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Abstract— Frontal view gait recognition for people identifi-
cation has been carried out using single RGB, stereo RGB,
Kinect 1.0, and Doppler radar. However, existing methods based
on these camera technologies suffer from several problems.
Therefore, we propose a four-part method for frontal view gait
recognition based on the fusion of multiple features acquired from
a Time-of-Flight (ToF) camera. We have developed a gait data
set captured by a ToF camera. The data set includes two sessions
recorded seven months apart, with 46 and 33 subjects, respec-
tively, each with six walks with five covariates. The four-part
method includes: a new human silhouette extraction algorithm
that reduces the multiple reflection problem experienced by ToF
cameras; a frame selection method based on a new gait cycle
detection algorithm; four new gait image representations; and a
novel fusion classifier. Rigorous experiments are carried out to
compare the proposed method with state-of-the-art methods. The
results show distinct improvements over recognition rates for all
covariates. The proposed method outperforms all major existing
approaches for all covariates and results in 66.1% and 81.0%
Rank 1 and Rank 5 recognition rates, respectively, in overall
covariates, compared with a best state-of-the-art method perfor-
mance of 35.7% and 57.7%.

Index Terms— Gait recognition, frontal view, Time of Flight
camera, fusion of features, depth gait data set.

I. INTRODUCTION

GAIT is the combination of posture and the way we
move our whole body during the walking process [1].

It has been used as a discriminating feature in much recent
research related to clinical analysis, gender classification, age
estimation, forensics tools, and biometrics.

One interesting application in which gait features are used
is biometrics. Among the earliest evidence for using gait
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as a biometric was the work of Murray et al. [2] and
Johansson [3]. From a human anatomical point of view,
Murray et al. suggested that gait is unique to an individual.
Based on the experiments conducted by Johannson [3] and
Stevenage et al. [4], they concluded that humans have the
ability to identify individuals based on their gait. Unlike other
biometrics such as fingerprint, finger veins, palmprint and
palm veins, gait recognition can be used without direct contact
with the sensing device. Unlike face and iris recognition, gait
recognition does not require any specific postures or posi-
tions. It does not require the cooperation or even aware-
ness of the individual under observation. Also, the gait is
hard to conceal and difficult to disguise [1]. Gait features
are perceivable at a distance, and only low resolution is
required [5]–[7].

Although several approaches have been presented for gait
recognition, most limit their attention to the lateral view,
since this is considered to provide much more spatial and
temporal information [8], [9]. However, this approach requires
the camera to be placed at a certain height and distance,
to capture full gait sequences. However, this is only applicable
in outdoor or wide indoor spaces, and not in applications such
as a secure narrow corridor. In such situations, frontal view
gait recognition can be applied. Frontal view gait patterns can
also be integrated with facial patterns to enhance biometric
identification.

Early attempts at using frontal view gait recognition used
a single RGB camera. Barnich and Van Droogenbroeck [10]
proposed gait features derived from a set of rectangles fitting
any closed silhouette in RGB video frames. However, the size
of the rectangles has to be changed if a subject wears bigger
clothes or high heel shoes. They managed to produce good
results but tests were not carried out on the clothing and
shoes covariates. Soriano et al. [8] and Balista et al. [11]
applied Freeman Chain Code to the silhouette edge image.
The method depends on high quality silhouette segmentation
which is very difficult to achieve in a complex background.
The frontal view gait recognition algorithm in [12] employs the
3D gait volume by placing the edge points of the silhouettes in
a 3D space. Silhouette alignment is obtained by stacking the
normalized bounding boxes over time. The major drawbacks
of this method are that the edge points and stacking methods
are very dependent on clothing, shoes, and carrying conditions.
Soriano et al. [8] achieved 100% accuracy but the experiment
only involved normal walk, with only 4 subjects who had
to wear a special suit. Balista et al. [11] performed analysis
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