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B CTONEN RS c RERE< oz, F2K (a) ITH
Koy L7chEZER, 2K (b) (Zo8EfR, BILUE 1R
W ORGERERE RT. 7503 0.66 &7e b mun—E L s
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fEMT T — 2 & LT, MEEBICBWTEER KL
VN20124E6 H 25 B %5 D Hyperion iy £ 6 & AV, BiQLEE
Z i U CIEHEME D @ 15780 R & #3 f SO SR ~Z5
L7-%, LSUZMEMA L7=. LSUL X, BB O£ MK ICB T
BN, T OEENITIFET 2WE O K E ORI
EAETHDLENEL, SHBICGEEINIEMEOGTHER
DEEEAREE L TRODFETHD. —i&ic, Bl
AT Ry (i N RFEF) X, BEEOUR ST iD B
AT Mvppm T TREND (BH, 2007).
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2T, xdISEy O EALRE, RIFFEZETH D, LSU
B TOMEERRRWERELTEY, EHow
BOWMELAEZR Y IR 582 BEB LETEX
DIIARIEHEE 2250, < OREICB W TR RN
Bond EHESIN TS (Boardman ef al., 1994) .
LSUIZ & 0 3R 7= 45840 0 F AR5 D 43 #i % 55 1 KT R
T HENT — Z121%, USGSD A7 v A 75 U2
%, et Er (ASD FieldSpec 4) Tl L 7= Hi#h +- 1%
P TNDRE AR S vz VT BRI R 31 E
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T Okaolinite ® B AR E LT 05% KA L&At &,
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KILMEME#IE CTH D B IVT TITxIE L, BB M5y
fi L TV D AREME I W EIR T 5. BUEL o M
Wil O 22 SATE IS AL L TR Y, BRIz k-
TEESEMNEREINTWDZ ERNEZLLND. Lo T,
LSUIC X 2 HEER BRI, —EDOEHEENH D EEZD.
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SAMIF2 DD AT M Z ANy REIZE LWIRITTE KO
ZEWPNORT FE LTH|RY, EREE LTANY b
i1 % B H 3 % . HyperionT — % & kaolinite® A7 kL4
D THL05% DEFIZED LT &, Saepuloha et al.
QOINZ LAV =T A NEE AN Z FHIX TLhigd
5. EEOFRAITEEM OB GER, AijiEEE, 75
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HIHSIXLSUD RSB & bhfe U CIAHEFAIZ 04 L TV 5 73,
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HTEhEeE25.
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1. Introduction

Tidal flat, the submerged and exposed daily coastal
wetland, is a deposition field of sedimentary materials by
tides or rivers. It also has an important role for trapping
and filtering sediments and suspended contaminants
from discharged river water. Recently, several studies
have addressed a significant relationship between the
reflectance of electromagnetic waves and tidal flats’
sediment properties such as sediment organic matter
(Kaplan and Milliken, 2014) and water content (Lobell
and Asner, 2002; Small et al., 2009; Ngoc et al., 2013).
Additionally, the use of satellite imagery and different
classification techniques have demonstrated effectively to
map the distribution of water content of sediments
(Rainey et al., 2000). Therefore, satellite remote sensing
is a promising method for monitoring the changes of
sediment properties and coastal geo-environments.

2. Materials and methods

The Van Uc estuary belonging to the Thai Binh river is
situated in the northern part of the Red River Delta
coastal zone in the north of Vietnam. As the discharged
area of the Thai Binh river system, this area has complex
environment components with mangrove and intertidal
eco-systems (Fig. 1).

Total 20 sediment samples were taken from the tidal
flat of Van Uc estuary on 17 December 2017 by spoon and
preserved in plastic bags under cool condition after
measuring their reflectance spectra by the field
spectrometers RS3. In a laboratory, all samples were
measured continually for their reflectances under dry and
wet conditions.

All samples were dried at 105°C for 24h in an electric
oven to detect the water content as follow:

w="2"T0,100
mo —m
where wis water content of sample (%), m.is the weight
of cup containing sample (g), m; is the weight of wet
sediment with cup (g), and m, is the weight of dry sample
with cup (g).
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Figure 1. Land covers in the Van Uc estuary in which mudflat
area is colored yellow.

Total samples were also divided into several parts for
adding water to take more samples at different situations
from dry to saturation. Then, they were dried at 550°C for
5h in an electric oven to measure the organic matter from
the next equation:

om =" "2y 100
mpy —me
where om is organic matter of sample (%), me. is the
weight of cup containing sample (g), m; is the weight of
dry sediment with cup before dry at 550°C (g), and m, is
the weight of dry sample with cup after dry at 550°C (g).

Sentinel 2A (S2A), one of the Earth observation satellites
has a multi-spectral imager including 13 spectral bands
spanning from the visible blue to shortwave infrared (SWIR)
region. The S2A image used in this study was acquired at
17:46 GMT on 25 September 2016 at the UTM zone 48N
with 10, 20, and 60 m resolutions. The S2A Toolbox in the
Sentinel Application Platform ver. 5.0 on Windows 10
was used to resample the image at the 10 m resolution.
Then, a traditional empirical line method was applied as
an atmospheric correction of the S2A scene. Finally, the



distribution map of sediment properties was generated by
the density slicing tool of ENVI 5.3 and ArcGIS 10.5.

3. Results and discussion

The measured water contents of all samples were
distributed widely from dry condition (0 %) to saturated
condition (54.7 %). The organic matter contents were also
ranged from 2.91 % to 7.67 %. The measured reflectance
spectra of all the sediment samples at different water
contents were in the range from visible to SWIR region.
Obviously, the reflectance spectra of dry samples are
higher than the wet samples, and the reflectance spectra
of samples at dry condition have the same trend in that
they increase with the wavelength.
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Figure 2. Distribution map of organic matter estimated from
Sentinel 2A acquired on 25t September 2016.

There was a small correlation between the water
content and the simulated S2A single band reflectance in
the total wavelength range with & (correlation coefficient)
smaller than 0.5. On the other hand, most band ratios of
the simulated S2A had strong correlation with the water
content. The highest R was for the relationship of water
content with the band ratio of NIR (band 8a, B8a) and
SWI (band 11, B11) with B = 0.84. Therefore, it can be
estimated water content from the ratio of S2A band 8a
versus band 11 by the next equation:

WC (%) = [In (B8a/B11) - In0.9135)]/0.0143 (1)

14

where W('is the water content of the surface sediment of
tidal flats (%).

The organic matter had weak correlated with the
simulated S2A single band reflectance, because their As
were from 0.1 to 0.4. On the contrary, the organic matters
were well correlated with the in-situ S2A band ratios with
higher KA. The maximum & was specified for the
relationship between the organic matter and the ratio of
the band in NIR (B7) versus the band in visible deep blue
(B1) with £=0.9. Accordingly, the most suitable equation
to estimate the organic matter from the ratio of S2A band
7 versus band 1 is expressed as:

OM (%) = 0.0134 e 1.0045(B7/B1) 2)

where OMis the organic matter in the tidal flat sediment (%).

Applying Equations (1) and (2) to the S2A image scene
acquired on 25t June 2018, distributions of water content
and organic matter in the surface sediments in the study
area were mapped (Fig. 2). The water contents are
distributed from 0 to 50.1 % and have the trend with the
highest value near the shoreline Tien Lang, while the
lowest value was located in the north tidal flat and some
small areas in the middle estuary. The organic matters are
ranged from 2% to 8.2% with the highest along the inland
and decreasing toward the off-shore.

4. Conclusion

A strong correlation was clarified between the in-situ
reflectance spectra data and the sediment features of the
surface sediment samples in the Van Uc estuary. The
result confirmed the strong effect of the water content and
organic matter on the reflectance spectra and the potential
of Sentinel 2A band ratio to estimate the distribution of
them in the surface sediments in tidal flat of the estuary.
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1. Introduction

Rice terrace is agriculture production in hilly areas
which reduces soil erosion and control water resource.
They are historical agricultural landscape, and an
essential factor in the ecosystem conservation. Most of
studies about rice terrace classification have been used
high-resolution remote sensing data which is costly and
difficult to use in monitor rice terrace over a large-scale
(Zhang et al, 2017). In recent years, machine learning
methods has used frequently on remote sensing area. In
this study, we evaluated the capability of two medium
resolution remote sensing RapidEye and Landsat images
in rice terrace classification in Lao Cai area, Vietnam.
Pixel-based and object-based approaches were compared
to obtain the best classification result. Feed-forward
neural network (FNN), Random Forest (RF), and Support
Vector Machine (SVM) algorithms were used for rice
terrace classification.

2. Data and Methodology

Figure 1 showed the methodology of the study. Pixel-
based and object-based (OBIA) were approached to
classify terrace and no terrace classes from RapidEye and
Landsat imageries using FNN, RF and SVM classification
algorithms. Training and validation datasets were used to
train and optimize the models of FNN, RF and SVM
classifiers. Finally, test dataset was employed to assess
the classification accuracy and evaluate the capability of
RE, and LS on rice terrace extraction.

2.1. Data and Study area

Lao Cai area is in North of Vietnam where rice terrace
is the primary, long history agriculture practice. The
remotely sensed data used are 5 bands (blue, green, red,
NIR, redegde) of 5-m RapidEye and 6 bands (blue, green,
red, NIR, SWIR1, SWIR2) of 30-m Landsat images.
Reference data has collected from Google map in order to
be used as training, validation dataset for classification
and test dataset for accuracy assessment and evaluation.

2.2. Optimal threshold of OBIA
OBIA is generated by image segmentation process.

The key parameter to partition the image into objects is
threshold of segmentation (T). In order to obtain optimal
threshold of segmentation, Rate of Change of Local
Variance (ROC-LV) was used (Dragut et al, 2010). In this
study, thresholds ranged from 0.01 to 0.5, step is 0.01.
Optimal thresholds were list at the first row of Table 1
and Table 2.

2.3. Feed-forward neural network

Feed-forward back propagation neural network (FNN) is
a well-known model which has powerful computing
capabilities base on the propagation of information
between neurons (Zhang et al, 2016). Input layers are
spectral bands of the remotely sensed images. 8 hidden
layers which include 128 nodes for each layer is setup.
Rectifier is chosen as activation function with dropout
ratio of hidden layers is 0.2. L1 and L2 are set as 107.
Logloss metric is exploited to decide the best model it can
be reached.

‘ RapidEye, Landsat images ‘

I l

‘ Pixel-based H OBIA ‘

Training/ l l

validation FNN, RF, SVM classifiers ‘
dataset l

‘ Rice terrace classification ‘

Accuracy assessment and ev;l]uzlti(m}ﬂ—Teal dataset

Figure 1. Flow chart of the study

2.4. Random Forest

Random forest (RF) classifier is an ensemble learning
method that uses a randomly selected subset of training
samples and variables to produces multiple decision trees
(Belgiu, 2016). Two parameters of the model were set as:
the number of decision trees (Ntree) equals 500, and the
number of variables in the random subset at each node
(Mtry) is chose as default in caret.



2.5. Support Vector Machine

SVM works by finding a hyperplane with the largest
margin in the feature space that separates input data into
target classes (Abe, 2010). In this study, Radial Basic
Function (RBF) kernel of the SVM classifier is used, due
to commonly used and shows an excellent performance of
the function. Size of subset equals 9.

3. Result
3.1. RapidEye classification

Pixel-based approach showed the most accurate
results in comparison with object-based approach, at
91.9% of FNN classifier, 92% of RF and SVM (Tabel 1).
With object-based approaches, the classification accuracy
achieved the highest values at the first peak of ROC-LV
graph. In general, the values slightly decreased when
threshold values increased, the lowest accuracies
belonged to very high thresholds. FNN, RF, and SVM
classifiers produced almost same accuracy at same
approach.

3.2 Landsat classification

Overall accuracies of pixel-based approach were at
89.7% of FNN, 89.2% of RF, and 89.9% of SVM, higher
than all object-based classification cases (Table 2).

103°54° 104°0°

‘,’,-V" ‘. ;,‘.": i

22°30
22°30°
22°30

22724
22°24
22724

R
Py
103°54° 1040 0 1 2 3 4 Skm

.
o
o

38

With object-based approaches, the classification accuracy
achieved the highest values at the first peak of ROC-LV
graph. The classification accuracies crucially declined
from pixel-based to the second peak of ROC-LV graph,
then slightly reduced to the lowest accuracies.
Furthermore, three classifiers produced almost similar
accuracy at same approach.

4. Discussion and Conclusion

This study presents an evaluation of 5-meter
RapidEye and 30-meter Landsat image on rice terrace
extraction by using FNN, RF, and SVM classifiers at
pixel-based and OBIA approaches. Both remote sensing
imageries showed the highest and almost similar
accuracy at pixel-based approach. At OBIA, the
accuracies decreased when thresholds increased. However,
the degree of reduction was more significant at Landsat
data. Also, the difference of accuracy among three
classifiers was small.

It recommended that both imageries are useful for
rice terrace extraction at pixel-based approach, however,
only RapidEye image could be used for rice terrace
classification at OBIA. Furthermore, rice terrace
classification from remote sensing data is not affected
much by the classification methods.
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Figure 1. Rice terrace maps classification of (left) Rapideye and (righ) Landsat at pixel-based

Table 1. Overall accuracy of rice terrace from RapidEye image classification. First row showed threshold of OBIA
pixel | 0.06 | 0.09 | 0.12 | 0.14 | 0.20 [ 0.22 | 0.25 [ 028 |[0.32 | 0.37 | 0.40 | 0.43 | 0.45
FNN | 91,9 | 90.0 | 88.7 | 88.1 | 885 | 872 |86 |865 |863 |[859 |[864 |854 |85.4 |854
RF 92.0 [ 90.3 | 89.2 | 8389 | 888 |[87.8 |876 |872 |87.3 |87.0 |86.7 |86.6 | 865 | 86.7
SVM | 92.0 | 89.8 | 88.5 | 88.3 | 879 | 870 |86.7 |85 |86.5 |86.5 |86.3 | 860 |85.6 | 86.3
Table 2. Overall accuracy of rice terrace from Landsat image classification. First row showed threshold of OBIA
pixel | 0.05 | 0.09 | 0.13 | 0.15 | 0.18 [ 0.23 | 0.27 [0.33 [ 0.35 | 0.37 | 0.43 | 0.45 | 0.47
FNN | 89.7 | 833 | 785 | 778 | 778 |76.1 | 756 | 75.7 | 75.7 | 754 | 740 | 740 | 73.7 | 73.8
RF 89.2 | 839 | 786 | 778 | 774 |76.3 | 758 | 759 | 759 | 757 |74.0 | 741 |73.6 | 73.6
SVM | 89.9 | 834 | 788 | 780 | 780 |76.7 |76.3 |76.3 |76.3 |76.1 | 745 | 745 | 74.3 | 74.3
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