A device ecosystem that conserves energy by learning to
put devices to sleep based on their usage pattern
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be broadcasted out to all listening devices and put them to
sleep. Shortly before the user wakes up in the morning, another message will be broadcasted to wake up the devices.
The patterns are endless and the more this sleep system is
used, the more efficient it will become.

INTRODUCTION

In today’s day in age, most people own several devices whether
it be a smart phone, tablet, or computer. Generally, people
tend to only use one or two devices at a time, leaving the others to remain powered on and idle. This means that there is
a great waste of energy in the devices not being used by the
user.When a large number of our devices rely on batteries
to operate, every bit of energy saved on a device is crucial.
Additionally, when the user goes to sleep, it is unlikely that
all devices are put into sleep mode, once again wasting valuable energy that could have otherwise been saved. One of
the most common reasons that devices are left on is because
users want to use their machines at will. Users typically
want to avoid the time it takes for their device to boot [3].
As society becomes more energy conscious, there is a growing demand to reduce energy consumption while minimizing
noticeable effects on the user. This paper’s goal is to target
that specific issue. How can we save battery life on your
devices without affecting the user? The answer is a device
ecosystem controlled by a lightweight server that can put
any and all devices to sleep based on usage patterns. This
means that your devices will go to sleep without the user initiating a sleep action. By simply having your devices sleep
when they’re not being used, it has been estimated there is
a potential for 60-85 percent in energy savings [8].
The most innovative part of our sleep system is embedded in the usage pattern recognition. If for instance, our
algorithms detect that the user goes to sleep at 11pm every
night and wakes up at 7:30am, a message will automatically
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RELATED WORKS

Although the concept of sleep proxying has been around
for quite a while [reference], there has been a lot of recent
attention [references].In [1], the authors describe solution using the Wale-on-LAN (WOL) technology to allow computers in a corporate environment to go to sleep and be waken
up. While this sleep server technology is powerful in the
corporate environment, it is limited to Microsoft Windows
running machines and is not suitable for all devices the user
may use on a regular basis. Recently, Apple has released a
sleep proxy that is catered to home networks that allows the
devices to sleep [4].Unfortunately, this system only works
with select Apple hardware and cannot be used with outside products. As for enterprise networks, there are systems
like Verdiem [5] and Adaptiva [6] that focus on estimating
power usage and waking up sleeping machines to perform
tasks such as patching.
Apart from the approaches of saving power by sleeping,
there are several methods that include power-proportional
computing [7], the TickLess kernel [9], OS level power management [10], and dynamic voltage and frequency scaling
[11]. Using these methods, CPU utilization can be fit into a
model of computer energy use which could provide detailed
accuracy into making our sleep server more efficient.

4.

TECHNIQUES

People today own multiple devices like cell phones, tablets,
laptops etc. We would like to think of these devices owned
by a person as an ecosystem of devices. All of these devices
in the ecosystem are dependent on a battery and are mostly
running day and night. We want to try and reduce the energy consumption of this device ecosystem as a whole. Our
hypothesis is that since different devices have different usage
patterns we can put one or more devices in the ecosystem
to sleep based on their usage patterns or at the users will.
Thus, we will leverage both a publish-subscribe model and
machine learning techniques to make this happen. Also, we
would like the devices that are asleep in the ecosystem to

2. Any one device in the ecosystem can act as a publisher
3. The publisher can instruct one or all devices in the
ecosystem to sleep
4. All sleeping devices are partly awake on the sleep server
as the The sleep server monitors open ports of all sleeping devices for activity
Figure 1: A sample black and white graphic (.eps
format) that has been resized with the epsfig command.

5. The sleep server also logs the activity on open ports for
all devices that are asleep for sleep pattern detection
6. The sleep server also logs the users activity as a publisher and records all manual sleep instructions to devices for sleep pattern detection

still be available when it is needed by a user or service. For
this we use the concept of a sleep server which is explained
in detail below.

4.1

SLEEP SERVER

The concept of sleep server is not new and has proven to
conserve energy as shown in the following research[1]. We
would like to use the concept of sleep server in our project to
make the devices that were put to sleep still available when
needed by a user or a service. Before a device is put to sleep
information like its MAC address and all the open ports the
device was listening to is sent to the sleep server so that the
sleep server can listen to the open ports of devices that are
asleep. The respective devices are awakened by the sleep
server whenever there is an activity on the ports that are
being listened by the sleep sever for that specific device.

4.2

SLEEP PREDICTION MODEL

As described in the previous section, the sleep server is responsible for waking the device up. As it monitors open
ports of all the devices in the ecosystem for activity there is
scope for usage pattern detection. We plan to log the port
activity of all devices at the sleep server and use machine
learning techniques to identify usage patterns that will help
us build a dynamic sleep prediction model. The role of this
sleep prediction model is put the devices to sleep automatically based on the usage patter by the user and activity on
open port.

4.3

PUBLISH SUBSCIBE MODEL

Since there are multiple devices in the ecosystem it is cumbersome to put individual devices to sleep manually. We
propose the use of the publish subscribe model to control
the devices in the ecosystem and put them to sleep and wake
them up again. Any devices in the ecosystem are subscribers
to the ecosystem it self and any device can step up and become the publisher. The publisher can put one, many or all
devices in the ecosystem to sleep and transfer all controls to
the sleep server.

5.

7. On collection of sufficient data a Sleep Prediction Model
is generated based on the sleep pattern for each devices
and the sleep server adheres to this model unless instructed otherwise by the user

SYSTEM DESCRIPTION

This section explains the basic working of our system.As
shown in Figure 1, our system consists of multiple devices
acting as a subscriber and one device acting as a publisher.
All devices are connected to a sleep sever(Raspberry Pi) and
to each other in a peer to peer network. The following steps
give an understanding of the workings of the system:
1. All devices register to the ecosystem as a subscriber

8. The Sleep Prediction Model decides when a device in
the ecosystem can be put to sleep without user the
sleep instruction coming from the user itself.

6.

PROJECT PLAN

The following table describes our project plans and deadlines
Sr No
1
2
3
4
5

7.

Task
Implement publish subscribe Model
Integrate sleep server functionality
Identify sleep pattern
Build sleep prediction model
Final Submission

Deadline
03/24/2017
04/07/2017
04/14/2017
04/31/2017
05/05/2017

DELIVERABLES

A working model of the device ecosystem that conserves
energy by putting particular devices to sleep based on their
usage pattern.
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management. In EuroSys âĂŹ09: Proceedings of the
4th ACM European conference on Computer systems,
pages 289âĂŞ302, 2009
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