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TABLE I STATISTICS OF THE QUANTIZATION ERRORS
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a and 6 are the numbers of the coefficients present in the numerator and denominator polynomials of H(:,, z ’ ) . l = I , + I?. I , is the number of nonzero pairs of a,, and b,, ( i > 0 ) . l2 is the number of nonzero pairs of a,), and h,,,, , . A , B , D . and H a r e defined in (23)-(26).



Abstmcr-In this correspondence, we recommend a new algorithm for the gradient inverse weighted filter. Examples show that it can preserve edges and smooth noise more efficiently.
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I. INTRODUCTION The statistics of the four kinds of errors, viz., the storage error, the multiplication roundoff error, the coefficient, and the input quantization errors are given in Table I. V . CONCLUSION The quantization effects are analyzed for the systolic structure of a 2-D IIR digital filter proposed by Sid-Ahmed [4]. Expressions are derived for the total combined error at the output of each PE as well as at the output of the filter for a given time. In the systolic realization the roundoff accumulation error, the coefficient quantization error, and the input error expressions are the same as in the direct form realization, but an additional error called storage error is present at the output of the systolic realization. One can afford to have only a small additional error, totally avoiding the overflow due to addition. Finally, w e would like to mention that the error analysis of the systolic realizations of I-D IIR and 1-D FIR and 2-D FIR filters can be taken as special cases of the 2-D IIR filter error analysis.



Wang et al. [ I ] presented a gradient inverse weighted (GIW) filter. The proposed noise smoothing scheme is based on the observation that variations of gray levels inside a region are smaller than those between regions. Let x ( i , j ) be the pixel gray level at coordinate (i, j ) . Define
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where k , 1 = - I , 0, I , but k and 1 are not equal to zero at the same time. W e denote this vicinity as V ( i ,j ) . The absolute inverse of the gradient at (i, j ) is defined as



Then the output of the GIW filter has the form
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Reducing noise without smearing edges is the advantage of this nonlinear filter. As an improvement of the GIW filter, a new algorithm is introduced in this correspondence.
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The new algorithm of the GIW filter is based on the general form of ( 3 ) i ( i ,j )
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W e suppose that x ( m , n ) ( m ,n = 0, I , 2, . . . ) are independent and identically distributed Gaussian random variables with variance U:, and consider y(i, j ) as an output of the filter defined by (4). For smoothing noise efficiently, the optimal coefficients in (6) should be [2]



K(i, j )



= ut/[uf



+ ut(;, j ) ]



28 1 24 20 16 12



(7)



where uf(i, j ) is the variance of y(i, j ) . If u t ( i , j ) = uf. from (7) w e have K ( i , j ) = 0.5. But in general cases, u t ( i , j ) is much less than 0:. Thus, it is not a good choice letting K(i, j ) = 0.5 to get (3). However, an exact expression of of(;.;) is not available. T o obtain an approximate value, we consider every W ( i ,j ) as a constant at point (i. j ) . Then we have
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Substituting (8) in (7), we obtain



where
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Fig. I . A noisy edge
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2 4 6 8 10 12 14 16 18 20 Fig. 2. The smoothed edge by the GIW filter (old) with a three-point window. 0



As in the GIW filter, this new algorithm requires no preassigned parameters and involves only simple arithmetic calculations. For the sake of comparison, supposing that there is pulse noise at point (i, j ) , we have x ( i , j ) = h and x ( i k , j + I ) = 0, ( k , I E V ( i ,j ) ) . Using ( I ) , (2), ( 5 ) , and (IO), we obtain W(i,j ; k , I ) = D ( i , j ) = 1 /8. Hence from (3) and (6), the filtered outputs evaluated by using the two algorithms are h / 2 and h / 9 , respectively. In this case, the new algorithm has the same output as the mean filter.
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111. EXAMPLES



For investigating the difference between the two algorithms in signal processing, two examples are given below. Example I : Fig. 1 shows a one-dimensional noisy edge. Figs. 2, 3 demonstrate the applications of the two algorithms to the curve with a three-point window. It is shown that the proposed new algorithm can smooth noise more efficiently. Example 2: A 6 4 x 64 pixel test image was generated to evaluate the performance of the algorithms. Fig. 4 is the simulated image showing a small square (gray level = 80) and a large dark ring (gray level = 30) [ l ] . In order to examine the noise smoothing and edge preserving ability of a filter, we divide the composite image into two parts. One is the flat region, the other is the edge region which only contains the boundary lines. The signal-to-noise ratio improvement of the two parts is denoted by (SNI),and (SNI),, respectively. Adding the white noise generated from N ( 0 , 2 5 ) , N ( 0 , loo), N ( 0 . 400), and N ( 0 , 900) to Fig. I , respectively, we obtain four noisy images. The results evaluated by applying the two algorithms of the GIW filters and the median filter to each of the four noisy images are shown in Table I. Table I demonstrates that the GIW filter gives a stable value of SNI. It means that the GIW filter can be used more than one time to obtain better results [l]. Fig. 5 shows the original image corrupted by Gaussian white noise with mean zero and variance 400. Figs. 6 to 8 are the images filtered with the two algorithms of the GIW filter and the median



Fig. 3 . The smoothed edge by the GIW filter (new) with a three-point window.



Fig. 4. The original image filter, respectively. From the figures we can see that if there are two neighboring pixels having the same value, both of them can be preserved by the GIW filter but removed by the standard median filter. It may be one of the reasons why the median filter is better than the GIW filter in smoothing noise. In other words, the GIW filter can preserve the details, for example, the thin lines of images. But those thin lines will be removed by the standard median filter.
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TABLE I SNI (dB) Filter Name
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Fig 8 The smoothed image by a 3 x 3 median filter window [4]. With this structurc. the thin lines may still be preserved. 2) The eight pixels in the vicinity of x ( i . j ) are replaced by the four medians of the pixels in the four sides of the square window. With this structurc. the thin lines will be removed but the edges are preserved. As more "details" are removed, with these substructures the GIW filter can perfomi better in smoothing Gaussian white noise.



I V . CONCLUSION Fig. 5 . The iniage corrupted by Gaus\ian white noise with variance 400.



In this correspondence. a new algorithm for the gradient inverse weighted filter is described. Of course, more calculations are needed in order to achieve the improvetncnt in smoothing noise. Since the median filter may create artifacts, the GIW filter would be more attractive in a number of applications. REFtRENCtS
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Fig 6 The smoothed image by the GIW hltei (old)
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Localization of Narrow-Band Autoregressive Sources by Passive Sensor Arrays
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Abstract-Unique localization of multiple snurces by antenna arrays requires that the number of sensors be greater than the number of sources. When additional information is given this is no longer true. In this correspondence we assume that the signals' structure is of autoregressive (4R)tlpe. We present a localization procedure which con-
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Fig. 7 The smoothed image by the GIW filter (new)



To avoid the G I W filtcr taking as much noise a s the "details" to preserve, wc can choose some new substructures



1.71.



1 ) The eight pixels in the vicinity of.r(i. J ) are replaced by the four medians of the pixels in the four orientations in the squarc
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