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This thesis describes the development of human motion recognition, human behavior analysis and
related issues. We explore on methodologies of various recent motion and activity analysis, recognition,
and in-depth analysis of the MHI method. We propose Directional Motion History Image method for video
representation for human motion recognition. We propose Temporal Motion Segmentation (TMS) method
to segment motion into its action primitives.

Understanding motion or activities from video sequences are very important but difficult task.
Diverse applications are already undertaken on this goal for proper video understanding, e.g., human-robot
interaction, human-computer interaction, intelligent video surveillance, mixed reality, face analysis, object
tracking, video-processing, video-conferencing, obstacle avoidance, smart aware-house, etc., to name a few.
However, human motion recognition and analysis are still in infancy even though these are very important
for various applications. Therefore, we attempt to study and develop some issues related to human motion
recognition, motion segmentation and related issues.

In Chapter 1, we present the introduction and road map of the thesis.

In Chapter 2, we present a detailed overview of various motion recognition approaches since 2001.
It covers various major approaches on action recognition and addresses some key challenges of motion
recognition.

In Chapter 3, we introduce the Motion History Image (MHI) method, its constraints, variants and
application arenas. This chapter covers all the most critical and essential aspects of the MHI method.

In Chapter 4, we propose the Directional Motion History Image (DMHI) that can solve the motion
overwriting problem due to motion self-occlusion. The Motion History Image (MHI) method is a template-
matching view-based method, but it fails to recognize complex activities of a human due to the motion
overwriting problem caused by motion self-occlusion. We develop the Directional Motion History Image
method, which is based on gradient-based optical flow as an update function to mitigate the motion
overwriting problem. The optical flow is split into four different channels to compute four different-
directed history and energy images. We compute feature vectors by employing seven higher order Hu
invariants. For classification, k-nearest neighbor classifier is employed, and leave-one-out cross-validation
partitioning scheme is considered for recognition. This DMHI method outperforms the MHI method. We
have achieved more than 93% recognition rate for various aerobics (Japanese rajio-taiso). This method is
also found to be robust against outliers and various speeds of actions.

In Chapter 5, comparative analysis of the MHI, the DMHI, the Multi-level-MHI (MMHI) and the
Hierarchical Motion History Histogram (HMHH) methods are performed, to prove the robustness of the
DMHI to solve motion self-occlusion problem — as the later two methods are proposed recently to solve the
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overwrite problem. The result is that the DMHI method outshines the other three methods.

In Chapter 6, low-resolution motion recognition issues are presented. Various low-resolution video
sequences (from 320x240 to 64x48) are recognized. At low-resolution, we missimportantimage information,
image details and their respective correlations, and hence it produces deteriorated recognition result in very
low-resolution image sequences. However, by using the DMHI method, we achieve reasonable recognition
results with various levels of low-resolution video sequences.

In Chapter 7, reduced feature vector sets are presented. For classification, features are extracted and
converted into appropriate feature sets. Initially, we started with a 64 dimensional feature vector set for
each action for every subject. We employ seven invariants as well as normalized Oth order moments for
history and energy images. However, concentration is focused also on to reduce the size of the feature
vector, instead of using all seven Hu invariants. Several feature vector sets are developed and experiments
are conducted in this direction. Our computation realizes that all seven invariants may not be required for
recognition purposes, as higher the invariants, noisier they are.

In Chapter 8, we propose Temporal Motion Segmentation (TMS) method for activity analysis that can
segment and understand motion temporally from the video sequence. We conduct experimentations both
indoor and outdoor environments and achieved sound performance. Based on the total pixel volumes on
the history templates and their related variations, various directions of the action primitives are segmented
temporally. This segmentation method can be used to assist an intelligent system or a robot to understand
activities and take decisions afterwards. It is a simple and fast approach.

In Chapter 9, we conclude the thesis with conclusion and some future work issues.
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