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ABSTRACT

Medical images are pictures of distributions of gibgl attributes captured by an image acquisitigstesn. Most of today’s

images are digital. They may be post processearalysis by a computer-assisted method. Edgesrgreriant features in an

image. Edge detection extracts salient features o image such as corners, lines and curves. Teasges are used by higher

level computer

vision algorithms. Segmentatioaypla crucial role in extraction of useful inforioat and attributes from

medical images. Different edge detection methodspplied on dental images. It is implemented uMAJ LAB.
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1.INTRODUCTION
Images are acquired using x-ray modality andouaredge

detection methods are applied onto the images. pitusess

or a flat panel detector with the latter two praodgcdigital
images. A physical property measured by an imagiegce

and presented as a picture must meet three camslitm be

reveals the edge detection method which gives minutuseful. It has to penetrate the human body, it mostnduly

anatomical details and good resolution.

2. X-RAY IMAGE ACQUISITION
Medical images come in one of two varieties: &ctpn
images project a physical parameter in the humaty lom a
2D image, while slice images produce a one-to-oappimng
of the measured value. Medical images may showoanat
including the pathological variation of anatomy the
measured value is related to it or physiology wtitae

distribution of substances is traced.

2.1 X-Ray Imaging:

This technique measures the absorption of shaatvew
electromagnetic waves, which is known to vary betwe
different tissues. X-ray imaging uses the depengeot
photoelectric absorption on the atomic number fadpcing a
diagnostically meaningful image. Diagnostic equipti@r x-
ray imaging consists at least of a cathode ray &rbiting x-
rays and a receptor with the patient placed betwleeemitter

and receptor. The receptor may be film, an imagensifier,

interfere with it, and it must be meaningful forsamring
some medically relevant question.

X rays are electromagnetic waves with a waveleratove
the visible spectrum. Electromagnetic radiation hhe
characteristics of waves, but is actually travellas clusters of
energy called photons with a given wavelength.
Electromagnetic waves do not need a carrier suchoasd
waves and travel at the speed of light c. The gnefga
photon measured in electron volts (eV) is the enpehgt a
single electron acquires when moving through argateof 1
V. The energy of a photon is characterized by iselength.

Itis given by

X rays are generated as excess energy from @bscin the
material of a cathoderay tube (CRAhen heating the cathode.
Energy from heating causes electrons to be relefasedthe
cathode and accelerated toward the anode. In tlelean

electrons lose their kinetic energy by excitatiommization,
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and radiation. Excitation and ionization cause teters of the
anode material to move from an outer shell to awirshell.
For excitation, this happens directly, whereaszation causes
the electrons of an outer shell to be releasedclwlthen

excites the electrons of another atom.

The excess energy being released as x rays depentise
energy difference between the outer and the inmedlss
Hence, the radiation from this process is monocle:ofhis
kind of x ray is called characteristic or monocheoradiation.
Most of the x-ray radiation, however, is polychromen
incident electron is slowed down by passing thdeuscof an
atom. Slowing down means that the frequency ofeflretron
changes. The excess energy is emitted as a pHtg@mount
depends on how close the incident electron passethe
nucleus. All its energy is released as x rays #@nihilates in
the nucleus. If it passes the nucleus, more enisrggleased
for an inner shell passage than for an outer glaasage. This
type of radiation is called bremsstrahlung and itnherently

polychrome.

2.2 Edge Detection:

Edge detection is by far the most common apprdach
detecting meaning discontinuities in gray level.g&sl are
significant local changes of intensity in an imad&dges
typically occur on the boundary between two diffeéreegions
in an image. An edge point is a point at the laabtf a local
intensity change. An edge detector is an algorittirat

computes the edges in an image.

3.METHODS
3.1 Sobel Operator
The Sobel

measurement on an image and so emphasizes redibigho

operator performs a 2-D spatial

spatial gradient that correspond to edges. Typidalis used

to find the approximate absolute gradient magnitateach

point in an input grey scale image. One the mostroonly
used edge operators.

— computes the edge at (i, j)

— Smoothing at the same time

— places emphasis on pixels closest to (i, j)

MASKS FOR SOBEL OPERATOR

af(x.v) C Ao fle +dx.v) — Filx )

dxr = dx . (2)
af Gx. y) N fG.y + dy) — flxy)

dy g dy . (3)

3.2 Prewitt Operator:

Prewitt operator is a discrete differentiation emgior,
computing an approximation of the gradient of thege. At
each point in the image, the result of the prewterator is
either corresponding gradient vector or the norweilthis

vector. Similar to Sobel but does not place any leasjs on

pixels.
-1]0 |1 1 ]/1 |1
-1]0 |1 0 |0 O
-1]0 |1 1|11
G Gy
MASKS FOR PREWITT OPERATOR
R
G=ﬂ|6§+ﬁ?}?

B = atan2(G,. Gy )
Prewitt masks are easier to implement than soberlabpr. But

the later have slightly higher noise suppressi@ratteristics.

3.3. Canny Operator.
The Canny edge detector is an edge detectioratmpethat

uses a multi-stage algorithm to detect a wide rarigeges in

images. Canny's aim was to discover the optimaleedg

detection algorithm. In this situation, an "optithadédge

grddien

detector means:

* Good detection — the algorithm should mark as many

real edges in the image as possible.
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e Good localization —edges marked should be as @sse

possible to the edge in the real image.

4. Apply hysteresis thresholding/edge linking

e Minimal response — a given edge in the image should

only be marked once, and where possible, imageenois

should not create false edges.
The smoothing filter used in the firstage directly affects the
results of the Canny algorithm. Smaller filters smuess
blurring, and allow detection of small, sharp linéslarger
filter causes more blurring, smearing out the vaitia given
pixel over a larger area of the image. Larger bigrradii are
more useful for detecting larger, smoother edgeéhe
algorithm then tracks along the top of these ridgas sets to
zero all pixels that are not actually on the ridgp so as to
give a thin line in the output, a process knowmasmaximal
suppression. The
controlled by two thresholds: T1 and T2 with T1 2.T

Tracking can only begin at a point on a ridge higthan T1.

tracking process exhibits

Tracking then continues in both directions out frtrat point
until the height of the ridge falls below T2. THigsteresis
helps to ensure that noisy edges are not brokenntgp

multiple edge fragments.

Canny edge detection algorithm:

1. Compute fand §

&
j}=E{fHGj
EG— (.
fxax _fH X

a
JFJ'.=6'__‘J.-'{JFHG:]

G(x,y) is the Gaussian function

Gy(X,y) is the derivative of G(x,y) with respect to x
Gx.¥)= 2 G(x.y)
G,(x,y) is the derivative of G(x,y) with respect to y
Gy(xY)= =3 6(x.y)

2. Compute the gradient magnitude
Mag (ij) = JFF + 7

3. Apply non-maximal suppression

3.4 Roberts Operator
The Roberts cross operator provides a simplecxppation

to the gradient magnitude. In this cross operdtar,detection
of edges and their orientations is said to be snajle to the
approximation of the gradient magnitude. The disaages
of these cross operator are sensitivity to the eqjois the
detection of the edges and their orientations. iflteease in
the noise to the image will eventually degrade rtregnitude
of the edges. The major disadvantage is the inacguas the

gradient magnitude of the edges decreases. Mobapiy the

hysteresaccuracy also decreases. The operator consistpaif af 2x2

convolution masks

1 0 0 1

0 -1

Masks for Roberts Operator

5, = [ - fa+lj+ 1)

of _ . .
a-x_f{‘Jrl’-’]_ fl.j+1)

3.5 Zero Crossing Operator:

The zero crossing detector looks for places @lthplacian
of an image where the value of the Laplacian padsesigh
zero i.e. points where the Laplacian changes Sgoh points
often occur at “edges' in images i.e. points wileeeintensity
of the image changes rapidly, but they also octptaaes that
are not as easy to associate with edges. Zeroingssalways
lie on closed contours and so the output from #re zrossing
detectors is usually a binary image with singlespthickness
lines showing the positions of the zero crossingigo The
advantages of the zero crossing operators aretihetestdges
and their orientations. The second advantage is fitted
characteristics in all directions. The disadvantsgeensitivity

to the noise. The second disadvantage is thatppleeation
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gets diffracted by some of the existing edges i tloisy h3=edge(al,'zerocross’);
image. h4=edge(al,'log?;
The starting point for the zero crossing detecosin image t2=edge(al,'roberts");
which has been filtered using the Laplacian of Geusfilter.  subplot(3,2,1);imshow(t)
The zero crossings that result are strongly infteehby the subplot(3,2,2);imshow(t1)

size of the Gaussian used for the smoothing stdgthi®  subplot(3,2,3);imshow(h2)

operator. subplot(3,2,4);imshow(h3)
3.6 Log Operator: subplot(3,2,5);imshow(h4)
(Laplacian of Gaussian) subplot(3,2,6);imshow(t2)

Gaussian filter is used to filter out noise. laaghn is used as [x,y]=size(al);
the enhancement step. Enhancement is done bydranisf§  m=mean2(t)
edges into zero crossings. This is done using a rBa3k. ml=mean2(tl)
Detection is done by finding the zero crossingsatTis the m2=mean2(h2)
detection criteria is the presence of a zero cngséh the m3=mean2(h3)
second derivative with the corresponding large pedke first  m4=mean2(h4)

derivative. To find a zero crossing it is possitleuse a 3x3 m5=mean2(t2)

mask that checks sign changes around a pixel. sd1=std2(t)
sd2=std2(t1)
o |0 |-1]0]0 sd3=std2(h2)
o [1|2]1]0 sd4=std2(h3)
-1 (-2 |16 2] -1 sd5=std2(h4)

sd6=std2(t2)

DENTAL IMAGE 1 DENTAL IMAGE 2

y

Mask for log

h (e, v) = A% gla,v) = Flx, v)]
= A glx.v)}] = f(x.¥v).... (4)

Where
. . . —rxfeyd
. Tyt =207 et
A gleyl = &2 )

7 .. (5) Input Images

4. MATLAB CODING
a=imread('dental.jpg";
al=rgb2gray(a);
t=edge(al,'sobel’);
t1=edge(al,'prewitt’);
h2=edge(al,'canny";
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5. OUTPUT

S0BEL PREMTT

IEROCRCES

0BERTS

Dental Image-1

SCBEL PAEWTT

CANNY IEROCROSS

L0 ROBERTS

Dental Image-2

S0BEL FREWITT

LOG ROBERTS

Dental Image-3

SOBEL

PREWITT

ZEROCROSS

ROBERTS

Dental Image-4

6. TABLE

Operators 1 2 3 4
Sobel 0.1593| 0.184Q 0.1653 0.1599
Prewitt 0.1586| 0.1834 0.1644 0.1598
Canny 0.2719| 0.2417 0.2384 0.2321
Roberts 0.1985| 0.1908 0.1551 0.15¥8
Zerocross 0.2185 0.2081 0.2062 0.1945
Log 0.2185| 0.2081| 0.2602 O.194|5

Table 1: Standard Deviation of Four Deéhteages

Operators 1 2 3 4
Sobel 0.0261| 0.0351 0.0281L 0.0263
Prewitt 0.0258| 0.0348 0.0278 0.0262
Canny 0.0804| 0.0623 0.0606 0.0571
Roberts 0.0411] 0.0378 0.0247 0.0255
Zerocross 0.0502| 0.0454 0.0445 0.03p4
Log 0.0502 | 0.0454| 0.0445 0.03%4

Table-2: Mean of Four Dental Images
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7. GRAPH
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Graph-1: Graph for standard deviation of dentalgesa

corresponding to different operators

8. RESULT

Various Edge detection techniques were usedten€anny
edge detector proves to be the best with its fitaisvalues
indicating its excellence from table 1. This mgltage process
clearly displays the edges of objects by contrglline amount
of detail which appears in the edge image. Supé¥xioise
suppression characteristics anbletter detection ability
especially in noise conditions make it a widely ffeneed

method.
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