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The light shines in the darkness, but the
darkness has not understood it.
John 1:5

For a long time | limited myself to one color - as a
form of discipline.
Uity College of NewYork Pablo Picasso
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FIGURE 6.2 Wavelengths comprising the visible range of the electromagnetic spectrum.
{Courtesy of the General Electric Co., Lamp Business Division.)
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FIGURE 6.3 Absorption of light by the red, green. and blue (uncs){n the human eye as a
function of wavelength.
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FIGURE 6.4 Primary and secondary colors of light and pigments. (Courtesy of the Gen-
eral Electric Co., Lamp Business Division.)
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FIGURE 6.12 Conceptual relationships between the RGB and HSI color models.
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FIGURE 6.13 Hue and saturation in the HSI color model. The dot is an arbitrary color

point. The angle from the red axis gives the hue, and the length of the vector is the sat-

uration. The intensity of all colors in any of these planes is given by the position of the

plane on the vertical intensity axis.

[©.2002R. C

Digital Image Processing, 2nd ed.
Chapter 6

www.imageprocessingbook.col

White

I =075

Blue

a

b

FIGURE 6.14 The HSI color model based on (a) triangular and {b) circular color planes.
The triangles and circles are perpendicular to the vertical intensity axis.
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FIGURE 6.14 The HSI color model based on (a) triangular and {b) circular color planes.
The triangles and circles are perpendicular to the vertical intensity axis.
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FIGURE 6.8 RGB 24-bit color cube.
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FIGURE 6.15 HSI components of the image in Fig. 6.8. (a) Hue, (b) saturation, and (c) intensity images.
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FIGURE 6.16 () RGEB image and the components of ils corresponding HS1 image
(1) hwe, (¢} saturation, and (d) mtensity,
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FIGURE 6.18 Geometric interpretation of the intensity-slicing technique.
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FIGURE 6.19 An alternative representation of the intensity-slicing technique.
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FIGURE 6.20 (a) Monochrome image of the Picker Thyroid Phantom. (b) Result of den-
sity slicing into eight colors. (Courtesy of Dr. J. L. Blankenship, Instrumentation and
Controls Division, Oak Ridge National Laboratory.)
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FIGURE 6.21

(a) Monochrome
X-ray image of a
weld. (b) Result
of color coding.
(Original image
courtesy of
X-TEK Systems,
Ltd)
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FIGURE 6.22 i) Cirav-scale image in which mtemsity (i the Bghter hongontal baind shown j corresponds (o)

wvernpe moniidy rainfall, (b Coloes assigned o intensity valoes, (o) Color-coded image. () Eoom of the Souh
Amenen regfon. (Comriesy of NASA)
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FIGURE 6.23 Functional block diagram for pseudocolor image processing. fi. f;, and fj
are fed into the corresponding red, green, and blue inputs of an RGB color monitor.
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FIGURE 6.24 Pscudocolor enhancement by using the grav-level o color transformations)
in Fig. 6,25 (Onginal image courtesy of Dr. Mike Hurwite, Westinghouse, )
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FIGURE 6.25 Transformation functions used to obtain the images in Fig. 6.24.
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FIGURE 6.26 A pseudocolor coding approach used when several monochrome images
are available.

Multispectral to Color Transformations
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Digital Image Pr

Chap
Color Image

: % i o i
a b FIGURE 6.27 (a)-(d)Images in bands 1-4 in Fig. 1.10 (see Table 1.1). (e) Color compos-
¢ d iteimage obtained by treating (a).(b). and (c) as the red. green. blue components of an
¢ [RGB image. (f) Image obtained in the same manner, but using in the red channel the
near-infrared image in (d). (Original multispectral images courtesy of NASA.)

Band No. Name Wavelength (pm)  Characteristics and Uses

1 Visible blue 0.45-0.52 Maximum water
penetration

2 Visible green 0.52-0.60 Good for measuring plant
vigor

3 Visible red 0.63-0.69 Vegetation discrimination

4 Near infrared 0.76-0.90 Biomass and shoreline
mapping

5 Middle infrared L55-175 Moisture content of soil
and vegetation

6 Thermal infrared 10.4-12.5 Soil moisture: thermal
mapping

7 Middle infrared 2.08-2.35 Mineral mapping

Washington DC & part of
the Potomac River
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FIGURE 6.30 A full-color image and its various color-space components. (Original image courtesy of Med-
Data Interactive.)
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FIGURE 6.34 {'olor slicing transformations that detect (a)h reds within an RGH cube of
width W = 02540 centered al (06863, (L1608, 0,1922), and (b) reds within an RGIE
sphere of radius (L1763 centered at the same point. Pixels outside the cube and sphere
wiore rL'l'll'-I.{'\.'lJ by color (0,5, 0.5, 05),
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FIGURE 6.39 HSI components of the RGB color image in Fig. 6.38(a). (a) Hue. (b) Saturation. (¢) Intensity.
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FIGURE 6.40 Image smoothing witha 3 ® 5 averaging mask. (a) Result of processing cach RGE component
image, (b)) Resull of processing the intensity component of the HST image and converting to RGE (¢} Dil-
ference between the two resulis
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FIGURE 6.41 [mage sharpening with the Laplacian. (a) Kesult of processing each RGH channel. (b)) Besult of
processing the intensity component amd converting to RGI (¢ Difference belween the two eesults,
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(d) Intensity. (e} Binary saturation mask (black = ). (f) Product of {b) and (e).

g FIGURE 6.42 Image segmentation in HSI space. (a) Original. (b) Hue. {c) Saturation.
f
h

(g) Histogram of (f}. (h) Segmentation of red components in {a).
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FIGURE 6.47 Component gradient images of the color image in Fig. 6.46. (a) Red component, (b) green com
ponent. and (c) blue component. These three images were added and scaled to produce the image in Fig. 6.46(c).
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FIGURE 6.39 HSI components of the RGB color image in Fig. 6.38(a). (a) Hue. (b) Saturation. (
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FIGURE 6.49 HSI components of the noisy

color image in Fig. 6.48(d). (a) Hue. (b) Saturation. (¢) Intensity.
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