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Abstract:     Restorative sleep is achieved when users enter the rapid eye movement (REM) stage of their 
sleep cycle. To optimize the restorative sleep a user can receive and to allow for maximum alertness in the 
morning, a solution that measures REM stages and predicts sleep cycles was built using off-the-shelf 
components. Using heart rate and body movement, a proxy in determining REM and non-REM sleep was 
created. The ability to predict sleep cycles using rate of change in acceleration and beats per minutes (BPM) 
in the heart, sleep cycles can be modeled and used to determine when the user enters their next cycle. The 
application looks at this projected time and decided to sound the alarm on a nearby smartphone outside their 
REM phase to provide maximum restorative sleep and alertness in the morning. 

 
1. INTRODUCTION 

There is no denying that sleep is a vital 
aspect of the life of humans. Sleep allows humans 
to function adequately and carry out mental and 
motor skills with high degree of control to 
contribute to society in different ways. The lack of 
sleep therefore is a serious issue that needs to be 
addressed as it prohibits human productivity.  

Teddy, is a wearable device that utilizes one’s 
heart rate and body movement as a proxy to 
predict one’s REM stage, with an accompanying 
smartphone application that wakes up the user via 
sound/vibration at an optimal time. While the 
working principles behind Teddy uses the heart 
rate as an extra signal to improve REM stage 
detection, as well as a flexible and modular design 
that allows the technology to be worn in different 
parts of the body and function in different places. 

2. BACKGROUND 
Restorative sleep is achieved when one 

sleeps according to their circadian clock [1]. While 
some can allocate sufficient time to allow their 
bodies to conform to their circadian clock, many 
more are terminating sleep at suboptimal times in 
coping with the increasingly demanding society, 
leading to sleep deprivation. A third-party product 
is needed to help them optimize their sleep 
patterns and wake up at optimal times every day 
to increase alertness and fight sleep deprivation.  

In the science of sleep, it is known that users 
go through cycles of REM and non-REM sleep 
throughout the night. In REM sleep, the user’s 
body is characterized by temporary muscle 
paralysis [2]. This eliminates movement in the 
body and can be used to detect sleep stages.  

Another deeply researched proxy for 
determining stages of sleep is determined by the 
heart rate of a user becoming more varied during 
the REM phase of the cycle [3]. Looking into 
patterns of variability, it can be predicted when a 
user is in REM or non-REM sleep.  

3. STATE OF THE ART 
An examination of the current state of art 

allowed us to divide existing solutions into two 
buckets: 

 
1. Sleep clinics with professional 

consultation 
2. Off-the-shelf home technology for 

everyday users 
 
Sleep clinics are medical facilities with rooms 

set up just like ordinary bedrooms. Patients would 
arrive, change into their bedding attire and 
proceed to sleep just like they do at home, with the 
exception that there will be sensors carefully 
placed on several parts of their bodies to collect 
measurements. The sensors generate data, which 
allow doctors to diagnose possible sleep disorder. 
However, it is a medical service that is 
inaccessible to patients that do not have health 
care benefits due to its high cost. 

 
As smartphones and mobile computing 

devices become mainstream and increasingly 
affordable, there has been a recent surge of 
smartphone applications and wearable 
technologies that cater to solving the sleep 
problem in a scalable and cost-efficient manner. 
The existing lineup of available products can be 
further divided into three buckets: 

 
1. Smartphone application 
2. Wearable technology 



 

3. Combination of smartphone application 
and wearable technology 

  
 There is no denying the amount of options 
available on the market. However, given a study 
conducted with a small group of users, it became 
aware that the available solutions today do not 
satisfy all the needs of the consumer. Figure 1 
shows a summary of the results. 
 

 
Figure 1: Summary of survey results. 

4. SOLUTION 
 The proposed solution is to couple an 
Arduino, breadboard with Bluetooth, and battery 
separated from the heart-rate and accelerometer 
sensors, which are connected through a series of 
wires away from the user which can be seen in 
Figure 2 below. 

 

Figure 2: Final Prototype 

 An mobile application will accompany the 
hardware to faciliate with data processing and 
provide a user interface for the user. The ability to 
predict the cycles enable the mobile application to 

understand the user’s sleeping patterns and 
estimate when the next sleep cycle may start and 
end, allowing the alarm to react differently to each 
independent user by waking them up just before or 
after their REM sleep phase. The application 
consists of a variable that keeps track of the 
current state of their REM sleep and sets a time 
prediction for when the next sleep cycle starts and 
ends. A sample of the heart rate and acceleration 
signals gathered by the hardware can be seen in 
Figure 3. 
 

 
Figure 3: Sample test data of heart rate and 

acceleration 
 

5. CONCLUSION 
The goal of the project was to create a device that 
is able to provide the user with better alertness in 
the morning given constraints in available sleep 
time and lifestyle. The prototype, although not in 
the form and size of the concept, can effectively 
gauge and provide pseudo-accurate results. Using 
user feedback, the application can tailor the alarm 
to suit the user’s needs and provide an optimal 
time to sound the alarm. The user will feel better 
and be more productive throughout the day. 
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