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Abstract

The smart home industry has grown tremendously in the past decade and con-
tinues to promise sustained growth as more connected devices are introduced
to the market. LED decorations have gained immense traction with a variety
of o erings from LED strips to modular panels. These products often have
limited customizability and limit customers to a linear strip or a simple panel
that cannot display text or visual e ects. Our LED wall panels aim to |l the
gap by providing additional functionality to the users with the ability to dis-
play text, images, and various e ects. We successfully developed 4 working
prototypes that can display text and dynamic e ects. While our project was
mostly successful, there are additional features to be implemented in future it-
erations such as dynamically hot-swappable panels that automatically detect
their con guration as well as support for images.
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1 Introduction
1.1 Problem

In recent years, LED decorations and the IoT marketplace have grown im-
mensely in popularity. However, many of the commercially available products
are either overpriced or provide very little customizability. Currently, most
LEDs are only available as strips, with few able to display text or images. The
linearity of LED strips hinders the users’ ability to create 2-D displays tailored
to their speci ¢ room dimensions. On the other hand, the lack of text and im-
ages on current modular LED panels limits the possibilities for dynamic displays
that can provide useful information.

1.2 Solution

To overcome these limitations and solve this problem, we designed and imple-
mented four LED panels that are capable of displaying customizable texts or
images. The modular design allows for the user to connect together as many
panels as desired, in relatively any shape. For example, with four tiles, the user
can create either a 2x2 square, a 4x1 line, or an "L" shape.

The design is focused around a "core panel™ containing the main control unit,
which can then be connected to "expansion panels” in the manner described
above. The control panel determines the con guration of the 4 panels, deciding
the manner in which to place the text/images (e.g. text will scroll if too small
to t on one panel). Each panel contains an array of 8x8 serially addressable
LEDs which can be illuminated in any color. Utilizing a smartphone, the user
can choose what image or dynamic display will be shown on the panels. In our
case, the user can choose between a "ball" mode in which a ball bounces around
the panels according to their con guration, or a "text" mode where the user
can display scrolling text entered from their Bluetooth device.



1.3 Visual Aid
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Figure 1: Con guration example 1 of four panels
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Figure 2: Con guration example 2 of four panels

Figure 1 and gure 2 above is how we envision a real-life version of our product
being used. We imagine the users of our product hanging up our LED panels
on their wall in any desired con guration. Figure 1 and 2 depict two sample
con gurations the panels can be con gured in.



1.4 High-level Requirements

< The four panels must be able to display text, images, and dynamic e ects
that can adapt to current con guration. If text is too small to t within
boundaries, it will scroll across panels.

e "Core panel" must automatically recognize any change to the con gu-
ration of expansion tiles, updating the display output to each tile to t
within the new boundaries in under 1 second.

« Panels must be able to be controlled through Bluetooth by a smartphone
or other external device (must connect to Bluetooth device within 5-7
seconds).

The three high-level requirements above were our initial high-level requirements
for our project. We were able to successfully meet the rst and third require-
ments which will be discussed later in this report. However, we were only able
to implement a part of our second requirement. While we were able to con gure
the boards in any con guration, we had to manually enter in the con guration of
the boards instead of the core panel automatically recognizing the con guration.
This will also be discussed in more detail later in this report.



2 Design
2.1 Block Diagram
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Figure 3: Block Diagram

Figure 3 above depicts the block diagram for our project. It can be seen that
the project consists of both a core and expansion panel. The core panel contains
the power subsystem which will provide power to all other boards. Additionally,
the core panel is where the user will connect their smart device over Bluetooth.
Each panel has four expansion ports that transmit the 12C lines (SCL and
SDA) as well as power and ground to neighboring panels. The expansion panel
is almost identical to the core panel, but without the power subsystem. Lastly,
each panel has an 8x8 array of individually addressable LEDs.

2.2 Power
2.2.1 Description

The power subsystem for our project was relatively simple. The subsystem
consisted of a power adapter that was plugged into a standard North American
outlet which outputs 120 V AC rated at 15 A. Utilizing the power adapter we
stepped down the 120 V to a 5 V DC supply. Additionally, we used a LM1117-
3.3 voltage regulator to step down the 5V supply to 3.3V. This was necessary
because the microcontroller that we used was the ESP32 [1] which runs o of
3.3V.




2.2.2 Schematic
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Figure 4: Power Schematic

Figure 4 above depicts the schematic for the power subsystem. As described
previously, we can see that it consists of a barrel jack where the power adapter
can be plugged into, as well as as the LM1117-3.3 voltage regulator [2]. It should
be noted that we chose a power adapter that was rated for 15A due to current
requirements for the LEDs.

2.3 Control

2.3.1 Description

For our control subsystem we chose to utilize the ESP32-WROOM-32D. Since
one of the main requirements of our project was to have Bluetooth capabil-
ities, the built-in Bluetooth connectivity of the ESP32 was a major deciding
factor in why we chose this microcontroller. The Bluetooth capabilities of the
ESP32 made it an ideal choice for our project. Additionally, the ESP32 was in
stock, and had su cient memory for our design making it a desirable microcon-
troller.

Only the ESP32 on the core panel is required to be connected to over Blue-
tooth. Once connection was established, this ESP32 acted as the "master" in
12C communications, while the ESP32 chips on the expansion panels acted as
"slaves'. Using the 12C protocol, the core panel sends out sends a series of data
packets to each microcontroller. Each expansion panel ESP32 then parses the
data and lights up its LEDs accordingly. Since only the core panel utilizes the
Bluetooth capabilities of the ESP32, we would likely choose to use a cheaper
ESP model that does not contain Bluetooth on our expansion panels in future
designs.

It should be noted that we initially had issues ashing our code onto the ESP32.
We realized that we did not initially connect the enable and GPI1OO0 pins which



are necessary for programming. On our second PCB we corrected this issue and
we were able to successfully load our code.

2.3.2 Schematic
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Figure 5: Control Schematic

2.4 Expansion Ports
2.4.1 Description

Each panel contains four expansion ports that receive both power and ground,
as well as the 12C lines (SCL and SDA) from its neighboring panels. For our
project, we utilized JST PH-2.0 connectors. These connectors required the use
of crimped wires which led to some di culties establishing good connections.



The machine-crimped wires that we acquired were therefore essential in main-
taining consistent connections between the panels. Connectors on each side of
every panel were necessary because the user can con gure the panels in any
con guration that cannot be predetermined. If we were to redesign our project,
we would likely use sturdier connectors that didn’t require the wires to be pre-
crimped, and can withstand multiple re-installations.

2.4.2 Schematic
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Figure 6: Expansion Ports Schematic

2.5 Using the Panels
There are four steps to use the LED panels:

1. Connect phone to core panel ESP32 over Bluetooth

2. Enter con guration mode and enter in con guration of panels on phone
3. Type in "text" or "ball" mode to enter desired mode of operation
4

. Text/ball is displayed on panels






