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Thesis Abstract (Ph.D.}

Studies on the realization of varistors with positive voltage coefficient of
resistance based on composites by K. Lalkishore.

Research supervisor: M. Satyam
Department: Electrical Communication Engineering.

1. Introduction

The need for cconomical voltage regulators is being increasingty felt with the use of electrical and
sophisticated edectronic appliances, equipment, ete., for various applications. One of the mathods
by which this can bie: realized is through functional approach, wherein, the number of components
required to perform a given function is minimized. To regulate the voltage. 3 single device can be
connected in series with the load. The resistance of such a device has to increase with the
increase in voltage, such that the excess voltage is dropped across the device. Such a device can
be termed as a varistor with positive voltage coefficient of resistance (PYCR), since its resistance
increases with voltage. Most of the recent research work is confined to zinc oxide varistors which
exhibit ~ve voltage coefficient of resistance. Barretier, a hydrogen ges fitled tube has +ve
voltage coefficient of resistance, but it cannot find a place in this age of miniaturization. So there
is considerable need to develop varistors with PVCR, which will have very wide practical

applications.

The thesis deals with the way in which one realizes PVCR varistors through composites. fhree
types of materials/structures, viz. (1) BaTiOz-graphite—rubber composite samples (2) BaT]03—
graphite—glass frit composite samples (3) PZT—thick film devices have been conceived,
prepared and tested. Toe results of this effort are described below.

i BaTiO;~graphite -rubber samples

BaTiO; and graphite powders of specific grain size, taken in a particular proportion, are mixed
thoroughly and dispersed in a synthetic rubber solution. The paste is air-dried and pressed into
pellets and vulcanized; ohmic contacts are taken using silver paste.
Figure 1 shows the typical variation of resistivity with voltage,' derived from the V-1
characteristic. The voltage-current relationship is given by the equation,
I = Kv" M
where n is the nonlinearity factor. The voltage coefficient of resistance &, is defined as

2
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It is found that the resistvity, acnlineanty factor amd veltage coeflicient of resistance are
affected by the composition and pant sev The tewstivaty s {found W decreasa initially and then
increase beyond a certain voltage.

Explanation

1t s known that BaTiC. particles clongate m the drechon of the applied field due o
electrostrictive property' . As they elongate, rubber iy alsn elongate n the same direction due
10 its elastic nature resulting in the increase i distanse between the conducting graphite
granules. When a voltage is applied across the: specimen, oluctron emission through tunneling
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across the gap between the conducting granules takes place and it increases with increase in
voltage. However, the increase in the gap-length due to the applied voltage reduces the emission.
Hence the V- p characteristic is as obtained. A model is proposed on these lines, which assumes
that the sample consists of number of elemental cells, the cross-section of which is shown in
fig. 2. Theoretical expressions derived based on this model are found to satisfactorily explain the

observed results

(i} BaTiOy--graphite - frit samples

The rubber samples have: the disadvantage of limited temperature range of operation. So rubber
is replaced with frit and sampies are made. Typical V-p characteristics are shown in fig. 3. The
resistivity is found to increase with voltage initially and then decrease at higher voltages.

The process that gives rise to the above characteristics seems to be different from that in the
previous case. The characteristics in this case seem to be controlled by trapping of charged
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Thesis Abstract (Ph.D.)

Autonomous faulttolerant spacecraft attitude control system through recon-
figuration by S. Murugesan.

Research supervisors: U. R. Rao (ISRO), E. V. Krishnamurthy and N. Viswanadham.
Department: School of Automation.

1. Introduction

Spacecraft play many important roles-domestic end intemational telecommunication 8%
broaccasting, weather forecasting, remote sensing, mifitary appfications, etc. Their services have
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pecome essential in our day-to-day life and there is an ever growing need for uninterrupted
operation of spacecraft over a long period (~10-15 years).

attitude control system {ACS), the heart of a spacecraft, performs the primary task of
orientation and maintenance of the spacecraft and/or its payioad in a desired direction. ACS
consists of various types of attitude sensors and actuators, and control electronics {onboard
computer). 1t becomes more complex when services performed by a spacecraft become
sophisticated. Proper functioning of ACS is vital for rendering desired services and for mission
success. The major concern is, therelore, to achieve a very high relisbility and uninterrupted
operation of ACS.

2. Present status and requirements

Despite various efforts to improve refiability of space systems through ‘fault-avoidance’
techniques such as improvements in design, use of high reliability components, and elaborate
and intensive testing, random failures may occur in various subsystems during their long
operational fife. Although most spacecraft generally have redundant units to aveid ‘mission-
critical-single-point-failures’, they do not have autonomous fault detection and identification and
reconfiguration capabilities, Faults are analysed in ground using telemetry information and
appropriate actions are taken through telecommand to overcome the effects of failures. This
approach, however, invariably leads to a loss of attitude, requiring reacguisition with attendant
risks, fuel penalty with consequent reduction in mission fife and interruption in service, which is
not tolerable in many applications.

To circumvent these, an autonomous faulttolerant spacecraft attitude control system that
continues to function correctly despite failures, without human intervention or ground station
support, is required. It essentially calls for fault tolerance in attitude sensors, actuators and control
electronics, by the use of functional redundancy.

Various techniques have been developed for fault tolerance in computers. However, as
functions, failure modes and redundancy management of sensors and actuators are guite
different from that of computer/electronics systems, fault-tolerant computing techniques are not
directly applicable to sensors and actuators. For instance, actuators that failed in a continuous
actuating mode cannot be left as such by substituting a redundant actuator, as is usually done in
computers/electronics systems. The popular triple modular redundancy (TMR) with majority
voting is also not applicable to actuators like reaction/momentum wheels.

Constraints for space applications: Also, while dealing with space applications, there are
severe constraints on weight, volume, power consumption and locations for mounting of the
sensors/actuators. Hence, the number of redundant units have to be kept to a minimum, by
adopting some form of dynamic redundancy for attitude sensors and actuators. This ngcessitates
autonomous onboard fault detection, identification and isolation, and reconfiguration of the
systern. However, algorithms used for these should be as simple as possible without r'nuch
increase in the hardware and computational complexity. Also. it is desirable that _ﬂ_]ese algon_thms
are based on existing performance measurements without need for additional monitors/
transducers.

But, as yet, sujtable autonomous fault tolerance techniques for some of the critical attitude
sensors and actuators are not available.
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Algorithms are developed for autonemaus deteotor and dontibeation of o faulty earth sensar
in a dual-redundant system; they cover siuck up tinhi i bias and noise in the
output. They are based on outputs Of earth sensor tept of ‘hypothesis testing” and
spacecraft attitude behaviour, An autonomous reuon cheme for earth sensors is also
given.

For & fault-toferant attitude reference system using throe DT
configuration (fig. 1) is develepsd. This configuration owiicomes the limitations of the other
known configurations 2, 3. With a systematic study snd aes . varinus features such as erorin
ettitude estimate, computational complexity and fault coverage, are compered for different

configurations (Table 1}, and shown that the new configuration s better than the cther known
configurations.

o new aymmetrically skewed

An algorithm for detection and identification of a faulty reaction/momentum wheel i
presented; it covers all the modes of failures of a wheel, that ara critical to a mission. The
algorithm computes expected change in wheel speed over a period {for the given control sign.aﬂ
and compares it with actual change in wheel speed {over the same period). Also, reconfiguration
schemes for 'skewed-four-reaction wheel’, dual momenturn wheel and hybrid momentum{
reaction wheel systems are developed. These involve autonomous medification of controllers
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Fia 1 New symmetrically skewed configuration for attitude reference system using threa dynamically tuned
gyros (DTGs). @ == 45%;, DTG D) in X, - X, PLANE; DTG D, in X, = X3 PLANE; and DTG Dy in Xz~ Xy PLANE

inputs and/or outputs according to the wheel that is faulty. Computer simulations are carried out
to validate these algorithms and the results are presented.

Further, for RCS, FDIR schemes that enable continued correct functioning and prevent
depletion of propellent, is presented. They cover stuck-atopen, stuck-at-closed and large and
small leakage failures.

Also, scope of further work in this new and promising field of ‘autonomous spacecraft control’
are given,

4. Features

The proposed techniques for fault tolerance in attitude sensors and actuators are suitable for
implementation in a spacecraft without much increase in hardware and computational
complexity. These techniques are general {or universal) in nature and hence, they could be
applied to any spacecraft. Further, they do not call for any modification/redesign of sensors and
actuators that are already being used and additional monitors. Also, they, by providing
uninterrupted service, enhance utility, life and probability of success of a mission. it may be
mentioned that the autonomous reconfiguration scheme for “skewed-fourreaction-whee!”
system has already been implemented in the Indian Remote Sensing (IRS) satellite, scheduled for
launch,
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Thesis Abstract (Ph.D.}

Performance of the eigenvector (EV) method in the presence of coloured noise by

Madaka Subbarayudu.
Research supervisor: P. S. Naidu.
Department: Electrical Communication Engineering.

1. Introduction

The subject of determining the number of sources and their bearings from the output of an array
of sensors in the presence of noise, is studied in this thesis. Among the various nonlinear
spectrum estimation methods the eigenvector method or the Pisarenko method is the latest. The
performance of this methed in presence of coloured noise is investigated. The method has
applications in passive sonar and radar. A suitable model of coloured noise is developed reflecting
some aspects of the real life situation.

2. Problem formulation

In practice the source spectral density matrix is computed from the output of the array from
which we get only an estimate of the true spectral den'sity matrix. In this study, it is assumed that
the source spectral density matrix is exactly known. For the selection of suitable noise field, a
physical model of noise sources concentrated over a finite arc of a circle of infinite radius has
been investigated and a complete analysis of the spectral characteristics of the noise model,
cafled the sector background noise, is provided. This is a generalization of earlier results, derived
for a model where the noise sources are concentrated over an infinite circle and sphere'. Now
the model consists of a known source spectral density matrix in the presence of the sector
background noise matrix. Then the performance of the EV method is studied on the above model.
Further, the performance of the method in presence of estimation errors /.e. when only an
estimate of the spectral density matrix is available, is investigated. The eigenvector method is
applied for detection and estimation of an extended source, an idea based on a special pattern of
peaks observed when the background noise is due to a sector noise model.

The method basically consists of decomposing the spectral density matrix {source spectral
density matrix plus the spectral density matrix of the background noise) into its eigenvalues and
eigenvectors. The set of eigenvalues is called the eigenstructure. The sigenstructure consists of
agroup of equal and small eigenvalues, hereafter called noise eigenvalues. The rest are large and
called signal eigenvalues. The eigenstructure is used to determine the number of signal sources.

In this method the noise eigenvalues and the orthogonal property of the noise e_igenvectors are
exploited to determine the number of sources and their bearings‘\_A technique known as
prewhitening? is used to spatially whiten the sector background noise.

3. Results and discussion

The main contributions are:

(1) When the signal is associated with sector background noise, the detection of :?*ingle source ¢
two sources is not possible by observing the eigenstructure. However, prewhitening can be use
to advantage to detect a single source.
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(2) Resolution of two sources separated by 2°in the presence of sector noise requires an SNRpf
30dB if the smallest noise vector is used or an SNR of 20 JB, if the average of all the naise
eigenvectors is used. Thus averaging provides improverant in resulving two sources. The effect
of averaging is shown in figs. 1 ang 2.

(3) Without prewhitening, a minimum of 20 dB is requirsd to detect @ single source. whereas
after prewhitening the same could be detected even ar as low as SNR of —10dB.

{4) in order 10 prewhiten the coloured noise, the noise sector width should be known within
+10% . Thus prewhitening method is relatively robust.

(8) The detection probability as a function of estimation errors caused by finite data lengt
increases exponentially with decreasing variance.

(6) For an extended source with angular width greater than +0-126°, from the ?398”’599‘:1’“”; it
is observed that there are more than one signal peak along with comparable side fobes. Sucd 3
special structure of the eigen-spectrum can be used for detection and estimation of an extende

source. The width can be estimated with an accuracy of +0-208% .
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4. Conclusion
The thesis examined the role of sector-background noise and the effect of estimation errors on

the bearing estimation of s pomt source. It further looked into the application of the method to the
detection and estimation of an extended source.
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Thesis Abstract (M.Sc. Engng)

Studies on sound transmission in shaliow sea by C. Karthikeyan.
Research supervisor: G. V. Anand.
Department: Etectrical Communication Engineering.

1. Introdusction

Muadelling of acoustic propagation in the sea has become a subject of great current jmerest.
Besides being of immediate relevance to sonar and underwater communication systems,
propagation of acoustic signals in the sea is now being utilized as a method for investigation and
monitoring of many fundamental oceanic processes. [n all applications, the acoustic transmission
loss is an important parameter. In general, transmission loss depends on the prevailing
oceanographic and meteorological conditions, the geology and topography of the sea bottom, and
the freduency and depth of operation of the sonar transmitter and receiver. This complex
dependence of transmission loss on a large number of parameters makes the development of a
general transmission {oss model quite difficult. This is especially so in shaffow sea where »the
sound field involves the interference of multiply reflected sound waves at the rough boundaries.
The problem can get further, complicated when there is a sloping sea bottom or when the water
and sediment layers are not perfectly stratified. Both the wave-theoretic (normal mode) and the
ray-theoretic approaches have been used for modelling sound propagation in shaﬂpw sea,
although the normal-mode approach is often preferred, especially at lower frequencies or in
shallow water.

The present work is devoted to the study of two problems: (1) development of an injptfove_d
model of attenuation of normal modes, and {2) development of a model of sound transmission in
a shallow horizontally stratified ocean using the ray theory.

2. Frequency dependent attenuation of normal modes

in its simplest form, the normal mode theory is based on the Pekeris quel of the ocean" This
madel considiers the sea to consist of a layer of homogeneous lossiess fluid of constant thickness
overlying a homogeneous iossless fluid half-space of higher density and sound speed. The theory
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of Pekeris was extended by Kombauser and Raney? to malude the sffect of a sound-absorbing
sea bottom. tn the present investigation the normal mode theory 1s extended to include the effect
of sound absorption in sea water. The requency dependence: of sound absorption in the sea
bottom sediments and in sea water are ed and it owen that the resulting expression
for the attenuation of normal modes giv ass charactenstic to the channel for each
propagating mode. Next, the effect of scottering at the rough sea surface, as determined by
Kuperman and Ingenito®, is inciuded in the model for the computation of modal attenuation. A
computer program is developed for the computaticn of sound transmission foss by coherent
addition of normal modes. The results are presented n fig. 1 as a contour plot in the
range-frequency plane. The plot clearly shows the existence of an optimum frequency band for
sound transmission in shallow sea.

3. Ray theoretic sound transmission model for shallow sea

Extension of the normai mode theory to more realistic models of the ocean 15 frought with many
mathematical difficulties. The ray theory represents an attempt at circumventing these
difficulties. But, while the ray theory provides a good spproximation to the boundary value
problem of sound transmission in deep sea, it Isads to incorrect results in shallow water
especially at low frequencies. Recently, Tindie and Bold® developed an improved ray theary and
obtained resuits for the Pekeris channel which are in good agreement with the normal mode
resuits. According to the improved ray theory, whenever a ray undergoes total internal reflection

at the in_terface between two homogeneous media, it undergoes a lateral displacement A paraliel
to the interface given by

23
ak

A=
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where ¢ is the phase of the plane wave reflection coefficient and & is the component of_wave
number parallel to the interface. In the present study, the improved ray theory is fspphed to
develop a sound transmission mode! for shallow sea with a bilinear sound spged protlle.consws»
ting of a surface layer with a positive sound speed gradient overlying a vlayor with a negative gra-
dient. For a given configuration of the source and the receiver, all the eigenrays. .e., rays joining
the source and the receiver are identified and the amplitude and phase o_f each eigenray at the
recelver are computed. Attenuation due to absorption in water, absorption in the sea bottom, and
scattering at the sea surface are taken into account in these computations. The qcousnc field at
the receiver is obtained by coherent addition of the fields contributed by all the eigenrays. How-
sver, if the surface of the ocean is rough and the phases of the eigenrays can be cons@ered to be
Jncorralated, an incoherent summation {addition of intensities) is carried out. An algorithm basgd
an this technique is developed for computation of the transmission loss arjd‘also for the p_re(yc»
lion'of the waveform of the received signal. Computed resuits for the variation of transmission
088 with range for a typical ocean channe are shown in fig. 2.' These results and others based on
similar computations are found o agree well with results obtained from the normal mode theory.
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Thesis Abstract (M.Sc. Engng)

Analytical study of some aspects of crosstalk ir wavelength division multiplexing-
based fiber-aptic systems by S, Narasimba Prasad,

Research supervisor: 8. V. Pappu

Department: Electrical Communication Engincenng,

1. introduction

Wavelength Division Multiplexing (WM} techinique has boen a sowe of significant potentiality
in the fiber optic communication systems' 4 it allows the sugmentation of the information
carrying capacity of a given chanel. In this technique a number of individually modulated distinet
optical wavalengths, known as optical signals, are combined and aliowed to propagate along a
single fiber. At the recaiving end, esch optical signal is exiracted from the corposite signal by
spectral dispersion and then is subjectad 1o the procent s of detection and dermnadulation. The
combining and dispersing actians are achipved through & muitiplexer and demultiplexer
respectively. In the fight of evolving fiber-aptic technology the designer encounters Several
obstacles in extracting out the optimal utilization performance of the potentialities offered by this
WDM technique and these should either be efiminated or kept at minimum. The crosstalk which

refers to the unwanted coupling of optical signals is one such parameter of considersble
significance.

Crosstalk arises due to various causes and several among them have been studied 5'8: TWS
thesis describes an analytical study made on that which arises out of overiapping of emission
spectra of optical sourcas used. This cause becomes predeminant when one attempts 1}7
enhance the channel count in a restricted transmission hand of an opticat fiber. We refer to thls_
crosstalk as Interchannel Crosstalk {ICC) and the study made is intended to arrive at an a prion
estimation of it in order to select necessary types of sources.

2. Analysis of ICC

The most generat definition for ICC, C in dB is

CldB) = 10 Tog Disturbing optical power
Disturbed optical power |
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A schematic diagram depicting the situation of overlapping of spectral profiles of three sources
for channels) is shown in fig. 1.

The actual crasstalk wili differ from the ideal value (—ed8) depending on the amount of
overlap. ICC values can be calculated in a given situation either, {i) by considering powers (or
intensities) with reference to the peak wavelengths of the sources, or (i) within a finite
demuitiplexer (filter) window of a desired channel. Based on these two cases, ICC analysis has
been carried out in two ways, namely, theoretically and graphically. In regard to the theoretical
analysis we have deduced the equations to estimate crosstalk by the following methods:

{a) by fitting Gaussian equation to the emission spectra of sources,

{b) graphical method of computing ICC using the realistic source profiles provided by the
manufacturer,

el by fitting Gaussian distsibution relation to the emission spectra of sources, and

{d) by fitting Lorentzian distribution relation to the emission spectra of sources.

3. Results and conclusions

By considering the above methods, we have derived appropriate relations for ICC ur_xder various
situations. Using these equations, model calcufations done are pres_ented. The graph{cal method
that we have discussed is applicable when reafistic source emission spectra are given by tr]e
manufacturers of optical sources. ICC values are computed for two sets of typlcgl sources \_/vhose
relative intensity wavelength graphs are given using this method. A comparative study is also
made among the methods mentioned.

From our analysis it is found that untolerable limits of crosstalk between adjacent channels can
arise at the transmission end itself especially in a high channel count WDM system due to the
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