ROOMIFY: A SMART ROOM SYSTEM

ECE 445 FINAL REPORT - SPRING 2026

Project # 67 - Roomify

Benjamin Chang, Warren Lam, Owen Wang

Professor: Craig Schultz

TA: Lukas Dumasius



Abstract

Recently, room decor and aesthetics have become increasingly popular, with the hashtag
#HomeDecorTikTok gaining over 10 billion views [1]. However, room devices such as LED
lights, screens, and music systems are hard to coordinate, with separate device interfaces and
remotes. In addition, existing smart room systems like Google Home are complex, expensive,
and difficult to integrate with. We propose Roomify, a centralized device control system that
copies and stores infrared (IR) remote codes that can then be grouped together into synchronized
room “presets.” For example, a preset could include green lights, Christmas music, lavender mist
from an aroma diffuser, and a fireplace video on the TV. When a preset is selected, Roomify
broadcasts the necessary IR signals across the room, providing a lightweight, extensible system
that can control multiple devices simultaneously. Roomify allows users to create and set cohesive

room atmospheres, giving them full control over their room.
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1. Introduction

1.1 Problem

Room devices such as LED lights, music systems, TVs, and other decorations are hard to
coordinate, leading to unsynchronized room atmospheres and an excess of handheld remotes.
People interested in room decor face a fragmented ecosystem where each device operates
independently. This makes it difficult to create cohesive environments with a unified mood (e.g.,
slow music with flashing LED lights), and the need for multiple remotes and is inconvenient for

managing room environments.

For college students and apartment residents, budget and room modification restrictions make
purchasing and installing integrated smart home systems unrealistic. In addition, existing
products like Google Home and Amazon Echo only support specially designed devices, making
it impossible to integrate use with ordinary room decor devices and appliances. These smart
home-compatible devices are also much more expensive and harder to find. The lack of solutions
for smart room systems indicates a need for an affordable, flexible solution that can synchronize

home devices without requiring special hardware.

As social media use rises, room decor has become increasingly popular as people post their

setups. For example, the hashtag #HomeDecorTikTok has over 10 billion views, making the
problem of improving room ecosystems extremely relevant [1]. Solving this problem with a
cohesive, extendable room system would reduce remote clutter, enhance room lifestyle, and

establish a new standard for integrated rooms.



1.2 Solution

We propose Roomify, a centralized room control system where users can easily operate devices
in their room like LED lights, TVs/projectors, aroma diffusers, Spotify, or other
remote-controlled decorations and displays (Demo Video). For example, users will be able to
press a single button on the Roomify screen and put on the cooking channel, turn the LED string
lights yellow, diffuse lavender, and play jazz music. Roomify introduces an extendable, cohesive

room system that coordinates independent devices and removes the need for multiple remotes.

Roomify will appear like a vinyl player with a hinged wooden box, with a square capacitive
touch RGB TTL TFT display driven by an ESP32-S3 board. The core functionality of the board
will be controlling the display, infrared (IR) signal receiving and decoding to store device remote
codes, omni-directional IR transmission to transmit device remote codes, and WI-FI
communication (to make Spotify API calls). In addition, we will design “repeaters” placed

throughout the room to relay IR signals to devices not in direct line of sight.

By copying and storing IR remote codes as a “virtual remote”, users can map buttons on the
Roomify touchscreen display and their phone (web-app) to IR signals that interact with devices in
the room. To accomplish this, Roomify will have an "Add Remote" mode. For example, a user
would add the "red" button on a LED string light remote by aiming the remote at the Roomify
box. After Roomify decodes the signal, users can label and save the button code data. The user
could then repeat the process for other buttons on the remote, or for other remotes. Any device

that uses infrared remote signaling or has an API (like Spotify) will be usable with Roomify.

After adding remotes to Roomify, users will be able to create quick-start presets (e.g. green lights
with Christmas music and a Snoopy Gif display on the square display screen). When the user
selects a preset, Roomify will transmit the necessary IR signals in all directions. Aside from

presets, users can also use the virtual Roomify remotes to change individual device settings.

Roomify is an extensible, centralized room system that allows for full control over room decor,
lights, and sound, allowing students and apartment owners to easily set cohesive room

atmospheres.


https://youtu.be/-tZ89P9g53U
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1.4 High-Level Requirements List

1. Infrared Remote Control Transmission. Roomify should be able to decode, store, and
retransmit at least 10 unique IR commands for at least three different devices with

accuracy >95% compared to using the original remote.

2. Preset Execution. Roomify should be able to operate multiple devices in a user-selected
preset. Execution should finish within 1 second, measured from user input to the correct
activation of all devices in the preset. The preset should include at least one device in the
following categories: IR transmission (LED lights), API calls over Wi-Fi (Spotify), and
Roomify screen display.

3. Range and Coverage. Roomify must provide reliable omnidirectional infrared coverage
capable of controlling three separate IR-based devices within a 5-meter radius across a

>300° horizontal field using no more than three infrared repeaters.



1.5 Subsystem Overview
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Figure 2 - System Block Diagram

Users interact with Roomify through the Display System (top right), which has a touchscreen
display for selecting room device presets, adding remotes, and controlling music. The Display
System is controlled by the Box System, which is the central unit of Roomify. The Box System
contains the main MCU, which controls infrared signal transceiving and Wi-Fi operations. The
Repeater System redirects IR signals from the Box System to increase coverage within the room.
Repeaters will be separate, battery-powered units placed throughout the room to relay IR signals
to devices not in direct line of sight of the Box System. Finally, the Power System converts

offline AC power to 3.3V for the Box and Display Systems.



2. Design

2.1 Design Procedure

2.1.1 Infrared Transceiver System

The general approach our team took to the IR transmission system was to maximize the amount
of current that would flow into our IR LED in order to maximize the range of the entire system.
The overall system of the box was to have 14 IR LED in total to control and allow every IR
controlled device in a room to be able to receive a signal and be controlled by the devices. Some
alternatives we were deciding on during the implementation was to have a single IR LED
attached to a box and aim it at IR repeaters to relay the message. This would allow us to use only
1 LED rather than 14, but it would require more precision. With 14 IR LEDs in total, it allowed
us to cover more area. This was a major reason for why we chose to allow 14 transmitting
devices to be on a single board, which required a very high power supply as each LED consumed
around 1A of current from our overall system. The major equation used to determine the power
of our overall system was the amount of current each LED consumed. By increasing the amount

of current through our diodes, it increased our range and allowed us to cover more area

throughout our room. The major equation we used was [ | = —>—" as it aimed to minimize

total

total impedance for our signal.

2.1.2 Repeater System

Our repeater system had the same governing principle behind the way our box system worked
when transmitting signals. The same goal of maximizing the current through the LED was
needed in order to transmit across a large room. The main difference between the repeater and

the main box was the fact that this board included only a single LED. The reason for a single

vV -
LED is to repeat a signal in a single direction. With the same equation of [ b= % The

total

impedance seen by the signal was very small and around 1 ohm.



2.1.3 Display System

Within the Display system, the overall objective was to allow the user to interact with a screen
device on board the box in order to reduce the need for external remotes and to enable
synchronized control of multiple devices. The major design choices for this was to have a stable
power supply to reduce the chances of any brownouts from the MCU or the display device.
There was a debate between allowing the display system to connect via UART or WiFi to the
main box as UART would be a more reliable option without the need for a middle man.
However, since the repeater system was also on WiF1i, the addition of a display device on the
same network allowed for an easier development system, as well as a more robust system overall
since the repeater no longer needed to be in line of sight of the Roomify box (allowing control of
devices in multiple rooms, etc.). Reducing the amount of complexity across connections and
communication protocols allowed for a smoother development process on both the hardware and
software side. Due to limitations in the graphics of the touchscreen display, the design for the
display was also simplified to only include preset execution buttons to keep the user interface

clean and intuitive.

2.1.4 Power System

Within the Power System, designing an AC-DC power supply that was able to pull power from
the line was the biggest challenge. A major factor that dictated the design process was following
the UL 62368-1 standard as that would allow for creating a safe system when pulling off the line.
The topology we chose was a flyback converter as it was an isolated system and allowed for
safety on the secondary side of the transformer, which would provide power for the entire box
and display system. The other topologies we looked at were not as desirable as the flyback
offered both an isolated topology as well as several resources online for implementation and

development. The main equation that is satisfied is the duty cycle of the switching of the NMOS

N
transistor on the low side of the primary winding. D = N—;aad is the duty cycle the PMIC

Vsupply+ N_ " Load

aims to set for the overall control.



2.1.5 Box + Logic System

For the Box and Logic System, the main
considerations were designing a clean housing for

Roomify’s internal electronics, while also providing a

simple control unit capable of managing all of the
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queue commands, fetch commands, and view user Figure 3 - Front View of Physical Box Design
presets. The box was modified in Fusion360 from an

online build from Concept Bytes to match our project specifications and mount our specific

touchscreen display [3].

2.1.4 Mobile Device Control System

For the Mobile Device Control
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can also link their Spotify accounts to

access their playlists, and create presets through a simple two-field form. All updates are
immediately propagated through the Roomify system without any user action necessary. For our

system design, we selected standard frameworks, using React, TypeScript, and Next.JS for the



frontend, and Supabase for our database (Figure 4). We used Amazon Lightsail to host our

central FastAPI server, which handles all communication from the frontend and our ESP32s.

2.2 Design Details

2.2.1 Infrared Transceiver System

The Infrared Transceiver System includes a unit for infrared transmission and a unit for infrared
signal receiving and decoding. To learn device remote codes during pairing, we will use the
built-in Remote Control Transceiver (RMT) peripheral on the ESP32-S3 [5]. However, we will
use our own transmitters instead of using the RMT peripheral to provide multi-directional
transmission. The transmit unit consists of fourteen infrared LEDs (six along XYZ axes, and
eight along the diagonal of each octant) to provide near-omnidirectional transmission. The IR
LEDs are driven directly by MCU GPIO outputs using the standard NEC encoding (Figure 5)
[4]. The transmit subsystem communicates wirelessly via IR with both room devices and the
Repeater System (orange paths in the block diagram), forming the core communication

mechanism for device control.
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Figure 5 - Schematic Diagram For Infrared Transmission

2.2.2 Repeater System

The Repeater System extends the infrared coverage of Roomify by receiving IR commands from
the main Transceiver System and retransmitting them in a different direction (user can decide

which direction to point the repeater in). Essentially, the repeaters act as “mirrors” that can relay



infrared signals to devices that are not in direct line of sight of the main transmission unit (e.g.,
behind a wall). Each repeater has a simplified transceiver and microcontroller unit. Like the main
Roomify MCU (2.2.5), the repeater polls (every 250ms) a central server for any queued
commands to execute. The repeater also maintains a buffer of recently transmitted IR signals to
avoid retransmitting commands multiple times before the main MCU marks the command as
complete. The repeater operates independently using battery power and is designed to be

lightweight and simple so users can place several of them throughout their room.

2.2.3 Roomify Display Interface System

The Display System is the primary visual user interface for Roomify. The Display System
consists of capacitive touch TTL TFT screen and a special ESP32-S3 MCU that can drive the

RGB-666 display. The display MCU communicates with the TFT screen using a SPI interface
(purple wired data path), enabling high-speed graphics updates such as preset visuals. The
Display System communicates bidirectionally with the main Roomify MCU via a WiFi
connection to our central server, enabling synchronized operation between all the Roomify
interfaces and MCU s for preset execution. When the user selects a preset, the display MCU
sends a POST to our AWS Lightsail server, which then queues the necessary IR command codes
in a database and plays the linked Spotify playlist. The Roomify MCU (2.2.5) can then GET the

commands and transmit the IR signals to operate room devices.

2.2.4 Power Systems (Box and Repeater)

There are two independent power architectures shown in the diagram. The power system for the
Roomify box uses an AC outlet input, followed by power factor correction (PFC) and a flyback
converter to generate 24V DC (Figure 7) [6]. The box power system converts 120VAC from the
outlet into regulated DC rails [7]. A buck converter then steps this down to 3.3V for logic
circuits like MCU, IR subsystems, and Display System (see Figure 6).


https://www.adafruit.com/product/5792?srsltid=AfmBOoqM3E4jgHRq6BRNb45ODwO7m0HYC0biwGifz7Ur5a4_fnzJjZ69
https://www.adafruit.com/product/5800
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Figure 7 -Schematic Diagram for AC-DC Converter

The power system for the repeaters uses a battery source regulated down to 3.3V for its MCU

and IR circuits.



Both systems maintain electrical isolation between high-power (24V) and logic-level (3.3V)

domains to ensure stable operation and safe interfacing between subsystems.

2.2.5 Box + Logic System

The Box System is the central hardware unit of Roomify and contains power conversion, logic
control, and IR communication. The Roomify box will be 3D printed and painted to look like a

vinyl player with the square display acting as the spinning record (Figure 1, Figure 3).
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Figure 8 - Schematic Diagram for ESP32-S3 MCU

The central controller for the Logic System is an ESP32-S3 MCU (Figure 8), coordinating IR
transmission/reception, display communication, and Wi-Fi (for making API calls to Spotify,
mobile web application control, etc.). The Transceiver System allows the box to learn remote
codes and send omnidirectional NEC-encoded commands wirelessly to room devices and
repeaters using the IRremote Arduino library [8]. The Box System also connects to the Display
System via wired 3.3V power and UART communication, acting as the master controller for the
entire Roomify device. Finally, the MCU will be able to receive user instructions from mobile

devices via Wi-Fi, allowing users to use Roomify through a web application on their phones.



2.2.6 Mobile Device Control System

In addition to the Roomify display interface, users will also be able to control Roomify with their
phones via a web application. User presets and virtual remotes will be stored in a database linked
to user accounts. After signing in to the web application, users can access the same interface as
the Roomify display to select presets and control room devices. This system will use Wi-Fi to
allow for wireless control of the Roomify box. When users select an option on their phone, a

request will be sent to the Roomify ESP32 MCU, triggering appropriate actions.

3. Verification

3.1 Infrared Transceiver System

Throughout the testing portion of our IR transceiver, we focused on verifying the amount of
current our overall system was delivering to each LED and resulting irradiance (Appendix A,
Table 1). This was to ensure maximum range and to comply within our calculations and high
level requirements of a range over 10 feet. In Figure 9 (below), we measured the voltage between
Vp and the cathode of our IR LED to calculate the voltage drop across the LED and total

current.

Figure 9- NEC Transmission of 0x50 (Yellow)

By measuring the voltage drop and overall impedance of the signal path, we were able to

calculate the current going through the infrared LED as 0.917A (Figure 9). Following the



specifications for the IR LED, the emitted irradiance of the transmitter is around E e~7 % ata
m

seven meter distance (corner to corner of a standard 15 ft. x 15 ft. x 10 ft. room) [9].

The threshold irradiance of the receiver is E .= 0.15 % [10]. We were able to
m

calculate a link budget of |E| = 10log, (—) — |E| ,, = 9.37dB. This gave us the

theoretical verification that we were transmitting with enough power to reach each end of a
room, which was further validated by testing infrared signal transmission between our
transmitter and a commercial LED light strip device at up to 25 ft.

The receiver unit was validated by using commercial infrared remotes, receiving and
decoding their signals with our receiver unit, and retransmitting the signal to verify identical

operation to the commercial remote.

3.2 Repeater System

The repeater system uses the same circuit design as the Infrared Transceiver, but rather than 14
LED in total, it uses a singular LED to retransmit in a signal direction. To validate this design,
we did a manual test of aiming our PCB from a distance to an IR receiver and measuring the

distance between the two devices (Appendix A. Table 2). This would allow us to calculate the

peak distance our repeater can be placed without the loss of any signal and data.

From our testing, we validated that we had over 20 ft. of transmission range, and correctly
relayed queued infrared signals. In addition, we repeated the same oscilloscope measurements to
observe the transmitted signal and measure current flowing through the LED (same calculations

as 3.1).



3.3 Display System

The Display System (Figure 10) was validated by measuring
A @ @ (=
the time to preset execution completion after selecting a preset ——

by logging out timestamps to the serial monitor and verifying Roomi fy

R)S)#) £

that it was under 500ms (Appendix A. Table 3). Across 15
trials, we observed an average completion time of 387.2 ms,

passing our 500ms requirement.

. + i
3.4 Box LOglC SyStem Figure 10 - Roomify Touchscreen Display

The Box System is the main control and logic unit of

Roomify. As a result, correct operation was mostly verified through testing other subsystems,
since the Box System controls them (Appendix A. Table 5). To validate latency, we logged
timestamps from the time a user request was made in the web application to the time the request
was processed in the box logic system. We obtained an average request processing time of
312ms, which satisfies our 500ms requirement. To validate correct HTTP request functionality,
we made GET requests to our AWS server to several endpoints, verifying status 200 OK

responses.

3.5 Power System

The power system took several iterations of bringing up to validate the overall system. At first,
we tested it with a 50V signal before plugging it into a wall outlet. Since our transformer has a
4:1 step down ratio, we set the output to be a fraction of the 24V output and tuned our board to

output around 2V (Figure 11).
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Figure 11 - 50 Ve to 2V output



Once we were able to validate our design at 50V, we plugged it into the wall to supply the
120VAC to our board. A major issue arose and showed that there was a large ringing that was
traced back to the PFC part of our board (Figure 12). The frequency of this oscillation was

around 120Hz, which was double the input frequency of a wall outlet.
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Figure 12 - Parasitic Ringing in AC/DC Output

This allowed us to narrow down to the PFC portion of our board. We were able to determine that
the output capacitance which would supply a reference voltage to the auxiliary terminal of the
transformer did not have a high enough capacitance. With a 22uF output, the capacitor would not
have enough capacitance to store the large transient and current draw from the load causing a
massive discharge and oscillation. To resolve this problem, we added a 1000uF capacitor in
shunt as well as TVS diodes to clip any transients. From these changes, we were able to generate
a stable 24V output from 120V AC (Figure 13), satisfying our power system requirements
(Appendix A, Table 4).
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Figure 13 - 120V AC to 24V DC Output



3.6 Mobile Device Control System

ROOMIFY +

Presets
The Mobile Device Control System (Figure 14) was validated by "
measuring the time to preset execution completion after selecting a —

‘T . i“ ) whi
preset in the web app by logging timestamps and verifying that it -
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was under 500m (Appendix A, Table 6) . Across 10 trials, we B

S yello
observed an average completion time of 412.2 ms, passing our
"S5 Flashing Lights

500ms requirement. In addition, we performed user testing with 5

Flashing

test users who had no knowledge of the project. We asked them to
use the web application to pair a device, add remote buttons, and
create presets, which they successfully completed with minimal

instruction.

4. Costs

The total cost for parts before shipping is $321.47 (Appendix B -
Parts List). Adding 10% for sales tax and shipping gives a total of Figure 14 - Roomify Web App
$353.62. Assuming a $40/hour salary and 50 hours to complete the

project for each team member (Appendix C - Work Schedule) and the standard 2.5 multiplier for

employee overhead, the total labor cost is:

go-detlars o 5022 3 people X 2.5 = $15,000

hour person
Summing up materials and labor, the total cost to develop and manufacture Roomify was
$15,354. If Roomify were produced commercially, costs could be decreased by replacing the

custom AC/DC power supply ($122.46, Table 7 - AC/DC) with an off-the-shelf version.

5. Conclusions

5.1 Ethics

As engineers, we have an ethical and professional responsibility to design safe and transparent

systems. The IEEE Code of Ethics states that engineers should “hold paramount the safety,



health, and welfare of the public” (IEEE Code of Ethics, Principle 1) [11]. Given this context, the
main considerations in designing Roomify were electronic safety and data privacy. Roomify was
designed according to the UL 62368-1 standards for audio/video technology to mitigate electrical
risks through electrical isolation. The offline power supply was isolated in an aluminum box
acting as a Faraday cage, which was further insulated and inaccessible inside of another box. In

addition, we collect minimal user data and store everything in authenticated accounts.

5.2 Future Work

Roomify successfully met all planned requirements and project goals but should be redesigned to
become commercially viable. We went slightly over our budget, with the touchscreen display,
Roomify box and custom power supply costing more to manufacture than expected. Instead,
using an off the shelf power supply (e.g., a simple USB-C charger) and replacing the main
Roomify box with more repeaters would drastically reduce cost (~$10 per repeater). The main
Roomify box with omnidirectional transmission and touchscreen display could become an
add-on, with the core system being replaced with one repeater per room device (that can be
placed in direct proximity to the device receiver) and the mobile app as the main user interface.
This would make Roomify cost around $30 per user, which is in the affordable range and much

more practical than the current ~$200 design.

5.3 Conclusion

With over 20 ft. of near omnidirectional range, a scalable repeater system, a touchscreen display,
and a mobile web application, Roomify gives users flexibility to set synchronized room devices
and cohesive atmospheres while eliminating the need for multiple handheld devices (Demo
Video). All requirements were met and verified, with a working 120V ,¢ to 24 V¢ offline power
supply, high-range infrared transceiving (> 7 meters), signal repeaters, a 3D printed hinged box,
and two user interfaces (touchscreen display and app) that allow users to add remotes and room
devices and create presets. Roomify gives full control over room decor, lights, and sound, making

it easy for students and apartment owners to manage their room devices.


https://youtu.be/-tZ89P9g53U
https://youtu.be/-tZ89P9g53U
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Appendix A - Requirements and Verification

Table 1 - Infrared Transceiver Subsystem RV

Requirements

Verification

e  Receive and decode 38kHz
NEC infrared signals with

mWw
7

irradiance > 0.15

o  Transmit 38kHz NEC infrared

signals at > 130"
sr

o  (Near) Omni-directional
transmission of infrared
signals, > 300° coverage

along any axis.

Point and click a button with a known hex code on a device remote (LED light
remote) from ~20ft. away at the Roomify infrared receiver.
Compare decoded signal from Roomify Transceiver System to known remote

hex code value and verify accuracy.

Test transmission of a valid remote code signal with a device receiver at up to
20 ft. and verify correct, predictable operation (e.g. turn LED lights red, then
green, and then blue).

[Oscilloscope] Connect the transmit pin of the transceiver unit to the
oscilloscope and observe the waveform of the transmitted signal (check for

noise, voltage difference between highs and lows, etc.)

Place the Roomify box 10 ft. away from a device receiver at the same height.
Continuously rotate the box by 90 degrees, testing correct reception of the

signal at the oscilloscope (no bit flips, relatively unnoisy signal).

Table 2 - Repeater Subsystem RV

Requirements Verification

® Receive and decode
38kHz NEC infrared

signals with irradiance >

w
0.15-™-.

m

e  Transmit 38kHz NEC

infrared signals in a single

direction at > 130mT:V

Point and click a button with a known hex code on a device remote (LED
light remote) from ~20ft. away at the Roomify infrared receiver.
Compare decoded signal from Roomify Transceiver System to known

remote hex code value and verify accuracy.

Test transmission of a valid remote code signal with a device receiver at up
to 20 ft. and verify correct, predictable operation (e.g. turn LED lights red,
then green, and then blue).

[Oscilloscope] Connect the transmit pin of the transceiver unit to the
oscilloscope and observe the waveform of the transmitted signal (check for

noise, voltage difference between highs and lows, etc.)




Table 3 - Display Subsystem RV

Requirements

Verification

Process user touch and
execute action within 100ms.
Complete preset execution
within 500ms of the user

selecting a preset.

Measure average end-to-end latency across >10 trials of selecting a preset
and timing the response.
Requirement passes if worst-case latency < 500ms for present execution

and < 100ms from when the preset begins executing.

e  Display stored user presets Preload multiple presets involving >3 room devices into memory on the
and settings. Roomify MCU.
Verify correct preset names, correct icons, and correct associated IR
mapping.
Use Roomify touchscreen display to select a preset and confirm matching
operation of room devices.
Table 4 - Power Subsystem RV
Requirements Verification
e  Convert 120V AC from outlets Connect the Roomify box to a 120V AC outlet and power on the system.
to 24VDC. Using PCB test points, place the multimeter negative probe on GND.
Measure the 24V rail with the positive probe and confirm voltage is 24V
+0.5V.
Measure the 3.3V rail and confirm voltage is 3.3V + 0.3V.
Use an oscilloscope to probe 24V and 3.3V rails.
Use the oscilloscope to measure ripple voltage and confirm that it is
within £0.5V
e  Power system should provide Connect an electronic load to the 3.3V rail.
peak 1A for the Roomify Increase load current gradually up to 1A.
system at 3.3V +/- 0.3V. Monitor voltage using a multimeter.
Confirm voltage remains within 3.3V + 0.3V under full load.
e  The battery system should Power repeater using a fully charged battery.

provide peak 500mA at 3.3V
+/- 0.3 V for Roomify

repeaters.

Connect electronic load to 3.3V output.
Increase current draw up to S00mA.

Confirm voltage remains within 3.3V £ 0.3V.




Table 5 - Box Subsystem RV

Requirements Verification
e  Control the Transceiver e  Send IR transmission commands to the Transceiver System.
System e  Verify correct operation of room devices.

e [Oscilloscope] Use an infrared receiver connected to an oscilloscope to

validate signal transmission (check that bits match).

e  Receive and process user e  Connect system to Wi-Fi network.
requests over Wi-Fi within e  Trigger a request from the mobile/web application.
500ms e  Confirm that average action execution latency is < 500ms.
e  Store user information e  Restart the Roomify system and reload the application.
(presets or remote signal e  Verify stored data persists and matches expected values.

codes) to a database over

Wi-Fi reliably

e  Make valid HTTP requests e  Use ESP32-S3 to send a HTTP request to Spotify to play a song.
over Wi-Fi to Spotify API e  Verify HTTP status code is 200.

e  Confirm correct behavior on the Spotify account (song plays).




Table 6 - Mobile Device Control Subsystem RV

Requirements

Verification

Communicate with the Roomify Box
System over Wi-Fi with < 500ms

latency

Display stored user presets and settings.

Provide a clean, intuitive interface for
users to add new remotes, create
presets, and control devices through
Roomify (time to teach someone how
to use the application should be < 3

minutes).

Connect the mobile device and Roomify Box to the same
Wi-Fi network.
Verify that average response latency is < 500ms after pressing

a button in the app.

Create a user account with predefined presets stored in the
database.

Log into the web application using the account.

Verify that all presets, names, icons, and settings are correctly

displayed.

Select at least 5 users unfamiliar with the system.
Provide a short 1 minute explanation of the application’s
purpose (no walkthrough).
Assign tasks:
o Add a new remote
o  Create a preset
o  Trigger a device
Measure the time required to understand and complete tasks

and verify that <3 minutes of instruction were necessary.




Appendix B - Parts List

AC/DC

Table 7 - AC/DC Parts List

Quantity Cost

TERM BLK 2POS SIDE ENTRY 5MM - 4 $0.37 §1.48
PCB =
BRIDGE RECT 1P 200V 1.5A 4-SDIP ink 2 $0.98 $1.96
NTC THERMISTOR ICL P13/10 ink 2 $1.10 $2.20
FUSE BLOCK CART 250V 6.3A PCB Link 2 $1.15 $2.30
CAP ALUM POLY 2.2UF 20% 250V TH ink 2 $1.37 $§2.74
CAP ALUM POLY 220UF 20% 250V TH ' Link 2 $28.08 $56.16
DIODE STANDARD 150V 400MA .
S0D123 Link 2 $0.15 $0.30
CAP CER 2200PF 760VAC Y5U .
. Link 2 $2.82 $5.64
DIODE SCHOTTKY 200V 3.1A TO277A | Link 2 $1.37 $§2.74
CONN RCPT TYPE C 6P SMD RA Link 2 $0.60 $1.20
TVS DIODE 170VWM 275VC .
DO214AA Link 2 $0.38 $0.76
DIODE STANDARD 600V 1A SMA Link 2 $0.80 $1.60
RES 0.5 OHM 1% 2W 2512 Link 2 $0.37 $0.74
RES SMD 100 OHM 5% 2W 2512 Link 2 $0.44 $0.88
MOSFET N-CH 600V 21A T0263-3 Link 2 $4.70 $9.40
XFMR LED DR AC/DC CONV 300UH il 5 §7.48 $14.96
TH =
RES 200K OHM 1% 1W 2512 Link 2 $0.24 $0.48
IC OFFLINE SWITCH FLYBACK .
SR Link 2 $8.30 $16.60
RES SMD 5.1K OHM 5% 1W 2512 Link 2 $0.16 $0.32
$122.46



https://www.digikey.com/en/products/detail/w%C3%BCrth-elektronik/691137710002/6644051
https://www.digikey.com/en/products/detail/onsemi/DF02S/974207
https://www.digikey.com/en/products/detail/epcos-tdk-electronics/B57213P0100M351/22593849
https://www.digikey.com/en/products/detail/littelfuse-inc/64600001003/151822?s=N4IgTCBcDaIGwBY4AZXIIyoMwgLoF8g
https://www.digikey.com/en/products/detail/kemet/A759KK225M2EAAE685/6196532?s=N4IgTCBcDaIIIHYCsBOA0msYkFkwFE458A2ADiRAF0BfIA
https://www.digikey.com/en/products/detail/kemet/A759TC227M2EAAE250/13676501?s=N4IgjCBcoEwAwBYCcVQGMoDMCGAbAzgKYA0IA9lANogzwAEArQGIgC6pADgC5QgCqAOwCWXAPKYAsoWz4ArgCdCIAL6l4AdhTQQGSDgIlyVGgFY4dAGptOPSP2FjJ0uYpWqaxtNg7Y0IsvJsykA
https://www.digikey.com/en/products/detail/diodes-incorporated/BAV20W-7-F/749954?gclsrc=aw.ds&gad_source=1&gad_campaignid=120565755&gbraid=0AAAAADrbLlhBAvGg5gqvopoK5XTVy_2xR&gclid=CjwKCAiAzZ_NBhAEEiwAMtqKyyXKvxlNut8TY0e3_wpdtncxlSgi3EJww0-nbIGzwKlwjQPSrMpt3BoCPf0QAvD_BwE
https://www.digikey.com/en/products/detail/vishay-cera-mite/440LD22-R/2825032
https://www.digikey.com/en/products/detail/vishay-general-semiconductor-diodes-division/V10P22-M3-H/16683417
https://www.digikey.com/en/products/detail/gct/USB4125-GF-A/13547388?gclsrc=aw.ds&gad_source=1&gad_campaignid=120565755&gbraid=0AAAAADrbLlhBAvGg5gqvopoK5XTVy_2xR&gclid=CjwKCAiAzZ_NBhAEEiwAMtqKyyPQtsnyKOhigtrxrLz_KR9osNfuCBHHSvh_dWFE5Xc6b3Y-MtovHhoCftkQAvD_BwE
https://www.digikey.com/en/products/detail/littelfuse-inc/SMBJ170A/688309
https://www.digikey.com/en/products/detail/central-semiconductor-corp/CMR1U-06M-TR13-PBFREE/4807406
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/CSRN2512FKR500/1742768?s=N4IgTCBcDaIMIGUBKA5MBWAjGAYgaSXQAYiQBdAXyA
https://www.digikey.com/en/products/detail/bourns-inc/CRM2512-JW-101ELF/2563945?s=N4IgTCBcDaIMICUCyYCsBGMBaAUgdS3QAZ0BRAGQDEQBdAXyA
https://www.digikey.com/en/products/detail/infineon-technologies/IPB60R165CPATMA1/1281962?s=N4IgTCBcDaIJIAUBCA2ADAJQIwoKwGEEQBdAXyA
https://www.digikey.com/en/products/detail/w%C3%BCrth-elektronik/750811248/3992723?s=N4IgTCBcDaIOwFYAMAOAjGsAWFIC6AvkA
https://www.digikey.com/en/products/detail/stackpole-electronics-inc/RMCF2512FT200K/1716536
https://www.digikey.com/en/products/detail/analog-devices-inc/LT3798IMSE-TRPBF/3124857
https://www.digikey.com/en/products/detail/bourns-inc/CR2512-JW-512ELF/4698170

MCU

Table 8 - Microcontroller Parts List

Total

Order Link Quantity Cost Notes
Cost

ESP32-S3-WROOM-1 Link 1 8592  $592
CONN RCP USB2.0 TYP C 24P SMD RA Link 1 8167 $1.67
TVS DIODE 5VWM S0D923 Link 1 $0.10 | $0.10
IC REG LINEAR 3.3V 1A SOT-223-3L Link 1 8029  $0.29
CONN RCPT TYPE C 6P SMD RA Link 1 $0.60  $0.60
DIODE SCHOTTKY 20V 1A SOD123FL Link 2 $0.15  $0.30
DIODE SCHOTTKY 30V 200MA SOT23-3 Link 1 $0.10 | $0.10
TVS DIODE 3.3VWM 11.5VC SOD923 Link 1 8016 | $0.16
FUSE BOARD MOUNT 5A 32VDC 0603 Link 1 8031  $0.31
IC REG BUCK BOOST ADJ 5A DDPAK-5 Link 1 $19.96 $19.96
TERM BLK 3POS SIDE ENTRY 5MM PCB Link 1 $0.61 $0.61
TERM BLK 2POS SIDE ENTRY 5MM PCB Link 15| $0.37  $5.55
IC GATE DRVR LOW-SIDE SOT26 Link 14 $0.32 $4.48
MOSFET N-CH 20V 800MA SSM Link 14 | $0.32 | $4.48
FIXED IND 50UH 2.6A 71 MOHM TH Link 1 $234 $2.34

$46.87



https://www.digikey.com/en/products/detail/espressif-systems/ESP32-S3-WROOM-1-N16/16163979?gclsrc=aw.ds&gad_source=1&gad_campaignid=20228387720&gbraid=0AAAAADrbLlgqid9MNTrAWhJKMXZF-C39b&gclid=CjwKCAiAzZ_NBhAEEiwAMtqKy9bIjlXaHQGdu9ma_z-v-E3achePu7TRw8RX5yXVLy7jQO5PiKGnSBoCekMQAvD_BwE
https://www.digikey.com/en/products/detail/jae-electronics/DX07S016JA1R1500/11585731?s=N4IgTCBcDaICIA0AMB2AykgjANgFIEFMAlTAViSRAF0BfIA
https://www.digikey.com/en/products/detail/onsemi/ESD9B5-0ST5G/1646449
https://www.digikey.com/en/products/detail/umw/AMS1117-3.3/17635498?gclsrc=aw.ds&gad_source=1&gad_campaignid=21136823955&gbraid=0AAAAADrbLlg-YU0d41CSPg7SskHMpdKoD&gclid=CjwKCAiAzZ_NBhAEEiwAMtqKy66O2ZGG11Ykoe5vrxutlUmmji8Rw-xngz1Lmnayycs_f4mz11MvdxoClDgQAvD_BwE
https://www.digikey.com/en/products/detail/gct/USB4125-GF-A/13547388?gclsrc=aw.ds&gad_source=1&gad_campaignid=120565755&gbraid=0AAAAADrbLlhBAvGg5gqvopoK5XTVy_2xR&gclid=CjwKCAiAzZ_NBhAEEiwAMtqKyyPQtsnyKOhigtrxrLz_KR9osNfuCBHHSvh_dWFE5Xc6b3Y-MtovHhoCftkQAvD_BwE
https://www.digikey.com/en/products/detail/mcc-micro-commercial-components/SM5817PL-TP/1793251
https://www.digikey.com/en/products/detail/diodes-incorporated/BAT54-7-F/717699?gclsrc=aw.ds&gad_source=1&gad_campaignid=120565755&gbraid=0AAAAADrbLlhBAvGg5gqvopoK5XTVy_2xR&gclid=CjwKCAiAzZ_NBhAEEiwAMtqKyzduIqS3xUVM87axptkklOeocVpI5tHhbTjDVQ6moAXir7naPetZRhoCWr0QAvD_BwE
https://www.digikey.com/en/products/detail/onsemi/ESD9B3-3ST5G/1973669
https://www.digikey.com/en/products/detail/panasonic-electronic-components/ERB-RE5R00V/2796797
https://www.digikey.com/en/products/detail/analog-devices-inc/LT1170CQ-TRPBF/961716
https://www.digikey.com/en/products/detail/w%C3%BCrth-elektronik/691137710003/6644052
https://www.digikey.com/en/products/detail/w%C3%BCrth-elektronik/691137710002/6644051
https://www.digikey.com/en/products/detail/diodes-incorporated/ZXGD3009E6TA/5012615
https://www.digikey.com/en/products/detail/toshiba-semiconductor-and-storage/SSM3K56FS-LF/3863603
https://www.digikey.com/en/products/detail/pulse-electronics/PE-92101KNL/2266115

Box

Table 9 - Box Parts List

Order Link  Quantity  Cost fotal Not
Cost es

Square 4" TTL TFT RGB-666 Display Screen with Link 1 $44.95 $44.95

Touchscreen —

Adafruit Qualia ESP32-S3 Link 1 $19.95 $19.95

Super-bright 5mm IR LED Link 25 $0.68 $17.00

IR Receiver Sensor Link 3 $1.95 $5.85

Box 3D Print Link 1 $35.00  $35.00
$122.75

Repeater

Table 10 - Repeater Parts List

Quantity

TERM BLK 3POS SIDE ENTRY 5MM PCB Link 1 $0.61 $0.61
IC GATE DRVR LOW-SIDE SOT26 Link 1 $0.32 $0.32
DIODE SCHOTTKY 20V 1A SOD123FL Link 4 $0.15 $0.60
MOSFET N-CH 20V 800MA SSM Link 2 $0.32 $0.64
TERM BLK 2POS SIDE ENTRY 5MM PCB Link 2 $0.37 $0.74
ESP32-S3-WROOM-1 Link 1 $5.92 $5.92
CONN SIL HDR MALE PIN 32POS TIN Link 1 §7.54 §7.54
IC REG LINEAR 3.3V 1A SOT-223-3L Link 1 $0.29 $0.29
TVS DIODE 5VWM S0D923 Link 1 $0.10 $0.10
CONN RCP USB2.0 TYP C 24P SMD RA Link 1 $1.67 $1.67
IC REG BUCK BST ADJ 1.25A 8PDIP Link 1 $8.36 $8.36
TVS DIODE 3.3VWM 11.5VC SOD923 Link 1 $0.16 $0.16
DIODE SCHOTTKY 30V 200MA SOT23-3 Link 1 $0.10 $0.10
FIXED IND 50UH 2.6A 71 MOHM TH Link 1 $2.34 $2.34

$29.39



https://www.adafruit.com/product/5794
https://www.adafruit.com/product/5800?srsltid=AfmBOorxbP2CZ0BqXl9pKrQqyiDRwpCW4MalqyYVN7iLKhRm_N1G9f2Q
https://www.adafruit.com/product/387?srsltid=AfmBOor8AaoGBcGUClU6mIgxcDzjZdCrU5lI1vMcl5DLWSCz1eipMQL-
https://www.adafruit.com/product/157?srsltid=AfmBOooLCN22TdsMUiThHcPd5RmJyaiavk-9BdKficGfbJNHF7eMFIC-
https://cucfablab.web.illinois.edu/get-started/materials/
https://www.digikey.com/en/products/detail/w%C3%BCrth-elektronik/691137710003/6644052
https://www.digikey.com/en/products/detail/diodes-incorporated/ZXGD3009E6TA/5012615
https://www.digikey.com/en/products/detail/mcc-micro-commercial-components/SM5817PL-TP/1793251
https://www.digikey.com/en/products/detail/toshiba-semiconductor-and-storage/SSM3K56FS-LF/3863603
https://www.digikey.com/en/products/detail/w%C3%BCrth-elektronik/691137710002/6644051
https://www.digikey.com/en/products/detail/espressif-systems/ESP32-S3-WROOM-1-N16/16163979?gclsrc=aw.ds&gad_source=1&gad_campaignid=20228387720&gbraid=0AAAAADrbLlgqid9MNTrAWhJKMXZF-C39b&gclid=CjwKCAiAzZ_NBhAEEiwAMtqKy9bIjlXaHQGdu9ma_z-v-E3achePu7TRw8RX5yXVLy7jQO5PiKGnSBoCekMQAvD_BwE
https://www.digikey.com/en/products/detail/harwin-inc/D01-9923246/3918909
https://www.digikey.com/en/products/detail/umw/AMS1117-3.3/17635498?gclsrc=aw.ds&gad_source=1&gad_campaignid=21136823955&gbraid=0AAAAADrbLlg-YU0d41CSPg7SskHMpdKoD&gclid=CjwKCAiAzZ_NBhAEEiwAMtqKy66O2ZGG11Ykoe5vrxutlUmmji8Rw-xngz1Lmnayycs_f4mz11MvdxoClDgQAvD_BwE
https://www.digikey.com/en/products/detail/onsemi/ESD9B5-0ST5G/1646449
https://www.digikey.com/en/products/detail/jae-electronics/DX07S016JA1R1500/11585731?s=N4IgTCBcDaICIA0AMB2AykgjANgFIEFMAlTAViSRAF0BfIA
https://www.digikey.com/en/products/detail/analog-devices-inc/LT1172CN8-PBF/891731
https://www.digikey.com/en/products/detail/onsemi/ESD9B3-3ST5G/1973669
https://www.digikey.com/en/products/detail/diodes-incorporated/BAT54-7-F/717699
https://www.digikey.com/en/products/detail/pulse-electronics/PE-92101KNL/2266115

Appendix C - Work Schedule

Week Task Person
March 1 - March 7 Make BOM and order parts Everyone
Complete Box Design Benjamin
Complete Repeater PCB Design Owen
Complete Power Supply & MCU PCB Design Warren

March 8 - March 14

Solder Power Supply & MCU PCBs

Benjamin and Owen

Revise Power Supply & MCU PCB Designs Warren
Revise Repeater PCB Design Owen
March 15 - March 21 Complete physical design for Repeater (3D Print) Benjamin
Set up user accounts, server, and data storage. Owen
Revise Power Supply & MCU PCB Designs Warren
March 22 - March 28 Complete add remote flow (receive and store infrared remote codes) Benjamin
Begin working on Roomify web-app interface Owen
Working offline power supply Warren
March 29 - Apl‘il 4 Add transmission capability (operate LED string lights with Roomify) Benjamin
Finish V1 of Roomify web-app interface and link with server and user accounts. Owen
Modify aluminum enclosure to encase power supply and connect with MCU board Warren
April 5 - April 11 Working UART communication between Roomify MCU board and display screen board Benjamin
Adapt Roomify web-app interface to square display screen Owen
Assemble Roomify box (3D print + assembly), working repeaters Warren
April 12 - April 18 Working touchscreen control of Roomify through the square display screen Benjamin
Display Spotify/music controls on Roomify square display screen Owen
Test and verify subsystems Warren
Apl‘il 19 - April 25 Finalize assembly + integration tests, prepare for demo Everyone
Apl‘il 26 - May 2 Final Presentation + Demo Everyone




Appendix D - Project Documents

Demo Video

Demo Video Link (Youtube)

Presentation
Senior Design Final Presentation
Demo Handout

B ECE 445 - Roomify Demo Handouts


https://docs.google.com/presentation/d/1HHNOzBDN-lZ7t7Rq9rjxXvJlcMej9-9B-H_KBpOhP70/edit?slide=id.g3d8a14f3a74_1_5#slide=id.g3d8a14f3a74_1_5
https://docs.google.com/document/d/11TxWGbWnJq5rU8sr9lxHxCQvp7VZPgXgsLg6NZsbohc/edit?tab=t.0
https://youtu.be/-tZ89P9g53U
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