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The importance of automated visual surveillance in a public space has been increased in response to the
recent rising ceoncerns about a safe and secure society. Gait, which can be defined as the manner of
walking of a person, has been recognized as a potential bicmetrics modality, and it enables person
recognition from a lew-resolution image sequence in a CCTV footage. Image sequence can be captured at a
distance without the subject’s cooperation, and information associated with shape and his/her walking
motion can be obtained from the binary silhouettes from the captured image sequence. Therefore, person
recognition using silhouette-based gait features (i.e., gait recognition) is a promising real-life
application. However, practical deployment in a real-world scenario is still censidered a challenging
task because several issues should be managed to achieve efficient gait recognition. Such issues can be
related to the presence of external factor to a subject (e.g., carried object, clothing, shoes); the
internal factor to a subject (e.g. . walking speed, aging, pregnancy); the environmentzl context (e.g.,
illumination, walking surface, occlusion) and the guality of captured image sequence from a camera
(e.g., spatial resolution, temporal resolution, cbservation view). These factors make the gait
recognition more challenging and prevent the use of gait recognition in the real-world scenario. In
order to realize efficient gait recognition in the situation with those factors, this thesis addresses
the following three issues:! i) carried object(s) (COs) ii) occlusion and iii) data quality

The factors are considered in this thesis, affect the captured image sequence of a person for gait
recognition. Therefore, the obtained silhouettes from the corresponding captured images can be either
ill-posed or well-posed based on visual quality. The well-posed silhouettes mean that the obtained
silhouettes are of good quality, whereas ill-posed silhouettes are degraded, problematic, and low-
quality silhouettes, For example, COs silhouette is added to the person’ s silhouette, whereas some
parts of a person’ s silhouette are unobservable due to the occlusion. Regarding data quality of the
captured image sequence from a CCTV camera, the obtained silhouettes are different depending on several
camera settings such as spatial resolution, temporal resolution, and observed view of a person from the
camera.

First, in order to tackle the COs issue, we constructed the world s largest gait database with real-
life COs and analyzed the performance of silhouette—based gait recognition. Whereas existing databases
for gait recognition include at most 306 subjects with COs, we constructed an extremely large-scale
gait database that includes 62,528 subjects, with an equal distribution of males and females, and ages
ranging Trom 2 to 95 vears old. Morecver, existing gait databases include person image sequences with
C0s, but the variation of the C0s’ type, positions, and numbers are limited and predefined. However,
our constructed database considered a wide variety of COs’ types, positions, and numbers. Besides, the
silhouettes data in the database were manually annotated into seven carrving status (CS) labels. The
extremely large-scale gait database with CS labels enabled us to evaluate and analyze the impact of the
training data size, the recognition difficulty level of the €S labels, and the classification of CS
labels.

Research for the second issue is managing occlusion. The presence of occlusion in an image sequence
obscures a significant amount of the human body. However, usual gait recognition methods require an
unoccluded silhouette seqguence. Thus, occlusion handling is an important issue for gait recognition.
We, therefore, propose a silhouette sequence reconstruction approach from an occluded sequence (sVideo)
based on leveraging the powerful capabilities of conditional deep generative adversarial network (GAN)
To reconstruct the occluded silhouette seguence well constrained, we regularize the training of the
proposed generative network, based on triplet hinge loss incorporating with Wasserstein GAN (WGAN-
hinge). To the best of our knowledge, WGAN~hinge is the first adversarial loss that supervises the
generator network during training by incorporating pairwise similarity ranking information. The
proposed approach was evaluated on multiple challenging occlusion patterns. The experimental results
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demonstrate that the proposed approach outperforms existing state-of-the-art benchmarks,

Finally, we considered the quality of the captured image sequence frem a CCTV camera; particularly, we
analyze the camera—based qualities of the spatial resolution (SR) and temporal resolution (TR) along
with the cbservation view because they affect the recognition accuracy. It is well-known that uni-modal
biometrics is usually affected by some practical problems such as poor recegnition performance and
vulnerability to spoofing attacks. Therefore, we extracted gait, head, and soft biometric height
modalities from the captured image sequence obtained from a single camera and introduce SR, TR, and
view as the quality that significantly affects biometric system performance, Moreover, data gquality
(i.e., quality measure) that affects the matching score of each modality is often incorporated as a
quality—dependent score-level fusion, which 1s a popular and promising approach. We considered seven
and ten scaling factors for SR and TR, respectively, with four view variations. Therefore, a large
database is constructed, comprising approximately four million genuine and 7.5 billioh imposter scores.
Later, we analyze the recognition accuracies assoclated with gait, head, and height modalities in
different spatial and temporal resolutions along with the observation views, We observed that TR
impacts profoundly on the gait modality, whereas SR for the head modality, These ahalyses can be useful
for forensic analysis, mainly when the quality of the captured image sequences is very poor. Finally,
we evaluate and analyze the performance considering all of the modalities in a score-level fusion by
designing two differeni protocols that are the quality-independent and guality~dependent manner using
state—of-the-art score-level Tusion approaches., These evaluation results will be beneficial for score-
level fusion research

This thesis together with the considered issues could make a sighificant contribution te improving
the gait recognhition performance in various real-world scenarios that further enable the adoption of
gait-based person recognition into automated visual subservience and forensic applications.
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