Imaging Systems Performance

Unmasked

Introduction

Imaging systems are ubiquitous in today's world. They
are used in a wide variety of applications, from
surveillance and reconnaissance to medical imaging
and industrial inspection. The performance of these
systems is critical to their ability to meet the demands

of these applications.

This book provides a comprehensive overview of the
performance of imaging systems. It covers all aspects of
the imaging process, from the optics and detectors to
the electronics and displays. The book is written in a
clear and concise style, and it is packed with practical

insights and real-world examples.



The book is divided into 10 chapters. The first chapter
provides an overview of the fundamentals of imaging
systems. The second chapter discusses the optical
systems used in imaging systems. The third chapter
covers the detectors used in imaging systems. The
fourth chapter covers the electronics used in imaging
systems. The fifth chapter covers the displays used in
imaging systems. The sixth chapter covers the
atmospheric effects that can degrade the performance
of imaging systems. The seventh chapter covers the
target characterization techniques used to characterize
the targets of imaging systems. The eighth chapter
covers the system performance analysis techniques
used to evaluate the performance of imaging systems.
The ninth chapter covers the applications of imaging
systems. The tenth chapter covers the emerging
technologies that are expected to impact the future of

imaging systems.

This book is an essential resource for anyone who is

interested in the performance of imaging systems. It is
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also a valuable reference for anyone who is involved in
the design, development, or operation of imaging

systems.



Book Description

Imaging Systems Performance Unmasked provides a
comprehensive overview of the performance of
imaging systems, covering all aspects of the imaging
process, from the optics and detectors to the electronics
and displays. Written in a clear and concise style, and
packed with practical insights and real-world
examples, it is an essential resource for anyone who is

interested in the performance of imaging systems.

This book is also a valuable reference for anyone who
is involved in the design, development, or operation of
imaging systems. It provides a detailed understanding
of the factors that affect the performance of imaging
systems, and it offers practical guidance on how to

improve the performance of these systems.

The book is divided into 10 chapters, each of which
covers a different aspect of the performance of imaging

systems. The first chapter provides an overview of the



fundamentals of imaging systems, including the basic
concepts of image formation, resolution, and
sensitivity. The second chapter discusses the optical
systems wused in imaging systems, including the
different types of lenses and mirrors, and the
aberrations that can affect the performance of optical

systems.

The third chapter covers the detectors used in imaging
systems, including the different types of detectors, the
characteristics of detectors, and the noise and
performance of detectors. The fourth chapter covers
the electronics used in imaging systems, including the
different types of signal conditioning and amplification
circuits, analog-to-digital converters, and digital signal
processing techniques. The fifth chapter covers the
displays used in imaging systems, including the
different types of displays, the characteristics of
displays, and the human factors that affect the

performance of displays.



The sixth chapter covers the atmospheric effects that
can degrade the performance of imaging systems,
including the effects of scattering, absorption, and
turbulence. The seventh chapter covers the target
characterization techniques used to characterize the
targets of imaging systems, including the different
types of target signatures and models, and the
techniques for target detection, classification, tracking,

and identification.

The eighth chapter covers the system performance
analysis techniques used to evaluate the performance
of imaging systems, including the different types of
performance measures, and the techniques for system
simulation and modeling. The ninth chapter covers the
applications of imaging systems, including the different
types of applications, and the requirements for imaging
systems in different applications. The tenth chapter
covers the emerging technologies that are expected to
impact the future of imaging systems, including the

different types of advanced imaging sensors,
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computational imaging techniques, artificial

intelligence for imaging, and quantum imaging.

Imaging Systems Performance Unmasked is an
essential resource for anyone who is interested in the
performance of imaging systems. It is also a valuable
reference for anyone who is involved in the design,

development, or operation of imaging systems.



Chapter 1: Fundamentals of Imaging

Systems

Elements of an imaging system

An imaging system is a device that converts a scene
into an image. The image can be stored, displayed, or
processed further. Imaging systems are used in a wide
variety of applications, from surveillance and
reconnaissance to medical imaging and industrial

inspection.
The basic elements of an imaging system are:

e Lens: The lens focuses light from the scene onto
the detector. The lens is responsible for the field
of view, depth of field, and resolution of the
image.

e Detector: The detector converts light into an
electrical signal. The detector is responsible for

the sensitivity and noise of the image.



e Electronics: The electronics process the electrical
signal from the detector. The electronics can
amplify the signal, filter out noise, and convert
the signal into a digital format.

e Display: The display displays the image. The
display is responsible for the brightness,

contrast, and color of the image.

In addition to these basic elements, imaging systems

may also include other components, such as:

e [umination: The illumination provides light for
the scene. The illumination can be natural or
artificial.

e  Filters: Filters can be used to block out unwanted
light or to enhance the contrast of the image.

e Optics: Optics can be used to correct for lens
aberrations or to change the magnification of the

image.

The design of an imaging system is a complex process

that involves many factors, such as the application, the
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environment, and the cost. The goal of the design
process is to create an imaging system that meets the

requirements of the application.
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Chapter 1: Fundamentals of Imaging

Systems

Image formation

Image formation is the process of creating an image
from a scene. In an imaging system, the image is
formed by focusing light from the scene onto a
detector. The detector converts the light into an
electrical signal, which is then processed to create an

image.

The image formation process can be divided into three

steps:

1. Light collection. The imaging system collects
light from the scene through a lens. The lens
focuses the light onto the detector, creating an

image of the scene.

2. Light detection. The detector converts the light
into an electrical signal. The electrical signal is

then processed to create a digital image.
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3. Image processing. The digital image is
processed to improve its quality. The processing
can include operations such as noise reduction,

sharpening, and color correction.

Image formation is a complex process, and many
factors can affect the quality of the resulting image.
These factors include the quality of the lens, the
sensitivity of the detector, and the processing

algorithms used.

In general, a good imaging system will produce an
image that is sharp, clear, and free of noise. The image
should also be faithful to the original scene, accurately

representing the colors and details of the scene.

Image formation is a critical process in imaging
systems, and it is essential to understand the factors
that affect the quality of the resulting image. By
understanding these factors, it is possible to design and
build imaging systems that produce high-quality
images.
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Chapter 1: Fundamentals of Imaging

Systems

Resolution and sensitivity

Resolution and sensitivity are two of the most
important performance characteristics of an imaging
system. Resolution refers to the ability of the system to
distinguish between two closely spaced objects, while
sensitivity refers to the ability of the system to detect

faint objects.

The resolution of an imaging system is determined by a
number of factors, including the optical quality of the
lenses, the size of the pixels in the detector, and the
amount of noise in the system. The sensitivity of an
imaging system 1is determined by the quantum
efficiency of the detector and the amount of noise in

the system.

The resolution and sensitivity of an imaging system are

often traded off against each other. For example, a
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system with high resolution will typically have lower
sensitivity, and vice versa. This is because increasing
the resolution of a system requires increasing the
number of pixels in the detector, which in turn

increases the amount of noise in the system.

The optimal resolution and sensitivity for an imaging
system will depend on the specific application. For
example, a system used for surveillance will typically
require higher resolution than a system used for

medical imaging.

In addition to the factors mentioned above, the
resolution and sensitivity of an imaging system can
also be affected by the atmosphere. The atmosphere
can cause light to scatter and absorb, which can reduce
the resolution and sensitivity of an imaging system. The
effects of the atmosphere can be mitigated by using
special optical filters and by designing the imaging

system to be less sensitive to atmospheric effects.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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