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Abstract

The thesis aims to tackle critical challenges within localization techniques, with the
overarching goal of enhancing accuracy, efficiency, and robustness across a wide array
of applications. The scope of investigation encompasses multistatic target localiza-
tion, hybrid localization methods, robust localization in the presence of outliers and
Non-Line-of-Sight (NLOS) errors, optimal sensor placement strategies, and novel
approaches tailored for scenarios lacking transmitter information. The impetus for
this exploration arises from the discernible limitations and gaps prevalent in existing

methodologies.

In the initial phase, the thesis provides an introductory overview of localization,
exploring its wide-ranging applications and discussing a variety of estimation tech-
niques. Additionally, it offers a concise explanation of multistatic localization, under-
lining the necessity for hybrid localization methods and robust localization schemes.
Furthermore, this segment delves into the importance of optimal sensor placement

strategies to improve accuracy in localization techniques.

In the subsequent segment, the thesis introduces a foundational framework for opti-
mization algorithms, notably through the exposition of the Majorization Minimiza-
tion (MM) architecture. Extensions of this architecture, such as Block Majorization
Minimization, significantly contribute to the methodological underpinnings of the

research.

The third phase delves into the intricacies of multistatic target localization, con-
fronting various challenging scenarios head-on. Initially, an algorithm designed for
joint Maximum Likelihood Estimation (MLE) of both the target position and associ-
ated noise variances is introduced, especially when prior knowledge of noise variances
is absent. This algorithm demonstrates good performance, substantiated by com-
pelling simulation results. Subsequently, an MM algorithm minimizing the Nonlinear
Weighted Least Squares (NLWLS) criterion is proposed, showcasing its robustness in
handling NLOS conditions and outliers. Additionally, a localization scheme tailored
for scenarios lacking transmitter coordinates and synchronization is presented, lever-
aging Differential Time Delays (DTDs) from each receiver to enhance applicability

and effectiveness in high-noise scenarios. Overall, this phase addresses the inherent



challenges of multistatic localization scenarios through innovative methodologies and

rigorous validation.

The fourth segment advances the exploration by seamlessly transitioning into hybrid
localization methods, which integrate multiple measurements to enhance accuracy
and resilience. Specifically, a unified framework for hybrid localization, encompass-
ing Time of Arrival (TOA), Time Difference of Arrival (TDOA), Received Signal
Strength (RSS), and Angle of Arrival (AOA) measurements, is introduced to ensure
flexibility and accuracy, particularly in scenarios characterized by NLOS errors. Ad-
ditionally, a robust hybrid scheme amalgamating TOA and RSS measurements is
formulated as a NLWLS problem, demonstrating superior accuracy and computa-

tional efficiency.

In the fifth part, the thesis delves into optimal sensor placement strategies, which are
essential for enhancing source localization accuracy. Centered on addressing the A-
optimal criterion design problem within positioning schemes for hybrid localization,
the proposed approach not only improves accuracy but also accommodates D and E
optimal criteria. Moreover, it addresses complexities associated with both correlated
and uncorrelated noise, thus addressing significant gaps in existing methodologies.
Additionally, innovative strategies for optimal sensor placement for 3D AOA mea-
surements and Differential Received Signal Strength (DRSS) measurements are also

discussed.

In conclusion, the thesis summarizes its substantial contributions and highlights po-
tential avenues for future research. The innovative methodologies and comprehensive
exploration presented significantly contribute to advancing the understanding and
practical implementation of localization techniques, particularly in navigating the

complexities of various challenging scenarios.
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MUSIC MUltiple SIgnal Classification
NLOS Non-Line of Sight

NLWLS Non-Linear Weighted Least Squares

PCL Passivet Cohere Localization
RMSE  Root Mean Square Error
RSS Received Signal Strength
SDP Semidefinite Programming

SOCP Second Order Cone Programming
TDOA  Time Difference Of Arrival

TOA Time Of Arrival

TSOA Time Sum of Arrival

WLS Weighted Least Squares

XIX



Notations

8

Z;
Xij
Rmxl
Rme

tan~! ()

cos™H(

8
~—

sin~!(x)
()"
o8

X
Tr(X)
X2

In
diag(x)
Vf
V2 f
a0)

()
Ox2
X0

Scalar

Vector

Matrix

ith element of vector x

(i, 7)™ element of the matrix X

Set of m dimensional vectors of real numbers
Set of m x m matrices of real numbers
set of natural numbers

natural logarithm

logarithm with base 10

arctangent value of x

arccosine value of x

arcsine value of x

Transpose

Inverse

Kronecker product

Determinant of matrix X

Trace of matrix X

Square of matrix X

Identity matrix of size N

a diagonal matrix with diagonal values from vector @
Gradient of a function f

Hessian of a function f.

first-order derivative with respect to x
second-order derivative with respect to x
X is a PSD matrix

xx1
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xxil

XY
X >0

x~N(p,0?)
U (z,y)
xe)y
Xta Xt

matrix X — Y is a symmetric positive semi-definite
X is a positive definite matrix

Maximum eigenvalue of matrix X

Euclidean norm of the vector

/1 norm of the vector @

Frobenious norm of matrix X

Statistical expectation

Element wise multiplication.

signum (or sign) function

probability density function of the random variable x
x is Gaussian random variable with a mean of y and variance of o2
uniform distribution taking values between = and y
x is element of the set X

tth

values of the vector x and matrix X at the ¢"" iteration, respectively





