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Abstract

Recent years have witnessed a surge in bomb explosions worldwide. Incidents involving
injuries to military personnel, loss of innocent lives, significant port explosions, and various
threats in conflict zones. These incidents highlight the critical need to develop a reliable

sensing platform for detection of explosives to enhance public safety and national security.

Explosive detection remains a significant concern in the modern world due to the growing
sophistication of explosive devices and the diverse environments in which they can be
deployed. Consequently, developing a reliable explosive detection system is a top priority.
One promising technique for chemical detection is Raman spectroscopy. When a
monochromatic light illuminates the chemicals, a small amount of light scatters
inelastically, offering a highly specific "fingerprinting” capability to identify molecules,

making it invaluable for detecting chemicals.

However, the practical application of Raman spectroscopy faces challenges due to its nature
of point-detection as the probability of detecting explosives decreases over larger areas.
Raman spectroscopic imaging has emerged as a viable solution, addressing this issue by

scanning larger areas, thus improving detection probabilities.

Traditional spectroscopic imaging methods are primarily based on raster scanning, which
sequentially acquires data from each point in a sample. These methods provide high spatial
resolution but are time-consuming, resulting in lengthy acquisition times for Raman
images. Compressive sensing offers a transformative approach by significantly reducing

acquisition times, thereby overcoming this limitation.



Compressive sensing techniques exploit the sparsity of signals to reconstruct images from
fewer measurements than conventional methods would require. A notable application of
compressive sensing in digital imaging is the single-pixel camera, which captures images
using a single photodetector rather than a two-dimensional detector array. This innovative
framework can be extended to multidimensional Raman spectroscopic imaging, enhancing

the efficiency and speed of explosives detection over large areas.

Integrating the single-pixel imaging framework with Raman spectroscopy makes it possible
to develop a robust system capable of standoff explosives detection. This advancement
enhances the effectiveness of explosives detection. It provides a scalable solution adaptable
to various defence and security contexts, food quality checks, medical imaging,

pharmaceuticals, etc.

The present thesis deals with developing Raman Spectral Imaging using a single-pixel
camera (SPC) framework. The concept design can detect explosive materials from a
standoff distance. Presently, the standoff detection range is limited to four meters.
However, increasing the laser power and specially designed optics can enhance the

detection range. The entire thesis is planned in six chapters.

Chapter 1 begins by emphasizing the critical importance of explosives detection systems
in ensuring public safety, preventing terrorism, and protecting infrastructure. It then
explores various explosives detection techniques under bulk and trace detection techniques.
Among these, Raman spectroscopy stands out due to its potential for high specificity and
unique fingerprinting characteristics that allow for the precise identification of explosive
materials. However, a significant drawback of Raman spectroscopy is its poor sensitivity,
which limits its effectiveness in detecting low concentrations of explosives. To address this

limitation, advancements in Raman imaging are being explored, enhancing sensitivity and



enabling more accurate and reliable detection. This chapter investigates these techniques,
highlighting the motivation for exploring Raman Spectral Imaging for explosives detection

providing an economical solution.

Chapter 2 provides a comprehensive overview of CS, offering a detailed understanding of
its principles and applications. It begins with a mathematical explanation of CS,
demonstrating how this technique reduces acquisition time by strategically subsampling
the given signals. This chapter explains the architecture, working principle and hardware
implementation of a SPC. This chapter provides an in-depth analysis of the effect of light
transmission through coded masks and the number of compressive measurements on the
quality of the reconstrued image. This chapter provides the reconstruction of the image
from compressive measurements. Finally, analysis of reconstructed images obtained

through different coded mask patterns has been presented.

Chapter 3 provides an overview of traditional scanning-based spectral imaging techniques
and explores different SPC architectures to overcome the slow acquisition times associated
with these methods. It discusses the hardware implementation of the SPC framework for
acquiring three-dimensional spectro-spatial data with high compression rate. It covers the
reconstruction of spectral imaging using various algorithms, the enhancement of these
reconstructions with total variation (TV) denoising techniques, and the evaluation of

reconstruction quality.

Chapter 4 introduces active and passive spectral imaging and different applications of
active spectral imaging and key parameters. The chapter discusses the limitations of
traditional spectral imaging systems and how to overcome using CS. It explores research

conducted by various scholars on active spectral imaging using the SPC framework, along

Vi



with the contribution of our own study. The chapter demonstrate the development of active
spectral imaging architecture using the SPC framework, emphasizing its high-resolution
capabilities. This chapter highlights achievements, including a remarkable spectral
resolution and a detailed comparison of spectral image reconstruction using various
algorithms. The chapter introduces quality analysis of the reconstructed spectral images
using several reference-less quality assessment algorithms. The chapter presents a reverse
analysis where full spectral reconstruction is achieved from the reconstructed image cube,

resulting in improved spectral information.

Chapter 5 presents the various applications of traditional Raman imaging in various fields.
The chapter introduce the classification of Raman Spectral imaging and long acquisition
times associated with them. It explains the utilization of CS to address the issue. The
chapter explores the similar studies carried out by various researches. The chapter also
highlights the achievements including reduced acquisition time, increased standoff
detection range, and enhanced spatial classification of multiple explosives using a CCD-
based spectrometer. The chapter demonstrates the system’s effectiveness at various
distances for detecting single or multiple explosives and explains the synchronization
circuit for efficient spectro-spatial compressive measurements. Finally, it showcases the
system’s versatility by reconstructing Raman spectral images across different detection

ranges, reinforcing its innovative nature.

Chapter 6 summarizes the research work performed and presented in the previous chapters

and briefly presents the scope for future research and development in this direction.

vii
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