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Abstract— Swarm intelligence is one of the hot nature inspired techniques that is being used in the many areas of research
to optimization the solution of computational problems. In this paper, we have considered swarm intelligence based
techniques for remote sensing image classification. Remotely Sensed images are the images captured by satellite. The swarm
intelligence based techniques considered for the analytical study of the remote sensing image classification are Particle
Swarm Optimization (PSO), Artificial Bee Colony Optimization (ABC), Cuckoo Search (CS), Biogeography Based
Optimization (BBO), hybrid ACO/BBO, hybrid CS/PSO, hybrid CS/ACO and hybrid ABC/BBO. The accuracy assessment
parameter taken for the review results are kappa coefficient, user’s accuracy, producer’s accuracy and overall accuracy. The
review is being done on the dataset of Alwar, Rajasthan. The main goal of this paper is to present an analytical review on the
existing swarm intelligence based techniques for the classification of remote sensing images.
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I. INTRODUCTION

Nature being a source of inspiration plays a clamorous role for the advancement in technology and for the solution of
computational hard problems as they provide more emphatic and attractive solutions [1]. A new terminology introduced to
encompass these nature inspired computation techniques well famous by “Swarm Intelligence”. Swarm Intelligence (SI), which
is an artificial intelligence (Al) discipline, is concerned with the design of intelligent multi-agent systems by taking inspiration
from the collective behaviour of social insects such as ants, termites, bees, and wasps, as well as from other animal societies
such as flocks of birds or schools of fish [2] [3]. Swarm Intelligence based techniques are Bat Algorithm, Biogeography Based
Optimization, Ant Colony Optimization, Cuckoo Search, Particle Swarm Optimization, Artificial Bee Colony Optimization,
Firefly Algorithm etc. Swarm Intelligence is a global research area to improve the optimization of various soft computing and
nature inspired techniques. In this paper, we are using these swarm intelligence based techniques for the accurately
classification of land cover features. For this classification of land cover features, remote sensing data in the form of digital
multispectral images is considered. Remote Sensing can be defined as the science or art of getting important information about
the surface of earth and its objects without any direct contact with that particular surface/object [4]. Remote sensing image
classification is one of the major fields to classify the satellite image obtained [5]. There exist various classifiers that have the
capability to classify the land cover features. But the results obtained from those classifiers as not as much accurate as required.
So, there is the need of some nature-inspired techniques that should have the capability to classify these natural land cover
features with high accuracy value. So, we are presenting a review on the existing swarm intelligence based techniques for the
classification of satellite images into accurate land cover features.

In this paper, the main goal is to analyse the existing image classification techniques using swarm intelligence concept. A lot of
research is being done on the dataset of Alwar, Rajasthan, INDIA. We are presenting the accuracy of existing algorithm using
the accuracy parameters of kappa coefficient, user’s accuracy, producer’s accuracy & overall accuracy.

Rest of the paper is organized in the following manner: Section Il briefs about the dataset used, Section Il presents the existing
swarm intelligence based technique for land cover feature classification of the Alwar area, Section IV gives the comparison of
existing algorithm by considering accuracy assessment parameters, and Section V concludes the paper with some future
references.

Il. DATASET CONSIDERED

A well-known multi-featured area Alwar situated at Rajasthan, India is considered for the all the experimental techniques. The
feature classes of this area are Barren, Rocky, Vegetation, Urban and Water. The multi-spectral images of Alwar region are
taken using Canadian satellite and an Indian satellite named LISS-11I having seven bands of spectral images named as Digital
Elevation Model (DEM), Radarsat-1 (RS1), Radarsat-2 (RS2), Near Infra-Red (NIR), Middle Infra-Red (MIR), Red and Green.
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Canadian Satellite Radarsat is used to capture RS1 & RS2 satellite digital images. These 7-band images are shown in figure 1.

Red Green

RS1

Figure 1: 7- band satellite images of Alwar
All the seven images are geo-referenced and the image dimension is 472x546 pixels. When all of these images are combined
using the ERDAS software, a combined stack image is obtained which is considered as the original Alwar image is shown by
figure 2.
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Figure 2: Original Alwar Image

I1I.RELATED WORK

There exists a lot of work for the Remote Sensing image classification using swarm intelligence techniques on the dataset of
Alwar, India. The techniques considered for the image classifications are as below:

A. Particle Swarm Optimization (PSO)

The concept of PSO in the field of remote sensing image classification has been introduced by Panchal et. al. by making the
experimentation on the dataset of Alwar [6]. In this paper, the author has presented the concept of PSO to get the optimized
results of the land cover features by taking the parameters of local search and global search for the selection criteria. The kappa
coefficient value as an accuracy parameter is comes out 0.7033 which is not as much better results to detect the terrain features.

B. Biogeography Based Optimization (BBO)

Panchal et al. proposed the Modified Biogeography Based Optimization (BBO) algorithm to classify the natural terrain features
[7]. In this paper, he has given a method based on the biogeography behaviour of the social species that change their location
based on the Habitat Suitability Index (HSI). In this algorithm, these social species change their environmental location as per
their living suitability environment. Panchal et al. has considered the pixels of image as social species and land cover features as
the environmental living conditions (i.e. HIS index). The results comes out with these parameters are better as compare to the
other traditional classifiers. Kappa Coefficient selected for the accuracy assessment gives the result of 0.6715 is better as
compare to traditional classifiers.

C. Artificial Bee Colony Optimization (ABC)
Banerjee et al. has presented the Remote Sensing image classification by using the Artificial Bee Colony Optimization (ABC)
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[8]. In Artificial Bee Colony Optimization, there are three types of bees employed bees, onlooker bees and scout bees. In this
classification, the image pixels are considered as the employed bees & next pixels are selected by considering the parameters of
onlooker bees with the help of Euclidean distance formulation. The result comes out shows a greater value of kappa coefficient
(0.917) taken as accuracy parameter.

D. Cuckoo Search (CS)

Bharadwaj et al. has used the Swarm based latest concept Cuckoo Search algorithm for the detection of natural land cover
features [9]. The advantage of Cuckoo bird to store his egg in other species’ nest is used to capture the natural terrain features.
The cleverness of cuckoo bird can perform better as compare to other swarm based techniques. The dataset used is of Alwar
area for image classification. In this proposed algorithm, Cuckoo bird is considered as the pixel value of the image & host nest
is taken as the match class (i.e. terrain feature) to store the egg. Different classes are used to store different terrain features as
they get detected. The results obtained are accurate as compare to other swarm based algorithm like ABC, BBO, PSO and
traditional classifiers. The feature extraction can be obtained from the classified image with their accuracy values.

E. Hybrid CS/ACO

Kundra and Sadawarti has proposed the hybrid algorithm of cuckoo search and ant colony optimization for the classification of
natural terrain features. The results obtained from the proposed algorithm are superlative as compare as per the accuracy
assessment parameters. The value of kappa coefficient comes out to be 0.9445 which has almost achieved the accuracy
assessment [10]. Here, the optimization parameters to find the shortest best solution is obtained by using the algorithm of ACO
and to assign the feature class for the pixels algorithm of CS is used.

F. Hybrid ABC/BBO

Avrora et al. proposed the hybrid concept of Artificial Bee Colony optimization (ABC) and Biogeography Based Optimization
(BBO) for the extraction of natural terrain features extraction [11]. The proposed hybrid concept overcomes the disadvantage of
Cluster technique used in the BBO algorithm for the image classification. The main concept of hybridization is that BBO
species get the information of HSI index also from the other species of Cuckoo search. Here, food sources and living suitability
environment are considered as the land cover features like urbanization, water area, vegetation part, hilly area etc. Image pixels
are considered for by the social species of the bees and the HSI index of the band images are calculated for the image
classification. The results obtained with this hybrid concept are outstanding as compare to the simple BBO algorithm with high
accuracy value.

G. Hybrid ACO/BBO

S. Goel proposed another new concept of hybridization of ACO/BBO [12]. In this algorithm the results obtained are better as
compare to BBO and the disadvantage of clustering technique to solve the image classification problem is resolved. In this
paper, author compares the proposed hybrid concept with another hybrid technique like Hybrid ACO/SOFM and Hybrid Rough
Set /BBO.

H. Hybrid CS/PSO

In 2015, Kundra & Sadawarti has proposed the hybrid algorithm of cuckoo search and particle swarm optimization for the
extraction of natural land cover features. The accuracy assessment value is also comes out to be 0.9633 indicated using the
kappa measure [13]. The algorithm gives improved results as compare to the individual concepts of CS and PSO.

IV.COMPARISON

For the comparison of all the considered algorithm of swarm intelligence, we are considering the parameters of accuracy
assessment. Accuracy assessment plays a vital role to determine the efficiency of an algorithm. The goal of this accuracy
assessment is to observe how efficiently the pixels are considered into correct feature classes of the investigation area [14][15].
As in the real world problems not possible to check each and every object for whole accuracy check, in the same manner for the
verification of the classified image, we are considering a set of reference pixels that are randomly selected. These reference
pixels are the random points of classified image whose terrain features are known to us. The classification accuracy is checked
using the well-accepted Error matrix in the field of Remote Sensing. Error matrices describe a relationship between the
absolutely classified pixels and erroneous pixels for each terrain class. The Error matrices for all the considered algorithms are
given by Table I-VIII as below:
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ERROR MATRIX OF BBO

TABLE 1.
Feature Water Vegetation Urban Rocky Barren Total
Water 70 0 0 0 0 70
Vegetation 127 1 1 0 129
Urban 1 92 0 39 129
Rocky 1 15 175 3 194
Barren 21 81 26 128 256
Total 70 150 189 202 170 781
TABLE IL. ERROR MATRIX OF PSO
Feature Water Vegetation Urban Rocky Barren Total
Water 59 28 0 0 0 87
Vegetation 47 79 0 0 0 126
Urban 4 22 0 7 33
Rocky 18 3 286 0 307
Barren 1 7 0 24 32
Total 106 130 32 286 31 585
TABLE lll.  ERROR MATRIX OF ABC
Feature Water Vegetation Urban Rocky Barren Total
Water 68 0 0 0 0 68
Vegetation 109 1 0 0 110
Urban 112 0 4 116
Rocky 0 96 0 96
Barren 26 0 59 85
Total 68 109 139 96 63 475
TABLE IV.  ERROR MATRIX OF CS
Feature Water Vegetation Urban Rocky Barren Total
Water 68 0 0 0 0 68
Vegetation 0 109 1 0 0 110
Urban 0 122 0 3 125
Rocky 0 96 0 96
Barren 16 0 60 76
Total 68 109 139 96 63 475
TABLE V. ERROR MATRIX OF HYBRID ACO/BBO
Feature Water Vegetation Urban Rocky Barren Total
Water 70 3 0 1 1 75
Vegetation 145 34 4 8 191
Urban 127 0 26 153
Rocky 2 168 10 182
Barren 0 27 27 125 179
Total 70 150 190 200 170 780
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ERROR MATRIX OF HYBRID ABC/BBO

TABLE VI.
Feature Water Vegetation Urban Rocky Barren Total
Water 68 0 0 0 0 68
Vegetation 109 1 0 0 110
Urban 112 0 4 116
Rocky 0 96 0 96
Barren 26 0 59 85
Total 68 109 139 96 63 475
TABLE VIIl.  ERROR MATRIX OF HYBRID CS/ACO
Feature Water Vegetation Urban Rocky Barren Total
Water 72 0 0 3 0 75
Vegetation 161 1 4 0 166
Urban 159 0 15 176
Rocky 0 94 0 94
Barren 0 0 52 52
Total 74 161 160 101 67 563
TABLE VIIl. ERROR MATRIX OF HYBRID CS/PSO
Feature Water Vegetation Urban Rocky Barren Total
Water 74 0 0 0 0 74
Vegetation 161 1 0 0 162
Urban 149 0 5 154
Rocky 0 101 0 101
Barren 10 0 62 72
Total 74 161 160 101 67 563

Using the Error Matrix, four parameters of accuracy can be derived as below:

A. Producer’s Accuracy
Producer’s accuracy is a way to extent percentage of properly classified natural terrain features. i.e., how accurately

classification is performed by the column wise category. It is calculated by the ratio of correctly classified pixels to total column
wise total pixels of each land cover feature. The producer’s accuracy of all the above discussed algorithms can be calculated as

below shown by Table IX:

TABLE IX. COMPARISON OF PRODUCER’S ACCURACY

Classifier/Feature Water Vegetation Urban Rocky Barren
BBO 100 84.66 48.67 86.63 75.29

PSO 55.56 60.76 68.75 100 77.41

ABC 100 100 80.57 100 93.65

CS 100 100 87.76 100 95.23
Hybrid ACO/BBO 100 96.67 66.84 84 73.53
Hybrid ABC/BBO 100 100 80.57 100 93.65
Hybrid CS/ACO 97.29 100 99.37 93.06 77.61
Hybrid CS/PSO 100 100 93.12 100 92.53
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B. User’s Accuracy
It can be defined as the probability that a pixel labelled as a certain land cover feature is actually availability of that specified
class. User’s accuracy is an extent of how well classification is performed by row wise category. It is calculated by the ratio of
correctly classified pixels to total row-wise total pixels of each land cover feature. The User’s accuracy of all the above
algorithms is calculated as shown below by Table X:

TABLE X. COMPARISON OF USER’S ACCURACY

Classifier/Feature Water Vegetation Urban Rocky Barren
BBO 100 98.44 71.31 90.20 50
PSO 67.81 62.69 66.66 93.15 75

ABC 100 99.09 96.55 100 69.41

CS 100 99.09 97.6 100 78.94

Hybrid ACO/BBO 93.33 75.92 65.80 92.31 69.83

Hybrid ABC/BBO 100 99.09 96.55 100 69.41
Hybrid CS/ACO 96 96.98 90.34 100 100

Hybrid CS/PSO 100 99.38 96.75 100 86.11

C. Overall Accuracy
This is a very crude measure of accuracy. Overall accuracy is the measure of ratio of number of correct observations divided by
the total number of classifications. The Overall accuracy of the considered algorithms is given by figure 3.

D. Kappa Coefficient

The Kappa Coefficient is considered as a statistical technique to determine the results of error matrix. Cognitive science
measures explanation on the knowledge is used to relate the Kappa Coefficient for the indirect measure of the expert’s
knowledge. The Formulization of Kappa Coefficient is done by Equation below:

NYT_ xy — 2l Oy xyy)
Y C )

k=

Where,

r = number of rows in the error matrix.

xii = the number of observations in row i and column i (on the major diagonal).

Xi+ = total of observations in row i (shown as marginal total to right of the matrix).

X+i = total of observations in column i (shown as marginal total at bottom of the matrix).
N = total number of observations included in matrix.

The Comparison of the entire considered algorithm can be shown by figure 4.

Overall Accuracy
100 93.47 95.78 03.47 9555 97.15
90 80 34 81 41
g0 | 75.76
70
60 . |

Figure 3: Comparison of Overall Accuracy
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Figure 4: Comparison of Kappa Coefficient
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V. CONCLUSION

In this paper, we have compared various swarm intelligence based algorithms in the field of remote sensing image classification.
The algorithms considered for the comparison were BBO, PSO, ABC, CS, Hybrid ABC/BBO, Hybrid ACO/BBO, Hybrid
CS/PSO and Hybrid CS/ACO. From the comparison table IX & X, we analyzed the feature wise accuracy of each land cover
feature. The Kappa Coefficient (figure 4) and Overall accuracy (figure 3) gives the complete accuracy impact of the image
classification techniques. The feature wise and complete comparison results show the accuracy upto a great impact, but there is
still need of some impactful intelligent algorithm that can increase the accuracy level and reduce the errors values of the
classified pixels. The entire results of the accuracy assessment parameters shows the impact of CS algorithm more as compare
to some other swarm algorithm. Also the Hybrid CS/PSO & CS/ACO give very impactful results. So, for future reference, we
have to hybridize the algorithm of CS with some other algorithm to improve the further results.
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