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O(Ry) is a logical predicate defined over the points in set R,
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Lo =
-0

FIGURE 10.1 (a) Image containing a region of constant intensity. (b) Image showing the
boundary of the inner region, obtained from intensity discontinuities. (¢c) Result of
segmenting the image into two regions. (d) Image containing a textured region.
(e) Result of edge computations. Note the large number of small edges that are
connected to the original boundary, making it difficult to find a unique boundary using
only edge information. (f) Result of segmentation based on region properties.
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o= Isolated point s
b Ste
“w ,~ Ramp Line —, P
X . h
\ \ Flat segment R
. Y \
1 u \ . .
0 ed bsed -e-s-d
Image stip[5[5[a[3[2[1 o]0 o]s o]0 lolo 1 [3]1]ololo o7 ]7]7]7]]-
First derivative =1-1-1-1-10 0 6 6 00 0 1 2-2-10 007 0 0 0
Second derivative =10 0 0 0 1 06-12600 1 1411 007-=700
ab
c

FIGURE 10.2 (a) Image. (b) Horizontal intensity profile through the center of the image,
including the isolated noise point. (¢) Simplified profile (the points are joined by dashes
for clarity). The image strip corresponds to the intensity profile, and the numbers in the
boxes are the intensity values of the dots shown in the profile. The derivatives were
obtained using Eqs. (10.2-1) and (10.2-2).
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FIGURE 10.3
A general 3 X 3
spatial filter mask.
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a
bcd
FIGURE 10.4
(a) Point
detection
1 -8 1 (Laplacian) mask.
(b) X-ray image
of turbine blade
with a porosity.
1 1 1 The porosity
contains a single
black pixel.
(c) Result of
convolving the
mask with the
image. (d) Result
of using Eq.(10.2-8)
showing a single
point (the point
was enlarged to
make it easier to
see). (Original
image courtesy of
X-TEK Systems,
Ltd.)
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ab
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4 FIGURE 10.5
3 y (a) ()nginal image.
g (b) Laplacian
— image: the
magnified section
: shows the
[ 5 positive/negative
/. . double-line effect
characteristic of the
Laplacian.
N | /S AN ;

(c) Absolute value
of the Laplacian.
(d) Positive values
of the Laplacian.
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-1 -1 -1 2 -1 -1 -1 2 -1 -1 -1 2

2 2 2 -1 2 -1 -1 2 -1 -1 2 -1

-1 -1 -1 -1 -1 2 -1 2 -1 2 -1 -1
Horizontal +45° Vertical —45°

FIGURE 10.6 Line detection masks. Angles are with respect to the axis system in Fig. 2.18(b).

© 1992-2008 R. C. Gonzalez & R. E. Woods



- Sri9salS albions
L S gaals S Hba sy
L g5l \SaT

LINE DETECTION

29T S 3 S S 050 L b ghad (53 1S

b ) el 51 S5 58 4 il | el ey
el Koo T o g ye bk 6 late 4bEi (ugn 5& 50 ¢S LAl 2 abds a5l

(1als (et sl O TL Gl g3 ead 1) bd g e ol S5 53 5000 G oY G52 )

-1 -1 -1 2 -1 -1 -1 2 -1 -1 -1 2

2 2 2 -1 2 -1 -1 2 -1 -1 2 -1

-1 -1 -1 -1 -1 2 -1 2 -1 2 -1 -1
Horizontal +45° Vertical —45°

e e e e
Ry i, Ry R,
e.g. |R(z,y)]>|Ry(xy)

) Rg (337 y) )

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

R,(z, y)‘ = (z,y) € A horizontal line

P



Digital Image Processing, 3rd ed.
Gonzalez & Woods

www.ImageProcessingPlace.com

Chapter 10
Image Segmentation

ab
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f
FIGURE 10.7
(a) Image of a
wire-bond
template.
(b) Result of
processing with
the +45° line
detector mask in
Fig. 10.6.
(c) Zoomed view

- . of the top left

region of (b).

(d) Zoomed view
of the bottom
right region of
(b). (¢) The image
in (b) with all
negative values
set to zero. (f) All
points (in white)
whose values
satisfied the
conditiong =T,
where g is the
image in (e). (The
points in (f) were
enlarged to make
them easier to
see.)

a0
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- - s

FIGURE 10.8
From left to right,

‘ models (ideal
representations) of
a step, a ramp, and

aroof edge, and
their corresponding
intensity profiles.
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Chapter 10
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FIGURE 10.9 A 1508 x 1970 image showing (zoomed) actual ramp (bottom, left), step
(top. right). and roof edge profiles. The profiles are from dark to light. in the areas
indicaled by the short line segments shown in the small circles. The ramp and “step”
profiles span 9 pixels and 2 pixels, respectively. The base of the roof edge is 3 pixels.
(Original image courtesy of Dr, David R. Pickens, Vanderbilt University.)

© 1992-2008 R. C. Gonzalez & R. E. Woods
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Horizontal intensity
profile

First
derivative

Second
derivative

Zero crossing —/

© 1992-2008 R. C. Gonzalez & R. E. Woods
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FIGURE 10.10

(a) Two regions of
constant intensity
separated by an
ideal vertical
ramp edge.

(b) Detail near
the edge, showing
a horizontal
intensity profile,
together with its
first and second
derivatives.
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Il E R
|
| —!
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FIGURE 10.11 First column: Images and intensity profiles of a ramp edge corrupted by
random Gaussian noise of zero mean and standard deviations of 0.0, 0.1, 1.0, and 10.0
intensity levels, respectively. Second column: First-derivative images and intensity
profiles. Third column: Second-derivative images and intensity profiles.
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Grddient vector, Gradient vector

L ! Hdgel|direction

abec

FIGURE 10.12 Using the gradient to determine edge strength and direction at a point.
Note that the edge is perpendicular to the direction of the gradient vector at the point
where the gradient is computed. Each square in the figure represents one pixel.

© 1992-2008 R. C. Gonzalez & R. E. Woods
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-1 -1 1 FIGURE 10.13
One-dimensional
masks used to
1 implement Eqs.
(10.2-12) and
(10.2-13).
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7 22 3 a
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FIGURE 10.14
% 7 - A 3 X 3region of
77 s Iy H )
an image (the z's

are intensity

values) and
-1 0 0 =1 various masks
used to compute
the gradient at
0 1 1 0 the point labeled
5.
Roberts
-1 -1 -1 -1 0 1
0 0 0 | 0 1
1 1 1 = 0 1
Prewitt
-1 -2 -1 -1 0 1
0 0 0 -2 0 2
1 2 1 =1 0 1
Sobel

© 1992-2008 R. C. Gonzalez & R. E. Woods
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FIGURE 10.15
Prewitt and Sobel
masks for
detecting diagonal
edges.

Sobel
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ab
cd

FIGURE 10.16

(a) Original image
of size

834 x 1114 pixels,
with intensity
values scaled to
the range [0, 1].
(b) |8x/, the
component of the
gradient in the
x-direction,
obtained using
the Sobel mask in
Fig. 10.14(f) to
filter the image.
(c) |8y|, obtained
using the mask in
Fig. 10.14(g).

(d) The gradient
image, |&| + |8l
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FIGURE 10.17
Gradient angle
image computed
using

Eq. (10.2-11).
Areas of constant
intensity in this
image indicate
that the direction
of the gradient
vector is the same
at all the pixel
locations in those
regions.



I°~ SPgeolS lin
dad (g5l s

JBe 5ol S sla Slae

GRADIENT OPERATORS

Ol S sl g2 gl

S 6‘)‘4 (54:\AU

el ol po eull olid,
Dl e G eull Sily
gl saer 5u oLal S
GO BN PN

Prepared by Kazim Fouladi | Fall2016 |2 Edition

.
’yjK



Digital Image Processing, 3rd ed.

?%mmg l Gonzalez & Woods

www.ImageProcessingPlace.com

‘hr ‘: >
_h- ’_"‘_'q > Chapter 10
AR Image Segmentation
ab
clid

FIGURE 10.18
Same sequence as
in Fig. 10.16, but
with the original
image smoothed
usinga 5 X 5
averaging filter
prior to edge
detection.
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FIGURE 10.19
Diagonal edge
detection.

(a) Result of
using the mask in
Fig. 10.15(c).

(b) Result of
using the mask in
Fig. 10.15(d). The
input image in
both cases was
Fig. 10.18(a).
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FIGURE 10.20 (a) Thresholded version of the image in Fig. 10.16(d), with the threshold
selected as 33% of the highest value in the image; this threshold was just high enough to
eliminate most of the brick edges in the gradient image. (b) Thresholded version of the
image in Fig. 10.18(d), obtained using a threshold equal to 33% of the highest value in
that image.
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FIGURE 10.21

(a) Three-
dimensional plot
of the negative of
the LoG. (b)
Negative of the
LoG displayed as
an image. (¢)
Cross section of
(a) showing zero
crossings,

(d) 5 = 5 mask
approximation to
the shape in (a).
The negative of
this mask would
be used in

0 —1 -2 | =1 0 practice.

Zero crossing —\ /— Zero crossing

=2
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FIGURE 10.22

(a) Original image
of size 834 x 1114
pixels, with
intensity values
scaled to the range
[0. 1]. (b) Results
of Steps 1 and 2 of
the Marr-Hildreth
algorithm using

o =4and n = 25.
(¢) Zero crossings
of (b) using a
threshold of O
(note the closed-
loop edges).

(d) Zero crossings
found using a
threshold equal to
4% of the
maximum value of
the image in (b).
Note the thin
edges.
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FIGURE 10.23

(a) Negatives of the
LoG (solid) and
DoG (dotted)
profiles using a
standard deviation
ratio of 1.75:1.

(b) Profiles obtained
using a ratio of 1.6:1.
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(a) Negatives of the
LoG (solid) and
DoG (dotted)
profiles using a
standard deviation
ratio of 1.75:1.

N |V

DoG(x, y) = z—e_ 2w — ——e

N |V (b) Profiles obtained

using a ratio of 1.6:1.

1 x’+y? 1 ¥’+y?

o] 2705

To make meaningful comparisons between the LoG and DoG, the value of ¢ for the LoG must be selected
as in the following equation so that the LoG and DoG have the same zero crossings:
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The Canny edge detection algorithm consists of the following basic steps:

Smooth the input image with a Gaussian filter.

Compute the gradient magnitude and angle images.

Apply non-maxima suppression to the gradient magnitude image.

Use double thresholding and connectivity analysis to detect and link edges.
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Edge normal
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Edge Edge normal
P71 | Bs | Po P1 | P8 | Py (gradient vector)
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Edge normal —22.5° +22.5°
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+45°%dge

+112.5°
<— Vertical edge

—67.5° +67.5°

—45%dge

+22.5°

Horizontal edge

ab
©

FIGURE 10.24

(a) Two possible
orientations of a
horizontal edge (in
gray)ina3 X 3
neighborhood.

(b) Range of values
(in gray) of a, the
direction angle of
the edge normal,
for a horizontal
edge. (c) The angle
ranges of the edge
normals for the
four types of edge
directions in a
3x3
neighborhood.
Each edge
direction has two
ranges, shown in
corresponding
shades of gray.
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Edge normal

(a) Two possible
Pr| P2 P3|\ P1|H|Ps orientations of a
pa 05 | pe || pa s | pe y horlzqntal3ec>l<g§ (in
Edge Edge normal gra.lY) 1na
P7 | Hs | Po || P71 | P8 | P9 (gradient vector) neighborhood.
o (b) Range of values
(in gray) of «, the
Edge normal —22.5° +22.5° direction angle of
X the edge normal,
—157.5° +157.5° for a horizontal
+45%dge edge. (c) The angle
ranges of the edge
normals for the
+112.5° four types of edge
directions in a
<— Vertical edge 3X3
neighborhood.
+67.5° Each gdge
direction has two
ranges, shown in
—45°dge corresponding
+22.5° shades of gray.

Horizontal edge
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—67.5°
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FIGURE 10.25

(a) Original image
of size 834 X 1114
pixels, with
intensity values
scaled to the range
[0,1].

(b) Thresholded
gradient of
smoothed image.
(c) Image
obtained using the
Marr-Hildreth
algorithm.

(d) Image
obtained using the
Canny algorithm.
Note the
significant
improvement of
the Canny image
compared to the
other two.
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FIGURE 10.26

(a) Original head
CT image of size
512 X 512 pixels,
with intensity
values scaled to
the range [0, 1].
(b) Thresholded
gradient of
smoothed image.
(c) Image
obtained using
the Marr-Hildreth
algorithm.

(d) Image
obtained using
the Canny
algorithm.
(Original image
courtesy of Dr.
David R. Pickens,
Vanderbilt
University.)
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FIGURE 10.27 (a) A 534 X 566 image of the rear of a vehicle. (b) Gradient magnitude
image. (c) Horizontally connected edge pixels. (d) Vertically connected edge pixels
(e) The logical OR of the two preceding images. (f) Final result obtained using
morphological thinning. (Original image courtesy of Perceptics Corporation.)
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FIGURE 10.28
Ilustration of the
iterative
polygonal fit
algorithm.
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Let P be a sequence of ordered, distinct, 1-valued points of a binary
image. Specify two starting points, A and B. These are the two starting ver-
tices of the polygon.

Specify a threshold, 7', and two empty stacks, OPEN and CLOSED.

If the points in P correspond to a closed curve, put A into OPEN and put
B into OPEN and into CLOSED. If the points correspond to an open
curve, put A into OPEN and B into CLOSED.

Compute the parameters of the line passing from the last vertex in
CLOSED to the last vertex in OPEN.

Compute the distances from the line in Step 4 to all the points in P whose
sequence places them between the vertices from Step 4. Select the point,
Vinax, With the maximum distance, D, (ties are resolved arbitrarily).

If Dpnax > T, place V. at the end of the OPEN stack as a new vertex. Go
to Step 4.

Else, remove the last vertex from OPEN and insert it as the last vertex of
CLOSED.

If OPEN is not empty, go to Step 4.

Else, exit. The vertices in CLOSED are the vertices of the polygonal fit to
the points in P.

See Section 11.1.1 for an
algorithm that creates or-
dered point sequences.

The use of OPEN and
CLOSED for the stack
names is not related to
open and closed curves.
The stack names indicate
simply a stack to store
final (CLOSED) vertices
or vertices that are in
transition (OPEN).
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FIGURE 10.29 (a) A set of points in a clockwise path (the points labeled A and B were chosen as the starting
vertices). (b) The distance from point C to the line passing through A and B is the largest of all the points
between A and B and also passed the threshold test, so C is a new vertex. (d)-(g) Various stages of the

algorithm. (h) The final vertices, shown connected with straight lines to form a polygon. Table 10.1 shows
step-by-step details.
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vertices). (b) The distance from point C to the line passing through A and B is the largest of all the points
between A and B and also passed the threshold test, so C is a new vertex. (d)—(g) Various stages of the
algorithm. (h) The final vertices, shown connected with straight lines to form a polygon.
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; TABLE 10.1

CLOSED OPEN C“;;’f, bl et Step-by-step

B B A _ A B details of the

B B. A (BA) C mechanics in

B B A C (BC) = Example 10.11.
B.C B A (CA) —

B.C.A B (AB) D

B,C, A B, D (AD) N

B.C,A,D B (DB) _

B.C,A,D,B Empty - —
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FIGURE 10.30 (a) A 550 X 566 X-ray image of a human tooth. (b) Gradient image. (c¢) Result of majority
filtering. (d) Result of morphologlca! shrinking. (¢) Result of morphological cleaning. (f) Skeleton. (g) Spur
reduction. (h)—(j) Polygonal fit using thresholds of approximately 0.5%. 1%, and 2% of image width (T’ = 3,
6, and 12). (k) Boundary in (j) smoothed with a 1-D averaging filter of size 1 X 31 (approximately 5% of

image width). (1) Boundary in (h) smoothed with the same filter.

© 1992-2008 R. C. Gonzalez & R. E. Woods
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(a) A X-ray image of a human tooth.
(b) Gradient image.

(c¢) Result of majority filtering.

(d) Result of morphological shrinking.
(e) Result of morphological cleaning.
(f) Skeleton.

(g) Spur reduction.

(h)—(j) Polygonal fit using thresholds
of approximately 0.5%, 1%, and 2%
of image width (T =3, 6, and 12).

(k) Boundary in (j) smoothed with a
1-D averaging filter of size 1 x31
(approximately 5% of image width).
(1) Boundary in (h) smoothed with the
same filter.
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FIGURE 10.31

(a) xy-plane.
(b) Parameter
space.
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abc

FIGURE 10.32 (a) (p. #) parameterization of line in the xy-plane. (b) Sinusoidal curves in the p#-plane; the
point of intersection (p’, #") corresponds to the line passing through points (x;, y;) and (x;, y;) in the xy-plane.
(c) Division of the p#-plane into accumulator cells.

© 1992-2008 R. C. Gonzalez & R. E. Woods



Prepared by Kazim Fouladi | Fall 2016 | 2" Edition

Y $r9uaolS ilins
300 S bus LSl g dad Auad gas

EDGE LINKING AND BOUNDARY DETECTION: GLOBAL PROCESSING USING THE HOUGH TRANSFORM

S e LI el A S (5505 52 S sl S 5o LB AL gl (i, Bla Las

S e soliiaal b Jlo i olaidl 5o (sosee slaba ss) el o wnd JSie 13, 51

xcosf + ysinh = p

casb e 1w e Ll (X)) 5 siL, XS sladdolas S (P,0) slacia saan ccila Jouss 0p-Pq
.JJ_J‘:u.Aa.A;cA.;(aJL}.ﬂwﬁuﬁf@u)d)swddﬂﬂjﬂ%&&.{)a@m U/
i e 1SS (X)) L (saan 5l w8
cag e OLES | s gual Jaks il slaba cal S giina col Ho ppolie (p 38,5 A(p.q) = A(p,gq) + 1
y 0’ 0 omin 0 Omax
T T T T T T T
x;cosf +|y;sinf = p Pmin | 1+ o v
| | I I I | I
— I I I I I I I
0 _________________
P R
i e L e e e il
() | I I I I | I
I N TR R Y B
(x, ¥) Lo
| f T
- d - - L e o - d -
G Ay S
x;cosf + y;sinf=p [T TTTTTTTTooTooos
X P p

<
’U’;ﬁb/



: ) Digital Image Processing, 3rd ed.

PR rolans Gonzalez & Woods
3 e www.ImageProcessingPlace.com
%, ol g g

" AW g Chapter 10
Image Segmentation

a

b

FIGURE 10.33

(a) Image of size
101 x 101 pixels,
containing five
points.

(b) Corresponding
parameter space.
(The pointsin (a)
were enlarged to
make them easier
tosee.)
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The intersection of the curves
-100 corresponding to points 1,3,5
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(a) Image of size 100
101 X 101 pixels,

containing five

points.
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(b) Corresponding parameter space.
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. Obtain a binary edge image using any of the techniques discussed earlier

. Specify subdivisions in the pf-plane.

. Examine the counts of the accumulator cells for high pixel concentrations.

. Examine the relationship (principally for continuity) between pixels in a chosen cell.
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@ al|@

FIGURE 10.34 (a) A 502 X 564 aerial image of an airport. (b) Edge image obtained using Canny’s algorithm.
(c) Hough parameter space (the boxes highlight the points associated with long vertical lines). (d) Lines in
the image plane corresponding to the points highlighted by the boxes). (e) Lines superimposed on the
original image.
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FIGURE 10.35
Intensity
histograms that
can be partitioned
(a) by a single
threshold, and

(b) by dual
thresholds.
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FIGURE 10.36 (a) Noiseless 8-bit image. (b) Image with additive Gaussian noise of mean 0 and standard
deviation of 10 intensity levels. (¢) Image with additive Gaussian noise of mean 0 and standard deviation of

50 intensity levels. (d)-(f) Corresponding histograms.
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FIGURE 10.37 (a) Noisy image. (b) Intensity ramp in the range [0.2, 0.6]. (c) Product of (a) and (b).
(d)—(f) Corresponding histograms.
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BASIC GLOBAL THRESHOLDING

=

Select an initial estimate for the global threshold, T

2. Segment the image using 7 in Eq. (10.3-1). This will produce two groups of
pixels: Gy consisting of all pixels with intensity values > 7', and G, consist-
ing of pixels with values = 7.

1 if f(x,y)>T
g(x,y) = .
0 iff(xy) =T
3. Compute the average (mean) intensity values m; and m, for the pixels in

G and G,, respectively.
4. Compute a new threshold value:

(10.3-1)

1
T = E(ml + mz)

5. Repeat Steps 2 through 4 until the difference between values of 7" in suc-
cessive iterations is smaller than a predefined parameter AT.
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abc

FIGURE 10.38 (a) Noisy fingerprint. (b) Histogram. (c) Segmented result using a global threshold (the border
was added for clarity). (Original courtesy of the National Institute of Standards and Technology.)
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OPTIMAL GLOBAL THRESHOLDING USING OTSU’S METHOD

1. Compute the normalized histogram of the input image. Denote the com- _ £ ) )
ponents of the histogram by p;,i = 0,1,2,..., L — 1. Ak) gop’ (10.3-4)
2. Compute the cumulative sums, Py(k), for k = 0,1,2,..., L — 1, using P
Eq. (10.3-4). m(k) = ip; (10.3-8)
3. Compute the cumulative means, m(k), for k = 0,1,2,..., L — 1, using i=0
Eq. (10.3-8). 5=y
4. Compute the global intensity mean, mg, using (10.3-9). me = >ip; (10.3-9)
5. Compute the between-class variance, 0% (k), for k =0,1,2,..., L — 1, =0
using Eq. (10.3-17). k) = oy (k) 103-16
6. Obtain the Otsu threshold, k*, as the value of k for which 0% (k) is maxi- (k) = ok (10.3-16)
mum. If the maximum is not unique, obtain k* by averaging the values of 5
k corresponding to the various maxima detected. , [mgPi(k) — m(k)]
7. Obtain the separability measure, n*, by evaluating Eq. (10.3-16) at op(k) = (10.3-17)

pan PR)[1 = Pi(k)]

.0
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FIGURE 10.39

(a) ()rigimll
image.

(b) Histogram
(high peaks were
clipped to
highlight details in
the lower values).
(c) Segmentation
result using the
basic global
algorithm from
Section 10.3.2.
(d) Result
obtained using
Otsu’s method.
(Original image
courtesy of
Professor Daniel
A. Hammer, the
University of
Pennsylvania.)
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FIGURE 10.40 (a) Noisy image from Fig. 10.36 and (b) its histogram. (c) Result obtained using Otsu’s method.
(d) Noisy image smoothed using a5 X 5 averaging mask and (e) its histogram. (f) Result of thresholding using

Otsu’s method.
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FIGURE 10.41 (a) Noisy image and (b) its histogram. (c) Result obtained using Otsu’s method. (d) Noisy
image smoothed using a 5 X 5 averaging mask and (e) its histogram. (f) Result of thresholding using Otsu’s

method. Thresholding failed in both cases.
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1. Compute an edge image as either the magnitude of the gradient, or ab-
solute value of the Laplacian, of f(x, y) using any of the methods dis-
cussed in Section 10.2.
Specify a threshold value, T
. Threshold the image from Step 1 using the threshold from Step 2 to produce
a binary image, gr(x, y). This image is used as a mask image in the following
step to select pixels from f(x, y) corresponding to “strong” edge pixels.
4. Compute a histogram using only the pixels in f(x, y) that correspond to
the locations of the 1-valued pixels in gr(x, y).
5. Use the histogram from Step 4 to segment f(x, y) globally using, for ex-
ample, Otsu’s method.

W 1

Prepared by Kazim Fouladi | Fall 2016 | 2"d Edition

P



;‘ m:‘;c 1

Digital Image Processing, 3rd ed.

-,

Gonzalez & Woods
r www.ImageProcessingPlace.com
N g E
AW
Rege> X7

Chapter 10
Image Segmentation

1
i

Il
7

37 191

191 255
abc
Gl

FIGURE 10.42 (a) Noisy image from Fig. 10.41(a) and (b) its histogram. (c) Gradient magnitude image
thresholded at the 99.7 percentile. (d) Image formed as the product of (a) and (c¢). (e¢) Histogram of the
nonzero pixels in the image in (d). (f) Result of segmenting image (a) with the Otsu threshold based on the
histogram in (e). The threshold was 134, which is approximately midway between the peaks in this histogram.
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FIGURE 10.43 (a) Image of yeast cells. (b) Histogram of (a). (¢) Segmentation of (a) with Otsu’s method
using the histogram in (b). (d) Thresholded absolute Laplacian. (¢) Histogram of the nonzero pixels in the
product of (a) and (d). (f) Original image thresholded using Otsu’s method based on the histogram in (e).
(Original image courtesy of Professor Susan L. Forsburg, University of Southern California.)
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FIGURE 10.44
Image in

Fig. 10.43(a)
segmented using
the same
procedure as
explained in

Figs. 10.43(d)—(f),
but using a lower
value to threshold
the absolute
Laplacian image.
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FIGURE 10.45 (a) Image of iceberg. (b) Histogram. (¢) Image segmented into three regions using dual Otsu
thresholds. (Original image courtesy of NOAA.)
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FIGURE 10.46 (a) Noisy, shaded image and (b) its histogram. (¢) Segmentation of (a) using the iterative
global algorithm from Section 10.3.2. (d) Result obtained using Otsu’s method. (e) Image subdivided into six

rlobal & i
subimages. (f) Result of applying Otsu’s method to each subimage individually.
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FIGURE 10.47
Histograms of the
six subimages in
Fig. 10.46(e).

IV \
A
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(x.y) = 1 if Q(local parameters) is true
gx% ¥ 0 if Q(local parameters) is false

true if f(x, y) > ao,, AND f(x,y) > bm,,
false otherwise
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FIGURE 10.48

(a) Image from
Fig. 10.43.

(b) Image
segmented using
the dual
thresholding
approach
discussed in
Section 10.3.6.
(c) Image of local
standard
deviations.

(d) Result
obtained using
local thresholding.
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FIGURE 10.49 (a) Text image corrupted by spot shading. (b) Result of global thresholding using Otsu’s
method. (c) Result of local thresholding using moving averages.
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FIGURE 10.50 (a) Text image corrupted by sinusoidal shading. (b) Result of global thresholding using Otsu’s
method. (¢) Result of local thresholding using moving averages.
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)1 if D(z,a) < T
§ 0 otherwise
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(b) R;is aconnectedset,i = 1,2,...,n.

(©0 R,NR; = foralliandj,i # .

d QO(R) = TRUEfori =1,2,...,n.

(e O(R;UR;) = FALSE for any adjacent regions R; and R;.

O(Ry) is a logical predicate defined over the points in set Ry,
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REGION GROWING
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1. Find all connected components in S(x, y) and erode each connected com-
ponent to one pixel; label all such pixels found as 1. All other pixels in §
are labeled 0.

2. Form an image f,, such that, at a pair of coordinates (x, y), let fp(x, y) =1
if the input image satisfies the given predicate, Q, at those coordinates;
otherwise, let fp (x, y) = 0.

3. Let g be an image formed by appending to each seed point in S all the
1-valued points in f,, that are 8-connected to that seed point.

4. Label each connected component in g with a different region label (e.g.,
1,2,3,...).This is the segmented image obtained by region growing.
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FIGURE 10.51 (a) X-ray image of a defective weld. (b) Histogram. (c) Initial seed image. (d) Final seed image
(the points were enlarged for clarity). (e) Absolute value of the difference between (a) and (c¢). (f) Histogram
of (e). (g) Difference image thresholded using dual thresholds. (h) Difference image thresholded with the
smallest of the dual thresholds. (i) Segmentation result obtained by region growing. (Original image courtesy
of X-TEK Systems, Ltd.)
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FIGURE 10.52
(a) Partitioned
image.

(b)
Corresponding
quadtree. R
represents the
entire image
region.
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1. Split into four disjoint quadrants any region R; for which Q(R;) = FALSE.

2. When no further splitting is possible, merge any adjacent regions R; and
Ry for which O(R; U R;) = TRUE.

3. Stop when no further merging is possible.
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FIGURE 10.53

(a) Image of the
Cygnus Loop
supernova, taken
in the X-ray band
by NASA's
Hubble Telescope.
(b)-(d) Results of
limiting the
smallest allowed
quadregion to
sizes of

32 X 32,16 X 16,
and 8 X 8 pixels,
respectively.
(Original image
courtesy of
NASA.)
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FIGURE 10.54

(a) Original image.
(b) Topographic
view. (¢)-(d) Two
stages of flooding.
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FIGURE 10.54
(Continued)

(e) Result of
further flooding.
(f) Beginning of
merging of water
from two
catchment basins
(a short dam was
built between
them). (g) Longer
dams. (h) Final
watershed
(segmentation)
lines.

(Courtesy of Dr. S.
Beucher,
CMM/Ecole des
Mines de Paris.)

© 1992-2008 R. C. Gonzalez & R. E. Woods



I‘M SP9olS lins

gﬁ-}jﬂﬁ\,}é SLAIGT f saldil b (gads juds

(Y 31Y) Jta
(¢ (7
flooding seas SlacTalesl 5t
St ST 5855 59
O 8135 i )
sad AA L Lq_;T
(-l
(v (A
AVsb slasu ke byba
Lagiaaot
(amoias)

Prepared by Kazim Fouladi | Fall 2016 |2 Edition

P
)y%@/



Digital Image Processing, 3rd ed.
Gonzalez & Woods

www.ImageProcessingPlace.com

Chapter 10
Image Segmentation

a [[] First dilation
Second dilatior
]
d C [ Dam points

FIGURE 10.55 (a) Two partially flooded catchment basins at stage n — 1 of flooding.
(b) Flooding at stage n, showing that water has spilled between basins. (¢) Structuring
element used for dilation. (d) Result of dilation and dam construction.

© 1992-2008 R. C. Gonzalez & R. E. Woods
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(a) Two partially flooded catchment basins at stage n — 1 of flooding.
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(c) Structuring element used for dilation.
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(d) Result of dilation and dam construction.
<___(b) Flooding at stage n, showing that water has spilled between basins.
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FIGURE 10.56

(a) Tmage of blabs.
(b) Image gradient.
(¢) Watershed lines.
(d) Watershed lines
superimposed on
original image.
(Courtesy of Dr.

S. Beucher,
CMM/Ecole des
Mines de Paris.)

© 1992-2008 R. C. Gonzalez & R. E. Woods
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(a) Image of blobs.
(b) Image gradient.
(c) Watershed lines.
(d) Watershed lines
superimposed on
original image.
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ab

FIGURE 10.57

(a) Electrophoresis
image. (b) Result
of applying the
watershed
segmentation
algorithm to the
gradient image.
Oversegmentation
is evident.
(Courtesy of Dr.
S. Beucher.
CMM/Ecole des
Mines de Paris.)
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(a) Electrophoresis
image. (b) Result
of applying the
watershed
segmentation
algorithm to the
gradient image.
Oversegmentation
is evident.
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ab

FIGURE 10.58 (a) Image showing internal markers (light gray regions) and external
markers (watershed lines). (b) Result of segmentation. Note the improvement over Fig.
10.47(b). (Courtesy of Dr. S. Beucher, CMM/Ecole des Mines de Paris.)
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(a) Image showing internal markers (light gray regions) and external
markers (watershed lines). (b) Result of segmentation.
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frames f(x, y, ;) and f(x, y, t;) taken at times ¢; and t;, respectively,
ol 3aok 5l assd g0 (s4wlie

1 if [f(x, y,6) = fCx,y, )| > T
dij(x, y) = {0 otherwise
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ACCUMULATIVE DIFFERENCES

Consider a sequence of image frames f(x, y, t;), f(x, y, t2),..., f(x, y, t,) and
let f(x, y, t;) be the reference image. An accumulative difference image (ADI)
is formed by comparing this reference image with every subsequent image in
the sequence.

A, y) = A q(x,y) +1 it [R(x,y) — f(x,y, k)| > T
ey Ap—q(x,y) otherwise

Pux,y) = 4 Bemabey) £ 1 [R(x,y) = .y, k)] > T
sy Pe_1(x,y) otherwise

N, ) = 4 Nt ) + 1RO y) = fn k)| < =T
o Ni-1(x,y) otherwise

R(x, y) denote the reference image

where A (x,t), P(x, y), and N,(x, y) are the absolute, positive, and negative
ADIs, respectively, after the kth image in the sequence is encountered.
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FIGURE 10.59 ADIs of a rectangular object moving in a southeasterly direction. (a) Absolute ADI.
(b) Positive ADL. (c) Negative ADI.
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ADIs of a rectangular object moving in a southeasterly direction.

(a) Absolute ADI (b) Positive ADI (b) Negative ADI
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FIGURE 10.60 Building a static reference image. (a) and (b) Two frames in a sequence.
(c) Eastbound automobile subtracted from (a) and the background restored from the
corresponding area in (b). (Jain and Jain.)
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Building a static reference image. (a) and (b) Two frames in a sequence.

(c) Eastbound automobile subtracted from (a) and the background restored from the
corresponding area in (b).
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These concepts may be summarized as follows. For a sequence of K digital
images of size M X N, the sum of the weighted projections onto the x axis at
any integer instant of time is

M-1N-1

g(t,a)) = 2 Ef(x, y, el =01, K — 1
x=0 y=0

Similarly, the sum of the projections onto the y-axis is

N-1M-1 ,
gy(t, ay) = > f(x, Hel2myAl r=01,... K — 1

y=0 x=0

where, as noted already, a; and a, are positive integers.
The 1-D Fourier transforms of Egs. (10.6-6) and (10.6-7), respectively, are

K—1
G(uy, ay) = ng(t, ay)e ik =0.1,...,K — 1
=0

and
K-1

Gy (uy, ay) = Egy(t, ay)e Ptk =0,1,...,K — 1
=0
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The frequency-velocity relationship is
u = a1V
and

uy = aV,

The sign of the x-component of the velocity is obtained by computing

5 d’Re[g, (1, a1)]

E Slx = d 2

i t t=n
z and

- S d’Im|g,(t, ay) ]

E 2x —

\.E * dtz I=n
S

:

P
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FIGURE 10.61
LANDSAT frame.
(Cowart, Snyder,
and Ruedger.)
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FIGURE 10.62
Intensity plot of
the image in Fig.
10.61, with the
target circled.
(Rajala, Riddle,
and Snyder.)
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560 — Spectrum of Eq.
_ (10.6-8) showing a
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— FIGURE 10.64
S 80 Spectrum of Eq.
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=4 60 peak at u; = 4.
] (Rajala, Riddle,
‘3 40 and Snyder.)
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FIGURE 10.61

Intensity plot of

LANDSAT frame. the image in Fig.
10.61, with the
target circled.
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