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Abstract of Master’s Thesis of Academic Year 2022

How to Adjust Workout Posture to Correct Position by

Using Electric Equipment

Category: Design

Summary

It is important for workout beginners to imitate the poses of experts in an ab-

solutely correct way. This is especially important when they work out by using

YouTube training videos, since the training effect depends greatly on the pose

gesture. However, it is difficult for beginners to learn the proper poses for all

patterns from watching videos since the detailed angle of every movement is com-

pletely different. The workout system is proposed to measure the user’s 15 body

joints, analyze 2D pose images, process and compare input body joints and output

body joints. Our system simulates the position of the user and overlays that onto

the video of the trainer. When the system detects any difference between the user

and trainer’s position, it will accordingly give audio or visual arrow feedback to

remind the user to lift up or lower their body. The thesis analyzes if the audio, ar-

row, audio/arrow feedback work the best on improving the workout effect. Also,

comparing the feedback that is given to the leg and arm separately, and given

to arm and leg collectively. The more effective way of giving feedback is also

tested. Results of the research has potential applications in creating new forms of

re-programmable body movements in both virtual and physical environments.
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body movement, gesture tracking, image identification, camera capture, human-
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Chapter 1

Introduction

In this chapter, the background and the brief of the research will be

explained. First, the situation of workouts prior and during COVID-

19 will be discussed. Secondly, the limitation of the current solution

and the new improvement plan will be introduced. Third, the future

application of the workout plan is also included. Last but not least,

the thesis purpose, contribution, and the thesis outline will be shown.

1.1. Motivation: Evolution of Workout Method

COVID-19 has had a significant impact on numerous enterprises, particularly in

the fitness sector. People who are unable to go to the gym spend months cooped

up at home doing very little exercise. Some people connect to the anticipated

explosion of online courses to find solutions to their concerns at home. However,

some people may find it difficult to choose the best strategy for getting the best

workout outcomes. A traditional workout is focused on receiving instruction from

certified fitness athletes and trainers in person. How to design the best workout

for at-home strategy is the obstacle that every fitness enthusiast must face.

1.1.1 Situation of Workout during COVID-19 Era

Mask use during exercise causes people to feel uneasy, which reduces the number

of people who may visit the gym and increases the possibility of contracting an

infection. Despite all of these drawbacks, the retention rate for gym members

remained poor, as evidenced by the fact that “group exercises have a 56 percent

higher likelihood of having members quit and cancel their memberships” [1].

1



1. Introduction 1.1. Motivation: Evolution of Workout Method

1.1.2 Situation of Workout after COVID-19 Era

People’s ideas haven’t changed, even though some gyms have adjusted and adapted

to new procedures to stop the infection from spreading in the future. Globally,

27.52% of gym patrons and 34.94% in the US don’t plan to return after receiving

the vaccination. Once their loved ones, family, and friends have received vaccina-

tions as well, another 24.24% will return [2].

According to ClubIntel’s analysis, 57% of the respondents who stopped coming

to a gym gave this reason for stopping: they didn’t feel COVID-19 was enough

under control to justify going back [3].

People are looking for alternatives to the gym because gym-goers no longer fre-

quent them. Due to COVID-19, 40% of respondents performed their first workout

at home (Harrison Co., May 2020). Watching YouTube videos is the most com-

mon way to exercise. Virtual workouts continue to have a substantial market

even as some studios open their doors, according to data that reveals users of the

workout apps usage are almost 20% more per month than they were last year [4].

After using the home workout services, people find out a lot of advantages on

work out at home, such as lower cost, time-saving, not being affected by bad

weather, etc. The statistics also supported the phenomenon: it shows that 60% of

gym patrons appreciated their home exercises so much that they intend to resign

from their memberships [5].

1.1.3 Limitation of the New Solution

Unlike sessions at the gym, where consumers might receive expert advice from a

trainer or their workout partner. There is no sufficient instruction provided by the

teacher when people exercise at home. Lack of exercise knowledge might result in

errors that harm the body.

Google searches for knee pain have jumped by 471% in the month and a half

since Monday, March 23, while those for sprained ankles and low back pain have

also increased by 267% and 157%, respectively [6]. Because many people practice

workouts at home, such as lunges and squats, incorrectly. Because of people’s bad

technique, which puts additional strain on their joints, online inquiries for press-

up pain reached a 12-month high [7]. As the data showed, lack of professional

2



1. Introduction 1.2. Overview and Goals

guidance in-home workouts has caused different kinds of physical pain [8].

1.2. Overview and Goals

In this thesis, we present Home Workout, a Python program, which offers correc-

tion suggestions to realize better workout effects. By comparing the positions of

users to trainers, users will be given corrective feedback if their position is wrong,

and accordingly, move their positions to the correct place. For the feedback given

to participants, audio and arrow feedback are the two main feedback given to

participants. Also, the feedback is given in two different ways: separately to leg

and arm, or given collective to leg and arm. There are two main goals to achieve:

The first goal is to compare if the feedback can improve workout effect, if yes,

then test to compare the audio, arrow, arrow and audio feedback to see which one

is the most effective and which one is the least effective.

The second goal is to compare if giving feedback separately to leg and arms and

giving feedback collectively to leg and arms will cause any difference on improving

workout effect. If yes, then test to see which workout method is more effective.

The home workout program can recognize the user’s body movement by ana-

lyzing 2D pose images, processing, separating, and comparing the user’s 15 body

joints and trainer’s body joints, and then providing guidance to correct the dif-

ference.

The data of user’s body movement can be uploaded to the python system, and

the user’s data and trainer’s data will be compared. When the difference of body

joints is greater than 10 degrees, the device is going to judge the position as the

wrong position, and accordingly give different feedback to different body joints,

which helps users correct their body position.

For example, when the user lifts her leg slightly lower than the trainer, our

system will recognize the mistake by analyzing the position data from the knee

and ankle, then assess it as a “Fail” and give feedback. According to the feedback

suggestions to leg and arm, the user will think about where she did wrong, try to

lift her leg, and reach the correct position as the trainer does.

To evaluate this system, there were three experiments related to testing and

comparing the workout effects. There were 16 participants who did the experi-

3



1. Introduction 1.3. Contribution

ments and filled out questionnaires afterwards. Also, we set up a camera to test

the body movement of participants to see if they get improvement in the process

of workout with feedback received and how many PASS (if the position of user

and position of trainer is the same, then they get PASS in the system) do they get.

In this thesis, the planning and designing of the experiment will be introduced.

After the experiments, the participants are free to talk about their feedback

about the experiment, and we will look into how we can augment the workout

experience in the future.

1.3. Contribution

The Human-Computer Interaction (HCI) perspective was merged into the Home

Workout Python Program, and it can be used as a set of standards and recom-

mendations for this study as well as future ones.

A revolutionary program that acts as a display and provides users with visual

cues is introduced in the program. The Home Workout Program’s design, ex-

ecution, and applicability in real-world situations are all covered in this thesis.

One software produces the desktop interface, camera recognition, and comparison

analysis together.

The following is a list of the thesis’s contributions:

I put forth a prototype that can analyze a 2D image using a variety of methods

and tools. It also features a model that enables real-time movement to be contin-

ually recorded, and the resulting body pose data can be compared. Additionally,

the error range of the angle difference between the participant and the trainer can

be altered.

According to our evaluation (N=16), I discovered that delivering audio and

arrow input simultaneously while also providing feedback for both the arm and

the leg delivers the best training effect.

I discussed the design principles and their possible uses in a variety of fields,

including games in addition to training videos.

4



1. Introduction 1.4. Thesis Outline

1.4. Thesis Outline

This paper consists of 5 chapters, the thesis outline is shown as follows:

Chapter 1 introduce the motivation, then followed by a brief introduction for

the experiment design and goal, and pinpointing the research contributions, as

mentioned above.

Chapter 2 will discuss the related work, which focuses on the real-time feed-

back, sensors function, and platform building. Also, how the Home Workout

Program differs from the other workout programs. At the end of chapter 2, thesis

contributions will be stated.

Chapter 3, the ideation will be introduced. Then the concept design and layout

of the prototypes will be shown.

Chapter 4 demonstrates the experiment design on two methods. The result and

discussion will be revealed later on. The evaluation is another main part, which

adopted various methods to analyze the data and information collected.

At the beginning of Chapter 5, the conclusion will be given. The limitation and

the future improvement of the project will be addressed.

All the study materials including questionnaires are in the appendix.

5



Chapter 2

Literature Review

This chapter will cover the literature review and related works.

Related work will be categorized into three sections. First of all, the

gesture tracking technologies are discussed. Specifically, recognizing

the body joints, tracking in real-time basis, and camera setting is

discussed. The second discusses what code and algebraic method is

used to configure the system. Third, previous applications through

camera detection and image analysis are shown.

2.1. Body Recognition

2.1.1 Open Pose System

Because human pose data is frequently needed in the health and sports field, many

studies have been conducted to recognize the data. To recognize the data of a

person from an image, we gain insights from body recognition techniques1 called

OpenPose [9], the first real-time multi-person system to jointly detect human

body, hand, facial, and foot key points (in total 135 key points) on single images.

The ability for machines to recognize people in photos and videos is made possible

in large part by real-time multi-person 2D posture estimation. The researchers

offer a real-time method for identifying numerous people’s 2D poses in an image.

The proposed method learns to link body parts with persons in the image using

a non-parametric representation that we call Part Affinity Fields (PAFs). With

the use of this tool, we can track a single person’s gestures and visually smooth

their movements.

1 https://github.com/CMU-Perceptual-Computing-Lab/openpose#results
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2. Literature Review 2.2. Real-Time Gesture Tracking

Overall, the methods that are now in use can be divided into three groups: ab-

solute pose estimation, relative pose estimation, and appropriate pose estimation,

which combines the two.

The first is the absolute posture estimate approach, which is based on heat map

matching, active and passive landmarks, navigation beacons, and satellite-based

navigation data. The second technique is based on dead reckoning and updates

the human pose incrementally by estimating the distance from a known joint, or

the beginning position and orientation of a human.

Fundamentally, most algorithms anticipate a person’s position in relation to the

background using their pose and orientation. It is a two-step approach that first

recognizes human bounding boxes before assessing the pose of each box.

Next, the major joints for a person, including the elbow, knees, wrists, and so

forth, are then estimated. Depending on the purpose, we can estimate poses for

a single person or a group of individuals.

The model guesses the poses for a single individual in a certain scene when

performing single pose estimation. In contrast, the model calculates the postures

for several people in the given input sequence when using multi-pose estimation.

(Figure 2.1)

2.2. Real-Time Gesture Tracking

A technique put out by “ExemPoser” [11]forecasts the pose of a rock climbing

expert based on the climber’s hands, feet, and the placement of the grips they

are using. Beginners can easily use their system in real-time from smartphones

thanks to the way it was developed. (Figure 2.2)

The ExemPoser has the capability to recognize real-time performance in order

to realize the system. The neural network that powers the first feature has input

layers with 8 dimensions and output layers with 20 dimensions. using a straight-

forward neural network that is fully connected. This network generally has low

latency and is lightweight [9].

The prediction shows the result of the beginner’s data. The red line indicates

the poses of climbers, and the green line indicates the predicted poses.
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2. Literature Review 2.2. Real-Time Gesture Tracking

(Source: https://www.researchgate.net/publication/343632899) [10]

Figure 2.1 Open Oose Working Mechnism

(Source: https://dl.acm.org/doi/10.1145/3384657.3384788) [12]

Figure 2.2 Gesture Tracking by Open Pose
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2. Literature Review 2.3. Camera Setting

2.3. Camera Setting

2.3.1 RGB Camera

Deep learning technology has recently been successfully used into at-home work-

outs. A camera is often used in interaction systems for at-home workouts to

recognize a user’s stance and action. A camera may be used by some interaction

systems to detect a user’s pulse. In order to utilize open-source programs related

to autonomous navigation, the mobile robot is implemented in the ROS robot op-

erating system. The system uses the RGB camera to locate anatomical key points

in 2D space in order to estimate human position for a user performing at-home

exercise.

In the Mobile Robot at Interaction Systems made by Samyeul Noh [13], using

the RGB camera, the system uses action recognition to identify and distinguish

different activities included in video clips (a sequence of image frames) throughout

the course of at-home workouts. (Figure 2.3)

Using the RGB camera, the system recognizes bio-signals by detecting the small

color changes caused by pulses on the surface of human skin, particularly on the

face. Below is a description of the camera’s space setting [14]:

To be more precise, the unity contents visualization module offers the user a

variety of graphical data for clever interaction. During a workout at home, the

user’s various activities are recognized by the action recognition module. The

user’s 2D localisation of anatomical important points is estimated by the human

posture estimation module. An RGB camera and an infrared rays camera are

both utilized by the bio-signal recognition module. To enhance the effectiveness

of action recognition and human posture estimation in the pre-processing stage,

the human data creation module generates additional training data. [13].

2.3.2 Distance Setting

As for the camera distance setting in “ExemPoser” [9], users don’t need to worry

about the position of the camera because the technology allows for any arbitrary

distance between the wall and camera. Pre-processing makes this functionality

possible. If these body joints are shrunk at the predetermined ratio, the real

9



2. Literature Review 2.3. Camera Setting

(Source: https://ieeexplore.ieee.org/document/8939887) [14]

Figure 2.3 Interaction System for At-Home Workouts
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2. Literature Review 2.4. Comparation Design

distance between the holds could not be taken into account because the distance

between the camera and the wall of video is unknown. Next, we note that on a

true scale, the distance between the neck and the midpoint of the hip is practically

same. As a result, the image of the climbing attitude will take on a given size by

reducing the joints at the rate of average distance [11].

2.4. Comparation Design

The article [15] suggested a real-time visual feedback-based golf teaching system.

The device casts the user’s virtual shadow on the ground in front of them, giving

them feedback without causing their form to collapse. In order to make the user

aware of the differences between their form and that of the expert, the contour

of the expert is also superimposed over the user’s virtual shadow. Moreover, the

expense of adapting to this training approach can be decreased by mimicking the

shadows already utilized in conventional golf instruction. (Figure 2.4) This work

taught us to compare the trainer’s virtual movement to the user’s movement, and

to overlay the movements to make the user aware of the differences.

2.5. Sports in Human-Computer Interaction

2.5.1 System Configuration

One of the main problems in engaging in exercises at home is that there is no

proper guidance and feedback provided to align the exercises to the correct move-

ments due to the absence of a physical trainer. Fitness Mate [13] discusses how a

system is designed and implemented to enable users to engage in physical exercises

without the presence of a physical trainer. Visual C++, Matlab programming lan-

guage, and Unity game engine are the technologies used to develop the system.

The main goal is to provide a home-based environment where people can engage

in physical exercise without the presence of a physical trainer and to avoid adverse

physical injuries.

The “ExerCube” [16] is a fitness game setting for adults, which affords im-

mersive game play experiences while engaging in a playful motor-cognitive and
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2. Literature Review 2.5. Sports in Human-Computer Interaction

(Source:https://dl.acm.org/doi/abs/10.1145/3279778.3279927) [15]

Figure 2.4 System Configuration of Golf Training
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2. Literature Review 2.6. Precedent Design on Digital Fitness Platform

coordinated functional workout. Some exergames are developed from a mere en-

tertainment trend to serious training applications, such as Nintendo Wii and Sony

Move. Innovative technologies are introduced to turn the living rooms into play-

ful training settings by offering virtual training simulations. The combination of

training concepts and game design helps people to keep fit in a motivating and

attractive way by putting the user experience at the forefront of the design and

evaluation process.

To address the limitation of the camera’s mobility issue, researchers presented

the system to assist people with working out at home through various advanced

deep learning technologies [17] such as action recognition, human pose estimation,

and bio-signal recognition. We learned from the modules used below: unity con-

tents visualization, action recognition, human pose estimation, bio-signal recog-

nition, and human data generation.

2.6. Precedent Design on Digital Fitness Plat-

form

In the following section, two types of feedback were introduced. One is giving

feedback by trainer. The other one is automated feedback by the app itself. These

apps/tools show the possibilities of giving different types of feedback. The section

below will cover their distinct functional features, out-standings, and short-backs.

2.6.1 OpenFit

Feature: This App helps to expand the platform’s offerings to its subscribers,

including the addition of live classes, where certified trainers provide real-time

feedback to participants through the optional use of a phone’s camera, along with

personalized meal-prep and nutrition tracking tools.
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2. Literature Review 2.6. Precedent Design on Digital Fitness Platform

Pro: Users do not only have access to live classes — they can also stream

results-driven, on-demand workouts led by world-class trainers. This app also

offers Live interactive classes - user can schedule the classes.

Con: No arrow feedback given to users, and audio feedback is not precise

enough as it is not given by AI tool. The automated feedback can also be offered

at anytime without the hassle of scheduling classes.

2.6.2 All-in-One Machine (Tonal)

Feature: Tonal lets you take a variety of classes such as dance cardio, HIIT,

Pilates, and yoga. Tonal analyzes the user’s form and gives feedback when it

detects opportunities for improvement.

Pro: Offer challenging workouts in the privacy of your home. Its resistance

cable system that allows users to easily learn to strength train at home and lift

up to 200 pounds

Con: User needs to purchase the hardware and install it in your home or

apartment. This is not convenient to have everywhere.

2.6.3 Certificated Trainer (Mirror)

Feature: Exercising in front of a fitness mirror helps you check and adjust your

form.

Pro: Mirror’s Bluetooth capability also extends to heart-rate monitors, Apple

Watches, and other smart technology. This can provide up-to-date feedback on
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2. Literature Review 2.6. Precedent Design on Digital Fitness Platform

your physical condition to the Mirror display. Also, The feedback of calories

burned and heartbeats per minute indicated on the screen.

Con: There is no arrow or audio feedback to help change the position. The

only way for user to make improvement is observing their positions in the mirror.

2.6.4 Performance Tracker (Keep)

Feature: Keep App has detailed performance tracking of history record to

provide customized report.

Pro: Keep offers beginner-friendly data report to track how many hours they

workout and what classes they use. User can also hear audio feedback to remind

them what is to keep in mind while workout.

Con: There is no visual feedback as arrow, and the audio feedback is not

customized to the real time workout.
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Chapter 3

Concept Design

Workout people need the feedback to improve their body gesture and

realize better workout effects. In addition, COVID-19 has forced peo-

ple to do workout at home, which lead to the difficulty of receiving

feedback from trainers in the gym.

In order to overcome the difficulty of not being able to receive feed-

back and not receiving the optimal feedback, this research researched

different methods of giving feedback, and the way of giving feedback

to multiple or singular body parts. The technology get evolved to

observe, receive, and give is explained in this chapter.

3.1. Problem Definition and Our Mission

COVID-19 has forced people to stay home, thus they can only do workouts at

home instead of going to the gym. Since most people are not professional trainers,

what they can do at home is imitate movements from YouTube videos. To know

the poses of the experts, beginners need to look at the example of experts for

each scene. Besides COVID, there are also other reasons leading to the gym

quitting behavior, which include the high pricing, not fitting in the environment,

and moving away.

Also, the elderly population in Japan has been rapidly increasing, so seeking a

cheap option for maintaining their health condition has become an essential issue.

Workout at home has become the choice the elderly will go for. In the big data

era, these common barriers are easily addressed by offering digital platforms. By

working out at home, people don’t have to worry about the price, social distancing,

not fitting in with others, and problems like that.
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3. Concept Design 3.1. Problem Definition and Our Mission

3.1.1 Observations and Interviews with Gym Goers

This section will talk about how the concept design is developed from the initial

idea of augmenting workout effects. Initially, through the field work of going to

gym which is next to where I live about 3-4 times a week. To make the workout

experience more fun, I used several YouTube trainer’s video to do workout. The

most frequently used one is Pamela’s workout video. The reason why I favored to

use Pamela’s video (Figure 3.1) is because it doesn’t give extra audio instruction,

but gives clear visual images. While not knowing if my position reached to the

perfect place, I feel more concentrate to Pamela’s body movement by merely

looking at it. Therefore, I raised the question that if only giving visual feedback

will help people realize better workout effect, or give audio feedback will do the

job.

As for the visual feedback, I thought about giving different forms of feedback,

such as arrow feedback, line feedback and etc. After asking for five friends’ opinion

about which form of feedback I should give, the line with arrow attached at the

end receive the most recognition on giving the best workout effect.

Also, every time when I adjust my body positions, I would start from correcting

one body part, then go correct the next body parts instead of adjusting several

body parts together. This can be also related to the method of giving feedback.

Will it be more effective to give feedback on leg and arm separately, or will it be

more effective to give feedback to both leg and arm collectively.

3.1.2 Fieldwork at Gym

To further prove the design can solve people’s pain points. We conducted several

pre-interviews to my friends who go to gym often. The interviewee is asked to

answer about their workout experience while using workout video. First case

is to do workout with audio feedback given, second case is to do workout with

themselves being seen in the mirror to compare, which is the visual feedback

to learn from. After the workout, feedback from the experiment subjects will

be collected to evaluate if the experiment topic is meaningful and helpful on

improving the workout positions. The feedback is through asking about the feeling

and rate the workout experience between the two workouts, which is based on
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3. Concept Design 3.1. Problem Definition and Our Mission

Figure 3.1 No Audio Feedback Given by Pamela

qualitative review. Also, they were asked if they focus more on correcting one body

part first and then move to next, or focus on correcting several body parts together.

Which body parts to focus first in the workout process is also asked. Through

comparing the workout effects between the two feedback and normal workout

without any feedback, and comparing feedback give to body parts in sequence or

all together, we reach the conclusion that giving feedback is necessary and how to

give feedback should be the key point to discuss. (Figure 3.2) (Figure 3.3)

Figure 3.2 Fieldwork at Gym
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3. Concept Design 3.2. Goal Setting

Figure 3.3 Fieldwork Setting at Gym

3.2. Goal Setting

Understanding what is the best way to give feedback during workouts. By doing

individual position movements (doing one position at a time, such as: doing leg

first, then do the arms) or group positions (doing multiple positions at a time,

such as: doing leg and arm at the same time) and receiving different feedback

(visual feedback, audio feedback, audio and visual feedback together). What is

the best feedback and how much feedback given at one time can help workout

users to realize the best workout effect.

3.3. Prototype Design

3.3.1 Core Mechanism

First, the image of the workout user is captured by a fixed point camera from

behind. At the moment the user is stationary, the user’s body joints are captured

and calculated from the image using an open pose. The positions of hands and

feet are extracted from body joints and our device receives these positions. The

system can compare the poses of the user and trainer and give suggested advice
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3. Concept Design 3.3. Prototype Design

that can further promote beginners’ skill improvements.

Package of the code includes PyQt5mediapipeopencv-pythonnumpy.

To create a GUI-based program, PyQt is chosen to enable widgets being built

to create complex GUIs. In Qt (and most User Interfaces) “widget” is the name

given to a component of the UI that the user can interact with. User interfaces

are made up of multiple widgets, arranged within the window. 1

MediaPipe, as a Framework for building machine learning pipelines for pro-

cessing time-series data like video, audio, etc. For the human pose estimation,

MediaPipe can form the basis for yoga, dance, and fitness applications. It can also

enable the overlay of digital content and information on top of the physical world

in augmented reality. MediaPipe Pose is a ML solution for high-fidelity body pose

tracking, inferring 33 3D landmarks and background segmentation mask on the

whole body from RGB video frames utilizing our BlazePose research that also

powers the ML Kit Pose Detection API. 2

To add support for large, multi-dimensional arrays and matrices, along with a

large collection of high-level mathematical functions to operate on these arrays,

NumPy has been added to the package.

OpenCV is used to solve computer vision problems. Computer vision includes

understanding and analyzing digital images and processing the images or provid-

ing relevant data. (Figure 3.4)

RBG camera is also used for creating orthomosaic maps that show your entire

field at once, and they can capture aerial videos.

3.3.2 Visual Presentation

The MacBook’s built-in camera is used to collect the video and import it to the

computer system. The GUI interface present the interactive visual components,

which include the buttons “Upload Video”, “Upload Action Picture”, “Start”,

“Pause”. The trainer’s video is shown as “Standard Action (Trainer)”. (Fig-

ure 3.5)

1 https://www.pythonguis.com/tutorials/pyqt-basic-widgets/

2 https://google.github.io/mediapipe/solutions/pose.html
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3. Concept Design 3.3. Prototype Design

Figure 3.4 Body Joints Recoginition by Open Pose
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Figure 3.5 Visual Presentation of GUI Interface
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3.3.3 Gesture Recognition

The device compares the input and output data of the two-dimensional (2D)

position of body joints extracted from the image of the workout users. To detect

human pose, we used OpenPose to detect the human body. Open Pose estimation

is a computer vision task that represents the orientation of a person in a graphical

format. In the first step, the image is passed through the baseline CNN network

to extract the feature maps of the input In the paper. In this paper, we use the

first 10 layers of the VGG-19 network. This real-time multi-person system is used

to jointly detect human body, hand, facial, and foot key points [18]. Then, when

an image or video is given to the pose estimator model as input, it identifies the

coordinates of these detected body parts and joints as output and a confidence

score showing the precision of the estimations. Despite that OpenPose can extract

135 body joints, here we only cover 18 body joints. The rest of the body joints

are not considered, as it has little impact on the workout effect.

3.3.4 Comparison Design

As everyone has a different lengths of limbs, instead of measuring the length of

limbs, we measure the angle of the body joints.

The positions of the user’s body joints correspond to the trainer’s body joints.

The input user’s body joints will enter the system and be used to compare with

the trainer’s body joints. Accordingly, if the body joints don’t fit, the system will

indicate ERROR on the screen, otherwise, the screen will indicate OK.

The “threshold” function is used to define when to set ERROR and when to

set OK. The smaller the threshold number is, the more precise the system will

be. We set the standard threshold number as 10 in the system, which means the

allowable analytical error is 10 degrees. In this paper, if the difference in body

angle between trainer and user exceeds 10, the system will give an “ERROR”

order, otherwise, the system will give a “OK” order.

For example, if the user’s left leg is 30 degrees to the main part of the body,

but the trainer is 60 degrees. Our device will judge the 30-degree difference and

give “Error” feedback.
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3.3.5 Feedback System

The feedback would be the visual effect and sound feedback. The visual effect is

to show the user whether or not they successfully performed the movement. The

visual feedback would only appear if the user did the movement correctly in the

next run. The audio feedback is to correct the user by telling them how to change

their position to reach the correct angle. (Figure 3.6)

Figure 3.6 Illustration of Arrow Feedback

3.3.6 Prototype Working Mechanism

The overall explanation of programming process is shown below: (Figure 3.7) Be

noted The details of the code is written in Appendix. After running the python

code in Pycharm software, it will indicate an UI interface. The User can upload the

picture to the interface, and click “Start” to compare user’s position to trainer’s

position. When the position is the same, the screen will show OK, otherwise, it

will show ERROR as we mentioned in the comparison design chapter.

To make this system work, we used code def getPts to enable the picture to be

uploaded into the system, the trainer’s picture size is limited to be the setting size,
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3. Concept Design 3.3. Prototype Design

so that the system can compare the picture and video. The way to set up QMain

windown and QDialog is through several functions:def retranslateUi, def setup

Ui, def connectlnit. After the file path is set up, the user can put the video and

picture into system. Here the RGB Camera, Openpose and PyQt contrainer is

used to detect image. To compare the trainer’s image and the workout video, the

flag function is used to judge if the picture is the same or different. The difference

of these two is allowed to be within a range of value, which can be changed in the

code.

Figure 3.7 Programming Process
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Chapter 4

Proof of Concept

In this chapter, firstly we give an abstract of experiment content, then

the environment setting and experiment requirement is introduced.

Afterwards, the evaluation method we used on measuring the experi-

ments is discussed, followed by the according result.

4.1. Abstract of Experiment Procedure

There are 16 participants (female=8; male=8) aged from 22 to 29 years old (av-

erage age = 26.7) joined in a 60 to 90 minutes user test. The participants were

asked to read through the consent form and photography permission form before

the experiment starts. The experiment will start only if the participants agree

with the experiment contents and requirements and sign their signature and print

name. Afterwards, we explain the overall instruction of the goal and process of

experiments, and show the positions they need to perform. The participants are

asked to choose one set of positions, while making sure each set of positions have

at least 5 participants.

After the first experiment, we will give instruction for the second experiment.

Also after second, third and fourth experiments, we will give instruction and send

questionnaires for participants to fill out.

Any machine sound made and questions asked in the process will be recorded.

After all the experiments are finished, we will conduct interviews with partici-

pants to see if they have any advice or confusion regarding the experiments.

Below is the picture of the participants while doing experiment:(Figure 4.1)

(Figure 4.2)
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Figure 4.1 Participants in Experiment

Figure 4.2 Giving the Instruction to Participants
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4.2. Environmental Setting

The diagram of the environmental setting (side view) is shown below:

Figure 4.3 The Diagram of Environment Setting (Side View)

The side view and aerial view of the Actual Environment Setting is shown

below: (Figure 4.5) (Figure 4.4)

4.2.1 TV Setting

The TV screen is a Sony KJ-49X700, with 4K 3840 x 2160 LED Panel, HDR10-

Ready via Future Firmware Upgrade, using Motionflow XR 240 Technology and

Screen Mirroring Technology. This 4K TV has a 48.5” LED display and incorpo-

rates Sony’s Motionflow XR 240 technology.

The space between the TV screen and the participant is 2 meters, so the par-

ticipant can clearly see the whole body of the trainer’s workout video. To present

the yoga picture and instruction guideline on TV, we connect computer to the

TV using an HDMI cable.

4.2.2 Speaker Setting

To give audio sound, the SoundLink Mini II Special Edition is adopted to deliver

full, natural sound. The Dimensions of the speaker is 2.1” H x 7.1” W x 2.3” D.

28



4. Proof of Concept 4.2. Environmental Setting

Figure 4.4 The Actual Environment Setting (Side View)

Figure 4.5 The Actual Environment Setting (Aerial View)
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In this experiment, we provide one speaker and the space between the TV and

speaker is 2 meters, leaving the speaker 0.5 meters away from the participant.

This distance gives a good audio effect on playing the feedback sound.

Also, to make the yoga experience comfortable and fun, the Bluetooth speaker

is also used to play yoga music.

4.2.3 Camera Setting

iPhone 11 camera is used to record the video and images of the users while the

experiment is ongoing. (Be noted the whole experiment, including the break time

and instruction time will be recorded, as there might be confusion or feedback

when the experiment is in progress. The audio will be listened to later for future

reference for improvements).

It includes an ƒ/1.8 6-element 12-megapixel wide-angle lens (26mm focal length)

and an ƒ/2.4 5-element 12-megapixel ultra-wide-angle lens (13mm focal length),.

The camera is set to face the TV screen, so it can take photos and videos of the

user.

To stabilize the camera, we put camera on a tripod. Here the tripod we

use is Magic Realm OTH-AB201, the product weight is 209g, collapse size is

approximately 198mm, expand size is approximately 740mm, product size is

32X32X198mm, connection is through Bluetooth.

The camera will be used to take video for each session, so the angle of the body

parts of the participants and trainer can be manually compared. The accumulative

changing of the body and the ultimate position they reach will show if the feedback

helps improve the workout effect and when the improvement happens.

As the trainer’s positions are all taken from a side angle, to compare the image

of participants to the user, the camera is also set to face to the side view of

participants. The camera is set behind user in order to record the body position

of user and the trainer’s position on the TV for the later confirmation for which

video is played for workout training. Be noted, that the camera can’t be placed

in the front as it can’t record video of the trainer, and you will lose the function

of the later reconfirmation. Also the camera can’t be mounted the display as the

position is faced to the screen, which can’t be observed well from the angle above.

(Figure 4.6) (Figure 4.7)
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The participant’s work out area must be directly between the TV screen and

the camera, the participant’s body should be parallel to the screen, so he/she can

more easily imitate what the trainer is doing.

Figure 4.6 The Diagram of the Camera’s Perspective

4.3. Experiment Requirement

As the software is to help improve the yoga positions, the professional might

not feel their positions get significantly improved as they already can reach the

perfect positions. Therefore, the target group is yoga beginners who can’t imitate

the yoga trainers’ position correctly by themselves, thus feedback is needed in this

setting. All the participants have little workout and yoga experiences.
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Figure 4.7 The Actual View of the Camera’s Perspective
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4.3.1 Preparation Work

The yoga mat is provided, as some positions are done on the floor. Yoga mat is

the place for participant to stand on. Besides the yoga mat, the participants are

asked to wear sportswear, in case some participants don’t wear the sportswear,

we prepare yoga dress for them to wear.

For the time reminder, here we use the “Repeat Alarm” App to ring the bell

to tell the user the session is over.

Prior to starting the experiment, the participant will review and sign the “Ex-

planation and Consent”, and “About Photography” agreement. This has to be

prepared in advance to the experiment.

“Explanation and Consent” are to get the approval to the handling of personal

information and data, give participants free rights of participating, and give Intel-

lectual property rights to researchers in Keio University or collaborators outside

Keio Gijuku. Also to give the declaration of the side effects.

“About Photography” agreement is to declare the usage of the picture and

videos were taken before, during, and after the study.

Be noted the agreement and survey needs to be printed out before experiments

for participants.

To make sure participants are on the same page about what they need to do

for the positions, the manuscript of instruction for the whole set of positions and

each position is written. This way there won’t be any misunderstanding between

individuals to cause bias.

After signing the agreement, the participants are required to do 1 set of posi-

tions, which consists of 3 positions.

4.3.2 Positions Required

The diagram overview of the whole 3 sets of positions: (Figure 4.8)

Because not all workout positions have the same level of difficulty for each

participant, we provide them with 3 options to decrease the bias caused by the

different difficulty level.

Also, as all the participants have different levels of body flexibility (some par-

ticipants might find it’s hard to conduct a certain yoga position), we give different
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Figure 4.8 The Diagram Overview of the Whole 3 Sets of Positions

sets of positions for participants to choose.

Based on the participants’ preferences, the participants are equally distributed

to 3 groups, and asked to do workout positions that are designated for each group.

Everyone’s set of positions include 4 different positions. Each set of positions has

multiple angles to measure, although some angles are more crucial to achieving the

workout positions than the others, for the convenience to compare angles between

different positions, we only choose the two most important angles to measure.

To evaluate which feedback works the best, instead of dynamic positions, we

will use static yoga positions to let the user have better feedback. The muscle burn

is easily felt so that the participant would know if they realize a better workout

effect.

The video of participants’ body movement will be recorded, and uploaded to the

python system we designed. The participants’ s body movement will be compared

to the trainer’s standard image. If the difference of degree between these two is

less than 10 degrees, the system will give the OK sign, otherwise, it will give the

ERROR sign. By calculating how many positions they get a OK, we can make

judgment on how effective the workout is.

Below are the explanation of the 12 workout positions and the evaluation criteria

for them: (Be noted every set of poses should go in a different sequence, to decrease
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the effect on muscle memory.)

Position1.1: (Figure 4.9)

The left arm is 90 degrees to the body, and the leg is 45 degrees to the floor.

If the degree of The left arm is 80 to 100 degrees to the body, and the leg is 35

to 55 degrees to the floor, the system will give the OK sign, otherwise, it will give

the ERROR sign. (Tolerance for the angle is 10 degrees)

Figure 4.9 Position1.1

Position1.2:(Figure 4.10)

The left leg is lifted up, the thigh and lower leg are 90 degrees, and the arm is

90 degrees vertical to the floor.

If both thigh and arm is between 80 100 degrees, the system will give the OK

sign, otherwise, it will give the ERROR sign.

Figure 4.10 Position1.2

Position1.3:(Figure 4.11)

The third position is a push-up yoga position. The arm is vertical, and the leg

is 45 degrees to the floor.

If the degree of the arm is between 80 and 100 degrees, or the degree of the leg

is between 35 and 55 degrees, the system will give the OK sign, otherwise, it will

give the ERROR sign.
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Figure 4.11 Position1.3

Position1.4:(Figure 4.12)

The left leg is 90 degrees to the right leg, and the arm is 90 degrees to the floor.

If the degree of the right leg to the left leg and the degree of the arm to the

floor is between 80 and 100 degrees, the system will give the OK sign, otherwise,

it will give the ERROR sign.

Figure 4.12 Position1.4

Position2.1:(Figure 4.13)

The upper left leg and lower left leg is 90 degrees, and the arm and upper body

is 135 degrees.

If the degree of the upper left leg and lower left leg are between 80 and 100

degrees, and the arm and upper body is between 125 and 145 degrees, the system

will give the OK sign, otherwise, it will give the ERROR sign.
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Figure 4.13 Position2.1

Position2.2:(Figure 4.14)

The leg is 45 degrees to the upper body, and the upper arm is 45 degrees to the

lower arm.

If the degree of the leg to the upper body and the degree of the upper arm to

the lower arm is between 35 and 55 degrees, the system will give the OK sign,

otherwise, it will give the ERROR sign.

Figure 4.14 Position2.2

Position2.3:(Figure 4.15)

The arm is 135 degrees to the body, and the upper leg and lower leg are 135

degrees.

If the degree of the arm, and degree of the upper leg and lower leg are between

125 and 145 degrees, the system will give the OK sign, otherwise, it will give the

ERROR sign.

Figure 4.15 Position2.3
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Position2.4:(Figure 4.16)

The arm and body is on the same line, and the left leg and right leg is 135

degrees.

If the degree of the arm and body are between 170 and 190 degrees, and the

left leg and right leg is between 125 and 145 degrees, the system will give the OK

sign, otherwise, it will give the ERROR sign.

Figure 4.16 Position2.4

Position3.1:(Figure 4.17) The right arm and left arm are horizontal, and the

left leg and right leg are 135 degrees.

If the degree of the right arm and left arm to the upper body is between 80 and

100 degrees, and the left leg and right leg are between 125 and 145 degrees, the

system will give the OK sign, otherwise, it will give the ERROR sign.

Figure 4.17 Position3.1

Position3.2:(Figure 4.18)

The right arm is vertical to the floor, the left leg and right leg are 135 degrees,

the upper body and right leg are 30 degrees, and the right arm and upper body

are 180 degrees.

If the degree of the right arm is between 70 and 90 degrees to the floor, the left

leg and right leg are 135 degrees, the upper body and right leg are 30 degrees,

and the right arm and upper body are 180 degrees, the system will give OK sign,

otherwise, it will give ERROR sign.
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Figure 4.18 Position3.2

Position3.3:(Figure 4.19)

The left arm and right arm are 90 degrees, and the left leg and right leg are 90

degrees too.

If the degree of the left arm and right arm, and the degree of the left leg and right

leg are between 80 and 100 degrees, the system will give the OK sign, otherwise,

it will give the ERROR sign.

Figure 4.19 Position3.3

Position3.4:(Figure 4.20)

The left arm and right arm is 135 degrees, and the left leg and right leg is 135

degrees too.

If the degree of the left arm and right arm, and the degree of the left leg and

right leg are between 125 and 145 degrees, the system will give the OK sign,

otherwise, it will give the ERROR sign.

Figure 4.20 Position3.4
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Above are the drawing of the positions, but to make sure the participants can

clearly know what position they needs to perform, we found according picture

with real people performing yoga. The pictures will be shown on the TV while

the participants conduct the experiments. For example, the pictures of real person

of set 3 is shown below: (Figure 4.21)

Figure 4.21 Real Person’s Yoga Position

Although the prototype is supposed to use camera to detect real time movement,

and give automated audio and arrow feedback by comparing user’s positions and

trainer’s positions. At this period, we aren’t able to realize the function, what

we can do is to record the participant’s video and upload to the prototype, get

OK or Error instruction. For the audio and arrow feedback, we adopted a semi

real-time method by playing slides to indicate the different arrow and audio to

correct various body parts. When the body is needing to be adjusted, we show

according slide to indicate the direction.

The arrow feedback will be given on-screen, which changes in size to tell the

user how much they should lift up or lower their body parts. To give audio feed-

back, we insert the prerecorded audio into the slide, and give the audio feedback

according to the real time body movement of participant. The arrow feedback is

also indicated in the slide and which is premade too.

As the audio & arrow feedback is not always the best solution, since some people

don’t like hearing oral instruction during workouts, the group of “audio & arrow
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feedback to be given at the same time” is also tested.

The prerecorded voice and premade arrow played in the experiment includes

separate sets of orders: Lift up your left leg, lift up your right leg, lift up both leg,

lower your left leg, lower your right leg, lower both legs, lift up your left arm, lift

up your right arm, lift up both arms, lower your left arm, lower your right arm,

lower both arms. The combined set of orders is also included to test the effects

of doing workout on leg and arms together, which includes below orders: Lift up

your left leg and lift up your right leg; lift up your left leg and lower your right

leg; lift up your left leg and lift up your left arm; lift up your left leg and lower

your left arm; lift up your left leg and lift up your right arm; lift up your left leg

and lower your right arm; lift up your right leg and lift up your left arm; lift up

your right leg and lower your left arm; lift up your right leg and lift up your right

arm; lift up your right leg and lower your right arm; lift up your left leg and lift

up your right arm; lift up your left arm and lower your right arm.

Although the goal the participants need reach is explained before the experi-

ment, the angle won’t be instructed in audio feedback or voice feedback as the

participants won’t be aware of small changes as how big is 30 degrees, or 45 de-

grees. Also for the big changes, the participants can realize by themselves by

giving the instruction as lift up or lower their body parts.

During the experiment, we observe the positions and give according feedback

by showing the slides. The control panel of all the slides are shown below: (Fig-

ure 4.22)

4.3.3 Group Arrangement

To avoid the bias from muscle memory (participants would have muscle memory

if they did same positions for multiple times, which will affect the experiment

result for the subsequent positions). We use different participants for the three

groups (Figure 4.23) and every group of participants does the three different sets

of positions while the difficulty level of the three sets is similar.

For the first experiment, the positions performed in the set of three groups is

indicated below:(Figure 4.24)

For the first experiment, the set of three groups is indicated below: Participants

start doing the workout with arrow feedback, then receive audio feedback, followed
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Figure 4.22 Control Panel of the Feedback

by arrow & audio feedback.

The participants will do the workout with feedback for the leg exercises and

then for the arm, or receive feedback toward the arm and then toward the leg,

which is one set of the positions. Therefore, the participant can compare the three

sets of positions and give feedback based on the comparison.

After finishing the positions without feedback, which is the control group, the

participants are not asked to answer the questionnaire after the first position

is done. Afterwards, after finishing the second workout position with feedback,

participants need to answer questionnaire 1 to describe the workout effect between

training leg, arm and leg & arm and fill out personal workout experiences with

the arrow feedback provided. Also fill out their demographic information.

After finishing the third workout position with feedback, participants need to

answer questionnaire 2 to describe the workout effect between training leg, arm

and leg arm with the audio feedback provided.

After finishing the fourth workout, which means finishing all the workout, par-

ticipants are supposed to fill out questionnaire 3 to compare all 4 groups of feed-

back (audio, arrow, arrow & audio feedback), also separately describe the workout

42



4. Proof of Concept 4.3. Experiment Requirement

Figure 4.23 Experiment Group Distribution

43



4. Proof of Concept 4.3. Experiment Requirement

Figure 4.24 Position Performed in the First Set of Workout
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effect between training leg, arm and leg arm with arrow and audio feedback pro-

vided.

If the sequence of every set of poses (feedback to arm, feedback to leg, and

feedback to both arm & leg) stays the same, then the muscle memory toward the

same position might cause the bias to see which feedback is the more effective.

Therefore, to decrease the effect on muscle memory, the sets of poses should go in

a different sequence. Be noted when the feedback is only given to a certain body

part, the other body parts have to move too. For example, even if the feedback

is only given to the leg, the arm and leg both have to move.

As the participant for each group is the same, there won’t be bias from as-

sessment standards based on individual differences. Also, the separate setting

(separate leg and arm) and collective setting (train leg and arm together) are

tested in three different methods: arrow feedback, audio feedback, and arrow &

audio feedback. The result for separate settings and collecting settings is precise.

To help to understand the different workout positions, here we give the diagram

of the first set of workouts as an example. The other two sets of workouts are in

a similar pattern. Participants are asked to fill out a questionnaire to score leg &

arms workout and leg to arm workout after each position, and score the arrow,

audio, arrow & audio feedback after all the positions are trained.

4.3.4 Time Distribution

Each position would last for 24 seconds. After starting working out for 6 seconds,

the system starts to give audio or arrow feedback. The participant might need to

adjust their position multiple times, to lift up or lower body parts. The feedback

will be accordingly given, which will last for 12 seconds. At the 12th second,

the system stops giving feedback, and the participant has 6 seconds to hold their

position.

One set of the position includes 3 different feedback settings: feedback is only

given to the leg, or feedback is only given to the arm, or feedback is given to

both arm & leg. The feedback given to arm and leg separately should be one

group, with a 2 seconds interval afterward separately. The feedback given to both

arm and leg together is another group with a 2 seconds interval afterward. The

2 seconds interval time for the participant is to get back to the initial position,
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Figure 4.25 Experiment Time Distribution
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which will take 102 seconds. Here is the breakdown of the timing: 24 seconds on

leg + 24 seconds on arm + interval 6 seconds + 48 seconds (24 seconds each in

leg & arm) on arm and leg together = 102 seconds in total for a set of positions.

To ensure the workout time lasts the same between these two groups, the work-

out time for the collective group (both arm and leg together) is the same as the

workout time for the separate group (feedback is given to arm and leg separately).

Therefore, the collective group lasts for 48 seconds (24 seconds each in leg & arm).

As each individual spends a different time length to reach their ideal position,

participants are allowed to ask for more time to reach the acceptable effect. The

extra time spent will also be noted in the report.

Be noted, that the interval instruction time is not fixed as each participant will

spend a different length of time understanding the process.

To make sure the participant can get a good understanding of the experiment,

prior to starting the workout, I will provide verbal instructions, which includes

the angle of positions the participants need to reach to in the experiment, show

the picture of the trainer’s position, explain the whole process of the workout

and the timeline of the workout. Be noted that the instruction given prior to the

workout is the most detailed instruction, as the participants need to know the

whole process and choose which set of positions they want to do. The instruction

given after second and third set of position only explain the key points to keep

in mind for the next workout in case the participants forget. In this process,

the manuscript is used to give order to avoid any bias caused by the inconsistent

order. Also any questions related to the topics will be answered.

After the workout, we conduct a short interview to ask about user’s experience,

such as “did you have any difficulty on conducting the experiment”.

Including the instruction time, training time, time to finish the questionnaire,

and break time, the average experiment time should be around 60-90 minutes.

(Figure 4.25)
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4.4. Evaluation Method

4.4.1 Subjective Way to Evaluate

We ask for subjective opinions through sending questionnaire, which include ques-

tions such as “feedback for the experiment”, “Compared to normal workout rou-

tine that provides no feedback, I felt my position is closer to trainer’s position

during the workout”, “Compared to normal workout routine that provides no

feedback, I felt I spent less time to correct my position”, “Among the two work-

outs you had, which workout is more effective?”, “Please rank the workout you

had”, “If you don’t think there are significant difference between the three of

them, please write down which feedback and which feedback has similar effective-

ness?” “Besides the audio and video feedback, what other feedback do you want

to get from workout”. All the answers are subjectively based on participants’

experience.

Also, we set up the recording machine for the experiment. After listening to the

recording, we count for how many times of feedback we give to participants and

the time spent on adjusting the positions. If the feedback is decreasing, or the

time spent on adjusting positions gets shorter compared to the normal workout

without receiving any feedback, we count this as “feedback might be helpful”.

Vice versa, the feedback doesn’t count as helpful. Also, if there is any comment

such as “this position is difficult”or “this is getting easier”, it should be written

in the evaluation.

We also receive instant feedback from participants when they conduct experi-

ments, which can be marked from the recording.

At the end of experiments, the interviews are conducted with participants to

ask about their feeling and any advice regarding the experiments.

4.4.2 Objective Way to Evaluate

We record the workout video of the experimenter and import it to the python

test software we created, and count how many OK / ERROR the user gets for

the whole 8 sessions of the workout. If the participants get more OK than failure

in each set of workout, the participants’ workout get improved by receiving the
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feedback. If participant get more OK on the workout which he receives A feedback

than the workout which he receives B feedback, the A feedback is more effective

than B.

In addition to the total number of OK a participants get in the experiment, the

accumulated change of position is also calculated.

The degree of the positions is calculated to see if they reach a higher degree

when they try the same position for more times. For example: assuming the

degrees of the standard position is 90 degrees, in the first try, the participants

were only able to reach a lower degree, such as 60 degrees. In the second try,

he reaches a higher angle as the position improves when he gets more practice,

which reaches 70 degrees. Although the degree still doesn’t pass, the system would

recognize this as an improvement on workout effect.

4.5. Result

The questionnaire is evaluated with a 7 point Likert Scale (1=strongly disagree,

4 is neutral/ mixed, 7 is strongly disagree)

4.5.1 Background Study on Participant’s Situation

As the below two figure shows, more than 80 percent of users have never done

yoga before, this fits the assumption of setting the target group to yoga beginners,

(Figure 4.26) while most of them evaluated themselves as relatively good at doing

workouts. (Figure 4.27)

Half of the users had experience in using workout videos, from the interview

with these people, they showed more preference for using the feedback while using

the workout video. (Figure 4.28)
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Figure 4.26 Answers for How Often Do You Do Yoga

Figure 4.27 Answers for Are You Good at Sports
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Figure 4.28 Answers for Yoga Video Using Experience

4.5.2 Overview Result for Questionnaire 1: Arrow Feed-

back

Answers for Participants Getting Closer to Trainer’s Position (Arrow

Feedback)

For users who get arrow feedback, the graph of their ranking on “if i felt my

position is close to trainer’s position” is indicated below. (Figure 4.30)

For users who get arrow feedback, if we mark the number below 4 (include 4) as

“not getting close enough”, and mark the number above 4 as “getting relatively

close”. Most participants think their position is extremely closer to the trainer’s

position. The histogram can be seen below to compare the two sets of data:

(Figure 4.29)

The number of participants who receive arrow feedback selects “position gets

relatively close to trainer’s position” is more than the number of participants who

receive audio, or arrow & audio feedback together.
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Figure 4.29 Number of Participants Who Feel Their Positions Getting Closer to

Trainer’s Position (Arrow Feedback)

Figure 4.30 Evaluation on Getting Closer to Trainer’s Position (Arrow Feedback)
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Answers for Participants Spending Less Time on Correcting Position

(Arrow Feedback)

For users who get arrow feedback, the graph of their ranking on “if I felt I spent

less time on correcting position” is indicated below.(Figure 4.32)

Regarding the time spent on correcting the position, if we mark 4 and below as

“adjust position slowly”, and mark the number greater than 4 as “adjust position

quickly”. Less people found themselves adjusting the position quickly compare

to the workout without receiving audio feedback,or arrow and audio feedback

together, while most people comments that arrow feedback helps them adjust

position in a faster speed. The histogram can be seen below to compare the two

sets of data: (Figure 4.31)

Figure 4.31 Number of Participants Who Feel Their Spent Less Time On Cor-

recting Position (Arrow Feedback)

Figure 4.32 Evaluation on Spending Less Time on Correcting Position (Arrow

Feedback)
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Answers for Comparing Leg and Arm Workout Effect (Arrow Feed-

back)

For the answers on comparing leg and arm workout effect while receiving arrow

feedback, the graph is shown below: (Figure 4.33)

Most people think giving feedback separately to both leg and arm is effective.

Giving feedback to both leg and arm is also effective, but not as effective as giving

feedback separately.

For the option “giving feedback collectively to both leg and arm is more ef-

fective”, more people who receive arrow feedback choose it than the people who

receive audio feedback, or receive arrow and audio feedback together.

For the option “giving feedback separately to both leg and arm is more ef-

fective”, the amount of people who choose it while receiving arrow feedback is

the same as the amount of people who receive both audio and arrow feedback

together. less people who receive arrow feedback choose it than the people who

receive audio feedback.

A minority of people don’t think it has a significant difference between giving

feedback to leg and arm collectively or separately. The number of people who

choose it is less than people who receive audio & arrow feedback, but more than

the people who receive audio feedback.

Figure 4.33 Comparison for Leg and Arm Workout Effect (Arrow Feedback)
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4.5.3 Overview Result for Questionnaire 2: Audio Feed-

back

Answers for Participants Getting Closer to Trainer’s Position (Audio

Feedback)

For users who get audio feedback, the graph of their ranking on “if i felt my

position is close to trainer’s position” is indicated below. (Figure 4.35)

For users who get audio feedback, if we mark the number 4 and below as

“not getting close enough”, and mark the number greater than 4 as “getting

relatively close”. The histogram can be seen below to compare the two sets of

data: (Figure 4.34)

While for the participants who feels their position are getting relatively close to

the trainer, the number of who receive audio feedback is the same for those receive

arrow & audio feedback. Comparing the participants who receive arrow feedback

feels their position are getting relatively close to the trainer, less participants who

receive the arrow feedback feel their position gets very close to the user’s position

than people.

Figure 4.34 Number of Participants Who Feel Their Positions Getting Closer to

Trainer’s Position (Audio Feedback)
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Figure 4.35 Evaluation on Getting closer to Trainer’s Position (Audio Feedback)

Answers for Participants Spending Less Time on Correcting Position

(Audio Feedback)

For users who get arrow feedback, the graph of their ranking on “if I felt I spent

less time on correcting position” is indicated below.(Figure 4.37)

Regarding the time spent on correcting the position, if we mark the number 4

and below as “adjust position slowly”, and mark the number greater than 4 as

“adjust position quickly”. More people found themselves adjusting their position

quickly compare to the people who receive audio feedback, while almost the same

amount as the participants who receive arrow and audio feedback together. The

histogram can be seen below to compare the two sets of data: (Figure 4.36)

Figure 4.36 Number of Participants Who Feel Their Spent Less Time On Cor-

recting Position (Audio Feedback)
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Figure 4.37 Evaluation on Spending Less Time on Correcting Position (Audio

Feedback)

Answers for Comparing Leg and Arm Workout Effect (Audio feed-

back)

For the answers on comparing leg and arm workout effect while receiving audio

feedback, the graph is shown below: (Figure 4.38)

Most people think giving feedback separately to both leg and arm is effective,

compare to “give feedback collectively to leg and arm” and “no significance be-

tween the two option”.

For the option “giving feedback separately to both leg and arm is more ef-

fective”, more people who receive audio feedback choose it than the people who

receive arrow feedback, while almost same amount as the people who receive both

arrow and audio feedback.

For the option “giving feedback collectively to both leg and arm is more ef-

fective”, more people who receive audio feedback choose it than the people who

receive arrow feedback, while almost same amount as the people who receive both

arrow and audio feedback.

Least people choose “there is no significant difference between the two option”.
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Figure 4.38 Comparison for Leg and Arm Workout Effect (Audio Feedback)

4.5.4 Overview Result for Questionnaire 3: Audio & Arrow

Feedback

Answers for Participants Getting Closer to Trainer’s Position (Audio

& Arrow Feedback)

For users who get audio & arrow Feedback, the graph of their ranking on “if i

felt my position is close to trainer’s position” is indicated below. (Figure 4.40)

For users who get arrow and audio feedback together, if we mark the number 4

and below as “not getting close enough”, and mark the number greater than 4 as

“getting relatively close”. The histogram can be seen below to compare the two

sets of data: (Figure 4.39)

While for the participants who feels their position are getting relatively close to

the trainer, the number of who receive audio feedback is the same for those receive

arrow & audio feedback. Comparing the participants who receive arrow feedback

feels their position are getting relatively close to the trainer, less participants who

receive the arrow & arrow feedback feel their position gets very close to the user’s

position than people.
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Figure 4.39 Number of Participants Who Feel Their Positions Gets Closer to

Trainer’s Position (Audio and Arrow Feedback)

Figure 4.40 Evaluation on Getting Closer to Trainer’s Position (Audio and Arrow

Feedback)
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Spent Less Time on Correcting Position (Audio and Audio Feedback)

For users who get arrow feedback, the graph of their ranking on “if I felt I spent

less time on correcting position” is indicated below.(Figure 4.42)

Regarding the time spent on correcting the position, if we mark the number

below 4 (include 4) as “adjust position slowly”, and mark the number above 4 as

“adjust position quickly”. More people found themselves adjusting their position

quickly compare to people who only receive arrow feedback. The number of these

participants who choose “getting relatively close” and “getting relatively close” is

the same as participants who receive audio feedback.

The histogram can be seen below to compare the two sets of data: (Figure 4.41)

More people found themselves adjusting their position quickly compare to the

workout without receiving any feedback, and more people who receive audio feed-

back adjusted their position compared to the people who receive arrow feedback.

The number of participants who choose “getting relatively close” and “getting

relatively close” is the same as participants who receive audio feedback. The

histogram can be seen below to compare the two sets of data:

Figure 4.41 Number of Participants Who Feel Their Spent Less Time On Cor-

recting Position (Arrow and Audio Feedback)
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Figure 4.42 Evaluation on Spending Less Time On Correcting Position (Arrow

and Audio Feedback)

Answers for Comparing Leg and Arm Workout Effect (Audio & Ar-

row Feedback)

For the answers on comparing leg and arm workout effect while receiving audio

feedback, the graph is shown below: (Figure 4.43)

Most people think giving feedback separately to both leg and arm is effective,

compared to the other two options of “giving feedback collectively to leg and arm”

and “no significant difference”.

For the option “giving feedback separately to both leg and arm is more effec-

tive”, the least people who receive arrow & audio feedback choose it compared to

the people who receive audio feedback, but which is the same amount of people

who choose arrow feedback.

For the option “giving feedback collectively to both leg and arm is effective”,

least people choose it compare to the people who receive arrow feedback, while

keep the same amount as the people who receive audio feedback.

Lastly, “no significant difference between the two options”, most people who

receive both audio and arrow feedback choose it compared to the people who

receive either audio or arrow feedback.
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Figure 4.43 Comparison for Leg and Arm Workout Effect (Audio and Arrow

Feedback)

Answers for The Effectiveness between Different Type of Feedback

For the below graphs, (Figure 4.44) to compare the effectiveness, it shows that

most people think that arrow & audio feedback is the most effective one, the

audio feedback is what most people choose for the median effectiveness, the arrow

feedback is what most people choose for the least effective option. To compare each

feedback, most people think arrow feedback is least effective, the same amount of

people think audio feedback can be median and least effective, most people think

arrow & audio feedback is the most effective one.

Figure 4.44 The Effectiveness between Arrow, Audio, Arrow and Audio Feedback
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Using Mean and SD to Compare the Effectiveness between Different

Type of Feedback

For the below graphs, it calculates the mean and SD between the three feedback

on the variables “spent less time to correct position” and “get closer to user’s

position”.

The mean value of the amount of people who score is indicated in the Table ??.

Table 4.1 The Mean Value of the Amount of People Who Score)

Less Time To Correct Position Get Closer to Trainer’s Position

Mean SD Mean SD

Arrow 5.07 1.57 5.69 1.35

Audio 5.38 1.48 5.20 1.51

Audio & Arrow

Feedback
5.45 1.97 5.76 1.52

The calculation equation of the mean is:

Mean =
(amount of people score 1)2 + (amount of people score 2)2 + ......+ (amount of people score 7)2

(the total amount of participants)
(4.1)

The calculation equation of the standard deviation (SD) is:

SD =
√

(amount of people score 1)(score1−mean)2 + ......+ (amount of people score 7)(score7−mean)2

(4.2)

For the variable of “spending less time to correct position”, the arrow & audio

feedback has the best effect, audio feedback is the second best, and the arrow is

the worst.

On the other hand, the arrow & audio feedback have highest SD, which indicates

the data is more spread out, and the participant’s experience has high variety

with each individual. The evaluation value isn’t clustered near the mean. Audio

feedback has the lowest SD, which is a bit lower to the SD value of arrow feedback,
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while the variation is still higher than 1, so the the observations of the data are

still a bit spread out and skewed.

For the variable of “getting close to user’s position”, the arrow & audio feedback

has the best effect, the arrow feedback are the second best, and the audio is the

worst.

The arrow & audio feedback, and audio feedback both have high SD, which

means the data are spread out a lot, the participants experience may vary between

individuals. The arrow feedback has lowest SD, which means data are relatively

clustered around the mean, most participants tend to feel the similar way.

The Amount of “OK” Participants for Each Position in Each Group

After putting the recorded position into software to test, the amount of OK the

participants get are shown below: (Figure 4.45)

Figure 4.45 The Amount of “OK” Participants for Each Position in Each Group

One correct position can get one OK. For example: for the audio feedback given

to leg, the participant can get OK from it; for the audio feedback given to arm,

the participant get OK from it too. For the position which feedback given to both

leg and arm, if the participants can get two OK for doing it right. Therefore, if

the 16 participants can get every position correct, he will get 16 OK in first try
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(only get feedback leg), 16 OK in second try (only get feedback arm), and 32 OK

in third try (get feedback on both arm and leg).

The positions which give feedback obviously get more “OK” than the positions

which gets no feedback, which proves that the feedback helps improve the workout

effect.

As for giving collective feedback to leg and arm, which is the total number of

the third try. It shows that arrow feedback is the best, audio feedback and arrow

& audio feedback is the second and third, while these two values are quite the

same. This comes to the same conclusion as we discussed before.

About giving separate feedback to leg and arm, which is the total number of

the first and second try. It shows that audio feedback is the best, arrow & audio

feedback and arrow feedback is the second and third, while these two values are

quite the same. This conclusion also proves what we discussed before (Figure 4.33,

Figure 4.38 ,Figure 4.43

The total number of first and second try is a little smaller than the total number

of third try, which shows the separate feedback might not as good as collective

feedback, while the difference is not too significant.

The accumulative angle adjustments in each participants also verify the same

results we discussed before. (Figure 4.30, Figure 4.35 ,Figure 4.40 )

The Accumulative Angle Change of Participants

Although some participants don’t get an initial Pass from the system, they

do improve their angles compared to the trainer as they do the workouts. This

is still considered to be a success as the participants get improvement in the

workout process. While some of the trials may not follow this, as people may

have personal bias toward certain positions, which may require more repetition to

train. The general findings of 16 participants and three sets of positions can still

be meaningful.

To see the accumulative angle change of the workout, we made line charts to

see if the feedback helps improving workout effect.

Here we have three sets of workout positions, so there will be three graphs to

compare the effect. The first set is position 1.1, 1.2 and 1.3 (Figure 4.46 ), the

second set is position 2.1, 2.2, and 2.3, (Figure 4.47 ) the third set is position 3.1,
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3.2, and 3.3 (Figure 4.48 ). As we mentioned before, each set of positions are set

to same difficulty level in order to compare and reconfirm the experiment result.

As we have 16 participants, we used the average value of the 16 as the angle

number. The number indicated in the y-axis is the difference between the trainer’s

angle and participants’ angle, the smaller the angle difference is, the closer the

participants’ position is to the trainer’s position, and thus the better workout

effect it realizes. When the number is smaller than 10 degrees, the participant’s

position and the trainer is very close and get the PASS sign.

All three graphs show that workout without receiving feedback has the worst

effect. In two out of three sets, audio arrow feedback being given together realize

the best workout effect at last try. This fits the conclusion we made previously

about audio and arrow feedback being the best for their workouts.

Figure 4.46 The Accumulative Angle Change (Group 1)
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Figure 4.47 The Accumulative Angle Change (Group 2)

Figure 4.48 The Accumulative Angle Change (Group 3)
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Chapter 5

Conclusion and Future Works

5.1. Discussion

5.1.1 Compare Audio & Visual Feedback

Arrow Feedback:

Pro:

Some participants comment that arrow feedback is easier to understand, as it

is more intuitive, they only need to look at the screen for one or two seconds to

figure out the positions. This is more efficient than audio feedback, as they don’t

need to wait to have the whole audio sound be played.

Con:

As the visual feedback is shown on the one screen, the participant has to look

at the screen, their head as to move, which might affect their body position to be

not lined up properly. Also, it is not easy to move the head to look at the screen

for certain positions, this can disturb the current balance status. The participants

might also get distracted by the arrow feedback and not be able to fully focus on

their positions. Therefore, the visual feedback might not get the participants full

efficiency of the workout.

Audio Feedback:

Pro:

We received 7 out of 16 participants felt it is easier to adjust their body po-

sitions more quickly and accurately when they get audio feedback compared to

visual feedback. They also left the comment on audio feedback about “easier to

concentrate on”, because the participants don’t have to look at the screen, and it

is much clearer to follow.
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Con:

Some people reflected that audio feedback might be disturbing as their don’t

wish to hear any sound besides the background yoga meditating music.

Audio & Visual Feedback:

Pro:

The audio feedback and visual feedback is given together can collaboratively

stimulate the senses to be more focused and easier to understand.

Con:

When the audio and arrow feedback is given simultaneously, some participants

might not know which should focus on the most, some would listen to the audio

first, which made the arrow feedback become a reconfirming process. If the par-

ticipants already made the position correct, the arrow feedback is not be helpful

and even causes a distraction.

5.1.2 Compare Giving Feedback to Leg and Arm Collec-

tively & Separately

Giving Feedback Collectively:

When it comes to giving collective feedback to both leg and arm, most partic-

ipants vote for arrow feedback. As seeing different arrows function in multiple

body parts is clearer to tell than hearing audio feedback all together at one time,

which can cause the distraction as participants would found it hard to focus on

which audio feedback should they start first.

Giving Feedback Separately:

Most participants feel that giving separate audio feedback to leg and arm make

the difference on the workout effect. The reason can be that participants can be

more focused on audio when they hear sound instead of looking at the screen. At

this time, giving audio feedback to participants step by step help them focus more

on their movement.
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5.2. Limitation

In some cases, the participants only need to adjust their arm position as their leg

positions are accurate, so the arm & leg feedback given together has no different

from arm & leg feedback given separately. This led to the result that partici-

pant would choose “no significant difference on getting feedback to leg and arm

separately or collectively”.

If the position is difficult, they wish to receive arrow and audio feedback sepa-

rately, as they won’t be able to get multiple body joints adjusted at the same time.

While if the position is easy, the participants wish to receive multiple feedback

together, so they can adjust the feedback more efficiently. Some participants gave

feedback that the positions selected in this experiment need to be more difficult,

so they can feel the feedback is helpful as they can feel big difference between the

initial workout and the workout with feedback being provided.

The subjective survey is affected by some interference factor, such as the par-

ticipant’s mood. Also, in the survey, we only listed “I felt my position is closer to

trainer’s position” and “I felt I spent less time to correct my position” to evaluate

the workout effect, but there might be other factors reflect workout effect which

we didn’t include in the survey.

In order to look at screen, the trainer has to constantly turn their head to face

to the screen, which can effect the workout affect as the head movement will affect

the rest of the body, also limit the type of positions user can do.

The sample number is too small, which only include 16 participants, which

impact the accuracy of result.

5.3. Conclusion

We proposed a system to collect and compare the pose of workout users and

trainers, and then give correction advice according to the comparison result.

The user study showed the poses predicted by the system help improve the

workout effect in most cases:

Regarding visual and audio feedback, people who are more responsive to visuals

than audio, would prefer to receive arrow feedback. The audio feedback provided
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might not form positive effects on them. Vice versa, people who are more re-

sponsive to audio than visual, would prefer to receive audio feedback. The visual

feedback provided might not form positive effects on them.

To have the position closer to the trainer’s position, arrow & audio feedback

giving together, and only giving arrow feedback can be the most effecting feed-

back. to To help adjust body in a quick speed, receiving arrow & audio feedback

together, and only receiving audio feedback can be the most effective feedback.

As for the giving feedback collectively or separately, people would like to receive

feedback to different body parts separately when they get audio feedback. When

people receive arrow feedback, they prefer to receive feedback on different body

part collectively.

5.4. Future Work

5.4.1 Prototype Improvement

Despite the prototype was not quite finished to reach the effect we want, we are

able to take video for the user, and compare the user’s video and the trainer’s

video to give correct or wrong advice.

If the technology allows, the feedback should be automated and given by a ma-

chine in real-time, the camera should recognize the positions, and all the feedback

are given by precisely comparing the user’s position to the trainer’s position. Also,

the arrow should be given right to the point where the trainer’s position is at.

At this case, the remaining question are to be discussed:

Computational delay causes inconvenience. As the device needs some time to

collect data and analyze data, although it is desirable to keep the computational

delay short, the processing time would still have some delay.

The difference of angle between user and trainer is limited to a certain degree.

Here the system set threshold number as 10, it will only give error when the angle

different between user and trainer is greater than 10. Any error indicated to be

smaller than 10 can’t be given ERROR message, but sometimes 10 degrees might

be too small or too big to different participants, as every participants has their

preference on workout, it can be strict or loose.
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Using different cameras might affect the precision of data and multiple devices

application. The application of identical camera would realize ideal affect. The

standard camera we used in this research is iPhone 11 built-in camera, the other

camera can also be used, but would somewhat affect the precision.

Background with a lot noisy color is hard to be precisely recognized by RGB

camera. Plain background will detect the position more precisely. The experi-

ments are all conducted under the white background.

Also, OpenPose have problems estimating pose when the ground truth example

has non typical poses and upside down examples. In highly crowded images where

people are overlapping, the approach tends to merge annotations from different

people

Our device only accepts 2d data and only supports almost front-angled posi-

tions, changing the position to side profiles or twisting the angle would affect the

precision of the result. This is because we assume users use RGB cameras. If we

can capture 3D data, we could easily extend our system to 3D data. However,

obtaining 3D pose data from an image can be difficult, and this could also be

studied in future work.

The method is only limited to the comparing photo and video, when the move-

ment reach to the same position as the photo shows, the system will give OK

signal. This limited the prototype can only be used in static yoga positions, other

than dynamic positions and other gymnastics training.

5.4.2 More Function

The technology will be considered in application on smartphones, head-up dis-

plays, and other devices. This can be a module called history record, which

gives advice based on the previous workouts. A customized workout plan can

also be offered, which arranges different workout courses and give instruction on

how frequently the user should do it. This is based on the pre-workout ques-

tionnaire about the user’s needs: “are you doing a workout to lose weights/gain

muscles/maintain health”, and how many years of workout experience do the user

have. The user can also check the historical score they can see their workout

time, and workout score every week and every month. For each position the par-

ticipants are going to work on, the instruction of which body parts are going to
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be exercised, and which body parts might feel painful afterward will be detailed

given.

Also, the app also gives encouragement to stimulate users to do workouts, which

is mentioned by two experimenters in the interview after the experiment. For

example, when the participants get improvement compared to the last time, the

screen has a “flower drop on the screen”, and when the participants did the

position perfectly, the screen shows a “smiling face” or applauding sound. This

function can make the workout experience more enjoyable.

The app also can give warnings on the positions in which is easy to get hurt.

If the participants raise their leg too high and which can hurt themselves, the

system will give voice feedback to remind them “don’t lift up your leg too high,

you will hurt yourself”. In this way, the user will be protected with the warning.

The other function such as when to inhale and exhale can also be given by

audio, so the beginner would know how to control their breath.

To remind the experimenter when to finish the workout, the app also gives the

count-down sound for the last 5 seconds, so the user has the motivation to hold

the positions when they found it difficult to hold in the last few moments. The

tool such as wearable sensors can also be combined to add to the effects. The

wearable sensors can give feedback by sending vibrations when the position is not

correct. This way the participants can clearly tell when their positions are not

precisely correct.

Stuff like lasers can also be given to participants to tell them what is the right

position to reach, and the standard line would be easy to tell as the laser line can

be seen right around the body.

The screen can also be set in 360 degrees, so the arrow feedback can be seen

from any direction without getting the head turned. This way the user’s position

won’t be affected by the fixed location of the screen.

The participants can also select if the feedback should work on separate body

parts or multiple body parts together according to their preference. The visual

and audio effects are also open to switching based on their favorites.

In the future, the app can be used in comparing user’s video with trainer’s

video, which is not limited to the static picture. This allows the position to be

dynamic, which can be applied in not only yoga, but also dance, weight lifting,
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and etc.
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