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Abstract

Today’s recent application for extraction and detection of spreading surface water area is done by remote
sensing Landsat-7(ETM+) satellite images data. The main objective of this proposed method is to analysis for
change detection of Land Use / Land Cover (LU/LC) in Nagarjuna Sagar Reservoirs and Chilika Lake which is
located in India. The change detection analysis was done to Nagarjuna Sagar Reservoir and Chilika Lake for the
period from January (2008 — 2018). The multi-spectral and temporal Landsat-7 (ETM+) dataset were used for
analysis of change detection. The focal analysis algorithm is applied for recovery of 22%-pixel information that
has lost in the Landsat-7 (ETM+) on May 31, 2003 and obtained the required image (complete image) for
removing all the strips (gaps). Image differencing algorithm is applied to obtain change detection of surface
water area of Nagarjuna Sagar Reservoir and Chilika Lake. The Performance analysis of accuracy assessment
was done to the output image (differencing algorithm) and ground truth data.

Keywords: Landsat-7 (ETM+) satellite images, Image Differencing, Land Use/Land Cover (LU/LC) and
change detection.
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1. Introduction

Remote sensing is the process of deriving objects
information by detecting and monitoring the
characteristics of an area by sensing reflected or
emitted energy. The sensors were used to acquire
data in various frequency ranges along with
electromagnetic  spectrum. Landsat satellites
acquires data in four ranges (bands) using
Multispectral Scanner (MSS). The Landsat-4 and
Landsat-5 includes Thematic Mapper sensors to
collect data in thermal and a shortwave infrared
band. Enhanced Thematic Mapper Plus (ETM+)
sensor includes panchromatic band. All these
sensors use different media such as magnetic fields,
sound waves, etc. to sense the objects in respective
media [4].

Change detection algorithm plays an important role
in various disciplines, such as video surveillance
[1]-[3], remote sensing, [4]-[6], medical diagnosis
and treatment [7]-[11], civil infrastructure [12],
[13], underwater sensing [14]-[16], and driver
assistance systems [17], [18]. Change detection
algorithm works on the principle of detecting
regions of change in images of the same scene
taken at different times. In remote sensing change
detection algorithm is used to detect land-use
changes, coastal change, urban sprawl, monitoring
shifting  cultivation,  habitat  fragmentation,
assessment of deforestation, damage assessment,
crop stress detection, changes in vegetation
phonology, disaster monitoring, seasonal changes
took place in pasture production, thermal
characteristics, and other environmental changes
[2]. There are different change detection algorithms
for detecting changes in remote sensed images such
as image differencing, image mining, image
rationing, post-classification, vegetation index
differencing, change vector analysis, PCA, ANN,
LSMA and GIS [11, 12].

The basic principle of change detection algorithm
is given a set of similar image for different time
slots. This algorithm classifies a set of pixels which
are extensively different between the present and
past image sequence. The shape changes of objects,
motion of objects relative to the background,
appearance or disappearance of objects and set of
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pixels are considered as change mask. The
stationary objects can experience changes in color
or brightness. Change mask should not include
unimportant changes such as non-uniform
attenuation, illumination variation, atmospheric
absorption, camera motion and sensor noise. The
first step of change algorithm is to estimate the
change mask using required tool based on
particular application. The main motivation of the
proposed method is Nagarjuna Sagar Reservoir and
Chilika Lake has shrink gradually in recent
decades.  Therefore, regular and reliable
measurements of the reservoir and lake area are
necessary to monitor the dynamic changes of
reservoir and lake water area for water resource
balance analysis. Previous studies of the reservoir
and lake area were based on visual interpretation
and manual digitization of satellite data [20], [21].
In this paper, the image differencing algorithm is
applied for reservoir and lake in the period of 2008
and 2018 from Landsat-7 (ETM+) images and also
extracted maximum changed area and the
unchanged area. Our algorithm contributes to the
effectiveness of Accuracy quality evaluation of
satellite images. Accuracy provides simple
qualitative metrics by comparing both ground truth
(high spatial resolution Google Earth images) and
derived image using proposed algorithm.

2. STUDY AREA and DATA SET

Nagarjuna Sagar Reservoir and Chilika Lake were
(Fig.1 and 2) located in the Indian subcontinent
region. The Reservoir was built across the Krishna
River, which is located in Nalgonda District at
Telangana state. Generally, water spread surface
area of Nagarjuna Sagar Reservoir is 285 km? at
Full Reservoir Level (FRL), the catchment area is
214,185 km? (82.697 Sq. miles) and it has a gross
storage capacity of 312 TMC at FRL. Nagarjuna
Sagar Reservoir is the second biggest water
reservoir [26]. The Chilika Lake is the largest
coastal lagoon in the odisha state, India and also the
second largest brackish water lagoon in the world
[27]. The Location of Nagarjuna Sagar Reservoir
and Chilika lake are as shown in fig.(1, 2).
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Table 1 indicates about latitude, longitude and
path/row of Chilika Lake and Nagarjuna Sagar
Reservoir. The proposed algorithm used Landsat-7

data set for January 2008 and January 2018. The
subset images were cloud free data set was
downloaded from USGS Earth Explorer website

(Www.usgs.gov).

Table 1. The Path /Row and location of reservoir and lake

Nagarjuna Sagar
Reservoir

143/49
2008 -2018

Chilika Lake 140/46

This study uses EARDAS -16 Imaging software to

evaluate the changes occurred in LU/LC of

Nagarjuna Sagar Reservoir and Chilika Lake.

Further the results of this study help organizers for

management in the study area. Main objective of

this proposed algorithm

» To prepare temporal LU/LC maps of the study
area.

* To analyze the nature and degree of LU/LC
changes in the study area.

* To detect the major components and encourage
the trend changes in the LU/LC.
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16934155 601N 78°2411397MF  lelangana,
India
19%46130.371N 8502514 8511E Odisha, India

3. METHODOLOGY

In order to attain the objective of the proposed
algorithm, the following steps were performed:
define study area, data collection, image pre-
processing using focal analysis, comparison of
different satellite images for surface water
detection using image differencing algorithm,
extraction of the lake and reservoir water surface
area in each image, Accuracy assessment for
extracted image. The overall methods adopted to
detect the reservoir and lake water surface area
changes as shown in fig.3.
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LANDSAT-7 (ETM+)
DATA SET

A

IMAGE PRE-PROCESSING
(FOCAL ANALYSIS)

A

IMAGE DIFFERENCING ALGORITHM

ACCURACY ASSESMENT

Fig. 3. Flow chart for the workflow.

3.1 Focal Analysis Technique

Landsat-7 (ETM+) data set obtained from satellite
sensor has strips(gaps) in the images, due to failure
of Scan-Line-Corrector (SLC) and hence there is a
22% of pixel information loss in Landsat-7
data[13]. To recover the lost information, the focal
analysis technique is applied for Landsat-7 (ETM+)
images for removing or filling all strips and gaps.
Focal analysis technique is applied to fill all strips

or gaps to missing pixels in Landsat-7 image. The
image pixels are represented in DN value. By
choosing an appropriate pixel window size centre
pixel was estimated. Median filter used for
reducing the noise (stripes, impulses, dead sensor
and random spikes) in focal analysis algorithm.
From the comparative analysis with other gap
filling algorithms, focal analysis provides accurate
results for filling the gaps in Landsat-7 images as
shown in fig.(4).

] , Target pixel ! Similar pixel Common pixel

I - i~ st image

Fig. 4. Similar pixel selection for single image gap analysis.

Steps involved in focal analysis, median filter are

1. Arrange Digital Numbers (DNs) pixels in
numerical order by moving window.

2. Substitute the pixel of interest with the DN
values in the centre of the ranking.
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Focal analysis algorithm is applied to the Landsat-7
images of both Nagarjuna Sagar Reservoir and
Chilika Lake for filling all the gaps. In this study,
Focal analysis algorithm is iterated 5 times to fill
all gaps and provide an output for the years 2008 &
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2018. The resultant pre-processed subset image of
Nagarjuna Sagar Reservoir on 15-01-2008 are
shown in fig. 5(a-f), where all gaps and noise are
removed for 5" iteration. Simlarly, fig. 6(a-f)
shows the output subset images of Nagarjuna Sagar
Reservoir on 15-01- 2018. From the resultant
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output, for 5 iteration it is clear that all the gaps as
well as strips were filled and removed the noise.
fig. 7(a-f) & fig.8(a-f) depicts the results obtained
after applying focal analysis algorithm of Chilika
Lake subset images on 20-01-2008 &15-01-2018.

(d). 39 time noise removal

(e). 4% time noise remowval

(£).5® time noise removal

Fig. 5. Outputs of noise removal by focal analysis technique of Nagarjuna Sagar Reservoir on 20-01-2008.

(d). 39 time noise removal

(e). 4" time noise removal

(£).5% time noise removal

Fig. 6. Outputs of noise removal by focal analysis technique of Nagarjuna Sagar Reservoir on 15-01-2018.

Eur. Chem. Bull. 2023, 12 (S3), 971 — 982

975



Mining and Recognition of Surface Water Area over Nagarjuna

Sagar Reservoir and Chilika Lake Section A-Research paper

(d). 39 time noise remowval (e). 4™ time noise remowval (£).5*™ time noise remowal

Fig. 7. Outputs of noise removal by focal analysis technique of Chilika lake on 20-01-2008

(d). 379 time noise remowval (e). 4% time noise removal (£).5® time noise remowval

Fig.8. Outputs of noise removal by focal analysis technique of Chilika lake on 15-01-2018

3.2. Image Differencing Algorithm edge of features an image if any and to detect
change for the year 2008 and 2018. The principle
Image differencing algorithm is applied for output involved in this algorithm is consider two different
images of Fig.7.(a-f)& Fig.8.(a-f) to minimize multi-temporal satellite images as input like, image
variation in an adjacent pixel starved of blurring the date 1 and image date 2 as shown in fig. 9.

Image Differencing

240 11 (R 22
Image Date 1
Z0E 210 205 54

i 1 1 1

2120 w8 B8 46
143 2 1 o
[ ¥ | B

L] 2 7 {11

/ 1T 0 -166 -164
o B Iz

9% 10 205 222

13 ox 254 210

3

age Date 2 _—
Image Date Difference Image =
Image 1 - Image 2

Fig. 9. Image differencing analysis for two different images.
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Comparison is done pixel by pixel to produce
difference image [15,17] by taking the difference of
radiance values of pixels between two different
image data set. In the present work, DN (Digital
Number) value of one data set is subtracted with
other for the same pixel and same band which gives
a new image. Image differencing algorithm is
represented mathematically as follows.

Id(va)zll(va)'|2(va)

Where 1; and I represents images of Landsat-7
data set for January 2008 and January
2018(Nagarjuna Sagar Reservoir and Chilika Lake)
i.e taken for two different periods and x,y are
coordinates of respective images. In order to
obtain better results the data sets are taken for the
same month with same climatic condition. Finally,
a set of threshold value is obtained based on values
obtained from statistical parameters such as
standard deviation and mean. Based on the
obtained threshold value a change mask B(x,y) is
created using mathematical equation represented
below
By = {L F100) >

0 otherwise @)
A zero in the change mask represents there are no
changes between two images of Landsat-7 data set
for January 2008 and January 2018 (Nagarjuna
Sagar Reservoir and Chilika Lake). A one is
representing when changes were determined, from
two images Landsat-7 data set for January 2008
and January 2018. Then check, whether positive or
negative values, and accordingly a proper threshold
values are chosen to detect for a change. Later,
colours are used to the output of differencing
algorithm. A red colour in the output image
represents a change occurred in that area and black
colour represents there is no change detected.

Algorithm of present work
Stepl: Apply the Landsat-7 (ETM+) image with

two different dates of images as input, and then
pre-processing techniques are applied on Date 1

Eur. Chem. Bull. 2023, 12 (S3), 971 — 982

Section A-Research paper

image and Date 2 image to make further operation
easier.

Step 2: Then apply the image differencing
algorithm for input image to detect the changes and
stored in the output folder.

Step 3: In image differencing algorithm used
random threshold value, for finding optimal
threshold using an unsupervised classification
based on Euclidian function between two different
images.

Step 4: Which distance value is minimum that
value considers as the new threshold value. So that
output of change detection achieved better accurate
results.

4. Results

The present work used Landsat-7 data set of
Nagarjuna Sagar Reservoir and Chilika Lake for
periods 2008 & 2018. As a pre-processing step
focal analysis method was used for filling all the
gaps present in the subset images of Nagarjuna
Sagar Reservoir and Chilika Lake 2008 & 2018.
For validation purpose both test and training
dataset were given to unsupervised classifier to
measure accuracy. Accuracy assessment analysis is
performed for change detected results (calculation
of changed area and unchanged areas). The results
of maximum changed water surface area over
Nagarjuna Sagar Reservoir and Chilika Lake for
2008 & 2018 as shown in fig. 10 and 11. fig.10.a
shows the subset of Image of Nagarjuna Sagar
Reservoir on 15-01-2008. fig.10.b shows the subset
of Image of Nagarjuna Sagar Reservoir on 15-01-
2018 respectively. Now, fig .10.c shows the results
of change extracted image using image differencing
algorithm. In this, results red colour indicates
change occurred in the area and black colour
indicates there is no change occurred in same area.
Similarly, fig.11.a shows subset image of Chilika
lake on 15-01-2008 & fig.11. b. shows subset
image of Chilika lake on 15-01-2018 respectively.
The resultant output image after image differencing
algorithm is shown in fig.11. c. From the fig.10.c &
fig.10.c it is clear that more accurate results were
obtained due to image differencing algorithm
applied in present research work.
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Fig. 10. Change detection output of Nagarjuna Sagar Reservoir: (a) subset Image 2008, (b) subset Image 2018,
(c) resultant output image for 2008 & 2018

Fig. 11. Change detection output of Chilika lake :(a) subset Image 2008, (b) subset Image 2018, (c) resultant
output image for 2008 & 2018.

As a performance metrics three statistical Reservoir and Chilika lake on 15-01-2008 & 15-
parameters of mean, standard deviation, histogram 01-2018 were calculated and values of same are
pixels along minimum, maximum threshold, and depicted in table 2.

surface water area in km? for Nagarjuna Sagar

Eur. Chem. Bull. 2023, 12 (S3), 971 — 982 978
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Table 2. Performance evaluation of water body extraction using image differencing algorithm.

. 2008 0.08 0.96 0.632 0.191 698679 157.92
Nagarjuna Sagar
Reservoir 2018 0.03 0.99 0.602 0.219 744681 167.38
2008 0.05 0.96 0.741 0.119 3819214 859.32
Chilika Lake
2018 0.10 0.94 0.517 0.138 3667967 825.28
Change detection
1000
800
& 600
2 400
g
5 200
0 !—
Nagarjunasagar reservoir Chilika lake
= 2008 157.9 859.32
m2018 167.4 825.28

Fig. 12. Results of change detection method.

The change detection graph of maximum surface
water area for both Nagarjuna Sagar Reservoir and
Chilika lake on 15-01-2008 & 15-01-2018 as
shown in fig. 12. Table 3. Indicates the values of
spread surface water area of Nagarjuna Sagar
Reservoir for 2008 & 2018 achieved as 157.92 km?
and 167.38 km?, similarly the spread surface water

area of Chilika Lake for 2008 & 2018 achieved
about 859.32 km? and 825.28 km2. The maximum
changes occurred in the Nagarjuna Sagar Reservoir
area for 2008 & 2018 is about -9.46 km? and the
maximum changes occurred in the Chilika Lake
area for 2008 & 2018 about 34.04 km?.

Table 3. Statistics of the Reservoir and Lake surface water area changes.

Nagarjuna Sagar 2008 157.92 o us
Reservoir 2018 167.38
. 2008 859.32
Chilika Lake 3404
2018 825.28

4.1 Accuracy Assessment

For evaluating the results, accuracy assessment was
calculated for the periods 2008 & 2018 in the
Nagarjuna Sagar Reservoir and Chilika Lake and
values are depicted in Table 4. Accuracy
assessment was done by comparing reference map

Eur. Chem. Bull. 2023, 12 (S3), 971 — 982

and classification map. The analysis was done by
selecting 256 pixels randomly from the reference
map and classification map. The value in table
shows highest accuracy is obtained for Nagarjuna
Sagar Reservoir and Chilika Lake for periods 2008
& 2018.
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Table 4. Statistical parameters of Accuracy Assessment Analysis

. 2008 90.29 90.46 89.57 0.8666
Nagarjun Sagar
Reservoir
2018 92.67 91.34 91.59 0.9032
2008 86.74 83.47 91.00 0.9004
Chilika Lake
2018 91.10 90.21 90.48 0.8850

It is clear that maximum overall accuracy of
Nagarjuna Sagar Reservoir in 2018 is 91.59% and
the coefficient of kappa is 0.9032. Similarly, the
maximum overall accuracy of Chilika Lake in 2008
is about 91.00%, and the kappa coefficient is
0.9004 as shown in fig. 13. To obtain the accuracy

assessment analyses, the comparison is done for the
years 2008 and 2018 multi-temporal Landsat
images. The obtained results show the effectiveness
of the change detection method in selected
Landsat-7 images of years 2008 and 2018.

92
91.5
91
90.5
90
89.5
89
88.5

Overall accuracy %

Overall Accuracy

Nagarjuna sagar reservoir

Chilika lake

W 2008 89.57

91

m2018 91.59

90.48

Fig. 13. Results of accuracy assessment

5. Conclusion

The main motivation of this study is to make
change detection analysis of Land Use / Land
Cover (LULC) in Nagarjuna Sagar Reservoirs and
Chilika Lake located in India. The change detection
analyses are extensively used in several
applications such as land cover monitoring, disaster
monitoring, and urban sprawl. The image change
detection by using image differencing algorithm is
functional to the process of multi-temporal
Landsat-7 (ETM+) images for exploring the
changes of surface water areas which occurred
during January 2008 and January 2018 over
Nagarjuna Sagar Reservoir and Chilika Lake. The
Focal analysis method was employed to fill all the
gaps which is occurred in Landsat-7 (ETM+)

Eur. Chem. Bull. 2023, 12 (S3), 971 — 982

images. The image differencing algorithm was
applied to Landsat-7 (ETM+) resultant images,
such as reservoir and lake attained accurate results.
Chilika Lake area reduction of 34.04 km? was
observed in 2018 as compared to 2008 and the
Nagarjuna Sagar Reservoir area increased 9.49 km?
as observed in 2018 as compared to 2008. The
overall accuracy of the results is 91.59% and
overall kappa coefficient is 0.9032. These results
show high effectiveness of the change detection
method for the Landsat-7 images.
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