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Abstract— GEO Satellite imagery is an important tool and can be used to estimate rainfall during the thunderstorms and 
hurricanes for flash flood warnings in real time. However, for the GEO satellite is located higher than normal LEO satellite, 
the spatial resolution images are lower. Therefore, in order to obtain an image with enough resolution, some methods are to 
be implemented in GEO satellite observation, such as resolution enhancement which is a technique that achieves higher 
resolution for satellite image with lower resolution? This paper focuses on the comparative between two techniques that are 
used to increase resolution of the images. Wiener filter and Backus–Gilbert inversion (BGI) technique, the two algorithms 
are compared via both the simulation. The theory of BGI and Wiener filter method are described. The simulation is 
introduced, and the results are discussed. 
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I. INTRODUCTION 
 
GEO satellite imagery can be used to estimate rainfall 
during the thunderstorms and hurricanes for flash 
flood warnings in real time. However, for the GEO 
satellite is located higher than normal LEO satellite, it 
provides lower spatial resolution images. Therefore, 
in order to obtain an image with enough resolution, 
two methods are implemented in GEO satellite 
observation, that is to use high frequency band in 
microwave and to use large size antenna... On one 
hand, low resolution is too low for remote sensing 
application. On the other hand, for some usage, it is 
necessary to obtain the same resolution at all 
channels, thus reducing the resolution of the higher 
frequency channels and increasing the one of the 
lower frequency channels is necessary. Resolution 
enhancement is a technique that achieves higher 
resolution for satellite image with lower resolution. 
 
The Image Enhancement is the main technique for 
improving the resolution and visual appearance of the 
image. the major issues in Image Enhancement are 
Wavelet Transform, wiener filter , Bakus Gilbert 
Inversion ( BGI) technique and Scatterometer Image 
reconstruction. Wiener filter method using Wiener 
filter and Fourier transform theory to inverse the 
convolution processing in sampling is a kind of 
deconvolution method. In 1994[1], Richard Sethmann, 
Barbara A. Burns et al. created these method and 
applied it on SSM/I measurement data. In 2005 
Bizzarro Bizzarri etc. Applied Wiener filter method 
to resolution enhancement of GEO satellite image 
after re-sample.  
 
The Backus and Gilbert algorithm, or what known as 
(BGI), is an inversion method for solving integral 
equations. The algorithm is used to determine surface 
brightness from integrated, overlapping antenna 
patterns, and widely used to deal with the remote 
sensing data and enhance the Resolution of the 

image. The method was first brought out by Backus 
and Gilbert in 1968. Many researchers and authors 
have successfully used BGI to enhance the spatial 
resolution and/or to perform optimal interpolation of 
SSM/I data to either raise or lower resolution for use 
in multichannel studies. Stogryn[2] 1978 in a seminal 
paper , first introduced the concept of inverting a 
series of antenna temperature measurements from a 
scanning satellite borne radiometric system to yield 
brightness temperatures using the BGI method. Poe 
[3], in 1990, proposed a method of interpolating the 
low-density measurements of the SSM/I LF channels 
to the higher grid density of the 85-GHz channel. In 
1998, Long and Daum [4] used their scatterometer 
image reconstruction algorithm for resolution 
enhancement of radiometer data. In 2002 Stephens 
and Jones [5] have presented a discrete version of the 
BGI for computation efficient footprint matching in 
2002. Although much work is published on each of 
the two methods, the comparison of the two methods 
is rarely available, especially in Geostationary 
Satellite application. The Image Enhancement is the 
main technique for improving the resolution and 
visual appearance of the image. 
 
 The paper focuses on the comparative between two 
techniques that are used to increase resolution of the 
images. Wiener filter and Backus–Gilbert inversion 
(BGI) technique, the two algorithms are compared via 
both the simulation. The theory of BGI and Wiener 
filter method are described in the Section 2. The 
simulation is introduced in Section 3. And the results 
are discussed in Section 4. In Section 5, the 
conclusion is provided. 
 
II. THEORY 
 
2.1 BGI method 
BGI Algorithm uses a set of combination of 
experimental data to fit the true brightness 
temperature of the position to be decided. 
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Consider a radiometer observation from a satellite 
above the Earth. The height of the satellite is h. If we 
use 0ŝ  to demonstrate the direction of the antenna 
then the satellites temperature is  
 

      
E BA dsTssGsT ˆ,ˆˆ,ˆˆ 00     ( 1.1 ) 

 
Where s is the unit vector of the direction of angle
d . The integral field E includes all the area that 

contributes to the antenna’s temperature during the 
observation. Here we omit other minor effects of 
environment such as the background radiation of 
universe. In (2.21)  ssG ˆ,ˆ0 is the antenna gain 

function.  sTB ˆ,̂ is the brightness temperature 

transmitting to the antenna.  sTB ˆ,̂ Changes with 
respect to the difference of the observation area. The 
position vector of the Earth is P. In application, we 
hope to study the area un 푑퐴 of the surface of the 
Earth, so we make the following transformation. (1.2)

dA
s
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(1.2) 

 
Where푠 is the distance between the antenna and 푑퐴. 
Suppose we have already obtained the several data of 
the front and back of some point observed by 
antenna, so that we can calculate the brightness 
temperature  ssTB ˆ,ˆ0 f the point. For the ith data, we 
denote푆푖 as the direction of the antenna, and then we 
can find the antenna temperature of thin point using 
(1.2).  And we find that this equation is based on the 
ideal of instant observation of radiation. 
The problem of using 푛  measured brightness 
temperature to determine the true brightness 
temperature of 푆  can be transformed to an ideal math 
problem. This problem can be solved by Backus and 
Gilbert algorithms. This method looks for the linear 
combination of a set of known data TAE to reach the 
optional estimate of the true  0̂BT  at 푆 ̂  
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Where푎  is a parameter to be determined. Plugging 
2.24 into the above equation, we get 1.4 
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When the part inside the brackets is S  0ˆˆ   , 
this equation becomes an accurate solution of the true 
brightness temperature  0̂BT , i.e., 1.5 

      
E BB dATT  ˆˆˆˆ 00 (1.5) 

But for a set of observed data 푇  with finite size, we 
can’t find a set of푎  to produce such 훿  function. 
Therefore we can only find a set of 푎 which makes 
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̂  closest to d function under certain 

conditions. The best way is to use the least-square 
method. And the  sTB ˆ,̂ can be reconstructed. 
 
2.2 Wiener Filter method 
The Wiener filter is a deconvolution technique 
defining a filter (푢,푣)  ) that minimizes the Mean 
Square Error (MSE) (Vaseghi 2000). This technique 
has the advantage to couple the resolution 
enhancement with the denoising. In many 
applications (e.g., satellite imaging, medical imaging, 
astronomical imaging, poor-quality family portraits) 
the imaging system introduces a slight distortion. 
Often images are slightly blurred and image 
restoration aims at deblurring the image. The inverse 
filtering is a restoration technique for deconvolution, 
i.e., when the image is blurred by a known low pass 
filter, it is possible to recover the image by inverse 
filtering or generalized inverse filtering. However, 
inverse filtering is very sensitive to additive noise. 
The approach of reducing one degradation at a time 
allows us to develop a restoration algorithm for each 
type of degradation and simply combine them. The 
Wiener filtering executes an optimal tradeoff between 
inverse filtering and noise smoothing. The Wiener 
filtering is optimal in terms of the mean square error. 
In other words, it minimizes the overall mean square 
error in the process of inverse filtering and noise 
smoothing. Wiener filter in Fourier domain can be 
expressed as follows:  
푊 =

∗

| |
  (1.2) 

Where and are respectively power spectra of the 
original image and the additive noise, and NSIS His 
the blurring filter. It is easy to see that the Wiener 
filter has two separate parts, an inverse filtering part 
and a noise smoothing part. It not only performs the 
deconvolution by inverse filtering (high pass 
filtering) but also removes the noise with a 
compression operation (low pass filtering. 
Unfortunately, Wiener filter gives a regularized 
version of the degraded image and it does not 
minimize neither the noise nor the blur degradation. 
In the frequency domain, the Wiener filter output 
푇ˊ (푢,푣)  is the product of the input signal 푇 (푢,푣) 
and the filter frequency response푊(푢,푣): 
 푇 ′ (푢, 푣) = 푊(푢,푣)푇 (푈,푉)  (2.2) 
 
The estimation error signal 퐸(푢, 푣)  defined as the 
difference between the desired signal 푇 (푢, 푣)  and 
the filter output 푇 ′ (푢, 푣) 
 
퐸(푢,푣) = 푇 (푢,푣) − 푇 ′ (푢,푣) = 푇 ( )푢, 푣 −
푊(푢, 푣)푇 (푢, 푣)  (3.2) 
 
and the mean square error at a frequency (푢,푣) is 
given by:  
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픍⌊|퐸(푢,푣)| ⌋ =
픍 푇 (푢, 푣)−푊(푢, 푣)푇 (푈,푉) ∗

푇 (푢,푣) −
푊(푢, 푣)푇 (푢, 푣)                          (4.2) 

 
the least mean square error Wiener filter in the 
frequency domain is given as: 
푊(푢, 푣) = ( , )

( , )            (5.2) 
 

When the signal and the channel noise are 
uncorrelated (푃 (푢, 푣) = 푃 = 0): 
 
푃 (푢,푣) = 퐻(푢,푣)∗푃 (푢, 푣) + 푃 (푢,푣) =
퐻(푢,푣)∗푃 (푢, 푣)            (6.2) 
 
푃 (푢,푣) = |퐻(푢, 푣)| 푃 (푢,푣) +
퐻(푢,푣)푃 (푢,푣) +퐻(푢,푣)∗푃 (푢, 푣) +
푃 (푢, 푣)                                        (7.2) 
 
푃 (푢,푣) = |퐻(푢, 푣)| 푃 (푢,푣) + 푃 (푢. 푣) 

                                         (8.2) 
 

Using eq.s 12 to 14 in eq. 11we obtain the Wiener 
filter formula: 
푊(푢, 푣) = ( , ) ( , )∗

( , )| ( , )| ( , )                                                      
(9.2) 

 
Then the reconstructed 푇 ʼ (푢, 푣) is :  
푇ʼ (푢,푣) = 푊(푢, 푣)푇 (푢,푣) = ( , )∗ ( , )

| ( , )| ∆
( , )

 

                                        (13.2) 
We can correct the formula by a threshold value 훾: 
 
훾 = 훼.푚푎푥|퐻(푢,푣)∗.푇 (푢, 푣)|. 푒푝푠  

                                     (14.2) 
 

Where, the alpha is α variable parameter, the value of 
which is determined by the effect of convolution. In 
most cast, alpha is 1at low frequency such as 50GHz, 
however, it is 10 at high frequency such as 183GHz. 
 
Introducing the above threshold value we have: 
 
|퐻(푢,푣)| + ( , ) =

|퐻(푢,푣)| + ( , )

훾표푡ℎ푒푟푤푖푠푒
푖푓|퐻(푢, 푣)| + ( , ) ≥ 훾 

                                                       (15.2) 
 

III. INTRODUCTION OF THE SIMULATION 
BACKGROUND 
 
The procedure of sampling image is the procedure to 
simulate how antenna get remote sensing image of 
brightness temperature. As we have no remote sense 
image of resolution ratio 80, we need to sample the 
given high resolution image to get the image to be 

processed. At the same time the procedure of image 
sampling is the positive oriented procedure of remote 
sensing detection. Through the simulation of positive 
oriented procession, it can help to understand and 
study the corresponding algorithm for increasing 
resolution. 
 
3.1. Sampling window 
To obtain the detection result of radiation we need to 
know the antenna direction map of it first. By using 
such map, we can calculate the effect of the antenna’s 
observation of brightness temperature at different 
position in the visual area of antenna, i.e. filter 
window. The procedure of observation of antenna can 
be considered as the convolution of brightness 
temperature for the points on the Earth and the filter 
window. Only in this way can we do convulsions 
through known antenna direction map and high 
resolution images, therefore obtain remote sensing 
images with lower resolution. 
Here, because of the lack of the information of 
antenna direction map we obtain directly the filter 
winder of antenna’s visual area in the form of Gauss 
function on the basis of the assumption that the still 
orbit of the Earth 54GHz radiation resolution of space 
(the value is 80 km), so that we simulate the 
observation process. The function’s expression (2.1) 
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                                       (3.1) 
 

Where푥 ̄ and 휌corresponds to the coordinates of the 
center of Gauss function, 휌is the related coefficient. 
Here, we assume that the position of antenna’s 
observation is set nadir, i.e. let 휌 =0 and 휎 =
휎 makes the filter window the form of central 
symmetry (See fig 2.1). 
 

 
Fig.3.1 schematic diagram of the sampling window function 
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In this figure we can see this filter wave function 3dB 
the width is set at 80 km which corresponds to 
휎 = 휎 =40 of (3.1) (The unit of axis in Fig 3.1 is 1 
km) 
 
3.2 Radiometer sampling procedure 
The sampling procedure is equal to filter wave 
machines filtering procedure. Consider the space 
function in Figure 3. 1 as a filter wave machine, we 
do filtering to high resolution images. The space 
filtering can simply be considered as moving 
sampling window points by points in the images to be 
handled. 
At each point (푥,푦)  the machines reaction can be 
calculated by predefined relations. For the current 
space filtering, its reaction is given by the filtering 
sum of the product of the machines’ coefficient and 
the resolution value of the area posed by the sampling 
window. The gray value of the image after filtering is  

     
 


4

4

4

4

,,,
s t

BA tysxttsfyxt  (3.2). 

Where 푡  is the brightness temperature image of 
antenna,푡  is the true brightness temperature image.  
As the scale of sampling window becomes bigger, it 
is closer to the truth, the result is more accurate and 
the computation amount increases sharply 
corresponding to the increase of the sampling 
window, it follows the computation time also 
increases quickly. In application, to increase 
computation speed and not losing accuracy at the 
same time, we use 80 km width’s (sampling window 
width 3 dB) sampling window if is otherwise 
specified. 
This size corresponds to the size of the space 
resolution, so that makes the effect of lowering 
resolution and computation under the acceptable 
range.  
 

 
Original real image    

                                               
after sampling at the serious image 

Fig.3.2. image contrast before and after sampling 

3.3. Evaluation method of resolution 
The relevance ijR  of images is used to demonstrate 
the relevance level of images I and j, which is defined 
as  

 
   jiCjiC

jiCRij ,,
,

  (3.3 ). 

 
when     




N

i
ii YyXxYXC

1
, represent the two 

images to be compared. 
By calculating the relevance of image after processed 
C increased resolution and images with different 
space resolution, we use this image’s space resolution 
as the space resolution of image after processed has 
strongest relevance to one of the image. And we use 
it to calculate the multiplicity of resolution increase. 
For example, if the image after processed has the 
strongest relevance with 50 km space resolution 
image, then we think the image after processing has 
space resolution of 50 km, the multiplicity of increase

6.1
50
80

n  times. 

IV. BGI ALGORITHM FOR SPATIAL 
RESOLUTION ENHANCEMENT OF THE 
IMPACT ANALYSIS  
 
According presents the BGI algorithm theory, 
sampling image-based BGI algorithm, the spatial 
resolution enhancement processing, and the last 
convolution algorithm, a comparative analysis, 
comparison of advantages and disadvantages of two 
methods. 
 

 
Fig4.1. BGI caparison algorithm result 

 
Figure 4.1 shows the results of the BGI algorithm, 
compared with the results of the two algorithms listed 
in the comparison of the results of the parameters of 
the 3.9. Although the resolution enhancement effect 
of the BGI algorithm is called deconvolution error, 
the image correlation degree is higher. Compared to 
convolution algorithm, BGI algorithm of image 
resolution enhancement effect difference about 0.8 
times. However, compared with the original image 
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can also be increased by 1.8 times; the enhanced 
image sensitivity with respect to the deconvolution 
algorithm can be increased by 1.5 times, indicating 
that the BGI algorithm is better able to remove the 
image noise; at the same time, the algorithm 
processing image more relevant, does not contain 
streaks due to deconvolution algorithm to deal with. 
From the essence of the algorithm, it can be better for 
the remote sensing detection is the sampling window 
due to the earth curvature and other factors, such as 
deformation of the situation. 
 

Table 4.1 BGI algorithm processing results 
parameters contrast 

 
 
The results of the comparison between the BGI 
algorithm and the resolution images are given below 
see Figure 4.2. 
 

 
Fig.4.2 BGI algorithm processing image and compared the 

results with the resolution 
 
Point source experiments can more intuitive response 
resolution enhancement effect. Two point source is 
set at a certain interval, and the observation resolution 
enhancement algorithm can separate the point source 
region after the blur, and is an intuitive method for 
the degree of inspection resolution enhancement. 
Fig3.5 point source distribution map for point source 
experiment. The figure in the center of a point source 
70 km apart; for about two to the source point 
distance of 60 kilometers; on the two point source 

distance of 80 km; point source brightness variation 
trend is Gaussian distribution, 3dB width is 20 km. 

 
Fig4.3 point source experiment 

 
The original image of the original sample processing: 
sampling interval of 10 kilometers, space resolution 
(3dB width) 80 km, NEΔT=1K. And compare the 
images of BGI and deconvolution before and after 
processing, as shown in Figure 4.4. 
 

 
Fig.  4.4 source through comparing with the experimental 

results. 
 

Table two presents 4.2. Processing methods for the 
processing of point source images.. It can be seen that 
the deconvolution algorithm can get a better 
enhanced resolution, and the noise of the BGI 
algorithm is smaller, the image sensitivity is higher, 
and its correlation is better.. It can be found in the 
comparison of soil 4.2 that the deconvolution 
algorithm can better and clearly after the processing 
point, but the dark and white stripes appear in the 
dark background of the image processing. These 
fringes affect the image correlation of the results of 
the deconvolution algorithm to some extent. 
 

Table 4.2. BGI and deconvolution algorithm point 
source processing results 

 
 
Figure 4.5.Shows the bright temperature curve of the 
graph of the meridian of point source. Through the 
observation curve, after the sampling, the center of 
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the two points is hard to distinguish (see figure in the 
dotted line, the highest light degree value is closer). 
Although the BGI algorithm can distinguish these 
two points, but the distinction between the effects is 
not obvious, the highest values of the two points only 
slightly difference (blue line in the picture). To 
convolution algorithm, it can restore the two bright 
temperature, appeared more obvious peak point and 
valley low (in red). The effect of resolution 
enhancement of the algorithm is directly reflected.. 
But on the edge of the zone, the brightness of the 
original values close to zero, to convolution algorithm 
compared with the original show larger deviations 
 

 
Figure 4.5. Power image meridian at the brightness 

temperature curve 
 

Although BGI algorithm and convolution algorithm 
can in some extent to improve the image resolution, 
but BGI algorithm does not produce a fringe, lower 
noise; and to roll integrating rule can image with high 
resolution. These two algorithms have the advantage 
of each. 
 
CONCLUSIONS 
 
Completed the BGI and convolution resolution 
enhancement algorithm research, have carried on the 
simulation experiment. At the same time using the 
deconvolution algorithm is used to analyze the 
measurement noise, sampling overlapping rate and 
the algorithm to enhance the image quality. Among 
them, feed on the resolution enhancement effect is 
not obvious, but can improve the measurement noise, 
the enhanced sampling overlap ratio, sampling 
precision and other factors on the resolution 

enhancement effect is not obvious (error within 10); 
the sampling interval has a certain effect on the 
resolution enhancement, especially when the 
sampling interval is reduced to 2 times the original 
resolution, the enhancement effect was obviously 
decreased, decreased by about 0.5 times; in the 
comparative study of BGI and two kinds of 
deconvolution algorithm, compared with 
deconvolution algorithm, BGI algorithm for image 
resolution enhancement is 0.8 times worse, but the 
noise effect is better, compared to the deconvolution 
algorithm can increase about 1.5 times; the BGI 
algorithm of measurement noise more outstanding; 
deconvolution algorithm can obtain higher resolution. 
At the same time, this study also for the resolution 
enhancement of analysis and research, to discover 
convolution algorithm compared to BGI algorithm 
enhancement effect is more obvious (increased about 
2 times), and BGI algorithm can effectively avoid the 
deconvolution algorithm to deal with stripes. 
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