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ABSTRACT

This app TennisCoach assists individuals in improving their tennis skill [1]. In communities with
low incomes, it is difficult for players to find affordable classes and courts to play on. With
prices of coaches and lessons rising higher and higher nowadays, it is extremely difficult to
improve for people who cannot afford them. Our app provides an easily accessible way for
people to improve their tennis skills. It allows the user to upload two videos: one of themselves,
and one of a professional demonstrating the same move. This app has a visual representation of
the mistakes of the player, a side-by-side comparison of the player’s and the professional’s
stroke, and a detailed breakdown of the player’s movements. The video processing part is
through pose estimation and K-means algorithm [2]. Users can review previously uploaded
videos on the history page. Users’ data are safely stored in Firebase guarded by Firebase
Authentication. With our app, tennis will become more available for players from many different
backgrounds.
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1. INTRODUCTION

I was inspired to make this program because of my love for tennis, thus | wanted to make an app
that helps me improve my tennis technique with ease. | started my tennis journey at the age of 8
and it has been 6 years now. Currently, private lessons with coaches cost $80-$150 per hour,
group practices cost $60-$80 per every two hours, memberships at clubs cost $20-$50 per month.
According to https://lessons.com/, a lesson with a coach cost ranges from $60/150 per hour. This
problem mainly affects low-income children with a passion for tennis such that they lack the
resources needed to improve their skills According to the UC Berkeley’s Economic Review
website, many people face the decision of dropping out of college due to financial situations if
they want to continue in playing tennis. As a result many talented individuals are forced to
abandon tennis due to their financial situations. This app allows them to practice their strokes and
techniques without anything, not even a racket! The importance of finding a solution to this
problem is to help potential people continue their career in tennis, instead of being left with no
choice other than abandonment.

To improve my app, | compared and analyzed the implementation of three different tennis related
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applications. Pinchu’s app shared the same idea of using pose estimation in the app to enhance
feedback. However, it can be difficult for the user to effectively convert these data points to
meaningful improvements. Wang et al. 's app uses customized sensors to gather and process data
instead of video input [3]. This approach can be more cost-effective but yet less accurate in the
data analysis. Wang’s app contains visual courses to assist on students’ tennis journey. Videos are
a great way to keep the user engaged but static videos fail to provide custom feedback to users. In
Comparison, through video processing, our app allows the user to spot mistakes in their
movements by uploading one video from their own and another from a tennis coach. Our
approach provides a more effective way to give users feedback and record their improvements.
In the future, more features can be added to further engage the users and reduce the difficulty for
the user to spot errors and mistakes in their movements.

To make improving tennis techniques more accessible, our app allows the user to upload their
own training videos along with a coach’s video for comparison on their poses and movements.
We decided to make our app this way because it doesn’t require in person assistance for the
coach and thus reducing the cost. After uploading the two videos, the users will get a series of
frames listing their poses along with the coach’s poses so that they can view what they did wrong
and what they did correct. Our app uses K-means algorithms on the angles of the users’ poses to
better identify the accuracy of their movements [4]. Prior uploads will also be saved in case they
want to review their previously trained techniques. Through this way, we provide an
economically efficient and easy to use solution that helps everyone improve their tennis
techniques.

2. CHALLENGES
In order to build the project, a few challenges have been identified as follows.

2.1. How do the Users Compare their Movements — Poses Mark on the Returned
Images

The goal of our application is to help tennis players improve their tennis skills by comparing their
videos against a tennis coach’s video. By displaying similar frames side by side, this allows the
user to visualize what the user did correctly and what still needs improvements. One potential
skepticism is that it might be difficult for the user to identify the problem shown from the
returned images. To address this, through the Al pose estimation model, we are able to mark the
user’s poses as well as the coach’s poses on the screen for better comparison [5]. This additional
information on the images makes it easier for the user to identify and correct themselves.

2.2. Why is the Similar Frames Accurate - K-Mean Algorithm along with Angle
Calculation

Another skepticism that the users might have is why are the similar frames returned from the
analysis accurate. They are accurate because of the K-mean algorithm and angle calculations [6].
The K-mean algorithm groups together clusters of markings, identifying the similarity between
the two frames, making the returned videos more accurate. The angle calculations, on the other
hand, marks certain parts of the user’s body, using that information to calculate the angle from
one body part to another. With this information, it can be compared to that of the professionals.
This allows the user to see what they did incorrectly and fix it in the future.
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2.3. What Happened to the Previous Uploads? They are Stored in Firebase Storage
and are Organized by Upload Time and Displayed in the History Page for
Review

Another potential skepticism is that the user might still want to review previous uploads. The
previous uploads are stored in Firebase storage. Within the storage, they are organized by upload
time, from the latest to the oldest. The user can conveniently access their history of uploads by
navigating to the history page located in the drawer on the left. Once the user has reached that
page, they can click on any one of their previous uploads to view their mistakes in their
technique. This can also help the users view their overall improvement because their progress
over time is saved and safely stored.

3. SOLUTION

Once the user reaches the first screen, the login page will pop up along with options to either log
in or sign up. To log in, the user can input their email and password. If they have not yet created
an account, they can click the “Sign Up” button, taking them to the sign up page. On this page,
the user is met with three text boxes: username, email, and password, which are required to
create a new account.

After logging in or signing up, the user will see the settings page where their username, email,
and bio are displayed. This page also allows the user to edit their profile, sign out, and delete
their account. ‘The user can also click on the hamburger menu on the top left to open up the
drawer for navigation.

By entering the analyze page, the user can upload two videos for comparison, one of their
technique and the other of the professional for reference. The two videos will then be sent to a
flask server to extract similar frames using K Means algorithms, which will then be sent back and
displayed to the user. The processing results will also be stored in Firebase storage [7].

If the user enters the history page, they will be provided a list of all the videos they have uploaded
in the past. These videos are presented in a list, with the date it was uploaded on the top. When
the user wants to view the processed images again, they can click on the arrow at the top right
corner, leading them to another page with similar frames of the video.

Figure 1. Overview of the solution
In our app, we allow the user to upload two videos to the server, one from the user, one from the
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coach. The server will then process and return a list of similar frames for the user to compare and
contrast.

This code sample below shows the logic of uploading files to the flask server [8]. It’s critical
because it links our app to the server through network request.

Figure 2. Screenshot of code 1

First, the code checks to see if there are videos uploaded by the user, making sure it is exactly two
videos, no more and no less.

Using this information, the status of the upload will display as “Uploading....” Next, the code
checks to see whether the upload succeeded. If the key “frame link™ exists within the returned
value, we will store the returned frame links in a List<List<String>> and the status of the upload
will display as “Upload successful.” On the other hand, if we did not get a response or the key
“frame_link” does not exist, the status of the upload will display as “Upload failed.”

In addition by using “catch (e),” the code catches any errors that occurred midway in the process.
If an error was caught, the status of the upload displays “Upload failed:” along with the error
caught by the program.

Lastly, when the user inputs less than or more than 2 videos, the code updates the status of the
upload with “Please select exactly two videos.”

This component allows the retrieval of upload histories. The users can view their previous
uploads of their tennis practices with the similar frames.

In order to achieve this, the images are stored in Firebase Storage and in order to distinguish
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between uploads we use a date time string in the image path when storing the files in Firebase,
and the code sample processes these images into separate dates [9].

Figure 3. Screenshot of code 2

When the user enters the History Page, the getAllUserlmages function will be triggered. Using
the user’s current user id, we will get all the processed images and video links from Firebase
Storage. Because we include the time of it being processed in the resource link, we are able to
extract and group images and videos by their processing date.

To achieve that, we will loop through all the links inside the result variable and first use an if
statement to filter out the videos and then extract the date and time of it being processed by
getting a substring of the image link.

Images with the same processing date will be grouped together and stored inside a list inside a
map which uses the processing date time as the key.

This component processes the videos the user uploads through pose estimation with K Means
algorithm and outputs similar frames back to the app. The pose estimation along with K means
algorithm allows the application to identify similar frames inside the user uploaded videos. This
function is part of the flask server that runs on the AWS backend and helps processing,
extracting, and drawing angles onto the image.
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Figure 4. Screenshot of code 3

When the videos are sent from the mobile app to the backend server, the frame_angles function is
called to process the similar frames with pose estimation and K-means algorithm.

The function first initializes the mp_pose, mp_drawing, and cap instance we need for video
processing, and also the size of the video for later use.

For every frame of the video, we are going to resize it based on the size of the video capturer
which the resized image will then be fed into another function to process the pose information
[10]. Afterwards, we will use the pose information to calculate the angle between them to
prepare for using the K-means algorithm to figure out similar frames. Additionally, we will also
draw the poses onto the image and store the processed image.

After everything is finished, we will release the cap and out variables to save resources.

4. EXPERIMENT

To evaluate the effectiveness of our application, we conducted an experiment to test the accuracy
of our pose estimation and K-Means clustering system in identifying similar frames from user
submitted videos. The goal was to determine how well the system can match the user's
movements with those of a professional coach. This experiment is essential to ensure that users
receive accurate feedback for improving their tennis techniques.

To test the system's accuracy, we created 10 input video samples with different tennis strokes. For
each sample, we manually identified the expected similar frames between the user’s video and the
coach’s video. These expected outputs were compared with the actual outputs generated by the
pose estimation and K-Means clustering algorithm.

The inputs included varied lighting conditions, angles, and player skill levels to assess how well
the system adapts. Ensuring diverse inputs is crucial, as it allows us to understand the limitations
of the algorithm and improve its ability to provide meaningful comparisons in real-world
scenarios.
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Figure 5. Table of experiment
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Figure 6. Figure of experiment

The experiment showed that our system achieved an average accuracy of 77% in identifying
similar frames across different video conditions. The highest accuracy was observed in well-lit,
clear videos, while low-light conditions and extreme motion blur caused a slight decline in
performance.

One of the common errors was misalignment in high-speed strokes, where the K-Means
clustering algorithm grouped dissimilar frames together. Additionally, different camera angles
affected the pose estimation, making it harder to align keyframes.

Despite these challenges, the system successfully matched most of the critical moments in user
submitted videos. The results suggest that while the model is effective, future improvements such
as multi-angle calibration and real-time frame correction could further enhance accuracy. Overall,
the experiment confirms that our app provides valuable insights to users for improving their
tennis techniques.

5. RELATED WORK

Pinchu’s app also uses pose estimation along with many different tennis metrics to evaluate the
user’s performance in tennis [11]. Unlike our app, Pinchu’s app does not incorporate an analysis
in the coach’s video, instead, a list of user’s data is displayed after submitting those videos. This
means that it is going to be significantly more difficult for the user to know where they did
correctly and where they need to improve on. Our app helps with this issue by providing a side
by side comparison of the user’s poses against the coach’s poses which is a lot more intuitive for
the users.

Wang et al.’s app includes a customized sensor node for data collection [12]. Different from our
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app, Wang et al.’s app analyzes data collected from those sensor nodes and outputs different
tennis actions. This approach can be more efficient, however, a video based analysis program can
generate a more detailed breakdown of the users’ movement. Moreover, our app also compares
users” movement against the coaches, providing valuable feedback for the user to improve
themselves. In the future, it could be helpful to integrate additional sensor data in the analysis as
they can assist on video based processing to further enhance the feedback.

Wang created an online teaching platform for tennis [13]. It contains visual representations of
tennis techniques. Nonetheless, these videos don’t allow the user to be able to identify errors or
inefficiencies in their movements and strokes. On the other hand, our app includes visual analysis
from videos uploaded by the user. The processed output will include an outline of the users’ poses
for better comparison. With this knowledge, the user can clearly view their actions against the
coach’s actions to improve themselves. With this app, the user can improve more efficiently and
greatly benefit from the app with no financial cost.

6. CONCLUSIONS

One of the limitations of the app is that instead of directly telling the user what is incorrect about
their technique, they have to manually compare and analyze the errors in their movements
themselves. Given more time, | would like to work on adding more interactive elements including
a point system that rewards the user for uploading videos, creating competition between users
[14]. With this point system, the user can create their own profile that is publicly viewed by other
users, thus fostering user engagement. Another additional element that | would like to work on
involves providing directions to the user about how to fix their swing. By locating the exact
position of the user’s body parts and measuring the distance between theirs and the professional’s
same body part, the user will be able to receive more direct instructions on areas of improvement.
Lastly, | would like to work on adding different angles to the videos. Currently, the user may
only submit one pair of videos playing tennis, yet the feedback would be more accurate when the
same strokes are filmed from different angles, allowing some previously hidden mistakes to be
revealed in the other video [15]. Ultimately, the goal of the app is to help users efficiently and
effectively improve their tennis skills and I will continue working towards that goal in the future.
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