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Temperature and Sleep

Body temperature drastically impacts sleep length and
quality
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Body Temperature during the Night

Temperature Decline

985 Falling Asleep A drop in temperature will help the
body go to sleep
Increase in Body Temperature
A rise in temperature helps the body to wake
up naturally and can act as an alarm
98.0
L \ Lowest Body Temperature
A stable low temperature will help the
body stay asleep
9:00 PM 12:00 AM 3:00 AM 6:00 AM 9:00 AM 12:00 PM
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Previously Created Products

What'’s out there right now?

Bedjet $969 SmartDuvet $815 EightSleep Pod Cover $2245

T

BedJet 3 Dual Zone Climate Comfort Sleep Smartduvet Version 2 © SmartDuvet.com, EightSleep Pod Cover © EightSleep.com,
System © BedJet.com, CCBY-NC-SA 2.0 CCBY-NC-SA 2.0

CCBY-NC-SA 2.0
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https://bedjet.com/products/bedjet-3-dual-zone-climate-comfort-system-for-couples?_gl=1*1ytipeu*_up*MQ..&gclid=CjwKCAjwoa2xBhACEiwA1sb1BGLqItRg8COmjQZsw9vbksyBeua-TER5uZU4JEWI02ubi_vBkhs0yxoCDlQQAvD_BwE
https://bedjet.com/products/bedjet-3-dual-zone-climate-comfort-system-for-couples?_gl=1*1ytipeu*_up*MQ..&gclid=CjwKCAjwoa2xBhACEiwA1sb1BGLqItRg8COmjQZsw9vbksyBeua-TER5uZU4JEWI02ubi_vBkhs0yxoCDlQQAvD_BwE
http://creativecommons.org/licenses/by-nc-sa/2.0/
https://www.smartduvet.com/collections/bundles/products/smartduvet-v2
http://creativecommons.org/licenses/by-nc-sa/2.0/
https://www.eightsleep.com/product/pod-cover/?utm_source=google&utm_medium=cpc&utm_campaign=18927845903&utm_content=635068208774&nbt=nb%3Aadwords%3Ag%3A18927845903%3A146513574474%3A635068208774&nb_adtype=&nb_kwd=eight%20sleep&nb_ti=aud-1509936423007:kwd-149395865568&nb_mi=&nb_pc=&nb_pi=&nb_ppi=&nb_placement=&nb_si=%7Bsourceid%7D&nb_li_ms=&nb_lp_ms=&nb_fii=&nb_ap=&nb_mt=e&gad_source=1&gclid=CjwKCAjwoa2xBhACEiwA1sb1BKICHSLZ0bHymoFooX4BswZ1cRQY8gkGSOnu3_1y5wm8a-q9kauaVBoCeSYQAvD_BwE
http://creativecommons.org/licenses/by-nc-sa/2.0/

Objectives

4

User Input Movement Detection Modularity
Choose and schedule Detect blanket movements for Distinct heating/sensing zones
temperatures insights on sleep quality

Stock Smartphone in Hand © VectorPortal.com, Man Sleeping in Bed ©

CCBY-NC-SA 2.0 Commons.Wikimedia.org,

CCBY-NC-SA 2.0
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https://vectorportal.com/vector/smartphone-in-hand-vector-image/28447
http://creativecommons.org/licenses/by-nc-sa/2.0/
https://commons.wikimedia.org/wiki/File:Man_Sleeping_in_Bed_Cartoon_Vector.svg
http://creativecommons.org/licenses/by-nc-sa/2.0/

Design

Visual Aid and Block Diagrams
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Original Design

Accelerometer

Temperature Sensor

Wall outlet

Bluetooth Control Relay-Based
s e == = System = Temperature
Controller

H
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Block Diagram
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Final Design 1
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Heating System

Subsystems Included

Power Distribution

120VAC to heating coils

Parallel Circuit

Different voltages on same board

Heating Subsystem
Modulate AC Voltage
Supply power independently
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Heating System - Heating Coil Modules

PWM Modulation

+VAC | | 1

Heating Coil
/[\ —| N

—VAC
i
~
GND
PWM Amplifier
N0 i
50k
100k
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Heating System - Sensor Modules

Temperature Sensor Temperature Sensor Address Pin Mux
+3.3V
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Heating System - Power Modules

.
12V DC PWM

(0-3.3 V DC)

Outlet

(120V AC) Sensor

(3.3 V DC)

J15 J16 J5
I I'g
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Heating System - Wave Modulation

Theoretical Output (LTSpice) Empirical Output (Oscilloscope)
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Control System

Main Control System and Peripherals

Connector for Bluetooth

i -_.ni::r;;E; —a - Module
STM32 Microcontroller s ges—g .

o , HM 11
Low energy v

s Power System
120V AC — Buck — 5V DC —
Linear Regulator — 3.3V DC

Connectors to Sensors
and PWM
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Control System

Temperature Sensors (x4)
Sends 12C signal to Microcontroller

Heating Wire Input (x4)

Microcontroller sends PWM to wire
Bluetooth Signal

Inputs temperature for
each zone
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Control System 1

Temperature Feedback Control

PWM Signals
Faster Heating

Microcontroller

Temperature Sensor Sends updated PWM
Sends current wave to heating system
temperature of zone Slower Heating

ELECTRICAL & COMPUTER ENGINEERING



Control System

Sensing Sleep

Accelerometer Sensors (x4)
Sends 12C signal to Microcontroller

Bluetooth Signal =
Microcontroller sends
movement data to app
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Control System E

Challenges within the control system

Sensor Communication Protocol

Long wires
Multiple sensors on one wire

Bluetooth
Using ESP32 for built in bluetooth
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App

High-Level Overview : M | ome
Connected to Blanket

Built for iOS devices ®

88°F
Set Temperature

Programmed in Xcode with Swift Set Temperature: 88°F

Current Temperature: 74.89°F

Power Off

Primary user interface with blanket

Set temperature, see sensor data

View Graphs

Searching for Blanket...

View Zones

Communicates via Bluetooth

Custom packets: (zone, data1, data2, end) T
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App

Zones Page

Set temperatures independently

View sensor data
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Zone 1

Temperature:
94.43°F

Accelerometer:

0.10

Set
Temperature

Zone 3

Temperature:
84.22°F

Accelerometer:

0.10

Set
Temperature

Zone 2

Temperature:
83.45°F

Accelerometer:
(O10]

Set
Temperature

Zone 4

Temperature:
83.60°F

Accelerometer:
0.00

Set
Temperature




App

Graphs Page/Data Storage

Average temperature over time
Accelerometer readings over time

Non-persistent data storage

// Data Model

struct DataPoint: Codable, Identifiable {
var id = UUID()
var value: Double
var timestamp: Date
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App

Schedule Temperature Page

Schedule a time and a temperature

Easily extendable

102°F

Schedule

Temperature Scheduled!
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Conclusions

Successes, Failures, and Future Goals
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Conclusions

What’s working?

Distinct heating zones

Materials
Layout

MCU and App for control

Reliability
Communication protocols
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Future Goals

Aesthetic and Comfort
Machine washability

More Zones
Faster cooling

Using data for more fun(ctions)

Better graphs

Medical research backed sleep suggestions
LLM based data summarization

Data storage and security



Thank You!

Questions? :)
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