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10.1 % Detection of Discontinuities

Jevels contained in the region encompassed by the mask. That is, with reference
to Eq. (3.5-3). the response of the mask at any point in the image is given by

R = 1wz + Wz + - + w2y
9
= 2w
1=1

where z; 1s the gray level of the pixel associated with mask coefficient w,. As
usual. the response of the mask 1s defined with respect to its center location. The
details for implementing mask operations are discusscd in Section 3.5.

(10.1-1)

Point Detection

The detection of 1solated points in an image is straightforward in principle.
Using the mask shown in Fig. 10.2(a), we say that a point has been detected al
the Jocation on which the mask 1s centered if

IRl =T

where 7 is a nonnegative threshold and R is given by Eq. (10.1-1). Basically,
this formulation measures the weighted differences between the center point
and its neighbors. The idea is that an isolated point (a point whose gray level is
significantly different from its background and which is located in a homoge-
neous or nearly homogeneous arca) will be quite different from its surround-
jngs, and thus be easily detectable by this typc of mask. Note that the mask in
Fig. 10.2(a) is the same as the mask shown in Fig. 3.39(d) in connection with
Laplacian operations. However, the emphasis here is strictly on the detection of
points. That is, the only differences that are considered of interest are thase

(10.1-2)

569

a
bed

FIGURE 10.2

(a) Point
detection mask.
(b) X-ray image
of a turbine blade
with a porosity.
(c) Result of point
detecetion.

(d) Result of
using Eq. (10.1-2).
(Original image
courtesy of
X-TEK Systems
Ltd.)
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574  Chopter 10 ¢

ab

FIGURE 10.6
(a) Two regions
separated by a
vertical edge.
(b) Detail near

the edge, showing

a gray-level
profile, and the
first and second

derivatives of the

profile.

EXAMPLE 10.3:

Behavior of the
first and second
derivatives
around a noisy
edge.

Image Segmentation

&

Grav-level profile

e e e First
derivative

Second
derivative

for locating the centers of thick edges, as we show later in this section. Finally,
we note that some edge models make usc of a smooth transition into and out
ol the ramp (Problem 10).5). However, the conclusions at which we arrive in the
following discussion are the same. Also, it 1s evident from this discussion that we
are dealing here with local measures (thus the comment made in Section 2.5.2
about the local nature of edges).

Although attention thus far has been limited to a 1-D horizontal profilc, a
similar argument applies to an edge of any ortentation in an image. We simply
define a profile perpendicular to the edge direction at any desired point and
interpret the results as in the preceding discussion.

The edges shown in Fig. 10.5 and 10.6 are free of nojse. The image segments
in the first column in Fig. 10.7 show close-ups of four ramp edges separaling a
black region on the left and a white region on the right. It is important to keep
in mind that the entire transition from black to white is a single edge. The image
segment at the top, left is free of noise. The other three images in the [irst col-
umn of Fig. 10.7 are corrupted by additive Gaussian noise with zero mean and
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580  Chapter 10 & [mage Segmentation

ab
cd

FIGURE 10.10

(2) Original
image. (b) |G,|.
componens of the
gradientin the
x-dircction.
@G,
component in (he
y-direction.

(d) Gradient
image. |G| + |G,|.

components. The dircctionality of the two components is evident in Figs. 10.10(b)
and {c). Note in particular how strong the roof tile, horizontal brick joints, and
horizontal segments of the windows are in Fig. 10.10(b). By contrast, Fig. 10.10(c)
favors the vertical components, such as the corner of the near wall, the vertical
components of the window, the vertical joints of the brick, and the Jamppost on
the right side of the picture.

The original imagc is of reasonably high resolution (1200 X 1600 pixels) and,
at the distance the image was taken, the contribution made to tmage detail by
the wall bricks is still significant. This level of detail often is undesirable, and one
way to reduce it1s to smooth the image. Figure 10.1]1 shows the same sequence
of images as in Fig. 10.10, but with the original image being smoothed first using
a S X Saveraging filter. The response of each mask now shows almost no con-
tribution due to the bricks, with the result being dominated mostly by the prin-
cipal edges. Note that averaging caused the response of all edges to be weaker.

In Figs. 10.]J0 and 10.11, it is evident that the horizontal and vertical Sobel
masks respond about equally well to edges oriented 1n the minus and plus 45°
directions. If it is important to emphasize edges along the diagonal directions,
then one of the mask pairs in Fig. 10.9 should be used. The absolute responses
of the diagonal Sobel masks are shown in Fig. 10.12. The stronger diagonal re-
sponse of these masks is evident in this figure. Both diagonal masks have sim-
ilar response to horizontal and vertical edges but, as expected, their responsc in
these directions is weaker than the response of the horizontal and vertical Sobe)
masks shown in Figs. 10.10(b) and 10.10(c). i
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10.1 »* Detection of Discontinuities 581

The Laplacian
The Laplacian of a 2-D function f(x. y) 1s a sccond-order derivative defined as
.2 2
. i o f
R L (10.1-13)
o ay-

Digital approximations to the Laplacian were introduced in Section 3.7.2. For
a3 X 3region.one of the two forms encountered most frequently in praciice is

Vf =dz— (2 + 24+ 20~ 2) (10.1-14)

ab
cd

FIGURE 10.11
Same sequence as
in Fig. 10.10. but
wilh the original
image smoothed
witha 5 X 5
averaging [ilter.

ab

FIGURE 10.12
Diagonal edge
detection.

(a) Result ol using
the mask in

Fig. 10.9(c).

(b) Result ol using
the mask in

Fig. 10.9(d). The
iuput in both cases
was Fig. 10.11(a).
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10.3

section. The edge is shown in white. superimposed on the original image. Note
that in this case the edge and the boundary of the object are approximately the
same. The cost was based on Eq. (10.2-6), and Lhe heuristic used at any point on
the graph was to determinc and use the optimum path for five levels down from
that point. Considering the amount of noise present in this image, the graph-
search approach yiclded a reasonably accurate resuit.

Thresholding

Because of its intuitive properties and simplicity of implementation. image
thresholding enjoys a central position in applications of image segmentation.
Simple thresholding was first introduced in Section 3.1, and we have used 1t in
various discussions in the preceding chaptcers. In this section. we introduce
thresholding in a more formal way and extend it to techniques that are consid-
erably more general than what has been presented thus far.

Foundation

Suppose that the gray-level histogram shown in Fig. 10.26(a) corresponds to an
image, f(x, y), composed of light objects on a dark background, wn such a way
that object and background pixels have gray levels grouped into two dominant
modes. One obvious way to extract the objects from the background is (o select
a threshold T that separates these modes. Then any point (x, y) for which
f(x.y) > T is called an object point. otherwise. the point is called a background
point. This is the type of thresholding introduced in Section 3.1.

Figure 10.26(b) shows a slightly more general case of this approach, where
three dominant modes characterize the image histogram (for example, two types

Thresholding 595

FIGURE 10.25
Image of noisy
chromosome
silhouetie and
edge boundary
(in white)
determived by
graph search.
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10.3 ¢

I} L
Nk [ W % svmm o mmosmaress S8 v v saleek L‘.. _ R

achicved a “clean™ segmentation by eliminating the shadows and leaving only
the objects themselves. The objects of interest in this case are darker than the
background, so any pixel with a gray level <7 was Jabeled black (0), and any
pixel with a gray level >7 was labeled white (255). The key objective is mere-
ly to generate a binary image, so the black—white relationship could be reversed.

The type of global thresholding just described can be expected to be suc-
cessful in highly controlled environments. One of the areas in which this often
is possible is in industrial inspection applications. where control of the illumi-
nation usually is feasible. i

The threshold in the preceding example was specified by using a heuristic
approach, based on visual jnspection of the histogram. The following algorithm
can be used to obtain 7 automatically:

1. Select an initial estimate for 7.

2. Segment the image using 7. This will produce two groups of pixels: G, con-
sisting of all pixels with gray level values >7 and G, consisting of pixels
with values <T.

3. Compute the average gray level values p; and i, for the pixels in regions
G, and G,.

Thresholding

599

a
bc

FIGURE 10.28
(a) Original
image. (b) Image
histogram.

(¢) Result of
global
thresholding with
T midway
between the
maximum and
mjinimum gray
levels.
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10.3  Thresholding 611

Thresholds Based on Several Variables

So far we have been concerned with thresholding gray levels. In some cases. a
sensor can make avajlable more than one variable to characterize each pixel in
an image, and thus allow multispectral theresholding. As discussed in some de-
tail in Section 6.7, color imaging 1s a good example. in which cach pixel 1s char-
acierized by three RGB values. In this case, constructing a 3-D “histogram”
becomes possible. The basic procedure is analogous to the method used for one
variable. For example, {or an image with three variables (RGB componenls),
cach having 16 possible fevels.a [6 X (6 X 16 grid (cube) is formed. Inserted
in each cell of the cube s the number of pixels whose RGB components have
values corresponding to the coordinates delining the Jocation of that particular
ccll. Each entry s then divided by the total number of pixels in the image to form
a normalized histogram.

The concept of thresholding now hecomes one of finding clusters of points
in 3-D space. Suppose, for cxample, that & significant clusters of points are found
in the histogram. The mage can be segmented by assigning one arbitrary value
(say, white) to pixcls whose RGB components are closer to one cluster and an-
other value (say. black) to the other pixels in the image. This concept is easily
extendable to more components and certainly to maore clusters. The principal dif-
ficulty 1s that cluster seeking becomes an increasingly complex task as the num-
ber of variables increases. Cluster-seeking methods can be tound, for example.
in the books by Duda, Hart. and Stork [2001], and Tou and Gonzalez [1974].

.. The image shown in Fig. 10.39(a) is a monochrome picture of a color pho-  EXAMPLE 10.15:
tograph. The oviginal color image is composed of three 16-level RGB images.  Multispectral
The scarf is a vivid red. and the hair and facial colors are light and different in  ‘hresholding.
spectral characteristics from the window and other background features.

Figure 10.39(b) was obtained by thresholding about one of the histogram clus-
ters corresponding to facial tones. Note that the window. which in the monochrome

abe

FIGURE 10.39 (a) Orizinal color image shown as a monochrone picture. (b) Segmentation of pixels with col-
ors close to lacial tones. (¢) Segmentation of red components.
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614  Chopter 10 = Image Segmentation

ab
cd

FIGURE 10.40

(a) Image
showing defective
welds. (b) Seed
pomts. {c) Result

of region growing.

(d) Boundaries of
segmented
detective welds
(in black).
(Original image
courtesy of
X-TEK Systems,
Lid.).

for inspection, for inclusion in a database of historical studies, for controlling an
automated welding system, and for other numerous applications.

The first order of business is to determine the initial seed points. In this ap-
plication, it is known that pixels of defective welds fend 1o have the maximum
allowable digital value (255 in this case). Based on this information, we select-
ed as starting points all pixels having values of 255. The points thus exiracied
from the original image are shown in Fig, 10.40(b). Note that many of the points
are clustered into seed regions.

The next step is to choose criteria for region growing. In this particular ex-
ample we chose two criteria for a pixel to be annexed to a region: (1) The ab-
solute gray-level difference between any pixel and the seed had to be less than
65. This number 1s based on the histogram shown in Fig. 10.4] and represents
the difference between 255 and the location of the first major valley 1o the Jeft,
which is representative of the highest gray level value in the dark weld region.
(2) To be included in one of the regions, the pixel had to be 8-connected to at
least one pixel in that region. If a pixel was found to be connected to more than
one region. the regions were merged.

Figure 10.40(c) shows the regions that resulted by starting with the seeds in
Fig. 10.40(b) and utilizing the criteria defined in the previous paragraph. Sv-
perimposing the boundaries of these regions on the original image [Fig. 10.40(4)]
reveals that the region-growing procedure did indeed segment the defective
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ab

FIGURE 10.42

(a) Partitioned
Image.

(b) Corresponding
quadtree.

EXAMPLE 10.17:
Split and merge.

abe

FIGURE 10.43

(a) Original
image. (b) Result
of spht and merge
procedure.

(¢) Result of
thresholding {(a).

Chapter 10 &= Image Segmentation

R, R,

IT only splitting were used, the final partition likely would contain adjacent
regions with identical properties. This drawback may be remedied by allowing
merging, as well as splitting. Satisfying the constraints of Section 10.4.1 requires
merging only adjacent regions whose combined pixels satisfy the predicate P.
That is, two adjacent regions R; and R, are merged only if P(Rj UR,) = TRUE.

The preceding discussion may be summarized by the following procedure, in
which, at any step we

1. Splitinto (our disjoint quadrants any region R, for which P{ R;) = FALSE.
2. Merge any adjacent regions R, and R, for which P(Rl- U R,() = TRUE.
3. Stop when no further merging or splitting 1s possible.

Several variations of the preceding basic theme are possible. For example, one
possibility is to split the image initially into a set of blocks. Further splitting is
carried out as described previously, but merging is initially limited to groups of
four blocks that are descendants in the quadtree representation and that satis-
fy the predicate P. When no further mergings of this type are possible, the pro-
cedure is terminated by one final merging of regions satisfying step 2. At this
point. the merged regions may be of different sizes. The principal advantage of
this approach is that it uses the same quadtree for splitting and merging, until
the final merging step.

0 Figure 10.43(a) shows a simple image. We define P(R;) = TRUE if at least
80% of the pixels in R, have the property |zj- — m,-’ = 2g;, Where z, 1s the gray
level of the jth pixel in R;. my, is the mean gray level of that region, and o s the
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10.5  Segmentation by Morphological Watersheds 619

by letting water rise through the holes at a vimform rale. Figure 10.44(c) shows
the first stage of flooding. where the “water,” shown in light gray, has covered
only arcas that correspond to the very dark background in the image. In
Figs. 10.44(d) and (e) we see that the watcr now has risen into the first and sec-
ond catchment basins, vespectively. As the water continues to rise, it will even-
tually overflow Irom one catchment basin into another. The first indication of
this 1s shown in 10.44(f). Here, water from the left basin actually overflowed
into the basin on the right and a short “dam™ (consisting ot single pixels) was
built to prevent water from merging at that level of flooding (the details of
dam building are discussed in the following section). The effect is more pro-
nounced as water cantinues to rise. as shown in Fig. 10.44(g). This figure shows
alonger dam belween the two catchment basins and another dam in the top
part ol the right basin. The latter dam was built to prevent merging of water
from that basin with water (rom areas corresponding to the background. This
process (s continued until the maximum level of flooding (corresponding to
the highest aray-level value in the image) is reached. The final dams corre-
spond to the watershed lines. which are the desired segmentation result. The

P g
Y

LT

NI
g

3

e
g h

FIGURE 10.44
(Coitinued)

(¢) Result of
further fooding.
(f) Beginning of
merging of water
lrom two
catchment basins
(a short dam was
built between
them). (g) Longer
dams. (h) Final
watershed
(segmentafion)
Iines. (Courtesy of
Dr.S. Beucher,
CMM/Ecole des
Mines de Paris.)
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10.5  Segmentation by Morphological Watersheds 621

D First dilation
Eﬁ Second dilation
X] Dam poin(s

a
b
d
FIGURE 10.45 (a) Two partially (Jooded calchment basins at stage 7 — 1 of flooding.
(b) Flooding al stage s1. showing that waler has spilled between basins ((or clarity, water
1x shown i white rather than black). (¢) Structuring element used for dilation. (d) Re-

sult of dilation and dam canstruction.

c
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628  Chapter 10 = Image Segmentation

the notation, let k denote t,, so that f(x, y. k) = f(x, y, 1,(). We assume that
R{x.y) = f(x,y,1). Then, for any k& > 1,and keeping in mind that ihe values
of the ADIs are counts, we define the following {or all relevant values of {x. y):

’ A (xy) 1 if|R(x, y) = fleoy )| > T 5
Arlxoy) = {Ak_\(_\a y) otherwise (10.6-2)
Por(xoy) + 1 iE[R(xy) =[xy )] > T
x,y) = 0-3
Filx.y) {PL_1(X, y) otherwise (106-3)
and
Ml yy = I M) 1R = fleyd)] < T o
weh d Noy(x, y) otherwise '

where A;(x. 1), P(x, y). and N (x. y) are the absolute, positive, and negative
ADIs. respectively, after the kth image in the sequence js encountered.

Itis understood that these ADIs start out with all zero values (counts). Note
also that the ADIs are the same size as the images in the sequence. As noted pre-
viously. the images in the sequence are all assumed (o be of the same size. Fi-
nally, we note that the order of the inequalities and sigos of the thresholds in
Eqs. (10.6-3) and (10.6-4) are reversed if the gray-level values of the background
pixels are greater than the [evels of the ;oving objects.

EXAMPLE 10.19: Figure 10.49 shows the three ADIs displayed as intensity images [or a rec-
Compuration of tangular object of dimension 75 X 50 pixels that is moving in a southeasterly di-
Lhe Abstime, rection at a speed of 5\/2 pixels per frame. The images are of size 256 X 256
positive, and . . ] i o .
VgL pixcls. We note the foflowing: (1) The nonzero area of the positive ADT is equal
aceunilative to the size of the moving object. (2) The location of the positive ADI corre-
difference images.  sponds to the location of the moving object in the reference frame. (3) The num-
ber of counts in the positive ADI stops increasing when the moving object is
displaced completely with respect to the same object in (he reference [rame.

abec

FIGURE 10.49 ADIs of a rectangular object moving in a southcasterly direction. (a) Absoluie ADI. (b) Posi-
tive ADI. (c) Negative ADI.

Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 72 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 73 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 74 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 75 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 76 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 77 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 78 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 79 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 80 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 81 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 82 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 83 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 84 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 85 of 86



Snap - Exhibit 1012
Snap v. Nokia - IPR2025-01345
Page 86 of 86



	Contents
	Preface
	1 - Introduction
	1.1 What Is Digital Image Processing?
	1.2 The Origins of Digital Image Processing
	1.3 Examples of Fields that Use Digital Image Processing
	1.3.1 Gamma-Ray Imaging
	1.3.2 X-ray Imaging
	1.3.3 Imaging in the Ultraviolet Band
	1.3.4 Imaging in the Visible and Infrared Bands
	1.3.5 Imaging in the Microwave Band
	1.3.6 Imaging in the Radio Band
	1.3.7 Examples in which Other Imaging Modalities Are Used

	1.4 Fundamental Steps in Digital Image Processing
	1.5 Components of an Image Processing System
	Summary
	References and Further Reading

	2 - Digital Image Fundamentals
	2.1 Elements of Visual Perception
	2.1.1 Structure of the Human Eye
	2.1.2 Image Formation in the Eye
	2.1.3 Brightness Adaptation and Discrimination

	2.2 Light and the Electromagnetic Spectrum
	2.3 Image Sensing and Acquisition
	2.3.1 Image Acquisition Using a Single Sensor
	2.3.2 Image Acquisition Using Sensor Strips
	2.3.3 Image Acquisition Using Sensor Arrays
	2.3.4 A Simple Image Formation Model

	2.4 Image Sampling and Quantization
	2.4.1 Basic Concepts in Sampling and Quantization
	2.4.2 Representing Digital Images
	2.4.3 Spatial and Gray-Level Resolution
	2.4.4 Aliasing and Moiré Patterns
	2.4.5 Zooming and Shrinking Digital Images

	2.5 Some Basic Relationships Between Pixels
	2.5.1 Neighbors of a Pixel
	2.5.2 Adjacency, Connectivity, Regions, and Boundaries
	2.5.3 Distance Measures
	2.5.4 Image Operations on a Pixel Basis

	2.6 Linear and Nonlinear Operations
	Summary
	References and Further Reading
	Problems

	3 - Image Enhancement in the Spatial Domain
	3.1 Background
	3.2 Some Basic Gray Level Transformations
	3.2.1 Image Negatives
	3.2.2 Log Transformations
	3.2.3 Power-Law Transformations
	3.2.4 Piecewise-Linear Transformation Functions

	3.3 Histogram Processing
	3.3.1 Histogram Equalization
	3.3.2 Histogram Matching (Specification)
	3.3.3 Local Enhancement
	3.3.4 Use of Histogram Statistics for Image Enhancement

	3.4 Enhancement Using Arithmetic/Logic Operations
	3.4.1 Image Subtraction
	3.4.2 Image Averaging

	3.5 Basics of Spatial Filtering
	3.6 Smoothing Spatial Filters
	3.6.1 Smoothing Linear Filters
	3.6.2 Order-Statistics Filters

	3.7 Sharpening Spatial Filters
	3.7.1 Foundation
	3.7.2 Use of Second Derivatives for Enhancement–The Laplacian
	3.7.3 Use of First Derivatives for Enhancement—The Gradient

	3.8 Combining Spatial Enhancement Methods
	Summary
	References and Further Reading
	Problems

	4 - Image Enhancement in the Frequency Domain
	4.1 Background
	4.2 Introduction to the Fourier Transform and the Frequency Domain
	4.2.1 The One-Dimensional Fourier Transform and its Inverse
	4.2.2 The Two-Dimensional DFT and Its Inverse
	4.2.3 Filtering in the Frequency Domain
	4.2.4 Correspondence between Filtering in the Spatial and Frequency Domains

	4.3 Smoothing Frequency-Domain Filters
	4.3.1 Ideal Lowpass Filters
	4.3.2 Butterworth Lowpass Filters
	4.3.3 Gaussian Lowpass Fifters
	4.3.4 Additional Examples of Lowpass Filtering

	4.4 Sharpening Frequency Domain Filters
	4.4.1 Ideal Highpass Filters
	4.4.2 Butterworth Highpass Filters
	4.4.3 Gaussian Highpass Filters
	4.4.4 The Laplacian in the Frequency Domain
	4.4.5 Unsharp Masking, High-Boost Filtering, and High-Frequency Emphasis Filtering

	4.5 Homomorphic Filtering
	4.6 Implementation
	4.6.1 Some Additional Properties of the 2-D Fourier Transform
	4.6.2 Computing the Inverse Fourier Transform Using a Forward Transform Algorithm
	4.6.3 More on Periodicity: the Need for Padding
	4.6.4 The Convolution and Correlation Theorems
	4.6.5 Summary of Properties of the 2-D Fourier Transform
	4.6.6 The Fast Fourier Transform
	4.6.7 Some Comments on Filter Design

	Summary
	References
	Problems

	5 - Image Restoration
	5.1 A Model of the Image Degradation/Restoration Process
	5.2 Noise Models
	5.2.1 Spatial and Frequency Properties of Noise
	5.2.2 Some Inportant Noise Probability Density Functions
	5.2.3 Periodic Noise
	5.2.4 Estimation of Noise Parameters

	5.3 Restoration in the Presence of Noise Only-Spatial Filtering
	5.3.1 Mean Filters
	5.3.2 Order-Statistics Filters
	5.3.3 Adaptive Filters

	5.4 Periodic Noise Reduction by Frequency Domain Filtering
	5.4.1 Bandreject Filters
	5.4.2 Bandpass Filters
	5.4.3 Notch Filters
	5.4.4 Optimum Notch Filtering

	5.5 Linear, Position-Invariant Degradations
	5.6 Estimating the Degradation Function
	5.6.1 Estimation by Image Observation
	5.6.2 Estimation by Experimentation
	5.6.3 Estimation by ModeIing

	5.7 Inverse Filtering
	5.8 Minimum Mean Square Error (Wiener) Filtering
	5.9 Constrained Least Squares Filtering
	5.10 Geometric Mean FiIter
	5.11 Geometric Transformations
	5.11.1 Spatial Transformations
	5.11.2 Gray-Level Interpolation

	Summary
	References and Further Reading
	Problems

	6 - Color Image Processing
	6.1 Color Fundamentals
	6.2 Color Models
	6.2.1 The RGB Color Model
	6.2.2 The CMY and CMYK Color Models
	6.2.3 The HSI Color Model

	6.3 Pseudocolor Image Processing
	6.3.1 Intensity Slicing
	6.3.2 Gray Level to Color Transformations

	6.4 Basics of Full-Color Image Processing
	6.5 Color Transformations
	6.5.1 Formulation
	6.5.2 Color Complements
	6.5.3 Color Slicing
	6.5.4 Tone and Color Corrections
	6.5.5 Histogram Processing

	6.6 Smoothing and Sharpening
	6.6.1 Color Image Smoothing
	6.6.2 Color Image Sharpening

	6.7 Color Segmentation
	6.7.1 Segmentation in HSI Color Space
	6.7.2 Segmentation in RGB Vector Space
	6.7.3 Color Edge Detection

	6.8 Noise in Color Images
	6.9 Color Image Compression
	Summary
	References and Further Reading
	Problems

	7 - Wavelets and Multiresolution Processing
	7.1 Background
	7.1.1 Image Pyramids
	7.1.2 Subband Coding
	7.1.3 The Haar Transform

	7.2 Multiresolution Expansions
	7.2.1 Series Expansions
	7.2.2 Scaling Functions
	7.2.3 Wavelet Functions

	7.3 Wavelet Transforms in One Dimension
	7.3.1 The Wavelet Series Expansions
	7.3.2 The Discrete Wavelet Transform
	7.3.3 The Continuous Wavelet Transform

	7.4 The Fast Wavelet Transform
	7.5 Wavelet Transforms in Two Dimensions
	7.6 Wavelet Packets
	Summary
	References and Further Reading
	Problems

	8 - Image Compression
	8.1 Fundamentals
	8.1.1 Coding Redundancy
	8.1.2 Interpixel Redundancy
	8.1.3 Psychovisual Redundancy
	8.1.4 Fidelity Criteria

	8.2 Image Compression Models
	8.2.1 The Source Encoder and Decoder
	8.2.2 The Channel Encoder and Decoder

	8.3 Elements of Information Theory
	8.3.1 Measuring Information
	8.3.2 The Information Channel
	8.3.3 Fundamental Coding Theorems
	8.3.4 Using Information Theory

	8.4 Error-Free Compression
	8.4.1 Variable-Length Coding
	8.4.2 LZW Coding
	8.4.3 Bit-Plane Coding
	8.4.4 Lossless Predictive Coding

	8.5 Lossy Compression
	8.5.1 Lossy Predictive Coding
	8.5.2 Transform Coding
	8.5.3 Wavelet Coding

	8.6 Image Compression Standards
	8.6.1 Binary Image Compression Standards
	8.6.2 Continuous Tone Still Image Compression Standards
	8.6.3 Video Compression Standards

	Summary
	References and Further Reading
	Problems

	9 - Morphological lmage Processing
	9.1 Preliminaries
	9.1.1 Some Basic Concepts from Set Theory
	9.1.2 Logic Operations Involving Binary Images

	9.2 Dilation and Erosion
	9.2.1 Dilation
	9.2.2 Erosion

	9.3 Opening and Closing
	9.4 The Hit-or-Miss Transformation
	9.5 Some Basic Morphological Algorithms
	9.5.1 Boundary Extraction
	9.5.2 Region Filling
	9.5.3 Extraction of Connected Components
	9.5.4 Convex Hull
	9.5.5 Thinning
	9.5.6 Thickening
	9.5.7 Skeletons
	9.5.8 Pruning
	9.5.9 Summary of Morphological Operations on Binary Images

	9.6 Extensions to Gray-Scale Images
	9.6.1 Dilation
	9.6.2 Erosion
	9.6.3 Opening and Closing
	9.6.4 Some Applications of Gray-Scale Morphology

	Summary
	References and Further Reading
	Problems

	10 - Image Segmentation
	10.1 Detection of Discontinuities
	10.1.1 Point Detection
	10.1.2 Line Detection
	10.1.3 Edge Detection

	10.2 Edge Linking and Boundary Detection
	10.2.1 Local Processing
	10.2.2 Global Processing via the Hough Transform
	10.2.3 Global Processing via Graph-Theoretic Techniques

	10.3 Thresholding
	10.3.1 Foundation
	10.3.2 The Role of Illumination
	10.3.3 Basic Global Thresholding
	10.3.4 Basic Adaptive Thresholding
	10.3.5 Optimal Global and Adaptive Thresholding
	10.3.6 Use of Boundary Characteristics for Histogram Improvement and Local Thresholding
	10.3.7 Thresholds Based on Several Variables

	10.4 Region-Based Segmentation
	10.4.1 Basic Formulation
	10.4.2 Region Growing
	10.4.3 Region Splitting and Merging

	10.5 Segmentation by Morphological Watersheds
	10.5.1 Basic Concepts
	10.5.2 Dam Construction
	10.5.3 Watershed Segmentation Algorithm
	10.5.4 The Use of Markers

	10.6 The Use of Motion in Segmentation
	10.6.1 Spatial Techniques
	10.6.2 Frequency Domain Techniques

	Summary
	References and Further Reading
	Problems

	11 - Representation and Description
	11.1 Representation
	11.1.1 Chain Codes
	11.1.2 Polygonal Approximations
	11.1.3 Signatures
	11.1.4 Boundary Segments
	11.1.5 Skeletons

	11.2 Boundary Descriptors
	11.2.1 Some Simple Descriptors
	11.2.2 Shape Numbers
	11.2.3 Fourier Descriptors
	11.2.4 Statistical Moments

	11.3 Regional Descriptors
	11.3.1 Some Simple Descriptors
	11.3.2 Topological Descriptors
	11.3.3 Texture
	11.3.4 Moments of Two-Dimensional Functions

	11.4 Use of Principal Components for Description
	11.5 Relational Descriptors
	Summary
	References and Further Reading
	Problems

	12 - Object Recognition
	12.1 Patterns and Pattern Classes
	12.2 Recognition Based on Decision-Theoretic Methods
	12.2.1 Matching
	12.2.2 Optimum Statistical Classifiers
	12.2.3 Neural Networks

	12.3 Structural Methods
	12.3.1 Matching Shape Numbers
	12.3.2 String Matching
	12.3.3 Syntactic Recognition of Strings
	12.3.4 Syntactic Recognition of Trees

	Summary
	References and Further Reading
	Problems

	Bibliography
	Index
	Back Cover



