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body postures, Human poses assessment was an exciting research trend in the last
pose, decades. It was used in sports, health care, and many other fields, to
landmarks, help people get better performance. Machine learning and artificial
Mediapipe, intelligence techniques are used for this purpose. This paper used
Machine Learning. Google Mediapipe as a part of a framework for automatic Human-

body pose assessment in real time. The proposed framework is based
on detecting reference image poses, finding pose landmarks, and
extracting discriminative features for each pose. These same process
stages are applied to each image frame taken for the trainee using a
web camera. The last stage of the framework compares the extracted
features for the learner pose image with the saved features of the
reference. The reference image was proposed to enable the system to
be used for various applications. This system acts like a smart mirror
that detects differences between the user pose and the reference still
image then gives correction information in real time. Experiments
were performed on side view cases like standing and sitting activities
and gave promising results. This system could be very helpful for
automatically self-pose assessment at home, or as an auxiliary tool
for a certain learning program.
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1. INTRODUCTION

Human body posture is a very interesting research line in the last two decades at least. It is
important in our daily life activities (Stenum et al., 2021). There are correct postures for almost
every state of our bodies. Incorrect postures could be very harmful and should be detected and
avoided. Automated pose assessment attracts a lot of attention using different technical methods
like using wearable and unwearable sensors (Diraco, Leone, & Siciliano, 2013; Lawanont,
Inoue, Mongkolnam, & Nukoolkit, 2018; Leightley & Yap, 2018), computer vision, and
machine learning (Munea et al., 2020; Nicolae-Adrian, Claudiu, Ana-Maria, & Ciprian, 2021).
Google’s MediaPipe Pose is a part of a framework which offers a pre-trained machine learning
model that detects body joints in an image and video. It is based on the convolutional neural
network BlazePose. From an RGB image, MediaPipe predicts 33 body important locations
termed posture landmarks (each of which consists of x, y, and z referring to the hip-point)
(Bazarevsky et al., 2020).
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In this paper, we present a method for real time body pose assessment based on comparing the
features of the trainee or learner video-frames (frame by frame) with the features of a reference
standstill image and give proper text advice to the user to reach the best match with the reference
pose in real time. This method could be application-independent and be applied to various
activities. A side view posture was taken as an example for standing and sitting states. The
reference image means the perfect posture that the trainee wants to reach and could be given by
the trainer or selected from a confident reference.

2. PREVIOUS WORKS

(Jesmeen et al., 2023) have developed a real-time CNN-based system to recognize three sleep
postures (right, left, and lying on back). They collected their own dataset to train the CNN, and
provided 99.59% classification accuracy. (Chiang et al., 2022) proposed a posture recognition
system for bedridden elderly patients using an RGB-Depth camera, where only four-3D joints
were adopted. The system used OpenPose for 2D skeleton-joint detection. The recognition
accuracy was about 95%. If the elderly person doesn't change his posture for a pre-given period,
a warning message is sent to the medical staff. MediaPipe was used by (Kwon & Kim, 2022)
to get the body posture landmarks for an exerciser doing (squat, push-up) exercise at home,
where Open CV was adopted for video capturing via a webcam, posture estimation, body angle
calculation, incorrect pose detection, and giving text messages for pose correction. An adaptive
generative adversarial network (GAN) approach was produced by (Xu et al., 2022) for
landmarks detection. DenseNet and KNN were combined by (Dittakavi et al., 2022) to produce
a Pose Tutor for pose detection and correction. Human body posture detection and assessment
can have a variety of applications. One of them is Yoga posture assessment (George, Dcouth,
Jaimy, Daji, & Antony, 2022) (Long, Jo, & Nam, 2022) (Wu et al., 2022) (Kothari, 2020).
Another application is baby sleep monitoring (Khan, 2021). Head pose was analyzed by
(Hammadi, Grondin, Ferland, & Lebel, 2022), while (Johnston et al., 2022) focused on Human
motion. Body balance (Nguyen, Woo, Huynh, & Jeong, 2022), and fall detection(Han, Yang,
& Huang, 2020) were investigated too. Sitting pose (Chen, 2019) and Workout assessment
(Dawange, Chavan, & Dusane, 2021) (Kwon & Kim, 2022) were studied also. Body language
attracted (Pifiero-Fuentes et al., 2021), while Islamic Prayer activity monitoring was
implemented by (Gupta, 2020) (Koubaa et al., 2020). A Pose Tutor (Dittakavi et al., 2022) was
suggested too. It is well noted that each one of the previous works was tailored to a certain use,
here we introduce a method that could be the first step to cross over many applications and
could be applicable for various usages.

3. MATERIALS AND METHODS

We proposed a way that helps people to make self-assessment for their body posture using a
selected reference pose image. It can be used for various types of postures and not limited to a
certain use. The proposed setup consists of a webcam connected to a PC, as depicted in
Error! Reference source not found., that executes the proposed algorithm using Python
program. The user needs to feed the PC with the reference pose image then the system will
acquire the user pose-images via the webcam, and he will get the assessment of his posture and
some advice for improvement for each frame of the video. The assessment and the correction
advice are given as text messages along with some sketches added on the images.
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Figure 1. The proposed setup

The suggested framework consists of two identical processing pipelines as shown in
Error! Reference source not found.; one for the reference image and the other for the user
video. The common last stage compares the extracted features from both lines and give the
proper assessment in real time.
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Figure 1. The suggested framework
3.1. Landmarks Detection

The input images are subjected to MediaPipe for landmarks detection. Google MediaPipe uses
PlazePose to find 33 body landmarks with high accuracy. These landmarks can be projected on
the original image. Each landmark is defined by three coordinates x, y and z and. The landmarks
can also be connected with line-segments to form a skeleton shape for the original image as
shown in Error! Reference source not found. which reflects the body posture in that image.

f B

Figure 2. Image skeleton extracted using Mediapipe key points

3.2. Features Extraction

Seven handcrafted features were extracted from the detected landmarks for the right side of the
body. These features were empirically chosen to produce distinguishable differences between
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Table 1. Postures’ features for the right side of the body

Features 2-Vertix- Angle 3-Vertix-Angle
01 Head Tilt Shoulder-Nose (p1) Hip-Nose-Ear
02 Torso Alignment - Shoulder-Hip-Knee o
03 Arm Angle - Elbow- Shoulder-Hip
04 Elbow Angle - Shoulder-Elbow-Wrist
05 Wrist Angle - Elbow-Wrist-Index Finger
06 Knee Angle - Ankle-Knee-Hip
07 Foot angle - Knee-Ankle-Foot Index

the reference and the user poses. We adopted angle calculations between two vectors of the
skeleton shape as presented in Table 1. The angles can be calculated from three vertices
(landmarks) or from two landmarks using a third vertex lying on one of the cartesian axes of
the image. Angle calculation from three vertices is not affected by image orientation since it is
only related to the predicted landmarks of the body. The angle-dependent features may describe
body posture with acceptable accuracy for many cases, and they aren’t affected by body parts’
length, width, or shape. We found these features are suitable to detect posture misleading from
side view images for standing and sitting.

3.3. Features Comparison and Decision Making

The pre-last stage of the framework is the comparator, which compares the extracted features
from each frame of the user video with those of the reference image. The comparison is done
by subtracting each feature of the reference from its corresponding feature from the user. The
result gave an indication of the deviation of each body part of the user body from its equivalent
of the reference and direction of that deviation. The smaller the deviation the better performing.
The last stage is the pose assessment which was accomplished by overlaying text and line
sketches on the user video-frames. The sketches indicated the angle vectors for each feature in
addition to line-arrows pointing to the direction of the required corrections. While the text
messages were of two types, the difference angles that should be minimized in addition to an
advice sentence as depicted in Error! Reference source not found..

THE TORSO OF YOUR BODY IS TILTED FORWARD
. ADVICE: TRY TO MAKE IT STRAIGHT

Figure 3. Sample of the trainee image overlayered with the pose assessment notice

4. RESULTS AND DISCUSSIONS

The proposed method was applied on side view posture for two main body situations as shown
in Error! Reference source not found.. The first application is used to correct body posture
and help people to avoid harmful standing postures. The second application is the sitting state
which takes a lot of time of our lives and could lead to many unwanted consequences on our
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bodies. The results that were given by the presented framework were compared with the Man-
made decisions and gave comparable results with some notes. The first note is that the torso
and neck bowing cannot be detected precisely by using landmarks. The second note is the need
to align the camera coordinates with the reference image coordinates to extract more useful
features. The third note is that the selection of the reference image is crucial.

Reference Image Selected frames from the user video

cg = 545 = 304
p ‘ Reference Image Selected frames from the user video

Figure 4. An example for standing and sitting postures for three selected frames of the user video

Body rotation was not considered in this research, and it is left to future works. Anyway, the
system works well regardless of image and video backgrounds, image size, age, or gender
difference between the user and the reference as demonstrated in Error! Reference source not
found..

Reference Image User-1 Image User-2 Image User-3 Image

Figure 5. Age, gender, background, and image size differences has no effects on the operation

5. CONCLUSION

In this paper, we presented a human body posture assessment method using the convolutional
neural network model BlazePose via MediaPipe in the detection of 33 body landmarks. These
landmarks were used to extract discriminative handcrafted features. The assessment method
was based on comparing the features of a reference image with each frame of the user video in
real-time using a webcam. This method is applicable for many usages and doesn’t depend on
the opinion of the designer, it almost looks like the traditional training ways. A side view was
experimented with the standing and sitting postures and showed comparable results.
This method can be developed to be general by making the system more intelligent by detecting
the body side and selecting the most suitable features, from pre-saved features, depending on
the reference image body state.
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