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Operational of Canny Algorithm on SAR data
for modelling shoreline change

MAGED MARGHANY, Kuala Terengganu/Malaysia

Abstract: This study introduces a new approach
for operational of SAR polarized data on coastal
erosion studies. Polarized TOPSAR and ERS-1
data are used for this purpose. ERS-1 data was
acquired on the 8" August 1993 and polarized
TOPSAR data was acquired on the 6" December
1996. A quasi-linear model and a new model ba-
sed on the Canny algorithm were used to model
shoreline changes. Digitized vector layers of sho-
reline change were used to examine the accuracy
of the model results. This study shows that the
results of the Canny algorithm has a good cor-
relation with the results from the quasi-linear
model. The Canny algorithm can successfully be
used for automatic detection of shoreline change.
In conclusion, the integration between the quasi-
linear model and the Canny algorithm model
enables further operational of SAR data for
coastal erosion studies.

Zusammenfassung: Zur Anwendung des Canny Al-
gorithmus auf SAR-Daten fiir die Modellierung der
Anderungen von Uferlinien. In dieser Studie wird
eine neue Methode zur operationellen Anwen-
dung von polarisierten SAR-Daten zur Erfassung
von Kiistenerosionen vorgestellt. Fiir diesen
Zweck werden ERS-1- und multipolarisierte
TOPSAR-Daten verwendet. Die ERS-1-Daten
wurden am 8. August 1993 und die polarisierten
TOPSAR-Daten am 6. Dezember 1996 gewon-
nen. Zur Modellierung der Verdnderungen der
Kiistenlinie wurde ein quasi-lineares Modell ver-
wendet und ein daraus abgeleitetes neues Modell,
basierend auf dem Canny Algorithmus. Zur
Uberpriifung der Genauigkeit der Modellierungs-
ergebnisse sind digitalisierte Vektordarstellungen
der Verdnderungen der Kistenlinien angefertigt
worden. Die Studie ergab eine gute Korrelation
der Ergebnisse des Canny-Algorithmus mit denen
des quasi-linearen Modells. Der Canny Algorith-
mus kann erfolgreich zur automatischen Bestim-
mung von Verdnderungen der Kiistenlinie ange-
wendet werden. Zusammenfassend kann festge-
stellt werden, dass die Integration von quasi-line-
aren Modellen mit Canny-Algorithmus-Model-
len die Moglichkeiten zur Anwendung von SAR-
Daten fiir Studien zur Kiistenerosion erweitert.

1 Introduction

Operational of synthetic Aperture Radar
(SAR) on coastal erosion studies has not
established yet. In the fact that scientists are
focusing in SAR wave model evaluation.
The operational of SAR data on coastal ero-
sion should be considered. The operational
of SAR data on coastal erosion is required
standardized procedures. The procedures
should be involved a number of models.
These models will be able to operate the
SAR data on coastal erosion studies. The
operational model will induce high rates of

accuracy compared to classical methods.
The classical methods of coastal erosion stu-
dies which restricted with digitizing and
overlaying techniques provided high rate of
errors. There are several problems derived
from classical methods. These methods pro-
vide high rates of error and require a lot of
time to process the data. In this process, the
sum of thematic errors and digitizing errors
account for low accuracy of the interpreta-
tion results. Furthermore these methods are
not able to recognize the dynamics inter-
action of waves energy and sediment trans-
port. These often results in adequate solu-

1432-8364/02/2002/0093 $ 2.50

© 2002 DGPF/E. Schweizerbart’sche Verlagsbuchhandlung, D-70176 Stuttgart



94 Photogrammetrie « Fernerkundung  Geoinformation 2/2002

tions of the problems for coastal engineers
and decision makers. For instance, RAJ
(1982), MAzLAN et al. (1989), and FRIGHY
et al. (1994) used different historical data of
satellite imagery, aerial photography and
topographic maps for coastal erosion
studies. Most of these studies found an
unrealistic high rate of erosion of more than
50 m/year. For instance, FRIGHY et al.
(1995) found the rate of erosion in the Nile
Delta to be — 70.8 m/year. However, if this
rate really had occurred, it would have
caused the destruction of all the infrastruc-
tures, such as roads and bridges near the
coastal waters. Furthermore, FRIGHY et al.
(1995) stated that there is a significant re-
lation between shoreline change, estimated
from Landsat TM, aerial photography and
ground surveys with a correlation coefficient
(r) of 0.93. This can not be considered as a
significant result, due to the fact that a
significant statistical test such as ANOVA
or the t-test have not been performed. In
addition, the low resolution of the Landsat
data (30 m) only justifies its use in coastal
erosion studies with changes that are larger
than this pixel size. As a matter of fact, the
resolution of this sensor is unable to capture
beach profiles at a width less than the pixel
size (< 30 m). The high resolution of SPOT
PAN (10 m) and radar data such as from
ERS-1 (12.5m), RADARSAT (12.5 m) and
AIRSAR/TOPSAR (ca. 10 m) enables us to
solve this type of problem.

The obvious critical problem was in coas-
tal erosion studies from space is misunder-
standing of the nature of sediment trans-
port. It was reasonable in the study of
EL-RAEY et al. (1995). They reported that
the sea level rise along the Rossate (branch
of the Nile river delta, Egypt) is main factor
in causing coastal erosion. However,
FrigHy et al. (1995) have concluded that the
erosion along Rossate is due to the effect of
Aswan High Dam. The contrast between
studiesis indicating misunderstanding to the
nature of the problem. The energy of the
river flood was acting as nature coastal de-
fence. The high energy of river flood just
reduced the wave energy input in nearshore.
After the High Dam built, this phenomena

has not been occurred. Then, the wave ener-
gy can easily induced high rate of erosion.

Recently, MAGED (1999) introduced a
new approach for coastal erosion studies.
A radon transformation was used to detect
shoreline changes. MAGED compared the re-
sults of radon transformation with the re-
sults of classical methods of shoreline iden-
tification by the digitizing and overlaying
method. He found that the error is signifi-
cantly lower while using the radon transfor-
mation. However, radon transformation
can not be applied to concave shorelines sin-
ce it can only deal with linear features in
the images. MAGED’s study (1999) could not
fully explain this type of shoreline change
as it appeared to be concave in some places.
So the conclusion might be that radon trans-
formation is not suitable to apply to these
non-linear features but only to straight sho-
relines.

The operational models could be new
method for coastal erosion detection. This
method will be useful for rapid detection
and illustrative for educational purposes. In
order to make the coastal erosion model
operational, the integration between wave
spectra effects and automatic detection of
shoreline (over time and space) should be
recognized. The aim of this study is to in-
troduce a new approach for operational use
of polarized SAR data in coastal erosion
studies.

2 Methodology

2.1 Study Area

The study area is located in the South China
Sea between 5°21' N to 5° 27" N and 103° 10’
E to 103° 15" E. This area lies in the equa-
torial region and is dominated by two mon-
soon seasons (MAGED 1994). The southwest
monsoon lasts from May to September
while the northeast monsoon lasts from Oc-
tober to March. The monsoon winds effect
the direction and magnitude of waves.
Strong waves with maximum height of 4 m
are prevalent during the northeast monsoon
when prevailing wave direction is from the
north (December to February), while during
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the southwest monsoon (May to Septem-
ber), the wave direction is from the south
(MAGED 1999) with wave height less than
1m.

2.2 Data Acquired

SAR data used in this study included ERS-1
and AIRSAR/TOPSAR data. ERS-1 data
in the Cvv band (12.5m) was acquired on
8 August 1993. AIRSAR/TOPSAR data
with composite polarization in the L band
(HH and VYV polarization) with 10 m pixel
resolution was acquired on 6" December
1996.

2.3 Shoreline Change Model

The shoreline change model utilizes shore-
line definition, speckles reduce, canny algo-
rithm, wave spectra detection and final
shoreline change model based on the rate
change of volume of sediment transport

(Fig. 1).

In ease of shoreline detection, the shore-
line of the East Coast of the Peninsula of
Malaysia is defined by the boundary be-
tween the vegetation and the bare sandy
area (beach) (MAGED 2000). This definition
will be more useful in determining the
shoreline from polarized SAR data. Itis well
known that SAR data contain speckled
noise which induces limitation on the visual
interpretation of SAR images. Linear filters,
such as Gaussian filtering and Lee filtering
could be applied to enhance the image for
visual interpretation. The Canny algorithm
has been implemented for shoreline detec-
tion. It provides a way of edge detection of
the shoreline, as close as possible to the true
edges. This has been examined by manual
digitizing and overlaying of shoreline maps
derived from the radar imagery. The Canny
filtering algorithm was applied as follows:

The input of the image intensity is I, which
is corrupted by noise. Let G be a Gaussian
with zero mean and standard deviation o.
The value of ¢ to be used depends on the

SAR POLARISED DATA

ERS-1 AND TOPSAR

v LINEAR FILTER
2-DFFT LEE FILTER AND GAUSSIAN FILTER
4 ¢
QUASI-LINEAR MODULATION CANNY ALGORITHM
SIGNIFICANT WAVE HEIGHT TWO VECTOR LAYERS
v v
VOLUME CHANGE OF SEDIMENT OVERLAY
TRANSPORT
v ;
SHORELINE CHANGE RATE

Fig.1: Operational Model of Shoreline Change.
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length of interesting connected contours, the
noise level, and the localization-detection
trade off. The Gaussian filtering was applied
and smoothens the image intensity to image
Jie.,J =1*G. Foreach pixel (j,j): (a) com-
pute the gradient components, J, and J,, (b)
estimate the edge strength as given by

e (i, ) = /72 (i, ) + 2, )) (1)

and (e) estimates the orientation of the edge
normal as given by
. Jy
e, (i,)) = arctanjf )
The output is a strength image, Es, for-
med by the values e, (i,j) and an orientation
image, E, formed by the values ¢, (7,j). The
shoreline edge pixels will be vectorized auto-
matically after Canny algorithm has been
performed. Canny algorithm was performed
to two SAR polarized images in order to
identify the rate of shoreline change.

2.4 Wave Spectra effects and
Shoreline Changes

Wave spectra are derived from polarized
SAR data by applying quasi-linear modula-
tion transfer function (MTF). According to
VACHON et al. (1994). The quasi-linear mo-
dulation transfer function (MTF) is adequa-
te to describe the relationship between ob-
served SAR image spectrum S(k) and the
directional heave spectrum (k). The
ground wave condition are collected from
the Petronas oil platform at 5° 02" N and
105° 23" E . The wave spectra derived from
polarized SAR data were mapped into the
real wave spectra by using a forward quasi-
linear model. This model was simplified by
VACHON et al. (1994) as follows

S, (k) = H(k ;K ){IT;, (k)

2

B0
2
+17(— K) } ©)

where k_ is the azimuth wave-number com-
ponent, and 7;, (k) is the linear MTF. The

azimuth cut-off function depends upon the
cut-off azimuth wave-number by

H(k,) = L) @)

According to BEAL et al. (1983) an azimuthal
cut-off wavelength 4, in SAR image spectra
of ocean waves that depends on significant

R
wave height H_ and % through

R
2o )/ H, 5)

For fully developed wind seas with H, < 1 m
which corresponds to wind speed less than
7 m/s. This dependence can be explained by
low-pass azimuthal filter whose width is de-
termined by the scene coherence time.

2.4.1 Significant Wave Height Model
from SAR Data

In order to estimate the significant wave
height from the quasi-linear transform
VacHON etal. (1994) introduced the follo-
wing formula:

Le = (R/V))/4.4 Hs + 0.13 U (6)

Hs and U? are the ground truth data of sig-
nificant wave height and wind speed along
the coastal waters of Malaysia. The meas-
ured wind speed was estimated for 10 m
height above the sea surface. A least squares
fit was used to find degree of correlation be-
tween cut-off wavelength, from equation
(5), and the one calculated directly from the
TOPSAR image. Then, the following equa-
tion was used to estimate Hs from the SAR
image

L = 2.8(15;)]/53 (7

(VAcHON etal. 1994), where R/V is the scene
range-to-platform velocity ratio. For the
TOPSAR R/V is approximately 32s.
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2.5 Wave Refraction Plot

The wave refraction has be done by applying
the Huygens’ method. The Huygens’
method was used to draw the refraction pat-
tern rays as described in MAGED (2000).
Huygens’ method sates that all points on the
wave front can be considered as point sour-
ces for the production of spherical second-
ary wavelets. The new wave front is the en-
velope of all small wavelets.

Consider a fix point for wave propagation
what are often termed spherical ,,Huygens’
wavelets* where the emergent wavelength is
&(x,y)ds (Fig.2). We let these spherical
Huygens’ wavelets emanating from all ds
of the entire aperture propagate out to the
point P(x,y) where the net effect is obtained
by principle of superposition, i.e., by sum-
ming the reshaping of wave as it passes
through different bottom topography. The
amplitude of spherical Huygens’ wavelets
must decrease with distance 1/r. From each
point ds of the wave propagation there will
be received at point P(x,y) a wave contri-
bution which we shall call the differential
dE:

dE

_ w cos (i — kr) ®)

2.6 Shoreline Change Model

The shoreline change model is based on the
volumetric change of sediment transport.
This mathematical model depends on the
available input of breaker wave height and

d. 1 ds,,

P(x.y): P(x,y)n

Shoreline

Fig.2: Sketch of Huygens’ Wavelets Concept.

direction of deepwater wave height. The
longshore transport rate, Q, is the volumet-
ric rate of the movement of the sand parallel
to the shoreline. Q is expressed in the terms
of sediment transport per unit volume (such
as cubic meters per month). The method
used to calculate the longshore transport is
based on the assumption that longshore
transport rate, Q, only dependent upon the
longshore component of wave energy flux
entering the surf zone.

The significant wave height determined
by using quasi-linear and velocity bunching
modelis used to determine the depth of wave
breaking. This can given by

Hy, =039 g (TH)*® )

(Komar 1976).
This equation used to determine the depth
of the breaking wave /& as

Vh = (10)

According to KoMmAR (1976) the long-
shore sediment transport volume rate, Q, is
calculated as
0 =1.1pg*? H;” sina, cosa, (11)
where p = 1020 kg/m® for the sea water, g
is 9.8 m/s and o, is the breaking wave angle.

In many cases, where the short-term
shoreline change caused by cross-shore
transport are small compared to the long-
term changes, the one-line model is believed
to identify the shoreline evolution. Follow-
ing the assumption that the bottom profile
moves in parallel to itself out of the depth
of closure. The mass conservation of sand
along an infinitely small length, dx, of the
shoreline can be formulated as

dy _, 00
Ly pl=_=
at? ox

0 (12)
where y is the shoreline position (m), x is
the longshore coordinate (1), t is the period
(month), D is the depth of closure (m), and
Q is the longshore sand transport rate. In
order to solve equation (12) the expressions
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for the one quantity D must be formulated.
HansoN (1989) introduced the following
formula which given the annual depth of
closure as slightly more than twice the ma-
ximum annual significant wave height
(H,,,)- This can given as

as.

D=2H,, (13)

This model was working with spatial re-
solution of 2 km over the shoreline of Kuala
Terengganu. The window size of applying
two dimension Fourier Transform was
512 x 512 pixels. Each pixel represents a
10m x 10m area for TOPSAR and
12.5m x 12.5 m for ERS-1. The entire ima-
ge frame of TOPSAR and ERS-1 corres-
pond to a 5.12km x 5.12km and a
6.4km x 6.4km patch on the ocean surfa-
ce. This means that the wave spectra pattern
extracted from 6.4km x 6.4km will show
effect on sediment transport on equal area
with 2km along over the shoreline.

3 Results and Discussion

Canny algorithm can provide an automatic
digitizing for shoreline (Fig.3). The vector
layers extracted by the implementation of
Canny algorithm are observed in polarised
SAR images. The coincided vector layers of
ERS-1 and TOPSAR data shown a pro-
nounce change (Fig. 4). It is obvious that the
vector layers are digitized manually coincide
with the vector layers extracted by the use
of Canny algorithms (Fig. 5). This explains
that the Canny algorithm provides edge de-
tection for shorelines as possible as close to
the true. It is obvious that the Canny algo-
rithm can detect the concave shoreline. This
is clearly demonstrated along the coastline
of Sultan Mohamed Airport, as this area
tends to be concave. This is because of the
fact that the Canny algorithm produces pi-
xel wide skeleton curves. Then a sequence
of pixels along the curve was extracted from
the two images. In addition, the sequence
of pixels for each curve is converted to a
vector pattern by fitting piecewise line seg-
ments to it. This induced polyline was an
approximation to the original pixel curve.
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Fig. 3: Result of Canny Algorithm.
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Fig.5: Vector Layers of Canny Algorithm and
Digitizing.
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This could be attributed to the fact that the
Canny algorithm links pairs of polylines.
Therefore it would be easier to detect the
concave shoreline feature (Fig5). The rate
of shoreline change is finally determined by
overlaying the two vector layers from differ-
ent periods that were extracted by using the
Canny algorithm. It is also obvious that ei-
ther L band or C band show good potential
for shoreline detection.

The wave spectra among December 1996
and August 1993 show pronounce variation.
Itis obvious that the wavelength spectra are
variable between August 1993 and Decem-
ber 1996 (Tab. 1).

Tab.1: Ocean Wavelength Extracted
from SAR Polarized data.

Sensor Type Ocean Wavelength

ERS-1 25m-100 m
(August 1993)
TOPSAR 20m-170m

(December 1996)

It is obvious that the wave spectra pro-
pagated from northeast direction during
December with wave length ranged between
20 to 170 m. In August, the wave spectra
propagated from southeast direction with
wavelength ranged between 25—100 m. It is
obvious that the spectra peaks are shifted
to the azimuth direction (Fig. 6). This could
be attributed to the velocity bunching effects
on SAR images. Fig.7 shows the energy
spectra derived by quasi-linear transform.
The spectra peak of TOPSAR data is shar-
per with narrow band compared to ERS-1
data. This explained that wave spectra du-
ring December are more propagated in azi-
muth direction. As the waves are induced
by the northeast monsoon seasons. This
could be attributed to that azimuth cut-off
is proportional directly with the significant
wave height and wind speed. The significant
wave height is proportional with the square
root of wave energy. The largest wave spec-
tra energy will be more concerted on azi-
muth direction (Fig.7a). The lowest wave
spectra energy are more symmetry along
range and azimuth directions (Fig. 7b). This

103 ¥E

103°PE

5° 2N

5° 18N
§° 2N
" soumn cuoen sz
5° 18N 5°18'N

Fig.6: Wave Spectra Derived from (a) ERS-1
and (b) TOPSAR Data, Respectively.

is obvious in August. August is the end of
southwest monsoon season, the winds are
started to change their directions from
southeast to northeast directions. In this
case wave spectra energy shown with lowest
value with wide band. This could be caused
the wave spectra peaks to be shifted between
range and azimuth directions.

Fig. 8 shows the wave refraction pattern
derived from ERS-1 and TOPSAR data. It
is obvious that the wave rays during August
1993 and December 1996 converged on the
shoreline of Sultan Mahmad Airport. This
means that either the south or north wave
propagations always converge on the shore-
line of Sultan Mohmad Airport. It may be
because the concave shape of the shoreline.
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Fig.7: Spectral Energy of (a) ERS-1 and (b) TOPSAR Data Derived from Quasi-linear Model.

The significant wave height was then used
to model the change in sediment volume
transport, in order to detect shoreline chan-
ge. Fig.9 shows that the rate of shoreline
change peaks that have been modeled with
the Canny algorithm coincide with the re-
sults from the quasi-linear model and the
vector data (August 1993 and December
1996). It is obvious that there is a significant
relation between the rate of shoreline change

that was modeled with the Canny algorithm
and the volume of change of the sediment
transport (Fig. 9).

The statistical significant t-test shows that
a rate of significant difference is noticed be-
tween volume change of sediment transport
and vector data obtained by manual digiti-
zing. The rate of significant difference de-
creased with the ones that were automatical-
ly extracted by using the Canny algorithm
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Fig.8: Wave Refraction Derived by Huygen’s
Principle from ERS-1 and TOPSAR data.
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Fig.9: Rate of Shoreline Change Derived from
Canny, Quasi-linear Model and Digitizing
Method.

and volume change of the sediment trans-
port model. This could be attributed to some
of the errors introduced by manual digiti-
zing. This error could be the reason for the
low accuracy rate. However, all the methods
agreed on a high rate of erosion along the
Sultan Mahmad Airport coastline of less
than 1 m/year. This result is similar to the
result of MAGED (1999) and MAGED (2000).
However, this study does not agree with the
study of MAZLAN et al. (1989). This is be-
cause of the fact that MAazLAN et al. (1989)
defined the shoreline as the zone of high tide.
This definition is not valid because of the
fact that the tidal zone is a dynamic area in
which the tide change its cycle between low
and high tide. This could not be used as a
basic reference for the shoreline.

4 Conclusions

The Canny algorithm can be used for auto-
matic detection of shoreline change from re-
motely sensed data. Operational use of re-
mote sensing for an assessment of coastal
erosion could be done by the application of
wave spectra effects on volume change of
sediment transport directly from radar data.
This method should be integrated with auto-
matic detection of shoreline change by using
the Canny algorithm. The dominant erosion
event along the shoreline of Sultan Mahmad
Airport due to the concave shape of the
shoreline. This induces a dominant wave
convergence during the northeast monsoon
and southeast monsoon seasons. It can be
said that the SAR data good be used as tool
for modeling shoreline change. This is be-
cause of the fact that SAR data able to mo-
del the roughness of sea surface compared
to other optical and it be possible to model
the shoreline change.

Tab.2: Significan Differences T-test of Canny Algorithm with Quasi-linear and Vectors Layers.

Model Type DF Ts T Differences p Significant
Quasi-linear 20 1.45 1.2 0.2 0.13 non-sig.
Vector layers 20 2.32 3.2 0.0003 0.0002 Sig.
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