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Technical Information for Lesson Creators

Aims

The aim of this package of technical information is to assist those intending to develop Bilko lessons. 
Objectives

After studying this information, you should be able to:

· identify image data which have the potential for use in a Bilko lesson

· specify the pre-processing required to make an image suitable for incorporation in a lesson

others?????

Background Information

To make effective use of this information you should first become familiar with the Bilko for Windows image display software, perhaps by running through the Introduction or the on-line Introductory Tutorials in the first module using Bilko for Windows v. 2.0 – Module 7: Applications of Satellite and Airborne Image Data to Coastal Management. You need to become familiar with the operation and effect of each of the functions available in Bilko, and should be aware of the way in which the software emphasises the learning of remote sensing rather than providing ‘black-box’ solutions which obscure what is being done by the software. On the other hand, there are also aspects of image processing (e.g. geometric correction and algorithms for classification) which are not currently implemented by the software. However, functionality is continually being added to Bilko where it can be shown that it will enhance its educational usefulness; if you are likely to need additional functionality in order to develop a lesson, you will need to contact the International Executive Steering Committee for the Bilko Project at an early stage.
In compiling this information we assume that you have a reasonable knowledge of the applications of satellite and airborne imagery to coastal management and oceanography; this means you should be familiar with the sensors used for coastal and marine remote sensing, their modes of operation and the types of image they produce. Several textbooks providing general or more specific information on remote sensing are listed below in Table 1. 

Table 1. Key reference books on remote sensing listed in reverse order of date of publication.

Reference

Sabins, F.F. (1996). Remote Sensing. Principles and Interpretation. (Third Edition). San Francisco: Freeman.

Wilkie, D.S. and Finn, J.T. (1996). Remote Sensing Imagery for Natural Resources Monitoring: A Guide for First-time Users. New York: Columbia University Press.

Jensen, J.R. (1995). Introductory Digital Image Processing. A Remote Sensing Perspective. (Second Edition). Englewood Cliffs: Prentice-Hall.

Richards, J.A. (1995). Remote Sensing Digital Image Analysis: An Introduction. (Second Edition). New York: Springer-Verlag.

Lillesand, T.M. and Keifer, R.W. (1994). Remote Sensing and Image Interpretation. (Third Edition). New York: Wiley.

Barrett, E.C. and Curtis, L.F. (1992). Introduction to Environmental Remote Sensing. (Third Edition). London: Chapman and Hall.

Cracknell, A.P. and Hayes, L.W. (1990). Introduction to Remote Sensing. London: Taylor and Francis.

Harrison, B.A. and Judd, D.L. (1989). Introduction to Remotely Sensed Data. Canberra: Commonwealth Scientific and Industrial Research Organisation.

Open Universiteit (1989). Remote Sensing. Course Book and Colour Images Book. Heerlen: Open Universiteit. (Available from The Open University, Milton Keynes, UK as PS670 study pack).

Mather, P.M. (1987). Computer Processing of Remotely Sensed Images: An Introduction. New York: Wiley.

Curran, P.J. (1986). Principles of Remote Sensing. London: Longman.

Maull, G. (1985). Introduction to Satellite Oceanography. Dordrecht: Martinus Nijhoff.

Robinson, I.S. (1985). Satellite Oceanography. Chichester, Ellis Horwood Ltd.

Stewart, R.H. (1985). Methods of Satellite Oceanography. University of California Press

For information on the most recent developments in ocean and coastal remote sensing, the Space Agencies provide publicity material and technical specifications for new sensors. National Remote Sensing Agencies also provide information about the types of image data that they supply.

Given the diversity of the available data sources, some of the detailed information on the digital formats of source images is too specific to be provided here and must be sought elsewhere. This technical information digest does however provide a checklist of the actions required to generate images for lesson purposes. 
In the text which follows, all image filenames refer to the images supplied in Module 7.

1. Selection of images
1.1. Choice of images to form the basis of a lesson


Any image in digital form is a potential candidate for use as lesson material. The primary criterion in selecting an image is that it should contain interesting features upon which the lesson can focus, or exemplify a particular technique of coastal or marine image analysis or interpretation. If several images are to be used in a single lesson they should have a logical relation to one another; they might, for example, show different channels of the same image, or a time series of images of the same area, or display the same area at different spatial resolutions. It is sensible to restrict images to those whose analysis can confidently be unfolded within the context of the lesson.


Module 7 provides examples of coastal management related lessons based on studies of the Caicos Bank in the West Indies using Landsat MSS (80 m spatial resolution), Landsat TM (30 m resolution), SPOT XS (20 m resolution), SPOT Pan (10 m resolution), scanned aerial photographs (2 m resolution) and Compact Airborne Spectrographic Imager data (1 m resolution). Many other types of image could be used: some of the most likely are listed in Table 2.
1.2. Non-traditional images


Any densely sampled two-dimensional dataset is capable of display in Bilko. Hence many other data products make suitable subjects for computer-based lesson material. Examples are: the vertical distribution of salinity and temperature along a transect, sampled using an undulating recorder; transects of velocity with depth derived from an acoustic doppler current profiler; and the output fields of ocean models.

2. Source data
Having selected images for your lesson, it is important to ensure that you have sufficient information to prepare them for use in Bilko. Useful questions to keep in mind are:
2.1. What is the origin of the image?


The date and time of acquisition, satellite and orbit number, geographical location are all necessary to provide unique identification of an image. If you have a geometrically corrected image and wish to transfer its UTM coordinates to Bilko, you will need to note the UTM coordinates of the top left pixel of the source image and the UTM grid zone, spheroid, and datum used.

2.2. From which sensor does it come?


Table 2 lists sensors useful in coastal and oceanographic remote sensing, the ones most frequently used in UNESCO-Bilko lessons. Note that some use more than one waveband so, for them, the channel number must be quoted when specifying an image.

2.3. Has the image been processed: if so, how?


The image may already have been calibrated, converted into oceanographic parameters such as sea-surface temperature or chlorophyll concentration, and may have been resampled onto a geometric grid different from that referred to in the raw sensor data. This information is essential for interpreting the image.

2.4. How can the data be obtained?


It is important to identify an authentic supply route for image data. In this way you, or others working on your lesson, may be able to obtain further image data of the same type. This is especially important if the images being used have been obtained through informal professional contacts.

2.5. How is the source image stored?


Two aspects of image storage must be considered, its physical form and its digital form. 


2.5.1 In what physical form are the data are stored.


Typical media are:
· 9-track magnetic tape: check whether density is 6250bpi or 1600bpi
· flexible magnetic diskettes: is size 5.25 inch or 3.5 inch; is it high or low density

· LS120 diskettes (120 Mbyte) or Iomega zip disks (100 Mbyte).

· IBM-type PC hard-disk

· hard disk of another computer

· exabyte (magnetic tape) cartridge

· CD-ROM (compact disk, read-only memory)


Note: If all you have is a hard copy (screendump or photograph) of a digital image display, you will need to refer this question back to the supplier of your hard copy to ensure that digital data are available.


2.5.2 In what digital form are the data packed on the tape or disk?


Questions to ask are: what size are the blocks, what is the word size, what is the total size of the source image file in bytes (8 bits)? This is important information. The topic of source-data format is examined in Section 4 below.

3. Pre-processing
It is easier to use data in its existing form, but this may not be ideal for a lesson. You may have to change its form to make it more suitable for your students. Questions to have in mind are:
3.1. Are the data already in usable form or is some pre-processing of the image necessary to make it more suitable for teaching?


If your data are already in acceptable form, skip to Section 4.

3.2. Are raw data adequate?


Certain types of image data can be used in their raw form as counts from the sensor, and need not be processed. Lesson 3 in Module 7, which looks at radiometric correction, starts with a geometrically corrected image but with data which are raw DN values. Table 2 (column x) lists some examples. 

Be careful here. One aim of the UNESCO-Bilko project is to demonstrate the quantitative use of remote sensing. A calibrated, corrected image can be presented to students as consisting of 125,000 scientific measurements, whereas a raw, uncalibrated image may be dismissed as no more than another satellite picture.

3.3. Should sensor calibrations be applied?


If the data of interest simply represent object counts or position measurements, sensor calibration may not be required. If they represent the values of physical quantities, calibration is likely to be essential. In Lesson 3 of Module 7, the initial part of the lesson involves converting raw DN values to spectral radiance values using calibration information supplied by the vendor. Remember that sensor counts can always be converted into radiance values or radiation temperatures using the calibrations supplied with raw-image data.

3.4. Are atmospheric corrections necessary?


A positive response to 3.3 normally suggests that atmospheric corrections should also be applied. For some oceanographic and most coastal management applications these corrections are essential. Most of the images used in Module 7 have already been atmospherically corrected.
3.5. Should ocean parameters be derived from the remotely sensed data?


Algorithms can be applied to radiance data (particularly multi-channel) to derive useful oceanographic parameters (see Table 1, column y). 
3.6. Is the image geolocated?


Establish whether it is possible to determine the geographical location corresponding to each pixel on the image. If it is, and you can read off the coordinates as UTM (Universal Transverse Mercator) coordinates then you can transfer these to Bilko (see section 2.1). [Note: Bilko references coordinates by the top left corner of each pixel; other packages (e.g. ERDAS) reference the middle of the pixel. Thus corrections for the difference may be necessary.] Knowing the UTM coordinates and pixel width and length you may enter the coordinate system once you have imported the image file to Bilko using the Edit, Coords function.
3.7. Is geometric resampling necessary?


Geometric resampling allocates data to a new co-ordinate grid. Table 1 (column z) indicates whether geometric correction is recommended for some of the most common sensors. For coastal management applications, it normally is.

3.8. Is pre-processing of the data a practical possibility?


The details of how to carry out any necessary pre-processing lie outside the scope of this lesson. Options you should consider are:

1) Purchase proprietary software, or obtain public domain software, which performs the necessary operations on your type of data using your particular computer hardware.  The supplier of the raw data can best advise you. Even if software is available, it may not be portable to your hardware.
2) Enlist local software expertise to write suitable programs for you. This may take weeks or months, but will ensure that you are eventually able to match the processing package to your requirements. Note that, although new code may need to be written for your hardware configuration, it is advisable to follow the program structures already in use elsewhere. Success in this demanding activity requires both computer programming skills and a thorough understanding of the data processing procedures being implemented.
3) Remember that even if it is not be feasible to perform the desired pre-processing on the available computer, it may still be possible to base a lesson on the raw data. 

Note that the output from any pre-processing program should be a single-channel image file. If you follow option (ii) you can ensure that this is in a form immediately readable by Bilko. In this case skip to Section 5.

4. Practical aspects of handling source-image files

There are two points of difficulty in transferring data from a source-image file to a PC.  One relates to the structure of the data and the other to the physical systems involved in the transfer.

4.1
Data and file formats of source images


4.1.1 Are the required image data interleaved with images of other channels and/or with calibration data within the same file?


If your data are interleaved you will not be able to use the raw data in a lesson, or adapt it to the Bilko image file format, without the use of a program to unpack the data. Proprietary image processing packages will allow you to export the data as single channel files which can be imported into Bilko. For Module 7, all images were exported from ERDAS Imagine as flat binary files (.bin extension). Separation of the data is beyond the scope of the present lesson. You are most likely to obtain information about how best to proceed from the agency which supplied the image. It may provide you with unpacked files of single-channel data or even with software for this purpose. Note, however, that if you wish to apply some of the calibration or correction procedures mentioned in Section 3, you will normally need to start with the original data files which contain both calibration information and other channels of image data.


4.1.2. Assuming you now have single-channel image files, what constraints must be applied to the dimensions of your image?


Try to keep images to be used in lessons to sizes which can be viewed on monitor screens in one go with at least 16-bit colour resolution (sometimes called ‘High Color’). With 15” monitors this means sizes smaller than 800 columns by 600 rows. Images should normally be well within kept within these limits although occasionally larger images might be required to demonstrate some point. Processing time will increase with image size and it should be borne in mind that not all users will have fast Pentium machines.


4.1.3. In what digital form are the pixel count values stored?


Points you need to establish are:

4) Is the file is (a) formatted, or (b) an unformatted binary file?
5) If (a), what is the format? Are the numbers stored in integer or real form: what is the field length?
6) If (b), what is the length of each individual pixel value in bits?  It is likely to be 8 bits (1 byte), 16 bits (2 bytes) or 32 bits (4 bytes).  Some raw data (e.g. AVHRR) has 10-bit counts, but this is in a packed form (see Section 4.1.1): if unpacked, such data will probably be in 16-bit form.

7) If (b), you need to identify any end-of-line markers and interpret the data sequence in terms of lines and columns.

4.2
Physical transfer of data to the PC environment


4.2.1 Is the source image data file already in PC-accessible form?


If the image is already on a PC, or on a floppy diskette written in DOS format, skip to Section 5.


4.2.2 By what route should you transfer the image data into the PC environment.


If the data you wish to use resides on a remote computer, a magnetic tape, or a CD-ROM, at some stage they must be physically transferred to the hard-disk of a PC or into a form which is PC-readable. The detailed solution will depend on your particular hardware. Here is an outline of your options:

8) Choose whether you should: (a) transfer the raw source files to PC, in which case any necessary pre-processing or reformatting must be performed on the PC, (b) perform pre-processing on a different computer and then transfer a suitably formatted file to the PC, or (c) transfer to the PC environment at an intermediate stage of the processing.
9) Find out if you can link your PC directly to another computer of the type which presently handles the image data. This could be a local network with associated file-transfer protocols.

10) See if you can gain access to a PC with an extended range of storage media. For example, if your PC has attached to it an exabyte cartridge reader or a CD-ROM drive, then data stored on those media can probably be read directly into DOS files using the software provided with the hardware.

11) If you cannot link directly to another computer but you can access a computer with an extended range of storage media, find out if there is a suitable transfer medium (e.g. magnetic tape) which can be used to carry data from the other machine to your PC.
12) If you still have no solution, it will be necessary to find help outside your own computing system. First try the supplier of your image data, who may be able to provide it in a form you can read. If that is not possible, make contact with the informal collaborative network which supports the Bilko project.(admin@unesco.bilko.org)
5. Bilko data formats
5.1. Bilko Image Files

The image files read or written by the Bilko software store pixel values in a range of formats: CompuServe 8-bit GIF format (.GIF), unformatted binary flat file (.BIN), Windows bitmap format (.BMP), ZSoft v. 5.0 pcx (.PCX) format, and Bilko data format (.DAT). Coordinate data can be stored for 8-bit images stored in GIF format and for 8, 16 or 32-bit files stored in Bilko data format.


In Module 7 the two AVHRR files used in the Introduction to Bilko for Windows (EIRE2.BMP, EIRE4.BMP) have been resampled as Windows bitmaps, whilst most other 8-bit images are stored as CompuServe GIFs. In Lesson 5 the images used are 16-bit integer files (2 bytes per pixel) and are stored as Bilko DAT files, whilst in Lesson 6 the main images are 32-bit Bilko DAT files.

5.2. Conversion of source files to Bilko files.

Many image datasets can be converted into Bilko format, but the appropriate method depends upon the initial form. The possibilities are diverse, but three are common: 


13) Image data files imported from other PC-based image display programmes will normally fall into this category.  If not removed, the extra characters will show up as noise on the image, and will lead to mismatching from one line to the next.

14) If the data are stored in a formatted file, they will not be readable on Bilko. They must be run through a program which performs a formatted read, converts each number to an integer in the range from 0 to 255, and writes it to an unformatted 8-bit binary file.

???Note that the 8-bit form in the Bilko file is that of an unsigned integer (i.e between 0 and 255). This must be specified in the programme which writes to the new file.  How this is done depends on the programming language being used. For example in "C" the variable being written to the file must be specified as an "unsigned character".

If you are used to writing programmes to run on PCs, implementing the tasks in 2) or 3) should not be very difficult, providing the structure of the source data files is known. Even Basic programs could be written, but the run-time is likely to be longer than for programs written in C, Pascal or Fortran. Tasks such as these are ideal projects for students of computer science.


Table 2: Remote sensing sensors which provide suitable source image data.

sensor
channels
x
raw data acceptable?

atmospheric correction
y
derived products
z
geometric correction preferred

AVHRR (HRPT)
1 and 2

3 to 5
no

no
no

yes
NDVI, SSC

SST
yes

desirable

AVHRR (GAC)
3 to 5
no
yes
SST
yes

CZCS
1 to 4
no
yes
chlorophyll
yes

SeaWiFS






Landsat TM
1 to 7
yes
no
SSC
no

Landsat MSS
1 to 4
yes
no
SSC
no

SPOT HRV
1 to 3
yes
no

no

IRS 






SAR 
(several sources)

yes
no

no

RADARSAT






MOS-1, VTIR
MESSR data

no
yes
yes
no
SST
yes
 no

SMMR
processed data



global SST
yes

Altimeter products

(Seasat, Geosat)



global SWH
yes

Useful information for potential authors

Module
A collection of lessons. A thematic module is a collection of lessons focused around one theme (subject area, region).

Lesson
A focused learning experience dealing with a single topic which can be completed in 1-3 hours.

Aims


Objectives


UNESCO-Bilko
The programme/project name

Bilko for Windows
The image processing software used in the Bilko project/programme (currently version 2.0)

Web address
http://www.unesco.bilko.org/

E-mail addresses
admin@unesco.bilko.org
specific queries on the Bilko project

info@unesco.bilko.org

automatic reply with information on Bilko
module7@unesco.bilko.org
queries/feedback on Module 7

dosbilko@unesco.bilko.org
requests for the DOS lessons (Modules 1-5)

Bitmaps
Available on ftp.ncl.ac.uk on /pub/users/nbilko/bitmaps
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