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ABSTRACT

Indoor maps are highly essential for indoor positioning and
location-based services. People existing in big building such
as mall, airport and hospitals leads to rapid growth in location
based applications. Todays, typical indoor positioning systems
employ a training/positioning model using Wi-Fi fingerprints.
While these approaches have practical results in terms of
coverage, they require an indoor map, which is rarely
available to the user and involves significant training costs. In
this paper, we present a virtual map, generated automatically
inside user smartphone, which lets the user watching
her/himself moving forward, backward, left or right from
well-known landmarks on the floor map. This map is
generated in the form of rectangle of grid points with no prior
information of the actual indoor map; therefore, it is suitable
for using it at any building. An indoor positioning system
based on Smartphone sensor (Accelerometer and
Magnetometer) incorporated with existing APs in the building
is used to test the suggested virtual map.

General Terms
Algorithms, Measurement, Experimentation.

Keywords
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1. INTRODUCTION

An indoor map recently became a key technique required for
creating indoor positioning system. Most of the work done in
this field adopted the actual floor map image to locate and
display user position on the map. Using actual floor map
necessitates loading, in the smartphone subject to positioning
the map image of each floor in the building. Also the use of
actual map image does not make the system flexible and
adaptable to different types of buildings. In [1] an algorithm
for estimating the location of the APs on the floor is used.
However, the real map of the floor should be chosen by the
user which results in increasing the overhead on the user
through asking the users from time to time to pinpoint their
locations on the floor map. In [2] additional hardware is
needed for construction the map of the floor, a robot equipped
with a laser rangefinder and fiber optic gyroscope is used for
providing an automated procedure for collecting Wi-Fi
calibration data to generate the robot map. MapCraft [3] uses
map matching algorithm and undirected graphical model,
known as linear chain conditional random fields for dealing
with floorplan which increases the complexity of the
implementation. In MapCraft, the floorplan is taken as input
to the system then a number of complex information is
implemented to define the floorplan to the system and these
steps are repeated for every new floorplan. Also, we can see a
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dependency on the floor plan in [4] which uses smartphone
sensors only; user should choose the floorplan of the current
floor as initial position then positioning her/himself.
Furthermore, Navshoe [5] and FootSLAM[6] have used a map
based on specific hardware for performing indoor navigation;
however their dependency on a spatialized hardware, foot-
mounted inertial sensors which are not practical for mobile
devices, limit their use. CompAcc in [7] records a person’s
walking pattern using the digital compass and accelerometer
in mobile phones and matches it to a possible path signature
from a map. Although CompAcc provides human-scale
localization, the scheme is designed for outdoor
environments, and it employs a map. In SLAM [8] which is a
technique used for construction a map in unknown sites
through tracking the current location; however, the
constructed map consists of a set of significant points instead
of floorplan. In SmartSLAM [9] the Wi-Fi signals are
collected when users are walking to generate the map of the
floor; it focuses on the hallway layout only instead of the
floorplan of the whole building which means the room
dimensions and position information cannot be driven.
CrowdlInside [10] leverage the smartphone sensors in
crowdsourcing approach to automatically estimate the indoor
floorplans for building. However, it requires that user traces
cover all edges of a room in order to estimate its shape. This
requirement may not be met in practice because users
typically concentrate in portions of rooms, e.g., the desk area.
In addition, the edges of rooms may be inaccessible to users,
e.g., blocked by furniture. Furthermore, a system for
automatic floorplan construction is presented in [11] which
uses WiFi fingerprints to identify and enumerate rooms and
inertial sensor readings to estimate the shape of hallways.
However, the system has its own shortcomings: It works only
for rectangular shaped rooms and it does not include the
positions of furniture into the floorplan. LiFS [12] assumes a
floorplan is available and it automatically maps Wi-Fi signals
collected from users to the existing floorplan. Their approach
works well in buildings whose floorplans are available.
Otherwise substantial effort of manual floorplan construction
may be required. The rest of the paper is organized as follows:
section 2 presents the proposed method, section 3 presents
performance evaluation and finally, section 4 presents the
conclusion.

2. PROPOSED METHOD

The idea of our proposed system is not the creation of a map
for certain building; however, our proposed system aims to
make a schematic form, rectangular grid, suitable for all
buildings and can be used for the purposes of indoor
positioning or indoor navigation through the using of
smartphone sensors incorporated with the existing APs of the
building infrastructure.
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2.1 Overview

In this section, we formulate the indoor mapping problem.
The mechanism of using the virtual map is outlined in the
following steps:

1. Initially, all the detected APs are distributed evenly
on the circumference of a circle on the virtual map.
A circle has been chosen solely because all the APs
send their signals in  Omni direction. To
mathematically draw a circle, two parameters;
radius and center point are needed. Initially user’s
location is considered in the middle, the center point
of the circle at (0, 0). As all APs are considered
evenly distributed on the circumference, then the
radius is calculated from equation (1):

R=H /2 @)

Where H is the height of the map image, and R is
the radius.

Given the center point and the radius lead to draw a
circle, and due to the assumption of equal
distribution of the APs on the circle, the angles of
the APs are also equal. Hence the location
coordinates of each AP can be calculated from
equations (2), (3) and (4) respectively:

O=360/no. of APs )
X=cos O 3)
Y=sin O 4)

Where O is the angle, and x, y are the coordinates of
the AP, as shown in figure (1).
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Figure 1 Initial Distribution of APs

2. Now, the locations of the APs are known but they
are incorrect due to the assumption of equal
distribution of the APs on the circle. Therefore this
circle will be updated based on the radius which is
in turn calculated from the signal strength of each
AP. Also, every time the user changes its location,
different levels of signal strength from the APs are
received. These levels which are measured in db
will be converted to distance using the “Fingerprint
mechanism” explained in details in section (2.2).
Obtaining new locations for the APs which are more
precise from the previous locations leading to draw
a new circle for each AP, but this time using the
new radius (converted RSS to distance), as shown in
figure (2).
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Note that, the radius that is extracted from the RSS
has to be rescaled in order to be appropriate with the
virtual map scale as shown in figure 2. New radius
scaling is calculated from equation (5):

Rnew=(-1 * RSS) * (Rold/110) )

The minimum RSS that can be received by the
smartphone is -110db [13], therefore 110 is chosen
in the above equation to reflect the RSS value on the
virtual map.

For example: Suppose the detected RSS = -50 db
and the Rold (Height of image) = H/2 = 40, Rnew
can be found as follows:

Rnews= (-1 *-55) * (40/110) = 18. 18
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Figure 2 Adjusting APs Distribution According
to RSS Level

3. After distribution of the APs on the virtual map
according to their signal strengths received by the
user smartphone, mentioned in step 2 above, the
following two issues have to be considered and
solved:

a. It is necessary to monitor user movements and
directions and locate her/his  position
coordinates on the virtual map that reflect
her/his real position on the floor. This issue is
analyzed and solved, in section (2.3), by
exploiting smartphone Sensors the
Accelerometer and Magnetometer.

b. It is necessary to create correspondences and
match the location of the APs on the virtual
map with the real location of the APs at the
building floor. This issue is analyzed and
solved, in section (2.4), by exploiting APs
signal strengths and smartphone sensors, the
Accelerometer and Magnetometer.

Actually steps (a) and (b) above are working (simultaneously)
in parallel to find the real location of the user smartphone on
floor map. Thus figure 3 shows the final result appears to the
user when she/he decides to see her/his location on the virtual
map.

24



S
S
Y . °
N
—
o]
User Distance from Access Point A=5Sm

@ Accesspoint 0 Closet Access Point
. Center Point o Users Real Location

Figure 3 Final Results (Real Location)

2.2 Fingerprint Mechanism
When the user decides to see her/himself on the virtual map,
then the fingerprint mechanism is used as follows:

A. Detecting all the available APs that are distributed
evenly on the circumference of the circle on the
virtual map, where the radius of the circle is equal
to the height of the map divided by two and the
center point is equal to the center point of the virtual
map (0, 0) as mention previously in section (2.1).
The distributed form is shown previously in figure
1.

B. Now, figure 1 passes through several stages in order
to construct figure 2:

i The positions of all the detected APs are
adjusted by distributing them according to the
RSS level instead of using fixed radius.

ii. Each group of the detected APs that have the
same RSS level has their own circle. Hence
the radius of each group circle represents the
RSS level of the APs that have the same RSS
level. Furthermore, the angle (O) of each AP
in the group is calculated according to
equation (6):

O= 360/no. of APs having the same RSS level  (6)

iii. (X, Y) coordinates are -calculated from
equations (3) and (4) respectively.
Where the radius, the distance, between the
APs and the center point is represented by the

RSS level. Figure 4 shows two APs that have
the same RSS level.

AP_A hasthe

sam e RSS level of

the AP_B=-55 db

Roa=H/2=40
Rpen=20

= I £ |
O Accesspoint R: Radius
@ CenterPoint

Figure 4 Two APs Have Equal RSS Level
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Thus, equations (6), (3) and (4) are applied for each group of
the APs that have the same RSS level. Suppose four APs are
detected, two of them have the same RSS level and the other
two have different RSS level as shown in figure 5. In this
case, the two APs, of the same RSS level, will have their own
circle parameters and each of the two other APs has their own
circle parameters.
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Figure 5 APs Having Different RSS level

2.3 Distance and Orientation Measurement
(DOM)

Having determined, in section (2.2), the closest AP to the user
smartphone, now it is the time to determine how far and in
which direction the user is moving to/from the closest AP.
The smartphone sensors (Accelerometer and Magnetometer)
are used by the system to measure this maneuver and then
update the user position on the map to be displayed on the
user smartphone screen. Actually, DOM computes a new
position relative to an initial reference position.

Referring to figure 2 (section 2.1) that shows the position of
the AP’s on the virtual map and taking into consideration the
hypothesis of a user’s location in the middle. It is time now to
determine the real position of the user and matching it with
her/his location on the virtual map using smartphone sensors
(Accelerometer, Magnetometer).

Initially, user’s location on the virtual map has to be matched
with her/his location on the floor. This will be done through
taking the values (0, 0) as a reference point. In this case user’s
orientation at the floor matches her/his orientation on the
virtual map, launching will be from the middle. Thus, if the
user moves to the right on the floor her/his movement is
reflected on the virtual map meaning that user sees her/his
movement to the right on the virtual map. The coordinates of
the Accelerometer and Magnetometer is changed and updated
as follows:

Taking the coordinates of the middle of the virtual map (0, 0),
suppose the Accelerometer and Magnetometer coordinates as
follows:

AccGrXi=n
AccGrYi=m
AccGrZi=o

Where AccGrXi, AccGrYi and AccGrZi act as the initial
point (reference point). And for the Magnetometer sensor:

MagXi=nn
MagYi=mm
MagZi=00
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Where MagXi, MagYi and MagZi acts as the user’s initial
orientation.

Now waiting for the system to send a trigger indicating a new
movement, thus if a trigger is delivered then the following
steps occur:

1. Collect the Accelerometer sensor’s coordinates.

2. Check the Accelerometer sensor coordinates (X, Y)
to ensure that the Accelerometer sensor’s
coordinates is different from the previous
coordinates.

3. Calculate the number of steps (Pedometer process)
depending on the Y coordinates.

4. Extracting the gravity vector from the
Accelerometer sensor data.

5. Collects the Magnetometer sensor’s coordinates.

6. Calculates the orientation using Accelerometer and
Magnetometer sensors.

7. Since the movement is reflected on 2-D, Azimuth
coordinates is used.

8. Convert the coordinates from the azimuth term into
Xand Y term.

9. Projecting the new point (X, Y) on the virtual map.

Figure 6 shows three different user’s locations taking into
account the Azimuth coordinate.
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Figure 6 Three different user’s Locations

2.4 Map Compatibility

Referring to previous figure 1, section (2.1), that shows all the
detected APs (by user smartphone) which are distributed in
arbitrary way resulting in virtual orientation of the APs on the
virtual map. While previous figure 3 shows the real locations
of the APs and user position on the virtual map corresponding
to the floor map. Map Compatibility mechanism in
conjunction with DOM mechanism that are working
simultaneously, are used to place the APs and determine user
position on the virtual map that reflects their real locations on
the floor map. This section explains in details how the
proposed system achieves the real location of the APs and
user location on the floor map.

1- Initially, through fingerprint mechanism all the
available APs are detected and distributed in

International Journal of Computer Applications (0975 — 8887)
Volume 112 — No. 1, February 2015

arbitrary way on the virtual map as shown
previously in figure 2. Note that, in spite of the
arbitrary distribution of the APs on the virtual map,
real distance is calculated reflecting the real
distance of how far away the user from the APs.

2- DOM is used to determine user location on the
virtual map depending on smartphone sensors
(Accelerometer and Magnetometer), as mentioned
previously in section (2.3). This step is very
important in the process of creating symmetry
(explained in the next step) between the AP location
on the virtual map and its real location on the floor
map, relative to user location on the floor.

3- Creating symmetry, between the AP location on the
virtual map and its real location on the floor map, is
accomplished by taking the AP that has the
strongest RSS level (detected by user smartphone)
and correct its location on the virtual map
corresponding to its real location on the floor map.
In other words, as long as a virtual map is used and
the detected APs are arbitrary distributed on the
virtual map, then it happens that the detected AP
appears on the left side of the user smartphone,
while at the real floor map it is at the right side of
the user smartphone. Map compatibility adjusted the
location of the APs which results in reflecting the
real position of the APs on the map. As was shown
in figure 3.

3. PERFORMANCE EVALUATION

As an example of testing and using the proposed system in
indoor purposes, it has been used in indoor positioning to
determine user’s position relative to the nearest well-known
landmark at the floor. It is implemented on the Android
platform (version 4.2.2 and 4.4.2); our system was tested on
Samsung Galaxy S4 smartphone and the test is conducted
inside a mall. During the experiment user held the smartphone
in her/his hand, in front of her/himself and walked along the
corridor. The proposed system estimates user’s location
relative to the nearest well-known landmark at the floor from
the measured sensors data incorporated with Wi-Fi signal.
The acceleration prediction of user walking steps and the
azimuth for heading direction are detected and measured,
respectively, in this research. Figure 7 shows the result of the
test, at the third floor in the mall, which also illustrates the
following issues:

1) A straight line is drawn between user’s location and the
nearest well-known landmark.

2) The real distance between the user’s location and the
well-known landmark, which is measured in meter, is
presented.

3) The location of the nearest AP on the virtual map is
symmetric to the real location of this AP (associated with
a well-landmark) on the floor which results in facilitating
the task of finding user position relative to the nearest
well-known landmark.

Note, figure 7 is a snap shot of the smartphone screen.
Cosmetic is the nearest well-known landmark (store’s
trademark) in the mall; user represents user position.
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Figure7 User Position on the Smartphone Virtual Map

Table 1 shows the results of using the proposed system for the
purpose of indoor positioning on the fourth floor at the mall.
Note, the first column of the table represents the name of the
detected APs at the fourth floor. Second column represents the
well-known landmark which is associated previously during
the training phase to each AP. Third column represents the
real distance that the user is far away from the well-known
landmark at the fourth floor. Fourth column indicates the
estimation distance which is commutated by the proposed
system to represent the distance that the user is far away from
the well-known landmark. Finally, the fifth column represents
the accuracy of the proposed system measured in meter.

Table 1 Experimental Results Conducted at the Third

Floor
Well- . .
AP Name Known _Real Est_lmatlon Accuracy
distance Distance
Landmark

Tche-

Tche | lene-Tehe | g 7.3m 2.3m
L inside
inside
Tche-

Tche | lcne-Tohe |\ o 9.9m 2.9m

. outside
outside
Carnval Carnval 9Im 10.9m 1.9m
Cgrnval Cgrnval 6m 75m 15m
Cinema Cinema
Super Star | Super Star
Restaurant | Restaurant 4m 5.5m 1.5m
Iraqi Iraqi 3m 4.9m 1.9m
Cinema Cinema
Chicken Chicken 7m 9m om
Cottage Cottage
Jungle Jungle

Land Land 8m 10m 2m
Mangel Mangel 6.5m 8m 1.5m
Plus Plus
Kanafanje | Kanafanje 11m 136 2 6m
1 Cafe

International Journal of Computer Applications (0975 — 8887)
Volume 112 — No. 1, February 2015

It is obvious from the experimental results that the average
accuracy that the proposed system can achieve is
approximately 2m.

The testing is repeated four times for each well-known
landmark to clarify the relationship between the real locations
and the estimation locations. Figure 8 shows the results of the
test.

Bls!ance mj)
(= =]

Real Position [
——— Estimation 1

Estimation 2 ||
Estimation 3 (]

Estimation 4
L T T

1 2 3 4 5 6 7 8 9 10
Well-known Landmark

Figure 8 Relationships between Real Locations and
Estimation Locations

Note, X-axis represents the well-known landmark where the
ten locations were taken for the test at the fourth floor as
shown in table 1. Y-axis represents the distance measured in
meter that the user is far away from the well-known landmark.

4. CONCLUSION

Most of the indoor positioning, tracking and navigation
systems suffer from presenting and introducing floor map for
the user to locate her/himself on the map. As mentioned in the
introduction section, real map, floorplan, etc. have been
adopted different approaches to introduce the map on the user
smartphone; these approaches actually require complex image
processing, extra hardware, etc. As a result, in this paper a
virtual map is automatically created at the user smartphone,
which is flexible for using at any building for the purposes of
indoor positioning and indoor navigation systems, has been
presented. The algorithm used in this research continuously
detects user step and orientation based on smartphone sensors,
each time new step is detected a new scan for the surrounding
APs occurred then the nearest well-known landmark is found.
It is independent on any floorplan, as well as it does not need
any additional hardware. The experiment shows the ability of
using our proposed system in the indoor positioning systems
to find user’s position. As a future work, in order to evolve the
performance of the current system as well as increasing the
accuracy of the system and reducing the effect of the noise
which is presented from using Magnetometer sensor, another
sensor, the Gyroscope sensor, can be incorporated. The
Gyroscope sensor in conjunction with the Magnetometer and
Accelerometer sensors can be used for reducing the error that
is presented from the Magnetometer sensor.
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