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SELEC TED  PRO BLEM S OF SOM E ITS A DVANCED T E C H N O L O G IE S  
A PPL IC AT IO NS FOR INTER-M ODAL T RA NSPO RT  CHAINS

T he inform ation p lays very  im portant ro le in the transportation  process. E ffective inform ation 
system s im prove the m anagem ent o f  the process w hich is hard to control and requires excellent 
coordination.

T he intelligent transport chain includes autom atic location o f  vehicles, loads, and drivers. 
T here  are tw o basic techno log ies to be applied: (a) R FlD -technology and (b) satellite  (e.g. G PS, G alileo), 
to au tom atic location o f  veh icles and transport units. T hey have som e advantages and disadvantages.
In this article som e issues o f  both technologies o f  freight transport chains are considered .

W YBRANE PRO BL E M Y  Z A ST O SO W A N IA  NIEKTÓRYCH Z A A W A N SO W A N Y C H  
TECHNOLO GII ITS W  IN T ER M O D A L N Y M  ŁAŃCUCH U T R A N SP O R T O W Y M

W  artykule  p rzedstaw iono w ybrane problem y zw iązane z zastosow aniem  autom atycznej 
lokalizacji po jazdów  oraz jed n o stek  ładunkow ych z w ykorzystaniem  technologii R FID  oraz technologii 
satelitarnej, np. G PS , G alileo , w  interm odalnym  łańcuchu transportow ym . Z w rócono uw agę na n iektóre 
zalety  i ograniczenia  każdej z tych metod.

W  artykule  om aw iane są  zagadnienia  znaczenia w ym iany inform acji d la efektyw ności procesu 
transportow ego. N ow oczesne techno log ie  w ym iany i przetw arzania inform acji s tw arzają  now e, n ieznane 
w cześniej m ożliw ości zarządzan ia  procesem  transportow ym .

1. INTRODUCTION

The supply chain can be defined as all processes concerned w ith the supplying o f  goods 
from point o f  origin to point o f  consum ption. The transport chain is part o f  the supply chain, 
generally lim ited to the m ovem ent o f  goods.
G enerally speaking, it m ay include:
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• Seam less transport system s that deliver goods on tim e, in peak condition, at an agreed 
value, using the best available technologies

•  Ensuring flexibility  to m eet changing needs
•  Building and m aintain ing effective business relationships betw een all players m aking- 

up the individual links in the transport logistics chain
•  Successfully m eshing transport m odes across state and international borders
•  U sing the m ost efficient and effective transport m eans as agreed by  the custom er and 

the supplier
•  A voiding supply chain disruptions
•  C overing transport chain m anagem ent
•  Incorporating transport intelligence as well as transport infrastructure (ITS)

W hen advanced inform ation and telecom m unication technologies (ICT) are fu lly  used in a 
transport chain, it can be called intelligent.

2. IN FO R M A TIO N  N EED S OF A CTO RS IN IN TELLIG EN T T R A N SPO R T  C HA IN S

Firstly  w e will present the characteristic features o f  integrated supply chains:

>  Elim ination o f  barriers betw een participants o f  a supply chain;
>  C oordination o f  m aterial, inform ation and finance flows along the chain;
>  Partnership relations o f  the m em bers o f  the chain based on win -  win strategy;
>  Reduction o f  costs in the w hole chain instead o f  sub optimal solutions (e.g. low ering 

inventory level in the w hole system ) w ith the use o f  synergy effect;
>  R egular m eetings at d ifferent levels in order to  find solutions effective from the point 

o f  view  o f  the w hole system ;
>  Free exchange o f  inform ation betw een partners.

In the integrated supply chain decisions at one stage influence the w hole system . W hat 
is optim al from  the po in t o f  view  o f  one elem ent o f  the chain (one enterprise, w arehouse, 
plant, sales point) can unprofitable from the point o f  view o f  the w hole chain. For exam ple in 
a w arehouse high level o f  inventories can stored because it is profitable to  buy and transport 
m ore goods at one tim e and econom ize on transport costs. But from the point o f  view  o f  the 
w hole supply chain it m ay  appear it better to send goods m ore frequently  in low er quantities 
because it m akes the supply chain m ore stable and helps in this w ay increase efficiency (better 
service to  custom er w ith low er costs).

The inform ation plays vital role in integrated supply chains. W ithout efficient 
inform ation system  the effective m anagem ent o f  the w hole supply chain in order to  reduce 
costs and enhance custom er service w ouldn’t be possible.
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In the supply chain inform ation are m oved between:

>  Suppliers o f  goods
>  Their custom ers
>  Carriers, forw arders, logistics operators and other service providers (e.g. w arehousing 

services)
>  Banks, insurance com panies, custom s authorities

An efficient and reliable inform ation system helps in increasing the custom er service 
level, reducing inventories o f  goods, increasing the productivity o f  resources thus enables in 
reaching the goal w hich in a traditional econom y was very hard to  obtain: gaining the high 
level o f  quality w ith low costs.
The inform ation about requirem ents o f  the elem ents o f  the supply chain m ake it possible to 
gain at least tw o advantages:

>  adjusting resources and processes to the actual needs
>  put into practise theoretical tools and m ethods o f  optim alisation, sim ulation etc.

So applying new  technology solutions in a logistics chain not only speed up som e activities 
but opens new  possibilities. In traditional system s in practice there is no tim e to use e.g 
com plicated sim ulation m odels because decisions have to taken quickly. But thanks to the 
m odem technologies inform ation can directly flow  in to the inform ation system s and be 
processed autom atically  -  w ithout the participation o f  a human being.
The inform ation plays very im portant role in the transport process and appears at all stages o f  
it. The efficiency o f  the transportation process depends on the inform ation -  e.g.:

>  custom er service (receiving orders, checking the financial status o f  the custom ers and 
the production potential o f  the service providers and its suppliers)

5* the control o f  the run o f  the transportation process
>  advising the incom ing goods 
y  custom s procedures

The results are:

>  higher service -  shorter tim e from receiving orders to their realisation, higher safety, 
access to the inform ation about the status o f  the delivery for the custom ers, few er 
errors;

'y low er costs -  drivers control, effective m anagem ent o f  fleet, reducing the labour, 
better preparation in the transhipm ent points (“the inform ation overtakes the goods”)

The im portance o f  inform ation is even greater in interm odal transport chains w hich require 
excellent coordination.

N ew  technologies open new  possibilities for transport. For exam ple a transport unit can 
be located before it reaches the point o f  destination (e.g. a port) and an optim al decision can 
be m ade at a very early stage o f  the transport process.
It is very im portant that inform ation is obtained quickly, precisely and w ithout personal 
contact. This inform ation can be further autom atically send to other applications. The 
information can be obtained also by a driver w ho also can make optimal decisions.
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3. TH E A PPLIC A TIO N  O F ITS IN M U LTIM O D A L TRA N SPO R T

O ne can ask a question: “w hat’s the use o f  the new  technologies in the m ultim odal 
transport?” o r “w h a t’s the difference in the applications in the single m odes o f  transport?. Is 
there any difference?”
There is a strong need for excellent coordination in m ultim odal transport chain and that 
coordination requires effective inform ation system . The inform ation is needed for:

>  M onitoring goods in the w hole chain (it is difficult because a consignm ent changes 
the transport m odes during a jou rney)

>  P lanning the operations at individual stages o f  the m ultim odal process

The usefulness o f  new  technologies appears already at initial stage w hen custom ers 
send orders to an operator. C ustom ers can book services, m onitor the status o f  delivery.
There is a big potential for im proving effectiveness o f  the m ultim odal system  by coordinating 
transport m odes in transhipm ents points.
If goods have to  be transported  via sea po rt three elem ents have to be coordinated:

>  Ship
>  Road transport (e.g. railw ay)
>  Port

A forw arder o r operator organizing the transport has often very little tim e to m ake 
decisions: e.g. to reload w ith or w ithout storing. Both options have its advantages and 
disadvantages. U nloading w ithout storing is cheaper unless e.g. a ship is late and one has to 
pay extra costs for keeping w agons in a port and also for the staff or a com pany reloading 
goods in  port. To m ake an optim al decision a forw arder needs exact inform ation about the 
position o f  a vehicle as soon as possible, because it very difficult to plan the tim e o f  arrival o f  
a ship and also a train.

The transhipm ent phase consum es costs and time. A part from technical and 
organizational solutions new  technologies help in reducing efforts. R FID  tags gives 
inform ation about location o f  an object (e.g. a container) and thanks to  that there is a 
possibility  to give up checking the goods com ing to term inal. They can be send instantly  after 
their arrival because the inform ation is read from the tag autom atically. In m anual system s it 
happens very  often that delivery  reach the term inal earlier than docum ents. That situation 
causes problem s for the s ta ff in transhipm ent point. The inform ation about delivery should not 
only arrives w ith goods bu t also precede them  because it gives tim e to  p lan m ore effectively 
reloading and perhaps storing. E lectronic form o f  docum ents allow s access to inform ation for 
every m em ber o f  the transport chain in the real tim e w hat is also im portant.

In case a container is stored in a terminal before loading it on a vehicle, ITS w ith the use 
o f  satellite technology is very useful in m anaging it in the yard - finding the container, 
p lanning and m anaging the m ovem ent and reloading. It is m ore efficient i f  the processes are 
m anaged autom atically  instead o f  m anually  because in this w ay unproductive activities are 
reduced (checking, searching fo r a ITU 3, m aking decision concerning its m ovem ent). A driver

3 ITU stands fo r In te rm o d a l Transport U nit (  T erm inology on C om bined Transport. U nited N ations, N ew  Y ork 
and G eneva 2001 , pp .56)
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coming to a term inal can be directed to a proper place, w here the queue isn ’t long. In this w ay 
the productivity o f  transport m eans and infrastructure can be enhanced. It is very im portant 
from the point o f  view o f  interm odal transport developm ent. Intermodal system  needs 
investment, bu t ITS should help in increasing the potential o f  existing one.

There also som e other fields that can sim plified thanks to  m odem  technologies -  like 
customs procedures for exam ple. Custom s procedures are very tim e and costs consum ing 
activities thus every im provem ent in collecting, filling and sending appropriate docum ents 
influence the effectiveness the w hole multim odal process. There can be errors in custom s, 
transport or trade docum ents, they can inappropriate (copy o f  invoice instead o f  original one), 
there can be lack o f  them  (e.g. certificates) or send too late (when a parcel is already at the 
border). New regulations in this field allow using electronic form  o f  docum ents. Thanks to 
that the human participation in the process can reduce and as a result errors elim inated and 
effectiveness raised. T herefore quick sent relevant inform ation to  custom s clearance point 
speed up the physical flow  o f  goods. It enabled also by the possibility  o f  tracking and tracing 
goods along the road a vehicle moves. A part from the speed very im portant is reliability  o f  
deliveries especially in m ultim odal transport system because delays even in one point 
influence the w hole chain.

4. ECO N OM IC A SPEC TS OF TEC H N O LO G IC A L IM PRO VEM EN TS 
IN A TRA N SPO R T CHAIN

Traditional econom y stands that you choose betw een tw o goals: to  m inim ise 
expenditures or to  m axim ise effects. An efficient and reliable inform ation system  helps in 
increasing the custom er service level, reducing inventories o f  goods, increasing the 
productivity o f  resources thus enables in reaching the goals w hich in traditional econom y was 
very hard to obtain: gaining the high level o f  quality with low costs.

W ith the use o f  the telem atics technology there is a possibility  o f  reducing different 
kinds o f  costs (not only transportation costs). Transportation costs can be reduced but at the 
same tim e inventory m aintaing costs also can be m inim ized. In traditional econom y there is a 
trade -  o ff betw een different options -  e.g.:

>  Send small parcels thus econom izing on inventory but increasing transport 
costs

>  Send full track loads to save transportation costs but the effect is also high 
level o f  inventories

Other trade -  offs are:

>  Better (but m ore expensive) carrier or worse (but cheaper) one
>  Shorter tim e o f  delivery (higher costs o f  transportation) or to  w ait for the 

w hole consignm ent
>  M ore level o f  re liability  o f  deliveries make it possible to low er the level o f  

inventories

If the w hole system  is well coordinated it can obtain low er costs w ith better service. The best 
example are new  technologies. For exam ple replacing paper docum ents by electronic ones
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allows no t only decrease adm inistration costs but also other -  transportation, term inal costs 
and w h a t’s m ore increase service to  custom ers.
But to calculate the effectiveness o f  the system  w e have to asses the advantages and 
disadvantages o f  the system . The advantages are:

>  Q uicker transhipm ents (better quality)
>  M ore safety (low er costs o f  delivery and higher service, low er insurance costs)
>  Low er costs in road  transport, railw ay
>  Low er costs in transhipm ents

D isadvantages are first o f  all costs o f  investm ents, but now adays m ore and m ore 
activities can be outsourced. C arries need n ’t own their own trucks, inform ation system s and 
so on. It m eans that m ore and m ore costs are converted from variable to  fixed ones, which 
m eans low er risk.

G ood inform ation system  helps a carrier to m inim ize costs (better planning and control) 
and at the sam e tim e to  give better service to the users. Possibility like this exist when for 
exam ple one can com bine inform ation about position o f  a vehicle and loads to pick up. 
W ithout these inform ation a carrier w ould have to  raise a production potential to  m eet 
different requirem ents o f  custom ers. Effective inform ation system  m eans less adm inistrative 
costs and better service (shorter tim e o f  realizing the order, few er errors).

Fig. 1. T he  resu lts  o f  im plem enting  satellite navigation in the m ultim odal process

O f course w e shouldn’t forget that satellite technology is only a tool and that investm ent in it 
w ill be w asted i f  the inform ation system s are no t integrated w ith the effective physical 
potential (transport m eans, term inals, transhipm ent technology), hum an resources etc.
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5. TEC H N O LO G IES O F LOCATION SERVICES IN A TR A N SPO R T CHAIN

Inter-m odal transport chains should ensure efficient flow o f  goods and inform ation on 
the m ovem ent o f  goods. It includes location-based services. Location-based services consist 
o f a broad range o f  services that incorporate location services w ith other inform ation provided 
to the user. O ne o f  the location-services is called: assets tracking. U sually  this is a service for 
professional users that w ant to keep control on transported goods (shipm ents) and their fleet.

Tracking services are based on various technologies for identification o f  transport units 
and transm itting inform ation about m oving transport units, for exam ple by Internet. There 
also exist system s w hich are based on satellite telecom m unications, inch GPS. They are 
already in use, for exam ple, in harbours for localising containers or straddle carriers. The core 
of tracking concept is identification system s and location systems; identification system s 
make it possible to  determ ine the status and the location o f  transport units, in addition to 
identification. The collected inform ation is transferred either in real tim e (on-line) or batch 
process (from tim e to  tim e) to the transport planning and control system , etc. Since the 
identification o f  the transport unit is an inseparable part o f  the transport planning and control 
technologies, proper interfaces for transport planning, control and client service system s are 
needed. The interfaces are an essential part o f  the identification system , w hich sets dem ands 
on data content, inform ation form at and transfer technique.

RFID -technology (R adio Frequency Identification) enables autom atic identification o f  
transport units at term inals and other transfer points. A basic R FID -system  consists o f  three 
components: an antenna; a reader (interrogator); a transponder (usually called a RF tag) w ith 
unique ID -code and possib ly  other inform ation.

The antenna em its radio  signals to activate the tag, and reads and w rites data to  it. 
Antennas are the link betw een the tag and the transceiver, w hich controls the system ’s data 
acquisition and com m unication. A ntennas are available in a variety o f  shapes and sizes; for 
example, they can be built in to  a doorfram e to  receive tag data from persons or objects 
passing through the door, o r m ounted along on a transport netw ork to m onitor traffic.

Besides, the transport m ode changes several times during a journey. Inform ation about 
a m oving transport unit m ust be transm itted between different com panies and betw een 
different inform ation processing system s. Large com panies can transfer data w ith autom atic 
EDI transfers or by Internet. In sm aller com panies (SM Es) the transfers are perform ed 
sometimes by fax, e-m ail, or m anually. These manual transfers lead to extra costs, transport 
delays, a low er level o f  transport planning and deficiencies in quality.

The satellite technology com prise two basic solutions: (a) satellite com m unication, 
when satellites are used as a transponder to enable com m unications between devices placed in 
various sites o f  the globe; (b) global positioning system, when a constellation o f  satellites is a 
provider o f  atom ic tim e signals to  receivers attached to  vehicles, transport units or people 
(drivers). It enables to  describe their geographical location, etc. The m ost know s global 
positioning system  is N avstar GPS. In the near future it will be G alileo -  European 
positioning system. The European C om m ission has been greatly involved in G alileo building 
and putting into operation, especially for navigation services in transport since the year o f 
2008. Galileo signals can also be com bined w ith other global navigation system s, GPS and 
Glonass, and other system s such as e.g. GSM , UM TS.
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6. THE R ESU LTS O F TH E LAST FRAM E PROG RAM M ES O F EU IN TH E AREA
O F FR EIG H T O PERA TION

W ithin the 4 th FP RTD EU (1994 -  2000) in the area o f  freight operation over m ore than 
ten projects w ere carried out. T heir nam es are: CA PITA LS, CO R EM , ENTERPRISE, 
IN TERPO RT, M U L TITR A C K , SU RFF, T RA C A R  1&2, EU R O PE-TR IS, W ELCO M , 
CO M ETA , IN TA CT, W ISD O M , A RTEM IS, FECTEUR and FLEETM A P.

M any o f  them  aim ed at m aking inter-m odal transport chains m ore attractive by the use 
o f  advanced telem atics applications for transhipm ent, storage, and transportation. Some 
projects focused on particularly  novel use o f  technology, for exam ple RFID  and satellite on 
specific corridors, som e on cargo types and som e on the overall infrastructure required.. One 
group o f  projects focused on these architectural issues and built upon the recom m endations o f  
previous projects to  develop a generic tool to facilitate the realisation o f  integrated 
m anagem ent system s in freight transport. Projects aim ed to  apply existing and proven 
technologies for the im plem entation o f  im proved w orking procedures betw een various actors 
in the transport chain at key interface sites (e.g. the port as the land/sea interface). O n-board 
architecture requirem ents for com m ercial vehicles w ere also developed, especially  COM ETA . 
Focusing on corridors and sites, projects studied the requirem ents for extending the inter- 
modal capabilities o f  W est European corridors tow ards Eastern Europe and using innovative 
technology to  m onitor the inter-m odal transportation o f  sensitive goods across a N orth-South 
land corridor. The technological im plications on the infrastructure required to  support services 
(such as tracking and tracing) when including a non-land link in the chain (e.g. m aritim e or 
air) w ere covered by these projects. A few projects studied satellite applications for freight 
operations, for exam ple, M U LTITRA CK . Besides, facilities to im prove the accessibility  o f  
inform ation system s in freight centres in order to support the sustainability o f  freight flows in 
inner-urban areas w ere developed, tested and validated. O ther projects focused on specific 
land/sea/ land corridors for high value custom ised goods and dealt w ith Just-In-T im e concepts 
to reduce inventory  requirem ents for these expensive goods, and also w ith the value-added 
netw ork to  balance a sets o f  retailer requirem ents against the dynam ic 'm obile inventory' 
status. S trictly speaking, som e results o f  a few  projects have currently  becom e out o f  date, 
especially i f  referring  to traditional EDI, today being replaced by X M L/EDI.

Furtherm ore, w ithin the 5th FP RTD, 1ST (1998 -2002) the issue o f  keeping track o f 
goods in transit is continued, especially  in PA RC ELC A LL project. The project has developed 
a scalable real-tim e, intelligent, end-to-end tracking and tracing system  for transport and 
logistics applications -  to  operate across European borders, carriers and m odes o f  transport. 
PA RC ELC A LL uses R FID -technology, w here an RFID tag or thinking tags is attached to 
every parcel in a shipm ent. A nother interesting project is EM IL Y .1ST. It covers a description 
o f  location-based services, including assets Racking, how ever, all final results o f  the project 
have not been published yet.



Selected problem s o f  som e ITS advanced technologies applications for in ter-m odal... 33

7. CO M PA R ISO N  O F RFID AND SA TELLITE TEC H N O LO G IES

The are som e positive and negative features o f  the m entioned technologies for location- 
based services applied in a inter-m odal transport chain.

The main difference betw een the two technologies lies in the distance. The RFID- 
technology is applied w hen a vehicle or a shipm ent equipped w ith a tag is passing near the 
intelligent beacon. In case o f  satellite technology, it has no practical meaning.
A nother difference is that the exact position o f  the shipm ent or vehicle can be known if  a 
there is a fixed roadside infrastructure (beacons), how ever they are connected w ith fixed 
routes and have to be relocated i f  the route o f  vehicles suddenly changed. Furtherm ore, i f  a 
beacon fails, all vehicles and passing shipm ents cannot be identified. Besides, vehicles and 
shipments cannot be tracked if  they travel off-route, e.g. in case o f  road w orks, when the road 
is closed.

The satellite tracking is independent o f  route and road infrastructure. W hat is m ore, no 
line-of-sight requirem ent betw een the transm itter and the receiver is needed. However, in 
built-up areas, am ong high buildings and under bridges or in tunnels the received signals are 
often obscure.

There are tw o basic w ays o f  tracking vehicles and shipments: interrupted or continuous 
tracking. GPS receiver can be easily sw itched to one o f  the m odes o f  tracking. W hen using 
RFID-technology rather interrupted tracking is practically possible.
Accuracy o f  position m ay depend on the use o f  one o f  the technologies. The exact position o f  
vehicles is m ost often better at beacons than when using satellite signals. H owever, the 
satellite positioning is still im proving.

Last bu t no t least, the cost o f  location-based system s will be som etim es crucial to 
choose one o f  the technologies. The capital and running costs o f  the system s based on the two 
different technologies can vary greatly. From the user point o f  view, the m ost im portant is the 
cost o f  delivered inform ation com pared w ith the value o f  received inform ation when choosing 
the w ay o f  tracking vehicles and shipments.

8. C ON CLU DING  REM ARKS

Inter-m odal transport chains need a fluent process o f  positioning vehicles and 
shipments. This m ode o f  transport is becom ing m ore and m ore com petitive w ith single modal 
transport.

Location-based services for users in inter-m odal freight transport can be based on 
various technologies. Tw o o f  them  seem to be very attractive and com petitive: RFID- 
technology and satellite technology.
These technologies develop very fast and find num erous applications in the transport chain in 
many countries.

In sum , the future o f  satellite-based solutions precisely connected w ith the process o f  
globalisation o f  the w orld  econom y and globalisation o f  goods transportation. The future o f  
RFID -technology solutions seem  to be effective in a  local or regional context.
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