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Research

Images _ocation-based
Compression and data reduction Storage and retrieval
Segmentation Search and recommendation

Denoising Route analysis
HDR \ Games

Clustering methods

Algorithms  Graphs
Outliers Strings
Validity Sets
Categories

S

\ Health care

Voice Service location optimization
Speaker recognition Multimorbidity patterns
Voice activity detection Disease prediction

Applications Heart rate variability
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Location hierarchy
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geocoding
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http://cs.uef.fi/mopsi/



2002
The very first idea

Hariharan, Franti and Mehta
Data Mining for Personal Navigation
Data Mining and Knowledge Discovery: Theory, Tools, and Technology 1V, 2002

Location-based search User-profiling added
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learning
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GoogleMaps was
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2010 =
Mopsi first prototype

Franti, Kuittinen, Tabarcea, Sakala, "MOPSI location-based search engine:
conc?z(, architecture and'prototype", ACM SAC, 2010

2006: Working prototype (50% relevance) 2009: First (meta) LBS search-engine
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2011

Mopsi overview
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Data collection in Mopsi

First photos: 2009

Other users:

MOPSI

N 62.63 E 29.86
_ Last skiing of winter

webpage '\
Service
N\ | directory.

)

User
collection
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Data collected



Users:
Photos:
Tracks:

Services: 414

Games:

5310

5309

5307

5303

5301

5300

5299

5298

5297

Partiomaja - Youth
Hostel

Lykynlampi sauna

Joensuun kirkko

Utran kirlcko

Helluntaikirkko

K-market
Suvantokatu

Mokkamaa

Dressmann

KappAhl

Data collected

27.2.2009 - 14.9.2020

203
64,346
11,449
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X 7 I Pasi Pasi  1.1.2010  5.1.2016

X 7 ﬁl ‘a Qil Pasi  1.1.2010  22.4.2015
S50

X7 w Qi 1.1.2010  1.1.2010

X7 H Qil Pasi | 1.1.2010  5.1.2016

Pasi  1.1.2010  20.9.2019

X7 a rezaei rezaei 1.1.2010 | 12.2.2014
!

X7 ﬂ| Pasi Pasi  1.1.2010  25.2.2014

Pasi Pasi 1.1.2010 25.2.2014
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O-Mopsi games

10 selected examples

Andorra in nutshell . Hullu mies Lumphini park
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Mopsi Routes 2014

12 selected examples
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Web-applications

1. Photos
2. GPS tracks
3. Games and others



Selected tools
http://cs.uef.fi/sipu/mopsi/

Web and text
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Selected locations on map
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Selected views
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Mopsi website
nttp://cs.uef.fi/mopsi/
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Photo clusters on map

User and Las’t/ known location of the user
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Clustered timeline view
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Clustering needed for visualization
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GPS tracks



Route reduction

n - DRAG
M. Chen, M. Xu and P. Franti e
A fast O(N) multi-resolution polygonal approximation A—
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Routes: 1 / Points: 2206
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54.
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54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.
54.

680228
680215
680199
680157
680082
680005
675934
679877
67983

679798
679768
679723
675674
675636
679594
679544
675488
67943

679374
679315
679255
679197
679144

25.
25.
25.
25.
255
25.
25
257
25.
25.
25.
25.
25
25.
25.
25
25.
25
25.
25.
25.
25.
25.

280825
280771
280723
280719
280739
280789
28085

280923
280975
280998
281034
28107

281121
281173
281208

.281245

281273
281306
281363
281415
28146

28151

281576

5 (13 pts)
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Qutput level1 2 3 4

4.680228,25.
.674175,25.
.675569,25.
.680655,25.
.681692,25.
.688478,25.
.693280,25.
.691865,25.
4.688734,25.
.685425,25.
.684157,25.
.681126,25.
.680199,25.

|

280825
285836
292269
290306
286457
288529
273402
270846
271717
269134
273360
272763
280816




Real-time route processing

Waga, Tabarcea, Mariescu-Istodor and Franti, "Real time access to multiple GPS tracks", WEBIST, 2013
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Routes: one week
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Routes: 5
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Routes: one month
| J17716F16.11.2013

Routes: 21 ( 21 )
e R0INES: 59,440




Routes: one year

14 4
Routes: 237
Points: 577,211
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Move type detection

Waga, Tabarcea, Chen and Franti,
"Detecting movement type by route segmentation and
classification", CollaborateCom, 2012.



Routes: 1/ Points: 1085
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2-direction Hidden Markov Model
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Summarization of the activity

M pasi Franti
4 hours ago via MOPSI

had 10 km 877 m bicycle tour at Fittsburgh

101-19% Tennyson Ave -= 417 5 Craig 5t

,},/}; - czueffi

R Mopsi, School of Computing, UEF
! Duration: 0:55:07

Distance: 10 km 877 m

Speed: 12 kmyh

Like * Comment * Promate * Download mobile Mopsi



Challenging moving types

26.12.2010
B P Route 7:09:18 - 09:22
1 423 km/h 14 km 588 m @
2 286 km/h Ikm423m @&
3 136 km/h 2km766m @&
Total:
0:04:00 20km778m X
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Roundnes

Mariescu-Istodor, Heng and Franti _
Roundness measure for GPS routes R. E?O“desrcu
LBS, 2018
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Trajectory similarity s
\)

e ‘ Cell-based Similarity (C-SIM) R. Mariescu-
t: AL)2 5/16] 7| . | Points A ——— . Istodor
ng&e AQQM‘] g‘mi 150 |Recalculate| L:|45| /90 | (meters)

K Vs =3
LCSS - EDR - ERP

29 % 28 % 6e-4 %

0 & Frechet Hausdorff Euclidean DTW ﬁ[;s]t
Heindpuro oo Joe| 0.08 % t 0.22 % ‘ 2e-3 % 5 2e-3 %
g ""6 v \J(JUIII 1 I\JI\J‘JUIII\_II -y

R. Mariescu-Istodor and P. Franti

Projektinjohtg

Koistinen O o=
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s — [ fs ,
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Hierontapalvelutv
Ville Korhonen

route analysis for retrieval

Y;\“\\c 1)
2 \l:)‘»‘"“3 i T s
-3 ACMEITSAS, 2017
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Ke s iopi
B % ampus Bistro Ny Itd-Suomen yliopiston

R. Mariescu-Istodor'and'P. Franti

Matolahti Peray
T, Petijstio Metria : - - - .
parcQ) e : ? I o urlmgmr&%m!larlty_of
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oniemi i 5; )
ta-Suomejournal’of Location-
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Different Similarity Measures

LCSS Frechet DTW




C-SIM

Mariescu-Istodor and Franti, "Grid-based method for GPS route analysis for retrieval”,
ACM Trans. on Spatial Algorithms and Systems, 2017
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N

R. Mariescu-

Franti and Mariescu-Istodor
Averaging GPS segments: competition 2019

HC-SIM: hierarchical variant

Istodor Pattern Recognition, 2021
1 L
HC-SIM (A4,B) = EZ C-SIM(4, B, 0.005 x Zi_l) Measure Correlation
=1 HC-SIM 0.84
C-SIM 0.72
» 6.25% 6.25% IRD 0 52
s , LCSS 0.45
‘ ' ., EDR 0.37
NN Hausdorff 0.32
ERP 0.21
- - DTW 0.11
Euclidean 0.09
Discrete Frechet 0.05




Context-aware similarity

Radu Mariescu-Istodor and Pasi Franti
Context-aware similarity of GPS trajectories
Journal of Location Based Services, 2020

N

R. Mariescu-
Istodor



Gesture search

Mariescu-Istodor and Franti ‘
Gesture input for GPS route search R. Mariescu-
S+SSPR, 2016 Istodor

Gesture: If’gput"

._:_
o> Z
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""/. - -
/':-“_g X
3 z %
Ita-Suomen yliopisto =




Extracting road network g‘

_ o R. Mariescu-
R. Mariescu-Istodor and P. Franti Istodor

CellNet: Inferring road networks from GPS trajectories,
ACM TSAS, 2018

GPS trajectories Road network




Interactive tool + data

Joensuu & Chicago

http://cs.uef.fi/sipu/mopsi/
http://cs.uef.fi/mopsi/routes/network/

NnsorIn yoensuy** ===
raut/akaupp Data . .
Trajectories

ABC Siihtala Joerg® Q
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! o Network
3
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e 1
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Interactive tool + data

1. CellNet http://cs.uef.fi/sipu/mopsi/
o, http://cs.uef.fi/mopsi/routes/network/
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2. Jonathan Davies, Alastair R. Beresford and Andy Hopper. 2006. Scalable, distributed, real-
time map generation. JEEE Pervasive Computing, 5(4), pp. 47-54.
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3. Stefan Edelkamp and Stefan Schrédl. 2003. Route planning and map inference with global
positioning traces. In Computer Science in Perspective, pp. 128-151.
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Segments averaging competition

Pasi Franti and Radu Mariescu-Istodor, "Averaging GPS segments competition 2019”,
Pattern Recognition, 2020

applied sciences applied sciences
Avereeing @S segmeits ‘ Avereing ©FS segmeits
TRAINING DATA R. Mariescu- TRAINING DATA
Istodor
DRAG Average
SOLUTION Score
HERE 57.38%
88 % 85 % 57 %

61 %

75.% 54 %




Distance estimation
i

Nodes 256 v | N4 P 7 Antila R. Mariescu-
pntiolahti . Saunavaara Istod
yytivaara stodor

i g™ v Kokkola Konnunvaara

TrUE+ 23r2 km "lk)\/inmélki # .
Jako kN Palojoki Jakojarvi Tuprava
Bird: 11.5 km (-50%)
Pilkkasuo Pohja

5051 |

Estimated: 23.2 km (0%) @ ..

Harakhgmaki

Ah&kalal Suontaus

Kuurna Sarvinki

R. Mariescu-Istodor ,
ANti S nta
P. Frantl =y Lehmo Sipri
Fast travel distance A ,
1 1 T é an
estimation using ~ © B
overhead graph Jukajok = s Uran
ola

Journal of Location-
I : T ‘ = - = Stavaar
Eagid Services Fast travél distance estimation using overhiéad graph
| R Mari€scu-Istodor and.P, franti R rosa
}_é’Urga/ of Location'Based Services 2021

o



Mopsi search



Mopsi search

Tabarcea, Gali and Franti, "Framework for location-aware search engine",
Journal of Location Based Services, 2017
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General workflow -

meta search engine 7
N. Gali A. Tabarcea

-
>

User input Web mining Formatted output

Distance
from user

SURAKAN BAARI| & TEEPEE DINING
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System architecture

meta search engine

 Open

|
|
: ) user
| city Street location
| prefix trees Map coordinates v
| -
' Distance-
' Y
' ¥ Links <html> based
| sources address ‘ .
keyword | Website > Webpage Address |candidates| Address cQordinates ranklng
: provider parser word arrays detector validator
| addresses
|
| .
l/ Title and it 4 rank
3 . es istance
’ : Imag? images ¢
7 | extraction h 4
Generl¢ links Form
Search englne Data extraction output
|

| Web mining using location and keyword
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Detecting address from web

Tabarcea, Hautamaki, Franti,

Ad-hoc georeferencing of web-pages using street-name prefix trees

WEBIST 2010

Analysis of text content of web page
Matching strings with address databased
Address database stored as prefix tree
Both street number and postal code required

R-AND®.

HaOOO
CBVE.
ROSK
KOOLO,

NGENON
APVU Roo®
OBRDOUR

/

\
{)
N DO R A ////

£ 4

A. Tabarcea V. Hautamaki



Representative title

Gali, Mariescu-Istodor and Franti, "Using linguistic features to automatically
extract web page title", Expert Systems with Applications, 2017.

Content of text nodes => N-grams (n=1...6) == Filter by part-of-speech (POS) patterns

Learning Candidate phrase Candidate phrase Title
POS patterns extraction classification selection
e L —.
| ¥ | .. Classifier |
: L . ) : Pl '
] | Traini | —|—"I Phrase | -} [Labels Learning | | || l
: ll;unmg.. IIE extraction | |- | | | | | +]™ g- . |
1  Web pages - . | | Feature vectors! al :
| - : ' . |
Corpus I Ground truth POS - | 1 Model! | :
]' titles patterns | | | I ' ] I| |
e 4 b o t 8 w5 w1 8 ot w6 6 s S ! I : |
Test X Phrase | | | i s Predicted labels |
— Prediction —‘—|+'. .
web page _I_" l'.‘itl-.lLtlU]'I. "Feature vector | . |- & probabilites
=5 — R - l_ vttt | [ '
i .
4/ ‘ selection
N. Gali R. Mariescu- Title

Istodor



Keywords

Part of the extracted text

<h1>ABOUT FORME SPA</h1>
<p>Forme Spa offers a tranquil §

Y

Text extraction and
pre-processing

environment designed for relaxation
and rejuvenation. The spa is located
in....</p>

Extracted lemmas

5

POS tagging and

E.

nouns extraction

Web page

N. Gali

M. Rezaei
POS tagging
Forme/NNP Spa/NNP offers/
al tranquil/J]  environment/NN
designed/ for/
relaxation/NN and/

Similarity matrix of lemmas

Forme, spa, building, treatment, :\Iouns .
massage, therapy emmatization
g’
Complete-link clustering Nouns
and ranked clusters Similarities
11 Cluster 1: Spa Building =
33 1 )
(33) @ |Nouns clustering
8 Cluster 2: Treatment Massage Therapy :
and clusters rankin
(20) " @ .
5 Cluster3:  Auckland Wellington City = —9
(7) (6) (2) Keywords
2 Cluster4:  Service Care selection

() ()

Build Treat Mass Ther
Spa .
Ing ment age apy
Spa 1.00 0.89 0.23 0.20 0.19
Building |0.89 1.00 0.70 0.67 0.63
1763Me 1923 0.70 1.0 0.95 091
Massage (0.20 0.67 0.95 1.00 0.87
Therapy [0.19 0.63 0.91 0.87 1.00
Keywords
Spa, Treatment, Massage,
>

Auckland, Wellington




Keyword extraction

M. Rezaei, N. Gali and P. Franti, CIRank: a method for keyword extraction from web pages
using clustering and distribution of nouns, WI-AIT’15, 2015

H. Shah, R. Mariescu-Istodor and P. Franti, WebRank: Language-independent extraction of
keywords from webpages, IEEE PIC-2021, 2021

H. Shah’ M. Rezaei and P. Franti, https://www.mii.lt/damss/index.php/program Find keywords

"DOM-based keyword extraction from

web pages", ACM A||PCC, 2019 Method | Word frequency v

H. Shah. M.U.S. Khan and P. Eranti Word frequency: Stop words are removed (based on a list of stop words), and top

frequent words are selected.

"H-rank: a keywords extraction
method from web pages using POS

tags”, IEEE INDIN, 2019

1. damss 21
2. optimization 18
3. data 17
4. university 16
5. blockchain 15
6. conference 14
7. science 12
§. poster 12
9. problems 11

10. methods 10



Representative image

Gali, Tabarcea, and Franti, "Extracting representative image from web page",
Int. Conf. on Web Information Systems & Technologies, May 2015

Web page link

Extract
images

Images found
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A. Tabarcea



Photo extraction tool

N. Gali, A. Tabarcea, and P. Franti,
Extracting representative image from web page”
WEBIST 2015

Enter the URL and extract images

https://www.mii.lt/damss/index.php/prc Search Download

3 619 663 0.93 html ipg Representative

3 346 346 1.00 html ipg Representative




Activity summary

LES
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Photos

>

Shee b mARar A | aAn .

= owl . _ran

Detail

At: Pohjois-Karjala, Penttila, Joensuu, Finland 1202
Status: Mopsi Maniac
User since: 30.11.2011
Last login: 19.5.2016 m
Photo | Routes = Meeting | Checkin | (7/123) Annually - 4 1452016 b
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‘ Utra Finland Finland Finland Finland Finland Finland
g 9 e @ =
e
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Direct actions

Mariescu-Istodor and Franti, "Detecting user ‘
actions in location-based systems", LBS 2018 R. Mariescu-
Istodor

Visiting restaurant

‘ N 62.23 E 27.65

-

Radu visited Lounasravintola Kuutti.}
\C

e

Radu completed cycling 40 Km.} --------------------- :
N P,
! Radu took a photo Evening Sky. }
NS

e

!& Radu and Pasi met.}., .
\ ‘e, Meeting

‘e N 61.19 E 29.01




\)

R. Mariescu-

Istodor

Destination prediction

Radu Mariescu-Istodor, Roxana Ungureanu and Pasi Franti,
"Real-time destination prediction for mobile users." LBS 2019

Passed it already T
Not the right time

f 25

Monday
8:47 I\

R. Ungureanu

4% &

Too far away

il W 14%
“iopisto ' .\\ Rarely.on Weekdays
. 62% “ .. 0%
Time'to go to work '.' 7% Never on weekdays
o 2TES1E Q8

Not the right time



Same user or not'?
.?. | PaS| 2011 = X Radu 2012

.. 28
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Location history

Franti, Mariescu-Istodor and Waga, "Similarity of mobile

\)

K. Waga users based on sparse location history", ICAISC 2018 R. Mariescu-
Istodor
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O-Mopsi orienteering game

P. Franti, R. Mariescu-Istodor and L. Sengupta,
O-Mopsi: mobile orienteering game for sightseeing, exercising and education
ACM Trans. on Multimedia, Computing, Communications, and Applications, 2017
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https://aimspress.com/journal/aci

Highlights of the journal : A good paper has:

AMERICAN INSTITUTE OF MATHEMATICAL SCIENCES



