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ABSTRACT
Energy efficiency is a key factor in developing mobile sensing ap-
plications. Despite its importance, such laborious and time-consum-
ing energy evaluation process makes developers reluctant to per-
form the measurement during the development. To this end, we
propose a novel context-driven energy assessment system, which
utilizes the unique characteristic of MSA’s energy consumption pat-
tern. We implemented the energy emulation environment, which
supports accurate energy estimation in the development environ-
ment and repetitive evaluations for the same real-life situations.
The evaluation shows that our environment achieves a reasonable
energy estimation accuracy of 95.9%.

1. INTRODUCTION
Dorothy is a mobile application developer. She wants to de-

velop an energy efficient mobility tracker application leveraging
accelerometers and GPS. She first designs a mobility recognition
logic and implements it. She then goes outside and walks, runs,
rides a bicycle, and takes a bus with observing the battery level
drop. It turns out that the drop is larger than her expectation; thereby,
she looks into the code to find rooms for energy optimization. She
then repetitively modifies, walks, observes, determines, and so on.

Energy efficiency is one of the primary objectives in the devel-
opment of mobile sensing applications (MSAs). Despite its im-
portance, developers have difficulties in understanding the energy
consumption of MSAs, due to the repetitive and laborious evalu-
ation process. On top of burden in a single iteration – implemen-
tation, observation, and determination, developers need repetitive
iterations on energy evaluation in various execution scenarios. It
is because MSAs by nature have diverse energy consumption pat-
terns depending on the user’s behavior and situation, i.e., user con-
text [4]. For example, Dorothy’s mobility tracker could consume
more energy when she takes a bus than walks, since it tends to re-
quest a GPS location more frequently when her moving speed gets
faster. To understand the precise energy consumption behavior, it is
inevitable to evaluate it under numerous real-world user contexts.

Our preliminary study with seven professional MSA developers
shows that even in industry, developers suffer from the difficulty of

Permission to make digital or hard copies of part or all of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s).

MobiSys'17 Ph.D. Forum, June 19, 2017, Niagara Falls, NY, USA
c© 2017 Copyright held by the owner/author(s).

ACM ISBN 978-1-4503-4957-4/17/06.

DOI: http://dx.doi.org/10.1145/3086467.3086473

the energy evaluation. The reason is threefold. First, a repetitive
measurement is extremely laborious and burdensome. A startup
company developer said, “Normally we install our MSA on smart-
phones, monitor the battery levels for a day, find issues, and repeat
it for a few more days." Second, developers need to test their MSAs
under diverse situations in which they potentially operate. A devel-
oper of a beacon-based advertisement application mentioned, “To
evaluate our MSA for usage situations, we manually stay near the
beacon for 10 seconds and walk away, stay for 20 seconds and walk
away, and so on." He added, “We newly found that the MSA had a
bug when a user quickly moved from a subway station to the street.
But we didn’t debug it because we had no idea how to handle it."
Third, lack of supporting tools leads to hesitation from considering
energy efficiency during the development.

In this regard, we propose a novel context-driven energy assess-
ment system for MSAs. Its key idea is to execute the MSAs un-
der diverse user contexts and analyze the energy consumption in
a context-driven manner. For example, given Dorothy’s MSA, the
system predicts its energy consumption under various mobility con-
ditions including stationary and driving. It then analyzes the overall
energy consumption of the MSA considering mobility patterns of
target users such as businessperson who usually commute by bus.
Developers could use the system to achieve energy optimization
for a potential user pool. It is also possible to compare the energy
efficiency among similar MSAs by analyzing per-context energy
consumption. This information can further assist users in choosing
which MSA to use, based on the user’s real-life patterns.

2. CHALLENGES AND ROADMAP
To realize the proposed system we need to overcome the follow-

ing four challenges. 1) The system should be able to estimate the
accurate energy consumption of MSAs in the development environ-
ment. 2) It should support the repetitive energy assessment in the
same real-life situation. 3) The system should complete the over-
all energy estimation process in a short time, considering the huge
number of execution environments. 4) The system is required to
support various kinds of MSAs.

To handle the challenges, we set up the three-step research pro-
cess. In the first step, we have constructed the energy emulation en-
vironment to solve the first two challenges. The environment takes
an MSA and target user contexts as inputs, then provides emulation
outputs, i.e., energy analysis results, to developers. Since MSAs are
running on pre-collected user contexts, developers need not be in
the actual execution environment. It also enables running differ-
ent versions of MSAs in the identical execution environment. The
next step is an acceleration of the emulation, to alleviate the huge
cost of time and resource usages for the emulation over numer-
ous user contexts. Specifically, we plan to achieve it by reducing
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Figure 1: Overview of the emulation environment

the duration of per-emulation processes and the number of emula-
tion processes. In the third step, we will define and implement the
specification, collection, and management schemes of input user
contexts that is generally applicable to various types of MSAs.

3. CONSTRUCTION OF EMULATION EN-
VIRONMENT

In our prior research, we implemented the emulation environ-
ment for the context-driven energy assessment [3]. Figure 1 de-
scribes the overall structure. It has four main components: the front
end UI, the emulation manager, energy emulators, and the energy
analyzer. The operation flow is as follows. First, a developer con-
figures user contexts in which the emulator executes MSAs, along
with the target MSA and its settings. Upon receiving the input, the
emulation manager identifies the required number of energy emu-
lators and assigns the inputs to each emulator. The energy emulator
executes the application under the given user context and sends the
result to the energy analyzer. The analyzer collects the outputs from
each emulator and extracts meaningful energy-related information.
It then provides the developer with the energy evaluation result.

We evaluated the energy estimation accuracy of our environment
using five MSAs. We chose three commercial MSAs (Accupedo,
Pedometer2.0, SleepBot), one open-source MSA (Android-pedom-
eter), and one research MSA, iTrack. iTrack is an energy efficient
location tracker application that records a user’s location only when
the user is moving. We executed each MSA under a one-hour long
real-world usage scenario. We used Nexus 5 phones to collect sen-
sor streams and energy consumption data. We took the measured
energy consumption of the Monsoon power monitor as the ground
truth. As a result, our environment achieves an average accuracy
of 95.9% (Figure 2). We plan to extend the evaluation to include
more smartphone models. It is well-known that heterogeneity of
mobile devices would degrade the energy estimation accuracy and
such problem happens even within the same device model [7].

4. RELATED WORK
A number of research works have been proposed to predict the

energy consumption of mobile applications. It is mainly divided
into two, direct estimation of energy consumption in mW scale [2,
6] and indirect estimation by providing hardware usage information
[1]. However, they are based on direct execution, making it diffi-
cult for developers to evaluate the energy consumption in a repet-
itive manner and with various execution environments. Recently,
there have been a few works, which predict applications’ energy
consumption based on emulation such as WattsOn [5]. However,
they are not proper in predicting the energy consumption of MSAs.
They do not consider sensor-related energy information that is crit-
ical in case of MSAs. Unlike such tools, our system can predict en-
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Figure 2: Energy estimation; A: Accupedo, B: Pedometer2.0, C:
SleepBot, D: Android-pedometer, E: iTrack

ergy consumption of MSAs accurately by reflecting their context-
dependent energy characteristics.

5. CONCLUSION
We proposed a novel context-driven energy assessment system.

We first identified the limitation and challenges of the current en-
ergy estimation process. As the first step to overcome the chal-
lenges, we implemented the energy emulation environment. We
plan to extend our environment to equip with the emulation accel-
eration and supports for diverse types of MSAs.
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