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ABSTRACT

In this paper, the analytical expressions of Discriminative
Signal to Noise Ratio (DSNR) of step-edge and ridge-edge
via Hilbert Transform (HT) have been derived. Firstly we
revisit those expressions evaluated for step-edge by using
Canny’s Edge Detector (CED) and Step Expansion Filter
(SEF). Although SEF is optimal for step edges in terms of
DSNR criterion, it is not optimal with respect to a variety of
edge types. The matching filter has to be modified for differ-
ent edge types. But a local energy measure obtained via HT
can detect any kind of edges. The results obtained by HT are
compared with the results of SEF and CED.

1. INTRODUCTION

It is well known that Hilbert transform is useful for generat-
ing the analytic signal, and it is used for single side modula-
tion to save the bandwidth required in communication. How-
ever, it can be used for edge detection. In [1], the generalized
radiant Hilbert transform is introduced and it is illustrated
how to use it for edge detection.

Edge detection is the commonly used approach for de-
tecting discontinuities in an image. Most of the edge detec-
tion methods are based on the derivative approach with lin-
ear filtering. Some of these filters are obtained from optimal
criteria [2]. In [3], an optimal edge detection by expansion
matching technique is presented. This matching technique
optimizes a novel matching criterion called Discriminative
Signal to Noise Ratio (DSNR) criterion. In [3], the authors
claim that the DSNR criterion is better suited to evaluate
matching in practical conditions than SNR since it consid-
ers as a noise, even the off-center response of the filter to the
template itself. In this paper, optimal Step Expansion Filter
(SEF) is compared with Canny Edge Detector (CED) for step
edges.

In our study, we derive the analytical expressions of
DSNR of step-edge and ridge-edge by the combination of
CED and its Hilbert transform which we call Quadrature Pair
Canny Edge Detector (QPCED) and compare with the results
of (SEF) and (CED). The main role of using QPCED is that
the energy measures are optimal with respect to a variety of
edge types. The traditional filters used for edge detection
have to be optimized for different kinds of edges. For in-
stance, when the CED is applied to a ridge-edge rather than
a step-edge, it produces two extrema in its output rather than
one, each appearing at each side of the ridge-edge. If the fil-
ter is optimized for detecting ridge-edge, it will give spurious
responses with edges. But a local energy measure obtained
by using QPCED can detect any kind of edges. This energy
measure is calculated from the square sum of QPCED out-
puts.

2. DISCRIMINATIVE SIGNAL-TO-NOISE RATIO

A novel matching criterion called DSNR is first presented in
[3]. Since the off-center response to the template is consid-
ered as a noise, the optimal filter designed with respect to
DSNR criterion generates highest response at the template’s
center. The DSNR is defined by the ratio of the power of
the desired response to the total power of the undesired off-
center response [3].
Consider the signal model:

s(x) = 1(x) +n(x) ey

where #(x) and 1 (x) represent template and white noise with

variance 0'%, respectively. Also we assume the noise 1(x)
to be zero mean. The response of the filter with impulse re-
sponse h(x) to s(x) is

g5(x) = 1) ¥ h(x) + 1 (x) ¥ h(x) = g (x) + g3 (x)
where * represents convolution operator.

DSNR expression can be expressed as:
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where P, is the power of the desired response and Ny, is the
total power of undesired response.

3. DSNR ANALYSIS BY SEF AND CED

In this section we review the DSNR expressions evaluated by
SEF and CED for step edge. The details of these expressions
can be found in [3]. Also those expressions are derived for
the ridge edge.

3.1 SEF

If the template, #(x), in (1) is chosen as a step edge, sgn(x),
the optimal step edge detector, 6(x), is obtained from Wiener
solution [3] such that

0(x) = aeil% ‘sgn(x)

where o affects only the output magnitude and is redesigned
to have unit magnitude response. The response of this filter
to a step edge is
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The response is constrained to be unit magnitude by @ =
1/oy.
n



The power of desired response of SEF in (2) becomes

Py = [E{g](0)}]* = 85 (0))* = 1

and the total power of undesired response of SEF can be writ-
ten as
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Since Ry (x) = 028(x), (3) becomes
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Consequently DSNR is obtained as [3]:
DSNR = 10log(16/ (0, +80y)) 4)

In the following, we consider the ridge edge as a template
defined by

r(x) =u(x+X/2) —u(x—X/2)

where X is the width of a ridge edge. The Fourier transform
(FT) of the ridge edge is obtained as

The response of step expansion filter to a ridge edge is

=X 2 =2

o7
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The power of desired response of SEF is obtained as

Py = [E{g?(0)}]* = [gf (0)]*=0 (5)

3.2 CED

The Canny’s edge detector is closely approximated by the 1%
derivative of Gaussian [4] given by

0(x) = Pre /2% ©6)

where 8 is an amplitude scale factor (approximately chosen
to have unit magnitude response) and o, is the variance of
the detector. The Fourier transform of ¢ (x) is obtained as

D(jQ) = — jQoI BV 2me X0/

The response of this filter to a step edge and its Fourier trans-
form are given by

sgn(x) ¢ (x) = —2[3036’7"'2/20-‘2
—Q%c2/2

ghn(x) =

Gfgn (jQ) = V2moee

The response is constrained to be unit magnitude by f =
—1/262. o, is determined such that the total power of the
undesired response is minimized. Therefore the maximum
possible DSNR is obtained as

[ 2
DSNR = 10log (|| ——) 7
n

The response of CED to a ridge and its FT are

g = rx)xo(x)
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The power of desired response of CED becomes
Py = [E{g? (0)}]* = [g? (0)]* =0 ®)

and the total power of the undesired response of the CED is
obtained as

No = [ lgtePax+E{lg) P}
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By using Parsevals relation, (9) can be written as
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4. DSNR ANALYSIS FOR QPCED

In this section, we derive the DSNR expressions of step and
ridge edges by the combination of CED and its Hilbert trans-
form which we call Quadrature Pair CED (QPCED) since
their FTs have same magnitude response but differ by /2 in
phase. The expression of Canny’s edge detector is given in
(6). The Hilbert transform of CED,¥(x), and its FT,I'(jQ),
are obtained as

1 e ] 2 /2
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L(jQ) = —jsgn(jR)D(jQ) = —sgn(jQ)Q0; pv/2me /2
an
4.1 Step Edge

The response of the filter whose the impulse response is y(x)
to a step edge and its FT are obtained as

1
ngn(x) = sgn(x) * ')/()C) = g.?gn(x) * E
GZgn(jQ) = _ngn<jQ)Gfgn(jQ>
Glu(jQ) = —jV2moesgn(jQ)e %2 (12)



The power of desired response of QPCED is

{82 (0)})% + [{81(0)}]? = [g%n(0)]* + 8L (0))?
= Py+P

Py 1y

Since glen(0) = (1/27) [, GLen(jQ)dQ, Py becomes Py =
[(1/27) [, GLen(jQ)dQ)? = 0. Therefore Py, is equal to
Py which is 1 in the case of choosing f8 as —1/202.

The total power of the undesired response of the QPCED
is written as

Nowy = No+ [ [glu)Pdv+E{gh (0]}
= No+Ny (13)

By using Parseval’s relation, (13) can be written as
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Substituting (10), (11) and (12) into (14), we obtain

T

and consequently DSNR is obtained as

1
m) (16)

DSNR = 10log (

4.2 Ridge Edge
The response of the y(x) to a ridge edge and its FT are
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The power of desired response of QPCED is
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and (Qa + b) = v. Therefore (17) becomes
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In (18), B has to be determined in terms of o, such that unit
magnitude power is obtained. We use the approximation of

e dv in (18) given by
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The total power of the undesired response of QPCED is
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Substituting (10) and the result of E{[g} (x)]*} obtained in
(14) into (20) and by using Parseval’s relation, we obtain
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After substituting (19) into (21), o, has to be determined
such that the total power of undesired response is minimized
by dNyy/dc. = 0. We obtain the results numerically by
using the steepest descent method presented in [5]. 6, which
minimizes Ny, y is evaluated for different 072' and conse-
quently DSNR is obtained for these values as

DSNR = 10log

(22)
o+y
5. SIMULATION RESULTS

In this section, the simulation results for DSNR performance
versus SNR obtained by SEF, CED and QPCED are pre-
sented.

In Fig. 1, the amount of additive white noise to the step
edge is varied from 27dB to -5dB. These plots are based on
the DSNR expressions given in (4), (7) and (16). SEF, CED
and QPCED are redesigned for each noise level according
to these expressions. It is seen that the SEF outperforms the
CED and QPCED for the step edge. Although the SEF is
optimal for the step edge in terms of DSNR criteria, it is not
optimal with respect to a variety of edge types. The match-
ing filter has to be modified for different edge types. As ob-
tained in (5) and (8), the powers of desired responses of SEF
and CED to a ridge are zero. The DSNR performance of
QPCED for the ridge is illustrated in Fig. 2. In this figure the
DSNR which is numerically obtained by using steepest de-
scent method versus ridge SNR for different widths is shown.
As can be seen in this figure, QPCED outperforms for the
width X = 1. The power of white noise is varied between
34dB and -5dB. o, is determined such that Ny, given in
(21) is minimized for these values of noise power and then
DSNR shown in Fig. 2 is obtained from these values of o,.

Fig. 3 and 4 depict the SEF, CED and QPCED responses
to the noisy step edge with an SNR of 10dB, respectively. It
can be seen that a peak is obtained as a response of SEF, CED
and QPCED at the edge location. Also Fig. 4 illustrate that
QPCED perform better than the SEF and CED for the noisy
ridge edge with an SNR of 10dB.



6. CONCLUSION

We have presented the DSNR analysis of step and ridge edge
detection using QPCED and compare with the results of SEF
and CED. Although SEF is optimal for the step-edge in terms
of DSNR criteria, it is possible to detect the step edge by
CED and QPCED .

As a part of future work, DSNR analysis could be ex-
tended into 2D case. Further analysis could also include
Monte Carlo simulations to characterize the performance of
our proposed approach.
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Figure 1: Plot of DSNR versus step SNR.
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Figure 2: Plot of DSNR versus ridge SNR for different
widths.

REFERENCES

[1] S-C Pei,J-J Ding, “The Generalized Radial Hilbert
Transform and Its Applications to 2-D Edge Detec-
tion (Any Direction or Specified Directions),”. Proc.
IEEE Int. Conf. Acoust., Speech, Signal Processing,
Minneapolis, MN, Vol. 3 pp. 357-360, Apr. 2003.

[2] D. Demigny, “On Optimal Linear Filtering for Edge
Detection,” IEEE Trans. on Image Proc., Vol. 11, No.
7, pp. 728737, July 2002.

15}
N
3
3
IS
S
3
o
3
3
=)
N
S
3
IS
3
3

600

Figure 3: (a) Noisy step input. SNR=10dB. (b) SEF re-
sponse. (c) CED response. (d) QPCED response.

1500 “o 500 1000 1500

04

03

0.2

0.1

o Ll Mn‘l sl
500 1000 1500 0 500 1000 1500
© @

Figure 4: (a) Noisy ridge input. SNR=10dB. (b) SEF re-
sponse. (c) CED response. (d) QPCED response.

[3] K. R. Rao, J. Ben-Arie, “Optimal Edge Detection
Using Expansion Matching and Restoration,” IEEE
Trans. on Pattern Anal. and Machine Intell., Vol. 16,
No. 12, pp.1169-1182, Dec. 1994.

[4] J. Canny, “A Computational Approach to Edge Detec-

tion,” IEEE Trans. on Pattern Anal. and Machine In-
tell., Vol. 8, No. 6, pp.679-697, No. 1986.

[5] S. Haykin, Adaptive Filter Theory , Prentice Hall,
1996.



	Index
	EUSIPCO 2005

	Conference Info
	Welcome Messages
	Sponsors
	Committees
	Venue Information
	Special Info

	Sessions
	Sunday 4, September 2005
	SunPmPO1-SIMILAR Interfaces for Handicapped

	Monday 5, September 2005
	MonAmOR1-Adaptive Filters (Oral I)
	MonAmOR2-Brain Computer Interface
	MonAmOR3-Speech Analysis, Production and Perception
	MonAmOR4-Hardware Implementations of DSP Algorithms
	MonAmOR5-Independent Component Analysis and Source Sepe ...
	MonAmOR6-MIMO Propagation and Channel Modeling (SPECIAL ...
	MonAmOR7-Adaptive Filters (Oral II)
	MonAmOR8-Speech Synthesis
	MonAmOR9-Signal and System Modeling and System Identifi ...
	MonAmOR10-Multiview Image Processing
	MonAmOR11-Cardiovascular System Analysis
	MonAmOR12-Channel Modeling, Estimation and Equalization
	MonPmPS1-PLENARY LECTURE (I)
	MonPmOR1-Signal Reconstruction
	MonPmOR2-Image Segmentation and Performance Evaluation
	MonPmOR3-Model-Based Sound Synthesis ( I ) (SPECIAL SES ...
	MonPmOR4-Security of Data Hiding and Watermarking ( I ) ...
	MonPmOR5-Geophysical Signal Processing ( I ) (SPECIAL S ...
	MonPmOR6-Speech Recognition
	MonPmPO1-Channel Modeling, Estimation and Equalization
	MonPmPO2-Nonlinear Methods in Signal Processing
	MonPmOR7-Sampling, Interpolation and Extrapolation
	MonPmOR8-Modulation, Encoding and Multiplexing
	MonPmOR9-Multichannel Signal Processing
	MonPmOR10-Ultrasound, Radar and Sonar
	MonPmOR11-Model-Based Sound Synthesis ( II ) (SPECIAL S ...
	MonPmOR12-Geophysical Signal Processing ( II ) (SPECIAL ...
	MonPmPO3-Image Segmentation and Performance Evaluation
	MonPmPO4-DSP Implementation

	Tuesday 6, September 2005
	TueAmOR1-Segmentation and Object Tracking
	TueAmOR2-Image Filtering
	TueAmOR3-OFDM and MC-CDMA Systems (SPECIAL SESSION)
	TueAmOR4-NEWCOM Session on the Advanced Signal Processi ...
	TueAmOR5-Bayesian Source Separation (SPECIAL SESSION)
	TueAmOR6-SIMILAR Session on Multimodal Signal Processin ...
	TueAmPO1-Image Watermarking
	TueAmPO2-Statistical Signal Processing (Poster I)
	TueAmOR7-Multicarrier Systems and OFDM
	TueAmOR8-Image Registration and Motion Estimation
	TueAmOR9-Image and Video Filtering
	TueAmOR10-NEWCOM Session on the Advanced Signal Process ...
	TueAmOR11-Novel Directions in Information Theoretic App ...
	TueAmOR12-Partial Update Adaptive Filters and Sparse Sy ...
	TueAmPO3-Biomedical Signal Processing
	TueAmPO4-Statistical Signal Processing (Poster II)
	TuePmPS1-PLENARY LECTURE (II)

	Wednesday 7, September 2005
	WedAmOR1-Nonstationary Signal Processing
	WedAmOR2-MIMO and Space-Time Processing
	WedAmOR3-Image Coding
	WedAmOR4-Detection and Estimation
	WedAmOR5-Methods to Improve and Measures to Assess Visu ...
	WedAmOR6-Recent Advances in Restoration of Audio (SPECI ...
	WedAmPO1-Adaptive Filters
	WedAmPO2-Multirate filtering and filter banks
	WedAmOR7-Filter Design and Structures
	WedAmOR8-Space-Time Coding, MIMO Systems and Beamformin ...
	WedAmOR9-Security of Data Hiding and Watermarking ( II  ...
	WedAmOR10-Recent Applications in Time-Frequency Analysi ...
	WedAmOR11-Novel Representations of Visual Information f ...
	WedAmPO3-Image Coding
	WedAmPO4-Video Coding
	WedPmPS1-PLENARY LECTURE (III)
	WedPmOR1-Speech Coding
	WedPmOR2-Bioinformatics
	WedPmOR3-Array Signal Processing
	WedPmOR4-Sensor Signal Processing
	WedPmOR5-VESTEL Session on Video Coding (Oral I)
	WedPmOR6-Multimedia Communications and Networking
	WedPmPO1-Signal Processing for Communications
	WedPmPO2-Image Analysis, Classification and Pattern Rec ...
	WedPmOR7-Beamforming
	WedPmOR8-Synchronization
	WedPmOR9-Radar
	WedPmOR10-VESTEL Session on Video Coding (Oral II)
	WedPmOR11-Machine Learning
	WedPmPO3-Multiresolution and Time-Frequency Processing
	WedPmPO4-I) Machine Vision, II) Facial Feature Analysis

	Thursday 8, September 2005
	ThuAmOR1-3DTV ( I ) (SPECIAL SESSION)
	ThuAmOR2-Performance Analysis, Optimization and Limits  ...
	ThuAmOR3-Face and Head Recognition
	ThuAmOR4-MIMO Receivers (SPECIAL SESSION)
	ThuAmOR5-Particle Filtering (SPECIAL SESSION)
	ThuAmOR6-Geometric Compression (SPECIAL SESSION)
	ThuAmPO1-Speech, speaker and language recognition
	ThuAmPO2-Topics in Audio Processing
	ThuAmOR7-Statistical Signal Analysis
	ThuAmOR8-Image Watermarking
	ThuAmOR9-Source Localization
	ThuAmOR10-MIMO Hardware and Rapid Prototyping (SPECIAL  ...
	ThuAmOR11-BIOSECURE Session on Multimodal Biometrics (  ...
	ThuAmOR12-3DTV ( II ) (SPECIAL SESSION)
	ThuAmPO3-Biomedical Signal Processing (Human Neural Sys ...
	ThuAmPO4-Speech Enhancement and Noise Reduction
	ThuPmPS1-PLENARY LECTURE (IV)
	ThuPmOR1-Isolated Word Recognition
	ThuPmOR2-Biomedical Signal Analysis
	ThuPmOR3-Multiuser Communications ( I )
	ThuPmOR4-Architecture and VLSI Hardware ( I )
	ThuPmOR5-Signal Processing for Music
	ThuPmOR6-BIOSECURE Session on Multimodal Biometrics ( I ...
	ThuPmPO1-Multimedia Indexing and Retrieval
	ThuPmOR7-Architecture and VLSI Hardware ( II )
	ThuPmOR8-Multiuser Communications (II)
	ThuPmOR9-Communication Applications
	ThuPmOR10-Astronomy
	ThuPmOR11-Face and Head Motion and Models
	ThuPmOR12-Ultra wideband (SPECIAL SESSION)


	Authors
	All authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z
	Ö
	Ø

	Papers
	Papers by Session
	All papers

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	Copyright
	About
	Current paper
	Presentation session
	Abstract
	Authors
	Emir Tufan Akman



