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Unit 1ll: Image Restoration and Morphological Processing

Morphological Processing: rdsion, Dilation, Opening, Closingdit-or-Miss Transform, Boundary
Detection, Hole filling, Connected components, thinning, thickening, skeletons, pruning

Color Image Processing: Color Fundamentals, Color Models: RGB, CMY and CMYK, HIS, ftamversion
RGB to HSI and vice versa.

Openingand Closing

As we have seen, dilation expands an image emgion shrinks itOpening generally smootine the
contour of an objectbreaks narrow isthmuses, and eliminates tpnotrusions.

Closing also tends to smooth sections of contours asitppposd to opening, it generally fuses narrow
breaks and long thin gulfs, eliminates small hodes] fills gaps in the contour.

The opening of set A by structuring elementiBnoted
AoB=(A®B)® B

The closing ofet A by structuring element Benoted

A'B=(A® B)®B
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FIGURE 9.8 (a) Structuring element B “rolling” along the inner boundary of A (the dot
indicates the origin of B). (¢) The heavy line is the outer boundary of the opening.
(d) Complete opening (shaded)
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FIGURE 9.9 (a) Structuring element B “rolling™ on the outer boundary of set A. (b) Heavy
line is the outer boundary of the closing. (¢) Complete closing (shaded).

FIGURE 9.10
Morphological
opening and
closing, The
structuring
element is the
small circle shown
in various
positions in (b).
The dark dot is
the center of the
structuring
element.
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FIGURE 9.11
(a) Noisy image.
(c) Eroded image.
(d) Opening of A.
(d) Dilation of the
opening.
(e) Closing of the
opening. (Original
image for this
example courtesy
of the National
‘ Institute of
P (ASB)®B=A-B Standards and

»(A-B)&B (A-B)&B|eB=(A-B)-B lechnology)
. RN .

Infigure 9.11 he background noise was completely eliminatethim erosion stage of opening because in
the case alhoise components are physically smaller than streicturing elementWe note in Fig 9.11(d)
that the net effect of openingvas to eliminatevirtually all noise components both the background and
the fingerprint itself. However, new gaps between the fingerprint ridgeere created To counter this
undesirable effect, weerform a dilation on the opening.

The Hitor-Miss Transformation

Themorphological hitor-miss transform is &asic tool for shape detectiohe objective is to find the
location of one othe shapes, say, .49X may be viewed geometrically as the sétall locations of the
origin of X at which ¥ound a match (hit) in AB denotes the set composed of X andlisckground, the
match (or set of matches) ofiB A, denotecA®B,

A®B = (A0X) | 4O(W - X)]

A@B:(A@Bl)—[A@ézj (
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The reason for using a structuring elementeB$ociated with objects and an element&3ociated wh
the background is based assumed definitiorthat two or more objectsare distinct only if they form

disjoint (disconnected) sets.

Boundary Extraction

L(A)=A—-(AOB)
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FIGURE 9.13 (a) Set
A. (b) Structuring
element B.(¢) A
eroded by B.

(d) Boundary, given
by the

difference between
A and its erosion.

RegioriHole Filling

Xy =(X, ®B)nA k=1,23...

FIGURE 9.15
Region filling.
(a) Sel A.

(b) Complement
of A

(c) Structuring
element B.

(d) Initial point
inside the
boundary.
(e)—(h) Various
steps of
Eq.(9.5-2).

(i) Final result
[union of {a) and
(hy].

FIGURE 9.12
{a)Set A.(b) A
window. W, and

the local

background of X
with respect Lo W,
(W - X).

(c) Complement

of A. (d) Erosion
of A by X,

(e) Erosion of A°
by (W — X).

(f) Intersection of
(d) and (e),
showing the
location of the
origin of X, as

desired.
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Extraction of Connected Components

X, =(X, , ®B)nA k=123
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FIGURE 9.17 (a) Set A showing initial point p (all shaded points are valued 1. but are
shown different from p 1o indicate that they have not yet been found by the algorithm).
(b) Structuring clement. {c) Result of first iterative step. (d) Result of second step.
(e) Final result.

Thinning

A®B=A—(A®B)
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a FIGURE 9.21 (a1) Sequence of rotated structuring elements used for thinning. (b) Set A.
b ¢ d (¢) Result of thinning with the first element. (d)-(i) Results of thing
e f & sevenelemenls (there was no change between the se h and eighth elements). e
h'i j sultof using the first element a ha for the next two elements).
k1 (k) Result after convergence. (I) Conversion to m-connectivity.
Thickening
Al B=AU(A® B)
ab
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FIGURE 9.22 (a) Set A. (b) Complement of A. (¢) Result of thinning the complement of
A. (d) Thickened set obtained by complementing (c). (¢) Final result, with no discon-
nected points.



Image Skeletons

s =Us, (4 ¢

S,(A) = (AOkB) - (AOKkB)>B
(AOkB) =(....(AOB)OR)O....)OB
K = max {k|(A®kB) = @ |

ImageA can be reconstructed frothese subsets bysing the equation
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FIGURE 9.24 Implementation of Egs. (9.5-11) through (9.5-15). The original set is at the top left.
and its morphological skeleton is at the bottom of the fourth column. The reconstructed set is at
the bottom of the sixth column

Pruning

Pruning methods are an essential complementttimning and skeletonizing algorithms because these
procedures tend to leave parasitic componentstffaf SR (2 06S a Of SIF ySR dzL)X o
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FIGURE 9.25

(@) Original
image. (b) and

(c) Structuring
elements used for

thinning. (¢) End
points of {d).

(f) Dilation of end
points
conditioned on
(a). () Pruned
image.

TABLE 9.2
Summary of
morphological
operations and
their properties.

Hit-or-miss
transform

Boundary
extraction

Region filling

Connected
components

Convex hull

B!, B, B, B (rotated 90°)

@ B, B°, B, B¥ (rotated 90°)

Operation

Equation

Comments
(The Roman numerals refer 1o the
structuring elements shown in
Fig.9.26).

Translation
Reflection
Complement
Difference
Dilation
Erosion

Opening

Closing

A®B=(AOB)N(AOB)
=(ASB) - (A®B,)
B(A) = A - (A©B)

X, = (X, ,®B)N A: X, = pand
E=123

X = (Xe 1®B)N A X, = pand
k=123,..

Xi=(Xi 1 ®B)U A =1.2.3.4
k=123,..:Xp= A:and

D' = Xion

(A); ={w|lw=a+ 2,

B= {w|w = —b. forbec B}

A = {w|lw= A}

A-B={wlweAwsz B}
= AN B

A®B = {z|(B).N A # @}

ASB = {z|(B). C A}

A°B=(ASB)®B

A*B=(ADB)©B

fora= A} Translates the origin

of A to point z.

Reflects all elements
of B about the origin
of this set.

Set of points not in A.

Set of points that belong
to A but not to B.

“Expands” the boundary
of A. ()

“Contracts” the boundary
of A. (I)

Smoothes contours,
breaks narrow isthmuses,
and eliminates small
islands and sharp
peaks. (1)

Smoothes contours, fuses
narrow breaks and long
thin gulfs. and eliminates
small holes. (1)

TABLE 9.2
Summary of
morphological
results and their
properties.
(continued)

“The set of points
(coordinates) at which,
simultaneously, B, found
amatch (“hit”) in A and
B, found a match in A°.

Set of points on the
boundary of
set A. (1)

Fills a region in A, given a
point p in the region. (11)

Finds a connected
component Yin A, given
apointpinY.(I)

Finds the convex hull C(A)
of set A, where “conv™
indicates convergence
in the sense that
X = X (IHD)

Unit IV: Edge Detectioand Segmentation




Edgedetection: Basic Formulatioetecting Points and Lindsdge Models(Gradientand its Properties;
Gradient Operators: Roberts, Prewitt, Sobel; Canny Edge Dete@tuesholding: Basic Global
Thresholding, Basic Adaptive Thresholding.

Regionbased segmentation: Basic Formulation, Region growing,
Regionsplittingand Merging; Segmentatiorby morphological watersheds: Basiaconcepts,
Dam construction, Watershedlgorithm.

Edge Detection Foundation

Segmentation subdivides an image into its constituesgions or objects. The level to which the
subdivision is carried depends the problem being solvetinage segmentation algorithms generally are
basedon oneof two basic properties of intensity valuatiscontinuity and similarity.

In the intensity, such as approach in an image sattition an image based on abrupt changemiensity,
such as edges in an imadée principal approaches in the secaatery are based on partitioning an
imageinto regions that are similar according to a eépre-defined criteriaThresholding, region growing,
and regionsplitting and merging are examples of methadshis category.

Paint Detection

Using the mask showin Fig 10.2(a), we sdlgat a point has been detected at the location which te
mask is centered if [RiKT.The idea is that an isolated point will be quitdéferent from its surroundings,
and thus beeasily detectable by this type of madikhe most ommon way to look fodiscontinuities is to

convolvea maskon the image
R=wz +w,z, +--+wz,

9
i=l
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FIGURE 10.2

-1 8 -1 (a) Point
detection mask.

(b) X-ray image
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.)

Line Detection
Consider the masks shown in Fig 10 3he first mask were moved around an imageyould respond
more strongly to lines (onpixel thick) orientechorizontally.

FIGURE 10.3 Line
masks.




Fig10.4(a) shows a digitized (binary) portioha wirebond mask for an electronic circuguppose that
we are interested in finding dlhe lines that are one pixel thick and argented at-45°. For the purpose,
we use last mask shown Fig. 10.3.

bc

FIGURE 10.4
[ustration of line
detection.

a) wire-
ho 18!

(b

val

afte 2
wi 5 line
detector.

(e} ilt of
thresholding
image (b).

In order to determine which line best fit thrmask, we simply threshold this imagehe result of using a
threshold equal to thenaximum value in the image is shown in Figd(c).

Edge Detection

Edge detection is by far the most commapproach for detecting meaning discontinuitiesgrey level.
Intuitively, an edge is a set of connected pitkit lie on the boundary between two regiosreasonable
RSTAYAGAZ2Y 27T abiify BMmEasureNgB-lpwadiratiBitions in naringful way Intuitively,

an ideal edge has the properties hiwe properties of the model shown in Fi§.5(a).Edges are more

closely modeled as havingiaNJ Y LI A 1 S¢ LINR FAf S &g 1G5dzBKrret eédgedtkn 2 y' S
to be thick and sharpeindto be thin.

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

We conclude from these observations that tmagnitude of the first derivative can be useddetect the
presence of an edge at a point in anage.Similarly, the sign of the second derivation deused to
determine whether an edgeixellies on the dark or light side of an eddevo additional properties of the
secondderivative around an edge:

¢ (1) It produces two value for every edge iniarage

¢ (2) an imaging straight line joining the extrempesitive and negative values of tlsecondderivative
would cross zero near the midpoint ibfe edge.






