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The interpretation of satellite images is a skill of international, strategic and economic importance, which should be developed widely and distributed globally. This was a major consideration behind the start of the UNESCO Bilko project in 1987 and is no less true today, when the world faces major environmental challenges from growing populations, rapid economic development and climate change. When Bilko was launched, marine remote sensing was almost entirely limited to specialists working on expensive high-specification computers. Today it is simply another observational tool, familiar to most marine scientists and acknowledged for its power to provide data with a temporal and spatial coverage not available from other sources.  However, in some areas of the world this is not yet the case; barriers still exist to the effective use of remote sensing data in the management of coastal and marine environments. If programs such as the Global Ocean Observing System (GOOS), which rely heavily on remote sensing in their regional implementation, are to realize their full potential, shortfalls in both human and material remote sensing capacity need to be addressed. This is why IOC took on responsibility for the Bilko project, and, supported by the European Space Agency, funded software upgrades and a range of new lessons during 2004-5. Several updates and new lessons followed, supported by a variety of individuals and organisations. Bilko is now one of the main tools used to train marine users of Earth Observation data, and remains part of the IOC strategy to build capacity in coastal and marine remote sensing, particularly in Africa, the Caribbean, Latin America, South East Asia and Pacific Islands. Its primary aims are to make remote sensing training materials accessible to those without specialist resources at their disposal and to promote good teaching practice by tapping the diverse skills and expertise of remote sensing professionals around the world. Since its launch during 25 years the project has provided software and lessons in coastal and marine remote sensing to more than 7000 individual users from over 1300 organisations in 168 countries. The majority of users are lecturers, students and scientists involved in academic education and research, but the number of users from non-academic organisations is growing. Geographically, almost half the registered users are from the European Economic Area, but the project also has wide support in other continents. These user statistics may under-estimate the number of Bilko users in developing countries, where bandwidths makes it difficult to download large data files. Instead of registering to download Bilko resources from the website, users in these countries obtain data and lessons at regional workshops and training courses or from colleagues and friends. This digital divide between regions with fast Internet connections and those struggling with slow, unreliable lines represents a major challenge to Bilko and to capacity development generally. Another important challenge, which will stretch project resources to the limit, is the need to ensure that software and lessons remain up to date with new developments in computing, remote sensing technologies and a variety of application areas.

The emphasis on student understanding has produced a transparent set of software routines that allow the students to see what is happening, avoiding the 'black box' approach to data processing wherever possible. This is not the place to provide a detailed list of the Bilko software features, but a quick overview is appropriate. 

Bilko supports common image formats such as Envisat-N1, HDF, NetCDF, GeoTIFF, and USGS Mapgen formats. The different data formats are explored in the introductory tutorials, where the student learns how to open and display the images, how the files are structured, how to derive numerical information from the images, and how to display the data to best advantage. A context sensitive Help facility guides users through the different aspects of the software. The software tools provided are similar to those found in most commercial software packages, albeit with a reduced number of choices and routines. Basic tools include histograms, contrast stretching, and a tool for the design of colour palettes that promotes student under-standing of how numerical data are translated into image brightness values on the screen, and how these in turn are related to colours in the display. Figure 2 shows some of these in use. Data processing tools include automatic filters, (high-pass and low-pass, gradient filters and two SAR-specific speckle filters) as well as a 'manual' filter tool that allows students to create their own spatial filters. Image re-sampling and rectification tools allow the automatic geo-correction of geo-coded Envisat N1 data. Geo-correction and co-registration of images may be carried out using tables of tie-points or ground control points. A routine for creating colour composites is accompanied by training material explaining how 'true' and 'false' composites are generated from selections of three image planes, and how these may be chosen to aid data interpretation. Bilko can handle up to 128 linked images (so-called ‘sets’) -a capability that may be used to open data from multi-band sensors, or a time series of images. The data-coring tool allows a spectrum (or time series) to be extracted at a specific location. The transect tool allows the extraction of multiple transects, which may then be displayed either as a multi-series plot of data values against distance, or used to create a new 2-D image such as a Hovmoller plot. The animation tool and step-by-step scrolling through stacked images allows the student to visualize 3-D data sets. Statistical analysis tools include principal component analysis, and supervised and unsupervised classification routines. One of the most flexible and powerful software tools is the Bilko 'formula document'. This is a simple programming tool similar to that found in many commercial software packages. Used with Bilko ‘sets’ of images, and other tools such as filters, it allows the user to perform image calculations, apply flags, masks and country borders, create composite images, apply simple processing algorithms of their own choice, fill in missing data points by spatial interpolation, and use Bilko for simple GIS routines.

The original objective of Bilko was to facilitate ‘hands-on’ training in coastal and marine remote sensing for those traditionally excluded from such training by the high cost of commercial image processing software, need for expensive computer equipment to run that software, difficulty of acquiring remotely sensed images for teaching purposes, long commercial software, and need to teach large numbers of students at the same time. The project has large succeeded in these aims, and now provides support for capacity development efforts around the world. Some of the original constraints on the use of remotely sensed data in marine science have eased significantly since 1987 as free sources of data and open source processing tools become increasingly available. However, poor Internet connectivity, and limited access to data, processing tools and relevant expertise still prevent access to such training in much of the world. The continued worldwide success of the Bilko project demonstrates the widespread demand for training in countries both with limited and advanced remote sensing capabilities. Being able to meet this demand in the future, depends on continuing updates to the software, as well as the development of new lessons and case that are relevant to regional users around the world and takes account of new data sources and application areas as they become available.
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