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ABSTRACT 

Electrical 

This thesis presents a digital technique for automatically locating a reference 

point in a noisy fingerprint. Also, a survey of the current literature on automatic 

fingerprint processing is included. 

Presently manual methods are used to c1assify fingerprints, but the time required 

to match a set of 'suspect' prints with a set of fi led prints is excessive. Further, extant 

manual methods require 011 ten fingers for positive identification. However, since 

scene-of-crime impresssions are rarely comprised of ten fingerprints, a method suitable for 

dealing with large numbers of single fingerprints is indicated. Because the volume of 

fingerprints is large and the time currently needed to r:natch files of fingerprints is 

excessive, automatic methods are being investigated. 

Three methods of automatic fingerprint analysis are examined. One is based on 

8lum's shape descriptors and attempts to classify a fingerprint by its gross shape character-

istics, much like the primary classi fication of the Henry system. The second method, 

proposed by Paolantonio, uses random search techniques in order to identify a fingerprint. 
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Howèver many researchers feel that the location of a reference point is of 

prime importance in automatically c1assifying fingerprints. Therefore, the technique 

primarily examined in this work is adapted from on analogue method suggested by 

Rabinow Electronics which purports to locate a reference point. The proposed digital 

method is essentially a gradient technique of hill c1imbing if the ridges are viewed as 

elevation contours. Trajectories are forced to travel through the fingerprint such that 

a trajectory always crosses a ridge orthogonally. The common intersection of these 

trajectories is called the reference point. 

This technique was applied to 150 fingerprints. The method did locate reference 

points, but it was found that these were not unique. Instead, experimental resu Its 

indicated that a line of maximum curvature was present. Such a line is defined by 

Hankley and Tou in their work on automatic fingerprint analysis. However, Hankley 

and Touls method deals only with selected, partially prefiltered data. Therefore, 

further investigation into the line generating properties of the digital method, in con­

junction with Hankley and Touls topological method, would perhaps be the next logical 

step in the research into automatic fingerprint analysis techniques. 
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A8STRACT 

This thesis presents a digital technique for automatically locating a reference point 

in a noisy fingerprint. Also, a survey of the current Iiterature on automatic fingerprint 

processi ng i s i ncluded . 

Presently manual methods are used to classify fingerprints, but the time required to 

match a set of 'suspect' prints with a set of fi led prints is excessive. Further, extant 

manual methods require ail ten fingers for positive identification. However l' since scene­

of-crime impressions are rarely comprised of ten fingerprints, a method suitable for dealing 

with large numbers of single fingerprints is indicated. 8ecause the volume of fingerprints 

is large and the time currently needed ta match files of fingerprints is excessive, automatic 

methods are being investigated. 

Three methods of automatic fingerprint analysis are examined. One is based on 

Blum's shape descriptors and attempts to c1assify a fingerprint by its gross shape character­

istics, much Iike the primary classification of the Henry system 0 The second method, 

proposed by Poolantonio, uses random search techniques in order to identify a fingerprint. 

However many researchers feel that the location of a reference point is of prime 

importance in automatically c1assifying fingerprintso Therefore4' the technique primarily 

examined in this work is adapted From on analogue method suggested by Rabinow 

Electronics which purports to locate a reference point. The proposed digital method is 

essentiallya gradient technique of hill climbing if the ridges are viewed as elevation 

contours. Trajectories are forced to travel through the fingerprint such that a trajectory 

always crosses a ridge orthogonally. The common intersection of these trajectories is 

called the reference point. 
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This technique was applied to 150 fingerprints. The method did locate reference 

points, but it was found that these were not unique. Instead, experimental results indicated 

that a line of maximum curvature was present. Such a line is defined by Hankley and 

Tou in their work on automatic fingerprint analysis. However, Hankley and Touls method 

deals only with selected, partially prefi Itered data. Therefore, further investigation into 

the line generating properties of the digital method, in conjunction with Hankley and Touls 

topological method, would perhaps be the next logical step in the research into automatic 

fingerprint analysis techniques. 
! 
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CHAPTER 1 

INTRODUCTION 

No match has ever been four.d between two fingerprints, whether from the hands 

of different persons or from different fingers of the same pair of hands. The fingerprint is 

thus the unique descriptor of the individual. 

No one knows when man first noticed the fine tracings on his fingers. Long before 

they are u~ed for identification of the individual they were used as signatures on works of 

art, deeds, bills of sale, and other legal documents. 

The first recorded use of fingerprints for identification purposes was in British 

Coloniql India, where Herschel - and later Henry, after whom a modern c1ossification 

system is named - registered prisoners by their fingerprints" Today, fingerprints are 

routinely taken and c1assified not only for criminal identification but for a positive 

identification of the general public. In the field of genetics, fingerprints are being studied 

" d" f "d f"" "5,20,22 ( A d" A) as ln Icators 0 genetlc e IClencles see ppen IX • 

The huge lot of fingerprints that must be handled in classification centres every 

day is fast becomi~g an overwhelming problem" For example, the United States FBI 

maintains 177,000,000 records and is requested to c1assify and/or identify approximately 

26,000 records per day" At present this work is done manually. 

This thesis investigates the work that is being done and that is to be done in 

automatically classifying fingerprints by the use of those techniques that are encompassed 

by the term pattern recogn i ti on. 

The second chapter presents sorne general concepts of pattern recognition in 
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relation to automatic fingerprlnt analysis. 

The present, manual Henry system .is discussed in Chapter III. Also, some of the 

problems that plague this system are examined. 

Chapter V presents an in depth anal,ysis of the most representative methods of those 

discussed in the previous chapter. The techniques examined herein are analysed in a non­

machine context in order to determine the feasibility of designing a digital computer 

program for one of them. 

The digital method for generati'f'ilg !Oreference point in noisy fingerprints is presented 

in Chapter VI. The method described was thosenbecause of the favourable results obtained 

from the analysis of this technique in Chaptel" V. 

ln Chapter VII, the results and conçluslons obtained from experiments carried out 

using the digital method dèscribed in Chapte~ VI are presented and discussed. 

ln conclusion, a digital method designed to generate a reference point in a noisy 

fingerprint is presented. Aiso included is a survey of the current literature on automatic 

fingerprint analyses. Finally, areas for .further r~earch into the problems associated with 

automatic fingerprint analysis are.proposed. 
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CHAPTER 1\ 

PATTERN RECOGNITION 

2. 1 General Thoughts 

The concept of pattern recogniti on i s mu 1 tifaceted. Sorne works in pattern-

grokking* see only its practical applications to a particular problem. These applications 

generate 1001 different algorithms, yet entertain only a small part of the concept of 

pattern-grokking. Each algorithm so generated is peculiar to one particular problem, and 

is in general not interchangeable with another. Others in the field, noting that certoin 

tricks - heuristic Il ru les of thumb" - can be applied to certain problems, try to generalize 

a heuristic to a gestalt philosophy in an attempt to encompass the concept of pattern-

kk• Th·· rk 16 gro ,"g. 0 quote an aut on tatlve wo : 

Pattern recognition has been the subject of an extensive series of 
papers by many authors who purport to set the problems into a general 
framework. But the predictive value of current formulations of pattern 
recognition theory is near zero, and the validation of some of the 
claims by any objective criterion, has been meager ••. 

ln other words, in pattern-grokking there is a big space between the algorithmic and 

gestalt limits. This space is not easily relegated to the realm of purely philosophical 

discussion since the researcher's point of view is not totally philojophical. 

Pattern-grokking is a field c10sely allied to many other disciplines yet is a 

distinct entity. like psychology, it is neither an exact science, nor completely an art. 

Both fields use scientific techniques and methods for data collection, but it is the inter-

pretation of this data - not so much the application of science to data collection - that 

* Grok, a Martian term used by Robert Heinlein, encompasses and:poes beyond the 
EngTISliConcepts recognize, identify, understand and cornprehend. 1 
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is important. 

The fallacy of assuming that using scientific methods implies the existence of an 

exact science is partly illustrated by the story of an experimenter who placed a flea on a 

table under a large magnifying glass, proceeded to remove its legs one at a time, and 

after each operation commanded Il Jumpll. Each time, the flea jumped. When the 

experimenter removed the flea's last leg, however, and said Il Jumpll, the flea did not 

jump. The obvious conclusion is that a flea without legs cannot hear. 

ln the exact sciences we are used to ideas presented in terms of a preset theoretical 

framework. In a pseudoscience such as psychology or pattern-grokking, however, no 

prefabricated theoretical framework exists. Thus, it is up to the r' rcher to not only 

apply scientific methods of observation and data collection but to try to draw 'correct 

conclusions' from his observations. In so doing, the researcher forms the theoretical 

framework for his exact science-to-be. 

$0, with the reservation that pattern-grokking is not an exact science, we now 

try to describe sorne aspects of it that are applicable to fingerprint classification and 

identification. 

2.2 Distinctions 

Two important words to be noted in the previous section are algorithm and heuristic. 

An algorithm is a general procedure for solving a given type of problem. A hauristic is a 

rule of thumb, or trick - essentially a flash of insight - that makes it easier to solve any 

particular problem. 

Most of the fingerprint classification schemes discussed in this paper are essentially 

algorithmic. A few, although basically algorithmic, are directed by heuristic considerations. 
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2.3 Definition of Descriptive. Terms 

Two tenns wi Il be used to help explain various identification schemes. These are 

the ' Tou ri st' syndrome and the 'Forest-for-the-T rees' syndrome. 

2.3.1 The 'Tourist' Syndrome 

It has been observed that many travelers arriving in a strange city tend to draw 

such comparisons as: "My, isn't that blank just like the blonk we have back home!" 

Or, in the restaurants: "You know, lux tastes just like lox." 

Perhaps human beings experience life in terms of fuzzy sets, where in one 

context blank definitely belongs to set A, and in a different context may belong to set A 

but may just as likely belong to sets B,C, or D. The important thing is context. Consider 

eating. Various countries have various rituals or ceremonies for the partaking of food. 

The 'problem' is ingestion, but the context - country, rituals, people - determines the 

solution. 

ln terms of fingerprints, the idea of a contextual definition of the problem may be 

a bit clearer. Fingerprints are currently classified manually, according to the Henry 

Ten-Finger System. We want to classify fingerprints mechanically, so why not have the 

machine use the Henry system? 

There is no pat answer to the questions "Why/Why not use the Henry system?" 

but a rationale does exist. 

The rationale for the '.'why not" is as follows. Man can cl a ssif y fingerprints by 

the Henry system; the logical starting place for machine classification schemes is thus 

the coding of the Henry system into the Machine. 

The rationale for the "why" is that the Henry system was developed in the context 
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of the Human pattern recognition system. The Machine pattern recognition system is in a 

different, if not totally alien, context; perhaps a deeper study of the problem is needed 

before a logical starting place can be determined. 

Thus, the problem - to identify and c1assify fingerprints - exists. Two contexts 

for problem-solving exist - Human and Machine - and the problem is already solved in one 

context. 

The 1 Tourist' syndrome typifies the researcher that àpplies one technique to solving 

ail similar problems, whether defined in one or in two different contexts, the solution 

known in one context being the basis for the solution in the alien context. 

2.3.2 The 1 Forest-for-the-T reesl Syndrome 

A forest is made up of trees, and trees are made up of molecules, and molecules are 

made up of atoms. But to say that knowing the atom identifies the molecule, and that 

knowing the molecule identifies the tree, and that knowing the tree identifies the forest, 

is of course absurd. 

The forest is made up of an arrangement of trees - a pattern - which in part 

identifies the forest. An algorithmic approach TO iàentifying the forest would be to 

separately c1assify each tree '- by a name - ~nd perhaps measurp. the distances between the 

trees. This would involve a lot of time and effort in c1assifying trees, when. a simpler 

identifier for the forest - a heuristic - might be found. It is up to the researcher to see if 

the simpler identifier can be found. The primary reason for Itree classifying' is to allow 

for a higher resolution of classification of forests. 

ln fingerprint classification, the final identification depends on the minutiae 

(trees) of the fingerprint (forest), such as breaks in Iines, joinings, endings, and bifur-
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cations. The initial identification, however, depends only on a gross descriptor of the 

fingerprint. 

The 'Forest-for-the-Trees' syndrome typifies the researcher that requires too much 

of the available information to reach tI conclusion. 
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CHAPTER III 

FINGERPRINT CLASSIFICATION METHODS 

3.1 Manual Systems 

The manual classification system used in most of the world taday is the Henry 

system, named after Sir Edward Richard Henry. This system is a topological algorithm, 

invariant under rotation, transla.t.ion, or distortion. The classification scheme is based 

primarilyon the pattern types found in each finger. The Henry system is a ten-finger 

classification method, however, which means that classification cannot be effected 

unless ail ten fingerprints are available in a specific order. 

Figure 1 shows an idealized set of basicp.at.tems and gives their frequency of 

appearance6 • Figure 2 shows a good set of real fingerprints separated according to the 

H 1 ·fi • 32 enry system c assl Icahon • 

ln practice the fingerprints are first classified on the basis of whether or not a 

whorl pattern appears in the finger. This gives 2
10 

(=1024) primary classification cate-

gories. The secondafy classification depends çnly on the pattern types found in the index 

fingers of both hands. 

More classification groups exist, such as the small letter subsecandary, and the 

subsecondary, but since many intricate and involved rules apply to these classifications, 

they will not be .considered further. 

The final.identification classification depends on the detailing ·of the minutiae and 

ridge counts. Figure 3 illustrates the various minutiae~2, and Figure 4 iIIush~tes a ridge 

count32 • In both figures ~he fingerprints are idealized. Note theline running almost 

diagonally. from the lower left corner toward the centre in bath figures. The two circles 
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Figure 4 A Ridge Count
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on these Iines indicate the two most important reference points of the Henry system. The 

circle at the lower left is a point of Ide.l.t~ and the central circle is a point of Icore l
• 

The formai definitions of deLta: and core are quoted?2 

"The point of detta; is the first island, riclge or ridge particle in front 
of the divergence of the two innermost ridges which runs porallel and 
diverge. When a single ridge bifurcates, the point. of Delta is located 
directly upon the point of bifurcation" provided that this single ridge 
lies between the two innennost ridges which run paraHel and diverge. 

ln the loop, the core. is on the innermost recurving ridge at a point 
on the outer side of that ridge which is furthest from the delta and 
where said ridge meets the recurve or on some ridge ending wi thin 
the recurving portion (cap area) of the innermost looping formation. Il 

These definitions are included, not to confuse the reader, butto show the typical 

algorithm the human pattern-grokking system uses with respect to fingerprint classification. 

Points of core (C) and Qfdelta (0) are indicated in Figure 5 for a. variety of 

·d 1" d 32 Fu h 1 "fi" "d" 32 1 ea Ize cases. rt er c assl Icatlon consl erohons are: 

The arch pattern does not contain a point of delta" The tented 
arch may or may not contain a point of delta. Radial and ulnar loops 
each have one point of delta. Whorls, central pocket loops, twinned 
loops, later.al pocket loops and accidentais contain two points of delta" 
The composites may have from one to three points of delta • 

The loop pattern is the only pattern in this ten finger system that 
requires the locating of the point of core, as weil as the delta, for 
classi fication purposes" 

Since the arch is the only pattern that has neither core nor·delta, it is uniquely 

defined by those conditions. Thus, in general, the absence of a specific piece of 

information may be iust as important a classifying agent as the p~esence of a sp~cific 

piece of information. 
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Figure 5 . Points of Core and Points of Delta32 
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3.2 Problems Associated with the Henry System 

One problem, noted in Section 3.1, is that there are 1024 primary classification 

divisions. The fingerprint types, however, are not evenly distributed among the 1024 

divisions. Sorne of the primaries may occur in only a few hundred records, whereas other 

primaries may occur in hundreds of thousands of records. Because of the unevenness in 

distribution, it takes a relàtr.vely -long time to fully identify prints From well-papulated 

primaries. Furthermore, although fingerprints are manually classified in about 60 sec. 

per print, manually matching newly classified prints with those in a master file may take 

hours. 

An automated Hemy system may not be able to decrease the classification time 

but it can uniformly decrease the identification searcn time by orders of magnitude, depend­

ing on the reference or filing system used. The filing system can be made to accommodate 

man-machine interchanges. 

Another problem is that there are five types of fingerprint impressions. Two are 

categorized as voluntary direct inked prints. The other three are secondary impressions 

obtained, for example, from abjects found at the ,cene of a.crime. 

lnked prints are of two types: the rolled impression and the dab impression. 

These impression" are made on a fingerprint form, with special ink used as a medium. 

Figure 6 ilIustrates rolled and dab impressions. 

Offset impressions taken at the scene of a crime are of three types: {a} latent, 

those requiring sorne type of developing to make them visible to the human eye, 

{b} visible, those not requiring development (commonly found in blood, dust, or other 

such media); {cl moulded or indented, also requiring development (found in putty, 

plasticene, or semidry paint). 
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Figure 7 iIIustrates6 the difference between an inked impression and a latent 

impression. Figures 8 and 9 show typical latent developed fingerprints~. 

An important point is that scene-of-crime impressions almost always yield only 

one or two fingerprints, usually of poor-to-bad quality. The Henry system, being a ten-

finger system, is thus hopelessly inadequate for classifying single prints. 

Single prints are sometimes classified by the 'Battley' system, which depends on 

minutiae but is in general not supported by large files of single prints. Thus, many 

criminals may owe their liberty ta the fact thet the present fingerprint system cannat 

effectively cope with scene-of-crime impressions. 

A machine-oriented GIS56ification scheme that deols with single-fingerprint 

identification methodS;ould seem to be indicoted. Because of the;memory available on 

today's machines, the speed of positive identification of a single print would more thon 

make up for the smoll extra spoce needed to cross reference 011 prints of one persan. 

A third point in this enumeration of problems Inherent in the Henry system is that 

manual classification is highfy dependent on the temperoment and experience of the 

fingerprint technician. Figure 10 illustrotes how two techniciens might classify the sorne 

fi • 6 .ngerpnnts • 

ft is apparent that identification search time cauld be shortened and human error 

eliminated if automatic fingerprint-grokking could be used. A method applicable ta 

single fingerprints would be more desirable thon one based on ten fingerprints. Man-

machine systems as weil as pure machine systems should be investigated. 

The work already done in autamatic fingerprint-grokking i5 de5cribed in Chapter IV. 
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CHAPTER IV 

AUTOMATIC CLASSIFICATION METHODS 

4.1 Input Methods 

Since the fingerprint is in some way ta be analysed bya computer, let us first 

consider the probleml of feeding a fingerprint tnto a computer. If il assumed that the 
... ~~ 

whole image is required 50 that selective port. or the totaUty can be processed at will. 

ln most of the following methods, an optical scanning input technique ls used. 

Thil is perhaps the fastest for inputting the whole fingerprint Image. Ail the authors are, 

however, vague about how the original image is inputted into the machine. Ali methods, 

It seems,. provide for getting the image into the machine but theïr authors present only tne 

operations performed on the image once it is in the machine. The reasons for certain input 

mechanisms are not explained, and the use of different scanning techniques for inputting 

the image is discussed in only a few of the cases. 

4.2 Problems in Optical Systems 

An optical input device may appear as in Figure 11. In this input subsystem, it 

1. assumed that: 

(1) The light source is capable of putting out an essentially collimated beam 

of light. 

(2) The image contains distinct boundaries, as weil as high colour (black -

whi te) contrast. 

(3) The photomultiplier reaches steady stote quiCikly. 

: .... 

. - " .' ...... 
...• . . :: ::.:. ' .... '. .,.. 
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controlled lial1t IMJR~ lioht A/D 
~ photomultiplie .. 1 converter i--Iight source ~ . 

digital 
computer 

Figure 11 A Typical Optical Input Sy$tem, 

The reosons for these assumptions may be tabulated as follows. 

(1) Consider that the Iight source is somehow to be digitally incremented across 

the picture to be processed. First of ail, if the beam is totally uncollimated and the 

optical distance between the photomultiplier and Iight source is large, then the dispersion 

of the Iight will take in more of the image than is desi rable. These conditions wi Il !",ot 

yieldinformation about a point on the picture, but about a finite ~smearl. For infonnation 

about points - not smears - a narrow beam of light is indicated. If the beam of Iight is 

wider than the digital increment provided by the computer, then information about two 

consecutive points will overlap, which may not be desirable. If the increment is too large, 

small details essential to the processing may not be recorded. 

(2) The picture medium - film, drawing paper, etc. - should also be considered 

when figuring the Iight dispersion that can be tolerated. If the code to be used by the 

computer is a black-white code (0-1), it is essential that the blacks be as black as possible 

and the whites be as transparent as possible, so as to generate a high-controst machine 
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image. Without a high-contrast picture, black and white can easily be merged. With 

an eight-Ievel gray code, high-contrast pictures are critical since the separation betweeft 

black and white must be such that the grays can be easily cJassified. 

(3) The photornultiplier has to rise to steady state rapidly 50 that the input 

operation can go fast. ft is also assumed that a blanking pulse during incrementation is 
. 

used so that the photomultiplier does not have to settle down from the light collected in 

transit from one point to another. 

It will be worthwhile to look into the problems associated with fingerprint images 

a little more deeply since problems associated with the other pieces of equipment can 

usually be kept within tolerable limits by knob-twisting or, in the extreme, by replacing 

or redesigning the equipment. 

Figures 12 to '16 iIIustrate 32 the various fingerprint types, taken under the best 

of working conditions. First of ail, it can be seen that whether compared within a print 

or between the prints, the dark areas are not uniformly black, nor are the light areas 

uniformly white. Also, many of the prints are smudged and blurred. The important point 

is that these defects, which amount to errors of exclusion or inclusion, are easily filtered 

out as a matter of judgment by the human technician, whereas the machine has a hard 

time of trying to determine how black, black is. 

Figure 17 is a reprint of a photograph of a fingerprint28 • There is a smudge in 

the upper righthand section of the figure. If the machine had determined a standard 

black by the first scan, then scanning through a lighter or a darker black area would foui 

up the machine's sense of absolute blackness and lead to spurious data-recording. To 

moke a cogent recording of the picture, the machine would nead a.:sense of relative 
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blackness. lhll lsensel ~~Id 'be supplied by neighbourhoodoperations uslng same type.C)f 
.. ' ..... 

averaging or weighting, but it mustbe remembered thet eveiy extra operation tokes up 

.... ',' 

::.: a human technician filters out au tomatically • 
.... . '. 

.... .' ;.~ .. , . '. ' . 

4.3 Automatic Classifications 

. ' .' . ' :. There are basical1y two broad categories of automatlc fingerprint classification • 

The first encompasses those methods that require the recognition of ridge characteristici 

and derivation of a mathematical algorithm of some sort to express the location and relation-

ship amongst those characteristics. The second includes those methods thet treat the whole 

Image by such techniques as ridge-tracing or secondary pattern development by diffraction 

processes. 

,4.3.1 Category 1 

4.3.1.1 The NYSIIS Fingerprint'Classification and Identification System .... " 

. _. . : .:.: 
.' . . ' :" The fundamental tenet of the New York State Identification and Intelligence 

<,-: System (NYSIIIS)6method is the some as in ail current systems: the final identification of 

a fingerprint depends on the location and structure of the minutiae, the minute ridge 

, '. characteristics. The rationale is that this level of detail has proved satisfactory in 

establishing the uniqueness of individual prints on a manual/visual basis and should there- '. . 

fore be capable oF doing the same on an automated/electronic basis. This choice of 

characterization scheme resulted by elimÎnation from the following quotedUlt? '.' 

. " . .' -;. ,:-. 

.. : .. 
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(1) Use a revised scheme based on cunent classification seheme$. 

(2) Use minute characteristics ln a single fingerprint. 

(3) Use pore stNcture data in a specified area of the print. 

(4) Use ch~mical composition of pore secretions. 

(5) Use a gestalt or whole-image process. 

The first choice in this list is an example of the 'Tourist' syndrome. Choice 3 is an 

excellent example of the 1 Forest-for-the-T reesl syndrome. 

The NYSIIS method optically enlarges the fingerprint on a special screen. The 

coordinates of ail minutiae are indicated bya technician using a light pen. The core 

and delta are also located. Next, the picture is scanned and ail the minutiae are 

recorded in the machine. Finally, the positions of the minutiae are referred to the core­

delta reference axis, a line between the core and delta. Figure 18 illustrates
6 

the core­

delta reference system, and Figure 19 shows the identified minutiae used6 . 

4.3.1.2 Comments 

(1) A man-machine interface (Rand tablet and light pens) has been mentioned. 

Although not totally automatic, the man-machine exchange may provide 

a better classification system than one that depends only on man or machine. 

(2) The location of the minutiae are determined by coordinates, but' a fixed­

axis reference scheme may be hard to implement on a computer. In fact, 

NYSIIS6 reports: 

One of the leading problems for most 'automated' systems is that of 
establishing precise pattern orientation with a high degree of consistency 
time after time. Theoretically, this seems quite easy to do. In practice, 
is altogether a different story. It is not only one of the leading problemsl 
it is one of the most difficult to solve. 

NYSn:S seems to solve this problem by circumventing it. A relative fixed axis is 
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Figure 18 Core-Delta Coordinate System 

A cartesian coordinate system with the origin 
at the core of the fingerprint and the -x axis 
passing through the delta6 

33 



Figure 18 Core-Delta Coordinate System 

A cartesian coordinate system with the origin 
at the core of the fingerprint and the -x axis 
passing through the delta6 
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defined, but since it is defined by a human technician there is room for error •. 
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Of the se~eral problems inherent in' NYSIIS, the most important ls that ail of the 

minutiae needed for classification are assumed readily available •.. '., 

Figure 19
6 

presents .anlidèalized 'fihgerpriht:wi tH,some.oP,r.etilè'ritifi~ci·miitutli.e~ .>.:f:;; . .-... 
6 » •.•• "" ••. , '.',:, •. ,.::.:.-..•. .'--.:' •• :::: :.:"':':: •• ; .••• : 

Figure 20 shows the $Ome fingerprint with other minutiae identified. These minutiae were '::'~'::.' 
.' ..... ': ~ ~.' :~. 

either disregarded or overlooked by the NYSII S classifier. This brings up the question,~,.': __ :.<,·.·.·:· 

which minutiae shoUld be chosen? 
;", 

' .. : . 
' .. " 

' ... . .-.... , ' 

"'" :. 

Using ail the minutiae may prove inconvenient, but it is a delusion to assume that a .. :~'.:': 

tec:hnician can consistently choose enough different minutiae to make a positive identifi-

cation. A solution would be to scan separately for different types of minutiae, but this 

may also teke up more time and storage thon it is wort~.;· 

The identification of minutiae is a nontrivial problem. Appendix B contains 

figures
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that are good high-contrast enlargements of prints in which the circled areas 

indicate ridge characteristics that may be actual minutiae or may be noise. 

Another problem is that fingerprint size is critically dependent on how much 

pressure is applied to produce the print. An algorithm dependent on distances that are 

nonconstant will not be able to identify large numbers of prints. If error limits are set on .:: 
/ ..... 

the di!t~nces, a group of prints rother than a single print will be identified, and the~eOrch ...... . 
. ... .' ......... ,:. 

, ~ .. ' .. 
. , .' ':. 

. ; " . .... ':,".: .'~:.,; 
. : . . y .. ;, . . ' .. ; ' . 

. The last, and perhaps most obvious of the notable problems is that provisions for 
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idantlFylng prlnts without a core or delta (such a. an arch) do not eXI.t.. .. ", .... j'\';,\,i~i:1 

....... ,. ' .. Perhaps the only reason thot the NYSIIS technique is semi-automatic is that the' . .-:=:::.~;:<:(:.~::, 
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average fingerprint technician. The method should be looked upon as an algoritlvn based. 

on 0 specifie pattern rather than as a pattern-grokking technique based on an algorithm. 

4.3.1.3 Advanced Computer-Based Fingerprint Automatic Classification .:::_ .. n.i .:=' .. 
Technique (FACT) .... ' :) 

ln essence, the FACT~7 ;s)tStein jsJbe . .same às'N~SIIS in·thbt.boih·locat81àrididentify 

minutiae; however, FACT records ail the minutiae according to the number of ridges 

between a given minutia and ail others. 

Figure 21 shows a typical print with the minutiae identified
37

, and Figure 22 shows 

a table of interminutiae ridge counts
37

• A problem evident here is that of correctly 

orienting the print 50 that a certain minutia is always number 00. If this orientation were 

not ensured, the permutation tables generated by the system in order to match cl classifi-

cation print to an identification file would be excessive. 

Since most of the information pertaining to FACT is of a proprietary nature, only 

'. '.' vague generalities can be discussed. For example, it is mentioned that FACT could use a 

.. ' : 

flying-spot scanner, searching helically or circularly to identify the minutiae. There is 

also some mention of a scan method that would be useful for extracting minutiae information 

- except that success of the method, like that of many another, patently depends on 

simplicity·of the fingerprint, an assumption not corroborated in nature. 

ln FACT, three circular scans are made about each point of a rectangular grid 

defined on the print, the grid being obtained by x, y increments of the scanner. As the 

circular scan is made, 011 intersections of the circle with the print are recorded as 

indicated in Figures 23 and 24
37 

• 

'. ~ .'" . 
This technique has two facts against it. The first is tOOt ridges (Ire never as 

' ..... . .' , 
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. mine a ridee. Figures 23 and 24 seem to indicate no other ridges around the one of 

. ' interest37• Figures 25 and 26 show the total classification when the other ridges are 

considereJ7. 

If it is assumed that no other ridges are in the search area, th en the following 

argument should be considered. 

The average distance between ridges, centre to centre, on the hand of an adult 

male is about 1 mm. Assume the area to be scanned is 30 mm by 20 mm. Then in order to 

assure that no two adjacent ridges are in the same scan area, the scan must be over a 

radius of 0.5 mm. (Ridges have a finite width.) The total number of scan patterns needed 

would be 600/(1f/4) ~ 800. 

Assuming it takes on the average 3 seconds to to~lJy. sqJai,:recQrd,1 àlild ir.lterpret 

information from each scan pattern, it would take 40 mtrv.ltés fo' identify ea~h;p.r.int i :This 

is clearly nowhere near real-time identification - nor is it likely to be, unless sorne 

extremely fast equipment is developed. 

This method is in general only a little better than the NYSIIS technique in that it 

eliminates the problems associated with ridge distortion due to uneven pressure during 
" .... ' .. 

. . ' 
":.--., ," # .. ", : .. ': ' 

. .": ~",'., 

'-;"::",' " 

" :, 

.:-.' ....... . 

inking. This it does by using the number of ridges instead of the distance between them 

. as a descriptor. 
'.: 

4.3.1.4 General Comments 

80th of the methods in Category 1 used algorithmic approaches to the problem, and 
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actually suffer from both the 'Tourist' syndrome and the 'Forest-for-the-Trees' syndrome. 

80th rely heavily on the existence of minutiae classifiers and other pieces of equipment. 

It is of interest to note that the Computer Corporation of America 38, in tackling 

general scene analysis problems, has generated sorne methods suitable for identifying 

fingerprint minutiae. Applied to a fingerprint, these methods have been highly successful 

in locating minutiae. One drawback is that noise due to poor print quality is sometimes 

identified as minutiae. This problem is being worked on, however, and when it is solved 

the CCA method will be totally suitable for minutiae identification. 

Researchers in Category Il (whole image) are perhaps more cognizant of the 

different interpretation media available. (See Section 4.3 .2~) Most of their methods are 

divested of the 'Tourist' and the 1 Forest-for-the-Trees' syndromes. The general tone of 

their research is perhaps best summed up by the following quotation:28 

"We feel that a classification based on the type of clues used in the 
Henry system cannot be accomplished by automatic means, within the 
present state of the electronic art. I! 

With this thought, these researchers looked for other de sc ri ptorso of the fingerprint, 

perhaps best termed Igross descriptors ' • They investigated heuristics and defined categories, 

categories not determined by the Henry system descriptors but just as effective if not more 

so in classifying and identifying fingerprints. 

4.3.2 Category Il 

4.3.2.1 'Photoelectric Fingerprint Analysis and Processing: Rabinow Electronics 

ln this treatmenf,8 examination of the problem begins with the scanning procedure. 
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The researchers realized from the start that the real fingerprint is of variable quality. The 

scan pattem28 that was developed (Figure; 27) has the following distinct advantages: 

(1) It provides filtering 50 tha~the scanner sees the average line and is not 

greatly influenced by bits of dirt or breaks in the lines. 

(2) The slot, rather than a spot aperture, provides a higher light level at the 

photodetector with improved signal-to-noise ratio. 

The filtering provides a neighbourhood indication of relative black. 

It has also been found that different slot lengths and vibration amplitudes are appropriate 

for different parts of the print. The more rapidly varying the fingerprinte the shorter the 

slot shou Id be. 

The most important information extracted is that of the angle of the pattern with 

respect to a chosen reference axis. This angle-of-pattern information, together with a 

reference axis system, is used to characterize the fi ngerpri nt • 

The reference system is determined by two operations. The first operation is to 

generate a point of Icore l by orthogonal trajectories. ICore l here is not necessarily the 

'core l of the Henry:system. Figure 28 indicates the method
28 

of orthogonal trajections. 

Starting as equally spaced lines at the top of the print and travelling through the print to 

cross each ridge orthogonally, the trajectories intersect at a point called the Icore l
• To 

determine the reference axis, an expanding circular scan is carried out around the core 

until two 300 pattern Iines are found as indicated
28 

in Fis;Jure 29. 

The classification method is called the Octant-Slope.:.system. Here the reference 

circle is divided into eight area octants, with the reference line placed on the junction 

between octants 1 and 8. Next, the average slope of the ridges in each octant is 

determined. Finally, the print is classified by the octant-slope relationship. The whole 
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1. SLOT. VIBRATES IN TH·IS·MANNER 
AT H SPEED. 

3. WHEN V IBRATION OF SLOT 1 S 
PERPENOICULAR TO RlDGE­
UNES, MAXIMUM 8LACK-YMITE 
CONTRAST 1 S EXPERIENCEO. 

4. WHOLE SLOT ASSEMBLY TRANSLATES AT A VERY SLOW SPEEO 
ACCOROING TOTHE FOLLOWING PATTERN THUS SCANNING 
COMPLETE PRINT. . 1'-, (-'\ (-'1' (-) (-~\ (~\ 
1 III l' 1 1,1 

. o·l.t+t+~·A++t~~ 
SLOT 1 1 1 Il l,. 1 l' 1 

ASSEMBLY 1 1 1 1 1 1 1 1 

1 
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1 
1 l , 1 1 l , 1 1 
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,. ) 1 J \ ) ., l , 1 ,- ,_.... ....... '~..,' ,-,/. 

Figure 27 Diagrams of the Motions Used in Siot-Scanning of Fingerprints
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TRAIJC'lORY ORIOIIIS 

Figure 28 Tracing Orthogonal Trajectories
28 

• 
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Figure 29 
Determination of Reference Axis

28 
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reference and classification scheme is iIIustrated
28 

in Figure 30. 

The interesting points are that the reproducibility is very good and the resolution 

into distinct classes is extremely high. To quote: 

Using this method, the theoretical number of classes for a single print 
would be somewhat over two hundred eighty trillion. However since the 
ridge lines are generally continuous, the slopes in adiacent areas are 
related. Also those ot the top of the print are roughly circular. For 
these reasons, better than 90% of ail prints would be contained in about 
200 classifications. 

The maximum number of classes using ail ten fingers of an individual 
would be 10200 • This figure is based on the estima te of 200 probabl~ 
classi ficatioDs for. eaéh "iF.i.nger. rBecause" :thetei.is;some: rèlalÏQDslnip' between 
the fingerprints of a given indivièlual, the probable number of classes 
would be lëss. We do not have sufficient data at present to estimate this 
figure~8 . 

This system is dèrived from essentially heuristic considerations that try to answer 

questions such as: Do we need a ïeference system? If we need a reference system, can we 

devise one that is better than those now existing? Can we effectively and efficiently 

classify fingerprints using this reference system? 

One problem with the system is that the fingerprint has to be presented to the 

scanner in a certain rotational configuration. Figure 31 indicates the possible points 

of core deterrnined if other rotational configurations are used. 

Ali in ail, this method presents an attack on the problem that can best be described 

as the beginning of the application of pattern recognition techniques. 

The second method presented in this section is essentially a prospectus and 

iIIustrates a highly heuristic technique. 
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4.3.2.2 Automation of Fingerprint Identification: Anthony Paolantonio 

Mr. PaolantoniJt suggests.that thë:fingerjnirit be scannedlin:nine;differen.t patterns 

and the number of ridges crossed in each scan be tallied. His basic argument is: 

Because no two fingerprints are alike, the number of lines scanned 
in each print would be different, hence a quasi:-raridomlnuri"tber:.woùtd 
represent the fingerprint when scanned in this manner. In addition, 
if the print were to be scanned in more than one pattern shape, it is 
obvious that a series of quast-raridom-·numberswoMd be- recofded24• 

A counter argument is that although no two fingerprints are alike in detail, many 

fingerprints are the same in terms of gross descriptors such as whorl or loop. Mr. Paolantonio 

is apparently trying to define a high resolution of a gross descriptor. This in itself is not 

a bad idea but the size-of.the fingertip as weil as the size,otthe ridges,. :varie.s from-

individual to individual, and :the narrow. ri dges.·are 'associated ;with the. smalle.n .fingelitips •. 

Thus, the total number of ridges intersected by a straight line varies Iittle, either between 

individuals or between prints of an individual. The number of intersections, tho~gh, 

depends on how the print was made, and thus on how much of the print is present. Basic-

ally., there are enough ridges to fill a fingertip, and a fingertip is finite in size. 

There may therefore be no justification for cssuming that different scan patterns 

will generate enough different quasirandom numbers to provide a high enough degree of 

classification resolution. Further, finding an invariant place to start the scan patterns is 

a nontrivial problem not apparently approached.by Paolantonio. 

This method requires further study for fai r evaluation. (See Chapter V.) 

The final method to be discussed is a heuristically directed topological algor'thm. 

The devisors of this method observed the invariance of the Henry system under rotation, 

translation, or even degeneration of the print and were led to investigate some type of 
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topological codi ng. Thei r heuristic interpretation and use of the accumu lated 'data gives 

this method advantages over the Henry system. 

4.3.2.3 Automatic Fingerprint Interpretation and Classification Via Contextual 

Analysis and Topological Coding 

Figures 32 and 33 indicate the basic system and processing concepts of the automatic 

fi · . 12 Th • t: h t:. • 1 Ingerprmt-processmg system • e Input system perrorms t ree lunchons: spaha 

quantization, amplitude 'quantization, and elementary noncontextual spatial filtering. 

The spatial quantization determines how much detail can be o,bserved. The ampli-

tude quantization generates a black-white digitized code such as the eight-Ievel gray code 

previously mentioned. Noncontextual filtering essentially generates a machine sense of 

relative blackness. 

The purpose of the input system is to form an idealized print (Figure 34) for the 

interpretation system 12. In generating the idealized prints, however, such thing~ as 

contiguous or partial ridges are not seen. The interpretation system first generates the 

c1assifying print by contextually filtering the idealized print, and then cÎtJssifies the print. 

Contextual filtering consists of heuristically determining whether or not a ridge 

discontinuity is a gap or an ending, and whether or not a ridge fill is spuriously contiguous 

or actually a detail of the print. Here gaps and contiguities are considered noise. ., 

Figure 35 i lIustrates èontextual fi Itering 12. 

Next, top nodes are scanned downward until a point of Icore l is reached. A top 

node is defined as a point about which the ridge has a locally maximum curvature. A 

typical scan is illustrated
12 

in Figure 36. 

Finally, each ridge is traced and encoded topologically (Figure 37) 12 starting 
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FIQure '34. S ampl'e Ideallzed Print With Ridge Gaps l2 
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from the innermost top node and working outward. 

One problem noted with this method is that certain types of ridge gaps might be 

filtered out, thus reducing the amount of classification data. Another problem is that a 

different rotation of the fingerprint will define a different top node and possibly a different 

code sentence. This is 50, because the concept of a top node is that of a local rather than 

a global point of maximum curvature of a ridge. Nevertheless, this is the most promising 

of any methods 50 far presented for automatically classifying fingerprints. 

4.3.2.4 Other Methods 

This section briefly outlines other Category Il attacks on the problem. 

1 
ln his work on shape descriptors, Blum looks at the boundary of a shape as a wave-

front, reasoning that if the wavefront is allowed to propagate in time, the intersection of the 

Huyghens wavefronts will generate a medial axis descriptor of the shape. One of his 

examples of a medial axis descriptor is the stick figure of a man, as seen in Figure 38. 

(a) 
Closed contour figure 
of a man 

Figure 38 

... - ..... 
( ) 

\ / 
...... ~ , , - .... 

(b) 
Medial axis descriptor of Figure 380 

Blum's Shape Descriptor 



The saine technique applied to a fingerprint pattern may produce a unique general 

descriptor that can be coded by methods described by Freeman8,9,10 (see Fi~re 39). To 

o· o. , 

FINGERPRINT MEDIAL AXI S TRANSFORM 

(a) loop 

(b) whorl 

(c) arch 

Figure 39 8lum's Method Applied to Fingerprints 

generate these simplified loops, whorls, and arches from real prints mechanically, however, 

would require highly sophisticated engineering. How is the machine to detennine an 

average line representation of the print? 

Investigation into the laverage Iinel generated by the Rabinow Electronics scanning 

method indicates that representative~sets of lines can be fonned. A fingerprint (Figure 40) 

can be reduced to an average fingerprint (Figure 41) and then be dealt with by using medial 

axis descriptors. The medial axis can then be coded for curvature or intersection or other 

properties in order to sort the prints by these properties. 
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Figure 40 Fi ngerpri nt 32 
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Figure 41 Average Fingerprint Extracted From Fingerprint in Figure 40 (Heavy Lines) 
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Figure 41 Average Fingerprint Extracted From Fingerprint in Figure 40 (Heavy Lines) 

. ( 
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ln another method, similar to th~ above but an adaptation of a method of ~Iass 

separation proposed by Rosenfeld and Pfaltz31 , the object being analyzed is fenced in by 

a region of area (Figure 42). Next, smaller regions are marked in the area, and the 

.. ' 

enclosing 
region 

figure under 
analysis 

Figure 42: . The. Roserifeld and Pfciltz. MethOd Applied to an Arbitrary Figure 

number of these regions that touch the contour of thè specimen·are;taWed (lTigù"eA3" •. :). 

smaller 
regions 

Figure 43 Inlaying of Smaller Regions 

figure under .-, 
1'-_-

analysis 

This inlaying of regions continues until a previoUsly detennined size of region threshold 

is reached. The information obtained along the way is plotted as a graph (Figure 44). It 

is hoped that different types of fingerprints will generate line graphs that can easily be 

discriminated from one another, thus effectively classifying the fingerprint. 

:. 
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number of regions touching contour .. 

Figure 44 : Data Obtained frOm Rosenfeld and Pfaltz Method 

The major objection to these last two methods is that they deal with gross descriptors 

of an object, and there is not enough classification resolution to distinguish one finger­

print amongst others of a generally similar type. The first of the two methods may be 

looked upon as an initial separating, not a c1assifying, process. The resalution of 

classification is extremely low, so it is used only to split fingerprints into such groups as 

may be analyzed by different algorithms or heuristics. The full classification scheme will 

have an inherent partitioning or hierarchy that will direct different fingerprints to different 

algorithms, and the particular algorithm will then classify the fingerprint. 

The lack of resolution is noticed more acutely in the second of the two methods. 

ln tests of this algorithm on four fingerprints, easily recognized as four different finger­

prints by even an inexperienced observer, the method indicated these four prints to be 

essentially the seme. The differences between the line graphs are sa small as to be 

attributed to noise and not actual differences in the fingerprints. 

4.4 Conclusions 

Of existing methods, Hankley's is perhaps the best for the following reasons: 
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(1) It provides a high degree of resolution, generating over 10
14 

classes while 

using only a few ridges near the Icorel• 

(2) The interpretation time for each print is under 2 seconds. 

None of the other methods combine both of these attributes. Noting, 'however, that most 

of the input subsystem indicated (Figures 32 and 33) was actually manually effected, and 

that certain pertinent ridge characteristics might be filtered out by Hankleyls contextual 

filtering, it is the authorls opinion that there is still a lot of work to be done before finger-

print analysis can be fully automated. Further progress might be made by rearranging 

Hankleyls method, generating a new classification scheme entirely, or developing man-

machine systems. 

ln summary, automatic fingerprint analysis was presented in the context of a 

pattern recognition problem. Existing solutions, as weil as the problems associated with 

these solutions were explained. Finally, other methods were put forth as possible areas 

of research in trying to fully solve the problems associated with automatic fingerprint 

analysis. 

The following chapters present the author's investigations into the problem of 

automating fingerprint analyses. 

• 



CHAPTER V 

EXAMINATION OF .THREE TECHNIQUES 

5.1 Introduction 
.. 
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ln this chapter, the author examines three methods in a non-rnachine context, 

and the results obtained from these analyses are presented. The three methods tested are: 

(1) The method of Paolantonio, 

(2) The method of Blum, and 

(3) The method of Rabinow Electronics. 

The reason for choosing these three is that they are perhaps the most representative of the 

various techniques presented in the li te ra tu re • 

The method of Paola.,tonio, which has not heretofore been examined in the 

Iiterature, represents those treatments which purport to totally classify fingerprints by 

using analyses which typically involve some type of random search. This type of analysis 

disregards both the gross shape characteristics of the fingerprint and the minutiae or 

ridge characteristics.· Paolantonio originally suggested his technique as a prospectus, and 

to the author's knowledge, no actual tests of the technique have. to this writing, been made 

on fingerprints. 

The method of Blum is typical of those techniques, including the manual Henry 

system, which attempt to use the overall or gross characteristics of a fingerprint as the 

unique c1assifying agent. It must be noted that the method of Blum was developed by 

this author using Blum's techniques of shape extraction, and that this approach has not 

been previously considered in the Iiterature. To this writing, none of Blum's techniques 

have been applied to fingerprints. 



69 

The method of Rabinow Electronics represents those approaches that seek to 

classify fingerprints by selectively considering specific pieces of information in a finger­

print. This method does not solely consider the 'gestalt' or gross characteristics (as does 

the method of 8Ium), but it does reject information about the ridge minutiae (as does the 

method of Paolantonio). However, other information SUC" as the average ridge slope in a 

small region is used in lieu of the minutiàe. 

5.2 The Method of Paolantonio 

Paolantonio proposes the use of an optical scanning technique for the analysis of 

fi ngerprints
24 

• The method consists of scanning a given fingerprint usine nine different 

scan patterns, and tallying the number of times a given scan pattern intersects the ridg'es 

of the fingerprint. Paolantonio suggests that the resulting tallies should be nine 'quasi­

random' numbers and that these numbers fully identify the fingerprint. 

The author carried out an experiment using one scan pattern on fingerprints 

8-2, 8-5, 8-6, 8-7, 8-8, and 8-9 of Appendix 8. The scan pattern used was a series of 

vertical parallel lines originating from the top of each fingerprint. In ail cases, the 

physical size of the fingerprints was very nearly equal. The number of intersections found 

and tallied for each line of the scan pattern in each fingerprint is presented in histogram 

form in Figures 45 through 50. Also, the total number of intersections found in each 

fingerprint for the full scan pattern is displayed in the respective histogram. 

One should note the two types of error regions defined in the histograms. The 

first type is indicated by the line shading and the second type is indicated by the stippled 

shading. The line shading represents that error which arises in trying to repeat an 

analysis of a fingerprint with the same scan pattern. This is an alignment error, and is 
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important, since the quasi~random.number resul.ting from a sean 'deperids on the .number of 

ridges intersected and hence the alignment of the sean pattern. In essence, the line shaded 

error is an indicator of the repeatability of the sean. The error limits as shown in the 

histograms are based on an average! 2% error found by the author when working with 

nonnal size fi ngerprints* • 

The stipple shaded error is an indication of the irregularity in size and shape of the 

fingerprint based on the average difference found in observing different impressions of the 

some finger. Any one impression of a finger will exhibit either more or less total riclge 

area than any other impression of the some finger. Since Paolantonio's method depends 

heavilyon the number of ridges intersected, and hence on how much print area is present, 

it is important to consider this error in the analysis. In effect, the am ou nt of this 

error indicates the difficulty one would have in comparing a scene-of-crime impression 

with a good, filed impression of the same finger. 

The amount of print area ineluded or exeluded depends on such things as: the 

pressure used in taking the fingerprint; the tone of the skin when the fingerprint is taken; 

the experience of the fingerprint technician; the type of ink and paper used; the surface 

upon which the paper is placed; the inking densitYi and the amount of cooperation given 

by the person who is being fingerprinted. 

This impression error is estimated to be ~ 10% of the dimensions of the fingerprint 

worked with, or on the average, about ~ 2 ridges in tenns of the fingerprints presently 

under investigation *!' 

A 2% ei'ror i s + .0 ;02 hiches on thé average Til x lit fi ngerpri nt • . . ' ... 
** This estimationis based on talks with the RCMP and the author's own observations. 
* 
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Considering both types of errors, a worst case chi-squared test was made on the 

data,using the ulnar loop as the reference,or expected data. It was found that when using 

this test for the distributions of intersections (histograms), there was on the average only a 

2% chance of ail the fingerprints being different From an ulnar loop. Further, when a 

chi-squared test was made on the total number of intersections found in the fingerprint, 

rather than on the distribution of intersections, no difference amongst the fingerprints 

cou Id be detected. 

It may be argued that Paolantonio's method specified nine different scan patterns 

so that the results obtained are misleading. However, it is the author's contention that 

there are several more pressing problems than that of choosing nine scan patterns, and that 

these problems must be dealt with before the method of Paolantonio can be seriously con­

sidered as an automatic technique for classifying fingerprints. 

For example, in the manual examination of this method, the scan pattern was 

arbitrarily placed so that it would cover the total fingerprint area presented.. Since 

Paolantonio does not indicate otherwise, it may be considered that the placement of the 

scan pattern is arbitrary, and hence that the actual alignment of the pattem with respect 

to the fingerprint is unimportant. However, in carrying out multiple examinations of a 

single fingerprint using only one scan pattem, it was found that the major differences 

between the resulting quasi-randorn numbers was due to the fact that there was no 

reference with which the scan pattern could be aligned. Therefore this author feels that 

a reliable reference within the fingerprint has to be defined before this method can be 

used. 

Another problem is that this method makes no distinctions as to which rotational 

configuration of a fingerprint should be used when making the analysis. This author 
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found that different rotations of a fingerprint did generate slightly different quasi-random 

numbers, but that these numbers were insignificantly different if the errors.mentioned 

before were considered. (See page 69;) Since the quasi-random numbers arising from the 

rotated analyses of one fingerprint were statistically equivalent to the quasi-random numbers 

generated by ail the other unrotated fingerprints, it may be wise to confine the analysis to 

onlyone rotational presentation of a fingerprint. If only one rotational aspect of a 

fingerprint is to be used, then a two dimensional referenc·e system has to be defined. 

A further problem arises in trying to determine what a ridge is and how it is defined.: 

If one uses noisy raw data, then the definition of a ridge is not simple. Time would have 

to be taken from the scanning operations in order to analyse every assumed riclge in order 

to see whether or not it is a ridge. Regardless of how one determines if a ridge is present, 

extra computer time is needed and this is costly. 

Finally as mentioned previously (page 73d there.are differences in the total print 

area between multiple impressions of any fingerprint. This fact alone renders the method 

of Paolantonio unfeasible, since one cannot, with any degree of reliability or accuracy, 

define an arbitrary area in two or more impressions of the same finger, which will contain 

exactly the same information. To define such an area is a contradiction in terms.; Therefore 

the.author feelsfbat Jurtber, investigation into Pàolahtonio's:methoid would be frunleSs and 

thal. .this technique c'annot be:effecti.vely·,impleinelilted· on, a' computer. 

5.3 The Method of Blum 

Blum proposes a method of shape analysis 
1 

whereby a descriptor of a closed contour 

figure is extracted by a series of operations on the contour of the figure. The descriptor 

resulting From these operations is called the 'skeleton', or the 'medial axis transform' 
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26 (MAT) of the figure. This author devised a method to analyse fingerprints which employs 

8lum's technique. It should be noted that the central theme of 8lum's algorit~m is the 

extraction of the skeleton from a figure. 

One can generate the skeleton by what may best be described as the 'grass fire' 

method of wavefront propagation*. That is, consider the figure to be analysed to be made 

out of a homogeneous burnable material. One then sets fire to the boundary of the figure 

everywhere, simu Itaneously. As the fi re burns through the figure, one notes that at some 

places, the fire will reach parts of the figure that have already been burnt out by the fire 

started from some other points on the boundary. Of one ta bu lates these points where the 

fi re tries to burn through itself, one obtains the skeleton of the figure. Figure 51 shows a 

(a) 
Figure 

Figure 51 

(b) 
, . 

Extracted skeleton 

a simple figure with 8lum's method applied to it and the 'skeleton' extracted. Each 

interior contour represents the boundary of the fire at given times, T, 2T, 3T, ~nd 4T if 

* See also page 61 • 
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the fi re is started at the boundary where t = o. 

Since a fingerprint is made up of many ridges, and thus has no single descriptive 

closed contour, one has to generate the most representative closed contour or 'super­

contour' in order to apply Blum's method. The author decided to generate this super­

contour, or average fingerprint by using the following rules: 

(1) Starting anywhere in the print, follow five ridges at a time, replacing the 

five ridges by one ridge whose slope is the average slop of the five ridges, 

except where this contradié:ts rule 2. 

(2) If any ridge of the five ridges being followed deviates From the average 

slope by more than a glvèn minimüm angle, eliminate those ridges From 

further operations with this group of ridges. 

The rules for picking the super-contour From amongst the replacement ridges 

generated are: 

(1) The super-contour shall be closed. 

(2) The super-contour may if necessary follow the boundaries of the fingerprint. 

(3) If rule 2 is employed, the super-contour that varies most rapidly and 

employs the least amount of boundary should be used. 
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These rules were applied to fingerprints B-5, B-6, and B-7 of Appendix B.to 

generate the super contours in Figures 52 - 54 respectively. Blum's grass fire method was 

then applied to the super contours generating the skeletons in Figures 55 - 57. As can be 

seen, the arch and the tented arch skeletons have a marked similarity, whereas the radial 

loop skeleton is different from both of the other skeletons. 

Blum's method does separate fingerprints into classes, but the question arises as to 

the resolution of the class structure. In using Blum's method, one has to generate an 
.!J 

average fingerprint before one can begin analysis. This means one extra step of filtering 

(pre-filtering) and necessarily eliminates ail of the fine structure (minutiae) of the print. 

Since a print is uniquely defined by these minutiae which Blum's method eliminates, one ~ 

can consider the information derived from Blum's method only as a gross descriptor. Note 

however that the pre-filtering necessary wou Id take a lot of effort and machine time 

whereas a technician can visually identify a fingerprint by its average or gross characteristics 

in under 10 seconds. 

Since Blum's method generates pnlygross descriptors of,ÇJ fJngerpr.int,: ft .wiH not 

be considered for computer implementation. 

5.4 The Method of Rabinow Electronics 

The Rabinow method for classifying fingerprints
28 

has already been discussed in 

some detail ~age .45) and will not be entirely restated here. The most important aspect of 

the Rabinow method is that it does make some attempt to define a reference point within a 

fingerprint. Since many researchers6,25,36 consider the establishment of a reference 

system or reference point to be of prime importance in automated fingerprint analysis, the 

author chose to investigate that aspect of Rabinow's method which purports generating a 
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Figure 52 Average Arch 
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Figure 53 Average T ented Arch 
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Figu re 54 Average Radial Loop 
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Figure 55 Arch Skeleton 

Figure 56 Tented Arch Skeleton 
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Figure 57 Radial Loop Skeleton 



84 

reference (central) point. 

Rabinow uses analog methocls (page~) to generate trajectories in a fingerprint. 

A trajectory is any line that, starting fran one point in the fingerprint moves to another 

point in the fingerprint, and is orthogonal to the ridge that it crosses. The oithogonality 

condition is the prime consideration in generating a trajectory. (Figure 58:.) The portion 

non 
trajectory 

~ ..... """"'''Z: ___ ridges 

trajectory 

Figure 58 A Trajectory According to Rabinow 

of the trajectory labelled lai in Figure 58 connects a point on one ridge to a point on the 

next ridge immediately following. Any such portion of a trajectory is called a tra jectory 

segment. 

ln the actual analysis, an arbitrary number of trajectories (in the authorls case, 

six trajectories are used) are initialized as equally spaced lines at the top of the finger-

print, and are then made to travel throug. l'e print in the manner just described. The 

basls for using this trajectory analysis is Rabinowls observation that: 

"In any classification methocl, a system of coordinates must be 
estabHshed.... In a machine-oriented system is is more useful to define 
a point and a direction. This point could be the core of the present 
(Henry) system. However, ail that is really required is that the point 
be the seme on ail prints of a given finger, and that the point be defin­
able on a useful majority of fingerprints. 



One method of locating a point that satisfies the above require­
ments is to start a series of equally spaced vertical lines down from the 
top of the print. .•.•• Each time one of these lines reaches a ridge, 
the direction of the line is changed to make it perpendicular to the 
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riclge. • ••••. it will be seen that ail the lines intersect at an adequately 
definite (defined) point .•.••. 11 28 

This intersection is defined as the reference point. 

It can be seen from Rabinow's discussion that the orthogonal trajectory method is 

essentiallya gradient technique for hill climbing. This is more evident if one considers the 

ridges of fingerprint as elevation contours of a hill. Rabinow has investigated the total 

method that it had proposed by testing it on fifty fingerprints. However, no indication 

was given as to how much research went into the defining and generation of a reference 

point. 

The above mentioned trajectory analysis was applied manually to ten fingerprints 

and the results appear in Appendix C. It can be seen that a reference point was generated 

in each fingerprint. In some cases (for example, Figures C-2. 1, C-2.2 and Figures C-9. 1, 

C-9.2, C-9.3 and C-9.4), it was necessary to reduce the initial spacing of the 

tra jectori es in order to defi ne a reference poi nt •. 

Since it has been demonstrated that the manual analysis can effectively generate 

a reference point, the author has adapted this aspect of the method of Rabinow Electronics 

for a digital computer. A discussion of this digital method is presented in the next 

chapter. 
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CHAPTER VI 

THE DIGITAL METHOD 

6. l Introduction 

ln this chapter the author presents a digital method for generating a reference 

point within a noise loden fingerprint. The digital method is a derivation from, rather 

thon a direct simulation of, Rabinow's analogue method. However, in contradistinction 

to Rabinow's method, the digital algorithm do es not employ any noise prefiltering techniques 

os port of the analysis, but rather attempts to analyse very noisy raw dota. The digital 

algorithm was designed with this thought in mind: .. Every operation that is not absolutely 

necessary to the final solution should be eliminated.", To this end, the author attempted 

to design on algorithm with enough flexibility to handle very noisy raw dota, 

econorriically. 

The digital method consists of two major ports, the Tra.iecto~y Analysis and the 

Intersection Analysis.. The Trajectory Analysis is further splif into the Siope Analysis ·and 

the Inter-ridge rravel~ing Analysis. The Siope Analysis examines a ridge'in order to 

determine the average slope of that ridge in a small region. After. analysing a ridge, the 

Siope Anàlysis gives the~information ôbtained to the Trt;ljectory. Segment Generator (TSG) 

which then extends the trajectories through the fingerprint. The final operation is the 

Intersection Analysis which determines whether or not the trajectories have generated a 

reference point. 

It must be remembered that the primary goal of this method is to genera.te the 

trajectories, since once the tra jectories are generated, a common intersection (reference) 

point con be determined by visual examinotion of the anolysis. At present the Intersection 
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Analysis is used to automatically extract the reference point, but this analysis is 

ineffectual as will be explained later. It is considered thélt if the reference points that 

are machine generated and extracted visually had been unique and repeatable, thena 

more comprehensive intersection analysis would have been designed. However, since it was 

found that the reference points are not unique, there is no:benefit in producing a better 

intersection ana Iysis. 

6.2 A Digital Fingerprint. 

ln order to c1early understand the algorithms that will be discussed, a few prelimin-

ary definitions and explanations are necessary. A fingerprint as seen by the computer is 

a 252 by 256 digitized array, four examples of which appear in Figures 59-62. The 

method and the equipment the author used for digitizing the fingerprints was developed by 

Reisch
29 

for his research on the histology of the human lung. 

As can be seen from Figures 59-62, the digitizing procedure converts ail of the 

analogue information contained in a fingerprint into an 8-level grey code. The digital 

information is then converted From an 8-level grey code into a binary code, where every 

level greater than 3 is assigned the binary value 1, and is defined as black, while any 

level less than 4 is assigned the binary value 0 and is defined as white. In practice, any 

reference to the black areas of a fingerprint applies to the ridges, while any reference to 

the white areas of the fingerprint applies to the spaces between the ridges. 

6 .3 Reference System 

ln order to access various points within the binary fingerprint, the following 

reference system is adopted. (Figure 63~) 
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FigUTe 59 Digitized Fingerprint 
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Figure 59 Digitized Fingerprint 
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.. - Figure 60 Digitized Fingerprint 
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Figure 60 Digitized Fingelprint 
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Figure 62 .Digitized Fingerprint 
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Figure 63 Reference System 

The x-axis is aligned with the top of the fingerprint array 1 while the y-axis is aligned 

with the left hand border in the manner shown (Figure'63). Here, the top of the finger-

print is defined as that part of the impression resulting from the extremal part of the 

fingertip. 

6.4 Initialization 

The program's first dut y is to initialize the trajectories in the fingerprint. This is 

done py the Master Processor which directs control to ail the major analyses. Here, ail 

six trajectories are initialized by equally spacing the starting, points of the trajectories 

along the x-axis of the fingerprint. The field of search is defined as the euclidean 

distance between the starting points of trajectories 1 'lnd 6. After the field is defined, 

ail of the trajectories are forced to travel in the +y direction until each one finds a 

ridge (black) region within the fingerprint. (Figure 64.) 

. - :' 
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Figure 64 Trajectory segments Generated by the Initialization 
Procedure . 
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At this point the trajectory initialization is complete, and the Master Processor gives. 

program control to the Siope Analysis. Figure 65 is an infonnation flow chart i Ilustrating 

the basic interactions amongst the algorithms about to be discussed. 

6.5 Slope Analysis (SA) 

The SA is the first analysis encountered after the trajectodés are initialized. This 

analysis detennines the average slope and the orthogonal slope of a ridge in a given 

region of that ridge. To detennine the average slope, a contour (ridge) following 

algorithm is employed. In order to follow a contour, the program must have the ability 

to make turns within the fingerprint. To this end, a Supervisor Program (SP) directs the 

contour following by means of a Generalized Right and Left Turning Algorithm (GRLA), 

and a Specialized Right and Left Tuming Algorithm (SRLA). To understand the mechanics 

of these turning algorithms, one must first investigate the meaning of making a right or 

left tum with respect to moving within a digital fingerprint. 
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6.5.1 Nonspecific Turning 

A nonspecific tum is defined as that tum which hds a definite direction but an . 

arbitrary magnitude. It is essentially a vector of undefined magnitude. The best way to 

visualize the nonspecific tums that are used in defining specific turns (see Section 6.5.2) 

for the contour following algorithms, is to imagine that you are walking alo09 a trajectory 

in its direction of travel. (See Figure 66.) 

L 

--------~-------------_.,~ direction of 
travel 

R 

Figure 66 Nonspecific Right and Left Turns 

Here a nonspecific right turn can be made to any point in the half plane on onEis 

right side (R in Figure 66), while a nonspecific left tum can be made to any point on one'S 

left side (L in Figure 66). Note that the nonspecific tums are allowed to be in the 

forward direction as weil as in the reverse direction of travel. This is 50 by virtue of the 

fact that in defining a direction in a digital picture, one has only discrete points to 

which one can move. Therefore, if the resolution of the digital grid is coarser than the 

re5Olution used to define the analogue right and left tums, then both a right ~nd left 

turn may be to the lame digital point. This can be seen more c1early in Iight of the 

definition of specific tums. 
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6.5.2 Specific Turning 

Consider the typical 3 by 3 grid (Figure .67a), that represents the neighborhood of 

the point A in a digital array. Nowa specific turn from point A is defined as that turn 

A 

(a) 

Neighborhood of Point A 

Direction of Travel 
"'751 

A' 

(b) 

Nonsp,ecific Right (R) 
and Left (L) fums 

Figure 67 

A B 

(c) 

Specific Right and Left 
Turn from A to B 

which is made to one of the points of the grid in the neighborhood of point A. Consider 

that a nonspecific right and left turn has been determined to be in the Rand L directions 

(Figure 67b) respectively. In order to make such turns in a digital array (specific turns), 

the dosest digital approximation to each of these directions in the neighborhood of A 

has to be determined. 

!n this case, the turn to point B from point A (Figure 67c) is the dosest digital 

direction to both of the nonspecific turn directions. Hence, the specific right and left 

turns from point A can be made to point B, which point is in the direction of travel. 

Since specific turns are defined in relation to nonspecific turns in the above manner (for 

the SRLA only), it is necessary that the direction defined for nonspecific tUrns be allowed 

to overlap. A similar argument holds for specific turns made to a point directly opposite 



to the direction of travel. 

With the above in mind, one 'can now examine the algorithms that direct the 

speCific tums needed for the contour following. 

6.5.2.1 Specialized Right and Left Turning Aigorithm (SRLA) 
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The SRLA is only used immediately after a trajectory has arrived upon a ridge, and 

as such is the first algorithm to be encountered after the trajectory initialization and upon 

entering the::Slope Analysis. Consider the 3 x 3 grid shown in Figure 68. 

~ t Trajectory direction 

Figure 68 Ridge Region in Neighborhood of Trajectory End Point A 

Points A, B,C and 0 are black or ridge points, while the unlabelled points in the neigh­

borhood of A are part of the inter-ridge spaces. Here, point A is the point on the ridge 

that the trajectory has arrived at. Seen in a larger context, Figure 68 may appear as in 

Figure 69. Now, since the Superv.isQr Program demands that contour following be 

initiated, it is the job of the SRLA to pick the best initial right and left turns. In order 

to determine what a specific right and left turn ;From point A is, the SRLA has to have 

information about ail of the points in the neighborhood of point A, and as weil, know 

the trajectory's direction of travel. Using the concept of a nonspecific right and left 

tum, the SR~ examines the neighborhood of point A in order to determine specific 
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right and left tums. In the case of Figures 68 or 69, the best right and left turns from 

point A are determined to be to points e and B respectively. The term specialized Right 

and Left Turning Aigorithm cornes from the facts that: first, the SRLA examines the 

neighborhood of a point before deciding upon the best right and left turnsi and second, 

:: 

the SRLA is used only once each time the Siope Analysis is called to examine a trajectory. 

ln contrast to the SRLA, the GRLA is used for making ail turns during the contour follow-

ing operations, and does not use information about the neighborhood properties of a point. 

6.5.2.2 The Generalized Right and Left Turning Aigorithm (GRLA) 

After the SRLA has életermined the best right and left turns, the Supervisor Program 

passes this information to the GRLA which is t~e n~xt algorithm to be used. The only 

information that the GRLA needs in order to determine how to make a turn is the 

coordinates of the present or new point, the coordinates of the previous or old point and 

whether a right or left tum is desired. The information about the points is initially passed 
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to the GRLA by the SRLA as in the case of Figures 68 or 69, where the coordinates of 

point A (Figures 68, 69) are passëd as the cooi'dinates of the previous point, and'-the " 

coordina~es of Cor B are ,passed as .the C:QO~inates of the present point dependiné on which 

points (Ac: or AB) the Sùpervisor isworking wlth. Thereafter the GRLA genetates its own 

information about the coordinates of the two points needed while the Supervisor Program 

iniects information about the type of turn desired - either right or left. 

The term Generalized Right and Left Turning Aigorithm derives from the fact that 

the algorithm does not use information about a neighborhood of a point to determine a 

tuming direction. Instead the GRLA uses an ordered set of two points, which is the least 

amount of information needed to determine a direction in a euclidean two space. Finally 

the GRLA is independent of the traiectory's direction of travel. 

Figure 70 shows the various tums that the GRLA makes. Note. the only 

R L N R L 

N 0 0 0 1\1 0 

L R R N L 

(a) (b) (c) (d) 

Legendi 

0 = old or previous point 

N = new or present poi nt 

R = right turn as determined by the GRLA 

L = left turn as determined by the GRLA 

Figure 70 Right and Left Turns Madeby the GRLA 
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cases considered by t~e GRLA involve right angle turns. By considering only these cases,· 

the GRLA can be directed by the supervisor to use the contour following algorithm devised 

l:;y MasOn.and Klemens~~4nd odàptè~ for; a digital inachine.by:the author •. ·;Furlher . 

this definition of turns reduces the number of cases one has to otherwise consider, and 

thus increases the efficiency of the GRLA in terms of machine execution time. 

6.6 The Supervisor Program (SP) 

The main job of the Supervisor is to carry out the contour following on the ridge 

by directing the SRLA and the GRLA through a certQin number of color crossings. A 

color crossing occurs when either the SRLA or the GRLA makes a tum from an initial 

point and finds a new point with a different color than the initial point. Figure 71 

shows a black to white color crossing upon taking a right turn. In order to follow a ridge, 

legend: 

R 

o = old point 

N = new point 

R = right turn made by GRLA 

• black region 

Figure 71 Black to White Color Crossing 

the supervisor detennines whether or not a crossing is made and then instructs the GRlA 

to take the next tum in the appropriate direction. The way in which this directions is 

chosen can best be unde"tood in tenns of Figure 72. 
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Traiectory's direct.ton,of 
travel 

~Left wing -
"' 7' ~ 

'!o-, ~ 

Right wing 

~ 

A C 

Q B 

1 

Figure 72. Typical Digitized Ridge 

Point 'A (Figure 72) lies on a ridge which has been found by either the trajectory 

initialization procedure or by the Inter~ridge Travelling Analysis. The SRLA has chosen 

points Band IC to be, respectively, the best initial right and left turns from point lA'. 

At this point, the Superv.isor Program chooses the right wing to work on, where the right 

wing is that part of the ridge which is in the direction of the initial right Nm chosen by 

the SRLA. A similar definition follows for the left winge 

The SP then directs the GRLA to look at the points A and B as the old and new 

points respectively (Figure 72) preparatory to making a turne The procedure by which 

the SP decides whether a right or left turn should be made when working in the right 

wing is called the Right Wing Main Proposition of the contour follower (RWMP) which is 

stated as follows: when working on the right wing, make a right turn each time the new 

point is black and a left turn each time the new point is white. In Figure 72, A is taken 

as the old point, Bis taken as the new point and according to the GRLA and the RWMP., 
........ 
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(Figure 70d) the right turn is made to point Q. Now,preparatory to making the next turn, 

the GRLA takes the last new point (B) qnd makes it the old point. Next the GRLA makes 

the point just arrived at (Q) the new point. At this time, the Supervisor Program examines 

the color of the new point (Q) and decides which way to make the next turn according to 

the RWMP. 

The Supervisor and GRLA continue to interact in this manner until a prescribed, 

albeit arbitrary number of color crossings have been made. The author found that ten 

color crossings in each wing was sufficient to determine the average slope of a ridge within 

the region of point A for ail the fingerprints examined even though no excessive care was 

taken to ensure constancy of ridge detail, ridge noise, or magnification factor amongst the 

prints. Further, the author used a range of 6 - 16 allowed color crossings per wing for 

several fingerprints and found no appreciable difference in the total analysis. 

By generating the desired number of color crossings, the Supervisor arrives at a 

point such as point 1 in Figure 72. After noting the coordinates of this point, the Super-

visor proceeds to work on the left wing by using the Left Wing Main Proposition of the 

contour follower (LWMP) which is: when working on the left ,wing, make' a 'Ieft turn each time 

the new point is black and a right turn each time the new point is white. The Supervisor 

uses the LWMP as it used the RWMP and eventually arrives at point 2 (Figure 72) and 

stores point 2's coordinates. When the Supervisor. has the coordinates of both points 

(1 and 2), it calculates the slope as 

m = 
Ax 

and the orthogonal slope as 
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1 
w=--

m 

and stores them for use later on in the program. Finally, the Supervisor examines the other 

traiectories in a similar manner, and upon completing this task passes control of the 

analysis to the Scheduler of the' 1 nter--RtdgeÎravelling' Analyiis. 

6.7 Inter-Ridge Travelling Analysis (lTA) 

The purpose of the ITA is to extend a given trajectory by one segment in a given 

direction. This direction is determined by the SehedUle.of the ITA and the large Scale 

Noise Aigorithm in conjunction with the information derived from the Siope Ancilysis. 

6.7.1 large Scale Noise Aigorithm (lSNA) 

Upon receiving control from the Supervisor of the Siope Analysis, :the' Sc:hëdu 1 er.:of 

the ITA directS the lSNA to conduct its analysis. Basically, the lSNA tries to determine 

whether or not the black regions the slope analysis has worked with are ridge fragments or 

ridges., (Seë F.igure 73.) 

legend: 

R = ridge 

RF = ridge fragment 

Figure 73 Idealized Representation of Ridges and a Ridge Fragment 
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It must be stressed that (Figure 73) is an idealized physical representPtion of ridges 

and a ridge fragment. In practice a ridge fragment is operationally defined in a manner 

to be given shortly. If the lSNA determines that the black area is a ridge fragment, then 

the possibility exists that the slope determined by the SA is spurious. The reason for this 

can be seen by considering Figure 74. 

legend: 

R 

RF 

A,1,2 

AP 

AF 

= 

= 

= 

= 

= 

ridge . 

ridge fragment 

points defined in contour following 

"correct" orthogonal line 

"spurious" orthogonal line found from slope of g 

Figure 74 Ridge and Ridge Fragment 
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ln this case, the SA will deterrnine the slope of the line defined by points 1 and 2. 

Accordingly, the orthogonal slope is determined to be defined by the line AF, whereas if 

the ridge fragment were considered in the context of the ridges around it (R), the ortho-

gonal slope would be defined by the line AP. It is this latter orthogonal direction (AP) .. 

that one would Iike to find regardless of whether one lands on a ridge or a ridge fragment, 

but in the interests of an economical use of computer time, one would like to find the line 

AP without using a full contextual analysis of the region. In an attempt to determine the 

orthogonal slope by using only the SA, and as such, reiecting contextual analysis, t~e . 

LSNA makes a simple threshold comparison between the number of col or crossings made, 

versus the euclidean distance A 1 and ~. Here the number of color crossings is used a·s a 

crude approximation to the actual distance travelled along a wing. 

Figure 75 presents a magnification of the idealized ridge fragment shown in 

Figure 73 with the points A, 1 and 2 as initially determined by the Siope Analysis. Now 

Left wing 

Figure 75 Idealized Ridge Fragment 
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the LSNA makes the following two cèxnparisons: 

(i) 
? 

No: ~o~o~ cr~sings in right wing ~ 2.5 ---Al 

and 

(ii) 
? 

No. color crossings in left wing 
~ 2.5 

? 
where C ~ 0 means "is C ~ O?" These comparisons are used as indications of how much a 

wing has curved bock on itself. If either of the comparisons are true, the slope as 

determined by the SA is discarded since it is considered to be sputious. The number 2.5 

as used in the comparisons is arbitrarily chosen. However, in actual-analyses, this value 

(2.5) is found to work rather weil as a threshold value for the LSNA. Note it is this 

threshold comparison that is used to operationally define a ridge fragment. 

When a slope is discarded, the S:heduler informs the Supervisor Program of the 

Siope Analysis, and then waits until the Supervisor signais that another SI~pe AnaJysis has 

been made preparatory to reinitiating the LSNA. This further Siope AnalyskismaCie with 

the number of required color crossings reduced by 2 for the wing or wings that failed to 

meet the threshold criterion. If, for these further analyses, the required number of color 

crossings is reduced past the value 6, then the Siope Analysis:is àborteél anèl the SchediJler 

uses the Pass Mode(see Section 6.7.2) of inter-ridge travelling for this segment of the 

trajectory. The reason for aborting the Siope Analysis:i-s tha:t;.for. values of 4 or- less: 

required color crossings, there is on the average too much small scale ridge noise to allow 

for a reliable estimation of the slope. 

There are two ways for the interplay amongst the ScheduJer, Superviso~, LSNA, 

and SA to terminate. The first, which has already _been mentioned, occurs when the 



107 

number of required col or crossings has been reduced to 6 or less. The second type of 

terrnination occurs when the LSNA interprets the black area under examination as a ridge 

rather than a ridge fragment. If this type of termination occurs, the LSNA advises the 

ScheduJer to use the Senseè:l Mode', (see Sec:tion 6.7.1) of travel in order to generate the next 

segment of this trajectory. The Scheduler notes this recommendation and then proceeds 

with a similar LSNA analysis for the rest of the trajectories. When the complete LSNA 

analysis of ail trajectories is finished, the SchecluJerdirects control to either the Sensed 

Mode or Pass Moèfe of the Trqjectory Segment Generator (TSG.). The TSG then extends the 

trajectory further into the fingerprint. 

6.8 Trajectory Segment Generator (TSG) 

6.8.1 Sensed Travel Mode (STM) 

The term sensed mode of travel is derived from the ability of the algorithm to sense 

the correct orthogonal travelling direction by considering post information about the 

trajectoryls direction of travel and other information generated by the Siope Analysis. 'It 

can be seen from Figure 76b that there are two directions (C and NC) one could move in 

and still be orthogonal to the slope determined by the Siope Analysis. To determine which 

of the orthogonal directions is best, the sensed mode uses the original meaning of rightness 

and leftness as previously defined in Section 6.5.1. 
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Key: A, 1,2, are the poi nts de fi ned by SA 
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Orthogonal Directions (C and NC) to 
a Given Line (12) in Figure 760 

With this definition implemented, the best orthogonal direction of travel, as 

determined by the sensed mode, is chosen to be in that direction which keeps the right 

wing on the right side of the trajectory and the left wing on the left side of the trajectory. 

Figure 77 schematically presents this concept in terms of one tra jectory. One important 

R = right wing 

L = left wing 

Figure 77 Trajectory Generation Using the Sensed Mode 
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point is that the definition of rightness and leftness as used by the Sensed.Mode,is.not the . 

sole arbitrator in detennining the final direction of travel, for by using only the Sensed 

Modemethod of detennining the direction, one could theoretically travel in circles 

(Figure 78). 

R Key: 

R = right wi ng 

L = left wing 

Figure 78 Circular Travelling Using Only the Sensed Mode of Travel 

ln order to make sure that the trajectory does not travel in circ les, the Schedu.ler 

examines the direction detennined by the sensed mode in light of the travel direction 

chosen n steps ago. Here n is a delay factor which in theory is arbitrary, but in practice 

was chosen to be in the range from 1 to 5. This range allows one to consider such factors 

as the ridge spacing and the magnification factor of the fingerprint. Although n is 

arbitrary, the author found that n = 3 allowed for a cogent analysis of ail the fingerprints 

examined. 

After the direction of travel is totally detennined, the Schecluler instructs the 

Travelling Aigorithm to generate the next segment of the trajectory. After the segment is 

generated, the Scheduler commences analysis on the .next trajectory. 
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6.8.2 Pass Travel. Mode (PTM) 

The PTM is used only when a Sensed Travel Modé cannot' be ·detennineCl •. The· name 

~ass TlOvel .Mode detives from the .fact .that the.5chec:lJler.instructs the lraveUing Alg';rithm 

to use the last detennined direction of travel for the trajectory in order to generate a new 

trajectory segment. In this way, the PTM allows a trajectory to keep on travelling in the 

correct general di rection regardless of the ridge con di tions encountered. 

6.8.3 Travelling Aigorithm (TA) 

The Travelling Aigorithm is the physical generator of the trajectories. The TA 

digitally ex tends a trajectory by one segment, across the face of the fingerprint, using 

information about ridge conditions and travel direction, that is fed to it by the Scheduler. 

The travel direction as used by the TA..is the best digital approximation to the analogue 

direction detennined by the ScheduJer. The methods employed for determining the digital 

d•· d· d f F . l' rk8,9,10 d·· 1 • 1· t Irechon are. erlve rom reeman s wo on Iglta geometrlc Ine pa terns. 

Basically the technique consists of first determining the analogue slope or direction 

the trajectory should travel:in, which as mentioned, is carried out by the LSNA and the 

scheduler. This slope is the incremental change in y for each unit incremental change in 

x. For example, a slope of 3.2 means that for each unit step made in the x direction, 3.2' 

unit steps have to be made in the y direction. However, one cannot make 3.2 steps in a 

digital picture. Therefore, for each step taken in:,the x direction, an integer number of 

steps which does not exceed the value of the slope is taken in the y direction and the 

remaining fraction is tallied. In the example just stated, one would make one step in the 

x direction, and three steps in the y direction, tallying the remaining distance to be 

travelled in the y direction - (.2). Each time this tally exceeds an integer, the latter is 

added to the number of y steps to be taken. Three examples of this technique are presented 
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in Figure 79. 
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Figure 79 Digital Approximations to Analogue Siopes 

After the TA has generated a trajectory segment, the ':ScheCIUler tàkes over and gives 

control to either the Sensed Travel Mode or the Pass Travel Mode in order to generate the 

next segment of the next trajectory. Finally, when ail of the trajectories have been 
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extended by one segment, the Scheduler passes control to the Intersection Analysis. 

6.9 Intersection Analysis (lA) 

The purpose of the lA is to tally ail points where at least two traiectories cross. 

This analysis is complete when either a total of five intersections is found, or at least two 

traiectories have travelled completely through the fingerprint. 

The number of intersections sought is chosen as five for two reasons. First, if it 

is assumed that the trajectories which initially span the field arrive at a common inter­

section point, then the traiectories must travel closer together. Second, if it is 

further assumed that adjacent trajectories will intersect each other before they intersect 

more distant trajectories, then only five intersections (where each trajectory intersects its 

nearest neighbor) need be considered. Further, only the first intersection between two 

given trajectories is considered. This restriction is to ensure that intersections amongst the 

trajectories, rather than five intersections of two trajectories with each other are used in 

the final analysis. Hence, by choosing five intersections in the above manner, one can 

stop the analysis when one is reasonably sure of finding a reference point. 

The second type of termination-two trajectories travelling completely through the 

fingerprint-is undesirable for two reasons. First, it may indicate that at least two 

troiectories have not intersected any other trajectories, and therefore no common inter­

section point can be reasonably defined. Second, even if these"two trajectories do 

interest other trajectories, five intersections have not been found and aOain. no common 

intersection can be defined. Note that the trajectortes are generated a segment at a time 

so that they ail proceed more or less at the same rate through the fingerprint. Therefore, 

if two trajectories pass completely through the fingerprint, one can be reasonably sure that 
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the other trajectories- will also pass through the fingerprint within a few more segments. 

Hence, Since no .. commoD infersectionlcan De defined, tha,·-GruflJyl:ls;·ts·ténninàtèd· fOfÏ:ffii_ ;.: 

init.ial sëciréh field. 

If the first type of tennination occurs, the reference point is defined as the average. 

of ail the intersection points so long as any given intersection point is within a certain 

maximum distance of the average point. This distance is chosen as the average distance 

between two ridges in a fingerprint. In practice, this number is about 1 millimeter, but 

has to be individually detennined for each digital fingerprint. 

If the second type of tennination occurs, then the initial search field is reduced 

and the Master Processor re-initializes the whole analysis starting with the Trajectory 

Initialization. If several analyses with reduced field have failed and the final search 

field used spans less than one-fifth of the whole print, the fingerprint is considered 

unsolvable and further searches are aborted. 

The heart of the lA is the crossing algorithm, which is explained below. 

6.9.1 Crossing Aigorithm 

There are basically two methods to detennine whether any trajectory segment has 

crossed any other trajectory segment. The first method is the rather unenlightened brute 

force technique of analysing each segment of a trajectory with respect to ail other 

segments of ail other trajectories. It is important to realize that if the number of segments 

is large, then the number of analyses required by the brute force technique could be 

prohibitive. For example, if one has six trajectories, each consisting of twenty segments, 

th en six thousand intersection analyses would have to be made. As the number of segments 

increases, the number of analyses that would have to 'be made increases nonlinearly. 
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If possible, one would o~ly like to make those analyses which would guarantee an 

intersection, or failing this, analyse those segments which show the most promise of 

intersecting. Now, if one wants to guarantee that an intersection will occur, then one has 

to use a brute force technique as mentioned. But, from a few basic consideration, one can 

deduce another method which will find those segments that show the most promise of inter­

secting. Such a method ~ devèldped by:the author" - .is· ëalled. tlle Rule': method and is 

explained below. 

.u:. ". ,: " ......... , , .... , ~ , .-
6.9.2: .. .:" The; RùJ er. MethoCi. Il '.. Il ... ... ••• .".. ".. ~;. 1.1 ,"1 . 

fi.,t; conside': a Buélidean spaoe., anuorthônoririal C09rdjnafle' sYJtem ana.:two line 

(trciiec.tory)!:segments A and B as shown in Figure 80. Here u, v, and w, z are the 

y 

A B 

w 

Figure 80 Coordinate System 

defining end points of the line segments A and B respectively, where 

and 

x < x 
U v 

X <x 
W Z 

x 
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Next, one can define the x and y regions of influence of the line segments A and 

Bas follows (Figure 81). 
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Figure 81 Regions of Influence 
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RIAx 
~ x region of influence of line segment A 

RI
Bx 

~ x region of influence of line segment B 

RIAy 
~ Y region of influence of line segment A.: 

RI
By 

~ Y region of influence of line segment B 

and 

RIAx 
= x !!t- x <x <x >rf y u v 

RI
Bx 

= x 9-Xw <x: <xz~. 

RI
Ay 

= y~Yu>y>Yv~ 

RI
By 

= Y Soy <y <y ~:?< w z .. 

Now, the region of influence of line segments A and 8 are àefined as 

and 

respectively.( .. (See: Figure ~2.) 

y 
z 

x 

Figure 82 Regions of Influence of Une Segments A and B 
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Now, since A'::> RI A and B.:l RIB' the condition for a possible intersection between 

Une segments A and Bis: 

Rélbtion 1 

cp = nu Il set. 

This is equivalent to saying that there may be an intersection if and only if 

RI Ax" RI Bx f tIJ Ré'l~tion 2 

and 

Rélèition 3 

These two relations are the core of the crossing algorithm and the key to the Ruler 

method. 

One can see that relation 1 does not guarantee an intersection, but merely states 

that there is a high probability of an intersection existi"g (see figure 83). By using 

y y 

{a x x 

RIA 1'\ RiO f cp RIA ~.ID f cp 

No Intersection between A and 0 
. 1 

Intersection between A and 0 

Figure 83 
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relations 2 and 3, one can determine which line segments have the greatest possibility of 

intersecting and then fully analyse those line segments. However, one has to be wary that 

when one uses relations 2 and 3, the time needed to make these tests does not exceed the 

time it would have taken to analyse ail the segments by a brute force tec,",nique. 

The author used relation 3 in order to set up a simple ruler technique which can be 

described as follows. Consider that one has six trajectories that have been partially 

generated.: (Seè::FiSU1è ~9..). Aline àrbitràrily callëd Nier A,:is set upiin thè~finge~tln •• 

x 

PARTITION 1 

RULER A 

PARTITION 2 

y 

Figure 84 Schematic Representation of Relation 3 

parallel to the x-axis. Now, by relation 3, any trajectory segment Iying below ruler A 

(y < y A) in Parti.~ion 1 cannot intersect any trajectory segment Iying above ruler A (y > y A) 

in Partition. 2 •. Therefore, if the trajectory segments can be partitioned by using a ruler so 

that only those segments Iying in one partition are examined, then the number of inter-

section analyses needed to detennjne which segments intersect, is retJuc:ed. 
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Appendix 0 explains how the ruler was generated for use in the digital method for 

finding a reference point in a fingerprint 50 that the partition to be èxamined, contained 

only the last few segments of each trajectory thus reducing the number of crossing analyses 

needed. One can make variations on the simple ruler method by introducing rulers for 

relation 2, r and multiple rulers within a given partition, but the author found these too 

time consuming to be considered for further use. 

When any given Intersection .4nalysis is complete and neither of the termination 

requirements have been met, the Master Proces50r directs control to the Supervisor 

Program of the Siope Analysis 50 that more segments may be generated. Due to the 

fact that the listing of this program is thirty-two pages long, it is not included in this 

thesis. However copies of the program are available from the author. 

The next chapter presents and discusSes the results obtained by using these 

algorithms on fingerprints. 

'. 
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CHAPTER VII 

RESULTS AND CONCLUSIONS 

7.1 IntroclJction 

The digital method explained in the last chapter was applied to a test group of 150 

fingerprints. (See plates 1 - 13.) These prints are divided into three groups 50 as to make 

the discussion of the results easier and more understandable. Where applicable, the 

reference points generated in each group are presented as dots located in the fingerprints 

of the respective groups. The plates are presented in Appendix F. 

7.2 Group) Fingerprints 

This group (plates 1,2) contains ail the fingerprints for which the digital method 

generated and recognized a reference point. The distinguishing feature of the Group] 

fingerprints is that the Intersection Analysis recognized that a central point had been 

generated. 

Note that no one type (Henry classification) of fingerprint predominates the ~rOl:'p 

l fingerprints. 

7.3 Group 2 Fingerprints 

This group contains other fingerprints (plates 3 - 11) for which a reference point 

was generated. The characteristic feature of this group is that the lA did not recognize 

that a reference point was generated. However, ail the trajectories of the Group 2 

fingerprints did have a common intersection point which was visually extracted From the 

analysis. Some of the fingerprints of this group have more than one reference point. 

This non uniqueness of the reference point will be discussed in Section 7.5. 
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The reason why the reference points for this group remained unrecognized is that 

certain peculiarities in the trajectories foilèd the Intersection Analysis. It was initially 

assumed that in travelling through the fingerprint, the distance between ail of the 

trajectories would decrease until fi na Il y a common intersection occured. (Figure 85.) _ 

T-~--~----~----~--~----~---------'_X 

y 

Figure 85 Assumed T ra jectory T ravel 

However the analysis indicated that this was not the case. For ail of the fingerprints in 

the second grouPrtrajectory crossings which weredistant from the common intersection 

point were generated. For the purposes of discussion these distant crossings will be called 

false crossings. The false crossings occurred mainly because of the combination of large 

-
quantities of ridge noise and a trajectory's lack of inertia. The inertia of a trajectory 

depends upon how many segments have been generated, and the delay factor which is 

used by the Scheduler Program (page 10~ to determine the next direction of travel. The 

majority of false c!ossings occurr~d within the first four segments of a trajectory. This 

is due to the combined fact that either the delay factor (n = 3) had not yet entered the 

Scheduler Program's direction considerations, in which case the direction was Solely 

determined by the ridges-which were very noisy, or that the delay factor was just initiated 

and as yet did not yet have much effect in determining the trajectory's direction. The 

remainder of the false crossings were solely due to ridge noise. Two false crossings (A, B), 

a common crossing Cc), and typical trajectories for Group 2 fingerprints are presented in 
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in Figure 86. 

x 

y 

Figure 86 Trajectories Generating False Crossings 

As was mentioned previously (page 113), the 1ntersection Analysis takes the average 

of the first five crossings as a possible reference point. Then, the distance betwee., each 

crossing and the possible reference point is calculated. If this distance is greater than a 

certain maximum allowable distance (see page 113'), then the reference point is discarded 

and another analysis is automatically made. In ail the analyses of the Group 2 fingerprints, 

one or more false crossings occurred. Due to the facts that an analysis was not terminated 

until either five crossings were made or two trajectories travelled completely through the 

fingerprint, and that only the first intersection between any two trajectories was recorded, 

the trajectories did generate a reference point. However, because of the maximum distance 

criterion just mentioned, these reference points were not located by the machine, but 

instead had to be identified visually. 

A second type of false crossing arose solely because of ridge noise and occurred only 

when the trajectories were very close together. Figure 87 iIIustratei this type of false 

crossing (1,2,3,4) generated by trajectory f because of the large amount of noise in the 
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ridge region near f. 

ridge 

0' u:.~ ,.,1 FJguie .81 False Crossings due' to Ridge Noise 

Since ail of the trajectories are very close, one can be reasonably sure that a common 

intersection point exists in a small region about this type of false crossing,; (1,2,3,4). 

Here, the only problem is to determine which trajectory is causing ail the false crossings 

and either eliminate it from further analysis, or force it to travel in the same general 

direction as the other trajectories. 

One way to eliminate the effects of the first type of false crossing that was 

mentioned would be to allow ail of the trajectories to travel completely through the finger-

print and log every intersection that occurs. Next, one would calculate a wdqhted 
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average of the intersection points and then eliminate from further calculations those points 

which lie farthest from the weighted average. Using the remaining points, anather 

weighted average cauld be calculated. This type of elimination and calculation wauld 

continue until either ail the remaining intersections lie within the maximum allowable 

distance needed to define a reference point or no intersection remained within this 

distance. Here, however one wauld have to consider how to weight each intersection 

and what distance criterion shauld be used for the elimination of an intersecting point. 

Another technique that could be helpful in eliminating the first type of false 

crossings involves examining the intersection points that form dusters. Here one cauld 

calculate the reference point from the most heavily populated cluster. However one would 

have to define sorne cluster threshold values in order to determine if a given intersection 

is a member of one duster or another. 

After considering these problems and sorne of the way~they could be handled, the 

author faund it impractical to change the digital method for three reasons. First, in ail 

of the fingerprints a reference point can be located by visual examination of the results. 

Since the major emphasis in this project was to generate a reference point, it is of 

secondary importance that a :machine be able tl) recognize such a point. Second, in order 

to be sure that-any algorithm would work on ail of the Group 2 fingerprints, it would be 

necessary to test each algorithm on the whoJe group. In view of the computer time (see 

Appendix E) taken for the analysis of ail the fingerprints, the continued testing was found 

to be impractical in terms of the time and scope of this project. Third, after analysing the 

results, it was concluded that a;line rather than a unique point was generated. Therefore, 

there is no point in attempting tp perfect the digital method with respect to recognizing 

reference poi nts. 
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7.4 Group 3 Fingerprints 

The fingerprints in Group 3 (plates 12, 13) are non-solvable by the digital 

method. This is due to the fact that these prints are either very heavily damaged or 

excessively noise laden. Here again, no one type of fingerprint (Henry system) pre­

dominates this group. ;Typical analyses for ail groups are presented in Appendix E. 

7.5 Uniqueness and Repeatability 

It has been shown that a reference point can be generated for a majority of the 

fingerprints examined,. However two important questions remain to be answered. The 

first is, '15 the reference point unique?' and the second is, 'Is the reference point 

repeatable?'. The author found that the answer to the second question depended upon 

the answer to the first. That is, if a reference point is unique, then it will be repeatable. 

However, that a reference point is repeatable does not imply that it is unique. 

ln order to answer the first question, one must consider the various types of 

uniqueness pertinent to the problem. The types that are discussed are: uniqueness under 

rotation; uniqueness under field reduction, which includes uniqueness under random 

initialization of the trajectories; and uniqueness under multiple impressions, which is a 

measure of the absolute repeatabi'lity of the reference point. 

7.5.1 Rotational Uniqueness 

The problem of rotational uniqueness was first considered in the discussion of the 

Rabinow Electronics method (page 45). It was demonstrated that a reference point is not 

unique under large rotations of the print. However it was found that if a reference point 

could be defined, then the some reference point was found if the analysis was carried 

out for different but small rotations of the fingerprint. The definition of a small or large 
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rotation depends entirely on the fingerprint being examined and as such has no typical 

value. However the fact that a reference point is repeatable under snall rotations does not 

belie the foc! that this reference point is not unique. The uniqueness (snall scale rotations) 

and non uniqueness (large scale rotations) of the reference point can be understood in 

tenns of the gradient technique of hill climbing used to generate the trajectories. For 

example, consider a trajectory analysis of Figure 88. Here, the trajectories would remain 

Figure 88 Ridges of Zero Curvature 

para Il el to one another and travel through these ridges without intersecting each other. 

ln order to generate a reference point and hence have the trajectories intersect, the 

ridges must have some finite radius of curvature (Figure 89) which acts as a focussing agent 

for the trajectories. 



127 

Figure 89 Ridges of Non-Zero Curvature 

The situation encountered by the digital method in examining Figure 88 is 

analogous to a problem where the gradient technique is applied to a constantly increasing 

or dec~easing function. Now, it can be seen that certain sections of Figure 89 appear as 

parallel lines with almost 0 curvature. (See Figure 89~) These sections are highlighted 

in Figure 90. lt was found that any trajectories that were initialized along such sections" 

Figure 90 Approximately Parallel Ridges with Zero Curvatu:-e 
Extracted from Figure 89 (highlighted) 



12S 
did not necessarily have a common intersection with each other, but might have had a 

common intersection (within the maximum allowable error limits) with the trajectories that 

were initialized on the more curved portion of the fingerprint. It was also found that if 

ail the trajectories were initialized in the region of maximum curvature of a ridge, then 

a common intersection point was found. Further, if ail trajectories were initialized in a 

region of minimum curvature, then either no reference point was found or a point 

was generated that was different from the one that was found for 'maximum curvature' 

trajectories. Therefore one can define the maximum rotation of a fingerprint for a repeat-

able reference point to be that rotation which ensures that no trajectory 'sees' a set of 

ridges such as appear in Figure 88. For purposes of the following discussion, the common 

intersection point resulting from initializing ail trajectories in a region of maximum curva-

ture of a ridge will be called the 'optimal' reference point or peak. 

If one considers the optimal reference point as the peak of a mountain and the 

ridges of a fingerprint as contour elevation lines, then the failure of the digital method to 

generate a unique reference point can be understood in terms of the failures of a gradient 

technique of hi Il elimbing. Figure 91 shows the top and side elevation Qspects of a 

fingerprint viewed as a mountain. A gradient technique can fail for three reasons. 

First, if the peak loeated is actually part of a plateau, then it is not unique. Second, if 

a sharp ridge is encountered, the gradient method will result in trajectories which 

oscillate about the ridge. Third, if two definite peaks are apparent, then the gradient 

technique will locate the closest peak. The rotational non uniqueness (large rotations) is 

related to the first and third types of failure of the gradient technique. Consider that 

any two points on a plateau are at the same elevation. If one is looking for the maximum 

elevation of a butte, then any point on the plateau will define the maximum elevation. 
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Henc. even though the elevation may be unique, the point that defines the elevation is not 

unique. 

P 

(a) 
'Loop 

(d) 
Arch 

~ 

RL 

RL 

-
(b) 

Tented Arch 

Key: 

P = peak 
RL= ridge line 

~RL 

p 

Elevations are sections 
through the ridge li nes 
except where noted 

A 

Figure 91 Fingerprints Viewed as Mountains 

(c) 
Twi nned Loop 

p 

(e) 
Whorl 

If for certain types of fingerprints with pronounced plateaus (Figure 91 a,b,c), 

P 

the print is rotated 50 as to present some parallel ridges of approximately zero curvature to 

a traiectory, then these traiectories will travel over the plateau. In doing so, these 

traiectories will rntersect any. other:"traiectories that are travelling along the ridge line. 

A 
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This can be seen in Figure 92. Hence any fingerprint that haSia plateau (Figure 91 a, b,c) 

cannat have a unique reference point in tennsof the digital method. 

Region of 
parai lei ridges 
with F:lO curvature 

Plateau 
region 

T ra jectori es 

A~~"'-y~---T-- Plateau 
reference point 

Note: Several ridges 
near the plateau region 
are omitted for clarity. 

Figure 92 Generating a Plateau Reference Point 

7.5.2 Field Reduction and Uniqueness 

It was mentioned (page 113) that if the Intersection Analysis could not recognize 

that the digital method had generated a reference point, then the field of search was 

reduced and another analysis was automatically made. It wCls'found that,in general, each. 
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reduced field analysis of a given fingerprint in the second group generated a reference 

point and thesé reference points were different From one another. The reason for this can 

be related to the second mode of failure of a gradient technique as mentioned previously 

(page 12$). 

tfl a gradient technique encounters a ridge line, it will tend to oscillate about 

that ridge line. Further, the closer one starts.; to a ridge line, the sooner the gradient 

search will oscillate. In terms of the trajectory analysis, it was observed that each 

trajectory tended to oscillate slightly about an assumed ridge line and that these oscillations 

caused intersections between the trajectories. Also, it was observed that the closer that 

these trajectories were to the assumed ridge line initially, the sooner this occurred. It 

turned out that the se intersections generated reference points upon the assumed ridge li ne • 

Since each field reduction ~enerated a different reference point, â.referen~epoint:i·~not 

unique under field reduction. 

Upon further investigation it was observed that a line ofglobàU.y.mdximùi'l} 

curvature (GLOM) - that line whicn connects the points of maximum curvature of ail the 

ridges of a fingerprint - could be generated by the digital method. AllO, even though 

the trajectories intersected one another as they oscillated about the GLO'M, theyall 

tended to follow the ridge line and hence define the GLOM-sc:islindicatechirii Figure::'93. 

One final test was made whereby the trajectories were given random starting points. It 

was observed that if a reference point was defined, it layon the GLOM of that finger­

pHnt, otherwise no reference point was found. 
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c Ridge line or GLOM 

a 

e 

~~..J--t--O 

L-I----t- f 

/ __ -+-----0 

ci, b, C, d, e, f; = tra jectories 

o = osci !Iations 

It is interesting to note that the GLOM is similar to the line that connects the 'top 

nodes' as defined by Hankley and Tou 12. However, the 'top nodes' are the local points 

of maximum ridge curvature whereas the GLOM defines the global points of maximum 

ridge curvature. The GLOM will be discussed further in the conclusions. 
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7.5.3 Multiple Impressions and Uniqueness 

If upon using the seme fingerprint and the seme analysis (including small rotations), 

a given reference point can be generated more than once, the reference point is considered 

to be relatively repeatable. If this seme reference point can be generated in a different 

impression of the finger, then the reference point is considered to be absolutely repeatable. 

This means that the correct point was found regardless of the smudging, distortion or 

absence ofdatawhtch is evident in' multiple impressions of the seme finger. However, 

.ince the reference points generated were not unique within a fingerprint, the author 

considered that an examination of multiple impressions was not warranted and hence was 

not made. 

7.6 Conclusions 

A digital method for generating a reference point in a noisy fingerprint has been 

presented. It has been demonstrated that a reference point can be generated in a majority 

of the fingerprints examined. It has also been shown that the reference points so generated 

are not unique ..Hence, the location of the reference points presented in Sections 7.2, 

7.3, and 7.4 are meaningless and are just quirks of the fingerprint being examined. 

8ecause of this fact, the author feels that further work on this digital method for generat­

ing reference points is unnecessery. In addition to the above, the literature on automatic 

fingerprint analysis was reviewed. 

ln considering the future of fingerprint analysis - automatic or otherwise - on~ 

can consider two broad categ~ries: ten finger system~ and single finger systems. In view 

of the success of the Henry system (ten finger, topological, manual) and the Hankley and 

Tou system (single finger, .topological, automatic), the author feels that only a 

topological classification system could capably deal with the many . distortions that 
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naturally appear in fingerprints. 

7.6.1 Ten Finger Systems 

It is considered that the time is long overdue for a serious reappraisal of the Henry 

system. After ail, Henry proposed a system based on observations made on a relatively 

small sample of the total number of extant fingerprints. This author feels that the large 

sample of ten finger files existing today (177,000,000 files for the FBI alone) would provide 

ample grist for any stouthearted statistician's mill. Even a taxonomist would have a field 

day with the chaotic classifications that presently exist. 

It wou Id be a large undertaking to regroup the extant ten finger files according 

to a different topological code, but several advantages to this regrouping are evident. 

If a set of primary classifications could be defined that contains a more even distribution of 

files, then the search and identify time could be dramatically reduced. As it stands now, 

sorne primaries are 50 heavily populated that it is a farce to cali such a primary an 

initial classification. This type of classification is equivalent to a classification which" 

separates the human population of the world into Imale l and 'female' and Ineuter l
• The 

regrouping of primaries wou Id be efficient in terms of employee time, since essentially 

only new header cards for the primary classifications would have to be su ppli ed • That is, 

ail the secondary classifications would remain the same, yet the relative ease with which 

one could locate a file by its primary classification would be increased. It must be 

remembered that the above is only a prospectus and may be more laborious than envisioned, 

but the author feels that this approach should not be neglected. 

It is interesting to note that certain similar genetic characteristics result in 

similar fingerprint patterns
27 

(gross descriptors). Therefore one region of a country may 
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have certain primaries (in the Henry system) full of files while other regions may have the 

sorne primaries nearly empty. Thus in making a study such as the one proposed, care'woûlèJ 

have to be taken 50 that a Iregional' system of primaries (such as the Henry system) is not 

developed. This means that in the least one would have to work with many state or 

provincial files, but preferably with national files. 

7.6.2 Single Finger Systems 

The only thing that detracts from ten finger systems is that it is useful only for 

identifying the victim, not the murderer. That is, ail ten fingers are needed for a 

classi fication. Therefore any ten fi nger system that is used can be considered a victim IS 

system. However what is needed is a murdererls system - one that can identify people 

from single fingerprints. 

The author feels that the classification of single fingerprints is the rightful realm 

of an automatic (digital computer) method even though a manual (Bottley) system does 

existe The problem with the manual system is that it is time consuming and requires at 

least ten times as much effort and storage space as the Henry system. In this Iight, the 

author advocates further research into the GLOM as defined by the digital method in 

conjunction with the topological single fingerprint machine method developed by Hankley 

and Tou 12. The rea50n for this is that at present Hankley and Touls method works only on 

selected, partially noise filtered data. Further, by virtue of the way in which the search for 

the top nodes is made, only points of locally maximum curvature are found. Therefore, 

depending on which rotational configuration is analysed, different classifications may 

result. The digital method provides a way to generate the top nodes in extremely noisy 

data such that the line of globally maximum curvature is extracted (GLOM). The 
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extraction of the GLOM occurs by virtue-; of the fact that six trajectories are used in 

conjunction with each other. Essentially each trajectory follows a line of locally maximum 

curvature until the trajectories find a common intersection. Thereafter the trajectories 

walk along the GLOM. This can be se en in terms of a gradient technique whereby the 

trajectories reach a ridge line and then proceed to walk along the ridge line. Further 

areas for research into the GLOM are indicated. For example, how could one best 

initialize the trajectories so that they will reach the ridge line quickly? AI5O, can 

special types of field reduction be employed 50 that the trajectories will approach the 

ridge line rapidly? 

ln fine,: tlie aûthor considers it of importance to be able to automatically classify 

and identify fingerprints, and that the use of the digital methodin conjunction with .. 

Hankley and Tou's method would perhaps be the next most logical step in this endeavour. 
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APPENDIX A 

", . 

The following three quotations are presented as indications of both the usefulness 

of fingerprints for identification purposes, and the other users researchers have for 

dermatoglyphs or skin carvings in general. 

"I beg the indulgence of the court while 1 make a few remarks 

in explanation of sorne evidence which 1 am about to introduce, 

and which 1 shall presently ask to be allowed to verify under oath 

in the witness stand. Every human being carries wit~ him from his 

cradle to his grave certain physical marks which do not change their 

character, and by which he can always be identified - and that 

'n ithout a shade of doubt or question. These marks are his signature, 

his physiological authograph, 50 to speak, and this autograph 

cannot be counterfeited, nor can he disguise it or hide it away, nor 

can it become illegible by the wear and mutations of time. 1I 

"This signature is not his face - age can change that beyond 

recognition; it is not his hair, for that can fall out; it is not his 

height, for duplicates of that exist, it is not his form, for dupli­

cates of that exist also, whereas this signature is each man's very 

own - there is no duplicate of it among the swarming populations of 

the globe 1 ••• Il 

'.tThis autogr!lph consists.of..the ·dëlica.te. ilines or .corrugcitioosw.rth 

which Nature marks the insides of the hands and the soles of the 

feet ••• Il 

Mark Twain35 



"In medical works, haematoma of the ear has long been 

recognized. This consists in the upper portion of the ear assuming 

a peculiar shape, either by the formation of a blood tumor, or by 

the thickening of the upper portion, which isfound in the ears of 

lunatics, generally those who inherit madness; but in Paris lately 

it has been more closely studied, with the result that in August 

1893 tests were given before the Académie des Sciences, proving 

that madness could be predicted years in advance bya proper 

study of the ear alone. Now my argument is, that if, as has been . 

proved, accura,te.prediction can be made bya study of the ear, is 

there then anything impossible in prediction being far more 

accurately made bya study of the hand, which has been pronounced 

to be, both in nerves and mechanism the most wonderful organ in 

the entire system, and to have the most intimate connection with 

the brain." 

Cheir03 

liA point which deserves some comment is that the occurrence of 

a radiàl· toop on: thè ri~g and smQU fingen, h~s bee.n..s:He.d'a.s having 

parti.ëülar sigoifiaconce ~s'CJn indiealor of;maligotism .• " . 
•• .• ~ • 1 

.. , . 
, ..... ·1 •• 
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Mark Twain's quotation eloquently describes the prime use of fingerprints - that 

of identifying the individual. The second and third quotations, although separated by 

some seventy years, indicate the direction that the study of dactylography is taking. 

Cheiro's. statement. is part of a defense of palm reading as a .science. The fact that there 

are thousands of recorded readings with close to one hundred per cent accuràcy backing 

up this 'science' shoUld lead us to think rather than to laugh. Lu's sentence comes from 

a modem biomedical paper that describes th~ research being done ·to determine the 

fingerprint types that are indicators of Down's syndrome. 
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It is fascinating to contemplate thc:ot we may be applying mechanical techniques 

of pattem-grokking to the occult or scientific endeavours mentioned and be able to 

help prove, disprove, or formulate new theories.:dealing with dermatoglyphics. If 

something can indeed be read from the palms and fingerprints by human observers, then the 

field of automatic pattern-grokking or scene analysis has much more new material to work 

with in codifying identity descriptors. 
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APPENDIX B 

This appendix contains examples of riclge 

noise that could be mistaken as-minutiae 
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Figure 8-3 
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Figure B-3 
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Figure B-6 
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APPENDIX C 

This appendix contains the results of the manual 

examination of the Rabinow Electronics method 
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Figure C-I 
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Figure (-4 
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Figure C-5.1 
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Figure C-5. 2 
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Figure C-6 
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Figure C-9.4 

( 



. , 
" 

·1 
, i 

o 

() 

_ ... _:.. ..... 
Figure C-IO 

f· 
! .. -. .' 

167 :";. 
,. 

l ... . 

; ... ... 

. . 



168 
APPENOIX 0 

The way one generates a 'ruler' and a partition for the purposes of intersection 

anolysis depends on the way one generates the segmented traiectories. The author 

generated one segment of each traiectory sequentially, as pic"tured in Figure 0.1. 

y 

a b c d e f x 

1 1 1 1 

2 2 

3 
3 3 3 

Figure 0.1 Sequential Generation of Traiectori.es 

That is, the segment labelled 1 is generated first on traiectories A through F. 
1 

Then segment 2 is generated, and 50 on. The method the author used for setting up a' ruler 

and partition for this type of traiectory.generation is as follows: ----_ ... 
(t) Initially set the ruler parallel to the x-axis at the origins of the traiectories 

and then generate segment 1 of the traiectories. (Figure 0.2.) The points 

labelled G on traiectories A through F are the defining. end points of the 

segments .just generated and will be considered the generating points of 

the next segments. 

, .'~ 
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or 

.. 
G 

t; G 

G 

4 

G 

y 

Figure 0.2 Generation of First Segments 

(2) Examine ail segeinents· of·thé tra"jectories t~at lie in the partition above the 

ruler (y > y ruler) for intersections.. After the analysis, move the 

lt 
Y 

ruler to the generating point having the smallest y value; in this case point 

G of trajectory Bo. (Figure 0.3:.) 

4- E r- D F 
,. 

x -
G 

Ler G G 
G 

G 

" G 

Figure 0.3 Moving the Ruler 

The reason for this placement of the ruler is that further comparisons (according to 

rule 2) of other segments as they are generated will be sure to find any intersections that 
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occur. For example, {see Figure 0.4 if the ruler was placed at position % instead of 

position v, and segment 2 of traiectory 1 was generated às shown, no intersection woul~ 

be found, since one only searches in the partition above the ruler (y > y Nier). Therefore, 

the ruler is advanced only as fast as the smaUest value of the generating points of the 

tra jectories. 

x 

v 1 

1 

% 

y 

Figure 0.4 Unlocated Crossing Between Trajectories Band C 
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APPENDIX .e· 
1 

MACHINE AND PROGRAM STATISTICS 

MACHINE: IBM 360/75 

System MVT release 16 and 17 

PROGRAM: j 

language FORTRAN IV 

Length 43 K Bytes 

Runni hg time 30 secoufs for one complete analysis 

Average traiectory length 

Group 1 fingerprints 

Group 2 fi ngerpri nts 

Group 3 fingerprints 

Total number of fingerprints 
with reference points 

20 segments 

18/150 

108/150 

24/150 

136/150 

12% 

72% 

16% 

84% 

.,' , 

1.,_ "". 

17.1 

1 ._ 

The following pictures represent typical trajectoi'ies. from the various groups of 

fi ngerpri nts. 

' . .. ! 
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Figure f.1 Group 1 Tra jectories 
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Figure E.2 Gl=aup 1 Trajectories 
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Figure E.3 Group 2 Trajectories 
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Figure E.4 Group 2 Trajectories 
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APPENDIX F 

This appendix contains the results of the 

experiments carried out using the digital method 
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Plate 2 



181 

Plat~ 3 
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Plate 4 
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Plate 5 
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Plate 6 
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Plate 7 . 



186 

Plate 8 
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Plate 9 
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Plate 10 
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Plate 11 
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