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25 years of Capacity Development 
in Coastal and Marine Remote Sensing 

with UNESCO Bilko

Dear Vitaly, Nice to hear from you. Thanks for 
reminding us about Bilko being 25 this year -
we should do something about it. I will try to 
find out what month it started, and perhaps do 
something about it on the web site. You are 
very welcome to use some of our IOC50 
presentation for your celebrations in Russia.

Val. 
February 29, 2012

Valborg Byfield, Tyler Christensen, Malcolm Dobson, Craig Donlon,

Alasdair Edwards, Ian Robinson, Vitaly Sychev, Dirk Troost, Christo Whittle
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What is Bilko?

� A unique marine and coastal 
remote sensing distance-
learning project based on 
use of personal computers

� AIM: develop capacity in 
coastal and marine remote 
sensing through a series of 
computer-based learning 
modules using a specially 
commissioned educational 
image-processing software 
package (Bilko).

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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Emphasis on practical work

� Hands-on approach to training in coastal and 
marine remote sensing - especially for those 
traditionally excluded from RS training by 
the:
�high cost of commercial image-processing software, 

and the need for expensive                                      
computers to run that software, 

�difficulty of acquiring remotely                                
sensed images for teaching, 

� long learning-curves required                                                        
to master complex software, 

�need to teach large numbers                                                   
of students at the same time.

What is Bilko?

A brief history
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-Tutorials and 
lessons

-Web site

Bilko users

Challenges
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More than just software ..

� Objectives:
�Provide educational image processing software 

capable of operating on low-cost computers
�Produce tutorials to support the software and teach 

image processing and analysis skills
�Develop lessons in a wide range of applications

– Examples from different regions and disciplines
– Essential background information to facilitate 

interpretation 
�Create and foster a community of Bilko users 

– Distribute all material FREE of charge via Bilko website
– Offer assistance with workshops and courses
– Encourage users to share resources  and                

develop new material

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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Organisational structure

� Expert advisory group
� International Bilko Executive Steering Team

– Remote sensing experts from around the world
– Develop strategy & set priorities
– Review, edit and test new lessons

� Software developer and lesson authors
�Volunteer effort by core team of experts

� Project Office
�Website and day-to-day user support
�Advice to organisers of courses and workshops

� All done by volunteers

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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A brief history

� Started in 1987 by UNESCO – 25 years
�Part of the Marine Sciences Training and Education 

Program (TREDMAR).

� 1987-2003
�Part of the Coastal and Small Islands (CSI) initiative

– Project office at the Faculty of Geo-Information Science and 
Earth Observation (ITC), NL

– Website at University of Newcastle-upon-Tyne, UK
– 1900+ users in 500+ organisations in 60+ countries

� 2003-present
�Part of IOC/WMO JCOMM strategy for remote sensing

– Project office and website at National Oceanography Centre, 
Southampton, UK from 2004.

– 5200+ users in 1300+ organisations in 168 countries

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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The early years

� Bilko for DOS
�5 teaching modules over 7 years

� Winbilko (1995-2002)
�Software developed for new Windows 3.1 platform

– Bilko 1.0  => Bilko 1.2
� Interactive help file and new tutorial running side by 

side with the software in a separate window
�More interactive and user friendly lessons
�New applications modules

– Coastal and marine applications of remote sensing (6)
– Applications to Tropical Coastal Management (7)
– Almost completed Fisheries Module (8)

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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Extensive updates 2004-2006  

� Supported by IOC and ESA
� Software upgrade to Bilko v3

�Support for common image data formats 
�Display, processing and analysis tools similar to those 

found in commercial software
�Designed to promote understanding, no black boxes

� New / updated tutorials and lessons
� Introduction to Bilko v.3
�7: Coastal management revised and extended
�8: Fisheries applications revised and completed
�Envisat module.    

� New website

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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The software today

�Input formats
– HDF  (3D)
– NetCDF  (3D)
– Envisat N1
– GeoTIFF
– USGS Mapgen
– Binary flat-files 

• 8, 16, 32-bit

�Output
– Binary (8,16,32 bit)
– Geo-TIFF
– GIF (8-bit paletted)
– BMP

• 8-bit grey, 24-bit 
RGB
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-Tutorials and 
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Bilko users

Challenges

Conclusions



www.unesco.bilko.org 50 Years of Education and Awareness Raising
Shaping the Future of the Oceans and Coasts
St Petersburg, 27 – 30 April 2010

Colour composites
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Contrast stretching
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Palette tool

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions



www.unesco.bilko.org 50 Years of Education and Awareness Raising
Shaping the Future of the Oceans and Coasts
St Petersburg, 27 – 30 April 2010

26

Spatial filters

� Predefined filters
– High-pass: 

• Laplace, Roberts, Sobel
– Low-pass filters: 

• Mean, Median
– Variance filter
– SAR speckle filters:

• Frost and Lee.
� Custom filters

– Tool for designing, 
applying and saving

� Adjustable window
– Size 3 - 15 pixels
– Independent in X and Y

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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�‘3D’ images
– 64 image planes for 

multi-spectral data 
or time series

– First 16 shown in 
transects

�Data coring: 
– Spectra or time 

series in selected 
locations

�Animation tool
�Export to Excel

– Windows clip-board

3D: time series or spectra 

What is Bilko?

A brief history

Bilko today:
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-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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Hovmöller diagrams
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Geometric correction 

Uncorrected

Slave + GCPs

Master  + GCPs 

Rectification table



www.unesco.bilko.org 50 Years of Education and Awareness Raising
Shaping the Future of the Oceans and Coasts
St Petersburg, 27 – 30 April 2010

Image arithmetic

�Many different uses:
– Calculate geophysical 

parameter values 
– Flags, grids, borders
– Band ratio algorithms
– Image mosaics
– Simple GIS
– Loops for repeat 

processing

What is Bilko?

A brief history

Bilko today:
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-Tutorials and 
lessons
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Bilko users

Challenges
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Principal Component Analysis
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A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions



www.unesco.bilko.org 50 Years of Education and Awareness Raising
Shaping the Future of the Oceans and Coasts
St Petersburg, 27 – 30 April 2010

Classification
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More than just software…
� A complete training system

� for teaching and learning RS

� Tutorials supporting 
software
� Introduction to Bilko

– Hands-on experience with basic
image processing techniques 

– Background information 
�Mini-lessons

– Demonstrate advanced processing 
& analysis techniques

� Modules / single lessons on 
coastal and marine  
applications of RS

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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� Introduction
�Aim and objectives
� Images used
�Content overview

� Background information
� Step-by-step 

instructions
� Questions to test 

student understanding 
� Model answers for 

those working alone

Example lesson structure
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� Introduction
�Aim and objectives
� Images used
�Content overview

� Background information

� Step-by-step 
instructions

� Questions to test 
student understanding 

� Model answers for 
those working alone

Example lesson structure
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Example lesson structure

� Introduction
�Aim and objectives
� Images used
�Content overview

� Background information
� Step-by-step 

instructions
� Questions to test 

student understanding 
� Model answers for 

those working alone
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Lesson structure

� Introduction
�Aim and objectives
� Images used
�Content overview

� Background information
� Step-by-step 

instructions
� Questions to test 

student understanding 
� Model answers for 

those working alone

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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The Bilko web site

� Registration
� Downloads

�Bilko software
�Lessons
�Images
�Tools

� Resources
�Data sources
�Further 

reading

What is Bilko?

A brief history
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-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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Bilko users

� Where?
�Over 5200 registered individual users in over 1300 

organisations in 168 countries around the world.     
(Figures from 31 March 2010)
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Bilko users

� Who?
�Mainly higher education – lecturers and students
�Nearly ¼ of users in academic research
�Growing interest from non-academic sectors

What is Bilko?

A brief history

Bilko today:
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-Tutorials and 
lessons

-Web site

Bilko users

Challenges
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Wide use as training tool

� University courses at BSc
and Master level
� UK students often help to test 

new software versions and 
lessons before wider release

� Advanced training and 
professional development 
workshops
� 1 – 2 week courses providing 

training in specific applications
� New lessons for some courses
� Essential feedback on 

software and lessons
� Help to set priorities for Bilko 

development

MSc students testing a new Bilko lesson

African participants in ESA Tiger workshop

WIOMSA training course in altimetry, 2004
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Wide use as training tool in Russian

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions

Ground works, 2007- 09:
Coastal zone erosion studying

Photos Georgy Gogoberidze
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Wide use as training tool in Russian

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions

Results of ground works 

at the test sites compared 

with remote sensed data:

Coastal line changes, 
evolution of sand 
accumulative body

2002

2007
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Wide use as training tool in Russian

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions

Concentrations of Concentrations of Concentrations of Concentrations of resuspendedresuspendedresuspendedresuspended materials in the Eastern part of the Gulf materials in the Eastern part of the Gulf materials in the Eastern part of the Gulf materials in the Eastern part of the Gulf 
of Finland, 1of Finland, 1of Finland, 1of Finland, 12 2 2 2 September September September September 2006200620062006,,,, Terra MODISTerra MODISTerra MODISTerra MODIS imagery.imagery.imagery.imagery.
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European Space Agency Summer School

� 2004, 2006, 2008:
� Testing and review of the 

Bilko Envisat module
� Student feedback lead to 

improvements before 
distance learning release

� 2010:
� ESA staff help with new  

lesson development
– Sourcing images
– Review and testing

� Two new lessons:
– Oil spill monitoring
– Indian ocean dipole

New lesson on oil spill monitoring using 
SAR / optical sensors to be tested in 2010

~80 PhD students and post-docs at ESA 
summer school use Bilko for five half day 
sessions, and provide valuable feedback.

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions
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Zanzibar workshop 2007

� Training: 
� Geometric and water column 

correction of images, 
� Removal of sun glint (right), 
� Supervised classification of 

coral reef habitats

� Positive feedback:
� Intuitive nature of Bilko
� Easy to use supervised 

classification routine
� Potential alternative to costly 

mainstream RS packages

� Wish list:
� More classification algorithms
� Export to GIS

Participants of WIOMSA/CRTR workshop 
on monitoring of coral reefs  on a ground-
truthing field trip to Chombe Island.  
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Workshop contributions to Bilko

� New lesson development
� Detailed feedback  and  

ideas for improvements to 
existing modules 

� Access to local expertise 
and new regional examples 
for use in new lessons

� Inspiration for participants to 
become Bilko authors

� Help set priorities for soft-
ware development
� Feedback on software utility
� Ideas for improvements to 

existing routines
� Wish list for new facilities

Extension and improvement to Module 7: 
image correction for variable water depth.

New lesson on coral bleaching developed 
after the Zanzibar workshop on coral reefs.
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Ocean Colour Africa

� Lectures by world experts
� Principles of ocean optics 
� Algorithms and products
� Key application areas:

– Chlorophyll, primary 
productivity, fisheries

– Water quality: suspended 
sediment, algal blooms 

� Hands-on training:
� Several software packages:

– Specialist NASA/ESA ocean 
colour software: SeaDAS, Beam 

– Bilko for statistical analysis and 
comparisons with SST

� Feedback on Bilko: useful 
general software suitable for 
non-specialists

What is Bilko?

A brief history

Bilko today:

-Software

-Tutorials and 
lessons

-Web site

Bilko users

Challenges

Conclusions



www.unesco.bilko.org 50 Years of Education and Awareness Raising
Shaping the Future of the Oceans and Coasts
St Petersburg, 27 – 30 April 2010

Challenges

� Important achievements in the last 25 years
�Large number of users in research and education 
�Global user base, wide use in courses / workshops
� Increasingly used as a non-specialist research tool

� But..
�Remote sensing and computer technologies are 

continuously updated, upgraded and improved.
�Bilko software and lessons need to keep up with 

current developments in order to remain a useful 
tool.
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Challenges: software

� Greater processing capacity
�Larger images:  higher spatial resolution, greater 

accuracy, wider dynamic range, more bands 
�Longer time series, increasing temporal cover 

� Some changes may be achieved by 
incremental improvements 
�Support for some of the new data formats
�New processing routines on user wish lists

� But some essential new developments 
require major, concentrated effort
�Making Bilko fully compatible with Window 7
�64-bit version of Bilko  to increase working memory 

and obtain better accuracy of statistical  tools
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Challenges: lesson development

� Lessons for new data  products
� Increase geographical spread of examples

�Local examples needed for all IOC priority areas

� Possible solution: 
�Recruit local experts as Bilko authors to develop 

lessons based on case studies from their research,
�Requires support for new Bilko authors, more effort          

on student testing and scientific review
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Conclusions

� Bilko has succeeded in its original aims
�Free Bilko software and lessons are widely used
�Long track record of supporting workshops and courses

� Recent updates has made Bilko a useful tool
�Valuable resource for training and education,
� Increasingly seen as a research tool for professional 

users that are not primarily remote sensing experts. 
�Valuable contribution to  IOC’s remote sensing strategy

� Challenge for the future: 
� Being seen as a potential alternative to commercial 

image processing systems demands a continuous 
development of  Bilko software and tutorials that may be 
hard to meet without increased resources
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СпасибоСпасибоСпасибоСпасибо зазазаза вниманиевниманиевниманиевнимание.
Thank your for your attention.

Merci pour votre attention.
Danke für die Aufmerksamkeit.

ЕстьЕстьЕстьЕсть лилилили вопросывопросывопросывопросы?
Any Questions?
Vos questions? 

Ob es die Fragen gibt?


