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 Quantifying Degrees of Information in Remote Sensing Imagery 
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Abstract. So far there’s been no metrology on the measurement of information of remote sensing imagery. 
We introduce the conception “Information quantity” from information theory to solve this problem. In this 
paper, the method and formulation for calculating information content of remote sensing imagery are 
discussed. Furthermore, we calculate the information quantity of some imagery and analyze the factors that 
affect the calculation on information quantity. 
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1. Introduction 
By the development of technology of aviation, spaceflight and remote sensing, the quantity of RS image will 
be more and more, and the resolution of image will be higher and higher. The factors that affect the quality 
of image include: accuracy, signal-to-noise ratio, geometric aberrance, etc. But there has been no uniform 
metrology on the measurement of information of remote sensing imagery. Just like “meter” used to measure 
distance, “kilogram” used to measure weight, “second” used to measure time, we must use a kind of 
metrology to measure the information of remote sensing imagery. 

Information quantity, as a conception derived from information theory, is introduced to calculate the 
information content of remote sensing imagery. In this paper, we deduce the formulation to calculate 
information of image, and discuss the correlative factors which affect the calculation on information quantity. 

2. Uncertainty and information quantity  
The fundamental conception of information is its uncertainty. Any event which is certain contains no 
information. E. C. Shannon (1948) brings forward the conception “information entropy” to describe the 
uncertainty of information. Suppose we have a set of possible states whose probabilities of occurrence 
are 1p , 2p ,…, np . The uncertainty of this event can be expressed by the form of entropy: 
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If the base 10 is used the units may be called decimal digits. If the base 2 is used the resulting units may be 
called binary digits, or more briefly bits. 

If we observe the event and get all information of it, we will eliminate all the uncertainty, and then we 
will get the information quantity of this event, just like expression (1). If we only observe K (K<n) states of 
the event, we will get the information quantity is:  
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the remainder uncertainty is: 
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Considering the existence of noise, the information quantity is: 
                                     ( ) ( )H H Hξ η= −                                                                        (4) 

where ( )H ξ is the entropy of signal, ( )H η  is the entropy of noise. 

3. Information quantity of remote sensing imagery  

3.1. The classification of the remote sensing imagery information source  
In information theory, an information source is a source which produces a message or sequence of messages 
to be communicated to the receiving terminal. Information source may be of two types in terms of the 
distribution on time and extent of messages produced by it: (a) A discrete source; (b) A continuous source. A 
discrete information source may also be of two types: a discrete memorial source and a discrete non- 
memorial source. The messages which produced by a discrete memorial source are correlative. To express 
the memorial source is more difficult than that of the non- memorial source. We always restrict the length of 
memory, and it means that the probability of one symbol occurs is only relevant to the preceding finite 
symbols, this kind of memorial source is called Markoff source. 

RS image can be classified into two types according to its storage methods: digital remote sensing image 
and optical remote sensing image. The digital image is a discrete Markoff information source; and the optical 
image is a continuous information source. The digital image is more convenient to storage, process and 
transmission. The optical image can be transformed to digital image through quantization. In this paper, we 
mainly discuss the digital remote sensing image. 

If there is a remote sensing image which contains b bands and m ×  n pixels, and the degree of 
quantization is q bits, the data quantity of the image is: 

nqbmQ ×=                                                                            (5) 
But the information quantity of this image is not equal to the data quantity. It is related to degree of 
quantization, correlation of neighboring pixels, geometrical distortion, correlation of wave bands, and etc. 
We will discuss these factors separately and calculate the information quantity of several frame remote 
sensing images in the next chapter. 

3.2. Entropy of single-pixel of the grayscale image 
The distribution of the grayscale image signal and noise of remote sensing image are close to normal 
distributions. If the deviation of signal is 2

ξδ  and the deviation of noise is 2
ηδ , then the entropy of single pixel 

will be expressed as (Lin, 1988): 
2 2
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it means that the entropy of grayscale image is equal to the logarithm of signal-to-noise ratio. 
In information theory, when a message by the probability of the occurrence of an equality, the entropy of 

the set of messages is maximum. If the grayscales of an image are N, the probability of each grayscale is 1/N, 
then the entropy is: 
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Table 1 lists grayscale image entropy under different typical signal noise ratios when the gray scale is 256. It 
shows that we can obtain 2.3 times completely lossless compression using a very simple single-pixel 
compression method. 

 
Tab.1 Grayscale Image Entropy under Different Signal-to-Noise Ratios 

ξδ  ηδ  )( gH  maxH  / )( gH  
48 4 2.48 3.23 
48 3 2.77 2.89 
48 2 3.18 2.52 
32 1 3.47 2.31 
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3.3. Correlation of neighboring pixels 
As mentioned above, the digital remote sensing image is a Markoff information source, and it has the 
statistical features of 1st order Markoff process. The covariance matrix is: 
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where 2δ is a signal deviation and ρ  is the correlation coefficient of neighboring pixels. We have ever 
calculated the correlation coefficient of a frame aerial photo. If the number of offset pixels τ  is respectively 
equal to 0, 1, 2, 3, 4, 5, 6, 7, 8, the auto-correlation coefficient τρ is respectively equal to 1.00, 0.75, 0.57, 
0.45, 0.39, 0.36, 0.32, 0.28, 0.26. Figure 1 shows the relationship between the correlation coefficient and the 
offset. By the increase of offset, the correlation coefficient is decreasing, if the offset is infinite, the 
correlation coefficient tends to zero. 
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Fig.1: Relationship between Correlation Coefficient and Offset 

Figure 2 shows the correlation between the neighboring pixels, “1” is the central pixel; ρ is the 
correlation coefficient between neighboring pixels and the central pixel when τ = 1; 2ρ is the correlation 
coefficient between neighboring pixels and the central pixel when τ = 2. 

According to information theory, the information quantity due to the correlation of neighbouring pixels 
is: 

( , 1) ln(1 )I τ τ ρ+ = − −                                                                 (9) 
So if t pixels are increased by the central pixel, the increased information quantity is: 

(t ) ln( / ) ln(1 )H t tξ ηδ δ ρ= + −                                                      (10) 
 
 
 
 
 
 
 
 
 

Fig.2: Correlations of Neighboring Pixels 

From formula (10) we can see that considering the existence of correlation of neighboring pixels, the entropy 
)(tH  will be less than )( gH , e.g. if ρ =0.9, 0.8, 0.7, 0.6, the corresponding reduction of information 

)1ln( ρ− = -2.3, -1.6, -1.2, -0.6. According to this principle, the information quantity of a frame vague image 
will be less than that of a frame clear image; a frame water image will be less than a city image. 
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3.4. The influence of geometric distortion 
Geometric distortion will result in the aberration between the pixels and the corresponding location. If the 
distortion offset isτ , the displacement uncertainty will be expressed as: 

)1(4ln 2 τ
τ ρδπ −= eH                                                            (11) 

This formula shows that, the smaller the correlation coefficient is or the bigger the grayscale deviation is, 
the poorer the ability to tolerate is on geometric distortion. So, the geometric correction of high-resolution 
images is very important. The geometric correlation can help to reduce the uncertainty τH ,  and then to 
increase the information quantity.  

3.5. Information quantity of multi-band remote sensing image 
The correlation of wave bands is similar to the correlation of neighboring pixels. If the information quantity 
of the j th band of an image is jH , and the information quantity of the 1+j th band is 1+jH , then 
considering the correlation of bands the total information quantity is: 

)1(1 ρ−+= +jj HHH                                                              (12) 
where ρ  is the correlation coefficient of two bands. 

4. Example and Discussion 
To validate our views and reasoning，we choose several remote sensing images and Aerial photos to 
calculate and analyze the information quantity. These six frame images include TM, SPOT and aerial image, 
and the landscape type of (a) ~ (c) is town; (d) ~ (e) is forest. 

 

         
                                  （a）                                                 (b)                                                    (c) 

                       
                                       (d)                                               （e）                                                  (f) 

Fig.3:  (a),  (d) TM image，the image resolution is 30 meters/pixel. 
     (b),  (e) SPOT image，the image resolution is 2.5 meters/pixel. 
     (c),  (f)  aerial image，the image resolution is 0.1 meters/pixel. 

From the calculation in table 2 we can see that: 
(1) The information quantity of an image is related to many factors as we discuss in the above, so it is not 

equal to data quantity of the image. Generally speaking, the data quantity is much bigger than the 
information quantity. 

(2) Comparing the result of (a), (b) and (c), for the same area in ground by different resolution, the 
information quantities are different too. The higher the resolution is，the bigger the information quantity 
is. e.g. (a) is a TM image whose resolution is 30 meters per pixel and the information quantity of single 
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pixel is 4.33 bits, where (c) is an aerial image whose resolution is 0.1 meters per pixel and the 
information quantity of single pixel is 7.31 bits. 

(3) Comparing the result of (a) with (d), (b) with (e) and (c) with (f), we can see that for the images on 
different landscape type, the information quantities are different. Generally speaking, the information 
quantity of an image about town is bigger than the image about field, and the two kinds of image are 
bigger than the forest. 

(4) The greater the correlation of neighboring pixels is, the smaller the information quantity is. 
(5) The greater the correlation of wave bands is, the smaller the total information quantity is. 

Tab. 2 Information Quantity and Data Quantity of Single Pixel 
Image Band E (bit) ρ

)(aH  (bit) 'ρ  )(bH  (bit) Q (bit) 

Band1 4.37 0.54 3.59 'ρ (1,2)= 0.81
Band2 3.33 0.54 2.55 'ρ (1,3)=0.89(a) 

Band3 3.96 0.52 3.23 'ρ (2,3)=0.75

4.33 24 

Band1 7.32 0.83 5.55 'ρ (1,2)=0.90
Band2 7.20 0.83 5.43 'ρ (1,3)=0.76(b) 

Band3 6.92 0.76 5.49 'ρ (2,3)=0.86

6.28 24 

Band1 7.66 0.63 6.67 'ρ (1,2)=0.91
Band2 7.60 0.66 6.52 'ρ (1,3)=0.93(c) 

Band3 7.57 0.60 6.55 'ρ (2,3)=0.89

7.31 24 

Band1 3.57 0.79 2.01 'ρ (1,2)=0.54
Band2 4.58 0.85 2.68 'ρ (1,3)=0.78(d) 

Band3 2.91 0.73 1.60 'ρ (2,3)=0.45

3.44 24 

Band1 5.62 0.94 2.81 'ρ (1,2)=0.70
Band2 6.12 0.93 3.46 'ρ (1,3)=0.66(e) 

Band3 3.92 0.85 2.02 'ρ (2,3)=0.68

4.07 24 

Band1 7.01 0.90 4.71 'ρ (1,2)=0.95
Band2 7.07 0.92 4.54 'ρ (1,3)=0.92(f) 

Band3 6.54 0.88 4.42 'ρ (2,3)=0.91

4.97 24 

※ In the table, E is the information entropy; ρ is the auto-correlation coefficient of image(we suppose t=1 to simplify 
the calculation); )(aH  is information quantity of  single band; 'ρ is the correlation coefficient of two bands; )(bH  
is information quantity of 3 bands; Q is data quantity. 

To calculate and analyze the information quantity of remote sensing imagery is a very important but 
complex problem. It is helpful to evaluate the quality of image, especially helpful to the image data 
compression. In this paper, we analyze the factors which affect the calculation on information quantity such 
as degrees of gray quantification, noise, geometrical distortion, correlation of neighboring pixels, correlation 
of wave bands, and etc. and we deduce a series formula to calculate the information quantity of remote 
sensing image. These prove that we can establish a uniform criterion for measuring the information quantity 
of remote sensing imagery. 
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