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Abstract: 

According to the definition in the resolution International Maritime Organization no A.860 (IMO 1997) navigation is the 

process of planning, recording, and controlling the movement of a craft from one place to another. When navigating in 
special conditions, for example, when approaching a port or in restricted areas, it is immensely important to know the 

vessel's maneuverability. Therefore, identifiable information must be available on each vessel. Each watch officer is re-

quired to have the necessary knowledge of both the equipment and maneuverability of his own vessel. The description and 
scope of the documentation containing this data are provided in IMO Resolution A.601 (IMO, 1987). The maneuver doc-

uments that must be available on the navigation bridge are Pilot Card and Wheelhouse Poster also Maneuvering Booklet. 

The timeliness of the data contained in the maneuver documentation significantly influences the safety of navigation. At 
present, the maneuver documentation is not created in an automated manner. Automation of registration and data pro-

cessing process will increase the knowledge of the behavior of the own vessel. In addition, it allows to obtain maneuvering 

data that exceeds the parameters necessary to prepare ship documentation. Especially research carried out in various 
hydrometeorological conditions, enabling the assessment of the movement of the ship on the waves. These data can be used 

to carry out research projects related to the subject of vessel behavior analysis. That is why the authors have made an 
attempt to automate the registration and processing of data necessary to create documents and their continuous generation 

in electronic form. In this article the authors present a proprietary computer application that enables the achievement of 

the assumed goals along with checking the application’s functionality on a selected type of a vessel. The correct operation 
of the system has been verified based on real study and simulation tests. 
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1. Introduction 

The safety of navigation is a very crucial aspect of 

every sea voyage, which is stipulated in the defini-

tion of navigation in the 1997 resolution IMO A.860, 

which is: Navigation is the process of planning, re-

cording and controlling the movement of a craft 

from one place to another (IMO 1997). One of the 

most important navigational tasks performed contin-

uously during a sea voyage is determining the own 

position of the ship with the use of available naviga-

tion systems, eg (Czaplewski, Zwolan 2019, Gucma 

2016). The methods and ways of determining the po-

sition are widely described in the subject-related lit-

erature, eg (Naus, Wąż 2011; Weintrit 2016; 

Jurdziński 2020). However, when navigating in 

"special conditions", for example, when approach-

ing a port or in restricted areas, e.g. by surface or 

depth (Gucma S. 2001, 2004), it is very important to 

know the maneuverability of the ship. Therefore, in-

formation on maneuvering parameters must be 

available in a conspicuous place on the bridge on 

each watercraft. It is imperative for every watch of-

ficer to be familiar with the maneuvering character-

istics of his own vessel. The description and scope 

of the documentation containing these data are pro-

vided in IMO Resolution A.601 (IMO, 1987). The 

maneuver documents that must be available on each 

ship are: Pilot Card, Wheelhouse Poster and Maneu-

vering Booklet (IMO, 1987; ABS 2006, 2017). “Pi-

lot Card” is filled out by the ship’s captain - this is 

to provide the necessary information for the pilot. 

This should include the current condition of the ship 

with regard to its loading, maneuvering and propul-

sion machinery and other relevant equipment. The 

content is available for use without special maneu-

vering tests. The Wheelhouse Poster must be kept 

available on the bridge at all times and of a size for 

ease of use. It should contain general data and de-

tailed information on the maneuvering characteris-

tics of the ship. The "Maneuvering Booklet" should 

also be on the bridge and should contain data on the 

maneuvering characteristics of the vessel (general 

description of the vessel, maneuvering characteris-

tics in deep water, characteristics of stopping in deep 

water, maneuvering characteristics in shallow water, 

changes in maneuvering characteristics under wind, 

maneuvering characteristics at reduced speeds, sup-

plementary information). Each of the above-men-

tioned documents is indispensable for safe and ef-

fective shipping, to be able to properly conduct nav-

igation maneuvers, e.g. to avoid collision or to save 

human life or at least to properly execute the sched-

uled return in accordance with the Voyage Plan. The 

maneuver documents package is also essential for 

harbor pilots when entering ships into port, as they 

are usually unfamiliar with its maneuverability. At 

the time of accepting the pilot on the ship, the cap-

tain is obliged to provide information, among other 

things, about the length, width, displacement, year 

of construction, length of anchor chains and the ef-

ficiency of the necessary devices needed to conduct 

navigation, as well as the draught, type and condi-

tion of propulsion, propeller, and above all, they are 

obliged to present the ship's maneuver documenta-

tion (Jurdziński, 2020), which is most often pre-

sented in the form of posters placed on the sheets (on 

the walls). 

The timeliness of the data contained in the maneuver 

documentation significantly affects not only the 

safety of the vessel that performs the maneuvers, but 

also has a significant impact on the safety of naviga-

tion in the entire area (Gucma 2022). Therefore, the 

ship's maneuver documents must not only be 

properly prepared at the beginning of its use (during 

shipbuilding tests) or after each subsequent ship-

building repair, but according to the authors, they 

must be constantly updated during the normal daily 

operation of the ship. Nowadays, it is possible with 

the use of integrated measurement platforms, for ex-

ample the measurement platform, which was devel-

oped by the authors of the article and which was de-

scribed, for example, in (Świerczyński, Zwolan 

2014; Czaplewski, Zwolan 2016). Obtaining maneu-

ver information requires the registration of a data 

stream from specific navigation devices, which is 

sent in an automated manner to the central unit of 

the platform, e.g. using the NMEA protocol. The 

standard of communication on board ships using this 

protocol is described, inter alia, in (Luft et al 2002; 

Sivkov, 2018). The obtained data should be pro-

cessed and the necessary information filtered in or-

der to present it in graphic and text form. At present, 

the process of creating maneuver documentation is 

most often carried out in a traditional way. There is 

no uniform system that would enable it to be gener-

ated automatically or partially automatically (with-

out the ship's design data). This article presents the 

proprietary platform enabling the automation of the 
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registration, processing and presentation of maneu-

vering data in the form of ready-made ship docu-

ments. The main components of the measurement 

platform are the maneuvering data acquisition mod-

ule and the application that enables automatic gen-

eration of the ship's maneuver documentation to-

gether with data visualization.  

The authors have attempted to create a platform that 

enables the processing of registered data in an auto-

mated manner and enables the creation of electronic 

ship maneuver documentation in an automated man-

ner. Similar ideas for integrating in one place on the 

navigation bridge of Command, Control, Communi-

cation and Information (C3I) Systems information 

were already formulated in the late nineties of the 

last century, but only now take on a new impetus and 

meaning. The paper consists of three main parts: 

− Ship maneuvering data acquisition module - 

this section describes the construction and prin-

ciple of operation of the author's device for re-

cording and analyzing ship maneuvering data; 

− Application for generating ship maneuver doc-

umentation - this part contains the algorithm 

and method of operation of the application to 

automate the process of generating maneuver-

ing documents developed by the authors; 

− Tests verifying the correct operation of the ap-

plication - the last part presents validation tests 

of the system based on simulation studies. 

 

2. Ship maneuvering data acquisition module 

Contemporary vessels are equipped with a large 

number of navigation devices and systems 

(Banachowicz et al, 1996). Their main purpose is to 

provide navigational information. Some of these de-

vices provide us with the information necessary to 

prepare the ship's maneuver documentation. In order 

to determine the diameter of the ship's circulation, 

the characteristics of stops (free, forced) and the 

hose test, data from the following devices should be 

recorded: 

− log, 

− gyrocompass, 

− anemometer, 

− GNSS receiver. 

Additionally, knowledge of the detailed naviga-

tional equipment of the vessel is essential in order to 

complete the maneuver documentation. The ship 

maneuvering data acquisition module developed by 

the authors is the receiving part of the measurement 

system. Its components make it possible to receive 

and record information from sensors such as: log, 

anemometer, GNSS receiver, Navtex, compass, 

AIS, satellite compass, inclinometer, etc. This mod-

ule allows you to connect selected navigation de-

vices and record NMEA messages through RS 232, 

RS422 connectors, USB. The device also has a mul-

tiplexer for data transmission via WiFi network, 

with which we can provide a signal to the computer 

network. This configuration enables the system to be 

used in a multidirectional manner, depending on the 

devices owned by the users. The additional equip-

ment of the system is a recording device (e.g. a com-

puter). This equipment facilitates the introduction of 

configuration changes and secures the task of data 

storage and its constant monitoring. An important 

task of the module is also to fuse signals from all 

connected sensors. The constructed maneuver data 

acquisition module includes the necessary compo-

nents for integration with all navigation devices. The 

configuration of the measurement set consists of de-

vices inside the mobile measurement platform and 

external sensors connected depending on the meas-

urement task (Fig. 1). 

The permanent elements of the measurement plat-

form set are: 

− GNSS system receiver, 

− AIS receiver, 

− Wi-Fi router transmitting the recorded parame-

ters via radio to the measurement computer, 

− NMEA NDC-4 multiplexer for collecting in-

formation from 4 sources and sending them to  

a measurement computer via a USB port. The 

need to use a multiplexer result from the lack of 

serial ports in current laptops and a limited 

number of USB ports, 

− InSight Radar 2 - Black Box (IR-BB), 

− Actisense NGW-1, NMEA 2000 TO NMEA 

183 converter, 

− Actisense NGT-1-USB, NMEA 2000 TO PC 

(USB) converter, 

− charger. 

All the elements were placed in one case. In addition 

to the devices located in the case, it is possible to 

connect external sensors, which can be: 

− Inertial system for measuring the vessel's 

movement in 6 degrees of freedom and position 

thanks to the attached GNSS receiver. The ob-

tained measurement results are transmitted via 
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NMEA2000 and 0183 connectors to the com-

puter. It is possible to use an additional sensor 

of the inertial system, which, after placing it on 

the bow of the vessel, will enable the determi-

nation of the drift angle after comparing the 

readings from the two sensors; 

− A measurement computer that collects infor-

mation from all sensors and data on the height 

and direction of the sea wave from meteorolog-

ical buoys located along the route of the vessel; 

− A weather station that allows measuring the di-

rection and speed of real and relative wind, air 

temperature, and atmospheric pressure, 

− Gyrocompass, 

− Satellite compass, 

− Navtex, 

− Radar, 

− ECDIS, 

− Echo-sounder. 

Eight devices can be connected to the measurement 

platform at the same time. They can work in parallel 

and transmit data at the same time. Thanks to the 

multiplexer, the received signals are fused and trans-

mitted into one data stream. External sensors, 

mounted on vessels, constitute a set of detachable 

components used during research works. 

 

3. Application for generating ship maneuver 

documentation 

In order to automate the process of generating the 

maneuver documentation, a dedicated computer ap-

plication was developed (Tarnicka 2021). It was cre-

ated in the C ++ Builder environment. The applica-

tion presents actual information obtained on board. 

The program module was implemented on the basis 

of three documents. Two of them reflect the maneu-

ver documentation in the form of the "Pilot Card" 

and "Wheelhouse Poster". The third document 

"IMO Criteria" presents a detailed verification of the 

maneuver parameters of the vessels in terms of the 

requirements that are predefined for all performed 

maneuvers, and the dependencies are described in 

"Explanatory Notes to the Standards for Ship Ma-

neuverability". 

 

 
Fig.1. Block diagram of the mobile measurement YYY platform (source: own study) 
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The process of creating documentation is preceded 

by maneuvering tests in order to obtain information 

about the maneuvering capabilities of the ship. The 

data to be recorded during the actual tests are: 

− time, 

− ship’s position, 

− course, 

− speed over ground. 

Fig. 2 shows a simplified application operation algo-

rithm. 

After starting the application, the title page is dis-

played with links to the selection of documents: 

− PILOT CARD, 

− WHEELHOUSE POSTER, 

− IMO CRITERIA. 

 

 
Fig. 2 Algorithm for producing the ship's maneuver documentation (source: own study) 
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At the beginning, the user of the application may 

choose to develop new documentation or edit the ex-

isting one. In the case of generating a new document, 

after each maneuver attempt and registration of all 

parameters, a text file dedicated to a given vessel is 

created. Then it is saved to the folder that creates the 

database. After selecting an existing ship, it is possi-

ble to load the previous data and edit them again. 

The application allows you to run all documents at 

one time in order to compare the data contained in 

them. By selecting the "PILOT CARD" button in the 

main application window, the first page of the re-

mote control card will be displayed (Fig. 3). 

In this tab, you can find general information about 

the vessel and maneuver data that must be completed 

manually or automatically. It is also possible to im-

plement the vessel data from the already available 

analyzed vessels. 

From the "Pilot Card" level, it is possible to go di-

rectly to the next page of the document named 

"Steering". Figure 4 shows the program tab contain-

ing the template for making the second side of the 

pilot card.

 

 
Fig.3. Pilot Card (source: own study) 
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Fig. 4. Steering (source: own study) 

 
Another element of the program is the tab supporting 

the creation of another document, ie "Wheelhouse 

Poster" (fig. 5) containing several tables with addi-

tional maneuver information. 

The program's Charts function includes a link to an 

interface for creating turning circle charts and stop-

ping charts. After processing the data, the program 

presents the recorded information from maneuver-

ing tests in the form of graphs (Fig. 9). 

The last document in the application presents a com-

parative analysis of the results obtained from ma-

neuvering tests with the IMO requirements in terms 

of maximum values of the turning circle diameter or 

vessel stopping characteristics. All of it, designated 
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as IMO Criteria, is reflected in Annex 6 (Fig. 6). Part 

of the information is obtained from the previously 

completed maneuver documentation. Selecting the 

ship type through the Type load function automati-

cally loads the relevant criteria, and the data from 

the maneuvering elements (turning circle, stopping 

characteristics) are downloaded by selecting the 

Load information button. 

 

The key used in the document allows you to verify 

the relevant result data. Red highlighting of the text 

suggests to the user that the requirements set by IMO 

have not been met during the maneuvers, while the 

green color is an indicator of data correctness and a 

suggestion that a given unit meets the safety require-

ments. All documents can be printed and used on the 

ship. 

 
Fig. 5. Wheelhouse Poster (source: own study) 

 

 
Fig. 6. Location of the data loading buttons (source: own study) 
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4. Tests verifying the correct operation of the 

application 

In order to verify the correct operation of the appli-

cation, simulation tests were carried out. These tests 

were performed on the basis of the Wartsila naviga-

tion and maneuvering simulator. The simulation 

tests consisted in connecting the measurement plat-

form to the ECDIS (Navi Sailor 4100) system 

(Fig. 7.). 

The ECDIS system enabled data transmission in the 

form of NMEA messages in the same format as on 

the real vessel. In the presented test, maneuver doc-

umentation of the EMMA MAERSK container ship 

was prepared (Fig. 8). 

After the scenario was prepared and launched in the 

simulator environment, the maneuvering data re-

cording process began. These data were saved in a 

text file that was imported into an application that 

enables the generation of maneuver documentation. 

After the user completed all the additional data about 

the vessel, the application generated the maneuver 

documentation, which is shown in figures 9 and 10. 

The first document generated is Wheelhouse Poster. 

It was automatically completed based on the actual 

data recorded during the tests and elements imported 

from the application database. It contains both tex-

tual data describing the ship's circulation and at-

tempts to stop, as well as their graphical presenta-

tion. 

The turning circle-stopping diagram is displayed on 

a separate interface (Fig. 9). 

The second document is the pilot card, which was 

generated on the basis of information contained in 

the Wheelhouse Poster. This information on  ship-

building, equipment and settings of the engine tele-

graph is required for the pilot. 

 

 
Fig.7. Simulation tests 

 

 
Fig. 8. Real equivalent of the test unit, (source: https://www.vesselfinder.com) 
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Fig. 9. Wheelhouse Poster document supplemented with data from the tested unit (source: own study) 

 

 
Fig. 10. “Wheelhouse Poster” Charts tab for the simulation model (source: own study) 
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Fig. 11. Pilot Card supplemented with container ship data (source: own study) 
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Fig.12. Appendix 6 for Container ship 22 (source: own study) 

 
The next element was the IMO CRITERIA tab (An-

nex 6). It confirms the compliance of our unit's ma-

neuvering data obtained during sea trials with the re-

quirements set by one IMO. 

The analysis of the maneuvering parameters data is 

presented in Figure 11. Only the elements for which 

the maneuvers were performed were filled in. 

The authors started further work on the use of the 

created measurement platform in real conditions. 

These tests will be carried out on selected ships of 

the Polish Navy. This will enable the preparation of 

standardized maneuver documentation for all ships 

which, according to the regulations, are not conven-

tion vessels. Until now, the authors have carried out 

research on one type of ship. Fig. 13 shows the 

measurement stand, which was used, inter alia, to 

develop the maneuvering documentation of the ship. 
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Fig. 13. Mobile measurement platform with external navigation devices providing the necessary measurement 

data (source: own study) 

 
5. Conclusions 

1. Measurement platform invented by the authors 

could be a comprehensive module for obtaining 

data indispensable for the preparation of ma-

neuver documentation of any watercraft. It can 

be used by shipyards performing maneuvering 

tests as well as ship classification organiza-

tions, research units or shipowners.  

2. The presented test results based on the ship 

simulation model are one of the checking ele-

ments of the developed measurement set. The 

verification is also carried out in reference to 

the actual registrations on the ships of the Navy 

of the Republic of Poland. However, due to the 

confidentiality clause, they will not be pub-

lished in the form of scientific articles. Further 

research by the authors will be carried out on 

civilian vessels and then the research results 

will be presented in subsequent publications 

presenting the modernization of the platform 

described in this article. 

3. Work is currently underway on the miniaturi-

zation of the measurement set which will ena-

ble it to increase its mobility. The operational 

capabilities of the presented measurement plat-

form (software + external sensors) will be to be 

used not only to generate maneuver documen-

tation, but also in many other research areas in 

the field of automating the collection of data 

from a specific ship as well as conducting anal-

yses in the area of increasing ship safety at sea. 
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