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Abstract

This study developed an automated depth mapping methodology based on the surface
reflection datasets of Landsat 8 and Sentinel-2 satellite imagery in Google Earth Engine.
The study was conducted in the area of Co To island, Co To district, Quang Ninh province.
The results of the study obtained a bathymetric map of the waters around the island, tested
with 199 actual field measurement points for a coefficient of determination (R?) of 0.95
with Sentinel-2 images and 0.91 with Landsat 8 images. Besides, the root mean square error
(RMSE) obtained with the result of the Sentinel-2 image and Landsat 8 image is 0.145 m
and 0.195 m, respectively. The initial method shows automatic, fast, efficient, and reliable
results in establishing depth maps in the ocean of Vietnam, especially in coastal and
archipelago areas. In addition, the method also supports regular monitoring and updates.
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1. Introduction

The bathymetric map is a particular kind of map that displays data regarding the
depth of the seabed. Numerous scientific and societal applications including topographic
assessment for military operations, marine construction, and rescue operations are
dependent on depth. Methods for determining water depths have changed dramatically as
science has progressed. Conventional depth measurement systems have a restricted spatial
range, such as single-ray, multi-ray on waterway vehicles, or LIDAR [1]. When executed,
these strategies are time-consuming, costly, and labor-intensive. As a result, using free
data sources that fit space and time constraints is critical [2].

Due to the disadvantages of traditional measurement methods, the method of
determining depth using satellite data has been developed and shows its potential.
Previous studies have applied low-resolution satellite sensors to build water object
models. In the study [3, 4], the authors used MODIS (Moderate Resolution Imaging
Spectroradiometer) satellite data to determine the depth of the lake area globally. The
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results of the study are applied to build lake models in weather forecasting, determining
evaporation rates and accurate surface temperature forecasts. In addition, the study [5]
used the SeaWiFS data source (1998 - 2003) for the purpose of locating and tracking
aquatic plants and anomalies in the Mediterranean basin.

Low spatial resolution sensors can be noisy by pixels that separate water and non-
water along the coast. As a result, several ground observation satellite images with high
spatial and small temporal resolutions have been applied to in-depth modeling. To
determine water quality, substrate composition, and depth mapping accurately, the
studies used multispectral data sources such as CASI-2, and Ocean PHILLS [6-8]. In
addition, the study [2] used Sentinel-2 remote sensing imagery, data collected in the
Aegean Sea and Eastern Mediterranean with high resolution for depth mapping, and
economic and ecological analysis of coastal edges. In addition, in the study [9], Landsat 8
satellite imagery was used to determine the reflectivity of the seafloor, while also
studying underwater ecosystems.

In Vietnam, the application of remote sensing techniques to establish bathymetry
has been used and shows its potential. The article [10] systematically presents the
scientific basis of the method of creating bathymetric maps from Landsat 8 satellite
images. In addition, in the study [11], the authors used VNREDSAT-1 data to map the
bathymetry in a coastal region of Vietnam.

In recent times, many cloud computing platforms have been developed to support
users to process satellite data sources and other remote sensing data. Google Earth
Engine (GEE) is a powerful cloud computing platform that provides easy access to
satellite datasets and fast calculation times that support depth estimates. GEE has been
used in many products on a global scale including land cover, forest change, water
surface area, and urban land use [2, 9].

2. Materials and methodology
2.1. Materials

The research selected Co To island as the study area. The study conducted a test
to estimate the depth of the coastal area around Co To island. Co To is in coordinates
from 20°10° to 21°15° north latitude and from 107°35° to 108°20’ east longitude,
60 nautical miles from land. With an area of 46.2 km?, Co To is an archipelago with a
rich ecosystem and a particularly important national defense and security location.
Located in the Gulf of Tonkin area with more than 50 large and small islands, Co To
has a section between high islands, surrounding low mountains and small sandy beaches,
and small bays stretching along the island.
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Figure 1. Geographical location of the study area.

The study proposes an automated depth mapping method based on the Landsat 8
and Sentinel-2 surface reflection datasets available in the Google Earth Engine cloud
computing platform. Satellite imagery data is clipped around the study area for the
purpose of determining the coastal and offshore depths of the islands.

2.2. Methodology

The method of processing remote sensing data in the study is detailed in Figure 2.
First, the study filtered the surface reflection image dataset from Landsat 8 and Sentinel-2
image data based on parameters such as study area, cloud cover, and time duration. The
study selected images with minimal cloud cover over the study area. This reduces noise
caused by clouds and cloud shadows during the acquisition of surface information by
the sensor.

Next, the study proceeded to filter non-water objects on the reflected image, using
the threshold values of the image band to filter areas of water with high turbidity, waves
and reflections of sunlight. Values are used to filter objects that are suitable for each
study area. For the Co To island area, the values used are p green > 0.01, p rep < 0.1,
and PNIR < 0.03.
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Figure 2. Satellite data processing.
In addition, the study further filtered non-water subjects using the Normalized
Difference Water Index (NDWI) presented in formula (1):

NDW| = Zereen ~ Pnir (1)
Pereen T PR

Images after filtering out waterless objects are extracted for automatic depth
mapping based on depth measurement algorithms [12]. Data processing is carried out on
the GEE platform. First, the study calculated the remote sensing reflection value Ry
from surface reflection data p; [13]. The formula for calculating the remote sensing
reflection value Rys is presented as formula (2):

R.(1)=£~ 2
T

Next, the study eliminated the influence between the two surfaces of air and water
through the below-surface remote sensing reflection coefficient presented in formula (3) [14]:
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_ R.(4)
0.52+1.7%R_(4)

rI’S (i) (3)

After obtaining the below-surface remote sensing reflection coefficient value, the
study calculated the Chlorophyll-a (Chl-a) concentration value for the purpose
of initializing the depth estimation parameter [12]. The study used a fixed Chl-a value
(Chl-a = 0.5 mg.m™) [15]. Based on the research [15], the depth estimate parameters (m,
and m,) are calculated by the formulas (4) and (5), respectively:

mo — 52.073 % e(0.957*Ch|—a) (4)

m, =50.156  g(®*7 -2 (5)

Finally, the study estimated water depth by quantifying the varying degrees of
attenuation between the blue and green image bands [16]:
In(L000 *r, blue) m

Depth =m
P ® In(1000 *r green)

(6)

The study validates the accuracy of depths calculated through remote sensing data
by comparing them with field measurement results and applying the coefficient of
determination (R?) and the root mean square error (RMSE) to evaluate the results.

3. Results and discussion

The study collected surface reflection data of the Sentinel-2 satellite in the Co To
island area corresponding to the time of field measurement. The satellite data used in the
study is shown in Figure 3, and the study area depth calculation is shown in Figure 4.
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Figure 3. Sentinel 2 (A or B) image in the Co To island, acquired on October 12, 2022.
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Figure 4. Results of depth calculation of the study area using Sentinel 2 image.
Experimented with Landsat 8 satellite imagery data, using the corresponding
research method as with Sentinel-2 data. The original data and results are presented in
Figures 5, 6.
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Figure 5. Landsat 8 image in the study area, acquired on December 13, 2022.

The study used 199 field measurement points with depths from O m to 6.1 m to
assess the depth of the results from satellite imagery data. The actual measuring points
are determined by the GNSS RTK satellite positioning method combined with single-
beam echo sounding to determine the depth, with an accuracy of £0.3 m. The study
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interpolated the results of depth calculations from satellite images at the locations along
with the actual measurement location, using a coefficient of determination (R?) to evaluate
the results of the study. The results of the study obtained depth maps of the waters around
the islands, tested with actual field measurements for high coefficient of determination
(R?) values of 0.95 with Sentinel-2 images and 0.91 with Landsat 8 images. The initial
method shows automatic, fast efficiency, and reliable results in serving the establishment
of depth maps in the Vietnamese ocean. This shows that Sentinel-2 satellite data has more
accurate predictions than Landsat 8 data for the Co To island area. The comparative
results in the regression model are shown in Figures 8 and 9.
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Figure 6. Results of depth calculation of the study area using Landsat 8 image.
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Figure 7. Distribution of actual sampling points.
25



Section on Special Construction Engineering

Linear regression results

¥ =14636x+0.0311 -~
6 R*=095 0‘

] e

)
/ # Depth measured in the field

Depth predicted by satellite image

Depth measuved in the field

o 1 2 3 4 5
Depth predicted by satellite image

Figure 8. Compare the results of depth determination from Sentinel-2 images and actual results.
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Figure 9. Compare the results of depth determination from Landsat 8 images and actual results.

Based on the regression models obtained above, research shows that Sentinel-2
image provides more effective depth prediction results than Landsat 8 data on the same
study area. In addition, the results of the Sentinel-2 image and the Landsat 8 image have
RMSEs of 0.145 m and 0.195 m. It shows that the regression model for the depth data

estimated from the Sentinel-2 image is more correlated than the data estimated from the
Landsat 8 image.

4. Conclusions

The study proposed an automated depth mapping methodology using surface
reflection datasets calculated from Landsat 8 and Sentinel-2 satellite imagery data on the

Google Earth Engine platform. The research method allows us to estimate shallow water
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depth at a fast speed and low cost. Moreover, the test results show that the method is
capable of estimating the depth of the coastal area with high accuracy. The correlation
values and root mean square error show that the Sentinel-2 image gives better
prediction results than Landsat 8 image. Simultaneously, depth prediction results can
assist policymakers in planning research and development of marine potential in a
sustainable way.
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LAP BAN PO B0 SAU KHU VUC QUAN BAO CO TO,
TINH QUANG NINH BANG ANH VE TINH SENTINEL-2 VA LANDSAT 8

Nguyén Nhu Hing?, Lé Vin Phi”

8Truong Pai hoc Ky thudt Lé Quy Dén

bQudn chung Hai quan

Tém tit: Nghién curu dé xudt phuwong phap thanh Idp ban do aé sdu tw dong dua trén bo

dir liéu phdn xa bé mdt cia vé tinh Landsat 8 va Sentinel-2 trong Google Earth Engine. C4c tac

gid tién hanh thir nghiém trén khu viee quan dao C6 Té, huyén Cé Té, tinh Qudng Ninh. Két qua

xie 1y dit liéu thu dwoc ban d6 d sdu & ving nwée xung quanh quan ddo, qua kiém tra véi 199

diém do thye té ngodi thue dia cho gid tri hé sé tuwong quan (RY) 12 0,95 vdi anh Sentinel-2 va

0,91 véi anh Landsat 8. Bén canh dé, gid tri sai so trung phwong (RMSE) thu dwoc véi dir liéu

hinh anh Sentinel-2 va Landsat 8 lan lwot la 0,145 m va 0,195 m. Phuong phdp buéc dau cho

thdy tinh tw ddng, hiéu qud va cé két qua tin cdy trong phuc vu thanh ldp ban do dé sdu trén

viing bién Viét Nam, ddc biét la & nhitng khu viee ven bo, ven quan dao. Pong thoi, phuong
phap con hé tro cong tc theo doi, cdp nhdt thuong xuyén.

Tir khéa: Ban d6 d6 sau; Landsat 8; Sentinel-2; Cd T6; Google Earth Engine.
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