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Abstract: Human interaction and computer vision converge in the realm of Human Activity
Recognition (HAR), which is a research field dedicated to the creation of automated systems
capable of observing and categorizing human activities. This domain closely aligns with machine
learning, involving the development of algorithms and models adept at learning to recognize and
classify patterns within data. HAR typically unfolds in two pivotal phases: data acquisition and
processing, followed by activity classification. In the initial phase of data acquisition and processing,
information is gathered from various sensors or video sources, such as accelerometers, smartphones,
or smartwatches. Subsequently, the collected data undergo preprocessing to extract relevant features.
The subsequent phase, activity classification, employs machine learning algorithms to categorize
these extracted features into distinct activity types, ranging from walking and running to sitting.
This paper introduces an innovative approach grounded on these two fundamental phases. For the
first phase, we leverage the MediaPipe algorithm to discern human articulations. Once these poses
are detected, we contribute by extracting the coordinates of each articulation. These coordinates
are then transformed into graphs, where nodes signify the articulation coordinates and edges
represent the connections between them. In the second phase, we enhance existing methodologies
by incorporating a diverse set of machine learning models. Notably, the utilization of Graph Neural
Networks (GNNs) which stands out as a significant advancement. This choice proves instrumental
in effectively learning and representing complex spatial and temporal patterns, surpassing the limi-
tations of conventional machine learning algorithms. The developed system undergoes evaluation
on the KTH and UCF50 datasets, demonstrating state-of-the-art performance in HAR.
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1 Introduction

Human activity recognition (HAR) is a rapidly growing field of research in computer
science and artificial intelligence. HAR aims to automatically identify and classify
different human activities from data. HAR has a wide range of applications in various
domains, including healthcare, sports and fitness, transportation, robotics, and security.
In healthcare, HAR can be used to monitor patients with chronic conditions, such as
Parkinson’s disease or Alzheimer’s disease[Snoun et al. 2021a], to detect changes in their
activity patterns and provide prompt interventions. It can also be used to track physical
activity and assess fitness levels, which is important for sports performance analysis and
personal health management.

In addition to these domains, HAR has other potential applications, such as human-
computer interaction, gaming, and virtual reality.

Video-based HAR and sensor-based HAR are two main types for recognizing human
activities. Sensor-based HAR involves collecting data from sensors, such as accelerome-
ters, gyroscopes, and magnetometers, on a device like a smartphone or a smartwatch.
The data is then processed and used to classify different human activities. Video-based
HAR involves using cameras to capture human movements and actions, which are then
processed and classified using computer vision techniques. This type is useful for recog-
nizing activities that involve complex body movements, such as sports, dance, and yoga,
and can provide high accuracy when the data is of good quality. Both sensor-based HAR
and video-based HAR have their strengths and limitations, and the choice of approach
depends on the specific application and context. In the developed system we applied
video-based approach for several reasons:

- High accuracy: Video-based HAR can provide high accuracy when the data is of
excellent quality. This is because video can capture fine-grained details of human
movements and actions, making it easier to distinguish between different activities.

- Rich data: Video-basedHAR can provide rich data that can be used for other purposes,
such as studying human behavior, developing virtual reality systems, and training
robots.

- Flexibility: Video-based HAR can be used in a wide range of settings, such as homes,
gyms, and public spaces. It can be used to monitor activities for health and wellness,
security, and entertainment purposes.

Nevertheless, video based HAR is a valuable tool in the field of activity recogni-
tion and has the potential to improve our understanding of human behavior in various
contexts[Snoun et al. 2021b][Snoun et al. 2022]. In the state-of-the-art Human activity
recognition typically involves two main phases: data acquisition and processing, and
activity classification.

- In the data acquisition and processing phase, data is collected from sensors or videos
then their features are extracted and used to classify different activities. Several
methods were employed to detect and extract meaningful features. We used the
MediaPipe algorithm that generates pose estimation in videos. MediaPipe’s pose
detection module uses a deep learning model to estimate the key points or landmarks
on the human body, such as the position of the nose, shoulders, elbows, wrists, hips,
knees, and ankles. These key points detected by the MediaPipe are extracted to be
classified in the next phase.
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- In the activity classification phase, the extracted features (key points) are used as
inputs to a classification algorithm, which is trained to recognize different activities
based on the patterns in the data.

In this paper our contributions can be mainly summarised as three aspects:

– We presented a novel approach based on human poses extracted by the MediaPipe
algorithm from video.We extracted for each frame of the video the (x, y) coordination
of the detected key points.

– The extracted coordination was classified using Graph Neural Networks. GNN are
presented as graphs with nodes and edges. In our case we presented nodes as frames
that holds the list of the coordination of the key points and edges represents the links
between the frames (nodes) of one video.

– Our developed system has achieved competitive performances on the KTH and
UCF50 datasets, and previous studies verify the effectiveness of our main designs.

The paper is structured as follows: in section 2, we will analyse and discuss the
relevant literature on the HAR and review some of the key ideas and approaches, further-
more we will present some of previous works that are based on methods of detection and
activity classification existing approaches. Moreover, we present in details the concept
of Graph Neural Networks (GNN) and present some recent works that have applied
this concept to represent and classify data as graphs. Section 3 will be dedicated to
present and detail the architecture of the developed system. The experiments and their
corresponding results are detailed in section 4, discussion is presented in section5, while
section 6 concludes the study, and section 7 outlines potential future works.

2 Related Works

Overall, HAR is an important field of research that has applications in a wide range of
areas, including healthcare, sports science, and security. To supply a comprehensive
overview of the HAR, we review in this section the related works in the field.

In recent years HAR has become an active domain in deep learning. There are sev-
eral deep learning techniques used for HAR, including Convolutional Neural Networks
(CNNs), Recurrent Neural Networks (RNNs), Long Short-Term Memory (LSTM) net-
works and Graph Neural Networks (GNNs). These networks are used to process data
and to identify human activities such as walking, running, and sitting.

In the developed system we used GNNs concept. The GNN can detect how to
extract features from the graph and use these features to perform activity recognition.
Since our developed system focuses on different concepts; features extraction methods,
activity classification approaches and Graph Neural Networks, the related works will be
concentrated on previous approaches that have utilised these concepts.

2.1 Data acquisition and features extraction methods

Data acquisition refers to the process of collecting data from various sources such as
sensors, databases, websites, social media platforms, and other digital platforms. Data
acquisition can be performed manually or automatically using specialized software tools.
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Feature extraction is the process of identifying relevant features from data. Feature
extraction is a major step in machine learning and data analysis, as it can help to reduce the
dimensionality of the data, remove irrelevant information, and improve the performance
of the models.

There are several existingmethods to extract features from videos;Mehrez Abdellaoui
et al[Abdellaoui and Douik 2020] divided the video clips from the KTH dataset[Schüldt
et al. 2004] into frames. After that, they converted the obtained result into binary frames
using two techniques. First, they employed thresholding algorithm where the object was
clearer compared to the background, then they used the background detection algorithm
for the frames that are characterized by similar degrees of illumination for the object and
the background. Later, they used some morphological filters like dilation, erosion, etc.

Interest points are often used in computer vision and image processing algorithms
as a way of detecting and tracking objects or patterns of interest. They are points or
regions within an image or video that have distinctive features such as corners or edges.
In the context of human action recognition, interest points can be used to model the
spatial and temporal distribution of features within a video, which can then be used to
extract view-invariant features that are robust to changes in viewpoint or camera angle.
Kuang-pen chou et al [Chou et al. 2018] developed a system that employs view-invariant
features to achieve precise and reliable action recognition from multiple viewpoints.
These view-invariant features are derived by extracting features from various temporal
scales, which are designed based on the explicit global, spatial, and temporal distribution
of interest points.

Histogram of Oriented Gradients (HOG) is a feature extraction technique commonly
used in computer vision and image processing. It involves dividing an image into small
cells and computing the gradient direction within each cell. These gradients are then
accumulated into a histogram of gradient directions, which captures the dominant edge
orientations in the image. The resulting feature vector can be used for tasks such as object
detection, recognition, and tracking. HOG is particularly useful in detecting objects that
have a distinctive edge or texture pattern, such as faces, pedestrians, and vehicles, and
has been used in various applications such as surveillance, autonomous vehicles, and
robotics. SIFT stands for Scale-Invariant Feature Transform. It is a computer vision
algorithm used to detect and describe local features in images, making it useful for tasks
such as object recognition [Liu et al. 2011] SIFT can identify key points in an image
that are invariant to changes in scale, orientation, and lighting conditions, making it
robust to various types of image transformations. These key points can then be used to
match images or to extract higher-level features, such as motion features, as described in
the paragraph you provided. Samarendra Chandan Bindu Dash et al [Dash et al. 2021]
proposed a new framework for recognizing human action that extracts high-level motion
features and in-depth features using a combination of SIFT as a handcrafted feature and
Convolution Neural Network (CNN). This combination preserves temporal information
from entire video frames. The proposed framework outperforms regular 3D CNN and
traditional handcrafted features such as optical flow with support vector machine (SVM)
and SIFT. The developed approach was tested on the UCF[Reddy and Shah 2013] and
KTH [Schüldt et al. 2004] datasets.

PTLHAR [Jlidi et al. 2020] is an approach developed by Nozha Jlidi et al. The
developed method is based on using body articulations in the human body, the system
used PoseNet [Papandreou et al. 2018] algorithm to extract human skeleton. Once
skeleton is obtained coordinates are extracted from each articulation. In the second phase
which is activity classification a transfer learning model is used to classify and recognize
the activity. The developed systemwas evaluated on two datasets which are KTH[Schüldt
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