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Introduction
Coloring
In comput
normally available to the programmer Or USEL.

ers, large numbers of colors

The monitors can display a lot of colors (usually
more than 256 up to 16 million). To be able to
and to produce a

use these colors effectively
colored image that is optimal for a particular
application, a reasonable understanding of the
way in which colors can be designated and
1 the

specified is required. To deal with color 1

we need to quantify it in some way

digital ima

.and this gives us the notion of a color space or

domain. Colors are usually defined in a three

space, which have been used.

re are lists of color spaces that have
applications, but

dimensional
Although the
been used In comp
interest is concentrated upon the RGB-space.
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This model represents the more traditional form
of color representation in computer images. Color

2 o

is labeled as relative weights of three primary
colors in an additive system using the primaries
Red, Green and Blue. The space of all
system is represented by the

colors

available in this

RGB ure (1). It 13 important to

cube as In




remark that the RGB-space is perceptually non-
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sensations.
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th II" 23
i
‘
[ ey
' ‘ |
| e .
#
Fig. (1): The RGB Cubic.
n other words, the same color sensation may
result from a multiplicity of RGB tr1 ples [1].
Pseudo-coloring Technique
vision (HVS) can

The human system
thousands

about

of colors in a small spatial

100 pray An
called pseudo-color takes
visual

perceive
area but

nhancement 1u|m|q\
this

only levels.

the advantage of ’HI‘UCf of our
perception to enhance gray level images. Pseudo-

mvolves mapping the gray-level values of a

[n(ww;l]"t'\mc image to red, green and blue values

color

creating a color image.

[o llanwrwnm gray-level to color. we have three
 equations for each © »f the red,

se equations use

different mapy
and blue co lor bands. T
ay levels in the image

green &
a set of functions of the

s follows:
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where R[], G[ ], and B[ | are the mapping

_levels to the Red,
I'hese equations
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of tl

8, SO,

Green,
can be ]ir-car or non-linear
mrtl 1

range of

technique implies the
the gray-

s into separate <O
that fall within a specified range
mapped to fix RGB values (colats). Figure (2)

g1 ay-le

levels are

for
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method

slicing

intensity
pseudo-color. The
four different cc

first

illustrates the

gray-scale range 1S
as shown 1 the figure
0 to Max/4. arc

second range

into ors,
[he
mapped to color 1:
extended from Max/4

colors in the range
the colors of the
to Max/2, are mapped to

color 2, and so on [2]

Gray-lLeve

Fig. (2): Intensity slicing.

Pseudo-coloring Implementation
Pseudo-Coloring is an important too
it is utl

image enhancement lized to 1mp

Jization of thermal
reflect some informa \tion about the therm: al scene

construction, contrast,

VIS images, 1t can better

properties, such as. image
and features.

Cold and  hot t¢ could be rec
perfectly by using the pseudo- coloring techniq
and also their heat di stribution can be visualized
discriminate between

the block

~ognized

targ,

-:\mi\' heat

. Figure (3) presents

(1.e we  can

paris in the target

diagram of the imp Jlemented pseudo-coloring
rethod. I
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ig. (3): The block diagram of
Pseudo-coloring module.
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gorithm
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perform

work,
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to

this
implemented
either intensity slicing

in

by

using > technique and color-

shading technigue

f these methods is 1ts

noving from red reference to vellow

example, |
Jire one step of color change in the

reference r
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Fig. (5): Pseudo-color patterns gener rate

Thermal distribution (1. €., intensity ¢ distribution)
in the thermal image obey to the Stefan-
w = o0& T and it is

RBoltzmann law,

clear that the energy emitted from the target IS

proportional

temperature, {f o T So, it is clear that
the image intensity of hot targets will be high
and the information related to hot {
concentrated in the high int ensity Vi

scale).  Therefore, the uniform  color

aray

distribution on the gray !:\d cannot precisely
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forwards with the fourth power of
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e width for each slice, and

100, ,and a
also Lm:fmm ;mu non-uniform color distributions
were used to implement pseudo-coloring,

figure (4)
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Fig. (4): An example for pseudo-coloring pattern on the gray-
level
Fhe difference between color shading ;md intensity slicing technique while in color shading
intensity sheing techuiqum s M.[ the first one technique, the movement between lkd and yellow
ien to each segment of the gray scale with  will pass through many sub-colors that falling
color, whila the second make a gradual  between these two reference colors
whenr moving from certain Figure (5) shows color pattern cenerated by
or to the subsequent color. For intensity slicing and color shading techniques
uniform color distribution.

with uniform and non-

Color shading technique

d by using intensity slicing and color shading techniques
>

with uniform and non- ~uniform distributions.

the heat

use small number of colors may
and that
the

reflect the suitable representation for
distribution beca
place big amount

causing

information
details

take o of
may hidden for some n

image.

The non-uniform colors distribution was adopte d
lement intensity slicing and color shading
5. The pseudo-colors were distributed

techr

according to the intensity-temperature
relationship in the thermal image, see figure (4)
Fo give a suitable imagination to the heat

distribution of the thermal image, the legend of

colors which we proposed supposed that the very
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intensities) represented
targets (have
and the range

Wwas

low

cold targets (have

blue color, while the very hot
intensities) with white color,

intensity boundaries

with
high

between tE';‘ two

e of colors;

v the following sequenc
},-f-cl ow. orange and red, as it is clear

assigned wi

[so !;11 ng targets from the be wckground by using

thresholding method value was ‘ulnriﬂl to give

ts as much as possible number’of colors, ar |
ound values (i.e., the gray values less

e backgt
than threshold) have been represe nted by black
color.

The general des

ign of the color shading techniq

reference calors
Table
notation

is based on selection some
along the gray scale.
example about the adopted
eference colors that selected to construct
a shade of the refe
distributed either in uniform or

manner.

distribute H ) shaws

an fo
specific
colors, rence colors are

non-uniform

Tahle (1): The notation of the re ference colors that
adopted to constr uct pseudo- cplor table.

to find the

arresponding

value (g) we have

roany gray
reference cologgs such that
atisfy the condition,

their.c

gray values (g
; ! where 1=0 <1
) ) o
no. of t ")T’m.;e‘-(nlur\
The correspon ding color components (R, G, B)
for the gray vi (g) were computed by using

the following mapping equation

= 1+ R

produce

the

:quﬂrimw« will

noot H\ QVEr

above

the
shaded colors that dis stributed s

Applying

ru':u\.s‘ of a

The

on

correspondin

pseudo-coloring technique

s are presented in figures (6), (7

. the differences between the two adopted

De

ma
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B, uniform non-uniform colors

methods (
distributi
the lookup table (2),
selected visually to perform
adopte

and
INg

ons) which are implemented by us

andea threshold value was

mage q:gmem_m\m
dr

Fable (2) presents the eference colors
area for the non-

in the

used in current work, and the
uniform distribution was selected wide
region and it was gradually shorten
ht (hot) r ), this
! to sense the

better than othe

dark (cold)
when moving toward the brig

choice can provide the possit

target regic )

bright region (i.e..

The selected color reference values used

Table
to implement pseudo-coloring tec hnique with

uniform and non-uniform colors distribution.

(2):
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result indicated that the non-uniform

H\t' e
colors distribution could reflect a widespread
ange ut' colrn': better than the uniform case
pet region and bigge! amount
shown, which in turn give

u! y d,r\fd d;:ll 3 w1ll be
feeling about the

e heat distribution for

ac wphkﬂ
thaitdrget(s).
Intgasity slicing method

will segment the image
¢ benefit

be mo

rate regions so it could

to use for classification”based on uniformity
criteria. Color shading method will praduce
smooth and soft colored image that may be

1on

suitable for detecting the hot and cold t
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Fig. (6): Applying pseudo-coloring technique on uniform & non-uniform colors
distribution with variable thresholds.
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Conclusion
I'he implementation of pseud de
2 thet it shading metho vd

\\H' produce soft images with
more useful to detect cold and

)= \.Hlnl”‘.‘) on

mal image by using colo

gradual changes in
it 1s
in the image that can reflect image
more details and give wide
the heat distribution of
intensity slicing method
egmentation purpose
hased on non-uniform
be uwd to highlight on
flm hermal 1

vnl -d colors is

their coli
hot regions
information 10

rstand the

unde about
thermal LU_}.C‘TI%). while

for image

may be suitable
Applying pse

distribution of colors can

ando-coloring

interesting lu;:',h‘!-\- ot
when the
< the non-uniform choice may

details in the image that the f Trst one may hide it.

Same

number of 1
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small. recover

References
1. S, E. Umbaugh, “Computer Vision anc
Image P o” Prentice-Hall Inc., 1998
Policarpo, “The Comp Image”,

2. Watt, F j
Addison-Wesley, Longman Limited,
3 P. ’\ J L"lC\"h_\, 'l f‘:L ?"'T“cjf.”

Crround

1998,

oy ] .
alion Q]

acteriz

(7): Applying pseudo- ¢olaring technic
JMars distribution with fix threshald=

Non-uniform dist rihution

jue on uniform & non-

100

SPIE, Optical Engineering
USA. 1996

Backgrou (LS
Press, Bellingham, W
L. _?‘ M., “Thermal
Press, New York _1975.

L. Williams & G H

Jlones,
Imaging”, Adam
i, USA,

ashington,

T : Y #7550
[ ri_'."*_’ O PNIEHT

Plenum
B S G, 1
i'”!u‘.\.f'm?\ of Th
Hilge, Bristol and Philadelphia Lt

1988.
G. Avyiram and S I{. Rotman, “Evali

rindl

2 Fp /

£ o
Infrarcd 1mage

L T e
Human [4arg

Eng ineering, 5
1440), August 1999
Y Yoshitomi, 1 Miyaura, S

Kimura, “Face ldentificalion
!7,"#‘15..|“.r\ "-J'--: TCES b l:l'-‘ 1C. ()' & Y
10p Ol Iul‘iﬂ and human

[nternational worksl
communication, PP. ( 1997
vy F. Li, 4 New
T

'mc.’”'f ¢

f}h'"(fn!u’ft

Thermosense IX, PP.




