Asia-Pacific Journal of Science and Technology: Volume: 27. Issue: 03. Article ID.: APST-27-03-02. Research Article

https://www.tci-thaijo.org/index.php/APST/index

APS Asia-Pacific Journal of Science and Technology

Published by the Research and Technology Transfer Affairs Division,
Khon Kaen University, Thailand

The feasibility of Sentinel-2A and Landsat 8 imagery in rock outcrop extraction using
object-based oriented classification

Doan Ngoc Nguyen Phong', Do Thi Viet Huong"*, Nguyen Quang Tuan', Do Quang Thien?, Nguyen Phuoc Gia
Huy? and Bui Thi Thu!

'Department of Natural Resources - Environmental Management and Geolnformatic, Faculty of Geography and
Geology, University of Sciences, Hue University, Hue City, Vietnam

2Department of Engineering Geology and Hydro-Geology, Faculty of Geography and Geology, University of
Sciences, Hue University, Hue City, Vietnam

3Thua Thien Hue Center of Information Technology, Hue City, Vietham

*Corresponding author: dtvhuong@hueuni.edu.vn

Received 17 September 2021
Revised 27 December 2021
Accepted 8 January 2022

Abstract

The presence of exposed rocks in the mountainous areas of the Thua Thien Hue province in Vietnam has affected
the expansion of agroforestry farming areas. A novel classification approach is proposed to extract rock outcrops
in the mountainous region by integrating the object-based oriented classification (OBOC) method and multiple
ratio image indices. The default index (mean Near-infrared - NIR, mean Blue, Brightness) and calculated index
(normalized difference built-up index - NDBI, normalized difference vegetation index - NDVI, topsoil grain size
index - TGSI) ratio images effectively integrate delineating rock outcrops through the determination of the
threshold of image index values. The main findings are that Sentinel-2A and Landsat 8 provided an acceptable
extraction of exposed rocks in the mountainous area with an overall accuracy of over 80% based on the OBOC
technique. Sentinel-2A extracted the revealed rocks with higher accuracy than Landsat 8 in two test sites of the
mountainous region of the Thua Thien Hue province. The results were verified in the field, demonstrating that
rock outcrops were better detected by Sentinel-2A (93%) than Landsat 8 (86%), in agreement with existing map
soil data published in the geographic information system of the Thua Thien Hue province (GISHue data).
Furthermore, Sentinel-2A data revealed specific sites with outcropping rocks which were not included, yet
yielded reliable field results confirming its potential for mapping and monitoring exposed rocks for
environmental protection and agroforestry development in mountainous areas.
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1. Introduction

Remote sensing has become increasingly significant in soil mapping and monitoring land use/land cover
(LULC). The extraction and mapping of rock outcrop areas are crucial for geological, engineering, and industrial
applications, as well as environmental protection and agroforestry development [1-3]. Although occupying only
small proportion of LULC, exposed rocks are considered crucial objects that influence soil formation,
geomorphology, and natural and environmental hazards. Exposed rocks are widespread in areas where soil erosion
is quicker than weathering or where exposed rocks are generated by artificial facilities and subsequent soil and
rock removal from some areas [1].

The mountainous area of Vietnam, which mainly has a rocky mountain terrain type, has always been the main
focus on land use in a suitable way for sustainable socio-economic development. However, due to the diversity
of landscapes in mountainous regions, spatial planning for its socio-economic development is challenging to
organise.



The exposed rocks are distributed randomly and discontinuously among LULC and sparsely among
outcropping terrains, which are hard to define through field investigations. The emergence of remote sensing
image applications allows the automatic extraction/classification of LULC, rock outcrops, and other rock-mineral
components [4-6]. Besides, many sources with different spatial resolutions such as remotely piloted aircraft
system images, unmanned aerial vehicles, Radarsat-1, Advanced Land Observing Satellite (ALOS) imagery,
Landsat 8, Sentinel-2A, ASTER GDEM, Earth Observing 1 (EO-1) Hyperion, and simulated Earth Observing
System (EOS) Terra ASTER imageries have been used to distinguish exposed rocks from other land covers [1, 7-
11].

Various approaches have been applied to extract rocky outcrops. These have included: integrating a dimidiate
pixel model and spectral mixture analyses through accuracy improvement with ALOS images in karst regions 0;
building a specific exposed rock index using the near-infrared band and shortwave infrared-2 bands of Landsat 8
reflectance data [6]; combining the use of spectral patterns, normalised difference vegetation index (NDVI),
normalized difference vegetation index - spectral mixture analysis (NDVI-SMA), modified normalised difference
water index (MNDWTI), normalised difference snow index (NDSI) images, topographical analysis, multifractal
algorithms with Sentinel-2A MSI, advanced spaceborne thermal emission and reflection radiometer global digital
elevation model (ASTER GDEM), Hyperion, and simulated EOS Terra ASTER imageries [1, 12-14].

In the Thua Thien Hue province, the published exposed rock maps' database has been primarily derived and
interpreted via traditional methods, including conducting soil surveys, sampling soil profiles, and observing the
rock outcrops based on their position relative to the geology, landforms, topography, and natural vegetation. It
has thus still not been updated and lacks a quality assessment [3]. The possibility of identifying exposed rocks
from Landsat 8 was initially evaluated by integrating the automatic interpretation and threshold identification of
image index values to extract exposed rocks from the other LULC types [3, 15]. However, when using a default
ratio image such as Brightness, the Blue value can effectively separate the coastal sand strip from the bare land
and the exposed rock areas in the case study area. Meanwhile, exposed rocks frequently occur in scattered hilly
regions mixed with vegetation and barren land. Therefore, enhancing the ability to dissect exposed rocks directly
requires a consideration of the appropriate calculation indices of the other satellite image data.

The objective of this study is first to explore the feasibility of Sentinel-2A and Landsat 8 imagery for extracting
rock outcrops using the object-based oriented classification (OBOC) method. Second, the classification accuracies
of two test sites of distinct mountainous areas of the Thua Thien Hue province, Vietnam, using Sentinel-2A and
Landsat 8 were examined to assess the execution of the OBOC method with ratio index images including NDVI,
normalised difference built-up index (NDBI), and topsoil grain size index (TGSI). The findings will update the
existing dataset of exposed rocks, which can support the socio-economic development of the Thua Thien Hue
province toward the digital transformation phase in natural resources and the environment up to 2025 and oriented
to 2030.

2. Materials and methods
2.1 Study area and data

The presence of exposed rocks in the Thua Thien Hue province affects the organisation of urban planning to
create material areas for socio-economic growth. Test site 1 (A Luoi) and test site 2 (Nam Dong) were chosen to
examine the possibility of discriminating between exposed rocks and other LULC types located in the remote
mountainous areas of Thua Thien Hue (Figure 1). Those regions are outlying districts, where long-term industrial
crops are of great concern. Because this area has several fault lines, sections with rock outcrops are more evident
than high terrains deeply buried in the sea [16]; hence, the evaluation was conducted in mountainous locations in
the Thua Thien Hue province. The test sites are rectangular with a 3.5 km x 9.5 km area and are covered by
significant LULC types (i.e., water bodies, built-up land, vegetation, bare land, and rock outcrops).

The Landsat 8 and Sentinel-2A scenes with free cloud covering the entire test sites of the mountainous area
were collected to extract rock outcrops. Landsat 8 at Level -2 collected data on April 25, 2019 (path 125 Row 49),
freely available from Earth Explorer (https://earthexplorer.usgs.gov/), providing 30 m spatial resolution optical
imagery on eight spectral bands via the Operational Land Imager sensor and two bands via the Thermal Infrared
Sensor.

The Sentinel image at Level-2A with a resolution of 20 x 20 m was collected on April 1, 2019 (T48TYD),
which was downloaded freely from Land Viewer - EOS (https://eos.com/landviewer/). It includes spectral bands
2-7,8A, 11, and 12, a true colour image (TCI), a scene classification map (SCL), an aerosol optical thickness
(AOT), and water vapour (WV) map. In addition, base maps and existing soil datasets from the province were
also supplemented for the analyses (Table 1).
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Figure 1 (A) Location of Thua Thien Hue Province in Vietnam; (B) Location of two test sites in the mountainous
of Thua Thien Hue Province: Test site 1 (A Luoi district), Test site 2 (Nam Dong district); (C) The natural true
color composition RGB - 432 for Sentinel-2A and Landsat 8 OLI/TIRS of the two test sites.

Table 1 Satellite images and GIS data utilized for extracting rock outcrops.

Data Time Resolution/Scale Source
Landsat-8 OLI/TIRS United States Geological Survey — (USGS)
(cloud 1, 48%) 25/04/2019 30m (https://earthexplorer.usgs.gov/)
. European Space Agency- (ESA)
Sentinel-2A 01/04/2019 20m (https://eos.com/landviewer/)
Base map 2019 1/10.000 GISHue database
Soil map 2003 1/100.000 (Geodatabase)

2.2 Methodology

By combining automatic classification and threshold values, the determination of index images allows the
distribution of mixed and uncovered rocks in the sample region to be assessed in both satellite images. Because
of its benefits over the conventional classification system, the deductive method used here is the OBOC process.
This approach considers the graded object's spectral reflectance characteristics and other details, and has been
shown to provide better classification results than the pixel-based method [17-19]. The process of rock outcrop
extraction using an OBOC based on the flow chart is outlined in Figure 2.

In this study, both Landsat 8 OLI/TIRS and Sentinel-2 images were acquired in Level-2 processing and
represent the corrected reflectance products. Therefore, the pre-processing phase is inherent including layer
stacking, subset, and georeferencing. In Landsat 8, six bands were used for the layer stack; they are blue (450-510
nm), green (530-590 nm), red (640-670 nm), near infrared (NIR; 850-880 nm), shortwave infrared-1 (1570-1650
nm), shortwave infrared-2 (2110-2290 nm), and cirrus (1360-1380 nm). For Sentinel-2A, nine bands including
Blue (490 nm), green (560 nm), red (665 nm), NIR (842 nm), four vegetation red edge bands (bands 5, 6, 7, and
8A), short wave infrared-1 (1610 nm), and short wave infrared-2 (2190 nm) were combined into a single image.
The resample from a 20 m resolution to 30 m one was implemented for the Sentinel-2A image for comparison
with Landsat 8. In addition, both Landsat 8 and Sentinel-2A were georeferenced using geographic coordinate
system transformation and all images were projected from geographic coordinate system WGS 1984 to the



national VN-2000 coordinate system reference system projection. Subsequently, using the shapefile of a rectangle
with a 3.5 km x 9.5 km area, spatial subsets of Landsat 8 and Sentinel-2A were obtained for the further processes
(Figure 1C). The pre-process was conducted in ArcGIS Desktop version 10.4.
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Figure 2 Workflow of the possibility of rock outcrop extraction Landsat-8 vs. Sentinel-2A.

The OBOC was implemented in the eCognition Developer 9.01 software in two steps: image segmentation
and feature classification. First, the satellite image was segmented into small regions by aggregating the image
pixels into spectrally homogenous image objects. The segmentation of images is based on defining the scale,
shape, and compactness parameter of the object at each level of extraction through the Multiresolution
Segmentation algorithm. The heterogeneity threshold is reached based on how weighted those parameters are to
obtain the acceptable segmentation with distinct differences among the objects [5]. The classification method with
assigned classes based on the membership function was adopted to classify the segments into different classes.
The classified features were extracted following the defined rule set classification, mainly the threshold values of
default indices (Brightness, mean NIR, mean Blue), and the calculated indices (NDBI, NDVI, and TGSI) were
used to determine the exposed rock classes (Table 2).



Table 2 The indices used in the research.

Indices  Description Formula References
Author
NDVI  Extract the vegetation coverage. NDVI = NIR-RED/NIR+RED [20, 21]

NDVT in the range [-1, +1]

NDBI Distinguish bare land from built-up land. NDBI = SWIR-NIR/SWIR+NIR  [14, 22]
NDBI in range [-1, +1]

TGSI Determine soil texture and grain size, TGSI = (RED - BLUE) [10]
distinguish the rock outcrop from the bare land ~ /(RED+BLUE+GREEN)
TGS in range [-1, +1]

A rule set of base classification followed the process of OBOC analysis to extract the rock outcrop areas at the
final stage. On the Earth's surface, soil layers may be bare (loose rock, mixed rock, bare dirt, no topsoil) or coated
with vegetation to various degrees. The reflected spectral radiant energy in bare soil comes from the soil surface
and is usually attributed to soil properties and the form of the soil in which it occurs. The calculated reflectance
distribution for partly vegetated soils is a mixture of soil and vegetation. Under the same environmental conditions,
the more the soil layer is covered in the image, the more significant the contribution of the reflectance spectrum
from the soil is, resulting in a decrease in the NDVI value with an increase in soil brightness [18]. The assigned
class algorithm was applied through the trial and error process to find the realistic classification following the
semantic rule set tree. The relevant cutting thresholds for the selected indices in each level were determined
according to empirical values, the study area's internal characteristics, and the expert-based human knowledge of
study area objects [5, 23].

The research used two indicators - overall accuracy and kappa statistics - to assess image classification
accuracy. The kappa coefficient value is usually between 0 and 1, where k >0.8 is highly accurate, 0.4<k <0.8
defines a medium precision, and k <0.4 represents a low precision [18, 24]. The image classification accuracy was
evaluated using a grid of ground truth sample points from Google Earth at the time of image acquisition (April
30, 2019). In addition, a field survey was deployed for all the current rock outcrop datasets from the HueGIS
database to check the actual conditions in the field test sites compared to the rock outcrop classification results
from Landsat 8 and Sentinel-2A images. Based on the actual distribution of outcropping rocks from the GISHue
database, the survey route at the two study sites was designed along the inter-provincial and district roads and
trails through the plantations. The survey time was arranged in the dry season of April 2020, coinciding with the
month of Landsat 8 and Sentinel-2A image collection. This phase was essential for supplementing and correcting
exposed rock information for the soil database in the study area.

3. Results
3.1 Threshold and rules for extracting rock outcrops from ratio images

Both Landsat 8 and Sentinel-2A images were segmented on four scale levels (Table 3 and Figure 3). Multi-
resolution segmentation utilised three parameters which were scale, shape, and compactness for the target LULC
classes, i.e., waterbody, vegetated land, built-up land, bare land, and rock outcrop. The scale parameter defined
the maximum degree of homogeneity of the feature segment; the higher values allowed more heterogeneity and
and larger objects to be determined. While the shape size parameter defined the textural homogeneity (colour) of
the resulting image objects, the remaining parameter of compactness defined whether the boundary of the
segments should be smoother or more compact.

The value of each parameter varied through the levels of segmentation as: scale (1; 2; 3; 5), shape (0,2; 0,3;
0,4), and compactness (0,5; 0,7; 0,8). By keeping one or two parameters as constant, the trial and error process of
the remaining parameter were experienced for obtaining the optimal parameter value.

For distinguishing the rock outcrops from the other objects, the scale parameters were experimented on by
employing a trial and error strategy/process, and finally, their smallest value was defined as 1 in both Landsat 8
and Sentinel-2A due to the reality of their occurrence in scattered hilly regions and their shape size ranging from
100 m? to 1 ha or even 2-3 ha.

Considering the mountainous context of the two study sites, the compactness value varied from medium to
higher values to achieve a high rate of smoothness of the defined objects. On the other hand, the shape values
ranged from 0,1 to 0,4 with an equal step of 0,1 in both satellite images. The findings of the segmentation
parameter in each level for the Sentinel-2A and the Landsat 8 are listed in Table 3.



The segmentation and rule set classification for the Sentinel-2A and Landsat 8 are presented in Table 3. The
thresholds of default indices (mean NIR, mean Blue, Brightness) and calculated indices such as NDBI, NDVI,
and TGSI were mainly used to define target classes in each Level of Landsat 8 and Sentinel-2A in the two test
sites of the study area (Figure 3).

Table 3 Segmentation and rule set classification for extracting rock outcrop.

Level Target class Parameter threshold Segmentation parameter (scale,
shape, compactness)
Sentinel-2A Landsat-8 Sentinel-2A Landsat-8
Level 1 Water Mean NIR<1900 Mean NIR < 12750 5;0.3;0.7 5;0.3;0.7
Land - Mean Blue > 0
Level 2 No Vegetable NDVI<0.37 NDBI <-0.07 3;0.2;0.5 3;0.2;0.5
Veg NDVI>0.37 NDBI > - 0.07
Level 3 Built-up NDBI > 0.03 Brightness < 12030 & 1;0.4;0.8 2;0.2;0.5
Mean Blue > 10610
Not Built-up NDBI <0.03 Brightness < 12030 &
Mean Blue < 10610
Level 4 Bare land TGSI>0.0159 TGSI>0.02 1;0.3;0.7 1;0.2;0.5
Rock outcrop  TGSI<0.0159 TGSI <0.02
Mean NIR NDVI
Test
site 1 | apdsat-
8
Sentinel-
2A
Test Landsat-
site 2 8
Sentinel-
2A

Figure 3 The segmentation levels and thresholds defined in Landsat-8 and Sentinel-2 images.

The object features were calculated in a multiresolution segmentation algorithm by evaluating the image
objects via the layer value features using information derived from the spectral properties of the image objects.
The layer value of the mean NIR band for both satellite images from Level 1 was used to extract water and land
objects. However, for the Landsat 8 images, a lower layer value mean Blue band threshold was applied to remove
land objects that were residual from the layer value mean NIR threshold. Then, NDVI and NDBI were used to
discriminate between vegetated and non-vegetated objects such as construction lands, bare lands, and exposed
rocks. Finally, the TGSI was applied to extract the exposed rock objects lying on barren ground, distinguishing
things that were surface soil particles lifted from the land surface. The research region is a mountainous location
with a lot of geological activity, and the TGSI is thus quite valuable for determining rock structures on the cover's
surface.



The extraction of this information based only on NDVI, NDBI, mean Red, mean Blue, and Brightness resulted
in mixed classification results between sand land and bare land. Therefore, the separation of those objects was
more precise when using the Brightness index when sandy soil and bare soil properties were different. However,
to filter out exposed rock objects within barren land, the TGSI was adequate to determine the soil particle sizes to
remove the rocks mixed with the bare soil. The workflow chart of the object-based classification procedure is
shown in Figure 4.

{ Sentinel - 2A } { Landsat - 8 ]

Rule set
classification
No
) NIR > 12750 & -
NIR > 1900 Level 1 BLUE <0
Yes

| Yes
Yes

No
g’ No No .
Vegetable ) NDBI < 0.37 Level 2 NDBI<-0.07 { Vegetable
Y

v

| Yes
No Vegetable No Vegetable

Brightness < 12030
% BLUE < 16010

Yes Yes
Not - Built up Not - Built up
Yes

NDBI < 0.03 Level 3

N
Bare land )< Al

N
Level 4 @ 2 »( Bare land
Yes

Figure 4 Workflow of the rule set object-based classification procedure defined in Landsat 8 and Sentinel-2A.
3.2 Rock outcrop extraction from Sentinel-24 and Landsat 8

Based on the OBOC method with the multiresolution segmentation algorithm approach, the rock outcrop
classification over two test sites in Landsat 8 and Sentinel-2A images is shown in Figure 4, including five classes:
water, built-up land, vegetation, bare land, and rock outcrops. The findings indicate that water and vegetation are
the two objects that can be interpreted well in both Landsat 8 and Sentinel-2A images. A distinct difference and
uncertainty arose from the two images of bare land, built-up land, and rock outcrops (Figure 5).

The rock outcrop area extracted from the Sentinel-2A image covers 9.11 km?, which is more significant than
in the Landsat 8 image (5.43 km?) at test site two and has an area of 7.28 km? at test site 1, compared to the 4.32
km? area obtained from the Landsat 8 image.

Consequently, the difference in the area of the classes did not fluctuate much (less than 10 km?). The accuracy
assessment results were also more than 80% for both Landsat 8 and Sentinel-2A data. The findings indicate that
water and vegetation are the two classes that can be interpreted well in both Landsat 8 and Sentinel-2A images.
A distinct difference and uncertainty arose from the two images of bare land, built-up land, and rock outcrops.



4
km Il wATER [ veG M suilD [ | BARE M OUTROCK

Figure 5 Rock outcrop extraction from Landsat 8 for the test site 1 (A) and test site 2 (C); from Sentinel-2 for test
site 1 (B) and test site 2 (D).

In this research, to ensure the spatial homogeneity for the comparative extraction of rock information from
Sentinel-2A and Landsat 8 data, the image preprocessing stage resampled the images into a resolution of 30 m x
30 m. The classification results were retrieved from the exact spatial resolution of the satellite images, but the
difference in spectral reflectance characteristics affected the ability to distinguish the objects. When compared
with Google Ground Truth data, the Sentinel-2A data gave more accurate results than Landsat 8. In the Landsat
image, the built-up and bare land areas were more confused than in the Sentinel-2A one, leading to an entirely
different extraction of exposed rock information. This misclassification arose because the image bands of Landsat
8, such as Brightness and NDBI, had close values, making it impossible to calculate a suitable threshold for each
object (Figure 6, 7). The illustration of profiles 1 and 2 corresponds to the two results of Sentinel-2A and Landsat
8 classification, respectively (Figure 6A), which was shown clearly in the image of the landscape of rock outcrop
staken from the field (Figure 6B) and the false-colour composition of Sentinel-2A (Figure 6C) and Landsat 8
(Figure 6D) for the areas 1 and 2, respectively.

TEST SITE 1 - A LUOI
(A) B waterR [ veG Il BuiD [ | BARE [l OUTROCK

Figure 6 Illustration of rock outcrop extraction from Landsat 8 and Sentinel-2 for the test site 1- A Luoi: (A)
result of rock outcrop classification from Sentinel-2A and Landsat 8; (B): landscape of rock outcrops in the field;
false colour composition of Sentinel-2A (C) and Landsat 8 (D) for the areas 1 and 2, respectively.
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Figure 7 Illustration of rock outcrop extraction from Landsat 8 and Sentinel-2 for the test site 2- Nam Dong: (A)
result of rock outcrop classification from Sentinel-2A and Landsat 8; (B): landscape of rock outcrops in the field;
false colour composition of Sentinel-2A (C) and Landsat 8 (D) for the areas 1 and 2, respectively.

4. Discussion

The accuracy assessment results of rock outcrop classification for the two test sites in Sentinel-2A and Landsat
8 data are presented in Table 4.

Table 4 The result of classification accuracy assessment.

Class type Kappa coefficient

Sentinel-2A Landsat 8 OLI/TIRS

Test site 1 Test site 2 Test site 1 Test site 2
Built-up 0.89 0.89 0.82 0.83
Bare land 0.80 0.82 0.75 0.74
Water 0.91 0.89 0.86 0.81
Vegetation 0.87 0.85 0.82 0.88
Rock outcrop 0.79 0.72 0.69 0.72
Overall kappa coefficient 0.86 0.82 0.75 0.76
Overall classification accuracy 86.00% 84.00% 80.00% 81.00%

The overall accuracies of the OBOC method for Landsat 8 were 80% and 81% at test sites 1 and 2, respectively.
The overall kappa coefficient values were 0.75 and 0.76 for test sites 1 and 2, respectively.

For Sentinel-2A data, the overall accuracy was 86% at test site 1 and 84% at test site 2, with a kappa value
above 0.8 for both test sites. Sentinel-2A had a better overall kappa coefficient for the rock outcrop objects than
Landsat 8 (with a value above 0.7 at both test sites). The Landsat 8 kappa value was significantly lower, implying
a reduced confidence level in the extraction of all the classes, mainly the exposed rocks (0.69). There was also a
notable gap in the overall classification accuracy, with the Landsat 8 data having more inaccurate scores than the
Sentinel-2A image data.

The feasibilities of Sentinel-2A and Landsat 8 data for exposed rock extraction using OBOC were further
evaluated by comparing accurate survey results. The survey points were designed based on the existing exposed
rock in the soil map database from HueGIS data, compared with the possibility of exposed rock classification
from Sentinel-2A and Landsat 8 under field-deployable conditions. Twelve survey points were conducted at test
site 1 (A Luoi) and the other 11 points were surveyed at test site 2 (Nam Dong) (Figure 8, 9).
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Figure 8 Map of the field survey for validating the accuracy of exposed rock extraction from Sentinel-2A and
Landsat 8 in the mountainous areas: (A) test site 1- A Luoi and (B) test site 2 - Nam Dong.

Figure 9 Landscape of rock outcrops in mountainous areas: concentrated distribution in bare land (A); in the
residential area (B); on rocky slopes (C); scattering distribution along streams and rivers (D); in the cultivated
area (E); and plantation forests (F).
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The interpretation of the comparison between exposed rock identification results from the field survey, existing
datasets, and Landsat 8 and Sentinel-2A OBOC classification are summarised in Table 5.

Table 5 Comparison of exposed rock identification results from the field survey, existing datasets, and Landsat 8
and Sentinel-2A OBOC classification.

Test site 1 Test site 2
Rock outcrop occurrence (: yes, o: No)

Survey In Existing  OBOC classification  Survey In Existing OBOC classification

point the GISHue  Landsat Sentinel-  point the  GISHue Landsat  Sentinel-
field  database 8§ 2 field database 8 2

ALO1 N N J N NDOI W N N N

AL02 J V | J NDO2 l 0 V

AL03 J J ) 0 NDO3 Y o J V

ALO04 V x/ | x/ NDO4 x/ 0 V

ALO5 J J | J NDO5 l V V

AL06 V J ) V NDO6 0 V V

ALO7 W 0 | J NDO7 V 0 J

ALO8 J J | J NDO8 l 0 V

AL09 J x/ | J NDO9 0 V \/

ALIO o J ) 0 NDIO N J J

ALI1 ) 0 ) 0 ND11 v v 0 S

ALI2 0 N ) 0

Table 5 lists the actual test sites considering the outcrop rocks present in the study area. Only 20/23 points in
the existing GISHue database contained outcrops, and there were areas at AL10-AL12 that showed no outcrops
depicted in the data. The results of outcrop rock extraction for Landsat 8 data were accurate (13/23 points
compared to reality) and exhibited an 83% similarity with the GISHue database. On the other hand, outcrop data
extracted from Sentinel-2A data showed a 93% agreement with GISHue data and a 17/23-point overlap with
reality. Furthermore, Sentinel-2A data revealed specific sites with outcrop rocks not included in the data, yet
which yielded reliable field results.

In terms of the analytical findings, there were no precisely exposed rock areas in the data because the soil map
was created in 2003. There were numerous alterations due to human effects that could not be added throughout
time. On the one hand, the impact of separate bands, which resulted in varied ratio pictures, making the distinction
between objects located in the same direction complex, could explain the discrepancies between Sentinel-2A and
Landsat 8 interpretations. The test site 2 location, for example, has an open quarry and is surrounded by raw land,
but the Landsat 8 image indicated that it is a developed area. Sentinel-2A delivered a more accurate interpretation
than Landsat 8, as proven by field testing and the use of Google Earth Ground Truth.

On the other hand, TGSI also showed that it is essential in determining and increasing the accuracy of exposed
rock fragments at all stages of the process. Other items such as vegetated objects and water impacted the rock
exposure during implementation, but this was resolved/enhanced by other indications (NDVI, NDBI). The TGSI
equation attempts to distinguish between surface area and bare ground. The difference is due to the different
reflections of items to the Red, Blue, and Green band values, with plants and water having negative or small
discounts and bare objects having greater values, allowing for the identification of exposed surface textures.

The research on extracting exposed rocks is an essential task in establishing a soil map database for agricultural
development, especially in the mountainous areas of the Thua Thien Hue province. To the best of our knowledge,
there have been no previous studies applying remote sensing imaging to map exposed rocks in Vietnam. Our
results suggest that using Sentinel-2A images to extract mantle layers, and tiny and scattered objects such as
exposed rocks in mountainous areas is better than using Landsat image using the OBOC method which integrates
multiple ratio image indices (NDVI, NDBI, TGSI).

The ability to map outcrop rocks depends mainly on the surrounding landscape conditions and the
characteristics of the outcrop. Therefore, the extraction method and the appropriate remote sensing image data
show differences in the various studied cases. Highly heterogeneous karst regions in Du'an, Guangxi Province,
southwestern China are heavily influenced by terrain relief in a particular environment formed within carbonate
bedrock. The dimidiate pixel model and spectral mixture analysis approaches were selected to explore their
capabilities in rocky karst desertification monitoring [25]. Meanwhile, for Antarctica, an area that is covered with
snow and glaciers all year, the band ratio method was used for exposed rock extraction and mapping using Landsat
8 images. An exposed rock extraction index was built and a threshold was determined based on the spectral
difference between the reflectance of NIR and SWIR2 with a high accuracy [9]. Even in weathered and vegetated
coastal zones, such as in Southern China, lithological mapping has been conducted using Sentinel-2A and ASTER
GDEM data based on the fractal "DN-A" (digital number-area) algorithm in conjunction with spectral indices
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(NDVI, NDSI, MNSWI) and terrain analyses. The appropriate threshold could yield accurate detection results on
lithology by applying the fractal concentration-area algorithm [23].

The above case studies considered territorial conditions which were different from the hilly and mountainous
area studied here, affecting the selection of remote sensing data, approaches, and interpretation algorithms. While
mountainous karst areas, coastal areas, or Antarctica have typical vegetation covers and exposed rocks separated
from other vegetation cover types, the mountainous area considered here has a tropical climate affected by
monsoons. The characteristics of the study area include scattered exposed rocks mixed with different vegetation
covers, bare land, residential areas, and water bodies. Therefore, this study mainly focuses on the experimentation
in image analysis with a thresholding algorithm, combined with an understanding of the geographical conditions
of the research territory and expert knowledge of context to improve the accuracy in building outcrop rock maps
in this specific study.

5. Conclusion

This study investigated the capability of recovering rock outcrop information from Sentinel-2A and Landsat
8 data for the mountainous areas of Vietnam to lay the foundation for future object extraction research. The use
of Sentinel-2A and Landsat 8 imagery to extract rock outcrops using the OBOC method and index images was
examined. The analysis found that free accessible remote sensing data sources facilitate conducting a preliminary
study to analyse surface objects.

The overall accuracy of the rock outcrop objects from Landsat 8 and Sentinel-2A images was greater than
80%. The information extraction of built-up lands, bare ground, and specifically exposed rocks differed
substantially from the image bands and index image values.

The findings suggest that Sentinel-2A data is more accurate than Landsat 8 data, although the extraction of
information based on the rule set is highly dependent on the accuracy of the threshold or the specification of the
indicators' input number. One of the essential aspects of retrieving outcrop information from remote sensing data
is the TGSI. The results also revealed that the TGSI considerably contributed to the accuracy of rock outcrop
classification. The TGSI is recommended for bare land identification, particularly to identify rock outcrops that
appear as tiny objects that are otherwise difficult to detect with other ratio pictures in mountainous areas.
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