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Abstract— Synthetic Aperture Radar (SAR) is an active rema sensing satellite which is able to acquire cloulee images in all
weather conditions. It is also capable of night tira operation. Sentinel-1 data is one of SAR data wdfi is good for monitoring natural
resources in area with high cloud cover throughouthe year. Processing the data until mosaic produsteeds good methods and right
procedure. An highlight processes to remove noiséirough border of GRD data scene necessary to do e the processing chain
from raw data into L1 GRD (Ground Range Detected) poducts were leading to artefacts at the near and faange image borders.
The artefacts were not visible at a glance in the va data but, observable clearly after performing moaic a sets of data. Some methods
to fix the problem are available to use such as camon noise removal methods. This paper analysed meti® to do noise removal i.e.
using a tool in ESA'’s provided Sentinel-1 softwareSentinel Application Platform - SNAP) and proposechoise removal method using
simple thresholding and segmentation process. The maic products results from both method shown goodesults visually but the
detailed histogram shown that the S-1 Remove GRD Baer Noise results still have a very low value piXe in the black-fill area while
the Random Noise Removal removed all of the noisPSNR of raw data mosaic, GRD Border Noise and Rando Noise Removal
results sequentially 8.5, 18.6 and 19.7 dB indicatehat Random Noise Removal get the highest similday to reference data.

Keywords— sentinel-1; Synthetic Aperture Radar (SAR); noisgemoval; ground range detected; border noise.

a sets of data. Mosaic process merge several scenene
[. INTRODUCTION unit data. A seam line was separated each scen®$aic

Sentinel-1 data is one of SAR data which is suitdbt products. Even, the line could be observed visudllese

monitoring natural resources in area with very hagoud ~ N€ IS quite disturbing and changing the mosaidada

cover throughout the year. Sentinel-1 data have bé&kzed prOdUCt.S' Some research havg b_e_en done to f|xrtttdqmn.

widely because of the distribution policy which pide free, The noise can be removed significantly using tholzshg

full, and open access to the data [1]. and segmentation [6]. . . .
The processing chain from raw data into L1 GRD Some approach to mﬁsk”.‘g the noise have been .done '

(Ground Range Detected) products were leadingtefaats many study. Spatial filtering is a_basm way to o noise

at the near and far range image borders. The mincesteps f.rom. Image da_ta baseq on.the.plxels \{a!ues. T"m?“‘*a”

contain sampling window start time (SWST) changesge, filtering, adaptive median filtering, decision b_&dgor_lthm,

and azimuth processing i.e. azimuth and range cessjmm. and many other methods to remove the noise withoyt

The SWST changes induced black-fill of the comprdss attempt to explici_tly identify it. Some noisy signmuld__be
range lines. The SWST determines the range orifjgcho app_lle_d a de?n_0|5|ng processes by soft-thresholdirip
data. The change of Earth radius necessitate tglisa sta’qsncal de_C|S|on theory and wavelet transforasds and
start time changes during the acquisition. The $iagp the|r_ properties [7], [8], [9], [10], [11]'. :
window start time (SWST) changes in 10 micro secstag . High demand of a good mosaic P“’d‘!Cts Ingger to
at least every 30 second. SWST decreases whenattite E improve and evaluate several methods to simpligy (_:Ihta
radius increases (since the ground distance is &kpost utilization. The wc_)rk a'\‘nalysed t\erg was an analggithe
constant at 400 km in the near range) [2], [3]. The method for Masking "no-value" pixels on GRD Product

compression processes could induced radiometrefaats Sentinel-1 Data. '(;’he analys_ed me'thods .gsgs toql (IS-
on the black fill “no value” pixels on GRD prodsct Remove GRD Border Noise) in ESA’s provided Sentihe

Sentinel-1 data [4], [5] software (Sentinel Application Platform - SNAP) amdise
o removal methods wusing simple thresholding and

The radiometric artefacts were not visible at angéain .
segmentation process.

the raw data but, observable clearly after perfogmnosaic



IIl. MATERIAL AND METHOD

A. Data and Problem Setting

The sampling window start time changes were crgatin
the black-fill “no-value” pixels and different starg of
range line as shown in Figure 2a. In the other hdnd

The data used to analysed the methods were duabzimuth and range compression affected the bldicksa.

polarization i.e. VV and VH polarization Sentineldhta,
acquired on December 11th and December 18th 20itb wi
Interferometric Wide (IW) swath mode. Figure la ko
data coverage area. Figure 1b shows the GRD raay thed
noise are highlighted with red mark i.e. in the kfid right
side of the scene. The red highlighted area inreid were
pixels with selected values (red highlighted intdggsam in
Figure 1c). That area should be the black-fill anéth “no
data” value pixels but proved in histogram contandom
low value as the noises.

C.

Fig. 1 GRD raw data; a. data coverage, b. sampleesc. histogram of the
scene.

That area would contained very low values as liedom
noise that should be as “no-value” pixels data. hbese
only observable when the brightness stretchedth@moise
value, observed in Figure 2b. Before do a mosaicgmses
the data must be geometrically corrected. The w&lec
method to the geometric correction was range Dapple
terrain correction using SNAP. After all procesdas, noise
were strongly influenced the mosaic product as shaw
Figure 2c [12],[13],[6].

Fig. 2 Example of highlighted data and mosaic ofDGRw products;
a. different starting of range line, b. stretchedge, c. mosaic of GRD raw
product.

The black-fill area have a very low value compardhe
normal backscatter value. Cropping small regioa aample
in the black-fill area could identified charactéidsof the
noise such as noise range of values. Figure 3 shows
histogram of the noise sample. The sample were shbat
the VV noise value are higher than the VH valuee Th
analysis of the sample could help the determinifighe
threshold for the proposed method.



polarized signals from satellites will enable tle¢rieval of
strong wind speeds while co-polarized data hasraszil.
The mask identified on the co-polarization dataduse
applied on the cross-polarized channel without re-
identification [5], [14], [15], [16].

The SNAP software processing step could be

summarized as follows:

Step 1: Selecting the noise annotation data sets.

Step 2: Reading the noise vector.

Step 3: De-noising at near range.

Step 4: Masking at near range [5].

The approach was combination of some de-noising
tree algorithm then, named Random Noise Removal to
remove the "no-value" pixels noise on GRD products
Sentinel-1 data. The noise identification relies on
thresholding and segmentation.

Processing whole scene of GRD products would be
ineffective because the noise were only on the kmal
region in the left and right side merely. The figep
would be restrict the working area. This step reduc
many computation load and processing time. The
boundary area defined as all pixels for which in
restricted column (pixels) both in the left and thight
border.

The second step, the noise was classified by set of
backscatter amplitude threshold to differ the noasel
the real data. Thresholding an image is a kind of
guantization that separates some pixels valueswimn t
classes even more, depend upon a given threshdle va
m that is usually constant [17]. It would be hardset the

e threshold to differ the noise and the data. If the
oo bt Pt threshold is too high, many pixels data contained
information would be erase, especially on the dark
object such as water but, if the threshold is tow,l

Fig. 3 Amplitude histogram sample of noise; a. BHYV. many noise would be unclassified. The threshold leou
be different between each polarization depend am th

Finally, the mosaic of data without noise correttiosing sample. The noise define as all pixels greater tthen
S-1 Remove GRD Border Noise — SNAP, and Random noise threshold.

C. Random Noise Removal
‘ | | |

b.

Noise Removal in python program would be analyssdgu The classified noise by simple thresholding gerestat
linear spectral profile (vertical and horizontaDne of the suspected noise pixels in the boundary area. The
data would be analysed with detail histogram. suspected pixels still contain error from overlagpi

: backscatter value between noise and the data. fidrere
B. S-1 R_emove GRD Borc_ier Noise _ the results would be re-classified based on the siz
SNAP is a comprehensive software to do processong f  segmentation area. The purpose is to separatedise n
the calibration, speckle filtering, terrain corieat analyses,  from the background image used set of criteria sagh
until batch processing, and others. SNAP have & o  histogram, similarity, homogeneity, and connected
remove the noise on the “no-value” pixels calledl S- components [18],[19]. The noise usually spread
Remove GRD Border Noise. The software relies on the randomly in the border area. The noise were pixels
usage of de-noising vectors for masking the “n@fix the segmented area with size less than segmentsd ar
values for GRD products. The S-1 Remove GRD Border sjze threshold.

Noise used de-noising vectors on the Sentinel-lésadata The Random Noise Removal method could be
for identified the noise pixels then set to zero fioake it summarized as follows:

easier their masking. The metadata contains themtde . Step 1: Limit the noise suspected pixels area atoun
noise as a function of the pixel index. The idécuifion the border (left and right side) of the scene

preferable to use the co-polarization channel keeahe . Step 2: Perform a simple thresholding process ¢o th
brightness intensity usually higher than the cross- backscatter amplitude of the Sentinel-1 data
polarization. In the fact, the signal-to-noise 6a(SNR) in - Step 3: Perform a segmentation to noise suspected
co-polarization is expected to be higher than iossf area

polarization. However, recent studies conrm thabss-



Step 4: Perform a simple thresholding process with image based on mean square error (MSE) of eacH, pixe

the segmented area size
Step 5: Mask the noise
Step 6: Remove the masked noise [6].

D. Accuracy Assessment

Both the de-noising for the GRD raw single data #red
mosaic results quality were evaluated using seveedhods.

could be the simplest reference quality metric, goted by
averaging the squared pixels value differencesefdrence
and processed image pixels [23],[24]. PSNR incieagéh
the increasing subjective similarity of a specifiedntent
[25].

I1l. RESULTS AND DISCUSSION

Single data de-noising results were evaluated using The experimental data have been proceed with ditedn

histogram. Histogram represents relative frequerafy
occurrence for various value pixels in the imaga.ifage
with L range levels value pixels, the histogram wouldbfel
h(gw=n«/ Nk=0,1,2,..L—-1wherein n k represent
the number of pixels with valug, as a fraction of the total
number of pixel$N [18].

Evaluating the mosaic product were performed witthb
of direct measurement on each method and compénimg
mosaic results to a reference image. Visual asssgsm
involve subjective factors and personal preferethes can
influence the results of the evaluation [20]

Direct measurements performed with visual assessmen
horizontal and vertical profile analysis. The horial and
vertical profile are better than visual assessneiitustrate
and compare the similarities and differences betwee
morphometric [21]. The horizontal profile of imageas
obtained by averaging all pixel intensities in eaotage
column and the vertical profile of the image watagied by
averaging all pixel intensities in each image r@2][

Each fraction of the mosaic results i.e. mosai@of data,

procedure and methods above. The results and @&nalys
divided into two section i.e. single scene data amabaic
products analysis.

A. Single Scene Data

One of the GRD raw data directly proceed with two
methods above i.e. S-1 Remove GRD Border Noise and
Random Noise Removal. Observing visually, the rssul
were the same even with the raw data. So, the atialu
continued with analyzing the histogram distribution
especially around the noise amplitude values. Histm
represent the global feature composition of an imag
that very useful for indexing and retrieving imadas].
The left peak in Figure 4a and 4b indicated the tmos
noise value as the sample taken in Figure 3 witdkpm
amplitude value around 5 (VH) and 9 (VV) then valle
could be the end of the noise value range, so é&s¢ r
amplitude value would be the data value.

Frequency of noise range value decrease signifigant
as the results for GRD Border Noise processing. But

S-1 Remove GRD Border Noise, and Random Noise there were still remained very low frequency, olvser

Removal results data would be compared to the arber
data. The reference data was one of the raw ddtaebe
mosaic process that didn’t contain the noise. THaduation
used peak signal-to-noise ratio (PSNR). In thattioa only
one of the data was contain the noise. PSNR gilies t
similarity score of the processed image againstregice
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from the histogram in Figure 4c and 4d. While Figde

and 4f were shown that the frequency of the noésege
value have been disappear as the results for Random
Noise Removal processing. This results mean that th
Random Noise Removal removed the amplitude on the
noise predicted value more than the GRD Border &lois

Histogram for Amplitude VV
260

240

220
— 200
180
160
140
120

Frequency (x 1,000 pixels

0 10 20 30

Amplitude VV
b.

40 50




Histogram for Amplitude VH
1,000
900
800
700
600
500
400

Frequency {x 1,000 pixels)

300
200
100

0 10 20 30 40 50
Amplitude VH

C.

Histogram for Amplitude VH
1,000
900
800
700
600
500
400

Frequency (x 1,000 pixels)

300
200
100

0 10 20 30 40 50
Amplitude VH

e.

Histogram for Amplitude VV
260
240
220
200
180
160
140
120
100
80
60
40
20

Frequency {x 1,000 pixels)

0 10 20 30 40 50
Amplitude W

d.

Histogram for Amplitude VV

I\JBI\JI\J
8883

38385888

Frequency (x 1,000 pixels)
= e e

o B &

0 10 20 30 40 50
Amplitude VV

f.

Fig. 4 Histogram of the; a. VH, b. VV GRD raw data,VH, d. VV S-l'Remove GRD Border Noise resuitsVH, f. VV Random Noise Removal

results.

B. Mosaic Products
Both of the GRD raw data proceed with two methods

area affected by the noise (Figure 5a and 5b) h@mrtarked
red line (the noise affected area sample), the (@obder
Noise and Random Noise Removal mosaic, horizontdl a

above i.e. S-1 Remove GRD Border Noise and Randomvertical profile processed image were more stabém tthe

Noise Removal then performed a terrain correctiefofe
the mosaic. So there would be three mosaic outpuGRD

GRD raw data mosaic. But, it was quite hard toediffhe
difference between the GRD Border Noise and Random

raw data, S-1 Remove GRD Border Noise and RandomNoise Removal mosaic on the visual assessment heor t

Noise Removal mosaic.

With visual assessment, the noise effect obseriestlyg
on the GRD raw data mosaic (Figure 5a and 5b). ridhee
affected overlap area of the mosaic image becordark
line because the “no-value” area didn't ignoredt btill
taken into account to the mosaic image. So there wealark
line with low value pixels on the overlap area efftel by the
noise. While both the S-1 Remove GRD Border Noise
(Figure 5¢ and 5d) and Random Noise Removal (Figere
and 5f) mosaic become seamless. Explaining theitudel
value, the GRD raw data mosaic, horizontal andicadrt
profile were decreasing on the marked red line thahe

horizontal and vertical profile.

The results indicated that both GRD Border Noisd an
Random Noise Removal mosaic have good resultsrfage
visualization. The mosaic image have no seam lapaste
the image border (seamless).

The analysis was continued with PSNR calculation.
Digital analysis using digital number (DN) need mor
precision image to have a good results. A smafédihce in
set of digital number can be distinguished with itdig
analysis rather than visual analysis. Although aisanalysis
also have some advantages. PSNR
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Fig. 5 Mosaic products, horizontal and verticalfigpa. VH, b. VV GRD raw data, c. VH, d. VV S-lemove GRD Border Noise results, e. VH, f. VV
Random Noise Removal results.

Table 1 shows the PSNR value between the mosaicked The table indicated an improvement of the mosaalityu

image and the reference image on the noise affested

sample.
TABLE |
PSNRVALUE OF VARIOUS METHODS
VH PSNR VV PSNR
Method (dB) (dB)

GRD raw data 17.93 12.24
S-_l remove GRD border| 2799 29 25
noise

random noise removal 29.09 23.19

by the Random Noise Removal from the other. The RSN
increased about 1 dB from the S-1 Remove GRD Border
Noise method. While from the GRD raw data mosai th
PSNR increased significantly i.e. more than 10 #Br a
comparison, Thompson suggested an acceptable image
quality of JPEG2000 compressed image’s PSNR tdbeea

20 dB [27].

IV. CONCLUSIONS

In this paper, some methods for masking "no-value"
pixels on GRD Products Sentinel-1 Data have beatyaed.
The detailed histogram were shown that the S-1 Remo



GRD Border Noise still had a very low value pixéisthe (13]
black-fill area but the Random Noise Removal rendoaé

the noise. The Random Noise Removal and Remove GRDy4;
Border Noise product PSNR value reach the acceptabl
value i.e. greater than 20 dB, but the Random Noise
Removal product attain the highest PSNR value 2209

dB for VH and 23.19 for VV. [15]
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