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Abstract

Nowadays every second person uses a smartphone but very few
know what sensors work inside the mobile. The demand is growing
for indoor navigation softwares. This topic is very hot because we
have a lot of sensor but we can’t use them for indoor positioning.
The other problem is that the sensors are too sensitive and we
must find a good algorithm what can filter the data and which
can present a solution without errors.
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I. Introduction

In our researches we examined the reliability and accuracy of built-
in sensors of smartphones. Our previous researches were aimed
at GPS and GLONASS systems used for navigation [1]. These
researches highlighted the fact that the accuracy of the measured
result depends on numerous interfering factors; furthermore
operating systems also influence the measurement outcome if
we use only raw data [9]. However, these distorting factors can
be reduced with the help of different algorithms. The final goal
of our study is to develop an indoor navigational software which
is operational without the aforementioned sensors [2, 4]. It is also
important, because indoors, where we have no clear view of the
sky, the conventional navigational methods do not work. So we
have to rely on the built-in sensors of smartphones or use a hybrid
solution [6, 11]. Nowadays there are three operation systems on
the mobile market (i0S, Android and Windows Phone), these
have multiple versions available. Therefore our first step was to
examine whether using different operating systems cause any
difference in the sensors’ operation [8].

Il. Material and Method

In our experiments we worked with the software developed by
Lanoga Kft., which records the data from built-in sensors of
phones (like accelerometer, magnetometer and gyroscope) and
then saves them to a server; on fig. 1 we can see the software in
operation. After launching the application, the phone locates our
position as a first step, but we need internet connection for this.
Then we can select the sensor which we want to examine. Before
we do that, we can also adjust the sampling frequency.
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Fig. 1: GPS Tracker Software
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As it can be seen on the figure above, the software uses the
magnetometer [5]. When measuring, we can determine the density
of sampling. In our experiments we used 1/20 sec as the interval
between samplings [10]. Upon completing the sampling, our
measurements immediately appear, as we can see it on fig. 2.
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Fig. 2: Server State

To process the data we can export them to an excel table.We
measured 158.760 records from multiple locations per sensor [7].
We wanted to examine whether the system can tell the corners of
the rooms apart (Fig. 3.).
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Fig. 3: A Test Room

During our study we used mobile phones and tablets using different
operating systems. These were the followings:

e Nokia 1020 (Windows Phone)

e Nexus 5 (Android 4.4.4)

e HTC One Max (Android 4.4.4)

*  HTC 8X (Android 4.4.4)

e iPhone 4 (i0S)

e iPad mini (i0S).

To eliminate the distorting factors we tried many methods when
filtering the measurement results, such as linear regression, which
could correct the level of error, but was inapplicable to terminate
it [3]. Furthermore we examined the dispersion and what happens
when we use the average of the measurement results, but these
methods came to little.

Ill. Results
When processing the measurement results we compared the data
from each corner to determine any resemblance or characteristic
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pattern among dispersions. These filtered results can be seen on the

following figures. These results were measured in corner *D’.
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Fig. 5: HTC One Max
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Fig. 6: iPad Mini
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Fig. 7: Nexus 5
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Fig. 8: Nokia 1020

In our researches we couldn’t find any resemblance between
measures in the same corners. We can also declare that there is
no similarity in pattern if using devices with the same sensors
but with different operating systems, like in the case of the two
HTC mobile phones. Neither same operating systems give similar
measurement results. We don’t know the cause of this, but we
noticed more distractions. Since these sensors are very sensitive,
nearbyelectrical devices or live wires in the walls influence
the measurement result. Beyond the interference we examined
the effect of the presence of water-conduits, but there was no
significant difference.

After we studied the corners, we wanted to determine how much
we can isolate them and whether it is possible to estimate the size
of the room from it. On the figures below we can see the more
interesting results. Maybe the most interesting results were given
by the iPad mini.

However, we should note that the data shown are row data, so
we did not apply any filter or any correction on the measurement
results. We examined the raw data to see the sensitivity of sensors.
As we can see on the graphs, the iPad mini detected corners *C’
and "D’ to be very close what’s more, it didn’t sense any significant
differences.
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ig. 9: Data From the Corners Measured by HTC One Max
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ig. 10: Data from the Corners Measured by iPad mini
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Contrarily, HTC One Max was able to detect four different corners,
although it is hard to locate the measured value in space, so it is
not suitable to specify the sizes of the room. On the figures we
represented every corner with 4700 value.

The following graphs show what happens if we filter raw results.
In this case we applied one of our own algorithms; its result are
shown on Fig. 12, while Fig. 11. shows the raw data.
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Fig. 11: Original Data Without Filtering
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Fig. 12: Data Filtered With Algorithm

This result is important, because the researcher who performed the
calculations did not see the room, so couldn’t know its size either.
After the measuring, the estimated lengths of the room walls are
430 cm and 400 cm. Manual measurements proved that the actual
lengths are 450 cm and 410 cm. The inaccuracy was probably
caused by the angles between walls not being right angles, but
we couldn’t determine the exact cause of the distortion.

In our measurements we studied whether we can find any
correlation if the test areas are placed further from each other.
Though these were more than ten kilometres afar, there was no
significant difference. The measured coordinates are located in the
same range, just like the two test areas were only a room away.

IV. Conclusion

In our researches we clearly proved that the sensors built in
smartphones are very sensitive and are not suitable for accurate
indoor positioning independently.

We mainly used the magnetometer, where we ascertained that
it does not make a difference between points more kilometres
between them. But if we conduct a measure in one premise, then
it can isolate the points. However, we have to remember that
raw data can lie so close to each other that they appear to be one
point when they are represented on a graph. During our studies
we developed an algorithm, with which we can determine the
dimensions of a room with up to 90% accuracy, not even being

www.ijcst.com

1JCST Vou. 6, Issue 1 Spi- 1 Jan-Marcs 2015

there. But even now there might still be such interfering factors
which we cannot eliminate. During our researches we collected
hundreds of thousands of data, and in its light we can say that the
coordinated operation of more sensors, in other words, a hybrid
solution is needed for a successful indoor positioning system.
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