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Preface

Based on the integration of image processing and spectroscopy techniques,
hyperspectral imaging is a novel technology for obtaining both spatial and
spectral information from an object. In recent years, hyperspectral imaging
has rapidly emerged as and matured into one of the most powerful and
fastest-growing non-destructive tools for food quality analysis and control.
Using the hyperspectral imaging technique, the spectrum associated with
each pixel in a food image can be used as a fingerprint to characterize the
biochemical composition of the pixel, thus enabling the visualization of the
constituents of the food sample at pixel level. As a result, hyperspectral
imagery provides the potential for more accurate and detailed information
extraction than is possible with any other type of technology for the food
industry.

In order to reflect the rapid developing trend of the technology, it is timely
to publish Hyperspectral Imaging for Food Quality Analysis and Control. The
book is divided into two parts. Part 1 deals with principles and instruments,
including theory, image data treatment techniques, and hyperspectral
imaging instruments. Part 2 covers its applications in quality analysis and
control for various foods and agricultural products.

As the first book in the subject area, Hyperspectral Imaging for Food
Quuality Analysis and Control is written by the most active peers in this field,
with both academic and professional credentials, highlighting the truly
international nature of the work. The book is intended to provide the engi-
neer and technologist working in research, development, and operations in
the food industry with critical and readily accessible information on the art
and science of the hyperspectral imaging technology. The book should also
serve as an essential reference source to undergraduate and postgraduate
students and researchers in universities and research institutions.
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CHAPTER 1

Principles of Hyperspectral
Imaging Technology

Gamal EIMasry 2, Da-Wen Sun

! University College Dublin, Agriculture and Food Science Centre, Belfield, Dublin, Ireland
2Agricultural Engineering Department, Suez Canal University, Ismailia, Egypt

1.1. INTRODUCTION

During the past few decades a number of different techniques have been
explored as possible instrumental methods for quality evaluation of food
products. In recent years, hyperspectral imaging technique has been regarded
as a smart and promising analytical tool for analyses conducted in research,
control, and industries. Hyperspectral imaging is a technique that generates
a spatial map of spectral variation, making it a useful tool in many applica-
tions. The use of hyperspectral imaging for both automatic target detection
and recognizing its analytical composition is relatively new and is an
amazing area of research. The main impetus for developing a hyperspectral
imaging system was to integrate spectroscopic and imaging techniques to
enable direct identification of different components and their spatial distri-
bution in the tested sample. A hyperspectral imaging system produces a two-
dimensional spatial array of vectors which represents the spectrum at each
pixel location. The resulting three-dimensional dataset containing the two
spatial dimensions and one spectral dimension is known as the datacube or
hypercube (Chen et al., 2002; Kim et al., 2002; Mehl et al., 2004; Schweizer &
Moura, 2001). The advantages of hyperspectral imaging over the tradi-
tional methods include minimal sample preparation, nondestructive nature,
fast acquisition times, and visualizing spatial distribution of numerous
chemical compositions simultaneously. The hyperspectral imaging tech-
nique is currently tackling many challenges to be accepted as the most
preferable analytical tool in identifying compositional fingerprints of food

Hyperspectral Imaging for Food Quality Analysis and Control
Copyright © 2010 Elsevier Inc. All rights of reproduction in any form reserved.
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4 CHAPTER 1: Principles of Hyperspectral Imaging Technology

products and their authentication. The need for fast and reliable methods of
authenticity and object identification has increased the interest in the
application of hyperspectral imaging for quality control in the agricultural,
pharmaceutical, and food industries. Moreover, enhancement in instru-
mental developments, the availability of high-speed computers, and the
development of appropriate chemometric procedures will allow this tech-
nique to be dominant in the future. This chapter presents the fundamentals,
characteristics, configuration, terminologies, merits and demerits, limits and
potential of hyperspectral imaging. Basics and theoretical aspects relating to
this technique, the information that can be supplied, and the main features
of the instrumentation are presented and briefly discussed. The final part of
the chapter concerns a general overview of the main steps involved in
analyzing hyperspectral images. The potential applications of hyperspectral
imaging in food analysis will be explained in more detail in the relevant
chapters of this book

1.1.1. The Necessity for Automating Quality Assessment

With increased expectations for food products with high quality and safety,
the need for accurate, fast, and objective quality determination of these
characteristics continues to grow. Quality assurance is one of the most
important goals of any industry. The ability to manufacture high-quality
products consistently is the basis for success in the highly competitive food
industry. It encourages loyalty in customers and results in an expanding
market share. The quality assurance methods used in the food industry have
traditionally involved human visual inspection. Such methods are tedious,
laborious, time-consuming, and inconsistent. As plant throughput increased
and quality tolerance tightened, it became necessary to employ automatic
methods for quality assurance and quality control (Gunasekaran, 1996).
Also, the increased awareness and sophistication of consumers have created
the expectation for improved quality food products. Consumers are always
demanding superior quality of food products, i.e., higher quality for an
individual food item, consistency of products in a batch, and enhanced food
safety as a whole (Nagata et al., 2005). This in turn has increased the need for
enhanced quality monitoring. In general, automation of a quality assessment
operation not only optimizes quality assurance but more importantly it also
helps in removing human subjectivity and inconsistency. Moreover, auto-
mation usually increases the productivity and changes the character of the
work, making it less arduous and more attractive. Considering the fact that
the productivity of a person working in a mechanized and automated envi-
ronments is approximately ten times that of a manual worker, this has
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stimulated progress in the development of many novel sensors and instru-
ments for the food industry, often by technology transfer from other
industrial sectors, including medical, electronic, and nonclinical sectors
(Abdullah et al., 2004). If quality evaluation is achieved automatically,
production speed and efficiency can be improved drastically in addition to
increased evaluation accuracy, with an accompanying reduction in produc-
tion costs.

1.2. RELATIONSHIP BETWEEN SPECTROSCOPY,
IMAGING, AND HYPERSPECTRAL IMAGING

In the past two decades, considerable progress has been accomplished in the
development of new sensing technologies for quality and safety inspection of
agricultural and food products. These new sensing technologies have
provided us with unprecedented capabilities to measure, inspect, sort, and
grade food products effectively and efficiently. Consequently, some smart
methods to evaluate quality and quality-related attributes have been devel-
oped using advanced techniques and instrumentation. Most recently, the
emphasis has been on developing sensors for real-time, nondestructive
systems. As a result, automated visual inspection by computer-based
systems has been developed in the food industry to replace the traditional
inspection by human inspectors because of its cost-effectiveness, consis-
tency, superior speed, and accuracy. Computer vision technology utilizing
image processing routines is one alternative which became an integral part of
the industry’s move towards automation. Combined with an illumination
system, a computer vision system is typically based on a personal computer
in connection with electrical and mechanical devices to replace human
manipulative effort in the performance of a given process (Du & Sun, 2006).
Image processing and image analysis are the core of computer vision,
involving mathematics, computer science and software programming. This
system has a great ability in evaluation cycle to apply the principle: several
objects per second instead of several seconds per object.

Unfortunately, the computer vision system has some drawbacks that
make it unsuitable for certain industrial applications. It is inefficient in the
case of objects of similar colours, inefficient in the case of complex classifi-
cations, unable to predict quality attributes (e.g. chemical composition), and
it is inefficient for detecting invisible defects. Since machine vision is oper-
ated at visible wavelengths, it can only produce an image registering the
external view of the object and not its internal view. Situations exist whereby



