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UNIVERSITY OF ZAGREB 

- UNIZG

The oldest and the 
largest university 
in Croatia

1669.
Founded

29
Faculties

3
Art 

academies

3
University 

centres

• SRCE- IT Centre

• University & National Library

• Student Centre

70 000
Students

(all study levels)

9 000
Teaching staff
(all study levels)

1874.
Became 

State university
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FACULTY OF ORGANIZATION 

AND INFORMATICS - FOI

• Medium sized faculty 

• Leading higher education 
institution in Croatia to 
provide education in 
applied information 
technology and 
information sciences

1974.
Founded
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FOI STUDENTS IN NUMBERS

2 876
STUDENTS

500
DEGREES PER YEAR109 SCHOOLS FROM REGION

How to involve students and foster their creativity? 
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FOI FIELDS OF EXPERTISE

• Organizational development 

• Business process engineering, business 
process modelling

• E-business

• deployment of e-business standards 
(UBL, CII, Core components)

• security (PKI, CA, accreditation)

• legislative and standards

• semantic and technical interoperability

• cloud computing – interoperabilty, 
cost benefit analysys

• E-Government

• Regulatory impact assesment

• Legislative and standards

• E-Learning
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FOI FIELDS OF EXPERTISE

• Software modeling and development

• Generative programming

• Automatic programming

• OO Analysis and Design

• Service oriented architecture development

• Database modeling and design

• Web development (XHTML, CSS, Javascript, Java, Web servisi, AJAX)

• Database development and administration (Oracle, PL/SQL)

• UML Papyrus, Eclipse Modelling Framework (EMF Plugins, metamodelling)

• Android development

• Windows Phone development

• iOS DEvelopment

• Scripting languages (Python, Shell, Tcl/Tk, JavaScript, PHP)

• GUI languages (Gambas)

• Declarative languages (SQL, xPath/xQuery, Prolog, Flora-2, Datalog)
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FOI FIELDS OF EXPERTISE

• Software Architecture

• Component oriented architecture, pattern languages

• Middleware

• Heterogeneous systems (Multicore, GPU, FPGA)

• Database architecture design 

• postgresql, mysql, mssql, oracle

• postgis GEO extensions

• Complex relational or NoSQL database design, implementation and tuning

• PostgreSQL, MySQL, SQLite, CouchDB, eXist-DB, ZODB, Datalog

• Statistical analysis and data mining

• Standard statistical analysis of large data sets (R, SAS, Matlab, Statistica)

• Data mining on large data sets (R, SAS, Matlab, Weka)
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FOI FIELDS OF EXPERTISE

• Text mining

• Analysis of large collections of documents

• Automatic classification, clustering

• Semantic information retrieval, dimension reduction

• Cross-lingual information retrieval

• Multi-agent Systems

• Complex multi-agent system design, development and implementation

• Automated planning, negotiation, reasoning etc.

• Finite state machines agent implementation

• Complex agent knowledge-base and ontology implementation

• Agent-based modeling

• SPADE (Smart Python Agent Development Environment), Swarm/SLAPP (Swarm Like 
Agent Protocol in Python)
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FOI FIELDS OF EXPERTISE

• Formal methods & 
theory

• First order logic

• Frame logic

• Description logic

• BDI logic

• Graph theory

• Database theory 
(relational, active, 
deductive, temporal, 
object.relational, 
object-oriented, semi-
structured etc.)

• Autopoiesis theory

• Laws of form

• Network development
• MAC layer protocol design (JIST/swans)

• Wireless networks communication systems

• DSRC service development

• Multiple sensor application development (V2V 

environments)

• Implementation of custom network filtering 

solutions

• Network security tools and techniques:

• VLAN's, L3,L4 i L7 filtering with iptables, pf 

and pfsense. 

• IDS solutions: Snort, OSSEC and VPN's with 

OpenVPN and IPSec

• cryptographic software and systems development 

based on open source technologies or standards: 

OpenSSL, GnuPG, OpenPGP, OpenSSH, X509
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FOI FIELDS OF EXPERTISE

• Network science

• Complex network analysis and visualization

• Web network mining

• Social and semantic network analytics

• NetworkX, Pajek, Lanet-vi, Scrapy

• Information systems security

• Security tools: nmap, ncrack, nessus, openvas, 
metasploit framework, w3af, skipfish, sqlmap, 
wireshark, john, oclhashcat

• methodologies: OSSTMM, OWASP, ISO27000 
family, NIST SP800

• security testing, security analysis and 
penetration testing

• cryptography systems implementation and 
security analysis

• Cloud Computing
• configuring and developing 

applications for Google App 

Engine, Salesforce and 

Microsoft Azure

• migrating data among 

different cloud computing 

providers

• application programming 

interfaces (APIs) based 

interoperability of cloud 

computing

• Google Web Toolkit widgets
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INTERNATIONAL OUTREACH

FOI has had experience in:

• EU-funded projects: FP6/7, EUREKA, IPA, TEMPUS, LLP, CARDS

• State funded projects: BICRO, HIT, NSF, MSES, ESF

• Industry funded projects

* Countries where 

FOI established 

project cooperation



Problem - WiFi roaming in urban environment 
using crowd sensor

1. WiFi AP localization using GPS data from urban crowd 
sensor (UCS).

2. Optimum WiFi AP sequence for a given trip.

3. Route finder for given starting and ending point.



Solution - WiFi AP localization using GPS data from 
UMN

• Trillateration



Solution - WiFi AP localization using GPS data from 
UMN

• Path-loss model:
 R - receive power level, this value is being gathered using WiFi

scanning equipment.

 T - transmit signal power strength is 17dBm.

 K - path loss coefficient, value is -147.55 

 λ - wavelength

 f - the WiFi frequency and is set to 2450 Mhz.

 n - the path loss exponent = 3 because we are measuring 
distances in highly urban environment.

 r - is the distance (radius), the result in meters.



Solution - WiFi AP localization using GPS data from 
UMN

• Error sources:

 Transmit power changes

 GPS error

 Manufacturer error

 Collinear scans - Mirroring



Solution - Route finder - concept

• How to find route between two points using data from 
UMS?



Solution - Optimum WiFi AP sequence for given trip or 
route using route finder

• Definition of optimum:

 Such sequence that will maximize coverage

time and minimize handovers.

• Strategies:

 RSSI - strongest signal first.

 BRR - highest exponentially average beacon reception ratio 
first.

 Sticky - client is assigned to AP as long as there is connectivity.

 History - best performance (based on historical 
measurements).

 BestBS - best performance basestation (BS) in future.

Source: Balasubramanian, A., Mahajan, R., Venkataramani, A., Levine, B. N., & Zahorjan, J. (2008). Interactive wifi connectivity for 
moving vehicles. ACM SIGCOMM Computer Communication Review, 38(4), 427. doi:10.1145/1402946.1403006



Simulating Vehicular Visible Light Communication:
Physical Radio and MAC Modeling

• VLC = visible light communication

• Used:

 Internet of things

 Vehicular networks

• MAC – media access protocol

 Design?

• Existing simulators do not support:

 VLC

 Carrier sensing

 Back-off timing

 Most of them have circular estimation

 Interference detection



V2V RF vs VLC

• DSRC (a)

 Usually omnidirectional

 Symmetrical Tx and Rx

 Frequency: 5.9 GHz

• VLC (b,c,d)

 Always directional

 Separate Tx and Rx (asymmetrical)

 Frequency: 430 – 790 THz



VLC transciever

• VLC Vehicle model: 

vehicle

Tx

Rx



Preliminary simulations

• 1st scenario:



Preliminary simulations

• 2nd scenario:



Preliminary simulations

• 3rd scenario:



MAC for VLC prototype

• Control signal (127 possible channels)

DATA

Control signal

A B

CD

EF
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http://www.tourgent.co/



Croatian strategy documents 2014.-2020

• (Croatian) Smart Specialization Strategy - S3 
Croatian Smart Specialization Strategy developed as a 
answer to European Commission document Europe 2020
and their Cohesion Policy thematic objectives (first two): 
Research and innovation & ICT access, use and quality.

• Priority topics

 1- Health and quality of life

 2- Energy and sustainable environment

 3- Traffic and mobility

 4- Security and safety

 5- Nutrition and bio-economy

http://europski-fondovi.eu/strateski-dokumenti-republike-hrvatske-2014-2020


ENERGY AND SUSTAINABLE 
ENVIRONMENT

ENERGY SYSTEMS , 
TECHNOLOGY AND 

EQUIPMENT

Renewable energy
sources

Oil and gas exploration

SUSTAINABLE 
ENVIRONMENT

Systems for waste and 
waste water

Efficient use of waste

ENERGY 
EFFICIENCY

Research in the area of 
functional structures , 
building materials and 

components

Reliable and improved 
management and business 

infrastructure

SMART 
CITIES

Smart grids

MES (Management 
of energy services)

Systems for energy 
production , storage 

and distribution

Croatian Smart 
Specialization 
Strategy - S3



Smart Cities

• World  ~8000 Smart Cities. (source: HRT/Hina/D.P.-
11. 11. 2015.)

• Croatia  5 (source: HRT/Hina/D.P.-11. 11. 2015.) 
 Awarded projects in project „Smart Cities –Future Cities” by 

categories:

 Smart EconomyRijeka project Startup incubator

 Smart Mobility  Koprivnica project Civitas Dynamo

 Smart Environment Pleternica project „Mala hidroelektrana”

 Smart Government Jasterbarsko project e-Ceste

 Smart People & Living Dubrovnik project Smart City 
Dubrovnik 2020



Smart Cities

What Croatia Smart Cities have?

• Free WiFi in town center

• System for public lighting control (remote) as part of
the energy efficiency project (LED lighting)

• E-Ticketing system (prepaid, postpaid)

• GIS system



Thank you!


