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ABSTRACT

This thesis presents an improvement in WLAN location determination system using two
proposed methods; both of which are client-based techniques. The first method continually
updates a user's average received signal strength. The Euclidean distance between the new
average received signal level and the signal strength values in the database obtained during the
offline phase are then computed. The second method makes use of cluster based technique. It
computes the midpoint location from a number of possible locations, uses it as an estimate. The

results show reduction in prediction error compared with traditional client — based methods like.
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4.5.2 MANUTFUTOUVBITZUY Cluster-based geometric
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Location | 1sample | 30 sample | 60 sample 90 sample 120 sample 150 sample
iﬁ]ﬂﬁ 3 5.5401 1.1716 22172 1.2283 0.8684 1.1947
i}ﬂ‘ﬁ 12 2.1733 3.2206 2.9798 2.5065 2.5025 2.3151
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i]‘ﬂ“?; 30 2.6355 3.0837 2.8035 2.6767 2.3931
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A CLUSTER-BASED GEOMETRIC APPROACH TO WLAN LOCATION
DETERMINATION SYSTEMS
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Faculty of Engineering Research Center for Communication and Information Technology
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King Mongkut’s Institute of Technology Ladkrabang (KMITL)
Ladkrabang district, Bangkok 10320, Thailand
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ABSTRACT

This paper presents an improvement in deterministic
WLAN location determination system using triangulation
method. It is a client-based approach which the online
location estimation phase, K possible estimates are
produced, location estimate is computed as the midpoint
of all possible coordinates. The results show that locations
with large estimation errors can be drastically reduced
thus improvement in prediction error compared with
traditional methods.

KEY WORDS
Location Estimation, Wireless Network, Location-
awareness

1. Introduction

The field of research prediction of user location is an
active area with the current trend to be an emphasis in a
complementary system to Global Position System (GPS).
Even though GPS provides a reliable location
determination method, it is unsatisfactory for indoor
purpose. An approach to solve this problem is to utilize
wireless LAN (WLAN) beacon signals from the APs .
The beacon signal provides the signal strength or received
signal strength intensity (RSSI). There are many
softwares available for such purpose [1-2]. Two main
types of location determination are deterministic method
and probabilistic method. Additionally, one can classify
them into client-based and infrastructure-based techniques
[3][5]. For deterministic approach, the computation of
Euclidean distance aids location estimation. Although,
probabilistic methods [4][5] are shown to provide
improved accuracy in location computation by taking into
account of RSSI distribution, they are more complexed.
The two mentioned approaches belong to client-based
category. An infrastructure-based method [6] employs
sniffer program to scan the RSSIs received by APs, thus,
the APs are aware of each user.

In this paper, we present an improved WLAN location
determination system where we resort to select a cluster

of possible estimates then compute the midpoint based on
triangulation as the user’s location estimate during the
location computation phase.

2. Phases of Deterministic WLAN Location
Determination Systems

Deterministic WLAN location determination systems
typically consist of 2 procedures or phases: (1) Offline
training phase and (2) Online phase.

The offline training phase aims to construct a footprint
database containing the received signal strength intensity
(RSSI) levels obtained from each access point on the floor
or in the building. The RSSIs are recorded in dBm at
every grid point in the areas depending on required
accuracy. For each grid point (x,, y,), a number of RSSIs
are received from each AP then averaged before putting
into the database. An example of database table in the
case of 4 APs is shown in Table 1, where x; and y,
represent a /" grid coordinate or the i* entry in the
database. The columns of RSSI | to RSSI 4 are the
averaged RSSIs obtained from the APs. For probabilistic
approach, the distribution of RSSIs at each grid position is
recorded.

The online phase is the location determination phase.
To estimate a user’s location, first the RSSIs from each
AP must be obtained then compared with the values in the
database table obtained during the first phase. Given N
grid points, let S, =[s,, s, s, p]be the signal
strengths recorded for each APs at the i* grid location,
where i=12...N. Let S=[5 3§, §p]be the

RSSIs from each of the AP, where P is the number of
available APs. The Euclidean distance E, between user’s
signal strengths and the i entry in the database can be
determined from

- }.
fol-d-Se,-r o
j=1
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Figure 1. Floor structure and access point location

where si,j is entry on the i ™ row and j™ column in the
database and IX] = x"x- An estimate of user’s location

(x;, y,—),(i,, j;j)corresponds to the grid location with

minimum Euclidean value, i.e.,
E =minE, (2)

A Cluster-based Geometric approach

One may improve the estimate accuracy by considering
a cluster of possible grid estimates, then choosing among
the grids in the cluster, using additional information to
determine the most likely coordinate. Notice that because
the location estimate is the grid position estimate, as long
as the user’s position is not on the grid position, there will
always be an error in the estimate. One can improve the
accuracy further by making decision on the finer location
coordinates rather than the grid coordinates. Given K
possible grid estimates with the lowest Euclidean values,
let (x;, ¥), i = 1,2,..., K, the location estimate (%.5) is

computed as the midpoint of all K coordinates, i.e.,
co-(Lly, 1S 3)
(xiy)_[K ;xn K ;y."]

In our experiment, it has been observed that large
estimate errors which contribute to the averaged estimate
error can be reduced by using this cluster-based
technique. Consider an example using K = 4 possible grid
estimates as shown in Figure 2. Without a priori
information of previous location of the user’s terminal,
the location estimate can be determined as the midpoint
among all 4 possible grid coordinates. In this case, the
implementation consists of the following steps.

(¥8)

1. Obtain the signal strengths from
all APs at the terminal. One may use a number of
samples of signal values and then use the average
values. Compute Euclidean values and consider
the K coordinates with lowest Euclidean values.

In the software, fix each coordinate point on the
map as X\, X2y, X3¥s, Xg¥, if x| is the coordinate
with minimum Euclidean values and x;y,, Xsys,
X4Y4 are the remaining ones.

Compute middle point in (b), label the result as A.
Compute a mid-point between point A and Xays,
then a result as label B.

. Compute a middle point between point B and x4y,

ten label the resutl as C. C is thus the location
estimate.

Table 1. The database from offline training phase

X |y | RSS1 | RSS2 | RSS3 | RSS4
x1 |yl
x2 | y2

xn |yn

x1,y1 x2y2

Figure 2. An example of grid locations which gives 4 lowest

Euclidean values



A Computational Complexity
Complexity of RADAR System

The complexity of the RADAR system consists of two
parts: offline phase and online-phase. For the offline
phase, a size of the database of signal strength depends on
the number of grid locations N, and the number of
installed access points P. Therefore, the amount of
required storage is
xP (4)

Amount of storage = N, ,

For the online location determination phase, we need to
compute the Euclidian distance from equation (2) which
is sum of the difference between the real-time signal
strength level of each access point and the stored signal
strength. The calculation of Euclidean distance requires

the complexity in terms of O( N, x P). The estimation

of user location can be done by searching for the
minimum of Euclidean distance; this results to complexity
of O{NW}' The total complexity of location

determination phase is thus O{NW, ¥ P4 Nm,}

Complexity of Cluster-based Geometric Approach

The algorithm of constructed database is the same as
the Radar system, therefore the required storage is the
same. The estimation of user location, however, requires
sorting the computed Euclidean distance and then select
the smalest K entries. Then the triangulation method is
employed to obtain the estimated user location. The

sorting requires a complexity of O{Ngm! log Ngrid}'
The estimation has a complexity of O(K). The total
complexity is thus O{N xP+N_  logN, + K}

grid grid grid

Table 2. Comparison of Complexity between RADAR
and Cluster-based geometric approach

Off line
System phase Online location determination
storage phase
requirements
RADAR
Nﬂ"d % P O { Ngrra’ * P + Ngru.' }
Cluster-
based
geometric N, xP | O{N,,xP+N, logN,, +K|
approach

66
3. Experimental Results and Discussions

The location of our experiment is on the 4™ floor of
Computer Research and Service Center (CRSC) building
located on King Mongkut’s Institute of Technology
Ladkrabang (KMITL) campus in Bangkok, Thailand. The
layout of the floor is shown in figure |.The floor has a
dimension of 26 meters by 48 meters with the total area of
1248 square meters. We place four access point (APs):
AP1, AP2, AP3, and AP4, at various locations on the
floor as indicated by red icons on the map.

Signal Strength Distribution

During the offline phase, we collect the signal strength
levels at the grid location, each of which is |-meter apart
in Room 414, 417, 421 and 423, and 2-meter apart on the
passageway. The grids are more separated on the hallway
because we emphasize on the accuracy in the rooms over
the hallway. The four APs are placed in front of Room
426, Room 403, Room 420 and inside the Room 415,
respectively. The location of Wi-Fi lab is Room 420. The
signal strength is recorded in terms of received signal
strength intensity (RSSI). A number of softwares to
collect signal values is available but for this project, we
use PlaceLab [8]. At each grid, 300 values of RSSIs from
each AP are recorded. We have written a script to
automatically record the 300 values.

In figure 3, we show an example of signal strength
level received from each AP. For each position or
location, the received signal strength varies by the APs; it
is typically highest for the closest AP.

Signal Strength Of AP1 Signal Strength Of AP2

-60 - - 50
_ 70 \"‘L‘]Ir.ivl.ﬁ: ...... i el _ )\j\\/:‘\ ,,,,, "I’
@ ihe . AT DAY
4 ‘1 i : g x ! :

80 1‘,. ...... (AP R (¢ | S | AR TNV (R

) : : . I : : ;

T 2 x40 %0 10 2 w0 w0

Position Position
Signal Strength Of AP4
50 . ; ;

T

P

' : ' \l
10 20 30 40 0 10 20 30 40
Position Position

RssI
RSSI

Figure 3. Examples of RSSIs from each AP as a function of
position



For example, at position on the map in Figure 1, AP3
can be the closest access point. The signal strength RSSI
at each location fluctuates due to changing environment.
We observe that measured RSSIs from nearby APs tend
to fluctuate more than those from very distant APs.The
histogram of RSSIs are depicted in figure 4. For each AP,
the RSSI values do not change much for each of the 300
collected samples. In our case, it is evident that the
distribution is not just Gaussian. At each grid ,we
experiment with the number of samples collected to be
300, 600, 1200, 1500, and 3000 samples. The RSSI
distribution do not change much using at least 600
samples We estimate the user location rather than the grid
location using a cluster-based geometric method as
described in Section II. In figure 5, we show two
examples of location estimation using the method similar
to RADAR [1] and compare the results with our method
and demonstrate the scenarios where our approach would
improve the accuracy. In figure 5(a), the true location as
denoted by a solid circle is near the grid (3,13). With one
single grid estimate, the estimate is grid (4,14) denoted by
a square, but using our approach, the estimate as dotted
circle is closer to the actual position of the user terminal.
Similar result is also evident as shown in figure 5(b). In
figure 6, we compare the prediction error using RADAR-
like approach and cluster-based geometric method. Of all
the tested positions, it is evident that the cluster- based
performs better than other methods that result in figure 6
the geometric method has prediction error distance to
minimum compare with conventional (RADAR) method,
percent of better location about 69.23%. In table 3 a
geometric method has average error 3.65 meters better
than RADAR approach. :

Histrogram of AP1 Signal Histrogram of AP2 Signal

150 - 200 ————
150
100
100
50
50
0 ]
-85 -80 -75 -70 -85 -70 65 80 -55
RSS! RSSI
Histrogram of A3 Signal Histrogram of AP4 Signal
100 150
100
50
50
0 0
-80 60 -40 -20 -75 -70 65
RSS! RSSI

Figure 4. Histogram of received signals

Table 3. Comparison of average error between RADAR
and Cluster-based geometric approach

Average Error

System
¢ (m)
RADAR 4.69
On-Line Data 358

(120 Samples)
Geometric 3.65

(a) (b)

Figure 5. Comparison of location estimation methods

Prediction Error Distance(m)

H i i il iy
V] 5 10 15 20 25 30 35 40
Grid Locations

Figure 6. Comparison of prediction error between cluster-based
geometric approach and the RADAR-like approach

4. Conclusions

In this paper, we present an improvement of an existing
client-based deterministic WLAN location determination
system. Our approach utilizes additional possible
estimates rather than a single one, then use a triangulation
method to compute the midpoint. This point is then used
as the estimate with improved accuracy, in particular, for
the locations where large estimation errors do normally
occur. The results show improvement in terms of
estimation error over traditional methods. For more
results, we would like need to test on more positions at
the experimental site. Future works include improved
accuracy using wall effect factor (WEF) and applying
approach to infrastructure-based location determination
system
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