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Abstract

The Sentinel-2 provides available multispectral bands at relatively high spatial resolution. In this study,
using Sentinel-2 images, the reflectance of metal roofs has been investigated and the differences between
these reflections with other high reflections such as saline and dry soils have been evaluated. Bands 2(Blue),
3(Green), 4(Red) and band 8(VNIR), which have a resolution of ten meters, are the most used in extracting
different types of reflection. The result of the research shows that using the reflection of materials, it is
easy to identify and harvest samples for the purpose of classifying the controlled sample by object-oriented
processing. The results show that there is a significant difference between the reflection of the salty soil
and the metal roof in the near infrared range, although in the image with the natural color combination,
both types of material show same reflection. This paper presents a new approach for extracting training
samples from metal roofs compared to saline soils. The classification of SVM (Support Vector Machine) as
the best method of classification with an accuracy of 96.9% and Kappa coefficient of 0.9 for categorization
in this study was selected among other classification methods. This study compared two types of reflections
from metal and saline soils.
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1. Introduction

Nowadays, remote sensing users could be able to derive different land use/cover maps from satellite images
by using specific interpretation techniques. In recent years, a land use map has been created using
conventional satellite images such as Landsat and Hyperon. Satellite imagery that has been used in most of
the past research, such as Landsat, has a long return period and low spatial accuracy. The satellite images
used must have high resolution, spatial and temporal resolution so that the most frequent short-term effects
can be detected. Satellite Sentinel 2 is considered as such. This satellite is the newest multi-lens imaging
satellite. Sentinel 2 is in four bands, including the visible spectrum, 11 meters in pixels and in six bands of 21
meters in pixels, which is less than the size of the 31-meter pixel landscape. In addition, the return period for
Sentinel 2A and Sentinel 2B is in total 5 days, less than the 11-day Landsat period. In total, the images of this
satellite have spatial, spatial, temporal, and radiometric resolution higher than those of other similar satellites.
Sentinel (RUS) provides a set of pre-installed open source tools on virtual instruments for accessing and
processing data from the Copernicus Sentinel satellite orbit (ESA Sentinel-2 Team 2007). Most satellites used
for Earth observation, such as Landsat, Spot, IKONOS, Quickbird, Formosat, GeoEye and Orbview, use
panchromatic bands to achieve higher spatial resolution than multi-spectral mode (Gasparovi¢ & Jogun, 2018).
The mission is aimed at meeting the various needs of the user and improving the practical applications of the
Copernicus mission (ESA Sentinel-2 Team 2016), which include: Land use observation applications include:
LULC status and land use change; environmental and physical parameters assessment; forest change review;
urban surveying; spatial planning; environmental and human monitoring; natural resource monitoring; carbon
stocks / Estimation of soil carbon content; Global monitoring of agricultural products; Monitoring of coastal
areas. Natural disaster management includes: flash floods and forest fires, landslides, eruptions of volcano,
droughts. Food security, warning systems; Water resource management; soil protection; Ground Mapping for
Humanitarian Assistance and Advancement. Despite the relatively short period of satellite monitoring of
Sentinel-2 land-based land surveys, many researchers have already experienced high levels of Sentinel-2 data
for classifying vegetation and types of trees (Immitzer et al. 2016), The monitoring of natural and human
vegetation (Bontemps et al., 2015; Greco et al., 2018; Song et al., 2017(; map of glaciers (Paul et al., 2016)
and waterbodies (Du et al., 2016; Toming et al., 2016; Yesou et al., 2016; assessment and monitoring of
water resources (Dornhofer et al., 2016); classification of fires (Fernandez-Manso et al., 2016; Huang et al.,
2016) ); Residential maps (Lefebvre et al., 2016; Pesaresi et al., 2016). In general, these data have been
proven in various geological studies (van der Werff and van der Meer, 2016). The basic pixel processing of
images, single pixel data, and benchmarks are based on. This processing method is the basis of processing in
object-oriented processing using similar pixel values and information, to which that object or phenomenon is
said to be (Eisank & Dragut, 2016). The Sentinel-2A satellite was launched from the launch station on June
23, 2015, and the Sentinel-2B satellite was launched on March 07, 2017 (Arianespace 2017; Copernicus 2015).
The Sentinel-2 satellite has a multi-spectral optical instrument sampling in 13 spectral ranges. The bands of
this satellite capture the spatial resolution of 10, and 20 meters. Images with a spatial resolution of ten meters
in four bands, a resolution of 20 meters in six bands, and a resolution of 60 meters in three bands (Richter et
al. 2011). High spatial resolution satellite imagery is widely available for free (agriculture, urban and rural
planning, natural resource management, etc.) on a local and national scale (Korhonen et al, 2017). Object-
oriented processing of satellite images is one way to study the extent of change on earth (Bahram et al; 2020)
This is a prerequisite for creating environmental and weather data archives to obtain continuous products and
coordinated series (Berger et al., 2012; Simoniello et al., 2015; Rosa et al. 2018). During the two-year effort,
much work has been done by the ESA team and the Sentinel-2 mission groups to enhance the performance
of Sentinel-2 data and products. Many refinements have been made to obtain high signal-to-noise ratios in
L1C bands. In particular, in the case of SWIR B10, the scattered pixels were modified as "no data" due to the
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noise in the data harvesting tool. Sentinel-2 cloud masks are currently adjusted to minimize under detections,
which leads, on the other hand, to over detections (Clerc et al., 2018; Rosa et al. 2018).

Blaschke and Strobl (2001) discuss the error in pixels. This debate was nothing new (Cracknell, 1998; see also
Blaschke and Strobl (2001), Burnett and Blaschke (2003) and Blaschke et al. (2004) for a more detailed
discussion). They saw something like addiction to applications higher than pixels. The common feature of all
these applications is that they are made by image segmentation (see also Burnett and Blaschke (2003), Hay
et al. (2003), Benz et al. (2004), Liu et al. (2006), Blaschke et al. (2004), Hay et al. (2005), Blaschke and Lang
(2006), Lang and Blaschke (2006), Lang (2008), Hay and Castilla (2008) and Blaschke et al. 2008). Image
segmentation is nothing new, but it has its roots in industrial image processing that was not used in Geospatial
applications in the 1980s and 1990s (Blaschke et al., 2004). OBIA-based image processing techniques focusing
on identifying and classifying urban features are numerous, some of which are outlined here. One of the most
prominent of these studies is the research of Thomas et al. (2003) for estimating storm-water runoff rates,
employing three different methods to obtain land cover / land use information using high spatial resolution
images for Scottsdale, Arizona. In this study, they showed that increasing the amount of spatial information
in images with a resolution of less than one meter or less increases the image classification resources using
supervised and unsupervised spectral classification algorithms. Topaloglu et al (2016) in a study titled Sentinel-
2 and Landsat 8 for the accuracy of land cover classification / for map use, covered the accuracy of different
classification methods for user land extraction and the results of their work they studied. Their research results
show that the Maximum Likelihood Classification method and the SVM classification method perform better
than other classification methods. Ting and Young (2015) surveyed urban land use changes and urban
development using satellite imagery and GIS. They concluded that the combination of measurement methods
and GIS could well reflect changes in urban land use. Figurel, illustrate Sentinel-2 bands accordingly to Richter
et al. 2011.
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Fig. 1 Sentinel-2 bands accordingly to Richter et al. 2011

In this study, we have tried to investigate the difference between the reflection of metal roofs of buildings and
the reflection of saline-containing soils using Sentinel satellite image processing. This research is unique in its
kind. It has no similarity and is considered an innovation. In this study, by examining the spectral reflectance
of metal roofs and saline soils, we were able to obtain the difference between these two elements. This
research can be of great help to researchers in studies related to urban issues as well as issues related to
tillage. This method compares different image representations using RGB and HSI display.

One of the questions raised in this research is whether it is possible to investigate the spectral difference of
mixed levels by using object-oriented processing of satellite images with high spatial resolution and using
intelligent classification methods such as SVM (Support Vector Machine)?

Some characteristics of Satellite images such as: digitally format, production up-to dated data, wide viewing
angle (swath width), multispectral as well as multi temporal and revisiting time of data acquisition with high
speed on data transformation make those be considered as valuable information on the natural resources
management. One of the important applications of remote sensing images is to compare the reflection
differences between different uses or to study the differences between the reflections of the electromagnetic
spectrum from different levels, which can be used to identify different materials on the ground without direct
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physical contact or visiting the desired location. One of the important goals of this research is to use the
processing of remote sensing images with high spatial resolution, such as Sentinel 2 images, to find the
difference between the spectral reflectance of saline soil surfaces and the surfaces related to metal roofs.
Reflection from saline soil surfaces in areas where metal-roofed buildings are constructed is spectrally mixed,
making it difficult to separate the two. Therefore, this research tries to identify and eliminate this difference
to some extent by processing the images obtained from the Sentinel 2 satellite, which has a high spectral

resolution. .

2. Pre-processing of satellite images

Figure 2 shows the process of doing the research as a flowchart. First, the Satellite-2 satellite image was
downloaded on 08/29/2018 with Tile T39STC number from the study area with a cloud cover of less than 10
percent and without geometric errors downloaded from the ESA website. Sentinel-2 satellite images are pre-
processed using the Level-2A algorithm in the Sen2Cor toolbox (version 2.2.3) with the Sentinel application
framework (SNAP, version 6.1). Level 2A image processing has two important tasks: scene classification (SC)
pixel classification map (Main-Knorn et al. 2015; Pflug et al. 2016) and atmospheric distortion correction (AC)
(Mayer and Kylling 2005). By specifying the user-defined pins on the image, the general categories of plowed
soil, vegetation, asphalt roads, salty soil, bare soil, wet soil, metallic roofs in blue, red and gray colors each
individually and finally regions water was defined in the region.

To extract useful information from an object-oriented image, the segmentation process separates the primary
and main phenomena into an unclassified image. First, we segmented the Sentinel-2 images using the
eCognition software. Segmentation method is a multi-resolution segmentation method. Then, different color
combinations were created in the two-color systems RGB and HSI. A total of nine color combinations were
identified. Finally, we analyzed the results using Snap software.

Getting sentinel images
from ESA website
Preprocessing
in SNAP

RGB color nlor combinafion HSI color
system Lo cof auors system

-_

Resampling Sen2Cor

- ™
Spectrum vxew\ spectral Analaysis > Filtering )

% .

Support Vector Machine
Spectral Angle Mapper
Neural Net
Maximum Likelihood
Minimum Distance
Parallel piped
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Discuss

I Conclusion

Fig.2 Research process
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2.2 Support-Vector Machine classifier

In machine learning algorithms, support vector machines (SVMs, support vector networks) (Theodoridis &
Cotterbass, 2009) are related learning models whose task is to analyze the data used for classification and
regression analysis. SVMs can perform nonlinear classification in addition to linear classification using the
kernel method (Campbell & Ying, 2011). The SVM algorithm is categorized as a pattern recognition algorithm.
SVM algorithm can be used wherever it is required to recognize a pattern or categorize objects in particular
classes. SVM theory is mainly derived from the problem of binary classification. Its main idea can be concluded
as the following two points: First, it constructs a nonlinear kernel function to present an inner product of
feature space, which corresponds to mapping the data from the input space into a possibly high-dimensional
feature space by a nonlinear algorithm. Thus, it is possible to analyze the nonlinear properties of samples in
the feature space with linear algorithm. Secondly, it implements the structural risk minimization principle in
statistical learning theory by generalizing optimal hyper-plane with maximum margin between the two classes.
While this method is visually simple, the idea actually plays the role of capacity control and makes the machine
not only learn a few experimental aberrations but also has good generalization performance. The SVM
classification method has many advantages both fundamentally and practically (Xiao et al., 2000).

3. Results and discussion

3.1 Results

Remote sensing images obtained at different times can be used to detect the type of changes as well as the
spatial distribution created in the landscape (Friedl et al., 2002; Zhan et al., 2002). Pixel processing is based
on images, single-pixel, benchmark and base information. This is where in object-oriented processing, the
values and information of a similar pixel set, called the object or phenomenon, are the basis of the processing
(Nazmfar & Jafarzadeh, 2018). As such, the algorithms use both spectral and spatial information
simultaneously (Herold et al., 2003; Hodgson et al., 2003a; Tullis and Jensen, 2003). The first threshold is in
the spectral range of B2 blue band (band 2, 0.490um), which is related to dense vegetation with little reflection.
To avoid confusion between salty soil and metal roofs, SWIR channels B11 (band 11, 1.610pum) and B12 (band
12, 2.190um) are also used because wet soil has a high reflectance at these wavelengths. Salty soil and metal
roofs have both a high reflectance in the bands B11 and B12, an additional threshold on B10 (1.375um). In
Tab.1, bundle combinations, as well as the factors of shape, compactness, and scale in segmentation of the
image are shown. Also, the number of segmented pixels is also given.

B1 B2 B3 B4 Shape Comp Scale N of Obj

* * %

* 0.9 0.1 35 1501

Combining
bands

* 0.6 0.04 20 1480

X

™ O ™| WO RO

Description: B1= band2 sentinel; B2= band3; B3= band4; B4= NIR band; Comp= Compactness; N of
Obj= Number of Objects

Tab.1 Band constituents and shape and compactness values and number of pixels

In Figure 3, segmented images using eCognition software are shown. Figure 3(A), image with RGB color
system. Figure 3(A") shows the segmentation image. Figure 3(A”) shows the illustrated segmentation image.
Also, in Figure 3(B), the image shows an HSI-colored system. Figure 3(B") shows the segmentation image.
Figure 3(B") shows the illustrated segmentation segment. Segmental image is used to extract precision
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components for object-oriented processing as well as detecting pieces with different reflections. The difference
between Figure 3(A") and 3(A") is that Figure 3(A") has been selected to remove additional segments. This is
also true for Figure 3(B’) and 3(B").

Fig.3 Segmented images using the eCognition software

Figure 4 shows the magnified segmented image. In this image, the red boxes represent a sample of
segmentation pieces that display the precision.

Fig.4 Segmented image zoomed

Then, in the SNAP software, nine different colour combinations were created in both the colour scheme of the
RGB and HSI. Figures 5 and 6 shows the colour combinations, as well as Tab.2, the type of compounds and
the combined bands.
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Colour Fig .
f h i
System  name a b ¢ d € 9
Composite RGB 432 843 8112 8114 1182  11-84  12-83 12113 12114
Colour HSV 4-32  8a4-3 8112 8114 11-8-2 1184  128a-3 12113  12-11-4

Tab.2 The type of compounds and the combined bands

Fig.5 Nine different colour combinations in both colour systems of RGB

In Figure?, the spectral reflection spectrum of different materials is shown. Figure 7(X) represents the total
reflection curve in the full range. Figure 7(Y) shows the reflection of materials in the 430-nanometer range
and Figure 7(Z) shows the reflection in the range of 1375 nm.
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Fig. 6 Nine different colour combinations in both colour systems of HIS
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Fig.7 The spectral reflection spectrum of different materials (Wavelength versus DN number)

Figure 8 shows the spectral reflection curve of Fig. 7 in the form of a zoomed-in visible light (range from 400
to 700 nm).

118 - TeMA Journal of Land Use Mobility and Environment 1 (2022)



Imani B. & Jafarzadeh J. - Investigation of extreme reflections of metal features and salty soils using object oriented Sentinel-
2 L1C satellite image processing and SVM classification method

Spectrum View
+ e ———————
+
. % b +
y 4
e +
%
+ ® ' +
+ ¥ _+—
-
+ A
i o ——
S S
435 450 475 500 535 550 575 600 635 650 700 735 750

Wavelength (nm)

Fig. 8 The spectral reflection spectrum of different materials in visible light

Then, by applying a high-Pass filtering, we highlighted the areas of metal ceilings. The convolution filter of
type 5 in 5 kernel size as high-pass filtered and used with ENVI software. Figure 9(1 and 2) shows the filtered
image.

Fig. 9 The spectral reflection spectrum of different materials in visible light

Finally, we chose the SVM method for classification by testing different classification methods and choosing
the best classification method based on Overall Accuracy and Kappa coefficient. In Fig. 10, the classified image
is displayed in an SVM method. Table 3 also shows the Overall Accuracy and Kappa coefficients for the six
types of supervised classification. It is noteworthy that the SVM method with a total accuracy of 96.9% and a
Kappa coefficient of 0.9 has the highest accuracy among other methods. So, to continue working, we use the
supervised classification method with the SVM method.

Parallel Minimum Maximum Neural Spectral Angle Support Vector
Accuracy Type piped Distance Likelihood Net Mapper Machine
71.25 77.27 90.51 92.09 63.26 96.91
Overall Accuracy (%)
0.58 0.69 0.86 0.88 0.53 0.90

Kappa Coefficient

Tab. 3 Overall Accuracy and Kappa Capacity for Different Supervised Classification Procedures
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Fig. 10 Image classified by using SVM

3.2 Discussion

This research has been conducted to extract educational samples for supervised classification. Considering the
results obtained in the previous section, we will analyze and discus the findings. First, by observing Figures.
3(A) and (B), we can say that reflection varies in different materials, and this reflection difference causes
different parts in the segmentation process. Although, apparently, the reflection difference cannot be clearly
seen. Although the reflection of a metallic ceiling with a reflection of salty soil, both appear to be the same in
the natural color image composite (4.3.2), but in the process of segmentation by multi-resolution, the
components are well-recognized.

Also, in the segmented image shown in Figure 3(B), which has been color-coded in 4.3.2 in the HSI color
system, metal ceilings (roofs) have become very bright. Second, according to Figure 5, it can be seen that by
applying different color combinations of the Sentinel-2, the extraction of complications is well-established. This
difference in the representation in Figure 5, (f), (h), and (g) is well known and it can be seen that the reflection
of the metal ceiling is completely separated from the spectral reflection of the surrounding saline soil. Also, in
Figure 6, the (d), (e) and (i), have shown a good difference in the spectral reflection of metal ceilings and
saline soil.

Third, Figure 7 shows the spectral reflection curve of different materials. Additional markup colors are
described below. Figure 7(X), is shown in Figure 8 as a zoom. With regard to Figure 8, which shows the visible
range, it can be seen that the spectral reflection of the metallic ceilings in blue and red, and the reflection of
salty soil is high and almost interrelated. But these reflections vary in the infrared range. In the infrared range
(Figure 7(2)), the red and blue metallic roofs are above the reflection of salty soils, but reflection of the salty
soil, in contrast to the visible light range in which the metal ceiling was higher, is higher than the gray ceiling
Color is placed.

Figure 9 shows the filtered image by the high pass filter method. In this form, metal ceilings are well separated
from other features in the image. Reflection of metal ceilings from salty soils and other reflections of natural
features around metal ceilings have also been isolated. Due to the fact that high pass filters highlight the
details of the effects in the image, the study also uses a convolution-high pass filter with a 5-in-5 kernel.
Finally, in Figure 10, the sketch image is shown in the SVM method.

In this picture, according to the map guide, the black spots represent metal-colored roofs (red or blue or gray)
and are well-spaced from high reflection salts (yellow in the map) around these areas. In this study, interesting
results were obtained by studying the spectral reflectance of metal roofs and saline soils using object-oriented
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processing. First, the best samples for use in classification were extracted using the multi-segmentation
method by eCognition software.

Then, by examining important and different methods of classification of satellite images, the best classification
method was obtained using kappa and overall accuracy coefficients. Finally, using the Support Vector Machine
classification method, a classification was performed on the image and different uses were extracted. In the
last step, i.e. classification, the use of metal roof and saline soil was clearly obtained and is shown in Figure
10.

In this research, the method of visual interpretation of satellite images has also been used. This method
compares different image representations using RGB and HSI display methods.

4, Conclusion

Sentinel-2 is a high-resolution imaging satellite designed to support data continuity as well as enhance Landsat
data and other missions ESA’s recent launch of the Sentinel-2 sensor will increase the availability of medium
to high resolution free images for use in a variety of applications. Compared to the spatial, spectral, and
temporal resolution of satellites in the Sentinel -2 sensor presents new and interesting properties.

The results of this research demonstrate the added value of the Sentinel -2 red and NIR bands to improving
segment mapping and encourage multi-sensor for next researches.

This paper presents a new approach for extracting training samples from metal roofs compared to saline soils.
In this paper, the spectral behavior of different materials, in particular metal ceilings and saline soil, and the
comparison of different color combinations from the images in the two-color systems of the RGB and HSI, the
spectral reflection of the materials extracted and used for research work it is possible to use a supervised
classification map.

Finally, the classification method of SVM as the best method of classification with a general accuracy of 96.9
and a Kappa coefficient of 0.9 for categorization in this study was selected among other classification methods.
The results obtained from Figure 8 and Figure 10 show that the spectral reflectance of saline soil with a very
high metal roof has been resolved using the Support Vector Machine classification method and this difference
is well separated by this classification method.

The results of this study could pave the way for further studies in the field of using intelligent classification
methods such as Support Vector Machine as well as the use of satellite images with high spatial resolution
such as Sentinel_2. In future studies, it is also possible to study the methods of intelligent integration of
satellite and radar images in the separation of spectral unmixing of different levels by referring to this research.
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