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Overview 
 

The Arctic is a unique, but fragile ecosystem that is 

increasingly threatened by changes to our climate. In 

this project, we will develop novel techniques for 

identifying and measuring small icebergs in satellite 

radar images. Artificial intelligence has been very 

successfully applied to image analysis and it is also 

known as computer vision. The latter can provided 

powerful methodologies to identify small objects in 

satellite images, measure their size and track them in 

sequential images.  

In this project, computer vision algorithms will be 

developed and used to study the distribution and drift 

of icebergs providing valuable information to climate 

and ocean circulation studies. Computer vision is 

essential in this project because human intervention 

(i.e. visual inspection) would be unfeasible due to the 

size of the dataset (covering the entire Arctic every 3 

days) which would require an extremely large amount 

of time to process by humans.  

The output results will also provide a valuable aid to 

navigation in ice infested waters. Collisions with 

icebergs pose a threat not just for lives and goods, but 

also for the environment, since they may result in oil 

spills or other ecological disasters. The reduction in 

sea ice across the Arctic has driven an increase in 

navigating these waters, especially through the North  

 

 

West and North East Passages which promise large 

reductions in travel time.  

This project will focus on the regions surrounding 

Greenland where accelerated ice flow is leading to 

changes in iceberg production. For example the 

Helheim Glacier is one of the largest tidewater 

glaciers in Greenland, where due to the highly 

crevassed front of the glacier, most calving events 

create small icebergs that enter the Denmark Strait 

[1]. The Helheim Glacier highlights the importance of 

detecting small icebergs, i.e. less than a hundred 

meters in diameter (for the visible part of the 

iceberg). In this project we will address two scientific 

questions: a) can we reliably detect small icebergs 

using the Synthetic Aperture Radar (SAR) 

onboard the Sentinel-1 satellites?; b) are the icebergs’ 

distribution and drift changing in time? 

 

 
Methodology 
 

In this project we will use SAR sensors because they 

provide images independently on cloud cover and 

solar illumination. These two are major limiting 

factors for optical sensors in the Arctic.  

Sentinel-1 is an ESA radar satellite that provide a full 

cover of the Arctic every 3 days [2]. Figure 1 shows a 

Sentinel-1 image acquired in East Greenland, near the 

Kangerlugssuaq Glacier. The land is in the top right 
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corner and the bright spots in the dark background 

are icebergs embedded in sea ice. 

Unfortunately, past iceberg detection methodologies 

have struggled, especially for small icebergs and in 

circumstances when the icebergs are surrounded by 

sea ice. 

 

 
 

Figure 1: Sentinel-1 SAR image acquired on 02/03/2015 

in East Greenland. 

 

Recently, Dr. Marino (the lead supervisor) proposed a 

new algorithm, iDPolRAD [3], which is able to filter 

images and increase the separability between icebergs 

and sea ice. Figure 2 shows the effect of the filtering 

on the image. It is possible to observe that the sea ice 

background is strongly reduced and very small 

icebergs become much more visible.  

  

 
Figure 2: Sentinel-1 filtered iDPolRAD image acquired on 

02/03/2015 in East Greenland. 

 

 

The filtered image will be the starting point of this 

project, where we will develop computer vision 

methodology to detect icebergs, measure their size 

and track them in sequential images.  

The project includes three main stages: 

1) The starting point is the iDPolRAD algorithm 

developed by Dr. Marino [3]. The filtering still need 

human inspection to identify the icebergs (i.e. it does 

not run automatically) and it is not extracting the size 

of the iceberg. The student will automate the detector 

for Sentinel-1 data designing an appropriate computer 

vision procedure to set the threshold on images that 

provide a good detection of objects.  

2) The student will use computer vision tools to 

evaluate the size of icebergs and use physical models 

to relate the size above the water with the total 

volume of ice.  

3) Using time series of historical data, the student will 

study the distribution and drift of icebergs in the 

Arctic. Monitoring the temporal trend related to the 

number and size of icebergs is very valuable to climate 

change studies. Monitoring the location of icebergs at 

different time of the year is very valuable to ocean 

circulation studies.  

The algorithms will be validated with a combination of 

expert analysis opinion, aerial photography and 

fieldwork around the coasts of Newfoundland.    

 

 
Timeline 

 
Year 1:  

Preparing a literature review on the topics: SAR, 

microwave scattering of ocean and icebergs, 

computer vision. Fieldwork in the Newfoundland.  

Start working on automation of the iDPolRAD.  

Year 2:  

Finalising the automatic iceberg detector. Designing an 

algorithm to measure iceberg size. Expected 

submission of a journal paper on the automatic 

algorithm. 

Year 3:  

Processing historical data. Use the maps of small 

icebergs distribution to evaluate trends related to 

climate changes and/or ocean circulation. Starting 

writing the thesis chapters. Expected submission of 

journal paper on temporal trends. 

Year 3.5 (first 6 months): 

Complete thesis, submission and viva. 

 

 
Training & Skills 
 

This is a multi-disciplinary project including topics 

related to (a) satellite Earth Observation; (b) 

computer vision (artificial intelligence); (c) data 

analysis; (d) glaciology and oceanography; (e) 

programing. 

The successful candidate will have the opportunity to 

gain valuable skills in the context of: (a) analysing and 

processing satellite images using Python; (b) 



  

developing computer vision algorithms to detect, 

measure and track objects in images; (c) using 

Geographical Information Systems (GIS) software. 

This is a project in collaboration with C-CORE in 

Newfoundland, Canada, https://www.c-core.ca/. The 

student will visit C-CORE office in Newfoundland for 

approximately one month. The student will learn 

about (a) end user needs related to Arctic studies, (b) 

distribution of Earth Observation products to 

governmental agencies and end users, (c) carrying out 

fieldwork in the Arctic. 
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Further Information 
 

Please contact Dr. Armando Marino for further 

information (Armando.marino@stir.ac.uk). 
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