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INFORM ATION FLOW  M ODELLING W ITHIN THE TRANSPORT  
TE LE M A TIC S’ SYSTEM

The thesis describes m ethods, capable o f  m odelling o f  inform ation flow  within the Transport 
Telem atics’ System. Increased inform ation am ount {the information overflow) w ithin the borders of a 
transport system, can cause higher safety and effectiveness level o f  this system. The thesis introduces also 
an exam ple o f  realisation o f  the logical model o f  system , w hich task is to increase safety and 
effectiveness o f  the Sea Transport System. The base o f  the project was more efficient usage, o f  already 
existing sea transport system ’s telecom m unication infrastructure.

M O DELOW ANIE PRZEPŁYW U INFORM ACJI W SYSTEM IE  
TELEM ATYKI TRANSPORTU

R eferat przedstaw ia m etody um ożliw iające modelowanie przepływ ów  zasobów  informacyjnych 
w  System ie Telem atyki Transportu. Zw iększona ilość inform acji (nadmiar informacyjny) w  systemie 
transportow ym , m oże skutkować w zrostem  poziom u bezpieczeństw a i efektywności tego systemu. 
Pokazano rów nież przykładow ą realizację m odelu logicznego system u inform acyjnego, mającego za 
zadanie zw iększenie bezpieczeństw a i efektyw ności M orskiego System u Transportowego. Jako podstawę 
przyjęto bardziej racjonalne w ykorzystanie istniejącej ju ż  infrastruktury teleinform atycznej transportu 
m orskiego.

1. INTRODUCTION

The transport is one o f  industry’s sectors, where the significant increase o f  telematics’ 
usage can be observed. The m ost popular solutions are GPS satellite system receivers, and 
applications for transport m eans’ m onitoring and management, basing on this system.

F ig .l is showing sim plified scheme o f  typical transport m eans’ monitoring and 
m anagem ent system, using elements o f  transport telem atics’ system [6], These elements are: 
positioning system s’ receivers installed and w orking on transport means, telecommunication
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systems capable o f  data transm ission, and applications for m onitoring and management of 
transport m eans, based on digital chart systems.

Fig. 1. The sim plified schem e o f  transport m onitoring and m anagem ent system

Pointed above elem ents o f  transport system are also constantly improved. Systems 
EGNOS, W AAS, M SAS, supporting GPS system, are already functioning. The start o f 
European Satellite Navigation System -  GALILEO, is scheduled for 2008 [3]. This system is 
going to show quite new  quality and possibilities, in com parison to existing GPS and 
GLONASS systems.

A m ong „earth-based” telecom m unication systems, the UM TS technology is slowly 
appearing. This technology will allow to achieve m uch m ore efficient data transfer, than GSM 
com m only used now. W e observe also significant increase o f  possibilities o f  “satellite-based” 
telecom m unication systems. Fig.2 presents possibilities o f  successive standards o f 
INM ARSAT, the m ost popular telecom m unication system within sea and air transport.

Telecommunication system

Fig.2. Possibilities o f  successive IN M A RSA T standards
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Advanced digital charts’ systems, being the base for transport m eans’ m onitoring and 
managem ent systems, are also developed. There is an increasing coverage o f  areas covered 
with electronic data base. The possibilities o f  systems working with this data base also are 
still being improved.

2. INFORM ATION OVERFLOW

Described aspects o f  telem atics’ usage evolution within transport systems, cause fact of 
existing o f  increased inform ation am ount in these systems. This am ount can be specified as 
information overflow. The inform ation overflow is one kind o f  an overflow, which, in 
general, is used for securing proper level o f  safety o f  a system. Information overflow is 
defined as existing o f  exceeded information amount within the system, concerning essential 
elements and events [5]. Illustration o f  inform ation overflow existing within the system, has 
been illustrated on the Fig.3.

Fig.3. The illustration o f  inform ation overflow

It is possible to prove, that increased am ount o f  inform ation within a system, is resulting 
increased safety o f  this system [7], Flowever, phrase information overflow, can have also 
negative meaning. Overflow, m eaning too much information, can cause disturbances in its 
processing, consequently -  disturbances in proper functionality o f  the system.

It is then highly recom m ended to p u t  existing increased am ount o f  information in the 
right order. One o f  possible ways for pu tting  information overflow in the right order is to use 
an information flow  modelling. Further sections o f  this thesis describe new modelling 
techniques and tools -  supported by Software Engineering.

3. INFORM ATION FLOW  M ODELLING - TECHNIQUES AND TOOLS

In the middle o f  sixties o f  the 20th century, new field in the com puters’ related 
technology -  software engineering -  appeared [4]. The reason was a com puter hardware and 
program m ing too ls’ evolution, capable o f  advanced system s’ projecting and producing.
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One o f  the m ost im portant stages o f  software engineering (which, as a com plex process, can 
be described like in Fig.4), is modelling, nam ed also the Analysis.

User Project frnpteme ntation Testing futairtenance
requirements

— \ 1

I N I N |  N i  V i I /
K r — I

Strategy Analysis Documentation Inflation

Fig.4. Successive stages o f  Softw are Engineering as a process, the analysis additionally m arked

The main purpose o f  the m odelling is to describe the rules o f  system ’s functioning -  to 
build the logical model illustrating realisation o f  requirem ents set at the beginning. The 
analysis stage is covering partly  user requirements and pro ject stages. U ser requirements 
stage’s target is to form  intended functionality o f  a system, intended result o f  the project stage 
is software layout -  m eaning -  the w ay o f  implem entation. The m odelling is then including 
part o f  tasks covered by  user requirem ents stage, also, the m odelling result is the base to start 
project o f  the system.

The achievem ents o f  software engineering in field o f  analysis, can successfully be used 
for inform ation flow m odelling [2]. It supports m any interesting, not fully formalised 
techniques and tools, capable o f  interesting illustration o f  processed problem s. Additionally, 
software engineering is basing on clear, giving an im pression o f  reality, graphic diagrams.

3.1. CA SE -  CO M PU TER  A ID ED  SO FTW A RE ENGINEERIN G

From the beginning o f  eighties o f  the past century, new  sector in com puter related 
technology is connected to software engineering — CASE (Computer A ided  Software 
Engineering). CA SE is a com plex o f  tools capable o f  successive software engineering stages 
realisation, and error detection. These tools are m ainly used for m aking o f  graphic diagrams, 
describing functions realised by projected system.

The m ost im portant task  o f  CASE tools at m odelling stage, is supporting o f  graphic 
model representation edition process. CASE graphic editors are specialised for creating of, 
and navigation through graphic diagram s, and ensuring o f  illustrated inform ation co
existence. These tools are capable o f  realisation o f  whole system building process, starting 
w ith user requirem ents, through m odelling and system projecting, ending at implementation.
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3.2. STR U CTU RED  ANALYSIS

The modelling m ethods can be divided into two m ain kinds: structured, and object- 
oriented  [4]. Structured m ethods are being developed for forty years already, together with 
developing o f  software engineering. They are basing on selecting two m ain components o f  a 
system: non-active (data processed by system), and active (functions perform ed by system). 
Structured m ethods are designated for circum stances, when there is significant difference 
between structures o f  non-active and active com ponents within the system, i.e. system 
perform ing sim ple operations on com plicated data, or com plicated operations on simple data.

Fig.5. M ain stages o f  structured m odel building process

Structured model building process consists o f  two main stages: data model 
com position, and processes model building (see Fig.5). Data model is the description o f  an 
inform ation stored and processed by system. Processes model describes functionality 
perform ed by system. Two above mentioned models are afterwards (with the use o f  CASE 
tolls) integrated. Integration result is Data Flow Model. The integration o f  data and processes 
m odels is com plicated, w hen system is going to perform  com plicated functions on 
com plicated data, therefore, for such systems, object-oriented methods are recommended.

3.3. O BJEC T-O RIEN TED  ANALYSIS

O bject-oriented m ethods appeared around twenty years ago. Fundamental difference 
from  structured methods is perm ission to use o f  system ’s elements being capable o f  both 
storing and processing o f  data [4], These methods are more useful, when projected system is 
going to perform  com plicated operations on com plicated data.

O bject-oriented m odelling is not separating data (non-active components), and 
processes (active components). However, following model elements are specified:

•  objects — system com ponents being able to be precisely selected -  having their own 
unique identity,

•  classes -  tem plates o f  object’s groups -  described by fields  (attributes), and services 
(operations being able to be processed within class fields),

•  class and objects associations -  mutual interactions between different classes’ 
objects, and different objects’ classes,

•  interactions -  scenarios o f  messages flow between system ’s objects, and external 
systems,

•  state transition  -  system elements able to present the dynamic behaviour o f  whole 
system, classes groups, or individual classes having com plicated dynamic structure.
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O bject-oriented model building process consists o f  following stages: Classes M odel 
building, and Sta te  Transition M odel com position. Classes model is including: objects and 
classes identification, classes’ attributes identification and definition, plus objects and classes’ 
associations identification. State transition model covers m essages and services identification 
and definition.

Object-oriented model building process is not linear, as it w as in case o f  structured 
m odels. Particular stages can be interactively m ade (see Fig.6). The analyser can start with 
any o f  stages illustrated in Fig.6, depending on his own consideration.

Fig.6. Stages o f  object-oriented model building process

4. LOGICAL M ODEL OF INFORM ATION FLOW  SYSTEM  FOR THE SEA
TRANSPORT SYSTEM

Follow ing part o f  the thesis is introducing inform ation system model, proposed in [2], as 
a solution capable o f  increasing the safety and effectiveness o f  sea transport. The model is 
showing a concept o f  enhancing currently functioning, w ithin the sea transport, inform ation 
exchange system, able to use inform ation overflow existing in the system. M odel is showing 
new  data flows and their sources. Proposed solution is able to increase the safety and 
effectiveness o f  sea transport, basing on m ore efficient use o f  existing already sea transport 
telecom m unication infrastructure.

The m odel is m ade by using o f  structured m odelling methods. Structured analysis has 
been considered as m ore useful for system ’s data flow  modelling. Structured m odel lets for 
detailed presentation o f  data, on w hich the system ’s operation is based. A chieving o f  this 
target is m ore difficult by the use o f  object-oriented methods.

The m odel is illustrating the perform ance o f  system (named as S & E  System ), realising 
three base processes (see Fig.7):

1. R ea d  data  process: reading by  the shore service, data from  systems and devices 
functioning on board o f  ships.

2. D eterm ine sta tus  process: determ ining by the shore service o f  current condition o f 
ship (safety, em ergency or distress).
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3. G enerate instructions  process: issuing o f  instructions for the ship’s crew -  
designated ( if  fulfilled) for increasing sh ip’s safety and/ or effectiveness.

The S&E System is controlled by F leet M onitoring  System , by forming and sending of 
steering instructions. S&E System can w ork under two following modes:

Determ ining o f  current sh ip’s condition, or 
- Supporting o f  actions undertaken for “reflecting” the emergency, if  appeared, or 

supporting o f  activity designated for m axim izing o f  effectiveness o f  ship’s 
exploitation.

control

Fig.7. D ata flow diagram  o f  S&E system ; symbols: square -  external system, circle -  process, arrow  -  data flow, 
two parallel lines -  data store
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Inform ation on current task (mode), to be realised by the system, is carried by the 
steering instruction. For the purpose o f  determ ining the current condition o f  ship, process 
Read data is reading from  ship set o f  control param eters’ values. Basing on this data, 
Determine status process is determ ining current condition o f  ship. Information on current 
sh ip’s condition is then handled to Fleet Monitoring System.

For the purpose o f  the second o f  above m entioned S&E System ’s m odes, Read data 
process is to m axim ize the collection o f  inform ation on ship’s situation. This is to be done by 
reading from  ship all possible data concerned w ith actual em ergency, or exploitation task 
realised by  ship. By the use o f  this data, and External Expert System, Generate instructions 
process is issuing instructions for the sh ip’s crew. Fulfilling o f  the instructions, depending on 
current sh ip’s condition, is to effect w ith increased safety, or effectiveness o f  her exploitation.

5. CONCLUSIONS

It is difficult to find articles, treating on transport system ’s inform ation flow m odelling 
subject, am ong publications describing transport system ’s modelling. Then, inform ation flow 
m odelling, can be pointed as new  direction w ithin transport system ’s m odelling sector. 
U ndertaking o f  this subject is especially im portant because o f  constantly increasing am ount of 
inform ation w ithin transport systems. For data flow m odelling CASE tools are highly 
recom m ended, as they support good graphic techniques and tools. The recom m endation on 
need o f  CASE tools usage, in now adays jobs treating on transport systems, can be found i.e. 
in [1],

There is a model o f  sea transport inform ation flow system introduced in the thesis. This 
model is capable o f  being the base for fully w orking system. The model can be also proposed 
for other transport systems: rail, road and air. Existing o f  increased am ount o f  inform ation, we 
face nowadays, is com m on feature o f  all m entioned transport systems.
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