
Situation of Concern 
A recent study showed that over 35% of adults in the United States 
do not obtain the recommended 8 hours of sleep per day. Fatigue 

due to lack of sleep is especially pronounced among teenagers 
and young adults between the ages of 18-25, of which 43% 
admitted to unintentionally falling asleep at least once over a 30 

day period.[1] 

 

Nearly 4 out of 10 adults in the US are sleep deprived 

Why do we care? 
Lack of sleep has considerable impact on one’s health and 
productivity. For instance, 23% of adults attributes the lack of ability 

to concentrate to sleep deprivation. More concerning is that 6% of 
vehicle drivers between the ages of 18 to 45 have admittedly  
nodded off or fell asleep behind the wheel. In fact, drowsy driving 

has been estimated to be the cause of 1,550 fatalities and 40,000 
injuries every year.[2] 

 

Drowsy driving takes 1,550 lives every year 

Fatigue-induced loss in productivity costs $1,967 per 
employee annually[3] 

Sleep Science 
Sleep cycles occur in 5 different stages. Restorative sleep occurs at 
a stage called REM, of which the length and time of occurrence 

varies from person to person 

 

Restorative sleep happens during REM, which occurs at 
different times according to circadian rhythm 

REM is also the stage in which we dream, being woken up during 
the REM results in feeling of grogginess and the desire for more 

sleep 

The optimal time to wake is immediately after REM 

Scope 
Evidently, one can maximize REM by increasing sleep duration. 
However, this solution is unviable for most adults with demanding 

schedules. An alternative solution to reducing the feeling of fatigue 
and grogginess then is to avoid the interruption of REM stages, 
which will maximize the amount of restorative sleep for any given 

time constraints 

 

Time spent in REM cannot be increased unless duration 
of sleep increases 

An alternate way to improve sleep is to avoid 
interruption during REM 

Problem Statement 
Restorative sleep is achieved when one sleeps according to their 
circadian clock. While some can allocate sufficient time to allow 

their bodies to conform to the circadian clock, many more are 
terminating sleep at suboptimal times with conventional alarms in 
coping with the increasingly demanding society, leading to sleep 

deprivation 

 

We can’t give you more time to sleep, but we can 
make the little sleep you have better 

REM 

REM 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

12 AM 2 AM 4 AM 6 AM 8 AM 

Optimal wakeup time 

State of the Art 
Among existing solutions, sleep clinics and wearable technologies 
such as Jawbone and Fitbit are most popular in coping with sleep 

improvements. A survey was carried out and revealed 5 important 
areas that potential users deemed especially important when 
selecting a sleep monitoring device: 

affordability 
Signal  

Accuracy 
Comfort Flexibility 

Sleep 
Clinic X 

Wearable  
Technologies X X 

Sleep clinics undoubtedly provide the most accuracy in measuring 
sleep cycles, but the associated cost is relatively high.  On the other 

hand, most wearable technologies only use one signal to project 
sleep cycles and could be potentially uncomfortable to wear while 
sleeping 

Existing solutions include sleep clinics and wearable 
technologies 

There has yet to be a solution that is affordable, 
accurate, comfortable and flexible 

Design Statement 
 
To engineer a non-intrusive device that will accurately 
identify an optimal wake-up time given any sleep 

durations and environments that will maximize the 

amount of restorative sleep, while being affordable to 
most consumers 

4. Smartphone uses sample 

data to construct sleep graph 

1. User wears Teddy to sleep 

2. Teddy samples heart 

rate and body movement 

3. Teddy sends 

sample data to 

smartphone via 

Bluetooth 

5. Alarm sounds when user 

exits REM around pre-defined 

wakeup time 

Construction of Teddy 
Due to economical and technical constraints, an Arduino micro-controller, Bluetooth module, 

accelerometer and heart rate monitor were constructed to emulate the functions of Teddy. 

Proposed Solution 
The following illustrates the flow of operation 

Algorithm: identifying REM 

Teddy 
Sleep Better 

Arduino Micro-Controller 
MMA8452Q  

accelerometer 

Pulse Sensor  

(heart rate) 
JY-MCU Bluetooth  

Wireless Serial Port Module 

Current 

Prototype 

In a smaller 

 package 

Rather than setting an alarm at 8AM, user can set an 
alarm for 7AM – 8AM. Teddy will identify an optimal 

time within the period and trigger alarm 

In a hurry? Skip to these highlights for a 2 minute read! 

Movement is at a minimum 
when we are in deep sleep 

In contrast, heart rate is 
spikes during REM 

The algorithm does 2 things: 
1. Predict the next REM stage 

2. Identify REM using signals 

from acceleration and 
heart rate 
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Machine 

Intelligence 

Feedback is gathered every 
morning and will be 

leveraged for future REM 

cycle forecast and 
identification 

Implies that REM detection 

was fairly accurate. Future 

forecasts will take this into 
consideration 

If user feels tired, the alarm 

must’ve sounded too early 

during REM. User’s average 
REM cycle length should be 

modified 

Economical 
Teddy will be available at prices much lower compared to sleep clinics. 
Obtaining better sleep should be affordable. 

 

Social 
Better sleep means a more productive society.  

Health 
Not only is sleep instrumental to a person’s well being, Teddy will also reduce 
fatalities and injuries resulting from drowsy driving. 

Cultural 
The benefits of sleep is cross-cultural, but Teddy will be available in multiple 
languages upon release C
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