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Management review 

Problem description 

Because of the melting polar ice the popularity of the short cut North Pole sailing 
route is increasing.  Already more than 430 ships this year asked the Russian 
authorities for a permit for sailing this route. Despite the fact that the route is 
only navigable several months a year, approximately from May until October 1. 
This leads to the question:” In what way is it possible to sail the North Pole for a 
longer period and in a more save way, when the vessel has ice detection 
equipment on board?” Therefore the ice thickness needs to be measured in front 
of the ship on the navigational course, as far as possible. Nowadays that isn’t 
possible. Now captains need to trust on their knowledge and their experience. 
Most of the shipping companies do not sail the arctic because they think it is too 
dangerous. Because the wind can make sea ice float together, making ships stuck 
in the ice. For example the Endurance, the ship with the Irish explorer Ernest 
Shackleton sail to Antarctica. It was smashed by the ice and eventually sunk.  
Steel ships are more vulnerable to drift ice. Before you know it, the ice braked a 
hole in the hull.2  

Problem definition 

Unfortunately, several adverse factors prevent reliable and accurate satellite 
information in the North Pole. This includes the ionosphere effects on satellite 
signals that in the North Pole are highly affected by an increased electron 
precipitation.3 So in the current situation there is no accurate and reliable 
information about the ice thickness and position sent by satellite.  
 

Main question 

How can a device, which measures the ice thickness, contribute to make North 
Pole sailing safer for ships?  

Sub question 

1. What is the behaviour of the ice? 
2. How can the ice thickness be measured of the surrounding ice with the 

current on-board equipment? 
3. What must be the range of the ice detector?  

                                                        
1 Noort, W. Van. (2013). Ijskoude shortcut wordt steeds drukker. Geraadpleegd op 18 
november 2013. Van: 
http://www.elsevier.nl/Economie/achtergrond/2013/8/IJskoude-shortcut-wordt-
steeds-drukker-1345848W/ 
2Weijer, B. van de. (2013). Over veertig jaar varen we ijsvrijlangs de Noordpool. 
Geraadpleegd op 18 november 2013. Van:  
http://www.volkskrant.nl/vk/nl/2816/Klimaatverandering/article/detail/3403879/2
013/03/05/Over-veertig-jaar-varen-we-ijsvrij-langs-de-Noordpool.dhtml  
3 Coordinates. (2010). Challenges for Positioning and Navigation in the Arctic. 
Geraadpleegd op 18 november 2013. Van: http://mycoordinates.org/challenges-for-
positioning-and-navigation-in-the-arctic/  

http://www.elsevier.nl/Economie/achtergrond/2013/8/IJskoude-shortcut-wordt-steeds-drukker-1345848W/
http://www.elsevier.nl/Economie/achtergrond/2013/8/IJskoude-shortcut-wordt-steeds-drukker-1345848W/
http://www.volkskrant.nl/vk/nl/2816/Klimaatverandering/article/detail/3403879/2013/03/05/Over-veertig-jaar-varen-we-ijsvrij-langs-de-Noordpool.dhtml
http://www.volkskrant.nl/vk/nl/2816/Klimaatverandering/article/detail/3403879/2013/03/05/Over-veertig-jaar-varen-we-ijsvrij-langs-de-Noordpool.dhtml
http://mycoordinates.org/challenges-for-positioning-and-navigation-in-the-arctic/
http://mycoordinates.org/challenges-for-positioning-and-navigation-in-the-arctic/
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4. In what way is it possible to measure the ice thickness in a horizontal way?  
5. How can the ice thickness be measured by using cameras? (HD and thermal) 

6. How can the ice be measured by using Electromagnetic Induction? 

7. How will the ice measurements process be automated? \ 

The aim  

The aim is to come with an improved and innovating device that can provide 
shippers with accurate information of the ice. So shippers can adjust their course 
and make sure the destination is reached in a save way. 
 

Recommendations  

If the system the project group created is able to work properly, it could be very 
helpful for the navigational officers. But there are some serious things to keep in 
mind.  

 The system must be tested in some real situations to measure if the system 

works precisely, to see if the system is reliable. 

 The communication with other ships to share data must be tested, to see if the 

data is able to transfer safely en in time. 

 Each of the ice measuring systems we mentioned needs to be tested, to see 

which one works best.  

Conclusion 

To navigate the North Pole it is important to know the specifics about the 
surrounding ice. There are different types of ice and they all have their own 
characteristics. Due to this different characteristics each different ice types has 
his own hazard. By the effect of sunlight, nighttime and snowfall it is difficult to 
determine the ice type in front of the ship.  
 
An automatic ice-measuring device could solve the above problem. The first 
device is to measure the ice in a horizontal way. This system uses a few 
horizontal placed sonar's. If the data from al the sonar's can be combined, the on-
board crew has a sharp overview of the surrounding ice characteristics.  
By using stabilizers the sonar will be precisely measuring in the right angle. This 
system does not exist up to now. By testing the system in the future the 
feasibility and reliability will be proved.  
 
The second option for an ice-measuring device could be by cameras. For 
measuring ice there are two types of cameras: Thermal-camera or HD-camera.  
The thermal camera gives a visual overview of the current situation. The 
Thermal camera records the intensity of electromagnetic radiation in the 
infrared spectrum. The infrared spectrum of the objects depends on the 
difference in temperature and the difference in emissivity.  
The HD-cameras are two cameras in front of the ship. These cameras only 
measure the ice thickness when the ship already has broken the ice. So this 
measuring device only measures the ice-thickness in the current position of the 
ship. But this is could be also useful information.  
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The third measuring device is the EM31. This measuring is based on 
electromagnetic fields and is used for measurements closed to the ice/snow 
surface. Due to the movement of the ship through the ice is hard to use this 
measuring method. So this measuring based on electromagnetic field could not 
be useful for ice navigation on a ship.  
 
To make the measuring devices useful for navigation they have to be connected 
to a database. This database will process the information to make it useful. The 
information should be shown on an ARPA or ECDIS.  
 
A database like this does not exist yet. To make a database like this should be 
possible in the future. Shipping companies like Anthony Veder are interested and 
said it would be very useful.  
 
At the end of all, the main question: How can a device, which measures the ice 
thickness, contribute to make North Pole sailing safer for ships?  
The answer to this question is: provide the ships with real time information 
about the surrounding ice thickness. This information could be showed on the 
ecdis. Use a database to store all the gathered information, use a transmitter to 
share the information and use a receiver to receive more information. If the 
system is automated and used correctly, ships are able to sail safe through the 
North Pole and other regions.  
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Introduction 

Background 

Polar navigation is an alternative that over the years is becoming possible due to 
the global warming and the loss of sea ice in the North Pole. By using special 
designed ships such as icebreakers can ships navigate through ice. Or by using 
certain routes, which are made by information gathered by satellite photos ships 
are able to maneuver through the North Pole.    
Sometimes this information can be out of date or not so accurate to the current 
situation when ships are passing through the ice. 
These ships could get in many problems such as getting stuck on the ice, freezing 
of the equipment on deck or damage of cargo4. By coming up with new 
equipment that can be used on board the information from radar, sonar, HD and 
Thermal camera’s or other methods could help navigation officers navigate with 
better accurate information of the ice behavior.  This will make it possible for 
ships to choose better routes to navigate when crossing in the North Pole.  
 
“Ice is an obstacle to any ship, even an icebreaker, and the inexperienced 
Navigation Officer is advised to develop a healthy respect for the latent power and 
strength of ice in all its forms. However, it is quite possible, and continues to be 
proven so, for well-found ships in capable hands to navigate successfully through --
ice-covered waters.” 
 
Canadian Coast Guard 
‘Ice Navigation in Canadian Waters’  
(Published 1999) 

Project title: 

Polar navigation 

Project manager: 

M. van der Drift 

Project principal: 

G. Blankenstein 

Discipline: 

Automation  

Stakeholders: 

W. Jolles, shipping companies 
 

                                                        
4 John Upton (2013). Another ships gets stuck. Geraadpleegd op 14 februari 2014. 
Van: http://grist.org/news/another-ship-gets-stuck-in-antarctic-ice-and-it-still-
doesnt-disprove-global-warming/ 
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Aim (objective) and problem definition 

Problem description 

Because of the melting polar ice the popularity of the short cut North Pole sailing 
route is increasing.  Already more than 430 ships this year asked the Russian 
authorities for a permit for sailing this route. Despite the fact that the route is 
only navigable several months a year, approximately from May until October 5. 
This leads to the question:” In what way is it possible to sail the North Pole for a 
longer period and in a more save way, when the vessel has ice detection 
equipment on board?” Therefore the ice thickness needs to be measured in front 
of the ship on the navigational course, as far as possible. Nowadays that isn’t 
possible. Now captains need to trust on their knowledge and their experience. 
Most of the shipping companies do not sail the arctic because they think it is too 
dangerous. Because the wind can make sea ice float together, making ships stuck 
in the ice. For example the Endurance, the ship with the Irish explorer Ernest 
Shackleton sail to Antarctica. It was smashed by the ice and eventually sunk.  
Steel ships are more vulnerable to drift ice. Before you know it, the ice braked a 
hole in the hull.6  

Ideal situation 

Create an onboard device that can analyze the current situation and can calculate 
the behavior, position and thickness of the ice. This information can be 
transferred to the current devices like the ECDIS. The navigator is than  able to 
see underwater ice in real-time, that makes him able to anticipate and proceed 
safely on his course through the North Pole routes.    

Reason for device 

 More accurate and reliable information of the ice behavior. 

 More accurate and reliable information on the position of the ice. 

 More accurate and reliable information on the movement of the ice. 

 More accurate and reliable information on the thickness of the ice. 

Problem definition 

Unfortunately, several adverse factors prevent reliable and accurate satellite 
information in the North Pole. This includes the ionosphere effects on satellite 
signals that in the North Pole are highly affected by an increased electron 
precipitation.7 So in the current situation there is no accurate and reliable 
information about the ice thickness and position sent by satellite.  
                                                        
5 Noort, W. Van. (2013). Ijskoude shortcut wordt steeds drukker. Geraadpleegd op 18 
november 2013. Van: 
http://www.elsevier.nl/Economie/achtergrond/2013/8/IJskoude-shortcut-wordt-
steeds-drukker-1345848W/ 
6Weijer, B. van de. (2013). Over veertig jaar varen we ijsvrijlangs de Noordpool. 
Geraadpleegd op 18 november 2013. Van:  
http://www.volkskrant.nl/vk/nl/2816/Klimaatverandering/article/detail/3403879/2
013/03/05/Over-veertig-jaar-varen-we-ijsvrij-langs-de-Noordpool.dhtml  
7 Coordinates. (2010). Challenges for Positioning and Navigation in the Arctic. 
Geraadpleegd op 18 november 2013. Van: http://mycoordinates.org/challenges-for-
positioning-and-navigation-in-the-arctic/  

http://www.elsevier.nl/Economie/achtergrond/2013/8/IJskoude-shortcut-wordt-steeds-drukker-1345848W/
http://www.elsevier.nl/Economie/achtergrond/2013/8/IJskoude-shortcut-wordt-steeds-drukker-1345848W/
http://www.volkskrant.nl/vk/nl/2816/Klimaatverandering/article/detail/3403879/2013/03/05/Over-veertig-jaar-varen-we-ijsvrij-langs-de-Noordpool.dhtml
http://www.volkskrant.nl/vk/nl/2816/Klimaatverandering/article/detail/3403879/2013/03/05/Over-veertig-jaar-varen-we-ijsvrij-langs-de-Noordpool.dhtml
http://mycoordinates.org/challenges-for-positioning-and-navigation-in-the-arctic/
http://mycoordinates.org/challenges-for-positioning-and-navigation-in-the-arctic/


 9 

The aim  

The aim is to come with an improved and innovating device that can provide 
shippers with accurate information of the ice. So shippers can adjust their course 
and make sure the destination is reached in a save way. 
 

Project assignment  

Main question 

How can a device, which measures the ice thickness, contribute to make North 
Pole sailing safer for ships?  

Sub question 

8. What is the behavior of the ice? 
9. How can the ice thickness be measured of the surrounding ice with the 

current on-board equipment? 
10. What must be the range of the ice detector?  
11. In what way is it possible to measure the ice thickness in a horizontal way?  
12. How can the ice thickness be measured by using cameras? (HD and thermal) 

13. How can the ice be measured by using Electromagnetic Induction? 

14. How will the ice measurements process be automated?  

Research Methods 

The answer to the sub questions on how to predict the ice thickness on the 
navigational course to optimize the route lies in the methods of research. Every 
sub question needs its own method to solve it. The research method must be 
related to the research’s group own experiences, experiments and observations. 
For that reason an empirical research must be done besides the desk research. 

Sub question 

1. What is the behavior of the ice?  
 The group has done research by means of qualitative research method 

and used graphs and stream information of navigational books. 

 Field research is done by meetings with an ice expert: Mr.Wim Jolles 

 
2. How can the ice thickness be measured of the surrounding ice with on-

board equipment? 
 To answer this question qualitative research method was used.  

 The desk research method and mind map is used  to gain more 

knowledge what kinds of methods are used when calculating ice 

thickness.  

 Field research was done by interviewing shipping company: Anthony 

Veder. The persons that was interviewed were: 

o Machiel Mastenbroek, Naval Architect. 

o Wouter van der Veen, SHEQ Officer. 
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3. What must be the range of the ice detector?  
 For this question the group used Qualitative and quantitative research 

method by visiting Anthony Veder and IMTECH. 

  interviews with experts from IMTECH must be done. This company 

develop devices in Holland that can calculate the range of ice detectors. 

 
4. In what way is it possible to measure the ice thickness in a horizontal 

way?  
 This sub question is answered by using qualitative research  

Method by doing desk research on articles and other projects to 

find out if horizontal placed radars can measure the ice thickness. 

 an  Field research is done  by visiting Anthony Veder and 

interviewing Experts. The experts that was interviewed were: 

o Machiel Mastenbroek, Naval Architect. 

o Wouter van der Veen, SHEQ Officer. 

 
5. How can the ice thickness be measured by using cameras? 

 By using Qualitative research method, by studying articles found 

on Google scholar and other online search platforms or books to 

find out if HD cameras can held the shippers to detect ice 

thickness. Field research is done by interviewing experts from 

Anthony Veder. 

The experts that was interviewed were: 

o Machiel Mastenbroek, Naval Architect. 

o Wouter van der Veen, SHEQ Officer. 

 To answer this question the group used Qualitative research 

method. For example: desk research, by studying articles of Google 

scholar site to find out if thermal cameras can be used to improve 

the current data information for the shippers.  

 

6. How can the ice thickness be measured by using electromagnetic 

induction instrument? 

 Qualitative research method is used for this sub question.  
 By desk research, articles will be studied that we have receive 

from the Electrical Principal Mr. Snoeijer to find out if 
electromagnetic induction instruments can measure the ice 
thickness. 

  field research is done by interview with experts of this field such 
as the Electrical Principal Mr. Snoeijer. 

 

7. How will the ice measurements process be automated?  

 Research method that  is used for this sub-question is qualitative 

research.  
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 Contact with IMTECH provide more information on this subject as 

field research methodology. 

Project Borders 

Project borders are needed to make sure that the project ever gets finished. 
When no borders are set, it is never sure when the project is finished. That’s why 
it needs to be clear what direction the project goes. It also needs to be clear what 
has to be done in the project.  
 
The project borders are: 

 The sonar system must be integrated to the ECDIS/RADAR system. 

 There will be no model made. 

 There will be focus on the automation. And no interest’s in shipbuilding aspects 

or the hull of the ship. 
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Chapter 1: The behavior of ice 
 
To decide which device is needed to detect ice for proper ice sailing, it is 
necessary to study the behavior of the ice. With the behavior of the ice is meant: 
the dynamic movement and the concentration of the ice.  
This sub-question that will be answered in the following chapter is:  

 What is the behavior of ice?  

The sub-question is answered by using the following methodology: 
 The group has done research by means of qualitative research method and used 

graphs and stream information of navigational books. 

 Field research is done by contact an ice expert: Mr.Wim Jolles. 

To gave an answer on the sub-question the chapter is divided in two sub 
subjects: 

 Current and future situation. 

 Forming of sea ice. 

First it is very useful to know the current and the future situation of the sea ice 
areas. When is the North Pole accessible? And will this period be longer in the 
future?  
Secondly it’s interesting to know how ice forms. Because there is a difference 
between fresh water ice and salt water ice. It is also important to know the 
different aspects between ice types when you will navigate through it. Which 
type of ice could be dangerous? These following aspects can indicate the danger 
of the different ice types: 

 Thickness 

 Forming of ice 

 Concentration 

1.1 Current and future situation 

1.1.1 Accessibility  

Depending on the season of the year there is an amount of ice in the North Pole. 
In the winter times there is considerably more ice than in summer times. Image 
1 and 2 shows the difference of the ice boundary between the summer times and 
winter times. With this picture it is easy to understand that the North Pole is only 
accessible for a short period from May till October. Image 4 shows the sea ice 
extent of January 2013. Image 5 illustrates the sea ice extent of September 2013. 
So when it gets cold on the North Pole the ice boundary will extend. With this 
picture it is easy to understand that the North Pole is only accessible for a short 
period. The accessibility depends on different factors. These factors are: the 
concentration, the thickness and the type of ice that will grow in different ways, 
this will be explained later in this chapter.  

1.1.2 The danger of ice 

When the global temperature increase, the ice melts and the ice boundary 
shrinks. Because of this a large piece of ice will get loose from the shore and float 
away. With help from the sea current and the wind these massive ice pieces will 
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float to the open sea. Considering the huge size of these ice blocks, they can 
generate really big forces when collided with an object. These forces are so 
strong that they can smash the hull of a ship or destroy the rudder or propeller 
of the ship. That is one of the reasons that it is very dangerous to sail the Arctic 
and why ships needs to prevent getting stuck in the ice.  

1.1.3 Shrinking ice caps 

About 8% of the ocean seas are constantly covered with ice. Through the 
greenhouse effect a big part of the Arctic ice will melt faster every year. Over a 
long period, there is more ice shrinking in the summer than there is grows in 
winter. Image 3 gives an overview of this. If this behavior is constant through the 
whole years the North Pole will be navigable for a longer period and maybe in 
2040 it will be navigable the whole year. 
 
8 
  
 
 
 
 
 
 
 
 
 
 
 
 
9 

 

                                                        
8National Snow & Ice Centre Data. (2013). Sea ice index. Geraadpleegd op 10 december 
2013, van http://nsidc.org/data/seaice_index/archives/image_select.html 
9 Japan aerospace exploration agency. (2014). Artic sea ice extent. Geraadpleegd op 12 
december 2013. Van: http://www.ijis.iarc.uaf.edu/ 

Figure 1 Figure 2 Figure 1 

Figure 3  

http://www.ijis.iarc.uaf.edu/
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1.2 Forming of Sea ice  

As mentioned before, there is a difference in the forming of sea ice and fresh 
water ice. This is due to the salinity of the water.  

1.2.1 Freezing of seawater 

The seawater in the North Pole areas consists of salt water. Because of that the 
freezing point of seawater is below zero (-1,8°C). Seawater cools down by 
circulating cold polar air above the water. When seawater on the surface cools 
down, the water density will increase. So the cold water flows downwards and 
the relative warm seawater flows upwards in direction of the water surface. 
Because of these circumstances seawater ice will take more time to form ice than 
fresh water ice. But the relation between the time that the ice will form and the 
sea depth is not infinite. This will be explained later in this chapter. 

1.2.2 Salt in sea ice 

The salt in seawater cannot freeze. When the water forms ice crystals the salt 
will place in the gaps between this crystals and falls down on land or in sea. 
Because of that sea ice don’t contain salt. 

1.2.3 Freezing of freshwater 

Fresh water doesn’t contain salt. Fresh water has a maximum of density at 4°C. 
When the water temperature comes below 4°C the water doesn’t flow down so 
the warmer water also doesn’t flows to the surface. Because of this phenomenon 
it is possible that ice forms on the surface while under the ice the water 
temperature is higher than the ice temperature. 10 

1.2.4 The limits of freshwater and seawater 

There is a limit for freshwater and seawater. This limit depends on the salinity of 
the water. The limit is set on 24,7 parts of thousand (ppt). So water below this 
limit is called “freshwater” and water above this limit is called “seawater”. So the 
logical conclusion of this is: freshwater ice is formed of freshwater and seawater 
ice is formed of seawater.  
Fresh water ice has a white color and is has a clearly visible crystalline structure. 
It’s also very hard but brittle, and is similar to concrete in strength. Because of 
the strength it is hard to come through this type of ice with a vessel. 
Salt water ice can be found in many different types. In the chapter down below 
this different types will be wide explained. 

1.2.5 Forming of ice in great depths  

The ocean depths in the artic seas can vary from 1 meter till 5000 meters. Based 
on the theory that is told above here, it is impossible to form ice at water depths 
of 5000 meters, because of the cold-water flows down and the warmer water 
flows to the surface it will take too much time to cool the whole water column. 
But not the whole water column has to be cooled to the freezing point to form 
ice. In fact the ocean is composed of different layers with diverse properties. At 
the base of the layer there is a difference in density. This boundary is called the 
pycnocline. The zone above the pycnocline is called the surface mixed zone and 

                                                        
10 Wadhems, P. (2003). How Does Arctic Sea Ice Form and Decay?. Geraadpleegd op 12 
december 2013. Van: http://www.arctic.noaa.gov/essay_wadhams.html 
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has a depth of 100-150meters. So the process of cooling down the surface water 
is only needed till that level. But it takes a lot of time to cool down the huge water 
mass above the pycnocline. 

1.3 Different types of ice 

Because of different circumstances ice can form in different ways, but the basics 
are the same. Important to know for the ice sailing is, whether it is dangerous to 
navigate or not. 
Types of ice are: 

1.3.1 New ice 

This is ice that is recently formed. The crystals in this ice are only weakly frozen 
together. New ice includes:  

 Frazil ice 
 Grease ice 
 Slush  
 Shuga  
 Ice rind  
 Nilas 
 Pancake ice  

All these types of ice are very vulnerable and may cause no problems for the 
navigation. However care should be taken if the vessel has no ice classification 
and a light construction.  

1.3.2 Young ice 

Young ice is the further state of the new ice. In the first stage it is grey in color, 
but when the thickness of the ice increases, the color becomes white. This ice 
type can take up to 30 cm ice thickness. Young ice includes:  

 Grey-white ice. 
o This type of ice indicates that ice navigation is started to be more 

difficult. 

 First-year ice or white ice. 
o Thickness of first year ice varies from 0,3 and 2 meter thickness. 

 Old ice  
o This is ice that survived at least one melting season, can be up to 3 

meters thick. 

When sailing in young ice it is necessary to navigate with caution. 

1.3.3 Glacial ice  

Glacial ice is ice that comes from land. Like the young ice type, glacial ice has also 
different classes:  

 Icebergs 
o ice bergs are formed by the effect of tide and wave action on a tongue of 

ice at the end of a glacier. About 2/3 of the iceberg is below water. 

Because of this it is hard to estimate the size of a iceberg. Caution is 

necessary.  
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 Bergy bits  
o Are small pieces that fall of a iceberg. But it can still be dangerous for 

navigation. 

 Growlers  
o These are icebergs with a maximum height of 1 meter above the water. 

Because of their height the proximity of a berg is very difficult to see or 

watch on the radar. This kind of glacial ice can be very dangerous and 

shippers need to proceed with caution.  

1.3.4 Fast ice 

Fast ice is ice that is connected to the shore. The hazard of this type of ice is, that 
it can mislead the radar image. It is hard to determine the true coastline. There 
fore navigators need to use the right landmarks or navigational objects for 
positioning stipulation when using the radar.  

1.3.5 Pack ice  

This is ice that is drifting on the water. Most of the time these are small pieces of 
ice floating together through the motion and effects of wind and current. Open 
pack ice is very easy to sail through with extra vigilance on the bridge and with 
good visibility.  
When the pack ice is closed “closed pack ice”, it forms a serious danger for a 
passing vessel. Closed ice is pushed together by the motion and effect of the wind 
and the sea current; because of this the ice forms sharp points or “hummocking”. 
When sailing into this closed pack ice, there is a great risk for serious damage on 
the hull of a vessel.  

1.4 Conclusion: 

Forming of ice: 
Basically there are two types of ice: 

 Sea ice 

 Fresh water ice 

Because of the water with a salinity of more than 24,7 ppt, can only exist sea ice 
on the North Pole. This sea ice has different types with different aspects. In 
Appendix IV all types of ice are described with there: thickness, hazards and 
visual aspects.  
 
When it comes to describe the color of ice, if snow has fallen it will be all white so 
the color is no longer a reliable method of identification.  
It is hard to say which type of ice is in front of a ship and when it is too 
dangerous to sail on or not. New ice and young ice will usually not cause for any 
problems.  
 
Due to ice there are different dangers for the navigation and for the ship. The 
ship can be seriously damaged and it can be very difficult to get a proper 
overview of the surrounding ice. It is also difficult to determine the type of ice. 
To minimize the risks of a collision with floating ice (bergs) it is important to 
keep a good lookout for the behaviour of the ice. This will make it possible to 
make the right decisions on time. 
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Chapter 2: Current situation of ice detection 
 
Like weather forecast/reports there is also ice reports/forecasts. The 
information that is available on this reports are not really accurate, but there are 
still useful for navigation. This information can give an overview every hour in 
some areas. The sources where this information is gathered from are:  

 Satellites 
 Aircrafts and ship observations 
 Coastal sites 

 
The sub-question is:  

How can the ice thickness be measured of the surrounding ice with on-
board equipment? 

 
The sub-question is answered by using the following methodology: 

 The group has done research by means of qualitative research method and used 

graphs and stream information of navigational books and Internet sites. 

 Field research is done by contact an ice expert: Mr. Wim Jolles. He can show 

some examples of ice charts.  

There are different ways to write down this information. The next two ways are 
discussed in this chapter:  

 Egg code 

 WMO concentration color code and symbols 

On the end of this chapter we will discuss if the current situation is sufficient 
enough for the present situation in the North Pole. 
 

2.1 Egg Code 

To standardize this information, the World meteorological Organization (WMO) 
has created the Egg Code. This Egg Code gives information about the present 
thickness, the type of ice and how much ice there is. Image 4 clarifies this code: 

 
 
 

 Total concentration: The first section 
indicates the total ice concentration: the ice 
coverage of an area expressed by its 
concentration in tenths.  

 Partial concentration: breakdown of 
the total ice coverage graded by thickness.  
2a–thickest ice, 2b–medium ice, 2c-thinnest 

ice 

 Stage of development: indicates the 
type of ice. See table 1. 

 Floe size: the form of the ice 
determined by its floe size. See table 2. 

Figure 4  
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Table 1: Development (Sa,Sb,Sc) 1 

 

 

In table 1 and 2 are show the different stages of development and floe size. The 

letter in the Egg code can be found in the table that is added in the appendix. 

Here you see a section of these tables:  

For example:  

In the egg code are different codes with numbers. For example: code 1. This 

stand for new ice and it has a thickness of less than 10 cm.  

 

  

 

    

 

 
 

 
 
 

2.2 WMO concentration color code and symbols 

Next to the Egg code, there is another method made for reading the ice charts. 
This system works with colors and symbols. See image 5 and 6:  
 

 
Figure 5  

 
Figure 6  

In appendix I you can find an ice charts that uses the WMO concentration color 
code.  
 
 
 

Table 2: Coding for Form of Ice(Fa,Fb,Fc) 2 
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In the appendix you also can find the whole tables of:  
 WMO concentration color code and symbols (appendix II) 

 Coding for Form of ice, belong the Egg-code  (appendix III) 

2.3 conclusion 

In the current situation most of the ice types are being well mapped. The 
shipping companies can ask for these maps by the authorities. But these are just 
maps and not real-time information. Mastenbroek (2014) defines the ideal 
situation as: “There are no real-time maps. The authorities update the current 
maps every 2 or 3 hour. But when the wind changes, there is a complete new 
situation. Real-time information about ice will make it a lot easier.”  
 
The biggest problem is that the ice is very dynamic and it will continuously 
change like the weather does. Because of that there are also ice forecasts. But not 
everything is detectable, like glowers or wind changes. 11 In the current situation 
maps are used for the navigation. These maps give no real-time information. So 
we can conclude that these maps are maybe outdated.  
 
Secondly we can conclude that these maps of the authorities, almost only 
generate the information about ice. There are practically none devices on board 
to give an overview of the surrounding ice. Like Mr. Mastenbroek said (2014): 
“Some ships of Athony Veder are sailing with an thermal camera, because the oil 
companies requires that. But it has not yet been proven now, because of the small 
temperature difference between sea water and ice.” 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                        
11 Toomey, P.R.M., Lloyd, M., House, D.J., & Dickins, D. (2010). The ice navigation manual 
(first edition). Edinburgh: Witherby Seamanship International Ltd.  
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Chapter 3: Horizontal ice measuring 
 
During the interview with SHEQ Officer Wouter van der Veen and Naval 
Architect Machiel Mastenbroek who are employees at the company Anthony 
Veder we asked the question: What kind of device would you like to have on the 
ships of Anthony Veder when sailing through rough ice conditions?  
They answered: “It would be great if there is  an device able to tell the crew 
onboard the real time information around the ship, like the ice thickness”.  
 
This chapter will start off with an introduction of all the devices what already 
been used in polar navigation. After the 
introduction the concept of the new way of 
horizontal measuring will be discussed, with the 
desk research and field research the group have 
done. This chapter will end with a conclusion.  

 Sub-question: 
In what way is it possible to measure the ice 
thickness in a horizontal way? 
 
Nowadays ice thickness measurements are made 
by satellite imaging and drilling holes that are 
made in the ice and is  able to provide ships with 
information about the ice thickness.  
All of these techniques have advantages and 
disadvantages, for example:  an satellite is able to 
cover a very large area but is not very precisely. 

Drilling holes is very precisely but covers a very 
small area. 
 
In this satellite picture (image 7) with scale 1cm : 20M, you are able to see that 
the satellite image covers a very large area but not very precisely. With different 
kind of colors the different depts of ice are indicated.  
The project group came up with an idea to combine satellite pictures with a new 
system. In chapter 3.1 you can find the ideas.  

3.1 Measuring in a horizontal way 

In this paragraph the concept of the idea will be explained.  
First of all the device must be able to measure under the surface of the water. 
The solution is sonar. 
Sonar is a way of measurement that uses sound propagation to visualize objects 
on or under the surface of the water, for example icebergs. 
 

Figure 7  



 21 

 
Figure 8   

Sonar can be divided in two systems active- and passive sonar:  
 Active sonar sends an acoustic pulse of sound into the water. If there is 

an object, for example an iceberg, in the path of the sound pulse. The 
sound jumps back off the iceberg and delivers an echo to the sonar.  

 Passive sonar systems are only used to detect racket from objects such 
as motorized vessels or some animals like whales. (see image 8)  

 
To make this idea work there are 3 sonar's needed, the sonar's will be placed in 
the ship in three different spots. (see image 9)  
 

 
Figure 9  

The sonar's will be placed on different levels. (see yellow, purple and green line 
in above picture). This three sonar's will measure on three different depts. 
The exact places of the sonar's will depend of the ice classification of the ship. 
Ice classification is a system that divides every ship on a scale; ships in a high 
rank are able to sail through rough conditions of ice. Ships low in rank are not 
able to sail through rough ice conditions. 
 
For example: the ship in the picture above is able to break 30 cm thick sea ice. 
Then the places of the sonar's will be: 
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Sonar  Place of sonar  Line in picture 

1 25 cm below surface Yellow  

2 30 cm below surface Purple 

3 35 cm below surface Green  

Tabel 3  

When a sonar detects ice it will communicate with the bridge team: 
 When the first sonar detects ice it will communicate this to the bridge 

and say:  warning, ice detected below water surface! There is a piece of 
ice that is almost penetrable for the ship hull. 

 When the second sonar detects is it will communicate this to the bridge 
and say: ALARM! There is a piece of ice that is penetrable for the ship 
hull. This will cause damage. 

 When the third sonar detects ice it will communicate this to the bridge 
and say: ALARM ALARM! ALARM! Ahead of us there is a piece of ice that 
is able to sink the ship! 

3.2 Sonar communication with the bridge 

If the system is only measuring, it's useless for the bridge team. The 
measurements must be transported to the bridge team.  
The ECDIS is able to help with this problem. The information will be send to the 
ECDIS, the ECDIS will convert this information in to visible lines on the screen. 
See picture below. 
 

 
Figure 10  

The colors of the lines on the ECDIS in figure 10 correspond with the color of the 
lines in the sonar picture. 

3.2.1 For example: 

The ship is sailing through the Arctic in an area with a lot of icebergs. The captain 
has seen the  satellite pictures so he knows he is in an dangerous area with 
icebergs. But what he don't know is where these dangerous icebergs exactly are. 
Because some of them are just below the waterline. 
Now the crew on this ship is able to turn on the horizontal measurement  system,  
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The crew is now able to see on the ECDIS if they are able to proceed on the 
current course.  
When this isn't able. The crew makes a change of course and let the system 
measure again. Now the crew is able to navigate safe through iceberg areas. But 
is it reliable? 
 
During the interview with Wouter van der Veen and Machiel Mastenbroek of the 
company Anthony Veder we suggested this idea.  
They confirmed that it could be very helpful, but it needs to be reliable.  

3.3 Reliability of the system 

Because of waves and wind the ship is constantly moving around. That is a 
negative factor for the reliability of the system. 
Because:  for example sonar 1 have to be exactly on 30 cm depth. And when the 
ship is moving up and down because of the behavior of the  waves the depth of 
the sonar is constantly shifting. 
 
The solution for that problem is a stabilizer. For example the :  EOS M Gimbal 8 
made by Jure Korber. This device is able to stabilize al motions in every 
direction.  
See the picture below.  

 
Figure 11  

The square represents a ship in rising condition. The yellow, purple and green 
lines are representing this three different sonar's again.  
The sonar's are mounted on a black cylinder, this black cylinder in figure 11.1 is 
the same black cylinder as in figure 11.2. The camera in picture 2 is mounted on 
top of a cylinder, on this cylinder is a handle mounted. This handle is able to slide 
up and down with the aid of an electro motor. At the bottom of this cylinder is a 
distance sensor installed.  
When the person in picture 2 is moving his hands up and down, the distance 
sensor will notice this movement and will communicate this to the electro motor. 
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And the electro motor will compensate this motion by sliding the handle bar up 
or down. Now the camera will stay on the same height.  This concept is possible 
in every single motion.  
 
Left to right motion 

 
Back to front motion 

 
Circling motion 

 
 
This concept is used for a camera, but it also can be used to stabilize any other 
device. For example a sonar.  
This is the solution to keep the system reliable.  
 
Wouter van der Veen Machiel Mastenbroek of the company Anthony Veder said 
during the interview:” there is also a possibility to separate the measurement 
system and the ECDIS system.” 
Because if information in the future is collected from external measurements 
done by for example icebreakers, a special measurement team or more precisely 
satellite pictures. The ECDIS system is ideal to convert the collected information 
and make it usable. 

3.4 Conclusion:  

At the end of the research the group formed the following conclusion: 
In what way is it possible to measure the ice thickness in a horizontal way?  

 Answer:  
o Using sonar for the horizontal measurements. By using stabilizers 

the sonar is an reliable device that is able to measure ice thickness 
very precisely.  

o But how reliable is the obtained information in a real situation?  
It can only be obtained by installing the system and try it out for a period of time. 
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Chapter 4: Range of ice detector  
 
This short chapter will start off with an introduction. After the introduction the 
range of the ice detector will be discussed and some calculation will be made. 
And in the last part of this chapter the conclusion will be explained.  
 
Getting a warning can be lifesaving, but a warning a few seconds before the 
collision is useless. The warning needs to be in time, that the bridge team is able 
to alter their course or reduce speed.  

4.1 What must be the range of the ice detector? 

When sailing through rough ice areas the average speed icebreakers is from 3 to 
20 knots.12 
So the average speed of ice classify ship will be around 5 knots. The minimum 
time needed to make a course change is about 1 minute.13 

4.1.2 Calculations 

5 knots * 1852 m = 9260 m/h  
(9260 m/h ) / (60 min) = 154 m/min  
1852m = 1 nautical mile 
 
 The ship will travel 154 meters in 1 minute, so this distance must definitely be 
covert by the ice detector.    
But a descent distance between ship and obstacle is needed to navigate safely. 
When the speed of the vessel is around 5 knots a distance of 50 meters is 
needed.14 
 
154 meters + 50 meters = 204 meters 

4.3 Conclusion 

At the end of the research the group formed the following conclusion:  
What must be the range of the ice detector?  
 

 Answer:  

When a vessel is around the sailing speed of 5 knots the range of the ice detector 
must be 204 meters or more. Every extra meter the ice detector is able to cover 
is an advantage for the crew on board.   
 
 
 

                                                        
12 individual project from student. (2013). EOS M gimbal. Geraadpleegd op 5 januari 
2014. Van http://www.youtube.com/watch?v=s37NM9a4eiQ 
13 Russian icebreaker site. (2013). Pocatom. Geraadpleegd op 5 januari 2014. Van 
http://www.rosatomflot.ru/index.php?menuid=21&lang=en  
14 According to Wouter van der Veen & Machiel Mastenbroek. (13 January 2014). Off 
Anthony Veder.  
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Chapter 5: Ice detection by camera’s  
 

Nowadays there are companies that design special types of cameras that can 
help navigators travel safely through the North Pole. These cameras help detect 
ice through the day and especially at night when the visibility is at its low. 
 
When traveling through the ice it is important to also know in what types of ice 
the ship is navigating. The thickness of the ice determines if the ship is strong 
enough to go through the ice. The question that is being answered in this chapter 
is: how can the ice thickness be measured by using cameras? To answer this 
question the following subjects will be discussed in this chapter: 

 Types of cameras 

 Application of the cameras 

 Operation of the cameras 

 Technique used by cameras 

 Advantages and disadvantages of the cameras 

The methodology used is qualitative research method. Desk research on the 
earlier mentioned topics: types of cameras, application, operation, techniques, 
the advantages and disadvantages of the cameras. As field research interviews 
will be made with companies that manufacture these types of cameras.  To 
understand the ice detection process a person must know the different types of 
ice that exist. 
 

5.1 Types of ice 

Thermal cameras are able to detect ice of all sizes and shapes that are divided in 
three categories: icebergs, bergy bits and growlers. Icebergs are big chunks of ice 
witch more than 5 meters of ice is stinking out of the water. The bergy bits are 
peaces of ice which between 5 and 1 meter of ice is sticking out of the water. 
Growlers are peaces of ice that is sticking les then one meter out of the water. 
 
Icebergs under the waterline are not easy to detect. Bergy bits and growlers are 
more difficult to detect because their size and shape visually and with radar. 
Young ice growlers less than one year old do not make so much damage to a 
ship’s hull when the ship is traveling at a safe speed.  older ice have a greater 
density that younger ice and therefore more mass. This means that it can really 
make a lot of damage if these growlers are not detected on time. 

5.2 Types of cameras 

The types of cameras used for detecting ice are: 
 HD cameras 

 Thermal cameras 
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5.2.1 Thermal cameras 

Thermal cameras can help navigation officers in detecting the ice in the arctic 
waters. These can help the navigation officers with a visual view of small 
icebergs in water by making a difference in temperature of the ambience and the 
temperature of the iceberg itself. 
 
Ice and glaciers are difficult to detect because the signal of the radar do not 
reflect back like other objects which makes ice very hard to see on radar. Snow 
and fog makes it more difficult to see the little bits of ice in water that can cause 
lots of problems mentioned above. 

5.2.2 Technique thermal camera 

Thermal cameras record the intensity of electromagnetic radiation in the 
infrared spectrum. This radiation is transformed in to an image that is created by 
an detector of Vanadium Oxide that creates a clear image that can be visualized 
by the user and give an overview of the current situation in the waters if there 
any ice in water. 
 
Thermal cameras can be used for the detection of icebergs because the ice is 
colder than the ambience temperature and water. The image is not made by only 
this difference in temperature but also in difference in emissivity. The definition 
of emissivity is the ability of a material to emit energy by radiation for example 
thermal radiation. Two objects with a difference in emissivity but the same 
temperature will give different thermal levels of thermal radiation. This is 
mentioned in the thermal image that is made by the camera where a better 
image is made where everything is clearer to see. 

5.2.3 Application thermal cameras 

By using the thermal camera navigation officers can make an early detection of 
the iceberg and can react by ether altering course or speed. A greater response 
time for shippers means also avoiding hazard that occur and saving lives of 
crewmembers. 
 
Thermal cameras are combined with Radar and ECDIS system. This provides the 
user/operator with a good situation awareness tool that can help in drastic 
situations such as MOB (Man over board) and of course ice detection. This 
combination can also help the operator track a target (icebergs), make a range 
and bearing on the object and track the ice till it is no longer a threat for ship and 
crew. 

 
Figure 12 15 MOB detected with thermal camera   

                                                        
15 Flir thermal Camaras Copyright 1999-2014 FLIR Systems, Inc. Geraadpleegd op 14 February 2014 van  

http://www.flir.com/cs/emea/en/view/?id=52805 
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Figure 13 16 Tracking growlers in the water that is not to see with the human eye in the dark 

5.2.4 Advantages and disadvantages 

Advantages for using thermal cameras are: 
 Wider view of the current situation at hand (see figure 12 and13) 

 Image is not based only on temperature but also emissivity 

 The cameras withstand a temperature between 55 and -25 degrees Celsius 

 Has self-heating to avoid the grow of ice on the lens. 

 Can also be used in case of MOB (Man Over Board), piracy and self-security. 

 Can be combined with the radar and ECDIS system 

Disadvantages for using thermal cameras: 
 In case of blackout or electric failure they do not function. 

 Expensive 

 
Figure 14  17 How the searchlight only illuminates objects in the narrow path of its light-
beam  

 

  
 
 
 
 
 

 

 
 
 

                                                        
 
17 Current Corporation detecting ice bergs with thermal imaging posted on June 26th, 2012 under the 
category: News . Geraadpleegd op 14 februari 2014 van .http://www.currentcorp.com/detecting-ice-bergs-with-

thermal-imaging-case-study/ 
17Flir thermal Camaras Copyright 1999-2014 FLIR Systems, Inc. Geraadpleegd op 14 February 2014 van  

http://www.flir.com/cs/emea/en/view/?id=52805 

http://www.youtube.com/watch?v=pGuu_bidUs0&list=UUZ9fxGzdY-06IoAdiRdjZpw&index=4&feature=plcp
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Figure 15 18 How a thermal imaging camera presents a much wider view, resulting in better 
situational awareness  

5.3 High Definition cameras (HD cameras) 

When using HD cameras in front of a ship the cameras give a 1280x720 pixel 
image in 60 fps (frames per second).  In accordance to parameters  of the images 
taken the ice thickness can be estimated with commercial 3D measurement 
software such as Techno Viewer 3D. The accuracy of the system depends on the 
height of the ship. The higher the cameras are from sea level the higher the error 
evaluation result will be. 

5.3.1 Application HD cameras 

The system used for the measuring of the ice thickness was a 3D measurement 
system. On board a ship two digital HD cameras are attached to the guardrail of 
an icebreaker. When the icebreaker breaks the ice, the two different angels of the 
broken ice can be measured by the two cameras (see figure 16 and 17). These 
images are then processed in the 3D measuring system and can be determined 
based on the reference angle (see figure 18) image made by the HD cameras. 
 
 

19 20 
Figure 16     Figure 17 

 

 

                                                        
18 Flir thermal Camaras Copyright 1999-2014 FLIR Systems, Inc. Geraadpleegd op 14 February 2014 van  

http://www.flir.com/cs/emea/en/view/?id=52805 
19 Artikel Sea ice thickness measurement from an ice breaker. Geraadpleegd op 14 february van 
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Science, Volume 
XXXVIII, Part 8, Kyoto Japan 2010. 
20 Artikel Sea ice thickness measurement from an ice breaker. Geraadpleegd op 14 february van 
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Science, Volume 
XXXVIII, Part 8, Kyoto Japan 2010. 
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Figure 18  

 
*International Archives of the Photogrammetry, Remote Sensing and Spatial Information Science, Volume XXXVIII, Part 8, 
Kyoto Japan 2010 

5.3.2 Advantages and disadvantages 

Advantages of HD cameras: 
 Measurements are more accurate and up to date then satellite photos. 

Disadvantages of HD cameras: 
 Accuracy of the measurement is depends on height. 

 Can only measure ice with thickness between the 5 to 10 cm with this method 

 This method is still in experimenting phase. 

 

 
 
 

 

 

 

 

 

 

 

 

                                                        
21 Artikel Sea ice thickness measurement from an ice breaker. Geraadpleegd op 14 february van 
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Science, Volume 
XXXVIII, Part 8, Kyoto Japan 2010 
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Chapter 6: Electro magnetic measuring: 

The word magnetism is normally used to refer to electromagnetism but it is only 
a small part of the topic magnetism. Equipment that is powered by electricity 
such as electric motors use magnetic forces. Those magnets in the motors exert 
forces on each other which is a natural phenomenon. Magnetism is a very 
important factor in electric equipment’s on board such as: 

 Electric pumps/motors 
 Generators 
 Contactor 
 Magnetic compass 

How can the ice be measured by using an electromagnetic induction instrument. 
This question will be answered in this chapter. The methodology used to answer 
this question is: 

1. Desk research: information gathered by articles on Electromagnetic 
induction. Information from literature books about magnetism.  

2. Field research: Information on electromagnetism given by expert on 
electric engineering. 

The subject that is being discussed in this chapter is: 

 Description magnetism. 
 Materials magnets 
 How the electromagnetic measurement take place. 
 The advantages and disadvantages for using this method. 
 Conclusion question. 

6.1 Magnetism 

Magnets have 2 poles: a North pole( N-pole) and a South pole (S-pole). Poles 
alike repels and poles unlike attract each other. A magnet has different 
properties such as: 

1. Pole strength 

2. Magnetic induction 

The pole strength of a magnet depends on the size of the magnet itself, the bigger 
it is, stronger the pole strength. Another word for pole strength is magnetic flux. 
Pole strength is indicated with the symbol φ (phie) and the unit is weber (Wb). 
The magnetic induction is the flux divided by the surface (A) of the magnetic 

field. The symbol for magnetic induction is B (B= 
𝜑

𝐴
).  The magnetic induction 

depends on the position that the magnetic field was measured. The magnetic 
field can be made visible by using iron filings. Lines will appear on the magnet 
such as in figure 19. These lines are called field lines. 
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Figure 19: field lines 

  
 

6.2 Magnetic material 

There are 3 types of magnetic materials: iron, cobalt and nickel. 
Magnets are made from the three above-mentioned materials or by non-
magnetic materials. Depends on the composition of the magnet it will have 
different kind of properties. 
Largely magnets are made from iron or steel. Each material has different 
properties. Magnets made of iron are called permanent magnets because the 
magnetic attraction is very strong and the magnetic attraction does not fade 
away. The magnetic attractions of steel magnets are weaker then iron magnets 
and will fade away with time. Magnetism is always present when there is an 
electrical current in the vicinity. By controlling the electrical current one can 
induce, regulate or let the magnetic forces fade out 

6.3 Electromagnetic measurement 

By using an electromagnetic device (EM31) snow and the ice thickness can be 
measured. By measuring the conductivity of ice and seawater and putting this 
data in to an equation of the instrument, the information gathered is then 
converted in to the ice thickness measurement. 

23 

                                                        
22 source Figure 1: book elektrotechniek voor de operationele techinicus deel 1 pg 5-2. 4e druk 1996, ir B.W. 
Gijsberthsen en ir. W. Dekkers ISBN 978 9070625443 copyright 1984. Geraadpleegd op 14 february 2014. 
23 Artikle of Arctic Explorers 6th May 2000. Geraadpleegd op 14 february 2014 from 
http://tea.armadaproject.org/kolb/5.6.2000.html 
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Figure 20: electromagnetic device 

In figure 20 is the electromagnetic device (EM31) used to measure snow and ice 
thickness. It is installed in a kayak for easy transportation. If this device can be 
installed on a ship, it will be able to measure the ice in its way.   

6.3.1 Advantages and disadvantages electromagnetic measurement 

The advantages of using electromagnetic induction for measurement of ice: 
 Measurement is done faster than when drilling a hole in the ice. 

6.3.2 The disadvantages of electromagnetic measurement: 

 The information is not accurate enough 
 The measurement has to be done up-close so no time to avoid if ice is too 

thick to pass through 
 Not much research done on this topic were the device is attached to ship 

6.4 Conclusion 

Electro magnetic measurement of ice thickness is not a very promising idea 
because: 

 No research is done in order to see if the electromagnetic device will work 

proper and not obstruct the functioning of other devices 

 By adverse weather the device will not work or has difficulties 

performing at its optimum level. 

 There is no information if the device can distinguish different types of ice 

as mentioned in earlier chapters of this report. 
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Chapter 7 automation:  
 
The navigation officer on the bridge must use the collected data, from an ice 
detector. This data process must be optimized and automated to make it useful 
information 
 
How will the ice measurements process be automated? 
 
To answer this question the following mythology will be used: 
• Desk research: literature from books about automated systems 
• Field research: interview with Imtech expert on automation systems 
 
The subjects that is going to be discussed in this chapter are: 
• Automation systems 
• Building an automates system to process the information obtained 
• The pro’s and con’s of such a automated system for ice measuring 
• Conclusion 

7.1 Data flow diagram: 

So the information about the ice thickness that is measured with the systems 
mentioned earlier in this report must be collected. When this information is 
collected it needs to be transferred to the ECDIS. To clarify this process a data 
flow diagram is used.  
One of the things that mister Mastenbroek (personal meeting, 13 January) 
pointed out to the project group is: that it would be great if ships can work 
together to share their information with other ships. 
 
The information process will be: 
 

 First the measuring device will be some of the earlier mentioned 
measuring devices like the sonar. The data that is created by the 
measuring device must be transferred to a database to processing 
the information. 

 Secondly the database is able to store all the data. Not only the data 
input from the measuring device but also the data from other ships.   

 Finally the ARPA and ECDIS, these devices will 
convert the data into useable visible lines. Which is 
mentioned in chapter 3.  

 
So if all these aspects are put together, the 
information diagram will look like this: 
 
 
 
 
 
 
 diagram 1  
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7.2 Make the system communicate:  

Mr. Mastenbroek and Mr. Van der Veen from Athony Veder (personal meeting, 
13 January) said during our interview, that it would be great if the system is able 
to communicate with other systems so the ships can share their obtained 
information.  
Also mister Hurkmans from IMTECH (personal meeting, 12 February) said if 
systems could work together. The systems are able to cover a much bigger area.  
 
To make this work there are to more aspects needed: 
 

 The data collected must be sent to other ships, this is made possible 
with a transmitter.  

 
 The data from other ships and coast guards will be collected with a 

receiver. This receiver must be able to cover large areas. It would be 
great if the receiver is able to make borders in their searching area. 
So only the useful information is received.  

 
So if all these aspects are put together, the information diagram will look like 
this: 

 
Diagram 2  

 
Now the system is able to share the obtained information, and is able to receive 
the obtained information from other ships.  
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7.3 Reliable: 

If the system is operative and the surrounding ships are sending information, the 
obtained information from the measuring devices and from the receiver will be 
visible on the ECDIS or ARPA. The crew on board is now able to see some real 
time information.  
 
But how reliable is this information?  
To make sure this information is reliable there must be done some checks: 
 

 First of all the obtained information must be compared to the measured 
information. If the obtained information from a nearby ship is almost the 
same as the measured information the system is pretty reliable. 
 

 It's also a possibility to compare measured information with information 
from shore.  
  

 And last of all, the system must be used as a warning device. Good 
seamanship is needed. Never rely for 100% on a system, always check. 

 
If the system is checked on a regular basis, and the system is used in the right 
way. The system is reliable.  

7.4 Conclusion: 

If the system works correctly ships are now able to see real time information 
provided by their own measuring devices, and ships are able to see the current 
situation in further states of their journey.  
This information is real time information provided by other ships and the coast 
guard.  
 
The crew on board is able to anticipate early, and is able to plan their journey 
more time ahead. This will safe costs and increase the safety of the crew.  
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Conclusion 
 
To navigate the North Pole it is important to know the specifics about the 
surrounding ice. There are different types of ice and they all have their own 
characteristics. Due to this different characteristics each different ice types has 
his own hazard. By the effect of sunlight, nighttime and snowfall it is difficult to 
determine the ice type in front of the ship.  
 
An automatic ice-measuring device could solve the above problem. The first 
device is to measure the ice in a horizontal way. This system uses a few 
horizontal placed sonar's. If the data from al the sonar's can be combined, the 
onboard crew has a sharp overview of the surrounding ice characteristics.  
By using stabilizers the sonar will be precisely measuring in the right angle. This 
system does not exist up to now. By testing the system in the future the 
feasibility and reliability will be proved.  
 
The second option for an ice-measuring device could be by cameras. For 
measuring ice there are two types of cameras: Thermal-camera or HD-camera.  
The thermal camera gives a visual overview of the current situation. The 
Thermal camera records the intensity of electromagnetic radiation in the 
infrared spectrum. The infrared spectrum of the objects depends on the 
difference in temperature and the difference in emissivity.  
The HD-cameras are two cameras in front of the ship. These cameras only 
measure the ice thickness when the ship already has broken the ice. So this 
measuring device only measures the ice-thickness in the current position of the 
ship. But this is could be also useful information.  
 
The third measuring device is the EM31. This measuring is based on 
electromagnetic fields and is used for measurements closed to the ice/snow 
surface. Due to the movement of the ship through the ice is hard to use this 
measuring method. So this measuring based on electromagnetic field could not 
be useful for ice navigation on a ship.  
 
To make the measuring devices useful for navigation they have to be connected 
to a database. This database will process the information to make it useful. The 
information should be shown on an ARPA or ECDIS.  
 
A database like this does not exist yet. To make a database like this should be 
possible in the future. Shipping companies like Anthony Veder are interested and 
said it would be very useful.  
 
At the end of all, the main question: How can a device, which measures the ice 
thickness, contribute to make North Pole sailing safer for ships?  
The answer to this question is: provide the ships with real time information 
about the surrounding ice thickness. This information could be showed on the 
ecdis. Use a database to store all the gathered information, use a transmitter to 
share the information and use a receiver to receive more information. If the 
system is automated and used correctly, ships are able to sail safe through the 
North Pole and other regions.  
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Recommendations  
If the system the project group created is able to work properly, it could be very 
helpful for the navigational officers. But there are some serious things to keep in 
mind.  

 The system must be tested in some real situations to measure if the 

system works precisely, to see if the system is reliable. 

 The communication with other ships to share data must be tested, to see 

if the data is able to transfer safely en in time. 

 Each of the ice measuring systems we mentioned needs to be tested, to 

see which one works best.  
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Appendix I: ice map 
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November 2013. Van http://met.no/English/Ocean_and_Ice/ 
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Appendix II: Egg code and WMO concentration color code 
 

25 

Coding for Form of Ice(Fa,Fb,Fc): 
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Appendix III: Interview with Anthony Veder: 
 
The interview was between group members one and Sheq Officer Wouter van der 

Veen and Naval architect Machiel Mastenbroek of the company Anthony Veder. Mr 

van der Veen is a specialist navigator for a couple of years now and Mr.  Mastenbroek 

specializes in the design of the ship.  The interview was to gather information about 

the technology that the company Anthony Veder uses on their ships. The ships that 

Anthony Veder use for the transportation of Liqued Natural Gas (LNG)  in the Baltic 

Sea during the winter season are the Coral Lacera, Colar Leaf, Coral Carbonic and the 

Coral Lophelia  . These ships are all ice class 1A and have a Length over all between 

75 and 108 meters.  

    
Coral Lophelia      Coral Leaf 

 

  
Coral Lacera     Coral Carbonic 

 

The questions that were answered in the interview was: 

What is the main characteristic that makes Anthony Veder a special company that 

other clients want to use your services to transport there products across the Baltic 

Sea? 

Anthony Veder uses small and  middle-sized gas tankers that travel in the Baltic sea 

where other companies are not willing or do not have the resources such as a proper 

ice class ship and equipment on deck that can be used in polar conditions. There are 

ice class ships from 1C to 1A+ . The higher the ice class of the ship  means that the 

ship is built to handle and travel in serious( how stronger the hull is)  ice conditions, 

which indicates the priority of the ship. We are also one of the few that transports 

LNG. These facilities has Anthony Veder to offer on clients that want to transport 

their product in the Baltic sea for a certain price.  

 

What are the special requirements that these ice class ships must have fore 

traveling in polar conditions? 
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The ships are chartered by Oil companies and these companies states the requirements 

on board such as how the ship has to be run, equipment and certain certificates. This 

is the ideal vision that the client  will feel comfortable and as company Anthony 

Veder has to try to fulfill the client’s wishes. The ships also has to undergo inspection. 

Once every six months a SIRE program  that stands for Ship Inspection Report 

Program that was introduced by the Oil Companies International Marine Forum 

(OCIMF). The SIRE programme is an assessment tool for ship safety. This is 

important in case of an incident that the ship was in proper condition to travel and that 

the press will not blow it out of proportion . One of the components of the inspection 

is polar navigation, which states: 

 that ships depending in what condition of ice they are traveling must be a certain ice 

class type.  

 The equipment on board (radar, electronics) also must be able to work in polar 

conditions. 

 That the ship accommodations must be proper for the crew on board for traveling in 

polar conditions. 

 Special equipment such as infrared camera in the Stem to make a difference between 

ice and water. 

 That the crew has practice sufficient  ice training exercises. 

 The ship has to have a certain minimum engine power and displacement that is higher 

that a similar ship that has no ice class. 

 

When traveling in ice conditions who determines that the ship is able to follow a 

certain route? 

The local authorities determine the routes that can be travelled. When traveling in the 

Baltic Sea the local authorities such as the Swedish and Russian calculate and 

measure what approximately the ice thickness is. In accordance with the ice class and 

deadweight the authorities will determine which route a certain ship can travel. If that 

ship gets stuck in the ice, an icebreaker will be send to assist and get the ship on its 

way. If the ship does  not follow orders and travels in a district for ice ship class 1B 

but the ship is type 1C then the ship is on its own until  an icebreaker is available to 

assist it. 

It is also in the ships own advantage that it is built with  ice-breaking capabilities 

because there is not always an icebreaker in the vicinity that can assist the ship if it 

gets stuck in the ice. 

 

What are the resources/ equipment that the ships of Anthony Veder use for ice 

detection ? 

Oil companies nowadays are demanding that certain ships be equipped with thermal 

cameras on board. But in practice there not a lot of use for it because very often. The 

ice temperature is zero degrees and the water is almost zero degrees so there isn’t a lot 

difference between the 1 year ice and the water in the Baltic Sea. One year ice is  

called that so because in the summer it is water and in the winter it turns to ice. 

 

What are the requirements/demands that crewmembers on board of ships of 

Anthony Veder? 

All crewmembers of Anthony Veder are certified to navigate in polar conditions. In 

Saint Petersburg simulators are given of multiple exercises, which all officers and 
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crewmembers must follow not only for navigation but also as safety measure. 

Nowadays these courses are also given in Terschelling and STC-Group. Also could 

notation in combination with the ice class are characteristics that are being used as 

resources to help navigate through the ice. Could notations are notations made by 

VERITAS of the deck equipment, defrosting of gangways and pipelines etc.Veritas is 

a group that leads in inspection, testing and certification in the marine division . These 

notations give a global view of the performance and the conditions of the equipment 

in polar conditions.  

 

What is the perspective on polar navigation with the concept now of global 

warming in the future? 

With the current situation that this winter it hasn’t snow yet here in Holland and that 

you see drastic weather changes such as in North-America that now there drastic 

winter of temperatures of approximately minus  42 degrees you cannot determine 

what is going to happen. When building a ship Anthony Veder considers the current 

situation and expect that there will not so much change in the following 25 years. The 

ships used are more for short-time sailing. The ports distance that are made are not so 

great in comparison with from Holland to Japan or something similar. 

 

How is the current data obtained by the ships travelling in the Baltic sea and are 

these data accurate?  

When travelling in polar condition the officers use satellite photos and ice charts 

given by the local authorities. These photos are made daily and they are very accurate 

to the situation expected. If the wind changes direction the situation will change 

dramatically. If the ship gets stuck then it would have to call for icebreaker assistance 

.When navigating in polar condition a ship gets confronted with higher tides then in 

the Baltic area. 
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Appendix IV: ice table 
Type of ice: Thickness/Size Hazards: Visual aspects: 
Freshwater ice  Large variation None, no located on 

the North Pole 
Normally white and 
has a crystalline 
structure 

New ice Only few 
centimeters 

No hazards when 
having a decent hull 

Looks like slush, 
seawater is visible 
between ice. The ice 
layer will heave 
with the same 
frequency as the 
seawater. The ice 
will look very 
vulnerable 

Young ice (indicates 
the end of “easy” ice 
navigation and the 
beginning of more 
challenging ice 
navigation 

15-30 cm None, a ship with a 
decent ice class and 
power will sail 
relatively easy 
through this.   

Starts grey and but 
when the thickness 
increase it becomes 
whiter. Blocks of ± 1 
weight floating 
separately on the 
water surface. 

First year ice 0,3 – 2m  Yes, when the 
thickness is more 
than 1 meter. Vessel 
can get stuck in the 
ice 

Closed package of 
ice. Possibility of 
forming sharp 
ridges of hummocks 
The color can vary 
due to snowfall. 

Old ice <3m Yes, extremely 
hazardous due to 
thickness of the ice. 
Even for 
icebreakers 

Color: blue 
Smoother 
hummocks than 
first year ice. There 
is a clearly melt 
pattern visible.  
 

Icebergs  Small iceberg: 16-
60m (length) 
Large icebergs: 
121-200m (length) 

Yes, only 1/3 is 
visible. They are 
very unstable and 
floating 

Color: green-blue, 
this depends on the 
sunlight reflection. 
At night: black mass 

Bergy Bits 6-15m Yes, because of their 
small size their 
difficult to see. 
Bergy bits will not 
seriously damaged 
the ship.  

Color: green-blue, 
this depends on the 
sunlight reflection. 
At night: black mass 

Growlers 1-5m Yes, All glacial ice is 
hazardous and 
should not be 
approached closely. 
Because the 
difficulty to 
estimate the size. 
Growlers will not 
seriously damaged 

Color: green-blue, 
this depends on the 
sunlight reflection. 
At night: black mass 
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the ship 
Fast ice ±2m Yes, the navigator 

needs to know that 
fast ice can extend 
and change the true 
image of the 
coastline.  

Fast ice can be of 
any age and stage of 
development and 
deformation. 

Pack ice 1-10m  Open pack ice: No 
dangers 
Closed pack ice: 
very dangerous, 
even for 
icebreakers.  

Pack ice is not an 
equal layer of ice. 
Most the time it 
includes 
hummocking ice 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


