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Filtering methods for different characteristic
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Abstract: We analize the reason of periodic bright and shadow stripe noise generated in burst mode SAR, when the full
aperture imaging algorithm is used. A simple but efficient one-dimensional frequency domain filtering method is proposed along
with the flow chart of improved Range Doppler imaging algorithm including this operation. We discuss the nonperiodic
abnormal stripe noise due to the spaceborne SAR system itself, and present an area filtering method in two-dimensional

Journal of Remote Sensing 1% & % 4%

frequency domain. The validities of the algorithms in the paper are proved by processing actual spaceborne SAR data.
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1 INTRODUCTION

Spaceborne synthetic aperture radar (SAR) is a kind of
active microwave sensor which can work at any time in any
weather, and be widely used nowadays in all fields of earth
observation. Some periodic or nonperiodic stripe noises, which
greatly affect the image quality and subsequent application,
may appear in SAR images because of the signal processing
algorithms or SAR system itself. Thus, to look for a simple and
effective SAR image denoising algorithms becomes more
significant. However, the properties of SAR image are different
from optical image according to the coherent imaging principle.
For example, there exists the speckle noise. Hence, the common
denoising algorithms for optical image can not be utilized in
SAR image directly. Some studies about the stripe noise in
SAR image have been done by Lou, ef al. (1999), on the basic
of which two more simple and efficient denoising algorithms
are proposed in the paper through the classification of the noise.

When the full aperture algorithm is used to process burst
mode spaceborne SAR data, the first kind stripe noise appears
for the additional modulation noise introduced by zeros
patching between effective bursts (Cumming, et al., 2005;
Hlzner, et al., 2002). Periodic bright and shadow vertical stripes
will appear on the final imaging results. Taking the filtering
methods for periodic noise in optical image (Aizenberg, er al.,
2008; Chen, et al., 2003; Ghada, et al., 2005; Preesan, et al.,
2009; Tsai, et al., 2008; Liu, et al., 2006) as the references, the
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paper proposes a simple but efficient one-dimensional median
filter in frequency domain. The frequencies corresponding to
the stripe noises are determined by the average value of
multiple azimuth lines in frequency domain, so the coherent
interference in SAR image can be reduced maximally. The
computational efficiency is improved comprehensively greater
than conventional two-dimensional frequency domain filters.
Furthermore, it can be easily combined with RD algorithm, and
the better computational efficiency can be obtained. The
flowchart of this improved RD algorithm is presented in the
paper. The validity of this algorithm is proved by processing
ENVISAT SAR data.

Nonperiodic irregular stripe noise may be generated because
of SAR system itself or external interference and it is the
second stripe noise discussed in the paper. For this more
complex noise, after analyzing the relation between grayscale
image in time domain and amplitude image in frequency
domain, the paper proposes an interactive area filtering
algorithm in two-dimensional frequency domain. The validity
of this algorithm is also proved by processing actual spaceborne
SAR data.

2 THEORETICAL BASIS OF STRIPE NOISE FIL-
TERING ALGORITHMS

Two-dimensional Fourier transform is an orthogonal
transform, and it can decompose the image to a series of sine
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and cosine signals. Thus, it is widely used in image analysis,
filtering, compression and reconstruction etc.. The energy
distribution is gathered to low-frequency components by the
transform, while the detailed information of the image edges
and lines is reflected on high frequency components. If the
orientations of the objects in time domain image have
regularities, the orthogonal direction properties will appear on
the high amplitude spectrum too. This conclusion can be proved
as following. Assuming the distributing mode of gray image
fix,y) in time domain is extended along y axis, and it can be
expressed as
A 0sxsX,05ysY

fy= {0 others @

where A is amplitude of the gray level image, X, Y are pixel
numbers along horizontal and vertical ordinates, X<<Y. The
Fourier transform of fix,y) is

F(u,v) = AXY x{sin(nuX)x exp(—jnuX)[X

X )
,sin(an )xexp(—jmvY ),
47 4
And the corresponding amplitude spectrum is
| F(u,v) = AXY >(ls1n(1tuX)|X|s1n(1rvY)| 3

Ty
Since 1/X>>1/Y, the spectral amplitude mode extends along u
axis. That is to say the extending direction of the spectral
amplitude mode is orthogonal with the extending direction of
the gray image in time domain. The conclusion is still valid to

| X

the general image pattern and it can be proved by the scale
transform property Eq.(4) and the rotation property Eq.(5) of
the two-dimensional Fourier transform.

F (u/i
FFT(f (ax,by)} = L 48.0) “)
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F (ucos@ —vsin@,usin @ + vcos 8)
where FFT{f} denotes the two-dimensional Fourier transform
of function fix,y), which a,b and @ are constants. Thus, the
amplitude shape in frequency domain can be determined by the
shape of stripe noises in time domain, and then the target of
noise reduction can be achieved by corresponding process. This
is the foundation of frequency noise filter design in the paper.

3 PERIODIC STRIPE NOISE FILTERING IN SAR
IMAGE

3.1 Analysis of periodic stripe noise

To apply full aperture imaging algorithms in burst mode
SAR, zeros should be patched between effective bursts firstly.
Then, the time relationship corresponding to stripmap SAR is
obtained, and the common stripmap SAR imaging algorithms
can be used. The zero patching is equivalent to multiply a fixed
time rectangle signal (the value is zero) to the conventional

stripmap SAR data. Thereby, a periodic noise along azimuth
direction is introduced. This noise has significant influence on
the range and azimuth decoupled imaging algorithms (such as
RD), and some bright and shadow stripes will appear on the
final SAR image (Curlander, et al, 1991; Ding, ef al, 2002;
Hlzner, et al., 2002). The effect is similar to the imaging results
of uneven weighted antenna directional pattern. Since the stripe
noise extends along range direction and appears periodically in
azimuth direction, the spectral amplitude mode must be
extended in azimuth direction based on the conclusion of
section 2.

If the cycle and width of the stripe noise is fixed, a couple of
symrhetric impulses along azimuth direction in two-dimen-
sional frequency domain will be generated, where the fre-
quencies of the impulses are determined by the cycle of noise.
The noise can be removed in two-dimensional frequency
domain by conventional optical image processing methods such
as notch filter (Gonzalez, et al.,2001), Gauss weighted notch
filter (Aizenberg, et al,2008) or median filter (Ghada, et
al,2005; Zhang, et al,2002; Lin, et al, 2007; Chang, et
al.,2008). Since the stripe noise has regular shape and fixed
cycle, the noise reduction process does not need to completely
change the image into two-dimensional frequency domain and
only one-dimensional Fourier transform along perpendicular
direction to the stripe noise can meet the requirement. Thus, a
one-dimensional frequency domain filter for periodic stripe
noise in SAR image is proposed.

3.2 Periodic stripe noise filtering method

Since the spectral powers of the stripe noise and the nature
scene arc mixed together and the influence of coherent noise
exists simultaneously, the frequencies of stripe noise cannot be
determined by a single azimuth line. If we accumulate all the
azimuth lines, the spectral powers corresponding to the nature
scene are restrained by each other and it can not become very
large. But the peaks of spectral powers corresponding to stripe
noise will be generated: Except the zero frequency, other peaks
may be corresponding to the frequencies of stripe noise.
Assume there are M points in azimuth direction and N points in
range direction. The vector F, denotes the Fourier transform
result of the xth azimuth line, P, is the Fourier amplitude
spectrum of F,, x=1,..., N. Steps of one-dimensional frequency
domain filter are listed as follows.

Step 1 Mean value of azimuth lines Fourier spectrum can
be obtained by Eq.(6).

N
MeanSpect = 1y > P, ©)
N x=1
where

P =IF,| %)

| Mol
Fx(v)=—A;x Y f(x,y)xexp(—j2nvy/ M) (8)

y=0

Step 2 Seek for the peaks of MeanSpect except the zero
frequency.
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Symmetrical spectral power peaks, which are frequencies of
the stripe noise, are found and is denoted as f; uniformly. To
determine the noise frequencies by the peak search is
independent of SAR parameters and unaffected by image
resampling. Thus the stripe noise filtering becomes a universal
operation.

Step 3 According to the noise frequency fe each
azimuth line is processed by the one-dimensional median filter
Eq.9).

F (f,0ise) = median{F (v)/ 8} )

The function median substitutes the Fourier spectrum
amplitude at f,. by the median value in a one-dimensional
window but keeps the phase values unchanged. §is a destriping
factor. Since actual scenes information exist at £, t00, some
image information will be lost if the corresponding amplitude
value is set to zero directly. A weighted one-dimensional
median filter is adopted in the method.

Step 4 Utilize the inverse Fourier transform on the
frequency domain image obtained in Step 3, and the recovered
image is obtained.

3.3 The improved RD algorithm which includes the
stripe noise filter

As the preceding stripe noise filter can be realized in
one-dimensional frequency domain, the analysis of RD
flowchart shows that if the filter is added into RD algorithm
prior to the last IFFT step, the same performance can be
obtained while the computation efficiency is improved further.
The flowcharts of RD with and without the filter are displayed
in Fig. 1.

The parameters of SAR system (such as burst duration time,
PRF, time correspondent with zeros patching etc.) can be
obtained during the imaging process. Under this condition, the
frequency of the stripe noise can be achieved by simple
calculation. Thus the accumulation of all the azimuth lines is

not necessary.
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Fig.1 The flowcharts of RD algorithm before and after improving
(a) Conventional RD algorithm; (b) Improved RD algorithm

4 NONPERIODIC STRIPE NOISE FILTERING

4.1 Analysis of nonperiodic stripe noise

Another stripe noise generated by SAR system itself or
external interference may appear on SAR image. It is typically
nonperiodic and associated with targets. Furthermore the length
and width of every stripe are different (Fig.4 (a), (d)). As the
stripe noises have various length and are not through the whole
picture, the frequencies of the noises can not be determined by
the method in section 3 and the conventional two-dimensional
frequency domain filters are invalid (Gonzalez, et al., 2001;
Aizenberg, et al., 2008; Ghada, et al., 2005) too. A two-dimen-
sional frequency domain area filtering method is proposed
based on the following idea. Firstly, the area corresponding to
stripe noise in the spectrum image is determined by the
conclusion in section 2 that the distributions of amplitude in
spectrum image and grayscale image are perpendicular.
Secondly, the stripe noise is removed by the corresponding
processing on this area.

4.2 Determination of the area corresponding to the
noise in spectrum image

Although this kind of stripe noise seems in a clutter, there
still exist some common features: exiending along vertical
direction, nonperiodic, variational stripe width. Conclusion of
section 2 shows that the energy distribution of this kind noise
should extend along horizontal direction and may appear on all
the frequency because of the nonperiodic attribution. Hence, a
bright line may be found in the spectrum image. As the widths
of every stripe are different, the width of the bright line in
spectrum image is not one pixel. The spectrum image (such as
Fig.4(g)) can be obtained by two-dimensional Fourier transform,
and a bright line with the width of about five pixels appear in
the middle of the image. So, the preceding analysis is
confirmed too. The area corresponding to the noise in the
spectrum image is determined now, and the noise can be
removed by suitable adjusting to these data.

4.3 Specific steps of the filtering method for irregular
stripe noise

Step 1 Utilize two-dimensional Fourier transform on the
input-image, and display the spectrum image. To see detailed
information clearly, the logarithm transform may be used
firstly.

Step 2 Determine the area corresponding to vertical stripes
in the spectrum image obtained by step 1.

Step 3 The values of spectrum amplitude inside the area
determined in Step 2 are substituted by the mean values of the
two sides adjacent to the bright line. The phase values should
keep unchanged.

Step 4 Utilize two-dimensional inverse Fourier transform
on the image obtained from Step 3 and then the recovered
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image is obtained.
5 EXPERIMENT

5.1 Periodic stripe noise filtering in SAR image

ENVISAT is one of the Earth observation satellites of
European Space Agency. It is launched on Mar. Ist 2002, on
which there are many sensors to observe the land, sea and air
separately. As the main sensor among them, the synthetic
aperture radar ASAR works at C-band and has the charac-
teristics of multi-polarization, multiple look angles, and wide
swath imaging etc.. Apply full aperture RD algorithm on the
burst mode raw data, the level 1 image and corresponding

filtering results are displayed in Fig. 2.

Two SAR images with stripe noise are displayed in Fig. 2(a)
and Fig.2(d), and the image quality is degraded greatly because
of the obvious periodic energy variation along azimuth. The
filtering results with method proposed in section 3 are
presented in Fig. 2(b) and Fig.2 (e), where the window size of
the one dimensional median filter is 7 and ¢'is 5. The removed
stripe noises are displayed in Fig. 2(c) and Fig.2 (f). The
vectors of the mean azimuth spectrum MeanSpect, corres-
ponding to scene 1, with and without filtering the stripe noise
are displayed in Fig. 3, where the abscissa is normalized
frequency and only half cycle spectrum line is given. The peak
value corresponding to the noise is removed efficiently.
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Fig.2 Filtering results of the periodic stripe noise; image size is 512x512 pixels
(a) Before filtering the stripe noise of Scene 1; (b) After filtering the stripe noise of Scene 1; (c) The filtered stripe noise from Scene 1; (d) Before filtering the
stripe noise of Scene 2; (e) After filtering the stripe noise of Scene 2; (f) The filtered stripe noise from Scene 2
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Fig. 3 The change of azimuth spectrum mean value in Scene 1 before and after filtering the noise
(a) Azimuth spectrum with stripe noise; (b) Azimuth spectrum after filtering the stripe noise
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5.2 Irregular stripe noise filtering in SAR image

Fig. 4 displays the level 1A images of Dubai district
processed by RD algorithm from another stripmap spaceborne
SAR. Fig.4(a) and Fig.4(d) are images with stripe noise.
Although the gaps among these stripes seem small, the result is
poor if the low pass filter is applied on the noise image directly.
As an example, Fig.4(i) displays the filtering results of Fig.4(a)
with Gauss low pass filter. The stripe noise still exists even
though the image becomes blurred. Thus this kind of filters is

invalid already. Appling one-dimensional frequency domain
filter discussed in section 3 on the image with noise, there is no
obvious peak after the accumulation and the frequency
corresponding to the noise can not be determined, which
verifies the analysis in section 4.1 further. Filtering results with
method proposed in section 4.3 are displayed in Fig.4(b) and
Fig.4(e), and the removed noises are presented in Fig.4(c) and
Fig.4(f). Apparently, the stripe noises are filtered effectively.
Fig.4(g) and Fig.4(h) display the spectrum images before and
after filtering.

(d)

(8

(@)

Fig. 4 Filtering results of nonperiodic stripe noise (image size is 256x256 pixels)
(a) Before filtering the stripe noise of Scene 3; (b) After filtering the stripe noise of Scene 3; (c) The filtered stripe noise from Scene 3; (d) Before filtering the
stripe noise of Scene 4; (¢) After filtering the stripe noise of Scene 4; (f) The filtered stripe noise from Scene 4: (g) The spectrum amplitude before filtering the
noise of Scene 3; (k) The spectrum amplitude after filtering the noise of Scene 3; (i) Filtering result with low pass filter of Scene 3

5.3 Evaluation of the noise reduction

In addition to the visual effects of the images, the noise
reduction ratio (MR) (Preesan, et al., 2009; Chen, et al.,2003)
and the change of image resolution are employed as quality
indexes to evaluate the noise reduction methods. NR is

calculated from Eq.(10).

NR=Ny/N, (10)
where N, stands for the power of the frequency components
produced by stripe noise in the original image, and N, stands for
the corresponding power in the destriped image. NR reflects the
degree of noise reduction. The values of NR corresponding to -
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the preceding four images are listed in Table 1.

Table 1 Noise reduction ratio NR

Image NR Image NR
Scene 1 18.69 Scene 3 26.36
Scene 2 19.17 Scene 4 19.26

The change of image resolution is measured by the pixel
number variation of a strong reflectance target before and after
noise reduction. For example, a strong reflectance target in
scene 2 is included in a 20x20 pixels window and the target has
eight pixels before and after noise reduction. That is to say, the
resolution is not degraded significantly with the stripe noise
filtering operation. The same conclusion can be obtained from
the other scenes. It is also consistent with the visual effect.
Therefore, the noise can be filtered effectively on the premise
of keeping the resolution undegraded with the methods
proposed in the paper.

6 CONCLUSIONS

With the experiences of frequency domain filtering methods
for periodic noise in optical image, the filtering methods for
bright and shadow stripe noise in burst mode SAR image are
studied and a one-dimensional weighted median filter in
frequency domain independent of the parameters of SAR
system is proposed in the paper. The validity of this method is
proved by the processing of ENVISAT SAR data. For the
irregular stripe noise caused by radar system itself, based on the
theory foundation that the distributions of amplitude in
spectrum image and grayscale image are perpendicular. An
interactive two-dimensional frequency domain area filtering
algorithm is proposed in the paper. The validity of this method
is also proved by the processing of actual spaceborne SAR data.

REFERENCES

Aizenberg I and Butakoff C. 2008. A windowed Gaussian notch filter
for quasi-periodic noise removal. Image and Vision Computing,
26(10): 1347-1353

Chang C C, Hsiao J Y and Hsieh C P. 2008. An adaptive median filter

for image denoising. IEEE Second International Symposium on

Intelligent Information Technology Application, 2: 346~350

Chen I S, Shao Y, Guo H D, Wang W M and Zhu B Q. 2003. Destriping
CMODIS data by power filtering. IEEE Trans. on GRS, 41(9).
2119-2124

Cumming I G and Wong F H. 2005. Digital Processing of Synthetic
Aperture Radar Data: Algorithms and Implementation. Norwood:
Artech House Inc

Curlander J C and McDonough R N. 1991. Synthetic Aperture Radar,
Systems and Signal Processing. New York: Wiley & Sons, Inc

Ding D, Wang Z S, Jing L J, Xu Y J and Xie L B. 2002. Study of
space-borne ScanSAR image processing. Journal of Remote
Sensing, 6(4): 259-265

Ghada A, Al Hudhud and Turner J. 2005. Digital removal of power
frequency artifacts using a Fourier space median filter. [EEFE
Signal Processing Letters, 12(8): 573-576

Gonzalez R and Woods R. 2001. Digital Image Processing (2™ edition),
Englewood Cliffs, NJ: Prentice Hall

Hlzner ] and Bamler R. 2002. Burst mode and ScanSAR interferometry.
IEEE Transaction on Geoscience and Remote Sensing, 40(9):
1917-1934

Lin T C. 2007. A new adaptive center weighted median filter for
suppressing impulsive noise in images. Information Sciences,
177(4): 10731087

Liu J G and Gareth L K M. 2006. FFT selective and adaptive filtering
for removal of systematic noise in ETM+ Imageodeéy Images.
IEEE Transaction on Geoscience and Remote Sensing, 44(12):
3716-3724

Lou X G, Li X L, Wang Z S. 1999. Stripe noise elimination of SAR
pictures. Journal of Image and Graphics, 3(4): 252-255

Preesan R, Wataru T and Yoshiffunmi Y. 2009. Restoration of Aqua
MODIS band 6 using histogram matching and local least squares
fitting. IEEE Transaction on Geoscience and Remote Sensing,
47(2): 613~626

Tsai F and Chen W W. 2008. Striping noise detection and correction of
remote sensing images. [EEE Transaction on Geoscience and
Remote Sensing, 46(2): 41224130

Zhang S Q and Mohammad A. K. 2002. A new impulse Detector for
switching median filters. IEEE Signal Processing Letters, 9(11):
360-363



RN SAR B AR 5k 2 BUR 75 RO R BR

SAR B G ARE 41 QR A RYIERR

A, EIAR, S

1. FEBERE TEBEABRFE, LR 100190,
2. PEBLERERR AR, JEE 100049;
3. BERAY FEM¥EEIESE, ILE WE 264025

W E: O Bust TAEMXEHR SAR REEH, RASABRGE LT 4 A MER R KLRSNER, Ri—
M RRB N — R A, FANETRRMENEHER S L HRGERRE M THEE LSRR S S RAET
A R — 23R B AR U 2 SORFE HEATIHE, SHXT IR R — R AR K SR B A B, B X ERE A,

SAR iR, B uF BB A0

KitiR: HERESLHERE, ROV, SURBE, Burst TEKR

hESHES: TP751/TN95S

XS A

Remote Sensing, 15(1): 1-12 -

SIRMR: SR, UM, HER. 2011 SAR BRP R R A SRS IER. BELHE, 151): 1-12
Kou G J, Wang Z S and Yao P. 2011. Filtering method

fo: different characteristic stripe noise in SAR image. Journal of

1 5

EREHAREAGSARE—Fp&KET, £KE
THEMENX ML RE, CET Z BN HH
WHESE, BTAGSLHEBERSIEERRES
HHEHE, AEEREREY SAR BR L SHH—&
Bt SR Rt A LUg S, PERW T BERE
RFHN A . HFREBAMA SAR BGBG AR
BREGHEEEER L, M SAR KM T R4
BHERGREESHEBEAR, LinFEREHT
PR, XEEEE AL ERREREEARE
0 3] SAR BB HE X F SAR BIRMIHREA
W, BBRENE (1999 LT —5MRE, A
TR EERE i — AR 4R SAR EBMF P & B AN
FRPERETT A2, B O T S T B A A R R

H e R St B R A B R A e S R BR Y
J5#:(Aizenberg %, 2008; Chen 5§, 2003; Ghada %%,
2005; Preesan %, 2009; Tsai %, 2008; Liu %, 2006),
1 — R0 R B S — M R R B
FE R ST £ 4 R BB SR B E S SRS

Tl

55 B #8: 2010-01-21; 81T B #A: 2010-06-02
E4WMB:BE+—-AHFMAE.

IR L AT, AT B KPR B Y B AIE SAR B8 A
TR 40 o BB B 7T UK ST RR Burst B 2 R
SAR BiERF 2L EBLLEN, ™ML m
I 43 B4 SR A 1 BT S 45 B0 75 (Cumming %8, 2005;
Hlzner %, 2002), 7ETHEMER FHEED AT
BRI W B A BRKIER, 3HHATLFEH
B A 3] RD(Range Doppler, RD)BFEEH ., X4
e /s RD B RERE, F@EdX ENVISAT
SAR SZFRE R HE # 4b FERE B B A R

FE 50T B 3R K R P45 R A S R PR =2 ) %o
MFERE, BREE _MRXER R X REEE
. ZBEETUAEMAERN SAR REAGHIAT
WERE, W40 — B InE 24036 R AR
ZU T, BFEIIELRER SAR BB L HEE
TR E B A

2 FROUEFIEIRE LR B E A

" E RN R—FIE AR, € KA
BoaBA—RIVERMREZES, HRERBRKT

¥ EER T AW ), B P, Wt RUTREREERITERARN, BRiEEME SAR (AL ER BB ESITHIIFIA.

E-mail: kouguangjie@ict.ac.cn,



8 Journal of Remote Sensing

EAFH] 2011, 15(1)

B W, REMERSHEER MM, BE
B R B A ERFER A &S, MR LKNG
%, RESHHELERRRS LEREHA, FH
b BERIE R HER R AR T mtE, A RAR
EEMIEE BRI S BRI ERXR T
(BB, 1999; Gonzalez %, 2001), LE5 LT MHE
W EMUAGERA 26 SR ER fory) K BE 2 A s
y HEE, AgARXOERRR,
_|A 0<x<X,0sysY
ﬂ%ﬁ—% it

R, A WEGKEE, X, Y 23R EEEH LR
B TTH, B X<<Vo W fory) M8 B i AR EE RN

0

Fluy) = AXYX]sin(nuX)x exp(— jnuX)|><
’ | uX

|sin(7rvY yxexp(— jan)|
| wY
HigEiETRRA

| F(u,v)I= AXY X

2)

|s1n(7z'uX)‘x|sm(7rvY)| 3)
| X ‘ | 7149 4 |
BA UX>>1/Y, F7 LIRS R BURHT u B,
XL R 0B S O ) S R K
ATRIEM T MRS, h R EEMNERIRE
A R (ORI R G)TLHES, X TER
H ) — AR RS I R AL
F (ula,vib)
labl
FFT{f (xcos@— ysin@, xsin@ + ycos @)} = )
F (ucos @ —vsin@,usin@ + vcos #)
RH, FT( N RE ey B EH S, o, b, 6
S B o IR AT ph A3 PR R 7 TR AR R o AR
EER AR, ARG T AT AR R AL 2R BD AT A B R
MR E A, XA ST AT e A IR AR A 1 R R

3 SAR B4 M &80

BEEL R S T

KRB FEA T Burst X E# SAR HiE
B, BAEERT Burst 2 B #HATE H40F, UIER
A Burst Z [B] 7 B A HERFERBENONFXR, &
EERRALFRRBBEHTOHE, XHHTE
BT A ERNNEE S B e FENEEVES
(ENZ)ETE, MBS I — N7 18 434 B ]
EFIYIREES, %SRS F S X TR w77 AL
BiE, BT ICEIR A BRE (N RD)E MR K,

FFT{f(ax,by)}= 4)

31

B 4E T A A SAR R 7= A — R 5 B I A A B
%47 (Curlander %, 1991; Ding %, 2002; Hlzner %,
2002), X5 RE T [ RSB AU =4 MR A
— AR, PR AR R 1 R e, ELAETT
frr FEBE R, B 2 WA, HWRER
7 o AT T SO T L 1 S

40 5% B W 4% o0 4 JEL 30 B AR BT B R E Y,
I M 7 o 7 4 S5 3 W PR P A O A e X
FREG Bk, e Bk s B Xk o A A 2 Eh SR SR S R A
BE, REBGEEERGAE TS, L4
4538, 5% FE s O 1 2% (Gonzalez %, 2001), g &
B U U8 U 2% (Aizenberg %, 2008) 2 H IE 3 A%
(Ghada %, 2005; Zhang %, 2002; Lin %, 2007;
Chang %, 2008)#51% 1 7 I B4 . T UL B S SR LR
A F R BT AR, U e e A 3R R K B AR
ZATHP AR, RENEERGRERTT M
AT — 48 B s BT, UGB SAR BB A
e S R P — ST R B

B R RE R

% SAR BRI SR AU 5 A1 B R4 H
FitRBRBEASE—&, FHLAREBRENE W,
BT LA Bk — 4% 5 37 18] SIS 2R S R YEE B i 62 MR 75 T %
RIS, EHETHIEEEFSIXMEM WaA
BRI E R R A, FERLREM
RS, T A 2 B0 75 2of L3 32 A i BE B
EMAES IS, R T RML B EESZ
A i) Ha 4 e L BV AT B 2 R 0 M 75 T %) I A A 3R . T
— TR AR B P IR R B S BRI T

REFLEEG AR M S, BEEEAN L,
M F, #RE x KA UANEENTRER, PX
AR BHEEEE, HP x=1, N

(1) mE(6)3R 7 LR A R BE Y 5 1

1 N
MeanSpect = ﬁx Z P,

x=1

3.2

(6

Hrp
P =F, | (7
1 M-l
F,())=—x ) f(x,y)xexp(~j2my/M)
7

(2) % MeanSpect SR BUZ 50 LA W AH .

FIFH—4 7 & MeanSpect, H3 MR TFFH
Xt R 6 B e W U, T L A A R R e Ak SR
SR X BT, AT faoise o—FR . XM
RIGE R E R TR, MIBT SAR RE
HIEMESH, EAZERERSENR W, FHLF

)



LA SAR BGPA R 1k R SO P IR BR 9

BN B — R R AL PR AE

(3) MEFBIEFE IR fone AR O FIR—
o (B R B AR X AR T LR T A B

F (f,is) = median{F (v)/ 5} 9)

AH, median HECPEBEE, BERFTNERE foise
R F R B R UPE 2 A 7 I — 8 1T 10 3 B A 4 e ) £,
AR FFAEE . Sh—IAE ., B 7 MR A X i
R WEE —HALRERNER, TUANEE
BRI N AEEENT, NESHE -BrER
FEER. BTHEERFBIEE RN R ERIFHE
BHFEAERER, AR RS T MR —4hE
IR T

(4) F5 Rb 38T H 7 L [m) A3 388 PRl 4 A 7 3 e B v
AEie, BPRT1R BRI RS MR

33 SEYERBIENXE RD EX

bR URBR AR B R AR T — MU B AT S B,
EL AT RD BHMREBAE RN, FRRE IR
BREAERE RD BB E SRR — S (i im B g it
A, W LASE AR B DO BE, AR BRHTR
MEXBRBRAM Y E, B 1 HHRHRES RD
REBERE,

EsRIHE LR
:
 EweEE J( mﬁnmﬁ 1
1 [‘%umﬁgw&&‘1
[ rtmmEsts |
T | Eﬁ&ﬂ&m |
[ EEgsRE | [ biEe —
[ rtmEg ‘}[fﬁﬁuﬁ%ﬁﬁij
[ﬁﬂﬂﬁﬁi%&@g{[ﬁﬂhﬁﬁ%%ﬁ&]
!
SME% SAREI&
(@ ®)

M1 H#RETE RD BERE

(a) f54: RD Hik: (b) BUiff RD Hik
FAh, A0SR o R L R R VR R 5 e S S
SO, U SAR RAEM T EFIXSH Burst 742
BfIE] . PRE. #hZ%H) A fa) SE AR 2 v AR . X
it 4% £ M 75 S 7 0 451 26 T 3 o 1R B F B R
RESE T % 7 LA R b By TR

4 AL &0 TERR

4.1 TR ELREKITT
HFERRELFNERIEIIR THERE,

HHTETE SAR BURH =4 5 4h— R R B S 80%
Fo XFPERE RSB S R ECE A, SihiE A
AL, FHASNKRERTEER TN, BHR
AogERKEA-IFEARARTFREEE, LK
F% 3 YhEHREATEAERR, I BREER
Y558 IR I )7 1) (Gonzalez %, 2001; Aizenberg %,
2008; Ghada %, 20051 A FFA R, AULA TR E
ﬁﬁﬁgﬁﬁﬁﬁ%:§%$%2%@@%ﬁﬁﬁ
A St UK BE 4 A IE ARSI W, TESRTE R P
%&%%N@Eﬁ,%ﬁﬁﬁﬁiﬁﬁﬁWﬁLﬂ,
M TS B 2 B AR B8 A 1 B Y

4.2 SR B G PR A N EKERNEE

BERNEBFGRFRELEFREL, BEND
REF — Ik FR S ITESEA MR, A H
A & RBUTTE R . 5 2 WEWRAA, it
KBRS PSR R A R B N K
TR, XE A& FOBAEE R, MK
FHEESE LHAMRARRERHEA, FLHLE
W7 RSB R R R KT ERK . A,
KB ELGNTEXEARL, FUENNN
SURE G AR T RANEA —ERE. 2T
R JELBH TT LA AE H  B BA E H R  E ARS R P
RIS RL X 3R, JXREMR A HURRR TR RLE (L N
SRS b 2% DX A AR AT I TR R BRI A

43 AHAVNELEEEREINEGIR

(1) X BT B AL TR R G AT — MR PR (8 LT AR,
FF 45 AR R4 O BE B (R VR 40V A R0 E T
AT X B, ARG FEER).

(2) H(DFTS A% I BE I 1) 8 L AR UM 7
S0 A5 e P R o ) DX 38R

(3) RIFABALAE, H5 W7 B X R X S B 0 3
B0 2 X S ) — 2 5 R 4 R TS S (ER B AR

(4) ¥ Ab 5 S0 PR A AT DR 3 4 B O AR,
BT 75 £ IR BR R 5 B R

5 % W

5.1 SAR BHAMELFLBRERR

ENVISAT TE & RRas 5 #xt o il 10 & % 51
Z—, F2002-03-01 ZHF% . £ ENVISAT-1 L&
FEAEAERE, AR, B RS
W, Hoh B EERMSES RS E RS
ASAR, ASAR THE% C WiB:, BHEZM. fTZENR



10

Journal of Remote Sensing & & F3% 2011, 15(1)

WA B FIERBEFRE, B 2 A% Burst B R
HEEE R A2 RD BEAE BN level 1A RE
B R EREER,

B 2@)d)F il TSR RSB HER SAR BE, o
DEBE M EFERSMRABEERERR, &R
REBRETE TR, B 20)e)NRA% 3 TELE
BRBRAEEHER, t—fPEEERANED L
INRT, 85, B 2(c)E)RE T IEBRE K R b
B3R TR 1 WEERYEFE R JE 7 O S i 2 1 1
B MeanSpect (754, H g aedr HIH— bR,
B RS T ARMTE ML, B 3(b) P

it Jor W B BB R B o
5.2 SAR BAHMNELEENER

Bl 40 B3 SAR FFEA T HEMEFEEHX
HEHE, KA RD HHEMBUFH level 1A REE,
HPAE 4@ SERLRAERER, BRFZLG
FELEERED, B2 MR E R FRE 54
KBARBHFRFR, B4OBERTHEHI@QZTEE
RERELBREHAR, BRBRELEHIELE
W, BRFZSUEENRAREEERIER. FFUXTF
EMR LB IR B AR RN . LR MBS FER A

(d)

(e)

58 W A e
B b S

o B R

RLESE S SET

Mg S B i

RREEAE 2 RS I L T ey
B0 R

0

B2 RS EIERE R BB 512¢512)
@ BRI BRELRAU; 0) HR 1 BREFR: (0 5] 1 RBEORE, () 522 BRALEE ) 52 BREHE;
() BF 2 BRMERKES

8000
6000
®
e
5 4000
=
2000
0 . ; . : ;
00 01 02 03 04 05
JA—fhsgR

(a)

|
8000
6000
i
i
= 4000
2000 M —————
0 1 A I} — 1 J
0.0 0.1 0.2 03 0.4 0.5
F— i

(b)

B3GR 1 A SRR AR AL e S 1 A A
(a) HARGURF H 7 OIS (b) IR AR BUMR T S 75 L 15 436



A% SAR R P A RIF SR BUR P IR RR

11

(8

(h)

B4 JERMMARGURE IRBRE R (BB 256x256)
(a) G5t 3 WIRAREURFTHD (b) FR 3RS, (o) GiF 3 WBRHEHNRE (D) HF 4 BBRFALRFE, (o) R 4 BBRBAE;
() HR 4 WBREHRTE, (o) HF 3 BRRABUEIRER, () 57 3 EREIEEEE, ) 5F 3 HERELEELER

3.2 SR I A 2 R B ANE & AR
Ak W S FEFE B SR (L, DA T G s A E TR 7 % B
MR, XBH—HRIET 4.1 FHIMT. B 4b)(e)
AR AITHEEREZSRFRWER, B 4D
NIEREAERES, BARNFYRFECEBETAH
BUERR . B 4g)(h) A 4a)lBBR R A AHIE )
Y R R AR
5.3 BEMBBRTM
B R RORS, ASCER T R A KRR
(noise reduction ratio, NR) (Preesan %, 2009; Chen %,
2003)F1 4> PR AR AL B R X RER B BR SHE AT R4 . NR
AR (10K,
NR =N, /N, (10)
K, No Fn S HR PR Fh 2R B0 R 75 X R AR R A YRR L,

N NFER R AR R AL A BE R . VR B T RS R
BEMES. LR 4 18 ERE NREINE 1 iR,

*1 BEXRENR
K& NR R NR
7)) 18.69 B3 26.36
W2 19.17 B4 19.26

G R Al iR i T B R R R U B AR
R MR B BT i RO R B A LRI, R
2 X EATR M 20x20 X3 3R T BRTERE
RIS 8 MER, B ARERAS BBRAEIF R
SPEBE TR, XHRGFXARETENER,
WA BRMARKE . XU 5WEM B2, B
DA SRR B 5 W] LA SE BT R AR R 20 B R A T 82
THBERREDRA



12 Journal of Remote Sensing # & FHR 2011, 15(1)

R4t B p oot PR A R P O ST A R O
%t Burst #3  # SAR B 5 o Bl B S 50 75 B IR R
HIT TR, BE—FAKHT SAR ZESHH—
HESTSNA B R ek, T ad 0 ENVISAT 3ChR &
BEERAAERIE TEENER ., HMEERE
AHEEWTIAMARINZEORE, DS A
A5 8 7 1 5 398 K P PRI 4 7 16 B9 IE 35k S
RS, 48— b Z 4580 X 18R 0 B 0 38 B o e
Hik, WX ERER SAR B MO BRI %8s
SRR

REFERENCES

Aizenberg I and Butakoff C. 2008. A windowed Gaussian notch
filter for quasi-periodic noise removal. Image and Vision
Computing, 26(10): 1347-1353

Chang C C, Hsiao J Y and Hsieh C P. 2008. An adaptive median
filter for image denoising. IEEE Second International Sympo-
sium on Intelligent Information Technology Application, 2:
346-350

Chen J S, Shao Y, Guo H D, Wang W M and Zhu B Q. 2003.
Destriping CMODIS data by power filtering. IEEE Trans. on
GRS, 41(9): 2119-2124

Cumming I G and Wong F H. 2005. Digital Processing of Synthetic
Aperture Radar Data: Algorithms and Implementation. Nor-
wood: Artech House Inc

Curlander J C and McDonough R N. 1991. Synthetic Aperture
Radar, Systems and Signal Processing. New York: Wiley &
Sons, Inc

Ding D, Wang Z S, Jing L J, Xu Y J and Xie L B. 2002. Study of

space-borne ScanSAR image processing. Journal of Remote

Sensing, 6(4): 259265

Ghada A, Al Hudhud and Turner J. 2005. Digital removal of power
frequency artifacts using a Fourier space median filter. JEEE
Signal Processing Letters, 12(8): 573-576

Gonzalez R and Woods R. 2001. Digital Image Processing (2nd
edition), Englewood Cliffs, NJ: Prentice Hall

Hizner J and Bamler R. 2002. Burst mode and ScanSAR
interferometry. IEEE Transaction on Geoscience and Remote
Sensing, 40(9): 1917-1934

Lin T C. 2007. A new adaptive center weighted median filter for
suppressing impulsive noise in images. Information Sciences,
177(4): 1073-1087

Liu J G and Gareth L K M. 2006. FFT selective and adaptive
filtering for removal of systematic noise in ETM+ Imageodesy
Images. IEEE Transaction on Geoscience and Remote Sensing,
44(12): 3716-3724

Lou X G Li XL, Wang Z S. 1999. Stripe noise elimination of SAR
pictures. Journal of Image and Graphics, 3(4): 252-255

Preesan R, Wataru T and Yoshiffunmi Y. 2009. Restoration of Aqua
MODIS band 6 using histogram matching and local least
squares fitting. IEEE Transaction on Geoscience and Remote
Sensing, 47(2): 613-626

Tsai F and Chen W W. 2008. Striping noise detection and correction
of remote sensing images. IEEE Transaction on Geoscience
and Remote Sensing, 46(2): 4122-4130

Zhang S Q and Mohammad A. K. 2002. A new impulse Detector for
switching median filters. IEEE Signal Processing Letters,
9(11): 360-363

Mt 308 22 30k

TT, s, RBA, %k #MHIR. 2002. ER ScanSAR B
3. BREER, 6(4): 259-265

Buek, FRE, EAM. 1999. SAR BRPLZLFHAMEH. PHE
B EREH, 34): 252-255



