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1 Introduction
In recent years, we have witnessed that the number of smartphone devices continues
to grow rapidly around the globe. When compared to the previous generations of mo-
bile phones, these devices have excellent computational capabilities that overreach their
main purpose - making phone calls. Besides, possibility to integrate additional modules
into small package (GNSS, MEMS sensors, etc.) opens a space for myriad of different
applications for regular as well as professional users.

Constant decrease in manufacturing costs of electronic components, accelerates this
trend even further, making cheap (below 100USD) smartphone devices reality today. At
the beginning of 2009. it was foreseen that the global number of smartphone devices
would reach 450 millions until 2013. Nevertheless, this prediction has been exceeded, and
up to now more than 1 billion of smartphone have been sold globally.

Location based services (LBS) are becoming one of the most interesting and profitable
application of smartphone devices. The ability of smartphone to get its precise location
forms the basis of applications such as location aware searches and recommendation,
which significantly improve the user experience. It is well known that GNSS system
provide quite accurate positioning information whenever signals from sufficient number
of satellite reach the GNSS receiver. This requirement, however, may be a problem in
urban zones or indoor locations, where high buildings significantly degrade or even block
the signal reception. GNSS unavailability represents critical issue especially in emergency
situations, that could occur in indoor locations such as airports, shopping malls, business
center buildings, etc. The emergency situations require timely reaction which along with
the location awareness helps to reduce the fatality rate among victims and first responders.

There exist a number of solutions for indoor localization in emergency situations,
which are mainly based on dedicated infrastructure, [1]. This requirement could make
them unsuitable for remote locations where fast infrastructure deployment may not be
possible. Besides, these systems are very expensive, which impedes their deployment in
nation-wide scale. Another solution is to use inertial sensors (accelerometer and gyro-
scope) together with the magnetometer and barometer, which could provide positioning
information during GNSS signal outages. This approach has been already investigated
in the literature [2] [3] [4].

Due to decrease of manufacturing costs of MEMS technology, small and very precise
inertial sensors are currently embedded in mid to high range smartphone devices. With
the further cost decrease, they are also expected to be embedded in low-cost smartphones.
Although these sensors are mainly used for automatic screen rotation and game control,
they could also be used for indoor positioning, which is the main topic of this report.

In this document, we describe an autonomous indoor positioning system based on
measurements from inertial sensors, magnetometer and barometer. The main advantage
of such system is that it is based on sensors already embedded in smartphone and requires
no external sensors. The software functionalities are implemented as an Android appli-
cation, with additional features such as guiding to the initial position (backtracking),
automatic floor detection and real-time remote tracking.

In the first part of this report, we outline the overall system architecture along with
detailed explanation of each individual block. Next, we present the main functionalities of
our prototype application. Finally, we provide some preliminary results on the accuracy
of step detection algorithm and conclude with the directions of possible improvement of
the prototype.
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Figure 1: System architecture of autonomous indoor positioning implemented in Android.
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Figure 2: Position estimation.

2 System architecture
In this report, we present an indoor positioning system with the architecture depicted in
Figure 1. As can be seen, we assume that the current position can be computed from
measurements obtained by internal sensors (accelerometer, gyroscope, magnetometer,
barometer), GNSS module and map features. In addition, data obtained by internal
sensors are used to detect different user activities, such as: walking, running, crawling,
ascending and descending the stairs. Once the current position has been computed,
it is displayed on the screen overlaid onto map of the area. Tracking information is
continuously logged to the internal memory storage, and can be send to the remote
server as a backup or for real-time person tracking by authorized personnel.

Inertial sensors found in common smartphones are known to exhibit significant mea-
surement drift. If standard dead reckoning equations were used, this drift would lead
to large errors in position estimation. In order to overcome this issue, in our system we
use the step detection algorithm, which helps us to estimate new position based on the
previous one, as shown in Fig 2.

Basically, each time a step detected, the new position is translated from the previous
one for the length of one step, in direction found by using measurements from gyro-
scope and magnetometer. Finally, altitude above sea level is found by converting the
atmospheric pressure observations from barometer.
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2.1 Step detection

The step detection algorithm uses signals from 3-axis accelerometer. After sampling the
acceleration signal with frequency fS and A/D conversion, the output from sensor at time
instant n can be modeled as a three-dimensional vector given by:

~s(n) = ~a(n) + ~w(n) (1)

where ~a(n) = [ax[n], ay[n], az[n]]T and ~w(n) = [wx[n], wy[n], wz[n]]T denote the accelerom-
eter response and the additive noise. Since Android OS define the so called synthetic sen-
sor Linear acceleration, where the acceleration due to Earth gravity is already subtracted,
we can safely assume that ~a(n) includes only the acceleration because of smartphone mo-
tion. In order to make algorithm independent from actual smartphone orientation, we
will consider the vector norm defined as follows:

|s(n)| =
√
~s(n)T~s(n). (2)

By closely observing the norm of acceleration signal |s(n)| shown in Figure 3, we see
that each step that user makes results in an acceleration signal peak, where the peak
corresponding to the foot closer to the smartphone turns out to be more prominent. The
ability to detect peaks in acceleration signal norm forms the basis of the step detection
algorithm. If we closely observe the norm of acceleration signal, we can see that there
exists a high frequency noise which might impact the detection accuracy. In order to
cope with this problem, we firstly smooth out the signal by using a moving average filter
of order L with a signal window of length N :

s̃(n) =
1

L

(L−1)/2∑
l=−(L−1)/2

|s(n+ l)| , (3)

with the smoothed signal shown in Figure 3. After smoothing, next we apply the
approximation of first derivative as follows:

∂s̃(n)

∂t
=
s̃(n)− s̃(n− 1)

TS
, (4)
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Figure 4: Step detection algorithm

where TS = 1/fS denotes the sampling period. Whenever the first derivative (4) crosses
from positive to negative, the smoothed acceleration signal is at local maximum. In
order to exclude possible local maxima in between maximum corresponding to steps, the
algorithm imposes the following constraints:

• smoothed acceleration maximum must be above sTH

• time elapsed from previously detected step is at least tTH

where the exact values of parameters sTH and tTH are found heuristically and can be adap-
tively changed during algorithm runtime. The block diagram of the proposed algorithm
is given in Figure 4.

2.2 Activity recognition

Activity recognition is used to detect different user activities such as: standing, walk-
ing, running, ascending and descending the stairs. It is performed by using the output
from step detection algorithm along with the atmospheric pressure readings converted to
altitude above sea level according to:

h(p0, p) = 44330 ∗

(
1−

(
p

p0

) 1
5.255

)
, (5)

where p0 stands for the atmospheric pressure at the sea level, p denotes the barometer
reading, while other constants (44330 and 5.255) are chosen for normal environmental
conditions [5][Ch. 5]. Whenever the internet connection is available, exact value of p0 can
be downloaded, which leads to more accurate absolute altitude estimation. Otherwise,
the standard atmosphere value of 1013.25 mbar can be used, still resulting in sufficiently
accurate relative altitude estimate for reliable floor detection. Decision tree for activity
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Figure 5: Activity recognition decision tree.

recognition is given in Figure 5. As can be seen, step detection is used as the main differ-
entiator between moving activities and standing. Whenever the step has been detected,
the algorithm checks whether the altitude difference between two steps is larger than
some prescribed threshold ∆hTH. When this condition is met, system infers that either
the person is ascending or descending the stairs (depending on the sign of ∆hTH). If
there were no altitude change, the algorithm concludes that the person is either walking
or running, depending on the time elapsed between two consecutive steps.

2.3 Step length

In this report, we assume that different activities result in different step sizes (e.g. steps
during running are larger than during walking, steps during ascending and descending
the stairs are shorter than during walking). The step length can be input manually by
user, or computed from the user’s height. This approach results in quite accurate position
estimates if activities are performed at regular pace. Adaptively changing the step length
would result in more accurate position estimates, and it is left for future work.

2.4 Client - Server communication

Each time the position of the user changes, the application stores the positioning infor-
mation (latitude, longitude and altitude) along with additional data (current activity and
floor) to the internal memory storage. Besides, whenever the connection to the internet
can be established, the application uploads data to the remote server database, as shown
in Figure 6. This server can be accessed by authorized personnel for offline or realtime
user tracking. If the connection to the internet is not available for some period of time,
all data logged for that period of time are stored, and uploaded to the server once the
connection is established again.

3 Android application
We have implemented a prototype Android application that uses inertial sensors along
with magnetometer and barometer to estimate user’s position in indoor environments
(see screenshots in Figure 7). The application automatically sets the initial position by
using GNSS (if the signal from satellites is available) or a user can provide it manually
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Figure 7: Android application for indoor positioning.

(with long press on the touchscreen). In addition, the application provides the user with
the information on both current position and orientation, as well as the path from the
starting point. Furthermore, the user can be guided to the initial position by using the
so called backtracking mode. This mode is crucial in situations where indoor maps are
not available or when a person needs to abandon the building quickly in low visibility
conditions (due to electricity blackout or dense smoke).

In building with multiple floors, the application is able to automatically detect the
current floor and update the screen with the corresponding blueprint. In the current
version, the application does not use map features, such as: door, wall and corridor
locations, that could improve the positioning accuracy by constraining the possible motion
path. Nevertheless, our plan is to implement such capability in a future version of the
app.
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4 Step detection accuracy
In the sequel, we provide some preliminary results related to step detection algorithm ac-
curacy. The algorithm has been implemented on LG Nexus 5 smartphone, which features
all necessary sensors and excellent computational capabilities. The acceleration signal is
sampled with fS = 200Hz, and each time new N = 200 samples (1 second) have been
taken, they are smoothed by using a moving average filter of order L = 31. The values
for N and L are found heuristically, so that step detection has low delay with low false
alarm probability. The accuracy of step detection algorithm has been evaluated on a set
of 50 walking sessions, where each session consists of 20 steps. In Figure 8 we present the
probability density function of the number of steps detected by the algorithm fSTEP(i),
where i stands for the number of detected steps. As can be seen in the Figure, in 42.5%
of sessions, the number of detected steps is correct. In 15% of sessions, the algorithm
detects one additional step, whereas in 42.5% sessions it detects one or two steps less.
When the previous results are translated to distance estimation error ε, previous results
on average correspond to:

ε =
21∑

i=19

i− 20

20
fSTEP(i) = 1.875%, (6)

of total traveled distance.
The reason for wrong number of detected steps in some of the sessions lies in the

fact that the smartphone is held in hand. Hand could either amortize the acceleration
due to steps leading to miss detection, or produce unintentional movement which results
in false step detection. This problem could be alleviated by placing external sensors on
other body parts (e.g. foot), and it is planned to be included in the future versions of
the application.

5 Conclusion
In this report, we have presented the design and implementation of indoor positioning
system on Android application. By assuming that the person is moving at a constant
pace, we evaluated the accuracy of the step detection algorithm. The results have shown
that the positioning error of such indoor positioning system is 1.875% of total distance
traveled.
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Review of the technical solution  

Android Indoor Positioning Application for 
Emergency Situations 

This technical report describes an autonomous indoor positioning system for 
emergency situations. System is independent from any infrastructure and it is 
based only on internal MEMS sensors available in modern smartphone devices 
and requires no external sensors. The software is implemented as an Android 
application which offers advanced features such as: automatic floor detection, 
backtracking and real-time remote tracking. 

The position estimation is based on step detection algorithm, explained in 
details, whereas the direction of movement is calculated from gyroscope and 
magnetometer readings. The altitude is computed from atmospheric pressure 
data obtained from digital barometer. In such a way, system provides 3-D 
position in indoor locations. The 3-D location is stored into internal memory, and 
it can be transferred to the remote server, where these data can be analyzed by 
authorized personnel.  

Graphical user interface is very intuitive, attractive and presents clearly all the 
required statistics and information. The user is provided with both visual and 
voice feedback, which is an interesting feature (in emergency situations, first 
responders cannot look at the screen at all times). 

As for the future work, the authors plan to improve the positioning accuracy by 
using indoor map features (locations of wall, corridors, etc.) and external 
sensors. 

dr Fabrice Theoleyre    dr Nathalie Mitton 
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