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Introduction 

One of the major prohlems facing society today 
is the hi~h crime rate. Local, state and federal 
law enforcement agencie~, restricted hy limited 
hud,~ets and manpO\~er resources, have h;1(l a di ffi cui t 
time maintaining effective law enforcement. The usc 
of advanced computer technology can aid in coping 
with the rising crime rate. The task of 
personal identi fi cation in law enforcement i.s a key 
function which fortunately can he assisted through 
the use of computer technology. 

Fingerprints have 10m: heen recognized as onCe of 
the most effective means of personal identification. 
Since legal restrictions prevent the detainT"cnt of 
criminal suspects for long periods of time, ~t is 
vitally important to rapidly establish positive identi­
fication. Tiw use of advanced computer technology 
can reduce 1: •• ,: time requi red for search and retri eval 
of fingerprints in a large fingerprint fi Ie from 
several hours or several days down to several minutes 
at a suhstantial savin,p,s in cost and manpower. The 
usc of the manual Henry classi fi cation system has 
impeded tho development of automated computer finger­
nrint identification techniques. For several years, 
NYSTfS has heen looking for a new fin~erprint encod­
inr. Hnd classi ficatiop. technique which i5 morC' com­
ratih Ie Id th au tOl'latcd cO'llputer processes. 'nle 
goa 1 of the I~ork presen ted in thi s paper Has to 
develop and evaluate several concepts and techniques 
for a semi -automa ted computeri zed sys teI:l for the 
encoding of fin,qerprint dnta and for the search ilnd 
retrieval of matchinr. dupli cate fingC'rprint cards 
from a large fingerprint file. The project demon­
strated the feasibi lity of usin~ a nel~ set of finr,er­
print descriptors whic~ is comp~tihle with and ca~ 
include the lienry classi fication. 

The pri'1ary I il'li tation of the presently used 
manual fingerprint classification systems, such as 
the lIenry and American Systems, is that large finp,er­
print files arc not sufficiently slIhdivilled to allow 
for the quick retrieval of dunli-ate finr~erprint cards. 
Extensive manual verification is required to locate 
the duplicate fingerprint card within the several 
thousand fingerprint cards that may he contained 
wi thin an individual lienry classi fication suh­
division. This project considered the usc of several 
additionai finl;erprint descriptors to provide an 
expansion of the present classification systems to 
further subdivide large fingerprint files, These 
finr.erprint descriptors were chosen on the basis of 
compatibility I~ith present manual classification 
techniques and sui tahili ty for semi-automatic or 
autom~ti c rcadin.r. techniques. 

The questions specifically addressed in this 
project were (1) do such additional fingerprint 
descriptors adequately characterize individual 
fin,r,erpri n ts and fingerpri.n t cards; (2) is the 
process for encoding thes e addi tiona I finr.er-

*TilfSi~-ork was performed at Ca lspan Corporation and 
I~as' sponsored by the Office of Cri'lle Control PI an­
ninr., New York State Oivision of Criminal .Justice 
Services under Contract C60454 

New York State Identi fi cnti on and Inte lligcnce System 
Oi vision of r.riminal JlIstice Servi ces 
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print descrintors practical for manunl, sC'mi­
automatic and automatic fincrernri nt identi fica­
tion sYstems and (3) can a 5ufficiC'ntly fast and 
accurate finr:ernrint senrch and matchinr. nrocess he 
implemented ha~ed on the usc of thC'se additional 
fingerprint descrintors. These qllestions were 
answered hy evnluntinq the ahi lity of t~e finper­
print descrintors to acclIrfltel\' mntch an inqlliry 
card with the proper duplicate card in n finr.er­
print fi Ie. The finr:ernrint d('~crintors Nere 
evalunted on the hnsis of I'latcher performance 
on the individual descriptors and on various 
comhinntions of descrintors. \;ari ntions dlle 
to sped fic fi ncr,ers, r.rouns of fi nrers, and 
pattern type on the matcher performance were 
also considered. 

The syst()m implemented in this study charac.ter­
izes a fingerprint in terms of several identifinhle 
points and menSllrel'lents on it. This dntn,frol'l a 
set of several finl"erprints from a cnrd is usC'd 
as a hasis for matching the set with sets of 
previously encoded fin~('rpri.nts contninecl in 
a fingerprint file. The data reql1ired to 
characterize a finr,ernrint is ohtained semi­
automaticallv. The core, delta(s) nnd two roints 
on the creas~ arc mnnua II v located u~i nr a cllr~or 
on an image of the fingerprint displayed on 
n grey scnle TV monitor. T~e rielr:e cOllnt, dis­
tance and angle measures hetI'C'en th~se points 
arc then nutomntically comp1lted hv a small 
compllter. For loop and I~horl tvne finl!erprints, 
the finpernrint descriPtors include the ririPC' 
cOllnt nlld ~!i5tnnce hetween the core and (lC'ltn(s), 
the distance hetween the core and the crea~e 
and the nngle(s) formed hy the core-deltn line 
and the linC' throuf!h thC' core Hhich is per­
pendicular to the crease. Similar measures 
are lIsed to characteri~e nrch t}1le finr.ernrint 
patterns. Additional data for the finpernrint 
set s1lch ns sex, dntC' of birth, nnd pattern 
type arc entered mantlallv. The sets of thC'~(' 

descriptors from severn 1 fin"erpri n ts arc then 
compnred with corresnondinr descrintors from 
fin~ernrints within the file. If the differences 
hetween correspondinr. descrintors are wit~in 
sped fied thresllolds, the fin"erprint sets nrc 
considered to mntch. The evnlllation of the 
ahi lity of thC' fingerprint to provide a lIniqlle 
characterization of a fin,~erprint carel \"ns 11:l~cel 
on 7? pni rs of duplicate fin~C'rprint cnrd,~ :lrran~ed 

in grollns acconlin? to the /lenry classification. 

The rC'slIlts of this study provide practicnl 
informntion that may he usell in tIle selC'ction of 
additional fingerprint descrintors in n finperprint 
identification senrch and retrievnl syste~. The. 
results showing the tynes of descriPtors thnt arc 
r,enernlly usahle, the effects of di fference~ ch,t..' 
to fin.r,erprint riclC'(e nelttern types ancI the d:lta on 
multiple finqor mntchin~ systems may he nnnlied to 
the desi~n nnd developMent or selection of most 
types of finr,el'print identiFicntion systems. 

This project renrr.sollt5 an initial study 
for the determination of ~he fensihi Ii ty :Jnd the 
eV:llllntion of fin~erprint encorlinp. ancl matchln" 
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· . 
techniques. No attempt 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 fl Ie t:i find the 
matching carel for an inquiry fingerprint card can 
he hroken dOlvn into four main steps. 1110 first step 
is to encode sufficient information ahout the finger­
prints on the card to provide a hasis for comparing 
the inquiry card with previously encoded cards in a 
fingerprint fi Ie. The second step is to search the 
fingerprint fi Ie and retrieve possible matching finr,er­
prin t cards. The thi rd step is to match the inquiry 
card against each of the possible matching fi Ie cards 
that have heen previously heen retrieved. This process 
re5ults in a selection of very few possible dupli cate 
cards. The final stage is to veri fy the actual 
matching duplicate carel. 

In a totally manual fingerprint technical search 
sys tern, the finp,erprin t card may be ch aracteri zed by 
the determination of the lIenry classification. The 
search and retrieval process is performed hy manually 
pull ing all the cards in the particular Henry classi­
fi catl on. Each such card is manually matched against 
the inquiry card. The verification of the matching 
card is also manually perforl',ed. Large identi fica­
tion hureaus usinr, this completely manual approach 
cannot be expected to adequately process the normal 
dai ly identi fication work loads as the rate of crime 
increases. One automation step which has been taken 
I s to automate the search and retrieval process based 
on the use of a manually determined Henry classifica­
tion. 1I()\~ever, the matchinr, and veri fi cation steps 
are still manually performed requiring much manual 
lahor. Additional classification parruneters are 
neC'ded to reduce the number of fingerprint cards 
that arc retrieved and hence reduce the manual labor 
requi red in the veri fication step. 

MASS 
STORAGE 

The system evaluated in this research partial ly 
automates the fin,gerprint encoding process and evalu­
ates this process \d thin the framework of a com­
pletely automated search and matching operation. 
Thi s approach is potentially a faster and more accllrnte 
means of encoding fingerprint data than current mnnual 
techniques. This approach I1lso provides addi tiona I 
classification information not easily ohtainable 
wi th a manual encoding system. The hardware necessary 
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. f1oh'ever, an 
in teracti ve semi-automati c sys tern can process poor 
quality or latent fingerprints more readily than 
present completely automated fingerprint encoding 
systC'ms. 

In the desi~n and development of a semi-auto­
matic fin,qerprlnt identification system, the neces­
sary degree of automation is very dependent on the 
speci fi c speed and fi Ie si ze requirements of the 
individual identification bureaus. Simple inter­
acti ve encodinp, sys terns may provide for on ly the 
location of specific key points on the fin~er-
print \~hereas more sophisticated Interactive terminals 
with image processin~ capability may find usc as 
general identification encoding and matching systems 
canable of processin~ mug shots, signatures and 
handling other idontification problems in addition 
to fingerprints. The approach evaluated in this 
research makes usc of the manual location of key 
points on the fingerprint and of automated image 
processing techniques to provide an automatic 
determination of the ridgC' count. The advontnges 
of such an interactive syctem is that it best 
utilizes the ahil i ty of a human to recol1ni ze 
specific pntterns or locations on the finger-
print image \l'hi Ie using the computer to accurate ly 
compute and record the measurements. 

The p.eneral system confip;lIration for an inter-
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Figure 2 HARDWARE CONFIGUFlATION OF CALSPAN'S IMAGE PROCESSING LABORATORY 
FACILITY FOR THE FEASIBILITY DEMONSTRATION OF THE SEMI.AUTOMATIC 
FINGERPRINT READER 

active fin,PC'l'print e'ncodin~ and Mntchinr! SYStC'M is 
shntl'll in Fif'urC' 1. The hC'ort of the syste~1 is 0 

snlnll CO'1ruter \·;hi ch pel'forms the functi ons of con­
trol, mC'ssa~e displav :md mC'nSllreMent computation. 
AdditionolJy it nIso performs the functic1Ils of 
senrc11, mntchin!' and n.,triC'vnl of duplicatl' finl1C'r­
pri nt cnl'lls. The s,'n50r provi des a mC'ans for 
reading the fingC'rprint ina~C' in order to display 
it on nn internctive teT1ninal upon h'hic'1 an operntor 
can encodC' or locotC' specific points. The result 
of the cncoding computation is the detC'rmination of 
the charncterization of thc fin~crnrint carr!. This 
charoc(erization is either stored on a mass storare 
device SUC ll as TT1ngnetic tapC' for later processinp. in 
a genera I purpose computer or is used as the hasi s 
of a search of a finr.erprint file "'hich is resident 
on an on-line mass storare device such as a disk. 
Additionnlly, an oper<ltiop.al finl1crprint encodinr, 
and idcntificntion system requires a me<lns of 
nositioning the fingC'rnrint card or finnerprint 
imngC's se'quenti<llIy under the sensor, a mC'nns of 
enterinn additional idC'ntificntion data, and other 
peri pheri a1 devi cC's for system sllpport. 

The ExneriTTlent:ll System lI<1rd\"are 

Fi pure 2 sholl's the hard\{;\rC' confip,uration for 
the imnle'mentntion of the' finn~n'rint identification 
system which \~as iMplemented anel evaluated in this 
Stl~y. This system utilized a general purpose fly~np, 
spot scanner for sensinJ( the finr,ernrint imane. The 
scanner samples the finr,erprint imape in a ~quare 
array consisting of In2~ x 1024 points. Each point 
or sample of the fingerprint imare is encoded into 
onC' of (,4 possihle values rellresentinl1 the' grC'y le'veJ 
of the finnernrint imaRC' at that point. This di~it­
ic:ed fin~ernrint imape i~ disnlayed for the operator 

.. ----~ 

1 

Figur.3 FLOW OIAGRAM OF THE FINGERPRINT DATA ACQUISITION AND MATCHING 
SYSTEM PROGRAM 
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Figure 4 FII\!GERPRINT MEASUREMENTS FOR LOOP AND WHORL FINGERPRINTS 

POINTS A, B, AND C ARE MANUALLY LOCATED. THE MEASUREMENTS INCLUDE THE CORE· 
DELTA RIDGE COUNT RDC' THE CORE·DEL TA DISTANCE DDC, THE CORE )'0 CREASE DISTANCE DCH, 
AND THE ANGLE BETWEEN THE CORE·DELTA LINE AND THE CORE CREASE LINE e DCH' 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 hir.h resolution TV imar,e storar,e display svst('m. 
St~('rimposed on this imag(' of the finperprint i~ a 
cursor dot whose position is controlled hy the 
operator hy menns of n track hall device. Messages 
arc di sp I nyed f(lr the operator on n storn!"!e osci 1-
105co]1C' and the data is entered throurh a tel('tyne 
t('rminal. A Dipital Equipm('nt Corporatinn rnr-o 
cOl~puter Id th 1(" ;~1 "'onl~ (If corl' ~tora"[' cont )·pl" 
0111 of th(' op('rntionnl flillctit'ns :md llC'l'fon", th!' 
lIl('asllrement tnsks. The finp('rnrint datn filC' is 
stored on 9 trnck magnetic tape with nIl automatic 
s('nrch and r('tri ('vn I operations hei ng p('rfonn('d 
by refC'rence to this mnr,n('tic tape file. 

Fi r,ure :; shaHS th(' fl 01\' of the encodi nr, and 
mn~d'!nr. procc~:.. The four haslc d(,5crintors com­
puted for loop tvpe finr,('rnri nts nr(' shown in 
Flr-ure 4. The distance and nnrle descrintors ~r(' 
cOTnlluted from the manually entered locat; ons of 
th/''' k('y points. The 1·idr.e count hctwC'C'n th(' corC' 
(lnd the d('l ta is com]1ut cd hy usi np I mare proc('s5-
inp techniques. Finr('rnrints exhibitln o two deltns, 
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th<lt is whorl nnd douhle loop tvo(' finrernrillts, 
hnve the cor('-delt'l distanc(', the core-d('ltn ridge 
count and the allf!le mensurement comput('d for hnth 
d('ltas on th(' fin~('rnrint. TI1('r(' 111'(' thus four 
uescl'iptors chnrncterizinr. loop type fingerprints 
and seven descriptors chnrncteri zinr. whorl type 
fi ngerpr; n ts. 

The process for ;Iutoma ticnlly countin,!! the 
ridQ('s Is shown in Fi~ur('s Sand 6. Once the 10co­
ti on of the core nnd del tns is manually determined, 
the fingerprint irlnp,e is re5cnnned in a hand ]'etll'l'l'n 
these tlW points. Tlw nctual scnnnillg proce$$ 
i nvolvC's moving a 11Indm,' containlnp. a "ridge vallC')' 
fi I t('r" process nloll". a I inc hetl-:ecl1 'thC' cor" nnd 
dcltn. This proc,,~s is u~"d to l'nh,mce the rid!'(' 
structure on the lin(' bt'tNl'en the core and dC'lta. 
The ('nhancerlent convert~ th(' grC'y scale imal'e to a 
binnry inHlI(e hnsed on the finge1'pri nt ridge inforna­
ti on Ni thi n the square \~i ndoh'. Thi 5 enhnncel~ent 
process wns orininally developed for use in a COIll­

pletely automated finp,erl'rint minutiae rende1' htli It 
for the FRT3. ThC' r('sult of this enhnncement oP('l'n­
tioH Is shul\'n in Fioure 6. This firuTl' sll(MS the 
ori"in:11 rr('\' If'vcl''of tht, fln,PC'1'nrlnt ]l'Iar.l' and 

., ., 

the resul tant hi nary produced by the ridge valley 
filter enhancement process. As implemented in thi~ 
study, the process for counting the ridges is merely 
the process of countinq the number of binary ridges 
produced hy the ridge valley filter operation. 
Initial 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 
adequately considered. A more optimum implementation 
would include the information that the ridg.; width 
is approximately constant over the area between the 
core and the de Ita. 1I0wever, the accuracy of the 
ridge counting algori thm was adequate for the purposes 
of this study. 

Figure 5 
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DISPLAY OF A LOOP TYPE FINGERPRINT 
SHOWING THE AREA OF THE FINGERPRINT 
USED IN THE DETERMINATION OF THE " 

CORE·DEL TA RIDGE COUNT 

DELTA 

Since arch type fingerprints do not hnve a core 
or a delta, the foul' basic descriptors whi ch nrc com­
puted for loop typ(' finr,erpri nts cannot he made on 
arch type fingerprint patterns. To provide some 
information on arch pat terns to provi de for thai l' 
usc in a fingerprint identification system, several 
simi lar descriptors were consi dered. Figure 7 shoh's 
these descriptors. The operator initially enters 
the location of the point of maximum curvature 
of the ridge flOl~ and two points on the cr~ase. The 
three descriptors for arch fingerprints arc the 
distance between the point of mnximum curvnture 
and the crease, the ridge cOllnt along thi,s line 
and the angle formed between the ridge direction 
pntterns on each side of this point of mnxiPlllm 
curvature. 

The arch type fin~erprint shOl;n in Fi,r,ure 7 has 
a Nell defined point of mnximum eur:vature. I!owever, 
mnny arch type fingerprin ts exhibit patterns for 
which this point cannot be accurately selected manu­
ally. lIence, only limited accuracy in the computa­
tion of these arch descriptors would he expected. 

The Fingerprint ~fatching Process 

Since the purpose of this study \~as to evaluate 
the fingerprint descriptors, a fingerprint mntchinq 
nrocess was needed which WOllid provide for the rlirect 
cnmparison of derived similarity scores when the 
~cores were based on single finf'erprints, ,)rOIl11S of 
fingerprints, single measurements, etc. The ~dni-
I ari ty measure chosen for thi s function is the 
normalized averap,e di fference hetween cOl'responclin n 

descrintors from corrcsnnndinr, finf'.J'!rrrints. Thnt 
is, the di fference in the correspondi ng oeseri ptors 
is comnuterl and this difference vnlue is normal ized 
by dividing it by the average of these wo descriptor!; 
values and then scalin!! the result hy an appronriate 
factor. This sinilnritv score is pronortional 
to the percenta'(E' variation In corresnondinr 
descri ptors from the mean value of those descd ptors. 
Thus, even though the mar,ni tude of the des crint ors 
values vari.es considerah 1y for the di fferen t tynes 
of descriptors, the value of ~he similarity scores 
for different types of descriptors arc annroximat('ly 
in the same range for fingernrlnts that are matchinp, 
and ,imilarly for flnp;erprints that arc not mntchinl'. 
~Iatching duplicate fin,v,erprints NOllld bE' exnected 
to give very low simi lari ty scores indicatinr, the 
very hi,rh de.Qree of simi larity nnd non-Platchinr, 
finp,erprints would he expected to give a hi"h 
similarity score. 

CORE 

~ ! n .;:: 
1 n 1 !!Il 

..... 
;;:: 

Figure 6 GRAY LEVEL AND BINARY PRODUCED BY THE RIDGE VALLEY FILTER ALONG A LINE 
FROM THE CORE TO THE DELTA ON THE FINGERPRINT SHOWN IN FIGURE 5 
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THE !tIICH At~alE MEASUREMENT. 6A,A,. IS THE 
MAGNITUDE OF TIlE ANGULAR DJFFERHICE OAA- ~ 

U, 02' 

j 

r'o,,,.l MEASUREMENTS FOR ARCH TYPE rlNGERPRINT. THE POINTS A, B. 
AND C ARE MANUALLY LOCATED. TH. MEASUREMENTS INCLUDE 
THE RIDGE COUNT BETWEEN THE CENTER OF ROTATION AND THE 
CHEASE ROC THE DISTANCE BETWEeN THE CENTER OF ROTATION 
AND THE CREASE Doc. AND THE ANGLE FOR~'ED BY THE RIDGE 
PATTERN IN THE VICINITY OF THE CENTER OF ROTATION CAA 

The scarp of sini l:lri ty is cOMputed for e:lch 
descriptor from each fin~erprint in the s('ts heinp 
COl'1p:lred. /1. sini lari tv score for individu:ll 
fin'~ers is conpllted hv :lver:lpinp the individual 
descrintor sinil:lrity scores. The similarity 
score for several finp,erprints or all ten finger­
pri~ts is derived hy averapinp the sil'1ilnrity 
scores frorl the indiviclllnl finnrrs that are hein!! 
considered. 

The si mi 1 ari tv score for the :In"l e tvne 
de<;cri ptors c:lnnot' he <lete1"i neel in the S.1Me II'.1V 

COMPUTE lll£ AV(RAGl 
olf Wt fItH.UISCORIS fon 
II ''''OI~O(X FINGtRS 
21 ~ "mo; AND 2 THUMBS 
lJ INOt)! THUMBS A. MIDOLES 
I! AlLflUlllrTll 
!II All HfH.rRS 

Flgur.8 THE FINGERPRINT SEARCH AND MATCHING PROCESS 

----------------------------------------~----------------~ 

as for' t1l{l 0t1h'r d('::i("rif"t"i1 1'Q ~ilh'C' the' DC'l"("C'nt;lPC' 

v:tri:1tlcm of :1n~'I"'~ It I~ ;1 !i rrC'l°1.'llt m("nl1iTlt~ 

hec.1l1~e of the' !iinusndial '·.1ri:Hi"l1. r!tll~. th,' 
5il,i lar;tv score fo}' .111"le<; is C""ll'lItl'd as rill' 

sil1nle m:l~l1i tude of the di ffC'l'C'ncc of corresnondil1l~ 
an'l'les ~caled hv nn annnl!lrinte factor so that it 
is in anproxinatelv the S.1me ran~e for m.1tchinr or 
for non-m.1tch i np, fi np,erpri n ts :IS the s; mi 1 ad tv 
scores from the other descri.ntor5. Therefore, in 
this study, II'hen several different descriptors arc 
used as a group to detel'l'1ine the aver:lge simi larity 
score, ench descriptor is eCJu<llly wei.r,hted. 

Fi'lure R indicates the general flow of these 
search and m:ltching process. Thi!i flow diagram 
assul'1es th:lt at the he.rdnninr; of the se:lrch process 
the in'lui ry card has :II ready been encoded. Tni­
tially, the encoded dnt<l from a file fi ngerprint c:lrd 
is read from ma~netic tapr :lnd a comn:lli son of the 
fingerprint pattern classificntion hetween the 
inCJuiry and se:lrch c:lrds :Ire m:lde. This cl:lssifi­
(,:ltion test scrves the same function in this study 
as the primary lIenry cl:lssi fication I~ould in a 
large system, th.1t is, to rec\uec ti,e :lmount of 
sC:lrchinr, reCJuirec\ for matchin~ pumoses. :lext 
t~e similarity scores hetll'een corresnonding 
descriptors o'f correspondi.n'l fi.nl'emrints :Ire 
computed. When all ten finp,ernrints have heen 
considered then the nver:l~e sinilarity scores 
for the sinr,le in<lividu:ll finpers <lnc! for various 
grmlns of finr,ers, inc lwli n'l ail ten fi npel'S, arc 
computed and the scores :Ire printed Ollt. The 
process is repeated unti 1 all fin<:erprint c:lnls 
in the fingerprint fi Ie on the f; Ie tane have 
heen read and COM!1arerl to the inCJuiry card. 
Finnlly, the identification of the three most 
likely matching finr,C'rprint cards, that is, the 
three fin'lel'print c<lrds in the fi Ie Hi th the 
lowest simi I:lri ty seores ;Ire printed out and 
the process is temi nnteci. 
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The d:lta th;lt is printC'ci out :IS a rC'sult 
of the search and retriev.1l onerntioo is thC' 
simil:lrity scnrC's [01' each individu.11 fin"C'r, 
the siMilnrity scnrrs for thl:' comhination of the 
tl~O indC'x finpers, the conhin.1tion of the tIm 
index fi ngers :Inc! the tIm thumhs. the tHO i nelrx 
finr,er';, thumhs nnel middlc finr.ers, for .111 eir.ht 
fini!er:; excludi nr. the 11 ttle fin'lers nnd for nIl 
ten fingers. For e:lch run of the se:lrch and retriev:ll 
process the deriv:ltion of the simi larity scores m:ly he 
based on the use of an incliviclual type of finc;erprint 
descriptor or group of the di fferent fin~erprint 
descriptors, or an individuRI tyne of finr.crprint 
n:lttern type or group of pattern typcs. 

Tn evaluating the fingerprint descriptors in 
this study, the wai lable d:lta h:lse I~as divided 
into three groups. The first r,rollp W<lS composed 
of 2R pairs nf dllpli cate fin~erprint c.1nls for which 
the pattern types were all loops on all ten fin~er5. 
The secon,1 group was composed of 20 pai 1's of 
duplicate fingerprint cnnls for I~hich :Ill fingerprints 
exhibited :lrch type jl:ltterns. The thinl gro\lp 
W:lS a set of 20 p:lirs of dllpli(,'lte cDrds of mixe<1 
pnttern t)'pe wi th apprnxil'1ntely 40 percent of 
the .oinr,erprints heing whorls, :IS perc:ent hcinr. 
loons :lI1d 25 percent of the finc;erprints hei.n~ 
arches. Si nce these vnrious suhgroups of the 
dnt:l base represent tli fferent primary Ilenry 
fomul:l Cl.15Si fi cntions, they 1~C're considered 
sepnrntely. Thus the se:lrch Dnd retrievnl 
process IIsing the fingerprint descriptors was 
CV:llllateel on the h:lsis of heing nhle to select 
l'he nrnnC'r nnt,h i nr, cnrel I·,i th in .1 si nr,l e IIcnrv 
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Table I 
CONSISTENCY AND ACCURACY OF MANUALLY AND 

AUTOMATICALLY DETERMINED RIDGE COUNTS 

PERCENT DUPLICATE FINGERPRINTS WITH RIDGE COUNTS 
DIFFERENT DIFFERENT DiFFERENT DIFFERENTBY 

SAME BY 1 BY 2 BY 3 MORE THAN 3 

MANUALL Y COUNTED 
RIDGES ON DUPLICATE 67'* 2B.9% 3.3% 1.1% 0% 
FINGERPRINTS ~ (WRITTEN ON CARD) 9~% 

I--

AUTOMATiCALLY COUNTED 19.4% I 2B.4% 23.2% 12.9% 17.6% 
RIDGES ON DUPLICATE '----...l----1 
FINGERPRINTS 47.B% 

71% 

AUTOMATICALLY COUNTED 
RIDGES COMPARED TO 26.0% 32.2% 20.9% 9.7% 11.3% 
MANUALLY COUNTED '---J---J 
RIDGES ON THE SAME 5B.2% 
FINGERPRINT 

!' 79.1% 

Tablell 

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

PERCENTAGE DUPLICATE 
PERCENTAGE DUPLICATE 1 CARDS WITH SIMILARITY 
CARDS WITH THE LOWEST SCORES THAT ARE ONE OF 

DESCRIPTOR SIMILARITY SCORE THE THREE LOWEST SCORES 

FINGERPRINT CARDS COMPOSED OF ALL LOOP PATTERNS, ALL 10 FINGERS (28 DUPLICATE PAIRSI 

ALL MEASUREMENTS 2 100.0 

I 
100.0 

CORE DELTA DISTANCE ONLY 96.5 96.5 

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 12.5 30.0 

ARCH ANGLE ONL Y 10.0 27.5 

CENTER OF ROTATION TO CREASE RIDGE 
COUNT ONLY 17.5 27.5 

CENTER OF ROTATION TO CREASE DI:>TANCE 
ONLY 10.0 35.0 

CENTER OF ROTATION TO CREASE DISTANCE 
AND RIDGE COUNT 20.0 35.0 

"'"'''''' OM"' O"M'",,""' ,eo"~ M,", '"" "'''' ,.,,,,,,, AC' "'1""" '"'"'" .~, 
LOOPS 35%. ARCHES 25% OF THE CARDS. 20 DUPLICAr PAIRS) 

ALL MEASUREMENTS2 100.0 100.0 

NOTES: 

1. 

2. 

THE DATA IN THIS TABLE WAS OBTAINED BY SELECTING A FINGERPRINT CARD AS AN INOUIRY CARD AND 
COMPUTING A SIMILARITY SCORE BETWEEN THIS CARD AND ALL OF THE REMAINING CARDS IN THE SUBSET 
OF THE DATA BASE BEING CONSIDERED IA 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 OF THE DATA 
BASE HAVE BEEN so SELECTED. THE PERCENTAGES OF THE DATA RUNS FOR WHICH THE CORRECT DUPLI· 
C,\TE FINGERPRINT CARD WAS MOST SIMILAR TO THE INQUIRY CARD (LOWEST SIMILARITY SCORE) AND 
ON~ 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. 

"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 TO SECOND 
DELTA RIDGE COUNT AN(J 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 ROl'ATION (THE ARCH ANGLE). 
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· . 
classi fication. These cards \;ere supplied as 
~inolta copies of the cards and not the original 
inked fi nr,C'rprin t cards. 

Results 

To fully understand the resul ts of the 
finr,erprint matching experiments, it is necessary 
to knol; thC' accuracy of the measurement computa­
ti on. (;C'nerally, the di stance and angle MC'asures 
were accurately and repentahly computed. HO\~ever, 

the ridge count measurement was not computed as 
accurafely as is normally detemined in a manual 
ridr,e countinr. process. While Jl\anual ridge 

.counting results in approximately 9S percent of 
dupl icate cards havinr, rid~e counts which are 
either the snme or different hy only one, only 
47.8 percent of automatically counted ridges 
from duplicate cards had this accuracy. All of 
the duplicate carels on which manually counted 
ddr,e5 were shown wi thin the availah'le data base 
hnd ri dr.e counts whi eh were no di fferen t on 
duplicnte cards than three whereas 17.6 percent 
of the duplicate prints had ridge counts dif­
ferent hy more than 3 when automati cally 
countC'd. TIH'se data arc shOlm in Tah Ie I. 
Thus the automati C ridp,e count process as 
implemented in this experiment was not very 
accumte compnred to manual ridge count 
process es. 

Tab 1 C' II shOl;s the results of the senrch nnd 
retrieval process as a function of the indivi dual 
descri ptors and combi nat ions of descriptors for 
the three di fferent data r.roups used. The results 
ate expressed as the percentage of matcher nms 
in which the proper duplicate card was selected 
as the most likely matching card and the percentap,e 
for whi ch it was se 1 ected as one of the three mos t 
likely matching cards. On loop type fingerprints 
U';inll a II four descriptors, there was 100 percent 
accuracy in sclectinp, the correct duplicate card 
in the file. Considerinr. ench of the descriptors 
individu~Il\', thr ('orr dnltn di~tilnee nnrl t'lr corr 
delta ridp,e count both produced a very hir.h 
accuracy in the selection of the proper duplicate 
cnr .. I , ThC' di stance mrasure Nas S"l'l('I,'hilt more 
accurate thiln the ridpe count indicatinn the hirh 
derree of nccuracy \d th whi ch an operntor can 
manually locnte the key points. It is expected 
that a more sophisticated ridp,e count algorithm 
than the siJ1lple one impleMented in this study 
should result in matchinp, hased on the ridr,~ count 
alone shoul d be of equn 1 nccuracy wi th the core 
to dd to distance since these two descriTltors are 
very highly correlnted. The core to crease dis­
tancn, when considered hy itself, had very 1m; 
nccuracy in selecting the proper duplicate match 
from the fi Ie. Other dntn indicated that this 
measurement could .be very nccurntely mnde beth'een 
duplicnte impressions or'the same {ingerprint. 
HONever, the di fference in this descriptor 
between non-duplicilte finr.erprints was not 
sir,nificant C'nolll'h to provide adequate discrim­
inntJOn of mntchin.n and non-mntchi'nr, fil1p,erprints, 
Since the core-crensC' distance descrip-
tor could be accurntely computed, the consistency 
in locntin.q or usinr. the crense as a mensure or 
feature is nccurnte enour,h to find usc as the 
hasis of other descriptors. The anl1le measure­
ment for loops by itself also docs not provide 
sufficient discrirdnntion inFonuntion hetween 
mntchin~, nnd non-mntching fingerprints. 

In con~i (krin~. tIll"' rr<;111 t~ on the dupli cntc 
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so - ...•. -~ ... ; DISTRIBUT\ON OF THE SIMILARITY SCORES 

FROM SINGLE FINGERPRINT PAIRS 
--~-r--''''''''--'''' .-__ .•• __ M. __ ." __ ,,, •••• 

SIMILARITY SCORE VALUE 

la) SCORE OERIVEO USING THE FOUR DESCRIPTORS FOR THE CARDS 
CONTAINING ALL LOOP TYPE FINGERPRINTS. 

I I , 
so 
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'DISTRIBUTION OF THE SIMILARITY SCORES 

t
· I FROM SINGLE FINGERPRINT PAIRS 
.• 1"': '11 t t t 
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°o~~~~~;k-L~~~~~~~~;i~ 
SIMILARITY SCORE VALUE 

Ib) SCORE DERIVED USING FINGERPRINT CARDS CONTAINING APPROXIMATELY 
40% WHORL PATTERNS. 35% LOOP PATTERNS. AND 25% ARCH PATTERNS 

Figure 9 THE DISlRIBUTION OF THE SIMILARITY SCORES FROM SINGLE 
FINGERPRINT PAIRS 

pni rs of nrches, none of the cnscs resul ted in 
ndequnte matchinr, thus indicatinr. that the set 
of fenures chosen for arches does not provide 
adequate mntching inform;.Jtion. In c[lses for 
which the arch angle measurel'1ent was not use!l, 
the comhination of the center of rot[ltion to 
crease ridge count and the center rotntion to 
crease distnnce exhibits grenter matchinr accuracy 
than is obtainel\ when all three measurem~nts are' 
used. This indicntes that the nrch anp,le mensure­
ment is providinr, no matchinp inform[ltion and is 
just ndding noise to the mntcher process thus 
somewhat masking the differences hetween mntchinr, 
and non-mntchi ng arch type fingerpri n t. 

Tn considering the significance of the results 
on these arch type finr,ernrints it should be noted 
that arch pntterns form only about 4 percent of 
all fingcrprint patterns and cards containing all 
arches nrc only a small fraction of 1 percent of 
all finp,erpri nt cards. Thus even thourh the 
matching resul ts on arches indi cate th;t these 
arch descriptors do not adequntely charncterize 
arch patterns for use in a fingerprint mfltching 
system, there is genernlly enour,h other infoma­
tion availahle for other type of pntterns on a 
card to providc enoup,h card mntchinr information. 

I~hen considerin~ the cnrel!' which included 
whorl, loop and <lrch type patterns wi th whorls 
heinp, approxiJ1lately 40 perce~t of thr patterns 

, . 
Table ill 

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 01' GROUP SIMILARITY SCORE THE THREE LOWEST SCORES 

INDIVIDUAL FINGERS 

1 RIGHT THUMB 

2 RIGHT INDEX 

3 RIGHT MIDDLE 

4 RIGHT RING 

5 RIGHT LITTLE 

6 LEFT THUMB 

7 LEFT INDEX 

8 LEFT MIDDLE 

9 LEFT RING 

10 LEFT LITTLE 

COMBINATIONS OF 

FINGERS 

2,7 

2,7,1,6 

2, 7. 1, 6, 3, 8 

2, 7, 1, 6, 3, 8, 4, 9 

ALL 10 FINGERS 

on these carris, very hir:h J1In.tc~in!; accuracy was 
obtaincd. fly compnrin~ the distrihution in 
Fi'1ure 9 fer the cnse of all 10011S to the dis­
trihution for case of the mul ti11le class data 
group which contnined n larr~e numher of whorls, 
it can he scen that sli~htly better sC11Rration 
of the matchinr nnd non-Mntchino; groups were 
obtained for the P1ultiple Clfl5S case. In hoth 
cases very high matchinr: accuracy was ohtaineci. 
The case which contained many whorl tvne 
fingerprints would be expect'ed to pro~i de 
sli.~htly hetter matcJdn'1 since whorls are 
chnr;1cteri zed by sevcn descrintors rather 
than hy four descriptors as for 100115. Thus there 
is more matching information for wh~r1 type finf!er­
prints thnn for loop type finr.erprints. 

Table TTT shol~s the results of considering 
indi vi dua 1 finr:ers or groups of fingers for the 
loop cnse \Ising all four descriptors. The cases 
using the thuMhs, fingers number I nnd 6, 
individunlly resulted in much lower prohahility 
of accurately mntchinr, on an indivi.dual finger 
hasis than nny other cases. This indi cates thnt 
there is prohnbly more plastic distortion in the 
thumbs due to the rolling of the inked impression 
than on the other finge rs. Thus, n. sys tern hnsed 
on the usc 0 f less than 10 fi ngerprin ts slwuld 
avoi d the use of the thumhs due to the increase in 
distortion. When considering the results of 
addi ng groups of fingers, the results indicate 
that r,roups with six fingers or with eir,ht finp,ers 
may he suffi ci en t to adeq\lately ch aracteri ze 
a finr.erpri.nt card for accurn.te ma tchi.n'l. 

S:0nclus ions 

The study reported in this paper is an 

17.8 

28.6 

26.8 

26.8 

14.5 

10.7 

26.8 

39.3 

25.0 

26.8 

64.3 

78.6 

87.5 

92.8 

100.0 
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46.5 

53.6 

53.6 

57.2 

37.5 

35.7 

57.1 

64.3 

50.0 

44.6 

75.0 

92.8 

9604 

100.0 

100.0 

eVRluntion af concC'pts for tho:> sC'mi-alltomntic 
characteri z:ltion of finllC'rprint card,;. The 
fingC'rprint descriptors that werc considered 
provide morC' detai le!1 fingerprint characteri za­
tion infomation thnn is provided hy the lIenry 
or Americnn classi.fication systrm~ hut not as 
1111Ch dC'tnil as is provide(\ hy minutiae hnsed 
fi nr,ernri n t encod i nf': sys tems . Th us, fi n,:c r­
print descriptors, such ns distnnce nnd nnr,le 
measures betl~ecn key points on the finf,erprint 
may he used to enhnnce the Ilenrv or Americnn 
cl nssi fication procedures wi tho;lt the nC'('d for 
the highly ndvanced cOPlJ1uter systems required 
hy the practi cn I hir,h -speC'd minuti ne bas cd 
encoding tC'chniC]ucs. 

The resul ts of this study in"i cntell that 
the usc of the distance nnd nn~lr MensurC's ns 
fingerprint descriptors is fensihle for loop 
nnd whorl type finr:erprints, The encadinr. of 
the descriptors hns h('en shOlm to he pmcti cnl 
frol'1 a tiMe and cost point of view. 
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