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ABSTRACT

Aim: The aim of this study is to evaluate the area obtained for different Land use/Land cover (LULC) regions,
specifically pre-flood areal extent using novel unsupervised classification techniques, namely, 1ISOdata and K-
means classifier on Cuddalore district, Tamil Nadu. Materials and Methods: Sentinel 2A data was obtained
from the USGS Earth Explorer satellite database for Cuddalore district, Tamil Nadu. A total of 22 samples have
been taken, with 11 samples for ISOData and 11 for K-means classification technique. Results: An independent-
samples-t-test performed on two groups reveals that there is no statistically significant difference p=1.000 (p>
0.05) between 1SOdata (Interactive Self Organization Data Analysis) and K-means classifiers. However, the K-
means classifier performs better than the 1SOdata classifier. Conclusion: Thus, within the limits of the study
carried out, it is evident that the 1SOdata and K-means classifier performed equally with no difference.

Keywords: ISOdata, K-means classifier, Novel Unsupervised classification, Remote Sensing, Sentinel 2A,
Digital Image Processing, Image Classification

INTRODUCTION

Remote Sensing (RS) is a technology that includes the imaging of the Earth’s surface and is a valuable source
of knowledge for observing the same. In common parlance, remote sensing is the use of an aerial sensor
technology for detecting and classifying phenomena at a distance on Earth's land, atmosphere, and oceans using
propagated signals (Neuenschwander 2009). It is critical to determine which of many classification algorithms
is better suited for the land use/land cover classification of Sentinel-2A info. Several experiments have been
conducted to compare the classification accuracies of Landsat-8 and Sentinel-2A with SVM and MLC
classification algorithms(Priyadarshini and Kumar 2018). Remote sensing satellite images have important
applications in a variety of fields, including climate analyses, forest resource assessment, and marine
environment research and clustering is a popular unsupervised data mining technique that can be used to mine
a variety of data sets such as geoscientific data, biological data, multimedia data, and so on (Bandyopadhyay
and Saha 2012) through Digital Image Processing.The only distinction between them is that the number of
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groups is described differently. In the K-means rule, the number of classes remains constant during iteration;
however, the ISOdata Algorithm allows for a variable number of classes. If the same number of classes are
defined using the same optimum iteration, all methods provide the same results(Pan, Xi, and Wang, n.d.).

The total number of flood mapping related studies rummaged in two research databases such as Researchgate
and Google Scholar over the last five years (2016 - 2021) is 160 and 180, respectively. A number of publications
have emphasised the significance of unsupervised classification algorithms such as 1SOdata and K-means
classifiers.Natural floods are common and unavoidable. Effective flood inundation mapping and flood risk
assessment software, on the other hand, can be helpful for emergency response and crisis management(Uddin,
Matin, and Meyer 2019). The following is a general drawback of the k-means algorithm (as well as the I1SOdata
algorithm): k-means functions well with photographs of spherical clusters of the same variation (Rani et al.
2015). Using an unsupervised and Digital image processing, the classifier obtains the spectral groups or clusters
in the multi-band images without the analyst's involvement (Salih 2018). The aggregation of pixels in
unsupervised classification is based on unlabeled results (Rosen 2000). Digital image processing and Image
classification is known as the method of assigning pixels to raster data based on groups (Zhang and Kerekes
2011). When the two techniques were compared, k-means formed the clusters more efficiently than 1ISOdata. It
was difficult to predict the LULC type for small clusters using 1ISOdata. Thus, K-means outperforms 1SOdata
in defining or predicting LULC type using high-resolution hyperspectral images (Giri 2016).

According to previous research, the availability of high spatial resolution data is uneconomical; therefore, free-
of-charge medium resolution data combined with suitable classification techniques can expose possible flooded
regions (Batra, Roy, and Panda 2020). Previous work by the team in a range of domains from drought
monitoring, ground water mapping to soil texture mapping using remote sensing and GIS ((Sivakumar,
Krishnappa, and Nallanathel 2021; “[No Title]” n.d.; Vidhya, Vinay, and Reddy 2019; Lakshmi et al. 2015).
Another notable work carried out with wide experience in interdisciplinary projects (S. R. Samuel, Acharya,
and Rao 2020; Nasim et al. 2010; DeSouza et al. 2014; Sekhar, Narayanan, and Baig 2001). The aim of this
research is to compare unsupervised classifiers, 1SOdata, and K-means for mapping flooded zones in the
Cuddalore district, Tamil Nadu, India.

MATERIALS AND METHODS

The study was carried out in the Remote Sensing and Geographic Information System (GIS) laboratory,
Department of Civil Engineering, Saveetha School of Engineering, Saveetha Institute of Medical And Technical
Sciences (SIMATS), Tamil Nadu, Chennai. In this analysis, two classes of unsupervised classifiers were
compared: group A - ISOdata classifier and group B - K-means classifier. The total number of samples in each
category is 11 (N=11). Fallow land, deep water, shallow water, soil 1, soil 2, agricultural land, barren land,
cloud, cloud shadow, coastal water, and forest are the eleven groups. The sample size was set at 11 after
clinical.com measured a pre-test power of 80% and an alpha value of 0.05 in clinical.com with a mean of
0.0668+0.0125 for 1ISOdata and a mean of 0.0003 (Kane, Phar, and BCPS n.d.). The study planning for both
groups A and B was one sample and eleven sample sizes of Region Of Interest (ROI) on subset data of Sentinel
2A data.

Study Area

Cuddalore district, located in the south Indian state of Tamilnadu lies between 11°11” and 12° 5”N and 78° 38”
and 80° 00” E, covering an area of 3,564 km?. The Bay of Bengal encompasses 52 kilometres of the district's
eastern coastline.Floods of strong waves occurred on December 4, 2020, and began with mild rainfall as heavy
rains(Ravikumar, Bhaskaran, and Others 2018).Sentinel 2A images from various months in 2020 were retrieved
from the USGS Earth Explorer.However, the most recent geometric and radiometric corrections were added to
the results.
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Unsupervised Classification

In this type of image classification, training samples are not required apriori; however, the number of classes
and the number of iterations for the algorithm must be given as input.

1. 1SOdata algorithm — ISOData unsupervised sorting clusters uniformly spaced pixels and classes based on
a user-defined threshold.

2. K- Means algorithm - identifies clusters depending on the cluster's centre pixel or assigns each data point
to a cluster. The homogeneous pixels are grouped together to form an entity.

Sentinel 2A image from 7th October 2020 was retrieved from the USGS Earth Explorer. Few bands provide no
details usable for spectral analysis. As a result, it is essential to recognise and exclude certain bad bands that do
not contain valuable information that were not considered for the study. A layer stacked image using specific
Green, Red and Near-Infrared wavelengths corresponding to bands 3, 4 and 8 of the Sentinel 2A sensor was
produced. The same is the case for group 2 as well.

Fallow land, deep water, shallow water, soil1, soil2, agricultural land, barren land, cloud, cloud shadows, coastal
water, and forest are the eleven groups considered for classification. All the Regions Of Interest (ROI) were
defined using sample pixels or training sites from the FCC for each LULC. The selected ROIs are fed into the
classifier, which generates the LULC map of the study region. Few bands provide no details usable for spectral
analysis. As a result, it is essential to recognise and exclude certain bad bands that do not contain valuable
information that were not considered for the study. Layer Stacking of all the bands of 3, 4 and 8 and the
corresponding wavelengths (in nm) are 559, 664, and 832 nm.A subset of the study region is chosen and the
classifiers are used to classify the image data The results are then examined and the distinction between 1SOdata
and K-means groups are studied.

A statistical analysis between the two groups of unsupervised classification is performed using SPSS version
25. An independent samples t-test is performed on the results obtained from this study. Dependent variable is
Region of Interest and Independent variables are classified images 1SOdata and K-means.

RESULTS

The hyperspectral imaging has a high resolution that can be used to analyze or classify various forms of land
use and land cover. Figure 1 is the methodology of the proposed work. Fig. 2 shows the layer stacked image of
Bands 1, 3, and 4 respectively as a false colour composite (FCC).

Figures 3 and 4 show the different types of LULC identified from the output of ISOdata and K-means are Class
1 (Red) Coastal water, Class 2 (Violet) Barren land, Class 3 (Blue) Soill, Class 4 (Yellow) Soil2, Class 5
(Cyan blue) Shallow water, and Class 6 (Pink) Cloud, Class 7 (Brown) Cloud Shadow, Class 8 (Purple) Fallow
land, Class 9 (Orange) Forest, Class 10 (Green) Deep water, Class 11(Electric blue) - Agricultural land.

Figure 5 Shows the comparison of 1ISOdata and K-mean technique (independent samples t-test means+1 SD). It
shows that the 1SOdata and K-means performed equally without any difference.

Tables 1 and 2 show the groups defined using the K-means and 1ISOdata techniques, as well as the corresponding
LULC forms and percentage classification results for different LULC types. From the values of class 1 and class
5 with 4219.94 km? and 859.74 km? respectively, indi-cates more water in the selected area of study while
class 10 and class 11 covers total area of 1033.71 km?2and 2938.45 km? for the vegetation class. Tables 3 and
4 exhibit the mean and standard error of two algorithms, 1SOdata and K-means of 11 Samples. Mean of both
the algorithms are the same (Mean =1096.00) and SD is same in both 1ISOdata and K-means (SD =1303.40) and
independent t test shows an insignificant value of 1.000 is obtained for both the groups.
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DISCUSSION

It is observed that the 1SOdata and K-means classifier performed equally with no difference in this study.

The similar findings made by (Abbas et al. 2016), in which the authors have concluded that it has been
determined that unsupervised classification of land patterns with K-Means and ISOdata by adjusting the
parameter values for number of iterations, number of classes, and shift threshold yields a different degree of
accuracy and each explain its success according to literature. Recent advancements in satellite sensor
technologies have been matched by the emergence of new and novel approaches to RS data analysis and
integration and The research has led to the development of new methods for mineral evaluation that are based
on sustainable and environmentally friendly natural resource exploitation.

The opposing findings were made by (Sirat, Setiawan, and Ramdani 2018). The K-Means method yields a
Silhouette Coefficient (SC) of 0.999997187, while the 1ISOdata method yields a Silhouette Coefficient of
0.999957161. In this case, the K-Means algorithm has a higher SC value than the Isodata algorithm in clustering
the data of fire spots with a slight SC value gap.

High quality research in various disciplines with particular reference to evidence-based work is carried out in
our institution (Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019; Ramesh et al.
2018; Mathew et al. 2020). We hope this study adds to this rich legacy.

The limitations of the study are the classifier's spectral classification does not correspond to the knowledge
groups of interest to the analyst, and the analyst has little control over the menu of classes. Relevant groups'
spectral properties will evolve over time (relationships between information classes and spectral classes are not
constant).

CONCLUSION

A different method of unsupervised classification has been applied and tested extensively for flood prone
regions. From these it has been concluded that unsupervised classification of 1SOdata and K-means classifiers
performed equally and there is no significant difference between these classifiers.
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Fig. 1: A flowchart depicting the methodology adopted in this study
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Fig. 2: A false colour composite image of the study region generated after layer stacking from Sentinel 2A
captured in October 2021 (Source: U.S. Geological Survey)
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Fig. 3: Classified image of the study region using 1SOdata unsupervised classification algorithm.
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Fig. 4: Classified image of the study region using K-means unsupervised classification algorithm.
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Fig. 5 Bar chart representing the comparison of 1ISOdata and K-mean techniques (independent samples t-test
means = +1 SD). It shows that the ISOdata and K-means performed equally without any difference. X-axis:
represents 1ISOdata vs K-means Y-axis: represents Mean Area in km? + 1 SD.
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Table 1. The area occupied by the various LULC classes as calculated by 1SOdata unsupervised classifier,
along with the percentage of area occupied in the study area image

Percentage of area in

Class Summary Pixel count the satellite image Area in km?
Unclassified 0 0 0
Coastal water 42199443 35.00 4219.94
Barren land 589968 0.48 58.99
Soill 475274 0.39 47.52
Soil2 1494993 1.24 149.49
Shallow water 5548707 4.60 554.87
Cloud 8597448 7.13 859.74
Cloud shadow 7762819 6.43 776.28
Deep water 6400421 5.30 640.04
Fallow land 7768808 6.44 776.88
Forest 10337933 8.57 1033.79
Agricultural land 29384586 24.37 2938.45

Table 2. The area occupied by the various LULC classes as calculated by K-means unsupervised classifier,
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along with the percentage of area occupied in the study area image

Class Summary Pixel count Pi;(ée?;; ?|el tgfiﬂgg;n Area in km?
Unclassified 0 0 0
Coastal water 42199443 35.00 4219.94
Barren land 589968 0.48 58.99
Soill 475274 0.39 47.52
Soail2 1494993 1.24 149.49
Shallow water 5548707 4.60 554.87
Cloud 8597448 7.13 859.74
Cloud shadow 7762819 6.43 776.28
Deep water 6400421 5.30 640.04
Fallow land 7768808 6.44 776.88
Forest 10337933 8.57 1033.79
Agricultural land 29384586 24.37 2938.45

Table 3. Statistics of the groups depicting the mean, standard deviation, and standard error mean values for
the two groups studied, 1SOdata and K-means, with 11 samples for each group. The confidence interval is set
at 95%. The mean and standard deviation values for both the groups are identical.

Groups N Mean Std.Deviation Std.Error
Mean
ISOdata 11 1096.00 1303.40 392.99
Area_ km?
K-means 11 1096.00 1303.40 392.99
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Table 4. Independent samples T-test shows that there is no statistical significance (p<0.05) between 1SOdata
and K-means and it also shows that results from both the classifiers are identical.

Leven’s Test

T-Test For Equality Of Means

For Eq_uality 95% Confidence
of Variances g Interval Of The
: Std.Error Difference
Sig (2- Mean .
t df tailed) | difference lefeerenc
F Sig Lower Upper
Equal i
variances | 0.00 | 1.00 | 0.00 | 20 1.00 0.00 555.77 115032 1159.32
assumed
km? variances -
not 0.00 | 20 1.00 0.00 555.77 1150.32 1159.32
assumed
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