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Preface

The present era of technological advancements is moving at a very fast pace. It is
therefore essential to keep oneself abreast with all the recent developments in
various engineering domains. The book discusses various state–of–the-art devel-
opments in the diverse area of communications, data processing and signal pro-
cessing, and the endeavor has been to bring together some of these developments in
a concise platform that would benefit students, researchers, academicians and
industry people. The chapters presented in the book have been selected on the basis
of relevance and mathematical deliberations on the topics. Apart from the
above-listed domains, this book has additionally included topics on social issues
providing advanced technological solutions.

Chapter “Deep Semantic Segmentation for Self-driving Cars” introduces the
technique of semantic segmentation of urban scene for a self-driving car that
comprises three sub-systems in navigation, viz. lane finding, urban scene under-
standing and geo-positioning. In Chapter “Shot Boundary Detection Using
Artificial Neural Network,” hybrid video shot boundary detection process using
feature extraction by mean log difference is discussed in combination with artificial
neural network techniques. A system for leaf parameter analysis is proposed in
Chapter “Custard Apple Leaf Parameter Analysis, Leaf Diseases, and Nutritional
Deficiencies Detection Using Machine Learning,” where detection of N, P and K
deficiencies and leaf diseases is accomplished using K-nearest neighbors (k-NN)
and support vector machine (SVM) algorithms. A typical problem of recognizing
and removing the rain streaks on photographs by an improved convolutional neural
network (CNN) architecture is discussed in Chapter “Single Image Rain Removal
Using Convolutional Neural Network.”A study of voice samples for two disorders—
hypo and hyper—along with normal voice samples is considered in Chapter
“ARobust Approach of Estimating Voice Disorder Due to Thyroid Disease” to create
a databank for three classes—normal, hypo and hyper. A combined classifier,
i.e., SVM and HMM (hidden Markov model), was utilized.

In Chapter “Face Recognition Using Golden Ratio for Door Access Control
System,” a combination of Viola–Jones face detection method with characteristics
of extracting golden ratio is discussed to improve the security of sensitive places
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through facial recognition. This book has included chapters on topics such as
underwater detection of objects, adaptive background subtraction models for shot
detection, acoustic classification and evaluation of bird species using support vector
machine and artificial neural networks. In Chapter “Feature-Based Model for
Landslide Prediction Using Remote Sensing and Digital Elevation Data,” a study to
generate landslide susceptible maps and landslide hazard zonation maps is pre-
sented using the digital elevation model for the prediction of future landslides.
Chapter “Emotion Recognition using Gamma Correction Technique Applied to
HOG and LBP Features” discusses techniques on emotion recognition using
gamma correction when applied to histogram of oriented gradient (HOG) and LBP
features. The book also includes diverse areas on images and speech signal pro-
cessing, besides the above-mentioned topics such as analysis of vocal tract
parameters of speech, 3D reconstruction of plant features with non-destructive plant
growth monitoring systems, digital image watermarking by fusion of wavelet and
curvelet transform, and content-based image retrieval (CBIR) techniques.

This book also features many recent advancements on machine learning algo-
rithms. Chapter “Automatic Gear Sorting Using Wireless PLC Based on Computer
Vision” discusses conversion of wired PLC into wireless PLC by interfacing the
PLC with the Wi-Fi module to enable real-time surveillance and control of the
system of equipment sorting via Wi-Fi module interfacing with PLC. Chapter
“Machine Learning Feature Selection in Archery Performance” discusses machine
learning feature selection in Archery performance using Boruta algorithm, Chapter
“Skin Lesion Classification Using Deep Learning” deliberates on skin lesion
classification using deep learning, Chapter “Deep Learning-Based Paperless
Attendance Monitoring System” deals with deep learning-based paperless atten-
dance monitoring system, and Chapter “Image Analytics to Detect Cigarette in an
Image Using Deep Learning” deals with image analytics to detect cigarette in an
image using deep learning.

In the domain of antenna design and communication, Chapter “Frequency and
Pattern Reconfigurable Antenna for WLAN and WiMAX Application” proposes an
innovative bow tie frequency and pattern reconfigurable antenna for WLAN and
WiMAX applications. Chapter “Design of a Power Efficient Multiband Patch
Antenna” gives a design consideration of multiband patch antenna. Chapter “A
Frequency Reconfigurable Antenna for Sub-GHz and TV White Space Applications”
discusses a frequency reconfigurable antenna for sub-GHz and TV white space.
Chapter “Comparative Analysis of Least Squares Method and Extended Kalman
Filter for Position Estimation in GPS Receiver” provides a comparative analysis of
position estimation techniques in a GPS receiver by using the least squares
(LS) method and extended Kalman filter method (EKF). Fair scheduling
non-orthogonal random access for 5G networks is presented in Chapter “Fair
Scheduling Non-orthogonal Random Access for 5G Networks.” Chapter “An
Improved Carrier Frequency Offset Estimation Under Narrowband Interference in
OFDM Cognitive Radio” surveys various techniques to estimate carrier frequency
offset (CFO) for OFDM cognitive radio.

vi Preface



This book has also included few interesting power-related chapters. Chapter
“Trends in Energy Management System for Smart Microgrid—An Overview”
reviews several energy management systems developed based on different strategic
approaches available for microgrid on demand-side management. Chapter
“Discontinuous PWM Techniques to Eliminate Over-Charging Effects in Four-
Level Five-Phase Induction Machine Drives” presents equivalent circuit modeling
of a Li-ion battery cell and its state of charge estimation using the Kalman filter
algorithm in MATLAB Simulink. A Transition Based Odd/Full Invert (TBO/FI)
coding scheme, which focuses on crosstalk avoidance and low dynamic power
consumption in NoC links, is also discussed. Chapter “Efficient Design of Drone
Flight Control Using Delay Tolerant Algorithm” presents a study to reduce the
human error parameter in the probable causes for drone crashes.

Various social issues are also presented by authors with their technical solutions.
In Chapter “IRIS: An Application for the Visually Impaired Using Google Cloud
API,” the authors present the design considerations of a cost-effective and efficient
visual aid which proposes a smart stick (IRIS) to help the user in obstacle detection
and navigation. Chapter “Implementation of Hand Gesture Recognition System to
Aid Deaf-Dumb People” considers a time system for hand gesture recognition that
acknowledges hand gestures and then converts them into text and voice. Statistical
validity of pre-smoking and post-smoking impact on heart rate variability among
middle-age men is presented in Chapter “Statistical Validity of Presmoking and
Postsmoking Impact on Heart Rate Variability Among Middle Age Men.” Chapter
“Analysis of Chronic Joint Pain Using Soft Computing Techniques” analyzes the
chronic joint pain remedies using soft computing techniques.

A critical evaluation of each submitted chapter by at least two expert reviewers
was carried out. The authors re-submitted with all suggested alterations given by the
expert panel. The book would definitely be of immense help to passionate
researchers, students and industry persons.

Mumbai, India S. N. Merchant
Pune, India Debashis Adhikari
Pune, India Krishna Warhade
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An Algorithm for Skew Angle Estimation
and It’s Application Domain

Unnati Raju Kulkarni, Hemant Goraksh Ghuge, Revati Anand Kulkarni,
and Kirti Vasant Thakur

Abstract Angle detection and estimation is important in various fields like line
following mobile robots, document analysis, construction sites etc. There are several
methods and algorithms proposed earlier to do that. This paper represents a new
algorithm to estimate skew angle and its possible applications in different fields. In
this algorithm, angle in the preprocessed black-white image is estimated usingmatrix
traversal and slope equation from Euclidean geometry. This algorithm can measure
the angle between −90◦ and +90◦ efficiently.

Keywords Algorithm · Image processing · Skew angle estimation ·Multi-domain
application

1 Introduction

Nowadays, digital image processing [1] is flourishing in numerous domains likemed-
ical, forensics, defense, robotics, construction works, document processing, space
imaging, etc. The basic methods of digital image processing in the medical field are
image restoration and image enhancement [2]. Forensic imaging processing uses a
variety of computer techniques which involve digital filters that can suppress noise
and sharpens the image. However, in satellite interpretations, statistical methods are
applied to the digital images and after processing the various discrete surfaces are
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identified by analyzing the pixel values [3]. In robotics, image processing is used
for navigation, marker detection, angle estimation. Along with this, it can also be
used at construction sites for the accurate designing of bridges or for observing the
cracks on walls [4]. The essential steps in document analysis are skew detection and
correction. Recognition of character begins with data acquisition and ends up with a
skew correction method. Currently, there are many skew angle estimation algorithms
using image processing which requires connected component analysis and restricted
for document analysis. The purpose of this paper is to introduce a new algorithm for
skew angle estimation and it’s probable application area.

2 Literature Survey

In recent years, many research works were performed for angle estimation using
image processing techniques that can be used for line navigation [5], document
analysis [6–8], construction sites. However, there are some uncertain issues despite
that fact the technology in this field is mature. Hough transform is utilized to identify
straight lines in an image. The peak in the Hough space represents the dominant
line and its skew. The real downside of this method is that it is computationally
expensive and is very challenging to get a peak in the Hough transform when text
becomes sparse. The skew angle is the angle made with the normal or perpendicular.
Various techniques have recently been proposed for recognizing document image
skew angles. Chaudhuri and Chaudhuri [9] propose a precise technique based on
the cross-correlation of vertical image slices They exhibit their strategy on both
English and Bengali languages, however for huge regions of graphics or pictures the
methodwill fail. Themethodmost frequently utilized is the projection profilemethod
proposed by Baird [10], however, this is only reliable for skew angles within ±15◦.
Postl’s method [11] is accurate but requires computationally complex integration
involving trigonometric functions. It is not clear whether this method is insensitive to
graphics in the image. Smith [12] proposed amethod of fitting connected components
into row bins, updating the vertical shift across the image. This is again precise
but has only been tested for angles up to 26.8◦. Yu and Jain [13] have developed
a very accurate method using the Hough transform of the centroids of connected
components.

However, for the applications other than document analysis, skew angle measure-
ment techniques are not yet tested. Wei et al. [14] proposed an algorithm for Lane
detection and tracking based on hough transform. In this they controlled the slope
of lane lines in two different frames and searched for corner pixel. They claimed for
fast operation speed, high accuracy and good robustness but it cannot completely
avoid the interference of other lines in the identification.
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Thus, applications such as document analysis, navigation, bridges and home con-
struction, posture detection have an emerging area of research and recognizing which
is one of the focus of the present work. Generally, real-world situations that involve
different angle measurements is in construction work. The roof of a house has to be
at least 39◦ and at max 48◦ to anticipate downpour water, otherwise the water leaks
inside the house. Using skew angle algorithm, angle of the roof can be calculated,
also during navigation of a vision based wheeled robot the angle of a line can be
detected. Using the proposed algorithm of skew angle estimation the posture of the
human body can also be detected. This helps in medical awareness. Thus skew angle
estimation and its applications are the area of focus of this paper.

3 Algorithm

Theproposed algorithm is related to the skewangle estimation. The algorithmaccepts
only preprocessed black and white image with extracted region of interest.

Step 1: Original image acquisition.

Step 2: Preprocessing of image(extracting region of interest, converting to BW
image). The image preprocessing includes minimizing of noise in the image and
extracting the region of interest. User should perform preprocessing according to
his/her requirement.

Step 3: There are two methods for vertical and horizontal traversing of matrix of
BW image. For convenience they are labelled as method X and method Y. Here, the
transition of pixel values from 0 to 1 is observed. In method X, traversing of matrix
is row wise from left to right, whereas in method Y, traversing is from top to bottom
column wise. The Pixel location of transition is stored in matrix Itrans.

Itrans = [](row∗2) . . .methodX (1)

Itrans = [](col∗2) . . .methodY (2)

Each row of Itrans contains x and y coordinates of transition for that row or column
according to the respective method.

Step 4: If no transition is found for a row or column, by default −1 is given for x
and y coordinates.
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Step 5: Now minimum and maximum positive values of column 1 of Itrans are found
out and difference is calculated.

deltax = max(Itrans(:, 1)) − min(Itrans(:, 1)) . . .methodX (3)

deltay = max(Itrans(:, 2)) − min(Itrans(:, 2)) . . .methodY (4)

Step 6: Comparing deltax and deltay , ymin, ymax or xmin and xmax are deducted from
Itrans matrix of respective method. Points xmin, xmax, ymin and ymax represent end
points of a line.
Step 7: The slope of this line can be calculated as

m = ymax − ymin

xmax − xmin
(5)

Step 8: By using trigonometric formula for tangent of difference between two angles,

tan(θ1 − θ2) = tan(θ1) − tan(θ2)

1 − tan(θ1) ∗ tan(θ2)
(6)

slope between two lines is calculated.

Step 9: A virtual straight line is considered as a reference and the angle is calculated
w.r.t. to that line. Thus,

tan(θ1) = tan(0) = 0 (7)

Required angle,
θ2 = − tan−1(m). (8)

4 Flowchart

See Fig. 1
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Fig. 1 Flowchart for proposed skew angle estimation algorithm

5 Experimental Analysis

Proposed algorithm is tested for various applications such as line following systems,
construction area, document analysis, posture analysis, etc. Figure2 shows the images
for proposed applications on which the skew angle estimation algorithm is tested.

Figure 2a shows the scanned document image as one of the skew angle estimation
domain. Nowadays, text recognition usingOCR is beingmore popular. The proposed
algorithm can be used for detection and correction of skew angle which ultimately
leads to improve the accuracy of OCR. Figure 2b [15] depicts a person who tends to
slouch which results in improper posture. It can be harmful to the human body if it
happens repeatedly. The proposed algorithm can be used for the detection of bending
positions and it is easy to integrate with various software that can notify the person
to correct his posture.
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[15]

Fig. 2 Images for proposed applications

Figure 2c portrays minidrone environment mainly consists of the line following
including various angles for navigation of the drone from one point to another. The
line can be followed by various environments and hardware and their time complex-
ity and accuracy is based on the same. According to the survey, MATLAB has its
algorithm for detection of the angle between two intersecting lines but it lacks in
single line skew estimation. This algorithm is also can be used for vision-based path
navigation for mobile robotics.

Figure 2d shows the house having roof at a particular angle. The proposed algo-
rithm can be used in the construction domain for the roof angle measurement. This
is accurate and more time saving than current methods.

Figures 3, 4, 5 and 6 represent how the algorithm deducts respective angle. From
three images of each application, the first one is an image containing region of



An Algorithm for Skew Angle Estimation … 515

Fig. 3 Document analysis of Fig. 2a

Fig. 4 Person’s posture of Fig. 2b

Fig. 5 MiniDrone camera’s image of Fig. 2c

Fig. 6 House image of Fig. 2d
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interest, the second one is the image after preprocessing and binarization whereas
third image is the output image with required angle. Thus, this algorithm can be
successfully used for angle estimation in video processing, posture angle estimation
and skew angle estimation.

6 Conclusion

Proposed skew angle measurement algorithm is verified with suggested fields and
it satisfied the basic requirement of angle estimation. Earlier, skew angle estimation
[6–13] has been restricted to the document analysis. This paper suggest diverse
applications areas of skew angle estimation.
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Preface 

The editors are pleased to present this text to he readers on theory and praclice in 

carthquake engineering and technology. Extensive research work is conducted on 

earthquake engineering and allied areas across the world, quite nalurally becuse 

of its relevance to the life safety of people. In the present text, the authors have 

provided a broad spectrum of rescarch works carried out under several disci 

plines and sub-disciplines of earthquake engincering and technology, Irom theory to 

practice, starting from the rudiments thereof. Malsagar (2022) has initiated the 

discussion on earthquake engincering and technology by selting the lone ol the 

deliberations within this text. Under the overarching umbrella of carthquake 

engineering and technology, systemalic categorization of various disciplines and 

sub-disciplines has been made, while introducing them, some ongoing rescarch 

works have also been presented in this opening chapter. The subsequent chapters 

cover several aspects of geology, seismo-tectonics, regional seismology, geotech 

nical earthquake engineering, soil-structure interaction, structural cngineering and 

dynamic response control of structures. 
Application of site response studies in seismic hazard microzonation and ground 

characterization has been presented by Shukla (2022) in the next chapter. In engi 

neering seismology, site response study helps in modeling the effects of the near 

surface layers of soil on earthquake ground motions, which is an important require 

ment in seismic hazard microzonation, Ground response studies carried out world 

over have been reviewed herein, and the discussion is then made in the Indian conlext. 

Ravi-Kiran and Jakka (2022) have presented seismic design of shallow founda 

tions giving the conceptual principles and design methodologies. They have as well 
deliberated on the current Indian practices, in the framework of codes. Found:ation 

design for structures that are resilient under seismic activities poses several chal 

lenges to a geotechnical earthquake engineer owing to the complexities involved 

in the dynamic soil-structure interaction (SSI) problems, A geotechnical engineer is 

required to design foundation addressing all such complexities and yet provide design 
adequately safe under the anticipated forces. Such design procedure lor shallow 
foundations, in particular, has been dealt with in this chapter. 



Duing an cuthquake evet, mlwel ue My colde witlh exdt he, 
mpa loces in tbe sbual which in cnlled einle poundbng, yenevatnp hiplh 

nenbers, Such ncisnie nduced pdDg of alucuen md itn mitiyation tugh 
NOIC COMewting linka huve becn propned by Dey ilohud Aviral Kumn t202) 
The uutboN buve eommendcd lo velook lie eunenl povnons o mtaw! 
nlequate gap Ihetwecn nljwet buildlingv mnl bukdge girnker in ondes le pne lude 
onibility of Ncisnie pounding, clue eomevting links in tle lownoemyy alubing 
lumpers huve bee rCcommended. 

Soll Suucture Interctleon (SSDplayN iteeial role in evaluatig ncbsnie enye 
of struetutCN, whielh cunnot b overkooked, cnpeciully when the wntelyinp oil i 
llexible. The intlucce of the nonlincar SSI on yielkding of pile cnbedded in sratiiedl 
Noil hus been diveusNCd in detuil by Blatachurjee ad Botbakur (2022), stmlin! 
yicld moment of a pile cibcdded in Nratilied oil by conducting tic pusbaVer 
umalysis bus been shown in thiv chupter by odelmg the pile-woil nystem in e pen 
Nouree sinmulation tool, OpcnSecN, 

When soil loses its sheur srength under the carthquake induced dynamic ci 

lution duc to incrcascd porc waler prCNNure Noil liqucfiction is CoDsiderel to bave 

occurred. Sulyam und Priyadarsini (2022) have littingly discused developuient of 

liquclaetion susceptibility maps lor Vishakbupatnam City in India bat would he 

Usclul in the inlrastructure devclopment projects in future. The hazard maps dvel 

oped based on the liquelaction severity nd potetial indexCN are projected to hclp 

Nolving engineering problems in the consicdered study arca. 
Several eurthquake response nodification andconrol techniques and devices lave 

been invented of late. One among such dynamic response control nethods is scinic 

buse isolation of slructures, Base isolation systems are also proven elleeliv: Ior 

scismic response control ofmasonry dome (Kakacde ct al., 2022), The autheoT% have 

dequately shown the eflectiveness of the base isolation system cmployed indyn1mic 

response control of masonry dome when subjccted to carthquake basw cxcilalion. 

Especially, devclopment of tensile stressCs in the masonry dome has hown to be 

reduced acdvantageously. 
With new developnents in knowledge and knowhow, rapid changes are being 

made in the codes and standards. Such changes mandate reassessInent of sruc 

Iures on new scale, parameters, or norms, and subsequently adopting imeasurCs to 

make them code compliant. Sarmah et al. (2022) have presented a method for vapid 

retrofiting of reinforced concrete (RC) columns using iron-based shape menory 
alloy, Fe-SMA lo achieve enhanced seismic performance. This new technique lielps 

in seismic retrofitting of RC columns by winding of thermally prestressed and actively 
Controlled, Fe-SMA strips around the columns. 

Considerable research contributions have been made at thc Indian Instituic of 

Technology (IIT) Roorkee in developing earthquake early warning system. Rclevance 
of carthquake carly warning system in India has been deliberated by Ashok Kumar 

et al. (2022), especially emphasizing the need for addressing the blind zone rgíon 
within 100 km radius from the epicenter. Nonetheless, rescarch efforts arc further 
required lo be taken in making the earthquake early warning system nore relable 
and advancing/increasing the time for making the prediction, cven in the ncar source 
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regions. Artilicial Intelligence (A). Macline IBn (MI), Derpleiny ( 
and Neural Network (NN) techniques are lindinp tbeir eOS ppli tiosth 
earthquake carly waming system o Ihis elleet, ller such a pilot pojet bs wen 
completed at IlT Roorkee. 

Local authorities require guidance on cly planiny, earthuuake ik ngam 
and response actions taken alter ocurreNce of an enrthquake, Alles a M 

of unfortunate earthquake estimating the loxs ineured is abo tequired whh is 
daunting task. How to carry out such estimation of losses us been preente hy 
Meslem et al. (2022), who have laken an example o) cartbquake loss nfopn 
system developed for the North-Eastern City of Guwahati, Capital ofAam inl dia. 

The procedure laid down in this chapler can suitably be applied for acity beeiftes 
occurrences of carthquake. 

e 

Occurrence of earthquakes is unpredictable in terns of tie and ntens in 
different regions. However, for important mega-projects, such as river valley projs, 
estimation of probable intensity of' carthquakes at the proposcd site or lecaly n i 

quite essential. To this effect, a Probabilistic Seismic Hazard Analysis (PSHA, fin 

hydropower project sites in the Himalayan Region has bcen carried out and preu nted 

by Srivastav and Satyam (2022) in their chapter. With an aim to quantity the rale of 

exceeding certain specified earthquake ground motion level at a specific projet ite, 

the PSHA technique has been employed for threc chosen hydropower project ites 

located in Uttarakhand, Himachal Pradesh, and Janmu and Kashnír in India, vhich 

will be helpful in generating a site-specific seismic haard map. 
In heavy industries and structures, the structure-equipment-piping interaC iofiS 

are important considerations under the earthquake excitatíon (Reddy. 2022), lail 

ures are likely to occur not only in the parent (host) structure but alo cith:r in 

equipment or in the piping systems, which sometimes are categorized as lif:line 

structures. The forces inducèd in the structure, equipment, and piping depend ipon 

how they are interacting with each other. It is notable that such dynarnic interacionS 

vary largely based on whether the secondary structures are acceleration- sen tive 

or displacement-sensitive. Thereby, seismic designs of the primary and secor dary 

structures are greatly influenced by the structure-equipment-piping interactior9, as 

discussed in this chapter. 
Advanced seismic design approaches are being adopted in modern design 

codes and standards. In this context, the Performance-Based Seismic IDesign 

(PBSD) of Reinforced Concrete (RC) structures discussed by Gwalaní and Singh 

(2022) becomes highly relevant. In the near future, the Bureau of Indian Standards 

(BIS) is anticipated to publish standard guidelines on the PBSD of code-compliant 
reinforced concrete buildings. Hence, this chapter, describing the concept of the 
PBSD and how to apply it in earthquake-resistant design of buildings, appr pri 
ately illustrating the Nonlinear Static Analysis (NSA) and Nonlinear Time Hi tory 
Analysis (NLTHA) methods, is very timely and useful to the structural designers. 

Borah et al. (2022) have carried out a comparative analysis of the Stardard 
Spectral Ratio (SSR) and Horizontal to Vertical Spectral Ratio (HVSR) methods 
for site response analysis. They have concluded that the SSR method provices a 

more accurate and conservative estimate of site amplification response as comy ared 
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he HVSR, which therefore can suitably be adopted for the seismically active 

North-Eastern Regions in India. 

It is indeed pleasing to see that a wide variety of topics have been dealt with in 

these chapters of the book. We feel that these contributed chapters in this book have 

elaboratively highlighted tenets of theory and practice in earthquake engineering and 

technology aptly. Therefore, we believe that the latest developments in earthquake 

engineering and allied disciplines presented through these 14 chapters will prove to 

be highly informative to the readers and pave ways for further research. 

Guwahati, India 
Mangalore, India 
Roorkee, India 
Hauz Khas, India 

T.G. Sitharam 

Sreevalsa Kolathayar 
Ravi S. Jakka 

Vasant Matsagar 
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(a) Schematic diagram (b) Actual set up
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