
 48  Scientific Journals 32(104) z. 2 

Scientific Journals  Zeszyty Naukowe 
Maritime University of Szczecin Akademia Morska w Szczecinie 

2012, 32(104) z. 2 pp. 48–52 2012, 32(104) z. 2 s. 48–52 

Methods of computer simulation in waterway system design 

Stanisław Gucma 

Maritime University of Szczecin, Faculty of Navigation, Institute of Marine Traffic Engineering 
70-500 Szczecin, ul. Wały Chrobrego 1–2, e-mail: s.gucma@am.szczecin.pl 

Key words: marine traffic engineering, computer simulation, waterways design 

Abstract 
This article presents basic principles of using simulation research in marine traffic engineering and describes 

a simulation method of waterway design. The author indicates the most common errors made when the 

procedures of simulation research are not followed, despite advanced ship handling simulators used, which 

makes it impossible to satisfy the criterion of conformity between the examined system and its model. 

Practical use of results thus obtained leads to the breach of safety criteria or overdimensioning of waterway 

system. The presented simulation method of waterway design has been developed by this author. Applying 

the procedures of the method ensures that the mentioned conformity criterion is fulfilled. 

 

 

Introduction 

Today various types of simulators are used in 

the training of marine personnel. Many educational 

institutions (universities, secondary vocational 

schools and training centres) own a variety of simu-

lators, including ship handling simulators. An easy 

access to ship handling simulators has resulted in 

a situation where the so-called “researchers” regard 

simple simulated manoeuvres as model-based  

research done on ship handling simulators. 

Without deep theoretical and practical know-

ledge of model research principles in marine traffic 

engineering, the results will be false even if proper 

simulators are used. This brings a substantial risk as 

such results used in practice may lead to the breach 

of navigational safety criteria or economical criteria 

(overdimensioning of waterways). 

This article presents the principles of model re-

search applied in marine traffic engineering. It also 

describes the procedures of simulation research 

concerning ship movement in restricted areas. Non- 

-compliance with these procedures makes it impos-

sible to attain the conformity of the model with  

the real system. Besides, the author’s method of 

computer simulation used in port waterway system 

design is demonstrated. The application of this 

method ensures that simulation research procedures 

are maintained, which leads to the conformity of 

the model and the real system. 

Mathematical system modeling in marine 
traffic engineering 

Waterways design is concerned with non-exist-

ing systems, therefore, experimental research based 

on real objects cannot be conducted. In such cases 

instead of testing real systems, their models are 

used. In marine traffic engineering, waterway  

designers widely use mathematical modeling of 

systems. 

A system, consisting of elements, is a functional 

whole separated from the environment, the latter 

affecting the system by input quantities and the 

system affects the environment by the feedback of 

output quantities (Fig. 1) [1]. 

 

Fig. 1. A system and its environment 

The model, reflecting or reproducing the exam-

ined system, is capable of replacing the system so 

that its examination will reveal new information on 

the modeled system.  
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Mathematical modeling is to describe reality. 

The only criterion of truth in this task is the con-

formity of modeling results with reality (conformity 

criterion). The relevant mathematical problem 

should be solved so that at preset input quantities x 

the output quantities y’, computed with the use of 

the mathematical model developed, will not differ 

significantly from the output quantities y of the real 

system (Fig. 2) [2]. 

 

Fig. 2. Principle of creating a mathematical model of a real 

system 

In model-based research of marine traffic engi-

neering systems aimed at the design of waterways, 

the most common is the model of ship movement in 

restricted waters (Fig. 3). 

 

Fig. 3. Simplified model of ship movement in a restricted area 

There are two major methods of model-based 

research: 

– analytical method; 

– simulation method. 

The analytical method is used where the model 

of the system tested is presented in an analytical 

form and a solution in the overt form is feasible (in 

modeling of marine traffic engineering systems this 

method is not used). The simulation method is used 

where an analytical model of the examined system 

or process cannot be built, or where after its con-

struction, it cannot be solved analytically (in mo-

deling of marine traffic engineering systems this 

method is frequently used). 

There are two relations between the real system, 

its mathematical model and the computer-

simulator: 

– mathematical modeling; 

– computer simulation. 

Mathematical modeling refers to the relation be-

tween the tested real system and its model. It deals 

with the description of reality in the language of 

mathematics and formal logic, and comes down to 

the creation of model parameters structure and 

identification. 

Computer simulation refers to the relation be-

tween the mathematical model and the computer on 

which simulations are carried out. Generally, it is 

brought down to the construction of simulation 

model and the performance of simulation tests  

[2, 3]. 

Modeling will satisfy the conformity criterion  

only if the original assumptions of the model are 

rational, i.e. correct and sufficiently accurate from 

the viewpoint of the assumed objective. Even the 

correct use of complicated mathematical tools for 

modeling will not lead to the fulfillment of con-

formity criterion if the initial assumptions contain 

false hypotheses. That is why the researchers should 

be particularly precise at the problem formulation 

stage. Without deep intuition, experience and under-

standing of the phenomena involved, and without 

precise formulation of the problem that is to be 

solved, the conformity criterion cannot be met [1]. 

The process of mathematical model construction 

is iterative in character, as ascertaining, after any 

stage, whether the results are in conformity with 

experimental data or computational capacity re-

quires returning to the earlier stages. The modeling 

stages are shown in figure 4 [2]. 

 

Fig. 4. Stages of building a mathematical model 
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Simulation as a method of testing marine 
traffic engineering systems 

Computer simulation refers to the relation be-

tween a mathematical model of the system being 

tested and the computer on which simulation tests 

are carried out. Computer simulation is a method of 

experimental testing of system models, in which, 

characteristically, many series of trials are per-

formed to get reliable results describing the states 

of the examined model. 

Computer simulation comprises all actions 

aimed at creating a simulation model and perfor-

mance of tests on this model. Nowadays, simulation 

methods are very often used by marine traffic engi-

neers, taking advantage of [2]: 

– their universal character, allowing to obtain 

results of varying accuracy, depending on how 

the problem is formulated. The accuracy mainly 

depends on how complex the simulation model 

is; 

– relatively low costs of research. 

The procedure of simulation research consists of 

the following stages [4]: 

1. Formulation of the problem. 

2. Modeling of the research object. 

3. Development of the computer program. 

4. Model verification. 

5. Design of an experimental system. 

6. Performing the experiment.  

7. Statistical analysis of simulation tests results.  

Simulation methods used in testing vessel 

movement in restricted waters can be classified 

according to two basic criteria: time and type of 

ship model control. 

Taking into account the time in which simula-

tion takes place, there are two simulation methods: 

– Real Time Simulation (RTS); 

– Fast Time Simulation (FTS). 

In terms of ship movement control, simulation 

methods can be divided into those using non- 

-autonomous and autonomous models [2]. In non- 

-autonomous simulation models the human being 

(navigator) steers the ship, while in autonomous 

simulation models the ship is steered by a mathe-

matical model of the navigator. 

As there is a wide spectrum of ship handling 

simulators with training functions available, various 

“experiments” are often conducted that have noth-

ing to do with simulation-based research. Even the 

modern ship handling simulator fitted with a 3D 

visualization and the verified ship model may not 

be capable of fulfilling the basic criterion of con-

formity between the tested system and the model if 

any of the research simulation stages is wrongly 

carried out, if at all. This mainly refers to the above 

mentioned stages: 

1. Formulation of the problem. 

5. Design of an experimental system. 

7. Statistical analysis of simulation tests results. 

Wrong or inaccurate assumptions at the problem 

formulation stage (1) or design of experimental 

system (stage 5), even if the ship movement model 

is correctly verified (stages 2, 3 and 4), will not 

fulfill the conformity criterion. Besides, if special 

statistical methods of data processing are not avail-

able (stage 7), it will also lead to a failure to make 

the model conform with the real system. 

Special methods of simulation research have 

been developed and are available and practically 

used for designing waterway systems. The applica-

tion of those methods guarantees that the results 

from model-based research will be in conformity 

with the real system. 

Methods of computer simulation used for 
designing port waterway systems  

The computer simulation method for designing a 

system of waterways for specific ports or terminals 

has been developed at the Institute of Marine Traf-

fic Engineering, Maritime University of Szczecin. 

The method was used e.g. in designs of the ferry 

harbour in Ystad [5] or the LNG Terminal in 

Świnoujście [6]. 

The method consists of two parts, when the  

waterway system is designed for a new port or  

terminal: 

1. Selection of the best port site and associated 

waterway system. 

2. Determination of the parameters of the approach 

channels and port basins by the simulation 

method. 

The selection of the best port location and 

waterways leading to the port is done in two stag-

es: 

1. Determination of realistic variants of port loca-

tion. 

2. Selection of the best location variant. 

Stage 1 of location selection. Determination of 

realistic variants of port location. In the process of 

planning port construction in a given region there 

are normally a few variants chosen for port loca-

tion. These variants may not differ in the location 

of construction site, but solutions of port facilities 

and systems of approach channels may vary. 

Each of the variants under consideration has to 

provide for the safety / security of: 
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– entry and leaving of a “maximum ship” in the 

assumed operational conditions; 

– ship’s stay and cargo handling operations of 

ships expected to operate within the port; 

– cargo handling in port adjacent areas; 

– inhabitants in areas surrounding the port. 

The development of a preliminary construction 

concept for each realistic variant consists in: 

• determination of the shape and parameters of 

approach channels, port entrance, basins, turning 

basins, berths and breakwaters for each location 

variant. These parameters are determined by 

empirical methods used in marine traffic engi-

neering on the basis of these data: 

– parameters of a “maximum ship” to be ac-

cepted in the port; 

– number of cargo handling berths resulting 

from planned cargo throughput; 

– maximum operational conditions in the port 

(navigational and hydro-meteorological); 

• determination of preliminary hydrotechnical 

solutions and estimated construction costs of 

each port variant. 

The parameters of each port location variant are 

determined by approximate empirical methods [4]: 

• underkeel clearance – coefficient method; 

• breadth of approach channels – PIANC method; 

• breadths of port entrance and port canals – IMN 

method (Institute of Marine Navigation, Szcze-

cin); 

• turning basin – one of empirical methods used 

for current or non-current water areas; 

• maneouvring areas in port basins – empirical 

method presented at “Marine Traffic Engineer-

ing” [4]. 

Stage 2 of location selection. The choice of the 

best location variant. The optimization of port loca-

tion comes down to the choice of the best variant 

out of those analyzed realistic location variants. 

Such choice is carried out by the comparative 

method, using the following criteria: 

– minimization of navigational risk,  

– minimization of economic risk, 

– minimization of port construction costs. 

Determination of waterway system parame-

ters for the designed port or terminal is achieved 

by a two-stage optimization method [6]. 

At stage 1 of the optimization a mathematical 

model of waterways of the best variant is built, the 

parameters of which were determined by analytical 

(empirical) methods. The dimensions of port 

maneouvring areas are defined by simulation tests, 

using the real time simulation for maximum size 

ships expected to be handled in the port in various 

hydrometeorological and navigational conditions 

(aids to navigation). The tests, consisting of series 

of passages of reliable number, are generally done 

by pilots of the given port, regarded as experts (ex-

cept for ships whose captains are exempted from 

taking a pilot and can handle the ship by them-

selves). The parameters of manoeuvring areas are 

determined after special statistical processing of the 

results. Parameters of safe manoeuvring areas are 

determined at a certain confidence level resulting 

from the manoeuvre performed, type of ship and 

water area itself. Once safe manoeuvring areas are 

defined, parameters of waterways in the designed 

port are determined. This is done by simulation 

methods. Safe manoeuvring area parameters, in 

turn, determine the dimensions of shelter breakwa-

ters along the port entrance. 

For thus determined dimensions of the port an 

analysis of wave penetration into the planned port 

area for various wind directions and forces is car-

ried out. Based on the simulation test results of this 

stage and port wave analysis the port entrance  

parameters are defined. These parameters will  

determine the shape and parameters of waterways 

leading to the port, which is done after the optimi-

zation stage 1. 

At stage 2 of the optimization a new mathe-

matical model of waterways is built for the de-

signed port that has been defined after optimization 

stage 1. The new model accounts for the simulation 

test results and wave analysis data. Another series 

of simulation tests is carried out on this new model, 

mainly aimed at verification. After the successful 

verification, optimized parameters of waterway 

system of the designed port will be determined. 

The simulation method of waterway optimiza-

tion is much more precise than empirical methods. 

However, like each method employing mathemati-

cal modeling, it requires the researcher to be expe-

rienced in its use. At the same time it should be 

noted that while using this method, one has to 

strictly stick to the procedures of simulation tests. 

The developed simulation method of waterway 

system design is presented below in the algorithmic 

form (procedures): 

1. Determination of a few realistic variants of port 

location (universal principles of spatial port 

planning accounting for transport access infra-

structure). 

2. Determination of the shape and parameters of 

waterways for each variant (empirical methods 

used in marine traffic engineering – criteria of 

the safety of navigation, berthing and cargo 

handling). 
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3. Estimation of construction costs for each variant 

(methods used in hydrotechnical construction 

industry). 

4. Selection of the best location variant (criteria: 

navigational risk and economic costs of con-

struction). 

5. Optimization of port waterway system parame-

ters – stage 1 optimization (simulation tests 

complying with research procedures). 

6. Optimization of port waterway system parame-

ters – stage 2 optimization (verification by simu-

lation research including wave analysis results).  

Conclusions 

Simulation research, or tests, can be named so 

only when they follow the seven-stage procedure of 

model simulation research. Wrong or inaccurate 

assumptions at the problem formulation stage (1) or 

experimental system design (5), even if the ship 

movement model is correctly verified (stages 2, 3 

and 4) will not ensure the fulfillment of the con-

formity criterion. Besides, if special statistical 

methods of data processing are not used (stage 7), 

the criterion of conformity of the model with the 

real system will not be satisfied, either.  

As there are various types of ship handling  

simulators used for training purposes, quite often 

“experiments” are carried out on them, which, 

however, by no means have anything to do with 

simulation research. Even the up-to-date ship  

handling simulator with 3D visualization and veri-

fied ship model does not make it possible to 

achieve the conformity between the model and the 

real system, if any of simulation research stages is 

wrongly performed (or not performed at all). 

The author’s computer simulation method used 

for designing port / terminal waterway system  

ensures that the simulation research procedures are 

followed and enables attaining the conformity of 

the model with the real system. The method has 

been applied, among others, in designing the ferry 

port in Ystad and LNG Terminal in Świnoujście. 
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