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Abstract
Since the growing popularity of smartphones and

tablet devices, energy-efficiency in mobile computing
is an increasingly interesting topic. But in case of
software development engineering energy-efficiency is
widely neglected, even clear and simply applicable
means to measure and visualize energy consumption
caused by software usage is still in its infancy. This
work provides basic research in the field of measur-
ing energy and power related information on mobile
computing devices and proposes an abstract specifica-
tion for implementing a measurement infrastructure
on different mobile computing devices.

1 Motivation
In Germany every year more then 600 Mrd. kWh

of electrical energy are consumed1. From this, more
than 10% are accounted for information and commu-
nication technology [11]. Here, energy consumption of
mobile devices counts for ca. 11.6% [10], which results
in half of the capacity of Germany’s2 most powerful
nuclear power plant ISAR 2. Following the idea, that
the mobile calculating power increases in the same
speed, as in the past years, there is an optimization
potential of about 20% to 40% of the ICT related
power consumption if a holistic approach for optimiz-
ing every connected part can be found [6]. Even more,
reducing energy consumption of mobile devices will
also increase the lifetime of batteries due to fewer re-
quired charge cycles. But, in case of software devel-
opment and engineering, improving energy-efficiency
of mobile devices is widely neglected [3].

There exist many chances for optimizing energy
consumption on mobile computing devices. This can
be achieved on different levels, ranging from hard-
ware, operating system, and machine code to ap-
plication level [4]. Low-level software optimization
and improving machine code are adequately studied
[8]. Optimizing energy consumption from a software
point of view may vary from using alternative algo-
rithms, resource substitution, applying compression
techniques purposefully, using user profiles for en-
ergy efficient process scheduling, applying alternative
hard/software-sensors, identifying and eliminating en-
ergy code smells etc. [1].

Validating these approaches and showing their con-

1http://www.ag-energiebilanzen.de/componenten/

download.php?filedata=1326461230.pdf&filename=

BRD_Stromerzeugung1990-2011%2020Dez2011&mimetype=

application/pdf
2http://www.kernenergie.de/kernenergie/themen/

kernkraftwerke/kernkraftwerke-in-deutschland.php

tribution on saving energy, requires sufficiently accu-
rate measurement techniques. Offline measurement,
by using external measurement devices, is not always
possible, since this requires breaking mobile devices.
Online measurement, by using software means pro-
vided by the operation system, often does not fur-
nish sufficient precision and relies on certain details
of the operating system capabilities. This work aims
at providing an Energy Abstraction Layers (EAL) in
the field of mobile computing. For this purpose the
EAL will abstract measurement capabilities and pro-
vide unified access to them independently from the
device it is used on.

2 Requirements for an EAL

In this section the requirements for an abstract
measurement specification will be described. Func-
tional requirements specify the intended functional-
ity of the EAL in an implemented form on a concrete
platform. The following (most central) functional and
non-functional requirements have been conducted [5]:
The EAL must provide power and energy measure-
ment functionality. Per device and platform exists
various ways of gathering energy and power related in-
formation (e.g. battery capacity, electricity and power
consumption etc.). Access of those information is even
restricted to certain access levels or only available an
some devices.
The EAL must provide measurement functionality for
estimating the running time of each hardware com-
ponent. Different hardware components in different
states of operation require different energy consump-
tion. Knowing their runtime, and combining these
data with appropriate energy consumption models
leads to meaningful information on hardware related
energy consumption.
The EAL has to respect and report accuracy. Different
measurement techniques result in different accuracy.
It is the desired to know the accuracy of a measure-
ment method [12].
The EAL should provide measurement capabilities per
application and component. This would be especially
helpful for finding energy wasting code patterns in
applications [2].
The EAL should provide suitable error handling. As
not every device and platform supports every mea-
surement method, the EAL should report, if certain
measurement capabilities are not present.
The EAL must be platform independent. For mobile
devices, there exist at least two major platforms (An-
droid, iOS) which have to be treated analogously.
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Figure 1: Energy consumption measured with three dif-
ferent methods on a HTC One X.

The EAL must be device independent. Different de-
vices offer different possibilities for measuring power
consumption. Furthermore, energy efficiency of appli-
cations also depends on used hardware components.
The EAL should not rely on hardware measurement
procedures. Measuring energy consumption may rely
on various online techniques (cf. [7]).

3 Implementation
Most of the demanded requirements of the EAL

were implemented in a prototype to measure the en-
ergy consumption on Android devices [9]. Measuring
energy consumption requires to access voltage and the
discharging current. While the voltage could be easily
read by Android API methods, the discharging cur-
rent is more complicated to access. The current EAL
implementation provides three different techniques to
estimate the discharging current. Figure 1 shows the
energy consumption measured by these online tech-
niques for running a simple GPS application.

The first and simplest technique is Delta-B mea-
suring. Delta-B compares the changes of the bat-
tery charge level in relation to the battery capac-
ity. All needed values are derived by using the
BatteryManager class of Android API which is avail-
able since API level 5. Since this method is based on
the battery charge level, Delta-B only provides 100
real measurement values, which finally only approxi-
mates for a realistic trend.

The second method reads the discharging current
from the file system (File). Providing these files re-
lies on the devices vendors, so these undocumented
system files are not available on every device and up-
dated in different time intervals. On a HTC One X
the discharging current was updated every 60 seconds
which is more accurate then the Delta-B method.

The third technique relies on energy profiles
(Model) provided by the devices vendor. The aver-
age power consumption of different hardware compo-
nents, like display in different brightness levels, en-
abled states for GPS, Bluetooth, CPU speed etc. are
made available in an XML-file of the Android device.
Android internally collects the up-time of these hard-
ware components. A hidden part of the Android API
provides methods to access these data. Comparing
data measured at different times allows to calculate
the enabled time and the related energy consumption
in a millisecond resolution for many hardware compo-
nents. This technique strongly depends on the qual-
ity of the provided energy model. Using this model

based technique also allows to calculate the distribu-
tion of energy consumption related to different hard-
ware components.

4 Summary
This paper shortly introduced the need for a stan-

dardized technique for measuring the energy con-
sumption of apps running on mobile devices. Based
on a set of requirements, an implementation of such
an API was presented, which provides three different
measurement techniques resulting in different accu-
racy. An implementation of the presented specifica-
tion was already applied in [2] to show a trend of ef-
fectiveness for energy smell refactorings. But further
experiments on applying these techniques to measure
energy consumption are required to show their relia-
bility and to validate their benefit.
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In J. Marx Gómez, C. V. Lang, V. Wohlgemuth, (eds.),
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