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Human Action Recognition (HAR) is a challenging and engaging research area in
computer vision with diverse applications, including smart surveillance, robotics,
industrial automation, healthcare, and education. Traditional methods relying on RGB
video data often struggle to handle environmental noise, such as variations in
lighting, viewpoint, background colors, and clothing, limiting their effectiveness
in real-world scenarios. The rapid development of depth camera technology has opened
up new opportunities for action recognition by enabling the use of three-dimensional
human joint coordinates, which are highly effective for accurately modeling human
actions. Additionally, depth cameras provide robustness in complex environments and
offer privacy—preserving capabilities, making them particularly suited for sensitive

applications.

This thesis proposes a depth camera—based framework that integrates object
detection and Graph Convolutional Network (GCN) to achieve accurate and efficient
HAR. First, the proposed framework employs an object detection algorithm to localize
individuals in the scene and extract precise Regions of Interest (RoI). Next, depth
camera data is utilized to extract skeleton data of individuals within the Rols,
providing robust input for spatiotemporal modeling. Finally, a GCN specifically
designed for action classification is applied to analyze skeletal sequences and
classify actions. By effectively combining multi-modal data sources, including RGB
and skeletal data, the framework significantly improves recognition accuracy and

robustness in complex scenarios.

As the first critical step in the proposed framework, object detection faces
significant challenges, particularly the diversity of object scales and the
overlapping of objects within complex scenes. To address the issue of scale diversity,
this thesis proposes the Re-BiFPN feature fusion method, which incorporates a

Coordinate Attention Atrous Spatial Pyramid Pooling (CA-ASPP) module and a recursive



connection. The CA-ASPP module extracts direction—aware and position—aware
information from feature maps, enhancing the representation of multi—scale objects.
The recursive connection further refines the feature maps by feeding the processed
multi-scale features back to the backbone network for additional feature extraction.
Additionally, to improve localization accuracy and robustness in cluttered scenes,

a Rep—CIoU loss function is designed to mitigate the impact of object overlap.

To evaluate the effectiveness of the proposed methods, experiments were conducted
on X-ray security inspection images, a highly challenging real-world application
characterized by varying object scales and frequent object overlaps. The results
demonstrate that the proposed methods significantly improve detection accuracy and
robustness. Furthermore, to assess the generalizability of the methods, extensive
experiments were also performed on the VOC and COCO datasets, which include human
detection tasks. The experimental results show that the proposed methods achieve
competitive performance, highlighting their broad applicability across diverse

domains.

As another key step in the proposed framework, action classification is a
challenging task, particularly when dealing with subtle motion patterns
characterized by small amplitudes and prolonged durations. Two pivotal issues warrant
further exploration: the development of enhanced temporal feature representations
and the expansion of convolutional models’ capacity to capture long-range temporal
dependencies. This thesis proposes a novel Skeleton Temporal Fusion Graph
Convolutional Network (STF-GCN) for action classification, which effectively models
advanced temporal feature representations. Specifically, the STF-GCN employs three
encoding strategies to integrate two types of temporal feature representations. These
strategies are designed to capture the intricacies of motion dynamics and the
subtleties in action variations, enabling more accurate and robust recognition of
complex actions. Furthermore, a Skeleton Temporal Fusion (STF) module is proposed
to highlight temporal feature representations, employing a structure that alternates
between large and small kernel convolutions to achieve diverse effective receptive
fields. The integration of large kernel convolutions allows our model to perceive
an expanded temporal context, significantly enhancing its ability to understand

action dynamics in depth.



To evaluate the effectiveness of the proposed methods, extensive experiments were
conducted on both elderly action and general action datasets. The results demonstrate
that the proposed methods achieve superior performance, not only in classifying
elderly actions with subtle and prolonged motion patterns but also in general action

classification tasks, highlighting its robustness and broad applicability.

Finally, this thesis explores the application of the proposed framework in two key
areas: elderly care and intelligent education. In elderly care, fall detection serves
as a case study. Fall detection is critical for enhancing caregiving safety and
supporting the independence of elderly individuals. Experimental results demonstrate
that the proposed framework achieves an impressive average accuracy of 96.3% in
real-world scenarios, while maintaining low false positive and false negative rates.
In intelligent education, hand-raising recognition serves as a case study.
Recognizing hand-raising actions is essential for comprehensively evaluating student
engagement and adapting teaching strategies accordingly. Experimental results show
that the proposed framework achieves an average accuracy of 89.7% in real-world
scenarios, also maintaining low false positive and false negative rates. These
results demonstrate that the proposed depth camera-based action recognition
framework is both accurate and practical for real-time applications in critical

domains, and has strong potential for broader deployment in real-world scenarios.



