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The advancements in medical science and technology have given rise to longer life expectancy and increasing
rate of survival from severe disease globally in the past decades. As a result, there are more and more demands
for healthcare service. Health Monitoring System (HMS), which is used to provide physical/mental health and
activity status monitoring, emerged just for this purpose. Activity monitoring is an important component in
this system. Wearable sensors and maker—-based motion capture system are adopted in most of the researches to
record motion data, which need to attach sensors and makers on human body and cause discomfort and cognitive
burden to the users. Thus, the present thesis chose non—contact way, i.e. camera, to allow people live in a
free environment. However, there existed only a few number of researches applied this way and they still
counter some shortcomings, such as, no sufficient number of subjects in database to achieve reliable
statistical conclusion, limited categories of disease/abnormality to be detected, limited aspects of health
information to be assessed, and the proposed methods are vulnerable to noise. Those shortcomings constrain HMS
to be a pervasive and convenient healthcare solution.

Therefore, in this thesis, to extend the camera—based HMS into a more practical and broader application, we
proposed a convenient way to analyze human’s health condition by observing the most commonly seen locomotion
form — gait, through camera. In general, based on the different application purpose and situations, this HMS
can be further divided into two sub—systems. One is a passive way to study physical aspect of health. It can be
used to detect people with physical impairment in public place, i.e. shopping mall, to provide service when
necessary. In addition to physical health, other aspects of information is also important for health. So we go
further to provide active way to learn multi-aspect of health. This method can realize quick multi-aspect
health assessment even at home. Considering two challenges related with dataset and performance representation
we introduce more details about the two proposed approaches as follows:

In the first sub—system, we proposed a novel method to detect people with physical impairment through walking
style. To achieve this target, we first constructed a database with sufficient number of subjects, containing
visual/leg impaired walking and normal walking. We then investigated which gait feature is effective to
distinguish them among posture, temporal and stability information, which are correspondingly represented by
gait energy image (GEI) that is a popular appearance-based feature showing high performance in human
authentication, duration time, and phase fluctuation from silhouette sequence. After comparison experiments, we
found that GEI was the most reliable feature. Further, considering that GEI is mainly about posture
information, it must be affected by the other parts of the human body except effective part. We thus proposed
to use only the most discriminative body patches in GEI. Sufficient experiments were conducted to evaluate the
contribution of various sizes and positions of body patches. At last, for the visual impairment discrimination
case, we found that head and chest regions performed better than the whole body. As for the leg impairment
detection case, the leg region performed better than the whole body. The results confirmed the effectiveness of
patch-based GEI for impairment detection

In the second sub—system, we designed a game-based system to screen children’s three aspects of growth
information, including anthropometric, kinematic and more important, cognitive aspects. This method is
different from the conventional approaches to the assessment of growth status which involve manual evaluation
and treat different aspects of growth status separately. This study presents an automated method for assessing
growth status that considers various aspects of growth simultaneously. We first applied the dual-task paradigm
(where two tasks are performed simultaneously, here we used combination of stepping while doing arithmetical
calculation) to collect data on the three aspects of growth at the same time. With the collected data from a
large number of typically developing individuals, we constructed a statistical model of growth features and
ages and also estimated participants’ ages using regression analysis. By comparing the value of discrepancy
between estimated age and chronological age from a test child to that of average level from normally developing
children, we were able to provide an initial judgment of the child s growth status. The experiment results
demonstrated that, the growth features developed with age in childhood and that the estimation of growth status
using this model was feasible.
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