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Welcome Letter 

Dear Colleagues, Dear Readers 

On behalf of S-ITS, Slovenian ITS Association, I am very pleased to welcome you at the 29th 

International Symposium on Electronics in Transport ISEP 20-21, which is traditionally held at 

Ljubljana Exhibition and Convention Centre, Slovenia. Last year was the first time in 28 years the event 

has been cancelled, but it is now clear that cancellation was unavoidable in order to meet ISEP’ 

obligation to protect the health and safety of the our ITS community, employees and local residents, as 

well as for the healthcare providers tasked with keeping our communities healthy. In that way we 

promise that work from 2020 could be presented in 2021. Due to Covid-19 outbreak the situation is not 

better this year so we decide to organise the 1st  Virtual ISEP. 

The theme of the ISEP 20-21 Symposium is “Smart and green mobility for citizens and businesses”. In 

fact, some of the most challenging business models are starting to emerge exactly in this domain. 

Moreover, ITS is going to be used as a tool for smart mobility. The new digitalization era including the 

internet, which we are facing today, offers completely new possibilities for innovative solutions in the 

field of automatisation of transport. We can say that innovative and new services are the opportunity for 

better mobility especially in South-Eastern Europe where the state of transport infrastructure and 

demographic differences are serious obstacles to faster development.  

We are discussing about the technology — but not only the technology: we are discussing about the 

services for people with real needs. Transport is vital to the economy, job growth, and quality of life for 

all citizens. Epidemics are not obstacles. Transport is borderless, therefore international cooperation, 

especially on the regional level, is required to be successful. This requires good management of all 

transport-related processes. I believe that we are only at the beginning of the road in terms of deploying 

Intelligent Transport Systems and Services.  

At this opportunity, I would like to thank all the authors for the contribution with presentations, papers 

and with the participation, which is very important and could be very fruitful for future communication. 

In the name of Organisational and Programme Committee I would like to thank the reviewers for their 

comments that helped improve ISEP 20-21 Proceedings, which presents a wide variety of research, 

development and innovative topics of ITS, especially in the Central and South eastern Europe.  

 

 

Robert Rijavec 

President of S-ITS, Slovenian ITS Association 
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DIGITALISATION OF TRAFFIC AND INFRASTRUCTURES’ 

DATA AND INFORMATION IN SLOVENIA 

 

THE NATIONAL TRAFFIC MANAGEMENT CENTRE 

PURPOSE AND ROLE: SLOVENIAN NATIONAL ACCESS 

POINT (NAP) 

 
Dean Herenda, RS, Ministrstvo za infrastukturo, NCUP 

dean.herenda@gov.si 

 

Luka Krevs, Realis d.o.o. 

 

Goran Jovanović, Appia d.o.o., SLO 

 

 Abstract 

Traffic management in Slovenia is divided between several 

operators, each of which, in accordance with legal principles 

and concession duties, manages a limited set of traffic data. 

To improve traffic management and unify the traffic 

information, a National Traffic Management Center (NCUP) 

has been established, which will be the central point for traffic 

management in Slovenia in 2022, performing some of its 

operational tasks already. 

Physically, the unification of road operators is already taking 

place in the premises in Dragomelj, where the major traffic 

control center of DARS, the major traffic control center of the 

Directorate of the Republic of Slovenia for Infrastructure, 

Representatives of the Police and NCUP share common 

premises. 

Data Warehouse, Dynamic Traffic Model and Floating Car 

Data : NCUP has established a digital data warehouse, where 

all current information on the state of traffic in the Republic of 

Slovenia is collected. Based on the collected data, traffic flow 

forecasts up to 1 hour in advance are made in real time with the 

help of the Dynamic Simulation Traffic Model (DSPM). DSPM 

is based on a previously developed macroscopic traffic model, 

which was developed for the entire territory of Republic of 

Slovenia. 

National Access Point : In this part we’ll present the 

Slovenian National Access Point for traffic data with its public 

facing part in form of a web page an B2B exchange services with 

meta data including its back-end systems and the stake holders 

involved on the national level. 

With the back-end systems we’ll focus on one of the core 

systems needed to operate the National Traffic Management 

Centre (NTMC) which is DATEXII compatible national data 

ware house for traffic data with its real-time and historic data. 

We’ll also present some support services which range from 

simpler ones like national gazetteer and routing services to 

more complex ones like OpenLR encoding/decoding services, 

OpenAPI compatible local journey planer and TN-ITS services. 

All the data from this system it then available and exchanged 

through standard REST APIs with another level of back-end 

systems dealing with traffic flow and traffic modelling. 

 

Keywords 

      National traffic management centre, Dynamic Simulation 

Traffic Data, National Access Point 

  

UVOD 

 

Upravljanje prometa je v Sloveniji razdeljeno med več 

upravljavcev, od katerih vsak, skladno z zakonskim mi 

načeli in koncesijskimi zadolžitvami, upravlja z omejenim 

naborom podatkov o prometu. 

Z namenom izboljšanja upravljanja prometa in 

poenotenja pretoka prometnih informacij je bil vzpostavljen 

nacionalni center za upravljanje prometa (NCUP), ki bo v 

letu 2022 predstavljal osrednjo točko za upravljanje prometa 

v Sloveniji s tem, da nekatere od operativnih nalog opravlja 

že sedaj.  

Fizično gledano se poenotenje cestnih upravljavcev že 

dogaja v prostorih v Dragomlju, kjer je osrednji center 

DARS, osrednji center Direkcije RS za infrastrukturo, 

Predstavniki Policije in NCUP delijo skupne prostore. 

NCUP je vzpostavil digitalno podatkovno skladišče, kjer 

se zbirajo vse aktualne informacije o stanju prometa v 

Republiki Sloveniji. Na podlagi zbranih podatkov se v 

realnem času s pomočjo Dinamičnega simulacijskega 

prometnega modela (DSPM) vsakih 5 minut izdelajo 

napovedi prometnih tokov do 1 ure vnaprej. DSPM temelji 

na predhodno izdelanem makroskopskem prometnem 

modelu, ki je bil razvit za območje celotne Slovenije. 

 

RAZVOJ NCUP – faza 1 

 

Razvoj NCUP je nemogoče popolnoma ločiti od 

informacijskih in nadzornih sistemov in storitev DARS d.d. 

in Direkcije RS za infrastrukturo. V letih, ki so pred nami bo 

vse več izmenjav podatkov in informacij tudi iz IT centrov 

inštitucij, ki niso nujno samo in izključno del državne uprave 

in podjetij, ki imajo z državo sklenjene dolgoročnih koncesij. 

Poleg sporazumov s policijo smo tako v zadnjem letu 

podpisali npr. sporazum z Mestom Ljubljana predvsem zato, 

da se z orodji in sinergijami digitaliziranih podatkov ter 

ustreznimi analitičnimi orodji prvo simulira in potem še 

ustrezno upravlja s prometom na širšem nivoju na tistih delih 

kjer so volumni prometa najizrazitejši. To ni le potreba 

mailto:dean.herenda@gov.si
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države in upravljalcev ampak vse bolj pogosto postaja 

potreba uporabnikov storitev, ki pričakujejo kompleksno 

storitev tudi, ko govorimo o uporabi različnih modalnosti 

prometa ter predvsem o potovalnih časih.  

Razvoj storitev bomo predstavili tako, da bo nekomu, ki 

ni neposredno vključen v terminologijo inteligentnih 

transportnih sistemov (ITS) jasno zakaj smo se odločili za 

posamezne podsklope ter kako smo postopoma gradili 

infrastrukturo ter kako so se med gradnjo dopolnjevale želje 

in vizije nadaljnjega razvoja tovrstne kompleksne storitve.  

Kot običajno smo začeli z razvojem: 

1. Informacijske infrastrukture (strojna oprema); 

2. Nacionalnega podatkovnega skladišča prometnih 

podatkov; 

3. Nacionalnega prometnega modela za urni promet 

ter dinamičnega simulacijskega prometnega 

modela; 

4. Informacijske platforme izvornih podatkov sledi 

vozil; 

5. Nacionalne točke dostopa za cestne in prometne 

podatke NTD (angl. National Access Point) 

 

INFORMACIJSKA INFRASTRUKTURA (STROJNA 

OPREMA) 

 

Za potrebe vzpostavitve informacijskega sistema NCUP 

je v letu 2020 vzpostavljena informacijska infrastruktura 

(strojna oprema) na primarni lokaciji v Dragomlju, vključno 

s podpornim (nadomestnim) sistemom na sekundarni 

lokaciji v Mariboru. Infrastrukturna rešitev na nobeni izmed 

lokacij nima enojne točke odpovedi (»single point of 

failure«) in bazira na visoko razpoložljivem virtualiziranem 

okolju, ki vsebuje zadostno število strežnikov ter ustrezne 

diskovne kapacitete na naprednem diskovnem polju. 

Infrastruktura omogoča centralno rešitev za varovanje 

podatkov ter okrevanje ob katastrofi na sekundarni lokaciji v 

enaki meri funkcionalnosti in časovnem intervalu manjšem 

od ene ure kot na primarni lokaciji. Implementirano je 

profesionalno sistemsko nadzorno orodje v povezanem 

dežurnem klicnem centru, za spremljanje stanja in odzivnosti 

informacijske infrastrukture od strojne opreme do sistemske 

programske opreme. Zahtevki (incidenti) se sistemsko 

beležijo in vodijo v orodju, ki ustreza uveljavljenim 

standardom za IT nadzor (»IT service management«). 

Rešitev je zasnovana na način, ki omogoča enostavno in 

tehnološko nezahtevno za hitro izvajanje nadgradenj. 

Arhitekturna in tehnična zasnova omogoča dovolj enostavno 

dodajanje novih sklopov funkcionalnosti oziroma rešitev, ki 

bi izhajale iz naslova dodatnih novih potreb oziroma zahtev 

naročnika. 

 

NACIONALNO PODATKOVNO SKLADIŠČE 

PROMETNIH PODATKOV 

 

Ključna programska rešitev, ki predstavlja tudi osrednje 

možgane nacionalnega centra je Nacionalno podatkovno 

skladišče prometnih podatkov. Z vzpostavitvijo 

nacionalnega podatkovnega skladišča v letu 2020 je 

omogočeno zbiranje vseh dostopnih relevantnih prometnih 

podatkov v enotni podatkovni bazi, ki omogoča 

razpoložljivost uporabo, distribucijo in nadaljnjo obdelavo 

podatkov. Podatki so v realnem času razpoložljivi različnim 

podsistemom (npr. prometnemu modelu) kot tudi nacionalni 

točki dostopa do prometnih podatkov. Pri tem so ustrezno 

obdelani in dokumentirani pridobljeni podatkovni viri. 

Pripravljene so ustrezne prilagojene ETL rutine in 

podatkovni model za shranjevanje v optimizirano 

podatkovno bazo iz katere je možno pridobivati podatke po 

različnih kriterijih tako preko REST API vmesnika v 

standardnih formatih kot tudi direktno z SQL poizvedbami 

direktno v bazo za zahtevnejše analize. Podatkovno 

skladišče je opremljeno tudi z ustrezno aplikacijo za nadzor, 

upravljanje, pregledovanje in pridobivanje podatkov. 

Podatkovno skladišče temelji na produktu Realis ITS 

DataWarehouse, ki je prilagojen naročniku s specifičnimi 

ETL rutinami ter vhodnimi in izhodnimi transformacijami.  

Za potrebe podatkovnega skladišča NCUP kupuje 

podatke o premikanju vozil v realnem času (FCD, floating 

car data). Ti podatki se uporabljajo za posodobitev in 

izboljšanje prometnega modela ter optimizacijo analitike.  O 

tem bom nekaj več povedali v točki 4.  

Produkt temelji na Microsoft .NET, za shranjevanje pa 

bo uporabljena MS SQL baza. 

 

NACIONALNI PROMETNI MODEL ZA URNI PROMET 

TER DINAMIČNI SIMULACIJSKI PROMETNI MODEL 

 

Osnovno inženirsko orodje za analize in simulacije 

temelji na Nacionalnem prometnem modelu za urni promet 

ter na dinamičnem simulacijskem prometnem modelu. 

Nacionalni prometni model za urni promet je vzpostavljen že 

leta 2019, medtem ko je dinamični simulacijski prometni 

model (DSPM) dokončno vzpostavljen v letu 2020.  

Za namen naloge je bil razvit štiristopenjski 

makroskopski model, ki omogoča upoštevanje lastnosti 

prometnega omrežja, socioekonomskih podatkov in 

potovalnih vzorcev prebivalstva pri določanju prometnih 

tokov. Model vključuje prevozna sredstva na cestnem 

omrežju (osebna vozila, avtobusi, lahka tovorna vozila do 

3,5 t, težka tovorna vozila nad 3,5 t) in omrežje javnega 

potniškega prometa (avtobus, vlak). Pri izbiri prevoznega 

sredstva sta upoštevana tudi pešačenje in kolesarjenje, ki 

sicer nista prikazana v končnih obremenitvah omrežja, 

vendar posredno vplivata na število uporabnikov preostalih 

prevoznih sredstev na omrežju. 

Izbira štiristopenjskega modela je koristna zaradi širokih 

možnosti modeliranja scenarijev prihodnjega stanja. Z 

izdelanim modelom je namreč mogoče preveriti učinke 

infrastrukturnih in mehkih ukrepov kot tudi posledice 

sprememb na socioekonomskem področju. 

Za potrebe modela je bilo pridobljeno detajlno cestno 

omrežje ponudnika HERE maps, ki vsebuje vse državne in 

občinske ceste kakor tudi kolesarske in pešpoti. Skupna 

dolžina omrežja znaša 73.730 km, medtem ko je v bazi 

podatkov gospodarske javne infrastrukture (GJI) skupno 

51.065 km cest in poti. Izbrano omrežje ima torej popolno 

pokritost Slovenije. 

V model je bilo vključeno celotno omrežje državnih cest 

(AC, HC, GC, RC, RT), na občinski ravni pa omrežje 
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lokalnih in mestnih cest. Ostale manj prometne in manj 

pomembne ceste so bile za potrebe modeliranja izključene, 

ker na makroskopski ravni ne vplivajo na prometne tokove 

(slika 2). 

 

 

 

 
Slika 1: Prikaz nadzorne plošče podatkovnega skladišča 

 

 
Slika 2: Karta vseh kategoriziranih cest v omrežju HERE maps 
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Slika 3: Zgradba sistema PTV Optima 

 

 
Slika 4: Prikaz območja modela PTV Optima 

 

Model vsebuje tudi železniško omrežje Slovenije v 

skupni dolžini 1.070 km, kar je skoraj 90 % vseh železniških 

prog v prostoru. Preostalih 10 % prog v modelu ni 

upoštevanih, saj na njih ne poteka javni promet. Potek 

železniških prog je bil pridobljen s strani MZI v obliki .shp 

datoteke. Omrežje je pomembno za nadaljnje modeliranje 

postajnih točk in linij potniškega prometa. Omrežje javnega 

prometa je bilo modelirano na osnovi podatkov v formatu 

GTFS (Google Transit Feed). 

Coning prometnega modela je sestavljen iz 964 

prometnih con, ki zajema celotno območje Slovenije. 

Predlagan coning bazira na 687 conah, ki so bile pripravljene 

za predhodni nacionalni prometni model. Meje con 

nacionalnega modela so določene predvsem na podlagi 

administrativnih prostorskih enot.  

Na podlagi analize števnih podatkov so bili določeni 

karakteristični dnevi oz. časovna obdobja, ki se v njih 

upoštevajo. Izbranih je bilo osem karakterističnih dni od tega 

štirje v turistični sezoni in štirje izven turistične sezone. 

 
Slika 5: Urna distribucija po karakterističnih dneh 
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Makroskopski prometni model je bil ustrezno kalibriran 

in validiran po mednarodnih merilih za ustreznost prometnih 

modelov. 

Dinamični simulacijski prometni model (DSPM) deluje 

na podlagi programskega paketa »PTV Optima« (slika 3). 

DSPM omogoča vpogled v stanje o prometu na državnih 

cestah in pomembnejših lokalnih cestah za celotno Slovenijo 

v realnem času ter izračunava napoved o predvidenem stanju 

prometa do 1 ure vnaprej. Model je sestavljen iz 479.174 

cestnih povezav, združenih v 119.114 simulacijskih povezav 

in 44.856 vozlišč (slika 4). Izračun napovedi prometa 

vključno s trenutnim prometnim stanjem se izvede vsakih 5 

minut za vseh 119.144 simulacijskih povezav. Izračun 

temelji na makroskopskem transportnem prometnem 

modelu. Informacije o stanju prometa se preračunavajo na 

podlagi urnih matrik, avtomatskih števcev prometa in 

podatkov iz sledenj vozil (t.i. »FCD podatki«). Orodje PTV 

Optima omogoča sprotno pridobivanje/preračunavanje 

številnih realnih podatkov kot so hitrost, potovalni časi in 

gostota vozil za posamezne odseke cestnega omrežja (za vse 

odseke na predhodno definirano cestnem omrežju). 

 

Z DSPM je mogoče oblikovanje scenarijev z ozirom na 

trenutno stanje prometa, predvsem s spremembami lastnosti 

cestnega omrežja kot so kapaciteta cest, zapore cest ter 

kratkoročna napoved (do 1 ure vnaprej) stanja prometa v 

primeru izrednih dogodkov. Z delovanjem DSPM je NCUP 

pridobil podatke o obsegu prometa in povprečne hitrosti 

prometnega toka na cestnem omrežju za vsako uro za vse dni 

v letu. Tako zbrani podatki bodo lahko neposredno uporabni 

pri vzdrževanju obstoječe cestne infrastrukture, načrtovanju 

ukrepov na cestni infrastrukturi (npr. izdelava prostorske, 

projektne in investicijske dokumentacije), načrtovanje 

ukrepov s področja trajnostne mobilnosti (npr. povečanje 

ponudbe javnega potniškega prometa), vodenju in 

upravljanju prometa (npr. administrativne omejitve, 

alternativne poti ob izrednih in načrtovanih dogodkih na 

prometnem omrežju). Kot primer lahko napovem, da 

načrtujemo posodobitev sistem za Evidentiranje zapor na 

celotnem omrežju na temelju podatkov, ki jih pridobivamo 

in analiziramo v realnem času ter lahko simuliramo na 

osnovi zapiranja posamezne infrastrukture. 

 

Da bi podprla trajnostno mobilnost v Evropi, Evropska 

komisija že nekaj let podpira razvoj izmenjave informacij, 

predvsem med akterji na področju upravljanja cestnega 

prometa. DATEX II standard je bil razvit za potrebe 

izmenjav informacij med centri za upravljanje prometa, 

prometno-informacijskimi centri in ponudniki storitev na 

področju držav EU. PTV Optima v celoti podpira protokole 

za izmenjavo prometnih dogodkov, kot jih predpisuje 

evropski standard DATEX II. 

 

INFORMACIJSKA PLATFORMA IZVORNIH 

PODATKOV SLEDI VOZIL 

 

V okviru naloge za upravljanje masovnih podatkov 

gibanja vozil v realnem času je vzpostavljena ITS FCD 

platforma oz. informacijska platforma izvornih podatkov 

sledi vozil, ki temelji na Realis FCD - Floating Car Data 

Platformi.  

 

 

 

 
 

Slika 6: Prikaz nekaterih diagramov za analizo anomalij 

prometnega toka 

 

Omogoča masovno obdelavo podatkov o gibanju vozil z 

analizo trenutnega stanja na državnem cestnem omrežju in 

javnem cestnem omrežju (DCO-JCO). Platforma je 
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dopolnjena z ustreznimi vtičniki za specifične vhodne 

podatke in ustrezno kalibrirana na omrežje DCO-JCO. 

Vhodni podatki se obdelujejo v realnem času, stanje na 

prometni infrastrukturi pa je nato s časovnim oknom 60 

sekund zajeto in preneseno v podatkovno skladišče, kjer so 

nad podatki omogočene analize v realnem času. Poleg tega 

so presečni podatki na voljo tudi za vse ostale storitve, ki jih 

bo zagotavljala platforma FCD kot tudi za objavo na 

nacionalni točki dostopa do prometnih podatkov in za prenos 

v druge sisteme. Poleg prikazov, vezanih na določene odseke 

ter integracije s sistemom za izračun optimalne poti, 

platforma omogoča dinamično generiranje sloja FCD v 

realnem času in generiranje dogodkov o zastojih in večjih 

odklonih prometnega toka glede na pričakovano stanje. 

Platforma za svoje delovanje uporablja napredne 

algoritme za uparjanje surovih GPS podatkov o lokacijah 

vozil z dejanskim cestnim omrežjem. Celotno omrežje je 

razdeljeno na segmente dolžine do 50m na katerih se 

izračunava količina vozil, njihova hitrost (minimalna, 

povprečna in maksimalna) ter odkloni od normalnega 

prometnega toka. Del vhodnih podatkov predstavljajo tudi 

podatki iz števcev prometa, ki nudijo dodatne informacije o 

hitrosti in količini vozil, kar močno izboljša rezultate. 

Skozi platformo je možno spremljati aktualno stanje  pri 

čemer je interval osvežitev nastavljen na 60s, omogočen pa 

je tudi vpogled v zgodovinsko stanje podatkov, ter s tem 

analiziranje tako vhodnih podatkov kot tudi »zanimivih« 

dogodkov. 

Platforma omogoča tudi kvaliteten nadzor stanja nad 

»surovimi« vhodnimi podatki s čimer je možno spremljati 

tako kvantiteto kot tudi kvaliteto podatkov, ki prihajajo v 

sistem. Analizo podatkov je možno spremljati v živo, na 

voljo pa so tudi zgodovinski podatki, kar omogoča nemoteno 

delo in spremljanje delovanje. 

Vse zgoraj našteto je najširši populaciji vidno predvsem 

v t.i. NTD. 

 

 

 

 

 
Slika 7: Prikaz stanja pretočnosti omrežja v določenem času 
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Slika 8: Prikaz stanja podatkov, ki prihajajo v sistem 

 

 

NACIONALNA TOČKA DOSTOPA ZA CESTNE IN 

PROMETNE PODATKE NTD 

(angl. NATIONAL ACCESS POINT) 

 

V letu 2020 je izdelan in implementiran spletni portal 

»Enotna nacionalna točka dostopa« v skladu z ITS Direktivo 

2010/40/EU in dopolnjujočimi delegiranimi uredbami. 

Spletni portal ponuja celostne prometne podatke preko 

katerega je zainteresiranim odjemalcem na enem mestu na 

voljo vsi cestni in prometni podatki vključno z navodili za 

pridobitev dostopa, prenosa in uporabe le-teh. Preko 

nacionalne točke dostopa so zagotovljene ustrezne storitve 

za dostop do dinamičnih in statičnih informacij o stanju v 

prometu skupaj z ustreznimi meta podatki. Te storitve so na 

voljo tako končnim uporabnikom kot tudi evropskim 

inštitucijam in sosednjim državam ter upravljalcem 

prometne infrastrukture. Podatki  o prometnih informacijah 

so primarno dostopni v formatu DATEX II (CEN/TS 16157), 

drugi podatki pa v ustreznih strojno berljivih formatih, kot 

na primer multimodalne storitve, ki bodo kmalu na voljo v 

NeTEx formatu. Enotna nacionalna točka dostopa je 

implementirana kot back office sistem ter prek CMS sistema 

za upravljanje s spletno stranjo (slika 10). 

 

 

 

 
Slika 9: Prikaz vstopne strani nacionalne točke dostopa 

 

 

VIZIJA RAZVOJA NCUP 

 

Nacionalni center za upravljanje prometa (NCUP) bo v 

operativni fazi leta 2021 prevzel odgovornost za strateško 

upravljanje prometa na ravni države in omogočil 

koordinacijo ne samo med upravljavci, temveč tudi med 

vsemi subjekti, ki imajo s prometom povezane naloge. Vizija 

NCUP je zagotavljanje celovitega upravljanja prometa na 

trajnostni način (mobilnost in dostopnost, prometna varnost, 
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učinkovita raba energije) z zagotavljanjem prometnih 

informacij v realnem času.  

Z integracijo Multimodalnih storitev (multimodalnost) v 

sisteme za integracijo upravljanja prometa v NCUP bodo 

doseženi cilji evropskih smernic ter zahteve iz Direktive 

2010/40/ES, ki predvideva uvajanje inteligentnih 

transportnih sistemov v cestnem prometu ter vmesnike do 

drugih vrst prevoza (slika 11). 

 

 

 
 

Slika 10: Osnovna shema delovanja NCUP 

 

 
 

Slika 11: Shema multimodalne platforme 

 

 

 

V naslednjih dveh letih bomo, poleg zaključevanja zgoraj 

naštetih sistemov in storitev, veliko naporov vložili v 

integracijo multimodalnega  upravljanja prometa v 

Nacionalni center za upravljanje promet. 

 

NCUP – faza 2 

 

A. Vzpostavitev prometno geografskega 

informacijskega sistema kot operativnega nacionalnega 

referenčnega prometno- geografskega informacijskega 

sistema (GIS) transportnega omrežja, ki bo zasnovan na 

nacionalnih in mednarodnih standardih in bo vključeval 

vse relevantne vrste prometa do lokalnega nivoja (street 

level) za omogočanje multimodalnih storitev od vrat do 

vrat (»door-to-door services«) ter na osnovi javno 

dostopnih zbirk podatkov (»publicly available datasets«). 

B. Bo avtomatsko spremenilo način dela in pristojnosti 

prometno informacijskega centra, ki trenutno informira 

pretežno o stanju prometa na osrednjem cestnem 

omrežju. V prihodnje bo nadgrajen nacionalni cestno 

prometno-informacijski center, ki bo opravljal aktivnosti 
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v zvezi z zagotovitvijo prometnih informacij v realnem 

času na osnovi delegirane uredbe (EU) 2015/962 (statični 

in dinamični podatki o stanju na cestah ) in bo vključeval 

tudi:  

C. Multimodalne storitve. Ta aktivnost vključuje 

centralizirano zbiranja podatkov o infrastrukturi vseh 

modalnosti in javnih prevoznih sredstvih, hranjenje in 

obdelava teh podatkov, ter njihovo objavo ali uporabo v 

obliki storitev informiranja ali načrtovanja poti vključno 

s čezmejnimi vmesniki. S tem bo možno izkoriščanje 

prednosti uporabe kombinacij različnih vrst (modalnosti) 

prometa ali so-uporaba možnosti med seboj povezanih 

daljinskih, regionalnih in lokalnih omrežij javnega 

potniškega transporta, ter osebnih prevoznih sredstev.  

D. Koordinacijo upravljalcev bomo dodatno okrepili s 

pomočjo t.i. Nacionalne koordinacije prometnih ukrepov 

v cestnem omrežju. To je treba razumeti kot razvoj in 

nadgraditev trenutnega sistema evidentiranja cestnih 

zapor EVZ, ki ga uporabljata DARS d.d. in DRSI za 

načrtovanje in planiranje zapor na cestah. Namen je, da 

bo to sistem, ki bo uporaben tudi za lokalne skupnosti in, 

ki bo na enotni digitalni karti pokazal stanje ter 

dolgoročno pokazal kakšne potovalne čase lahko 

pričakujemo zaradi investicijskih gradenj ali 

vzdrževalnih del. V prihodnosti načrtujemo vključitev 

tudi podatke, ki jih izmenjujejo vozila in infrastrukture 

oz. t.i.  

E. C-ITS 3G/4G/LTE podatke in storitve za katere se 

predvideva hranjenje in dostop le teh v oblaku. Trenutno 

smo v pilotski fazi zato, da smo kot država pripravljeni 

na morebitni preklop v digitalno izmenjavo množičnih 

podatkov v bližnji prihodnosti. 
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TRAVELLER INFORMATION SERVICES 
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Abstract 

 

Based on the development and operation of the Austrian 

National Access Point (www.mobilitydata.gv.at), insights are 

given on the following topics: 

 the delegated regulations of the ITS Directive and what is 

required to be fulfilled by the Member States, 

 functionalities and data sets available at the Austrian 

National Access Point, 

 process of addressing stakeholder and supporting them to 

correlate to the requirements set in the Delegated 

Regulations (e.g. how to follow standards), 

 The Austrian National Access Point as part of the 

European wide initiative on coordinative processes within 

National Access Points (NAPCORE), 

 outlook to further developments based on the revision of 

the ITS Directive. 

 

Keywords 

Traffic Data, National Access Point 
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IT IS ALL ABOUT SERVICES (MaaS) 

 
Daniela Gamper 
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Daniela.Gamper@austriatech.at 

 

 

Abstract 

 

Even the ITS Directive focuses on data access to enable new 

services, including MaaS (Mobility as a Service), the big 

question is, if access to data is the real way forward to ensure 

sustainable end-user support. 

Therefore in Central Europe, the concept of linking services 

by merging existing services like the Slovenian “A to B” or the 

Austrian VAO into one end-user service is seen as the proper 

way forward. Based on the OJP standard several traveller 

information service operators in Germany, Switzerland, 

France, Slovenia, Czech Republic, Austria, Hungary, Slovakia, 

and Romania are committed to link their service for the benefit 

of end-users. 

The session explains: 

 the ratio behind the linking service concept; 

 the process of linking services and the requirements; 

 the benefit for operators and end-users; 

 the reflection on the European level. 

Keywords 

MaaS, ITS services 
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DUTCH MOBILITY AS A SERVICE (MAAS) PROGRAMME 

 
Coen Timmerman 

Mobility as a Service, Dutch Ministry of Transport and Watermanagement, The Hague, NL 

coen.timmerman@minienw.nl 

 

 

Abstract 

 

The Ministry of Infrastructure and Water 

Management in the Netherlands and seven regions have jointly 

started seven national MaaS pilots. Each pilot has a different 

focus on a policy objective and target group, for example 

commuting around the Amsterdam Zuidas, Special Transport 

Services transport in Twente, cross-border transport in 

Limburg and CO2-neutral commuter traffic in Eindhoven. 

The first nationally scalable MaaS app has been 

launched in September 2020. Due to the COVID-19 limitations 

on travelling, six others have been postponed. All apps enable 

multi-modal travel throughout the Netherlands with as many 

carriers as possible. An important starting point is scale 

because without scale there is limited effect to measure and no 

positive business case. Another important starting point for the 

Dutch MaaS ecosystem is standardization. That is why the 

TOMP API was developed: for uniform data exchange between 

carriers and apps. This standard is already mandatory in 

Australia and Switzerland. An overview and update on the 

Dutch MaaS Programme will be given. 

Keywords 

MaaS, ITS services 
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 ABSTRACT 

The application of information and communication 

technologies in the field of transport requires improved 

management of data flows. To take advantage of the 

capabilities of intelligent transportation systems, it is necessary 

to standardize the processes of data collection, processing, 

storage and exchange. ITS architecture as a unique framework 

for the development of ITS services enables harmonization of 

data flows in the traffic and transport system. 

 

Keyword: data, flow, ITS architecture, standard 

 

  

1.  TRAFFIC DATA OF INTELLIGENT 

TRANSPORTATION SYSTEM 

 

Transportation systems will continue to play a strategic 

role in our worldwide economy by delivering goods and 

people through increasingly complex, interconnected, and 

multimodal transportation systems. Complexities of modern 

transportation cannot be managed using yesterday’s 

strategies and tools. Intelligent Transportation System (ITS) 

are characterized by increasingly complex data in 

heterogeneous formats, large volumes, nuances in spatial and 

temporal processes, and frequent real-time processing 

requirements. Simple data processing, integration, and 

analytics tools do not meet the needs of complex ITS data 

processing tasks. The application of emerging data analytic 

systems and methods, with effective data collection and 

information distribution systems, provides opportunities that 

are required for building the ITS of today and tomorrow. 

Data Infrastructure for Intelligent Transportation Systems, a 

scalable infrastructure is required that can support the 

interactions between vehicles, the transportation 

infrastructure, and the human operators. The rapid growth in 

the scale and complexity of ITS dana requires creating data 

infrastructure and analytics to support the effective and 

efficient usage of the enormous amount of data that are 

collected, processed, and distributed for different ITS 

applications. However, the complexity of ITS requires using 

multiple perspectives. One way of viewing ITS is as a data-

intensive application in which the data are hosted by, and 

circulate through, an interconnected network of computers, 

communication infrastructure, and transportation 

infrastructure. This system is characterized by data 

producers and consumers, data storage systems, and 

intelligent decision support components. Communication is 

supported through both wired and wireless technologies. 

Through the interconnection network, intelligent decision 

support applications extract relevant data that are produced 

by billions of sources, specifically from roadway sensors and 

ITS devices. The data are then used to provide specific 

services to road users, transportation planners, and policy 

makers. [7] 

A second way to understand ITS involves considering the 

various layers of the architecture, similar to the Open 

Systems Interconnection network model. For this system, the 

foundation layer contains the physical transportation 

components, computer networks, computers, and storage 

devices. The system is also characterized by a series of 

defined standards that allows networks to connect to 

computers and storage devices. Above the foundational 

physical layer is the data link layer, which is characterized 

by a series of increasingly sophisticated standards that define 

communication protocols for specific network technologies, 

such as wireless or wired networks. The internet protocol 

(IP), which is the standard protocol for connecting different 

networks together, works above the individual  network 

protocols to allow vehicular communication via cellular 

phone to a data centre that is interconnected with wired 

network technologies. 

 

2. ITS DATA SOURCES AND DATA 

COLLECTION TECHNOLOGIES 

 

Substantial advances in communication and computing 

technologies have in turn yielded advancements in ITS data 

collection technologies. The relevant data come from many 

sources. ITS data sources can be categorized into four broad 

groups: roadway data,  vehicle-based data,  traveller-based 

data, and wide area data. Roadway data collection 

technologies have been used for decades to collect data from 

fixed locations along a highway.  
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Sensors used on roadways can be passive in nature, 

collecting data without disruption to regular traffic 

operations. Vehicle-based data collection technologies, such 

as vehicles with electronic toll tags and global positioning 

systems (GPS), when combined with cell phone-based 

Bluetooth and Wi-Fi radios, are the second data source used 

in ITS applications. While the roadway data collection 

technologies are used for data collection at a specific 

location, the opportunity for collecting data from mobile 

vehicle sources has motivated the development of such new 

applications as route choice, origin-destination survey, and 

travel time estimation. Connected vehicle (CV) 

technologies, which connect vehicles on a roadway through 

a dynamic wireless communications network, enable 

vehicles to share data in real-time with other vehicles and the 

transportation infrastructure, specifically the roadside units 

(RSUs). Such seamless real-time connectivity between the 

vehicles and infrastructure in a CV environment has the 

potential to enable a new host of the benefits for the existing 

infrastructure-based ITS applications, which include safety, 

mobility, and environmental benefits. 

Motorists using cell phone applications provide a third data 

collection source for ITS. These widely used communication 

and cell phone applications and online social media have 

been used by travelers to voluntarily provide updated traffic 

information. Data collected from these technologies include 

vehicle spacing, speed, and density, which in turn are used 

for diverse purposes such as traffic monitoring and incident 

management. 

 

1.3.  ITS ARCHITECTURE - THE FRAMEWORK 

OF ITS APPLICATIONS 

 

An Intelligent Transport System (ITS) architecture is a 

set of high-level views that enable plans to be made for 

integrating ITS applications and services. An ITS 

architecture also defines the information and data flow 

through the system and associated standards to provide 

particular ITS services. [3] A key goal is to ensure 

interoperability through standardization while ensuring that 

the architecture will lead to the deployment of ITS projects 

even as information and telecommunications technology 

advances. 

 

Figure 1: Different components of US National ITS 

architecture [11] 

 

An integrated ITS architecture developed for a region that 

follows the national ITS architecture can leverage national 

standards and shared data sources. By doing so, costs are 

reduced for collecting, processing, and disseminating of 

data, and duplication of effort is reduced when implementing 

multiple ITS applications. The national ITS architecture 

offers systematic guidelines to plan, design and implement 

ITS applications to ensure the compatibility and 

interoperability of different ITS components. The logical 

ITS architecture is outlined by a set of activities, functions, 

processes, information, and data flows as a response to the 

user service requirements in the national ITS architecture. 

The objective of the logical ITS architecture is to define the 

functional processes and information or data flows. Using 

the data flow diagrams, ITS functions are described. The data 

flows from the logical ITS architecture flow from one 

subsystem to the other. Data flows are grouped together into 

architecture flows as shown in Fig. 2.  

Figure 2: Data flow in functional and physical ITS 

architecture [3] 

 

The interfaces/data communication required between 

subsystems and terminators are defined by the architecture 

flows and their communication requirements are outlined in 

different ITS standards. Based on the logical ITS 

architecture, the physical ITS architecture is developed, and 

it is composed of the physical subsystems and architecture 

flow. The physical ITS architecture describes in which way 

the system should provide the necessary functionality, 

assigns the processes to the subsystems and terminators in 

the ITS architecture. In a physical ITS architecture, any 

information exchanged between subsystems, and between 

subsystems and terminators is known as information flow. 

 

4. THE ROLE OF EUROPEAN ITS FRAMEWORK 

ARCHITECTURE IN THE STANDARDIZATION 

OF DATA FLOWS 

 

The reason for creating the Framework Architecture was 

(and is) to provide a starting point for the development of 

European ITS Framework Architectures within Europe. 

These ITS Architectures are seen as the mechanisms through 

which compatible and interoperable deployment of ITS 

services can be achieved across Europe.  

The Framework ITS Architecture is designed for use as the 

starting point for the development of National, Regional, 

Local, or Specific ITS Architectures by European 

organisations. Because the FRAME Architecture is intended 

for use within the European Union it conforms to the 

precepts of subsidiarity, and thus does not mandate any 

physical or organisational structure on a Member State. 
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These ITS Architectures contain functionality that will be 

used as the starting point for the development of components 

to provide the ITS Services that stakeholders require. These 

components can be produced as software and/or hardware. 

 

 

Figure 3: The process of create National ITS Architecture   

[4] 

 

When using the European ITS Framework Architecture the 

Functional Viewpoint is shown as a series of Data Flow 

Diagram that contains functions, data stores and terminators, 

and the data that flows between them. Each of these is 

provided with its own description which, in the  case of 

functions, includes statements explaining what they do, e.g. 

collect data from a source outside the Architecture, and then  

process that data to produce the output Data Flow. 

Experience has shown that Data Flow Models are intuitive 

to understand, and Stakeholders do not have any difficulty 

interpreting them. Since sub-systems are, by definition, 

located in different places (e.g. in a traffic management 

centre, at the road side, in a vehicle) it is possible to produce 

communications specifications by analysing the contents of 

each Physical Data Flow. 

 

5. STANDARDIZATION OF DATA FLOWS IN THE 

INTELLIGENT TRANSPORTATION SYSTEM 

 

5.1. DATA LIFECYCLE AND DATA QUALITY 

 

Standards help to integrate independently operated 

components to provide an interoperable system. Standards 

ensure the system’s interoperability at various levels (e.g., 

local, regional, and national levels) without impeding 

technological advancement. Both the logical and physical 

ITS architecture provide the foundation to develop 

standards. The identified architecture flows from ITS 

physical architecture and data flows from ITS logical 

architecture, and the way in which the information is 

exchanged across different interfaces need to be 

standardized. 

The data lifecycle describes the various processes that data 

goes through from its inception to end of life. The data 

lifecycle stages are generation, acquisition, cleaning, 

sampling, feature extraction, and model development. The 

data lifecycle approach can be useful for those working with 

weather and transportation data in thinking about how they 

are going to gather their data, improve its quality and 

consistency, and make sure data can be connected with other 

data, past, present, or future. 

                                
Table 1.1. Information Flow Characteristics [1] 

 

Information  

characteristics 

Data Flow  

Category 

Characteristic 

Value Description 

Spatial context Adjacent (A) 0-300   

 Local (B) 300 m – 3 km 

 Regional (C) 3 – 30 km 

 National (D) 30 km to National 

 Continental(E) Continental 

Time context Now (1) <1 s 

 Recent (2) 1s to 30 min 

 Historical (3) 30 min to 1 month 

 Static (4) >1 month 

 
Data pipelines are employed where processes are repeatable 

and can be automated, which is an essential and fast-

developing part of connected transportation systems. 

Increasing amounts of data are produced and processed using 

connected transportation systems comprising myriads of 

sensors deployed in connected vehicles, roadway/roadside 

equipment, traffic signals, and mobile devices—the Internet 

of Things. The ability to efficiently collect, process, and 

analyse this data and to extract insight and knowledge that 

drive Intelligent Transport Systems (ITS) is critical. 

The critical role of data quality in decision-making and 

strategic planning precedes the computing era. Data quality 

research is characterized by multiple facets including data 

constraints, data integration and warehousing issues, data 

cleaning, frameworks and standards, data quality metrics, 

among others [2]. Some of the data quality problems are easy 

to solve, whereas solutions to problems such as record 

linking remains elusive. The record linking problem involves 

associating different pieces of data about an entity in the 

absence of a unique identifying attribute. Another source of 

data quality problems stems from data transformation. As 

data goes through various transformations, data quality 

errors propagate and accumulate. 

 
5.2. THE NATIONAL ACCESS POINT 

 

 The National Access Point (NAP) may be defined as a single 

digital interface at a national  level, where data related to and 

derived from ITS are collected, properly formatted, enriched 

with the appropriate metadata, and made available to all 

interested parties. The European Union has proposed the 

deployment of National Access Point (NAPs) for the 

exchange and distribution of ITS data. [12]   When all data 

are in a well-defined set of standards it becomes easier for 

the users to source the data for creating multimodal service, 

digital maps and many more applications and services as 

they can plug into the data they need. The National Access 

Point for open mobility data is a digital catalogue of travel 

and traffic data from all modalities available in a country. 
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 As a minimum all transport actors must register their basic 

data and relevant travel and traffic data at same quality as 

used internally on the actors own digital platforms. The 

regulation calls for use of a specific set of standards for the 

data made available. Some of the standards are well 

established but the NeTEx and SIRI standards are relatively 

new open standards for scheduled and demand responsive 

data. 

Figure 4:  National Access Point [12] 

 

A broad definition is that such a focal node for ITS data that 

may be considered as a NAP has to have the characteristics 

of a digital point of access, where data are collected, properly 

formatted, associated with metadata, and made available for 

exchange and reuse. 

Metadata describes the administration, organisation, and 

content of a dataset and of a data service. Metadata datasets 

are therefore crucial elements to make NAPs accessible and 

searchable.  

There is a need to harmonise Metadata descriptions and 

structures for the following reasons:  

̶ to help to make data available and searchable for pan-

European service providers,  

̶ to ensure Metadata to be machine-readable in a later 

stage,  

̶ to ensure a common understanding of the listed data 

content.  

 

As Metadata are more and more recognised as a key factor 

to ensure interoperability between different data catalogues, 

the Metadata perspective has to be widened beyond NAPs, 

also looking at Open Data Portals, Government Data 

platforms, commercial data platforms in the hands of e.g. 

 

5.3. TRAFFIC DATA STANDARDS 

 

DATEX II was developed as a standardised solution to 

communicate and exchange traffic information among traffic 

centers, service providers and information broadcasting 

companies. [13] 

DATEX II is a standard designed and developed as a traffic 

and travel dana  exchange mechanism. It has been developed 

to provide a standardized way  of communicating and 

exchanging traffic information between traffic centres, 

service providers, traffic operators and media partners. Data 

to be exchanged are described in a DATEX II data model 

comprising of analytic, dynamic, functional and logical 

diagrams based on UML.  

To ensure flexibility and extensibility principles, the data 

model uses three levels which allow to extend the basic 

model [13]: 

̶ Level A: Contains the standard data model. 

̶ Level B: Is used to extend mechanisms, concepts and  

   attributes. There are some new applications that want to  

   add additional concepts and attributes, therefore, the level  

   ”B” enriches the ”A” model with additional and specific 

    application information. The extended  model remains  

     interoperable with ”A” model compliant    suppliers/  

     consumers.  

̶ Level C: Is used when specific data models cannot be  

   included into the  level A/B content. The ”C” level extends  

   new concepts with different contents and as a result, the  

   level ”C” systems are not interoperable  with level ”A”  

   systems. However, they use common modeling rules and  

    exchange protocols. 

 

The NeTEx (Network Timetable Exchange) standard is a 

CEN standard (CEN TS 16614-1, 16614-2 and 16614-3) for 

exchanging public transport data, based on Transmodel (EN 

12896-1 to 9), aiming at standardising the way of exchanging 

data between the information systems involved in public 

transport. It is based on open technologies (XML, XSD, and 

UML) and enables service operators and authorities to 

represent public transport data anywhere in Europe using 

common formats, standard rules, and uniform protocols. 

SIRI (Service Interface for Real-time Information) defines a 

standard for exchanging dynamic public transport passenger 

information data in XML format. 

TAP (telematics applications for passenger services) for TSI 

(technical specification for interoperability) allows the 

harmonisation/standardisation of procedures, data and 

messages to be exchanged between the computer systems of 

the railway companies, of the infrastructure managers and of 

the tickets vendors in order to provide reliable information 

to passengers and to issue tickets for a journey on the 

European Union railway network. 

The Technical Specification for Interoperability on 

Telematics Applications for Passengers (TAP–TSI) 

prescribes protocols for the data exchange of: timetables, 

fares/tariffs, reservations, information to passengers in 

station and vehicle area ,  train running information, etc.  

The Open Journey Planning (OJP) API will allow a system 

to engineer just one interface that it can make available 

widely (to authorised users or openly as they so choose) 

rather than having to engineer separate APIs for each 

bipartite exchange arrangement that may be required with 

other systems. The basis of this standard is that the most 

relevant journey planner to provide the most accurate and 

updated information is the one which is operating closely to 

the public transport network. 
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5. CONCLUSION 

 

Standards help to integrate independently operated 

components to provide an interoperable system. Standards 

ensure the system’s interoperability at various levels (e.g., 

local, regional, and national levels) without impeding 

technological advancement. Both the logical and physical 

ITS architecture provide the foundation to develop 

standards. The identified architecture flows from ITS 

physical architecture and data flows from ITS logical 

architecture, and the way in which the information is   

exchanged across different interfaces need to be 

standardized. 

The European Union has proposed the deployment of 

National Access Point (NAPs) for the exchange and 

distribution of ITS data.  When all data are in a well-defined 

set of standards it becomes easier for the users to source the 

data for creating multimodal service, digital maps and many 

more applications and services as they can plug into the data 

they need. An integrated ITS architecture developed for a 

region that follows the national ITS architecture can leverage 

national standards and shared data sources. By doing so, 

costs are reduced for collecting, processing, and 

disseminating of data, and duplication of effort is reduced 

when implementing multiple ITS applications. 
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Abstract 

The implementation of the European Train Control System 

ETCS enables a common signalling system in Europe and 

guarantees thereby a high safety in railway operation. 

Unfortunately, the increase of safety by restrictive braking 

curves sometimes reduces the possible headway in comparison 

to traditional signalling systems. This paper will show which 

investigations have to be carried out when ETCS is going to be 

implemented on a railway line to ensure at least same 

operational performance as today. 
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INTRODUCTION 

 

As Railroad planning is particularly challenging because 

different improvements can be used to achieve project 

objectives; improvements can be divided into three general 

categories: infrastructure, rolling stock, and operations. 

Improvements in each category need to be evaluated against 

improvements in other categories to develop the optimal 

investment plan. 

A good example of a structured approach to trading off 

different types of improvements in these categories is the 

Swiss National Railroad’s (SBB) Integrated Product 

Planning Process. [1] The SBB views this process as a 

Planning Triangle with three elements at the corners: 

Products, Rolling Stock, and Infrastructure. Products are the 

services and schedules operated (e.g. commuter rail, intercity 

rail, freight); rolling stock means the type of rolling stock 

used to provide a particular service; and infrastructure 

consists of the physical system (e.g. tracks, signal systems, 

stations). SBB planners use iterative techniques to evaluate 

changes in each of these elements to optimize the system as 

a whole. This triangular depiction effectively communicates 

the relationship between the three elements and their ability 

to meet market demand. 

In an example of this process, the SBB decided to use 

tilting trains to provide high speed service (a rolling stock 

solution) rather than fully rebuilding tracks on a particular 

corridor (an infrastructure solution) because the former was 

found to be more cost effective. 

Computer simulation is a particularly important and 

useful tool for evaluating different railroad improvement 

strategies for the following reasons: 

· Understanding Capacity – Railway capacity is not 

intuitively obvious. Even lines with very little 

service may be operating at capacity. 

· Highly Interrelated Infrastructure – An 

infrastructure improvement in one location can 

have significant impacts in another location, 

sometimes far from the improvement. A rail 

simulation program can identify the impacts of such 

changes throughout the modelled network. 

· High Cost of Rail Infrastructure – Improving a 

railroad is expensive, not only are the physical 

improvements costly, but costs for taking a line out 

of service during construction and for additional 

right-of-way can be significant. Furthermore, a 

poorly planned improvement will increase the 

railroad’s long term operating costs and problems. 

Given these factors, many rail-planning experts 

recommend completing as much modelling as possible 

before starting a railroad improvement program. In general, 

the more modelling done up front, the less expensive the 

overall project will be, since modelling enables the plan to 

be refined to its most essential elements [2]. 

The first step in using computer models in the railroad 

planning is to calibrate the base case model. This should 

accurately replicate observed railroad operations with the 

existing infrastructure, rolling stock, and schedules. Once the 

model has been calibrated it can be used to investigate many 

issues including estimating the stability of new timetables, 

determining the minimum infrastructure requirements for a 

given timetable, or evaluating the impact of rolling stock 

changes. A significant benefit of models is their ability to 

evaluate the impact of incidents or time-based network 

changes (e.g. maintenance) on railroad operations. 

Computer simulation is especially valuable for railroad 

planning since, once developed and calibrated; models can 

be used to compare the benefits, impacts, and costs of 

various different improvement packages. To analyse more 

than a few improvement packages by hand would be 

prohibitively time consuming. Thus effective railroad 

simulation models enable planners to identify and evaluate 

more alternatives ultimately leading to more creative and 

comprehensive problem solutions. 
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While computer simulation is an excellent tool for 

analysis and planning of railroads, railroad network 

simulation programs have the following limitations: 

· Programs must be validated to actual conditions. 

· Yard operations must be modelled separately. 

· Resource constraints such as crew scheduling are 

largely ignored (although some specialized 

software does address resource constraints). 

· Simulations only include the modelled study area. 

· Simplifying assumptions generally create an 

inherent optimism about overall congestion, 

schedule adherence, and recoverability [3]. 

·  

Given these limitations, especially the last one, it is 

critical that all simulation results be carefully reviewed and 

discussed with those familiar with operations. There is no 

substitute for real experience in the planning process. 

 

OPENTRACK RAILWAY SIMULATION SOFTWARE 

 

The process in case of a detected fault on a train has to 

be carefully OpenTrack was developed at the Swiss Federal 

Institute of Technology’s Institute for Transportation 

Planning and Systems (ETH IVT). The project’s goal was 

development of a user-friendly railroad simulation program 

that can run on different computer platforms and can answer 

many different questions about railway operations. [5] 

Figure 1 illustrates the three main elements of OpenTrack: 

data input, simulation, and output. 

OpenTrack is a microscopic synchronous railroad 

simulation model. As such it simulates the behaviour of all 

railway elements (infrastructure network, rolling stock, and 

timetable) as well as all the processes between them. It can 

be easily used for many different types of projects including 

testing the stability of a new timetable, evaluating the 

benefits of different long-term infrastructure improvement 

programs, and analysing the impacts of different rolling 

stock. 

 

 
Figure 1: Data flow in simulation of railway operation 

 

Input Data 

 

OpenTrack administers input data in three modules: 

rolling stock (trains), infrastructure, and timetable. Users 

enter input information into these modules and OpenTrack 

stores it in a database structure. Once data has been entered 

into the program, it can be used in many different simulation 

projects. For example, once a certain locomotive type has 

been entered into the database, that locomotive can be used 

in any simulation performed with OpenTrack. Similarly, 

different segments of the infrastructure network can be 

entered separately into the database and then used 

individually to model operations on the particular segment 

or together to model larger networks. 

Train data (locomotive and wagons) is entered into the 

OpenTrack database with easy to use forms displayed using 

pull down menus. Infrastructure data (e.g. track layout, 

signal type/location) is entered with a user-friendly graphical 

interface; quantitative infrastructure data (e.g. elevation) is 

added using input forms linked to the graphical elements. 

Following completion of the RailML [4] data structure for 

rolling stock and infrastructure, OpenTrack will be modified 

to enable train and infrastructure data to be directly imported 

from RailML data files. 

Timetable data is entered into the OpenTrack database 

using forms. These forms include shortcuts that enable data 

input to be completed efficiently. For example, users can 

designate hourly trains that follow the same station stopping 

pattern an hour later. Since OpenTrack uses the RailML [4] 

structure for timetable data, timetable data can also be 

entered directly from various different program output files 

as well as database files. 

One advantage of OpenTrack is that it enables users to 

adjust many variables that impact railroad operations. For 

example, users can simulate the impact of weather on 

traction by specifying the adhesion scenario (good, normal, 

bad). OpenTrack then estimates locomotive traction power 

using a percentage (also user-defined) of that calculated 

using the Curtius and Kniffler formula. [6] While OpenTrack 

provides standard default values for all variables, having the 

ability to adjust variables makes the program quite useful. 

 

Simulation 

 

In order to run a simulation using OpenTrack the user 

specifies the trains, infrastructure and timetable to be 

modeled along with a series of simulation parameters (e.g. 

animation formats) on a preferences window. During the 

simulation, OpenTrack attempts to meet the user-defined 

timetable on the specified infrastructure network based on 

the train characteristics. OpenTrack uses a mixed 

continuous/discrete simulation process that allows a time 

driven running of all the continuous and discrete processes 

(of both the vehicles and the safety systems) under the 

conditions of the integrated dispatching rules. 

The continuous simulation is dynamic calculation of 

train movements based on Newton’s motion formulas. For 

each time step, the maximum force between the locomotive’s 

wheels and the tracks is calculated and then used to calculate 

acceleration. Next, the acceleration function is integrated to 

provide the train’s speed function and is integrated a second 

time to provide the train’s position function. [6] 

The discrete simulation process models operation of the 

safety systems; in other words, train movements are 

governed by the track network’s signals. Therefore, 
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parameters including occupied track sections, signal 

switching times, and restrictive signal states all influence the 

train performance. OpenTrack supports traditional multi-

aspect signalling systems as well as new moving block train 

control systems (e.g. European Train Control System – 

ETCS signalling). 

OpenTrack is a dynamic rail simulation program. As 

such, the simulated operation of trains depends on the state 

of the system at each step in the process as well as the 

original user-defined objective data (e.g. desired schedule). 

A simple way of describing dynamic rail simulation is 

that the program decides what routes trains use while the 

program is running. For example, when building the 

network, users identify various different routes that trains 

can use between two points; OpenTrack decides, during the 

simulation, which route the train will use by assigning the 

train the highest priority route available. If the first priority 

is not available, OpenTrack will assign the train the second 

highest priority route and so on. 

OpenTrack’s dynamic nature allows users to assign 

certain attributes to specified times in the simulation. Thus, 

users can assign a delay to a particular train at a given station 

and time, rather than being limited to assigning a delay at the 

start and using it through the entire simulation. Similarly, 

users can define other types of incidents (e.g. infrastructure 

failures, rolling stock breakdowns) for particular times and 

places. 

Finally, dynamic simulation enables users to run 

OpenTrack in a step-by-step process and monitor results at 

each step. Users can also specify exactly what results are 

displayed on the screen. Running OpenTrack in a step-by-

step mode with real time data presented on screen helps users 

to identify problems and develop alternative solutions. 

 

Output 

 

One of the major benefits of using an object oriented 

language is the great variety of data types, presentation 

formats, and specifications that are available to the user. 

During the OpenTrack simulation each train feeds a virtual 

tachograph (output database), which stores data such as 

acceleration, speed, and distance covered. Storing the data in 

this way allows users to perform various different 

evaluations after the simulation has been completed. 

OpenTrack allows users to present output data in many 

different formats including various forms of graphs (e.g. 

time-space diagrams), tables, and images. Similarly, users 

can choose to model the entire network or selected parts, 

depending on their needs. Output can be used either to 

document a particular simulation scenario or as an interim 

product designed to help users identify input modifications 

for another model run. [7] 

 

SIMULATION OF THE EUROPEAN TRAIN CONTROL 

SYSTEM 

 

Regarding the equipment of the lines, ETCS 

specifications distinguish five application levels: the levels 

0, 1, 2, 3 and STM. Level 0 just describes the situation where 

a vehicle which is equipped with ETCS moves in an 

unequipped area. Level STM (Specific Transmission 

Module) is designed for situations where a train which is 

equipped with ETCS moves on a line without ETCS, but 

with a national train protection system. This level has been 

developed for the migration period. 

In Level 1 the main transmission medium are so called 

Balises which transmit movement authorities and profile 

data to the train. Balises can be fix data or switchable balises. 

The former store the data content in the balise itself (only 

static data), whereas the latter, a Lineside Electronic Unit 

(LEU) selects the data according to input information (e.g. 

signal aspects). Besides the balises, linear infill devices can 

be used locally to transmit changes of signal aspects beyond. 

These are Euroloops (cable loops in the rail) or radio infill 

units. Therefore Level 1 provides continuous guidance 

functions by movement authority. 

 

 
Figure 2: Impact of infill balises and loop in Level 1 

 

 The main operational challenge of ETCS Level 1 can be 

explained by figure 2. Train 1 shows the safety case of the 

ETCS application. If the next main signal shows some stop 

aspect, the braking curve of the approaching train is 

supervised. Trains 2 to 6 passed the closed distant but then 

at the green triangle point the next main signal is upgraded 

because the block is free again. Most of traditional signalling 

systems have therefore designed some liberating function, 

e.g. the driver has to confirm the upgraded signal aspect in 

sight distance and is thereby allowed to accelerate again. In 

ETCS Level 1 the infrastructure has to be equipped with 

balises or loop to transmit the upgraded signal aspect to the 

engine. Train 2 to 6 show the different scenarios for 

infrastructure equipment. Train 2 has to pass a release balise 

behind the main signal to be allowed to accelerate again. Of 

course this is the most restrictive approach. Train 3 has only 

to brake until the release speed of 40 km/h is reached. Train 

4 is able to receive the upgraded signal aspect by an infill 

balise. Train 5 is using the opportunity of receiving the 

upgraded signal aspect by a loop. As the installation costs for 

a loop are typically high the solution with several infill 

balises like for train 6 is more convenient.  

In Level 2 and 3 information can be continuously and 

bidirectionally transmitted by Euroradio, a radio standard 

based on GSM-R. The central trackside unit is the Radio 

Block Centre (RBC). In contrast to Level 1 the trains are 

individually known in the RBC. The train requests new 

movement authorities in regular time intervals or at 

particular events. A difference between Level 2 and 3 is that 

in Level 2 ETCS only takes the responsibility for signal and 
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train protection functions, whereas Level 3 also replaces the 

interlocking-based track clear detection by continuously 

checking train completeness on the train and transmitting 

this information to the RBC [8]. 

Figure 3 shows the infrastructure layout for a railway line 

where only the section in the middle is equipped with ETCS 

Level 2. 

 

 
Figure 3: Infrastructure layout with non ETCS and ETCS 

Level 2 sections 

 

 
Figure 4: Speed distance and acceleration distance of non 

ETCS and ETCS Level 2 sections 

 

The interesting investigation of non ETCS and ETCS 

Level 2 sections is the behaving of trains in terms of speed 

and acceleration. Finally the running time is influenced and 

thereby the timetable has to be modified. Figure 4 shows the 

impact of more restrictive braking curves in Level 2. The 

maximum speed achieved by the train is lower and the 

braking procedure has to start earlier due to reduced 

deceleration.  

As ETCS Level 3 allows the application of moving block 

the investigation of switch operations becomes relevant. 

Figure 5 shows an example of a junction where  three trains 

follow each other. In the left part they are all using the same 

track. In the right part they are coming from different tracks 

which requires a switch operation. Thereby the minimum 

headway is increased by 14 seconds. Moving block is today 

typically applied for new metro systems to achieve short 

headways.  

 

 
Figure 5: Impact of switches on headway in Level 3 

SHOW CASE IN AUSTRIA: VIENNA – ST. POELTEN 

HIGH SPEED LINE 

 

Since 2012 the new high speed line between Vienna and 

St. Pölten is in operation. The line is designed for speeds up 

to 250 km/h. Unfortunately, there is no train in Austria 

available to reach this speed limit. Nevertheless, Austrian 

Railways use their RailJet services with a speed limit of 230 

km/h. RailJet consists out of a Taurus engine and seven 

trailers. Taurus engines are also used for freight trains with a 

maximum speed of 100 km/h. For both headway scenarios 

the headway calculator of OpenTrack has been used to 

compare headways with ETCS Level 2 vs. ETCS Level 3. 

 

Figure 6: Track speed limits on Vienna – St. Pölten 

 

Results are promising since ETCS Level 3 would allow 

to shorten the headway from 151 to 67 seconds for two 

RailJet services and from 294 to 78 seconds for two freight 

trains. During day time this would allow to double the 

frequency of passenger services. Even more interesting is the 

possible increase of capacity during night time for cargo 

operation. ETCS Level 3 with moving block would allow to 

have almost four times more freight trains. Of course, ETCS 

Level 3 is currently not available as a solution on the market 

but with short blocks in ETCS Level 2 headways can be 

pretty close to the ones possible in ETCS Level 3. Signals 

can be virtual only in ETCS Level 2 while axle counters have 

to be physically placed trackside wherever a short block 

ends. 

 

Figure 7: Headways for two RailJets with ETCS Level 2 

(left) and 3 (right) 
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Figure 8: Headways for two freight trains with ETCS Level 

2 (left) and 3 (right) 

 

CONCLUSIONS 

 

OpenTrack is an efficient and effective railroad 

simulation program. It has been used successfully in many 

different railway planning projects throughout the world. 

The program’s use of object oriented programming and the 

RailML data structure makes it particularly effective since 

the program can be modified relatively easily to address 

specific applications and since data can be transferred easily 

to and from other programs based on RailML. Therefore it 

seems to be highly recommended to apply it also for the 

evaluation of the operation performance for the planned 

introduction of ETCS in the network of Slovenian Railways, 

where currently test track is operating on Murska Sobota – 

Hodoš line. Moreover, to increase capacity on existing lines 

the implementation of ETCS Level 2 with short blocks 

should be investigated.  
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Abstract 

The C-ITS services must undergo numerous validation and 

harmonisation processes before their introduction to the EU 

roads. The C-Roads Platform, initiated in 2016 from 8 core EU 

member states, set the main goal to link C-ITS pilot deployment 

projects across EU in order to ensure the interoperability of the 

C-ITS services and pave the way to cooperative, connected and 

automated driving reality. This paper presents the Platform’s 

activity status through the perspective of the WG3 Evaluation 

and Assessment group, disseminates the latest releases of 

harmonised documents and provides an overview on services, 

use cases and their impact areas, where the Slovenian 

contribution in a form of a hybrid pilot finalizes the paper.  

 

Keywords 

Cooperative ITS, C-Roads, pilot projects, evaluation, 

assessment, harmonisation 

  

INTRODUCTION 

 

Modern vehicles use a full spectrum of sensing 

technologies to provide the awareness of their surroundings. 

On the way to autonomous driving the advanced driver 

assistance systems (ADAS) were gradually developed to 

assist drivers in driving and parking functions, e.g. adaptive 

cruise control, collisions avoidance, combined traffic and 

navigation warnings, obstacle alerts, lane departure 

surveillance, automate lighting, and many more, provided 

through vehicle’s embedded human machine interfaces 

(HMI). These functions perform well in sensed areas that are 

limited by the range of radars, cameras and other electronic 

equipment. Outside this area, e.g. on the perpendicular 

crossing road in a dense area, the electronic assistance loses 

its ability to provide reliable warnings and automatic 

reactions. 

The solution to these limitations is a cooperative 

awareness, introducing a new communication layer that 

enables the sharing of sensing experience across the wider 

area by a short range radio (ITS-G5) or cellular 

communications (3G/4G) - with the common name 

Cooperative Intelligent Transport Systems (C-ITS).  

 

 
Figure 1: C-ITS based on a hybrid communication mix 

C-ITS surpasses traditional ITS by providing ways for 

connected vehicles to interact with other enabled vehicles 

(V2V) or infrastructure (V2I) such as roadside units, 

roadway signaling or traffic light controllers. The C-ITS 

domain covers fields of information and communication 

technologies (ICT), transport systems, traffic and civil 

engineering and many more.  

A number of C-ITS pilot projects have been concluded 

across Europe and worldwide [1], all proving the benefits in 

a form of increased safety, traffic efficiency, lowering 

environmental impacts and road operation and maintenance 

costs.  

EUROPEAN C-ITS ROADMAP 

 

The European C-ITS policy was initially supported by 

the founding initiatives in the timeframe of 2010-2017 [1]: 

the Directive 2010/40/EU on the framework for the 

deployment of Intelligent Transport Systems in the field of 

road transport and for interfaces with other modes of 

transport (EC, 2010), the Roadmap between automotive 

industry and infrastructure organizations on initial 

deployment of Cooperative ITS in Europe (Amsterdam 

Group, 2013), the list of Day 1 applications (EC, 2016), the 

document A Master Plan for the deployment of Interoperable 

Cooperative Intelligent Transport Systems in the EU (DG 

MOVE, 2016), the document Cooperation in the field of 

connected and automated driving on connected and 

automated driving (EC 2016), and the C-ITS Certificate 

Policy for deployment and operation of European C-ITS 

(EC, 2017). 

These documents provided the base for funding of C-ITS 

related projects during the next period, especially through the 

FP6 (2002-2006), e.g. SAFESPOT and CVIS, the CIP (2007-

2003), e.g. HeERO, the FP7 (2007-2013), e.g. MOBiNET, 

HeERO2 and DRIVE C2X, and the funding instrument CEF 

(2014-2020), e.g. NordicWay, InterCor and C-Roads. The 

following content will outline the activities of C-Roads 

platform, where experts from all the listed CEF projects try 

to provide the strategical and technical policy solutions for a 

consolidated C-ITS rollout. 

 

C-ROADS PLATFORM 

 

The C-Roads Platform is an authority driven platform 

bringing EU member states and road authorities together 

with the aim to deploy interoperable C-ITS services across 

Europe. Initiated in 2016 by 8 EU countries (Austria, 

Belgium, Czech Republic, Germany, France, UK, the 

Netherlands and Slovenia). The platform has currently core 

members from 18 EU member states, 7 associated members 

mailto:andrej.stern@fe.uni-lj.si
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and 43 EU member cities. In line with the EU transport 

policy the platform wants to contribute to safe and 

sustainable transport with the underlying goal to reduce the 

number of casualties, congestion and the environmental 

impact. The main objective is to provide a platform for the 

harmonisation and deployment of interoperable C-ITS 

services, which involves various public/private sector 

stakeholders, such as national bodies, the automotive 

industry, telecommunication operators and road authorities. 

The key element being delivered is a suite of harmonised 

specifications for cooperative intelligent transport systems. 

The deadline for the 1st phase of specifications has been 

extended to the end of 2021 due to COVID-19 EU lockdown. 

 

C-ROADS ORGANISATIONAL STRUCTURE 

 

The platform’s life-cycle is supported by 5 tightly-

coupled Working Groups (WGs): 

 WG1 - “C-ITS Organisation”: the consolidation of the 

perspective of public actors (road operators and 

authorities) and the private sector. 

 WG2 - “Technical Aspects”: the provision of technical 

standardisation and interfacing issues, covering aspects 

in Task Forces (TF): 

o TF1 - “Security Aspects” 

o TF2 - “Service Harmonisation” 

o TF3 - “Infrastructure Communication” 

o TF4 - “Hybrid Communication” 

o TF5 - “Cross-Testing and Validation”. 

 WG3 - “Evaluation and Assessment”: passing the WG1 

and WG2 achievements to practical environments and 

collecting findings, defining a methodology and 

performing cross-site tests all across Europe, and 

assessing the impact of the C-ITS services in terms of 

interoperability, but also regarding sustainability, 

safety, efficiency, and environmental aspects. 

 WG4 - “Urban C-ITS Harmonisation”: the extension of 

existing WGs publications with a clear focus on 

adoptions that need to be made to make them applicable 

for urban areas. 

 WG5 - “Digital Transport Infrastructure”: the focus on 

the extension of existing standards for a digital 

infrastructure, including Traffic Management, Traffic 

Information Exchange formats and HD maps. 

 

 
Figure 2: The organisational structure of C-Roads Platform 

WG2: HARMONISED C-ITS SPECIFICATONS 

 

The latest release of WG2’s by the Steering Committee 

approved specifications in March 2021 is the version 1.8. 

Before their final release they are available upon request, 

later they will be accessible through the Documents section 

of C-Roads Website [2]. These documents are: 

 Security and Governance 

 Security requirements 

 Service and Use Case Definitions 

 Message Profiles 

 Roadside ITS-G5 System Profile 

 C-ITS IP Based Interface Profile 

 C-ITS Test Plan 

 C-ITS Cross-Border Tests - PCAP Exch. Specification 

 C-ITS Cross-Border Testing and Validation Concept. 

The first two security related documents provide the 

common European trust model and build on the European 

Certificate Policy for C-ITS, which is referring to the 

relevant ETSI standards for certificates and PKI 

management as the underlying technical basis. Until the final 

EU Trust Model is built, member states can use other 

confirmed cybersecurity components, complied with ETSI 

TS 103 097 V1.3.1 and ETSI TS 102 941 V1.3.1. Slovenia 

currently uses the mandatory central security components 

from TeskaLabs, CZ [3], that has already been inserted into 

the L0 European Certificate Trust Lists (ECTL).  

 

 
Figure 2: The European C-ITS Trust Model Architecture 

 

The Service and Use Case Definitions document 

describes the: 

 services as a clustering of use cases based on a common 

denominator, e.g. Road Works Warning (RWW),  

 use cases as a function of the system with definition of 

one or more usage scenarios, e.g. Hazardous Location 

Notification - Accident Zone (HLN-AZ) and 

 scenarios with temporal development of a sequence of 

situations (e.g. initial and after) based on events and 

actions. 

Pilot projects are not obliged to test every scenario, use case 

and service. The contribution from each member state 

depends on the prerequisites set by the initial Grant 

Agreement and the fields of interests, e.g. Slovenia focuses 

more on motorway scenarios while the Czech Republic 

covers also public transport in the cities, e.g. the tram 

approaching. The next figure depicts the overview of 
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implemented (Y) and planned (P) use cases by Slovenia and 

its neighbouring countries. 

 

 
Figure 3: Overview of implemented use cases  

 

The Message Profiles document defines the common 

base for the C-ITS message specifications. The specification 

targets the communication between roadside units and 

vehicles, known as I2V (Infrastructure-to-Vehicle) and V2I 

(Vehicle-to-Infrastructure) communication. While the 

underlying messages are standardized by e.g. ETSI 302 637-

3 for Decentralized Environmental Notification Message 

(DENM), TS 103 301 for Infrastructure to Vehicle 

Information Message (IVIM) and others, this document 

specifies the profiles for using these messages. The most 

important 4 C-ITS messages and their corresponding 

services are explained in the table below [4]. 

The last two documents from the WG2 list provide the 

basis to validate the interoperability of a C-ITS 

implementation and guide through the testing of ITS-G5 

systems, IP-based communication and security elements. 

The documents focus on providing cross-border testing by 

exchanging network-layer PCAP files (Figure 5) without real 

test drives in foreign countries only by the execution of lab 

tests. This add-on enables the interoperability testing also 

during the border lockdown due to COVID-19. 

 

 

C-ITS 

message 

Description 

CAM Cooperative Awareness Message - contains basic 

important information about the vehicle like speed, 

heading or position. It is sent regularly in a 

frequency of 1 to 10 Hz. Its main purpose is the 

reception of vehicle’s information from on-board 

units (OBUs) at the receiving roadside units (RSU). 

DENM Decentralized Environment Notification Message - 

allows the transmission of the information about 

the environment like Road Works warnings or 

other safety related information. This message can 

be created from either an OBU or a RSU as soon as 

an event happens. 

IVIM In Vehicle Information Message - contains the 

electronic information about the road signaling, 

e.g. fixed road signs, variable message signs or text. 

SPATEM 

MAPEM 

Signal and Phase Time Extended Message 

(SPATEM) and Map Extended Message 

(MAPEM) provide important information for 

traffic lights. The SPATEM contains the current 

signal state and the phase-time while the MAPEM 

provides topological information about a crossroad 

so that the SPATEM can be interpreted correctly. 

Figure 4: The most important 4 C-ITS messages 

 

 
Figure 5: The timeline of PCAP virtual testing sessions 

 

WG3: EVALUATION AND ASSESSMENT 

 

An important WG3 document during the active testing is 

Evaluation and Assessment Plan v1.2 from November 2020. 

The purpose of the plan is to create the common basis for 

evaluation and assessment of the C-Roads Pilots. However, 

the single aspects of assessment, reflected in the chapters of 

the report, will be defined and decided by the individual pilot 

implementation, to fulfil contract obligations and contribute 

to the assessment of C-ITS introduction on European roads. 

Within C-Roads, pilots will evaluate the impacts of Day 

1 and 1.5 C-ITS services and use cases implemented during 

the different pilot tests with respect of the following impact 

areas: 

 Road Safety 

 Traffic efficiency 

 Environment 

 User Acceptance 

 Functional evaluation 

 Socio-economic.  

The first three areas of investigation are the main topics of 

C-ITS Impact Assessment that covers a defined approach for 

the C-ITS Day 1 services from the WG2 document “Service 

and Use Case Definitions”.  

 

HU DE IT AT SI

In-Vehicle Signage (IVS)

IVS - Dynamic Speed Limit Information (IVS-DSLI) P Y Y Y P

IVS - Embedded VMS “Free Text” (IVS-EVFT) P Y Y P

IVS - Dynamic Lane Management (IVS-DLM) P Y Y

IVS - Shock Wave Damping (IVS-SWD) Y Y

IVS - Other Signage Information (IVS-OSI) P Y Y Y P

Hazardous Locations Notification (HLN)

HLN - Accident Zone (HLN-AZ) Y Y Y Y

HLN - Traffic Jam Ahead (HLN-TJA) Y Y Y Y Y

HLN - Stationary vehicle (HLN - SV) Y Y P

HLN - Weather Condition Warning (HLN-WCW) Y Y Y Y

HLN - Temporarily slippery road (HLN-TSR) Y Y Y Y

HLN - Animal or person on the road (HLN-APR) Y Y P

HLN - Obstacle on the road (HLN-OR) Y Y Y

HLN - Emergency Vehicle Approaching (HLN-EVA) P Y

HLN - Emergency Vehicle in Intervention (HLN-EVI) P Y

HLN - Railway Level Crossing (HLN-RLX) Y

HLN - Unsecured Blockage of a Road (HLN-UBR) P

HLN - Alert Wrong Way Driving (HLN-AWWD) Y

HLN - Public Transport Vehicle Crossing (HLN-PTVC) Y

HLN - Public Transport Vehicle at a Stop (HLN-PTVS)

Road Works Warning (RWW)

RWW - Lane closure (and other restrictions) (RWW-LC) Y Y Y Y Y

RWW - Road Closure (RWW – RC) Y Y Y

RWW – Road Works Mobile (RWW-RM) Y Y Y

RWW - Winter Maintenance (RWW-WM) Y

RWW - Road Op. Vehicle in Intervention (RWW-ROVI) P

RWW - Road Op. Vehicle Approaching (RWW-ROVA) Y

Signalized Intersections (SI)

SI - Signal Phase and Timing Information (SI-SPTI) P Y Y

SI - Green Light Optimal Speed Advisory (SI-GLOSA) P Y

SI - Imminent Signal Violation Warning (SI-ISVW) P

SI - Traffic Light Prioritisation (SI-TLP) P

SI - Emergency Vehicle Priority (SI-EVP)

Probe Vehicle Data (PVD)

PVD - Vehicle Data Collection (PVD-VDC) Y

PVD - Event Data Collection (PVD-EDC) Y Y
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Figure 6: C-ITS Day 1 services under assessment 

 

The outcomes of national projects will be collected in the 

Final report (expected in December 2021) that will 

summarize the relations between services and impact areas 

per use case.  

 

SLOVENIAN PILOT OVERVIEW 

 

The objective of Slovenian C-Roads pilot is to improve 

real time traffic information on pilot section and to test C-

ITS hybrid communication solutions for C-ITS day 1 

services related to motorways. The long-term goal of the 

activities is to supplement or complete critical road sections 

and systems with C-ITS equipment and provide the 

integration of deployed systems in TMC centres. These real 

time services will ensure a higher level of traffic control and 

management that will correlate with actual traffic 

information.  

A hybrid approach was chosen that supports the use of 

microwave ITS-G5 communication technology and cellular 

networks in accordance with the European strategy on C-ITS 

“A milestone towards cooperative, connected and automated 

mobility” (COM(2016) 766) [5]. Drivers don’t care about the 

used communication technology for transmission of C-ITS 

messages, but will increasingly expect to receive all 

information on traffic and safety conditions seamlessly 

across Europe. This can only be achieved through a hybrid 

communication approach, i.e. by combining complementary 

communication technologies. 

The microwave ITS-G5 pilot site in Slovenia is located 

on A1 motorway section between Postojna and Divača with 

overall length of 24 km, as presented in Figure 7. This area 

was chosen since it is specific for extreme weather 

conditions, especially in winter time (strong winds, fog, 

snow, icy roads). Along the motorway 9 roadside ITS 

stations (RSUs) are installed with an additional mobile 

roadside ITS station on the maintenance vehicle. On the 

motorway H4 2 RSUs were installed including the weather 

stations for monitoring the strong bora winds. The RSUs are 

connected to the central ITS station (C-ITS back office), 

placed in DARS Maintenance and Control Centre Kozina. 

Several tests were performed to verify technical 

parameters, e.g. communication range (Figure 9), defining 

the need for the RSU density, compatibility of DENM, IVIM 

and CAM messages, scalability of central management 

system, and PCAP files were collected in order to prove 

interoperability with neighboring countries.  

 
Figure 7: The Slovenian pilot test area for ITS-G5 

 

 
Figure 8: ITS-G5 equipment along the motorway and 

inside the vehicle 

 

 
Figure 9: ITS-G5 radio coverage results 

 

For the cellular part, DARS has developed the mobile 

solution that enable the information exchange between 

connected cars and the cloud by the underlying 3G/4G 

cellular network. The existing mobile application DARS 

Traffic+ has been upgraded to function as an OBU that is 

able to communicate with the corresponding infrastructure 

both ways by receiving and transmitting traffic information 

and signaling. The evaluation of communication delays 

indicate that the average time to send and receive the 

message via cellular 4G network takes only 2/10th of the 

second. 

Since the system is designed to perform as a hybrid, the 

proper interchange node named C-ITS Middleware was 

created. It acts as a filter to prevent message duplication and 

confusion created by different protocols of connected 

devices within current and future C-ITS system in Slovenia. 

The system collects the probe vehicle data (PVD) from 

predefined options (Figure 10) from OBUs and converts 
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them to a single and verified C-ITS standardised message 

(e.g. HLN-TJA). The collection and processing of CAM 

messages from vehicles is also possible to follow the real-

time traffic flow.  

 

 
Figure 10: Mobile application DARS Traffic+ event 

reporting interface and event notification 

 

For the evaluation and assessment part the project 

includes the research on user experience and user 

acceptance. The user interface of the application is 

developed on the basis of testing on a professional driving 

simulator that includes eye tracking system, supports 

different driving conditions, real road network configuration 

etc. 

 

 
Figure 11: Areas of driver's attention while driving 

 

CONCLUSIONS 

 

The C-ITS pilot tests are in progress in many EU and 

non-EU countries. The C-Roads platform provides 

harmonised specifications and methodologies that enable 

interoperability for European roads. By evaluation and 

assessment of impact areas like road safety, efficiency and 

environmental aspects services from C-ITS Day 1 and 1.5 

list will become user friendly and supported by 

standardization. In March 2021 C-Roads activities are far 

from finished, due to COVID-19 lockdown the members 

could not execute tests according to the plan from 2017 and 

the EC and INEA approved an extension of the first phase 

till December 2021. The second phase (C-Roads 2) has 

already started with focus on adaptation of the use cases for 

urban scenarios and enhancements of digital support. Till the 

end of 2022 Slovenia will try to deploy additional RSU and 

cover more than 200 km of dangerous sections of motorway, 

implement the whole information flow from data acquisition 

from infrastructural and PVD sensors across the traffic data 

management platform to the final road users. Meanwhile, it 

is expected that more vehicles are equipped by C-ITS 

standardized interfaces, so they will be able to travel 

seamlessly across the intra-EU borders in a safe and efficient 

manner. 
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Abstract 

The global increase in motorization has significantly 

affected the congestion and harmful effects generated from the 

transport system and it is necessary to implement measures to 

achieve a sustainable system. One of the quality measures for 

transport demand management is the congestion charge in 

areas with low infrastructure capacity and high transport 

demand. Based on a detailed analysis of previous research and 

the results derived from them, the application of an expert 

system for transport demand management will be proposed for 

an urban centre in the Republic of Croatia faced with the 

impossibility of meeting transport demand. 

 

Keywords 

      transport demand management, urban transport, 

congestion, sustainable urban mobility 

  

INTRODUCTION 

 

Urban centers around the world need effective and 

innovative transport solutions to address congestion 

problems caused by excessive transport demand. The global 

increase in motorization has significantly affected the 

congestion. It is necessary to implement measures to achieve 

a sustainable urban mobility system.  

Modern trends in transport development seek to integrate 

the development of all transport forms or modalities, and 

further implement measures to optimize the entire transport 

system and services [1]. So, there are many ways to reduce 

harmful effects of the transport system, such as improving 

the public transport and encouraging pedestrian and bicycle 

transport or quality transport demand management.  

The need for measures to manage transport demand is 

defined at the European Union level, through different 

directives related to CO2 emissions and urban transport. 

Transport demand management is a measure of sustainable 

urban mobility plans of a numerous European cities.  

One of the appropriate measures for transport demand 

management is the congestion charge in areas with low 

infrastructure capacity and high transport demand. The 

management of such zones is the subject of the research. The 

possibilities of dynamic management of charge zones using 

expert systems is analysed.  

The previous research and examples of good practice 

from Europe and the world will be presented and analysed. 

The application of an expert system for transport demand 

management in urban centre of the City of Dubrovnik will 

be proposed. 

The area of research is transport demand management 

through the establishment of congestion charge zones and 

the application of expert systems for system management 

based on real-time information. Such dynamic management 

of transport system enables adaptation to new transport 

situations.  

The example of the City of Dubrovnik will define the 

possibilities of applying the expert systems for: 

 charging based on the current transport demand, 

 regulation of the number of tourist buses in the zone, 

 predicting incidental traffic situations.  

 

STATE OF THE ART 

 

Most of the literature on congestion charge concepts is 

focused on the deterministic problems of static transport 

networks. Static models only consider decisions of passenger 

route selection without taking in consideration the time of 

departure. Traditional congestion charge formulation cannot 

fully consider the uncertainty of transport system.  

As part of the research [2], an algorithm was developed that 

proved to be effective in calculating the small and medium 

sized transport networks. Algorithm indicates improvement 

of dynamic solution over the static solution in dynamic 

transport networks. Dynamic congestion prices, compared to 

the static, will lead to significant reduction and variability of 

total travel costs incurred on the transport network  

Expert systems [3] offer advantages compared to human 

experts in terms of accessibility, consistency, time 

limitations, stability and efficiency. Key areas in need of 

expert systems are road maintenance, traffic light system 

management, traffic accident management, road design and 

general transport system management.  

The expert system for mitigating traffic congestion and 

traffic accidents at intersections [4] was developed as part of 

the research. Through the set of questions to the user, the 

system finds the cause of the problem that leads to potential 

alternative solutions. The system was tested at two 

intersections.  The need to increase the turning radius for 

trucks was determined so that the interaction and delay of 

other vehicles can be avoided. Also, in order to avoid delay 

and potential collision, left turning from the main road needs 

to be banned. The scheme of an expert system is shown in 

Figure 1. 
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Figure 1. Conceptual scheme [4] 

 

Singapore is the most relevant example of system in practice 

that could best match the example that will be proposed in 

the paper. Singapore was the first city to implement the 

concept of Electronic Road Pricing (ERP) for congestion 

charge. ERP is a precisely designed charge system. Charging 

depends on the time of the day and vehicle type. System 

consist of three components [5]: 

1. Electronic smart card reader (IU) inside 

vehicles containing ‘CashCard’ that can be 

refilled (with money) 

2. Control points that define the tariff of the IU 

unit and check the vehicle type with the IU unit  

3. Central control system, that check tariffs and 

issues penalties. 

ERP is a different system than the ones implemented in 

Europe. It is a more advanced solution as it has more 

expressive dynamic component. The system is controlled 

through traffic flow speed control and tariff optimization [6]. 

The system monitors the traffic flow speed periodically and 

adjusts prices. Desired speed is 20 to 30 km/h for regular 

roads and 45 to 65 km/h on motorway. If the 85 percent of 

speed during the last quarter falls below the lower limit, the 

system increases the price, and if the speed is higher than the 

upper limit, the system lowers or cancels the current price. 

The capital cost of implementation in 1998 was 197 million 

dollars with included annual operating and maintenance cost. 

The system’s annual revenue for 2008 and 2009 was 

estimated at 144 million dollars, [7]. 

 

CASE STUDY 

 

Transport system of the City of Dubrovnik is 

characterized by inadequate transport infrastructure that 

cannot withstand the traffic demand that occurs during 

summer season. Existing roads do not have enough capacity 

which results with constant traffic jams. In addition, roads 

are laid through a dense urban settlement which eliminates 

the option of upgrades (e.g., adding another traffic lane). The 

lack of parking spaces is an additional problem. Constant 

increase in the number of visitors and tourist activities 

endangers the functionality of transport system and generates 

adverse impact on living conditions and the general image of 

the City of Dubrovnik.  

The City of Dubrovnik is a great example of an 

environment that needs changes in the transport system. 

Emphasize is on the measures to manage transport demand. 

Due to an increase in the number of tourist activities, the City 

of Dubrovnik has started developing strategies and 

implementation solutions. It is possible that expert systems 

for transport system management will be needed in the 

future.  

In accordance with the abovementioned, the City of 

Dubrovnik was selected as an example (case study) for the 

establishment of an expert system for transport system 

management i.e., congestion charging system.  

Main transport hubs in the City of Dubrovnik are Port of 

Dubrovnik and Dubrovnik Airport. Port of Dubrovnik, 

which is mainly passenger port, is connected with centre of 

the City of Dubrovnik (Old Town) by local roads, which are 

mostly single lane one-way roads. During the summer 

season, numerous cruise ships dock in the port of Dubrovnik, 

with a total of 10 to 12 thousand visitors daily. Large number 

of visitors goes sightseeing by organized shuttle transport 

that brings up to 200 buses on the route Dubrovnik – Old 

Town (Pile) daily. Buses, local population and public urban 

transport use the same route mentioned above. 

The most critical section is the section from the public 

garage to the entrance to the Old Town (Pile). The section 

consists of Zagrebačka Street and Iza Grada Street that are 

single lane one-way roads. 

The second critical section is Branitelja Dubrovnika 

Street from Pile to Boninovo. The traffic lane in the direction 

to Boninovo is open to all vehicles, while the lane to Pile is 

reserved only for public transport. The road is characterized 

by an inadequate pedestrian sidewalk of insufficient width. 

The sidewalk is not wide enough for safe passing of 

pedestrians, which puts them in danger. Due to such 

conditions, pedestrians have to use motorized transport. 

The city government recognized the mentioned problems 

and have initiated changes in the transport system and began 

laying the foundations for future implementation of optimal 

sustainable urban transport. First change is a congestion 

charge in the urban area of the city which is characterized by 

high demand versus low transport capacity. So the Faculty 

prepared the Traffic Study for the Implementation of 

congestion charging zone in the City of Dubrovnik [8]. 

 Congestion charge is planned through several phases. 

The final phase is a transport system with dynamic 

management. 

The proposed congestion charge zone includes the 

narrowest area along the Old Town described in previous 

chapter as the most critical sections. The area of the city 

planned for the establishment of the congestion charge zone 

is shown in the Figure 2. 
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Figure 2. Congestion charge zone 

There are five control points, entrance point is in 

Zagrebačka Street, exit point in II. Dalmatinske Brigade 

Street, entrance-exit point is in Branitelja Dubrovnika Street 

on Boninovo and the two other control points are in Ploče 

and bus terminal Pile. Control points will be equipped with 

cameras that will record license plates. There will be no 

physical barriers that would significantly slow down traffic 

flow and generate significant congestions. Even the slightest 

retention of vehicles, generates a long queue. 

 

 
Figure 3. Control points 

Elaboration of system logic and their interconnection is a 

key segment for establishment of functional congestion 

charge system. To achieve an optimal system, it is necessary 

to elaborate key issues: 

 Charging depending on or the independent of the 

retention time; 

 Place of vehicle recording; 

 Charging period during the day; 

 Method of payment; 

 User groups; 

 Tariffs. 

 

All issues and segments are closely related. Initial 

question is on what basis the charge is made, based on 

entering the zone or on the retention inside the zone. When 

charging the entrance into zone, it is possible to charge each 

individual entry or charge only one entry per day (daily 

ticket) with unlimited number of entries.  

The second important segments are tariffs. The tariff 

model can be fixed or variable. Variable tariffs that depend 

on current demand allow in-time pricing depending on the 

level of the current congestion within the charging zone. 

Variable model is an efficient solution, but only potentially 

in the phase of high level of system complexity.  

Static management system prefers simpler structure and 

construction due to impossibility of quick adjustment to new 

situations. Static management of congestion charge involves 

defining of all tariff classes in advance and disables the 

efficient use of variable prices depending on traffic demand. 

Such systems are easier to implement and are much cheaper. 

All European systems of congestion charge operates based 

on static management models that do not require expert 

systems.  

Dynamic management systems allow greater efficiency 

of the congestion charge systems. Dynamic adaptation to 

current transport situations enables better and more efficient 

system operation. In relation to static management models, 

dynamic models can significantly improve functionality 

through the application of expert systems. It is important to 

mention that there is no dynamic congestion charge system 

in Europe.  

 

EXPERT SYSTEM SOLUTION 

 

Specific area and congestion charge system based on the 

study [8]  were presented in the previous chapters. The 

establishment of expert systems will be proposed with the 

aim of solving transport situations and optimizing the 

management of charging system. With the expert system it 

is possible to act on all segments, from tariffing, regulation 

of entrance to maintaining continuous traffic flow.  

The key step in the establishment of an expert system is 

the knowledge extraction from transport system experts i.e., 

transport engineers who are familiar with the opportunities 

of transport system of the City of Dubrovnik, and with 

general correlations between key characteristics of traffic 

flow. The knowledge engineer obtains key parameters, their 

correlations, potential problems, and solutions from the 

expert and creates system that can provide end users with 

real time transport solutions. 

Fundamental goal of managing the congestion charge 

zone is to ensure a continuous traffic flow without 

overloading roads and creating congestions.  

Defining the concept of an expert system and its 

components is the first step. It is necessary to develop a 

functional process. Figure 4. shows a block scheme of an 

expert system that defines the process from identification of 

preconditions for the occurrence of a scenario to choosing 

the tariff model and informing users. 
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Figure 4. Block scheme 

The process of choosing the final solution, in this case the 

selection of the tariff model for entering the congestion 

charge zone, begins with the identification of transport 

preconditions for the occurrence of specific scenario. 

Identification is done based on processing the data archive 

and current transport data obtained through hardware 

equipment set up on key transport points.  

The data archive enables the prediction of future 

transport situations based on recorded previous situations 

with similar input parameters (depending on the time of day, 

day of the week, current number of visitors, current number 

of ships in the city seaport). Current transport data confirms 

archive data and allows the system to predict transport 

situation and demand in the next hour.  

Data analysis and identification of transport precondition 

can be performed by artificial neuron network. The system 

for data processing made from many simple highly 

connected process elements (artificial neurons), which can 

learn based on experience, separation of the essential from 

irrelevant and pattern recognition. 

Artificial neuron networks can be used for classification, 

prediction, identification, and optimization, which makes it 

the optimal technological solution.  

Identification of transport precondition is followed by 

identification of scenarios that should happen in the next 

hour. Scenarios are classified by the level of congestion and 

are as follows: 

 Scenario of free continuous flow; 

 Slight congestion scenario; 

 Medium congestion scenario; 

 Significant congestion scenario; 

 Full congestion scenario. 

 

After the transport precondition is identified and the 

future scenario recognized, optimal tariff model is selected 

by the system of fuzzy logic. The expert system uses its 

knowledge with fuzzy logic: 

IF x is A and y is B THEN z is C 

(x is A), (y is B) assumptions, premises 

(z is C)  conclusion 

x, y, z   variables  

A, B, C  fuzzy sets, numbers 

 

After selection of the tariff model, the system 

automatically notifies users through variable traffic 

signalization on entry points of congestion charge zone. 

Users should be notified on time that in the coming period 

certain tariffs will be applied. 

The next methodology step is the presentation of 

functionality of an expert system i.e., problems and 

situations that expert system could solve and optimize 

through knowledge base and conclusions.   

Relation between transport demand and travel time is 

nonlinear, meaning that relatively small reduction of demand 

can generate significant reduction in travel time. Correlation 

between traffic flow speed, travel time and traffic demand is 

a key factor and knowledge that an expert system has to 

apply when processing the current data. 

Current data on transport situation and characteristic of 

traffic flow will be obtained by data processing from video 

surveillance system that is set up on five locations, shown in 

Figure 3. 

Input data will be analysed and processed, and the 

solution will be generated. Several optimization processes 

that an expert system could perform in the future is defined 

below.  

 

IMPLEMENTATION 

 

Defining the price of entrance to the congestion charge 

zone for individual vehicles can be difficult part of planning 

as it depends on the goal of congestion charging. The key 

goal can be financial or social benefit. For the City of 

Dubrovnik, the goal is a social benefit, improvement of life 

conditions and reduction of adverse effects of motor 

transport in the Old Town. 

The goal of tariffing is to attract users to start using other 

modes of transport. The fact that slower and discontinuous 

traffic flow generate more harmful effects than continuous 

traffic flow is a key starting point of an expert system. 

Surveillance cameras monitors the traffic flow and 

detects speed, indicate the potential congestion, and give 

input data to expert system. Expert system adjusts the tariff 

to the future traffic load. Key control points are at the 

entrance to the congestion charge zone and on the bus 

terminal in Pile. Roads in the charge zone are one-way roads 

with speed limit of 50 km/h. Speed of 50 to 40 km/h can be 

considered as continuous traffic flow and such values 

indicate normal traffic flow. For further speed reductions, the 

coefficient will increase which will automatically increase 

tariffs for certain types of vehicles. 

Beside current data on traffic flows, data from archive 

also needs to be taken into consideration. If archive data and 

surveillance cameras show speed reduction of traffic flow, 

the scenario and tariff model will be selected. Table 1. shows 

expert system knowledge expressed by the rules. 

Tariffs can change every 15 minutes as the expert system 

decides on tariffs on the average speed of vehicles in the 15-

minute interval. In case of congestion, or average speed of 0-

10 km/h, the zone closes. Drivers need to be informed on 
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time, via variable traffic signalization positioned at key 

access intersections, to start with vehicle diversion. 

 

Table 1. Expert system knowledge expressed by the rules 

 
IF IF THEN 

Current 

speed of 

traffic flow 

Data archive Scenario Tariff 

coefficient 

40 – 50 

km/h 

Acceleration 

or continuous 

speed  

Scenario of free 

continuous flow 

1.0 

40 – 50 

km/h 

Slowing 

down 

Slight congestion 

scenario 

1,5 

30 – 40 

km/h 

Acceleration Scenario of free 

continuous flow 

1.0 

30 – 40 

km/h 

Slowing 

down 

Medium 

congestion 

scenario 

2,0 

20 – 30 

km/h 

Acceleration Slight congestion 

scenario 

1,5 

20 – 30 

km/h 

Slowing 

down 

Significant 

congestion 

scenario 

2,5 

10 – 20 

km/h 

Acceleration Medium 

congestion 

scenario 

2,0 

10 – 20 

km/h 

Slowing 

down 

Total congestion 

scenario 

3,0 

0 – 10 km/h Acceleration Total congestion 

scenario 

Entry ban 

0 – 10 km/h Slowing 

down 

Total congestion 

scenario  

Entry ban 

 

The largest number of tourist buses operate on the route 

between the seaport Gruž and Pile (terminal in the 

congestion charging zone), and that is the reason why it is 

necessary to optimize their regulation with the use of expert 

systems. 

The entrance to the planned space for tourist buses and 

personal vehicles (8+1) is from Iza Grada Street (single lane 

one-way road). In case that the planned space is full, the 

traffic flow towards Branitelja Dubrovnika Street stops and 

just 30 seconds waiting in the peak hours can cause 

significant congestion. It is necessary to eliminate such 

situation. It can be done with an expert system and input data 

from the video surveillance system. The bus terminal Pile 

has a capacity for nine buses with limited stop to 10 minutes.  

Transport network and regulation allows entrance to the 

terminal only via Zagrebačka Street, where the establishment 

of video surveillance is planned. Surveillance cameras 

provide insight into current situation of the number of buses 

on terminal, deadline for their departure and the number of 

buses within the congestion charging zone going towards 

terminal. Surveillance gives info on the speed of traffic flow 

that is necessary to calculate approximate travel time from 

the beginning of Zagrebačka Street to terminal. These data 

are sufficient for an expert system to calculate and predict 

the situation of inability of bus to enter the terminal and 

situation of stopping the traffic flow.  

With the combination of data on the number of buses 

within the charge zone, estimated time of arrival, terminal 

occupancy and time of departure (based on maximum of 10 

minutes) it is possible to predict the potential lack of parking 

capacity. In case that an expert system identifies exceeding 

of the terminal capacity, information on prohibition of busses 

to terminal is automatically shown on variable signalization 

at the entrance to the zone.  

 

CONCLUSIONS 

 

The global increase of motorization has significantly 

impacted the congestion and harmful effects generated from 

transport system. It is necessary to implement measures to 

achieve sustainable urban mobility system. 

Congestion charge in the defined areas with low 

infrastructure capacity and high transport demand is one of 

the measures of transport demand management. The 

possibility of dynamic management of charge zones by using 

the expert system has been analysed. 

The key hypothesis is that ‘Expert systems can provide 

optimal dynamic management of congestion charge zones’ 

and has been confirmed through defined areas of application 

and potential positive effects.  

The City of Dubrovnik is a typical example of a small 

city faced with problem of traffic overload or non-existent 

capacity to meet transport demand. The establishment of 

congestion charge zone is a measure for solving the 

mentioned problems. Maximum functionality of such zone 

can be achieved by applying expert systems for dynamic 

real-time management.  

First step in the establishment of an expert system is the 

knowledge extraction from transport system experts i.e., 

transport engineers who are familiar with the opportunities 

of transport system of the City of Dubrovnik, and with 

general correlations between key characteristics of traffic 

flow. The knowledge engineer obtains key parameters, their 

correlations, potential problems and solutions from the 

expert and creates system that is capable of providing end 

users with real time transport solutions. 

Fundamental goal of managing the congestion charge 

zone is to ensure a continuous traffic flow without 

overloading roads and creating congestions. The goal can be 

achieved through dynamic system management, which can 

be done by use of expert systems.  

Proposed expert system identifies transport 

preconditions for the occurrence of predefined scenarios by 

processing current traffic flow and data archive. After 

defined scenario, the optimal tariff model is selected. End 

users are timely notified on tariff models via variable traffic 

signalization positioned at key points. 
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Abstract 

TN-ITS GO (Transport Network Intelligent Transport 

Systems) is a Connecting Europe Facility (CEF) project that 

contributes to Intelligent Speed Assistance (ISA) success by 

deploying standardized advanced exchange and update 

mechanisms for digital map data. TN-ITS GO is planned to be 

a key part of the digital infrastructure of 15 European Member 

States and road operators by 2022. ISA’s is one of the vehicle 

safety technologies included in the EU’s new General Safety 

Regulation for motor vehicles (GSR) and will become 

mandatory for all new vehicles types as of 2022 and all new 

vehicles as of 2024. The detailed technical requirements for ISA 

are currently being prepared by the European Commission, 

who as part of that process has presented a “draft delegated 

act” by the end of 2020. 

  

Keywords 

      TN-ITS, Transport Network Intelligent Transport 

System, Intelligent Speed Assistance (ISA), digital map data 

exchange, road attributes exchange, static road data exchange, 

road safety, TN-ITS Slovenian pilot implementation of data 

exchange of road attributes. 

 

  

TN-ITS ON ROAD TO SAFETY AND TRUSTWORTHY 

END USER SERVICES 

 

Advanced driver assistance systems, or ADAS, is the 

term used to describe the growing number of safety functions 

designed to improve driver, passenger and pedestrian safety 

by reducing both the severity and an overall number of motor 

vehicle accidents. ADAS can warn drivers of potential 

dangers, intervene to help the driver remain in control to 

prevent an accident and, if necessary, reduce the severity of 

an accident if it can’t be avoided. 

ADAS technologies are developed and refined, and as car 

manufacturers look to appeal to customers with an increasing 

range of safety- and convenience-focused features, the 

umbrella under which ADAS resides has got bigger and 

bigger. Transport policy safety matters issues are 

provisioned from the European Commission, the European 

Parliament, and national governments and organizations.  

 Today the term ADAS covers an increasingly broad, and 

increasingly common, range of passive and active systems 

that are offered as options or as standard on a growing 

number of new cars and commercial vehicles. Some ADAS 

functions are so well proven and effective that they have 

become mandatory in certain regions across the globe. 

Today, as we move forward into the era of connected and 

autonomous vehicles, ADAS extends from day-to-day driver 

and passenger comfort and convenience features to accident 

and injury mitigation and prevention.  

One of the key ADAS representative functions is 

Intelligent Speed Assistance (ISA), an in-vehicle system 

that prompts drivers to acknowledge and comply with legal 

speed limits, irrespective of the availability of physical signs 

or other variables such as location, time, or weather 

conditions. Target goal is to reduce both the frequency and 

severity of vehicle collisions. The newly revised General 

Safety Regulation has made Intelligent Speed Assistance 

(ISA) mandatory in new types of vehicles (cars, vans, trucks 

and buses) starting from 2022. The European Commission is 

currently drafting ISA technical requirements and future test 

procedures in a related ISA delegated act evolved from work 

performed in several EU-funded projects in the last decades 

(PReVENT/MAPS&ADAS, ROSATTE) that leaded the 

way to standardization. 

Standard CEN/TS 17268:2019 Intelligent transport 

systems - ITS spatial data - Data exchange on changes in 

road attributes (Inteligentni transportni sistemi - Prostorski 

podatki ITS - Izmenjava podatkov o spremembah atributov 

cest) is available at “Slovenian Institute for standardisation” 

( www.sits.si ) since its adoption on 1/02/2019. This 

document defines the content specification for the exchange 

of road-related spatial data and especially updates thereof. 

Based on the content specification, this document defines 

also a physical exchange format (structure and encoding) for 

the actual data exchange. Besides, it defines web services 

that are needed to make the coded data on updates available. 

The exchange of dynamic information is not in the scope of 

this document. Although the focus of this document is on 

providing information on updates, the technology described 

in this document in principle also enables the exchange of 

full datasets, either concerning the whole road network in a 

mailto:Andraz.Murkovic@avp-rs.si
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coverage area, including all geometry and all attributes, or a 

subset, concerning, for instance, all instances of one or more 

specific attributes. This specification does not support the 

provision of updates concerning geometry. The provision of 

geometry associated with attribution change is supported, in 

the context of providing the location of attribute change. 

Current TN-ITS transportation pilots contribute to ISA’s 

success by deploying standardized advanced exchange and 

update mechanisms for digital map data. It is a collaborative 

initiative involving the European Union Location 

Framework EULF, ERTICO’s Transport Network, ITS 

Spatial Data Deployment Platform (TN-ITS), including 

national road authorities and commercial map providers. 

Prerequisites for setting up Tn-ITS data chain are adequate 

systems and databases (ICT/GIS), and procedures for data 

maintenance and quality at road authorities, an adequate 

common data content exchange format specification for 

publishing the information on changes (updates), able to 

cope with the multitude of systems and data models on the 

side of public authorities across Europe, and adequate 

methods for integration of updates at map makers. 

 

TN-ITS GO 

 

TN-ITS GO is a Programme Support Action (PSA) for 

the implementation and facilitation of seamless spatial data 

exchange which are essential for the deployment of ITS 

applications ( https://tn-its.eu/ ). The duration of the action is 

spread over 2018-2022, in order to give time to six new 

Member States to plan and implement carefully their ITS 

spatial data supply chain strategy right from the source 

(police decision, road maintenance...), all the way to the open 

TN-ITS interface and into the map database of the end user. 

The Action will capitalise on the pre-existing knowledge 

and expertise of the TN-ITS initiative, which has already 

resulted in operational services in Sweden, Norway, Finland 

and Flanders. Other piloting efforts are ongoing in France, 

UK and Ireland. Part of this Action invests in these past 

efforts in order to further consolidate the operational services 

covering increasing part of the TEN-T with the most relevant 

ITS attributes and increased quality. Also, the most advanced 

services will now work on the feedback loop from map 

makers to road operators which has not been tested so far. 

The action is focusing on realising operational exchange 

of operational data on the TEN-T network and its interface 

to other road networks but the exchange mechanisms put in 

place by the Member States should be scalable and 

extensible to the whole network. 

Presented will be results of Slovenian TN-ITS GO pilot 

deployment of data exchange of road attributes for primary 

road network (core motorway network) with shared 

experience concerning the implementation of TN-ITS 

service and data chain among responsible authorities. TN-

ITS service is published on National Access Point for traffic 

data and information (https://www.ncup.si/en), where users 

can access verified and reliable traffic and infrastructure data 

(after the approval of submitted registered request for access 

to data). 

 

 

TN-ITS SLOVENIAN PILOT IMPLEMENTATION OF 

DATA EXCHANGE OF ROAD ATTRIBUTES 

 

Slovenian TN-ITS GO pilot activities resulted in the pilot 

TN-ITS service roll out for motorway road network and the 

concise plan for future permanent full TN-ITS service 

deployment for state roads, based on the experience gained 

from the designing, implementation and testing deployed 

pilot solution, taking into account data sources specifics and 

service chain specifics.  

Deliverable is the pilot TN-ITS service and the report of 

Slovenian TN-ITS GO activities for the period 2018 – 2020 

and the plan for planned future provision of permanent full 

TN-ITS service deployment at National Access Point for 

traffic data and information (https://www.ncup.si/en).  

Targeted TN-ITS GO pilot road network is Slovenian 

primary motorway road network part of TEN-T network V 

and X corridors (A1, A2, A3, A4 and A5 motorways) now 

part of the Mediterranean and Baltic–Adriatic Core Network 

Corridors. Pilot is extended with high speed roads H1, H2, 

H3, H4, H5, H6 and H7. 

 
Figure 1: Motorway (primary) road network in Slovenia (source 

Wikipedia) 

Several stakeholders are involved in various aspects of 

public road network management: 

The Ministry of Infrastructure exercises the role of 

national coordinator in the fields of transport and energy. 

Land Transport Directorate is affiliated division for primary 

road transport network and secondary road transport network 

is in the domain of DRSI (Slovenian Infrastructure Agency). 

National Traffic Management Centre NCUP 

(NTMC), an internal organisational unit of Land Transport 

Directorate at the Ministry of Infrastructure, has the task to 

control the implementation of the Action as authority 

responsible for strategic traffic management at state level. 

NTMC is also responsible for the deployment of National 

Access Point. 

Motorway operator DARS is state owned motorway 

concessionaire responsible for motorway network 

infrastructure which is also part of TEN-T (primary road 

network).  

DRSI - the Slovenian Infrastructure Agency is a body 

within the Ministry of Infrastructure and performs expert 

technical, development, organisational and administrative 

tasks for the construction, maintenance and protection of 

https://tn-its.eu/
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main and regional roads and some expressways (secondary 

road network).  

National Road Registry keeper is unit within DRSI with 

the responsibility to maintain official National Road 

Database BCP. Available is the public road network 

collection of road labelling and network geometry as well as 

vertical and horizontal traffic signage. Official referencing is 

linear referencing based on kilometre (defined as a mileage).  

Slovenian partner in TN-ITS GO project is AVP the 

Slovenian Traffic Safety Agency (STSA), a legal entity of 

public law which operates in the field of traffic safety as 

implementing body (affiliated to the Ministry of 

Infrastructure) with the support and collaboration of NTMC. 

For the successful implementation of TN-ITS service 

cooperation among all relevant listed stakeholders and 

affiliated divisions is needed as well as consultation with 

implementation companies that deployed and maintain 

existing system and services in the field of ITS. Various 

actors’ systems and services should be consolidated and 

upgraded for future automated permanent TN-ITS service. 

Pilot deployment of TN-ITS service (minimum full 

data set motorway road network (>600km) geometry with 

speed limits road attributes, speed limits and other vertical 

traffic signage, general rules for trucks, update sets were 

transformed for the purpose of concept validation). Service 

or pilot result is published at National Access Point for traffic 

data and information as download service 

(https://www.ncup.si/en). 

Deployed TN-ITS GO pilot service is the base for the 

future full deployment of permanent automated TN-ITS 

service for state road network covering state road network 

(primary motorway road network and secondary road 

network with regional and main roads) after 2021. 

Pilot design follows detailed service specification in TN-

ITS deliverable D5.3 - Implementation Guidelines - Data 

Sender.pdf (October 2018 release). System design is 

considering composite use cases:  

 Maintain attributes, which is mainly about keeping 

Data Store up to date (one time pilot deployment 

includes state road database motorway road network 

(>600km) geometry with speed limits road attributes, 

speed limits vertical traffic signage and general rules for 

season viable truck restrictions on weekends). Other 

vertical signage included in the pilot is extracted in 

regard to available attributes and simple 

transformation/automation of existing data to TN-ITS 

format. 

 Exchange attributes, which describes the data flow 

from Data Store to Information Provider. 

 Integrate attributes, which describes finding and using 

road safety attributes.  

TN-ITS service infrastructure & architecture is based on 

transfer, extract, transformation and load of existing data 

from road network operators and public bodies. Central point 

of TN-ITS service deployment is TN-ITS repository 

(middleware) designed in regard to data structures described 

in standard SIST-TS CEN/TS 17268:2019 Intelligent 

transport systems - ITS spatial data - Data exchange on 

changes in road attributes. In that way close resemblance 

with needed data for physical exchange format - structure 

and encoding is achieved. TN-ITS publishing service is 

deployed in NTMC and available on National Access Point. 

Full TN-ITS service implementation with discovery and 

download service scope is deployed according to the 

specification based on REST interface. 

 
Figure 2: TN-ITS data repository is the core service for the 

provision of TN-ITS Download service at National Access Point 

Data integration is process of TN-ITS repository and 

involves data transfer, extraction and data transformation.  

In pilot phase simple data transformation with limited 

scope and attributes was planned and delivered, focused to 

the speed limits and the general rules. Existing vertical 

signalisation collection is coded in national specific format 

and needed is coupling to EN ISO 14823 format. Required 

were specific additional digital attributes, so manual 

intervention was used during the pilot.  

During pilot also analysis of needed source data upgrades 

was taken for later full TN-ITS service deployment with 

envisioned automatic transfer of data with the full set of 

required attributes. Proposal to upgrade source data systems 

and procedures to consolidate TN-ITS service chain at the 

point where data are collected, maintained and verified by 

traffic engineers at road operators is crucial for future TN-

ITS deployment. Input by dedicated professionals 

contributes also to data and service quality and consistency. 

For later full implementation of TN-ITS service 

maintenance and exchange functions of TN-ITS Repository 

CRUD (Create, Read, Update, Delete) operations through 

dedicated APIs is envisaged. In pilot phase used was one-

time manual transfer, transformation and integration of 

source data (which can be repeated and upgraded). 

 

TN-ITS DATA COLLECTION 

 

Compliance to SIST-TS CEN/TS 17268:2019 for the 

planned TN-ITS Repository and for the output download 

service is mandatory. TN-ITS service data sources is state 

road network database and its collections: 

 State road database motorway road network 

(>600km) geometry (road shape) with speed limits 

road attributes,  

 WEPS (Application for evidence of traffic 

signalization) speed limits vertical traffic signage in 

line with national Policy for Traffic Signalisation 

and Road Traffic Equipment (“Pravilnik o prometni 

https://www.ncup.si/en
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signalizaciji in prometni opremi na cestah« trenutno 

aktualna objava: Uradni list RS, št. 99/15, 46/17, 

59/18 in 63/19). 

 
Figure 3: TN/ITS service-dedicated page on National Access Point 

A National Road Registry includes data about national 

road centrelines and intersections, technical characteristics 

of national roads and road facilities. It includes traffic signs 

information as well. The registry core is a graphical layer of 

national road axis including attributes about roads, road 

links, and road links mileages. Other road characteristics 

(like road width, number of driving lanes, road surface 

material, traffic load, etc.) are kept as an attribute data, the 

location of characteristics is defined as a mileage. A separate 

graphical layer of intersection points is also kept in the 

registry. Intersection point is defined for each crossing of 

categorized roads with other categorized or non-categorized 

roads, as well as for every point where road link 

characteristic is changed. 

The most important source for vertical and horizontal 

signage is WEPS - Application for evidence of traffic 

signalization, which is part of the National Road Registry 

Information Database. This web-based application enables 

the keeping of road signs and road surface markings cadastre 

directly through the internet. Attribute as well as spatial data 

for each element of traffic signs are being monitored. Several 

competent authorities can use the application (service for 

planning, subcontractors, controllers, etc.). The application 

enables tracking of all phases: planning, installation and the 

actual realization and subsequent maintenance. The 

application also enables the maintenance and display of 

historical data, attaching images and documents, 

performance of analyses and preparation of different reports, 

which also include the actual graphic image of every element 

in space. National Rules on Traffic Signalling and Traffic 

Equipment on Public Roads (Pravilnik o prometni 

signalizaciji in prometni opremi na javnih cestah Uradni list 

RS, št. 99/15,  46/17, 59/18) are not in accordance with EN 

ISO 14823 so transformation of codes (mapping) and 

additional processing for descriptive fields is needed for 

compliance with the interfaces, classes and datatypes, 

attributes and relationships of the TN-ITS service 

specification as specified in CEN/TS 17268:2019. With 

translation procedure more than 90% of vertical traffic 

signalisation were successfully transformed and is included 

in pilot with speed limits signs (line segmens are mockup 

data). Used are multiple location referencing methods: GML 

WGS84 String, INSPIRE linear location and OpenLR 

Location String. 

General rules were taken from applicable regulation for 

season viable truck restrictions on weekends and were 

attached to the road segments. 

Pilot solution is composed of modules: TN-ITS 

middleware repository and TN-ITS services. 

Pilot TN-ITS middleware repository function is 

transformation and store of data in line with available input 

data formats and TN-ITS specification (CEN/TS 

17268:2019) in relation to data types and used methods of 

location referencing.  

 

DATA QUALITY 

 

TN-ITS service is available as is and data quality depends 

on quality of the sources and their maintainers which are 

trusted sources (state road database and motorway operator) 

and data from operational use was delivered. Some 

inconsistencies noticed by pilot implementer were removed 

and implementer stated that are the best available data for 

pilot network.  

DATA STORAGE 

 

Central point of TN-ITS service deployment is TN-ITS 

repository (middleware) designed in regard to data 

structures described in standard SIST-TS CEN/TS 

17268:2019 Intelligent transport systems - ITS spatial data - 

Data exchange on changes in road attributes. In that way 

close resemblance with needed data for physical exchange 

format - structure and encoding is achieved. 

TN-ITS repository (middleware) is implemented in MS 

SQL server and dot NET technologies. 
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DATA BACK-UP 

 

TN-ITS service is implemented on National Traffic 

Management Centre (NTMC) IT infrastructure that offers 

high availability and security with regular back-up services. 

 

DATA INTEGRITY AND SECURIRY 

 

Pilot TN-ITS service is available as is and as a snapshot 

of transformation of the state-of-the-art of the source data 

available at the end of 2020.  

TN-ITS service is implemented on National Traffic 

Management Centre (NTMC) IT infrastructure that offers 

high availability and security according to security plan 

compliant with ISO/IEC 27001 standards. 

 

OPEN DATA 

 

TN-ITS service is for now published free as open data 

and as the re-use of public sector information with the 

needed registration and access permission is granted from 

National Access Point personnel.  

Licence details will follow in the process of the upgrade 

to the full TN-ITS implementation and will follow the 

Directive on open data and the re-use of public sector 

information, also known as the ‘Open Data Directive’ 

(Directive (EU) 2019/1024) entered into force on 16 July 

2019.. 

 

SERVICE ROLL-OUT PROCEDURES 

 

Pilot phases for Slovenian TN-ITS GO pilot deployment 

were: 

Phase 1: System design and development: 

M1: TN-ITS service plan concept and initiation (Stakeholder 

consolidation Q3 2020 done) 

M2: System analysis and Requirements with system design 

(available Q3 2020 done)  

M3: Development and delivery of pilot TN-ITS service 

(available Q3/Q4 2020 done)   

M4: Implementation plan for permanent TN-ITS service on 

state road network (Q4 2020 done) 

 

Phase 2: Test and evaluation 

M5: Test activities (available by end of Q4 2020 done) 

M6: Project (contracted deployment) closure by December 

2020 (done).  

 

Deliverables: Pilot deployment of TN-ITS service 

 Analysis of data content and structure of available data 

for the deployment of TN-ITS service ; 

 Proposal for pilot deployment of TN-ITS structures on 

primary motorway network; 

 Pilot deployment of TN-ITS service for motorway 

network (TN-ITS data sets: full data set minimum 

motorway road geometry with speed limits road 

attributes, speed limits and other vertical traffic signage, 

general rules for truck traffic limitations on weekends); 

 Plan for the full deployment of TN-ITS service on the 

state road network (primary and secondary road network 

full TN-ITS service in compliance to SIST-TS CEN/TS 

17268:2019 with the proposal for content and structural 

upgrades of road database parts for envisaged automatic 

fetch, extract, transform, load for TN-ITS service); 

 

“Data Sender” TN-ITS pilot result sets download service 

is published at National Access Point for traffic data and 

information ( https://www.ncup.si/en ) operated and 

maintained by National Traffic Management Centre NCUP 

(NTMC). NTMC IT infrastructure will be used for the TN-

ITS Repository that is part of the National Data Warehouse 

in regard to the transfer of pilot results. National Access 

Point was deployed in 06/2020 and is in full operation since 

the end of 2020. 

 
Figure 4: Slovenian pilot TN-ITS download services are available 

at National Access Point 

Deployment of the pilot TN-ITS GO services for 

Slovenian motorway network was implemented by the end 

of 2020 and available. TN-ITS GO service and content will 

be evaluated in first half of 2021.  

 

EXPERIENCES GAINED 

 

Experiences gained during the preparation, designing, 

implementing and deployment of TN-ITS pilot in Slovenia 

are: 

 Acknowledgement with the Rosatte and TN-ITS 

achievements. 

 Acknowledgement with the Standard SIST-TS CEN/TS 

17268:2019 Intelligent transport systems - ITS spatial 

data - Data exchange on changes in road attributes 

(Inteligentni transportni sistemi - Prostorski podatki ITS 

- Izmenjava podatkov o spremembah atributov cest) 

since its availability at “Slovenian Institute for 

standardisation” on 1/02/2019. 

 Cross-institutional organisational, communication and 

legal issues challenging process of neglectable changes 

where multiple stakeholders are involved in collecting, 

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1561563110433&uri=CELEX:32019L1024
https://www.ncup.si/en
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maintaining and providing data (public sector, road 

operators, suppliers) with different competences, 

interests and cultures that impacts consolidated 

cooperation. 

 Insight into state of the art of actual maturity level of 

national road data bank and national ITS systems and 

services with the vision of upgrades to achieve full TN-

ITS service deployment in the future. 

 Planning and the deployment of EU wide traffic 

information service (international level). 

 

IMPLEMENTATION EXPERIENCES 

 

Pilot implementation was limited in scope (high level 

motorway network) in dependence of technical complexity 

of available data transformations (ETL: extract, transform, 

load of vertical signalisation) and as well with available 

budget. 

Conclusions after pilot implementation are: 

State Road Network in the road database contains all 

needed data attributes and is well documented for TN-ITS 

application; like geometry, direction and other attributes 

needed for location positioning (MultiLineString, INSPIRE 

linear location and OpenLR Location String). State Road 

Network database BCP is updated quarterly, while INSPIRE 

state network is updated yearly, for future permanent TN-

ITS service there is a need for at least monthly regular 

upgrades. Extraction possibilities for automation are also 

limited. Noticed are also some inconsistencies between map 

data and vertical signalisation regarding speed limits 

(missing data, different values or no attributes) that are 

eliminated. For full automation vertical signalisation source 

data need to be upgraded with at least ISO 14823coding, 

some digital attributes and road shape of sign validity. 

Pilot TN-ITS service is implemented with discovery and 

download service scope according to the specification based 

on REST interface (available in 2020 at 

https://b2b.ncup.si/data/b2b.tn-its/dataset ) and published at 

National Access Point (https://www.ncup.si/en) where you 

can register https://www.ncup.si/en/registration. After first 

login request permission for specific datasets with marking 

specific checkboxes. 

TESTING EXPERIENCES 

 

Testing experiences will be available 1Q of 2021 after 

successful pilot implementation with deployment on 

National Access Point and evaluation delivery. Planned is 

internal evaluation with testing of pilot activity results and 

parallel testing with map providers. 

 

FUTURE PROOF 

 

Proposals for improvement 

 

During the TN-ITS GO pilot, data were fetched as 

available as one time activity for the purpose of pilot delivery 

in 2020 and for the detailed insight into needed 

improvements in service chain to assure future planned 

permanent automatic TN-ITS service after 2021. Source data 

enhancements are needed in regard to missing digital 

attributes for vertical traffic signalisation, which were listed 

and described during the pilot for needed future upgrades of 

national road data bank to assure automatic transfer and 

simple transformation of road attributes to TN-ITS data 

warehouse. 

 

Planning for introduction  

 

Pilot deployment of TN-ITS service (minimum full data 

set motorway road network (>600km) geometry with speed 

limits road attributes, speed limits and other vertical traffic 

signage, general rules for truck traffic limits). Service or pilot 

result set will be published at National Access Point for 

traffic data maintained by National Traffic Management 

Centre (https://www.ncup.si/en). 

TN-ITS service upgrades and service chain consolidation 

toward the full operational TN-ITS service is envisaged as 

permanent activity of National Traffic Management Centre 

after the transmission of TN-ITS GO pilot results in 2021. 

Afterwards steps toward motivating or to commit 

municipalities will be necessary for covering whole public 

network of relevance and where transit or specific 

destination traffic appears. 

Pilot TN-ITS GO results will be transferred to National 

Traffic Management Centre (NTMC), an internal 

organisational unit of Land Transport Directorate at the 

Ministry of Infrastructure, anticipated an as authority 

responsible for strategic traffic management at state level 

and the maintainer of the National Access Point for traffic 

data and information. 

Dissemination activities for general professional 

community were delivered in the period of 2018-2019. By 

the end of 2020 and in 2021 all service chain stakeholders 

(public bodies, concessionaires and implementing bodies) 

will be notified of requested needed changes for source data 

to achieve permanent TN-ITS service for state network. 

After 2021 local communities (bigger cities) will be 

consulted to join the service with local level network. 

 

CONCLUSIONS 

 

The pilot implementation of the TN-ITS service is 

important step toward the automated permanent TN-ITS 

service. Raised is stakeholder awareness of their roles and 

responsibilities in service chain with data quality and 

availability issues opened for improving data at source. 

Detected are also needed upgrades of regulatory 

frameworks. Continuous delivery of TN-ITS service 

depends on continuous integration of source data with 

consolidation of all stakeholders in service chain. 

 

https://b2b.ncup.si/data/b2b.tn-its/dataset
https://www.ncup.si/en
https://www.ncup.si/en/registration
https://www.ncup.si/en
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Abstract 

A new, entirely software-based AIS SDR receiver has been 

written in C. Such an approach allows a low-budget AIS 

receiver or a network of such receivers. In the beginning, a 

basic description of concepts is presented, such as effective 

triggering in order to minimize computational power. Then, the 

efficiency of such a receiver is analysed. The study is performed 

from the point of view of adequate signal reception in various 

conditions, such as increasing distance and geographical 

obstacles.  

 

Keywords 

      AIS, SDR 

  

INTRODUCTION 

 

Automatic identification system (AIS) [1,2] is an 

automatic tracking system that is mandatory for vessels 

above 300 tons and some other smaller ships (fishing and 

passenger ships among them). It is optional for other ships 

and boats. Beside those, there are also some non-ship 

participants like the base stations, aids to navigation (AtoN) 

… that are somehow connected with the maritime traffic. 

AIS is based on time division multiple access (TDMA) on 

two VHF channels on 161.975MHz and 162.025MHz, both 

25kHz wide. Each channel is divided in available 2250 slots 

per frame corresponding to a minute (26.7ms each slot). All 

the participants self-organize (with some exceptions) in the 

partition of those slots. The messages are GMSK (Gaussian 

Minimal Shift Keying) (de)modulated. Longer messages are 

allowed to be spread over many consecutive slots, although 

not more than 5. 

The ships use AIS as a frame to send their telemetric data 

(position, heading, speed over ground, rate of turn …), travel 

data (destination, starting point, cargo type …) and static 

properties (dimensions, name, MMSI number, ship type …). 

Other messages can be sent over AIS as well, although they 

are less frequent. The ship management might use this data 

to optimize their route and to reduce the risk of collision. 

The goal of this research was to build a low budget AIS 

receiver based on SDR (Software Defined Radio) approach. 

For this purpose, a RTL-SDR [3] based USB dongle could 

be connected to a Raspberry PI (RPI) or some similar 

embedded computer. In order to make such a configuration 

work, a computationally effective approach was constructed. 

This prevented the use of some already existent SDR 

software that either uses computationally intensive software 

(like the Matlab based AIS Tools[4] or GNURadio[5]) either 

connects the audio signal of the SDR FM receiver to an audio 

channel (eventually virtual) like Aismon[6], Gnuais[7] or 

Ships[8]. Both approaches produce significant 

computational overhead that can in principle be avoided by 

using a C based digital signal processor. 

Our approach was based on the fact that AIS messages 

are vastly sparse (see Fig. 1). This means that the signal does 

not need to be decoded all the time. Instead, a simple 

(meaning computationally fast) function is used to 

discriminate valid AIS messages that are processed further 

from the noise that can be discarded.  The computationally 

intensive demodulation is then performed only on some 

small fraction of the signal that passes through the first step 

discriminator. Such an approach was already presented in 

our previous presentation [9]. A short description will be also 

given in the next section. 

 

 
Figure 1: Waterfall representation of an AIS message on the 

lower channel. These messages are sparsely populated. 

 

 
Figure 2: Position of the boat during the measurement. 

 

This research was focused on the study of the effect of 

the distance and the geographical barrier on the AIS signal 

reception. For that reason, on July 10th 2019 a Maritime 

Department boat ŠL Slovenija (MMSI 278246000) equipped 

with an AIS class A transmitter was deployed. In the first 

mailto:matej.bazec@fpp.uni-lj.si
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part the boat travelled in a (mostly) straight line (see Fig. 2). 

In the second part the boat travelled beyond a hilly region 

(an elevation up to 150m). The research was important in 

order to properly set the hardware (mainly the RF gain) and 

software parameters (various threshold values). 

 

TECHNICAL DETAILS 

 

A detailed description is of the used procedure is given 

in [9]. Nevertheless, a short overview will be given in this 

section as well. As previously mentioned, an AIS message is 

sent over one of the two channels in the VHF band 

(161.975MHz and 162.025MHz) in a time slot of 26.7ms 

(although longer messages can use up to 5 slots). The CRC 

(cyclic redundancy check) of the raw data is first appended 

to the message. Then the data is bit-stuffed – a 0-bit is 

inserted after 5 consecutive 1-bits in order to help the 

receiver to stay synchronized. After that, a start-flag and 

stop-flag (a 7E hexadecimal byte sequence, non-stuffed) are 

prefixed and postponed respectively. At the end, the message 

is prefixed with the preamble (a 24-bit long sequence of 

alternating 0 and 1). The armoured data is then GMSK 

(Gaussian minimal shift keying) modulated with a bitrate of 

9600 bits per second. There is also a ramp-up time interval 

at the beginning of the slot that allows the transmitter to 

warm up and it corresponds to a time duration of 8 bits 

(0.8ms). 

In order to receive both the channels simultaneously and 

to get rid of the DC offset, the SDR device was tuned to 

161.875MHz with a sample rate of 2MSPS. The first step 

was to build a rough yet computationally effective way to 

sieve slots with potentially present AIS messages. For this 

purpose, the first component of the Fourier transform of 16 

consecutive samples was calculated. Keeping in mind the 

effects of using no window at all, a single FT component 

roughly corresponds to a 125kHz wide frequency band. This 

means that the DC component holds the frequencies from 

161.8125MHz to 161.9375MHz and the first component 

from 161.9375MHz to 162.0625MHz. This covers 

equidistantly both AIS channels and it was the reason the 

device was tuned to 161.875MHz. 

It should be stressed out that a single component and not 

the entire Fourier transform (FT) is to be computed. This 

increases the computational speed significantly especially if 

the FT coefficients are precomputed. A further improvement 

can be achieved taking into account that a multiple of 2π/16 

corresponds to an angle of a multiple of 22.5° so the 

summation order can be permuted to reflect this fact with 

vanishing factors omitted. The square of the amplitude (the 

total energy of the frequency band of interest) is then 

calculated. 

 

 
 

Such an approach needs 43 additions and 14 

multiplications for a sequence of 16 consecutive samples, 

meaning 2.7 additions and 0.9 multiplications for each 

sampled pair (in-phase and quadrature). Computational 

effectiveness of the first stage discriminator combined with 

the scarceness of AIS messages reduces significantly the 

amount of computational power needed to process the 

incoming signal. In order for this to work the threshold value 

should be set such to allow as few as possible false positive 

events, yet high enough to not miss a message that could 

otherwise be decoded. 

 

 
Figure 3: Stage 1 discriminator function as a function of 

time. A chunk corresponds to the time of 131ms. The signal 

between 122.1 and 122.4 is a good candidate for post 

processing. 

 

Once passed the first stage discriminator (as the signal in 

Fig. 3), the message gets downconverted once for each 

channel and passed through a low pass filter in order to get 

rid of signals outside the frequency band of interest. Both 

steps are done simultaneously by applying a Fourier 

transform (FT) over 2048 consecutive samples with the use 

of Hann window. Then the signal origin gets set to the central 

frequency of interest and all the values above the 25 kHz 

range get set to zero. In order to speed up the inverse Fourier 

transform, the sample gets decimated to 128 values. 

It should be mentioned that GMSK demodulation is 

basically the same as FM demodulation from the receiver 

point of view. As such, the amplitude square of the processed 

signal is calculated that serves as a second stage 

discriminator. The constellation diagram of a FM (as well as 

GMSK) modulated signal is a circle or a part of it if the 

frequency is perfectly synchronized and the modulation 

small. In either case, when a FM signal is present, the point 

in the constellation diagram should be far from origin. In the 

opposite case the noise is too big in order to successfully 

decode the message. 

If the candidate passes also the second stage (Fig. 4), then 

the actual demodulation takes place. Since it can be assumed 

that the changes in signal are small (after all, the signal was 

filtered) and we don’t really care about the modulation 

magnitude, the infinitesimal demodulation formula can be 

used: 
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Figure 4: Constellation diagram of the downconverted and 

filtered signal that has passed stage 1. A fraction of the 

diagram in the spiral shape closer to the origin represents the 

ramp-up at the beginning of the message. 

 

The demodulated signal then gets NRZI decoded and bit-

unstuffed. In order to get the correct central frequency, the 

average of the demodulated signal in the preamble is 

calculated. A successful reading can still be prevented if the 

glitches produced by the noise are too high. At the end, the 

decoded message gets checked for the appended CRC. If 

they match, the AIS message reception is considered 

successful. 

 

RESULTS 

 

 
Figure 5: A successfully demodulated signal with the 

preamble (5.5-8.5ms), start flag (8.5-9ms) and the beginning 

of the message (from 9ms on). 

 

The measurements were performed on ŠL Slovenija 

(MMSI 278246000), an AIS equipped boat that is used by 

our department for the training purposes on July 10th 2019 

from 11:00 till 14:00, local time. In the first part the boat 

travelled in a (mostly) straight line (Fig. 2) being always 

within the line of sight of the receiver. In the second part the 

boat travelled beyond a hilly region (an elevation up to 

150m). A log-periodic antenna was used for this purpose. 

Only signals appertaining to the particular MMSI number 

were taken into consideration. MMSI can be acquired from 

the beginning of the demodulated signal (Fig. 5). 

As it can be seen from Fig. 6, the receiver successfully 

acquired the signal in the entire first part of the experiment. 

The first stage discriminator function value dropped slightly, 

yet not enough to prevent a successful reception. 

 

 
Figure 6: First stage discriminator values as recorded in the 

experiment with respect to the distance of the boat form the 

receiver. 

 

On the other hand, the signal reception was lost almost 

immediately after the boat went out of the line of sight. For 

this reason its position from the signal itself could not be 

obtained. However, the vanishing signals were crucial to get 

some sensible values for the two discriminators thresholds. 

For the presented setup, all the messages with first stage 

discriminator function value approximately 5000 and above 

were successfully decoded. On the other hand, no valid 

message had this value lower than 2000. In fact, the lowest 

value of a successfully decoded message was 2414. This 

means that the latter could be a smart choice for the first stage 

discriminator threshold. Similar values yield for the second 

stage. 

 

CONCLUSIONS 

 

Although this research gave a conclusive answer for both 

discriminators thresholds only for the particular choice of 

antenna and the RF gain, it gives an approximation that 

should probably not differ much in other circumstances. It 

also gave an insight of how the signal diminishes with the 

increasing distance and with geographical barriers. 

This analysis was an important step towards a fully 

software implemented AIS receiver. This could be 

potentially used in some recent future for a low cost network 

of AIS receivers in the region of interest that could monitor 

the maritime traffic. 
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Abstract 

Results presented in the paper are based on data obtained 

during experiments performed on three different push-boats in 

real navigating conditions on the Danube. Experiments with 

ships in real navigating conditions are necessary in order to 

determine its working ability. Assessment of the ship’s working 

ability has been done based on precisely measured power on the 

propeller shafts, performed by torsionmeters together with 

speeds of navigation achieved with different loads. For 

determination of ships working ability, during experiments, the 

transport efficiency indicator – TE has been used. 
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DESCRIPTION OF THE PROBLEM 

 

The efficiency of inland ships is greatly determined by 

the technical state and reliability of propelling and auxiliary 

devices and engines. Technical state of push-boat’s 

propelling engines is determined based on a series of special 

organized experiments in real navigating conditions. 

Besides, The Danube Commission recommendations which 

refer to navigational characteristics of push-boats and pushed 

convoys are pointed towards increase of navigation safety on 

inland waterways. 

The goal of specially organized experiments in real 

navigating conditions performed on push-boats is to explore 

the influence of propelling engines, waterway dimensions, 

push-boat and pushed convoy dimensions and other 

conditions influencing ship’s propelling ability. Measuring 

the stated parameters is performed with different devices and 

equipment of which some are already installed on a ship 

while others are installed for experimental purposes. The 

goal of the experiments performed on push-bats is dual 

natured: 

► Based on research made by torsionmeters propulsive 

characteristics of the ship are determined, the 

synchronization degree of ship’s propelling engines and the 

effects achieved by propulsion complex propeller-nozzle is 

determined. Application of torsionmeters during 

experiments on each propeller shaft is used to determine the 

following: power given to the propeller (Np) and number of 

propeller shaft rotations (n), while hydrometric wing 

determines the speed of navigation in relation to water (v). 

Results obtained during experiments are compared to those 

from manufacturer’s testing table for each of the ship’s 

propelling engines. 

► Calculations of transport performance. ie transport 

efficiency and other technical and exploitation parameters of 

ship’s work achieved with pushed convoys of different sizes 

and carrying capacities. Calculated values of exploitation 

parameters achieved by the push-boat in real navigating 

conditions are extremely important when determining the 

real state of the ship and its ability in given circumstances. 

Torsionmeter is a device used to measure torque on 

propeller shafts, which occurs during the transfer of power 

from propelling engines to ships propellers. The power (N) 

that the propelling engine transmits to the propeller through 

the shaft depends on the torque (M) to which the propeller 

shaft is exposed over its entire length and the number of 

propeller rotations (n), according to the following expression

nMkN  , where k – proportionality coefficient. 

Working principle of the torsionmeter is based on elastic 

deformation of the shaft, which is exposed to the torque. 

Under the influence of the torque generated by the propelling 

engine on the one hand and the torque load of the propeller 

on the other, the two shaft cross sections S1 and S2 set at a 

distance l are twisted by an angle φ that is linearly dependent 

on the torque. The amount of angular deformation of the 

shaft depends on the size of the torque (M), the shear 

modulus of the material (G) from which the shaft is made, 

and the distance (l). For the calculation it is necessary to 

know the value of the of the polar moment of the cross 

section of the propeller shaft 
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 , where D – the 

diameter of the propeller shaft. 

Torque measurements on the push-boat’s propeller shafts 

is done using telemetric systems- torsion meters. So far the 

experiments carried out on the ships in Serbia torsionmeters 

of the TEL – FM type have been used, which are positioned 

on the propeller shafts in front of the sternpost. Number of 

rotations of propeller shafts have been determined 

electronically. Since between propelling engines and 

measuring devices gearboxes, couplings and bearings are 

positioned which produce certain losses, measured powers 

on propeller shafts are for 2,5% lower than the power on the 

propelling engines. The paper presents the results related to 

the power and RPM of the propeller shafts at the maximum 

charge of the continuous working regime. The described 

measurements were also made for several lower load modes 

of the engine, which is illustrated graphically in the paper. 

Speed of navigation of pushed convoys in relation to 

water was measured using an installed hydrometric wing, 

simultaneously with measurements of power and number of 

rotations. For each experiment the depth in the waterway was 

measured by on-board depth gauge. Speed of navigation for 

ship or pushed convoy in relation to water is most commonly 

determined by different types of hydrometric wings. Wing’s 

propeller turns while it moves through water, while number 

of propeller rotations is in relation to the speed of navigation. 

mailto:ivan.skiljaica@uns.ac.rs
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Speed of navigation for pushed convoy is calculated 

according to the given equation of the wing. 

Paper analyses current working conditions in real 

navigating conditions on the Danube river for two push-

boats from the same series “P” at two different periods of 

their exploitation. Ships are equipped with Stork Werkspoor 

Diesel Zwolle-Holland, RHO216K, diesel engines with 

nominal power Ni =2×379,04=758,08 kW at nominal 

number of shaft rotations n = 700 rpm and reduction rate of 

2,5:1. 

Apart from these two ships, in real navigating conditions 

on the Danube, operating state of another push-boat of the 

“R” series was also analysed, also for two different time 

periods of its exploitation. The ship is equipped with 

Litostroj – Ljubljana B&W 6723HU Diesel engines with 

nominal power Ni =2×540,96 =1081,92 kW at nominal 

number of shaft rotations n = 800 rpm and reduction rate of 

2,75:1. 

Working condition of push-boat was determined for two 

different time periods of its exploitation for its designed 

shape of pushed convoy, which will be shown separately. 

Results obtained during experiments are shown in special 

reports which are given to the owner of the ship together with 

suggestions of measures referring to possible operating 

manner and exploitation. Stated experiments were conducted 

by researchers including professors, teaching assistants and 

students of Faculty of transport and transport engineering 

University of Belgrade and Faculty of technical Sciences 

University of Novi Sad. 

This paper will present the degree of push-boat’s 

suitability for work using the transport efficiency parameter. 

 

DEFINITION OF THE TRANSPORT EFFICIENCY 

INDICATOR 

 

In the water transportation, system ships bear the main 

productive role. One of the ways to determine the degree of 

utilization of ships within the fleet on to analyse their work 

it is necessary to calculate real values of exploitation 

parameters for each vessel. Exploitation parameter is a term 

that understands technical and economic characteristics of 

vessel’s utilization per unit of time. In order to evaluate 

working characteristics of push-boat of chosen type 

transport effectiveness – TE, which belongs to the group of 

qualitative parameters. The suitability of transport 

effectiveness is reflected in the fact that it expresses the value 

of transport work (t∙km) over the time unit (hours) per unit 

of effective power of ships propelling engines (kW). 

According to this definition transport, effectiveness indicator 

is calculated according to the following expression 1: 
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where the following are: ΣQe – total amount of loaded 

cargo (t) in all of the barges of the convoy pushed by push-

boat; ΣNe – total measured (effective) power on ship’s 

propellers shafts (kW) while working with pushed convoys 

composed of certain type of barges; v – measured speed of 

navigation of pushed convoy (km/h). Fraction 

e

e

N

Q



  from the 

expression (1) represents power load indicator of the 

propelling engines (p) and it is defined as a relation between 

the total amount of cargo transported per unit of effective 

power of propelling engines, t/kW. 

 

PROCEDURE FOR CONDUCTING THE EXPERIMENT 

 

The experiment to determine the actual, operational, 

condition of the push-boat begins with the installation and 

adjustment of the necessary devices and instruments - 

torsiometers on the propeller shafts of the ship and the 

hydrometric wing at the appropriate place on the deck of the 

push-boat. After the installation of devices and instruments 

is completed, the ship is tied to the convoy of pushed barges, 

which begins the experiment. 

In order to carry out the experiment, it is necessary for 

the shipping company-owner of the ship to provide the 

required number of barges of the same dimensions, shapes 

and carrying capacities, which form the pushed convoy of 

determined shape and carrying capacity is formed during the 

test procedure. During operation of the propelling engines on 

the propeller shafts, the torque and the shaft speeds are read 

by the torsiometers mounted, while the hydrometric wing 

reads the speed of navigation of the pushed convoy in 

relation to the water. 

 

 

 
Figure 1: Positioning of torsionmeters on propeller shaft 
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The paper presents the results, which relate to the power 

and number of propeller shaft rotations at the maximum 

charge of the engine for permanent thrust, as well as for 

several lower modes of engine load, which is shown 

graphically in the paper. 

When examining the performance of the "P" series push-

boat, the ship begins an experiment with the composition for 

which it was designed, of the P+2+2 shape. The parameters 

that are determined on this occasion are: speed of navigation 

in relation to water - vP+2+2,, total measured power on both 

propelling engines - ΣNP+2+2, the total amount of cargo - 

ΣQP+2+2, in all four barges is determined before the 

experiment begins. The ship of the "R" series also begins an 

experiment with the composition for which it was designed, 

of the P+4+4 shape. The parameters that are determined on 

this occasion are: speed of navigation in relation to water - 

vP+4+4,, total measured power on both propelling engines - 

ΣNP+4+4, while the total amount of cargo - ΣQP+4+4, in all eight 

barges in the convoy. 

CONVOYS AND PUSHED CONVOYS 

Convoys are formed of non-self-propelled vessels-

barges, which are tightly coupled, and in order to carry out 

transport work it is necessary to push them by push-boat. The 

push-boat and the convoy together make the pushed convoy. 

The number of barges in the convoy depends on the strength 

of the push-boat’s propelling engines, the dimensions and 

capacity of the barges, the characteristics of the waterway 

and other factors. 

Tables 1 and 2 present basic technical characteristics of 

push-boats of the “P” series and barges from the HP71700 

series and ”R” series push-boats and barges from the 

BBP77400 series which form pushed convoys for 

experiments. 

 

 
Figure 2: Graphic presentation of convoy 

 

 
Figure 3: Graphic presentation of pushed convoy 

 

Table 1. Technical characteristics of “P” series push-boats and HP717000 series of barges  

Characteristic Abbreviation Unit Barge Push-boat 

Length overall Loa m 71,00 30,04 

Length at CWL Lkvl m 68,20 28,50 

Beam at CWL Bkvl m 11,58 9,46 

Maximal draught Tmax m 2,50 1,80 

Maximal displacement V m3 1760,00 338,75 

Registered carrying capacity Qr t 1468,00 - 

Propelling engines power ΣN kW - 2×379,08 

 

Table 2. Technical characteristics of “R” series push-boats and BBP77400 series of barges  

Characteristic Abbreviation Unit Barge Push-boat 

Length overall Loa m 61,90 33,56 

Length at CWL Lkvl m 61,00 29,50 

Beam at CWL Bkvl m 7,62 9,44 

Maximal draught Tmax m 2,20 1,85 

Maximal displacement V m3 893,00 371,50 

Registered carrying capacity Qr t 734,00 - 

Propelling engines power ΣN kW - 2×54,96 
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RESULTS OF THE EXPERIMENTS 

 

As previously mentioned, one way to determine the 

utilization rate of transport fleet vessels and to analyse their 

operation is to know the real values of transport efficiency 

indicators that they achieve in real navigation conditions. In 

the example below, it is necessary to determine for those two 

push-boats of series “P” and one pusher of series “R” the 

precise parameters on the basis of which the real values of 

its transport efficiency are calculated. Installed devices 

during experiments in real navigating conditions determine 

the true values of the speed of navigation relative to water 

(v) and the maximum effective power given by both 

propelling engines at a given moment (ΣNe). The amount of 

cargo (ΣQе) contained in all the barges during the experiment 

is determined on the basis of the documentation 

accompanying the transport. 

Experiments during which the working parameters of 

both “P” and “R” series of push-boats were conducted on the 

Danube river, in two different time periods and during 

different navigating conditions. Most important parameters 

that refer to the measuring track are: the position of the 

measuring track (measuring mile), average depth on the 

measuring track (H) and average speed of navigation of 

convoys (v) during experimentation. Based on the measured 

depth and speed of navigation the relation between the 

measured average depth on the measuring track (Н) and 

determined draft of the barges(Tmax), 

maxT

H , along with values 

of the Frouude criterion by the depth of the river flow, 

Hg

v
FrH




. Results achieved during the mentioned 

experimentations are presented in the table 3. 

Tables 4 and 5 present measured values of the speed of 

navigation (v), measured effective power on the push-boat’s 

propeller shafts (ΣNe), total amount of loaded cargo in all 

barges (ΣQe), along with calculated values of transport 

effectiveness TE achieved during both experiments 

according to adopted shapes of pushed convoys. 

Graphs in the figures, 4, 5 and 6 in the coordinate system 

(n; N) present curves of the change of power on the 

propelling engines (N) installed in ships, determined as a 

function of number of rotations (n) whose values were 

obtained on the manufacturers testing table. Same graphs 

show curves shaped (nvr; Nvr) which represent the change of 

power of both left and right propelling engines as a function 

of number of rotations of the propeller shafts measured 

during both first and second experiment. 

 

 

 

 

 

Table 3. Conditions during experimentations for all three push-boats for both  

 
Push-boat “P1” Push-boat “P2” Push-boat “R” 

1st exp. 2nd exp 1st exp. 2nd exp 1st exp. 2nd exp 

Sector of the 

Danube, km 
1208÷1213 1098÷1102 1108÷1114 1110÷1122 1145÷1149 1095÷1109 

Average depth, m 8.0 8.5 9.5 10.3 12.0 9.0 

Relation H/Tmax 3.2 3.4 3.8 4.12 5.454 4.091 

Measured speed, 

m/s 
3.2222 3.008 3.1527 2.8694 3.0305 2.9305 

Freude number, 

Hg

v
FrH




 

0.363 0.329 0.326 0.285 0.279 0.311 

 

Table 4. Results of the experiments for push-boats P1 and P2 

Experiment 

Push-boat “P1” Push-boat “P2” 

ΣQ 

(t) 

v 

(km/h) 

ΣNe 

(kW) 

TE 

(tkm/kWh) 

ΣQ 

(t) 

v 

(km/h) 

ΣNe 

(kW) 

TE 

(tkm/kWh) 

1st 5930 11.6 721.3 95.366 5894 11.35 655.0 102.132 

2nd 5888 10.829 534.7 119.264 5917 10.33 
576.4

1 
106.04 

 

Table 5. Results of the experiments for push-boat R 

Experiment 

Push-boat “R” 

ΣQ 

(t) 

v 

(km/h) 

ΣNe 

(kW) 

TE 

(tkm/kWh) 

1st 5869 10.91 1071.7 59.746 

2nd 6431 10.55 970.5 69.915 
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Figure 4: Power on the propelling engines of “P1” push-boat 

 

 
Figure 5: Power on the propelling engines of “P2” push-boat 

 

 
Figure 6: Power on the propelling engines of “R” push-boat 

 

 

ANALYSIS OF THE RESULTS OF EXPERIMENTS 

 

Since it has been adopted that in order to evaluate the 

performance of the push-boat of the selected type, the 

transport efficiency indicator - TE, which is calculated 

according to the expression (1), must be evaluated. 

First, the conditions in the waterway during 

experimentations with “P” series push-boats and the selected 

“R” type push-boat were almost identical. According to the 

criteria 

maxT

H
 almost identical values were achieved for both 

experiments, ie 

III
T

H

T

H






















maxmax

 while at the same time 

the values of the Freude number 

Hg

v
FrH


  in both cases 

were within the boundaries that influence the accuracy of the 

results of the experiments. According to this, it can be 

claimed that navigating conditions in the waterway were of 

no influence on the achieved results of the transport 

effectiveness parameter. 

Second, significant differences are observed when 

analysing the performance of ships in the first and second 

experiments. During the second experiment, in all three 

ships, a large decrease in the total power measured on both 

propeller shafts of the ship (ΣNe) was observed in relation to 

the first experiment (Tables 4 and 5), as well as in relation to 

the total power of the propelling engines (ΣN) which were 

installed in the push-boats (2×379.04=758.08 kW; 

respectively, 2×541=1082 kW). During the second 

experiment, the total power on both propeller shafts of the 

ship "P1" was 534.70 kW, while during the first experiment 

it was 721.3 kW. It can be seen from the relation that the 

power utilization rate of the propulsion engines of the ship 

"P1" during the second experiment was 0.7054, while during 

the first experiment the power utilization rate of the 

propulsion engines was 0.9515. 

Similarly, the power utilization rate of the propulsion 

engines of ship “P2” in the first experiment was 0.8641, and 

in the second experiment - 0.7604. For the push-boat of 

series "R", these ratios are: 0.9904 in the first experiment, 

while 0.8969 during the second experiment. 

At the same time, during the second experiment, all three 

ships during the course of the experiments achieved lower 

navigation speeds than the speeds achieved in the first 

experiment. 

The consequence of the changed operating conditions of 

the ships during the second experiment compared to the first 

experiment is reflected in the realized values of the transport 

efficiency indicators. Tables 4 and 5 show that the transport 

efficiency achieved by all three ships during the second 

experiment achieved significantly higher values compared to 

the transport efficiency indicator achieved during the first 

experiment, ТЕII > ТЕI. When analysing the parameters 

affecting the transport efficiency indicator, it can be seen that 

the realized (measured) power on the propeller shaft has the 

greatest influence on its value, which is significantly smaller 

in the second experiment compared to the first experiment, 

while the speed of navigation of the pushed convoys has a 

much smaller influence. In all three cases, it happens that 

ΣNe(I)> ΣNe(II) is realized and that vII< vI. The results of the 

transport efficiency indicators thus obtained, in relation to 

the achieved operating parameters of the ship (measured 

speed, number of shaft rotations, measured power on the 

propeller shaft), can be considered paradoxical. 
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PROPULSION CHARACTERISTICS ANALYSIS 

 

Analysis of propulsion characteristics of push-boats 

includes examination of parameters of synchronization of 

propeller operation with operation of propelling engines. The 

reciprocal relationship between the characteristics of the 

propeller and the propulsion engine may be determined on 

the basis of: 

 the relation of their rpm: when the torque 

transmission from the propelling engines is 

achieved by means of a gearbox, then n
i

n
r


1

, 

that is, with the direct transfer of torque - when there 

is no gearbox, then n=n’, where n is the number of 

propeller shaft rotations; n’ – engines number of 

rotations; 

  equalities of their moments M=M’ - in both cases 

(with or without gear unit), where: M - torque 

measured on the propeller shaft, M’ - torque on the 

shaft of the propelling engine. 

It is known that a fixed-pitch propeller of the push-boat 

should be designed in such a way that its geometrical 

elements fully correspond to the shape of the pushed convoy 

and the parameters of the propelling engine under the 

conditions for which the calculation of the moving complex 

is performed (depth, speed of navigation, etc.). For this 

reason, it should be considered that the fixed-pitch propeller 

is synchronized with the propelling engine if it (the engine), 

while working in conjunction with the propeller, develops a 

nominal power value of N0 and a rated speed of n0 for the 

adopted in-line speed of the pushed convoy. 

If, during the operation of the ship, it happens that, at 

nominal engine power N0, the propeller speed is lower than 

the nominal one (n<n0) then the propeller becomes 

hydrodynamically heavy for the engine. If, however, at the 

nominal speed of the propeller (n=n0), the propelling engine 

operates at a power less than the nominal (N<N0), then the 

propeller is considered to be hydrodynamically light. 

Hereinafter, according to the procedure described below, 

an analysis of the propulsive characteristics of all three push-

boat for the two different time periods follows. 

Boat "P1" (Fig. 4) – convoy made out of four barges 

(P+2+2 convoy shape) should represent a normal load, 

which would require the propulsors to achieve the highest 

degree of synchronization with the operation of the 

propelling engines. The test results in the first experiment 

indicate somewhat heavy running propeller, although the 

ship's propelling engines reached approximately nominal 

rpm and rated power. During the second experiment, based 

on the constructed power change curves, a much more 

significant heavy running effect of both propellers was 

observed, with the left propeller being more pronounced than 

the right propeller. 

Boat "P2" (Fig. 5) – for this ship as well (since they 

belong to the same series) the four barge convoy (P+2+2 

convoy shape) should represent a normal load, so that the 

propulsors should have the highest degree of synchronization 

with the operation of propeling engines. During the first 

experiment, the test results indicated somewhat 

hydrodynamically heavy propeller, although the ship's 

propelling engines reached approximately nominal speed 

and rated power. The test results in the second experiment 

indicate that the propellers have different effects on the 

operation of the propelling engines. While the left propeller 

is hydrodynamically light, the right propeller is significantly 

hydrodynamically heavy. At the same time, none of the 

propelling engines achieves a rated speed, and in particular 

they do not reach a rated power. Certainly such results are 

due to the poor condition of both propelling engines. 

Boat "R" (Fig. 6) - convoy made out of eight barges 

(convoy shape P+4+4) represents a normal load, which is 

why the propulsors would have to achieve the highest degree 

of synchronization with the operation of propelling engines. 

Based on the analysis of the position of the points of the 

drawn power change diagrams, during the first experiment, 

it can be concluded that the measured power and speed 

during navigation are almost equal to the test results on the 

testing table. During the second experiment, nearly identical 

results were obtained of measured power and rpm 

corresponding to the tests on the testing table. Therefore, 

both propulsive characteristics were very favourable in both 

experiments. 

CONCLUSIONS 

Based on the results of the experiments, as well as many 

others, which were realized in the real navigating conditions 

of the push-boats, it is evident that experiments during the 

exploitation period of ships are very important. Within the 

efforts made in Serbia on the way of applying modern 

methods in the field of technical exploitation of ships and 

organization of water transportation, testing of navigational, 

propulsion, thrust and energy characteristics of the push-

boats has a special place. The significance of these 

experiments is multifaceted, especially in theoretical and 

practical terms. For example, many measures need to be 

implemented on river fleet vessels to improve the methods 

of exploitation and overhauling of diesel engines to ensure 

their reliability and performance. Based on the results of 

these experiments the shipping company - the ship-owners - 

get a clear idea of the technical condition of the ships they 

have, on the basis of which they plan not only the mode of 

exploitation, but can plan timely organization of overhaul, 

adopt modern methods of maintenance and general overhaul 

of propelling engines. 
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