CHAPTER 11

Light and Color
Lightisa
This wvisible spectrum is qu

an be detected by human eves.
¥ the entire electromagnetic
spectrum and its wavelengthg rags ) manometers (nm) as illustrated in Fig.

2.1.1 In the visible spectrum, olors: red, green, and blue. The
wavelength of the red hue is abglit GBOM, the g pploximately between 480 and 360
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! Francis S. Hill, Jr., Computer Graphics (New York: Macmillan, 1990), p. 564.

* Hue is the quality of color which is described by the words such as red, green.
blue, cvan, magenta, vellow, etc.

2 Fred W. Billmever, Jr. and Max Saltzman, Principles of Color Technology. 2nd
ed. (New York: John Wilev & Sons, 1981), p. 4.
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The limitation of such narrow band of the visible spectrum is due to the relative
insensitivity of human visual system which is essential to describe before any further color
image theories can be developed.

1. The Human Visual System

The visual system of human consists of the eves, the nervous system. and the
average diameter of about 2 em. A

brain. The eve is approximately a sphé

horizontal cross section of an evéMsullustrited HPPEa@®> The eve ball is formed by three

Fig. 2.2 i s:mphﬁedcrossmﬂnndiagmmufa uman eye
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tough and trafisparent membrane. The main function of the comnea is to refract light, similar to

a lens of a camera.

3 Rafael C. Gonzalez and Richard E. Woods, Digital Image Processing.

(Massachusetts: Addison-Wesley, 1992), p. 22.
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1.2 The Choroid
The Choroid is a thin membrane lving under the sclera. It contains a
network of blood vessels, and pigment cells that help absorbing light entering the eve to
prevent it from being transmitted bevond the eve globe. At its front extreme is the iris which

acts like the diaphragm of a camera. The central hole of the iris is the pupil of which the size

The Re c the entering light is focused

by the lens. The light is thg photoreceptor cells and then
transmitted by the optic nerngfc ‘of receptorsrods and cones:

' Only a small amount of light is
needed to activate this tvpe of cglls. .3 grimarily used for dim-light (scoropic)
vision. The number of rods in each WH’* n J 0 million cells.

\h X
‘II on 7 fl rods, but responsible for
iy

perceiving colors. Thus. thes are pnmanh for bnght—hght (photopic) vision. The number of

S 11 AL AL

portion of retina, calfd thefovea which is t]'.u: best area ﬁur color pﬂmeptmn of the eye.
LR ﬂﬂﬁ%ﬁ"mﬂ“ﬁ’?’ﬂﬁ‘ T o orens
cach of which is most stimulated by red, green, and blue light respectively. These cones send
natural signals of red, green. and blue via the nervous system to the brain where the signals are
combined and interpreted as colors. This phenomenon forms the additive color system which

will be described in the next section.
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2. Additive Color Svstem
Since humans only sense the tristimulus values of red, green, and blue, these
three colors are called primary colors. Colors are produced by adding together the primary
color lights as illustrated in Fig. 2.3, and the resulting colors are called additive colors* Such

is the situation with the color Cathode Ray Tube (CRT) which consists of three electron guns

representing the three additive pri
phosphor dots. The three electre
each triad then forms a local

“ﬁﬂﬂ%ﬁ?ﬂﬂ‘?ﬂ“ﬁ"" e 1

Eclairage (CIE), fiimans do not peruewc: all mvelcngths within the visible spectrum

. AR FUNT Y T Y o= e

Observer citrve® as illustrated in Fig. 2.4. The curve shows that human cyes are rather

* Edward Angel, Computer Graphics (Massachusetts: Addison-Wesley, 1990), pp. 286-
287.

3 Bruce A. Artwick, ter Displa hics. and Animation, (New Jersey:
Prentice-Hall, 1984), p. 71.

6 Edward Angel, Computer Graphics, pp. 282-290.
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imperfect filters of the electromagnetic spectrum. Near to the extremes of visual spectrum.
human eves have greatly decreased sensitivity, since the peak blue response is around 440 nm:
that for green is about 345 nm: and that for red is about 580 nm. It is also suggested from the

curve that the eye's response to blue light is much less strong than is its response to red and

green.”
olor Models
A color mo :;,.:; ation | plaining the ,;-_.;: or behavior of color
L7 LY
within a particular conte V o ‘ and blue (RGB) are best

! "l
|

resented on a color md ' e g gy, — especially for
e U TMUNINY NS
ARIANTUNIINGAY.

7 James D. Foley et al.,, Compute:

(Massachusetts: Addison-Weslev, 1990), pp. 576.-377.
8 Donald Hearn and M. Pauline Baker, Computer Graphics (London: Prentice-
Hall, 1986), p. 299.
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1. The RGB Color Model
The RGB (red. green, and blue) color model is the model applied to color CRT

monitors exploiting the Cartesian coordinate system. This model is the unit cube as illustrated

in Fig. 2.5 The colors on the main diagonal (dotted line) are gray levels.

Cyan = (0,1.1)

Magenta = (1.0,1
White = (1,1.1)

Black = (0,0.0 ‘Green=(0,1,0)

e
-

X
Iig Called the HSB model. with

T

B for brightness) and H 'S model (with L for lightness) a < user-oriented models based

upon the inmitivaﬁ:ﬂs ﬁ% Hﬂ\iﬂ'ﬁl Ejmrm or six-sided pyramid.

and the HLS modéllis a double hcxc:m:ir‘e, as illustrated in Fig. 2.6(a) and Fig. 2.6(b).'"
v YR TOHA TN e
the vertical %axis, with red at 0° (or 360°), green at 120°, and so on. The black, gray
levels, and white colors are on the vertical axis (see Fig. 2.6(a) and Fig. 2.6(b)). The
value of S refers to how intense or pale the color is and is ranged from 0 on the vertical axis

? James D. Foley et al., uter ics Principles ice, 2nd ed., p.
5835.
10 Ibid., pp. 590-594.



to | on the triangular sides of hexcone. Both H and S are the same in HSV and HLS models.
The V (value, or B (brightness)) and L (lightness) values are ranged from 0 to 1 but
inapplicable in human sense as different colors with the same V and L values are not of the
same perceived brightness. RGB and HSV can be converted back and forth using the relation
that the top of the HSV hexcone is the projection of the RGB cube along the diagonal from

white toward black as shown in Fig 27 ) 2.1 and 2.2!
1 —-_.— - __ / L

— White

Fig. 2.7 RGB cube viewed along the main diagonal

!! Steven Harrington, Computer Graphics A Programming Approach. 2nd ed.

(New York: McGraw-Hill, 1987), pp. 385-387.
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Algorithm 2.1 RGB-to-HSV (R, G, B, H, §, V) Converts from red. green. and blue
valuesin the range 0 to | to hue, saturation, and value

Hue is expressed in degrees from 0 to 360

Saturation and value range from 0 to |

Arguments R, G, B . the red, green, and blue coordinates

N ll 1

H SV af the hue. saturation. and vaiue

R1.GIL. B Clagivelv close the color is to red.

H1
BEGIN
Hl « 0;
find dominant pi
V« MAX(R, G, B
find the amnunt of white- —-"‘)E‘ -

X « MIN ~:
LY

determine the i ali

Se« (V- X}:‘V.

ES%HWHV’I?WEJ’]M‘

&ﬁaﬁgﬂ%aiumwmaﬂ

ELSE Hl « 1 -Gl
ELSE IF G =V THEN
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IFB=XTHENHI « Rl +1
ELSE Hl « 3 -Bl

ELSE
IF R=XTHEN HIl « 3 + Gl
ELSEHI] « 5-RI;

convert to degrees

H« HI = 60
RETURN;
END:;

As an efth, iB Goo 5 (0. 10.1.00.4) can be converted to the

v

X
S

RI i’f-——*‘“** ek ]

Y

Gl

L Uy
‘l

o @uﬁﬁﬁm%’ﬁmm
am@m‘m}ﬁ%ﬂﬁwmaﬂ

Algorithm 2.2 HSV-TO-RGB (H, S, V, R, G, B) Converts hue, saturation, and
value coordinates to red, green, and blue
Arguments H, S, V : the hue, saturation, and value
R, G, B : for return values of the red, green, and blue coordinates
Local H1 . the hue in units of 1 to 6



I . integer part of the HI hue, indicates the dominant color
F : fractional part of the H1 hue, used to determine second color
A : an array that holds the three color values while deciding
which is which
BEGIN

convert from degrees to h

H1 « H/ 60:

find the dominan

[« INT(HI1):

F«HIl-I:

All]l«V:

Al2] « V;

A[3] < V x(1-(

Af4] « V x (1 -S);
A[5] « A[4):
A[6] « V # {3+
V.
mﬂpstmngths
IFI}4‘I‘I—IENlrl 4ELSEI4—I+

R*-ﬂﬂ‘iJEJ’JVIEWISW BN

IF1>dMHEN T 1-4 BLSET e 1+2; _

QBWﬂﬂ\iﬂ‘iﬂJll‘lﬂﬂml’laﬂ

1}4'IHENI¢-I 4ELSEl «1+2;
G « All):
RETURN:
END;
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As an example, the HSV coordinates (220, 0.67, 0.9) can be converted to the

equivalent RGB coordinates as follows.

Thus,

Hl = H/60 = — = 3.67

I

INT(HI) =3

F HI -1

All]= V
Al2l= V

A[3]= 067) = 05

Al4]= 0.3
A[3]=
A[6]= (1-0.67)=0.7

| =

=
Il

]
I

::GB= = '¢ ,@.3,(1.5, 0.9) ¢
AUBINYNINEING

Color M

- Ihg' !{m odel « o v
o VoMb Bl o b D s e

by the National Television System Committee (NTSC) and used in color television

broadcasting. The Y value represents perceived brightness, or luminosity. I and Q are
chrmnhmmemnpm:nhufmlorldeﬁsimsignalstmufmﬁinMphaseﬁﬂgtﬁ.

i76.
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inphase and quadrature-phase. which are different by 90°. Y can be calculated by the

following equation!?
Y = 0.299xR + 0.587xG + 0.114xB (2.1)
lor P i
This section describes th processing algorithms emploved in this
rescarch.
1.

‘ s the subrractive color system in which
complementary color of a g#lor g8 b et ?, { hat color from white light. In
other words, the complemeafiryf€ofbdpais af two Bolors that can be combined or added to
produce white light. Compléhegfad cc ofs a1 also'called Iyverse colors or negative colors.
As cyan (C), magenta (M), ’ /) e he eontplements of red, green, and blue,
respectively, they are called subffaciie primary edlors fhis coordinate system of (C, M, )
forms another color model called A2 ll A diagram of the CMY color model is

illustrated in Fig. 2.8. (A0 £
v Y

U

Fig. 2.8 The CMY color model

13 James D. Foley et al.,

589.



As CMY is the complement of RGB and can be produced by subtracting from
white light which all the RGB values are 1's, the relation can be represented by the following

equation:'?

(2.2)

For the abo®#cass cgafive image) can be produced

by converting the RGB values.g cmnplements CMY values.
inverted is the original

It is noted t

positive image, since:

(2.3)

:Q.r’. Y
2_ S0 l II‘ Feeh g 3 7‘
! |'"

14

The colo ‘. grﬂy level conversion alganthm for producing the perceived

brightness @ﬂwﬁm ‘Tﬂ .:if it is displayed on a
black-and-white mapitor. By e:\:plnmng the lmdel, a gm}r scale image can be

e R QTP VT e

Equation (212).

14 James D. Foley et al.,
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3. Color Image Enhancement
The color image enhancement methods applied to this research were modified

from some of those of the gray scale images. The two essential methods for adjusting

exposure” of color images in the RGB color mode! are presented here:

itv of an image. The lower the
¢ brightness is. the closer 10
white the image will be.

For on is approached by adding
or subtracting the gray | ant value. When such
operation yields an out-of-rafige &l is trimmed and the extreme
value is used instead. For exa ~of a gray scale image by 30%.

the gray levels of the pixels on 30%, except that the gray level of

70% and up will be converted to 100%. 4% illustritéd ifeFis 2.9.
| umiswbe;:mccssed
rea ,,1 s brightness by 40%, a pixel
for the RGB coordinates {D‘S, }IE., 0.5) will bemm‘ejﬁ.ii, Q, 0.1).
mmm

Wiginal gray tevels
""!,W'lﬁﬂﬂﬂ;i *

Fig. 2.9 Increasing brightness by 30%

separately by the above

0 0.3 0.7 1

* Exposure is brightness and contrast setting of an image.



3.2 Cont ification
Contrast is ﬂmipn:ad of gray levels in an image.!* A low-contrast image
has a small range of gray levels. On the other hand, a high-contrast image has a large range of

gray levels.

Two most conimie jed doproaches to contrast modification are

histagram modification® appsgathsand pftoach. There are many contrast

enhancement techniques emplgiing oy ' w88, thresholding, bunching or
quantizing, splitting or loeal™ cofrasy £ nhd \\‘*\\R stogram equalization.'® The
examples of filtering techuas ’ E _‘ tgring. [iighpass,filtering, and homomorphic
filtering.\7 The histogram affodificaio techn %o ichielle contrast modification in the

BW2COLOR software is hig@gran 4l sdieh is deséribed here.

e Ssicsitl ion algorithm exploited in the
BW2COLOR software, the contfe
compressing the gray band. To inciéa: 7 oray band must be stretched. On the

age can be modified by stretching or

other hand, to decrease é aitiasi. e gray band must & - COmIE fi ed. In the case of contrast
stretching, the out-of-rang —“ s ar ' h alues. Finally, the resulting
I !

band is then used instead ufu;e g’ig:inal band. y

T A HANNINENT e e
AN NNANYIAY, . .. ..

changing the distribution of the pixel values across the full range of brightness levels. This
technique often improves image details, especially when the original data distribution range is

narrow.

17 Rafael C. Gonzalez and Richard E. Woods, Digital Image Processing, pp. 213-
218.



For instance, to increase the contrast of a grayv scale image by 60%. the
Hand will be: stretched so thiat fhio ofiginal gray levels 03 {=G+?} and 0.7 {=l-%—6] will B
converted respectively to the black (0) and the white (1) extremes on the resulting band. as
illustrated in Fig. 2.10. The gray levels between the two extremes can be calculated by linear

interpolation.

original grawband™" =
’ S ‘
"""""-:

T ///‘Q\\\ LS
1/ B

To de age by 40%, the band will be

compressed so that the extre erted respectively to the gray

levels 0.2 and 0.8 on the resulting b ‘;_u:"- i

ﬂummzmmm
ARIARAI AU URATNEE e e

be prnmsed separately by using the algorithm above. For example, after increasing contrast
by 20%, a pixel of RGB coordinates (0.8, 0, 0.2) will become (0.85, 0, 0.15) as illustrated in

Fig. 2.12.
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001 02 05 08 09 1
[ I L1 1

original gray band | i

0 15 0.5 085 1

Fig. 2.12 Increasing contrast by 20%

4. Coloring Grav Scale i | :
igni 810 A-grayv a‘ improve appearance to human
— - ! -

viewers for two rcasons. Firsilassh > i§ moge-capab iscriminating colors than gray
levels.!® In other words, els is much smaller than the

number of distinguishable  much more attractive
than grav scale ones.
There are he purposes: real coloring and
false coloring or pseudo coleriig
4.1 Rea

ming natural colors to a grav scale

photographic image to f:;—"—_"-"_""""'—"“;‘*nﬂ image processing and
high degree of human im:eﬁsitt rl‘#t software may need the help

from users to assign hues to some gray leve[s it can automatically calculate the proper

mmﬂnus'mﬂmw BIN3
QW’]Nﬂ'ﬁﬂJ UNIAINAY

'8 Lisa G. Thorell and Wanda J. Smith, Using Computer Color Effectivelv (New
Jersey: Prentice-Hall, 1990), pp. 203 - 207.

19 Jae S. Lim, Two-Di ional Si and P ing (New Jersev:

Prentice-Hall, 1990), pp. 511 -512.



4.2 False Coloring and Pseudo Coloring?”
There are two denominations for this class of coloring depending on the

tvpe of gray scale image. In the case that the image is colored in the real world, such coloring
is called false coloring. For example, a gray scale photographic image can be colored for

artistic pleasure, and the resulting image is not of natural looking. In contrast, if the image

actually has no correlation to any realobje ef irf gbfirgen sense, such coloring is called psendo

coloring. For instance. an X *-.._____.: can -- make some organs appear more
- ’ e ——

designed and applied to m
422 lgtens:tv Slicing

ﬂ u H”%‘%"E} qufﬂ ﬁjﬁ 21 which is a special

case of the gray Iﬂ&l to color transformgtion m:hm-qu described above t can be exploited

o sl PO Fa 00 o ARER asEJ

20 Jae S. Lim. Two-Dimensional Signal and Image Processing pp. 511 - 512.
21 Rafael C. Gonzalez and Richard E. Woods, Digital Image Processing p. 237



4.2.3 Filtering Approaches??
The techniques of filtering approaches employ the operations in
frequency domain. The Fourier transform of an image is altered separately by three filter
functions to produce three images that are then fed into red, green, and blue components of

the output color image.

AuEINENINeIng
RN TN

22 Rafael C. Gonzalez and Richard E. Woods, Digital Image Processing p. 242.
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