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Preface

Many excellent books are available which deal in one way or another with image reproduction,
either generically for example across photography or television, or in a more specialist manner
for a particular technology such as digital television. Invariably colour is discussed as an
integral part of the reproduction process, often as an adjunct to the technology of the media
being covered. However, few books leave the reader who is specifically interested in the
reproduction of colour entirely happy that the colour reproduction process has been fully
understood at a fundamental level.

Often the more obscure elements of colorimetry are glossed over, which is fine for those
who require only a superficial understanding in this area but is frustrating for those who need to
understand fully the derivation and interpretation of the various chromaticity diagrams in use.
In contrast, the aim of this book is to cover comprehensively the complete process of colour
reproduction from capturing the scene to rendering the final image, whether it be in the form
of a display or a print. Emphasis is placed on the analysis and processing of the colour com-
ponents, rather than the technology associated with generating and conveying the components
representing the original image from the camera to the point where the image is rendered.

Nevertheless, aspects of colorimetry, such as the derivation of the CIE! x.y chromaticity
diagram, for example, are fundamentally quite mathematical. So in order not to detract from
the flow of the text, the development of the subject is described in a heuristic manner and the
supporting mathematics are constrained to the appendices for those who wish to grasp the
complete picture at a deeper fundamental level.

The material for this book evolved initially from notes used to support the ‘Television
Image Formation, Analysis and Reproduction” lecture given by the author in a series of annual
engineering lectures for the Royal Television Society (RTS) and subsequently developed into
a chapter for the planned RTS book on television engineering. He was also able to build
upon the material used more recently in a presentation to the Image Science Section of The
Royal Photographic Society on colour management as a means of achieving accurate colour
reproduction in photography. As a member of the Society of Motion Picture and Television
Engineers (SMPTE). he has watched with interest his colleagues driving the evolution of
international standards for colour reproduction in digital cinematography and has drawn upon
this material for the part dealing with this topic; this step completed the transformation of the
three major picture media systems: television, photography and cinematography to electronic-
based systems.

' Commission Internationale de 1'Eclairage or International Commission on [lumination, the international body
responsible for specifying the measurement of colour,



Xiv Preface

In recent years, electronic image reproduction has made tremendous strides not only in
television, to embrace digital, high definition and 3D television, but also by expanding into
photography and latterly into “digital cinema’, where digital cameras have virtually replaced
film at the shooting stage and digital large screen projectors have become the norm in most
cinemas. Despite these advances, the fidelity of colour reproduction continues to have limita-
tions and there remain enticing approaches to extending the range of colours which may be
reproduced as described in the book.

The book sets out to provide an in-depth analysis of colour, its measurement and its
reproduction at a fundamental level before going on to provide a comprehensive coverage
of its application in uniquely different ways to television, photography and cinematography,
respectively.

The application of colour reproduction theory to practical systems is addressed from a
historical perspective, since the application of electronics to each media system has always been
built on the technology developed for digitising the previous media. Much of the groundwork
of applying the then relatively new understanding and standardisation of colour analysis and
measurement of the 1930s. through the work of the CIE, was brought to bear by the members
of the National Television System Committee (NTSC) of the United States in the early 1950s,
when the first practical colour television system was introduced. The European television
systems (Phase Alternating Line (PAL) and Sequential Colour with Memory (SECAM))
which followed in the 1960s were essentially based upon the same colour fundamentals.
However, they differed from the earlier system in that they evolved methods of encoding the
colour signals for transmission that were less prone to the eftects of the distortions apparent in
the electronic systems of the day, which in its early days had given the NTSC system a poor
reputation.

In electronic terms, these pioneer colour television systems reigned supreme for some
40 years before developments in technology in the 1980/90s gave rise to the possibility of
adopting a new world-wide standard for television which included a tightening up of the
standards associated with the specifications for colour reproduction. Some would claim the
opportunity was missed at that time to introduce standards which would embrace developments
in colour reproduction which had already been foreseen, and are now waiting on the side-lines
for the opportunity to come to the fore.

During broadly the same period of the early 1990s, these developments also saw the
evolution of the standardisation of digital video signals, the JPEG digital compression system
and cost-effective solid-state image sensors, making practical digital stills cameras available
at increasingly affordable prices for general consumer use. Finally in the early 2000s, with
the adaptation of specialised television cameras of high resolution for recording sequences
for the cinema, and the availability of suitably bright and high-resolution projectors, the way
was open in the late 2000s for experts within the cinematographic standards bodies” to set the
colour specifications for the digital cinema. Part 5 of this book describes that journey in terms
of the colour techniques and specifications adopted by each of the three media: television,
photography and cinematography.

) g . : : . . 9, e e e B
= The Academy of Motion Picture Arts and Sciences, the American Society of Cinematographers, the Digital Cinema
Initiatives and the Society of Motion Picture and Television Engineers.
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Introductions

The Book

This book is aimed at both the serious practitioners in the fields of photography, television
engineering and cinematography, and those amateurs who have the enthusiasm to learn more
of the reproduction medium which they enjoy as a hobby.

In essence the requirements of colour image reproduction may be simply stated. we need to:

First understand what colour is,

Determine a means of measuring it,

Capture and measure the value of the colours in a scene,

Establish the most efficient and precise way we can transfer those measurements to the
device which creates and displays the reproduced image.

e Control the image creating device with signal components levels representing the measure-
ments we originally made.

As the original structure laid out for this book took shape. it became clear that the subject
matter associated with each chapter fell naturally into groups broadly reflecting the require-
ments listed above. These groups became the five parts of the book.

It also became evident that each part would benefit from its own introduction; thus rather
than writing a general introduction at the beginning of the book to cover all the material in
one step, it was decided to emphasise this natural grouping by writing an introduction to each
part. These introductions describe the range of the topics covered and the approach adopted
in addressing the material it contains.

Thus the five parts of the book are:

Part 1 Colour — Perception, Characteristics and Definition
Part 2 The Measurement and Generation of Colour
Part 3 The Concepts of Colour Reproduction
Part 4 The Fundamentals of Colour Reproduction
Part 5 The Practicalities of Colour Reproduction in:
Part SA Television,
Part 5B Photography and

Part 5C Digital Cinematography
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A more detailed indication of the material contained in each part is provided by reference
to the Contents page, where the titles of the chapters and the sections comprising each chapter
are listed. As an alternative, turning to the page containing the part heading will provide access
to the introduction to that part.

This book is specifically about colour and its reproduction in photography, television and
cinematography using electronics rather than film as the technology of implementation. Each
of these media areas is highly technical in its own right, and there are good books available
which describe every aspect of these individual technologies: thus, the material in this book is
of necessity restricted specifically to the colour technology required of each of these media,
which often tends to be only casually dealt with in more generic books. Only where an
understanding of the associated technology would be helpful in clarifying the colour concepts
in a particular area is the technology then described in very general terms.

The aim of this book is to ensure that it is easily read and understood by the widest range
of readers, from those with only a passing understanding of physics and mathematics to those
with a more specialised knowledge in these areas who wish for a deeper understanding of
the subject. In consequence, I have relied on appendices to provide the depth the latter may
require in order that these detailed explanations do not get in the way of the flow of the material.

In order to support the text and the numerous charts which appear in the book. a good deal
of calculation was required in the form of worksheets and it seemed that it would greatly
extend the usefulness of the book to make these worksheets available to those readers wishing
to understand the underlying mathematics. Thus. ‘The Colour Reproduction Workbook™ is
introduced in more detail below.

In researching material to support this book. it became evident that amongst much erroneous
material on the World Wide Web there is also much which is excellent. and occasionally, in
order to avoid ‘reinventing the wheel’, I have, where appropriate, included such material with
due reference as to its source. I have also received much support from friends and colleagues
who are active in the field of colour and reproduction and have welcomed the opportunity to
note their contributions with appropriate references.

The Colour Reproduction Workbook

With very few exceptions, all the charts and supporting calculations appearing in the book are
derived from worksheets produced by the author. These worksheets have been compiled into
an Excel workbook and provide an invaluable resource to those readers who have the need
or the interest to explore further the examples provided in the narrative of the book. Many
of the worksheets contain icons controlling macros, which when activated will replace one
set of data in a calculation with a different set, enabling a wide range of “what if" questions
which may arise in the mind of the reader to be answered. The dedicated data worksheets.
which contain a very wide range of basic colorimetric data, provide the reader with the option
of copying specific data into the example worksheet to meet their needs, or indeed enter new
data, direct into the worksheets.

Each worksheet follows the numbering sequence of its associated chapter, more than one
sheet being provided when necessary with an (a) or (b) suffix in order to avoid as far as possible
the production of unwieldy spreadsheets. At the top left of the worksheet is a brief description
of its functionality.
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As the theme of colour reproduction is developed in the book, the supporting calculations
become more extensive until the point is reached where a number of worksheets have evolved
which effectively become simple mathematical models with accompanying performance charts
which describe the whole or large sections of the reproduction process. These worksheets are
particularly invaluable in exploring how different parameters can affect the performance of
the colour reproduction process.

The workbook is accompanied by the *Guide to the Colour Reproduction Workbook” which
describes its structure and, for the more extensive worksheets. supplements the brief description
provided at the top of each worksheet with a section which provides a description of its layout
and how to operate the macros.

The Colour Reproduction Workbook and its associated ‘Guide to the Colour Reproduction
Workbook™ may be downloaded from the companion website to this book at www.wiley.com/
go/toomscolour.

In addition the *Guide to the Reproduction Workbook™ appears as Appendix J to this book.
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