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ABSTRACT

Person Re-identification with Gait Recognition

Lan Wei (Computer Applied Technology)
Directed by Prof. Tiejun Huang

ABSTRACT

In recent years, surveillance cameras have been widely deployed almost everywhere in
the city. To automatically recognize or search a suspicious target/object from large and
massive video monitoring image data, pose a major challenge for video data processing and
understanding. Person re-identification technology is the key to solve the problem of
“matching” the target in video surveillance data: it matches the same accurate and stable
identifier to all the instances of the same object from various visual surveillance scenarios.
Similarity matching based on visual appearance features is the mainstream of the current
methods. However, behavior-based analysis (e.g. human gait) has been shown to be an
efficient optional biometric measure for person re-identification problem especially when the
visual appearance features are unreliable (e.g. when the suspect has been made up).
Nevertheless, various factors can affect human gait, including variations of view, walking
speed, carrying an object and even wearing different types of shoes, because the human gait
silhouettes can be different under the various situations. To address the problem of
multi-view gait recognition and multi-covariate conditions gait recognition, this thesis”
investigates the technology of person re-identification with gait recognition. The main
contributions of this thesis can be summarized as follows:

Firstly, this thesis presents a View Feature Recovering Model (VFRM) to generate
the View Transformation Model (VTM) for multi-view gait recognition with incomplete
training data. VTM is used to tackle the multi-view problem by transforming gait features
from across views to a common viewing angle. However, VTM must use the data of subjects
crossing all views to train the pre-constructed model, which might be unsuitable for the real
applications. We address the problem of “incomplete training data" for the situation under
which not all subjects’ features from all viewing angles are available, and propose VFRM
using the Geodesic distance based K-Nearest Neighbor (GKNN) algorithm to measure the
neighborhood between two pedestrians. Moreover, this thesis formulates gait cycle
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extraction method and a walking trajectory fitting (WTF) algorithm to recognize walking
view of a gait sequence automatically. Experimental results on CASIA-B and PKU database
has demonstrated the effectiveness of the proposed WTF and VFRM.

Secondly, this thesis proposes a Swiss-system based cascade ranking model for
multi-covariate conditions gait recognition. Besides changes in the viewing angles,
various covariate conditions, including viewing angles, walking speed, carrying an object
and wearing different types of shoes, make the gait features less distinguishable. This thesis
formulates the changes conditions making the gait features less distinguishable as gait
recognition with "multi-covariate conditions". To address this problem, five such state-of-art
gait features encoding both static, time-variant and motion information are extracted in this
thesis to describe the gait feature, and the following gait feature matching problem is
re-formulated as a bipartite ranking problem. A Swiss multi-round competition system of
cascade ranking model is developed for multi-feature ensemble learning. In this system, a
series of rankers are applied to every pair of matches between probe and gallery gait
sequences. The initial ranker eliminates a large number of incorrect examples with very little
processing, while the subsequent layers eliminate other incorrect ones by using more
features at the cost of additional computation. Thus through such as multi-round competition,
the effectiveness and efficiency of cascade ranking model can be improved remarkably.
Extensive experiments are performed on three benchmarking datasets, including the indoor
CASIA database, the outdoor Soton Large dataset, and the actual monitoring database. The
experimental results demonstrate that our method outperforms several state-of-the-art
methods remarkably.

Thirdly, to meet the demand of person re-identification problem under surveillance
scenarios, a person re-identification system, Person RelD System, is developed in the
thesis. This system consists of mainly two modules: the subject gait feature extraction model
and person re-identification model. In these two modules, the gait silhouettes, gait cycles and
walking angles are extracted to get the subjects' gait features. Then person re-identification
algorithm is applied to find the best matches of the subject in gallery data. These matching
objects, along with the ranking, are used to provide. With the pre-recorded video, indoor and
outdoor real-time surveillance monitoring data, we prove the availability of the system.

To sum up, this thesis investigates two important issues: multi-view and multi-covariate
conditions situation, in person re-identification with gait recognition. Moreover, tentative

studies have been carried out on the application of gait-based person re-identification in
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practical visual surveillance scenarios. To the best of our knowledge, this thesis presents a
systematic study on how to solve the problem of multi-view gait recognition with incomplete
training data, and presents the Swiss-system based cascade ranking model for
multi-covariate conditions gait recognition for the first time. Moreover, this thesis
demonstrates the feasibility and effectiveness of proposed methods with extensive
experiments. This will spark a great interest of research in the related communities in years

to come.

KEY WORDS: Gait-based person re-identification, Multi-view gait recognition, Multi-
covariate gait recognition
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