* Carried out by spedra et al. at 2 Spanish
universities. =

® Largest & 1°" publicly available database in literature.

l Obijective: To provide an objective database for comparing
? /éosi’rioning systems & WLAN-fingerprinting algorithms.



UJIINDOORLOC WLEAN INTRODUCITION

GPS (Global Positioning System)

WLAN (Wireless Local Area Network) ows 2 or
ey radio

rnet.

ST PS D DOR localization

prdb' . 4

.

® Many studies use and mobile phones to solve indoor localization

problems but their databases are not as detailed and publicly available

j/a as UJIINOORLOC.



UJIINDOORLOC WLAN INTRODUCTION

RSSI (Received Signal Strength Indicator)

WLAN

are the users should

J €
'-I.

2) Operd’rlon — User acquires signal strengt 'S from the visible access points©
/ of the WLAN that can be de’rec’red from the user’s position. This becomes

the test sample which is sent to the server for comparison of training

samples.



\\O UJIINDOORLOC WLAN BASELINE

® Indoor Localization System — Used k-Nearest Neighbour technique

/
O (kNN-TNN) along with Euclidean Distance: .
) | ‘The location of the current
Caleulation of the | If there is 1 fingerprint corresponds to
Euclidean Distance of the candidate with the the location of the
current fingerprint with shortest distance. Eu.clideqp’s cIose.s’r
respect to the N training fingerprint.
fingerprints in the a
training set.

> The location corresponds to’
the average of the
Euclidean’s training
fingerprints on the
“winning” building and
\ floor. Tie = Error.

If there is more than
1 candidate with the
shortest distance.

' 4

Euclidean distance (d) = (x_z—.x'?)z + (yzj’ 1)2



) SO friples to

* 520 different WAPs (Wi ccess Points) appeared in the

database.

j ® Data collected by more than 20 users with 25 different mobile

device models.



UJIINDOORLOC WLAN IRAINING SEI' GENERATION
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The centre of the room is the inside The front of each door is the outside

reference point of a closed space. reference point for a closed space.



UJIINDOORLOC WLAN VALIDATION SEI' GENERATION




JIJIINDOORLOC WLAN VALIDATION SET GENERATION |







FACTORS THAT MAY AFFECT SCANNED WAPS




I JJIINDOORLOC' WLAN DATABASE DESCRIPTION

TABLE IL EXAMPLE OF ONE DATABASE ENTRY (7754-TH RECORD). IT WAS CAPTURED ON JUNE, 4TH 2013 (12:02:22PM GMT+02) BY USER11
WITH A HTC Wildfire § A510e (ANDROID VERSION 2.3.5). THE DEVICE DETECTED 14 WAP (NEGATIVE RS5I VALUES) ON THE REFERENCE POINT

LOCAT IDE OFFICE 111 ON THE THIRD FLOOR OF THE T1 BUILDING.
I /'\

(1 .. [520] [521] [522] 52 24] [525] [32 [527]  [328] [529]
WAPy5; ... WAPs,d Longitude Latitude  Floor JBuildinglD SpacelD RelPos. )UserlD PhonelD Time
g7 . +100 . 294.7... 4864983.9... 11 2 11 I \[37034014Y

A

Real-world coordinates Space identifiers Timestamp set by centralized
server

TABLEIIL.  EXTRACT OF THE VECTOR THAT REPRESENTS THE RSSI VALUES. MAC ADDRESSES HAVE BEEN ANONYMIZED DUE TO PRIVACY REASONS.

WAPyo1 ... WAPpz WAPgza WAPg3 WAPgay WAPgzs WAPps .. WAP:y
97 .. +100 97 +100  +100 -63 65 .. +100

Android provided integer RSSI WAP identifiers (MAC addresses)

values. are linked to vector positions.



\BJIINDOORLOC WLAN DATABASE DESCRIPTION

\

TABLE IV. EXTRACT OF THE WAPS T WITH 14 RSS1 VALUES
FROVIDED E"' Method in Android class to obtain

pos. in list_ WAP Identifiel_RSSI leveD list of detected WAPs.

1= WA Pﬂgg —O7dBm :
ynd WAPo01 _97dBm RSSI Levels in dBm represents the

3rd WAP2es _97dBm detected WAP’s signal intensity

4th WAP; 50 —04dBm

-100dBm = very weak signal

11th WAP 16 _65dBm OdBm = extremely good signal

12th WAP s _85dBm +100dBm = undetected WAP

13¢h WAP, 45 —48dBm

14th WAP, 5 —A6dBm Ordering actually depends on
e mobile device’s model & Android

This data represents ONLY 1 Wifi Scan! version.




N

TABLE XI. UJTINDOORLOC RESULTS WITH INN IN CONJUNCTION
WITH Euclidean Distance

Error n positioning
Success rate _
Time 495.26 £ 0.54ms

More than 10% - Incorrect
localization
0.27% - Wrong building
?2.81% - Wrong floor

UJIINDOORLOC WLAN RESULTS

4

Average error in meters of

validation fingerprints correctly
located inside corresponding

building & floor.

% of validation fingerprints
correctly located inside
corresponding building & floor.

Average time in milliseconds taken
to find the precise location
(longitude, latitude, floor) per
fingerprint.



‘can improve the

® Detection of WLA ere some WAPs are emitting in ’rhe\

same channel — Degradation of \ VAP connec’rlw’ry

® The validation fingerprints were taken 3 months later than the training

/3 ones, and some WAPs disappeared and new ones were introduced.



users were used.

o er of users were used.

3. Alarge a ‘with more than 1 floor were used
g _ .

and their internal structures differed.
4. Validation samples have been provided.

® This database can therefore be presented as a common, public database that can

be used for comparisons.
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01 Introduction

— Infrared

== Infrastructure-based &=

_

— Ultrasound

— Bluetooth

— Wi-Fi

Infrastructure-less gum FM radio frequencies

= Magnetic field




01 Introduction

the UJ/IndoorLoc-Mag database: First publicly available database that could be used to make

comparisons among different methods in this field.

« Consists of 281 continuous samples (270 for training and 11 for testing).

« Taken in our 260m2 (15x20m approx.) laboratory.

« Each sample comprises a set of discrete captures taken along the 8 corridors (including
intersections) of the laboratory.

« Data is selected per 0.1 seconds.

« Almost 40,000 discrete captures obtained from the magnetometer, accelerometer and

orientation sensor of a mobile phone.



01 Introduction
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Fig. 6. Data values collected for a trajectory. Simplified orientation is shown for visualization purposed. Moreover the values of magnetic and accelerometer are
also shown in separate plots.



01 Introduction

There are three types of database.

1. Continuous samples taken in a lineal environment (like a corridor).

2. Discrete samples taken in a lineal environment.

3. Discrete samples taken in a two dimensional space.

a single continuous sample corresponds to a sequence of some

consecutive discrete samples taken in a lineal environment.



02 Experiment
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02 Experiment
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03 Description of database files

Samples

270 samples
80 are single corridor
190 are two corrdors

Training One or two
purpose corridors

Testing Multiple
purpose corridors

11 samples




03 Description of database files

Samples

270 samples
80 are single corridor
190 are two corrdors

Training One or two
purpose corridors

Testing Multiple
purpose corridors

11 samples




03 Description of database files

281 continuous samples are stored as independent text files. The training
ones are grouped into two main categories “lines” and “curves” .

Training file &g

Testing file =

“lines” group e  IXX ZZ.txt

m curve” groupgms CXXYY ZZ.txt
BN ttPP.txt




03 Description of database files

281 continuous samples are stored as independent text files. The training
ones are grouped into two main categories “lines” and “curves” .

XX :the number of corridor & orientation (n orr)
IXX_ZZ txt S ZZ :repetition.

Example: [3r_03.txt

XX and YY :the number of corridor & orientation
for the first and second corridors in the two corridors

CXXYY ZZ.txt trajectory

Z7Z : repetition.

Example: c5n1r_05.txt

ttPP.txt I PP : the complex testing trajectory number




03 Description of database files

Data has been stored as a simple text file as follows:

tsi mx1 my1 mzi axi ayi azi oX1
Tsn mxn myn mzn aXn ayn azn OXn
<m>

lat:; lon: lat: 1lon: FS: LS,

laty lonn latpy+: lonws: FSu LSn

n: the number of samples collected in the trajectory at a 0.1 seconds frequency

m : the number of segments (corridors) in the trajectory

o)% 0Z1

QOVYn OZn

Each sample contains the timestamp ¢s and the values from magnetometer, accelerometer

and orientation sensors in the three axes, which are denoted with mx, my, mz, ax, ay, az,

ox, oy and oz.

lat.and /on.corresponds to the coordinates (latitude & longitude in decimal degrees) of the

initial, intermediate (intersections) and final points.

FSiand LS/ state for the i-th trajectory’ s first and last sample respectively in the full

sequence of samples collected during the trajectory mapping.




03 Description of database files

. | The text files composed by two well-differentiated

o v
o o o =
. i

parts separated by the row indicating the number of

segments in the trajectory: 1) the sequence of

discrete samples taken during the trajectory mapping,

R wmemsesesasssasnen -4 || and 2) the configuration data.
| B R e e
| 5 1 Part 1: contains the timestamp, the vector data from
pts
| % magnetometer, accelerometer and orientation.
| o
I Ts24 1417178330528 tses 1417178330629
mxza 24.899292 mxzs 24.719238
- P ———— ' my,: -10.319519 myzs -11.219788
11------".._____,,_-______,____'__ mzz: -49.55902 mzss -49.319458
axza -0.12917818 axzs -0.15856716
i avyza 0.52311563 ayzs 0.68318987
i azos -0.19135952 azzs -0.15023136
-I i 00X -64.537674 0X25 -62.273254
- oya24 -21.03711 oyzs -21.420563
%‘_ 0Z24 0.15363675 0Z25 0.5122262
l'%.- e e e s Two consecutive samples (vertically
- “a represented here) from 6-th testing trajectory

'i Licensed for Developer

TTO6




03 Description of database files
Start point

= [_, nd point
o l\J fs1
|t Is3
I
o
L e

| ."I--I.J.J.—————————————.—-rr'-r

'i Licensed for Developer
TTO6

Part 2: contains the information about location of

initial, intermediate and ending points. These can be

associated to corridor segments and turnings.
lat: lon: lat: 1lon: FS: LS

latn lonm latuw+: lonms: FSn LSn

39.99389 -0.07375 39.99393 -0.07384 0 71
39.99393 -0.07384 39.99386 -0.07389 12 159
39.99386 -0.07389 39.99388 -0.07394 160 223

the configuration part for the 6-th testing trajectory




04 features

e
netiec = [0,33,33]

agnitude = {pf+33%+33°
= 46

Magnetic field: Provides a vector that corresponds to the strength and direction of the
magnetic field. But it is not trivial to detect a user’ s orientation change (turn).
Orientation : Record raw data from the orientation sensor. Provides the direction vector and
the values are measured in degrees.
Acceleration: Can detect the user’ s steps and therefore estimate the velocity. (by
resampling or different speed configuration )
Timestamp: With the start & end point and normal velocity, user’ s position can be analysis.

Start/end/turning points: Improve the accurate.



05 Baseline

« Two simple baseline methods are developed and tested to provide a starting
point that any more sophisticated indoor localization algorithm should be
able to overcome.

« The first one uses a discrete method and the second one uses continuous
method. Both algorithms ONLY use the training samples taken on the 8
corridors and from the magnetometer.

« The k-NN algorithm [11] with k = 1 has been used to estimate the location of

each test sample, so the test current location would correspond to the most

similar train sample. The location of the most similar sample in the training set

is the one assigned to the test sample.



05 Baseline
--discrete method

« Discrete captures extracted from the continuous training samples. Same procedure

performed for testing capture.
« The capture consists 5 features: lat, lon, mX, mY, mZ.

« 8943 samples for training and 4380 for testing totally.

Euclidean’ s distance between two samples, m.= [m«, mv, mz:] m, = [my,, Mvz, Mz2] is

d(ml,mz) :'\/(mX,_l o mx,z)z + (mY,l o m}f,z)z + (mz___l o mz,z)z



05 Baseline
--Continuous method

« each continuous training sample is divided in several subsamples of 5 seconds each one.

For instance, if a sample is 10 seconds long and has 100 discrete samples, then it is

divided in 6 continuous subsamples, [1-50], [11-60], ..., [51-100].

« The capture consists 5 features: lat, lon, mX, mY, mZ.

540 samples for training and 231 for testing totally.

Euclidean’ s distance between two samples, v, = fvm, , vm,,, vm;,]/and

: 1 . .
vm, = [VMy 5 vm,, vy ]is  d,. (vm vm,) = ;Z d(vm [i],vm,[i])



§-rmmmmmmzn e . - ¢ .g, ¢
e T — L L ———
’ & e LT um— + L ‘
- ‘ L v~o Prrcccsncncocsnnsrsannesnase .‘
}'.'ceiseid for Developer . ‘Licerft_‘seld for Developer Licensed for Developer
TTO07 & TT10 TTO8 TTO9

7 211 7724029 | 8 6.24+1.51

8 246 9.26+0.22 16 6.58+0.88

9 196 3.33+0.21 11 1.25+0.34

10 223 746+0.3 10 5.33+1.36

11 287 6.65+0.18 13 4.7+0.81

mean 7.2340.38 6.05+0.43

Errors of two simple baseline are high, while the continuous

method’ s error is small than discrete method’ s.

05 Baseline
--error

iS:
points corresponds to the latitude (lat)
yngitude (lon) coordinates in decimal
rees are not expressed in lineal meters.
haversine formula can be used instead.
formula only use the training samples
taken on the 8 corridors and from the
magnetometer. Better results can be
achieved if training samples taken at
intersections were considered in the

algorithm.



06 Conclusions

 This paper introduces a new database for indoor localization, UJlIndoorLoc-Mag, on the
basis of variations on the magnetic field.

« The database description including the features used in the database. The procedure and
the applications used to generate the database have also been described.

« Two simple baseline methods were introduced to show the viability of the usage of the
magnetic database

 Further work will be focused on increasing the amount of samples of the database and a

more robust indoor positioning method.



SIMILARITIES

Both present a detailed and public database for WiFi Fingerprinting & Magnetic Field
based indoor localization methods.

Database for the training set is created via an Android app with several sensors.
Additional hardware is unnecessary.

Both use the kNN algorithm in baseline.



DIFFERENCES

2 sensors are used to determine indoor
localization

Data is divided into 2 sets: training & testing.
Training is more complex

3 buildings with 4 or 5 floors with various
rooms are used to obtain the training & testing
data.

Approximately 495ms was taken to collect each
WiFi fingerprint.

Baseline uses only 1 method.

Data is based on positioning — user must
remain stationary.

3 sensors are used to determine indoor
localization

Data is divided into 2 sets: training & testing.
Testing is more complex

Only 1 room in 1 building and on 1 floor is
used to obtain the training & testing data.

Data was collected every 0.1s.

Baseline uses 2 methods: 1st is discrete. 2" s
continuous.

Data is created as continuous samples.



DIFFERENCES

WLAN FINGERPRINT-BASED DATABASE

TABLE IL EXAMPLE OF ONE DATABASE ENTRY (7754-TH RECORD). IT WAS CAPTURED ON JUNE, 4TH 2013 (12:02:22PM GMT+02) BY USER1 ]
WITH A HTC Wildfire 5 A510¢ (ANDROID VERSION 2.3.5). THE DEVICE DETECTED 14 WAP (NEGATIVE RSSI VALUES) ON THE REFERENCE POINT
LOCATED OUTSIDE OFFICE 111 ON THE THIRD FLOOR OF THE TT BUILDING.

1] ... [320] [521] [322] [323]  [524] [325]  [526] [527]  [328] [529]
WAPyy; ... WAP;,; Longitude Latitude Floor BuildinglD SpacelD Rel.Pos. UserID PhonelD Time
97 .. 4100 /3947, 48649839.. 3 0 [1 2 11 13 1370340142
= ASE
axi avy: azi OX1 oY1 O Zi
\
aXn aVyn aZn OXn OVYn OZn piece of

disgrete sample
F'S LS

a continuous sample
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