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a mathematical introduction to compressive sensing opens the door to a fascinating realm
where signal processing meets sparse representation and optimization. At its heart, compressive
sensing (also known as compressed sensing or CS) challenges the traditional Nyquist-Shannon
sampling theorem by allowing the reconstruction of signals from far fewer samples than previously
thought possible. This revolutionary concept has profound implications across many fields — from
medical imaging to wireless communications — by enabling efficient data acquisition and recovery
using clever mathematical tools.

In this article, we’ll explore the core mathematical principles behind compressive sensing. We’ll break
down the key ideas, such as sparsity, incoherence, and optimization techniques, that power this
exciting approach. Whether you're a student, researcher, or simply curious about how math enables
smarter data compression, this guide will introduce you to the essential concepts behind compressive
sensing in a clear, approachable way.

Understanding the Basics: What is Compressive
Sensing?

Compressive sensing is a signal processing technique that allows one to reconstruct a high-
dimensional signal from a limited number of measurements, far fewer than traditional methods
require. The process relies heavily on the idea that many signals of interest are sparse or
compressible in some basis.

Sparsity: The Cornerstone of Compressive Sensing

Sparsity means that a signal can be represented using only a small number of non-zero coefficients in
an appropriate basis or dictionary. For example, an image might be sparse in the wavelet domain,
meaning most wavelet coefficients are almost zero except for a few significant ones.

Mathematically, if \( x \in \mathbb{R}^N \) is the original signal, it is considered \( k \)-sparse if only \(
k \ll N \) entries are non-zero. This sparsity assumption is critical because it allows us to compress the
signal without losing essential information.

Measurement Model: Undersampling with Linear Projections

In compressive sensing, instead of acquiring the full signal \( x \), we take \( M \) linear
measurements, with \( M < N \):



\[
y = \Phi x,
\]

where \( y \in \mathbb{R}^M \) is the measurement vector and \( \Phi \in \mathbb{R}^{M \times N}
\) is the sensing matrix. Because \( M < N \), this system is underdetermined, and infinitely many
solutions exist.

The magic lies in leveraging the sparsity of \( x \) to recover it exactly or approximately from \( y \).

Mathematical Foundations of Signal Recovery

Formulating the Reconstruction Problem

Given the measurements \( y = \Phi x \), how can we find the original sparse signal \( x \)? The natural
approach is to solve

\[
\min_{z \in \mathbb{R}^N} \| z \|_0 \quad \text{subject to} \quad y = \Phi z,
\]

where \( \| z \|_0 \) counts the number of non-zero entries in \( z \). Unfortunately, this \( \ell_0 \)-
minimization is combinatorial and NP-hard.

To circumvent this, compressive sensing introduces a relaxed convex optimization problem:

\[
\min_{z} \| z \|_1 \quad \text{subject to} \quad y = \Phi z,
\]

where \( \| z \|_1 = \sum_{i=1}^N |z_i| \) is the \( \ell_1 \)-norm. This relaxation is computationally
feasible and often successfully recovers the sparse signal exactly.

Why Does \( \ell_1 \)-Minimization Work?

The intuition behind \( \ell_1 \)-minimization is that the \( \ell_1 \)-norm promotes sparsity, acting as
the closest convex surrogate to the non-convex \( \ell_0 \)-norm. Geometrically, the \( \ell_1 \)-ball is
shaped such that it favors solutions with fewer non-zero entries.

Rigorous mathematical results demonstrate that under certain conditions on \( \Phi \) and the sparsity
level \( k \), the solution to the \( \ell_1 \)-minimization problem coincides with the sparsest solution.



The Restricted Isometry Property (RIP)

One key theoretical concept guaranteeing successful recovery is the Restricted Isometry Property. A
sensing matrix \( \Phi \) satisfies the RIP of order \( k \) if there exists a constant \( \delta_k \in (0,1) \)
such that for all \( k \)-sparse vectors \( x \):

\[
(1 - \delta_k) \| x \|_2^2 \leq \| \Phi x \|_2^2 \leq (1 + \delta_k) \| x \|_2^2.
\]

This property ensures the sensing matrix approximately preserves the Euclidean length of sparse
vectors, avoiding distortions that would hinder recovery.

Key Ingredients: Incoherence and Random Matrices

Incoherence Between Sensing and Sparsifying Bases

Incoherence measures how correlated the sensing matrix \( \Phi \) is with the basis in which \( x \) is
sparse. High incoherence means no sparse vector can be “hidden” in the null space of \( \Phi \).

Formally, if \( \Psi \) is the sparsifying basis and \( \Phi \) is the sensing matrix, the coherence \(
\mu(\Phi, \Psi) \) is defined as the maximum absolute inner product between any pair of columns from
\( \Phi \) and \( \Psi \). Lower coherence promotes better recovery guarantees.

Random Matrices as Sensing Matrices

Random matrices with entries drawn from Gaussian or Bernoulli distributions often satisfy the RIP with
high probability. This randomness leads to incoherence and makes random sensing matrices a
popular choice in practical compressive sensing systems.

Optimization Algorithms for Signal Reconstruction

The shift from the intractable \( \ell_0 \)-minimization to \( \ell_1 \)-minimization opened doors for
efficient algorithms. Let’s look at some popular methods:

Basis Pursuit (BP)

Basis Pursuit solves the problem

\[



\min \| z \|_1 \quad \text{s.t.} \quad y = \Phi z,
\]

using linear programming techniques. It guarantees exact recovery under RIP conditions.

Orthogonal Matching Pursuit (OMP)

OMP is a greedy algorithm that selects atoms from the sensing matrix iteratively, approximating the
sparse signal. Although not always optimal, it’s computationally efficient and works well in many
scenarios.

LASSO and Basis Pursuit Denoising

When measurements are noisy, exact equality \( y = \Phi z \) is unrealistic. LASSO solves

\[
\min_z \frac{1}{2} \| y - \Phi z \|_2^2 + \lambda \| z \|_1,
\]

balancing fidelity to measurements and sparsity via regularization parameter \( \lambda \). This
approach is widely used in practice.

Applications and Practical Insights

Compressive sensing is not just theoretical; it has transformed multiple domains by reducing
acquisition times, storage needs, and computational costs.

Medical Imaging: MRI scans leverage compressive sensing to reduce scan times significantly,
improving patient comfort and throughput.

Wireless Communications: CS helps in efficient channel estimation and spectrum sensing,
crucial for modern networks.

Image and Video Compression: Sparse representations allow for higher compression ratios
without sacrificing quality.

Sensor Networks: Energy-efficient data collection is achieved by exploiting sparsity in sensor
readings.

Understanding the mathematical foundations of compressive sensing helps engineers and scientists
design better sensing systems and algorithms tailored to specific applications.



Tips for Working with Compressive Sensing

Choose the right basis: Identify the domain where your signals are sparse or compressible
(e.g., wavelets, Fourier).

Design or select sensing matrices carefully: Random matrices are a good start, but
structured matrices can reduce computational load.

Consider noise and model mismatch: Use robust optimization formulations like LASSO when
dealing with real-world data.

Leverage efficient solvers: There are many open-source libraries available (e.g., SPGL1, CVX)
to implement \( \ell_1 \)-minimization efficiently.

Mathematical Extensions and Ongoing Research

The field of compressive sensing continues to evolve. Researchers are exploring extensions such as:

Structured Sparsity: Exploiting group or block sparsity patterns to improve recovery.

Nonlinear Compressive Sensing: Handling nonlinear measurement models.

Adaptive Sensing: Designing measurements based on previous observations.

Deep Learning Integration: Combining neural networks with CS for faster and more robust
recovery.

These advancements deepen the mathematical theory while expanding the practical scope of
compressive sensing.

---

Exploring a mathematical introduction to compressive sensing reveals a beautiful interplay between
linear algebra, optimization, and signal processing. By harnessing sparsity and clever measurement
strategies, compressive sensing breaks traditional barriers and offers powerful tools to efficiently
capture and reconstruct signals. Whether working on theoretical problems or applied projects,
understanding these principles equips you to navigate this rich and impactful area of modern
mathematics and engineering.



Frequently Asked Questions

What is compressive sensing and why is it important in signal
processing?
Compressive sensing is a technique that allows the reconstruction of sparse or compressible signals
from a small number of linear measurements, fewer than traditionally required by the Nyquist-
Shannon sampling theorem. It is important in signal processing because it enables efficient
acquisition and storage of data, reducing costs and improving performance in applications like
medical imaging, communications, and machine learning.

What mathematical concepts form the foundation of
compressive sensing?
Compressive sensing is fundamentally based on concepts from linear algebra, optimization, and
sparse representation theory. Key mathematical tools include sparsity, incoherence, restricted
isometry property (RIP), ℓ1-norm minimization, and convex optimization techniques that facilitate
signal recovery from underdetermined systems of linear equations.

How does ℓ1-norm minimization help in recovering sparse
signals in compressive sensing?
ℓ1-norm minimization promotes sparsity in the solution vector and is used as a convex relaxation of
the NP-hard ℓ0-norm minimization problem. By minimizing the ℓ1-norm of the signal subject to
measurement constraints, compressive sensing algorithms can efficiently recover the original sparse
signal with high probability under certain conditions such as incoherence and RIP.

What role does the Restricted Isometry Property (RIP) play in
compressive sensing?
The Restricted Isometry Property (RIP) is a condition on the measurement matrix that ensures it
approximately preserves the Euclidean length of sparse vectors. If a matrix satisfies RIP, it guarantees
that sparse signals can be accurately and stably recovered from compressed measurements, making
it a critical theoretical tool in analyzing and designing measurement systems in compressive sensing.

Can you provide an example of an application where
compressive sensing is used?
One prominent application of compressive sensing is in Magnetic Resonance Imaging (MRI).
Compressive sensing allows MRI machines to acquire fewer measurements while still reconstructing
high-quality images. This reduces scan time, improves patient comfort, and increases throughput in
medical imaging facilities.



Additional Resources

A Mathematical Introduction to Compressive Sensing

a mathematical introduction to compressive sensing delves into a transformative paradigm in
signal processing and data acquisition. Traditionally, the Nyquist-Shannon sampling theorem has
dictated the minimum sampling rate required to reconstruct a signal without loss of information.
However, compressive sensing (CS) challenges this conventional wisdom by enabling accurate signal
recovery from significantly fewer measurements than what Nyquist would suggest. This breakthrough
has profound implications across diverse fields such as medical imaging, wireless communications,
and machine learning. Understanding the mathematical foundations of compressive sensing is
essential for appreciating its capabilities, limitations, and potential applications.

Foundations of Compressive Sensing

Compressive sensing rests on two fundamental principles: sparsity and incoherence. Sparsity refers to
the characteristic of signals having a concise representation in some basis or dictionary, meaning
most coefficients are zero or near-zero. Incoherence, on the other hand, quantifies how spread out the
sparse representation is relative to the measurement basis. Together, these principles enable the
reconstruction of signals from what appear to be incomplete or undersampled data.

Sparsity: The Cornerstone

At the heart of compressive sensing lies the assumption that many natural signals are sparse or
compressible in some transform domain. For instance, an image may not be sparse in the pixel
domain but can be sparsely represented in the wavelet domain. Mathematically, a signal \( x \in
\mathbb{R}^N \) is called \( k \)-sparse if it has at most \( k \) nonzero entries. The value of \( k \) is
typically much smaller than \( N \), making the signal highly compressible.

The sparse representation can be expressed as:

\[
x = \Psi \alpha
\]

where \( \Psi \) is an orthonormal basis or an overcomplete dictionary, and \( \alpha \) is a sparse
coefficient vector with most entries zero. The objective of compressive sensing is to recover \( x \)
from a smaller number of linear measurements than traditionally required.

Measurement Model and Incoherence

Compressive sensing acquires measurements via linear projections:



\[
y = \Phi x = \Phi \Psi \alpha
\]

where \( y \in \mathbb{R}^m \) is the measurement vector with \( m \ll N \), and \( \Phi \in
\mathbb{R}^{m \times N} \) is the sensing matrix. The matrix \( \Phi \) must satisfy certain
properties to ensure accurate recovery, most notably the Restricted Isometry Property (RIP), which
guarantees that all subsets of \( k \)-sparse vectors are nearly orthogonally preserved under \( \Phi \).

Incoherence measures how correlated the sensing basis \( \Phi \) is with the sparsifying basis \( \Psi \).
Low coherence implies that the sensing matrix samples the signal in a way that distributes the sparse
components broadly across measurements, enhancing recoverability.

Mathematical Principles Underpinning Signal Recovery

The recovery of \( x \) from measurements \( y \) is an ill-posed inverse problem when \( m < N \), as
infinitely many signals could satisfy \( y = \Phi x \). Compressive sensing leverages sparsity to
formulate this as an optimization problem, often a convex one, enabling unique and stable recovery.

Optimization Formulations

The ideal recovery would minimize the \( \ell_0 \)-norm (count of nonzero elements) of \( \alpha \):

\[
\min_{\alpha} \|\alpha\|_0 \quad \text{subject to} \quad y = \Phi \Psi \alpha
\]

However, this problem is NP-hard due to its combinatorial nature. Instead, compressive sensing
substitutes the \( \ell_0 \)-norm with the convex \( \ell_1 \)-norm, yielding a tractable convex
optimization:

\[
\min_{\alpha} \|\alpha\|_1 \quad \text{subject to} \quad y = \Phi \Psi \alpha
\]

This relaxation is justified by theoretical results showing equivalence between \( \ell_0 \) and \( \ell_1 \)
minimization under certain conditions, such as the RIP.

In noisy scenarios, the constraints are relaxed to allow for errors:

\[
\min_{\alpha} \|\alpha\|_1 \quad \text{subject to} \quad \|y - \Phi \Psi \alpha\|_2 \leq \epsilon
\]

where \( \epsilon \) bounds the noise level.



Algorithms for Signal Reconstruction

Several algorithmic approaches exist for solving the \( \ell_1 \)-minimization problem:

Basis Pursuit (BP): A convex optimization method that solves the \( \ell_1 \) minimization
exactly, often via linear programming.

Orthogonal Matching Pursuit (OMP): A greedy iterative algorithm that selects dictionary
atoms matching the residual signal progressively.

Iterative Shrinkage-Thresholding Algorithms (ISTA): Efficient iterative methods for large-
scale problems, leveraging proximal gradient techniques.

Each algorithm balances trade-offs between computational complexity, reconstruction accuracy, and
robustness to noise.

Applications and Implications of Compressive Sensing

The practical impact of compressive sensing extends across numerous domains, fundamentally
altering how data acquisition and processing are approached.

Medical Imaging Enhancements

One of the most prominent applications of compressive sensing is in Magnetic Resonance Imaging
(MRI). Traditional MRI scans require long acquisition times due to the necessity of Nyquist-rate
sampling. By exploiting sparsity in the wavelet or gradient domain, compressive sensing enables
high-quality image reconstruction from fewer measurements, drastically reducing scan time while
maintaining diagnostic fidelity.

Sensor Networks and Wireless Communications

In sensor networks, energy and bandwidth constraints limit data transmission. Compressive sensing
allows sensors to transmit compressed measurements directly, reducing communication overhead.
Similarly, in wireless communications, CS facilitates channel estimation and signal recovery under
sparse multipath conditions, enhancing spectral efficiency.

Limitations and Challenges

Despite its advantages, compressive sensing is not a universal solution. Its effectiveness hinges on
the sparsity assumption, which may not hold for all signals. Additionally, designing sensing matrices



that satisfy RIP and incoherence can be challenging. Real-world noise and model mismatches further
complicate recovery, sometimes necessitating domain-specific adaptations.

Advanced Mathematical Concepts in Compressive
Sensing

Beyond the basic framework, compressive sensing intersects with advanced mathematical theories
including convex geometry, random matrix theory, and information theory.

Restricted Isometry Property (RIP)

RIP characterizes sensing matrices by ensuring that all \( k \)-sparse vectors are nearly preserved in
length after projection:

\[
(1 - \delta_k) \|x\|_2^2 \leq \|\Phi x\|_2^2 \leq (1 + \delta_k) \|x\|_2^2
\]

where \( \delta_k \) is the isometry constant. Random matrices with Gaussian or Bernoulli entries have
been shown to satisfy RIP with high probability, providing theoretical guarantees for recovery.

Null Space Property (NSP)

NSP is another condition ensuring uniqueness of sparse solutions, requiring that the null space of \(
\Phi \) does not contain vectors that are sparse or nearly sparse. Mathematically, for any vector \( h \in
\ker(\Phi) \) (null space), the support of \( h \) cannot be concentrated on a small subset, preventing
ambiguous reconstructions.

Coherence and Dictionary Design

The coherence between \( \Phi \) and \( \Psi \) influences sampling efficiency. Low-coherence
dictionaries allow fewer measurements for accurate recovery. Designing or learning optimal
dictionaries tailored to specific signal classes remains an active research area, combining sparse
modeling with machine learning techniques.

Emerging Trends and Future Directions

Research continues to expand the horizons of compressive sensing, integrating it with deep learning,
adaptive sensing, and high-dimensional statistics. For example, deep neural networks have been
employed to learn optimal sensing matrices and reconstruction algorithms, often outperforming



traditional convex optimization methods. Adaptive sensing strategies dynamically design
measurement schemes based on prior observations, improving efficiency.

Moreover, compressive sensing principles are influencing data science and big data analytics, where
sparsity models aid in dimensionality reduction, feature selection, and anomaly detection.

The mathematical introduction to compressive sensing reveals a rich interplay between theory and
application, promising ongoing innovations in how signals and data are captured, compressed, and
understood.

A Mathematical Introduction To Compressive Sensing

  a mathematical introduction to compressive sensing: A Mathematical Introduction to
Compressive Sensing Simon Foucart, Holger Rauhut, 2013-08-13 At the intersection of mathematics,
engineering, and computer science sits the thriving field of compressive sensing. Based on the
premise that data acquisition and compression can be performed simultaneously, compressive
sensing finds applications in imaging, signal processing, and many other domains. In the areas of
applied mathematics, electrical engineering, and theoretical computer science, an explosion of
research activity has already followed the theoretical results that highlighted the efficiency of the
basic principles. The elegant ideas behind these principles are also of independent interest to pure
mathematicians. A Mathematical Introduction to Compressive Sensing gives a detailed account of
the core theory upon which the field is build. With only moderate prerequisites, it is an excellent
textbook for graduate courses in mathematics, engineering, and computer science. It also serves as
a reliable resource for practitioners and researchers in these disciplines who want to acquire a
careful understanding of the subject. A Mathematical Introduction to Compressive Sensing uses a
mathematical perspective to present the core of the theory underlying compressive sensing.
  a mathematical introduction to compressive sensing: A Mathematical Introduction to
Compressive Sensing Simon Foucart, Holger Rauhut, 2013-08-08 At the intersection of
mathematics, engineering, and computer science sits the thriving field of compressive sensing.
Based on the premise that data acquisition and compression can be performed simultaneously,
compressive sensing finds applications in imaging, signal processing, and many other domains. In
the areas of applied mathematics, electrical engineering, and theoretical computer science, an
explosion of research activity has already followed the theoretical results that highlighted the
efficiency of the basic principles. The elegant ideas behind these principles are also of independent
interest to pure mathematicians. A Mathematical Introduction to Compressive Sensing gives a
detailed account of the core theory upon which the field is build. With only moderate prerequisites,
it is an excellent textbook for graduate courses in mathematics, engineering, and computer science.
It also serves as a reliable resource for practitioners and researchers in these disciplines who want
to acquire a careful understanding of the subject. A Mathematical Introduction to Compressive
Sensing uses a mathematical perspective to present the core of the theory underlying compressive
sensing.
  a mathematical introduction to compressive sensing: Compressed Sensing and Its
Applications Holger Boche, Giuseppe Caire, Robert Calderbank, Gitta Kutyniok, Rudolf Mathar,
Philipp Petersen, 2019-08-13 The chapters in this volume highlight the state-of-the-art of
compressed sensing and are based on talks given at the third international MATHEON conference
on the same topic, held from December 4-8, 2017 at the Technical University in Berlin. In addition to
methods in compressed sensing, chapters provide insights into cutting edge applications of deep
learning in data science, highlighting the overlapping ideas and methods that connect the fields of
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compressed sensing and deep learning. Specific topics covered include: Quantized compressed
sensing Classification Machine learning Oracle inequalities Non-convex optimization Image
reconstruction Statistical learning theory This volume will be a valuable resource for graduate
students and researchers in the areas of mathematics, computer science, and engineering, as well as
other applied scientists exploring potential applications of compressed sensing.
  a mathematical introduction to compressive sensing: Machine Vision and Augmented
Intelligence—Theory and Applications Manish Kumar Bajpai, Koushlendra Kumar Singh, George
Giakos, 2021-11-10 This book comprises the proceedings of the International Conference on
Machine Vision and Augmented Intelligence (MAI 2021) held at IIIT, Jabalpur, in February 2021. The
conference proceedings encapsulate the best deliberations held during the conference. The diversity
of participants in the event from academia, industry, and research reflects in the articles appearing
in the volume. The book theme encompasses all industrial and non-industrial applications in which a
combination of hardware and software provides operational guidance to devices in the execution of
their functions based on the capture and processing of images. This book covers a wide range of
topics such as modeling of disease transformation, epidemic forecast, COVID-19, image processing
and computer vision, augmented intelligence, soft computing, deep learning, image reconstruction,
artificial intelligence in healthcare, brain-computer interface, cybersecurity, and social network
analysis, natural language processing, etc.
  a mathematical introduction to compressive sensing: Computer Vision Jinfeng Yang,
Qinghua Hu, Ming-Ming Cheng, Liang Wang, Qingshan Liu, Xiang Bai, Deyu Meng, 2017-11-29 This
three volume set, CCIS 771, 772, 773, constitutes the refereed proceedings of the CCF Chinese
Conference on Computer Vision, CCCV 2017, held in Tianjin, China, in October 2017. The total of
174 revised full papers presented in three volumes were carefully reviewed and selected from 465
submissions. The papers are organized in the following topical sections: biological vision inspired
visual method; biomedical image analysis; computer vision applications; deep neural network; face
and posture analysis; image and video retrieval; image color and texture; image composition; image
quality assessment and analysis; image restoration; image segmentation and classification;
image-based modeling; object detection and classification; object identification; photography and
video; robot vision; shape representation and matching; statistical methods and learning; video
analysis and event recognition; visual salient detection
  a mathematical introduction to compressive sensing: Security in Computing and
Communications Sabu M. Thampi, Sanjay Madria, Guojun Wang, Danda B. Rawat, Jose M. Alcaraz
Calero, 2019-01-23 This book constitutes the refereed proceedings of the 6th International
Symposium on Security in Computing and Communications, SSCC 2018, held in Bangalore, India, in
September 2018. The 34 revised full papers and 12 revised short papers presented were carefully
reviewed and selected from 94 submissions. The papers cover wide research fields including
cryptography, database and storage security, human and societal aspects of security and privacy.
  a mathematical introduction to compressive sensing: Modern Trends in Hypercomplex
Analysis Swanhild Bernstein, Uwe Kähler, Irene Sabadini, Franciscus Sommen, 2016-11-21 This
book contains a selection of papers presented at the session Quaternionic and Clifford Analysis at
the 10th ISAAC Congress held in Macau in August 2015. The covered topics represent the
state-of-the-art as well as new trends in hypercomplex analysis and its applications.
  a mathematical introduction to compressive sensing: Equations of Mathematical Physics A.
S. Demidov, 2023-06-27 This concise volume presents an overview of equations of mathematical
physics and generalized functions. While intended for advanced readers, the accessible introduction
and text structure allows beginners to study at their own pace as the material gradually increases in
difficulty. The text introduces the concept of generalized Sobolev functions and L. Schwartz
distributions briefly in the opening section, gradually approaching a more in-depth study of the
“generalized” differential equation (also known as integral equality). In contrast to the traditional
presentation of generalized Sobolev functions and L. Schwartz distributions, this volume derives the
topology from two natural requirements (which are equivalent to it). The text applies the same



approach to the theory of the canonical Maslov operator. It also features illustrative drawings and
helpful supplementary reading in the footnotes concerning historical and bibliographic information
related to the subject of the book. Additionally, the book devotes a special chapter to the application
of the theory of pseudodifferential operators and Sobolev spaces to the inverse
magneto/electroencephalography problem. Explicit numerically realizable formulas related to the
Cauchy problem for elliptic equations (including quasilinear ones) and also to the Poincaré--Steklov
operators are presented. The book is completed by three additions, which were written by famous
mathematicians Yu. V. Egorov, A. B. Antonevich, and S. N. Samborski.
  a mathematical introduction to compressive sensing: Engineering Mathematics and
Artificial Intelligence Herb Kunze, Davide La Torre, Adam Riccoboni, Manuel Ruiz Galán, 2023-07-26
The fields of Artificial Intelligence (AI) and Machine Learning (ML) have grown dramatically in
recent years, with an increasingly impressive spectrum of successful applications. This book
represents a key reference for anybody interested in the intersection between mathematics and
AI/ML and provides an overview of the current research streams. Engineering Mathematics and
Artificial Intelligence: Foundations, Methods, and Applications discusses the theory behind ML and
shows how mathematics can be used in AI. The book illustrates how to improve existing algorithms
by using advanced mathematics and offers cutting-edge AI technologies. The book goes on to discuss
how ML can support mathematical modeling and how to simulate data by using artificial neural
networks. Future integration between ML and complex mathematical techniques is also highlighted
within the book. This book is written for researchers, practitioners, engineers, and AI consultants.
  a mathematical introduction to compressive sensing: The Cognitive Approach in Cloud
Computing and Internet of Things Technologies for Surveillance Tracking Systems Dinesh
Peter, Amir Hossein Alavi, Bahman Javadi, Steven L. Fernandes, 2020-03-14 The Cognitive Approach
in Cloud Computing and Internet of Things Technologies for Surveillance Tracking Systems
discusses the recent, rapid development of Internet of things (IoT) and its focus on research in smart
cities, especially on surveillance tracking systems in which computing devices are widely distributed
and huge amounts of dynamic real-time data are collected and processed. Efficient surveillance
tracking systems in the Big Data era require the capability of quickly abstracting useful information
from the increasing amounts of data. Real-time information fusion is imperative and part of the
challenge to mission critical surveillance tasks for various applications. This book presents all of
these concepts, with a goal of creating automated IT systems that are capable of resolving problems
without demanding human aid. - Examines the current state of surveillance tracking systems,
cognitive cloud architecture for resolving critical issues in surveillance tracking systems, and
research opportunities in cognitive computing for surveillance tracking systems - Discusses topics
including cognitive computing architectures and approaches, cognitive computing and neural
networks, complex analytics and machine learning, design of a symbiotic agent for recognizing real
space in ubiquitous environments, and more - Covers supervised regression and classification
methods, clustering and dimensionality reduction methods, model development for machine learning
applications, intelligent machines and deep learning networks - includes coverage of cognitive
computing models for scalable environments, privacy and security aspects of surveillance tracking
systems, strategies and experiences in cloud architecture and service platform design
  a mathematical introduction to compressive sensing: Low-Rank Models in Visual Analysis
Zhouchen Lin, Hongyang Zhang, 2017-06-06 Low-Rank Models in Visual Analysis: Theories,
Algorithms, and Applications presents the state-of-the-art on low-rank models and their application
to visual analysis. It provides insight into the ideas behind the models and their algorithms, giving
details of their formulation and deduction. The main applications included are video denoising,
background modeling, image alignment and rectification, motion segmentation, image segmentation
and image saliency detection. Readers will learn which Low-rank models are highly useful in
practice (both linear and nonlinear models), how to solve low-rank models efficiently, and how to
apply low-rank models to real problems. - Presents a self-contained, up-to-date introduction that
covers underlying theory, algorithms and the state-of-the-art in current applications - Provides a full



and clear explanation of the theory behind the models - Includes detailed proofs in the appendices
  a mathematical introduction to compressive sensing: Proceedings of the Seventh
International Conference on Mathematics and Computing Debasis Giri, Kim-Kwang Raymond Choo,
Saminathan Ponnusamy, Weizhi Meng, Sedat Akleylek, Santi Prasad Maity, 2022-03-05 This book
features selected papers from the 7th International Conference on Mathematics and Computing
(ICMC 2021), organized by Indian Institute of Engineering Science and Technology (IIEST), Shibpur,
India, during March 2021. It covers recent advances in the field of mathematics, statistics, and
scientific computing. The book presents innovative work by leading academics, researchers, and
experts from industry.
  a mathematical introduction to compressive sensing: Pattern Recognition and Machine
Intelligence Ashish Ghosh, Irwin King, Malay Bhattacharyya, Shubhra Sankar Ray, Sankar K. Pal,
2024-07-23 This book constitutes the refereed proceedings of the 9th International Conference on
Pattern Recognition and Machine Intelligence, PReMI 2021, held in December 2021. Due to
COVID-19 pandemic the conference was held virtually. The 62 full papers included in this book were
carefully reviewed and selected from 215 submissions. They were organized in topical sections as
follows: image processing; text, voice and video processing; bioinformatics; deep learning; medical
image processing; theory and models; feature selection; biometrics and dermoscopy; facial image
analysis; object and event detection; pattern recognition; machine learning applications.
  a mathematical introduction to compressive sensing: Research in Data Science Ellen
Gasparovic, Carlotta Domeniconi, 2019-03-25 This edited volume on data science features a variety
of research ranging from theoretical to applied and computational topics. Aiming to establish the
important connection between mathematics and data science, this book addresses cutting edge
problems in predictive modeling, multi-scale representation and feature selection, statistical and
topological learning, and related areas. Contributions study topics such as the hubness phenomenon
in high-dimensional spaces, the use of a heuristic framework for testing the multi-manifold
hypothesis for high-dimensional data, the investigation of interdisciplinary approaches to
multi-dimensional obstructive sleep apnea patient data, and the inference of a dyadic measure and
its simplicial geometry from binary feature data. Based on the first Women in Data Science and
Mathematics (WiSDM) Research Collaboration Workshop that took place in 2017 at the Institute for
Compuational and Experimental Research in Mathematics (ICERM) in Providence, Rhode Island, this
volume features submissions from several of the working groups as well as contributions from the
wider community. The volume is suitable for researchers in data science in industry and academia.
  a mathematical introduction to compressive sensing: Approximation Theory XIV: San
Antonio 2013 Gregory E. Fasshauer, Larry L. Schumaker, 2014-06-02 These proceedings were
prepared in connection with the 14th International Conference on Approximation Theory, which was
held April 7-10, 2013 in San Antonio, Texas. The conference was the fourteenth in a series of
meetings in Approximation Theory held at various locations in the United States. The included
invited and contributed papers cover diverse areas of approximation theory with a special emphasis
on the most current and active areas such as compressed sensing, isogeometric analysis, anisotropic
spaces, radial basis functions and splines. Classical and abstract approximation is also included. The
book will be of interest to mathematicians, engineers\ and computer scientists working in
approximation theory, computer-aided geometric design, numerical analysis and related application
areas.
  a mathematical introduction to compressive sensing: Spectral and High Order Methods
for Partial Differential Equations ICOSAHOM 2018 Spencer J. Sherwin, David Moxey, Joaquim
Peiró, Peter E. Vincent, Christoph Schwab, 2020-08-11 This open access book features a selection of
high-quality papers from the presentations at the International Conference on Spectral and
High-Order Methods 2018, offering an overview of the depth and breadth of the activities within this
important research area. The carefully reviewed papers provide a snapshot of the state of the art,
while the extensive bibliography helps initiate new research directions.
  a mathematical introduction to compressive sensing: Compressed Sensing in



Information Processing Gitta Kutyniok, Holger Rauhut, Robert J. Kunsch, 2022-10-20 This
contributed volume showcases the most significant results obtained from the DFG Priority Program
on Compressed Sensing in Information Processing. Topics considered revolve around timely aspects
of compressed sensing with a special focus on applications, including compressed sensing-like
approaches to deep learning; bilinear compressed sensing - efficiency, structure, and robustness;
structured compressive sensing via neural network learning; compressed sensing for massive
MIMO; and security of future communication and compressive sensing.
  a mathematical introduction to compressive sensing: Combinatorial Image Analysis Reneta
P. Barneva, Bhargab B. Bhattacharya, Valentin E. Brimkov, 2016-01-05 This volume constitutes the
refereed proceedings of the 17th International Workshop on Combinatorial Image Analysis, IWCIA
2015, held in Kolkata, India, in November 2015. The 24 revised full papers and 2 invited papers
presented were carefully reviewed and selected from numerous submissions. The workshop provides
theoretical foundations and methods for solving problems from various areas of human practice. In
contrast to traditional approaches to image analysis which implement continuous models, float
arithmetic and rounding, combinatorial image analysis features discrete modelsusing integer
arithmetic. The developed algorithms are based on studying combinatorial properties of classes of
digital images, and often appear to be more efficient and accurate than those based on continuous
models.
  a mathematical introduction to compressive sensing: Spectral and High Order Methods for
Partial Differential Equations ICOSAHOM 2020+1 Jens M. Melenk, Ilaria Perugia, Joachim Schöberl,
Christoph Schwab, 2023-06-30 The volume features high-quality papers based on the presentations
at the ICOSAHOM 2020+1 on spectral and high order methods. The carefully reviewed articles
cover state of the art topics in high order discretizations of partial differential equations. The volume
presents a wide range of topics including the design and analysis of high order methods, the
development of fast solvers on modern computer architecture, and the application of these methods
in fluid and structural mechanics computations.
  a mathematical introduction to compressive sensing: Geometric Aspects of Functional
Analysis Bo'az Klartag, Emanuel Milman, 2017-04-17 As in the previous Seminar Notes, the current
volume reflects general trends in the study of Geometric Aspects of Functional Analysis, understood
in a broad sense. A classical theme in the Local Theory of Banach Spaces which is well represented
in this volume is the identification of lower-dimensional structures in high-dimensional objects. More
recent applications of high-dimensionality are manifested by contributions in Random Matrix Theory,
Concentration of Measure and Empirical Processes. Naturally, the Gaussian measure plays a central
role in many of these topics, and is also studied in this volume; in particular, the recent
breakthrough proof of the Gaussian Correlation Conjecture is revisited. The interplay of the theory
with Harmonic and Spectral Analysis is also well apparent in several contributions. The classical
relation to both the primal and dual Brunn-Minkowski theories is also well represented, and related
algebraic structures pertaining to valuations and valent functions are discussed. All contributions
are original research papers and were subject to the usual refereeing standards.
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