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ABSTRACT 
 
Compression process in remote sensing confronts the problem of errors encountered in 
digital data transfer, when reconstructing the original image. A study on DCT bases for 
JPEG compression process is carried out on a sample image and a typically remote 
sensed image. A formula for quantization matrix as a function in one variable is proposed. 
Effective compression ratio (ECR) is investigated versus the variable of this formula. In 
ideal case of data transfer, ECR can get a value of 18 with root mean square error (RMSE) 
<6%. The peak signal to noise ratio (PSNR) is used as a quantitative figure of merit. It’s 
found to be >55 for ECR≤19 for the two selected images. 
Data may encounter errors in its transfer process. Therefore, error rate and level are 
proposed as 2 independent variables to analyze image quality after reconstruction. Error 
rate is taken to be one faulty bit or a burst of bits for every 8, 16, 32, 64, 96, and 128 Kbit of 
transferred data. It is found that the quality of reconstructed image is the same like that of 
ideal data transfer at low error rate ≤1/100K. This quality starts to degrade dramatically if 
the error rate grows beyond 1/64K as a threshold value, especially at compression ratios 
ECR<11. 
The influence of error rate is only investigated for low compression ratios. The errors in 
transfer of data are hidden underneath the encountered errors by high compression ratios. 
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1. INTRODUCTION 
 
 Data compression in remote sensing is essential. This is due to the limitation in storage 
capacity and restrictions imposed on down link data rate. Therefore it is significant to 
add a compression module to data handling unit installed on the remote sensing 
satellite (RSS) board. 
 The implementation of data compression unit has to be preceded by a deep study on 
the used mathematical algorithm with defined figures of merit to evaluate the 
compression method at different variants. 
  Error rate and the amplitude of this error (error level) in the stream of binary data may 
describe the problems which may be encountered in data transfer. 
  In this paper the effect of these parameters on root mean square error (RMSE) and 
peak signal to noise ratio (PSNR), is studied as figures of merit of reconstructed image 
quality. Illustration of analysis procedure is shown in figure (1). It is carried out on 
MATLAB environment. 
          
1.1. Theoretical basis 
   
 Discrete cosine transform (DCT) [1-5] has been selected in this paper as the basis of 
JPEG transform. 
 Matrix A reads a square fragment of the image of size nxn. This matrix is transformed 
by conversion matrix C considering the following mathematical sequence: 
                                     ]2/)12)(1cos[(./2),( njiknjiC π−−=     (1)                             
Where      for , and   1=k njni :1,:2 == 2=k  for nji :1,1 ==                                                                  
 The resultant converted matrix is proposed to be 
                                                                               (2) CtACB **=
Where  is the transpose of . So to reconstruct the original image which is 
represented by matrix 

Ct C
A , the matrix B  has to be operated by the inverses of C & Ct on 

both sides of equation 2.2 to be:   
                                                                      CtiCtACCiCtiBCi ****** =
                                                                                            (3) A=
where Ci, Cti are the inverse matrices of C and Ct respectively.                                    
 Now to complete the sequence of compression, B elements are divided on quantization 
elements of matrix Q. Such a quantization matrix has been optimized to get the best 
results which are monitored by the highest number of zeros after truncation. In our 
study, the following equation is optimized:  
                                    qjijiQ )1(2),( −+=                                 (4) 
Where Q is the quantization matrix and q is the matrix number. So after quantizing the 
DCT transformed matrix, we get a matrix with a remarkable number of zeros. To get 
maximum number of consequent zeros, we read the resulting matrix in a zigzag form. 
By this sequence we get a one-dimensional array of reduced number of elements. The 
reduction of number of elements is got by counting and replacing the number of zeros 
instead of their values. The effective compression is the ratio of (n*n) to the number of 
elements of obtained one dimensional array.      



 

Proceeding of the 12-th ASAT Conference, 29-31 May 2007 IMP-02 3 
 

 

Carrying out the compression procedure to get a compressed data stream, and adding 
a prescribed error by a certain rate, then processing inversely on compressed data 
stream we get the most significant and the nearest image to original but slightly 
different. 
The difference between the two images may be investigated by calculating the root 
mean square error: 
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Where  are the signal levels of corresponding pixels in original and 
decompressed images, and  is the dimension of image fragment under study. 
Another used evaluation figure of merit is the peak signal to noise ratio which may be 
expressed as: 

);,( jia ),( jiad
)*( NM

                                 
                                                      (6) )/255log(*20 RMSEPSNR =
  
If packing and transfer of data are ideal as well as unpacking process and having 
reconstructed the image, its quality and the compression process can be evaluated 
using formulae (5) and (6).  
 In this stage the error rate and its level are introduced in simulating transmission of 
compressed data and its reception and then decompressing it to reconstruct such an 
image. Consequently RMSE and PSNR would be evaluated as a function of 
quantization matrix parameter q to be able to discriminate the error effect on 
reconstructed image quality with respect to original one. 
 
 
2. RESULTS  
 
Having carried out such an algorithm for different images and for a group of quantization 
matrices we have got the following results. 
 
 
2.1. Race image as test sample 
 
A race image sample is used as a preliminary test with 20 quantization matrices. Figure 
(2) shows original image and 2 reconstructed images from the compressed data stream 
compressed using 2 different quantization matrices with q=1 and 20. The corresponding 
effective compression ratios (ECR) are ≈3.5 and 15 consequently, figure (3). The 
(RMSE) is almost limited to<0.045 for ECR<15 which is reasonable for such type of 
images. PSNR is also >60 which ensures the capability of used compression algorithm.  
Calculating the above mentioned three parameters ECR, RMSE, and PSNR for a typical 
remotely sensed image, the resulting characteristics are plotted versus quantization 
matrix number (q) in the same figure (3) to serve in comparison between different 
images. 
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Comparing the results of calculating ECR, RMSE and PSNR got for a race sample 
image and a typically remote-sensed image. We may observe that they have the same 
trend but they differ slightly in values due to the image properties. If the PSNR is taken 
to be>60, ECR is limited by 12. 
Corresponding remotely sensed and reconstructed images using quantization matrices 
of q=1 and 20 are shown in figure (4). 

  

4. ERROR RATE & LEVEL EFFECT ON DECOMPRESSED IMAGE QUALITY 
 
Consider that an error is generated in digital data transfer in packing, communication link of 
data transfer, unpacking or any other processes before decompression and image 
reconstruction. 
 
4.1. Error Rate Effect 
 
  If it is proposed that the stream of data has one faulty bit for each transferred 128, 32, 16, 8 
Kbit. The RMSE & PSNR of such analysis are shown in figure (5).  
If the error rate is <1/128K the effect on image quality after compression is negligible. But it is 
remarkable when the error rate is in the order of 1/32K. Therefore in remote sensing, it is 
preferable to be one faulty bit per 100K. 
 
 
4.2. Error Level Effect 
 
In these analyses the effect of this faulty bit is intentionally considered as least significant bit 
(LSB). The error level changes from 1:128 according to the position of the faulty bit in the 8-bit 
word. The value of RMSE is affected dramatically specifically in high error rates. This idea is 
clearly illustrated for RMSE, in figure (6). 
For small error rates <1/64K, the effect of error level can be neglected. As shown in figure (7), 
the RMSE is effectively the same for the error level varieties from 1 to 128 especially for high 
ECR.  
 
 
4.3. Limits on Error Rates 
 
When fixing the error level and calculating RMSE for different rates it is possible to investigate 
the combined limits which should be imposed on error rate in digital signal processing or 
communications. 
 It’s obvious from figure (8) that the value of 1/64K may be considered as a threshold limit for 
acceptable image quality. The error level affects only in the higher rate of errors and 
dramatically beyond rates of 1/16k. 
In the following part of this work a group of reconstructed images is presented to show the 
effect of low error rate as well as the burst size effect, figure (9). 
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CONCLUSION 
 

• The RMSE doesn’t exceed 0.05 if PSNR has to be kept >60. This limits the JPEG 
compression with DCT basis to ratios of ECR <12.  

• Error rate of one bit per 105 is quietly ineffective for ECR>8, if the error bit is LSB 
but it may be effective for bursts covering byte length. 

• Dramatic increase in RMSE is observed for error rate > 1/32Kb 
• The error rate is effective in DCT basis JPEG compression for our proposed 

quantization function only for effective compression ratios<~11. 
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Figure (1) Procedure of image fragment compression until packing and data transfer to ground reception station. 
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Figure (2) Test image and 2 decompressed images  
with different compression ratios. 

 

 
 

 
 
 

 
 

Figure (3) ECR, RMSE and PSNR versus 
quantization matrix number(q) for race 
sample and a remotely sensed images.

 
 

 
 



 

Proceeding of the 12-th ASAT Conference, 29-31 May 2007 IMP-02 7 
 

 

 

 

 

 

Figure (4) typical remotely sensed image and 
corresponding 2 decompressed images 
with different compression ratios. 

 

 
      Figure (5) RMSE variation v-s quantization matrix 

number for different error rates of 1/128000, 
1/32000, 1/16000, and 1/8000 at error level 2^0. 

 
Figure (6) RMSE v-s quantization matrix number for 
different error levels 4, 16, 64 and 128 at error rate of 
1/16000. 
 



 

Proceeding of the 12-th ASAT Conference, 29-31 May 2007 IMP-02 8 
 

 

 
Figure (7) error level affects negligibly at small error 

rate. 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 

Figure (8) Combined effects of error rate and error 
levels define the threshold error rate for acceptable 
image quality. 

 
 
 



 

Proceeding of the 12-th ASAT Conference, 29-31 May 2007 IMP-02 9 
 

 

 
  
(a) 

 
(b)

 

(c)

 
(d) 

 
 
 

 
 

Figure (9) A group of reconstructed images from compressed data q=6. They show the effect of increased rate (a 
and b), meanwhile the images (c and d) show the effect of power of faulty bits for the same rate.
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