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Nowadays, more and more digital images are available in the real-color format. One of the sources
of real-color digital images is the real-color digital cameras, which became inexpensive and of high
resolutions. Another source is the use of traditional methods of photography and then scanning the
photographic film on a digital scanner. Also, remote sensing includes acquiring many types of data
such as visible, near-infrared, short-wave infrared images, etc. Many, satellite imagery is available
now in real colors, like SPOT imagery. But dealing with these real-color images, from the digital
image interpretation point of view, are so difficult, and needs expensive commercial software.
Therefore, they are converted and handled with their corresponding spatial-spectral frequencies.
Then, the treatment of the 256 color images will be the same as multi-spectral images. The way of
converting the color images to their corresponding spectral frequencies is not available in some of
the current software dealing with image processing and interpretations. An alternative algorithm
has been established in this research, to solve the problem of separating each band of the real-color
image alone. This algorithm is applied to a real-color SPOT image. The output results indicate that
the developed algorithm is suitable for that kind of work.

1. Introduction

Knowing that colors when mixed in varying portions will
yield a perception of all other colors. The technology of cathode
ray tubes (CRTS) uses additive primaries of red, green, and blue
colors. They are called additive because one starts with an
absence of light (black) and progressively adds various
combinations of the three primary colors. In an additive system,
red and blue combine to form magenta, blue and green combine
to form cyan, and red and green combine to form yellow. All
these three additive primaries combined together form white [1].
With the fact that many parts around the world are still deserts,
the values of space imagery data promise to be very high, for
example; cartographic of buildings; roads; canal and drainage
systems; rainfall calculation; ground-water investigation, and
interpretation purposes. Also, space imagery has several
characteristics that enable it to be very useful for small-scale
mapping. Space imagery offers a real opportunity to speed up the
progress programs of developing countries, especially in water
quantity detection. These satellite imageries have characteristics
that include uniformity of view over a wide area, near orthogonal
(vertical) image, high geometric fidelity, the superior definition
of certain natural features (like water or soil moisture content),
and availability at relatively low cost. Also, real-color digital
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cameras became cheaper and have high resolutions. In this
context, the use of real-color digital cameras become more
applicable, than using the traditional methods of photography and
scanning. Therefore, dealing with these real color images (from
the interpreter's point of view) may be converted and handled
with their corresponding spatial-spectral frequencies (i.e., red,
green, and blue). Then, the treatment of the 256 color (gray level)
images will be exactly the same as multi-spectral images. In other
words, the produced three images can be used, in the same
manner as multi-spectral images, for solving the problems
connected with pattern recognition. The way of converting the
color images into their corresponding spectral frequencies is not
available in some of the current computer software dealing with
image processing and interpretations, such as paintbrush, photo
editor, EDRISSI, ERDAS imagine, PCI Geomatica ...etc. On the
other hand, most of the remaining programs, which are capable of
converting real-color images to 256 color (gray level) images,
make a worse compilation. Such software processing depends
upon taking the average of the frequencies of the three primary
color bands, to represent a 256-color (gray level) image. This
averaging process will cause significant distortion of some of the
existing features of the image. For example, if the pixel frequency
is equal to (100, 50, and150) or (150, 100, and 50) in red, blue,
and green bands respectively, the computed frequency will be
100.
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Therefore, an alternative algorithm has been established by
the author, to solve the problem of separating each band of the
real-color image alone, which is, separating each one of the three
primary colors: Red, Green, and Blue, on its own. Also, a
computer program for separating red, green, and blue frequencies
in a separate file called RGB will be established. The main
characteristics of the program RGB, including its input data,
program algorithm steps, and flow charts as well as the output
results, and running time, will be summarized. Since the
problems connected with converting the real-color image to its
three spectral values involve certain expressions and associated
manipulations, it was found beneficial, before going through the
developed algorithms and computer programs, to discuss the
digital image structure connected with automatic conversion.
Then, the development of computer routines will be presented.
After this, a description of the available digital data will be given.
Finally, the conclusion of the present investigation will be
outlined.

2. DIGITAL IMAGE STRUCTURE OF SPACE
IMAGERY

A digital image is a function f (x, y) which has been described
in both spatial coordinates and brightness. The digital image may
be considered as a matrix whose row and column indices identify
a point in the image, and the corresponding matrix element value
identifies the gray level at the point. The elements of such a
digital array are called image elements, pixels [2], [3] and [4].

Digital imagery is obtained either directly when digital
cameras are used or indirectly when a scanner is employed to
transform conventional prints or diapositives into a digital format.
In both cases, the digitizing devices have to be calibrated to
ensure correct geometry. A rigorous calibration method for
digital cameras is given by Chen and Schenk [5] and a scanner
calibration procedure is provided by Sarjakoski [6]. After
calibration, the image becomes free of systematic distortions.
Any image may be thought of as consisting of tiny equal areas, or
picture elements, arranged in regular lines and columns [7]. The
position of any picture element, or pixel, is determined by an X
and Y coordinate system with the origin at the upper left corner
for all imagery systems existing at present. The brightness of
each pixel has a numerical value ranging from zero for black to
some higher number for white. Any image can now be described
in strictly numerical terms on a three, dimensional coordinate
system (X, Y, Z), with X and Y locating each pixel, and Z is
given the grayscale intensity value. An image may be recorded
originally in this digital format. An image recorded initially on
photographic film may be converted into a numerical format, by a
process known as digitization [8]. On the other hand, the digital
image data can be converted into hard-copy images by film writer
that operates in reverse fashion to digitizer [4]. The computer file;
that deals with the image having these characteristics, is called a
raster file. This raster file must have additional information (like
file type, file size, file width, file height, etc.) besides the actual
image data. In this context, the raster file internally will be
divided into two parts. The first part of the file contains the
information attached to define the image perfectly (raster file
header). The second part of the file deals with the actual image

data (image matrix). The richest and most complete raster file
format is the BITMAP raster file format. So, one of the purposes
of this research will be the interpretation and understanding of the
BITMAP-Raster file format and specifications.

3. BITMAP RASTER IMAGE FORMAT FOR REAL-
COLOR IMAGES AND 256 COLOR (GRAY LEVEL)
IMAGES:

Knowing the fact that, the BITMAP files are raster files
comes from the direct output of scanning aerial photos on the
scanner, as well as, space imagery captured from satellites by
digital cameras [9], [10] and [11]. Hence, the BITMAP files
(monochromatic, 256 colors or 256 gray levels or real color) will
represent the raster files utilized throughout the present research.
Consequently, it can be visualized that, the knowledge and
careful analysis of the BITMAP information, represents the
essential backbone of the subsequently developed algorithm,
which is considered to be the ultimate objective of the present
work. This requires the collection of all possible definitions and
description  connected with the BITMAP information
understanding, which have been achieved directly through an
Internet search. On the other hand, other definitions and
interpretations of the remaining elements of the BITMAP matrix
have been performed by the author, through the establishment of
more than 100 raster files (BITMAP files), with different
specifications. Different combinations of comparisons among
those established files yield to a thoughtful understanding of the
BITMAP specifications [12], [13], [14] and [15]. The BITMAP
file has the following important specifications:

« Binary format.

» Header, its first part consists of 54 bytes in which it describes
the image characteristics.

+ After the header, the degree of brightness of pixels are written
row by row starting from the first row at the lower left corner
of the image.

» The number of columns must be an integer number multiple
of 4 bytes, which means that, for example, if the actual
number of columns is equal to 101 (in 256 colors (gray level)
BITMAP), then the number of bytes will be equal to 104 in
each row.

* No separation between the pixels as well as the rows in the
file.

+ The degree of brightness of each pixel is equal to the ASCII
value of the byte in the pixel position.

The above are some of the BITMAP file characteristics
that are very important to any programmer. The header of the
BITMAP file will be described in detail in TABLE I. The
data structure of the BITMAP file header contains
information about the type, size, and layout. It starts from the
beginning of the file using the first 14 bytes. Immediately
after the first 14 bytes, the BITMAP information structure
fully defines the dimensions and color information, using the
next 40 bytes. The BITMAP information data structure
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combines the BITMAP information header structure and a
color table, to provide a complete definition of the dimensions
and colors. The RGB data structure describes a color
consisting of relative intensities of red, green, and blue. The
Color field of the BITMAP information data structure
consists of an array of RGB data structures. The color field
structure contains the following fields:

BYTE (RGB-Blue); BYTE (RGB-Green); BYTE (RGB-Red);
BYTE (RGB-Reserved)

RGB-Red
RGB-Reserved

defines the frequency of red color.

is not used and must be set to zero.

It is worth noting that in a monochromatic (black and white)
BITMAP file, the total file header will equal 54 bytes + 2*4
(8 bytes) for the monochromatic colors in the image, which
equal 62 bytes. In 256 colors or 256 gray level BITMAP file,
the total file header will equal 54 bytes + 256*4 (1024 byte)
for the 256 colors or gray levels in the image, which equals
1078 bytes. In a real color BITMAP file, the total file header

RGB-Blue defines the frequency of blue color. will equal 54 bytes + 0 bytes for the real colors in the image,
RGB-Green defines the frequency of green color. which is equal to 54 bytes.
TABLE I: THE BITMAP FILE HEADER FORMAT
Byte No. Abbreviation Description
1,2 BfType Specifies the type of bitmap file. It must be BM (ASCII value =19778).
3,4,5,6 BfSize Specifies the size of the file
7,8 BfReservedl Is reserved and must be set to zero.
9,10 Bf Reserved? Is reserved and must be set to zero.
11,12,13,14 Bf Off Bits Specifies in bytes the offset from the BITMAP file header to the actual
BITMAP data in the file.
15,16,17,18 Bi Size Specifies the number of bytes required by the BITMAP information header
structure.
19,20,21,22 BiWidth Specifies the width of the BITMAP in pixels.

23, 24, 25, 26 BiHeight Specifies the height of the BITMAP in pixels.

27,28 BiPlanes Specifies the number of planes for the target device and must be set to 1, in
case of dealing with the raw data BITMAP before any processing.
29, 30 BiBitCount Specifies the number of bits per pixel. This value must be 1, 4, 8, or 24.

31, 32, 33, 34 BiCompression Specifies the method of compression.

35, 36, 37, 38 BiSizelmage Specifies the size in bytes of the image.

39, 40, 41, 42 BiXPelsPerMeter Specifies the horizontal resolution in pixels per meter.

43, 44, 45, 46 BiYPelsPerMeter Specifies the vertical resolution in pixels per meter.

47, 48, 49, 50 BiClrUsed Specifies the number of color indices in the color table actually used by the
BITMAP. If this value is 0, the BITMAP uses the maximum number of colors
corresponding to the value of the biBitCount field. The biClrUsed field must
be set to 0 or to the actual size of the color table.

51, 52, 53, 54 BiClrimportant Specifies the number of color indices that are considered important for
displaying the BITMAP. If this value is O, then all colors are important.

4. DEVELOPED COMPUTER ALGORITHM NEEDED
FOR THE SOLUTION OF THE PROBLEM IN HAND:

This section is devoted to the brief description of the
development program RGB, mentioned above for solving the
problem of converting the real-color image to its corresponding
three spectral values. Accordingly, computer software (called
RGB), has been established by the author, to solve the problem.
toolbar.

4.1. Input Data

The input data includes the following two files:
- The real-color image file (*.bmp)

- ASCII file go.bat in the following format, which includes
one line as follows:

rgh.exe real-color file name red-band file name green-band file
name blue-band file name. Styles named

4.2. Program Algorithm Steps and Flow-Chart:

The basic flowchart of program RGB is depicted in figure (1),

while the main program steps will be summarized below:

1- Read the names of the input file (real-color image) and the

three output files.

2- Open file (real-color.bmp) for input.

3- Read the first part of the header (14 bytes) from the input file.

4- Compute the value of the first and second byte, to ensure that
the image is a BITMAP image (the ASCII value must equal
to 19778).

5- Read the second part of the header (next 40 bytes) from the
input file.

6- Compute the new values of each byte (first 54 bytes) in the
256-color BITMAP header, as mentioned before in sec. (3).
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7- Compute the values of the array of colors (gray levels) for the
256-color BITMAP file.

8- Correct the image width.

9- Compute the size of the 256-colors (gray level) BITMAP file.
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START

OPEN

go.bat for input, fp

i

READ

input file name &

three output files names

]
OPEN

input file , fpl

LET
h21.bftype=hll.bftype
h21.bfreservedl =0
h21.bfreserved2=0
h21.bfoffbits=1078
h22.bisize=h12.bisize
h22.biwidth=h12.biwidth
h22.biheight=h12 biheight
h22.biplanes=h12.biplanes
h2R2.bibitcount=8
h22.bicompression=h12.bicompression
h22.bixpelspermeter=h12.bixpelspermeter
h22.biypelspermeter=h12.biypelspermeter
h22.biclrused=h12.biclrused
h22.biclrimportant=h12.biclrimportant

LET
i=i+1

YES Is

<256

NO

LET
ailw=correct image width

1

LET

hR1.bfsize = size of (hll) + size of (hiR)
+ size of (h23) + aiw * hl2.biheight

hil bftype=19778
YES
READ

hl2 from fpl
(next 40 bytes)

IS
h12 bibitcount=24

¢
LET
i=0

LET
.rgbblue=i
.rgbgreen=i
.rgbred=i

h23[i
h23[i
h23[i
h23[i

[y

.rgbreserved=0

¢

i

LET
h2R2 bisizeimage=aiw*h12.biheight

i‘—

1

OPEN
three output files

fp2, fp3, fp4

!

WRITE YES IS
w<aiw
the header (h12,h22,h23) NO
in the three output files LET
* h=h+1
LET YES IS
h=0 h<h12.biheight
] NO
LET
w=0 CLOSE
% all opened files

READ

next three bytes from input file

f

END

WRITE

the three bytes in the three

output files, one BYTE in each file resprctively

i
LET

w=w+1
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10- Open files (red-band file, green-band file, and blue-band file)
for output.

11- Write the header of the output files (256 color (gray level)
BITMAP header), which contains: the first part of the
computed header (54 bytes) plus the array of colors (gray
level) (next 1024 bytes).

4.3. Output Results:

The output of RGB program will be three images 256 color
(gray level) BITMARP files as follows:

- The first file is for red-band.

- The second file is for green-band.

- The third file is for the blue-band.

4.4. Running Time
With a Pentium 233 computer having 64 MB RAM, for
BITMAP real-color file with dimensions of 1000 pixels *
1000 pixels the program running time takes 4 seconds.
However, when a Pentium-4 1700 computer has 256 MB
RAM, the running time takes less than one second. This time
will be linearly proportional to the file dimension size.

5. USED DATA AND RESULTS

The used digital data in the present paper is a real-color image
file showing a part of Great Cairo in Egypt (figure 2). After
applying the previously discussed algorithm to this real-color
digital image, three images are obtained, each of which is
written with a band of the three spectral bands (red, green, and
blue), see figures 3, 4, and 5.

6. Conclusions

The obtained results indicate that the RGB computer algorithm
presented in this research has very good reliability and resolution
in solving the real-color problem efficiency through conversion
to the three spectral bands. Therefore, it is recommended to be
efficiently used for the solution of the real-color problem in the
field of digital image interpretation as the most trustable and
reliable up-to-date local software in the subject matter, for
mapping applications, and image classification.
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12- Scan the input file systematically after the header, until the
end of the file (byte by byte), and write in the output files (in
the sequence of red, green, and blue) the value of this byte.

13- Close all opened files.

% AR

Figure (2): Real-Color Image Show a Part of Great Cairo
Captured by SPOT Satellite

R

Figure (3): 256 Color (Gray Level) Image in Blue Band
After Converting the Real-Color Image to Its
Corresponding Three Spectral Bands
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5,
ot

Figure (4) 256 Color (Gray Level) Image in Green Band

After Converting the Real-Color Image to Its
Corresponding Three Spectral Bands.
- ) v

-

=
¥
L5
Figure (5) 256 Color (Gray Level) Image in Red Band
After Converting the Real-Color Image To Its
Corresponding Three Spectral Bands.
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Abbreviation and symbols

RGB | Red, Green, and Blue
BM Bitmap
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