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Introduction

Onc of the major problems facing society today
is the high crime rate, Local, state and federal
law enforcement apencies, restricted hy limited
hudgets and manpower. resources, have had a difficult
time maintaining effective law enforcement. The use
of advanced computer technology can aid in coping
with the rising crime rate. The task of
personal identification in law enforcement is a key
function which fortunately can be assisted through
the use of computer technology.

Fingerprints have long heen recognized as one of
the most effective means of personal identification.
Since legal restrictions prevent the detainment of
criminal suspects for long periods of time, it is
vitally important to rapidly establish positive identi-
fication. The use of advanced computer technology
can reduce t.c time required for scarch and retrieval
of fingerprints in a large fingerprint file from
several hours or several days down to several minutes
at a substantial savings in cost and manpower. The
usc of the manual Henry classification system has
impeded the development of automated computer finger-
print identification techniques. For scveral years,
NYSTIS has been looking for a new fingerprint encod-
ine and classification technique which is more com-~
patible with automated computer processes. The
goal of the work presented in this paper was to
develop and evaluate several concepts and techniques
for a semi-automated computerized system for the
encoding of fingerprint data and for the search and
retricval of matchinm duplicate fingerprint cards
from a large fingerprint file. The project demon-
strated the fecasibility of using a ney sct of finger-
print descriptors which is compatible with and can
include the llenry classification.

The primary limitation of the prescntly used
manual finserprint classification systems, such as
the Henry and American Systems, is that large finger-
print files are not sufficiently subdivided to allow
for the quick retrieval of dupli-ate fingerprint cards.
LExtensive manual verification is required to locate
the duplicate fingerprint card within the several
thousand fingerprint cards that may he contained
within an individual lenry classification sub-
division. This project considered the use of several
additional fingerprint descriptors to provide an
expansion of the present classification systems to
further suhdivide large fingerprint files. These
fingerprint descriptors were chosen on the basis of
compatihility with prescent manual classification
techniques and suitability for semi-automatic or
automatic reading techniques.

The questions specifically addressed in this
project were (1) do such additional fingerprint
descriptors adequately characterize individual
fingerprints and fingerprint cards; (2} is the
process for encoding these additional finger-
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print descrintors practical for manual, semi-
automatic and automatic fineernrint identifica-
tion svstems and (3) can a sufficiently fast and
accurate finrernrint search and matching nrocess be
implemented hased on the use of these additional
fingerprint descrintors. These questions were
answered bv evaluatina the ahility of the finser-
print deserintors to accuratelv match an inquiry
card with the proper duplicate card in a finser-
print file. The fingerprint descrintors were
evaluated on the basis of matcher performance

on the individual descrintors and on various
comhinations of descrintors. -Variations due

to specific finners, svouns of finsers, and
pattern type on the matcher performance were

also considered.

The system implemented in this study character-
izes a fingerprint in terms of scveral identifiable
points and measurements on it, This data,from a
set of several finecerprints from a card is used
as a basis for matchine the set with sets of
previously encoded fingerprints contained in
a fingerprint file. The data required to
characterize a finsernrint is obtained semi-
automatically., The core, delta(s) and two points
on the creasc are mamuallvy located usine a cursor
on an image of the fingerprint disnlaved on
a grey scale TV monitor, The ridaee count, dis-
tance and anele measures hetween thesc points
are then automatically computed by a small
computer. For loop and whorl tvne finserprints,
the fingerprint descrintors include the ridee
count and distance hetween the core and deita(s),
the distance hotween the core and the crease
and the angle(s) formed by the core-delta line
and the line throurch the core which is per-
pendicular to the crease. Similar measures
are used to characterize arch type fingerprint
patterns. Additional data for the finrerprint
set such as sex, date of birth, and pattern
type arc enterced manvally. The sets of these
descriptors from several fineernrints arc then
compared with corresnondineg descrintors from
fingerprints within the file. If the differences
between correspondina descrintors are within
specified thresholds, the finaerprint sets are
considered ta match. The evaluation of the
ahility of the fingerprint to provide a unique
characterization of a fingerprint card was hased
on 78 pairs of duplicate finserprint cards arranced
in grouns according to the Henry classification,

The results of this study provide practical
information that may he used in ‘the sclection of
additional finperprint descriptors in a fineerprint
identification scarch and retrieval svstem. The.
results showing the types of descrintors that are
generally usahle, the effects of differences due
to fingerprint ridae pattern tynes and the data on
multinle finger matchina systems may he annlied to
the desirn and development or selection of most
types of fingerprint identification systems.

This project represents an initial study
for the determination .of the feasihility and the
evaluation of fingerprint encodine and matchine
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techniques. No attcmpt was made to develop an
operational fingerprint encoding and matching
system.

Fingerprint Technical Search Techniques

The process for performing a technical
search of a large fingerprint file ta find the
matching card for an inquiry fingerprint card can
be hroken down into four main steps. The first step
is to encode sufficient information about the finger-
prints on the card to provide a basis for comparing
the inquiry card with previously encoded cards in a
fingerprint file, The second step is to scarch the
fingerprint file and retrieve possible matching finger-
print cards. The third step is to match the inquiry
card against each of the possible matching file cards
that have heen previously been retrieved. This process
results in a selection of very few possible duplicate
cards. The final stage is to verify the actual
matching duplicate card.

In a totally manual fingerprint technical search
system, the fingerprint card may be characterized by
the determination of the Henry classification. The
search and retrieval process is performed hy manually
pulling all the cards in the particular Henry classi-
fication, Each such card is manually matched against
the inquiry card. The verification of the matching
card is also manually performed. Large identifica-
tion bureaus using this completely manual approach
cannot be cxpected to adequately process the normal
daily identification work loads as the rate of crime
increases. One automation step which has been taken
is to automate the search and retrieval process based
on the use of a manually determined Henry classifica-
tion. However, the matching and verification steps
are still manually performed requiring much manual
tabor., Additional classification parameters are
needed to reduce the number of fingerprint cards
that are retrieved and hence reduce the manual lahor
requirted in the verification step.

The system evaluated in this vesearch partially
automates the fingerprint encoding process and evalu-
ates this process within the framework of a com-
pletely automated search and matching operation.

This approach is potentially a faster and more accurate
means of encoding fingerprint data than current manual
techniques. This approach also provides additional
classification information not easily obtainable

with a manual encoding system. ~The hardware nccessary
for the implementation of this semi-automatic approach
is less expensive than the hardware required for a
completely automated encoding system although it is
one to two orders of magnitude slower. However, an
interactive semi-automatic system can process poor
quality or latent fingerprints more readily than
present completcly automated fingerprint encoding
systems.

In the design and development of a semi-auto-
matic fingerprint identification system, the neces-
sary degree of automation is very dependent on the
specific speed and file size requirements of the
individual identification bureaus. Simple inter-
active encoding systems may provide for only the
location of specific key points on the finger-
print whercas more sophisticated interactive terminals
with image processing capahility may find usc as
general identification cncoding and matching systems
canahle of processing mug shots, signatures and
handling other identification problems in addition
to fingerprints. The approach evaluated in this
research makes use of the manual location of key
points on the Fingerprint and of automated image
processing techniques to provide an automatic
determination of the ridge count. The advantages
of such an interactive system is that it best
utilizes the ability of a human to reconnize
specific patterns or locations on the finger-
print image while using the computer to accurately
compute and record the measurcments.

The general system configuration for an inter-
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Figure 1 GENERAL CONFIGURATION OF AN INTERACTIVE FINGERPRINT ENCODING

AND MATCHING SYSTEM

115

DISPLAY

% e | PDP.9 —
D@D O COMPUTER
l 9 9
| s B @ T ouees |
] T
{CONTROL
MEASUREMENT

AND MATCHING
ALGORITHMS)

MAGNETIC
TAPE
UNIT
(FINGERPRINT
DATA FILE)
IFINGERPRINT
CARD)
FLYING SPOT

SCANNER

CURSOR
CONTROL
AND
MANUAL
DATA ENTRY

ik
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active finpernrint encodine and matchinn system is
shown in Fieure 1. The heart of the svstem is a
small computer which performs the functions of con-
trol, messane displav and measurement computation,
Additionally it also performs the functions of
scarch, matching and retrieval of dunlicate fineer-
print cards. The sensor provides a means for
reading the fingerprint imane in order to disnlay
it on an interactive tevminal upon which an operator
can encode or locate specific points. The result
of the encoding computation is the determination of
the characterization of the finmerprint card. This
characcerization is either stored on a mass storasc
device such as magnctic tape for later processing in
a general purpose computer or is used as the hasis
of a search of a finperprint file which is resident
on an on-line mass storapce device such as a disk.
Additionally, an operational finserprint encodinp
and identification systom requires a means of
positioning the fingernrint cawl or fingerprint
images sequentially under the sensor, a means of
entering additional identification data, and other
peripherial devices for system support.

The Experimental System Hardware

Firure 2 shows the hardware confimuration for
the implementation of the fineevprint identification
system which was implemented and evaluated in this
study. This system utilized a general purpnse flying
spot scanner for sensing the fingerprint imase, The
scanner samples the fingerprint imare in a square
array consisting of 1024 x 1024 points.. Each ponint
or sample of the fingerprint image is encoded into
one of 64 possible values representing the grey level
of the fingernrint image at that point. This dieit-
ized finpernrint imare is displayed for the onerator

Figure 3
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Figure 4 FINGERPRINT MEASUREMENTS FOR LOOP AND WHORL FINGERPRINTS

POINTS A, B, AND C ARE MANUALLY I.LOCATED, THE MEASUREMENTS INCLUDE THE CORE-
DELTA RIDGE COUNT Rpg, THE CORE-DELTA DISTANCE Dp¢, THE CORE 70 CREASE DISTANCE D¢y,

AND THE ANGLE BETWEEN THE CORE-DELTA LINE AND THE CORE CREASE LINE &gy, WHORL
FINGERPRINTS HAVE THE CORE-DELTA RIDGE COUNT, THE CORE-DELTA DISTANCE, AND THE CORE-
DELTA, CORE CREASE ANGLE COMPUTED FOR BOTH DELTAS.

on a high resolution TV imape storape display system. that is whorl and double loop tvpe finecerprints,

Superimposed on this image of the fineerprint is a have the core-delta distance, the core-delta ridpe
cursor dot whose position is controlled by the count and the annlc measurement compitited for hnth
operater hy means of a track ball device. Messages deltas on the finmerprint. There are thus four
are displayed for the onerator on a storame oscil- descriptors characterizing loop type fingerprints
loscope and the data is entered throush a teletyne and seven descriptors characterizing whorl type
terminal, A Digital Equipment Cornoration POP-0 fingerprints,

computer with 16,381 words of core storaee controls
all of the operational functions.and nerforms the The process for automatically counting the
measuremerit tasks. The finperprint data file is ridnes is shown in Fieures 5 and 6. Once the loca-
stored on 9 track magnetic tape with all automatic tion of the core and deltas is manually determincd,
search- and retrieval operations heing performed the fingerprint imape is rescanned in a bhand between
by reference to this masnetic tape file. these two points, The actual scanning process
involves moving a window containing a "ridpe valley
filter" process alone o line hetween the core and
Commntation of the Fingerprint Descriptors delta. This process is used to enhance the ridee
structure on the linc hetween the core and delta.
The enhancement converts the grey scale image to a

Fipure 3 shows the flow of the encodine and

matching process. The four hasic descriptors com- binary image based on the fingerprint ridpe informa-
puted. for loop tvpe fingerprints are shown in tion within the square window, This enhngccmcnt
Figure 4.. The distance and anrle descriptors are process was oripinally dcvolopcq for usc in a com-
computed from the manually entered locations of pletely automated fingerprint minutiae reader built
tha key points. The rvidge count hetween the core for the FRI®. The vresult of this ?nhnnccment opera-
and the delta is computed hy usine imare process- tion is shovwn in Figure 6, This flguro'shows the
ing techniques. Finpernrints exhibitine two deltas, orininal erev level of the finpermrint imane and
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the resultant binary produced by the ridge valley
filter enhancement process. As implemented in this
study, the process for counting the ridges is merely
the process of counting the number of hinary ridges
produced by the ridge valley filter operation.
Tnitial results on the accuracy of this process
indicates that the occurrence of creases or scars
across the line between the core and delta are not
adequatcly considered. A more optimum implementation
would include the information that the ridge width

is approximately constant over the area hetween the
core and the delta. However, the accuracy of the
ridge counting algorithm was adequate for the purposes
of this study.

Figure 5 DISPLAY OF A LOOP TYPE FINGERPRINT
SHOWING THE AREA OF THE FINGERPRINT
USED IN THE DETERMINATION OF THE
CORE-DELTA RIDGE COUNT

DELTA

GRAY LEVEL

Since arch type fingerprints do not have a core
or a delta, the four basic descriptors which are com-
puted for loop type fingerprints cannot he made on
arch type fingerprint patterns. To provide some
information on arch patterns to provide for their
use in a.fingerprint identification system, scveral
similar descriptors were considered. Figure 7 shows
these descriptors. The operator initially enters
the .location of the point of maximum curvature
of the ridge flow and two points on the crease. The
three descriptors for arch fingerprints are the
distance betwecen the point of maximum curvature
and the crease, the ridge count along this line
and the angle formed hetween the ridge dircction
patterns on each side of this point of maximum
curvature.

The arch type fineerprint shown in Figure 7 has
a well defined point of maximum curvature. [lowever,
many arch type fingerprints exhibit patterns for
which this point cannot be accurately selected manu-
ally. Hence, only limited accuracy in thc computa-
tion of these arch descriptors would he expected.

The Fingerprint Matching Process

Since the purpose of this study was to evaluate
the fingerprint descriptors, a fingerprint matching
nrocess was needed which would provide for the direct
camparison of derived similarity scores when the
scores were hased on single finrerprints, arouns of
fingerprints, single measurements, etc. The sini-
larity measure chosen for this function is the
normalized average difference between correspondine
descriptors from corresnonding fineprnrints. That
is, the difference in the corresponding descriptors
is computed and this difference value is normalized
by dividing it by the average of these two descriptors
values and then scaling the result hy an appronriate
factor. This sinilarity score is pronortional
to the percentare variation in corresmondine
descriptors from the mean value of those descriptors.
Thus, even though the maegnitude of the descrintors
values varies considerahly for the different tynes
of descriptors, the value of the similarity scores
for dif'ferent types of descriptors are approximately
in ‘the same range for fingernrints that are matching
and similarly for fingerprints that are not matching.
Matching duplicate fingerprints would be expected
to give very low similarity scorcs indicatina the
very high degree of similarity and non-matching
fingerprints would he expected to give 2 hiagh
similarity score.

Figure 6 GRAY LEVEL AND BINARY PRODUCED BY THE RIDGE VALLEY FILTER ALONG A LINE
FROM THE CORE T0Q THE DELTA ON THE FINGERPRINT SHOWN IN FIGURE 5
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The score of similarity is computed for each

descriptor from each fingerprint in the: sets heinpg

compared. A similarity score for individual
finuers is computed by averasine the individual
descrintor similarity scoves.
score for several fingerprints or all ten finger-
prirts is derived by averamine the similarity
scores from the individual fineers that are heing

considered.

The similarity

The similarity score for the anele tyne
descriptors cannot be detemmined in the same wayv
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as for the otheor descriptoars since the nercentarc
variation of anales has a different meanine

because of the sinusodial variation. Thus, the
similarity score for anvles is computed as the
sinple masnitude of the Jdifference of corresnondine
anales scaled hy an apnranriate factor so that it
is in approximatelv the samc ranae for matching or
for non-matching finqcrprints as the similarity
scores from the other descrintors. Therefore, in
this study, when several different descriptors are
used as a group to. determine the average similarity
score, each descriptor is equally weipghted.

Figure 8 -indicates the general flow of these
search and matching process. This flow diagram
assumes that at the heginnine of the scarch process
the inquiry card has already been encoded. TIni-
tially, the encoded data from a file finperprint card
is read from maenctic tape and a comparison of the
fingerprint pattern classification hetween the
inquiry and scarch cards are made. This classifi-
cation test serves the same function in this study
as the primary Henry classification would in a
large system, that is, to reduce the amount of
searching required for matchine purnoses. Next
the similarity scores between corresnondine
descriptors of correspondina fineernrints are
computed. When all ten fingernrints have been
considered then the averase similarity scoves
for the single individual finsers and for various
grouns of fingers, includinn ail ten fingers, are
computed and the scoves are printed ont., The
process is Tepeated until all fingerprint cards
in the fingerprint file on the file tape have
heen read and comnared to the inquiry card.
Finally, the identification of the three most
likely matching fingerprint cards, that is, the
three fingerprint cards in the file with the
lowest similarity scores are printed out and
the process is terminated,

The data that is printed out as a result
of the search and retrieval operation is the
similarity scores for each individual finaer,
the similarity scores for the combination of the
two index finrers, the comhination of the two
index fingers and the two thumhs, the two index
fingers, thumbs and middle fingers, for all cicht
fingers excluding the little finsers and for all
ten fingers. For each run of the search and retrieval
process the derivation of the similarity scores may he
based on the use of an individual type of finserprint
descriptor or group of the different fingerprint
descriptors, or an individual tyne of finecdrprint
pattern type or group of pattern types.

In evaluating the fingerprint descriptors in
this study, the available data hase was divided
into three groups. The fivst pgroup was composed
of 28 pairs nf duplicate fingerprint cards for which
the pattern types were all loops on all ten fingers.
The sccond group was composed of 20 pairs of
dupticate fingerprint cards for which all fingerprints
exhibited arch type patterns. The third group
was a set of 20 pairs of duplicate cards of mixed
pattern type with appreximately 40 percent of
the finmerprints heing whorls, 35 percent heing
toops and 25 percent of the fineerprints beina
arches. Since these various subgroups of the
data base represent di fferent primary llenry
formula classifications, they were considered
separately.  Thus the scarch and retrieval
process using the fingerprint descriptors was
evaluated on the hasis of -heing able to select
the nroner matchine card within a sinale llenry

- i ————— . i o B 3 e -

Table I

CONSISTENCY AND ACCURACY OF MANUALLY AND
AUTOMATICALLY DETERMINED RIDGE COUNTS

PERCENT DUPLICATE FINGERPRINTS WITH RIDGE COUNTS
DIFFERENT | DIFFERENT | DIFFERENT | DIFFERENT BY
SAME BY 1 BY 2 BY 3 MORE THAN 3
MANUALLY COUNTED )
RIDGES ON DUPLICATE 67% 28.9% 3.3% 1.1% 0%
FINGERPRINTS
(WRITTEN ON CARD} 95%
AUTOMATICALLY COUNTED 19.4% 28.4% 23.2% 12.9% 17.6%
RIDGES ON DUPLICATE
FINGERPRINTS 47.8%
_
71%
AUTOMATICALLY COUNTED
RIDGES COMPARED TO 26.0% 32.2% 20.9% 9.7% 11.3%
MANUALLY COUNTED
RIDGES ON THE SAME 58.2%
FINGERPRINT -
79.1%
Table IT

EVALUATION OF THE MATCHER PERFORMANCE OF THE INDIVIDUAL
FINGERPRINT DESCRIPTORS AND GROUPS OF DESCRIPTORS

PERCENTAGE DUPLICATE
PERCENTAGE DUPLICATE! CARDS WITH SIMILARITY
CARDS WITH THE LOWEST SCORES THAT ARE ONE OF

DESCRIPTOR SIMILARITY SCORE THE THREE LOWEST SCORES

FINGERPRINT CARDS COMPOSED OF ALL LOQP PATTERNS, ALL 10 FINGERS (28 DUPLICATE PAIRS)

ALL MEASUREMENTS 2 100.0 100.0
CORE DELTA DISTANCE ONLY 96.5 965
CORE CREASE DISTANCE ONLY . 32.0 52.0
CORE DELTA RIDGE COUNT ONLY 87.5 98.3
CORE DELTA, CORE CREASE ANGLE ONLY 55.4 75.0

FINGERPRINT CARDS COMPOSED OF ALL ARCH PATTERNS, ALL 10 FINGERS {20 DUPLICATE PAIRS)

ALL MEASUREMENTS2 125 30.0
ARCH ANGLE ONLY 10.0 275
CENTER OF ROTATION TO CREASE RIDGE

COUNT ONLY 17.5 27.5
CENTER OF ROTATION TO CREASE DISTANCE

ONLY 10.0 35.0
CENTER OF ROTATION TO CREASE DISTANCE

AND RIDGE COUNT 20.0 35.0

FINGERPRINT CARDS COMPOSED OF LOOP, ARCH, AND WHORL PATTERNS, ALL 1C FINGERS (WHORLS 40%,
LOOPS 35%, ARCHES 25% OF THE CARDS, 20 DUPLICATE PAIRS)

ALL MEASUF{EMENTS2 100.0 100,0

NOTES:

1. THE DATA IN THIS TABLE WAS OBTAINED BY SELECTING A FINGERPRINT CARD AS AN INQUIRY CARD AND
COMPUTING A SIMILARITY SCORE BETWEEN THIS CARD AND ALL OF THE REMAINING CARDS IN THE SUBSET
OF THE DATA BASE BEING CONSIDERED (A DATA RUN). A DIFFERENT CARD IS THEN SELECTED AS THE
INQUIRY CARD AND THE PROCESS IS REPEATED UNTIL ALL OF THE CARDS IN THE SUBSET OQF THE DATA
BASE HAVE BEEN SO SELECTED. THE PERCENTAGES OF THE DATA RUNS FOR WHICH THE CORRECT DUPLI-
CATE FINGERPRINT CARD WAS MOST SIMILAR TO THE INQUIRY CARD (LOWEST SIMILARITY SCORE} AND
ONE& OF THE THREE MOST SIMILAR CARDS ARE THEN COMPUTED. THIS EVALUATION PROCESS WAS
REPEATED SEPARATELY FOR VARIOUS DIFFERENT PATTERN TYPES, MEASUREMENT TYPES, AND
COMBINATIONS OF FINGERS.

2, “ALL MEASUREMENTS"” FOR LOOP TYPE FINGERPRINTS INCLUDE THE CORE TO DELTA DISTANCE, THE CORE
TO DELTA RIDGE COUNT, THE CORE TO CREASE DISTANCE, AND THE ANGLE BETWEEN THE CORE DELTA
LINE AND THE LINE FROM THE CORE TO THE CREASE. WHORL TYPE FINGERPRINTS HAVE THREE ADDITION.
AL MEASUREMENTS RELATING TO THE PRESENCE OF THE SECOND DELTA, THAT IS, THE CORE 7O SECOND
DELTA.RIDGE COUNT AND DISTANCE AND THE ANGLE BETWEEN THE LINE FROM THE CORE TO THE SECOND
DELTA AND THE CORE TO CREASE LINE, THERE ARE THREE MEASUREMENTS FOR ARCH TYPE FINGERPRINTS.
THESE ARE THE CENTER OF ROTATION TO CREASE DISTANCE AND RIDGE COUNT AND THE ANGLE FORMED
BY THE RIDGE FLOW PATTERN NEAR THE CENTER OF ROVATION {THE ARCH ANGLE).
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classification. These cards were supplied as
Minolta copies of the cards and not the original
inked fingerprint cards.

Results

To fully understand the results of the
fingerprint matching experiments, it is necessary
to know the accuracy of the measurement computa-
tion. Generally, the distance  and angle measures
were. accuratcly and repeatably computed. However,
the ridge count measurement was not computed as
accuratcly as is normally determined in a manual
ridge counting process. While manual ridge
.counting results in approximately 95 percent of
duplicate cards having ridge counts which are
either the samc or different by only one, only
47.8 percent of automatically counted ridges
from duplicate cards had this accuracy. All of
the duplicate cards on which manually counted
ridpges were shown within the available data base
had ridpe counts which were no different on
duplicate cards than three whereas 17.6 percent
of the duplicate prints had ridge counts dif-
ferent by more than 3 when automatically
counted, These data are shown in Table T.

Thus the automatic ridpe count process as
implemented in this experiment was not very
accurate compared to manual ridge count
processes.

Table TT shows the results of the search and
retricval process as a function of the individual
descriptors and combinations of descriptors for
the three different data groups used. The results
arc expressed as the percentape of matcher runs
in which the proper duplicate card was selected
as the most likely matching card and the percentage
for which it was 'selected as one of the threc most
likely matching cards. On loop type fingerprints
using all four descriptors, there was 100 percent
accuracy in selecting the correct duplicate card
in the file. Copsidering each of the descriptors
individuallyv, the core delta distance and the core
delta ridge count both produced a very high
accuracy in the selection of the proper duplicate
card, The distance measure was somewhat more
accurate than the Tidpe count indicating the hirh
degree of accuracy with which an operator can
manually locateé the key points. It is expected
that a more sophisticated ridge count algorithm
than the simple one implemented in this study
should result in matching based on the ridee count
alone should he of equal accuracy with the core
to delta distance since these two descriptors are
very highly correlated. The core to creasc dis-
tance, when considered hy itself, had very low
accuracy -in selecting the proper duplicate match
from the file. Other data indicated that this
measurement could . be very accurately made hetween
duplicate impressions of the same fingerprint,
llowever, the difference in this descriptor
hetween non-duplicate fingerprints was not
sianificant enouph to provide adequate discrim-
ination of matching and non-matching finperprints.
Since the core-crease distance descrip-
tor could bhe accurately computed, the consistency
in locating or using the crease as a measure or
featurc is accurate enough to find use as the
hasis of other descriptors. The annle measure-
ment for loops by itself also does not provide
sufficient discrimination information hetween
matching and non-matching fingerprints.

In considerine the resnlts on the duplicate
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pairs of arches, nonc of the cases Tesulted in
adequate matching thus indicating that the set

of features chosen for arches does not provide
adequate matching information., In cases for
which the arch angle measurement was not used,

the comhination of the center of rotation to
crease ridpe connt and the center rotation to
crease distance exhibits greater matching accuracy
than is ohtained when all three measurements are
used, This indicates that the arch angle measure-
ment is providing no matching information and is
just adding noise to the matcher process thus
somewhat masking the differences hetween matching
and non-matching arch type fingerprint.

Tn considering the significance of the results
on these arch type fingerprints it should he noted
that arch patterns form only about 4 percent of
all fingcrprint patterns and cards containing all
arches are only a small fraction of 1 percent of
all fingerprint cards. Thus cven thoush the
matching results on arches indicate that these
arch descriptors do not adequately characterize
arch patterns for use in a fingerprint matching
system, there is penerally cnough other informa-
tion available for other type of patterns on a
card to provide enough card matching informationm.

When considering the cards which included
whorl, loop and arch type patterns with whorls
being approximately 40 perceat of the patterns
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S AR

i

R AT

Table IIT

PERCENTAGE OF FINGERPRINT CARDS FOR WHICH THE DUPLICATE CARD
EXHIBITED THE LOWEST SIMILARITY SCORE AND WITHIN THE THREE
LOWEST SIMILARITY SCORES FOR INDIVIDUAL FINGERS AND
SELECTED GROUPS OF FINGERS. RESULTS BASED ON
THE 28 DUPLICATE PAIRS OF LOOP DATA BASE CARDS.

PERCENTAGE DUPLICATE
PERCENTAGE DUPLICATE CARDS WITH SIMILARITY
CARDS WITH THE LOWEST SCORES THAT ARE ONE OF
FINGER OR GROUP SIMILARITY SCORE THE THREE LOWEST SCORES
INDIVIDUAL FINGERS
1 RIGHT THUMB 17.8 465
2 RIGHT INDEX 28.6 53.6
3 RIGHT MIDDLE 26.8 53.6
4 RIGHT RING 26.8 §7.2
5 RIGHT LITTLE 145 375
6 LEFT THUMB 107 35.7
7 LEFT INDEX 26.8 57.1
8 LEFT MIDDLE 39.3 64.3
9 LEFT RING 25.0 50.0
10 LEFT LITTLE 26.8 44.6
COMBINATIGNS OF
FINGERS
2,7 64.3 75.0
2,7,1,6 78.6 92.8
2,7,1,6,3,8 87.5 96.4
2,7,1,6,3,8,4,9 92.8 100.0
ALL 10 FINGERS 100.0 100.0
on these cards, very high matching accuracy was evaluation of concepts, for the semi-antomatic
obtained. By comparine the distrihution in characterization of fingerprint cavds. The
Figure 9 for the case of all loops to the dis- fingerprint descriptors that were considered
tribution for case of the multinle class data provide more detailed fingerprint characteriza-
group which contained a large number of whorls, tion information than is provided by the Henry
it can he seen that slightly hetter separation or American classification systems but not as
of the matching and non-matchina groups were mich detail as is provided hy minutiae based
ohtained for the multiple class case. In hoth fingernrint encading systems. Thus, finaer-
cases very high matching accuracy was obtained. print descriptors, such as distance and angle
The case which contained many whor}t tyne measures between key points on the fincerprint
fingerprints wonld be expected to provide may he used to enhance the llenry or Amegrican
slightly hetter matching since whorls ave classification procedures without the nced for
charncterized by seven descrintors rathcr the hishly advanced computer systems required
than by four descriptors as for loops. Thus there by the practical high-speed minutiace hased
is more matching information for whorl type fingper- encading techniques.
prints than for loop type fingerprints.
The results of this study indicated that
Table T1T shows the results of considering the usc of the distance and ancle measurcs as
individual fingevrs or groups of fingers for the fingerprint descriptors 'is feasihle for loop
loop case using all four descriptors. The cases and whorl type fingerprints. The encoding of
using the thumhs, fingers numher 1 and 6, the descriptors has been shown to he practical
individually resulted in much lower probability from a time and cost point of view.
of accurately matching on an individual finger
hasis than any other cases. This indicates that References
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