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Abstruct: A novel design approac'h has been proposed to evaluate the cletectiott ubility of'a target using poll.-
Semuntic scqucttL'es (PSS) itt lhe prcsent'e d.high udtlitivc ttoi.sc. Thc PSSare optimizcd b.t,entployirtg Hantming
Buc'klrack ulgorithm tr"ith figure of nterit us thc meu.sure of goodncss. The.sinulatiott result.s shov, lhot thc
proposetl sequence.s gi'e intprovetl xtbustness ol noise lbr target detet'tiott.
Kel,wordtt Hamnting Bocktrack Algorithnt, Polt'-Scmantic Scqucnt'es, Optimul Binar ,- C'oclcs.
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I. Introduction
The notion of poly-alphabetic radar [],[2] introduced earlier based on simultaneous multiple

interpretations of pre-designed returned waveform, results into improved detection performance of binary pulse
conrpression radar at the affordable cost of an additional signal processing. In fact, the central idea of poly-
alphabetic radar signal is poly-semanticism, which was achieved through poly-alphabetism. In the earlier work
based on mono-alphabetic poly-semanticism [3], the problem of optimal target detection was discussed in the
context of single target in noise free environment. In our approach, Optirnal Binary Codes (OBC) and randomly
generated mono-alphabetic codes are considered to generate poly-semantic sequences of larger lengths up to
5100. The receiver system is designed by considering single target with noisy environment. The quantitative
measures; Discrimination (D) and Figure of rnerit (F) suggested by Moharir [4],[5] for binary sequences are
used to evaluate the detection perforrnance of the poly-semantic codes. The transmitted binary sequence is
optimized by employing poly-semantic Hamnring backtlack scan algorithm such that each of the poly-semantic
interpretations lead to maximum discrimination or figure of merit. The generation of poly-semantic sequences
and radar signal processor for application in high resolution radar target detection is discussed in sec II. The rest
of this paper is organized as follows. Calculations of figure of merit are presented in section III. In sections IV
and V, we present the noise and detection performances of poly-semantic sequences to obtain noise rejection
with respect to figure of merit in the application of high resolution radar. Conclusions are made in section VL

II. Poly-Semantic Radar Signal Processor
The generation of poly-semantic sequences is completed in two steps: first one using restricted

(selective) Hamming backtrack scan for interspersed binary sequences and the second, using a complete
Hamming backtrack scan for poly-semantic sequences with figure of merit as joint objective function. The block
schematic diagram of poly-semantic radar signal processor at the transrnitter is shown in Fig.l(a).

First Step in the Signal Design
Consider, optimal binary codes or randomly generated binary codes of lerrgth N. given by

S1 : A: [a;]
B: [bi]

and C = [c;]

(l)
(2)
(3)

(4)
(s)

where i- 0, I ,2,3, .... N-1.
The elernents ofthese sequenccs are drarvn from alphabct {-1, +l [.

The sequence S1 is rnutated using llanrnring backtrack algorithm to get optimum figure of merit. The
scqrlences 52 of length 2N ancl S.r of lcngth 3N at'e generatcd by interleaving thc elements of S1 & B, and 52 & C
respectively as shown in F-ig. l(a). Therefore

S1- [a; b; ]
and 53 : [a1 b; c; ]
where i= 0, I ,2,3. ..., N-1.

A selective Hamming backtracking algorithm [6] is applied on the sequences 52 and 51, so that the
Iigure of rneril ol thc output sequcncc is optimized. This algorithm perlorms mutations only on the embedded
elenrents, i.e.,b1,.br, b2, b.r... of the secluence S:, and c11.c1, cr, c.r... of the sequence S-r, without disturbing thc
other elements.

DOI: I 0.9790 12834- 1204050 105 www. iosrjournals.org I I Page



lOSR .lotrrnctl of l:.lec'tronics and ('ommunic'ution l:.nginaating (lO.SR-./1..('l-.)

e-lSsi\'. 2278-283J,p- /SS\. 2178-8735 1'olume 13, l.ssue 2, I'er ll (\lur. -.1pt'.20181, PP 6l-61
wtt vt. i osrj our nal s. o rg

Design Of High Speed Data Transmission Systems Using
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Abstract: ('ooperative Dit,ersit.v t('l)) is u rnetlnd in whitlt dil/erent todio tertrtinuls deliver b euch olher.for

multiple users and increases lhe amounl ol dolu potkets. lb derelop thc rohustness in ul hoc net\'ot ks, the ( l)-
M.4C algorithm is introduced in the phvsical later.'l'he l,,llll(.) tct'hniquesetrds Ltnd re(eircs tltesume dottr
.signul simrrllunt'otrsl.r'on u,single nrdio chunnt'l Ol"l)M i.s ct /iequcnc'1,-division multiplering scheme u.sed to
reduce the inl?r/brence. The.lLOH.4 in cooperative tliversil.y has the clratboc'k o-/ lov throughput under heavlr'
lotrd corulilions qnd collision. ll sends lhe messuges ury linte lhe.t, u,urtt. Inlroclutlion o./ Slotted .1l,OII.4 Ilu/[er

uchievittg thc high tltunnel utili:ulion tt illt le.s.s itltL'rlerenL?. Queuing i.s u.secl lo increuse thc t'overuge
optirni:ulion. The W ireless ('hannel's broudbancl clruroclerislits inpxtve the .ll.OllA neht,ork prutotrtl
perfbrnance.
Keywords: ('ooperative diversitl , (-hunnel cuput'it1,7'hroughptrl. Otrtoge probuhilit.t.
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L lntroduction
1-o delclop thc rohustness in acl hoc netrvorks. thc ('l)-l\{A('algolithrn is intloduccd in thc phrsical

larer. [)islrihuted spacc-tinre/tiequencr cocling schemc is intloduced lor inrploring. thc SNR. l-hc end to cntl
BIR is decreased hr considcring two pouer allocatiun stratcgics bctwee n sortrccs to rclu1. lo dcrclop the
rubustncss in ad hoc nctr'"rrrks. thc Ct)-MAL'algorithnr is introduccd in thc phrsical larcr.'l'he etlicicncy and
credihilitl ol'the cognitivc s1'stcrn rvill bc irnplorcd bv irrtrodrlcing thc spcctlunr. rrhich uill harc thc distinctiorr
ol lindirrg wrons attd nrisscd issues. Slot(cd Al.Oll,,\ uith buller lirr tlclire rirrg llrc tluta Pae kels lionr orrc placc
to anothcr placc as ircll as retransntits thc ticgradcd packcts liorn thc transrnissiorr. -l 

hc coalcsccnec ol Slottcd
ALOIIA (S-.{l.OtlA) and hul'ter rs inr;rlcntcntcd lirr dclircring data packcts liorn onc placc to arrother. lhc
conrbirraliun ol Slottcd At.OllA (S-Al.OH.A) and bLrller is inrplemente d lirr dclircring data packets fionr one
place to iinother. 

.l'his 
protocol is cxpected to improre the throughput" rrininrize the outagc probatrilitl and delay

lirr cllectirc transrnission fiorn sourcc to dr:stinations. It provides thc sirnultancous data transrnission ol'data ltrr
nrultiple users. l hc cncl-to-end SI:R probatrilit\ is enlranccd. wlrcn thc Srvitched Sclection ('onrhirring enrplored
uith the MPSK.'l'o achicle the lrest SNR^ the conrbination ol the ucighirrg rc'r,'tor irnd ]VIR( techniquc is

cnrployed. Synrbol F-rror I'rohabilit) (SEI') is conrputr'cl and thcn thc dircrsitl order is carlied out lirr
dcvcloping the contldcntial capacitl ol'thc nctuork. ,A rlultiplicr and lirrs'ard [\\'o \\'a\ rnulti-re lal s1 slcur is
tused lirr achicr ing ths SNII and its l)rohahililr [)cnsitr I Lrne tiorr (l'l)l:) lirr cae h transnrissiorr nodc.
I)crlirt'nrattcc and reliabilitl ol'thc cognitire s\stcnr arc inrprorcd hr introducing thc spe0trunt scnsirrg a prohlcnr
rvith dirersity'in detccting the talse and nrissed probabilities. In Mll\1O" thc co-()l)crirti\c eonrnunrerLi()n is

applied fbr enltancing tltc coverage and slstent capacitl ol nirclcss environnrents and its pcrlbrnrance dcpcnds
on a nutnber ol-intcrrnediate nodes. lt is applicablc onlv u'hen the channel eslinration crror cxisls.'l'he (iBN-
ARQ;rlotocols are analtzed bv the queuing rnodcl and it estinrates queue length as wcll as delay statistics.
(;llN-ARQ is arr crror recoverv protocol. Data alicr thc dclal'range is useless.'l'he cxisting algorithnrs have
sonts cutrstraittts such as high delal arrd lou throughput In ordcr t() overc()titc thcse prohlcnrs. thc Slotted
AIOll,\ tlullcr ( l) (S-^l.OIlA-ll( l)) nrc(h()d is itrtrodLtectl. lhc S-,Al.OllA-[]( [) rrre thtrd usc(l to inrpr{)\c thc
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IJsing Satellite Imoge, Recogntze and detect the
vehicles in Digital Image Processing by applying

Otsu Threshold Method

Mohd Ashraf, Md. Zair llussain

.4bstra<lt digi.tal i.nmge processing (DIP) is ltttou,n rts a proc(ss
u,hi<:h u"sers sevttuil. contputar ulgorithns. Iutoge processirtg is tlone on
digital inutSle,s by u,;itg lhese algorithtn.s. Digitul intagr' pn,<,,ssing is

tts irr.g i.n s et,e r u l a p p li.<' ut iuts. lik c intu g c -s h u r p e n in.g, n r e d i <: o l. p u t t c r n

reorguniirtliott. t'olor proccs.sitrg, rtntttlt.r("rrirrg, r,idttt processi.ng
et<:. I'hc tra./li<: data is ullected lty,sutel.lita intuge.s ohjt:tt orit:n.ted
tletedion uptr;rooclt and satellile resoltttion.. ..1s cornJtarcd n,ith tha
c:tntenliutol datu gdheri.ng tpprouch n,hen dato i.s gothering fremr
sotelli.te i.nruges then it run. bc process ntore qui.cklS, and e.lficienlly.
The re.seur<:h worhs i.s dorrcfor delccli.ng ond rcc'ogrti.ie the yehk:le in
salellite i.nruges. The thrcshold lec:hni4ue thut usin.g itr. thi:; rcseurc:h is
Ol.vt nrethod. T'hc uluin objectit'e for thi-s upproach lo .fi.nd u nrore
irnproved und ef/'eoi.ve opprouch to detad the vchk:lts in ltt.s.s titrrt,.

Inrlex 'l'enns: digital inutgc pnrcessirtg: sutellite: vehicle:
threshol.d, ot.srt.

I. INTRODUCTION
'lhc cletcction ol'r'el.ricles tiom tlre irnages tirkern liruu satcllitc is

ar-r etlicielt method lirr rc,cognizinq the rchtelcs. IJei:uLtsc thc

r,ehrclcs il[c] reo()Efl'lr/otl tirnr-r hrgh rcsolLrtion sate llitc rrrragcs
'J.hcre is muoh scope lbr dcverlqring an ilocLlratc tiamr: nrrrk ir.r

the field ot'r.chiclc detection thrttrgh satellitc, irnagc bccaLrsc

1000/o acoLrratc :ivstclr design is \,err tough task I t]
Vehiclc tlr:tt'ctiott untl reutrgrtitirrrt strltcp) ()\crsecs rc\luL'stin!r

reh'icle into a particular class or eathenng s hcrrc lrliclc
rccognition approach bu.rcling a spcurlic ichiclc trl' nccd in
rnoving vidco or aclr'ancecl nroc'lcrnizcd pictLrrcs. Iircnlhing or

artiolc class has its otln particLrlar-l'cittLtres r"lcprot thcntscli os ancl

separatc thcur liorr tlic othcrs. alortg thcsc lines rt uun rc.:our.rizc

tl-rc icicntioal or rclatir.e articles iu tarious pir;tr-rrcs or ohronir;lcs.
'fherc are nuurcrous application arc exist rn rifiich articlc
acklorvledgnient ancl discovcn' is ot'rrrncctcd sonte o1'thcrn arc

comprllorizod vehrolc leavinq fianieu'orks. pioturc rco()\ cn .

sccttntr'. mzrchinc rcr ic$. oltscrvatron and 5\) \,n tt(]nr

aoknonletlgtnent recogrtition strll o()ltoent ltrultor()Lls ('nticul
troubles. ()nc princrple issuc is atrorrt poscr nith rcspcr:t to

assorhrcnt in scalc. non-inllexiblc, nrisshaPenings- rnrlginrr
conclitrons ar-rd persl-rcotivc:. l'inormous scalc picturr' r('c()\cr\ is

iinother present issuc in this t'ierld Sincc thcrc shoulcl scalc up trr

thousancls thu.rg classcs ancl cor-urtless picturcs l2l
In tl-re rmagc ficld artiolc arc containccl and it i'crl l c]l nral bc

perceivcd rtonnallr'. Wc r-:au rcalizc this as rtcnr location and this

is thc scrior-rs issuc ar.rd undcrtaking in thc PC ilcld todar'

IL rur\.r).\\flINT',\t. ot,' I\tAGti pR(x'IssrN(;

In earlv 1920 rn a paper industrl irragc proocssiug n,as lirst

l'. . . I \ 1...". rl . -r jrrl, :, :. i.,
\'krhtl .\shlaf,r..\ssociatc l\'ollssor'. CSL. School of"l'cclutologr'" \ llulanir

,\zatl Natronal Llrdu llniversilr. l{vderabad
NId. Tair Hussain, Associate Prolissor'" Inli>rnralion -l'echrrolngv.School 

o1'
-fechnologr,. \fu ulana Azacl Natior, al I trdu [.llir,crsih'. Ilvdcrahad

l'rlcrscntctl iiir subuiulinc link nrrirc tiic 1-rictLrrc scrc coclccl ancl

at 1he acccpting point br l transrrrt prntcr IrlctLu u \\ ls
inrilatcti. 'lherc hacl been ir-trprovcu'rcnls iu tht-r srstcnr in thc

ruritl to latc I92()s. inragc Proccssing uas Lrscci to improrc lhc
phot()s ol' thc nioon tukern lrr thc llungcr 7 sn;111' ti 11 i11

1 96,1 SLrch slstcms \\ Llre uscrl in thc othcr spire c rlrl\srr\ns

l"n()rc()\'cr. l)ietLLrc hartdltng srstcnt Lrtrlized in thc rrst\)r'iltl\c
tlclcl in l!)7()s. Allan M Corrnack and (iodtierv N. IkrLurstield

oon-utionll got I'hc Nobcl I)nzc lirr thc Prolluctron ol'l)C hclPctl

tturographv n l()79. Prcscntlr ir-r norrarials proturc Ilandliug is

gcttillg progrcrssivch t'ttorc tltottght bccaltsc ol'tl.ier uceutttuuttot.t

()n t\\() liLndanrcntal lrcas l3l
I . 1o tnanage image anc'l lror sclf'dccisir'rn obsr'rr utirrn

2. in thc rnragc clata lirr hr-unau cnhanccnrcr-rt ar-rcl lnallsrs

Analorr and tiigital i11)iruc Irr,,:c'snr! rr e t\\ () tvpe \ ol'tlieital
intagc ploccssinu

lhu irragc |rriccssu'lp iu rihich siniplcr or |rintcd oo1'rics urc

fcililrrcd liir ltttnllrn sLtner thcn antrlirg ttragc l)r()(L\srr! ts

rctlLrirctl. I)r'intoLrt antl |lrotos arc thc cranr|)e'ot-iuulou rnrlrgc

pnrocssinu.

In cligital irragc proccssing hancllrng lrr utilizing l)C or sonrc

othcr gaduerts contrtils thc inragc in eligitrzed rvar. I)rintarih
therc it.tcoryroratc thrci: strrgcs tr uorryutet izccl intage

processinu | 3 I I hc stagcs arc appcarctl rn ligurc l.

. I rrrr -lerel ilnlr,..!.e pli,..'*.j11.

. Mi,l-lerel irtrirgc P1,,.1'55111!

. Higlr-lcr cl itnlt!.e |r,ruc..itr.

I ar! 1rl*t llir, lr\ fl
Pr *rrru lrrr.rl

IrrgLrrc I phuscrs ot'I)rgital Irnage lr\roessrng

ll,s$ ,.r (l

'l he hasic arr;lrtccLrrc ol'drgital ir-nage procesrlg is s}xlr n in
ligLuc 2.
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a b s t r a c t

The scaled boundary finite element method (SBFEM) is an attractive approach for modelling unbounded
media because it offers the advantages of both the finite element method (FEM) and the boundary
element method (BEM) avoiding their respective drawbacks. Unfortunately, being a rigorous method,
the SBFEM exhibits non-locality in both time and space, which results in significant numerical effort,
especially for large problems with many degrees of freedom and a long simulation time. In order to
improve the performance of this method, two different approximation techniques – one in time and
one in space have been combined and implemented in the present work. A three-dimensional embedded
footing problem was solved for the dynamic load, including a chirp load and a sinusoidal load. The
combination of the two approximation techniques implemented in the time domain-coupled
FEM–SBFEM approach for 3D analysis leads to significant reduction in computational time and storage
requirements with insignificant loss in accuracy. The computational time required for the approximation
techniques was found to be only 5% of that required using the conventional method, whereas the loss in
accuracy was found to be less than 5%. Further, numerical problems for the externally applied dynamic
load as well as the seismic load demonstrate the applicability of the coupled FEM–SBFEM approach for
modelling dynamic soil–structure interaction (SSI) problems.

� 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Efficient yet accurate modelling of the unbounded soil medium
has been of long-standing interest in the research addressing
dynamic soil–structure interaction (SSI) problems. In the substruc-
ture method of dynamic SSI analysis, rigorous modelling of the
unbounded domain is performed. Some of the established rigorous
procedures used in the substructure method of analysis are the
boundary element method (BEM) [1], the thin layer method [2],
the exact non-reflecting boundary conditions [3], the consistent
infinitesimal finite element cell method (CIFECM) [4] and the
scaled boundary finite element method (SBFEM) [5]. Although
the BEM satisfies the radiation condition exactly while dealing
with unbounded domain problems, its application to practical
problems is limited because the complexity of the fundamental
solution satisfying the integral equation of motion increases
dramatically while addressing certain types of problems, e.g.,
problems with anisotropic materials. The thin layer method is

applicable only for horizontally layered media resting on a rigid
rock base. Similar to the BEM, the exact non-reflecting boundary
conditions for unbounded domains demand exact solutions and
hence are limited to problems with simple geometry and material
properties. Combined models based on coupling of the finite
element method (FEM) with different approaches, such as the
FEM–BEM [6–8], the FEM–CIFECM [9,10], the FEM–SBFEM
[11,12], and the FEM–BEM–SBFEM [13], have also been proposed.

The SBFEM combines the advantages of both the FEM and the
BEM, avoiding their respective drawbacks [5]. It satisfies the radia-
tion condition exactly and is based entirely on finite elements but
with a discretization on the boundary only, thus reducing the spa-
tial dimension by one. No fundamental solutions are required
while implementing the SBFEM, and hence, it is suitable for prob-
lems with anisotropic material properties. The SBFEM has been
used for problems such as elasto-statics and elasto-dynamics
[5,14], fluid flow problems [15], fracture mechanics [16], and
geomechanics [17]. Recently, the SBFEM has gained popularity as
a tool, especially for SSI problems in unbounded domains
[13,18,19].

The major drawback of the SBFEM is the tremendous demand
that it exerts on the computational time and storage requirements.

http://dx.doi.org/10.1016/j.compgeo.2015.03.010
0266-352X/� 2015 Elsevier Ltd. All rights reserved.
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Verification of Implementation of HiSS Soil Model
in the Coupled FEM–SBFEM SSI Analysis

B. K. Maheshwari, M.ASCE1; and N. M. Syed2

Abstract: The scaled boundary FEM (SBFEM) has become an attractive alternative to traditional rigorous methods available for modeling the
unbounded media for soil–structure interaction (SSI) analysis using the substructure method. Most of the coupled FEM–SBFEM schemes
available in the literature are only for the linear-elastic SSI analysis. Very few studies have considered the nonlinearity in the near-field, and most
of them have adopted elastic-perfectly plasticmodels to simulate the nonlinearity. In the present study, an advanced plasticity-basedmodel known
as hierarchical single surface (HiSS)-δ0, which is based on isotropic hardening and associated response, has been implemented in the coupled
FEM–SBFEM scheme in the time domain. The HiSS model provides a general formulation for the elastoplastic characterization of the material
behavior. Problems from the literature have been solved using the presently developed code, and the results have been verified, thus validating the
developed code. DOI: 10.1061/(ASCE)GM.1943-5622.0000511. © 2015 American Society of Civil Engineers.

Author keywords: Nonlinear soil–structure interaction; Radiation condition; FEM–SBFEM; HiSS model.

Introduction

The scaled boundary FEM (SBFEM) developed by Song and Wolf
(1997) has been applied to many problems in engineering, including
soil–structure interaction (SSI) analysis. The SBFEM offers the
advantages of both the FEM and the boundary element method
(BEM), evading their respective drawbacks, and hence, is an
attractive alternative to other rigorous methods available for
modeling the unbounded media for the SSI analysis (Wolf 2003).
Combined models using the coupling of different approaches, such as
the FEM–BEM (von Estroff and Prabucki 1990; von Estroff and
Firuziaan 2000), the FEM-consistent infinitesimal finite-element cell
method (CIFECM) (Emani and Maheshwari 2009; Maheshwari and
Emani 2015), the FEM–SBFEM (Wolf and Song 2000; Bazyar and
Song 2006; Syed and Maheshwari 2014a), the FEM–BEM–SBFEM
(Genes and Kocak 2005), etc., have also been proposed.

In the FEM–SBFEM coupling, using the substructure method of
SSI analysis, modeling of the bounded domain is performed by the
FEM, whereas the behavior of the far-field is simulated by the
SBFEM. Most of the coupled FEM–SBFEM schemes developed for
the SSI analysis until now included only linear-elastic behavior, and
very few studies have considered material nonlinearity in the near-
field. Doherty and Deeks (2005) proposed an adaptive FEM–

SBFEM coupling for a nonlinear near-field. In this technique, an
additional layer of finite elements in the far-field region are added to
the existing mesh of the near-field, if the Gauss point in the outer
band of finite elements is yielded and the SBFE domain is stepped
out accordingly. They adopted an ideal elastic–plastic Tresca model
to simulate the material nonlinearity. Bransch and Lehmann (2011)
used the nonlinear Hilber–Hughes–Taylor–alpha method (Hilber
et al. 1977) with full Newton–Raphson iteration within the

framework of the coupled FEM–SBFEM approach. They used the
elastic–plastic cap model given by DiMaggio and Sandler (1971) to
capture the nonlinearity in the near-field. Although the cap model
has been used in the characterization of materials that exhibit
continuous yielding, it suffers certain limitations in handling a
number of important attributes of the behavior of materials (Desai
2001). Ooi et al. (2014) developed a scaled-boundary polygon
formulation using polygon shape functions to model the nonlinear
material responses in structures. However, they also used elastic-
perfectly plastic nonlinearity using Tresca and von Mises yield
criteria to simulate material nonlinearity.

In this paper, a more advanced plasticity-based model, known as
the hierarchical single-surface (HiSS) plasticity model (Desai 2001),
has been used to model the material nonlinearity in the near-field.
HiSS models provide a general formulation for the elastoplastic
characterization of the material behavior. They provide hierarchical
adoption of models of increasing sophistication, say, linear elastic to
nonassociated elastoplastic to elastoplastic with softening. Although
HiSS is an advancedmodel, implementing it in a FEMcode is simpler
compared with other plasticity-based models, such as the cap model.

In this paper, the basic and simplest version of the HiSS models,
the HiSS-δ0, which allows for isotropic hardening and associated
response, has been used in the dynamic SSI analysis carried out
using the coupled FEM–SBFEM approach. The work presented in
this paper is an extension of Syed and Maheshwari (2014b), where
the verification shown for the nonlinear soil model was very limited.

Governing Equations and Numerical Solutions

The basic equations of motion in time domain of the unbounded
medium–structure interaction for the prescribed dynamic loads as
well as externally applied transient loading are given by (Wolf 1988)
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Non-linear SSI analysis in time domain using coupled FEM–SBFEM
for a soil–pile system

N. M. SYED� and B. K. MAHESHWARI†

The scaled boundary finite-element method (SBFEM) coupled with the finite-element method (FEM)
is increasingly being employed to study soil–structure interaction (SSI) problems. However, most of the
coupled FEM–SBFEMmodels for dynamic SSI analysis include only linear behaviour of the soil in the
near field. In the present work, a coupled FEM–SBFEM scheme is presented in the time domain for
non-linear dynamic SSI analysis. An advanced plasticity-based model, namely the hierarchical single-
surface (HiSS)-δ0, is incorporated to simulate soil non-linearity. A three-dimensional single pile–soil
system is solved for externally applied dynamic load as well as ground excitation. A parametric study is
done to gain insight into the effects of soil stiffness and intensity of loading on the non-linear response
of a single pile–soil system by calculating its dynamic impedances and kinematic interaction factors.
Also, the displacement response at the pile head due to the El Centro earthquake is calculated for linear
and non-linear cases.

KEYWORDS: numerical modelling; plasticity; soil/structure interaction

INTRODUCTION
The scaled boundary finite-element method (SBFEM),
developed by Wolf & Song (2000) and Song & Wolf (2000)
is being increasingly employed for modelling the unbounded
domain in dynamic soil–structure interaction (SSI) problems
(Zhang et al., 1999; Bazyar & Song, 2006; Wegner et al.,
2009; Seiphoori et al., 2011; Syed &Maheshwari, 2014). The
SBFEM combines the advantages of both the finite-element
method (FEM) and the boundary-element method (BEM),
evading their respective drawbacks (Wolf, 2003).

Ekevid & Wiberg (2002) employed a hybrid FEM–
SBFEM scheme to study the dynamic response of a railroad.
Borsutzky & Lehmann (2006) analysed the damage risk of
buried lifelines considering the seismic wave propagation
effects. Lin et al. (2007) carried out dynamic analysis of a
dam–reservoir–foundation system employing the SBFEM
for modelling of an unbounded medium. Seiphoori et al.
(2011) carried out three-dimensional non-linear earthquake
analysis of rockfill dams. They restricted the non-linearity
in the rockfill material of the dam, whereas the
unbounded medium was modelled using the SBFEM. Liu
et al. (2012) carried out a dynamic response analysis of a
two-dimensional dam–foundation–reservoir system in the
frequency domain. Lo et al. (2012) adopted the coupled
FEM–SBFEM approach to study the ground vibrations due
to a pile-driving process into layered ground. Yaseri et al.
(2014) employed the coupled FEM–SBFEM approach to
study the effect of speed of an underground train on the
ground response.

Most of the coupled FEM–SBFEM models for dynamic
SSI analysis include only linear behaviour of the soil in the
near field. However, Doherty & Deeks (2005) applied

adaptive coupling of the FEM–SBFEM interface consider-
ing non-linearity in the near field. Bransch & Lehmann
(2011) used the non-linear Hilber–Hughes–Taylor-α algor-
ithm with full Newton–Raphson iteration within the frame-
work of the coupled FEM–SBFEM approach to study a
non-linear SSI problem. In all of the above works, non-
linearity was restricted to the near field and the far field,
which was modelled using the SBFEM, was assumed to
behave linearly. Lin & Liao (2011) combined the traditional
SBFEM with the homotopy analysis method (HAM)
extending the conventional SBFEM to non-linear differen-
tial equations, thus enabling modelling of the far field with a
non-linear material as well.
Doherty & Deeks (2005) in their study modelled the near

field with an ideal elastic–plastic Tresca material, whereas
Bransch & Lehmann (2011) employed the elastic–plastic cap
model given by DiMaggio & Sandler (1971). Although the
cap model has been used in the characterisation of materials
that exhibit continuous yielding, they suffer certain limit-
ations in handling a number of important attributes of the
behaviour of materials, such as the non-associative response
of many frictional materials (Desai, 2001). The hierarchical
single-surface (HiSS) plasticity models provide a general
formulation for the elastoplastic characterisation of material
behaviour. They provide hierarchical adoption of models of
increasing sophistication, say, linear elastic to non-associated
elastoplastic to elastoplastic with softening. In the present
work, the basic and simplest version of the HiSS models, the
HiSS-δ0 model, which allows for isotropic hardening and
associated response, has been used to model the soil in the
near-field region.
Syed & Maheshwari (2014) have presented modelling of

seismic SSI using coupled FEM–SBFEM. Syed &
Maheshwari (2015) reported the computational efficiency
for the algorithm developed using the coupled FEM–
SBFEM approach. Maheshwari & Emani (2015) employed
the FE–CIFECM (finite element–consistent infinitesimal
finite-element cell method) for modelling unbounded
domain and the HiSS soil model to demonstrate the effect
of material non-linearity of the soil. Recently, Maheshwari &
Syed (2016) verified the implementation of the HiSS soil
model in coupled FEM–SBFEM analysis.
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ABSTRACT The aim of this study is to find out the sustainability scenario of solid waste management with respect to the rising 
population in the city of Hyderabad. The use of Geographical Information System (GIS) in classifying the city into 

sustainability classes based on the grouping of different circles and municipal wards based on the per capita waste generated by each. It is 
generally found out that a bigger percentage of the municipal wards are low in sustainable waste management. A considerably significant 
number of the wards were rated ‘very good’ in sustainable waste management. By this a proper and sustainable waste management can be 
achieved through proper collection, transportation and disposal of wastes.

1. INTRODUCTION
With the increase in population, urbanization and economic 
development, there has been a significant increase in municipal 
solid waste generation in Hyderabad making its management 
and disposal a problem.   Urbanization is a worldwide phe-
nomenon. The process of Urbanization is very rapid.  The solid 
waste generated by the daily activities of the people needs is to 
be properly managed in such a way that it minimizes the risk to 
the environment and also human health (Amar M.R 2012). The 
main problem of urban waste management is worth noting not 
only due to the large quantities of waste produced and the spa-
tial spread, but also the problems encountered in the setting up 
of the systems for collection, transportation and disposal of the 
wastes (Anand.G 2014)

2. OBJECTIVES
•	 To map the population density and solid waste characteristics 

of the municipal wards of Hyderabad
•	 To determine the main sources of waste generators and waste 

characteristics in Hyderabad
•	 To determine the sustainability ratings of municipal wards of 

Hyderabad and the expected future waste generation trends
 
3. STUDY AREA
The area under study is the city of Hyderabad Urban Agglomera-
tion situated in the state of Telangana. Hyderabad is the capital 
city of Telangana and is the sixth largest city in India, closely be-
hind Bangalore [6]. The city has been divided into five (5) zones 
namely North, South, East, West and Central zones with 18 cir-
cles and around 150 municipal wards. 

4. MATERIALS AND METHODOLOGY
Use of spatial and non-spatial.obtained from SOI, NRSC and 
GHMC. The circles and ward boundaries are digitised from top 
sheet and updated from satellite imagery. The attribute data 
was used based on the size of this study area. The information 
acquired highlighted the status of waste management in Hy-
derabad city, discussed under sources and characteristics of 
the wastes, wastes collected and transported to disposal sites, 
availability of the number of sanitary workers, predicted future 
trends in waste production with respect to population density. 
Based on the per capita solid waste generation data of the wards 
in the city, GIS analysis was performed and the wards were 
categorized into different groups to show their sustainability.

(i) Population characteristics of municipal wards of Hy-
derabad
The city of Hyderabad is ranked the sixth largest urban agglom-
eration in the entire country. The population growth experi-
enced (4.3 to 5.7 million) during the decade 2001-2011 is further 

expected to continue to increase by 13.64 million 2021 (Singh, 
2010). Courtesy of the Greater Hyderabad Municipal Corpora-
tion (GHMC), the city is divided into five zones whose average 
population densities in persons per square kilometer are: East 
zone (7899.86), South zone (32777.42), Central (27257.28), West 
(6684.3) and North (16590.98) zones.

(ii) Solid waste in Hyderabad
Urban areas in the state of Telangana have generated solid waste 
more than 11.5 thousand tons/day which is a 9% of all solid 
waste generated in India. Every individual in Telangana gen-
erates solid waste on an average 570gm/day which is close to 
other states, such as, Tamil Nadu (630 g/day) and Jammu and 
Kashmir (600 g/day). Greater Hyderabad generates about 5,000 
tonnes of waste per day (TPD), which accounts for 1.83 million 
tons per year (Bhambulkar A.V.2011). It is an appalling phenom-
enon how wastes in Hyderabad, just like in other cities, can be 
thrown from one’s house without considering the long-term ef-
fect of the same. Much as there are waste containers provided 
by the GHMC, dumping wastes anyhow is not a concern to some 
people. One of the adverse effects is the loss of the natural at-
traction of River Musi which separates the old from the new city 
of Hyderabad(Huang.A 2006)

Table1: Solid waste generated and disposed by administra-
tive division in Hyderabad.

Cir-
cle

Total waste gener-
ated per day in 
metric tonnes

No. of 
Vehicles

Total waste 
lifted per 
day

Waste left 
over per 
day

1 181 28 164 17
2 117 23 96 21
3 238 25 184 54
4 144 21 106 38
5 131 14 110 21
6 150 16 130 20
7 210 27 150 60
Total 1171 154 940 231

 
(Source: Snel, 1997)

Table.2 Solid waste generated in M.T in the year 1994 & 
2011.

Sl.No Solid waste generated (M.T/
day )in 1994

Solid waste generated in 
(M.T/day) in  2001

1 181 370
2 117 372
3 238 234
4 144 206
5 131 402
6 150 48
7 210 590
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ABSTRACT 

Municipal Solid Waste Management (MSWM) is one of the major environmental problems of Indian and 

International scenario of the world.   Solid waste generated by the daily activities of the people needs to be 

properly managed in such a way that it minimizes the risk to the environment and human health.   Site 

suitability analysis for resource collection and disposal requires an integrated approach and can be addressed 

most economically an efficiently using geospatial technology.   In the present study, an attempt has been made 

to provide a comprehensive review of the characteristics, generation, collection and transportation, disposal 

and treatment technologies of Municipal Solid Waste practiced in India.   The study carried out to evaluate the 

current status and identify the major problems.   The study is concluded with fruitful suggestions, which may be 

beneficial to encourage the competent authorities to work towards further improvement of the present system.  

 

Keywords: Solid waste, Comprehensive & Comparison etc 

 

I. INTRODUCTION 

 

Solid waste generated by the daily activities of the people needs to be properly managed in such a way that it 

minimizes the risk to the environment.  The risk problems facing society today have many characteristics that 

complicate the application of formal analysis (Merkhofer 1987).   The Solid Waste Management process 

includes collection, transportation and disposal.   The observed trend of waste material is a continually growing 

issue of concern not only at local or regional levels but also at the larger global level.   Each city produces 

tonnes tonnes of solid wastes daily from households, hospitals, industry offices, market centres etc.   Some of 

these are biodegradable some are non-biodegradable and hazardous waste. The increased consumption of 

electronic items and IT hardware increased obsolescence rate of these products, which will results in the higher 

generation of electronic waste (e-waste).   This waste is ultimately thrown into municipal waste collection 

centres from where it is collected to be further thrown into the landfills and dumps. With the increase in 

population, urbanization and economic development, there has been a significant increase in municipal solid 

waste generation in Hyderabad making its management and disposal a problem.   Municipal Solid Waste 

Management (MSWM) is one of the major environmental problems of Indian cities.   The management of 

municipal solid waste (MSW) is a high priority issue for many communities throughout the world including 

India.    
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ABSTRACT Waste is a major health hazard with a very high potential to undermine people’s right to life, and a threat 
to the environment. In India, waste is generally littered on roadsides and mostly dumped in the outskirts 

of the cities in areas that are low lying without compliance with the regulations. Proper and sustainable waste man-
agement can be achieved through the establishment of appropriate channels for the collection, transportation and 
disposal of wastes. The aim of this study was to find out the sustainability scenario of solid waste management with re-
spect to the rising population in the city of Hyderabad. The use of Geographical Information System (GIS) was of great 
essence in classifying the city into sustainability classes based on the grouping of different municipal wards based on 
the per capita waste generated by each. It was generally found out that a bigger percentage of the municipal wards 
are low in sustainable waste management. 

1.INTRODUCTION
Before introducing solid waste management, it is prudent to 
begin the discussion with outlining the scope of solid waste, 
the material to be managed. Solid waste refers to the range 
of garbage arising from animal and human activities that 
are discarded as unwanted and useless. Solid waste is com-
monly generated from industrial, residential and commercial 
activities in a given area. As such, landfills are typically clas-
sified as sanitary,  municipal,  construction and demolition or 
industrial waste sites.  Waste can be categorized based on 
its contents, including such materials as plastic, paper, glass, 
metal, and organic waste; based on its hazard potential, 
including categories such as radioactive, flammable, 
infectious, toxic, or non-toxic; or based on its origin, char-
acterized as industrial, domestic, commercial, institutional or 
construction and demolition (Ohri.A 2010).

The management of municipal solid waste is a high priority 
issue for many communities throughout the world including 
India.   The observed trend of waste material is a continually 
growing issue of concern not only at local or regional levels 
but also at the larger global level.   The increased growth 
rate of the IT and electronics industry in India is propelled 
by increased consumption of electronic items and IT hard-
ware, and it leads to higher generation of electronic waste 
(e-waste).   Deciding where to locate a municipal sanitary 
landfill is a difficult problem in which qualitative criteria 
compete with quantitative, economic and engineering crite-
ria in a process that is highly political and emotional. Site 
suitability analysis for resource collection and disposal re-
quires an integrated approach and can be addressed most 
economically and efficiently using geospatial technology.   
In order to manage the Solid Waste Management properly 
in different aspects, GIS is a tool it provides a means of rap-
id data access and query based on both geographic loca-
tion and attribute data (HBSHD 2011).

2.STUDY AREA
The present study area was chooses as Hyderabad city.   Hy-
derabad is the 5th largest  city in India.   It has twin cities 
viz., Hyderabad and Secunderabad with its suburbs extend-
ing up to 16 miles.   The Hyderabad city is situated in  17d 

18’30” & 17d 28’30”  North Latitude and  78d 22’30” & 78d 
32’30” East  Longitude.   The study area covers  an area of 
179 Sq.Km.   The total population of the  district according 
to 2011 Census is 38,29,753 which is purely urbanised.

3.STUDY OBJECTIVE
•	 To	map	the	population	density	and	solid	waste	charac-

teristics of the municipal wards of Hyderabad
•	 To	 determine	 the	 main	 sources	 of	 waste	 generators	

and waste characteristics in Hyderabad
•	 To	 determine	 the	 sustainability	 ratings	 of	 municipal	

wards of Hyderabad and the expected   future waste 
generation trends

4.DATA USED
The study made use of data gathered from the Greater 
Hyderabad Municipal Corporation. The data included 
population information of Hyderabad municipal wards, vol-
umes of waste generated and the predicted future trends 
in waste management. The data obtained was fed into GIS 
software for the  generation of spatial maps to show the 
population distribution and the extent of waste manage-
ment in various wards.

5.METHODOLOGY
DATA USED
The following data was used for the study.

Spatial Data:-
•	 Topographical		maps		of	56k/7	and	56k/11	from	Survey	

of India in the form of hard copy at  1: 50000 scale
•	 Maps	 of	 Greater	 Hyderabad	 Municipal	 Corporation	

showing different circles with ward details in the form 
of hard copy.

•	 www.ghmc.gov.in.	

Non spatial data:-
•	 Census	 of	 India	 for	 Hyderabad	 city	 containing	 infor-

mation about population of different wards,  No.  of  
households  etc.,

•	 Hand	Book	of	Statistics	Hyderabad	District	2011.
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Abstract: Transport planning is intrinsically linked to land use planning and both need to be developed together in an integrated 

manner. In developing such plans, attention should also be paid to the future growth of the city. Transport plans should, therefore, 

enable a city to take an urban form that best suits the geographical constraints of its location and also one that best supports the key 

social and economic activities of its residents.  
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1. Introduction 
 

The Transportation concept is one such growth/ 

development strategy to assist the City in implementing the 

guiding principles of the Land Use Element. In the TOD 

strategy, new moderate and high density housing as well as 

new public uses and a majority of neighbourhood-serving 

retail and commercial uses will be concentrated in mixed-

use developments located at strategic points along the 

regional transit system. This linkage between land use and 

express highways is designed to result in an efficient pattern 

of development that supports a regional transit system and 

makes significant impact in reducing traffic congestion and 

urban sprawl.  

 

The mixed-use of land for residential and commercial 

activities, designed to minimize the need for transport and 

maximize the access to public transport, and often 

incorporates features to encourage transit ridership. A 

neighbourhood typically has a centre with a train/transit 

station, metro station, monorail station, tram stop, or high 

capacity bus stop, surrounded by relatively high-density 

development with progressively lower-density development 

spreading outwards from the centre.  

 

 

2. Study Area  
 

Hyderabad City is situated in the river Musi and Krishna 

basin, which is a tributary of river Krishna, passes through 

the city and bifurcates it into Northern and Southern 

Hyderabad. It is situated between 78022’30” & 78032’30” 

east longitude & between 17018’30” & 17028’30” north 

latitude. The ground levels vary from 487 meters to 610 

meters above mean sea level (B.Purushothama Reddy 2004).  

 

3. Land Use Management 
 

According to LU.LC map, the proposed residential use is 

46.05%. The proposed usage under public and semi-public 

zone is 10.10% and makes a total of 14.84% including 

4.83% of defence area. A total area of 8.8 sqkm constituting 

5.10% has been proposed under Multipurpose use zone. As 

per statistics, this zone comprises the existing mixed 

development areas, commercial hubs, residential, 

commercial and public and semi-public usages. Including 

rocks and hillocks a total of 12.7 sq.km constituting 7.36% 

of total area has been proposed under Open spaces, parks 

and playgrounds. A total area of 20.52 sq.km constituting 

11.49% has been proposed under transportation land use 

category. 
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1. INTRODUCTION
Environmental conditions in study area have to be understood in 
context of the growing urbanisation and industrialisation of the 
fringe areas coupled with slow pace of infrastructure development. 
The study area in general exhibits deterioration of environmental 
conditions in the core areas i.e., cluster 1 to 6 while rest of the 
clusters are following the trend of deterioration. The deterioration is 
closely followed by rapid urbanisation and lack of physical 
infrastructure. 

The major environmental implications of the urbanisation as 
observed in the region has been increase in air pollution levels, 
increase in ground and surface water pollution, high noise levels, 
reduction of water bodies and declining levels of ground water. 
These are simultaneously associated with urban stress and 
increasing migration patterns. Hence it is important to understand 
the social conditions as well in order to appreciate the 
environmental conditions in the region in a coordinated manner. 

2. STUDY AREA      
Hyderabad City is situated in the river Musi and Krishna basin, which 
is a tributary of river Krishna, passes through the city and bifurcates 
it into Northern and Southern Hyderabad. It is situated between 
78022'30” & 78032'30” east longitude & between 17018'30” & 
17028'30” north latitude. The ground levels vary from 487 meters to 
610 meters above mean sea level (B.Purushothama Reddy 2004). 
                                            
3. RESULTS AND DISCUSSIONS
3.1 ENVIRONMENT CONSIDERATION IN TRANSPORTATION 
STATERGIES
Environmental conditions in the study area are observed in the 
context of the project interventions and likely environmental 
implications instead of conducting an overall inventory of 
environmental conditions of the region. The main parameters 
considered to be impacted for these research project interventions 
are studied in detail and their existing condition is established. The 
parameters considered to have implications from the project are as 
below: 

Ÿ Environmentally Sensitive Areas 
Ÿ Water Bodies 
Ÿ Forests 
Ÿ Sanctuaries 
Ÿ Air Pollution 
Ÿ Water Pollution 

Ÿ Energy Efficiency 

3.2 ENVIRONMENTALLY SENSITIVE AREAS 
The study area boundary is dotted with several water bodies, 
vegetated areas, forests, three national parks, and a deer park. The 
areas that are susceptible to major ecological changes are the Water 
Bodies that are scattered all through the area. While the major water 
bodies as Osman Sagar and Himayat Sagar are used as drinking 
water sources and reservoirs for storage for Hyderabad drinking 
needs, rest of the water bodies are used for local domestic needs or 
for sullage disposal. Some of the water bodies that are located close 
to industrial areas are receiving industrial effluents as well. Only few 
water bodies are preserved in thier natural state with water that is 
suitable for domestic needs. In order to protect the water bodies in 
the catchment areas of drinking water sources, GoT has issued 
directives to notify the area surrounding the Osman Sagar and 
Himayat Sagar as Conservation areas with limited intervention for 
development.The area is dotted with several vegetated areas but 
with few forest patches noti�ed as Reserve Forests. These are open 
forests with low vegetation cover except near few locations as near 
Vikarabad and its surroundings where moderately dense forests are 
found. 

a) Air Pollution 
Ambient air quality of the project area is deteriorating with the 
increase in population, traffic and industrial activities. The ambient 
air quality as monitored by the Pollution Control Board in about 10 
locations in and around Hyderabad indicates high levels of 
particulate pollution. 

An observation of the above table indicates that the RSPM levels at 
all locations are higher by 2 to 3 times the National Standards for 
annual average levels. Similarly the SPM levels are also higher by 2 to 
3 times. The SO2, NO2, and Ammonia levels at all locations are lower 
than the NAAQS. NO2 levels are approaching the national standards 
indicating increase in pollution from vehicular traffic which is to be 
controlled prior to their escalation.

b)  Water Pollution 
Water quality in the water bodies in and around Hyderabad have 
been deteriorating rapidly due to increase of human activity and 
discharge of sullage. These water bodies though are to a large 
extend polluted, they form a major part of the fresh water reserves in 
the area and are potential recharge areas for ground water. 
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