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INTRODUCTION.

Once the value of fingerprints for personal identifica-

8]

5

tion was recognized, the degree of individuality present in a
fingerprint pattern naturally became of interest. Attempts to
provide a probabilistic estimate of fingerprint individuality
began &ith‘Galton's investingations in 1892; and continue to

the present day. There have been seven.distinct appoaches:;

. Galton (1892), Henry/Balthazard (1900/1911), Roxburgh (1933),

@

Amy (1946), Trauring (1963),0Kingston (1964), and Osterburg
et al. 13977); Minor modifications of the Henry/Balthazard
‘approach heve been made by Bose (1917), by Wentworth & Wilder
(1918), and by Cummins & Midlo (1943). Osterburg's method has
been extended hyléclove (1979,”1980).‘

[t

Reviews and critiscms of  the above approaches have been

a

few, and none have been comprehensive. Wentworth & Wilder

g

(1918) brlefly discussed the methods of Balthazard and

Galton. onburgh (1933a) and Pearson (1930) have rev1ewed )
Galtonfs(nodelfin more detail, and gmﬁ (1946, 1947, I948)khas
reviewed Balthazard's model. Kingston‘(1964, 1965) reviewed

the methods of Galton, Balthazard, Wentworth:& Wilder, and
Cumﬁins & Mldlo, but erroneously claimed'these to be the only
1mpor7ant prevzous attempts to quantzfy flngerprlnt 1nd1v1d— o
uallty. Roxburgh, Any, and Traur&ng each have dlstlnct and

1mportant contrlbutlons to the problem. Osterburg (1977)

. critiqued Klngston s nethod and conpared Klngston s results

o
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The lack of a comprehensive review of the existing o
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fingerprint probability models justifies their detailed

consideration. ’ =
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° GALTON'S HODEL (1892).

SN
2
P

Galton made the first attempt to quantify fingerprint

o

individuality. His basic iGea was to divide a fingerprint
into small regions, such that the ridge detail within each
region could be treated as an independeﬁt variable. |
Galton worked with photographic enlargements of finger-
prints. The enlargements were placed on the floor, and paper
squares of varlous sizes were allowed to fall randomly on the
wenlarged flngerprznt. Galton then attempted to reconstruct:
the ridge detail which was masked by the paper squares, given
the -surrounding ridge flow. Based on his experiance, Galton
chose reconstructions with a “natural appearance, such as

would be expected to occur given these surrounding ridges. He

sought the size of sguare region where he could successfully

<

predlct the actual ridge deta;l w1th a frequency of 1/2.

Galton found that for a square region 51x ridge-intervals”

L

on a side he was able to predlctfthe hldden detall correctly
o w1th a: frequency of 1/3 He concluded that a square region
w1th flve r1dge-1ntervals on a side was very nearly the size
he was seekxng. -
o ensure that any errors gggld overestlmate the chance
of - f;ngerprxnt Quplzcatlon, Galtog usedva 6 rxdge-lnterval

° . square region, and assumed a probability of I/2 for finding

[

P PR 74 G ' . &~ ) o
the existing minutia configuration, given the surrounding
. I " : t@ o
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ridges. A conplete fingerprint wvas estimated to consist 6f 24

such sguare regions. Assuming independence among thes@

regions, Galton ‘calculated the probablllty of a spec1f1c

r1ngerpr1nt configuration, given the surroundlng rldges, as:

L\RY - : ‘
@ o snxio X\
Ne"t'Galton estlmated the chance that a partlculﬁé
conflguratlon of surroundxng ridges would occur. Two factors
wére considered: the occurrence of the general fingerprint
pattern type, and thefoccurrence of the correct nunber of
ridges entering anc ex titing each of the twenty-four regions.

Galton estimated the probability for coincidence of pattern

type (b) as 1/16, and the probability that the correct number

of rzuges would enter and exit each region (c) as 1/256. (rhe
latter estinate was largely arbitrary, ‘and both were pre-
- Sented as grossly overfestimating the true ﬁrobabilities,)

° Combinghgcthe frequencies of finding the necessary rgdge
pattern outside the si; ridge-interval regione with.the
frequencies of finding all necessary ridge Getail within the
regions, Galton pre&ipted theyfrequencyuof finoing any~givenf
fingerprint as: ' . ' E P
- 7'5)(3—35—‘)(%7“' o LYS X (o‘” Q -

o«

= =0
Galton corcluded that since the- total number of human rlngers

Q.

i<

is about 16 billion, the odds of flndxng a pereon anywhere in E

“the world with a oattern 1dent1ca1 to a -given f;ngerprlnt

@

would be approa1mately 1/4.

Discussion of Galten

's llocdel.
/ .
Galton' s model has been criticised by Pearson (1930), by

@

" Roxburgh (1933),"ané by Ringston (1964, 1965). Most of this

'cr1t1c1sm has focused on Galton s basic assumption that,

given the ‘surrounding rldges, there is probability of 1/2 for
the occurrence of any partlcular ridge conflguratlon in one

of his six ridge-interval regions. yi

Pearson conbidered»this assuhpton "drastic™ and suggested
an alternatlve approach for determining the probablllty of a
partlcular conflgurcton. Assumlng that the posxtpn of a
minutia nay be resolved to w1th1n‘one square ridge—-interval,
there would be 36 .possible minutia locations within one of
Galton s reglons. An assunptlon of one minutia in each”of 24
independent regions g;ves_a probabfllty of

(3‘2)“ o 4ys x 107

[

G . 3 =
for a particular configuration of minutiae, given the

- 2 | G
surrounding ridges. If we combine this figure with Galton's
fagtOrsfibF and "c", the probability of. a particular »

) ~v @
(\"(;\) (z‘j‘s-i) (S'a)z o 107 X Io“” N g

Pearson noted that the actual f}gure would be smaller for
i . v ®

fingerprint becomes:

o1

two reasons. First, because minutiae are not uniformly

restricted to one in each Galton region, and secondly because

3 @
e

of varxablllty in minutia type. T L | R

' ““Rorburgh's cr1t1c1sn is more fundamental. He notes that

R s ¢

a . = 4 c
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Galton has investigated onl¥0variation within:singléb
fingerprints, wheféasfhis conclusions concern variation among
entire fingerprints. This is a basic confusion of 'wﬁthin— .
group” and 'between—group' variation. Roxburgh preseFts a
series of illustrations shdwing‘that these two leve#s of

variation need have noorelatlonshlp with one_ another.'

Ll

Cgoxhurgh concedes that Galtoh has calculated theoprobability

that, given any partzcular print, he can reconstruct it

wholly in square regions, six rldge-lntervals on a side. The

n\\

probablllty of 1/2 for a. correct guess, however, is.

determined by the size of the reglon relatzve to the ridge -
characteristics, rather than by the varlatzon or distribution

of the characteristics themselves. If a one r1dge-1nterval

] )

square region were used we could always gueSS'correctly. One

could reconstruct any partlcular print, ngen the ridges

surrounding the- squares, yet one could say nothlng about

-

variation between fingerprints. B L

a 4

Roxburgh points out that Gallon s analy31s proceeds as if

he: had surveyed a number of f1ngerpr1nts, comparzng square
reglonSfln corresponding positions within the prznts. If )
Galton had done this, Roxburgh‘would’agree withmthe~analysis.

The actual experlments, howeverp were qu;te dlfferent, and as

a result Roxburgh dlsmlsses Galton s model. '~, . ;'- & f' ‘,“,”

®
Klngston makes somewhat the same p01ntr ncting that

o
o ° -

Galton's aullxty to guess the content of a square reglon 1s"

o -0,

not an 1ndxcatzon of the varlatzon 1n actual fingerpr;nt o gf[lfv5

patterns. If Galton had shown that, g1ven the surroundlng

[

<)
«

o

f

.- Jjust as well as the lineations of the actual prlnt. .

i

ridges, his region could contain only two configuratons,

Kingston would see some merit to his calculations. Seeing no

b

evidence to support this contention, Kingston rejects

_Galton's model. _

il .
&
The above criticisms are only partlally valid. Galton

intended his factors ofn'b' and "c" to summarize much of the
variation among fingerprints. His factor "b" accounted for
variation in general pattern type, and his factor "¢" -
accounted for varlatron in the number of rldges entering and
leaving each square region. Clearly the values of "c" would
change radically were the size of the reglon to vary. In

Q

partlcular, for the limiting cases where the ability to gquess

“the content of the region approached certainty, the factor

ES

"c" would become very small. Unfortunately, Galton did not
cons;der these factors in any detail. Instead he chose
arb1trary;and excessively large estimates for both factors.

Ifrwe accept the conCept of Galton's factors "b" and "c",
the question becomesewhether“or not Galton's ‘experiments

reasonably approximate . survey of corresponding regions in
O

w\dlﬁferent flngerpr1nts. It is clear that Galton had this in

mlnd when he wrote \page 107)' , : Toe

"When the _reconstructed squares were wrong, they
had none the ‘less a natural appearance.... Being so
familiar with -the rur® of these ridges in fingerprints,
I can speak with confidence on this. My assumption is
that any one of these reconstructions represents

‘ ,lzneatzons that might have occurred in Nature, in
“association with the conditions outside the square,

Galton makes a further assumption (page 108)~ o

Pees whenlthe surroundzngmcondrtxons“alone are taken

LRI

R @ < . Q
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into account, the ridges w1th1n their limits may
either run in the observed way or in a different way,
= the chance’ of these two contrasted events being taken 5
(for safety's sake) as approximately equal."”
% .
The weakness of Galton's model lies in the_

magnitude of this approximation and in the arbitrary value
chosen for "c". We may’justly criticize his final figure. as a
gross underestimate of fingerprint variability. Pearson's o
calculations of the variability in one of‘Galtcﬁ's regions j
may be closer to the mark, but both his hypothesis and

Galton's remaih untested.
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eminutiae types exlst, Balthazard assumed that for each

o4
&
X

- THE HENR Y/BALTHAZARD MODELS (1900-1943).

The Henry/Balthazard approach is used in five closely
related, sinple models for flngerprlnt 1n01v16ualltya Each
enploys a fixed probability "P" for the occurrence of one
nminutia..Assuming independence of ‘these occurrences, the or
probability of a particular configuration of N minutiae is

o

given by: . @

(f’>“

©

Henry (1900) was the first to use this approach, and
Balthazazd (1911)~made the «most extensive analysis. Minor
variations are encountered in the works of Bose (1917),

€]

Wentworth'& Wilder (1918), and Cummins & Midlo (1943).

‘ﬁenry.

Henry (1900, pPpP. 57-58) chose an;arEitrary probability of
1/4 for the occurrence of each m1nut1a, as well as for the o
general pattern type, and the core-to-delta rldge count. A
Using his method cne would count the nunber of minutiae, anc e

if the pattern type were visible, add two mlnutla-/ o - 4

equivalents. This value ‘would be used as N, w;th,l/4_as P.

<

Balthazard's method (1911) is 1nportant partxcularly

@

because it is the h1stor1ca1‘baszs for‘wzdely accepted%rules )

regard;ng flngerprlnt 1ndlvxdualzty.thile noting that other

s

) o
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minutia there ywere four possible events:

1) fork directed to the right

2) fork directed to the left

3) ending ridge directed to the right
4) ending ridge directed to the left

Assigning equal probability to each of these events,
Balthazard took P as 1/4,”and N as the number of minutiae. He

. . o
concluded that to observe N coincidentally corresponding

9

minutiae it wouid be necessary to examine ‘)’” fingerprints. !

Balthazard went on to calculate the nuqber of minutiae
needed for conclusive identification. Using an estimate of

the world population of 1.5 bllllon there would be 15 bllllon

L9

fzngers. According to his .model, seventeen correspondlng

minutiae would be found with a frequencéy of only one in 17

billion., Balthazard concluded-that 17 minutiae should be used

to avoid error when the world population was considered. A
lesser number “of corresponding minutiae, such as 11 or 12,

was considered to be sufficient if one could be certain that

the fingerpriﬁt donor was restricted to a partioular .

<

geographical area (e.g.‘North America, California).

Bose.

Bose (1917) assumed the“same value of 1/4 for P, but
arrived at this value using a different rétionale. He
reasoned that there were at least four possiblities at each

square ridge-interval location in S%f:.nger:r_mn.nt.'

1) an island ' S
‘ 2) a fork ‘ : ,
/ 3) an ending '1dge
¢ : ; 4) a continuous ridge

: . o
o

o

- Discussion pf the Henry/Balthazard‘Models.

vzents-:orth@&f/\"rii‘ae r.

Wentworth & Wilder (1918) felt that Balthazard's value o

%

1/4 fo} P was absurdly high, and proposed without

justification a value of 1/50.

i

G

Cummins & Midlo.

Cummins '& Midlo (1943) adopted the value of 1/50 Q
suggested by Wentworth & Wilder, but they also introduced a
"pattern factor" similar to Galton s. For the most common
fingerprint pattern they used a probablllty of 1/31. Thlsg Lo
egtlmate was for an ulnar looo, and included the core-to-=
delta ridge count. Cummins & Midlo's calculatlon for I
\correspond1ng minutiae and a correspondzng pattern was )

@) (&)

therefor:

¢

“he Henry/Balthazard models have been justly criticised
as arbitrary over-szmpl1f;catlon§;/ﬂenry's method is purely
arbitrary, as is Wentworth & Wilder's. Balthazard's choice of m
P was based on the number of possible minutia events. He has ° i
been crxtlczsed for allowzng only four possible events . %:
(Wentwotth & Wilder, p. 321; Klngston, 1965, p. 6?), and for 5
failxng to included a pattern factor" (Amy, 1948, p. 96). |
Amy's experxments (1946) have shown that Balthazard's events:

are not equally probable.;u

4] o K

v

o Shmanly
SR e




/ -
%. ;é Bose;s model does not consider the possible events for
X ;; each minutia, but rather poss}ble events at eaeh ridgerﬂ .
L interval location. Thus ehehof the allowed events is "a
5 éontinuous ridge", i.e., no minutia at all. ﬁose's assumption
;» C of ‘equal probablllty for his four events is grossly in error,
%; } > as p01ntea out by Rexburgh (1933, p. 62). A contlnuousgrlcge H
%j is by far the most common event, and islands are much less '
;37 common than either forks or ending ridges. “
° J Pod  In spite of the simplicity of the Henry/Balthazard
g - models, they may be useful as a measugre of fingetrprint
Jj O individuality. Roxburgh has criticized the value of 1/4 for
; X L? » P because this grossly underestimates the/individuality of
) "fingerprints. Wentworth €>;llder's value of 1/50 could be "0
° closerfto reality. The primary weakness of these moaels.is
; the absence of experimental verificatieh. There may be some
: - empiricaily chosen valueoof‘P,‘howeverofor which the model .
“ °is adeqhg:% This possibility remains unexplored. . U
} ?“ - llost of the remaiﬁing models partition fingerprint
‘ :;‘ indviduality into three categories: variation in overall
.?(fugé ” . rldge pattern; varlatlon in minutia location, and variation
év 3 ﬁ?d? in mlnutla type. W1th the exception of Cumnlns & uxdlo 5 o
? ez pattern factor” ' the Henry/Balthazard models ass;gn UO ®
;L variation soley to the minutia type. Variation due to nlnutza‘
!% location is not/exp11c1tly consxdered. Balthazard's*two
?2 ’ possible rlnutta types, thh two p0551ble orxentat;ons, w1ll
’ }f be seen 1ncorporated into the models of Ronburgh, Amy,; and
?é‘) ‘Traurlng. Bose s concept of n1nut1a 1ocathnsﬁy111kalsp be |
CQ ;f S o ,t o ;“'h‘ e};
;: ‘\ " . X - . o . s *V :
- Ty . © '\ e

.
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Seen in Osterburg et al.'s model. Note that
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continuous ridges" as one of these types..

_Bose ignores
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. Wlnutia orientation, allows a wider variety of minutia types,
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’? ROXBURGH'S HODEL (1933 .

'Roxburgh based his model on a polor coordlnate systen.

Concentrlc c1rcles spaced one rldge-lnterval apart represent
the flngerprxnt pattern. An axis is drawnoentendlng upwaro
fron the origin, 1ntersect1ng the concentrlc rldges.” Fron

thlS 1n1t1al p051t10n, the a® tis is rotated clockw1se abou

the or1g1n. As the angle from\the 1n1t1al p051t10n 1ncreases,
mlnutlae are encountered. For each m1nut1a, the rldge count
from the origin 1s noted. along wlth tne type of mlnutla. "he
full rotatlon of the ax1s about the concentnlc pattern i

&

results in an ordered llst of the mlnutla types together w1th

-(///// thelr rldge counts from’ the or1g1n. (Whereas the angle of

',rotatlon 1tself mlght be used for p051t1on1ng, Roxburgh

o

elected to 51mp1y order the mlnutlae. Thls avozds deflnlng

angular resolutlon along each of the concentrlc clrcles )

/ v

g
/._

7~ "After deflnlng thls systen of mlnutlahcodlng, Roxburgh
Ry A
calculated the total varlablllty whlch could occur. Thls

R

represents the upper bound for varlatlon 1n his model.p

Calculatlon of Total Varlablllty.;;-r,ﬁ;$f5f7: :

g R g o

&

<

=13~

é
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b,rldge number sequences, and also (\th respect to types of

minutia types are‘identi%al to Balthazard's: a‘minutia may be

"}elther a fork or an ending ridge and may be, orlented in one e

’ results in a predlctlon of 1.18 X 1057 p0551ble flngerprlnt

G

gl;Correctlon for Correlation.

”sznutlae 1n each pr1nt. The data wvere claSS1f1ed accordlng to

y?W1thout stat;stzcal analyszs, Roxburghfnoted that there

S appeared to be roughly even dlstrzbutlon w1th respect to the

S e

5qexcess of mlnutiae whlch cause productron of rldges, conpared

‘Tofestimate‘the total variahility in-a fingerprint Roxburgh

succe551ve rldge counts and successzve minutia. types. 051ng a

:mznutxae on each partxcular rzdge. 1uere was, however, an

=

{hn,additional pattern factor "p" is included to estimate the
probablllty of encounterlng the particular flngerprlnt

pattern and core type. Thus the final formula is: N

&)

‘takes P = 1000, n = 35, My = 10, and Mg = 4. The allowable |,

=3

: r

of two (oppos1te) dlrectlons. Substitution of these values

o

types as an upper bound/for thlS model.

) K
‘ [EE L

Roxburgh next consxdered the questlon of correlatlon of

serles of 271 flngerprlnts he recorded the fxrst four

the sequence of rldge numbers and seouence of m1nut1a types.

0 .

‘iminutiae whzch cause loss of rzdges. Roxburgh attributeo‘p

hrs o the clockwxse rotatlon of his axls, and a tendency




s

a1

<
i gt
i

4
L ——
B Ciingeosssr

e ,ﬂ . . -15-

‘minutia types had eiob*”members. ‘Roxburgh

o
W K

.largest group of»fingerp%ints showing“the same sequence of
therefore estimated

that the valde (271/8) could be used as a conservative

';estimate for the variability of four minutiae with respect to

-.Correction for Connective Ambiguity.
'~conSidered. Roxburgh made a further modgfication to allow for”

recording o fingerprints, a true fork may appear asfan

type, and that for one minutia the value would the fourth

root of this (2.412).° This corrected value of Mg was

2

proposed to ad]ust for the observed correlation.

’-,"\
o
o

%t‘

®
S

o

.

S

N

Up to this pOint only ideal fingerprints hao been‘

EECH

poorly defineo or poorly recorded prints. Due to;vae{

\a_

SR

ending ridge, either above or below the ridge’bearing the

:tfork. Similarly, a true ending ridge may appeag as a fork,

i

ftJOlnlng either the ricge above or the ricge below.»Apart fron

‘";recording difficulties, the nature of some ninutiae 151

vuity

o £ 4

VLffuncertain on the skin surface. The term connective ambig-

is useful to describe the generai phenomenon where onee

tion in

| is uncertain of the minutia type. In the extreme, connectivef

'ambiguity allows two additional configurations for each

~minutia. There is notmonly opportunity for change in mirhtiap7;}f

f]type, but a potential change in ridge count as well. Deoeno-;kf

s 2

e

f‘3 in aﬂprint where complete connective ambiguity musf
:/”‘1

o

.:, ‘a =]

o 'ing on the quality of the fingerprints being compared. one

nay select a factor 'Q' varyingofron l, in an idealmprintd’to

allowed. Roxburgh estinates Q as 3/2 @or a good averagm“

[
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© print, 2 for a poor average print, and 3 for a poor print.

The factor Q for connective ambiquity decreases the nunber of

disttnguishable fingerprint configurations by a factor of
. " 60

G-

Correc_ion for Uncertainty in Positioning of the Whole .

Configuration.

4

Roxburgh made one additional correction for circumstances
where the fingerprint pattern is insufficiently clear to G

- allow proper determinationgof the ridge count from the core,
‘The relative ‘positions of the minutiae are not affected, but
there 8 some uncertainty about the position of the whole

configuration relative to the core, The factor "C" is the
b

'=_y'number of pOSSible pOSitionings for the configuration, and

o &

the number of distinguishable patterns (P) must be diVided by
C. In the extreme, where the patterhn is not at all apparent,

the factor P nust be dropped altogether.

&

O)
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connective ambiguity; : . B

= consideration of uncertalnty in the position of the
entire nlnutla conflgurat;on, relative to the pattern
core,

°

Roxburgh introduced most

<

of Yhese. concepts for the first
tine, and repeatedly drewéé;:n his exper;mentaloobservatlons.
His. work must be considered’ revolutionary in these respects.
It is remarkable that Roxburgh's model has escaped the
attention of all subsequent i?vestibators. No review or-

o

citation of Roxburgh's work has.been found.

Before Roxburgh, the contribution of minutia position tom
individuality”hadaonly«been considered briefly by Pearson-in
his discussion‘of Galton's work. Pearson had proPosedﬁsimply_
that each square ridge-interval uasfa distinguishable minutia
pos;tion. Roxburgh defined mlnutza positxon using a 9013§§\f¢
coordxnate system, w1th. ridge count” for the rad1al merstns,

and sxmple orderlng of mlnutlae with increasing angular

0

measure. Polar coordlnates are a

natural cho;ce«for whorl

%?;* i s s e e D : BRI e gﬁ
ﬁ g ‘ . ' | @ , ’a' ' :
. Opattern;ﬂanddQ ='qua1ity factor for thefbrint. For a good R n : . Ey '
average‘fingerprint”showiné the'pattern type'and 35 minutiae,iw ?{: ?,
' the values for the variables are =>2;4ig, =10, n = 35; P =" % E ¢ ¢
IO%O, C_=,;,Qand Q= 3/2. Thisegives‘an estimated chance oft 7 g\c
' ’dup}ication'of }0 | e o O E,l
) | in L67 X 10 & S92 X 107° - R
5 For any specific case circumstances, Rokburgh recommends j', I
f estimating the numher of individuals with acceSs to the 1
’é . flngerprlnt locatlon (be it the entire nopulaﬁuon of a
’%. -cquntry, cxty, or whatever). The chance for a duplxcat;on or i}
‘a pa 1t1cu/]ar configuration. of mlnutlae in this populat1on may ’ -
é then be con51deredm and the number of minutiae needeé for the '
® }j desrred .confidence level may be determlned. Roxburgh suggests,o )
| a chance of dupllcatlon oful in 50, 000 as an appropr;ate ' ‘ |
confldence level, and presents a table w;th the number of . ;
correspondzng mlnutlae needed for varxous populatlons and . .‘tﬁ
Oflngerprlnt qualltles. R IR A i 7
D15£}5S1on of Roxburghﬁs hodel. B B o - D
Roxburgh's mocel 1s both novel and conceptually advanced. B
There are a number of noteworthy aspects which warrent . D .
f)hujffh}?'ﬁ dlscuss1on. e Tk 7; | Q'Qﬁ ? |

‘f

e ©

°1; dua111yiof mxnutia pos;txon,

orrelation among neighboring ﬂin“tlte";%i;'

g pattegns wzth rad1a1 symmetry, anc for flngertlps,‘where

rrdges are semi-c;rcular and nearly concentrxc. The model is

cnot directly appl;cable where ridges form loops, triradll, or.

patternless, parallel rzdges. Broader appl;cat:on resg;ts 1f
i}~

‘the origrn is allowed to move along a reference r;dge.?Anyh

h°axis nay thus sweep uv one s;de'of af1°°P and d°““ the °ther'7

 higuel.
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Roxburgh briefi?-consideréd a second nodel,‘sinilar to

¥

o

of theiproblen, but do not diminish its fundamental

H =

importance. By Side~stepp?ng the issue of resolution Roxburghv

o (@

Pearson's, which used rectangular coordinates to define i”

minutiaopositon. Each minutia was assumed to occupy 2.5 weakens his model.

P

TR
R LR §

square ridge-units, and minutia den51ty was estimated as one

The 1mperfections we note in the definition of minutia
&

syt

per 25 units. Assuming minutiae are evenly distributed, this"

éée, - 9, OE§DPO?1Flgn are oyershadowediby‘the zeal w1th ‘which Roxburgh |
§$' <. " allovs £6r ten possible P°51t1°"s ‘per minutia. If each > % refines his model. He first considers correlation of ﬁ Q
% 9051tion 1s equally likely, then the probability for ., minutiae. ;ven though he “eyeballs" the lack of correlation

:3;@0 Q%Qf occupancy for a given minutia posrtion is estimated at 1/10. among successivevridge counts and among minutia types, his

For more’ accuracy,’Roxburgh suggested that resolution of
9

minutia pOSitions be treated differently along ricges than

obsetvations have an exprimental basis and are distinguished

as the first (and nearly only) consideration of correlation

i

ramong ninutiae. Roxburgh does find a correlation among

it

Ay e
BN e e
5]

[«
o]
2]

across them. Across ridges we may easxly distingUish a one

=

. ‘ ridge-unit interval, whereasfalong ridgeS»Roxburgh suggested minutia orientations, attrlbutable to the generally observed .

an average- resolution of 3.5 ridge intervals. Here Poxburgh 'divergece of ridges at the fingertips. A soneWhat crude over- ‘1

points out the convenience of his polor-coordinate modelr correction is made for this correlation, as Roxburgh’ assumes .

0

where the question of resolution need not be consxdered. it.to be the maximum he observes-

Althoug%=aoxburgh!s model aVOIdS”thlsidefinlt;on, e Hexw'RoxBurqhﬂconsiders the effect of print guality on A

) resolution is clearly ayﬁund&mentaf-aSpect.of,fingerprintj 1ve ambiguitj. Galton discussed connective ambiguity ) w

individuality. Computaticnal excercises designed to . (1892, p. 91-92) and undoubtedlyumade allowances for it when -

. denonstrate individuality might justifiably omit'considera,-“.D ‘he Judged his ability to guess ridge Seructures. Roxburgh,p : E
tion of resolution, but such omission is a maierdefect in & "however. was thexfirst to make specific allowance for * éi
fingerprintrmodel.'Roxburgh argues that, in PraLtice. itvis' 'etonnective ambiguity,,and to link the allowance to print . %i
relatigexdistances betweenﬂminutéie which we comﬁare,iand»" , . vi fiquality. Print quality is véry important in deriningwhou much‘ »%’?}
that. our criteris for CbtresPdndence'émbaé'éknutiéVP°Siti°ns o - connective ambiguity is allouable. Even in excellent prints (ﬁff

. ﬂvaries with the distance between them. Hinutiae on : g! - an occasional minutia will exhibit 3ar1ability in recording.‘o b ,A%f

o ~ neighboring .ridges will shor>conparative1y 1888 v:riation in N | ‘«fThe presence of more than a few would warrant suspicion of | ;
relative position than will minutiae separated by ;everal 7 » S o non-identity. In very poorly recorced prints, however. one
ridges. These observations help characterize the complerity e JeiQ%ust allow this variation in virtually all minutiae. In this>“
o = - e ; é :




Q
¥
oD
(=2

"

extreme we know only that agnew ridge appeara in a glven
'location. Thé three poeeible minutiae whlch could produce the
ridge account for Roxburgh's correction factor Q = 3.

*«"5

Roxhurgh's last refinement of his model 1s an-assessment

Hntxre mlnutla

of the ‘uncertainty of the p051tzon of an
corifiguraton within the overall pattern. Roxburgh observed
that when one does not have a clearly defined reference
point, such as a pattern core, one may‘make several
positioninés in an attempt to find a/corresponding*minutia
confx?uration.The absence of a reference point thus

increases the possibility of chance correspondence by a

factor equal to the number of possible positionings. With

hindsight this point is obvious and amounts simply to an
observation that there are Eeverai opbortunities for a

partxcular event to occur. Of the remaining flngerprznt

models, only Amy's and Osterburg s 1ncorporate thxs 1mportant

o ' :
feature. o Q R
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AMY'S NODEL (1946-48). - = .
4] -
Any defined.two general contributions to fingerprint

individuality: variability in minutia type (facteur

w

S'alternance), and variability in the number and positioning
of minutiae (facteur topolocique).

il k “

. Varzabzllty in HMinutia Type. L ; -

Amy assumeg the same possxble mlnutxa types as did both
Balthazard and Roxburgh- mznutzae can be either forks or
endlng rldges, and can hdve one of two (opposite)
orlentatxons. Us;ng a database of 100 flngerprlnts, Any

deternined that the relative frequenczes of £orks and endlngp

o ridqes were 0 40 and 0 60,(§espect1ve1y. He also noted that

_dlwergence or convergence of ‘ridges was very commonh, and that”

rkwhen thxs occurs there 1s an excess of mlﬁ:tlae w1th one

7“5or1entatlon. Amy estzmated a frequency of 0. 75 for m1nut1ae

thh one:or\entatlon and a frequency of 0.25 for minutiae

'f-and bTh end;ng rxdges in one .

-22-
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In the general case we do not know the abgolute orientation
o =)

of the minutia configuration. Therefore Amy also cons:.dered

the probability of the ordering of where the relative

orientation is oppositeO(Az)- ¥

cs)**( WP (49 (. :s)

The complete probabillty is given by-

A= A, +A, = ,, (.I) 1+ (Jg)c"} ’-=_(3¥.+¢: +U3f¢+e,)

@

Variation. in Number and Position of Hinutiae.
-Aay considerd a square ridge\patch, n ridge-interval
units on a side. Let L be the prcbability that there will be

p minutiae in a patch of area nz. Let N be the total number

; of arrangements of the P minutiae, and let Ne be the number

‘of these arrangements which are indistinguishable from the

o

“;particular arrangement of minutiae at issue. The probability

’*that we Wirl have p minutiae forming a deSign of type - in a

ipatch of area n is given by 13 _ '7'-“Tn, e

TgThe patch size (n) 1s variable because the boarders of the

”}?ig;the posszble values of

_patch are not precisely defined. We_ must therefore sum over :

=23-

‘type 't'v(i.e. indistinguishable from one given arrangement).»‘u

- Amy notes that relative, rather than absolute pos;tioning is

of concern, and proposes that the event necessary for

positioning of minutiae along the ridge is disregarded. One

= minutia on a ridge ,,,,, ‘has” n possxble pOSlthﬂSp tuo mantlae

M”“””havemxﬁin = l,

L _—
-2l -
Assuning a mininum‘distance between two minutiae of cne ridge
interval, we have n% positions in which to place p minutiae. ’
Using an estimate of\\verage minutia den51ty of one minutia
. per-22.5»sguare ridge uhits (one per square 4.7 ridge units g
on a szde), _the binonial theorem yeilds values ‘for Ln' and Hs E
Lp= ",’;, 5. (.oww) (95'5'5‘)”2‘” ] %
. L TR . : |
BT L

llaking these replacements'in:theieguation*forfT we:have:'

5 (9s5%)" (N,e)
. /
. T £ Z(n"/@ s»')(“ssﬂ

o]

It remains to calculate Qt' the number of the total

G

possible minutia arrangements which are of the particular'

Q

A A s g a0 TR A R Y e A A A i b it i g
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posxtional identity between two fingerprints is only that the i
5 i
‘{z‘%

samernumber of minutiae appear on corresponding ridges of the‘

fingerprintS§bThis mean that variation due to absolute

ity i

k“() y P e

/2] possible posxtions. three minutiae have'
[n(n - llin - 2)/3!] possible posxtions, etc.

A sgcond type of variation to be oisregarded arises fron »
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‘vtw1th two rxdges wzth two mxnutzae, and one on each of the

athere is only one mlnutla per rldge and no 1nter10r llnes

-fw1tthwo minutzae on one ridge, and one on each of the ,.p

7.'others.r : n,*‘fhr’ .f.f”’f,.°

arrangements with (g - 1) featureless ridges at the upper

‘boarder anG one featureless ridge at the bottom boarder would
be 1ndxst1ngulshable. Generalln, for q featureless r1dges at
the boarders there would be (g + 1) p0551ble arrangements of

these ridges, each resulting~in an indistinguishable

o
e o
o

fingerprint pattern. . .
Based on the above, N (the number of indistinguishable L
mxnutla arrangements of type t) may be calculated g;ven ny

Pr “and the number of ridges with 0, 1, 2. etc. minutlae. If .

"w1thout rldges, then q = (n - p), and:

P(n—p+l) ; ,”’kkay ‘

R VI |
If, therefare'nowﬁsfinternal,ridges*Withoutvminutiae,the.
formula becomes.’ayq |

Me

o ) ,,,ﬁ ) ¢ e

- P(n—p+|-z) J'n«l;aﬁ

vO,

a

'others"" ’;_t,j,n_u '“”kf‘ "p~f>_agf_,’fp1r‘ ,‘;0

CNgs 2 gD (n- p+7~‘*)

e @ . o
SRR REAIT g.' .
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e
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Correction for Minutia Clusters on'One Ridge.
Any noted that the forgoing theory failed when clusters

of minutiae appeared on one ridge. A problenm of definition
1

W
results: whenogoes one ridge become two ridges? Any defines
5 (
"groups® as &n 1nterconnected cluster of mlnutlae whlch is

V]

treated as if ‘it were a single rldge. Within one of these

4

groups not all relative positions”of minutiae may be

apossible, and sone gew;positions may be crgated. Considerktwo
f§=\mridge endings. We,predict»4 possible arrangements (each
' ending”has two'possible orientations). However, if two ridge
endings appear‘on the same ridge, they.must point-in opposite
dlrectlons, 1f they point in the same dlrestzon then ther:
. are two rxdges. : o : CeEETT S
o J
> one ridge:, ;%—1:;::;;::7 o }'*‘T~—s_.z;;i.- -
- a - o ; ,VFigure 2.
tvo ridges:, uEEE;EE:::‘“,roz 1::f:£::::::‘(
o o _"*Tff"f, , s —

~;t#e'sjareaezght?%l,7vfa'

Where patterns of multiple forks appear, there is not a loss
of possxble orxentations. but an 1ncrease. In essence,
multiple forks create a compound rzdge wherexn there is
greater potent1a1 varzat;on. Cons;der two forks. We preo;ctv

four poss;ble arra gements as thh the r1§ge endings. ‘In fact .

I

Q (",' "
& : “ré b " P a w : B
e Savgn L o ) o " » . N
Q 7,( P Y g P

* } .
: ) ) _ Q ) ) ? ¢ “a S
® I, =25- 1 N '

VAN ., =26=-
finger r1nt boarder. If there . O - ) :
. rldges without minutiae at the gerp . and .the formula generalizes easily. —
are g such featureless ridges at the upper boarder, then 9 ]
! <
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wh:.ch for small ? and small yf reduces to: - ]
B W R R O ‘ 7
& ,' IR < -
; - \@" ; fThe number oracomparlsons (j’) may be calculated as follows. -
i o ‘jﬂ‘jrCon51der a pr;nt left at a crlme scene whlch lels a square
! ] R
et = reglon of area nz, n rzdge-lntervals on a sxde. r‘h:Ls prlnt 1s
| = %Tful'f to La compared to an area of rxdges of size Nz; N rldge-
. e ?,ifl‘ozntervals on a s;de. The number of horizontal posxt1ons whlch
A s
L ’) e ‘ oL o e
; ST ,~]the smaller crlme scene prlnt may occupy in the larger print
;o

fls ngen by'v,;f

~ The n ne for ch S
Conblnlng the factors A, T, There are an equal umber of vert1cal p051tlons, one f ea e

'“rxdgcQ‘

f7part1cular mlnutla comblnatlon: Therefor the total nunber of 9051t10ns for comparlson




R N S = ! R , ) L N SR ,
; et U S e e
§ suspect, the factor j’ 1ncreases, and the cr1ter1a for ad
g o . E@ 1dent1f1cat10n becomes more stringent., Co e
i e | "Discussion of Amy's Hodel. .
}ye ‘have thus far consrdered patt“rnless f;ngerprlnt % Any's model, like Rorburgh's, has nelther been rev1ewed I5§
traces and patternless rzdges on the  hands. Where loops, ? : Dnor»c;ted ih the English 11terature.,Any hlmself was " ?
’f;whorls and triradii exist, the number of p051txons for ‘g@ aPParently unaware of Roxburgh's work, and poss;bly even orv‘fh~'hha é
- ‘comparlson is less, regardles“ of whether the fingerprint i Galton's: only Balthazard is c1ted by Amy. jfalnf-f'p,::’l1‘ r'_igf é
dntfrfi fiatrace contalns these po1nts. If the flngerprint trace | B | Amy's model-is comparable to Roxburgh's in complexlty, e ‘Eu
“@éf%fpatternless, then for each pattern 51ngular1ty n p051t10n5 51170 ,‘ innovation, ‘and general approach. The two lnvestlgators ?
A“’,iare excluded Lettxng s equal the number of pattern L if : 0 recognxze many of the sane 1ssues and thelr responses are . i
e  s£ngu1ar1tres, we have- . S S . pfdf_‘ S ‘; :7r”‘%;§f s understandably closely related. Both models begln by d1v1olng %
'da' ;;ﬁfhf‘f" jrsvjb '-"AII.S A},’L:rif o :‘ e R ;fxngerprint ind;v;duality 1nto two parts- varlablllty of ;‘,cp,gr
e ;% el °"" ‘ o 4€f7 . - ffe‘ “‘r.»',ﬁ, 2 o mrnutla type, and var;abillty of mlnutaa pOS1tlon. | %*
‘wé_ird»zdResult._ ,fdf“f, fdff;;7;rpn®;gtij -;f?}f f ft,v’:,-;"' ;Gd . "n ’évgef;émy s considerat;on of mznutia type 1s more sophlstlcated : ‘n§?
e - Amy's final equatzon f°t thelﬁhance °f a random dfl, | | B % than Roxburgh's in two respects. Fxrst,DAmy exper;mentally g'
“"wg\isvocxat;on of a particular fingetprint trace is given by S / ffdeteimnes the relatzve frequeric.:.‘es of forks and ending e
1h*conb1nung the factors der1vee above.fpfﬁf;iﬁ v‘:5”~f L | “vfirzdges, instead oflassuming the twoytypes are equally llkely. ;i' ‘§ '
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- -more»sophisticated that Roxburgh's. Any, treats both the
R u number of minutiae and the area of the fingerprint as - g
variables. He ushs the b1nom1al theorem and an estimate of ?361

: mlnutra den51ty to calculate both the probabrlity of a ngen
number of m1nut1ae and the probability of any partxcular
pos1t1onal arrangement. These calculatlons requzre defznrtron
of the posszble ninutia posrtlgns w;thrn a flngerprrnt. Any o

M»\

: assumed the mlnxmum drstance between two mlnutxae was oner,

~,r1dge 1nterval. The number of possrble“mznut1a p051t10ns was -’

&

thus egual to the area in sguarzlrrdge-1ntervals. Note that

the issue here is not our ab;l;t& to- resolve mrnutza o »,f "

<

posxtrons, but rather to determrne the number of poss;ble

o]

m1nut1a pos1tlons. Amy con51ders the problem of mrnutra

&

ié*r s 1 tron by another, more quest;onable, process."?

When compar;ng frngerprints we are unable‘to distxngu:sh

among all the possrble mlnutia conffzziat1ons. Roxbtrgh

recognzzed thrs and was content to use a resolution of one;,*

1;ridge rnterval across ridges. and to merely order theﬁ“:;‘

v,amlnutzae along rzdges. Thzs essentla11Y§avords thef sswﬁ,,,

il

M‘jt°t§}1y 1gnores thrs*rssue, and provrdes nc ccnsrderatron of,

":connective amblgulty 1s an unavordable feature of frngerprlnt

'~[ comparrson (see, e.g.. Cowger 1983, p. 174- Battleyx1932,

S

confzguetrons is far gréater’than'to merely note their
sequence along a ridge. In Amy's model the approxlmatlon is
also particularly difficult to apply. Roxburgh ‘only required

a r1dge count as a radxal measure -% the cont;nurty alonc a

, partrcular rrdge was of no concern. Anmy strives to preserve

Q

'the concept of 1nd1v1dua1 rrdges, while Stlll allowrng

multrple mrnutrae on.a rldge. Amy nust thus 1ntroduce the .

L hb .
’ # .o

tconcept of"groups .and defxne rnterconnected rxdge systems

o

as a s;ngle compound ridge.cmhe.compleXLty introduced by

fAmy s group/Correctron factor is awkward enough, but more
11mportantly, Amy s model can in no way account for connectlve_

‘h,ambxguitres among rzdges. Connectrve amblgultzes prevent the

< : o

’fideflnrtron of dlscrete. 1nterconnected ridge. systems. Amy

c?

: ?or correctron for, connectrve amblguztxes. Inasmuch as -

W

@

9). Amy s model is not a realxstic assessment of o ":.

‘§jfingerprint ind:vrdualrty. ¢5

This def1ciency aside, Amy continues b;s xnnovative and

‘1’7fosophisticated approach. Next he 1ntroduces a correction for

Q
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¢ ridges are thus indistinguishable and contribute to his value v

a

association. Only Amy treats this issue properly. Others

either assume one compares each fingerprint against an entire

Any concludes his work with a ca1¢UIation~of the'chances population, or that there is only one comparison. Amy alone

I ’ ’ ) . Pl . : ]

of false association. Given the size of the ridge

S

appreciates that the actual number of trials.is the relevant

©

configutation, hmy estimates~the number of’possible' quantity. : Y ] c .

- ’ posztionings for these ridges on a person s hands. ‘The number

o

of pOSitions varies depending on the 51ze of the ridge

configuration, on whether both palms and fingers are to be

Y o ES
X con51oered,)andDon the presence of pattern elements in either

o

the. fingerprint trace‘or on the person S. hands. The pu:pose

)

" of calculating the posszble positionings is to estimate the

-

fa

numbeg)of trials one has in which to find an indistinguish-”“'fi

o
ey
H
A ——

s o

able ridge configuration. At each possible positioning one

]

- makes a comparison,andithe:e-is_a chance_of faise:associar ‘gfff“;}

@

R :

tion.

Obvxously, the’ more poss;ble positionings for a

o
§
SR s R e S

fingerptint trace on an indiv1dua1, the greater the chance of |

“false association. This concept was not new. Galton and

’ffBalthazard‘recognized one positioning for{eachf;f,a personis

ten fingers.. Roxbnrgh introduced‘h
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iaf”‘TRAURIgG'S MODEL (19630.' ) & s . | multiplied by thé§§&ea. The minutia mayﬁge one of two. equally b
) 0' Trauring estimated the chances of false—aSSOciation ??,? L ;%’ likely\types; and.have one of two equally likely orienta-
| fingerprints in connecticn~w1th ‘a proposed automatic identéL :i;ions. The probability of a corresponding test minutia, given .
fication system. he system is based‘on prior selection of ) ’ acceptable reference‘minutiae is thus: ;?
N threei reference minutiae on a‘”jr'imgerw,and the Orecor“ding or au‘ > ‘ ? | o1 _ ’\h_’ns : . L o{
| - i SR number of test minutiae. ‘Relative coordinates derived from o . . S 4s T B S - ‘j
: é | [ the reference minut{ae are used to describe ‘the p051tions of If the chance of acceptable‘referencefminutiae on one finger EEE S é
. 5 : the test,minutiae. Asaproposed, the testgminutiae appear f’ ) is " then a person would have [10 x r] chances of regis-‘ S E
. ’ ”G’“iﬁhinDthe triangﬁléf region’ described by the reference | . tering an acceptable set of reference minutiae. If Lhe number | ’ %
| minutiae, an the approximate posxtions of the reference ‘of test minutiae is -, then the ;hance of;random corres-~r o |
‘ 0 minutiaeﬁbn the flnger are. ‘known. ' o s " pondence of a finger from one ihdiVidual with a prev1ously ;'f _O,;fﬂ»E
) Trauring makes the follow;ng assumptions- - defined print lSj | ‘ e e ‘ B ;
‘" | o l) minutiae areﬁ distribute and”mly,v T | - lOr (ITI S) » . | | g
ﬂ;;. SRR 2) there are two minutia types. forks and ending ridges, ot . ‘5, S ‘, _‘;j’y:;l:{y_ ,;,vtry-. ‘ _rj ,';:-?
4 | s3) the tWO minutia tYPéS are equally llkelY to OCCuth»u | i~:p°h;f3ased on a series of twenty prints, Trauring found a ‘maximum | v:‘f‘igoi
4 orientations of minutiae are equally ' Oyhéi'“ﬁvalue of 0. ll for minutia den31ty. He also esﬁimated that the 0

4) the two poss;ble

5) minutia position

likely to occur,¢u~'

variableS. and,;":

Die

andgo’::'iei-nft}aﬂi:l,i,/gcin'‘”al:ga“i"nd‘ep;-mt;i_,eni:'f}“ﬂ"t

R

ff;;%agmobability of correspondence of three randomly cgrrespgnding

T T e g

"eference minutiae could be conservatively taken as 1/100
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0

'cemputerized‘optics to identify.a particular finger. Our

‘purpose here is to evaluate Trauring [} model as it applies to’

AR

fingerprint indiViduality, a function for which it was not

LR

]
TR R

°
A

actually proposed. ‘The computerizea system works more -easily

" with inoependent rectangular-coordinates than with the actual

ridge system. When fingerprints are conpared manually,factual

distances between minutiae are not compared; instead, ridge

s

counts are made across ridges, and relative distances are

compared along ridges. It is understandable that for{

. .

! Cea v R
9 computerized recording and comparison of fingerprints, the - R

[ " ridge count might be dispensed with, but in so doing one

. departs'from”reality. Ridge count is an essential part of the

,vactual ioentification criteria. _ - ;"“
Trauring S model iS.SIRIIar to the Henry/Balthazard
':’models, although better thought out. Trauring s first flVS
assumptions are identical to Balthazard's, and the result i
’jufits the Henry/Balthazard format {p. .= 0 4641 for ‘the three
‘freference minutiae and tﬁ/;eafter p = 0 1944). Trauring, ’

Hihowever, lays a better foundation for his model.‘Bis

’oerivation is based on consideration of minutia denSity,ﬂjaz'" 3

concept of reference

[\

coe

"three reference minutiae to bring a finger into register.

Positions$ of the remaining "test" minutiae are determined
hrelative to the reference,minutiae. In actual fingerprint
identification a é&milar process is followed. A character-
istic group of minutiae orcg ridge;pattern such as a loop or
deltiyis used as a referenge point. Comparison with other

prints begins by searching for this reference point. If an

- corresponding reference point is found, the remaining

minutiae are used to test the comparison. Ridge count from
the reference point, relative latera)l position, orientation

and minutia type are compared. Each minutia sought is a test

of the hypotheSis that the prints are from the samne

a

indiViduaL.

Although no other fingerprint model expliCitly

jdistinguishes between reference and test minutiae, the issue

]

"and Roxburgh used 'pattern factors" to estimate the chances

f}cof encountering a particular fingerprint pattern type.,i”f

‘}arch patterns, prOVlde good reference pOints..Roxburgh also
'wgallows for uncertianty in pOSition of minutiae With his

'sfffactork'C' - the number of poSSible positionings of the pt‘

7”nuti wconfigurtion relative to the pattern core. Any

-38-

'has arisen in different forms. Galton, Henry, Cumnins & hidlo' B

“;gPattern cores and delta regions, and even diverging ridges 1n2
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Apart fron these 1nd;rect treatments, the concept of test and

reference mlnutxae remaxns undeveloped 1n its appllcatzon to‘

() n®
/ .' &

fgconv@gtzonal f;ngerprint.comparxson. R g r' o

-3 9-

A

(" 2

KINGSTON'S MODEL (1964)..

L

S i g

O T

SRR , , ’ . ‘ B —40-

&

Kingston divides;his model for fingerpringbindividuality

3

into three probablllty calculat;ons, much like Amy did:

1) the'probablllty of find1ng the observed numbersff

minutiae in a fzngerprznt of the observed size, 0
2) the probab;lxty that the partlcular positiens of the gs
mznutzae would be observed g;ven ‘the above, and ' o ?

3) the probablllty that minutiae of- ‘the observed type P

would occupy the p051t10nsmv

'O . S

Probab;lity of the Observed Number of Hxnutlae. 5@

Kingston est;mated he probab;llty of a part;cular number

of minut;ae from the mlnutxa‘densxty. us;ng a’ Po;sson

d;stribution. (Kingston demonstrated that th;s dlstrxbutzon

and the speclfJ.G 1003@"1‘@1‘1

.
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kw1th1n the reglon 1s.,

I

Ly

experlmental observatlons of mlnutla clusterlng. Wlthln thls

m

reglon other nlnutlae are excluded.vThe

other mlnutzae are thus excluded fron a square reglon whlch
is 0. 571 mm on a 51de. " e |

3 ¥

. , S - :
An uncertalnty 1n measurement of mlnutla 9081tlon of

Gy e s b e e T e e

Coma-

ST

R

0 286 am’ along each azls was'also assumed, based on repeated ,.f

coord1nate readlngs fron a s;ngle flngerprxnt.

ay

Con51der N mlnutlae occurrlng 1n a reg;on‘"s" square mnf”'_r‘,a‘

R

 in area. The number of dlstlngulshable mlnutla locat;onsk”

Y.)‘-

'-1s used for reference, and located at any pos;tlon w1th a

probablllty of unlty. Subsequent mlnutlae are located w1th

‘;. B Vj

equal probablllty over the rema1n1n9 unoccupzed area.‘The ‘557

,!“

eXCIUded, occupled area is generally equal to.ﬁi—ver

z ‘\\

for the 1th“ m1nut1a. The probablllty of the partlcular set

of posztxonlngs is therefor calculated as-";f’j*i7

\.‘ & N .

(S)/(O 082).,0ne mlnutla p051tzona f[‘s

o
ST

D

S

e i R TR

<

| THe probability of the observed minutia types £illing the observed . -

|

R

‘Efth1s would cause. Should 51gn1f1cant error occur, K;ngston

)

"recommends takzng an average over all p0551b1e orderlngs of

g

)

' Ethe mlnutlae. S ey o 'l"'ﬁ7”. e
| . “ } N

"Probai“llty of Hrnutlae ‘of the Observed Types.

G

klngston estlnated the frequencres of mlnutla t rpes f;gfi:

hudu51ng a survey of - 2464 nlnutlae 1n 100 ulnar loog The

[l &3

results”were-”ff. e

;;%if‘ ST Endlng dege .459-

Tj Fork 2341

mDot d'".r083"ifp" TR f}_‘ ;
f.019;1” :
..017d?‘~‘°‘

!éf i grqygnclosure‘_m
| vBridge '
Tri-radll

Othen

o

Clel Ty

positions is given by: °.




r g1on of grven szze; seconderqthey compute the poesrble LR

& the rldge structure, whereas Klngston uses only the
ﬂnProbabllrty of False Assoc;at;on.z

o ' o Tf:coordxnates of mlnutxa sxtrons. T
~;f_pl Klngston calculatea the pzobabrlity of false assoc1atlon : po a

R o For ca cu at n b of a pa t cular number of
’qu1ng the Po;sson dlstributzon. Suppose there EXISt K persons o 1 1 ing the proba 111ty f p rti

SR » mlnutzae K1n ston uses the Poxsson Dlstrxbutlon. Am had
”“ w1th the glven mlnutxa conflguratlon. The probabxllty that we 5 g o Y

L used ‘the glnomlal Dlstrxbutlon. These two probab111ty
”7;_have the correct person, glven th1s conflguratlon 1s (l/K)-~-

3
S e L TS Rdeg S5

dxstrlbutlons are closely related- the Porsson is merely a

@ O

‘72For small probabllltles ofjoccurrence, K takes on a P01sson
: spec1a1 case of the Brnomlal.pBoth dlstrlbutxons descrlbe the

G’

‘v;dlstrzbutzon wzth parameter 'X np' where n 15 the relevant [" "

R TR

probabilrty of a partrcular number of statlstlcally

b'f populatlon and p 1s the probablllty of the event.,The s o
S / h R i 1ndependent events given a number of trlals. In)our case,, e
Qifexpectatlon of 1 k ls t us-‘ .
g , , ‘ : : REoe events are the occurrence of mznutrae and the probabrlxty 1s

A IR

PRI i i e e e e

7T
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Q

is reasonably constant. Unfortunately, Kingston has chosen an

’;;[d farea where the den51ty varies oramatically. His own data ,
reflects that the denszty falls off nearly 50% as the raoius ' n;-' ”;

of his region changes from three ridge-intervals to s;z.

Kingston makes this same 1ncon51stent assumption when he |

rconsiders variation in minutia posxtion. His method is to

sequentially add minutiae to a region. The probability that

each successive minutia wzll occupy any particular posxtion

A

is determineo by the ratio of minutia size to the remaining

L ,\m..«k»mmu» W

Q“ﬂOCCUPlEd space. No provrsion is made ror the proxinity of
the minutia to the core, or for any variations in minutia
by -z . . \

u)ensltY. o © . ) ) o

An interesting consequence of Kingston s sequential

R T N AT I UL

1ntroduction of minutiae is that clustering of minutiae is .

' slightly disfavored. When minutiae are close together, the/c’w:f‘“

e

. spaces excluded to subsequent minutiae may overlap, producing

a lower overall excluded area. Arrangements where the overlap

‘boccurs w111 be slightly less probable because subsequent

= e

ivminutiae w111 have more available space. This feature of
Ringston s model is inaccurate- clustering of minutiae is -

; EEE L

'iactually more probable, as demonstrated by Sclove (1979).1;94,

GFurther difficulty with Krngston s modeling of minutia

tﬁposition is encountered with his definitidhs of minutia SIZediftr‘ﬁ
t,land resolution._ Kingston assumes that each minutia °c°“Plesr;
ﬁ?g{a square region o. 286 mm on a side. This is equivalent to = _r~»
,»0 333 square ridge intervels. Amy hao used a full sq“‘re S

'“~Jridge interval region, thus Kingston allows three tines norefwt"

L

8




EER .

Ty

‘fé;minutia pos1tions than Amy dld.,:"hls difference obViously”

g '"?has a profouno effect on nunber of poss;blejmlnutla

7adarrangements. Kingston s minutia s1ze is unrealistic whep

ri”r;adjacent ridges can be no closer than one ridge interval

’,Along a ridge, the question becomes one of definition.

m':Kinston does not describe hlS criteria for determining”x7
]hmlnutla type, but he does classxfy Spu:s' and 'doublel .

:‘bifurcations as Simple bifurcations (forks). 'Dots'

iiia quickly terminating branch is redefined as a spur and

evaluated w1thin the actual ridge structure. Minutiae>onv:4

&
do two minutiae which are very close become one event’f

enclosures and 'bEidges are given separate categories. By

| tlallowing thlS variety 1n minutia type, Kingston, 1n effect,
ﬁvredefines any two minutiae which become close to one another.tf

r,Two opposrng forks are redefined as an enclosure,ra fork Wﬂthivg

B NI

§‘one minutia as a starting poznt.~;
fbased on their relative frequenc__

vft'independent of this structure%

fsurorising.,fg"”

‘m\&’i

o

how many distinguishable patterns we may measure, but in how

Ty

{*f;jwe may distinguish among prints from different fingers.”

S

ot Kingston makes no allowance for the minor printing variations

>,'which are present even under 1dea1 conditions. o

Kingston s modeling of minutia posztionafhvariation,

"therefoq, has three serious flaws- the_inconSistent

£ v

‘ha‘assumption of uniform den51ty, exce551vly small minutia size,
'“and excessively high minutia resolution. An additional flaw .

is Kingston s failure to consxder p051tioning of the minutia

configuration as a whole. Since hlS model lS restricted to

the core areas of loops, this om1551on lS not ser10us* tH’

1oop pattern allows poSitioning or thf configuration on the

: finger. Furthermore, Kingston allows arbitrary positioning of
. :_¥@ e

Kingston s approach to variation in minutia type differs

fundamentally from the prevxouSJmodels. Kingston allows a

*fdmuch greater variety of minutiae and asszgns probabilities

Ed u

@

G ,’ . 5;7' (f
t‘e omisSion_is not o

A

Wheﬂmminutia types other than forks and ending ridges are.

'}defined three issues are highlighted. First. one notes that

'fthe new minutia types are compound forms of forks, ending 'f:im

-48- hm

finger. This 1s a fundam=ntal error. We are not 1nterested 1n'

) < entation of minutiae,;

ey

ST S N MR e

N ——

IREES

R

rteder




ffridges, or both.lThis.is

g : . £ A =

9.

v

' =

Q

s F

freguencies.JAmy (1946) assigned va

necessarily

;’,iftwo fundanental operations which may

another they are defineo asoan°'enclosure'-

,D‘v PR BN

so,’fOr therefarefonly

3

occur to produce a new.

distinct forLs. Definition of the compound forms must

than those oi thesfundamental forms, and that there is

iable weights to

ridge.‘Secondly, one notes that fhere is a continuum between:,u'db
the conpound rorms and oistinct funaanental forms. That is,
v;f ror example, if we have two oppOSing forks close to one
As the distance ;«td‘
between the forks is increased, one finds a continuum between“f

'f what is defined as an enclosure and what is defined as two

)

therefor include a (somewhat arbitrary) Juogement of when the .
,compound character i@ lost. ”he third issue which one notes

is that the frequencies of the compound forms are much lower

R

substantial variation among the frequencies of conpounc

If one is to use the compound forms, it is appropriate to _h
aSSign weights based on their frequency of occurrence. This
l:prinCiple has been applied subjectively for some,time in
?wfingsspiint comparison (see, e g., Locard 1930, p. 221), but
e Osterburg s survey (Osterburg, 1964) demonstrated that there

was no concensus among fingerprint examiners regarding these :ihmi”k

ryhxsg;minutiae."‘

a ' AT R R - S - - O ‘ -50- r‘f« ;

o

| to include frequencies of compound ninutiae in a model for
(! ’ -
fingerprint lﬂlelduallty..a_ j; e PR

Q

Two problems arise from hingston s use of compound

o
4
i

minutiae. The first, as alluded to agove, is a problem or
definition. When are two fundamental minutiae sufficiently

close to form a compound minutia’ Ringston does not state his

“bown criteria, but does observe that differences in minutia -

f‘classirication account fof?variation between his own

L@

_jfrequenCies and those determined by other investigators. ‘The.

?second problem is that no prov15ion is’ made for connective
f'ambiguity. Just as no allowance was made for poSitional
ﬁilvariation among prints from one finger, here no allowance is

[

:?made for type variation. This affects not only the comparison | E
3?,of minUtlae; but also the frequenCies which are aSSigned. A '
i%connective ambiguity at one end of an enclosure (freguency
.i?O 032) would result in. classification as either a spur, which
}pf;Kingston includes w1th forks (0 341), or as a combination of :t p-kf
{tlza fork and an ending ridge (0.459 x 0 341 - 0 157). Re-"' »

'ﬁfhclassification as twOﬂminutiae would also markedly affect the“

fHV‘calculations for individuality of both number and poSition ofogf

O

.”ingston concludes his model with a calculation of*the';»ﬂﬁ"”




‘ ‘g O
o njpopulatlon was less than one. Roxburgh accepted an :
| “”ifiildent1f1catlon when the 1nc1dence/§as below 1 in 50 000 AmY . %%Qﬁ
‘_‘x*ftook the actual nunber of comparlsons 1nto account. st L i;
wh,fgchance of Ezlse assoclatlon wvas the PtObabllitY °f hhdi?tpééédh’~ffhé§
| . occurrence, multlplxed by the number of conparisons:’"‘> T ;%?»
? V hKlngston s nethod 1s analogous to Galton s’ and Balthazard'si‘~'-” |
é-- 3although hrs techn1ques are much more reflned.r “; ff555 |
é}& | Usrng the Porsson Drstrlbution, angston calculates the =2
? ’ProbabzlltY that anong the world Populatlon there would be~h~f1ff
i v‘:fn 1nd1v1duals wrth a flngerprrnt 1dent1cal to the g;ven i .
‘{.one. " must be greater than or equal to one because the L e 33h7
‘~ex1st‘nce of the prlnt 1s known. The Pozsson probabzlxtzes’a?fb/
‘ are mult;plled by l/N whlch is the chance of randomly - T
oty

jl‘selectzng any partzcular one of these ind1v1duals. If there

K is only one 1ndivrdual xn the worldrwith 1dentical

f77paralle1s the pract;ce of flngerprrnt comparlson, whereas

‘dfﬂpopulatlon of the world is screened, 1s K;ngston s

'7.fpcalculatxon'valid._,

L L L T R T T »_w o

[}'

thhat th1s person 1s the actual source of the prlnt. We ‘can

but note that the p rson 1sfone of the‘p0551ble sources and

4

lthat the probabxllty is /0 that we have the correct person.
'eaFingerprznt probabzlltles enter by determlnlng the magnltuce

'7~fof 2 the number of persons in the room. :

.

Contrast this s;tuatron Vlth one where the 1nd1v1duals

A

1.w1th1n the room are selected randomly w1th respect to
h[flngerprint type and where we test the 1ndlv1duals to

.,determine 1f they could have actually nade the evidence.

a

| prlnt.ﬁ”n" now represents a populatlon of suspects to be

12

.hu'tested usrng the evidence Ptlnt°°1f flngerprlnES \f an
i indrv:dual in thrs suspect group match the ev1dence prlntp

iiwhht 1s the 51gn1f1cance of th1s f1nd1ng° Thrs questlonf

==~

“"ffxrngston s does not. Klngston has assuned that h1s suspect

Lghas been selected solely on the bas;s of correspondence w1th

rf.the flngerprznr.lRarely would this be the case. nost often b

Tfyildentrflcatron by a part1a1 flngerprint would be a nearlY

A"f'fWhen many suspects are screened using the fingerprlnt, the ,ft
1'4 chances of false associat;on rise, as Amy has polnted out.c

b Only in the hyuothetically absurd ertrenep where the entlre

ffffpossxble suspects, rather than to cef1ne the suspect group. ;fiit‘fa
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"“dfindependent evenifﬁThe conparlson would be useo to test a feu‘ff'?f“’
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OSTERBURG'S HODnL (1977)._

» ;rlfxngerprints,(e 591 cells).
ﬁ_é@;;l | .

'Js 584

Enclosure e

. G

Delta

Double Fork e

Trifurcation-

=]

Multiple Events ?f¥

S

715
"328\
152
130
e
.64
55
; ‘_l17‘;2f;l
12
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Osterburg, Parthasarathv, Raghavan & Sclove (1977) usec a.

"each cell one of th;rteen events was allowed. These events‘

?ffare lzsted below wlth thelr frequenc1es of occurrenc° 1nn39

V,C’

. .00640
275

~1nm grid to d1v1de f1ngerpr1nts 1nto dlscrete cells. Wlthln

2
» . L

onhabllltx lsglnxel
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ﬁ '  pProbability of false identifi ion. i '
é Osterburg et al. noted that" accordlng to“general practlcex 2 » 'Y 7 S identification. The essentlal feature of
; . the approach is estimating the ‘number o ssi s £
* e the weakest 1dent1f1cat10n whlch is con51dered absolute is an pp t 19 mhe £ possible sources for
- : the f1n erprint (N and e uatln the obab
,1dent1f1cat10n based on twelve endlng rldges. The1r model o gere ( )' B d pr ility of false
assocxatlon to (1 = 1/M).

‘gave an estimate of /0 for thls conflguratlon, glven an ] ( / ) P
f§ average print area or 72 square bril 1 ”hey proposed that anj ) 5 —~ 5 :
5D - - : Sclove s Iodxflcatlons. ~ : :
%; fingerprint correspondence w1th a cell conrlguratlon i/ 5
- : Sclove (1979, 1980 nodlfled O d 3

i probablllty this low should,be accepteo~as~absolute,;‘ ( ) sterburg s mo el ko 4
i 3 ) S IO ‘account for e: non- . :
%, regardless of-the,actual:number‘andvtype of m;nut;ae. : - t £~r experlmentally observed non lndependence of cells :
-~ ¥ . S CL € : and for multiple occurrences within one cell. Sclove found ;

: ’ " R that mlnutlae tend to cluster. The robablllt that %

Correction for P051tlon1ngs. o 7 : P Y et abY one :

' ' ' cell lS occupied 1ncreases reqular with th L ;
When a flngerprlnt of unknown orlgln 1s compared to all o 3 ly wi e pumber: o n

:'occu ied neigkboring ¢ o /T is ; %

ten fingers of a suspect. there is a reductlon in the P ghiboring ells o model this dependency, Sclove 3

' ’ assumed a one-sided Markov- 55, i - !

probablllty because of ‘the repeated conparlsons. Supoose the et ’e arkov type process. That is, the i
N ; : assumption was made that the probability t i :

unknown part1a1 flngerprlnt occuples a rectangulat reglon “w“ ) P : . probability that a cell is i

“ @ occupied de ends Onl‘3on the outcones of the £ u e i E

- mm wide and "1" mm long. An averaqe full flngerprlnt neasures B: P Y £ four preceeding i
= : : - cells. Thus the occupancy of the cells "X" determines the a. i

about 15mm by 20mm. Therefore the number of posszble ., pancy 4

‘ dependency of the cell nyn upon its nelghbors- B

p051tlon1ngs of the unknown part1al flngerprlnt on ten full i
~ X X X , . i

. flngerprlnts may be calculated aS° g ~ £
/0(!5’—N+,()(20-1+l) 0 0 o0

= By weighting the four possible orientations X" ‘;

The random frequency of a pattern must be multlplled by the ) ‘y - g‘ ,g, o ,‘po ibl :1e~tat1° of the cells, %.

i . . o

. oy estimates were made of the conditional probabilit il

‘number of posxtlonlngs to get the probablllty of randonrf‘ R o R ‘p Lity of %

BT Foo . . : o - | _occupancy of "Y," given the number of occupieé X cells. For ¢

assoc;_atlon. . 5 L . S ’ B : ’ ’ o B 5

ﬁf = boarder cells, where information regarding the occupancy of i
o S e f i S  adjacent X cells is incomplete estxnates n ‘ o
’:Chance of ‘False Assoc;atlon.qut __’y, , Z"v”,'}'»"“‘*zfef@'~~’ . J p ’ of occupancy oif the i
- : . ’ ' o }Y cell may be made using the rt1a . e
i Proceedzng wzth analysxs 10ent1ca1 to Krngston s,_A 4 19 pa 1 information. For these . B
{0 i i S o ‘;'f"
J RN cases wve have a mininu X X o
Osterburg et al. used a P01sson dlstrlbutlon to conpute the L , 3 n and a max lnur nunber for adjacent :

K®?_»;‘n"i o - "',’»%
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‘Sclove also proposed a aifferent treatment-forfnultiple

»occurrences w1th1n one cell. Osterburg et al. 8 method

}1ncludec a cell catecory of multinle events.f Based on

O

of a P01sson distribution for the nunber of Lharacteristics
per cell. The mean number of,occurrences used in'thisu

idistribution,is, in turn, affééted‘byethé'number of‘occupied

adJacent cells. L ‘ : : e

Sclove notes that his method avozds the need to derine

minutia densxty variations according to locations w1th1n the

W

"fingerprint patterns. Local differences in densxty are

&)
accounted for by the dependent probabilities of cell

_occupancy. L o ezn. S | o | -
Calculation:of~the'probability of a given cell.configur—”
ation proceeds as follows. The number of .occurrences in each
' cell is noted, along With the number of adJacent occup1ed

cells. The appropriate conditional mean is selectbd’from a -

‘table baseo ‘on” the nunber of occupied cells and’the Poxsson

rr

probability of the observed number of occurrences wzthin the

cell 1s calculated.mThis nrobability is multiplied by the
‘ d
relative frequencies of any occurrences which appear in the

cell. These latter frequencies were deternined from Osterburg

/ i

et al.'s data, and are presentec in. the table above.,

DN

@

B

Discussion of Osterburg s Nodel.

OSterbure s model 1s aopealinc because it lS sxnple to

4

I3
S

“x

apply"andriSlstatistically sophisticated. It is°particularly
useful for the cpmparison ofrindiViduality anong different
fingerprints. If\we define some standard configuration of
,minutiae, the model provides a means to compare Other minutia
configurations to the standard. The feature which allows this
comparisgg is simply the weighting of compound minutiae by
their frequenCies of occurrence. Both Sahtamaria (1955) and
Kingston (1963 1964) had used this concept, but Osterburg's
treatment is far more rigorous and perceptive. He has been
the only‘investigator to consider the errors in minutia
frequencies. Santamaria's methonamounted tb mere suggestion
that cbmpound minutiae be ueightedaccording to the number of
fundamental ninutiae which conposa then. Kingston used actual
freguencies of occurrence of the conpound minutiae, but dig
not consider errors in these frequencies and did not give his
criteria for classification of compound minutiae types. As a
result, one does not know when two closely spaced minutiade o
should be considered as a compound form. Osterburg defines
his compound minutiae precisely, and Sclove provides definite
treatnient for othercclosely;spaCed‘minutiae. !
Positioning of minutiae is also treated well for
comparing the individuality of different fingerprints.
Osterburg defined position using a.millimeter grid which
diViaea the fingperprint into discrete cells. Discrete cells
allowed extensive treatment of correlaton by’ Sclove, mabina
the mocel robust to local varxations 1n density. These

@

.variations had been a. naJor problem in Yingston s nodel.

o
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9% v Positioning within the cells is ignored, but the cells are - different‘pr;nts, ané its use for determining thé}signife
i yg . small, equivalent to about two ridges on a sicde. Furthermore, icance of a’fingerprint comparisoni This distinction is .
ZE‘Dsa L Sclove's treatment of multiple events provides flexibility important. Comparison of individuality among prints amounts f
§ | uithin the cell structure. | | to determining the informgtion contént of a fingerprlnt : ;
~§ ' B ', Cells whlch are empty contribute to individuality within ) pattern. We are not partioularly'conéerned with the different
.é‘& - Osterburg's model. This is an important issue which has been ways in vhich the pattern may be expressed, 5? with the |
# % B " overlook ted in many of the fingerprint: models. Bose (1917) was . ° details of the pattern. Precise ridge counts would not be
'% | the only other znvestlgator to dzrectly cons;der the value of expected to affect the information content very much. Two
§g ‘featureless rldges. gose_sgrudlmentry model allowed four prints differing only in the olacement of one or two minutiae o ﬂ}é
: equally likely events at each square ridge interval, one of - would heue nlarly the same identificaton value. Connective a

1]

which was a continuous ridge. The model grossly exaggerates ambiguities and deformation of the fingerprint affect the

=

the value of a continuocus ridge: a single ridge extending for calculation of information content to some degree, but the

five ridge intervals would be assigned a frequency of less problem is not serious. A typical connective ambiguity for

example, would‘create-unoertainty’about whether a minutia was

o -

a fork or an ending ridge. We might assume the minutia to be

than one in a thousand. It is clear, hHowvever, that a patch of
ridges without minutiae does possess some individuality.
Cunmins & Hidlo (1943, p. 152) point out that this contribu- one or the other, or perhaps take an average the two . -
tion mages their estimatg of fingerprint‘individuality more fréquencies,of occutrence.dneformation would affect the ¢ |

L . : - , ; , -0 | .
conservative. The other Henry/Balthazard models; along with relationship of the fingerprint pattern to Osterburg's grid,

Roxburgh,and,Ttauring, deny this contribution. Kingston and but without gross distortion these changes will have-little

o

Any indirectiy address the iSsue. Each includes a separate effect on the overall calculation: the number of cells .

calculation of the probabllity of finding the observed number ~containing‘theyvari°ﬁs features would remain practically the iﬂ“ °
'of mlnutlae, given the area of the fingerprints Galton allows sene;“Where events .are grouped differently by the

a factot of 0.5 for a six tldge-lnterval SQuare region, o / A; deformation, the effect is also small, as demonstrated by I i DR
regaroless of content. A featureless region of this s1ze /// | |

would be assigned a frequency of 0 0908 by Osterburg.

Sclove (1980, P. 691-2).

When Osterburg' s ‘model is used to evaluate a fingerprint

R ~ We have been mak1ng a dzstlnctlon between the use of comparison, howevgr, these minor irritatiors become major

‘weaknesses. The most’ serious is Osterburg's failure to 53
) ‘ | - o RS C N

'g R o Osterburg s model for comparing the indlvxduality in
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1ncorporate the rldge structure 1nto h1

jo2 594) conceded that a rldge-dependent metrlc nlght be ore“,f;;v*-

approprlate for the model, but no nodzflcatlo‘fhas been

proposed. Departure fron the rzdge structure hasrbeen

discussed in connection w1th .raurlng s and K;ngston' f*

models. A model whlch does not recognlze rldges cannot
1ncorporate the basic features of flngerprlnt compar;son..{d?
"Relative positions of minutiae are not establ;shed-by
absolute distances: only 1n a topologxcal sense are these
'posxtlons constant. It is the rrcges whzch serve as landmark
in f1ncerpr1nt comparison, establzshlng relatrve pos1txons'
through rldge-count, establlshlng orlentatlon of mlnutxae,
and correcting for d1stortxons@wh1ch may be present. Traurlng
at least recognized that dxstort1ons would occur and |
corrected for them using refer@pce mlnut%ae. Both Kingston
and Osterburg ignore this‘fundamental issue.’Osterburg's7

xdent1f1catlon cr1ter1a is the occurrence of the sane events

)

in correspondlng cells as deflned by the grxd. Should a prlnt

be s11ghtly conpressed or “stretched there could be no such

correspondence. If deformatlon of the grxd 1s allowed,lthen

we adnlt that-not all of the possrble configurations of cells

are dlstzngulshable, and the foundatron of the model 1s

O

seriously threatened.w’” e i
Uncertalnty in posrt1onrng of the grzd has a szmilar

® effect. Osterburg proposes that the grxd flrst be placeo on

the f1ngerpr1nt of unknown orxgin, and that the comparlson

o

proceed by attemptzng p051tlon1ngs on known fingerprlnts. g

@ s 3%_ @
n & f;? ‘ﬁ} -

S,

? . | . I -626
Cell by cell/pos1tlon1ngs are accountecd for in the nodel as a
featurejof the comparison process, but minor rositionings and
rotations are not. On'a single print, these nlnor operatlons
Will create mult;ple descriptions under Osterburg s model.
Again, th;s means that not all of the possible descrlptlons
will represent dxstingurshable fingerprints.

The presence of a\variety of descriptions within the

- model for a single.fingerprint is reminiscent of Amy's Ng ;

the number of minutia arrangements 1nd1st1naulshabl/\?ronythe
one at 1ssue. A correction of this type nlght be introduced
if the number of possible descriptions for one flngerprlnt
were calculated. The calculation would need to incorporate

1

‘minor horizontal and vertical positionings, rctational

,posit;on;ngs, and allowable deformations of the_print. Some

S % , . ®
of the Qifficulties could be avoloec if the orid.were

posrtzoned in a definite manner relative to sone lanonar

within the print. Thlo amounts to the use of reference

v mznutzae. The print core, delta reglons, or cnaracterlstlc

groups of m;nutxae nlght be used.” If wadely~space mlnutiae
were used, deformations could be corrected for| using
Trauring's teChnique. The simplicity of Osterburg's nbdel

would be lost 1f the above correct;ons vere 1ntroduced, and

S

eveﬁ so, the fundamental 1mportance of rxdge couht would

o o] @ -

remain unrecognizec.

g -

T e e oy

@
Connective amb;guity also poses a serious problem to the

‘use of Osterburg 8 model to evaluate fingerprrnt comparrsons.

Por anywone fingerprint there will be a varxety of minut;a
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conflgurations which woulc be 1dent1f1ab1e. Var;atlon in
vmlnutza type must be allowea durlng the comparlson process.}jrf;pkurfue ’ p;vp, e | REFEREHCES , /“} | = , ff
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