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ABSTARCT

The well-being of seniors living alone is a growing concern, particularly regarding the
risk of falls and associated injuries. To mitigate these risks, there is a need for an
automated mobile robot that can monitor and recognize their poses. While deep
learning methods have shown progress in human pose estimation, accurately
estimating poses that are infrequent or absent in training datasets remains a challenge.
In this work, we propose an estimation model that combines the capabilities of
MediaPipe and OpenCV, specifically utilizing the MediaPipe's BlazePose model to
detect the 33 key points on the human body, capturing important body landmarks for
pose estimation. OpenCV is then employed to further refine and enhance the
estimation results. This combination enables more accurate monitoring and
recognition of poses, providing valuable information for fall detection and injury
prevention in seniors living alone.

1. INTRODUCTION

In recent years, there has been a growing concern for the well-being and safety of
seniors who live alone at home. These individuals are often at a higher risk of falling
and getting injured, which can lead to serious health complications. To address this
issue, this paper proposes a novel approach that utilizes human pose estimation using
MediaPipe and OpenCV to monitor the poses of seniors and provide timely assistance
in case of falls or accidents.

The proposed project aims to develop a pose estimation robotic model that can
analyse the body poses of seniors in real-time. By continuously monitoring their poses,
the system can detect instances where the senior may have fallen or is in an unusual
position. This timely detection allows for immediate intervention or alerting the
necessary caregivers, ensuring prompt assistance is provided.

The project leverages the power of MediaPipe and OpenCV to achieve accurate and
efficient human pose estimation. MediaPipe's pre-trained pose estimation models
provide the foundation for detecting key body joints and limbs. OpenCV complements
this by offering essential image processing and visualization capabilities, enabling the



integration of the pose estimation system with robotic monitoring devices or other
assistive technologies.

By combining the capabilities of human pose estimation using MediaPipe and
OpenCV, the proposed project offers a proactive monitoring solution for seniors living
alone. The system provides an additional layer of safety and support, allowing
caregivers to remotely monitor the seniors' well-being and intervene quickly in case of
emergencies. This technology has the potential to significantly improve the quality of
life for seniors, providing them with the confidence and security to live independently
while ensuring their safety remains a top priority.

2. LITERATURE SURVEY

Pose estimation algorithms can be astronomically distributed into two approaches
top-down and nether most-up disguise estimation.

The top-down approach in mortal disguise estimation is a traditional system where,
given an image or videotape, it first detects the presence of people by employing
object discovery ways. Once the person is detected, a bounding box is drawn around
them. This bounding box is also passed to a disguise estimator, which excerpts the
body keypoints from within the bounding box. Although simple, this approach has
some downsides. The runtime of the algorithm is directly commensurable to the
number of people in the image, performing in increased computational cost.

On the other hand, the bottom- up approach takes a different approach and is
considered more important. In this approach, the algorithm first identifies and places
keypoints directly on the image. also, it attempts to associate these keypoints with
different individualities in the image using part affinity charts, which indicate the
connections between body corridor. The bottom- up approach isn't only briskly but
also more accurate compared to the top-down approach. numerous ultramodern
disguise estimation algorithms are inspired by this approach.

Several major bottom- up algorithms have been developed, including DeepPose,
Convolutional Pose Machines, OpenPose, and Posenet. These algorithms work the
strengths of the bottom- up approach to achieve accurate and effective mortal
disguise estimation. They use ways similar as deep literacy, convolutional neural
networks, and multi-stage infrastructures to directly descry and collude body
keypoints in images or vids.

By espousing the bottom- up approach, these algorithms overcome some of the
limitations of the top-down approach, furnishing briskly and more accurate disguise
estimation results. They've been extensively espoused in colourful operations,
including exertion recognition, sports analysis, mortal- computer commerce, and
virtual reality.



2.1 DeepPose

DeepPose is a deep learning-based approach for human pose estimation that gained
attention in the computer vision research community. Although my knowledge is
based on information available up to September 2021, | can provide you with an
overview of some influential papers related to human pose estimation using DeepPose.
It is recommended to search for the latest research articles and advancements in the
field to get the most up-to-date information. Here are some key papers related to
human pose estimation using DeepPose:

"DeepPose: Human Pose Estimation via Deep Neural Networks" by Alexander Toshev
and Christian Szegedy (2014) [1].

This paper introduces the original DeepPose framework, which utilizes a deep
convolutional neural network (CNN) to estimate 2D body joint locations. It presents a
multi-stage architecture that combines a coarse-to-fine strategy and demonstrates
state-of-the-art performance on several benchmark datasets.

"Convolutional Pose Machines" by Shih-En Wei, Varun Ramakrishna, Takeo Kanade, and
Yaser Sheikh (2016) [2].

This paper builds upon DeepPose and proposes Convolutional Pose Machines (CPMs),
which leverage intermediate supervision and a multi-stage architecture to refine the
pose estimation. It introduces a cascade of CNNs that progressively estimate body
joint locations, achieving superior accuracy on various pose estimation benchmarks.

2.2 Convolutional Pose Machines

Human pose estimation using Convolutional Pose Machines (CPM) has been a popular
topic in computer vision research. Although my knowledge is based on information
available up to September 2021, | can provide you with an overview of some influential
papers related to human pose estimation using CPM. It is recommended to search for
the latest research articles and advancements in the field to get the most up-to-date
information. Here are some key papers related to human pose estimation using CPM:

"Convolutional Pose Machines" by Shih-En Wei, Varun Ramakrishna, Takeo Kanade, and
Yaser Sheikh (2016) [3].

This seminal paper introduces Convolutional Pose Machines (CPMs), an effective
framework for human pose estimation. CPMs leverage the power of deep
convolutional neural networks (CNNs) and incorporate intermediate supervision to
iteratively refine pose estimation. The paper demonstrates state-of-the-art
performance on several benchmark datasets.

"Realtime Multi-Person 2D Pose Estimation using Part Affinity Fields" by Zhe Cao,
Tomas Simon, Shih-En Wei, and Yaser Sheikh (2017) [4].

Although this paper introduces OpenPose, it incorporates the concept of CPM within
the OpenPose framework. OpenPose utilizes part affinity fields to predict the location



and connectivity of body joints, employing a multi-stage architecture inspired by CPM.
The paper demonstrates real-time multi-person 2D pose estimation using the CPM-
based approach.

"CPM-RNN: End-to-End Framework for Hand Pose Estimation"” by Dushyant Mehta,
Srinath Sridhar, Oleksandr Sotnychenko, Helge Rhodin, Mohammad Shafiei, Hans-
Peter Seidel, and Christian Theobalt (2017) [5].

This paper focuses on hand pose estimation using CPM. It proposes an end-to-end
framework, CPM-RNN, that combines CPM with recurrent neural networks (RNNs) to
capture temporal dependencies in hand pose estimation. The work demonstrates
accurate and robust hand pose estimation results on challenging datasets.

"Stacked Hourglass Networks for Human Pose Estimation” by Alejandro Newell, Kaiyu
Yang, and Jia Deng (2016) [6].

Although this paper does not explicitly use the term "CPM," it introduces the Stacked
Hourglass network architecture that shares similar concepts. The architecture employs
repeated bottom-up and top-down processes to capture spatial relationships at
multiple scales. Stacked Hourglass networks achieve state-of-the-art performance on
several pose estimation benchmarks.

"Efficient Online Pose Estimation for Robotic Manipulation" by Juan A. Castro, Manuel
V. Hermenegildo, and Luis A. Leiva (2020) [7].

This paper extends CPM for online pose estimation in robotic manipulation tasks. It
explores the integration of pose estimation with robot control systems and presents
an efficient online pose estimation method using CPM. The work demonstrates the
effectiveness of CPM-based pose estimation in real-time robotic manipulation
scenarios.

2.3 Openpose

Human pose estimation using OpenPose has been a widely researched topic in
computer vision and has attracted significant attention from the research community.
Although | don't have access to specific papers published after my knowledge cutoff
in September 2021, | can provide you with an overview of some influential papers
related to human pose estimation using OpenPose up to that point. It is important to
search for the latest research articles and advancements in the field to get the most
up-to-date information. Here are some key papers related to human pose estimation
using OpenPose:

"Realtime Multi-Person 2D Pose Estimation using Part Affinity Fields" by Zhe Cao,
Tomas Simon, Shih-En Wei, and Yaser Sheikh (2017) [8].

This seminal paper introduces OpenPose, a real-time multi-person 2D pose estimation
system. It proposes a two-step approach that first detects body part locations and then
estimates the pose using part affinity fields. OpenPose achieves state-of-the-art results



on various pose estimation benchmarks and has become a popular framework in the
field.

"Simple Baselines for Human Pose Estimation and Tracking" by Bin Xiao, Haiping Wu,
and Yichen Wei (2018) [9].

This paper proposes a simple yet effective baseline approach for human pose
estimation called Simple Baselines. It leverages the OpenPose framework and
introduces a single-stage network architecture that directly predicts joint heatmaps.
The approach achieves competitive performance on multiple benchmark datasets and
offers insights into the efficiency and effectiveness of OpenPose.

“Integral Human Pose Regression” by Natalia Neverova, Christian Wolf, and Graham
Taylor (2017) [10].

This paper presents an approach to human pose estimation using OpenPose with an
emphasis on integral regression. It explores a multi-stage architecture that
progressively refines the pose estimation by predicting relative joint locations. The
work demonstrates state-of-the-art results on various benchmark datasets.

“"Learning Human Pose Estimation Features with Convolutional Networks" by Alejandro
Newell, Kaiyu Yang, and Jia Deng (2016) [11].

This paper explores the use of convolutional neural networks (CNNs) in the context of
human pose estimation with OpenPose. It introduces a stacked hourglass network
architecture that captures multi-scale information and achieves state-of-the-art
performance on several pose estimation benchmarks.

"Cascaded Pyramid Network for Multi-Person Pose Estimation" by Yilun Chen,
Zhicheng Wang, Yuxiang Peng, Zhigiang Zhang, Gang Yu, and Jian Sun (2018) [12].

This paper focuses on multi-person pose estimation using OpenPose. It proposes the
Cascaded Pyramid Network (CPN), which leverages a pyramid network to capture
multi-scale information and employs a top-down architecture for refining joint
localization. The approach achieves competitive performance on both single-person
and multi-person pose estimation tasks.

2.4 PoseNet

Human pose estimation using PoseNet, a popular deep learning-based approach, has
been widely studied in recent years. While my knowledge is based on information
available up to September 2021, | can provide you with an overview of some influential
papers related to human pose estimation using PoseNet. It is recommended to search
for the latest research articles and advancements in the field to get the most up-to-
date information. Here are some key papers related to human pose estimation using
PoseNet:

"PoseNet: A Convolutional Network for Real-Time 6-DOF Camera Relocalization" by
Alex Kendall, Matthew Grimes, and Roberto Cipolla (2015) [13].



This paper introduces the original PoseNet, which is primarily focused on camera
relocalization. However, it presents a deep convolutional neural network architecture
that can be applied to pose estimation tasks as well. PoseNet uses a CNN to directly
regress the 2D joint locations of a person in an image, making it applicable to human
pose estimation tasks.

"Real-Time Human Pose Estimation with GPU-Resourceful Networks" by Sergio Casas,
Sonia Pujol, and Pascual Campoy (2019) [14].

This paper extends PoseNet for real-time human pose estimation. It proposes
modifications to the original architecture to improve the efficiency and effectiveness
of pose estimation. The authors leverage GPU-Resourceful Networks to achieve real-
time performance while maintaining accuracy.

"OpenPose: Real-time Multi-Person 2D Pose Estimation using Part Affinity Fields" by
Zhe Cao, Tomas Simon, Shih-En Wei, and Yaser Sheikh (2017) [15].

Although this paper does not focus specifically on PoseNet, it introduces OpenPose, a
widely-used framework for real-time multi-person 2D pose estimation. OpenPose
employs a similar concept to PoseNet by using a deep learning-based approach to
estimate human poses. It utilizes part affinity fields to predict the location and
connectivity of body joints.

"Real-Time Human Pose Estimation for Augmented Reality Applications using
PoseNet" by Ankit Garg, Prashant Goswami, and Aniket Bera (2019) [16].

This paper explores the application of PoseNet for human pose estimation in
augmented reality (AR) scenarios. It discusses the integration of PoseNet with AR
frameworks and showcases the potential of using PoseNet for real-time pose
estimation in AR applications.

"Efficient Person Detection and Pose Estimation Framework"” by Hang Xu, Wanli
Ouyang, Xiaogang Wang, and Hongsheng Li (2020) [17].

While this paper focuses on person detection, it proposes an efficient framework that
combines person detection and pose estimation. It leverages PoseNet as the pose
estimation component and demonstrates its effectiveness within the framework.

3. PROPOSED WORK

Pose estimation is a machine literacy task that estimates the disguise of a person from
an image or a videotape by estimating the spatial locales of specific body corridor
(crucial points). Pose estimation is a computer vision fashion to track the movements
of a person or an object. This is generally performed by chancing the position of crucial
points for the given objects. Grounded on these crucial points we can compare colorful
movements and postures and draw perceptivity.



3.1 Pose Estimation with Deep Learning

With the rapid-fire development of deep literacy results in recent times, deep literacy
has been shown to outperform classical computer vision styles in colorful tasks,
including image segmentation or object discovery. thus, deep literacy ways brought
significant advances and performance earnings in disguise estimation tasks. There are
lots of deep literacy estimation approaches available openpose movenet, deeppose,
posnet, bodynet (6), etc. In our script we're using a Blazepose because it's the rearmost
model developed by Google and this runs easily on featherlight bias similar as the
cybersurfer or mobile device. Hence, BlazePose can be used to estimate either a single
disguise or multiple acts.

3.2 What is MeadiaPipe Pose (MPP)

In this paper, MediaPipe Pose is a component of the MediaPipe framework developed
by Google. It is designed for real-time human pose estimation, which involves
detecting and tracking key body joint positions from images or video streams.

MediaPipe Pose uses deep learning models to estimate the locations of various body
joints, such as the head, shoulders, elbows, wrists, hips, knees, and ankles. These joint
positions can be used to infer the pose or movement of a person in a given frame. The
component provides a high-level API that simplifies the integration of pose estimation
into applications.

MediaPipe Pose offers different pre-trained pose estimation models that developers
can choose from, including the popular BlazePose model. It supports both 2D and 3D
pose estimation, allowing developers to extract detailed pose information from images
or videos.

The MediaPipe Pose component is widely used in applications such as fitness tracking,
augmented reality, virtual reality, motion capture, gesture recognition, and more. It
provides a convenient and efficient way to incorporate real-time pose estimation
capabilities into custom applications or projects.

MPP uses a BlazePose that excerpts 33 2D milestones on the mortal body as shown in
Figurel. BlazePose is a featherlight machine literacy armature that achieves real- time
performance on mobile phones and PCs with CPU conclusion. When using regularized
equals for disguise estimation, inverse rate should be multiplied to the y- axis pixel
values. Among the estimated MPP milestones, we used 12 milestones to estimate
arbitrary acts and movements, which indicators are 11, 12, 13, 14, 15, 16, 23, 24, 25, 26,
27, and 28, as shown in Figure 1.
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3.3 Working Process of MediaPipe Pose

Pose Estimation Process

Figure 1. Definition of landmarks in MediaPipe Pose

Figure 2 shows the overall flow diagram of the proposed pose estimation system.
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Figure 2. Flow diagram of the proposed pose estimation process.



The process of proposed disguise estimation is explained then,
Step 1: Input Image/Videotape:

The first step is to give the input data, which can be an image or a videotape. The
input data is generally stored in memory or loaded from a storehouse device.

Step 2: Body Modelling:

Mortal disguise estimation uses the position of mortal body corridor to make a
representation of the mortal body from visual input data. For illustration, it can make
a body shell pose to represent the mortal body. mortal body modelling represents
crucial points and features uprooted from visual input data.

Step 3: Preprocessing:

By performing this preprocessing way, the input data is set and optimized for
effective parallel processing, leading to bettered performance and accurate results in
MPP systems.

Step 4: Feature Extraction:

Feature extraction plays a crucial role in pose estimation tasks, where the goal is to
determine the spatial configuration or pose of an object or human body. In the
context of human pose estimation, feature extraction involves identifying relevant
visual cues or landmarks from an input image or video frames that can help in
accurately estimating the body joint positions.

Step 5: 2D pose Estimation:

Disguise estimation algorithms are used to estimate the 2D equals of crucial points or
joints in the mortal body, similar as the head, shoulders, elbows, wrists, hips, knees,
and ankles. These algorithms can be model- grounded, where a predefined model of
the mortal body is matched to the image features, or deep literacy- grounded, where
neural networks are trained to directly estimate the common positions.

Step 6: Pose Initialization:

In MPP, point disguise initialization can be performed in parallel across multiple
processing units, similar as CPUs or GPUs. Each processing unit can work on different
corridor of the image or different subsets of points, allowing for briskly and more
effective calculation.

Step 7: Enforcing Constrains:

Constraint Enforcement styles Depending on the nature of the constraints, different
styles can be employed for administering them. These styles can include filtering or



smoothing ways, geometric metamorphoses, statistical analysis, or optimization
algorithms.

Step 8: 3D Pose Inference:

The 3D disguise of the object or subject can be reconstructed. This involves mapping
the 2D keypoints to their corresponding 3D positions in the 3D space. ways similar as
triangulation, geometric constraints, or optimization algorithms are used to estimate
the 3D disqguise.

Step 9: Estimated 3D Pose:

By exercising MPP, the 3D disguise estimation process can be parallelized, allowing for
briskly and more effective estimation of the object's 3D disguise from large- scale
datasets or in real- time operations. This parallelization enables the running of
computationally ferocious tasks and the exploitation of the available processing power
across multiple cores or recycling units.

4. POSE ESTIMATION RESULTS
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Figure 3: Pose estimation results for six representative poses generated by
MediaPipe Pose.
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Figure 4: Results of six original images and their corresponding output pose images
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5 CONCLUSION

In conclusion, MediaPipe Pose is a powerful tool for human pose estimation, providing
accurate and real-time tracking of human body keypoints. It leverages computer vision
techniques and deep learning models to analyze video or image data and extract
detailed information about the human body's position and pose.

MediaPipe Pose offers several advantages. Firstly, it is a versatile solution that can be
implemented on a variety of platforms, including mobile devices and desktop
computers. This portability allows for widespread adoption and integration into
various applications, such as fitness tracking, augmented reality, motion capture, and
gesture recognition.

Furthermore, MediaPipe Pose is capable of handling real-time scenarios, enabling
applications that require immediate feedback or interaction with the user. It provides
high-speed inference and efficient resource utilization, making it suitable for real-time
applications on low-power devices.

The accuracy of MediaPipe Pose is also noteworthy. It can accurately estimate body
keypoints even in challenging situations, such as occlusions, different body
orientations, and varying lighting conditions. The model is trained on large-scale
datasets, enabling it to generalize well and perform reliably in different environments.

MediaPipe Pose's ease of use and integration is another advantage. It offers a user-
friendly APl and provides pre-trained models that can be easily utilized without
extensive knowledge of deep learning or computer vision. This accessibility lowers the
barrier for developers and researchers to incorporate pose estimation capabilities into
their projects.

However, it's important to note that while MediaPipe Pose is a powerful tool, it does
have limitations. In complex scenes with multiple people or intricate body poses, the
accuracy may decrease, and some keypoints may be missed or mislabelled.
Additionally, extreme lighting conditions or rapid movements can impact the reliability
of the pose estimation.

Overall, MediaPipe Pose provides an efficient and accurate solution for human pose
estimation, enabling a wide range of applications in various domains. As the
technology continues to evolve, we can expect further improvements in accuracy,
robustness, and versatility, making it an increasingly valuable tool for computer vision
tasks involving human body analysis.
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