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CHAPTER 1: Introduction

The word morphology refers to the study of form and
structure. The morphological analysis of black-and-white
images was 1initiated by Georges Matheron[l] in the mid
1960's, in his study of porous materials. Mathematical
morphology provides an approach to the processing of
digital images in terms of some predetermined geometric
shape known as a structuring element. 1In mathematical
morphology we study the manner in which the structuring
element fits into the image. Therefore, it has the
intrinsic ability to quantitatively analyze object shapes

in both two and three dimensions.

Mathematical morphology treats images from the point of
view of set theory. Geometrically it distinguishes itself
from other 1image processing techniques such as syntactic
techniques and signal processing techniques. Syntactic
technique is based on generative grammars. These grammars
establish a set of production rules which will produce the
shape from certain symbols. In general these grammars tend
to be gquite complex for representing global properties of
shape. Signal processing techniques make use of Fourier and

1



other orthogonal transformations for image analysis. Just
as a one-dimensional signal can be represented by an
orthogonal series of basis functions, an 1image can be
represented by a series of two dimensional basis functions
called basis images. These basis images can be generated by
unitary matrices. The series coefficients in orthogonal

series expansion can be used for image processing.

In mathematical morphology, an image will be considered as
a set of points and the operations, which are based on
logical relations between pixels, rather than arithmetic
ones, come from set theory. These are dilation and erosion,
and relate directly to shape. It can be used in the areas
of noise cleaning, 1image enhancement, feature extraction
and shape analysis. Morphological operations are non-
reversible. In other words, morphological operations can
simplify image data which has usually too much information,
preserving their essential shape characteristics, and
eliminating irrelavancies. Therefore, shape description by
mathematical morphology can also provide techniques
suitable for image coding, that permit image transmission

at low bit rates.

The main purpose of this project is to develop algorithms



and software for image analysis using morphological
operations. These programs are written on the Electrical
and Computer Engineering Department's AT&T 3B2 computer,
using the C language. The effectiveness of these
moporphological operations in 1image analysis applications
such as noise cleaning, edge detection, region £illing and

image representation is also studied.



CHAPTER 2: Mathematical morphology

The objectives of computer vision or image processing are
often to segment an image into objects and textures and to
extract certain information for image wunderstanding or
classification. Mathematical morphological techniques are
based on the analysis of images in terms of some
predetermined structuring elements. Mathematical morphology
provides an algebraic formulation for applying the
structuring elements to the image. Both the image and the
structuring elements are considered as sets of points and
the sequence of different structuring elements applied to
an image gives the information about the geometric
measurement of the image. Such knowledge will greatly

depend on the choice of structuring elements.

An image can be considered as a set, X, of points or
pixels. With each set of points of x of the space E, a set
B(x) called a structuring element can be chosen. Every set
X in E can be modified by some B(x) in several ways.

The most important ones are as follows;

dilation of X = { x| B(Xx) 1 X }



erosion of X = { x| B(x)CX }
The dilation of X by B(x) 1is the set of all the points x
such that B(x) hits (denoted by 1) X. The erosion of X by
B(x) 1is the set of all the points x such that B(x) is
included in X. This is shown in the Figure 2-1. These two
operations will play a major role in morphological analysis

in image processing.

Figure 2-1 Bl hits X ,B2 misses X and B3 is
included in X

2.1 Dilation and erosion

The language of mathematical morphology 1is that of set
theory. Sets in mathematical morphology represent shapes.
Sets in Euclidean 2-space denote binary images and sets in
Euclidean 3-space may denote gray scale images. Sets in
higher dimensional space may denote additional image
information, such as color, etc. Morphological
transformations apply to sets o0f any dimension. Sets in
Euclidean N-space, or its digitized equivalent, the set of
N-tuples of integers, denoted by Z will be considered as
belonging to E. In the following sections we define some
important morphological terms.
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DEF 1 : Dilation > Dilation is the morphological
transformation which combines two sets using vector
addition of set elements. Let A and B be subset of N-space.
The dilation of A by B is denoted by A@B and is defined
by

A®B={c€EE | c=a+b for some a€A and bEB}

The dilation operation is commutative and associative,i.e,
A@B=B@®2A (Commutative)
A (B®C) = (A@®B) ®C (associative)
Using the associative property, dilation an image 2 by
large structuring element, which itself can be expressed as
the dilation of B by C, can be computed by successive
dilation by B and C. This operation saves much operation
time. Dilation by disk structuring elements corresponds to
isotropic expansion algorithms common to binary image

processing. This is shown in the Figure 2-2 and Figure 2-3.
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DEF 2 : Translation> Let A be a subset of N-space and X€E.
The translation of A by x is denoted by (A)x and is defined
by

(A)x = {c €EE |c =a + x for some a€A}.
It 1is important to note that dilating a shifted image
shifts the dilated image by the same amount. This property

is called translation invariance of dilation,i.e.,

(Mx®B = (A® B)x
The dilation of A by B can be computed as the union of
translations of A by the elements of B. From the definition
of translation, we can easily show that

X® {t} = (X)t

A@ (Bt =(2rA@®B 't

Since A (® (B UC) (a2 @BrUra@®c) it follows directly

that

A@®B = U(A)b
b&B

Using this property dilation operation can be implemented

in hardware easily.

DEF 3 : Erosion > Erosion is the morphological dual of

dilation. It 1is the morphological transformation which



combines two sets using the vector subtraction of set
elements. The erosion of A by B is denoted by A(® B and is
defined by

AOB=({xEE | x + bEA for every bE B}

Structuring element B may be visualized as a probe which
slides across the image A, testing the spatial nature of A
at every point. Erosion of A by B can be computed as the
intersection of all translations of A by the points -b,

where b&B.

208 = [)@)-b.
3

Like dilation, erosion is translation invariant, i.e.,

(A)x @B = (AQB)x

This erosion operation results in a shrunken image. This is
shown in Figure 2-4.

DEF 4 : Reflection > Let BS E. The reflection of B is
denoted by B and is defined by

B = {x | for some bEB, x = -b}.

Erosion and dilation are dual operations with regard to
complement. Eroding A is equivalent to taking the

complement of the dilation of f.

(AOB) =A@F

10
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2.2 Opening and closing

In practice, dilation and erosion are usually employed in
pairs, either dilation of an image followed by the erosion
of the dilated result, or image -erosion followed by
dilation. The result of iteratively applied dilations and
erosions is an elimination of specific image detail smaller
than the structuring element without the global geometric
distortion. For example, opening an image with a disk
structuring element smooths the contour, breaks narrow
isthmuses, and eliminates small islands and sharp peaks.
Closing an image with a disk structuring element smooths
the contours, fuses narrow breaks and long thin gulfs,
eliminates small holes and £ill gaps on the contours. The
particular significance of opening and closing is that
image transformations employing these operations are
idempotent, that 1is, their reapplication effects no futher

change to the previously transformed result.

DEF 5 : Opening > The opening of image A by structuring
element B is denoted by A0 B and is defined as
A0B = (AOB) @B

DEF 6 : Closing > The «closing of 4image A by structuring

12



element B is denoted by A®B and is defined as

AeB = (A@B) OB

If A is unchanged by opening it with 24, we say that A is
open with respect to B, while if A is unchanged by closing
it with B, then A is closed with respect to B.

Opening and closing are both idempotent also, i.e.,

(AOB)OB

AOB

(Ae B) @B

AeB
Like erosion and dilation, closing and opening are dual
transformations.
c C =
(A®B) = AOB

Figure 2-5 and Figure 2-6 show the opening and closing

operations.

13
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Figure 2-6 Closing of sample image by circle
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CHAPTER 3: Digital morphology

3.1 Image definitions

A digital image refers to a two dimensional light-intensity
function denoted as f(x,y), where x and y are independent
variables denoting the spatial coordinates. The value of £
at any point (x,y) 1is proportional to the brightness of
that point. This brightness 1is called the gray 1level and
the specific <coordinates (x,y) are refered to as the
picture elements or pixels. In order to generate the

computer program of morphological operations, systematic

structure of image representation is needed. Matrix
representation is a suitable form of digital image
representation.

A digital image is obtained by assigning a real number,
vhich refers to a gray level value, to each pixel in some
collection of pixels. A digital image £ is defined as a
function f£:D->R, where D is called the domain of the image
f, and R is called the codomain. Very often, the domain of
a digital image will be rectangular in shape and contains a
finite number of elements. In such a case a digital image

will be represented in a manner similar to a matrix or a
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two-dimensional array. Each element of the matrix
represents the gray 1level value of the pixel at that
location. The location of a pixel in the matrix |is

identified by its spatial coordinates.

3.2 Software development

First, 1imagine two stacks called DOMAIN and RANGE. Each
stack contains the same number of entries, the first
containing ordered pairs(i,j) and second containing real
numbers. Together the stacks implicitly contain an image,
for if they were popped simultaneously, the corresponding
series of numbers would form a 1location of pixel together
with its gray level. It can be written in the form of a

program as follows:

teredef struct rosition
{
int sy
Wy

> FOSITIONS

teredef struct imade

£
int sizes

raengel 400075
FOSITION domainl400035%
> IMAGES

With this convenient representation, several basic

operations can be implemented.
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3.3 Fundamental operators
The following six operators can be considered as the
fundamental operations which will be applied to each pixel

in an image.

EXTMAX - This function compares two images in a pixelwise
manner and outputs the maximum, or highest, gray value at

each pixel at which both input images are defined.

MIN - This function compares two images in a pixelwise
manner and outputs the image which 1is an intersection of
the domain instead of their union. The resulting image has

the pixels with lowest gray value.

TRANS - This function has the image of f and two integer i
and j as inputs and the 1image that is identical to £ but
moved over i pixels to the right(along x-axis) and j pixels

down(along y-axis) as output.

NINETY - This function 1leaves the gray values of an input
image intact while altering the domain of the image. NINETY
rotates an input image 90 degrees in the counterclockwise
direction about the origin. (In this report, this function

will be used only for structuring elements.)
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SUB - This function subtracts an image from an other image.
When we subtract an image B from an image A, 8UB generates
same image as A except those pixels of which domain is same

in image B.

COMP - This function generates a complementary image of the

input image.

Now, the basic operations, dilation and erosion, 1in
mathematical morphology can be obtained from these
fundamental functions. Suppose A represents an image and B

represents a structuring element. Dilation and erosion can
be expressed by the following equations:
Dilation : A®B = (J(a)b
bé€B
Erosion : A@B = ﬂ(A)-b
bEB
From these two expression, dilation and erosion can be
implemented as in the following block diagram of Figure
3-1. Based on the definitions of opening and closing, these
operations can be implemented as shown in the block diagram

of Figure 3-2.
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TRAN

TRAN

»| EXTMAX |—>— DILATE(A, B)

TRAN

TRAN =

A TRAN M

—> MIN  |—» ERODE(A, B)

B—>| NINETY?! .

TRAN =

Figure 3-1 Block diagram of dilation and erosion

A ——
ERODE L
B —
DILATE }—— OPEN(A, B)
A >
DILATE L
B ——>{ NINETY? |— ERODE {——— CLOSE(A, B)

Figure 3-2 Block diagram of opening and closing
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CHAPTER 4: Image analysis applications

In this section some applications of morphological methods
in digital image analysis are presented. These applications
include noise <cleaning, edge detection, region filling and

image representation.

4.1 Noise Cleaning

The opening of an image A by a convex set B cuts down the
peaks of A, whereas the closing of A by B £fills up the
valleys of A. For an image contaminated by salt-and-pepper
noise, closing and opening operations can remove this
noise. Opening operation suppresses the background noise
spike, and closing after opening (X) cleans interior noise
spike. For removing background noise spike, 1larger
structuring element 1is better than smaller one. However,
large structuring element may cause unacceptable
distortion. So, the noise cleaning operation depends on
the choice of the structuring element. It 1is reasonable
that a large spot 1in backgroud is not considered as noise
because it is bigger than the structuring element. The
noise cleaning operation is shown in Figure 4-1 and Figure

4-2.
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This closing-opening operation 1is comparable to median
filtering. However, it needs 1less computation than median

filtering.

4-2 Edge detection

Consider a structuring element B of unit size. Then nB
denotes a structuring element of size n obtained by
dilating B by itself n times. If B is symmetric, the
erosion of A by B denotes a shrunken image of A. Again, the
image difference A - (A @B) gives the boundary of a binary
image. If we use nB for erosion, orientation and size of n
will determine the orientation and thickness of boundary.
The edge detection process is illustrated in Figure 4-3 and

Figure 4-4.
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Figure 4-4 Edge image of sample in Figure 4-3
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4-3 Region filling

This operation requires only dilation and intersection.
Suppose we have an 1image A which is the boundary of two
disjoint regions and we know a point P inside one of two
regions. After dilating the point P by a small symmetric
and convex structuring element, intersect this intermediate
result with fﬂFigure 4-5). This Xc limits the result of
dilating effect 1inside the region. Iteration of dilation
and intersection will make the image fully filled. Figure
4-6 and Figure 4-7 show the results after 10 and 17
iterations of dilation respectively. It is important that
the structuring element should be small with regard to the

thickness of boundaries.

4.4 Morphological skeleton and minimal skeleton

The skeleton is a topologically equivalent thinned version
of image. The skeleton SK(X) of a continuous image object
X, viewed as subsets of 2-D continuous space, is defined

as the centers of the maximal disks inscribable inside X. A
disk 1is maximal if it 1is not properly contained in any
other disk totally included in X. Hence, a maximal disk
must touch the boundary of the object X at least at two
different points. Some examples of skeleton are shown in

Figure 4-8. This skeleton is a caricature containing
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Figure 4-5 Complement of edge image in Figure 4-4
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Figure 4-7 Image after 17 iterations of dilation
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information about the shape, size and orientation.
The skeleton .SK(X) can be obtained £from the set union of
Sr(X), r > 0, which denotes the rth skeleton subset, i.e.,
the set of the centers of the maximal disks whose radius is
equal to r. These skeleton subsets can be obtained by using
morphoplogical erosion and openings. The skeleton SK(X) is
egual to

SK(X) =Usr(x)

=UJt(x © rB) - (X © rB)drB]

where rB denotes the disk of radius r and drB is a disk of
infinitesimally small radius dr. The boundaries of the
eroded sets (X @rB) can be viewed as the propagating wave
fronts of Blum's grassfires where the propagation time
coincides with the radius r. Subtracting from these eroded
versions of X their opening by drB retains only the angular
points, which are points of the skeleton. The original set

X can be reconstructed as the union for all r > 0 of the

Fig 4-8 Example of skeleton
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subsets Sr(X) dilated by the open disks rB, respectively.
For digital 1image Serral2] provided an algorithm for
morphological .skeleton SK(X) of a discrete binary image X

sampled on a hexagonal grid,

Sn(X) = (X ©nB) - (X ® nB)B
n=20,1,2 ...,N
N
SK(X) = () 'sn(X)
n=0

where Sn(X) denotes the nth skeleton subset of X.

The hexagon is very good approximation to a <circle, but in
rectangularly sampled binary image this algorithm can be
used by using symmetric convex structuring elements, such
as the CIRCLE, SQUARE in Figure 4-9. If we considered these
elements to have a discrete radius one, then, as in the
case of the discrete hexagén, wve can form similarly shaped
elements of discrete radius n. Then nth skeleton subsets.is

obtained by eroding X by nB, and then keeping from every

eroded set (X ®© nB) only those parts which consist of

CIRCLE SQUARE RIOMBUS BOXNE
oo e

LI ) e o0 . L)
ee$oe L X ) o 4o 4o
LI I ) LI I ) °

LI )

Fig 4-9 Examples of structuring element
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angular points and lines without thickeness. These parts
are the only ones remaining after the set difference
between (X O nB) and its opening (X (O nB)b.

By the properties of erosion, the erosion of X by nB can be
done much faster by successively eroding X by B n times.
Using this method, algorithm for skeletonizing of digital

image can be described as follows.

Let EROS1, EROS2, OPEN denote three accumulator sets large
enough to hold the image object and its background, then
skeletonization can be achieved by the following steps;

stepl: n = 0, EROS1 = X

step2: EROS2 = EROS1 © B

step3: if EROS2 = @

then N = n, SN(X) = EROS1 and STOP.

step4: OPEN = EROS1 3 B

step5: Sn(X) = EROS1 - OPEN

step6: n = n + 1, EROS1 = EROS2

and go to step 2.

Exact reconstruction of the image from skeleton SK(X) can

be achieved using the following steps;

stepl: n N, A =0

step2: A = A [Jsn(x)
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step3: if n = 0 STOP, otherwise A = A@B
step4: n = n - 1 and go to step2.

It may be possible to remove some points of the skeleton
and still reconstruct the image exactly. It will be called
a minimal skeleton, which 1is a subset of the original
skeleton gquaranteeing the exact reconstruction of the
entire image.

Let X be the original image and let Sn(X), n = 0,1,..,N be
its skeleton subsets with respect to a structuring element
nB. For each skeleton subset index n, shift nB to all the
points of Sn(X). This operation is equivalent to dilation
of each points in Sn(X) by B 2n times. This is the
characteristic function of the set nB. After that add
algebraically all these contributions £for all points of
Sn(X) and for all n. This will make gray scale image,
paf(X), whose region is identical with the original image.
Now, in order to decide to remove a certain point which can
be removed, check first whether the value of the pgf(X) at
all the points of the region of support of the respective
shifted characteristic function is >= 2. If so, this region
of image is supported by skeleton point more than one time.
Therefore, this skeleton point can be removed and
subtracted algebraically from pgf(X). This operation is

repeated until all the skeleton points have been searched.
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The remaining skeleton points represent the minimal
skeleton. Figure 4-10 shows the skeleton of a sample image

and Figure 4-11 shows its minimal skeleton.
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Figure 4-11 Minimal skeleton of Figure 4-10
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CHAPTER 5: Summary and conclusions
The purpose of this report 1is to analyze images using
mathematical morphology. The fundamental operations are
implemented in computer program and some useful
applications are tested by this program. As a structuring
element, circle and square were used as these are convex

sets and also symmetric.

For simplicity, binary images were tested. Morphlogical
operations can easily be extended to gray scale images. The
final results fully depends on the size and shape of the
structuring element. Therefore, success of mathematical
morphological methods depends on what kinds of structuring
elements are used and how morphological operations are
combined. Skeletonization of an image is more complex than
other applications, and can be implemented by a combination
of basic operations. Although minimal skeleton has less
pixels, it can reconstruct the original image exactly.
Using the algorithm which was used 1in this report, it is
possible to reduce the number of pixels in the skeleton to
obtain a minimal skeleton. With certain tolerance, the
number of pixels in the mimimal skeleton can be reduced.

However, unigque way to do this is very important and not
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usually easy.
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APPENDIX : Computer Program Listings
This appendix includes the computer listings of some of the
important routines written for this study. These routines
are written to compute basic morphological operations and
skeleton of image. These computer listings include only the

routines which are relevent to the report.
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ZRRKKAKK KK KK KK KKK KKK KK KKK K KKK KKK K KKK KKK K KKK KKK KKK R KOKKKRRKKKR KKK KKK

of Electrical 3nd Computer Endineering

X Derartment

X Kansas State University

X AT&T UNIX € Source file nama 3 m_morrp.h

30K K K K K K K KK 3K K oK K KK K oK 3K K K K 3K K K K K K K K K K KK 3K K KK K K K K KKK K KK KKK K KK KKk K Kok ok kKoK ok
X

X

% DESCRIFTION? This is & header file for 211 morpholosical

X oreration rrodrams. This file has the

X definition of 1MAGE structure.

X
KEKEKKKKKKKKKKRKKKEKKKEKKEKKRKKKEKKKKKEKKKKKEKKKKKEKKKKKKKEKKKKRKKKRKKKKKK KKK/

¥define MAX 64

tyredef struct rosition
<
int x»
Y5
> POSITION;S

tyredef struct imade

<
int sizey
rangel40001];
FOSITION doma3inC40001)
> IMAGES
tyredef struct str_elemt
{
int sizey
randel2115%
FOSITION domainlC211];
> STR_ELEMTS
¥define NORMAL O
$define ERROR 1

44

/%
/¥

/%

/%
/%

Size of imade (MAX X MAX) X/

Ture definiton of FOSITION X%/

Ture definition of IMAGE ¥4
Tuere definition of X/
structuring element X/



VAT 2222823333333 3333333 333323322333 333320322332322 2232232323333 %9
X Derartment of Electrical and Computer Endineering

X
X

Kansas State University

AT&T UNIX C Source file name ¢! morr.c

Rk RRRRK KRRk KKKk kR dokk kK kokkokkkokkR kR kokkokkkkkokkokk Kook kokkkkkokkkkokk

X

X

¥ FUNCTION? main()

X

X

¥ DESCRIFTION? In this Frodram morrholodical orerations
X will be rerformedsy such 3s dilations erosion:
X orening and closind.,
X

X

X DOCUMENTATION

X FILE? None

X

X

X ARGUMENTS? None

X

X

X RETURN? None

X

X

X FUNCTION

X CALLED? dilate()

* erode()

X make_im()

X make_out()

X sub ()

X comr()

X ninety()

X

X

X AUTHOR? Kyund Hsun Yoo
X

X

X DATE CREATED? 30 March 1989
X

X REVISION?

X

2222822322322 23222322338333332333 233332333332 23322322¢023222%2 294
¥include <stdiv,h>
¥include *m_morr.h"

main()

{
extern
extern

IMAGE Xmake_im(),
kdilate(),
Xerode()y
Xecom=()y
Xsub()§

int make_out(),
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int

char

IMAGE

STR.ELEMT

static

printf(*
rrintf("*
printf(*
rrintf("
Pprintf(*

scanf("Zd®y

ninetu()j

iy /% General rpurrose counter
Joby /% Selected Job number
selj /% Selected structuring

/% element
namel10]; /% Inrput file name
buffer,
¥rt_.test, /% Fointer to inrput imade file
Xrt_subs /% Fointer to imade in sub
¥rt_closey /% Pointer to imade in close
¥rt_oreni /% Fointer to imade in oren
Xrt_.ses
STR_ELEMT CIRCLE = {21s {1s1s1»1s1s1s1s1s1s1s1s1,

19191915191 s1s1s1)y

{{050%,

{0y=1X»{0+s=-2¥9{09125<{052),
L1503 9{1s-12941,-239<{1512>»
{192>9€4250X>9{2y-129{251)>
{-150>s{~-19-139{~-19-22»<{-151)>»
€=122X39€{=290X9{-29=-1294{-251223>»

SQUARE = {9,

{1v1s1s1sislsislsld)y
€=190>9{-151>9{0y=12s{-1r~13>

€Or129{1s=13»41+03»{1y123>»

{5y {1s19151y12,

RHOMEBUS =

L=190>9»{1503s{0s133>2>»

ROXNE = {4y {1y1,1,12,
{15025 €C19123325

Select structuring element!\n*);
1+ CIRCLEN\n"*)}

2. SQUARENR")}$

Se RHOMBUS\NR")

4. BOXNE\Nn®)j{

gsel);

switch(sel)

€

case 19

rt.se =

ZCIRCLES

hreaks

case

*
28

rt_se =

2SQUARE;

breashs
case 3¢

Flt.se =

ERHOMBUS
46

{{050X5<0s»1),

94
L 74

X/
X/

X/

X/
X/
L ¥4
94

{{0s03>»

£{050X»<{0y—-1)y



bres

case 43
pt.se = LROXNE}
break}i
default?
rt.se = &CIRCLES
breaks
>
Maim boduy lselect morrholodical orperations and inrut files %/
Frrintf (" Enter the number vou want to doi\n")j
printf(* 1, DIilation\n 2, Erosion\n 3., Oren \n*)j
erintf(" 4, Close\n Ye Subtract\n 6. Comr\n®)i
rrintf(* 7+ min\n 8. Exit\n")j
scanf(*Zd",&doh)
while(dob 1= 8)
{
printf("* Enter the file name!®)}
scanf(*Zs*r»name) s
switch(dob)
{
case 1 /% Dilation
{
pt_test = make_im(name)
make_.out(dilate(rt_test, rt_se))}
break?’
>
case 2% /% Erosion
{
rt.test = make_im(name)s
make_out(erode(rt_testy rt_se));
breaks
>
case 33 /X Orening
{
rt_test = make_im(name)d s
rt_oren = erode(pt_testy rPt_se)s
make-out(dilate(prt_orensy rt_se));
breaki
¥
case 4% /% Closing
{

ki

rt.test = make_im(name)
ninetg(rt_se)j

ninety(rt_se)s
rt.close = dilate(rt_testy rt_se);

make_.out(erode(rt_clase, pt_s2))}
breahks

47
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X/

X/
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>

case 5S¢ /% Substraction X/

{

rt_sub = &bhuffer;
rt_trst = make_im(name);
buffer = Xrt_test)

rrintf(* Enter the file name?*)}
scanf('Zs"r»name);
rt_test = make_im(mame) s
make.out(sub(rt_suby pt_test));
break?
>
case 6% /¥ Comrplement X/
{
rt.test = make_im(name);
make_out(comr(rt_test));
breaki
>
case 7 /%X Min oreration X/
{

ptosub = &hufferi

rt_tast = make_im(name)j

buffer = Xptotesti
rrintf("Enter the file namet®)s
scanf("Zs®"yname) s

rtoteast = make_im(name)}
make.out(min(rt_suby pt_test));

breaki
>
default?
breaks
>
printf(* Enter the number You want to doi\n®);
Frrintf(® 1. Dilation\n 2+ Erosion\n 3., Oren \n*)j
printf(" 4, Close\n S+ Subtract\n 6+ Comp\n")i
erintf(" 7. Min \n 8. Exit\n"*)s
scanf("Zd*y»&dob)?

>
return(0) ¢
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X Ilerartment of Electrical and Computer Endineering
X Kamsss State University
e AT&T UNIX C Source file name ! skeleton.c

KEKE KK KKKKKRKKKKKKRK KKK KRR KKKKK KRR KKK KKK KKK KKK K KKK KKK KRR KKK KKK

FUNCTION? main()

DESCRIFTION? This rprodram orens input file and find
skeleton and minimal skeleton imades. User can
choose the structuring element.

LIIOCUMENTATION

FILE: None

ARGUMENTS? None

RETURN? None

FUNCTION

CALLED? make_im()y
make_ou()
dilate()
erode()
recon()y
sub(),
min_sk.dglob()

AUTHOR ¢ Kyung Hsun Yoo

DIATE CREATED? 20 March 1989

REVISION?

R I E EEEE T EETTE RN R E R R R R E IR EX B K R I S

KRKEKKERKEKEKKRKKEKKKKK KKK KK KK KK KKK KKKEKRK KKK KKKKKKK KK KKK KKKKKKRKKRKKKkXKX/
¥include <stdio.h>
¥#include "m_morp.h"

main()

.c

extern IMAGE Xdilate()»
Xerode()y
¥make_im()y
Xmin_shk_dlob()»
*recon()y

Xsub()s
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extern int make_out()}

int iy
Jy
Iy
noy
selj /% For structure element selecting %/

char namelf101; /% Inrput file name X/
static IMAGE s[1015

IMAGE m.skely
temry
¥erosly
Xerosly
Xoren
¥rt_bufs

STR_ELEMNT X%rpt_sej

static STR_ELEMT CIRCLE = {21y {1s1s1s1s1s1s1s1s1s191v1s1s1>
151519191919 1%9{{0+s0>9y{0y-12>,
€0y=239<{09129{0»2)>9y{1502)s{1y-12»
C1y=2%9s€{19129€19239€290>9{29y~-12>,
{25125 {-190F9s<{-1y-12y{~-1»-22,
L=191X9{-192274{-25029{-2y-12%y
{-29123>,

SQUARE = {9y {1s151s15191y151512>y {<{-19-12,

{-150>s<{-1512+40s-12>5{0+,03+»{0s12>,
{1y-1>y<150X>»{151322>

RHOMEBUS = {8y {1s1s1s1s1)y {€0y=12s{-1,02>»
€0s0>y{150239<0»1222;

/R e e e e e e e e e e —————————— x/
/% Select structure element X/
R e e e e e e X/

printf(* Select structurindg elementi\n®);

Frintf(" 1+ CIRCLE\Nn®)}

printf(* 2. SQUARE\n")

printf("® S+ RHOMBUS\R")}

scanf(*Zd*y &sel)s

switch(sel)

<

case 1
pt_se = &CIRCLE;S
breaks

case 23
pt.se = SSQUARES
hreaks

case 33

rt-se = &RHOMRUSS
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breaks

default:
rt_-se = &RCIRCLES
breaksi
>
J R e e L L P P L Lt X/
/% Make IMAGE from inpulbt imade file X/
J 2 B e L P L L P L L e X/
printf(* Enter the file namet®);
scanf("Zs*yname)i
n = 0% /% Maximum size of SE %/
erosl = &temsrs
Xerosl = Xmake_im(name)s
erns? = erode(erosl, pt_se)j
/K o e e e e e e e e ke 0 e o e e e e X/
/% Main bobw of skeleton aldorithms X/
/R e e e ————————— ettt x/
while(eros2->size != 0)
<
oren = dilate(eros2y pt_se)?
rt_but = sub(erosls orendi
F K e e e e e e e 0 e e e e e e e e e e e X/
/% Make skeleton subsets X/
R e e i e e e e e e e e e e e e e e o e e e X/
¥(s + n) = ¥xpt_buf;
¥erosl = Xeros2j
erns? = erode(erosly rt_se)i
ntts
>
¥(s + n) = Xerosli
/K e e e e e e e e e e e e e o e e e e e e e e e e X/
/%X Make skeleton X/
J g et et X/

i = 0j
m-skel.size = 0j
for(d = 05 J <= n¢ Jt++)
<
m.skel.size += sLdil.size’
for( k = 03 k < sCdlssize’ k++)
{
m-skel.domainfil.x = sCil.domainlkl.x}
m.skel.domainlil,y = sl.id.domainfkl.yj
m-skel,randelfil = sCJdl.randelkl;
it+s
>
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/%

x/
/X
/%
/%

/%

>

printf(*Now skeleton imade was made.\n")j

rt_buf = &m_shkels

make_out(pt_buf)si

make_out(recon(ssrt_sern))i
scanf(*Zd"y &dumm)

" - — - - - S e - W - - G G G = " . . = G Sm T W e = e 0 G S S e S . e - - — > - - - - -

o e Sy 0t et s W Bot B B e W Gor e e W " - - T o - — "= . . ———— " S o " " " - - - - —

make_out(min_sk_.dlob(sy rPt_sey n))j

make.out(recon(ssrt_sernd))ix/

return(d);
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X Derartment of Electrical and Computer Endineeringd
b 3 Kamsas State Unmiversity
X AT&T UNIX C Source file name ! dilate.c

AKEKKKKKKKKKKKRKKKKKRKKKEKKKKKKRKKKKKKRKKKKKRKKKKKKKK KK KRR R KRKKKKRKKK KK

X

X

% FUNCTION?
X

X

¥ DESCRIPTION?
X

X

b 3

% TDOCUMENTATION
X FILE:?

X

X

X ARGUMENTS?
X

X f

X

X

X s

X

X

X

X

X RETURN?

X

X

X

X

X FUNCTION
X CALLED?

X

X

X

X AUTHOR?

X

b 3

X DATE CREATED?
X

X

X REVISION?
X

dilate(fsy s)

This function take an imade and a3 structure
element as inruts and outrut 3 dilated imade

None

(inrPut) IMAGE X
Pointer to inerut IMAGE which will be dilated.

(inrPut) STR_ELEMT x

Fointer to the struntre element which will be
used for dilaion.

IMAGE X
This function will return the rpointer to
IMAGE which will rerresent the dilated imade.

trans()»
extmax()

Kyund Hweun Yoo

20 March 1989

K K KK KK KK KK K K KKK KK K K K K KKK oK K KK KK KK KK oK KK K K KKK KK KK KK KKK KKK KKK KK KKK/

$include *m-morr.h’

IMAGE dilated;
IMAGE Xdilate(t» s)

IMAGE Xf
STR_ELEMT Xsi

/% Nilated imade X/
/7% Input imade X/
/% Structure element which will X/
/¥ be used X/
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extern 1MAGE Xtrans(),
Xextmax()j

IMAGE Xet_dilj

int iy
Xy /% Position of erixel in structure
95 /% element

pt_dil = &dilatedi

Make dilated imade by takindg union of transed imade
for(i = 03 i £ s->size’y it++)

<

® s=>domainCil.x

L]

s->domainlil.y

Ppt_dil = extmax(trans(fy %y 9)y Pt_dil)di
>

return(ept_dil)j
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V22332328223 23333333333333333332333FFFFPE2232223223222 3222222225280
Ilerartment of Electrical and Computer Endineerind

X
X
X

X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
*
X
*
X
X
p 3
X
X
X
X
X
X
X
X
b
X
3
3
X
X
p 3
*
X
X

%

¥#include

Kansas State University

ATE&T UNIX C Source file name ¢ erode.c
30K K 3K 3K 3K K 3K K K K 3K K K 3K 3K 3K K KK K KK 3K 3K KK K 3K 3K K K 3K 3K 3K K K 3K K K K 3K 3K K K K KKK K K KK K Kk K KK Kok ok ko ok

FUNCTION?

DESCRIFPTION?

DNOCUMENTATION
FILE?

ARGUMENTS?

f

RETURN?

FUNCTION

CALLED?

AUTHOR ¢

IATE CREATED?

REVISION:

IMAGE erodedj;

IMAGE Xerode(f

*m.morr.h"®

s)

erode(fy s)

This function take an imade and a3 structure
element a38s inruts and outrut an eroded imade

None.

(input) IMAGE X%
Ponter to inrput structure IMAGE which will
be eroded.

(input) 1MAGE X
Fointer to structure element which will be
used for erosion.

IMAGE X

This function will return the rointer to
structure IMAGE which will rerresent the
eroded imade.

min()
ninety()
trans()

KRgund Hsun Yoo

30K K K K KK K K KK 3K K K K K K K K K KK K K K 3K K KK KK K K KK 3K KK K K KK KKK K 0Kk Rk kKoK kkkkkk X/
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IMAGE kF5
STR_ELEMT *%sj

{
extern IMAGE Xmind()»
Xtrans()s
extermn int ninetu();
int iy
Joy
oy
Wy
°R ]
IMAGE %krt_buffer,
Xrt_erods
rt_ernod = Z%eroded;
ninetuy(s);
ninetu(s)i
R e e e e e e e e e e X/
/¥ Initialize all pixels in IMAGE mined to 1 X/
/R e e e e e e e e e e e e e e e 94
k = 03
for(i = 03 i < MAX3 i++)
for(d = 05 J < MAX? J++)
<
rt_erod->domainlkl.x = i
rt-.erod->domainChkl.eg = Jj
rt.erod->randelk++] = 1
>
pt_erod->size = MAX X MAXS
/R e e e e e e e, e e e — e — e — - . ——————————— X/
/% Erode oreration ( IMAGE AND orertion ) X/
/R e — e ———————— X/
for(i = 03 i € s->size’ it+)
<
% = s=rdomainlil.x)
g = g-rdomainfil.y’
rt_buffer = min(trans(fy %y 4)y Pt_erod);
kert_erod = Xrt_buffers
>
return(rt_erod)j
>
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X Nerartment of Electrical and Comrputer Endineerindg
X Kansas State University
X ATET UNXX © Source tile name ¢ min_sk_dglob.c

30k oK OK 2K oK K oK K K 2K K 2K K K 2K KKK KK KK K KK Ok KK KK E K K KKK KKK K KKK KKK K KKK KK KK OR K KKKk X
x

R

¥ FUNCTION? min.ck_dglob(sk_suby pt_ses n)

X

X

¥ DESCRIFTION: This function make minimal <keleton imade
X from skeleton subsets array.

X

X

¥ DOCUMENTATION

X FILE? None

*

X

% ARGUMENTS?

X

X sk.sub (inrut) IMAGEL]

X Skeleton subset arrayw of inFut imade
X

X rt.se (input) SE_ELENMT

X Structuring element corresronding to
X skeleton subsets

X

X n (input)

X Size of skeleton subsets array

X

X

X RETURN? IMAGE %

X Fointer %o minimal skeleton imade
X

X

X FUNCTION

X CALLED: dilate()

X make.out()

X

X

%X AUTHOR? Kgung Hgun Yoo

X

X

% DATE CREATED? 30 March 1989

X

X

¥ REVISION?

X
KEKRKKEKKKKKKEK KKK KKKKKKEKKEKEKREKKKEKKEKKEKKKEKKREK KKK KK KK KKK KKKKK KK KA KKK/

¥include "m_morr.h’

IMAGE min_shks
IMAGE ¥min_sk_dlob(sk_.suby Pt_sesr» n)

IMAGE sh_subll} /% Array of skeletomn subsets X/

57



STR_ELEMY
int
<
extern
extern
IMAGE
static
int
/7% For Ot
min-sk
/% Make m
Frintf(*in
for(i
{
rt

J
rt
pt

/%
/X
/%

wh

Xrt_ses /X Structura2 element X/
rns /% Numbers of «keleton subsets ¥/
IMAGE Xdilate();
int make_out();
min_sk_sublC10], /% Array of minimal «keleton X/
/% subsets X/
Xrt_buffery /¥ For temrorary storade X/
Xprt_dummsy /% For temrorary storade X/
Xrt_temry /% For temrorary storade X/
rdfy /% pseurfo dray level function X/
temrs
int pixellMAXJICMAX]S
isdrskyly /% Counter X/
PERYY) /X Location of rixels X/
flasdy
sizesl /X Size of IMAGE X/
/e e e e e e e e e X/
h skeleton X/
/K e e e e e e e e e e e e e e e e X/
-sublf0] = sk_sublO0]}
/R e e e e e e —— — — — — — — — ——————————————— X/
. oditied subsets (dislte(dilate(sk.sub))) X/
K e e e e e e e e e e e e e e e e e e x/
modity section\n");
=15 i <= ni i++4)
-dummy = sk_sub + i3}
= pl_dummy->rsizes
~buffer = min_sk_sub + 1ij
~buffer->size = 03
----------------------------------------------------- X/
Make minimal skeleton subsets which have the dgray %/
level, Shifted version of each rixels ty structure %X/
element makes this dravy level., X/
----------------------------------------------------- X/
ile(d > ?)
{ rrintf(*make minimal skeleton\n®)j
rt_temr = ftemr)
temr.size = 13
temr.sdomainl0l.x = pt_dummy->domainld-13.x%
temrodomainlOl,y = rt_dummu->domainCd-177.495
temr.randel0] = pt_dummuy->randgeli-13;
rt_tems = dilate(pt_temry rt_se)i
b = 1 - 13
while(k > 0) /% Shiftind structure element is X/
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/% eaual to taking dilation 2 timesx/

{

rt_temr = dilzte(rt_temry rPt_se);
k=—3

>

size = pt_buffer->sizej’

flad = Oj
for(h = 03 k < pt_temp=->sizeis k++)
{
for(l = 03 1 < size’ 1++)
{

if((prt_buffer->domainlfll.x ==

pt_temr->domainCkl.x)2%

(rt_buffer->domainCll.y ==
pt_temr->domainlkl.y))

{

flad = 13

pt_buffer->randell] += 13}

breaks

>

>

if(flad == Q)
{
pt_buffer->domainlrt_buffer->gizel.x =
rpt_temr->domainlChkl.xs

pt_buffer->domainlrt_buffer-*sizel.y =
rt_temp->domainlkl.yj

rt_buffer->randelrt_buffer->sizel] =
rt_tempr—->randelkl;

pt_buffer->sizet+ti

>
else
flad = 03
>
NEE ]
>
>
F e e X/
/% Make pdf (rseudo dragtone function) X/
e o o e e e e e e c————X/
printfP(*In rdf secvtion\n")i
pt_dummy = &pgfi
pt_dummy-+size = 0}
flad = 03
pt_buffer = min_sk_subj
¥Xrt_dummy = Xrt_buffersy /% For Oth skeleton X/

for(i = 15 i <= nj i++)

{
rt_buffer = min_sk_sub + i}
size = rt.dummy->sizes
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for(d = 03 . < rpt_buffer->sizes J++)
/% Add 311 minimal skeleton X/

/% subsets X/
{
for(k = 03 kh < sizes k++)
<
if((rt_buffer->domainldl.n ==
pt.dummy->domainlCkl.x)&&
(rbt_buffer->domainlJl.y ==
pt.dummy->domainlkl.y))
<
flag = 15%
rt.dummy->randelk] += pt_buffer->randelJl’
breaks
>
>
if(flag == 0)
{
st_dummy->domainlrt_dummy->sizel.x =
rt_buffer->domainfJl.x;’
pl.dumms->domainlert_dummy->sizel.y =
pt_buffer->domainlfdil.uy}
rt_dummy->randelrt_dummu~->sizel] =
rt_buffer->randelJl;
rt_dummy->sizet++s
>
else
flad = 03
>
>
Sl bt et il bttt LR L L X/
/% Make rixel form X/
Vg SEL LD T e — e —————— X/
rrintf(*In rixel section\n®);j
for(i = 03 i < pt_dummuy->cizes i++)
{
% = ptodummy->domainlil.xs
g = pt_dummuy->domainCil.ys
pixellxllyl = pt_.dummuy->randelils’
>
SR e e e e e e e e e e e e e o e e e e e e e e e e X/
/7%  GChack the conmbtributionsof =ix2ls in skeleton substs to X/
/% pdf function. 'If this contribution is dreater than 2, X/
/% that pixel can be removed., X/
SR e e e e e e e e e e e e e e e e e e e e e e e e e e e X/
for(i 17 i <= né it++)
{

rt_dummy = sk_sub + i}
J = st_dummy->sizes
while(d > 0)
{ printf(*In checking section\n®);

rt_temr = Ztemr;
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temrssize = 1;

temr.domainf0l.x == pt_dummy-rdomainlJ-1].x
temssdomainCO0l.uy = pt_dumme->domainlJ-17.y

temp.randel0] = pt_dummu->randelJ—-135

H

rt_tems dilate(rt_temrsrt_se)i
kK =1 - 13

while(k > 0)
{

rt_temr = dilate(rt_temry rt_se)s

ho==3j

>

for(tkh = 07 h < pt_temr->sizes kt++)

{
% rt_temp->domainlkl.x}
y = pt_temr->domainlhkl.y’

if (rixellxlLsl £ 2)
flag = 13

>
if(flag == 0)
{
for(k = 05 k < pt_temp->size’ kt++t+)
{
¥ = pt_otemp->domainlhkl.xs
g = pt_temp->domainlkl.ys
pixellx]ILy] -= 13
>
rt_dumme->domainli-1].%x = -17%
rt_dummuy->domainlCJi-13.3 = -15%
rt_dummg->randelJ-1] = 0%
>
else
flad = 03
J=—3
>
>
Vg Sl e D e Lt DL o e e X/
/% Make minimal skeleton imasde from subsets
/* ———————————————— - ——— - - - ———— —— - - -
i = 0}
temr.size = 03
for(d = 05 J <= ns Jt++)
{
for(k = 05 k < sk_sublJdl.sizei kt++)
{
if ((sk_subldle.domainLkl.x >= 0) &%

(shosubl.dledomainlhkley >= 0))
{

temp.domainfilex = sk_sublil.domainlkl.xs
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temp.domainlil.y = sk_sublJl.domainlkl.y}

temrsrandelil = sk.subldl.randgelk];
i++3
>
>
>
tempssize = i
rt_dummy = Rtemrs

return(pt_dummu)
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X Derartment of Electriecal anmd Comruter Endineering
X Kansas State University
X AT%T UNXX C Source file name ! trans.c

RRKKKEKKRKKKKKKEKKKKKKKKREKKEKKRKKKKKKKKKKKKKKKKER KKK KKK KKK KK KKKKRK

X

X

X FUNCTION? trans(fy »_.valy uv_val)

X

X

X DESCRIPTION? This fumction move the inrut imade f over
X i rixels to the right and J rixels down.
X

X

% DOCUMENTATION

¥ FILE? Norne.

X

X

% ARGUMENTS?

X

X f (inrput) 1MAGE X

X FPointer to input IMAGE which will be moved.
X

X n.val (inrPut) int

X Imadge will be moved along the x_axis by this
X value.

X

¥ y_val (infput) int

X Imadge will be moved 3londg the wv._axis by this
X value.

X

X

X RETURN? IMAGE X

X This function will return the rointer to
X IMAGE whinch was moved byw x.val and w_v3l.,
X

X

¥ FUNCTION

X CALLED? None.

X

X

X AUTHOR? Kwung Hsun Yoo

X

X

X DATE CREATED? 20 March 1989

X

X

¥ REVISION? None

X

KAEKKEKKKKKEKKKEKKKEKK KKK KKK KEKKKKKEKKKKKKKKKKKKKEK KKK KKEKKKKKKKKKKKKKKK/
$#include *m-morr.h"

IMAGE transed) /%X IMAGE which was moved X/
IMAGE Xtrans(ry x_valy s_.val)
IMAGE Xfs /% Imade which will be moved X/
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int

novaly /¥ Trans value x—-aMis X/

g.vals /% Trans value y-3xis b V4
int is /% General purrose counter X/

IMAGE Xrt.transs
rt_trans = &transedi

Xrt_trams = Xfi

----------------------------------------------------------- X/
Check inrut imade x/
——————————————————————————————————————————————————————————— x/
if(f-rsize <= 0)

<

printf(* Error! Size of input IMAGE is less than O\n®);

exit(1);j

>
----------------------------------------------------------- */
Make tramsition image of inrput L 4
----------------------------------------------------------- . 94
i = 03
while(i £ f-*size)

{

if((rpt_trans->domainlil.x f->domainfil.x + x_val) >= 64)
rt_trans—->domainCil.n -= 64j)

if((rt_trans->domainlil.y = f->domainlil.g + w_va3l) >= 64)
rt_trans->domainlil.y -= 64;

itts
>

return(rt_trans)i

64



ZXKKKKK KK KKK KKK K KKK KKKk kKRR ok Kok ok kb okokokok kokok ok kokkrxekookkkkkekokokkokok

X Nerartment of Electrical and Comruter Endineering

X KRansas State Unmiversity

X AT&T UNIX C Source file mame ! extmax.c
KREKKKKKKKKEKKKKEKKKKEKKKKKKKKRKEKEKKKKKEKKKKKKKKEKKKKKKKRKKK KRR KRRk
X

X

¥ FUNCTIONS extmax(fy )

b 4

X

X DESCRIFTION: This function comrares two inrput imades in 3
X riveluise mann=2v a3nd outrut the meximum dray
X value at each rinel.

X

X

¥ DOCUMENTATION

X FILE: None

X

X

X ARGUMENTS:?

*

X f (inFrut) IMAGE X

X InFput IMAGE whirch will be comrared

X

X g (inPput) IMAGE X

X Inrut IMAGE which will be comrared

X

X

X RETURN? IMAGE X

X This function returns a3 IMAGE which has the
X maximum gray value of inrut imades.

X

X

X FUNCTION

X CALLED? None

X

X

X AUTHOR? Kyung Huwun Yoo

X

X

% DATE CREATED: 20 March 1989

X

X

X REVISION:!

%
KEKKKKKKKEK KK KK KK KKKKEKREK KK KK KK KK KKEKKEKKKKKEKKKKKKKEKKKKRKKKKRKKKKKRKKRKXK/

$include *m_morr.h"’

IMAGE extmaxeds

IMAGE ¥extmax(fy

IMAGE Xfy
L33

g)

/% Fointer to inrut IMAGE X/
/% Fointer to inrut IMAGE X/
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/%
/X%
/%

/%
/%
/%

return(rt_extmax)s

66

/% Gerneral

rurrose counter x/

int iy
J /% General rPurrose counter X/
flags
IMAGE Xrt_extmaxs
rtoextmax = fextmaxeds
flag = 03
------------------------------------------------------------- X/
Chack IMAGE 4, If [MAGE 94 has no rpixels outrut IMAGE will X/
be the same IMAGE 3s input IMAGE f X/
-------------------------------------- e ————————————————
if(g->size == 0)
¥rt_extmax = Xfi
------------------------------------------------------------- X/
Check the drag value of each rpixels and outrut the highest X/
grag value X/
------------------------------------------------------------- x/
else
{
Xrt_extmax = Xd)
for(i = 0§ 1 <f->sizei it++)
€
for{(d = 0§ J < d-rsizes J++)
{
if((f->domainlil.x == pt_extmax->domainlJl.x) &%&
(f=+domainfiley == pt_extmax->domainlCdl.g))
{
flad = 13
if(f->randelil > extmaxed.randgelJl)
extmaxed,.randnlJl] = f->randelil)
breaks
>
>
if(flad == 0)
{
extmaxedisdomainlextmaredssizel] = f~->domainlil;
extmaxed.randelextmaxedssizel = f->randelil)
extmaxed.ssizetts
>
else
flad = 0}
¥
>
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X ferartmant of Electrical and Comrputer Engineering
X Kansas State University

X AT%T UMNIX C Source file mame ¢ min.c
KKKKKKKKEKKKKKEKKRKEKKKKEKKKRKRKKEKKKKEKKEKEKKKRK KK KRKEKEKRRKKKKRRKK KKK KKK
X

X

X FUNCTION:? min(fy 4)

X

X

X DESCRIFTION? This function comrares two imades in 3
X rivelwise manner and outerutbts the maxdimum dray
X value a3t each rPixels.

X

X

¥ DOCUMENTATION

X FILES None.

X

X

X ARGUMENTS?

X

X f (inFPut) 1IMAGE X

; Insut, IMAGE which will be comrared.

X g (input) IMAGE X

x Inrput IMAGE which will be comrared.

X

% RETURN? IMAGE x

X This function returns TMAGE which has the
X lowest dray level of inrut IMAGES.

X

X

X FUNCTION

X CALLED: Nonme.

X

X

X AUTHOR? Kgung Heun Yoo

X

X

% DATE CREATEDS 20 March 1989

X

X

X REVISION:?

X

KEKKKKKKKKKKKKKKKKKEKKEKEKKKKKEKKKEKKEKKKREKKREK KK KRKKKK KK KK KK KKRKKRKKKKKKKKXK/
¥#include *m.-morm.h"*

IMAGE minimums
IMAGE Xmin(f, )

IMAGE xf» /% Fointer to inrput imade X/
Xd5 /% Fointer to inrut image X/

€
int i» /¥ General rurrose counter X/
Js /% General rurrose counter X/

67



flags
IMAGE Xrt_mins

flag = 07

rt_min Eminimums

Take an intersection of
for each rixels

minimum.size = 0j

-

for{(i = 05 i < f-rsize
<

for(d = 03 J < d-*sizej

{

if((f->domainlfil.x
(f-rdomainlLil.y

{

minimum.domainlminimum.sizel.x
minimum.domainCminimum.sizel.y

inrut imades and lowest gray level X/

- ——— - - - - - ———— - ——— > . " W T® D . W D T W D T S - W o o St ton -

d=->domainlCJl.x)
g=->domainCJdl.g)

X/

g8
)

f->domainlil.x;
f=->domainlLil.ys

minimume.randgelminimum.sizel = f->randelil;

minimumssizetts

>
>
¥
return(rt_min)j
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ZXKKKKKRKKKKKKRKKKKKKKKK KKK KKKKKKKKKKKKKKK KKK KKK KKK KKKKKKRK KKK KKKk

X
X
X

lIlerartment of Electrical
Kansas State University
AT&T UNIX C Source file name 3

and Computer Endineering

ninetg.c

AKRKKKKRKKKKRKKKKKKKHKKKKRKKKKKKKK KKK KKK KKK KK KKK KKK KRKKKKKK KK KK KK KK

I EEEEEEEXEZ R I3 I3 3 3 B I S 2 I I I i

FUNCTION?

DESCRIFTION?

NOCUMENTATION
FILE?

ARGUMENTS

8

RETURN:?

FUNCTION

CALLED:

AUTHOR?

LUATE CREATED?

REVISION:

ninetu(s)

This function rotate structure element

9?0 degreers.

Nore.

(inpPut/outrut) STR_ELEMT X
Structure element which will he rotate.

int
NORMAL
ERROR

None.

Kyung Hgeun Yoo

10 March 1989

None

KK KKK KK K KK K K K 3K K KK KK KK 3K K K 3K 3K 3K K 3K K K KK KK KKK K K K KK KOK KK KK KK KKK KKk kKoK ok ok ok ok /

$#include *m_morr.h"*

int ninetyg(s)

STR_ELEMT Xsi /¥ FPointer to stiructure element X/

<
/% General purrose counter X/

/% Temrorary buffer X/

int i
temrs

if(s=-»size <= 0)
{
rrintf("
exit(1)}
>

Error: Size of input IMAGE is less tham O\nm")j
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ZXKKKKKKKKKKKKKKKKKKKK KKK KKKKK KK RKRAIOK KK KKK KR kkkokkokkkkkokkkkkkkk¥xx/

/% FRotate 90 dedrees X/
ZERKKKKKKEKKKKKKKEKKKKKKKEKKEKKKEKKRKEKKEKKKEKKREKKKKKEKKKEKKKREKKKKK KK KK KKK K)K/
for(i = 03 i € s->sizes it+t+)

{

temr = s->domainfil.gs

s=rdomainlil,y = s->domainCil.;

gs=»domainfil.x = -1 X tempj

>

return(NORMAL)
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X Ierartment of Electriecal and Comrputer Endineerind
X Kansas State University
X AT&T UNIX C Source tile name ¢ make_im.c

KK KK KR KK KKK KKK KKK KK RK KKK KKK KKK KKK KKK KK KKK K AR KK KKK KRR KKK KRR KK

FUNCTION? make_im(name)

DNESCRIFTION? This function makes stiructure IMAGE from
inrPput imade file. InPput imade file is a
binary imade which was exrressed by *"1' and
Oy Size of imade is &4 %k 64 rixels.

DOCUMENTATION

FILES None.

ARGUMENTS ¢

name (input) charll

Name of inrput imade file.

RETURN? XIMAGE
This function will return the rointer to
structure IMAGE.

FUNCTION

CALLED? None.

AUTHOR Kyung Huun Yoo

IATE CREATED: 20 March 1989

REVISION:? None.

I H K I SE I I SE I W H H K I I MK H ;I H H I H I K KKK KK H KK X X

KEKEKKKREKKKKKKKEKKEKKEKKEKRKKKEKKEKKEKKRKEKKEKEKKEKKKEKKEKKEKEKKREKRKKKRKKKK KKK KXK/
$include <stdin.h>
$#include °*m_morr.h’

IMAGE oridinalj /% IMAGE which will rerresent inrut X/
/% imade file. x/

IMAGE Xmake_im(rame)

char namells /7% Name of inrput imade file V4
£

int Cy /% Inteder value of each rixel X/

iy /% General rurrpose counter X/

71



Jdr /% General purrose counter X/
ke /% General rurrose counter ¥/
rixel [IMAXILMAX]1? /% Array of rFrixel value ¥/

IMAGE Xrt_imj
FILE xinfiles

rt..im = &oridinals

A R ittt R tatata e X/
/% Open inrut file X/
S K o e o e e e e e e e e e e e e e e e e e X/
if((intile = foren(names "r")) == (FIILE k) NULL)
€
rrintf(stderr,* Error?! cannot oren file (make_im())\n*);
exit (1)
>
/R e - X/
/% Make rixel arraw from inpulb file ( MAX = 64 ) *x/
g St e e ettt ittt L L P X/
for(d = 05 4 < MAX3 J+H)
for(i = 0§ i < MAX$ i++)
pixell[JILi] = O3
for(d = 05 J < MAXi J++)
for(i = 05 1 < MAXi i++)
<
if((c = detc(infile)) == EOF)
rixellJlLil = EOQF;s
else if(ec != ’‘\n’)
PixellJdlCLi]l] = ¢ - 48;
else
i--3
>
/R e e ———— X/
/% Make structure IMAGE from rixel array X/
SR e e e e — e e e X/

k. = 03F
ptoim->size = 0}

for(d = 03 J <«
for(i = 0y i
{
if(pixellJlLil] >= 1)
<
ptoim->domainlkl.x ij
rtoim->domainlkl.y J7
pt_im->randelk++] = pixellJdILil;
rtoim->sizet++s
>

< "MAXS Jt++)
2 MAX3 i+4)
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X Ilerartment of Electrical and Comrputer Endineeringd
X Kansas State University
X AT&T UNIX C Source file name ! make_out.c

KKK KKKKKKK KKK KKK KKKIORKKKK KKK KK KKK KK KKK KKK KKK KKK KFKKKKK KKK KK KK

FUNCTION: make.out(rt_im)

DESCRIPTION? This functiom converts structure IMAGE to
imade file which has 44 X 64 rixels., Each
rixel will be rerresented a3s a numbersy which
is the dra3y level.

DNOCUMENTATION
FILES: None.
ARGUMENTS ¢
rtoim (inPput) 1MAGE X
Fointer to inPput structure IMAGE.
RETURN? int
NORMAL
ERROR
FUNCTION
CALLED? None.
AUTHOR ¢ Keung Hwsun Yoo

DATE CREATED! 20 March 1989

REVISION: None.

LR R I IR EEEEEEEE R R I E I IS S S 2 S )

KEKEKKKKKEKKK KK KK KEKKEKKKKKKKKKEKKE KK KKK KEKKEKKEKKEKREKEKKEKKKKEKKRKKEKKKKKK KK/
¥include <stdio.h>
¥include *m_morr.h"
int make_out(st_im)

IMAGE Xrt_imj

{
char nameli103]5 /% Name of outrut imade file X/
int iy /% General FPurrose counter X/
Jor /%X General rFurrose counter X/
Hy /% Location of rixel X/
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9y /¥ Location of rixel X/
rixel LMAXICMAX] /% Array of rixel value X/

FILE *outfiles

F O et e L R X/
/% O0Opren outrut file X/
/R e e e e e e e e et e e e e e e et e o e e X/

Pprintf("You are doing to make imade file\n\n")j
rrintf(*Enter the file name within 10 characterst! ")}
scanf(*Zs*ynama)j

if((outfile = foren(namey*w"')) == (FILE %) NULL)

{
rrintf(®* Error! cannot oren file (make_out())I\n*)jJ
exit(l);
>
R e e e e e e e e e e e e e e e e e e e e e X/
/% Make rixel arrauw from structure IMAGE X/
K e e e e e e e e e e e e e e e e e e e e e e e e e e e o e X/
forCi = 05 J < MAXS J++)
for(i = 05 i < MAXi i++)
pix2l1CJlCi] = 07

< ptoim->sizes i++)

-+
(=}
-3
—~
.
L
(o]
[

% = ptoim=>domainCil.xs

g = ptoim->domainCil.y’

if((x >= 0) &% (uw >= 0))
rixvellwllx] = rtoim->randelils

else

return(ERROR) }

>
/R e e — . ————————————— X/
/% Make outrut imasde file from rFixel array X/
Vg S ket il D it X/
for(d = 0% .J < MAXi J++)
{
for(i = 05 i < MAXi i++)
{
if(erixellJILid == 0)
ferintf(outfiles*0")j
else if(rixellJlLil >= 1)
ferintf(outfiles*Zd®yrixelLJILil);
else
frrintf(outfiley*"%X")j
>
frrintf(outfiles*\n"*);
>

fclose(outfile)s

return(NORMAL) §
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X Ierartmant of Electrical and Comeputer Endineering
%X Kensas State University

X ATZT UNIX C Source tile name ¢ sub.c
KEKKKKKKKKEKKEKKKKRKKEKRKKE KKK KEKKEKEKKKKKKKKRKKEKKK KK KK KK KKK KKK KKK KKKk
X

X

X FUNCTION? sub(rictly rict2)

X

¥

X DESCRIFTION? This fumnction subtract & imade from the other
X imade.

X

X

* DOCUMENTATION

X FILE?: Nore.

X

X

X ARGUMENTS?

X

X Frictl (inFPut) IMAGEX

X Minuend IMAGE

X

X rpict2 (inrPut) IMAGEX

X Subtrahend IMAGE

X

X

¥ RETURN? This function returns the rointer to
X subtracted imade.

X

X

¥ FUNCTION

X CALLED:? None.

X

X

X AUTHOR:? Keundg Husun Yoo

X

X

% DATE CREATELD?S 20 March 1989

X

X

X REVISION:

X

AOK KKK K KKK K KK KK KKK KK KKK KKK KK KKK K KKK KKK K K0k KKKk kR kkok ok kkokkkkxokkkx/

Finclude <«<stdion.h>
finclude "m_morer.h"

IMAGE subeds
IMAGE Xsub(rictl,

IMAGE X%rictil,
¥pictls

rict2)

/% Inrut minuend imade X/
/% Trneut subtrhend imade %X/

static int rpixell[MAXICMAXI],
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rixel2IMAXILMAX];

int Wy
9y
iy
Jr
ky
rointi

IMAGE *outs

out = &subed;

- o - —— o — —— " " S - = = = = . S G . - ———— T S = G S . - - - ————

Initialice the rFixel arrays

- - - - ——— - . " > " . " - - . - . T W . S G G = G = W G - - G - — - - ——

< MAX§ it++)
i J < MAXS Jt++t)
pixelll[ilLJ] =
rixel2CilCJd] =

Make rFrixel arraws for inrFut

03 i < pictl->sizes
rictl->domainCil.xs
ricti->domainCil.y}
rixelllx]Lw] = 13

>

03 i £ pict2->size?

for(i
{
e
g
rixel20xJly] =
¥

pict2->domainCil.x}
pict2->domainfil.y’
15

- = - - - " - —— " S D G G - G = S M G S - S G B W S G e - - o = . G S o — . -

i+4)
< MAX3 Jt+)
Pixeli[ilLJ]
1)

roint =

if (roint
€
out->domainlhkl.x
out-rdomainlkl.y
out->randgelk] =

ktti
>
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Location of rixel
roints

Counter

Counter

Counter

Gray value difference

/X
/%
/X
/%
/X
/%

imades

it+t)

Ppixel20iICJd)

[
[
-

15

X/
x/
x/
L 94
X/
x/

X/
X/



>
out-rsize =

return(out);

ki
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ABSTRACT

This report presents the application of morphological
techniques to binary image analysis. Mathematical
ﬁorphology provides an approach to the processing of
digital image in terms of some predetermined geometric
shape known as a structuring element. A brief discussion of
mathematical morphology is included as a background along
with some definitions of basic morphological terms. The
programs for basic morphological oprations are developed
using C language on AT&T 3B2 computer. The results of the
application of morphological techniques to applications
such as noise cleaning, edge detection, region filling and

image representation are also presented.



