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Location



Location hierarchy

Country
Finland

City
Joensuu

Address
Länsikatu 15, 80110

Location
62.59, 29.74

Geocoding
Reverse
geocoding



Levels of location

Location

62.59, 29.74
Länsikatu 15

Science Park

Joensuu Finland



Mopsi

http://cs.uef.fi/mopsi/



Hariharan, Fränti and Mehta
Data Mining for Personal Navigation
Data Mining and Knowledge Discovery: Theory, Tools, and Technology IV, 2002

The very first idea
2002

Location-based search

 

User-profiling added

GoogleMaps was 

launched 2005



Mopsi first prototype
Fränti, Kuittinen, Tabarcea, Sakala, "MOPSI location-based search engine: 
concept, architecture and prototype", ACM SAC, 2010

2010

A. Tabarcea Chih-Cheng Hung

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

J. Kuittinen



Mopsi overview

Q. Zhao

2011



Data collection in Mopsi

MOPSI 
webpage

www

Service 
directory

GPS

User 
collection

Other users:

Data collector:

Last skiing of winter
N 62.63 E 29.86

User: Pasi

First photos: 2009



Mobile Application

Radu_Andrei_Seminar_25112013



Data collected



Data collected
27.2.2009 – 14.9.2020

Users: 203

Photos: 64,346

Tracks: 11,449

Services: 414

Games: 158



Sentosa

Jyväskylä center Skopje city Helsinki downtown

Andorra in nutshell Lumphini parkHullu mies

SinaiaSavonlinna

O-Mopsi games
10 selected examples



Mopsi Routes 2014
12 selected examples





Web-applications

1. Photos

2. GPS tracks

3. Games and others



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



Photos



Selected locations on map



Selected views



Mopsi website

• Show routes / photos

• Select time

• Other options

Select user

http://cs.uef.fi/mopsi/



Photo clusters on map

User and
date

Number 
of photos

Clusters

Last known location of the user



Clustered timeline view

Clusters

Number 
of photos

Functions:

Open cluster

Start slideshow



Clustering needed for visualization

Active location

Home

Work

Favorite

Cluttering (too much data)

Segments

Timeline view

GPS tracks



Clustering markers
Rezaei and Fränti "Real-time 
clustering of large geo-referenced 
data for visualizing on map“

Advances in Electrical and 
Computer Engineering, 2018

Tigne Point mall

Malta

3 clicks

Singapore flier
4 clicks



GPS tracks



M. Chen, M. Xu and P. Fränti

A fast O(N) multi-resolution polygonal approximation 

algorithm for GPS trajectory simplification

IEEE Trans. on Image Processing, 2012

Route reduction



Real-time route processing 
Waga, Tabarcea, Mariescu-Istodor and Fränti, "Real time access to multiple GPS tracks", WEBIST, 2013

K. Waga

R. Mariescu-
Istodor

A. Tabarcea



Routes: one week

Routes: 5
Points: 13,110

Time < 1 s



Routes: one month

Routes: 21
Points: 59,440

Time = 1 s



Routes: one year

Routes: 237
Points: 577,211

Time = 2.5 s



Routes: All time



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

K. Waga A. Tabarcea M. Chen



Move type detection
Interactive tool



Run

Bicycle

Car

Run

Bicycle

Bicycle

22 km/h 36 km/h 24 km/h

0.9

0.2

0.7

0.3

0.8

0.1

2-direction Hidden Markov Model



Summarization of the activity



Challenging moving types

Train

Skiing Flight



Roundness
R. Mariescu-

Istodor
P. Heng

Mariescu-Istodor, Heng and Fränti
Roundness measure for GPS routes
LBS, 2018



Trajectory similarity

R. Mariescu-Istodor and P. Fränti

Grid-based method for GPS 

route analysis for retrieval

ACM TSAS, 2017

R. Mariescu-Istodor and P. Fränti

Context-aware similarity of 

GPS trajectories

Journal of Location-

based services, 2020

R. Mariescu-
Istodor



Different Similarity Measures

3% 10% 33%

LCSS Frechet DTW



13%62%

C-SIM
Mariescu-Istodor and Fränti, "Grid-based method for GPS route analysis for retrieval", 
ACM Trans. on Spatial Algorithms and Systems, 2017

R. Mariescu-
Istodor



HC-SIM: hierarchical variant
Fränti and Mariescu-Istodor
Averaging GPS segments: competition 2019
Pattern Recognition, 2021

R. Mariescu-
Istodor



Radu Mariescu-Istodor and Pasi Fränti

Context-aware similarity of GPS trajectories

Journal of Location Based Services, 2020

Context-aware similarity

R. Mariescu-
Istodor



Gesture search
R. Mariescu-

Istodor

Mariescu-Istodor and Fränti
Gesture input for GPS route search
S+SSPR, 2016



Extracting road network

GPS trajectories Road network

R. Mariescu-Istodor and P. Fränti

CellNet: Inferring road networks from GPS trajectories, 

ACM TSAS, 2018

R. Mariescu-
Istodor



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

Interactive tool + data
Joensuu & Chicago

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



Interactive tool + data
http://cs.uef.fi/sipu/mopsi/
http://cs.uef.fi/mopsi/routes/network/



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

R. Mariescu-
Istodor



Distance estimation

R. Mariescu-Istodor 

P. Fränti

Fast travel distance 

estimation using 

overhead graph

Journal of Location-

Based Services

2021

R. Mariescu-
Istodor



Mopsi search



Mopsi search
Tabarcea, Gali and Fränti, "Framework for location-aware search engine", 
Journal of Location Based Services, 2017



General workflow

.

.

.

User input Web mining Formatted output

Distance 
from user

meta search engine
N. Gali A. Tabarcea



System architecture
meta search engine

Generic 
Search engine



Detecting address from web

• 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

Tabarcea, Hautamäki, Fränti,
Ad-hoc georeferencing of web-pages using street-name prefix trees
WEBIST 2010

A. Tabarcea V. Hautamäki



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

Representative title
Gali, Mariescu-Istodor and Fränti, "Using linguistic features to automatically 

extract web page title", Expert Systems with Applications, 2017. 

N. Gali R. Mariescu-
Istodor



Web page

Text extraction and 

pre-processing

Nouns 

lemmatization

POS tagging and 

nouns extraction

Nouns

Similarities

Nouns clustering

and clusters ranking

Keywords

selection

<h1>ABOUT FORME SPA</h1>

<p>Forme Spa offers a tranquil

environment designed for relaxation

and rejuvenation. The spa is located

in …. </p>

Forme/NNP Spa/NNP offers/VBZ

a/DT tranquil/JJ environment/NN

designed/VBN for/IN

relaxation/NN and/CC

Forme, spa, building, treatment,

massage, therapy

Spa
Build

ing

Treat

ment

Mass

age

Ther

apy

Spa 1.00 0.89 0.23 0.20 0.19

Building 0.89 1.00 0.70 0.67 0.63

Treatme

nt
0.23 0.70 1.00 0.95 0.91

Massage 0.20 0.67 0.95 1.00 0.87

Therapy 0.19 0.63 0.91 0.87 1.00

11 Cluster 1: Spa

(33)

Building 

(1)

8 Cluster 2: Treatment

(20)

Massage

(7)

Therapy 

(2)

5 Cluster 3: Auckland

(7)

Wellington

(6)

City

(2)

2 Cluster 4: Service

(5)

Care

(2)

Spa, Treatment, Massage,

Auckland, Wellington

Keywords

POS tagging

Similarity matrix of lemmas

Complete-link clustering  

and ranked clusters

Extracted lemmas

Part of the extracted text

Keywords
M. Rezaei N. Gali



Keyword extraction

H. Shah, R. Mariescu-Istodor and P. Fränti, WebRank: Language-independent extraction of 

keywords from webpages, IEEE PIC-2021, 2021

H. Shah, M. Rezaei and P. Fränti, 

"DOM-based keyword extraction from 

web pages", ACM AIIPCC, 2019

H. Shah, M.U.S. Khan and P. Fränti, 

"H-rank: a keywords extraction 

method from web pages using POS 

tags", IEEE INDIN, 2019

M. Rezaei, N. Gali and P. Fränti, ClRank: a method for keyword extraction from web pages 

using clustering and distribution of nouns, WI-AIT’15, 2015



Extract
images

Web page link

Categorize

Analyze

Rank

Representative image

Images found

Web page

Representative image
Gali, Tabarcea, and Fränti, "Extracting representative image from web page", 

Int. Conf. on Web Information Systems & Technologies, May 2015

N. Gali A. Tabarcea



Photo extraction tool
N. Gali, A. Tabarcea, and P. Fränti, 

Extracting representative image from web page“

WEBIST 2015



Activity summary



Radu took a photo Evening Sky.

Radu completed cycling 40 Km.

Radu visited Lounasravintola Kuutti.

Radu and Pasi met.

Direct actions

R. Mariescu-
Istodor

Mariescu-Istodor and Fränti, "Detecting user 
actions in location-based systems", LBS 2018



Radu Mariescu-Istodor, Roxana Ungureanu and Pasi Fränti, 

"Real-time destination prediction for mobile users." LBS 2019

Destination prediction

R. Mariescu-
Istodor

R. Ungureanu



Same user or not?



Fränti, Mariescu-Istodor and Waga, "Similarity of mobile 
users based on sparse location history", ICAISC 2018

1 0 0

1 0 0

0 0 0

0 0 3

0 0 2

2 2 0

1 1 1

4 3 1
9

7

6

Histogram
bins

Visit
counts

K. Waga R. Mariescu-
Istodor

Location history



O-Mopsi orienteering game
P. Fränti, 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



Promoting



Call for papers
Applied Computing and Intelligence

https://aimspress.com/journal/aci

AMERICAN INSTITUTE OF MATHEMATICAL SCIENCES 

Highlights of the journal :

• Scope on AI and computing

• Open access

• No publication charges

• Fast review process 

A good paper has:

• Clearly stated contribution

• Focused topic

• New insight gained

• Easy to read


