhouette image of
tracked subyect shown 1 Fig. 4-(a).

2. Adjust the length of gait model according to the
tracked subject and set the size of each component
according to the length ratio (1: 2: 3) for head. body,



and leg.

3. Locate each rectangle (component of gait model) at
the corresponding position on the skeleton shown in
Fig 4-(b).

4 Based on the tracking of leg movements, the
moving state (lifting or standing) of each leg is
deternuned by estimating whether the jont angles’
vanation 1s increasmng or decreasing. The left
picture i Fig. 4-(c) shows that the left leg 1s
standing and the joint angles of gait model of left
leg are decreasing: while the right picture in Fig. 4-
(c) shows that the night leg 1s lifting and the joint
angles of gait model of right leg are increasing
during following silhouette frames.

. Each part of gait model 15 located to the silhouette
image by nunimmzing the fitting error :

_n

E(M_R)=arg max Num(M ~R). (5)

where M 1s gait model, R 1s the silhouette 1image, # 1s
the angle parameters of rectangles (components of gait
model), and Num(M~R) denotes the pixel number that
gait model overlaps with silhouette image. The result
of dynamic gait model fitting 1s shown m Fig. 4-(d).

)

(c)

S

Figure 4. (a) Skeleton of the silhouette image. (b) Initial
model construction. (c) Walking movements. (d) An example
of dynamic gait mode] fitting.

4. Human Gait Recognition

4.1 Model-based Gait Features

Based on the dyvnanuc human gait model fitting
process, two gait features including model-based
projection features and model-based angle features are
generated. Image-based projection features mentioned
i section 2 are easily affected by the inaccurate
foreground detection and then model-based projection
feature is proposed to improve this problem. Model-
based projection feature 1s constructed by projecting
the fitted human gait model along row direction.
Model-based angle feature 1s constructed by extracting
the jomnt angles on the fitted human model during the

human walking movements. Based on the model fitting
process the effect of inaccurate foreground detection
can be reduced sigmficantly. Given a video sequence
of human walking, joint angle variation curves for the
leg movements shown in Fig. 5 are extracted by using
the dynamic gait fitting algorithm.

4.2 Human Gait Recognition Using Projection
Features

To recognize the human identity with image-based
and model-based projection features the method of
correlation matching is adopted.

ZZ[.?{(S-"') Flw(s.5)—w]
{}__‘,z[ﬂs-ﬂ Flwis.0)—wlH?

¥= (6)
where s, t are the coordinate indexes, f and w denote
two mmages, and f” and # are the average value of f

and w respectively.

(a) ' (b}
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Figure 5. The curves of joint angle’s variation on (a) right
thigh and (b) right shank.

4.3 Human Gait Recognition Using Model-
Based Angle Feature

Given a video sequence of human walking, joint
angle wvariation curves for the leg movements are
extracted by using the dynamic gait fitting algorithm
and shown i Fig. 4. Then, Fast Fourier transform
(FFT) 1s applied to generate the model-based angle
feature which 1s scale and translation mvanant. Once
the model-based angle feature is acquired, LDA
{(Linear Discriminant Analysis) 1s used to recognize the
human identity.

5. Experimental Results

The human gait recognition for arbitrary view
angles are analyzed with three kinds of gait features:
image-based  projection  feature, model-based
projection feature, and model-based angle feature. The
video database 15 constructed by recording the video
sequences of ten peoples’ walking movements with
four view angles: #=0°, 15°, 30°, 45°. Six video clips



are recorded for each view angle and each person. In
total. there are 240 video clips in the database and each
sequence consists of one gait cycle.

5.1 Human gait recognition using the model-
based projection feature

Model-based projection feature 1s proposed to
mmprove imprecise image-based projection features.
The correlation matching is also used to recognize the
human identity and the recogmition accuracy is
itllustrated in Fig. 6. The recognition accuracy is
improved about 4% to the image-based method. The
model-based projection method outperforms the
image-based projection method because model-based
approaches may reduce the mfluence of noise
interference and illununation change. However, the
detail information of leg movements 1s lost during the
projection process such that the recognition accuracy is
not satisfied.

5.2 Human gait recognition using the model-
based joint angle feature

Human gait recogmition using the model-based joint
angle feature 1s developed by extracting the FFT
coefficient vector for the joint angle variation of leg
movements shown i Fig. 5 and then applying the
LDA method to recognize human gaits. The accuracy
analysis of human gait recognition 1s shown m Fig. 6.
It 15 obviously that the model-based method 1s superior
to the other methods because the detail mnformation of
leg movements is extracted to recognize the human
gaits. Finally, Fig. 6 shows the accuracy analvses of
human gait recognition systems using the various
kinds of gait features.
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Fig. 6. The accuracy analysis for the human gait recognition
using the various kinds of gait features.

6. Conclusion

An efficient dynanuc gait model fitting algorithm 1s
proposed fo fit the gait model to the silhouette image
sequence of a walking people and then a new model-
based projection feature and model-based gait features
are generated. View transformation 1s applied to
transform the gait images from side view to canomical
view and then the human identity can be identified for
arbitrarily view angles. Expenimental results show that
the model-based projection feature can improve the
recognition accuracy of the conventional image-based
projection features.
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# < ! The methods of human gait recognition can be categorized into
image-based and model-based methods. Image-based methods are
easily affected by the inaccurate foreground detection. Model-based
methods can extract the gait features (joint angles) robustly and avoid
the noise interference problem but the gait model fitting process is time
consuming. To overcome these shortcomings, a dynamic gait model
fitting algorithm is proposed to fit the gait model to the silhouette
image sequence of a walking people efficiently. Then a new
model-based projection feature and model-based gait features are
generated to improve the recognition accuracy. Furthermore, view
transformation for the gait images is applied to recognized human
identities for arbitrarily view angles. Finally, the accuracy of human
gait recognition using various kinds of gait features is analyzed.
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