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Abstract

Nowadays the world is advancing toward such a direction, where the en-
vironmental impact is increasing, which can have long-term negative conse-
quences for us and for the planet, when we can not solve this problem in a
timely manner, sufficiently and efficient way. In order to reduce the pollution
rate, we, IT equipment users can do many things to minimize the energy con-
sumption. Suffice it to think of that, we should use our mobile devices more
environmental friendly, which in this case means the purpose of achieving to
consume less power.

Our goal is to develop a metric to calculate to what extent a mobile
phone damages the environment regarding to the relevant user’s habits. To
achieve this, we examined the most popular mobile platforms so the metric
is platform independent. A practical application based on the metric will be
implemented for every popular mobile platform.
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1. The analysis of the platforms

In this chapter the main platforms will be exposed to multiple examinations to
determine, what kind of data can they provide from themselves, and later these
data can be used in the metric to perform the score calculations.

The platforms for the analysis will be the following:

• Android (API level 19)
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• Windows Phone 8

• IOS 7

• Firefox OS (version 1.3.0)

• Sailfish OS (version 1.0.5.19)

1.1. The result of the platform analysis
The result of the platform analysis is the following [1][2][3][4][5][6][7][8][9][10][11]:

Android Windows
Phone IOS Firefox

OS
Sailfish
OS

OS type of access Open Close Close Open Open
Battery charge
level X X X X X
Max capacity
of the battery X X
Battery
temperature X
Current
consumption X
WiFi network X X X X X
Mobile network X X X X X
Airplane mode X X X X X
Brightness X X X X
Automatic
brightness X X
Screen timeout X X
Screen status X X X
Vibration X X X
Haptic feedback X X X
GPS module X X X X X
Volume X X X X
Bluetooth X X X X

1.2. Summary of the platform analysis result
The open source systems (like Android) provide more information about system
modules, than the proprietary platforms (like Windows Phone or IOS). The fol-
lowing pieces of information can be accessed independently of the five analyzed
platforms:

• The charge level of the battery
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• The data connections: WiFi, mobile network

• The GPS

There can be defined an extended metric which will be platform independent
within the open source systems. In this case the following pieces of information
can be accessed for the metric:

• The charge level of the battery

• The data connections: WiFi, mobile network

• The GPS

• The Brightness

• The Vibration

• The Volume

• The Bluetooth

The determination of metrics will be discussed in the next section.

2. The determination of the metric

This chapter will focus on the definition of the metric.

2.1. Platform independent metric

The platform independent metric (indicated with P ) will be calculated with the
intersection of the information sources in the different examined systems.

2.1.1. Analysis for a given moment

The analysis for a given moment of the platform independent metric will be defined
below. The WiFi adapter (indicated with PW ) is worth 50 point, when it is turned
off, otherwise it will be 0 point. The mobile Internet (indicated with PM ) is worth
30 point, when it is turned off, otherwise it will be 0 point. The airplane mode
(indicated with PR) is worth 70 point, when it is turned on, otherwise it will be 0
point. The GPS module (indicated with PG) is worth 50 point, when it is turned
off, otherwise it will be 0 point. Thus during the analysis for a given moment
methodology can be achieve minimum 0, and maximum 200 point.

The MT is the theoretical case of the continuous metric score of the current
platform independent analysis for a given moment, which can be calculated with
the following (2.1) formula (n indicates the date of the end of the previous charge,
and m indicates the date of the fully charge of the battery):
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MT =

m∫

n

(PW (t) + PM (t) + PR(t) + PG(t)) dt (2.1)

TheMP is the discrete metric score of the current platform independent analysis
for a given moment (this discrete case can be used in the program), which can be
calculated with the following (2.2) formula:

MP = PW + PM + PR + PG (2.2)

This method also provides a fast, but less accurate picture of the environmental
pressure of the system.

2.1.2. Long-term analysis

The bases of the above discussed analysis for a given moment methodology will be
used in the long-term analysis. The magnitude of the scoring are formed in the
same way, but the allocation of the points are distributed proportionally depending
on usage.

As time goes on, the points may increase, and the maximum score is not limited.
So actually the most important factor will be also included in the calculation, which
is the endurance of the battery in one charge. When the battery is charging, then
the score has been reached its maximal value, and it can not increase further more,
but it can still decrease, depending the overcharge of the battery. Therefore, when
the overcharge is in progress, the system will decrease the score with a certain
percentage (indicated with λ) in every hour. The value of the lambda is constant,
and its definition is the following: λ ∈ R[0, 1[

When the device is no longer in charging mode, then it reached its final score,
which will be saved, and the counting begins again from 0.

The number of updates per hour (indicated with Ui) can be different. The i
variable indicates the actual period. It can be easily calculated with the following
method: Take the number of seconds in an hour (indicated with h, which is h =
3600), and divide it with the number of seconds since the last period. The Ti
indicates the current time in seconds in the actual period, and Ti−1 is the actual
time in seconds in the previous period. The Ui can be calculated with the following
(2.3) formula:

Ui =
h

Ti − Ti−1
(2.3)

The i indicates the periods (i ∈ N, i = 1, ..., n). If it is ensured that the different
periods are activate in the same intervals, then the Ui can be a constant.

The overcharge multiplier in continuous case (indicated with OT ) can be calcu-
lated in the following way (2.4) (c indicates the overcharging time in hours c ∈ R+

0 ):

OT = (1− λ)c (2.4)
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The MT is the theoretical case of the continuous metric score of the current
platform independent long-term analysis, which can be calculated with the follow-
ing (2.5) formula (n indicates the date of the end of the previous charge, and m
indicates the date of the fully charge of the battery):

MT =




m∫

n

(PW (t) + PM (t) + PR(t) + PG(t)) dt


 ∗ (1− λ)c (2.5)

The overcharge multiplier in discrete case (indicated with OD) can be calculated
in the following way (2.6) (csec indicates the elapsed time in seconds csec ∈ N):

OD = (1− λ)c = (1− λ)
(csec
h

)

(2.6)

The c can be calculated until j period in discrete case with the following formula
(2.7) (j ∈ N and Tj indicates the date of the last overcharge period):

c(j) = Tj − T0 = c(j − 1) + (Tj − Tj−1) (2.7)

In discrete case, p is the time of the one hour after the first overcharge period,
which can be calculated with the following (2.8) formula:

p = T0 + h (2.8)

TheMP is the current platform independent long-term analysis discrete metric
score, which can be calculated with the following (2.9) formula:

MP =

( ∞∑

i=0

(
PW i + PMi + PRi + PGi

Ui

))
∗


(1− λ)


Tj − p

h




 (2.9)

The i indicates the periods without overcharge (i ∈ N, i = 1, ..., n), and the j
indicates the periods with overcharge (j ∈ N, j = 1, ..., n).

This method also provides a slower, but a more accurate picture of the envi-
ronmental pressure of the system.

2.2. Extended metric

The extended metric (indicated with N) is now only supports the open source
operating systems, so in this case, it is platform independent between the open
source platforms. It will be calculated with the intersection of the information
sources in these kinds of examined systems. This is actually the expansion of the
previously discussed platform independent metric.
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2.2.1. Analysis for a given moment

The above described platform independent factors (PW , PM , PR, PG) will be the
same, but there will be additional factors in this metric. The Bluetooth adapter
(indicated with NB) is worth 50 point, when it is turned off, otherwise it will be
0 point. The vibration (indicated with NV ) is worth 5 point, when it is turned
off, otherwise it will be 0 point. The volume size is inversely proportional to the
maximum of 5 points (indicated with NH). For example, if the volume is turned
down completely, then it will be 5 points. If it is 50% then it will be 2.5 point. If it
is maximum, then it will be 0 point. The brightness (indicated with NF ) is worth
40 point, when it is in automatic mode, otherwise it is inversely proportional to
the maximum 40 point. For example, if the brightness is not in automatic mode
and its value is at maximum, then the point will be 0. If it is in 50%, then it will
be 20 point.

The MT is the theoretical case of the continuous metric score of the current
platform independent analysis for a given moment, which can be calculated with
the following (2.10) formula (n indicates the date of the end of the previous charge,
and m indicates the date of the fully charge of the battery):

MT =

m∫

n

(PW (t) + PM (t) + PR(t) + PG(t) +NH(t) +NB(t) +NV (t) +NF (t)) dt

(2.10)
TheMP is the discrete metric score of the current extended analysis for a given

moment, which can be calculated with the following (2.11) formula:

MP = PW + PM + PR + PG +NH +NB +NV +NF (2.11)

This method also provides a fast, but less accurate picture of the environmental
pressure of the system.

2.2.2. Long-term analysis

The bases of the above discussed analysis for a given moment methodology will be
used in the long-term analysis. In this method, the determination of the score will
be the same way as in case of the platform independent metric, but it will be also
extended. It will take more possibilities into consideration.

The points will be awarded proportionally depending on the usage, like in case
of platform independent metric. The screen (indicated with NF ) is worth 50 point,
when it is turned off in the actual period, otherwise it will be 0 point.

The MT is the theoretical case of the continuous extended metric score of
the current long-term analysis, which can be calculated with the following (2.12)
formula (n indicates the date of the end of the previous charge, and m indicates
the date of the fully charge of the battery):
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MT =

( m∫

n

(
PW (t) + PM (t) + PR(t) + PG(t)+

+NH(t) +NB(t) +NV (t) +NF (t) +NK(t)
)
dt

)
∗ (1− λ)c (2.12)

The MP is the current extended long-term analysis discrete metric score, which
can be calculated with the following (2.13) formula:

MP =

( ∞∑

i=0

(
PW i + PMi + PRi + PGi +NHi +NBi +NV i +NF i +NKi

Ui

))
∗

∗


(1− λ)


Tj − p

h




 (2.13)

The i indicates the periods without overcharge (i ∈ N, i = 1, ..., n), and the j
indicates the periods with overcharge (j ∈ N, j = 1, ..., n).

This method also provides a slower, but a more accurate picture of the envi-
ronmental pressure of the system.

Conclusion

We have defined two metrics in the above. The first one is a fully platform indepen-
dent metric, which provides a consistent, comparable result for the measurement of
the environmental load of the mobile device. The second one is the extended met-
ric, which provides a uniform, comparable and extended result in the open source
platforms, for the same reason as the other metric. So actually the extended metric
provides a platform independent result in case of the open source systems.

There is an application in the most common platforms (Android, IOS, Win-
dows Phone), which uses these metrics, and a web application where the users can
compare their points to the others.
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