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ABSTRACT 

Numerical relationships to obtain information concerning 
some statistical properties of surface heights from statistical 
properties of the intensities in a sea surface image, via 
remote sensing, are presented. 
     A expression between variance of the intensity in the 
image and surface slopes and the association between 
correlation functions of the intensities in the image and 
surface slopes are analyzed using an improve model with 
variable detector angle. The one-dimensional case is 
analyzed and the results are presented graphically. 
 

Index Terms— Glitter pattern, variance, correlation 
function

1. INTRODUCTION 
 
The ocean wave motion data can be estimated by using 
aerial photographs of the Sun glint patterns, which show 
reflections of the Sun and sky light from the water and thus 
offer high-contrast ocean wave images. 
     Cox and Munk [1], [2] studied the distribution of glitter 
pattern in aerial photographs of the sea.  They proposed that 
for constant and moderate wind speeds, the probability 
density function of the slopes is approximately Gaussian. In 
these circumstances, the ocean surface could be modeled as 
a Gaussian random process.   
     Álvarez-Borrego [3], [4], [5] derived the equation which 
describes the glitter pattern in one and two dimensions. With 
this glitter function we can find the variance of the surface 
slopes from the variance of the intensities in the image. It is 
then possible to obtain the relationship between the 
correlation function of the intensities in the image and the 
correlation function of the surface slopes.  
     Álvarez-Borrego [6] considered the problem of retrieving 
spatial information of the statistical properties of random 
rough surfaces from images via remote sensing. He obtained 
expressions relating the intensity variance in the image and  

 

Fig. 1. Geometry of the improved model, where the detector can be 
located off the zenith of the reflection point. 

 
the surface heights. He considered the detector located at the 
zenith for each point on the surface. 
     Here, we are proposing an improved model, where the 
detector can be located off the zenith and it is covering a 
certain range of angles (Fig.1). Thus, we obtained a new 
relationship between the variance of the surface slopes and 
the variance of the intensities in the image. Likewise, the 
correlation function of the intensities in the image allows us 
to estimate the correlation function of the surface slopes. 

2. GEOMETRY OF THE MODEL 
 
In figure 1, the 1D surface (x) is illuminated by a uniform 
incoherent source S located in the infinity and its image is 
formed in the detector D.  The incidence angle, s, 
represents the mean angle subtended by the source S. ( d)i 
represents the angle subtended by the line of sight of the 
detector with the normal to the point i of the surface and 
depends on the point position in the profile 
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Fig. 2. Geometry of the Álvarez-Borrego [3] model, where the 
detector is located in the zenith of each reflection point in the 

profile. 

where H is the height of the detector, x is the interval 
between surface points and i is the slope angle at the 
surface point i: 

 .                       (2) 
 

     In this model, the light is reflected on the surface for just 
one time and, for a certain range of slopes, the light 
reflected reaches the detector, thus produces a bright point 
in the image. The acquired image is composed of those 
bright and dark regions, creating the glitter pattern. 
     The glitter pattern is given by the glitter function, which 
can be expressed like: 

,                    (3) 

 
where  is the apparent diameter of the sun, Moi is the slope 
where there is specular reflection for the i point: 
  

 ,                       (4) 
 

and  Mi = tan( i)  is in the range of slopes where we obtain a 
bright point :  

 .    (5) 
 

     If we compare the geometry of our improved model 
(fig.1) with the geometry of the previous model by Álvarez-
Borrego [6], we can notice that the detector is always 
located in the zenith of each point of the profile for the 
Álvarez-Borrego model (fig.2). This is a limitation, because 
this model is only valid when the detector is at very high 
altitude and the rays received by it can be considered near 
vertical and parallel. This model is also applicable when the 
detector is making measurements in the vertical while it is 
moving along the profile. On the other hand, the new model 
proposed  in  the  figure  1  can   realistically   allocate  the 

    (a) 
 

    (b) 
 

Fig. 3. Aplication to a synthetic case. The marked area in (a) is 
magnified in (b). 

 
detector in an arbitrary point over the profile. Our model 
provides a flexibility that cannot be accommodated by the 
previously proposed model. 

 
3. SYNTHETIC CASE APPLICATION 

 
To prove our new model, we generate a 1D synthetic data 
profile (x) and then we calculate its slopes M(x) and the 
image I(x) by using the glitter function (3), as shown in 
figure 3a. It is important to notice that the data profile has a 
Gaussian distribution. This distribution is appropriate to 
represent the wave field in deep ocean waters. 
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Fig. 4. Reflection in a mirror surface predicted by the new model 
for different values of the incidence angle. 

 
     Figure 3(b) displays a magnification of a section of 
figure 3(a). Each bright area corresponds to a range of 
slopes surrounding the specular point. The range of slopes is 
defined by a non-linear specular band. In contrast, Álvarez-
Borrego [6] model presents a linear horizontal specular 
band. 
     The figure 3 is generated using an apparent sun diameter 
of 0.68 deg.; the detector is located at 100 m height; the 
incidence angle is 28.7 deg.; and the profile is divided into 
16384 points separated by 2 cm intervals. 
     If we substitute the random surface with a mirror surface, 
we can better appreciate other advantages of the new model. 
Álvarez-Borrego [3] model predicts no reflection from a 
mirror surface unless the source is located also at the zenith. 
Our model obtains bright areas of variable size depending 
on the incidence angle. For increasing values of the 
incidence angle, the bright areas are progressively wider, as 
shown in figure 4.      
 
4. THE VARIANCE OF THE INTENSITIES OF THE 

IMAGE AND OF THE SURFACE SLOPES 
 
The mean of the image,  , may be written [7]: 
 

                              (6) 

     ,  

 
where B(Mi) is the glitter function, eq.(3), and p(Mi) is the 
Gaussian probability density function in one dimension.  

       (a) 

       (b) 
 

Figure 5. (a) Theoretical relationship between the variance of the 
surface slopes with the variance of the intensities of the image. (b) 
Relationship between the variance of the surface slopes with the 
variance of the intensities of the image, when s = 30o. Noisy line 

represents the numerical calculation. 
 
     Defining ai and bi like  and 

 we can write 
 

 .   (7) 
 

The variance of the intensities in the image is defined by [7] 
 

 

 
  

 

(8) 
 
which is the required relation between the variance of the 
intensities in the image, I

2, and the variance of the surface 
slopes, M

2. 
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     The relationship (8) is shown as a solid line in figure 5a 
for S = 30o, H=100 m, and the source angular extent is 

=0.68o. The profile is 327 m long and ( d)i varies with the 
distance. The noisy line is the numerical calculation from 
the data when we have one realization. When we use 500 
realizations, the noise is reduced significantly and there is a 
very good match between the theoretical versus the 
numerical calculation. The relationship between the 
variance of the surface slopes with the variance of the 
intensities of the image for different s angles (10o 50o) is 
shown in figure 3(b).  
     This relationship between I

2 and M
2 is different to the 

one proposed in Álvarez-Borrego [6].  For higher incidence 
angles, the source image in the glitter pattern is wider, as 
was shown in figure 4 so variance is higher when the 
incidence angle increases. 
 

5. CORRELATION FUNCTIONS OF THE 
INTENSITIES OF THE IMAGE AND OF THE 

SURFACE SLOPES 
 
The relationship between the correlation function of the 
surface slopes CM( ) and the correlation function of the 
image intensities CI( ) is given by 

 
  

 

.             (9) 

 
Figure 7 shows the normalized correlation function of the 
image intensities [CI( )]n for M = 0.2121 and the same 
angles of the figure 5(a). 
     Again, the relationship between [CI( )]n and [CM( )]n is 
different than the one proposed by Alvarez-Borrego [6].  For 
higher incidence angles, [CI( )]n is also higher. 
     The relationship between the correlation function of the 
data profile C (  ) and the correlation function of  the  slopes 
CM(  ) is given by  

 .                        (10) 

6. CONCLUSION 
 
We considered a geometrically improved model with 
variable detector line of sight angle. Our new model is more 
widely applicable than the previous approach by Álvarez-
Borrego [6].  
     We have obtained the variance of the surface slopes from 
the variance of the intensities of remotely sensed images, 
considering a rectangular glitter function. With eq. (10) it is 
possible to obtain the correlation function of the surface 
heights from the correlation function of the slope surface. 

 
 

Figure 7. Relationship between the correlation function of the 
surface slopes and the correlation function of the intensities in the 

image. 
 
     We discussed the determination of the correlation 
function of the surface slopes from the correlation function 
of the image intensities. This relationship increases for 
higher values of s because, for higher incidence angles, the 
glitter pattern is wider.  
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