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Part 5
This part introduces some of the more advanced features of Bilko for Windows 2.0. Firstly, it looks at
the range of file formats supported by the new software. Secondly, the ability to relate image pixels to
points on the ground surveyed with Global Positioning Systems (GPS) by means of UTM (Universal
Transverse Mercator) coordinates. Thirdly, the making of a colour composite image is briefly explored.
Finally, details of how to use Formula documents to manipulate images are given. The last section is
primarily for reference purposes.

13. Image file formats

Bilko for DOS (Modules 1-5) and Bilko for Windows 1.0 (Module 6) only supported 8-bit image files.
In such images pixels can only take integer values between 0 and 255. This is fine for many purposes
and for many satellite sensors data is collected as 6-bit (e.g. Landsat MSS) or 8-bit data (e.g. SPOT
XS, Landsat TM) and so can be accommodated. However, other sensors have much higher radiometric
resolution. For example, NOAA AVHRR, from which the EIRE2.BMP and EIRE4.BMP images were
derived, or the airborne imager CASI (Compact Airborne Spectrographic Imager) collect data as 10-bit
(on a scale of 0 to 1023) or 12-bit data (on a scale of 0 to 4095) respectively. To take full advantage of
such high radiometric resolution optical data and data from microwave sensors, and to display and store
images output after atmospheric correction procedures, Bilko for Windows 2.0 allows images to be
stored in three main formats.

• Byte (8-bit integer) – each pixel is stored as a single byte (e.g. .BMP, .GIF files)

• 16-bit integer – each pixel is stored as two bytes (a “word”)

• Float (32-bit floating point) – each pixel is stored as four bytes

As you can see, images in the new formats take up twice or four times the amount of computer storage
as 8-bit images. Thus images are only stored as 16-bit integers or in floating point format when
absolutely necessary.

You will now read in a 16-bit integer file imaged by CASI which has been exported from ERDAS
Imagine (a commercial remote sensing package) as a binary flat file (.BIN) extension (CASI2INT.BIN).
Each pixel in this image is 1 x 1.1 m in size (so the spatial resolution is 1000x better than the AVHRR
images you’ve been studying). The image is 452 pixels wide and made up of 317 scan lines.

Activity: Use File, Open to start the process of opening CASI2INT.BIN. Bilko for Windows needs
more information from you to open this file and so an Open As dialog box appears. There
is no header, so leave the Header length (in bytes): entry as 0. Put the correct values (see
above) in the Pixels per Line: and Number of Lines: boxes. Now move to the Pixel
Format drop-down menu box and select Integer (16 bits). The program now has enough
information to open the file, so click on 

.

Click on  in the Extract dialog box. Note that a Pixel Values dialog box
then appears indicating that the minimum pixel value in the image is 626 and the maximum
is 3988 and then click on  again. You will now see the image which shows a
seagrass bed off South Caicos Island in the West Indies. See below for a labelled picture to
help you orientate yourself. To brighten the image a little, open and apply the pre-prepared
stretch CASI2INT.STR.
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To display the image on your monitor which displays 256 grey levels, Bilko for Windows has to map
the underlying pixel values to a 0-255 scale. It does this automatically when you open the file.

Activity: Click on dark and bright parts of the image such as the large seagrass bed and the sandy
area around the coral and gorgonian (sea-fan) dominated seabed. Note the underlying pixel
values displayed in the second to last panel of the Status Bar and the display values in the
last panel. The underlying values were recorded on a scale of 0-4095.

Note: to make the picture above the image was saved as an 8-bit .BMP file, reducing it to
a 256 grey level image. This is all right for viewing but loses a huge amount of radiometric
detail which can be utilised for image processing.

14. Using UTM coordinates

So far you have just used row and column coordinates. Bilko for Windows 2.0 also allows the use of
Universal Transverse Mercator (UTM) grid system coordinates which are now widely used for
surveys. Most Global Positioning Systems (GPS) allow you to read off where you are on the Earth’s
surface in UTM coordinates. To classify images (relate pixel values to objects of interest on the
ground), field survey is required to collect data on for example, habitat types at a series of known
positions on the ground. In this section you will reference the CASI2INT.BIN image to UTM
coordinates. You are supplied with a position fix for the top left hand corner of the image which has
Easting 237430 and Northing 2378282 for UTM grid zone 19.

Activity: Whilst the CASI2INT.BIN image is the current window, select Edit, Coords to enter the
UTM coordinates. This will bring up the Set Coordinates dialog box. Enter the
appropriate values (see above) in the Easting (X): and Northing (Y): boxes. The pixel size
is 1.0 m wide by 1.1 m along-track. Enter these values in the Pixel Size (metres) boxes
for Width (DX): and Length (DY): respectively and then click on .

Now that you have entered the UTM coordinates of the top left of the image (which has
been previously geometrically corrected) the Bilko program can calculate the UTM
coordinates of any pixel. To use the UTM coordinates rather than row and column
coordinates click on View, Coords. Note that the two panels on the Status Bar which did
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have row and column coordinates now display UTM coordinates. If you click on View,
Coords again you can switch back to row and column coordinates. With View, Coords
checked use Edit, Go To... function to put the cursor at UTM position 237760, 2378193.

Question 7: Where on the image is the UTM coordinate 237760, 2378193?

Activity: To save the image with its coordinate information, you can save it in Bilko.DAT format.
Select File, Save and in the File Save As dialog box, select the file type as Bilko.DAT
and click on . Close the file and then re-open it. Note that now Bilko for

Windows knows the file size and type and that if you select View, Coords the UTM
coordinates become available. Close the file which will not be needed again.

Note: All types of file can be stored in Bilko .DAT format but standard CompuServe .GIF format is
recommended for 8-bit (byte) files. For export to other applications, .BMP (Windows bitmap) or .BIN
(flat binary) file formats are most likely to be useful.

15. Making colour composites

In this section you will briefly explore how to make a colour composite image, in which images taken in
three different wavebands are each displayed on a different colour gun on your monitor. Your monitor
has Red, Green and Blue (RGB) colour guns each of which can take any intensity value between 0 and
255. When you “connect” three images (using Image, Connect) you can assign them to the different
colour guns using the connect toolbar. In this exercise you will take selections of three bands of a
Landsat Thematic Mapper (spatial resolution = 30 m) image of Red Sea desert coastline and make them
into colour composite images.

Activity: Select File, Open and in the File Open dialog box uncheck the Extract checkbox. Then
select the four files TM1CC.GIF (TM band 1: blue), TM2CC.GIF (TM band 2: green),
TM3CC.GIF (TM band 3: red) and TM4CC.GIF (TM band 4: near infra-red) [hold down
the <CTRL> key and select all three files at once using the mouse] and open them.

Now select Image, Connect and connect all four images. The
connect toolbar (see right) will appear near the middle of the screen.
Note the order of the images in the Connect window (see below).

For the first colour composite we will put the red waveband (TM3CC.GIF) through the red gun (button
1), the green waveband (TM2CC.GIF) through the green gun (button 2), and the blue waveband
(TM1CC.GIF) through the blue gun (button 3). The button numbers correspond to the RGB gun order
(R=1, G=2, B=3). Since the Landsat TM wavebands being used roughly correspond to the colours we
see, the colour composite should look a bit like how we would see this area from space.

Activity: Click on the third button first to make TM3CC.GIF display through the red gun. A red 1
will appear on the button. Then click on the second button to make TM2CC.GIF display
through the green gun. A green 2 will appear on the button. Finally, click on the first
button to make TM1CC.GIF display through the blue gun. A blue 3 will appear on the
button. We are not interested for now in the fourth image so we leave
the last button alone. The connect toolbar should now look like this.

The connect toolbar now maps the images in the Connect window to the appropriate colour guns.
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Activity: Now select Image, Composite and a colour composite image will be created of these
three wavebands. Note the escarpment running N-S through the desert about a third of the
way from the left side of the image, the pale salt-encrusted mud-flats rich in blue-green
algae (sebkha) around the flask-shaped bay in the middle of the image and the coral reefs
off the coast to the right of the image.

There are patches of mangrove around the flask shaped bay. To emphasise this vegetation, which will
have a high reflectance in the near infra-red band (TM4CC.GIF), we can make a different colour
composite using bands 2, 3 and 4 of the Landsat TM image.

Activity: Click on the buttons in reverse order to unset them and then click on the fourth button to
make TM4CC.GIF display through the red gun, and other buttons as appropriate to make
the TM3CC.GIF image display through the green gun and the TM2CC.GIF image through
the blue gun. Select Image, Composite to display the new colour composite image. Note
the dark red areas around the flask-shaped bay which are mangrove stands. The pinkish-
red areas along the seaward shores are the brown seaweed Sargassum and the pink areas
on the mud-flats are blue-green algae (Cyanobacteria). Thus all vegetation shows up.

Select all of the colour composite using <CTRL>+A and then File, New. Click on
HISTOGRAM document and then OK and note that the histogram is red. This is the
histogram of the image displayed through the red gun (TM4CC.GIF). If you press the
<TAB> key you can view the histogram of the image displayed on the green gun
(TM3CC.GIF), and if you press the <TAB> key again, that displayed on the blue gun, and
so on. View the histograms of all three component images in the colour composite. Note
that the images have been pre-stretched.

Close the histogram, the colour composite images, the connected images window, and the
four Landsat TM images.

Note: The Composite option is only available when exactly three images are selected with the connect
toolbar.

16. More on Formula documents

This section assumes that Part 4, section 10 of the Introduction has already been completed. It is
essentially a reference for those wishing further to explore Formula documents. Those with some
knowledge of computer programming or a good knowledge of using formulas in spreadsheets will find
Formula documents fairly straightforward. Those without such a background will probably find them
rather daunting! The information here can also be obtained using the Bilko for Windows on-line Help
facility.

Each Formula document consists of a series of executable statements, each terminated by a semi-colon
‘;’. Images are referred to by the @ symbol followed by a number which refers to the connect toolbar
buttons and maps to an image in the connected images window. Unless only part of a referenced image
has been selected, the Formula document will operate on every pixel in the images so referenced. Images
have to be connected and the connect toolbar mapping set up, before they can be operated on by
Formula documents.

This section will look at:

16.1) Use of comments,

16.2) Operators,

16.3) Functions,

16.4) Setting up of constants, and
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16.5) Conditional statements.

16.1 Comments

Comments make formulae comprehensible both to others and (when you come back to them after some
time) to yourself. It is good practice to include copious comments in your formula documents.

Comments are any lines preceded by the hash symbol #.

An example of a set of comments at the start of a formula document is given below:

# Start of  Bilko for Windows formula document to radiometrically correct Landsat-5 TM bands
# 1-3 collected over the Turks and Caicos on 22 June 1990.
#
# Converting DN to at satellite spectral radiance (L) using formulae of the type:
# Lmin + (Lmax/254 - Lmin/255) * @n ;
#
# Input values
# ==========
# Lmin: TM1 = -0.116, TM2 = -0.183, TM3 = -0.159
# Lmax: TM1 = 15.996; TM2 = 31.776; TM3 = 24.394

All comment lines are ignored by the program that processes formula documents.

16.2 Operators

Formula documents support a range of arithmetic, relational (comparison), and logical operators to
manipulate images.

Arithmetic Relational Logical

Exponentiation (^) Equality (==) AND

Multiplication (*) Inequality (<>) OR

Division ( / ) Less than (<) NOT

Addition (+) Greater than (>)

Subtraction (–) Less than or Equal to (<=)

Greater than or Equal to (>=)

When several operations occur in a Formula document statement, each part is evaluated in a
predetermined order. That order is known as operator precedence. Parentheses can be used to override
the order of preference and force some parts of a statement to be evaluated before others. Operations
within parentheses are always performed before those outside. Within parentheses, however, normal
operator precedence is maintained. When Formula document statements contain operators from more
than one category, arithmetic operators are evaluated first, relational operators next, and logical
operators are evaluated last. Among the arithmetic operators, exponentiation (^)  has preference (is
evaluated first) over multiplication/division (*, /), which in turn have preference over
addition/subtraction (+, –). When multiplication and division (or addition and subtraction) occur
together in a statement, each operation is evaluated as it occurs from left to right (unless parentheses
direct otherwise).

Thus the formula statement (@1/91 * -1 + 1) * @2 ; [Part 4, section 10] will divide every pixel in the
connected image referenced by @1 (corresponding to button 1 on the connect toolbar) by 91, multiply
each pixel of the resultant image by -1 and then add 1 to each pixel in the image resulting. The image
referenced by @2 is then multiplied by the result of all these operations.
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However, the formula @1/91 * -1 + 1 * @2 ; would start the same way but after multiplying the
result of @1/91 by -1 it would then multiply each pixel of image @2 by 1 (having no effect) before
adding the output of this operation to the image resulting from @1/91*-1. This is because the second
multiplication (1 * @2) takes precedence over the addition before it. The parentheses in the first
equation ensure the addition takes place before the second multiplication.

Activity: Open the files EIRE2.BMP
and EIRE4.BMP. Use
Image, Connect to bring up
the Connect dialog box.
Connect the two files and set
the Blanks: box to 2 to add
two blank images to the
connected images window.
Make EIRE2.BMP image 1
(and thus @1 in formulas) and
EIRE4.BMP image 2 (and
thus @2 in formulas). Leave
the two remaining connect toolbar buttons unassigned for now. Click on File, New and
create a new Formula document. Use this to experiment with the two formulas above. Try
pasting the correct one first to the connected images. This applies a land mask (where all
land pixels are set to zero) to EIRE4.BMP. Check that the land is set to zero in the output
image. Then try the second formula. It still gives an image with dark land pixels but note
that these are not set to zero.

If you wanted to carry out further manipulations with an output image you can put it into one of the
blank images in the connected images window and refer to it in subsequent formula statements. For the
next activity you will store the land mask image in the first blank image window and put the final
masked EIRE4.BMP image in the second blank image window.

Activity: Use the connect toolbar to make the first blank, image 3 (@3 in formulas) and the second
blank, image 4 (@4 in formulas). Edit your Formula document until it has the following
two statements.

@3 = @1 / 91 * –1 + 1 ;

@4 = @2 * @3 ;

The first line makes the land mask from EIRE2.BMP and assigns the resulting image to
@3 (the first blank). The second line multiplies @2 (EIRE4.BMP) by the mask (now in
@3) and outputs the resultant image to @4 (the second blank). Copy and paste your
formula document to the connected images. To check that the mask is in the first blank,
carry out an automatic linear stretch of it (having selected the whole image).

Close the formula document, close the connected images window and then connect
EIRE2.BMP and EIRE4.BMP to a single blank and assign the connected images to
buttons 1, 2 and 3 respectively, for use later on.

Do not confuse the equality operator used in comparisons (==)  with the assignment operator (=) used
in constant or other statements. The difference between the two is illustrated in the section on
conditional statements.
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16.3 Functions

The following functions are supported within Formula documents. The argument which you wish the
function to act on is enclosed in parentheses). For the trigonometric functions (sin, cos, tan and arctan)
the argument is in radians (not degrees).

Function Formula document syntax

Square root SQRT()

Logarithm to the base 10 LOG()

Logarithm to the base e LN()

Exponential (e to the power of) EXP()

Sine SIN()

Cosine COS()

Tangent TAN()

Arctangent ATAN()

A few functions which may be a use in remote sensing (e.g. in radiometric correction or bathymetric
mapping) and which can be easily derived from these basic functions are listed below.

Function Formula document syntax

Secant 1 / COS()

Cosecant 1 / SIN()

Cotangent 1 / TAN()

16.4 Setting up of constants

Constants, like comments, make formulae easier to understand, particularly complex formulae, and can
make formulae much easier to alter so that they can be applied to different images. Constant statements
should be inserted at the start of formula documents. The form of the statement is:

CONST name = value ;

Where the keyword CONST alerts the program processing the formula document to the fact that this is
a constant declaration. The name can be any string of alphanumeric characters (but beginning with a
letter) which signifies what the constant refers to and the value is an integer or decimal which will be
assigned to the name. The constant statement assigns the value to the name so that in formula you can
use the name instead of typing in the value. If the constant is something like -1.0986543 and appears
lots of times in the formula document, or you wish to experiment with several different values for a
constant, having only to change one constant statement can be very useful. Some examples of constant
statements are given below.

CONST Lmin = -0.116 ; CONST Lmax = 15.996 ;
CONST pi =3.14152 ;
CONST dsquared = 1.032829 ;
CONST cosSZ = 0.84805 ;
CONST ESUN = 195.7 ;

#
# Converting L to exoatmospheric reflectance (ER)  with formulae of the type:

#  pi * L * d² / (ESUN * cos(SZ))  ;

@2 = pi * (Lmin + (Lmax/254 - Lmin/255)*@1) * dsquared / (ESUN * cosSZ) ;
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In the example above, involving radiometric correction, the values of Lmin, Lmax and ESUN vary for
different wavebands. Changing three of the constant values allows the formula to be used for different
wavebands with less chance of error. Note also that more than one statement can be typed on one line.

You can also use constant statements to set up labels for images. For example,

CONST Eire4 = @2 ;

This also improves the understandability of formula documents and means you can more easily use
formula documents which perform specific functions on a range of images, only having to change the
constant statement assignments at the beginning to use with different connected images.

16.5 Conditional statements

To illustrate the use of conditional (IF ... ELSE ...) statements we will look at how they could be used to
make a mask from EIRE2.BMP. Sea pixels in EIRE2.BMP have values of 45 or less. Land pixels have
values in excess of 45. We will set up this threshold value as a constant called “Threshold”. The
landmask should have all land pixels set to 0, and all sea pixels set to 1.

The following conditional statement which has one equality comparison (==) ,  one inequality (<), one
logical (OR) and two assignment operations (=)  within it does the same as the first formula in section
16.2 above (makes a land mask from EIRE2.BMP).

CONST Threshold = 45 ;

CONST Eire2 = @1 ;

CONST Landmask = @3 ;

IF ((Eire2 == Threshold) OR (Eire2 < Threshold)) Landmask = 1

ELSE Landmask = 0 ;

The statement says: IF the pixel value in @1 (EIRE2.BMP) is equal to the constant Threshold (45) or is
less than the constant Threshold, then assign a value of 1 to the corresponding pixel in @3 (the blank
image) ELSE assign a value of 0 to @3. Thus all sea pixels (equal to or below the threshold) are set to
1 and land pixels (above the threshold) are set to zero.

Activity: Using the connected images set up at the end of section 16.2, open a new formula
document and try out the formula above. Having done this, check that the blank is indeed
now filled with a mask by stretching the resultant image. Experiment with the modified
formula below to produce a new image and answer Question 8.

When you have finished close all the image files.

Note: To modify the formula so that the mask is produced as a new image not in the connected images
window, the formula would be modified thus:

CONST Threshold = 45 ;

CONST Eire2 = @1 ;

IF ((Eire2 == Threshold) OR (Eire2 < Threshold))  1

ELSE  0 ;

Thus if no image @n is assigned for the output of the Formula document then a new image is created to
receive it.

Question 8: How could you simplify the formula (refer to the table of operators in section 16.2)?
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Answers to Questions - Part 5

Question 7

At the seaward end of the pier.

Question 8

The formula could be simplified by replacing the long-winded comparison (equal to OR less than) with
a single less than or equal to relational operator, thus:

CONST Threshold = 45 ;

CONST Eire2 = @1 ;

CONST Landmask = @3 ;

IF (Eire2 <= Threshold) Landmask = 1

ELSE Landmask = 0 ;

The Bilko for Windows  software was written by M. Dobson and R.D.Callison.  This Introduction was
written by A.J. Edwards with help from M. Dobson, J. McArdle, E. Green, I. Robinson, C. Donlon and
R.D. Callison and is partly based on the original Bilko tutorial written by D.A. Blackburn and R.D.
Callison.


