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Abstract. This paper introduces curvelet transform and gradient vector flow (GVF) snake to improvement 
accuracy in edge detection of waterway from remote sensing images. Multi-scale geometric analysis (MGA) 
is booming hot research topic in recent years, which aims to obtain flexible, fast and effective signal 
processing algorithms through efficient approximation and characterization for the inherent geometric 
structure of high-dimensional data. Curvelet transform is a special member of this emerging family of MGA 
which overcomes inherent limitation of traditional multi-scale representation such as wavelet which ignores 
the geometric properties of objects with edges and does not exploit the regularity of the edge curves in higher 
dimension. The basic edge detection process is mainly composed of three parts. Firstly, obtain the initial 
snake based on region growing and morphology methods from curvelet-based denoised image. Secondly, get 
the edge map derived from curvelet-based enhancement image. Finally, obtain the converging snake by 
evolving the GVF snake. The edge detection results of Yangtze River derived from the proposed method, 
wavelet based GVF snake and canny method are compared together. Experiments demonstrate that the new 
algorithm is superior to other methods, which is more effective and accurate. 

Keywords: edge detection, remote sensing image, multi-scale geometric analysis (MGA), curvelet 
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1. Introduction  
The edge detection for remote sensing image is an important way to obtain the remote sensing information 
and the foundation for understanding the remote sensing images. Riverway course detection is an important 
part of hydrological monitoring. It can offer decision support for hydrological department to manage water 
resources, the flood disaster forecasting and so on. The accurate and efficient shoreline of waterway has also 
application in waterway GIS system [1, 2]. 

It is known that wavelet is one of the common scaling methods in Geo-science which is successful in the 
application in hydrology[3]and data fusion model[4]in remote sensing etc.. Though wavelet has good 
performance at representing point singularities, this is not the case in higher dimensions because wavelet 
ignores the geometric properties of objects with edges and does not exploit the regularity of the edge curves. 
For two-dimensional images, wavelet isolates well the discontinuities across the edges, but along the edges, 
it prevents the edges from being smooth. Multi-scale Geometric Analysis is booming hot research topic in 
recent years. The application based on MGA tools such as ridgelet, contourlet and curvelet [5] is successful in 
image fusion, detection, speckle reduction, identification, enhancement etc.. Curvelet transform [5-8] is a 
special member of this emerging family of MGA developed by Candès etc., whose approximate scales and 
orientations are supported by a generic 'wedge'. It owns very high directional sensitivity and anisotropy. It is 
more efficient for curvelet transform to represent edges and singularities along curves than that of the 
traditional wavelet transform.  
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Fig.1. The flowchart for the edge detection of waterway algorithm  

Riverside detection is in the class of boundary detection problems. Similar problems have been 
encountered in papers such as coastline detection [9-11], riverway boundaries [12-13] as well as object 
recognition in various remote sensing images. They are most combined with wavelet-based edge detection 
and snake. For the wavelet-based snake is easy to be disturbed by the false strong edges and drift the snake 
into unwanted stage, an alternative method to detect riverside with reasonable accuracy is described to 
eliminate the disturbance of false strong edges based on curvelet enhancement image in the paper. 

The proposed algorithm is mainly accomplished by three steps. Firstly, obtain the rough boundary based 
on region growing and morphology methods from curvelet-based denoised image. Secondly, get the edge 
map derived from curvelet-based enhancement image. Finally, obtain the converging snake by evolving the 
GVF snake. The band 5 TM image which covers Wuhan in China is used to validate the algorithm validity 
and Fig.1 presents the overall flow of the algorithm. 

2. Curvelet Transform and GVF snake  
In this section, we present a brief review of the key theory to the algorithm involved, i.e. curvelet transform 
and GVF snake. 

2.1. Outline of Curvelet Transform  
Curvelet transform is a new geometric multi-scale transform developed by Candès et al [5–8]. Curvelet 
transform decomposes the image into a series of high-pass and low-pass bands which is the same as wavelet 
transform. The wavelet transform extracts directional details that capture horizontal, vertical and diagonal 
activity. However, curvelet transform captures the structural activity along radial 'wedges' in the frequency 
domain. The approximate scales and orientations are supported by a generic 'wedge'. So curvelet transform 
owns very high directional sensitivity and anisotropy.  

The second generation curvelet transform[8] is introduced in the paper, which digital implementation is 
based on fast discrete curvelet transform (FDCT) i.e. the unequally-spaced fast Fourier transforms (USFFT) 
and the wrapping of specially selected Fourier samples. The wrapping algorithm is used in the paper. To 
evaluate it, firstly, apply the image with a 2-dimensional fast Fourier transform. Secondly, multiply it with 
scale and angle windows and wrap this product around the origin. Finally apply it with a 2-dimensional 
inverse fast Fourier transform. 
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2.2. GVF snake 
Snakes or Active contour models [14] are used extensively in computer vision and image processing 
applications, particularly to locate object boundaries. In GVF snake [15], the traditional external force is 
replaced by a new force field, called gradient vector flow, produced by a spatial diffusion of an edge map, 
which guides the propagation to boundaries from both sides. GVF snake, breaking through limit of 
initialization and poor convergence to boundary concavities of traditional snake, has a large capture range 
and is able to move snakes into boundary concavities.  

3. Edge Detection of Riverway in Remote Sensing Images  
In this section, we propose a common edge detection model between land and water in remote sensing 
images. Aiming to different source of the remote sensing images, more water bodies extraction methods may 
be considered to help the edge detection [16-18]. 

3.1. Extracting the initial snake  
To obtain an initial snake, we first denoise the image by estimating the noise variance of the input image 
with the robust median operator [19].Secondly, compute the noise variance of each directional 
subband[20].Thirdly, and segment the land and water with seed or block [13] region growing method. Finally, 
extract the coarse contour by the morphology methods.  

For the sake of disturbance of noise, image should be denoised before region growing. For SAR image, 
the logarithm of the image is taken to transform the speckle to an additive noise. With the assumption that 
the same object has similar spectral characteristics, the pixel value of homogeneous water is close and 
different distinctly from the land. So we use region growing method to segment the water and land areas. As 
in the remote sensing image, even the same river may be splited by bridges, so after segmentation, the 
morphology methods of dilate, erode and edge extraction are used to obtain the initial snake. 

                              
(a)                                                         (b)                                                    (c) 

     Fig.2 (a) Original image. (b) Image of region growing segmentation. (c) Initial contour.  

3.2. Obtaining the final contour 
Edge map is a key component of GVF snake, as GVF snake’s external force is gradient vector flow field and 
GVF derives from edge map. We propose curvelet–base enhancement method that not only enhances weak 
edge but also depresses noise efficiently. Because curvelet transform provides not only multiresolution 
analysis, but also geometric and directional representation. In the frequency domain, both weak edges and 
noises lead to low-value coefficients, however, weak edges different from noise have geometric structures; 
we can use this geometric representation to distinguish them. Moreover, as the proposed enhancement 
method enhances the weak edge at the expense of strong edge, weak riverway contour enhancement can help 
prevent snaxels (pixels of snake) over-drift. At a narrow river, snaxels are easy to be correctly located. It 
overcomes the shortcomings of other methods [10-12] whose snaxels are attracted by the strong waterway 
boundary. 

We enhance edges in an image through modifying the curvelet coefficients. In order to prevent from 
enlarging the noise and over enhancing the original clear edge, two thresholds are set. Let x denote the 
curvelet coefficient, and y(x) is edge enhance function which is similar to [21].The enhancement algorithm 
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in detail is as follows:  
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Here, p determines the degree of nonlinearity. Usually, minT  is equal to σk , and σ denotes the noise standard 
deviation. k is normalization parameter and larger than 3, which guaranties the noise will not be amplified. 
The parameter maxT is the value under which coefficients are amplified. This value depends on the pixel 
values inside the directional subbands of different curvelet scale. maxT may be derived from the maximum 
curvelet coefficient maxC  of each directional subband ( 1,maxmax <= llCT ) or derived from the noise standard 
deviation ( σmkT =max ) using an additional parameter mk .  

 
(a)                                                        (b)                                                         (c) 

Fig.3. (a) Enhanced image. (b)Wavelet-based edge map. (c)New proposed edge map. 

The curvelet enhancement method for grayscale images consists of the following steps: 
(1) Estimate the noise standard deviation in the input image. 
(2) Perform a multi-scale decomposition of the input image using the FDCT. 
(3) Calculate the noise standard deviation for each directional subband in different scale of the curvelet 

transform (see [20] for more details on this step). 
(4) For each directional subband, calculate the maximum of the subband, which is used to determine maxT . 

Then multiply each curvelet coefficient by )(xy . 
(5) Reconstruct the enhanced image from the modified curvelet coefficients. 

After getting the enhanced image, the edge map can be obtained by using a 2-D Gaussian function to 
smooth it and process it with the gradient operator. Then, use the edge map to compute the GVF field. At last, 
evolve GVF snake to get the final snake using the foregoing initial snake and GVF field.  

4. Experiment and Discussion  
Water bodies in middle infrared band such as Landsat TM band 5 have low spectrum reflectivity. But land 
and building etc. have high reflectivity. So we choose TM band 5 image (512*512pixels) covering Wuhan, 
China to extract contour of Yangtze River. To evaluate the effect of the proposed method, the results derived 
from the proposed method, wavelet-based GVF snake and canny method are compared to. In addition, the 
high resolution images corresponding to some representative zones are used to illustrate the proposed 
method validity. 

The original image, result of region growing segmentation and initial snake based on proposed method 
are displayed in Fig.2. The initial riverside has good continuity which avoids influence of the bridges. 
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(a)                               (b) 

  
(c)                              (d) 

Fig.4. (a) Detected riverway contour by wavelet based GVF snake overlain on original image. (b) Enlargement of 
square area A in (a). (c) Enlargement of square area B in (a). (d)Enlargement of square area C in (a). 

In order to get good river contour, the better wavelet based GVF snake edge detection method is first to 
obtain initial snake by [13] and the morphology methods. Then extract edge map according to [22] [11]. In 
this experiment, as the original image has less noise, to obtain more edge information, the edge map is 
gained from sum pixel values of three high frequency local modulus maxima points. Finally extract contour 
based on GVF snake. 

Enhanced image, edge map based on proposed method and wavelet-based edge map are shown in Fig.3. 
Fig.4 is the result based on wavelet based GVF snake after ten iterative operations. The finally detected 
contour in red is shown in Fig.4 (a). Fig4 (b), Fig.4(c) and Fig.4 (d) are enlargement images of square area A, 
B and C in Fig.4 (a) respectively. Fig.5 is the result based on the new proposed method after ten iterative 
operations. The final snake in red overlain on the original image is shown in Fig.5 (a). Fig.5 (b), Fig.5(c) and 
Fig.5 (d) are enlargement images of square area A, B and C in Fig.5 (a) respectively. To verify result further, 
we capture the high resolution image to depict the two methods’ difference. High resolution image according 
to square area A, B, C in Fig.4 (a) and Fig.5 (a) respectively and edge map based on canny method are 
shown Fig.6. 

Though, experiment results in Fig.6 (d) indicate that canny method has good edge detection effect, there 
are broken edges in riverway contour and some edges we don’t want. Wavelet based GVF snake method and 
new proposed algorithm on the straight and wide apart shoreline can both overcome the bother of ships and 
get effective contour which can be seen from B and part of A in Fig.4 (a) and Fig.5(a) by contrast with high 
resolution images in Fig.6 (b) and (a).However, in the narrow river, the snake evolved by wavelet based 
GVF snake method is easy to be attracted by the other riverside which has stronger edge, which can be seen 
from A in Fig.4(a) and its enlargement Fig.4(b).In this aspect, the new proposed method effectively avoids 
the influence of strong edge by enhancing the wake boundary, which can be seen from A in Fig.5(a) and its 
enlargement Fig.5(b). Moreover, the new proposed method has high sensitivity to river with zigzag and is 
more excellent than wavelet based GVF snake which can be drawn from comparison among picture Fig.4 (d), 
Fig.5 (d) and Fig.6 (c). 
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(a)                                 (b) 

  
(c)                                (d) 

Fig.5. (a) Detected riverway contour based on the new proposed method overlain on original image. (b) Enlargement  
of square area A in (a). (c) Enlargement of square area B in (a). (d) Enlargement of square area C in (a).  

 
Fig.6 (a) High resolution image according to square area A in Fig.4 (a) and Fig.5 (a). (b) High resolution image 

according to square area B in Fig.4 (a) and Fig.5 (a). (c) High resolution image according to square area C 
 in Fig.4 (a) and Fig.5 (a). (d)Edge map based on canny method. 
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Furthermore, when we make an experiment on images contaminated by an additive zero-mean Gaussian 
white noise, the results of the new proposed methodology is better than others’.   

5. Conclusion   
Cuvelet transform is well-adapted to represent edges. Effective image with noise reduction and enhanced 
edges can be obtained by reconstructing the modified cuvelet coefficients according to the proposed noise 
reduction method and enhancement function. The extraction of riverway contour is more effective and 
accurate by introducing curvelet transform and GVF snake into edge detection. In addition, the new proposed 
algorithm is superior to process noisy image and fast which is useful for real-time implementations. In a 
word, we are delighted to see the new emerging multi-scale transform–curvelet transform is great promising 
in accurate improvement for remote sensing imagery interpretation. 
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