International Journal of Robotics and Automation, Vol. 83, No. 1, 2018

AN IMPROVED DESTRIPING METHOD
FOR REMOTE SENSING IMAGES
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Abstract

Aiming at the problem of the stripe noises of agricultural remote
sensing (RS) images, an improved destriping method high order
unidirectional total variation with split-bregman iteration (HOUTV-
SBI) for agricultural RS images is proposed by a higher-order partial
differential model. The new method is based on the unidirectional
total variation (UTV) model. It could highly performance remove
the stripe noises, and effectively suppress the “ripple phenomenon”
followed by UTV model. The experiments are compared with other
traditional algorithms on the satellite images and their simulation
images with two kinds of imaging systems. The results show that
our method has good adaptability for removing all kinds of periodic
and non-periodic random stripe noises and could provide better

practicability.
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1. Introduction

Remote sensing (RS) images are used in many applications
[1] such as agricultural monitoring, disaster prevention, en-
vironmental protection. However, stripe noises are widely
existed in various imaging systems such as spaceborne
imaging systems, airborne spectrometer imaging systems,
and so on. Because of the non-linear response of imaging
units or the influence of bad pixels, the image data will
appear as the grey value of continuous high or low in a
certain direction and form the line of stripe noise easily
in the push broom imaging equipment. The noise covers
the real information of radiation in the image, reduces the
quality of the image, and affects seriously for the subse-
quent process of feature extracted and target recognition,
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etc. Therefore, it is necessary to suppress and eliminate
this kind of noise.

The current camera can suppress the noise in small
range by using the prelaunch and in-flight radiation cali-
bration [2], while it still cannot completely eliminate stripe
noise. At present, there are mainly three kinds of methods
to eliminate the stripe noise. The first class method is
based on the histogram matching method [3] and moment
matching method [4]. Tt normalizes image’s grey informa-
tion itself and chooses a detection unit as a reference in
each band, and then the grey value distribution of other
detection units can be adjusted by using those referred to
eliminate the stripe noise. The second class method is
based on transform domain method, the main representa-
tive of which are the Fourier transform [5] and the wavelet
domain transformation [6]. The common characteristic of
this class method is that it assumes that stripe noise only
exists in a certain frequencies after the image transformed.
According to the corresponding inverse transformation, the
method can achieve the goal of suppressing stripe noise for
low-pass filtering in certain frequencies. The third class
method is based on the partial differential equation [7],
which establishes the unidirectional total variation (UTV)
model based on the direction feature of the stripe noise.
Finally, the stripe noise problem is converted into energy
functional minimization problem. In recent years, the
eliminations of stripe noises have been paid more atten-
tion of researchers especially for hyperspectral data [8] and
moderator resolution imaging spectrometer (MODIS) data
[9], especially based on the variation model. Though the
variation model has achieved good results, because of the
characteristics of the total variation, it is easy to cause
the “ripple phenomenon” [10]. To solve this problem, a
higher-order partial differential algorithm model is pro-
posed based on the UTV model and Split-Bregman itera-
tion. In experiments, the proposed method not only can
retain advantages of UTV model but also can effectively
eliminate the “ripple phenomenon”.

2. Destriping Method Description

We assume that the stripe noise is an additive noise,
and then the degradation process of RS images can be
described as:

(1)

g=u+n



where g is degraded image, u is latent image to be restored,
and n is the stripe noise.

Marouan Bouali exploited the scan line noise had a
unidirectional property which was incorporated on UTV
framework [7]. In the framework, destriping can be re-
garded as an optimization problem, and it can be de-
scribed as the minimization of the following unidirectional
variation model:

min(|Vy (u = g)l|; + A[Vyully (2)

where ||[Vg(u — g)||; is called data item, which is used to
ensure that the difference between the results constructed
and the original image will not be too large. The term
|[Vyu|| denotes the horizontal and vertical variations of
the image u, which is used to eliminate the image’s stripe
noise of. A >0 is the regularization parameter. If A is
very small, the noise cannot be removed well. If X is
very large, the detailed information included edge will be
blurred. Therefore, the parameter A should be chosen the
appropriate value to ensure the best results according to
the noise.

Although this model can effectively eliminate the stripe
noise, it’s still easy to cause the “ripple phenomenon” in
the flat area of the image. But in the flat area, it is still
easy to cause the “ripple phenomenon”. To eliminate the
“ripple phenomenon”, we propose the following higher-
order algorithm model:

min|Vez (u = g)lly + AlVyyull, (3)

In formula (3), V, is higher-order differential operator
in X-direction and V, is higher-order differential operator
in Y-direction.

3. Optimization Problem Solution

The higher-order differential equation contains the [y term,
which is no differentiability. It is difficult in solutions
by using traditional numerical method. Then, we used
the Split-Bregman method to solve this problem. The
Split-Bregman method is a very efficient method to solve
the [j-regularized optimization problems in [11]. The
Split-Bregman method’s principle is that the original
problem is converted to several sub-problems by intro-
ducing the relevant auxiliary variables, so that the prob-
lem becomes smaller, and it can be easily solved. Set
dy = Vi (u—g),d, = Vyyu, the original problem (3) leads
to a constrained optimization problem as follows:

min, [d,], + Ndy

Uy Qg Ay

s.t. dy Ve (u —

(4)
9),dy = Vyyu

Formula (4) can be approximated by adding two
penalty function terms. It is an unconstrained problem as
follows:
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In formula (5), @ and § are both penalty parame-
ters. The constraints are strictly enforced by applying the
Bregman iteration, and then there are three sub-problems
as follows:

. « 2
Iélu}i ||da:H1 + )‘de||1 + §||dw — Vaz(u—g) — bm”g
Uy Qg5 Ay

g
+§||dy _vyy“_byH; (6)

Dyt = by + Vaa(uh™ —g) —dy*

k+1 _ 1k k41 gk+1
R L

(®)

We can simplify the three sub-problems even further
through the first sub-problem is split into solution of u, dx
and dy, thus the problem can be solved as follows:

A T A B s P T

minda ], + %Hdm Vel - g)— b

p

min Ay, + 5 [ldy = Yyt = B3]

Oyt =0+ Vi (u" ™ — g) — dy ™!
k41 k k+1 k+1
A

Then, we investigate the above sub-problems one by
one:

(1) u sub-problem. Note that Step 1 is a higher-order
function minimization problem. Therefore, the problem
can be solved as follows:
aVeL Ve (uF —g) + ﬂvgyvyyukﬂ = onfx (dﬁ - b’;)

+ BV, (dy —bl) (10)

Due to VI = —V,, VL, = Vi, VL, = V,,, formula
(10) can be simplified as follows:

(Va0 Vas + BV, Vy U = aV, (dh — bE)

+ BV, (dh = bY) + aV2e Vaag (11)

Because of formula (11) being strictly diagonal, the
local differential operators V., Ve Vaz, Vyy and ViV,
are as follows:

Ve Vaath = Uiy j — duiyrj +6u; 5 —dus_1j +ui—oj
Vgt = Uit1,j + Ui-1,j — 2ui (12)
Viyy Vgt = Ui jra — 4 jp1 + 6uij — 4uij 1 + Ui j2

Vgt = uij11 +urj—1 — 2u; j



By merging similar terms, we can obtain following the
update formula of image u:

k4+1 _ @ k k k k
ui,j - 6o +66(4 41,5 +4ui—1,j - ui—2,j - ui+2,j)
Jri(élulc +4uk —uk —k )
6o + 6ﬁ ij+1 ii—1 ij—2 hit2
@ k k k k
+60£ + 66 (da:,i+1,j + da:,i—l,j - 2dl”i,j - bI,i*HJ
- bi,iq,j + 2b’;,i,j)
+L(dk + d* —2d®  —bF
60[ + 6/3 y,i,J+1 y,i,j—1 Y,1,7 y,i,J+1

k k
o by,z‘,j—l + Qby,m)
60[—|— 65 gz+2,] g7,+1,j gz,j ngl,g

+9i-2,5) (13)

(2) We compute dz, dy by using the following formula
from [12].

1
d*+1 = shrink (Vm(uk“ —g) + bk, > (14)
(6%

i = shrink (vyyuk“ + b, 2) (15)
where
shrink (r,§) = . max(|z| — &,0) (16)

7]

The complete procedure of the destriping noise is
summarized as Algorithm 1.

Algorithm 1: Higher-order unidirectional total variation
with HOUTV-SBI

1. Initialization: u° = g, d) = dg =b = bg =0,k=0,
Nmaz = S0.

2. While ||uk — uk*1||2/HukH2 > ¢ and k < Npax, do

3. Update u**! by using formula (13);

1
4. Solve dﬁ“ = shrink (Vm(uk+1 -g)+ bl;’a);

A
5. Solve df*! = shrink (Vyyuk+1 + bz’ﬁ>;

6. Solve bE+1 = bk v, (uFt! — g) — dit1;
7. Solve bEH! = b 4+ v, ul T — @bt

8. k=k+1

9. End While

4. Experimental Results

In experiments, two types of RS images are affected from
the stripe noise in Fig. 1. The first category is the
hyperspectral data from EO1 satellite images shown in
Fig. 1(a). The other data comes from MODIS satellite
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Figure 1. The test image: (a) The original image from
hyperspectral; (b) The original image from MODIS; (c¢) The
stripe noise of the hyperspectral image; and (d) the stripe
noise of MODIS image.

images shown in (b). The degraded results of the two types
of images are shown in Fig. 1(c) and (d).

To show the performance of our proposed method, we
compare the performance against the three representative
algorithms on removing stripe in the experiment. The
tested algorithms are Wavelet-fast fourier transform (FFT)
[13], statistical linear destriping (SLD) [14], and UTV-SBI
[7]. We use peak signal to noise ratio (PSNR) [15] to
measure the improve effect of image destriping with the
ground-truth images. In Table 1, there shows the values of
the four methods in PSNR.

From Table 1, compared to the other methods, the
HOUTV-SBI has the best performance of the highest
PSNR value For UTV-SBI and HOUTV-SBI methods, we
make the penalization parameters o =3 =1, the regular-
ization parameter A=0.0250, 0.0275, 0.030, ..., 0.2500
and the maximum number of iterations nmax =300. In
Wavelet-FFT method, the parameters are set as: decom-
position level L from 1 to 8, wavelet type W from DB1 to
DB42, and damping factor o from 1 to 16. The parameters
of the SLD [13] method are set as: A=0.01, 0.05, 0.1, 0.5,
1, and s=10°, 10', ..., 10°. We take the above parameter
space traversed for all methods and choose the highest
PSNR.

To verify the effectiveness of removing strip of each
method further, the destriped results in the highest PSNR
are shown in Fig. 2.

From Table 1 and Fig. 2, it shows that the PSNR
of UTV-SBI is higher than that of Wavelet-FFT, so
UTV-SBI method gives a better effect for RS images.



Table 1
PSNR Comparisons

Methods Original | Wavelet-FFT | SLD | UTV-SBI | Our Method (HOUTV-SBI)
RS images | Fig. 1(a)| 18.59 30.65 19.52| 31.32 31.54
Fig. 1(b)| 32.44 4145 |41.78] 41.48 42.12

i

Figure 2. The results of destriping in different methods: (a) Fig. 1(b) Zoom; (b) The stripe noise; (¢) The result of Wavelet-FFT
(L=4, W=DB2, 0 =3); (d) The result of SLD (A=1, s=1); (¢) The result of UTV-SBI (A=0.0275); and (f) the result of
HOUTV-SBI (A=0.0250).
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Figure 3. The results of destriping in 128th column.

Table 2
ID Comparisons of the Four Methods © ()
Image Wavelet-FFT | SLD | UTV-SBI | HOUTV-SBI Figure 4. .T.he destriping res1.11ts in proposed method:
(a) The original hyperspectral image (band =136); (b) The
Fig. 1(a) 0.566 0.587| 0.597 0.629 result of destriping (A=0.0250); (c¢) The original image
Fig. 1(b) 0.828 0.846| 0.852 0.875 E’T?Oh/([)g‘););s (band =35) and (d) the result of destriping
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The Wavelet-FFT and SLD methods also have a few of
residual strips in the image. In Fig. 3, we compare the de-
striping effect in the 128th column of the stripe noise. The
results of destriping in 128th column reveal that HOUTV-

To measure the effect of our method more fully, we also
use the image distortion (ID) index. The high ID values
means has a smaller distortion. The ID values for the four
methods are shown in Table 2. From Table 2, it shows

SBI method has a better effect than the other methods. that HOUTV-SBI has also the best performance with the
smallest distortion in all methods.

Our method still can get a good effect of removing
strip in other images as shown in Fig. 4.

To test the universality of our method for the agri-
cultural RS images, we choose the farmland water con-
servancy monitoring satellite images in experiments. Our
proposed method is also compared with Wavelet-FFT,
SLD, and UTV-SBI. The results of destriping are shown in
Fig. 5.

From Fig. 5, it can be seen that wavelet-FFT can
remove the band of the image, but the grey values have
been significantly deviated from those of the original image,
the grey values are brighter than those of the original
image. SLD and wavelet-FFT appear more stripe residues
in the red ellipse areas. Compared with other two methods,
UTV-SBI and HOUTV-SBI can remove the stripe noise
better. Figure 6 is their power spectrum. It can be found
that the column power spectrum has the abrupt changes
at frequencies (0.1, 0.2, 0.3, 0.4, 0.5) in the original image.
And the column power spectrum has a little with residua at
frequencies (0.4, 0.2) in the images destriped by Wavelet-
FFT filter and UTV-SBI, while it has a significant remnant
at frequencies (0.3, 0.4) by SLD. However, the curve of the
column power spectrum is smooth by HOUTV-SBI. From
the above results, it can be seen that our proposed method
takes the best effect on removing the stripe noises of the
agricultural monitoring images.

(c) (d)

Figure 5. The results of destriping in agricultural monitor-
ing satellite images: (a) Wavelet-FFT; (b) SLD; (c) UTV-
SBI; and (d) HOUTV-SBI.
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Figure 6. The power spectra of destriped images: (a) The original image; (b) By Wavelet-FFT; (¢) By SLD; (d) By UTV-SBI;
and (e) by HOUTV-SBI.
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5. Conclusion

Focusing on the problem of removing the strip noise in
agricultural RS images, we proposed a novel kind of higher-
order partial differential algorithm model to removing
stripe in this paper, and used the Split-Bregman itera-
tive method to solve quickly. Through experiments to
destriping in real Hyperspectral, MODIS satellite images
and simulation images, it can be seen that our proposed
method could effectively remove the stripe noises in RS
images and not cause the “ripple phenomenon”. The
effect of our method with the higher-order model is much
better than the lower-order model. Moreover, our method
becomes more robust and has a good effect on agricultural
monitoring.
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