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Preface to the Second Edition

We initially thought that a new edition was a simple matter of updating the previous edition: how-
ever, we soon had to admit that far-reaching changes for the professions—both in the detection and
identification processes—needed a thorough treatment. The general outline and subdivision found
in the first edition is retained. and. as with the first edition. our focus is on fundamental issues
(whether in the identification process, the detection processes. the semantics, or ongoing research).
Indeed. valuable books and chapters go into the details of current detection procedures, whereas
we have kept an outline of what would be widely applicable methods that would help detect a large
majority of ridge impressions, while keeping paragraphs dedicated to future and potential develop-
ments. Over the 13 years since the first edition, the scientific literature in this area has exploded
(over 1,000 publications) and the related professions have been shaken by errors, challenges by
courts and other scientists, and changes of a fundamental nature related to previous claims of infal-
libility and absolute individualization. This implies fundamental changes in the way training, iden-
tifying, and reporting should be conducted. We address these questions with a definite view of
where the profession has to go and what efforts and research should help develop the field over the
next few years. We propose solutions that were already watermarked in the previous edition but with
a full development of probabilistic and decision theories that will support the identification process.
The mask is down, and this should lead to heated debates in the near future as many practitioners
have not yet realized the earth-shattering nature of the changes. This is a book, we hope, that will
prepare the reader for the challenges ahead.

We are also pleased to announce that we have a website for the book where you can access addi-
tional resources such as Bayesian networks. comparison tools, and updated reagent formulations.
The website address is http://esc-app.unil.ch/blogs/forsi/.

Such a venture would not have been possible without the contributions of many colleagues and
researchers from the University of Lausanne whom we acknowledge. They are Alexandre Anthonioz.
Andy Bécue, Alex Biedermann, Marco de Donno, Nicole Egli Anthonioz, Aline Girod. Tacha Hicks
Champod. Sébastien Moret. Eric Sapin, Franco Taroni. Romain Voisard, and Céline Weyermann.
Also, there have been numerous other colleagues from around the world who have had a strong
influence on our work over the past years and have helped us shape our thinking on relevant issues.
Conscious that it is hard to be exhaustive, we thank Yossi Almog. JoAnn Buscaglia, Toni Cantu,
Itiel Dror. Heidi Eldridge, lan Evett. Jean-Christophe Fondeur. Austin Hicklin, Anil Jain, Terry
Kent. Glenn Langenburg. Didier Meuwly. Cédric Neumann, Michio Okajima, Robert Ramotowski,
James Robertson, Claude Roux. Xanthe Spindler. David Stoney. the members of the Scientific
Working Group on Friction Analysis. Study and Technology, and the members of the International
Fingerprint Research Group.

Finally, we dedicate this book to our families for their unquestioning love and support.

Lausanne, Canberra, and Sydney



Preface to the First Edition

Our aim with this book was to place, under the same roof, two distinct but intertwined aspects of the
use of fingerprinting for personal identification and criminal investigation: (1) the aspects associated
with the visualization. detection, and recording of friction ridge skin impressions and (2) the issues
regarding the identification or individualization of unknown marks when compared with known
prints. In 1978, Robert Olsen (1978) published one of the rare books where both aspects were cov-
ered with equal weight. Two of us published an overview of fingerprint detection techniques, putting
significant emphasis on detection sequences (Margot and Lennard 1994); however, the identification
process was only briefly covered. In recent years, we have all been involved in various research
projects on fingerprint detection techniques as well as identification issues. We have tried to reflect
these dual aspects through our mandate to regularly update the forensic community on the field for
the triennial Interpol Forensic Science Symposiums in Lyon (Margot and Lennard 1993; Champod
and Margot 1997, 1998; Meuwly and Margot 2001). We have observed a field that is in rapid prog-
ress on both detection and identification issues, and in light of the recent debate on the admissibility
of fingerprint evidence in US courts, we have decided to bring together both sides of this discipline
within the same volume and to give them the evenhanded critical analysis they deserve. Our chap-
ters are arranged as follows:

In Chapter 1, we give a brief overview of the current state of knowledge on the morphogenesis
of friction ridge skin. Our objective is to embed the identification process on a firm ground of
understanding of biological uniqueness. We are particularly grateful here to Prof. Michio Okajima,
who has shared with one of us his time. extensive knowledge. and photographic material during a
wonderful summer afternoon in Tokyo in 1996.

In Chapter 2. we investigate the nature of the identification process. We have tried to step beyond
the well-known ACE-V protocol, which does not completely fulfill the requirements—as described
by van Koppen and Crombag (2000)—of (1) a fully articulated descriptive model. (2) a detailed
and systematic account of the variation of the features, and (3) a transparent decision model.
Consequently, we put some effort into making explicit the available knowledge, with special empha-
sis on the documented selectivity of fingerprint features. We have also made a deliberate attempt to
reconcile the two main approaches to the identification process: an approach based on an empirical
numerical standard (a predefined number of points) and a holistic approach. We believe that most of
the antagonism of this debate fades away when an appropriate perspective is adopted on the concept
of identification standards: a sound professional framework founded on a sound corpus of scientific
data, high standards of quality management, proficiency testing, performance monitoring, and blind
testing.

Chapter 3 presents the knowledge of chemistry, optics, and photography that is necessary to
develop skills and understanding in detection techniques. We felt that it was important to draw
special attention to the use of filters, optical enhancement techniques, and also digital image
processing. Following the creation of the School of Forensic Science (Institut de Police Scientifique)
at the University of Lausanne in 1909, Prof. R. A. Reiss taught pioneer forensic scientists to maxi-
mize and secure the recovery of evidential marks through the expert use of photographic techniques
(Reiss 1903). The importance of the recording process can never be overstressed.

In Chapter 4, the major fingerprint detection techniques are reviewed according to the type
of surface encountered. The chapter starts with information regarding the composition of finger-
mark residue, allowing an understanding of the nature of the components targeted by the detection
techniques and the added value of detection sequences as opposed to a single treatment. It is not
intended to provide an exhaustive account of all optical, physical, or chemical techniques that have
been proposed in the literature, but rather to provide a consistent and optimized set of techniques
that have shown good potential in operational casework.

xiii



xiv Preface to the First Edition

Chapters 5 and 6 bring the book to its conclusion. They provide the reader with an insight into
fingerprint-related matters such as age determination, forgeries, and the management of errors.
We also made an attempt at setting a standard nomenclature. In developing this book. we have
made some choices that the reader needs to be aware of. First, we decided to give no account of
the history of the use of fingerprinting in criminal investigation. We consider that the chapter from
John Berry and the relevant section in David Ashbaugh’s book are very complete accounts for
fingerprint examiners (Ashbaugh 1999; Berry and Stoney 2001). In addition, recent publications
have covered these historical aspects and brought to the table important sociological perspec-
tives (Cole 1998, 1999. 2001). reaffirmed the contribution of Dr. Henry Faulds (Beavan 2001).
and documented the essential development of the method in India during the nineteenth century
and its influence in Britain (Sengoopta 2003). Although the reader will find significant material
in the aforementioned references, we strongly felt the need to complement this view by presenting
a European perspective that remains largely unknown and poorly documented. Among the active
forensic scientists during the transition period between anthropometry (Bertillon) and dactylos-
copy (Faulds, Galton, Henry. and Vucetich). little credit is generally given to Dr. Edmond Locard
and Prof. R. A. Reiss. Locard (who later became head of the forensic science laboratory in Lyon)
heralded from the famous medicolegal school of Lyon under the direction of Prof. A. Lacassagne.
This group of researchers pioneered the optimization of detection techniques for bloodstains and
fingermarks (Florence 1885: Coutagne and Florence 1889: Florence 1889: Frécon 1889). The early
work of Galton became well known in France in 1891 through the publication of De Varigny (1891).
Locard (1903) was immediately impressed by the simplicity and efficiency of dactyloscopy but
was still hesitant to replace bertillonage. A thesis by France's Yvert (1904) gave Locard all the
arguments necessary to push dactyloscopy forward. Locard then engaged himself in the review of
all the systems of personal identification available at that time, covering Bertillon’s anthropometry
as well as the various dactyloscopic systems proposed worldwide (Locard 1909). This first book
by Locard is a key contribution in the development of fingerprint science. providing a fair and
comparative assessment of anthropometry and the dactyloscopic systems of Vucetich, on the one
hand, and Galton-Henry, on the other hand. By 1909, Locard was convinced of the superiority of
fingerprinting over anthropometry as a worldwide means of personal identification (Locard 1909).
The between-user variability of recorded measurements was indeed one of the weakest points of
anthropometry. The main debate at that time revolved around the efficiency of the classification
system. Bertillon’s system offered a versatile means of classifying hundreds of thousands of cards.
whereas, at that time, fingerprints suffered from a lack of standardization. That view was held
by Bertillon himself, followed by R. A. Reiss (1909a.b,c). There was no doubt that fingermarks
offered a fantastic tool for criminal investigation (as Faulds first suggested), but the application of
fingerprinting as the only record for personal identification was initially viewed with skepticism.
Bertillon is often portrayed as a dogmatic opponent to the development of fingerprint identifica-
tion. We believe that the reality is more subtle. Bertillon. in fact. embraced fingerprints very early
and recorded fingerprints on the anthropometric cards from 1894. Around 1900, Bertillon worked
on the development of easy and efficient detection techniques for revealing fingermarks at crime
scenes. Indeed, Bertillon is known for one of the first identifications, that of a murderer, based on
marks secured with powder at the crime scene; the Scheffer case (October 10, 1902) is known as
the earliest conviction (March 15, 1903) for homicide in Europe that relied on fingerprint evidence
(Sannié 1950). In 1903, Bertillon produced a classification system very close to the Vucetich sys-
tem, and he suggested using fingerprints as a subsidiary (to anthropometry) classification system.
Bertillon did indeed publish the now-infamous prints modified to display what could be viewed as
16 points in agreement (Bertillon 1912), but this publication was never intended by Bertillon to be
a warning or a barrier against fingerprint evidence (Champod et al. 1993). Bertillon was forward
looking, and despite his strong character and dedication to his anthropometric system. he contrib-
uted enormously to the development of fingerprinting as a new tool for identification purposes.
The slow development of dactyloscopy is certainly due to the lack of international standardization
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regarding a classification system, whereas Bertillon’s system was applied uniformly in the
identification bureaus. This state of affairs was deplored by all the main actors during the sixth
conference on criminal anthropology in Turin, Italy, in 1906, but we had to wait until the first con-
ference devoted to police judiciaire in Monaco in 1914 to see some international resolution toward
standardization (Roux 1926). (The proceedings of this meeting were published much later due
to the First World War.) It is fair to say that international exchanges are still not fully optimized
today. Although it is difficult to cover the development of fingerprinting in all countries, the work
of Heindl (1927), a famous German dactyloscopist. deserves a special mention here. Heindl’s book
remains the most complete reference for its time (Heindl 1927).

The second option chosen for this book was to avoid a chapter on the development and use of
automatic fingerprint identification/recognition systems. Nowadays, these systems are used opera-
tionally as very successful and decisive sorting devices, but they have no impact on the identifica-
tion process itself. In other words, the identification of an unknown fingermark remains unaffected
by whether or not the potential corresponding prints have been put forward to the fingerprint expert
through a srandard police inquiry or following a search within a database of millions of finger-
print records. Of course, this is not to say that automatic techniques have no impact on fingerprint
matters: they represent decisive tools for the criminal justice system, moving fingerprint bureau
practices from a few “cold hits™ a week to dozens a day. In addition, we believe that automated pro-
cesses will contribute significantly to the validation of the field in the very near future. Interested
readers should refer to the historical accounts by Foote (1974) and Moore (1991). Surveys describ-
ing relevant research and the implementation of automated systems have recently been published,
respectively, by Peterson (1996) and by Jain and Pankanti (2001), and recent books and dissertations
portray a very active research community (Hong 1998; Jain et al. 1999b; Prabhakar 2001; Bazen
2002; Maltoni et al. 2003). Fingerprint technology cannot be separated trom other biometric sys-
tems that are receiving very close attention nowadays (Jain et al. 1999a), and in the future, we will
undoubtedly see the development of integrated systems combining multiple characteristics (e.g.,
fingerprints, DNA, face, and voice).

Finally, we express our gratitude to all those who have provided assistance and advice in the
elaboration of this book. Our special thanks to Alexandre Anthonioz, David Ashbaugh, Les Bush,
Nicole Egli. Eric Sapin (author of the photographs illustrating Section 3.6), Kasey Wertheim, and
James Robertson.

Our thanks also to our respective families for their patience and understanding while this book
was being put together.

Lausanne, Switzerland and Canberra, Australia
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'I Friction Ridge Skin and Prints

The aim of this chapter is to provide a summary of the basic elements of friction ridge skin
morphogenesis and their relationship to friction ridge skin variability. More extensive accounts for
fingermark examiners can be found in the literature (Ashbaugh 1999: Bush 2002; Wertheim and
Maceo 2002: Maceo 2011: Wertheim 2011). These contributions, with their associated references,
constitute the essential material required to gain an understanding of the biological basis for friction
ridge pattern variability. They complement and extend the work undertaken by earlier pioneers such
as Wilder and Wentworth (1932) and Cummins and Midlo (1961).

Two cornerstones to the use of fingerprints as a means of personal identification are the over-
all permanence (a.k.a. persistency. durability, or reproducibility) and the high selectivity (a.k.a.
discrimination) of friction ridge skin. It is thanks to these two attributes, and to the fact that
fingerprints can be classified with relative ease, that the technique imposed itself over precedent
identification methods based on anthropometric measurements. Both of these foundations—
permanence and selectivity—have been challenged and confirmed through 100 years of fingerprint
identification practice and their scientific foundations lie within biological research.

Unless examiners have a good understanding of friction ridge skin morphogenesis (the bio-
logical development of form), the basic tenet for individuality is, unfortunately. often resolved
by using standard, shallow statements such as “nature never repeats itself” (McRoberts 1996).
We strive to avoid a justification for individualization that only revolves around the tautological
argument that every entity in nature is unique. The permanence and selectivity of friction ridge
skin should be fully understood from a biological perspective and then applied in assessing fin-
germark comparisons.

1.1 STRUCTURE OF THE SKIN

Skin is an essential organ of the human body. Finger, palm., and sole areas of the epidermis display
a series of friction ridges taking various forms and shapes. These volar areas of the skin are known
to display friction ridge skin. Depending on the surface considered. we generally refer to them as
fingerprints. palm prints, and soleprints. It is postulated that the essential function of having friction
ridge skin is to increase grip.

The skin is usually divided into two distinct layers. The outer layer (Figure 1.1), called the epider-
mis. is a stratified epithelium of five sublayers. listed as follows from bottom to top:

1. Basal generating layer (stratum germinativim)
2. Spinous layer (stratum spinosim)

3. Granular layer (stratum granulosum)

. Transitional hyalin layer (stratum lucidum)

. Horny cornified layer (stzratum corneum)

[ e

The layers of the epidermis are named on the basis of microscopic shape of the keratinocyte cells
that constitute them. The layer under the epidermis is called the dermis and is 15-40 times thicker
than the epidermis and constitutes the primary mass of the skin. The cornified layer exposed to the
environment is made up of 15-20 layers of flat dead cells that are regularly shed through abrasion
and replaced by keratinization. All these cells originate from initial cuboidal-shaped cells formed



