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Two-Dimensional Filtering Through the Radon Transform

Joong-Sun Won
Department of Earth System Sciences, Yonsei University

Abstract

The Radon transform has been widely used in various techniques of digital image processing such as the
computerized tomography, lineament analysis in a remotely sensed image, slant-stack processing of seismic
data, and so on. Compared to the Fourier transform, the utility of two-dimensional convolutional or
correlational properties of the Radon transform, however, has been underestimated. We show that the two-
dimensional convolution and correlation is respectively reduced to be one-dimensional convolution and
correlation with respect to p in the Radon space. Therefore, one can achieve a two dimensional filtering by
applying a simple one-dimensional convolution in the Radon space followed by an inverse Radon transform.
Tests of the approach using FIR filters are carried out specifically for enhancing the ship wake in a
RADARSAT SAR image. The test results demonstrate that the two-dimensional filtering through the Radon
transform effectively enhance the ship wake features as well as reducing sea speckle in the image.

Although two-dimensional convolution and correlation through the Radon transform are not so much
useful as those through the Fourier transform in views of efficiency and effectiveness, it can be utilized to
improve the quality of a digitally processed output when the process should be accompanied by the Radon
transform such as tomography and lineament analysis of SAR image.
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g A9 ol &7 o] FES olFFTE 53] Hed & 7jel o7 RopollA L Q)
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BEESE T3 9AYA ARE o83 ATz FAE ML Bl ALHT Ik 944
AL AgY Az £48 98 sZH B (Hough transform) & 8ol ARSI glov), AAz 3=
HE2 =R B4 ZA$o] B35t Deans, 1983). YAEAL A7 =HES o] &3 M
Z MY dZE Murphy(1986) ol Uth ook fAbelAl st=ZdE o] 438 2= Liu et
al(1996), Wang and Howarth(1989), Duda and Hart(1972) Eo] 2w E3] [lingworth and
Kittler(1988)-2 3tZ ko] thokat oj&--ofo tls] M3 ZARRE A4S 713ty Qo) SHEd
3le] Aukd EAo] sl A E Deans(1983), Durrani and Bisset(1984), Beylkin(1987), Rosenfeld and
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Sy EL NeE 2 UcH(Sahiner and Yagle, 1993; Delaney and Breder, 1995), S}E¥H3E EX T
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Figure 1. Coordinate specification of th feature space and the Radon transform parameters.
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Figure 2. Flow chart for two-dimensional convolution or correlation process through the Radon transform.
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Figure 3. The original RADARSAT fine beam mode SAR image and a reconstructed image from the Radon
transform: (a) the original image presenting ship wake as bright V" shape while speckle is
prominent in the rest of sea surface; (b) the logarithmic amplitude spectra of the image (a) showing
near horizontal bright distribution which corresponds to near vertical ship wake; (c) the
reconstructed image from the Radon transform using filtered back projection algorithm without any
filtering process in the Radon space; (d) the logarithmic amplitude spectra of the image (c).
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Figure 4. Sea speckle model of the SAR image: (a) a Rayleigh distribution model fitted to histogram of SAR
image with no ship wake (b) the histogram of Fig. 3(a) in which the Rayleigh distribution model is
slightly modified due to ship wakes.
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Figure 5. (a) The Radon transform of the SAR image taken from general sea surface
region where no ship wake exists, and (b) that of the image with ship wakes
as in Figure 3 (a). The bright spot in (b) about 8=100° implies the lineament
corresponding to ship wakes, while no significant points are observed in (a).
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Figure 6. Sea speckle model in the Radon space: (a) a normal distribution model fitted to the Radon
transform of sea speckle; (b) histogram of the Radon transform of Fig. 3(a) in which the contribution
of ship wake can be separated by subtracting the sea speckle model! estimated in (a).
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Figure 7. Variation of maximum Radon transform with respect to 6.
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Figure 8. The characteristics of the low-pass filter designed in this study: (a) the Fourier spectra of the low-
pass filter, and (b) the impulse response of the filter in the feature domain. The filter is composed of
a 31 by 31 data array in the feature domain.
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Figure 9. The characteristics of the “X"-shape filter designed in this study: (a) the Fourier spectra of filter, and
(b) the impulse response of the filter in the feature domain.
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Figure 10. The reconstructed image from the Radon transform after applying the filters in the Radon space:
(a) the reconstructed image after low-pass filtering in the Radon space, and (b) its Fourier spectra;
(c) the reconstructed image after “X"-shape filtering in the Radon space, and (d) its Fourier
spectra.
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Figure 11. The Radon transform along Rho line of theta & = 100°: (a) the Radon transform of the original data,
and (b) that after applying the low-pass filtering process in the Radon space.
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Figure 12. Histogram of the Radon transform after applying (a) low-pass filter and (b) “X"-shape filter in the
Radon space. The variance of the best fitting normal distribution model is reduced in both cases.
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Figure 13. The RMS errors of the resulting images.
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