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IN T EL L IG E N T  T R A N SPO R T A T IO N  SYSTEM  C O N CEPT  
FO R TH E TR I-C ITY  RING -ROAD

In te lligent T ransporta tion  System s provide m any tools such as advanced m anagem ent traffic 
system s o r em ergency system s to im prove transportation  system s. T ow ns o f  T ri-C ity  A glom eration  
started to w ork  out concep tions o f  traffic  m anagem ent system s according to agreem ent established 
in Sopot in 2002. T he first stage o f  conception  w orks w as the aglom eration system . T he paper concerns 
description o f  the second  stage o f  concepcion w orks -  an integrated freew ay traffic m anagem ent system  
on the T ri-C ity  R ing-road .

K O N C E PC JA  IN T EL IG EN T N E G O  SYSTEM U TRA NSPO RTU  
DLA O B W O D N IC Y  TRÓ JM IA STA

Jednym  ze sposobów  udoskonalenia  układów  transportow ych je s t zastosow anie  Inteligentnych 
System ów  Transportu . S ystem y te dostarcza ją  szeroki w achlarz narzędzi począw szy od zaaw ansow anych 
system ów  sterow ania  ruchem  za  pom ocą  sygnalizacji św ietlnej do system ów  ostrzegan ia  o m ożliw ości 
w ystąpienia w ypadku. Z godnie  z ustaleniam i podjętym i w  Sopocie w  2002 roku, m iasta A glom eracji 
Trójm iejskiej p rzystąp iły  do opracow ania  koncepcji system ów  zarządzania ruchem  na podległych  sobie 
drogach. P ierw szym  elem entem  prac było przygotow anie koncepcji tró jm iejsk iego system u 
aglom eracyjnego. W  referacie  przedstaw iono opis drugiego etapu prac koncepcyjnych -  zin tegrow any 
system  zarządzan ia  ruchem  na O bw odnicy  Trójm iasta.

1. IN TRO DU CTION

An effective and convenient transportation system  is the basis for developing business 
and im proving the quality o f  life. The public expects to be able to drive to work, school and to 
places o f  recreation. W hile the car helps m eet those needs, it also poses a risk to the 
environment and health. In particular, the car itse lf makes its life m ore difficult. This situation 
sets the context for m any cities w orldw ide to introduce intelligent system s for m anaging
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transportation [1], [2], [3], [4], In an effort to build  an ITS, the cities o f  the Tri-City 
Conurbation at a 2002 m eeting in Sopot, m ade the decision to  develop a concept o f  traffic 
m anagem ent. The underlying studies are already finished, i.e. a general concept o f the 
Intelligent T ransportation  System  in the Tri-C ity Conurbation and a general concept o f an 
integrated traffic m anagem ent system  on the T ri-C ity R ing-road [5] and general concepts of 
urban traffic m anagem ent system s in G dynia [6 ] and Sopot [7].
The study in question will help to gather know ledge about Intelligent T ransportation Systems, 
begin w ork on building a professional team  to build and operate the Conurbation 
Transportation System , identify  and ju s tify  the need for integrated traffic management 
system s on the Tri-C ity R ing-road, in G dynia and Sopot and in G dansk, Pruszcz, Rum ia and 
Reda, develop detailed traffic m anagem ent system s, develop an action plan, prepare a pilot 
project and an application for national and international assistance for the project.

2. W HY ITS

Intelligent T ransportation System s (ITS) are used to im prove transportation systems to 
m ake them  m ore efficient, effective and safe. These system s offer a w ide range of 
possibilities, beginning w ith advanced traffic control system s using light signalisation to 
accident w arning system s. S tudies in the U SA, Japan and Europe show that by  using ITS [2], 
[3] we can:

•  reduce expenditure on transport infrastructure by as m uch as 30 -  35 %, and obtain the 
sam e effects in term s o f  system  efficiency,

•  increase by  as m uch as 2 0  %  the efficiency o f  transport system s (in term s o f  capacity) 
w ithout having to  spend m oney on road works,

•  significantly  reduce the num ber o f  incidents and casualties,
•  reduce travel tim e,
•  significantly  reduce C O 2 em issions,
•  help the econom y by  increasing production o f  electronic equipm ent.

Transport developm ent program m es across Europe m ake extensive use o f  intelligent 
transportation system s and integrated traffic m anagem ent. Poland too has recognised  the need 
for m odem  transportation system s. Relevant w ork, however, still rem ains uncoordinated. The 
N ational D evelopm ent Plan 2004 -  2006 [8 ] in its transport section includes an operational 
plan Transport -  M aritim e Economy. The program m e includes two priorities:

1. Sustainable developm ent o f  the transportation system.
2. Safer road infrastructure.

Priority 2 A ctiv ity  3 says “developm ent o f  traffic control system s” and will be eligible for 
European Union funding. The governm ent’s docum ent “e-Poland” sets out p lans to develop 
intelligent transportation system s in Poland [9]. W ith the upcom ing m em bership in the 
European U nion, Poland decided to  adopt m ain developm ent goals in the area o f  intelligent 
transportation. These include:

•  developm ent o f  an in telligent system  o f  safe transportation,
•  developm ent o f  system s for collecting inform ation and databases,
•  developm ent o f  a databank on hazardous m aterials,
•  reduction o f  urban congestion.

A diagnosis o f  the T ri-C ity  R ing-road transportation system  identified a num ber of 
transportation problem s [5 ]:
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•  high level o f  congestion, in particular during peak tim es, negatively affecting the 
conditions and quality  o f  travel for transportation, loss o f  tim e and poorer quality  o f 
life o f  the com m unity  and negative im pact on the environm ent,

•  high costs o f  incidents and high costs incurred when traffic is stationary as a result 
o f  road incidents,

•  rescue operations are affected because o f  the difficulty w ith identifying the scene o f 
the incident, reaching it and providing help,

•  lack o f  inform ation about traffic and driving conditions both before and during 
travel.

Because o f  the above factors, the decision was m ade to im plem ent the ITS in the cities 
of the Tri-City C onurbation as a w ay to alleviate or solve the problem s. Priority num ber one 
is the developm ent o f  a conurbation-w ide ITS and im plem entation o f  an integrated system  for 
managing traffic. This w ork is necessary  no t ju s t because o f  the national and international 
trends in the area, but because o f  the current traffic conditions in the Tri-C ity C onurbation, 
making an integrated traffic m anagem ent system  a m ust. This is further ju stified  by the 
following factors:

1. W ith m ore business and social activity, traffic and m obility  in the T ri-C ity 
Conurbation are rising  too, m aking traffic conditions m ore difficult, w hile the existing 
road infrastructure, traffic system s and control do not m eet the needs o f  the types and 
volum es o f  traffic.

2. An integrated traffic m anagem ent system is one w ay to im prove traffic and m ake 
optimal use o f  the T ri-C ity  C onurbation’s traffic capacity. The traffic m anagem ent 
system  itself, how ever, does no t mean that the road system needs no further 
developm ent. W ork m ust run parallel, i.e. system  developm ent and infrastructure 
developm ent.

3. The Pom orskie reg ion ’s spatial policy includes a sustainable transportation policy 
designed to  reduce the dem and for the passenger car and increase the use o f  public 
transportation. To im plem ent the policy m ore decisive steps are needed to im prove the 
effectiveness and convenience o f  public transportation.

4. The T ri-C ity  C onurbation w ith its sea ports and m aritim e econom y businesses carries 
a lot o f  freight transportation leading to substantial traffic o f  heavy goods vehicles in 
the city. W ith the grow th o f  national and international traffic in the area, including the 
establishm ent o f  the Pom orskie Logistic Centre, telem atics w ill have to be introduced 
into goods traffic m anagem ent.

It is im portant to  rem em ber that ITS m easurem ents will not solve all o f  the 
transportation problem s on the Ring-road, but can reduce them . Besides ITS m easures 
applying the other activities should be made:

•  developm ent o f  the street netw ork w hich cooperates w ith Ring-road,
•  building o f  new  interchanges and m odernization o f  existing ones,
•  building o f  new  freew ay sections (A -l, S-7).
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3. SY STEM  CO N CEPT

The freew ay traffic m anagem ent system  on the Tri-City R ing-road have to be planned 
as the part o f  the target aglom eration system  w hich will cover the entire conurbation as well 
as adjoining areas, extending beyond the conurbation (F ig .l). The targeted system  coverage is 
the following:

•  the tow ns o f  Pruszcz G dański, Gdańsk, Sopot, Gdynia, Rumia, Reda and Wejherowo 
including the street netw orks and car parks,

•  express roads, i.e. the existing Tri-City R ing-road (S -6 ) and the planned South Ring­
road o f  G dańsk (S-7) and the Lębork R oute (S-6 ),

•  the beginning o f  the A -1 motorway,
•  national roads 1 in Pruszcz Gdański and 6  in Rumia, Reda and W ejherowo,
•  railw ay transportation netw ork -  city  rail SKM ,
• public transportation netw ork  in Pruszcz Gdański, Gdańsk, Sopot, G dynia, Rumia, 

Reda and W ejherowo.
A m ore detailed determ ination o f  the sub-areas and sub-system s will be m ade as w ork on the 
system  progresses, i.e. using m easurem ents, traffic analyses and transportation needs in the 
particular parts o f  the conurbation. The current com puter technology should allow  a fully 
autom atic traffic m anagem ent in the sub-areas.

F ig . l .  The  p lanned coverage o f  T R IS T A R  (targeted transportat ion network)
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The assum ptions to the G dansk C onurbation’s ITS presented below  are the result o f 
analyses and com parisons betw een European and American advanced traffic m anagem ent 
systems and the identified transportation problem s. The T ri-C ity ITS should include all 
elements o f  the T ri-C ity  C onurbation transportation system w hich need to  be co-ordinated 
between the industries, areas and organisations providing the service and organisations using 
the system. The Tri-C ity ITS should include the requirem ents and needs o f  the local system s 
and ensure co-operation betw een them  and w ays to  integrate them. The T ri-C ity  ITS should 
include national and international needs and allow  for the involvem ent o f  a num ber o f 
companies and organisations, becom e part o f  international program m es and gain access to 
international funding. Before w ork on the system begins, standards o f  procedures and 
equipment m ust be developed. The system  can then be divided into stages to be m anaged by 
local authorities and agencies responsible for Tri-City traffic and transportation. The 
standards and procedures w ill help ensure com patibility o f  all ITS elem ents and identical 
traffic m anagem ent.

The T ri-C ity Intelligent T ransportation System T R IS T A R  (acronym  from the Polish 
words: TR ójm iejski Inteligentny System  T ransportu A glom eR acyjnego „T R IS T A R ”) should 
be a set o f  tools for efficient and effective transportation infrastructure m anagem ent and 
efficient traveller service across the T ri-C ity Conurbation. TRISTA R  will consist o f  an 
intelligent infrastructure, intelligent vehicles and an intelligent m anagem ent system . Because 
no national guidelines on system  architecture are available, the system  is based on European, 
Japanese and A m erican m odels. The freew ay traffic m anagem ent system  on the T ri-C ity  Ring 
(TRISTAR O T) will com prise integrated road traffic m anagem ent sub-system , integrated 
goods traffic m anagem ent sub-system  (logistic centres), integrated rescue m anagem ent sub­
system (integrated rescue system ), integrated incident m anagem ent sub-system , integrated 
transportation inform ation sub-system .
The system architecture is illustrated in Figure 2.

TRI-CITY RING-ROAD 
SYSTEM

Integrated « Integrated 1 Integrated | Integrated IÎ Integrated 1
traffic incident S rescue transport goods traffic I

management j j _ management & b m anagem ent JÎL information L1 management If
system system system system system

Fig.2. O verall system  architecture
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The objective o f  im plem enting the ITS on the T ri-C ity R ing-road is to  m ake a m ore effective 
use o f  the existing road and transportation infrastructure, reduce accidents, reduce congestion, 
im prove travel conditions, m onito r and protect the environm ent, better m anage all elem ents of 
the transportation system , better m anage the roads, increase the effectiveness o f  rescue, 
im prove system s for inform ing drivers about traffic conditions.

The objectives can only be achieved by integrating and co-ordinating all elem ents o f the 
transportation system  as well as co-ordinating w ith other TRISTA R  system s (Fig.3). The Tri- 
C ity C onurbation integrated road traffic m anagem ent system  was divided into several systems 
to m anage the elem ents o f  the road netw ork in sub-areas o f  traffic control. Each system 
m anages a specific type o f  traffic in a specific area through a num ber o f  sub-system s. The 
sub-system s operation will be integrated in their respective m anagem ent centres. Because 
traffic control is a com plex process and covers a num ber o f  problem s o f  T ri-C ity  traffic, a Co­
ordination C entre w ill be established to co-ordinate all sub-system s in the conurbation. The 
structure o f  the road traffic m anagem ent system  in the Tri-C ity C onurbation, including sub- 
areas and areas m anaged by  road authorities, should be as follows:

•  urban traffic m anagem ent system s,
•  freew ay traffic m anagem ent system ,
•  national non-urban traffic m anagem ent system.

Fig.3. P roposed integrated  traffic  and transporta tion  m anagem ent system  in transition  in the T ri-C ity 
C onurbation  TR ISTA R
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3.1 T R A F F IC  M A N A G E M E N T  SYSTEM

Integrated Traffic M anagem ent System on express roads (R ing-road) will consist o f  the 
following sub-system s and cover three elem ents traffic m anagem ent system  on express road 
interchanges, traffic m anagem ent system  on express road m ain carriagew ay, traffic 
management system  in the express road corridor. The presented architecture show s the 
targeted traffic m anagem ent system  on the Tri-C ity Conurbation express roads, how ever, 
initially the system  will only cover the Tri-C ity R ing-road as an express road and roads that 
are part o f  the R ing-road corridor. Each sub-system  o f  ring-road traffic m anagem ent will 
carry out a few functions. The ring-road traffic m anagem ent system cannot operate efficiently 
unless co-ordinated w ith the G dańsk and G dynia traffic m anagem ent system s and the entire 
Tri-City Conurbation traffic m anagem ent system . This function will be delivered by the 
planned C oordination C entre. A nd traffic m anagem ent system s in G dańsk, G dynia and Sopot 
will not be fully operational unless co-ordinated w ith the ring-road traffic m anagem ent 
system. On national roads m anaged by the G dańsk branch o f  the G eneral D irectorate o f 
National Roads and M otorw ays, i.e. national road 1 in Pruszcz Gdański, national road 6  in 
Rumia, Reda and W ejherow o there are m ore than 25 signalised junctions. To control and 
improve traffic on these roads, the D irectorate’s traffic control system s will be used. As 
separate urban traffic m anagem ent system s will be introduced, these system s will change their 
functions.

3.2 IN C ID E N T  A N D  R E SC U E  M A N A G E M E N T  SY ST E M S

System s for m anaging rescue are usually linked w ith road incident m anagem ent 
systems. These include system s for autom atic vehicle localisation, com puter-aided vehicle 
dispatch, priority vehicle fleet m anagem ent and vehicle positioning. Each o f  the system s helps 
reduce the tim e to reach the scene o f  the incident. U sing the tools offered by ITS requires a 
specific logical structure o f  the road incident m anagem ent system. Structures for the T ri-C ity 
Ring-road system  w ere proposed. Incident m anagem ent begins when the operator at the 
Rescue Inform ation C entre receives inform ation about an incident. Incident m anagem ent 
terminates w hen norm al traffic is restored. Incident inform ation can b e ’ passed on to the 
Rescue Inform ation C entre via the R ing-road M anagem ent Centre (for autom atic incident 
detection) o r directly  by radio  (taxi drivers, delivery vehicles) o r by telephone (a single 
number 112). The police, fire service and those responsible for breakdow n recovery reach the 
scene o f  the incident independently  from one another. The road  service and public 
transportation operator becom e involved when a m ajor repair is required or a long lasting 
detour. The C entre w ill p lay a m ajor role, m anaging traffic to m inim ise disturbance and 
inform drivers (by variable m essage signs, text messages, the Internet, RDS) about the 
incident or the preferred routes. Incident m anagem ent system s help to  reduce the detection 
time, arrival tim e and tim e to restore normal traffic. The system  o f  autom atic incident 
detection and cam era surveillance (CCTV  cam eras) helps detect road incidents on the street 
network. The system  can be used by  a num ber o f  operators who identify and register incidents 
location, the num ber o f  vehicles involved, projected tim e to recovery). Incident m anagem ent 
systems also help to  reduce congestion caused by the incident and consequently, reduce tim e 
loss, fuel usage and exhaust em issions.
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3.3 T R A N S P O R T A T IO N  IN F O R M A T IO N  S Y ST EM

There w ill be 2 basic sub-system s o f  T ri-C ity R ing-road transportation information, 
each o f  w hich w orking together w ith a w ide range o f  com m unications devices and 
inform ation m edia operators. The idea is to provide traffic inform ation and traffic updates to 
the biggest possible num ber o f  users. The inform ation to  be provided to traffic users will 
include 2  groups o f  inform ation traffic conditions as well as w eather and environm ent.

3.4  G O O D S  T R A F F IC  M A N A G E M E N T  SY ST EM

ITS system s are also used for m anaging heavy goods and delivery vehicles traffic. 
M anagem ent techniques using ITS benefit the drivers o f  delivery vehicles, transport 
com panies and logistic centres w ho co-ordinate goods traffic. ITS helps to increase the 
effectiveness o f  m anagem ent w ithout investing in the infrastructure. ITS can be used in the 
follow ing areas o f  delivery vehicles m anagem ent:

•  safe transit (exchange o f  inform ation, autom atic vehicle and driver inspection),
•  shipm ent adm inistration (vehicle registration, perm its for special shipments, 

autom atic fees),
•  electronic vehicle m onitoring (docum ent inspection, border traffic, inspecting loads),
•  m anaging shipm ents at logistic centres (travel schedules, routing, route information, 

shipm ent m onitoring).
ITS enables a m ore efficient exchange o f  inform ation am ong drivers, operators and logistic 
centres, in particular in case o f  long haul transport. The use o f  advanced information 
exchange system s helps to  im prove H G V  traffic and save tim e. Because o f  the efficient 
exchange o f  inform ation and autom atic m onitoring o f  loads vehicles are no t overloaded. The 
use o f  ITS helps m onitor the technical condition o f  the vehicles.

4. CO N CLU SIO N

The assum ptions to  the Tri-C ity Conurbation intelligent transportation system , show the 
system ’s final vision, but a lot needs to be done before it is com plete. To build  the system , we 
need to build  a team  o f  people taking an interest in the system , finalise the concept as part of 
“roundtable” discussions involving the relevant organisations, local authorities, road and 
traffic authorities, include TRISTA R  in the strategies and plans o f  the region, cities and road 
and traffic authorities, prom ote the idea o f  the system  on sem inars and training courses, 
develop a p ilo t project, prepare applications for financial assistance (national and international 
sources), prepare designs and specifications, carry out the pilot project (projects), continue to 
develop the system  based  on experience from the pilot project. The first pilot pro ject could be 
the Integrated Traffic M anagem ent System  for the Tri-City Ring-road.



Intelligent transportation system  concept for the T ri-C ity Ring-road 197

BIBLIOG RAPH Y

[1] ITS H andbook  2000.  Recommendations  from the W orld Road Associat ion (P IERC).  Artech House,  
Boston 1999.

[2] PROPER, A L L E N  T.: Intelligent Transpor ta tion Sys tem Benefits: 2001 Update.  U.S. Depar tment  o f  
Transporta tion W ashington  D.C.,  2002.

[3] ITS Hand B ook 2000 -  2001. Superv ised by  the Ministry o f  Construct ion. Japan. Tokio  2001.
[4] M O N T E R O  L.: Inc ident pred ic tion on the ring road (in Barcelona). ITS International July /August  2001.
[5] JAM R O Z K.,  O S K A R B S K I J. et al: Koncepcja  ogólna  systemu zarządzania ruchem na Obwodnicy  

Trójmiasta. Gdańsk  Univers ity  o f  Technology,  Gdańsk ,  December 2002.
[6] JA M R O Z  K.,  O S K A R B S K I  J. et al: Koncepcja  ogólna systemu zarządzania ruchem w Gdyni.  Gdańsk 

Univers ity o f  Technology,  G dańsk ,  December 2002.
[7] JA M R O Z  K.,  O S K A R B S K I  J. et  al: Koncepcja  ogólna systemu zarządzania ruchem w Sopocie .  Gdańsk  

Univers ity o f  Technology,  G dańsk ,  February  2002.
[8] Narodowy Program R ozw oju  Gospodarczego.  Ministerstwo Gospodark i 2003.
[9] e-Polska” . Plan dzia łań na rzecz rozwoju  społeczeństwa in formacyjnego w  Polsce na lata 2001 -  2006. 

RM 11 września  2001.

Review er: Prof. M arek Pałys


