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H I G H L I G H T S

• The DOT reconstruction problem using CS framework.

• The compressive sensing algorithms have studied.

• Experimental validation of CS algorithms.

• Different metrics such as SSIM, MSE have studied.
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A B S T R A C T

The optical parameters of a tissue such as a highly turbid medium can be reconstructed by the diffuse optical
tomography. It is well known that the inverse problem of DOT is nonlinear, unstable and ill posed due to the
propagation of photons through the tissue in a zig-zag manner. Though conventional iterative methods have
been employed to solve this problem, they seem to be unsuccessful, considering the complex geometries for
study. Recently, the compressive sensing (CS) technique has emerged as recent trend in DOT because of its sparse
reconstructions for biomedical applications. The main goal of this paper is to formulate the inverse problem as a
single measurement vector (SMV) problem by employing the given CS framework. The greedy algorithms such as
compressive sampling matching pursuit (CoSaMP), regularized orthogonal matching pursuit (ROMP), stagewise
orthogonal matching pursuit (StOMP), and orthogonal matching pursuit (OMP) are extensively studied to re-
construct the 2D map of the absorption parameter change from the tissue boundary data. The conventional
method such as least square technique is studied for comparison. The experimental validation of the greedy
algorithms is done on a wax circular phantom through a DOT experimental setup. The performance metrics such
as mean square error (MSE), structural similarity index (SSIM), and normalized mean square error (NMSE), are
used to assess the performance of the DOT imaging in this paper. The extensive study of the simulation results
confirm that the greedy algorithms specially, CoSaMP outperform the conventional methods in DOT.

1. Introduction

The diffuse optical tomography (DOT) has been considered as the
prominent imaging modality [1–3] by the various research imaging
groups in the recent years. In DOT, the tissue to be illuminated by the
near infrared light from the various light sources and the boundary data
is to be measured at the tissue boundary by the various detectors [4].

It is evident from the DOT imaging methods that the inverse pro-
blem of DOT is ill-posed, unstable, and nonlinear [5] because of the

light propagated through the tissue follows a zig-zag path. The main
focus in DOT is to solve this problem.

The optical parameters of DOT are absorption and scattering coef-
ficients [6]. The reconstruction of the absorption coefficient is the main
goal in the inverse problem of DOT. Here, the aim is to image the ab-
sorption parameter map by assuming that the scattering parameter is
constant in the entire tissue [7].

Generally, the propagation of photons within the tissue undergoes a
significant scattering and it is being modelled by using either diffusion
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A B S T R A C T   

Investigation of optical and dielectric properties of nanocrystalline Ni0.65Zn0.35 Cu x Fe(2-2x/3) O4 (for x =
0.00–0.05 in steps of 0.01) ferrites synthesized using hydrothermal route is successfully carried out. Two distinct 
analytical spectroscopic methods with Dichloro – 5,6-Dicyano – 1,4-Benzo quinone (DDQ) and Bromo Phenol 
Blue (BPB) are adopted to observe the UV–visible absorption spectroscopy in the dispersed solutions of all 
samples. The formation of ion pair complex in the presence of BPB results in two distinct absorption edges in the 
visible region, around 440 nm and 580 nm in the present ferrite samples. Application of Tauc’s formalism gives 
rise to two optical band gap values Eg1 and Eg2 in the range of 2.12–2.40 eV and 3.583–3.674 eV, respectively. 
The formation of charge transfer complex with all sample solutions in presence of DDQ reagent results in sharp 
absorption edges in the UV-region around 306 nm wavelength. An initial rise followed by continuous drop in 
band gap values ranging from 3.814 to 3.824 eV is observed from Tauc’s plots. The optimum refractive index (n) 
values calculated for the three types of band gap values using empirical relations display the optical absorption 
potentiality of Ni–Cu–Zn nano ferrites in both Visible and UV – regions. Variation of band gap values is ascribed 
to the lattice strain effect, quantum confinement and narrowing band gap effects. Real part of dielectric constant 
(ε′ ), dielectric loss factor (tanδ) and ac-conductivity( σac) are studied for all samples at room temperature with in 
the frequency range of 42 Hz to 5 MHz. The values of ε′ and tanδ are observed to decrease with increase in 
frequency, while that of σac are found to increase with increase in frequency. Improved dielectric properties, 
existence of optical band-gap values observed in the present Ni–Cu–Zn ferrites promote these materials for their 
utility in optoelectronic devices and high frequency applications.   

1. Introduction 

Unique features and a wide range of applications of spinel ferrites in 
various fields have led to great interest of researchers worldwide. 
Quantum confinement and increase in surface to volume ratio of nano 
particles improve the intentness of exploration of nano ferrites in 
multifarious dimensions. Spinel ferrites with general formula, MFe2O4, 
where M is a divalent transition metal ion (Ni, Zn, Fe, Co, Cr, Mn, Mg, Al, 
etc.) or a combination of two or more metal ions, have revealed their 
good bio-compatibility, low toxicity, and innovative electromagnetic 
functionalities depending upon their composition and microstructure 
[1]. Among them, it is well known that Ni–Zn ferrites are a class of soft 

ferrites with prevalent usage in high frequency applications and elec
tronic industry owing to their relatively larger values of magnetization, 
permeability, curie temperature, resistivity, quality factor and lower 
values of power loss at high frequency [2]. Ni–Zn ferrites render them a 
fortified optimal system for power transformer cores, high frequency 
electronic and telecommunication gadgets, in designing good quality 
microwave devices such as isolators and switches [3]. The structural, 
electrical, dielectric, optical and magnetic properties of Ni–Zn spinel 
ferrites are regulated by the cation distribution among the tetrahedral 
(A-site) and octahedral (B-site) positions in the crystal structure and so 
as the method of synthesis, sintering temperature, sintering time, 
chemical composition and dopant ions. Studies on manipulating optical 
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A B S T R A C T   

The research paper aimed at the development of multifunctional hybrid metal oxide nanocomposites with 
Graphene oxide (GO) as active surface framework. The hybrid metal oxide nanocomposites (SnO2/ZnO/Fe3O4, 
SiO2/ZnO/Fe3O4) were achieved by the simple chemical double co-precipitation technique. The GO layers were 
achieved by modified hummer’s method with a thickness of 5.42 nm. The GO integrated composites (GO-SnO2/ 
ZnO/Fe3O4, GO-SiO2/ZnO/Fe3O4) were developed by the ex-situ technique through sonication. The nano
composites were structurally confirmed by the powder X-ray diffraction (PXRD), Transmission Electron Micro
scopy (TEM), Selected Area Electron Diffraction (SAED), elemental mapping and EDAX studies. These results 
confirmed the formation of composites. Furthermore, the application of these GO based nanocomposites were 
examined for dielectric applications. These results were compared with the bare composites, the addition of GO a 
better ϵ’ with temperature was observed at lower frequency region.   

1. Introduction 

Presently, researchers focused on the multifunctional hybrid nano
materials by integrating two or more nanomaterials (semi conductive, 
carbon based, inorganic and polymeric materials) to address different 
challenges in energy systems, stability, high efficiency and low-cost 
processes. The integration of nanostructure materials can generate su
perior multifunctional properties to exhibit a variety of applications in 
chemical, biological sensing, heterogeneous catalysis, energy conver
sion and storage, environment and human health. In the recent times, 
Graphene-based nanocomposites have attracted considerable attention 
due to their unique properties and variety of applications in sensing, 
energy storage, catalysis [1–6]. These enormous applications of GO are 
due to high specific area [7], chemical inertness [8], great mechanical 
strength [9], excellent thermal and electrical conductivities [10] etc and 
therefore GO as an active surface framework for functional nano
particles for opening of different research areas. GO possesses sp-3 hy
bridized carbon atoms which are covalently decorated with oxygen 
containing functional groups of hydroxyl, epoxy at basal planets of 

carbon sheets and carbonyl and carboxylic groups at the edges which 
provides GO with a remarkable hydrophilic character and chemical 
reactivity. Also, the oxygen containing functionalities can act as active 
sites for adsorbing different metal oxide nanoparticles [3,7,11]. How
ever Graphene showed better properties but its effective usage was 
hindered by restacking. This might be avoided by integrating with 
inorganic materials. It was reported in the literature that Go-and its 
derivatives when combined with inorganic nanoparticles such as SnO2 
[12–14], ZnO [15,16], TiO2 [17,18], ZrO2 [19,20], Fe3O4 [21] [–] [23], 
Fe3O4@ZrO2 [24], Ag@TiO2@SiO2 [25], MnO2 [26,27], Ta@GO@MgO 
[28],V2O5 [29,30] exhibited prominent properties. Based on the previ
ous work on the mixed metal oxide hybrid nanostructures for improved 
energy applications [31,32] and the present work is aimed at the 
development of Graphene oxide supported hybrid nanostructures of 
SnO2/ZnO/Fe3O4 and SiO2/ZnO/Fe3O4 through ex-situ mixing method. 
The developed nanocomposites were examined for dielectric applica
tions by comparing the individual SnO2/ZnO/Fe3O4 and SiO2/ZnO/
Fe3O4 with the GO structures. 
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H I G H L I G H T S  

• Ruthenium (Ru) doped KBiFe2O5 brownmillerite nanomultiferroic nanoparticles were prepared by coprecipitation route. 
• Ru influence the magnetic and electrical properties of KBiFe2O5. 
• Facile route resulted uniform grain with dense microstructure formation. 
• Ru dopant influence the optical and electrical bandgap.  

A R T I C L E  I N F O   
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A B S T R A C T   

We studied and reported the Ruthenium (Ru) doped KBF (KBiFe2O5) multiferroic nanoparticles on structurl, 
magneitc and electrical properites as a function of dopant and temperature, synthesized through coprecipitation 
route. X-ray Diffraction spectra of all the samples were indexed with orthorhombic structure (space group P21am) 
at room temperature and lattice constant decreased with Ru substition. The structural parameters including bond 
lengths and angles were refined using a standard Rietveld program. Average crystallite measured from schereer 
method increases with increasing annelaing temperature. Morphology from TEM confirms control over uniform 
distribution of particle size and shape. Zero field-cooled (ZFC)-Field-Cooled (FC) magnetic measurements reveals 
superparamagnetic behaviour above room temperature. Magnetic hysteresis loops (M − H) measured at 5 K and 
300 K shows improvement with Ru substitution. An insginificant decrease in optical band gap 2.35 to 2.23 eV 
observed from UV–Vis spectroscopy with Ru substitution. Ferroelectric loops resembling lossy dielectric nature 
of unpoled samples. Activation energy estimated from DC electrical resistivity was found to be 0.6 eV. Room 
temperature Dielectric data revelas Maxwell-Wanger type dielectric dispersion and analyzed based on the 
intrinsic and extrinsic parameters.   

1. Introduction 

Multiferroics (MFs) consolidate the macroscopic and microscopic 
properties of structure and crystallinity of the material in terms of their 
ferroic (Ferroelasticity, Ferromagnetic and Ferroelectricity) orders. The 
dynamical magnetoelectric (ME) coupling between dielectric and mag
netic orders of MF materials is the fundamental building block of spin
tronics and hybrid memory systems [1–3]. Furthermore, MF orders 
demonstrate the establishment of magnetic point group in which the 

magnetic field control of electric polarization is employed [4–6]. This 
integrates the ME, optical, magnetic, and dielectric studies on single 
crystals and single domains. Switching the direction of ferroic order and 
the existence of spontaneous macroscopic property with/without the 
influence of external field are most focused for future commercial 
application [2]. A careful study of magnetoelectricity with semi
conducting properties in a single structure at room temperature (RT) can 
advance the spintronics. 

BiFeO3 (BFO) is widely considered Type-I MF possessing feeble G- 

Abbreviations: PPMS, physical property measurement system. 
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A B S T R A C T   

A Novel estimator called as Hybrid Unscented Kalman Filter(HUKF) is developed in the paper to 
tackle the issue of passive target tracking in underwater scenarios using bearing-only measure
ments (captured by a towed array). As the name indicates the algorithm is a hybrid one obtained 
by combining three existing algorithms namely UKF, Integration technique and Pre-processing 
mechanism to yield much better performance than any of them individually. The sensor noise 
reduction in spatial measurements caused by integration technique together with noise reduction 
in time measurements caused by Pre-processing mechanism in successive time iterations cumu
latively contribute to the improvement in performance. Moreover the montecarlo simulations in 
Matlab(R2009a) provide evidence that, HUKF also display attractive features like Optimal Per
formance(produce less estimation errors at less computational complexity), Efficient Tracking in 
critical conditions(long ranges/severe noise) and Non-Divergence even with nasty initialization. 
Lastly the algorithm can be helpful in promoting TA usage on regular basis despite of the asso
ciated maneuvering issues.   

1. Introduction 

War conditions mainly demand two technical things one is the defensive approach of hiding called as stealth technology while the 
second one is the aggressive approach called attacking. Attacking primarily concentrates on the detecting, tracking and blasting the 
enemy with a torpedo. The paper concentrates on developing the tracking technology used in the process of attacking the enemy. 
Tracking deals with localization of the enemy which involves estimation of the current as well as the future location of the target with 
the help of measurements mixed with troubling intensity of noise. Targets wandering in air and water are tracked by radar and sonar 
respectively. Tracking targets using sonar is possible by using active or passive measurements. Active mode measurements are 
generated by releasing, capturing the echo and processing them while the passive mode measurements are collected by listening to the 
propeller sound produced by the enemy’s vehicle. In the current research the underwater moving vehicle is tracked by using passive 
mode sonar which is assisted by a set of sensors called Towed array(sensor Array towed/dragged by the observer). 

Different estimators and their variants were designed to deal with the issue of target tracking in the course of time. In this queue the 
first one to be discussed is the Kalman filter [1]. This three step algorithm first starts with a blind guess(step called initialization) of the 
estimate then improves it with target dynamic properties (step called prediction) and then refines it with the measurements provided 
by the sensor(step called updation). The iterative process converges the estimation error towards zero as time progress. This basic 
design was used in the earlier stages for active tracing problem but incompatible(linear) nature of the KF limits its usage for passive 
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a b s t r a c t

In the paper, an algorithm named Robust Unscented Kalman filter (R-UKF) is proposed to handle the pop-
ular ocean issue called underwater passive object/target tracking in a more efficient manner than the
conventional algorithms. This R-UKF algorithm using acoustic signals supplied by a Towed array is devel-
oped when two novel Techniques named as Estimate Fusion (EF) Method and Measurement Conditioning
(MC) Method are applied simultaneously to the existing Unscented kalman filter (UKF). Estimate Fusion
method and Measurement Conditioning methods operate on the principles of weighted averaging of
measurements in space and time respectively. EF Method contributed to the improvement by believing
that the collective opinion about state estimation is much better than the individual opinions. This is
accomplished by relying on Multiple sensors of TA and Multiple Intermediate estimators instead of single
one. On the other hand MC method contributed to the improvements by application of the soothed mea-
surements instead of traditional ones. The soothing is possible by weighted averaging of the current and
track of past sensor data. Montecarlo simulations in Matlab(R2009a) shows that, R-UKF display better
performance that its base algorithm UKF. Moreover, Optimal Performance (produce low estimation errors
without demanding complex processors) of R-UKF makes it even more attractive.

� 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Tracking is a sophisticated signal processing concept used for
computation of the current location of the target. It also deals with
anticipation of target’s future location (in proximity to the true
position), with the assistance of the noisy sensor measurements.
Tracking is only possible with the support of Radar/Sonar. Targets
moving on land or in air can be tracked with Radar while underwa-
ter moving targets can be tracked with Sonar. Sonar inturn can be
operated in two modes namely Active/Passive mode. Active mode
sonar provides information related to distance and angle (Range
and Bearing) of the target, while passive mode sonar is only cap-
able of capturing angle (Bearing information). The sonar while
operating in passive mode can be assisted by a single sensor or
Multi-sensor array. The Multi sensor array can be of two types
namely Hull Mounted array sensors type (HMA) and Towed array
sensors type (TA). The authors performed target tracking in the
context of the underwater scenarios with the help of a passive

mode Sonar. The Sonar in turn collects data from a Multi-sensor
array of TA type.

In the older generation of the target tracking, stochastic algo-
rithms like Least Squares estimator (LSE), Weighted LSE (WLSE),
and weiner filter (WF) served the purpose. However the new gen-
eration of the target tracking started with the proposal of R.E. Kal-
man [1]. The algorithm was named as Kalman filter (KF) later, was
the most advanced stochastic algorithm at that time. The KF oper-
ates in three vital steps namely initialization, forecasting and upda-
tion. The initialization of the algorithm parameters like the
estimate and covariance is performed only once at the beginning
of the algorithm. On the other hand forecasting step is performed
before the reception of the measurements using the state equation
while updation is done after the measurements are received in
such a manner that the associated mean square error is minimized.

After the inception of the basic form of KF, attempts were made
to fit it to the issue of tracking targets with the active sonar mea-
surements. But this didn’t happen in a smooth manner because of
the linear nature of KF (KF is linear while the problem is nonlinear).
In order to deal with the situations, the hydrophone measurements
which are available in the angular (polar) form are transferred to
the rectangular form to make the issue look like a linear one and
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Abstract: A novel estimation algorithm is introduced to handle the popular undersea problem called torpedo tracking 
with angle-only measurements with a better approach compared to the existing filters. The new algorithm produces a 
better estimate from the outputs produced by the traditional nonlinear approaches with the assistance of simple noise 
minimizers like maximum likelihood filter or any other algorithm which belongs to their family. The introduced method 
is extended to the higher version in two ways. The first approach extracts a better estimate and covariance by enhancing 
the count of the intermediate filters, while the second approach accepts more inputs so as to attain improved 
performance without enhancement of the intermediate filter count. The ideal choice of the placement of towed array 
sensors to improve the performance of the proposed method further is suggested as the one where the line of sight and 
the towed array are perpendicular. The results could get even better by moving the ownship in the direction of reducing 
range. All the results are verified in the MATLAB environment. 
 
Key words: estimation algorithm; torpedo tracking; angle-only measurements; line of sight; maximum likelihood filter 
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1 Introduction 
 

Tracking is a process of computing the present 
position of the target. It also involves estimation or 
anticipation of the future position of the target as 
close to the true position as possible with the help 
of the available noisy measurements. The tracking 
is done with the help of the radar and sonar. Radar 
stands for radio detection and ranging and it is used 
to track targets in the air and on land, while the 
sonar stands for sound navigation and ranging and 
it is used to track targets in the underwater 
scenarios. In our paper we are dealing with 
underwater torpedo tracking so, we are concerned 
with only the sonar measurements. The sonar can 

again operate in two modes namely active and 
passive modes. In active mode of operation of sonar, 
the principle of operation is that a sound signal will 
be transmitted towards the target and after some 
time an echo is heard. Based on the time taken by 
the signal to travel toward the target and back to us 
we can find the range of the target and based on the 
direction from which the echo is received we can 
find the azimuth at which the target is present. So in 
active mode of operation of sonar we get both the 
range and bearing information of the target. The 
alternate approach is the passive tracking [1, 2] 
where no signal will be released by us and we will 
only collect the information from the enemy which 
is produced by the propellers of the enemy vehicle. 
Because of this advantage we are concerned only 
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Abstract: If any Global Positioning System (GPS) receiver is operated in low latitude regions or urban canyons, the visibility 

further reduces. These system constraints lead to many challenges in providing precise GPS position accuracy over the Indian 

subcontinent. As a result, the standalone GPS accuracy does not meet the aircraft landing requirements, such as Category I 

(CAT-I) Precision Approaches. However, the required accuracy can be achieved by augmenting the GPS. Among all these 

issues, the predominant factors that significantly influence the receiver position accuracy are selecting a user/receiver position 

estimation algorithm. In this article, a novel method is proposed based on correntropy and designated as Correntropy Kalman 

Filter (CKF) for precise GPS applications and GPS Aided Geosynchronous equatorial orbit Augmented Navigation (GAGAN) 

based aircraft landings over the low latitude Indian subcontinent. The real-world GPS data collected from a dual-frequency 

GPS receiver located in the southern region of the Indian subcontinent (IISc), Bangalore with Lat/Long: 13.021°N/ 77.5°E) is 

used for the performance evaluation of the proposed algorithm. Results prove that the proposed CKF algorithm exhibits 

significant improvement (up to 34%) in position estimation compared to the traditional Kalman Filter. 

Keywords: Accuracy, correntropy, correntropy kalman filter, global positioning system, kalman filter. 
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1. Introduction 

The generic term preferred for the satellite-based 

navigation system is the Global Navigation Satellite 

System (GNSS), which covers global satellite 

constellation such as Global Positioning System 

(GPS), Global Orbiting Navigation Satellite System 

(GLONASS), BeiDou, Galileo, etc., Currently, GPS is 

the only full-fledged global satellite constellation 

system in GNSS; it has 32 satellites more significant 

than the nominal figure of 24 satellites. All over this 

globe, a minimum of 14 to 18 satellite signal systems 

are available andoperating fully for various sources 

since 1995 in both civilian and military fields. For 

continuous worldwide coverage, the arrangement of 

GPS satellites is such that four satellites are arranged 

in each of 6 orbits [19].  

The estimation problem has been a significant issue 

in industrial application and research areas covering 

the processing of signals, optimization, and 

navigational decisions; many marked fields requiring 

estimation, identification of system, tracking of the 

target, and localization. In linear dynamics and 

systematic applications, Kalman Filter (KF) is used to 

solve estimation. In general, KF and its modifications 

[12, 13, 15, 20, 23] have excellent performance in 

Gaussian variety noises. However, their operations get 

degraded when non-Gaussian situations are 

predominantly in a system with disturbance of 

impulsive noises. Aforementioned, KF and Extended 

Kalman Filter (EKF) [12, 13, 20] are not suitable for 

systems that are disturbed by heavy-tailed impulsive 

noises. Thus, modifications in the KF are necessary to 

overcome this difficulty. In this paper, KF has been 

modified based on the correntropy criterion [17] to 

improve the accuracy of GPS receiver position in low 

latitude regions like India. The proposed Correntropy 

Kalman Filter (CKF) adopts the robust correntropy 

criterion as the optimality criterion instead of using the 

well-known Minimum Mean Square Error (MMSE). 

Unless mentioned in this article, correntropy of error 

may be utilized as a cost function for adaptive training 

of the system. It perceives that correntropy, having the 

advantage of being local, can be useful for the 

situations in which the measurement noise has a non-

zero mean, non-Gaussian pattern with large outliers. 

Like the traditional KF, the state mean vector and 

covariance matrix propagation equations give prior 

estimations of the state and covariance matrix in CKF. 

A novel Fixed-point algorithm is then used to update 
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