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Abstract. User positioning is a very important feature in user adaptive system.
The user position can be estimated by various positioning methods. This paper
investigates an impact of similarity measurements on localization error in de-
terministic database correlation method. It is also called fingerprinting. Main
idea is to compare widely used Euclidean distance with other similarity meas-
urements. Seven different similarity measurements are implemented to simula-
tion model created in Matlab software tool. Computation complexity of each
similarity measurement is investigated and impact of similarity measurements
on localization error in normal and extreme conditions is shown.

Keywords: Database correlation method, similarity measurements, fingerprint-
ing localization, indoor positioning.

1 Introduction

The number of LBS (Location Based Services) is rising very fast in last years [1].
Basic requirement for LBS is to know user location. That can be achieved by various
ways in dependency on environment, e.g. GPS (Global Positioning System) in out-
door. On the other hand, there can be problem with high signal attenuation in indoor
environment and dense urban areas. Alternative positioning solutions have to be used.
Generally, they utilized various wireless communication platforms, e.g. cellular net-
works or IEEE 802.11x etc.

Positioning based on cellular networks is often used as alternative solution in urban
environment. In urban environment, A-GPS can be also used to estimate location.
Problem with localization is even bigger in indoor environment. Signal fluctuations
are large because of multipath signal propagation. Many indoor localization algo-
rithms and systems [2] based on Bluetooth [3], Zig-Bee [4], UWB (Ultra Wide Band)
[5, 6], RFID [7] and IEEE 802.11x [8] were developed.

The most popular algorithms used in indoor environment are based on
IEEE 802.11 [9 - 12]. Most of they uses signal strength information and are based on
fingerprinting algorithm. The biggest advantage is that the algorithm does not need a
new infrastructure. Another advantage seems to be multipath propagation resistance.

Fingerprinting algorithm can be implemented in various ways from mathematical
point of view. They can be divided into deterministic and probabilistic algorithms. In
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our work we deal with fingerprinting based on deterministic algorithms based on
nearest neighbor algorithm (NN), as well as more complicated algorithms k-nearest
neighbours (KNN) and weighted k-nearest neighbours (WKNN) [13].

Most of researchers dealing with deterministic fingerprinting algorithms use
Euclidean distance as similarity measurements between vector of RSSI (Received
Signal Strength Information) collected in on-line phase and vectors stored in radio
map. We try to compare Euclidean distance with another six similarity measurements
and find which one is the best solution for deterministic fingerprinting localization.

Rest of paper is organized as follows. Section 2 describes related work on finger-
printing localization algorithms. In Section 3 different metrics used in our simulations
are described. Simulation model created in Matlab software tool and simulation sce-
narios are presented in Section 4. In Section 5 simulation results are shown. Finally,
Section 5 concludes the paper and provides directions for future work.

2 Related Work

The fingerprinting localization algorithms can be divided in two phases — off-line
phase and on-line phase. In off-line phase radio map is created in area, where local-
ization will be performed. In on-line phase position of mobile nodes is estimated.

Radio map construction starts by dividing area of interest into cells [14]. Each cell
is represented by one reference point. In this point RSSI value from all transmitters in
range — fingerprint is measured for certain period of time and stored in database.

Most of researchers in field of fingerprinting localization use deterministic ap-
proach of localization. In deterministic approach position of mobile node is computed
as combination of radio map points, using:

M M
x:z[@.p,. zw_,.j, (1)
i=1

J=1

where p; are coordinates of i-th reference point in radio map, w; and w; are weights
and M is number of reference points stored in radio map.

The mathematical algorithm, which keeps the K biggest weights and sets the others
to zero is called the WKNN (Weighted K-Nearest Neighbor) [8]. WKNN with all
weights @ =1 is called the KNN (K-Nearest Neighbor) algorithm [14]. The simplest
algorithm, where K = 1, is called the NN (Nearest Neighbor) [15].

One of possible weight computation is the inverse of distance between two RSSI
vectors. Most of authors use Euclidean distance [8, 13-16], Junyang Zhou et al use
Mahalanobis distance [17] and Binghao Li et al introduces generalized Minkowski
distance [14].

3 Similarity Measurements

In this section similarity measurements that will be used in simulations are intro-
duced. First three distances are from Minkowski distance family, next two distances
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belongs to L1 family, also called the absolute difference [18]. All of these distances
measure difference of two vectors. Last two types of measurements are based on
correlation, which means that they measure similarity between two vectors.

3.1 Manhattan Distance

Manhattan distance is also known as city block distance, boxcar distance or absolute
value distance [19]. It represents distance between points in a city road grid. It exam-
ines the absolute differences between coordinates of a pair of objects, or simply vec-
tors. City Block distance is given by:

dyyj = i|aik —byl, ()
=1

Where n is number of elements in vector, a; represents k-th element of vector A and
bj, represents k-th element of vector B.

3.2 Euclidean Distance

Euclidean Distance is the most common use of distance. In most cases when people
said about distance, they will refer to Euclidean distance. Euclidean distance or sim-
ply 'distance' examines the root of square differences between coordinates of a pair of
objects. Euclidean distance is given by (3) and represents shortest distance between
two vectors in Cartesian coordinate system.

3

Where n is number of elements in vector, a; represents k-th element of vector A and
by represents k-th element of vector B.

3.3 Minkowski Distance
Minkowski distance is the generalized metric distance, it is given by (4). When m = 1

it becomes city block distance and when m = 2, it becomes Euclidean distance. This
distance can be used for both ordinal and quantitative variables.

“

Where n is number of elements in vector, a; represents k-th element of vector A and
by represents k-th element of vector B and m is root level.
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3.4 Canberra Distance

Canberra distance examines the sum of series of a fraction differences between two
vectors. Each term of fraction difference has value between 0 and 1. If one of coordi-
nate is zero, the term become unity regardless the other value, thus the distance will
not be affected.

-b
de; = Z|| . 5)

alk|+|bjk|

Where n is number of elements in vector, a; represents k-th element of vector A and
bj, represents k-th element of vector B.

Note that if both elements are zeros, we need to be defined as 0/0=0. This distance
is very sensitive to a small change when both elements are near to zero.

3.5 Sorensen Distance

Sorensen distance is sometimes also called Bray Curtis distance. It is in fact a nor-
malization method that is commonly used in many science fields. It views the space
as grid similar to the city block distance. Sorensen distance is given by (6) and has a
nice property that if all elements are positive, its value is between zero and one. Zero
Sorensen distance represents exact similar vectors.

dg; :;|aik_bjk| ;(aik+bjk)' (6)

Where n is number of elements in vector, a; represents k-th element of vector A and
by represents k-th element of vector B.

If both vectors have zero elements, the Sorensen distance is undefined. The nor-
malization is done using absolute difference divided by the summation.

3.6 Angular Separation

Angular separation represents cosine angle between two vectors. It measures similar-
ity rather than distance or dissimilarity. Thus, higher value of Angular separation
indicates the two objects are similar. Angular separation is given by:

1
n n n D)
_ 2 2 7
S ij _Zaik by zaik 'zbjr : @)
k=1 k=1 r=1

Where n is number of elements in vector, a; represents k-th element of vector A and
b;. represents r-th element of vector B.

The value of angular separation is [-1, 1] similar to cosine. It is often called as Co-
efficient of Correlation.
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3.7 Correlation Coefficient

Correlation coefficient is standardized angular separation by centering the vectors
to its mean value. The value is between -1 and +1. Same as angular separation it
measures similarity rather than distance or dissimilarity. Correlation coefficient is
given by:

Scij = (“ik‘“_t)'(bjk‘bj) (ay —a;)- (bjr_Ej)z . ®)
k=1 k=1 r=1

Where n is number of elements in vector, a; represents k-th element of vector A and
b;, represents k-th element of vector B and a,and b ; are mean values of vectors A

and B respectively.
Correlation coefficient measures the strength and the direction of a linear relation-
ship between two vectors.

4 Simulation Model

Simulation model created in Matlab software tool was used for investigation of im-
pact of similarity measurement on localization error. Fingerprinting is based on signal
strength measurements, therefore simulation model can be divided into two parts:
radio channel and fingerprinting method. Three mathematical algorithms introduced
in section 2 — NN, KNN and WKNN were implemented in the simulation model.

Received signal strength is modelled by two independent parts: path-loss and im-
mediate variations of signal strength. Path-loss is based on multi-wall-and-floor
model (MWF). The MWF model considers the nonlinear relationship between the
cumulative penetration loss and the number of penetrated floors and walls. Total loss
Lwyr in distance d can be computed from equation:

Ky

I K, J
Lywe = Ly+10nlog(d)+ Y D Loy +> D Ly, ©)

i=1 k=1 j=1 k=1

Where L, is path loss in distance of 1m in dB, n is power decay index, d is distance
between transceiver and receiver in meters, / is number of walls types, K,,; is number
of traversed walls of category i, L, is attenuation due to wall type i and k-th traversed
wall in dB, J stands for number of floor types, K is number of traversed walls
of category j and L represents attenuation due to wall type i and k-th traversed wall
in dB.

Immediate variations of signal strength could be caused by objects motion at ob-
served area. These variations influence RSSI measurements and add measurement
error. Behavior of the variations was derived from experimental measurements. Ex-
perimental measurements were performed on notebook Asus N series, with use of
WirelessMon software. RSSI values from access point (AP) in range were measured
400 times. Achieved results are depicted in Fig. 1 (up chart).
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Fig. 1. Histogram of simulated and measured RSSI

According achieved measured data, immediate variations of RSSI were simulated
as random variable E computed as product of two random variables with lognormal
and uniform distribution respectively. Histogram of 400 simulated RSSI values is
shown in Fig. 1.

Simulations of similarity measurements were done in two different scenarios. In
Scenario 1 we simulated fingerprinting localization in normal conditions. This means
that in on-line and off-line phase same propagation conditions were assumed. We
used 6 access points to cover area of 512 square meters. Reference points were chosen
in grid with 2 m distance between them. Position of mobile node is randomly chosen
from all points in area. In this simulation measured RSSI values in both on-line and
off-line phase were simulated with use of MWF affected with random variable E.

The problem of fading was partially eliminated by estimation of local average
power in both scenarios. It is calculated as

N
1 S
RSSI = —ZRSSI,. , (10)

s =l

where N; is number of samples, in this case N, = 20 was used.

In on-line phase all mathematical algorithms were used with combination of all
similarity measurements. In situations when KNN and WKNN algorithms were used
number of used reference point was set to 4.

In Scenario 2 we assume different environment conditions in on-line and off-line
phase. Thus this scenario can be marked as extreme conditions scenario. In off-line
phase, when radio map is created, fading error is simulated as random variable with
uniform distribution with values from -4 dBm to 20 dBm, and in on-line phase the
same distribution as in previous scenario was used. In this case, Ny =5 (local average
power), so fading problem is not eliminated well. All the other simulation properties
were same as in Scenario 1. Simulations in both scenarios were performed with 10000
independent repetitions.
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5 Simulation Results

Simulations results are introduced in this section. The results provide detailed analysis
of positioning accuracy in terms of root mean square error (RMSE). The RMSE is
calculated as follows:

RMSE =+/(x, = x,)> +(y, - y.)" . (11)

where [x,, y,] are coordinates of real (accurate) MS position and [x;, y;] are estimated
coordinates of MS computed by given mathematical algorithm.
In Fig. 2, simulation results for Scenario 1 can be seen.

1.6
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Fig. 2. Mean RMSE values for different algorithms and similarity measurements

On the basis of shown results it can be noted that particular similarity measure-
ments have impact on RMSE regardless of mathematical algorithm. It is evident that
Angular separation and Correlation coefficient metrics achieved the worst results
compare with other similarity measurements. Results of remaining five metrics are
almost same for individual mathematic algorithms. On the other hand, following simi-
larity measurements Manhattan distance, Euclidean distance and Sorensen distance
obtained a little bit higher accuracy. Euclidean distance performs slightly worse in
combination with NN algorithm.

Difference between observed mathematical algorithms is not big from global point
of view. WKNN algorithm achieved the best results (the smallest positioning error),
RMSE is approximately 15 % lower. Positioning results for NN and KNN is almost
same.

It is known that Manhattan and Euclidean distances are special cases of Minkowski
distance. Hence, next simulation was designed to find out how Minkowski distance is
affected by root coefficient m. Simulation results are shown in Fig. 3. It is clear that
the best results are achieved in case of m = 1.5 for all algorithms. The greater the root
coefficient m, the higher is the positioning error. This simulation confirms fact from
previous one that WKNN is the most accurate mathematical algorithm.
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Fig. 3. RMSE values for different algorithms and root coefficient of Minkowski distance

Results of simulations in the extreme case (Scenario 2) are shown in Fig. 4. From
results can be seen that best results can be achieved by same distances as in ideal case.
Euclidean distance performs slightly better in combination with NN algorithm, but in
more sophisticated KNN and WKNN algorithms performance of Manhattan, Euclid-
ean, Minkowski and Sorensen distances is almost the same. Angular separation and
correlation coefficient shows the worst results.

3
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il - o - Manhattan distance
) R | O _ 1 | 4| I Euclidean distance
€ I Minkowski distance (m=4)
w15 MM - | |- - - —| [ canberra distance
%)
E [ sorensen distance
1 r—- - S Angular separation
l:l Correlation coefficient
0.5~ - - - - =
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Fig. 4. Mean RMSE values for different algorithms and similarity measurements under extreme
conditions

According the simulations results can be assumed that Manhattan and Sorensen
distances performs well in both normal and extreme conditions, Euclidean distance
performs almost same as those, difference is only with use of NN algorithm.

Last simulation results are aimed to reveal complexity of similarity measurement
methods. In Fig. 5 mean computing time of each similarity measurement can be seen.
From the figure it is clear that lowest complexity has Manhattan, Canberra and Soren-
sen distances.
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Fig. 5. Mean computing time of similarity measurements

Low complexity is very important in situations, when localization is offered for
wide area with high number of users. If system must localize all of them in real time it
needs to use computation methods with the lowest possible complexity.

6 Conclusion and Future Work

From results shown in this paper it is clear that Euclidean distance is not best similar-
ity measurement for fingerprinting localization in WLAN networks. On the basis of
achieved simulation results can be assumed that Manhattan and Sorensen distance
performs better or same as Euclidean distance. Another advantage of Manhattan and
Sorensen distances is lower complexity of computation, so these similarity measure-
ments can be used in localization systems covering wide areas with high number of
users, with better results than commonly used Euclidean distance.

For future Sorensen and Manhattan distance will be implemented into real localiza-
tion system WiFiLOC, to verify results of simulation in real environment. There is
also space for modification of localization algorithms and development of new
mathematical algorithms to improve localization accuracy.
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