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w Image Segmentation:
¢ Definition
¢ Importance
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w Detection of Discontinuities
¢ Point
w Use anyaplacianlike linear operator
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é
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C Line
w Use any gradieAbased operator
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Image Segmentation

w Procedure:

¢ Apply mask(sR
¢ Use threshold:
w Point: |R|2 T
w Make a comparison for line:
¢ Make Decision on Point/Line Typg&)? ‘ Fﬂ

J
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w Example (1)
¢ Point Detection

a

-1 -1 -1 b cd
FIGURE 10.2

-1 8 -1 (a) Point

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

(d) Result of
using Eq. (10.1-2).
(Original image
courtesy of
X-TEK Systems
Ltd.)
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w Line Detection:
¢ A Suitable Mask in desired direction

¢ Thresholding
Linei:|R|2 |R|, "]

FIGURE 10.3 Line
masks. -1 -1 -1 -1 -1 2 -1 2 -1 2 -1 -1

2 2 2 -1 2 -1 -1 2 —1 -1 2 -1
—1 -1 -1 2 -1 -1 -1 2 —1 -1 -1 2
Horizontal +45° Vertical _45°
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a
b c

FIGURE 10.4
[ustration of line
detection.

(a) Binary wire-
bond mask.

(b) Absolute
value of result
after processing
with —45° line
detector.

{c) Result of
thresholding
image (b).

w Example:

A% Mask Thresholding
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w Edge Detection:
¢ Two Mathematical model

Model of an ideal digital edge Model of a ramp digital edge ab

FIGURE 10.5

(a) Model of an
ideal digital edge.
(b) Model of a

ramp edge. The
slope of the ramp
is proportional to
the degree of
blurring in the
edge.

Gray-level profile Gray-level profile
of a horizontal line of a horizontal line
through the image through the image
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Ratsel C. Gomzale:
Richard E. Woods

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.

Gray-level profile

i

derivative —_—

Second

derivative | |2 f
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w Noise Problem:
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w Gradient Operators:
¢ Roberts Cross Gradients:
G,=(%-2) G £z ¥
o °§z 2) (% 3 9
bf| °|z, z| |# 7= RobertsCross Gradie
¢ Prewitt Operators:
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miap

- - _ ) 5 _
= (z 2 %) (2 2 37 PO (22 2+ (122 52 )
1G,=(z +% %) (2 z+ 3+ 16 (22 z+f (422 ;2 )
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i

e« Gradients Operators = | = | =

G
f - Fd -

FIGURE 10.8

A3 X 3region of
an image (the z's ;
are gray-level
values) and
various masks
used to compute
the gradient at 0 1 1 0
point labeled zs.

[=Wilw
L Rl

(=}

Roberts
-1 -1 -1 -1 0 1
0 0 0 -1 0 1
1 1 1 -1 0 1

Y—Dlrectlo Prewitt X'D|reCt|On

-1 —2 -1 -1 0 1
0 0 0 -2 0 2
1 2 1 -1 0 1
Sobel 12
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Diagonal Edge

1] =1 o 0 1 1 \

. ] Prewitt

45-Direction Lo T ol
\ 1| o 1 -1 | o 1

ab
cd Sobel

-45-Direction

FIGURE 10.9 Prewitt and Sobel masks for detecting diagonal edges.
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FIGURE 10.10

(a) Original
image. (b) |G-
compaonent of the
gradient in the
x-direction.

(©) |G,
component in the
y-direction.

(d) Gradient

image, |G + |G,|.

Medical Image Analysis and Processing,

Image Segmentation
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ab

cd

FIGURE 10.11
Same sequence as
in Fig. 10.10, but
with the original
image smoothed
witha 5 x 5
averaging filter.

Pre
Smoothing

51 5
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ab
FIGURE 10.12

Diagonal edge
detection.

(a) Result of using
the mask in

Fig. 10.9(c).

(b) Result of using
the mask in

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

e0 1 2 &2 41 0
1 0 1 g_l 0 1
g2 10 60 1 2

45° and -45° lines
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w Laplaciaras an isotropic Detector:
2o WA f
b-f -

2 2

MX M
w Discrete Implementation:

AN'SD*f =4, (z, z 7+ 3+
8N'SD*f =4, (z 7z 2+ z2+z +Z & 4

FIGURE 10.13
Laplacian masks 0 -1 0 -1 -1 -1
used to

implement
Eqgs. (10.1-14) and -1 4 -1 1 8 -1
(10.1-15),
respe ctive l\ 0 —1 0 -1 -1 -1
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0|0 |-1]0]0
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—-1]=-2|16|-2|-1
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0|0 |-1]0]|0

ab

¢ d

FIGURE 10.14
Laplacian of a
Gaussian (LoG).
(a) 3-D plot.

(b) Image (black
is negative, gray is
the zero plane,
and white is
positive).

() Cross section
showing zero
Crossings.

(d)5 x 5 mask
approximation to
the shape of (a).
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Original
f : \\ T
LPF /i .

Zero Crossing:

Arhinner Edge

AEasy to compute

ANoise Reduction capability
: R | ASpaghetti Effect (isolated

- )8 /[ LU o circles)
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w Global Edge Linking by the Hough Transform:

(x y)&y=ax+b Yy =x b
= Xa ¥
All (x, y)'s on a line intersect each othér(a,b)

b’ ) ab
Ll } -
| FIGURE 10.17
\ : b=-—xa-+y (a) xy-planc.
v | ’ (b) Parameter
o) \ ! / space.
|
\
® (x;. ) \
m b=-xa+y
¥
X

E. Fatemizadeh, Sharif University of Technology, 2011



ol — 48 Medical Image Analysis and Processing,

Processing _A¥gt///
AV

rif.edu/~ miap

4/‘\

Image Segmentation

w Hough Transform in Cartesian

FIGURE 10.18 ) Do 0 b ax

Subdivision of the i b
parameter plane
for use in the
Hough transform.
0
(a,b) (X3, Y,)
I!TI'I'I.'IJL
r
i

(X4:Ya)
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w Hough Transform in Polar

¢ Problem with Vertical line (&=0
(x,¥) & xcosg+ ysing= rYxcos g sin @

(r. A

All (x, y)'s ona sin intersect each other(at, g

% min o Prnax ab

=V Fmin =

FIGURE 10.19
{a) Normal
representation of
a line.
(b) Subdivision of
Of oo s the p#-plane into
cells.

il
=
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ab o NEG THETR @  POS THETA
¢ d
FIGURE 10.20
Ilustration of the
Hough transform.
(Courtesy of Mr.
D. R. Cate, Texas
Instruments, Inc.)

HEG THETR ] POS THETA MEG THETA -] POS THETR
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w Hough Transform for circle:
(x¥)&(xn) €y 8) & (¥ p (y+9°- b
All (x, y)'s on a spherical surface interseeth other atp p p)
w Extract each circle (independent of radius):

X =P Hcosqu P, % I’-COSC]%

= ptang -x tan
Y =p Hsmqy P, ¥ frsingy hiang xtang y
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w Hough Transform for circle:
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