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Abstract. Angle-of-arrival (AOA) method is one of the popular methods for indoor localization,
which plays well in the direct path case. However, the indoor environment is more complex, which
means the direct path does not exist in most cases. To tackle this issue, in this paper, we propose a
3-D indoor localization system based on geographic information database (GIDB) utilizing AOA to
adapt to the complex environment. This system takes geographic information as prior information.
Based on the information, this system knows which area measured source belongs to, which means
whether there exists direct path or not is able to be detected, which help localize the position of
measured source. Simulation shows that the localization error is close to that of AOA under the
scenario direct path exists in theory.

Introduction

Indoor localization plays an increasingly important role nowadays. Angle-of-arrival (AOA) is a

traditional indoor localization method, whose accuracy may be influenced by shadowing, multipath

reflection and so on [1]-[4]. One main problem of AOA is that there must be direct path between
measured source (MS) and antenna array, which is usually harsh in complex indoor environment.

In this paper, we propose an indoor localization system based on geographic information database

(GIDB), which trying to resolve the problem mentioned above utilizing the prior information

provided by GIDB. The contributions of this paper are as follows:

1) An indoor localization system architecture based on GIDB is proposed in this paper. The GIDB
includes obstacle database, shadow database and area database.

2) Based on the prior information from GIDB, a 3-D localization approach utilizing AOA is
proposed, whose accuracy is close to that of AOA under the scenario direct path exists in theory,
no matter where there exist direct path or not.

The following contents of this paper are as follows. In system model, we discuss the research

scenario and some assumption in this scenario. The database architecture and the localization

problem in this system is discussed in system architecture. The relative method is proposed in
localization and simulation. At last, some conclusions will be drawn.

System model

Scenario. Figure 1 shows the top view of our meeting room, which is the simulation scenario in this
paper. We only focus on the influence of the table in the center of this meeting room instead of other
objects. So the actual research scenario is changed from the left one to the right one in figure 1,
where two antenna arrays are set on the left and right walls.
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Fig.1. meeting room
We assume that the influence of this table is obstructing the signal path. Considering the signal
attenuation, we also assume that antenna array is only able to receive the signal from direct path and
one-reflection path. The signal of two-more-reflection path is so weak that we take it as noise.

Angle Measuring Assumption. Comparing to the signal strength in the direct path, that in
one-reflection path is much smaller, which may attenuate about 10 dB. When two signals arrive
antenna array, if the differ between their signal strength is big, perhaps only the angle of the
stronger signal arrival is able to be calculated. The reason is that the side lobe near the main lobe of
the weak signal may cover its main lobe. We simulate that the two angles of signal arrival are -60
degrees and 60 degrees, and the signal strength of 60 degrees is 13 dB larger than that of -60
degrees. Figure 2 illustrates the lobe pattern and the relative result of MUSIC algorithm in the case
mentioned above.
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Fig.2-1. Lobe pattern Fig.2-2. MUSIC algorithm

Based on this simulation result, three assumptions about angle measurement are as follows:

1) If there is a direct path between MS and antenna array, the antenna array is only able to
calculate the direction of signal arrival in direct path. Because the signal strength of direct path
is large enough to cover that of one-reflection path.

2) If there is a one-reflection path between MS and antenna array instead of direct path, the
direction of signal arrival in one-reflection path is able to be calculated.

3) If there is no direct path or one-reflection path between MS and antenna array, due to the
weakness of signal strength in two-more-reflection path, no direction of signal arrival can be
calculated.

The Position and Capability of Antenna Array. In 3-D localization, one antenna array is able to
return two angles, pitch angle and direction angle, such as longitude and latitude [5]. If these two
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antenna arrays are set in an appropriate position, the pitch angle and the direction angle are able to

be defined respectively as follows.

1) In the side view of this meeting room (figure 3-1), we define the angle of signal path each
antenna array received is pitch angle in this 2-D plane, which may determine the width and the
height of each MS. 1 and fzare defined as the received angle of the left antenna array and that
of right one respectively.

2) Similarly, in the top view of this scenario, a1 and a are defined as the direction angles of each
antenna array in this 2-D plane, which is able to determine the length and the width of each MS.
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Figure.3-1.61 and f are pitch angles
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Figure.3-2. oy and ay are direction angle

Considering every position of this scenario is able to be measured, there must be direct path or
one-reflection path between MS and these two antenna arrays. Thus, there must be direct path
between antenna array and its opposite angle, or the signal in a part of area may not arrive at the
antenna array based on the three assumptions mentioned above, which is illustrated in the gray area
of figure 4.

Therefore, if we meet the requirement, the whole area of side view is divided into 5 parts, which is
illustrated in figure 5. Each point of area 1 and area 2 owns two direct paths between the two arrays
and itself. Similarly, those of area 3 and area 4 own one direct path and one one-reflection path. And
those of area 5 own two one-reflection paths.
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System ar chitecture

The system includes three parts, antenna array, data handle center (DHC) and GIDB illustrated in
figure 6. DHC controls antenna arrays and queries GIDB to acquire prior information. Antenna
array measure each direction of signal arrival. GIDB provides prior information according to the

angles transmitted from DHC.
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Fig.6. system architecture
The four measured steps are as follows.
1) DHC requires antenna array to measure MS.
2) Antenna array returns a group of measured data to DHC. DHC calculate the direction angle
vector [a1,02] and the pitch angle vector [f51,52].
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3) DHC transmits the pitch angle vector [f1,2] to GIDB so as to query the relative prior
information.

4) GIDB returns the prior information to DHC. Based on the information, DHC calculate the
final position of MS.

Generally, GIDB includes two parts of information, spatial information and attribute information.

Spatial information records the spatial position, which is a 3-D vector [X)y,Z] in this system.

Attribute information refers to the attribute of the relative spatial position, which is determined by

designer. According to the attribute information, GIDB includes three sub databases in this system,

obstacle database (ODB), shadow database (SDB) and area database (ADB).

1) ODB: ODB records whether it is obstacle or not in each position. In this scenario, the positions
of table are obstacles, which is recorded ‘1’ in ODB. And others are recorded ‘0’ in ODB.

2) SDB: SDB records whether there is direct path between each position and relative antenna array
based on ODB. Thus, the number of SDB is determined by the number of antenna array, which
1s two in this system. If there is direct path, we record ‘1’ in the relative SDB. On the contrary,
‘0’ is recorded. Therefore, every position of area 4 and area 5 in figure 5 is recorded ‘0’ in the
SDB of left antenna array. Similarly, those of area 3 and area 5 are recorded ‘0O’ in the SDB of
right antenna array.

3) ADB: In ADB, we record which area each position belongs to according to all SDBs. In this
system, five areas are divided in figure 5. The prior information DHC needs is provided by this
sub database.

Localization and ssimulation

Our goal is to detect the position vector [X,y,Z] in 3-D localization. We assume that X represents the
value of length in this scenario, y represents that of width, and z is the value of height. In the top
view, we are able to detect [X,y] by the direction angle vector [a1,a2], and [Y,Z] can be detected by
the pitch angle vector [f1,52] in the side view in theory.

Localization of Direction Angle. In the plane of top view in figure 3-2, the position of each
antenna array is known, which we assume [X,1,ya1] and [Xa,ya2] respectively. The direction angle ¢;
can be transformed into the relative gradient y;. At last, we solve the point slope equations of the
two signal path to obtain the [Xus,Yms] of MS.

Localization of Pitch AngleFirstly, in the side view, we research the distribution of the five areas

in angle space. Thus, we evenly get some points in the plane of side view. The distribution of each
area in angle space is illustrated in figure 7.
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Fig.7. Distribution of each area in angle space

According to figure 7, all areas in angle space are continuous in the side view. Therefore, if
the ADB records the contour of each area in angle space as the prior information, when DHC
calculate [f1,62] of MS, which area of this vector belongs to is known based on the prior
information provided by ADB. However, only area 1 and area 5 do not overlap with other areas.
The other three areas have a part of region that overlaps each other, which means the system could
not distinguish which area [£1,52] belongs to when it fall in the overlap area.

In order to solve this problem, the information of [Xws,Yws] calculated according to direction
angle is utilized. If which area [f1,52] belongs to is known, the relative spatial coordinate [Yms,Zvs]
is able to be calculated. The ymsis known in the step mentioned above, which means which area
[f1,52] belongs to can be detected by yus. So the following theorem should be proved.

In angle space, the two points in the same position of the overlap area own different width, i.e.,
yms 10 spatial space.

In order to proving the above theorem, its contrapositive is just have to be proved, i.e.,

In spatial space, the two points owning the same width are in different places in angle space.

This proposition can be divided into the following three steps to prove.

1) Obviously, the width of each point in area 3 is different with that in area 4.

2) For any two different points owning the equal width in area 2 and area 3, the angles of their
direct paths are different, i.e., fusi and fus in figure 8, which means these two points are in
different places in angle space.

3) The arbitrary two different points owning equal width in area 2 and area 4 are also different in
angle space, which is similar to step 2.

To sum up, the localization in this system is divided into three steps.

1) [XusYwus] of MS is calculated according to the direction angle [a1,a2].

2) Based on the prior information, all possible [yms,2vs] are calculated, where i represent the
possible area.

3) Selecting the [Ymg,zvg] who is minimum differ between yusand ywg, 1.€.

[}’Msjrz,wsj] = argmin( (Vs _}’M_':J.-j:] for all

The final localization coordinate is [Xus,Yms, 2vs]-
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Fig.8. fusi and fus are different
In theory, the localization in 3-D scenario need three antenna arrays. However, we only utilize two
arrays in this paper, which means the position in the line between these two arrays is not able to be
localized.

Simulation. The size of this scenario is 150*50*50 in the simulation. We simulate the localization
method based on GIDB proposed in this paper and traditional AOA without GIDB respectively,
which is shown in figure 9, where the horizontal coordinate is the area in figure 5, and the
longitudinal coordinate is the error of localization in each area, which 1 represent the unit length of
this scenario.

Due to no prior information in traditional AOA method, when facing the case of occlusion, the error
is very large, such as in area 3, 4 and 5. However, when utilizing the prior information provided by
GIDB, the error becomes very small, most of which is system error. The average error of the
method based on GIDB is about 0.453 in the simulation.
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Fig.9. simulation of AOA and the method base on GIDB

Conclusion

In this paper, a 3-D localization system model utilizing geographic information database is
proposed. And we apply it to a specific scenario in simulation. However, the concrete effect of this
system is waiting to be measured in a real scenario. And how to use this system model in a more
complex scenario is also a problem waited to be solved. Certainly, constructing a testbed of this
system is also worth doing.
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