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Abstract— This paper focuses on the flood management 

strategies which are appropriate for Kochi while  considering 

water conservation aspects. Best Management Practices (BMP), 

the structural and non structural measures, to manage the 

quantity and improve the quality of storm water in cost effective 

manner were reviewed. The BMPs like permeable pavers, Rain 

barrels and infiltration trenches were analyzed for their 

hydrological performances using  the Storm Water Management 

Model (SWMM) by  US EPA. The present study applies a multi 

criteria analysis (MCA) namely analytical network process 

(ANP) to rank the BMPs for flood reduction in the city. MCA 

makes it possible to tradeoff various other criteria that can bring 

about sustainability element to the solution. The ranking was 

obtained considering multiple stakeholders like people, design 

engineers and policy makers. 

Keywords— Flood reduction, Best Management Practices, Multi 

Criteria Analysis, SWMM, Analytical network Process 

 

I. INTRODUCTION 

 Kochi, the most populated city in Kerala, is one of 

the 20 selected smart cities in India. The city is transforming 

from early-urban to middle urban stage [1]. Even at this 

growth stage, Kochi lacks sufficient drainage and sewerage 

system.  The storm water in Kochi is managed through natural 

inland canals and secondary man made drains, constructed 

even without considering the actual runoff. Lack of sewerage 

network causes the households to use storm drains for sewage 

discharge thereby contaminating and clogging the drainage 

network of city. Any blockage in these open drains or canals 

results in inundation of the surrounding area with sewage 

mixed storm water. On the other side, the city is under acute 

water scarcity due to contaminated ground water and mostly 

unreliable and insufficient supply through pubic distribution 

network [2]. Therefore, managing large volume of storm 

water without flooding while utilizing it as a resource to 

enhance  urban water security is of prime importance to 

Kochi.  

The present work evaluated some of the Best Management 

Practices (BMP) [3] for storm water management such as rain 

barrels, infiltration trench, pervious pavements and permeable 

interlocking pavements. A ranking of BMPs or their 

combinations were carried out using multi-criteria analysis 

(MCA) based on technical, social, economic and 

environmental criteria with focus on flood reduction and 

harvesting of rainwater in the urban area. 

II. STUDY AREA 

49 sq. km of eastern Kochi divided into 137 sub catchments 

was considered in the present study. Catchments were selected 

such that they are bounded by water bodies on all sides. 

Overflow effects from the upper catchments are therefore 

avoided in such hydrologically  isolated catchments. The 

study area and the catchment subdivision are given in figure 1. 

A drainage map of the study area, was prepared from the 

ground contour (created using SRTM- DEM) and inland water 

way map, as shown in figure 2. 

 

 

Figure 1 - Catchment area and its subdivisions. 

Figure 2 also shows problematic area with 500 m buffer zone 
created for finding out the weightage factor for problematic 

area nearness. The nodes coming under these buffer zones are 

more significant in causing flood problems to the public 

compared to the other areas. 
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ABSTRACT 

The issue of extreme episodic air pollution events in the Delhi-National Capital Region (NCR), 

India, during the month of November has been of concern for the last few years. Recent studies 

have used satellite observations and transport models, which indicate movement of smoke from 

stubble burning regions in Punjab and Haryana towards Delhi. Quantification of contribution of 

these emissions to the air pollution in Delhi, however, remains uncertain. In the present study, a 

similar attempt was made, and measurements are reported from 16 ground-based continuous air 

quality monitoring stations (CAAQMS) in the Delhi-NCR for the years 2016 and 2017. Time 

series PM2.5 ground measurements were compared with the total Fire Radiative Power (FRP) from 

Moderate Resolution Imaging Spectroradiometer (MODIS) onboard Terra and Aqua satellites for 

the airshed for Delhi-NCR. To quantify the smoke contribution from the fire pixels to the Delhi-

NCR, the Navy Aerosol Analysis Prediction System (NAAPS) smoke data were used. NAAPS 

simulations show that the smoke aerosol contribution to Delhi-NCR from stubble burning was ~5-

10 µg/m3 during the pollution episodic days in 2016. NAAPS results along with the PM2.5 

measurements at Ludhiana, Punjab, indicate that the stubble burning emissions may contribute 33-

66 µg/m3 to the PM2.5 at Delhi depending on wind conditions and emission levels at the source. 

The predominant aerosols over the study area during the episodic period were verified to be 
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ABSTRACT 

Lack of monitoring for landfill gas (LFG) emissions increases the hazard risk especially when a 

landfill site is being developed for further uses. This paper discusses the results from a LFG 

monitoring study carried out at a closed landfill site in Kuwait which lack engineered gas collection 

and venting system. Jleeb Al Shuyoukh landfill site was active between 1970 and 1993. The 

composition and seasonal variations in LFG release were monitored at Jleeb landfill site using 

Gasclam for the continuous LFG monitoring at 4 boreholes during the period July 2018 – Feb 

2019. The monitored gases included methane (CH4), carbon dioxide (CO2), Carbon Monoxide 

(CO), Volatile Organic Compounds (VOCs), Hydrogen Sulphide (H2S) and Oxygen (O2). The 

concentration of these gases in %v/v was monitored at 1 hour interval for the entire study period 

along with atmospheric pressure, borehole pressure and temperature. Consistent methane release 

with a concentration of 40- 65 %v/v was observed at the boreholes constructed for this study.  

Among the monitored gases only CO2 showed a positive correlation with methane. A constant 

CH4/CO2 ratio and lack of correlation with H2S indicated that the landfill is in stable phase. Lack 

of correlation between methane release and the bore hole pressure as well as ambient temperature 
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Controllability studies on fish-shaped unmanned under water vehicle
undergoing manoeuvring motions

A. K. Ranjith, S. Janardhanan, V. Chandran & N. J. Gomez
Department of Mechanical Engineering, SCMS School of Engineering and Technology, Ernakulam, India

G. Ilieva
Department of Ship Building, Technical University of Varna, Bulgaria

J. Sygal
Department of Ocean Engineering, Indian Institute of Technology Madras, India

ABSTRACT: Bio-inspired propulsion systems have many advantages over the conventional ones. They are
found to be noiseless and eco-friendly. Most of the aquatic locomotion makes use of oscillations, paddling and
water-jet for producing net thrust on the body. In this paper a box-fish shaped unmanned underwater vehicle
(UUV) has been considered for studying its controllability. A RANS based CFD method has been implemented
for simulating manoeuvring motions in heave and pitch to obtain the forces and moments during such motions.

1 INTRODUCTION

Bio-inspired propulsion is a much researched field
these days. The fact that, the noise and vibrations
produced during the operation of conventional pro-
pellers have adversely affected the bio-diversity of
oceans, has made bio-inspired propulsion more entic-
ing to mankind. Getting rid of the conventional ro-
tary components of a propulsion system completely
is also not practical. Ocean transport do contribute to
a mammoth scale of world’s economy. Hence there
should be a balance between bio-inspired flapping foil
as well as the conventional propulsion systems so that
we do not tamper much with the ecological systems
and at the same time do contribute to the economy.

Nature is known as the master engineer. The effi-
ciency of propulsion of some aquatic animals have
struck us in awe and the values of their efficiency
have far outperformed those of man-made vehicles.
Now it is time to have a few such vehicles operating
in the oceans. There have been many studies in the
past decades concentrating on the flapping foil mech-
anisms on ocean vehicles: both surface and sub-sea.
Most of them focused on the determination of propul-
sive efficiency while others on the controllability.

1.1 Understanding the locomotion of fish

The locomotion of the fish is indeed complex yet
efficient. Various fins involved in the locomotion or

swimming are shown in Figure 1.

Figure 1: Various fins on the body of a fish

Fishes swim using all the fins. The locomotion a
fish swimming with tail fin or the caudal fin and
the trunk is broadly classified into angulliform, sub-
carangiform, carangiform, thunniform and ostraci-
iform (Figure 2). From angulliform to ostraciiform
the locomotion gets simplified with the deteriorating
involvement of the trunk as the undulations of the en-
tire trunk reduces to mere oscillations of the tail dur-
ing swimming. Locomotion of the fish with varying
involvement of the trunk and tail is shown in Figure
3.

In ostraciiform models, the undulation is confined
mostly to the caudal fin without moving the body. The
thrust for this model is generated with a lift-based
method, allowing cruising speeds to be maintained for
long periods. This form is considered to be the sim-
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(a) Angulliform (eel) (b) Carangiform
(salmon)

(c) Thunniform (tuna) (d) Ostraciiform (sun-
fish)

Figure 2: Fish with different types of tail locomotion

plest of all for carrying out mathematical studies. A
UUV with hull form geometrically similar to that of a
box-fish, a typical ostraciiform model undergoing ma-
noeuvring motions in heave and pitch, has been anal-
ysed for controllability in the present study. UUVs
also known as underwater drones are vehicles with no
humans onboard during the course of their mission.
There are basically two types of UUVs- autonomous
underwater vehicle (AUV) and remotely operated ve-
hicle (ROV). AUVs are more or less like robots not
entailing human intervention throughout their mission
while ROVs are remotely operated from a ground sta-
tion.

In the case of present work, the vehicle’s hull form
is more important than its mode of operation. Guid-
ance and control are very important aspects in the de-
sign of marine vehicles no matter whether they are
surface or underwater vehicles. A motion planning
and control system was developed for autonomous
surface vehicles by Hinostroza, Guedes Soares, &
Xu 2018. This work aims at achieving the first step
in controllability predictions-determination of forces
and moments during manoeuvring motions. A linear
mathematical model combined with a RANS based
CFD method has been used for obtaining the thrust
generated during the oscillatory motions of the tail
with ANSYS FLUENT as the solver. The forces and
moments acting on the hull form in both static and dy-
namic manoeuvres have been estimated. This paper is
an initial step towards the controllability and stability
prediction of fish-shaped UUVs which could be used
in search and rescue as well as surveillance missions.
Hence it is imperative to predict the trajectory of such
vessels well in advance through controllability studies
of its hull form.

Figure 3: Undulatory motion of the entire trunk to oscillatory
motion of the tail

It is quite evident that the ostraciiform type of loco-
motion is the simplest mode of locomotion. A design
based on this type of locomotion will be obviously the
most feasible for a UUV. The studies on ostraciiform
type of locomotion was reported by Blake 1977. The
study made some interesting observations. For slow
progression, the caudal fin inclination with the lon-
gitudinal axis of the body is about 3 to 6 deg while
for fast progression, the angle is 35 deg. 3-D manoeu-
vring studies were carried out on a fish-like robot by
Wu, Yu, Su, & Tan 2014. The robotic fish here was
fabricated using multi-link joints to obtain the agility
during swimming and hence better manoeuvrability.
The present study considers the controllability aspects
of a box-fish by numerically simulating the manoeu-
vring motions.

Not much work has been reported on the determi-
nation of hydrodynamic derivatives of the body form
for assessing the vesselś controllability. This paper
presents a method for numerically evaluating the hy-
drodynamic forces and moments-an initial step to-
wards the estimation of hydrodynamic derivatives and
thereby the controllability of a box-fish shaped under-
water vehicle.

2 UUV GEOMETRY

A box fish in its three dimensional configuration is
shown in Figure 4. The principal particulars of the fish
are given in Table 1.

Table 1: Principal particulars of the UUV
Dimension Size (metres)
Length (L) 1.3
Breadth (B) 0.5
Depth (D) 0.5

Figure 4: Three dimensional representation of the box-fish
shaped UUV



3 MATHEMATICAL MODEL

The Cartesian co-ordinate system of the UUV is
shown in Figure 5. The conventional North-East-
Down (NED) system is followed here.

Figure 5: Co-ordinate system used in the study

A linear mathematical model describing the ma-
noeuvring motions of the UUV is represented by
Equations (1) through (6)

X = Xu̇u̇+Xu|u|u
2 +Xww

+Xqq +Xδδ +XT (1)

Y = Yv̇v̇ + Yvv + Ypp+ Yrr+ Yδδ (2)

Z = Zẇẇ+Zww+Zuu+Zqq +Zδδ (3)

K = Kṗṗ+Kpp+Kvv +Krr+Kδδ (4)

M = Mq̇ q̇ +Mqq +Mww+Muu+Mδδ (5)

N = Nṙṙ+Nrr+Nvv +Npp+Nδδ (6)

where subscript T represents thrust and δ, the rudder
angle.

4 NUMERICAL EVALUATION OF
CONTROLLABILITY IN VERTICAL PLANE

4.1 Numerical Modelling and Meshing

For studying the hydrodynamic forces and moments
on the UUV during manoeuvring motion there are
two basic methods, viz. numerical and experimental.
While experimental methods involve prohibitively ex-
pensive and rare facilities, numerical methods offer
the ease of bringing tedious tasks to desks. However
numerical methods have not yet become self suffi-
cient to completely replace experiments. They defi-
nitely offer promising inputs to the conceptual design.
In this paper an attempt has been made to simulate

Figure 6: Computational domain with its boundaries

the manoeuvring motions in the vertical plane of the
UUV’s motions.

Geometric modelling and meshing has been car-
ried out using the commercial package ANSYS ICEM
CFD. Figure 6 shows the computational domain. Its
extends are 2.0L ≤ x ≤ 5.0L , 2.0L ≤ y ≤ 2.0L and
0 ≤ z ≤ 2.0L.

An unstructured meshing strategy is employed
here. The minimum cell size has been calculated fol-
lowing the method described by Chandran, Janard-
hanan, Menon, et al. 2018.

Boundary layer thickness and the near wall element
size have been calculated from boundary layer theory.
The thickness of laminar sub-layer is obtained from
Equation (7) (Schlichting & Gersten 2016).

δ′ =
11.6v

V ∗
(7)

where V ∗ is the frictional velocity given by Equation
(8)

V ∗ =

√
τ0
ρ

(8)

and τ0 , the wall shear stress, is obtained as in Equa-
tion (9).

τ0 =
0.664√
ReL

· ρV
2

2
(9)

where, V is the flow velocity and ReL the length
based Reynolds number.

The mesh generated in the computational domain
in shown in Figure 7(a). The magnified view around
the fish body is shown in figure 7(b).

A velocity corresponding to Re = 0.5× 106 is im-
posed on the velocity inlet. The outlet is considered
to be a pressure outlet. Half-fish model is used with
the plane holding mid x-y plane as a symmetry wall.
Non-slip boundary condition is assigned to the UUV
body and slip walls to the far-field.



(a) Mesh in the domain (b) Magnified view around the UUV body

Figure 7: Unstructured mesh for computation

Figure 8: Dynamic pressure contours on the half-UUV

4.2 Steady-state predictions

Steady simulations are carried out with k − ω SST
two equation model. PISO scheme is used for pres-
sure velocity coupling. The convergence criteria is set
to 10−7. The simulations have been carried out us-
ing ANSYS FLUENT version 18.1. Dynamic pres-
sure contours on the half-fish model is shown in Fig-
ure 8.

4.3 Static manoeuvre simulations

As the 3D simulations were time consuming, for
faster predictions, a cut section of the UUV in the 2D
plane is used for further analysis. The coefficients of
drag (CD) and lift (CL) obtained from 3D simulations
discussed in the previous section have been used as
the reference. The challenge in 2D CFD simulations
to yield results close to 3D simulations lies in defin-
ing the reference value in the third dimension. As this
value remains constant and doesn’t consider the vari-
ation in the geometry of the model, 2D computations
provide only approximate values. Nevertheless, these
computations provide enough insights into the flow
physics as well as hydrodynamic forces and moments
in the initial phase of any design.

Simulations have been carried out by varying the
drift angle (β) from 0 to 12.5 deg in the vertical plane.
The velocity contours around the UUV obtained from
the simulation are presented in Figure 9. Figures from
9 (a) to 9 (f) represents different contours for various
drift angles.

4.4 Propulsion Tests

Propulsion tests have been carried out on a 2D model
through prescribed rigid body motions on the tail us-
ing the displacement function given by Equation 10

φ = −φa sin(ωt) (10)

through the user defined functions (UDF) module of
the solver.

Here φ is the sinusoidal tail oscillation about y-axis,
φa the amplitude of motion taken here as 12.5 deg, ω
is the angular frequency, 0.5 rad/s and t, the instan-
taneous time. The wake oscillations indicating the ef-
fective production of thrust is depicted in Figure 10.

4.5 Dynamic manoeuvre simulations

Hydrodynamic forces and moments are predicted
here by simulating the manoeuvring motions in heave
and pitch. Roll motions are not considered.

The sinusoidal motions in heave and pitch have
been brought in using UDF module of the solver. The
displacement functions in pitch and heave are as given
by Equations 10 and 11 respectively.

z = za sin(ωt) (11)

Here za is taken as D/4. Simulations have also
been carried out imposing combined heave and pitch
on the UUV body. Contours of total pressure around
the UUV body in heave, pitch and combined motions
are shown in Figures 11, 12 and 13 respectively.



(a) 0 deg (b) 2.5 deg

(c) 5 deg (d) 7.5 deg

(e) 10 deg (f) 12.5 deg

(g) Velocity Range

Figure 9: Velocity contours around the UUV at various angles of attack.



Figure 10: Wake oscillations due to tail motions

Figure 11: Total pressure contours in heave

Figure 12: Total pressure contours in pitch

Figure 13: Total pressure contours in combined mode

Figure 14: Variation of surge force with angle of attack

Figure 15: Variation of heave force with angle of attack

5 RESULTS AND DISCUSSIONS

In the present work manoeuvre motion simulations
have been carried out on an ostraciiform locomotion
inspired box-fish shaped UUV. At the outset, steady
state simulations were carried out on a half model of
the UUV for Re = 0.5× 106. The simulation yielded
the value of drag coefficient, CD as 0.019 and lift co-
efficient, CL as 0.0684. The 2D simulations with an
approximation of the third side yielded CD = 0.021
andCL = 0.074. The results show that 2D simulations
can yield better results. Net surge and heave forces
have been estimated using the Equations (12) and (13)
respectively. As there are not much literature on this
study, the results could not be verified.

X = FD cosβ + FL sinβ (12)

Z = −FD sinβ + FL cosβ (13)

Variation of the surge force, heave force and pitch mo-
ments with the angle of attack, β are shown in Figures
14, 15 and 16 respectively. The plots are also supple-
mented by a smoothing trend line.

The prediction of hydrodynamic forces and mo-
ments in the case of box-fish like bodies is not as
straight forward as in the case of streamlined ships
and submarines. The body being bluff, sheds vor-
tices at moderate angles (say 7.5 deg) of attack which
shows a sudden drop in surge and heave forces as
well as in pitch moment. Later beyond 10 deg, the
formation of vortices stabilizes and are expected to
contribute to induced components of surge, heave and



Figure 16: Variation of pitch moment with angle of attack

pitch and hence a rise in the trend is seen.The static
manoeuvre simulation tests on further analysis pro-
vide the w dependent derivatives.

The propulsion simulation using the oscillation of
the tail show an oscillating wake with very weak vor-
tices shedding and disappearing in no time. Hence
ostraciiform fish exhibits sluggish locomotion. The
maximum thrust generated due to tail motion is found
to be XT = 2.4N .

Time histories of surge force, heave force and pitch
moment when the UUV is subjected to pure sinu-
soidal heave motion is shown in Figure 17 plotted for
one complete time period of oscillation (12.56rad/s).

Similarly, the time histories of forces and moment
in pitch and combined mode is shown in Figures 18
and 19.

These plots reveal that box-fish, due to its asym-
metry about y-z plane doesn’t produce symmetrical
surge forces while its symmetry in x-z as well as x-y
planes resulted in symmetrical heave forces and pitch
moments. From heave simulations, the hydrodynamic
coefficients that can be evaluated areXw, Zw andMw.
From the pitch simulations the derivatives Xq, Zq and
Mq can be evaluated. Combined mode simulations
yield coupled derivatives which are not of interest to
this paper. The other derivatives can also be evaluated
considering the motions in the horizontal plane and
also by considering roll into account.

6 CONCLUSIONS

Box-fish owing to its non-streamlined shape has poor
controllability. They need extra thrust from the pec-
toral fins to supplement the thrust produced by the
caudal fin. Their tail length is too short to generate
reverse Von-Kármán vortex street of vortices for im-
proved power. This tail form helps the fish in sus-
taining power for a longer time. Nevertheless, this
work provides an initial frame work for the estima-
tion of hydrodynamic derivatives for a UUV in the
form of a box fish-the simplest possible mode of im-
plementation for bio-inspired propulsion. 2D results
have helped us in reasonable qualitative predictions.
Quantitatively, the results are yet to be verified either

with experimental or published ones. For more accu-
rate prediction, overset grids and 3D models are sug-
gested.

7 FUTURE WORK

Nature has its own way of compensating for the short-
comings imposed on its own creation. The carapace
on the fish’s body is believed to reduce drag and di-
rect flow such that the fish attains better manoeuvra-
bility (Van Wassenbergh, van Manen, Marcroft, Al-
faro, & Stamhuis 2015). Moreover, the role of the pec-
toral fins in augmenting the thrust produced by cau-
dal fin is unexplored in the present work. The present
work will be extended with the inclusion of carapace
and pectoral fins in the future works. The hydrody-
namic forces and moments will be analyzed using a
Fourier series method (Janardhanan & Krishnankutty
2009) for obtaining the hydrodynamic derivatives of
the hull form.The trajectories of the UUV in stan-
dard manoeuvres such a turning circle and zig-zag
will be predicted to finally arrive at its controllability,
counter-controllability and stability characteristics.
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(a) Surge force

(b) Heave force

(c) Pitch moment

Figure 17: Time histories of forces and moment in heaving mo-
tion

(a) Surge force

(b) Heave force

(c) Pitch moment

Figure 18: Time histories of forces and moment in pitching mo-
tion



(a) Surge force

(b) Heave force

(c) Pitch moment

Figure 19: Time histories of forces and moment in surge motion
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I. Introduction
Nowadays machine learning algorithms are used in a wide range of applications. It is widely used in
security sensitive applications such as malware detection and spam detection because of its ability
to detect attacks or variants of known ones. Evasion attacks [6] are the most popular type of attack
that can occur during system operation in adversarial settings. Evasion attacks manipulate the input
data at test time and cause misclassifications. Even though many pattern recognition techniques
are used in security sensitive applications to distinguish between malicious and legitimate samples,
still there exist some attackers who intent to misclassify malicious data as legitimate data at test
time. Current research shows the fact that SVM are vulnerable to evasion attacks as they never
consider the existence of an attack. Adversarial machine learning algorithms [7] are built to exploit
the vulnerabilities in a machine learning algorithm. These vulnerabilities are simulated by training
the learning algorithm under various attack scenarios and policies. To better understand the
vulnerability of SVM classifier in adversarial settings some manipulations are made in the input data
at test time.
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I. Introduction
Linguistic processing uses Part of Speech (POS) as a feature to translate the sentences. A POS
Tagger is a translator that takes the sentences and outputs the word sequences with its part of
speech tags. Tagger examines each word with its context in the sentence during the analysis
process.
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Abstract

Recently, Underwater Wireless Sensor Networks

(UWSNs) have emerged as a prominent research area

in the networking domain due to their wide range of

applications in submarine tracking, disaster detection,

oceanographic data collection, pollution detection,

and underwater surveillance. With its unique
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characteristics like continuous movement of sensor

nodes, limitations in bandwidth and high utilization

of energy, efficient routing and data transfer in

UWSNs have remained a challenging task for

researchers. Almost all the protocols proposed for

terrestrial sensor networks are inefficient and do not

perform well in an underwater environment. Recently

Location-Based Opportunistic Routing Protocols have

been observed to perform well in UWSN

environments. But it is also observed that these

protocols suffer from performance degradation in

UWSN networks with communication voids. The

objective of this research paper is to discuss the

working of major Location-Based Opportunistic

Routing Protocols in UWSNs with communication

voids and to highlight their issues and drawbacks. We

analyzed the Quality of Service parameters, packet

delivery ratio, end-to-nd delay, throughput, and

energy efficiency of two major Location-Based

Opportunistic Routing Protocols, i.e., Vector-Based

Forwarding (VBF) and Hop-by-Hop VBF (HH-VBF) in

UWSNs with communication voids using NS-2

simulator with Aqua-Sim extension. Simulation

results state that both VBF and HH-VBF protocols

suffered from performance degradations in UWSNs

with communication voids. In addition to this, the

paper also highlights open issues for UWSN to assist

researchers in designing efficient routing protocols

for UWSNs having multiple communication voids.
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Abstract

Security of data is the main aspect to be considered

in the digital network. Data transmission can be

made secure by performing reversible data hiding

in images. Here the data can be hidden and

transmitted inside a host image. Security to the

image can be provided by various algorithms like

symmetric key algorithm and public key algorithms.
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This paper provides a comparative study of AES and

RSA algorithms for image encryption and reversible

data hiding. Data embedding in both cases is done

by histogram shifting method. The RSA algorithm

can be used for encrypting the image to provide

higher security but consumes more time whereas

the security of image in AES algorithm is

comparatively small but consumes only small

amount of time for both encryption and decryption.
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Abstract
Mobile ad hoc networks (MANETs) are a collection of wireless devices like mobile phones and laptops that can spontaneously form self-sustained
temporary networks without the assistance of any pre-existing infrastructure or centralized control. These unique features have enabled MANETs to be
used for communication in challenging environments like earthquake-affected areas, underground mines, etc. Mobility and speed of devices in MANETs
have become highly unpredictable and is increasing day by day. Major challenge in these highly dynamic networks is to efficiently deliver data packets
from source to destination. Over these years a number of protocols have been proposed for this purpose. This chapter examines the working of popular
protocols proposed for efficient data delivery in MANETs: starting from the traditional topology-based protocols to the latest opportunistic protocols. The
performances of these protocols are analyzed using simulations in ns-2. Finally, challenges and future research directions in this area are presented.

Chapter Preview

Introduction
Recent advances in wireless technology have led to the exponential growth and usage of wireless mobile devices worldwide. Today billions of wireless
devices are connected with the help of infrastructure like access points and base stations. These infrastructure supported wireless networks provide an
increasing number of wireless local area network (LAN) hot spots, allowing travelers and users with portable laptops and mobile phones to surf the
Internet from hotels, airports, railway stations, coffee shops and other public locations. However, these infrastructure supported wireless network comes
with a number of limitations. They consume plenty of time and money for installation and maintenance; have constraints in flexibility, suffer from low
utilization of local wireless resources and are particularly vulnerable to natural disasters and unpredicted failures. To overcome these limitations, self-
sustained, infrastructure-less and decentralized wireless networks have been proposed, known as mobile ad hoc networks (Giordano and Lu, 2001;
Chlamtac et al., 2003; Menon & Prathap, 2016).

Mobile ad hoc networks (MANETs) are a collection of wireless devices like mobile phones, laptops, PC’s and iPads that can form instantaneous
temporary networks without the support of any pre-existing network infrastructure or centralized control. It works as an autonomous system of mobile
hosts connected by wireless communication links. The network is configured in a way that all the devices can dynamically join or quit the network at
any time without disrupting communication between other devices. Every device in the network plays the dual role of a router and a host, cooperates
and coordinates with each other to make routing decisions in the network. Data is transmitted in the network in a store and forward manner from the
source node to the destination node via the intermediate nodes. Ease of deployment, speed of deployment and the ability to self-organize and self-
adapt without the help of any underlying infrastructure has contributed to the growing popularity of MANETs in research as well as in industry. Today
MANETs are used for communication and resource sharing in numerous challenging environments like earthquake and volcano affected areas (Mase,
2011; Menon et al., 2016), underground mines, battlefields etc. Figure 1 shows an example MANET used in disaster recovery operations

Figure 1. MANETs in disaster recovery operations
(https://igiprodst.blob.core.windows.net:443/source-content/9781522556930_191128/978-1-5225-5693-

0.ch001.f01.png?sv=2015-12-11&sr=c&sig=4%2B1z2Fas9UEPIeRKp%2FPJOGnRr7UNb%2Bq9sKNZE7jn%2BD4%3D&se=2019-11-
17T02%3A46%3A28Z&sp=r)
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One of the major challenges in these highly dynamic networks is to efficiently deliver data packets from the source to the destination device. Ensuring
reliable and continuous communication between the devices is yet another major challenge in these networks. Over these years a number of routing
protocols have been proposed for data delivery and communication in MANETs. Figure 2 gives the taxonomy of all the protocols proposed for MANETs.
Recent advancements in wireless technology have enabled mobile devices in MANETs to move freely with higher speeds in random directions. The
mobility and speed of these wireless devices have become highly unpredictable and is increasing day by day. Also the number of connected devices in
the network is increasing rapidly leading to highly dense and scalable ad hoc networks. As the mobility and number of devices increases in the network
the performance of most of the existing routing protocols comes down drastically leading to low transmission efficiency and reduced Quality of Service.
Very few researches have been done to identify the reasons behind this performance degradation.

Figure 2. Taxonomy of protocols proposed for MANETs
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17T02%3A46%3A28Z&sp=r)
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