Digital Image
Processing:




Frequency Domain

Lowpass Filtering:

Glu, v) = Hin, v)Flu, v)

|'] if Du, v) = D,
Hiu, v) =
|_l'| if DMu, v) > D,

Mu, v) = {8 + v)*=,

Figure 4.30 (a) Perspective piot of an ideal lowpass filter transfer function; (b) filter cross

section,
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Frequency Domain

(a) (h)

Figure 431 (a) 512 x 512 image and (b) its Fourier spectrion. The superimposed circles,
which have radii equal to 8, 18, 43, 78, and 152, enclose %0, 93, 95. 99, and 99.5 percent of

the (mage power, respectively
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Lowpass filtering

(<)

Figure 4.32 (a) Original image; (b)—(f) results of ideal lowpass filtering with the cutoff —— — - -
frequency set at the radii shown in Fig. 4.31(b). Figure 4.33 [llustration of the blurring process in the spatial domain: (a) blurring function
hix, y) for an ideal lowpass filter; (b) a simple image composed of two bright dots; (c)
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convolution of hix, v) and fix, v)



Lowpass Filtering

fa) (h)

(c) (d)

Figure 4.36 Two examples of image smoothing by lowpass filtering (see text)

1s:24



Highpass filtering

(a) (b)

1d)

13:24 Figure 439 Example of highpass filtering: (a) original image; (b) image processed with a
highpass Butterworth filter; (¢) resuldt of high-frequency emphasis; (d) high-frequency emphasis
and histogram equalization. (From Hall er al. [1971].)




Homomorphic Filtering

r'-l.rr_'.'||::> I= :D FFT #:) H (. v ):D (FFTy! $ exp :>_§'I:.].'

Figure 4.0 Homomorphic filtering approach for image enhancemen.

(a) Ib)

Figurc 442 (a) Original image; (b) image processed by homomorphic filtering to achieve
simultaneous dynamic range compression and contrast enhancement. (From Stockham
[1972].)

13:24



Color Processing -+

The RGB color Model:
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Figure .44 RGB color cube. Points along the main diagonal have gray values, from black
ar the origin to white at poins (1, 1, 1)
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Color Processing
The CMY color Model
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The YIQ color model
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Color Processing Ses

Conversion from RGB to HIS model

Blue

Magenta / \cm

Yellow

Grreen

(&) (b)

Figure 445 (a) HSI color tiangle; (b) HSI color solid
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Color Processing -+

Intensity slicing
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Figure 448 Geometric interpretation of the intensity-slicing technique



Color Processing i+

Gray level color transformation
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Figure 449 An alternative representation of the intensiry-shicing method,

Figure 4.50 Functional block diagram for pseudo-color image processing. Iy, I, and I, are
fed into the red, green, and blie inputy, respectively, of an RGB color monitor.
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Color Processing

OPTICAL PRISM

Plate 1, Color spectrum seen by passing white Llight through a prism. (Courtesy of General Efectne Co.,
Lamp Business Division. )
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Plate 1L A section of the electromagnelsc energy spectrum showing the range of wanelengths comprising
the visible spectrum, (Courtesy of Genernl Electric Co,, Lamp Busingss Division, )
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Color Processing
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Color Processing -+

Plate V

s Plate V] mm—

b
. Plate V1. Pscudo-color enhancement by using the gray-level 10 color transformations in
Plate V. (a) Monochrome image of the Picker Thyroad Phantom. (b) Result of density Fig. 4.38. Original image couriesy of Dr. Mike Hurwitz, Rescarch and Development
slicing mto cight color regions. (Courtesy of Dr. J L. Blankenship, Instrumentation and Censer, West Orporation

Controls Davision. Ozk Ridge National Laboratory.)
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Color Processing

Plate VI s Plate |X s
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Plate VIII. {a) Original RGB image. (b)—(d) Hue, saturation, and intensity images.

Plate X. (2) An onginal 24.bit color image. (b) Result of compressing and reconstructing
@) (b) the image of (a) using the Joint Photographic Experts Grovp (JPEG) coding standard
(Courtesy of C-Cube Microsystems, Inc. of San Jose, CA.)

Plate IX. (a) Original RGB image. (b) Result of histogram equalization (see text).
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Color Processing
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Figure 4.51 Transformation functions used to obtain the images in Plate V1.



