International Journal of Electrical and Computer Engineering (IJECE)
Vol.2, No.4, August 2012, pp. 563~570
ISSN: 2088-8708 d 563

A Nonlinear Directional Derivative Scheme for Edge Detection

Muammer Catak
Department of Electronics and Communication Engingelzmir, Turkey

ArticleInfo ABSTRACT

Article history: In this paper, a new one-stage nonlinear directideavative scheme has
. been proposed for edge detection. The directicthge eletection method was

Received Jul 5, 2012 applied to gray and color images. The results werapared to three well-

Revised Aug 8, 2012 known conventional edge detectors namely CannywiRreand Sobel.

Accepted Aug 15, 2012 According to results, the directional derivativethual is an efficient edge

detection tool especially in capturing details.

Keyword:

Directional derivative scheme
Edge detection
Neighbour edge
Partial differential equations
Copyright © 2012 Institute of Advanced Engineering &cience.
All rights reserved.

Corresponding Author:

Muammer Catak

Departement of Electronics and Communication Ereging,
Izmir University,

Gursel Aksel Bulvari No:14 Uckuyular, 1zmir, Turkey
e-mail: muammer.catak@gmail.com

1. INTRODUCTION

Edge detection is an important topic in image pset#y. It has been particularly applied in feature
extraction of images in biomedical and computeiovig1]-[6]. The main aim of an edge detection toto
detect and localize edges of an image under irgat#tn. Basically, it converts 2-D image into a eét
curves. Canny [7] developed a linear edge detectiethod based on the first derivatives of an im&gany
method is referenced by many researchers as otigedfest linear edge detector [8]. Perona and Malik
proposed a nonlinear diffusion tool for edge détecf{9]. Although, Perona and Malik reported thiagyt
used anisotropic diffusion model it should be narmagdsotropic due to their diffusivity coefficieista scalar
value. Laligant and Truchetet [10] presented a ineal derivative scheme based on the nonlinear

combination of two polarized derivatives f(xy). They reported that their new scheme is successful
localization, SNR improvement and very low compiotal cost. Edges are caused by variety of factoch
as changes in lightning intensity, depth, and cdlifrange is measured by 1-dimensional derivativihef
observing property

2. RESEARCH METHOD
Definition: If A is a unit vector, thein-0f  is calletirectional derivativeof f in the direction
n. The directional derivative gives the rate of thange of fin the directiofi.

The basic edge detection methods based on graufi f(xy) (i.e. Cof ) has been developed in 2-
directions such as;
of = oY), of(xy, W
0x ay
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Since digital images consist of discrete cells, elgnpixel, the change might be expressed usi
finite difference scheme;

of(xy) _ f(xxrhy-f(x)y
ox - h @

On the pixel base h can be 1 as its minimum. Similarly, the change -direction can be
calculated as;

o (%) _
AR 7 @3)

Hence, the strength of an edge is proportiondh¢ontagnitude of the gradie

of (X, f(x
POf P = \/( (axy))2 + (a E)yy))z 4)
Although, any pixel (except from the pixels lie eutframe) has eight neighbours, accordin
equations andonly two neighbot-pixels have influence on edge detection algorithm. Thighhiead ar
inaccuracy in calculations.
In this study, a new nonlinear directional derivat{NLDD) scheme considering eight neighbc
of a pixel has been proposed. Eight unit vectotschvare illustated in Figure 1, can be expresse!

N, = cosk’—T) + sink’—TD k =1,2,., (5)
4 4
Therefore, the strength of an edge is proportibmahe sum of the absolute of directio
derivatives;
8
E(xy) = D IRAOf(xY)] (6)
k=1

E(XY) should be thresholded to finalize the edge detegtioces.

N3 AN
N+
Nt > o
Ns Y Nz
Ns

Figure 1. Direction vectors

3. RESULTSAND ANALYSIS
3.1. Testing
In literature, Pratt's figure of merit (PFOM) is mononly used to check the efficiency of 1
developed edge detection algorithm [11]. It is computed as [13].
1 o1
PFOM=
max(, |, ).21: 1+ad? (7)

Where o is the number of detected edg ! is the number of actual edge d denotes the
distance fromi" actual edge to the corresponding detected edge @ is a positive scaling consta
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usually set tol/9 as in Pratt's work. In equati@h the value of PFOM lies between 0 and 1. Thatgre
value of PFOM means the better algorithm. Accordiogequation (7), the results obtained from the
developed edge detector must be compared with rttegés on which the edges are exactly known.
Therefore, to test the efficiency of the NLDD edigtection algorithm in this work, synthetic imagee
intentionally used. The performance of the NLDD estle on the natural images is discussed in the next
section. The synthetic images are created usingabl&athworks, R2012a). The developed NLDD scheme
is compared with Prewitt, Canny, and Sobel edgeatets at the threshold level of 0.2. The resaits
illustrated in Figure 2. The NLDD scheme shows mtiren 90% success referring to calculated PFOM
values.

PFOM=0.9278 PFOM=0.9163

PFOM=0.8712

PFOM=0.9118

PFOM=0.8869 PFOM=0.8688

Figure 2. a) Syntetic images, b) NLDD, c) Prevd}tCanny, e) Sobel
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Additionally, to carry out the noise sensivity dfet NLDD scheme white Gaussian noises are
added to the synthetic images. The results are showrigure 3. The values of PFOM decrease with th
decrease of SNR coherently with the theoreticaketqtion.

PFOM=0.7880

PFOM=0.7633 PFOM=0.7492

PFOM=0.7843

e)

OM=0.7627

Figure 3. a) White Gaussian noise added syntetigés, b) NLDD, c) Prewitt, d) Canny, e) Sobel
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3.2. NLDD Performance on Natural | mages
3.2.1. Gray Image

A 512x 512 pixel gray scale image, shown in Figure 4, has hessd to check the efficiency
the directional derivative method. This image itagied from ISIP databashttp://sipi.usc.ed).

Figure 4. Original gray image

Directional Derivative prewitt

canny sobel

Figure 5.Comparison of directional derivative method usingray imag
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The result of the directional derivative method ahd results of Canny, Prewitt, and Sobel edge
detectors are illustrated in Figure 5. Prewitt &othel supplied almost the same results. Canny @elgetion
tool resulted in more details. The directional dative method presented the best result referoncapture
the details of the image. For instance, bricksvasible only in the result of the directional deafive method.

It should be noted that, the topic of the edgedalite is very subjective. The efficiency of an ediptection
tool may change from process to process. The needshe questions of the person, who investigdies t
edge of an image, have the key role to determirielwinethod is more appropriate to assign. The tioeal
derivative method would be appropriate if the dethad importance where the edge detection is used.

Figure 6. Original color image

Fusion Red

Green Blue

Figure 7. Red, green, blue, and fusion resultsrettional derivative method using a color image
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3.2.2. Color Image

Color image edge detection is more complex thaarimnd gray images. Nevatia [14] published
the first journal paper on color image edge debectin literature, there are three ways to applgeed
detection on color images such as fusion methodtj-ditensional gradient method and vector methad.
this paper, the fusion method is adopted. Accortlinfysion method, Red, Green and Blue componefras o
color image are separated; then edge detectioreguoe is applied for three times for each companent
Finally, the results are fused to obtain one fedde map.

A 512 x 51Z pixel color image, given in Figure 6, was usederform the directional derivative
method. It is taken from ISIP database (http://agi.edu). Firstly, RGB parts of the image wereaivietd;
then the edges have been detected separatelyinaflgl, fthe results were combined using fusion &atgm.
According to the results illustrated in Figure e tdirectional derivative method is successful dgee
detection of color images.

4. CONCLUSION

Edge detection has a particular place in imagegasing. Its application areas are wide-ranged such
as biomedical, machine intelligence and computeiomi In this paper, a one-stage nonlinear diraetio
derivative scheme for edge detection has been pegpb®&yntetic images have been used to check ility ab
of the method. In addition, the developed scheme applied to natural gray and color images.Accardn
results, this method would be more appropriateafoedge detection process where the details arerfan.
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