“IM(s) Keeping Score” - A
Basketball Score Tracking
System

Javier Vargas, Luciano Almaraz, Sierra
Andrade, and Erik Vento

Dept. of Electrical Engineering and Computer
Science, University of Central Florida, Orlando,
Florida, 32816-2450

Abstract —  The Basketball Score Tracking System
implements  sensor technologies and development
environments to allow for shot detection and player
recognition respectively. This project incorporates electrical
and computer engineering knowledge to create a real-life
compact and efficient system for keeping track of scores
during a basketball game. The design is able to locate a
player by their jersey number, track their movement,
determine if a successful shot is made, as well as keeping
statistics of complete throws. Scoring is being actively
monitored with dual time of flight sensors that increase
accuracy of the system. Players are then recognized and
stored into a database depending on the number detected by
the OCR technology that works in conjunction with the
camera. A MySQL database records and stores this
information including scoring which is visually displayed for
user convenience.

Index Terms — Database systems, digital camera, image
storage, infrared sensors, loudspeakers, object detection.

I. INTRODUCTION

Designed and constructed to accurately and efficiently
keep score of a player’s throws during a basketball game,
the Basketball Score Tracking System is an integrated
electrical and computer engineering design project.
Utilizing two time-of-flight infrared sensors and
development environments, this system will allow for shot
detection and player recognition features. This automated,
real-time tracking system will have the ability to locate
players by the number on their jersey and track their
movement with the Optical Character Recognition
technology. Having the OCR working alongside the
Oak-D Lite camera vision, players are recognized and the
data is recorded and stored into the MySQL database that
is being incorporated. The system will also be able to
determine when a shot is made successfully and keep a
log of scoring statistics. This scoring is being
continuously  monitored by the dual sensor

implementation which triggers a score once both the
upper and lower sensor pick up movement of a ball
through the net. Both sensors were included in order to
increase accuracy of which scores are being recorded.

The hardware and software characteristics of the project
will work together through communication between an
MCU and mini computer. Using an MQTT Wifi based
protocol, the scores detected by the sensors will be
correlated to the player that the camera identifies and
ultimately displayed on an LCD. Along with the user
having a visual score display, there are loudspeakers
oriented behind the hoop along with the PCB that will
play a cheering audio upon successful completion of a
score. Overall bringing together these features will
comprise a useful and interactive tool that basketball
players can use in training or professional settings.

II. SHot DETECTION SYSTEM

The project is divided into two different systems. The
first system consists of our components that are used in
the shot detection hardware. The second system of our
project consists of our player recognition software and
hardware that also went along with its design. With that
we began by looking into the shot detection hardware and
provided a brief summary about them.

A. ESP32-WROOM-32

This would be our main component for the shot
detection hardware. Its ability to use bluetooth 4.2 and
wifi made it a great choice for this project and gave us
flexibility on how to transfer data. Key features that
influenced our decision on choosing this microcontroller
are the different types of peripherals that it others like I°C,
SPI, UART to name a few. Last when playing around with
a development board that featured our microcontroller we
found it helpfully the amount of GPIO’s available for this
microcontroller.

B. VL53L0X

This time of flight sensor utilizes infrared light emitted
at 940 nM. In this project we used a development board
model that incorporates the VL53L0X. Parameters of this
development board is the use of I’C communications,
operating voltages of 2.8 volts - 5 volts, and a capability
of measuring up to 2 meters. Other features also include a
voltage regulator, step-resistors, and bypass capacitors.
We repurposed these sensors to be utilized as motion



detection sensors much like the active IR sensor that are
used on basketball arcade games.

C. LTC3604

We required a step-down converter for our project to
bring down the 7.4 volts to 5 volts. We accomplished this
by using a buck step-down converter capable of operating
at 2.5 amps. Other specifications are that it can accept an
input of 3.6 volts up to 15 volts. The regulator also has a
programmable switching frequency selection that is
accomplished by selecting the appropriate resistor to place
in the circuit but one can choose to use the
preprogrammed software in the converter that outputs at 2
MHz. Besides having to select an operating frequency,
other quantitative parameters that had to be determined
were that of the inductor, input capacitors, output
capacitors, and control loop if needed.

D. TLI936A

To make the microcontroller operational and other
components we required the use of 3V3 voltage rail. That
is when we came across our LDO regulator. This regulator
is capable of operating between -20 to 20 volts, an output
at a current of 1.5 amps, and a very low drop-out voltage
of 340 millivolts. The package that we choose allows us to
choose the output voltage. Other advantages since it is a
low noise regulator is less of a need for low ESR
capacitors.

E. MAX98537

After making a successful shot we wanted to produce a
sound to let the player know that their shot was good.
Even though our microcontroller is more than capable of
sending out an audio signal to produce a sound we wanted
a signal that would be clean and could be amplified as
well. With that and upon doing research into audio we
found that most enthusiasts of the ESP32 use I*S protocol
to clean the signal up and produce the desired results well.

F. CP2102

The last parameter of the shot detection hardware is to
be able to communicate with our microcontroller in order
to make changes to the code. On the development board of
the ESP32 we found that it used a usb to UART interface.
The neat features of this interfacing chip is that it can
monitor battery charge, as well as output a 3v3 voltage if
needed. In this project both of these features were not
used, instead we would use it strictly for communication
purposes from our usb-B port to the microcontroller.

III. PLAYER RECOGNITION SYSTEM
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Fig. 1. Sensor Code Flowchart: An outline for programming
sensors and speakers

The first figure above represents the code chronology
for the speaker and ToF sensors. Both speakers run
simultaneously and can detect shots independently. The
code will check if the objects it detects are ‘inFrame()’
and will set a state/condition respectively. Using these
conditions to determine if a legit basket was scored. A
traditional basket that goes in through the top and goes all
the way down. The sensors will be triggered within a
certain time if a ball has passed through, and the
time/order in which they were triggered will be used to
continue. If our intended order was present, only then can
we update the score and thus sound the speaker. In the
case where the order was not correct - no basket was
scored and the ‘Sensor Conditions’ will be reset and the
program will loop detection continuously.

Using OpenCV we were able to preprocess and
prepare the images. Using OCR we were able to test its
accuracy on various images, and that allowed us to decide
our specifications from our findings. While evaluating the
results and accuracy in real time. By using this mock data
set with simple hand gestures we were able to learn and
establish a foundation for creating our own data set as
well as recognizing more specific objects. For many of the
testing stages we used Jupyter notebook as it allowed for
integrating many of the components in one location. It
was able to handle much of the image processing and
OpenCV operations. And made installing dependencies
simple with the use of virtual environments.



One of the crucial technologies utilized in our
project is Optical Character Recognition (OCR). It is a
technology used to interpret text and characters from
images or videos. Like Tensorflow, which is primarily
focused on machine learning and complex math
computation, OCR specifically targets the extraction of
textual information, and through machine learning can
determine what the characters in an image or video are. It
enables us to read and interpret the numbers displayed on
the players' jerseys and associate them with their
respective players on the basketball court. We are using it
to read and interpret the numbers and what player they
belong to on the court. We are also using the camera to
link what it detects to the database, and updating it when
commanded by the MCU.

IV. SystEm CONCEPT

Our system concept is to use OpenCV and OCR to be
able to read the numbers on the jerseys of players through
the camera. Use this in combination with receiving signals
from the MCU’s sensors to calculate who to assign points
to. The team will achieve communication between
machines by using Bluetooth/wifi. Chronologically the
concept is straight forward: camera identifies, MCU
signals for shot detection, system updates database and
assigns to correct player. (identified by camera). The
decision behind jersey numbers was due to the visibility
from front and back of the players. The results of all these
will be stored into a database which will be accessed to
display the correct information.

A.  System Hardware Concept

The system hardware concept represents how the team
engineered the components to work together to complete
the score keeping system.. The diagram represents how
the components are expected to interact with each other.
The MCU and PCB are separate from RaspberryPi and its
peripherals which are connected together. They
supplement each other and communicate via
WiFi/Bluetooth, depending on the conditions the system is
placed in.
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Fig. 2. Project Hardware Block Diagram

Now that all of the components for the project have
been displayed the purpose and utilization of all of these
components can now be detailed. The two main system
components of our project is the ESP 32 MCU ,the
raspberry pi, with the option to communicate through
either bluetooth or WiFi. The RaspberryPi is connected
with the display, Hosyond 7 inch LCD touchscreen
display panel and the OAK-D-Lite camera as well as
uploaded the code for number recognition. On the ESP 32
side of things we have the active IR sensors working
together with the main power supply and the sound
system which is the CQRobot speakers. Our system works
by the RaspberryPi utilizing the camera to read the
numbers on the players jerseys, and in unison with the
ESP 32, which will be able to tell if a shot was made. The
RaspberryPi will change the number that is displayed on
the Hosyond 7 inch LCD touchscreen display and
increase the correct player's number by the appropriate
points scored in the game. The system will be able to
communicate between the RaspberryPi and the ESP32 not
only will the display be able to display the score of each
player and show what the camera is viewing but it’s also
able to take input from a 3rd party (person), just in case of
any type of system malfunction, missed use case, or false
positives.

B. System Software Concept

Tracking statistics in basketball for this project will rely
on multiple software concepts coming together to present



a cohesive system. Most notably, effectively using
computer vision and database management. Python’s
OpenCV heads the computer vision software portion;
more specifically OCR (Optical Character Recognition).
OCR is a technology to interpret text and characters from
images or videos. Applying OCR to the camera vision
feed from the OAK-D Lite camera lets us identify players
through jersey numbers to associate points to. A
prominent use of OCR can be seen in projects involving
license plate reading or recognition.

import depthai
def start_camera():
global pipeline # Declare pipeline as global

# Create pipeline
pipeline = depthai.Pipeline()

# Creat: and output nodes
cam_rgb = pipeline.createColorCamera()
xout_video = pipeline.createXLinkout()

# Set properties for nodes
cam_rgb. setPreviewSize(320, 240)
cam_rgb. setInterleaved(False)
cam_rgb. setFps(30)

xout_video. setStreamName("video")

# Link nodes
cam_rgb.preview. link(xout_video. input)

# Connect to the device and start pipeline
ipeline) as device:

output stream
video_stream = device.getOutputQueue("video", 1, True)

while True:
# Get the video frame
frame = video_stream.get()

# Convert the frame to the BGR format for OpenCV
frame = frame.getCvFrame()

# Display the frame
fr = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
image = PIL.Image.fromarray(frame)

photo = PIL.ImageTk.PhotoImage(image)
camera_label. configure(image=photo)
camera_label.image = photo
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Fig. 3. The OAK Camera must be accessed by establishing a
pipeline and proper configuration. Using the ‘DepthAl’
dependencies. Rather than typically calling the camera at ‘0’ in
OpenCV.

In order to log and record these players, their individual
statistics, and the overall score a database needed to be
implemented. MySQL was used and is a common
relational database management system (RDBMS) that is
very useful for data storage and data retrieval through
queries. Weaving queries and SQL commands within the
main python program to correctly keep statistics
according to the rules of basketball was important.

Fig. 4. Representation of the Database Structure. Teams will be
created and each team has their roster of players. Primary Keys:
‘team_id" & ‘player_id’. Team and Players linked through the
Foreigh Key ‘team_id’.

Now to communicate between the two we chose a wifi
based protocol called MQTT (Message Queuing
Telemetry Transport). We chose this one because it was
the easiest to implement and stable across the internet
considering both will be connected to the same access
point. MQTT is a lightweight communication protocol
specifically for machine to machine transmissions in
constrained environments. The signal sending/receiving
time was near instant between the ESP32 and the Pi,
perfect for detecting the shots and assigning statistics,
then allowing the camera and sensors to continue their
processing. It was simple to configure on both machines:
install the dependency through ‘pip’ on the Pi, and
download a library found in the Arduino IDE. There also
was the capability to add security between brokers and
clients as needed.

219

220 mgtt_broker = "192.168.8.120"

221 mqtt_port = 1883

222 "shot status”

223 cl r(mqttServer, mgttPort);

224 client.setCallback(callback);

225

226 if (sensorl_triggered && !sensor2 triggered) {
227 Serial.println("Sensor 1 Triggered Only");
228 if(client nected())

229 {

230

231 client.publish(mgttTopic, "Miss");

232

233 Serial.println("Miss");

234

235 } else if (!sensorl_triggered &% sensor2 triggered) {
236 serial.println("sensor 2 Triggered Only");
237 nected())

Fig. 5. Establishing MQTT connection from ESP32 to Pi. And
how it is embedded into the logic with the sensors. ESP32 is the
client and it publishes messages to the host/broker (Pi) to be
interpreted.



Finally, we have the interface that displays the reception
of signals (shot status) and assigning the points and field
goals. The concept is an interactable (if necessary for any
wild card use cases) interface, that displays similar to a
box score and shows the live updating of game
information. The interface, connected to the database, will
display the roster of an input team from the user. Using
the camera to actively detect players and using a save state
and timing sequence to attribute the basket to the correct
player in frame given the correct signal from the ESP32.

By using these software concepts we can build a score
tracking system that is effective at processing data,
displaying live game information through simple user
interface, and capable of camera player recognition.
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Fig. 6. Diagram of how each main aspect of the entire system.
PCB with its components relay necessary information to the Pi
through MQTT. The Pi makes queries and updates to the DB.
Data and Query results get put on the Display and UI.

V. HARDWARE DETAIL

We discuss next how we decided to integrate all of our
shot detection hardware. We will look at board layout, and
specifications for our components. Some of the design
parameters were pre-chosen when looking at previous
schematics as well. For the first section we shall divide it
into two systems; the first part will incorporate the 5 volt
supply that comes from the usb port, while the second part
will focus on the battery pack providing the input voltage
for our system. After this we look at components that
interact with the microcontroller and its requirements for
operation and last we look into the peripherals that are
controlled by the microcontroller.

A. USB Power

This circuit that utilizes the usb to power up the ESP32
is the design as found on the development board. The first
focus is the usb-B port that inputs a 5 volts supply, ground
and data lines labeled as D+ and D-. From here the main
interaction will be with the CP2102 usb to UART
controller. In order to protect the usb to UART interface
we had to add ESD protection diodes. The 5 volt, D+, and
D- all use bi-direction ESD protectors that connect to the
lines and then to ground. The next protector is added in
series with the 5 volt line before providing power to the
LDO and powering up an LED to indicate that the system
is powered on.

B. Battery to Switching Regulator

The next aspect of our design is using a step down
regulator to decrease our voltage of 7.4 volts to 5 volts
rail. In order to accomplish this some calculations had to
be taken into consideration. The first consideration is
calculating the frequency that we would want to switch at
to produce our output. In our case we decided to use the 2
MHz that defaults outputs if tied correctly to some of the
pins on the LTC3604. From here we followed the
producers in the data that required the selection on an
inductor. To choose the correct inductor we had to use the
formula:

Vout

Vin(max) ) (1)

Vout

L= (f-AILmax )(

After plugging in our values we found that we need a
value near 1.5 micro Henry’s. From here other
measurements were before and tested using LTspice and
found that our simulated output matched what we needed.
this creation of our 5 volt system would provide power to
our LDO, and our audio system amplifier.

C. LDO 3v3 Bus

After completing the design for the switching regulator
we had to create a 3v3 system that would feed power to
the rest of our components like the microcontroller and
the time of flight sensors. The first aspect of our design
was to determine the amount of current that the LDO is
required to output. With this we found one that would
output at least 20% above this value. The only
measurements we were required to determine for this
system was the resistor values. The formula that was
provided by the datasheet went as follows:

Vout = 1.21(1 + =) + 3pA - R2 (2)



Our value for R, was calculated to be 4k ohms
while value for R, was calculated to be 7k ohms. With
these values the last aspect to before was to test it using
simulation in this case the software Pspice was used to
determine that our output would be around the 3.3 voltage
output we were looking for.

D. Microcontroller Function

The ESP32-WROOM-32U is the primary component of
the whole design and carries a majority of communication
and hardware responsibilities. The Raspberry Pi 4
mini-computer is going to communicate to the ESP32 in
order for the speakers and display to function since they
will all be placed on the hoop that is going to be quite a
distance away from the Raspberry Pi on the ground. An
MCU and a mini-computer are deemed to be our best
option in this scenario so all the components can have a
way of communicating with each other despite the
physical reach. Once given indication from the dual
sensors that a score has been made, the ESP32 will then
send information to the speakers and signal them to play a
certain sound. Through communication between the
Raspberry Pi and ESP32, the display will also be
informed to increase the score by a point upon scoring.
This display component will be working with the camera
and Raspberry Pi as well in order to record information
regarding jersey recognition and correlation of statistics to
specific players.

If we look at the pins

E. Sensing Technology

In this system we are utilizing a dual sensing operation
where two VL53LO0X infrared time-of-flight sensors will
be in place to verify a complete shot. This time-of-flight
sensor has quite a few qualities that made it a good
candidate for our design project. It is a laser-ranging
module that is encased in a very compact packaging
which makes it versatile and easy to use due to its
portability. The laser it emits is invisible to the human eye
and has a longer ranging distance than most conventional
sensors. With this sensor we are able to measure up to 2m
of distance and get a very accurate measurement based off
of the target’s reflectance. Two duplicates of this sensor
will be incorporated to our PCB and connected externally
through wires. These components will be located resting
right underneath the rim of the hoop and will function to
proof check one another. A score will only be counted if a
ball passes through both the first and second sensor. This
way if there is an air ball (only hits bottom sensor) or the

ball bounces in then out of the net (only triggers top
sensor), the score will not be mistaken.

VI. SOFTWARE DETAIL

IM(s) Keeping Score’s software handles much of the
system's functionalities. In total the system must be able
to capture and analyze live camera feed, use the sensors to
interpret shot attempts, communicate between machines,
and manage the resulting data. The software is the key
part of this project paired alongside the PCB and the ESP
MCU. And is partitioned into 3 main detailed segments.
First, the ESP32’s software, the main controller for the
VL53L0X sensors and the speaker. It will be loaded with
the logic and management of the shot detection. The
ESP32 is responsible for coordinating sensor input and
transmitting necessary information to the RaspberryPi.
With the diagram shown in figure 6 showing the grouped
segments of the system, and figure 1 showing the
flowchart of how the program for the dual sensor detection
functions. The following flowchart details, how the
programs work simultaneously. The system as a whole,
with both programs running.




Fig. 7. Camera (Right Side) is constantly checking for players,
and stores/acknowledges player when detected.

Sensors (Left Side) then loop until shot detection. Make or miss
the score and/or the saved player from earlier are updated in the
database.

The RaspberryPi for this system is an external machine,
and its software is heavily used for image processing and
relaying information to a MySQL database. Upon
research and analyzing each machine's specifications the
Pi had much greater processing power than the ESP32
MCU. So it will supplement the ESP32 in that sense as
well as handle the user interface. It captures live video
from the OAK-D Lite camera to identify to complete the
automatic score keeping and player stats. The player
identification is done using python’s OCR libraries. A
machine learning  algorithm-based technology that
enables extraction of text from images of videos. It has six
main steps: preprocessing, text localization, character
segmentation, feature extraction, character classification,
and post-processing. The OAK-D Lite camera is capable
of object detection and depth perception as well. The goal
is for them to be used to attempt to recognize players and
gauge their distance from the camera. Which will be
useful in reaching one of the stretch goals of this project,
which is to accurately distinguish between 1s, 2s, and 3s
point shots.

The software from the Pi also awaits signals from the
ESP32 and displays a user interface that connects to and
updates a database. The interface is built in python and
using ‘Tkinter’. The team wanted to follow the KISS
standard to keep the UI simple yet self explanatory to use.
There will be a running score displayed, the players
logged in each team and their 3 major statistics: field
goals attempted, field goals made, and points. Another
stretch goal of ours is to implement ball tracking
alongside object detection, to record other statistics that
occur in the sport, such as: rebounds, steals, turnovers etc.

VII. CoNCLUSION

IM(s) Keeping Score is made up of essentially two
halves. The hardware and electrical half is composed of a
PCB utilizing an ESP32 MCU to control ToF sensors and
speaker peripherals. Along with a software focused half
using an external RaspberryPi and OAK-D Lite camera to
capture game footage used to track scoring and log into a
database. These parts had to communicate with each other
to complete the system and build an automatic score
keeping device for basketball games. When finalizing
production there were many technologies and components
considered. However, there were still features that were
not able to be implemented due to constraints in

development, time, and resources. This project was started
when an opportunity and idea was found in the University
of Central Florida’s Intramural Sports Leagues.
Furthermore, our team decided on this project with a goal
to limit human error from sport score keeping starting at
amateur levels.
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