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Section 1 

EXECUTIVE SUMMARY 

INTRO:QUCTION 

This document j'.~eports the results of an analysis conducted 
by the Proj(;ct SEARCH Commi·ttee on State Identification 
Bur(aaus • ., 

Projeci: SEARCH is a cooperati v~e effort of the criminal 
justiCl~ systems of the 50 states, banded together to apply 
technology to the criminal justice system of the United 
States,. 'rhe wod" reported in this document, as well as 
ather efforts of Project SEARCH, were funded by grants 
from i:he Law Enforcement 'Assistance Administration of the 
U. S. Department It:>f J'ustice. This particu.lar task was funded 
by the LEAA National Institute of Law Enforcement and 
Criminal Justice (NI1,ECJ). \ 

The purpose of the ,project was to survey the state-of-the
art in automatedar..ld semi-autornab~d methods of searching 
finge):'prints and to evaluate thei:!::, applicability to searching 
latent (crime-scene 11 finljerprints,. This report contains the 
following key information: ... 

\ 
\ 

fa Descriptions 0:.1: the technical approaches \to 
fingerprint sealrching proposE.~d and tested 'by 
seven governmental and private research 
organizations. 

• Experimental results concernin9 accuracies 
of each approach,. 

• Comparative analysis of potential capabilities .. 

• Recommendations, submitted to NILECJ, for a 
coordinated program to foster furtlter develop
ment of latent fingerprini:: systems I capabilitie's. 

The members of 't,he State Identification Bureau Proj.ect.\ Committee 
Committee are shown in EXllibit 1-1. Gary D. McAlvey s,erved 
as chairman of the Project, Committee. Vincent Peterson 
served as chairman of the Latent Fingerprint Subcommittee 
(Exhibit 1-2) which direcb~d the conduct of the project. 
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Exhibit 1-1: Stat~ Identification Bureau Project Committee 
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Exhibi t 1-2: 'Latent Fingerprint Subcommittee 
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Administrative services were provided by the California Crime 
Technological Research Foundation under the direction of 
Douglas E. Roudabush, Executive Director. David G. Yamada pro
vided staff support. 

Technical staff services for the project were provided by 
Public Systems incorporated, under the direction of Paul K. 
Wormeli, SEARCH Project Coordinator. Gregory L. Campbell 
acted as principal investigator for the project. Steven 
Patent and John McGuire provided technical support, and peborah 
Stone prepared the manuscript. . 

STATEMENT OF THE PROBLEM 

It is generally recognized that the major problem in searching 
latent fingerprints against a file of known offenders is the 
time-consuming process of manual classification and search of 
the fingerprints. Several research and develoPI?ent programs, 
in various stages of progress, are presently be~ng conducted 
to automate fingerprint classification and search. Generally, 
the technologies employed in these efforts involve optical 
holography, or optical scanning follo",ed by digital transfor
mation of the fingerprint images. 

Project SEARCH has sponsored several such projects through 
two major studies: a feasibility study of holographic assis-' 
tance to fingerprint identification and a program to develop 
a prototype technical s.earch system for state identification 
bureaus. 

Because 01: the large number of different efforts and t:he lack 
of coordination among them, the Nat,i.onal Institute 'of Law En
forcement and Cr,iminal Justice has seen the need to review and 
assess the progr:ams in order to enable NILEClT to plan future 
project support. 

PROJECT SCOPE 

Research and development programs directed toward either 
single finger or lO-finger ident:i,fication' which involve auto
mated .or semi-automated encoding and searching of finger
prints were the subjects of this evaluation project. A 
parallel effort to survey, document, and evaluate latent 
fingerprint systems currently in operation in law enforce
ment agencies was also undertaken by the State Identification 
Bureau Project Committee. A companion report documents the 
results of that effort~ 

Seven separate programs were id.entified by the Project Com
mittee and NILECJ to fall within the scope of the project. 
The seven participants are listed in Exhibit 1-3. The FBI 
FINDER system, although within the scope of the project, was 
not included because the Committee felt that it was suf
ficiently documented in other publications. 
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ORGANIZATION 

KMS Technology Center 
Irvine, California 

First Ann Arbor' Corporation 
Ann Arbor, Michigan 
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Sperry Research Center 
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New York State Division 
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Joseph Robertson 
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Donald McMahon 
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,William Boring 
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Frank .r.ladrqzo 
James Paley 

Exhibit 1-3: Participants in the Review and 
Analysis of Automated Fingerprint Systems 
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~~~~~r~.·--------____________ "",,,,, __________________________ ~ ________________________ ~ 
METHODOLOGY 

Data on the selected research and development pro~frams were 
collected from three major sources; 

• published plans, reports, and marketing materials; 

• direct ~equests for inform~tion by telephone or 
correspondence; 

e:l%ite visits to view experimental equipment and 
discuss programs in detail. 

The primary emphasis of the data collection was the experi
mei:,tally tested accuracy of prototype systems. Descriptive 
data concerning ~he technical approach and proposed system 
configurations wer:e also collected along with as much cost 
data as could be obtained. These data are present'ed in 
Sections 2-1 through 2-7 of this report. 

A comparative analysis of accuracies of the systems was per
formed, based on available experimental data. It should be 
noted that these results, as reported in Section 3, are not 
strictly comparable because of substantial differences in data 
bases and test sets. An analysis of the advantages and dis~ 
advantages of the various technical approaches as applied to 
latent fingerprint searching is presented in Section 4. Con
clusions and recommendations derived from the available data 
and analyses are presented in Section 5. 

SUMMARY OF KEY FINDINGS 

Th~~ key findings of this study are as follows: 

• An effective latent print search system is a 
valuable tool in further identifying possible 
criminal offenders and in clearing cases where 
no other useful evidence is available. 

• Useful fully-automated latent print search sys
tems are commercially available or close to be
coming availabl~ and are becoming financially 
attractive. 

• A latent system which will retrieve one true 
match in a file with close to 100% reliability 
is not currently near accomplishment. 

• A potential cost savings, which justifies their 
development, is offered by automated systems 
over those requiring manual encoding. 

• Adequate testing using actual or simulated latent 
prints has. not been accomplished for most ~ystems 
discussed in this report. 
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• A se~1i-automated minutiae encoding process appears 
feas1ble although its effectiveness in search pro
cedures and its compatibility with automated en
coding have not been tested. 

• Many ~gencies and private organizations expreSsed . 
interest in conducting and investing in further 
resear.ch and development on latent fingerpririt 

. searching. 

• Fingerprint research activ.ities and the acquisi
tion of fingerprint devices by state and local law 
enforcement agencies should not be limited by the 
existence or expected implementation of the FBI 
FINDER system. 

RBCOMMENDATIONS 

The following recommendations are presented for the considera
tion of the National Institute of Law Enforcement and Criminal 
Justice (NILECJ) p 

• Because of the recognized need for effective 
latent fingerprint searching systems and the 
encouraging results of experimental systems 
as described in this report, NILECJ should 
continue its support of latent fingerprint 
research. 

• A coordinated program for supporting latent 
fingerprin·t research and development should 
be established and contain the following key 
features; 

1. NILECJ should sponsor an experiment to 
compare accuracies of prototype latent 
systems using a standard data base of 
fingerprint Qards and a standard set of 
actual or simulated latent prints. The 
latents should represent a cross-section 
of prints found at crime scenes which are 
of sufficient minimum quality to serve as 
evidence in court. 

The experiment would accomplish the fol
lowing; 

a. Assess on an equitable basis the present 
capabilities of manual, semi-automated, 
or full-automated systems. 

b. Assess the operational costs of latent 
systems. 
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2. 

3. 

c. 

d. 

, 

Encourage the investmEmt I of private capitlal 
in latent fingerprint research and develdlp-· 
mente : 

Establish a data base and t1est s\et for ev:,al-
I I' 

uating impr9vemerA:.s in laLte:nt systems forI' 
years to c~,ne. • ~' t 

! 
All types of latent systems includin~l manual, 
semi-automated, and fully-au.tomated systems .: 
should be included in the e:x:periLment. A special 
effort should be made to inC!ludE~ the FBI FINDEiR 
system in theexperim~J;)A;.-.> ="',- -~-

In conjunction with Part 1, a. st:udy should be 
u:kl.dertaken to determine the composition of a 
representative sample of latent prints. Based 
on. the results of the study, the. lat.ent print 
t~st set should be constructed from actual crime
scene latents, elimination prints, or purposely 
produced ahd lifted latents'as deemed appropri
ate by the study. A master fingerprint library 
representative of the 'patterns and varyi~q, 
quality of fingerprint cards found in. state or 
municipal identification bureau files should also 
be selected. . 

NILECJ should financially support research and 
development projects' which demonsltrate promising 
results in the experiment~ 

4. Bas€td· on the evaluation of user groups (such as 
PrOject SEARCH) ,.LEAA should encourage the con
struction of prototype equipment ,for installa
tion and test in operational agencies. 

5. NILECJ should selectively support research and 
development projects which may greatly improve 
latent print searching syst~ms in the long term 
even though. they have not demonstrated a capa
bility at the time of the experiment. As .,soon 
as possible, these systems should be tested with 
the standard data base and test latents dev.eloped 
for the experiment. 
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section 2-1 

KMS TECHNOLOGY CENTER 

The KMS Technology Center was on~ of the three participants in 
the Project SEARCH holography study (Reference 5 ) : In th~ 

t dy KMS tested a device based on the matched fl.lter optJ_cal 
~o~reiation technique similar to that used ~y MCDOJ;nel·l-Douglas 
Electronics Company that will be described 1n s,~ctl.O~ 2-6. A 
description of the KMS system and the key experl.mental results 
are presented below. /' 

Since the time of the SEARCH study, KMS,has COn?ehtrated on 
the secure door lock application of thel.r technl.que. ~resent 
management has indicated very little int~rest,i~ pu~sul.ng fur
therwork on either late~n.t or 10-finger l.dentl.fl.catl.on ,for law 
enforcement applications. 

SYSTEM DESCRIPTION 

The KMS fingerprint searching system consisted of th:ee ~teps: 
the production of a matched filt'er (hologram) of an l.nqul.ry 
fingerprint card; the calibration of the comparator sy~tem 
using an inquiry card with its corresponding matched fl.lter; 
and the comparison of library microfilm images with the matched 
filter of the inquiry card to produce a list of probable matches. 

The fingerprint cards were'photOgraphed by a 35 rom camera; ,then 
the microfilm was cut and mounted on~o stan~ard photOgraph~c 
slides. Library slides were placed l.n a sll.de carrousel tz~y, 
to be fed into the path of the light sign~l b 7am one at a tl.me 
for searching. The slides made from the l.nqul.ry cards,were 
used to generate holograms which were captu~~d on specl.ally 
treated glass plates. 

The three steps in the system were accomplished o~ a single 
electro-optical device, the comparator. Th~ machl.ne consisted 
of a low intensity neon gas laser, beam spll.tter and several 
lenses,holders for photographic slides and glass plates, a 
sensing device to measure correlation voltage t ~nd a closed 
circuit ,television camera to measure a correlatl.on spot. 

The beam splitter was used to split the la~er into a signal 
and reference beam. 'l'he, two beams were orl.ented so that the 
signal beam would pass through a photographic slide and con
verge with the reference beam on th~ glass plate. Matched 
filters of inquiry cards (all ten-fl,ngers) were pJ::'~duced on the 
glass plates by exposing it .for 1/16 second. The. p~ates were 
~hotographically developed and.then used for ,:omparl.son. 

10 

To calibrate the system in preparation for search, the signal 
beam was passed through the inquiry card slide and the holo
graphic p,late made from this same fingerprint test C'ard slide. 
The 'reference beam was shut off for this process. The system 
opera~or t~en observed this ideal match reading of the cor
relatl.on vo'ltage (read on an oscilloscope) and the brightness 
of the correlati.on spot (measurement of diffraction effic.iency 
.as detected by a television camera and read on a CRT screen). 
These readings served as the standard against which readings 
of all the library slides would be compared. 

Once the ideal match reading was made, each one of the lib
rary slides was fed into the path of the signal beam (the re
ference beam was still blocked) . Readings were made auto
matically on the oscilloscope and manually from the correla
tion spot picture which was the most accurate measure of the 
true correlation. Out of the library cards, the ten best 
matches were selected. 

RESEARCH SU1~Y 

Test Procedures 

The holography ·test was conducted under the following procedures: 
A library of 10,000 fingerprint cards, 100 "tuning" cards and 
two test sets of 100 and 400 cards were' sel'ected from the files 
of the California Bureau of Identification. The cards were 
chosen to be representative of pattern type distributiG.1 and 
card quality found in the Bureau. All identification informa
tion was removed from each card except for a test. sequence 
number and a manually derived Henry Primary classification 
~nnotated on the c~rd.KMS ~urther s~divided,the 1/1 primary 
l.nto 16 subcategorl.es of the1.r own desl.gn. 

The file and the tuning set were made available to the test 
participants for filmihg according to their own specifications. 
The 100 tuning cards contained known matches in the file and 
were used by the participants to adjust system parameters to 
obtain the best possible performance. 

At the conclusio~ of·the tuning operation, Project SEARCH re-. 
p:esentatives visited each corporate participant's f~ciliti~s 
Wl. ththe test cards to be run • The tests were c\,:mducted as a 
"double blind" experiment where neither the corporate partici
pants nor the SEARCH representative knew which,'if any, of the 
cards in the test set had matches in the library. For each 
test card, a list of 'at most 10 possible matches was generated. 

.The sequence numbers of the possible matches were recorded and 
submi.tted to Project SEARCH for analysis and report of per
formance. 

In addition to performance statistics, costs of cona:ucting the 
experiments were recorded and reported. 
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ACCURACY RESULTS 

statistics on the two test sets were generated separately. In 
the primary set, containing 100 cards with 82 true file matches, 
KMS correctly chose 71 (87%) and missed 11 {13%)on their lists 
of most probable matches. In the 400 card secondary experiment 
where there were 313 true matches, KMS h:tt 254 (81.2%) and miss-
ed 69 (18.8 %) • ' . ' 

The test results as stated: in the project SEARCH Technical Report 
No.6 are shown in Exhibit 2-1-1. 'rhe results of McDonnell 
Douglas Electronics and Sperry Research Center are included for 
comparison in the exhibit. 

The definitions used in Exhibit 2--1-1 follow: 

• Correct Match (CM): the test card has a mp,tch in the 
library and the matching card is among the candidates 
identified by the participant. 

• Mismatch (MM): the test card has a match in the library, 
the participant states that there is a match, but incor
rectly identified the matching card. 

• False Dismissal (FD): the test card has a match in the 
library, but the participant states that there is no 
match. 

• False Match (FM): the test card does not have a match in 
the library, and the participant falsely identifies a 

match. 

• Correct Dismissal (CD): the test card does not have a 
match in the library, and the participant correctly states 
that there is n.o match in the library. 

• Not processed (NP): the test card quality did not permit 
processing by' the holographic system. 

It should be noted that scores were awarded for correctly identi
fying correct dismissals" i.e., cards with no match in the file. 
Therefore, 10 possible match candidates were not always chosen. 
This may partially account for the relatively poor results of the 
participants. 

In addition to the overall results, the results were analyzed on 
the basis of card quality and fingerprint class. (See Reference 
5 for details.) No definitive conclusions were reached from these 

tests. I' 
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KMS MDEC SRRC 

CM 71 74 69 

CD 8 13 8 

'PM 9 6 11 

FD 4 4 3 

MM 7 3 9 

NP 1 0 0 

TOTAL 100 100 100 

Exhibit 2-l~lA. Primary 
Experimental Results 

KMS MDEC SRRC 

CM 254 \ / 280 

CD 17 \ 7 34 
. 

KMS MDEC SRRC 

KMS 

CM 64 70 64 
') 

CD 8 13 8 
, 

FM 9 6 11 

FD 4 2 2 

MM 6 1 7 

NP 1 0 0 

TOTAL 92 92 92 

Exhibit 2-l-IB. Primary 
Experiment Results 
Excluding Facsimile 
Sub-experiment. 

1 2 3 4 5 6 7 

92 4 2 1 1 - -
MDEC 99 1 - - - - -

8 

-
-

j 

9 

-
-

FM 58 \/ 41 SRRC 84 8 2 ,2 0+ 0+ 0+ 2 0+ 

FD 11 ,X . 21 

MM 58 / \ 24 

NP 2 / \ 0 

TOTAL 400 1/ \ 400 

Exhibit 2-l-IC. Secondary 
Experiment Results 

NOTE: MDED did not perform 

" 

Exhibit 2-l-ID. Distribution 
of Ranks for CM, Responses 

NOTE: Entries show percentage 
of all CM responses by 
the corporate partici
pants which are of the 
rank order indicated 
(rank 1 is the "most 
likely candidate"). 

the secondarx experiment. 

Exhibit 2-1-1. Experimental Results of Holography study. 
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Timing and Cost Results 

The following timing and cost data were obtained from the ex
periment. Microfilming cost KMS $2,906 or approximately 28¢ 
per _card; it took six days. The subcontracted slide mounting 
cost $769 (approximately 7¢ per card) and took three days. 
Dividing the library slides into Henry Primary (and then "1/1 
into Henry Secondary) classes took'15 days and cost $3,463, 
or approximately 35¢ per card. Converting the test card slides 
into holographic plates took 17 hours and cost $964 ($1.93 
per card). Finally, the file search required 24.5 manday's 
(one man for the total time) and cost $4,840 ($9.68 per test 
card) . 

GENERAL CONCLUSIONS OF HOLOGRAPHY TEST 

The general conclusion of the holography test was that none 
of the systems tested was presently appropriate for 10-finger 
searching in a state identification bureau. The Sperry sys
tem was determined to be potentially wi'thin an acceptable 

,operating cost range, but lacked sufficient accuracy. McDonnell 
Douglas demonstrated sufficient accuracy, but had unacceptably 
hi5Jh costs. KMS was not acceptable on either .criterio~. 
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section 2-2 

FIRST ANN ARBOR CORPORA'll ION 

The ,First Ann Arbor Corporation conducted a project for the 
pro]ec't; SEARCH State Identification Bureau Committee to 
deterl!une the feasibility of FAAC' s approach to arl automated 
techn:,cal searc~ system. As such, this project was one of 
a serl,e~ <?f proJ<,=cts funded by Project SEARCH for the purpose 
of exa~1n1n~ ";he ~pplications of technology to activities of 
state 1dent1f1cat10n bureaus. 

~~e I~~entification B';lreau Committee has recommended that Pro
Ject .. ,EARCH not cont1nue support, of FAAC' s ¢I.evelopment~ and 
that al~ repor't;s and,other mater1als be submitted to NILECJ' 
for the1r cons1derat1on. 

SYSTEM DESCRIPTION 

The First Ann Arbor system involved five distinct steps: 

(1) Masking of the individual fingerprint impression 
(the mask was a piece of cardboard with a die-cut 
circular aperture of diameter 1.5cm). 

(2) Scanning of the masked impression. 

(3) Conversion of the scan data from positions in the 
X-Y plane to patterns of wave 'frequencies. ' 

(4) Computation of the print classifier from the 
frequency data. 

(5) File searching. 

Keys to successful system performance included accurate center
ing of the mask on the point of maximum ridge curvature by the 
technician and proper orientation of the scan direction. Sep
arate tests were held on these features and the results are re
ported below in the section on accuracy of results. 

The fingerprint scanning and digitization were performed by 
D~ta Dissemina't;ion Systems, Inc., of Los Angeles, using a 
l1near array d10de scanner. Pre-search software was divided 
into two parts. First, the scanned fingerprint data was read 
from magnetic tape and stored. Then 1:ransformation. software 
was used to compute the two-dimensional spatial frequency pat-
tern from the planar fingerprint data. 
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From the frequency distribution, software was use~fto c~m~ute 
the rint classifier. Finally, the searcr.l 'W'as peJ: orm7 y 
matc~ing print classifier data from the input card aga~nst, 
classifier data from the file. Computers used fc;)'r, process~ng 
were a CDC 6600, an . IBM 370/155., and a PDP-10 (D~g~tal Equ~P-
ment Corporation). 

Matching was done on 
for each print. The 
ranging from -254 to 
as follows: 

Cell 

1 

2 

3 

4 

5 

the basis 6f 35 frequency descriptors 
absolute frequency values (occurrences 
+91) were divided ipto,S cells or, ranges 

Frequency Descriptor Range 

- CIO to -174 

-174 to - 75 

75 to - 12 

- 12 t.o + 40 

+ 4 0 t.o + CIO 

A match required each of the 35 cell descriptors for a,given 
print to match its corresponding descr~ptor for the pr~ntf_ 
bein compared. One descriptor that d~d not match was su 
fici~nt to dismiss the print as a non-match. However, the 
cell ranges were not. ironclad. If the ~bsc;>lute frequency 

alue fell within 3 to 4cr (standard dev~at~ons) of a,cell 
~oundary both adjacent cells were considered as val~d class
ifiers. 'The width of the cells were cloS7 to lla~ were,a 
was the standard deviation based on scann~ng ten ~mpress~ons 
of an arch and five impressions of a loop. 

h ' g prints First Ann Arbor used "sea.rch indicators" 
In searc ~n , . b' f cy values 
to compensate for potential errors caused ,y re~uen , , 
near cell boundaries: Ever¥ one 0df the th~r~y~I~~~o~~~~~:ched .. 
used to classify a g~ven pr~nt ha a searc ~n , ' 
This indicator signified if the frequency descr~ptor was ~n 
the mid-range of a cell (0), near the lower boundary c;>f a 
cell (-), or near the upper boundary (+). The operat~ng sys
tem as envisioned by First Ann Arbor, would :r;ot,store tI:e 
~ea~ch indicators for the library prints. Th~s ~nformat~on 
would only be aval.lable for the inquiry print, and,hence, 
searching adj oining c.ells whe~e i:r;dicated could only be per
formed for the values on the ~nqu~ry cards. 
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Before testing for file searching capability, FAAC perfonmed 
several tests to measure the sensitivity of the fingerprint 
classification procedure to minor variations in print quality 
and operator technique. First, the same arch fingerprint was 
scanned at three different orientations about an arbitrary 
longitudinal axis.· Then a left ulnar loop of ridge count 14 
was scanned at five different orientations about an arbitrary 
longitudinal axis. Finally, this same ulnar loop was used 
for three different scans after moving the mask position each 
time. As a separate test on the ques·tion of effects due to 
different mask positions, First Ann Arbor had 4 test subjects 
locate mask centers on randomly selected.prints. 

The accuracy tests were performed on different impressions of 
the same fingerprint--five impressions of the same ulnar loop 
and ten impressions of the same arch. The system's ability 
to discriminate similar but not identical fingerprints was 
tested by comparison of two different left ulnar loops with 
a ridge count of l4~ 

RESEARCH SUMMARY 

Test Procedure 

Fingerprint cards were obtained from several sources. One 
set of 50 impressions of the same loop pattern was selected 
along with another set of 50 impressions of one arch. These 
prints were to be used in the repeatability tests (described 
below). These 100 prints were made .by the Michigan' S·tate 
Police at thei~ Ypsilanti, Michigan station. 

A set of 150 left ulnar loops with a rigge count of 14 was 
supplied by the Illinois State Department of Law Enforcement~ 
These prints were to be used in the test of the system's 
ability to discriminate among similar, non-identical prints. 
In addition, Illinois supplied a random selection of 40 prints, 
containing whorls,' tented arches, central pocket loops, double 
loops.and accidentals. 

Finally, a set of 1200 randomly selected prints was used to. 
test a technician,'s ability to properly locate a mask over a 
fingerprint. These last prints were not meant to be scanned 
and digitized, nor were they. included as part of the file 
searching te\3t. 

First Ann Arbor encountered considerable difficulty in.obtain
ing usable scans from their subcontractor. From the. first 100. 
impressions,'FAAC and Project SEARCH had selected 30 for scan
ning; 15 of the resultant scans were usable. From tbe set of 
150 prints, 58 were selected for scanning and only two were 
usable. . . 
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Test Results \, 
) 

When identical prints were compared just within their'own 
test group (i.e., those tested for effect of scan orientq
tion compared against each other, or those tested for re
peatability under different impressions of the same finger) 
all except one scan produced matches in all 35 digits of 
the class~fier. The one scan that did not fully match was 
scan,8e,ja test where the mask center had been displaced 
1.2 mm from its original position in scan 8. Even after 
the search indicators had been used to determine whicn 
adjacent cells to search, 2 of the 35 digits did not match. 
In addition to this non-match, treating scan 8 as the in
quiry card (used in the scan orientation and mask centering 
tests) and scan 13 (repeatability for different impressions 
test), produces a non-match even though both were taken from 
the same loop. 

As noted above, the comparison of different impressions of 
tne same print produced matches in all cases (5 of the loop 
and 10 of the arch). The discrimination test (comparison 
of two similar, non-identical loops);produced 9 and 5 digits 
not matching, depending on which print was considered the 
library print. 

It should be noted that First Ann Arbor intended to make 
more extensive tests (e.g., discrimination among 58 dif
ferent loops instead of two) but only 25 scans were of usable 
quality for all the tests performed. Hence, their results 
are severely handicapped by small sample sizes. 

The results on the technician mask centering test were re
corded after several trial runs. On the test run of 100 
prints, 81 (81%) were centered within 0.5' mm of each other 
by the four test subjects, and 19 (19%) were centered be
yond 0.5 mm. A summary is presented below: 

Variation in Mask Center 
Number of Prints Location Among all 4 Technicians 

2 X > 1.5 mm 

10 1.0 mm< X < 1.S mm 

7 0.5 mm< X < 1.0 mm " 

81 X < 0.5 mm 

100 

* X = Maximum difference among 4 technicians. 
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The data indicate that tl'fe FAAC approach may suffer from 
pr~blems in accurately locating the mask. The extent of 
th1S problem, if it exists, was not ~ccurately measured. 

Due ~o the insufficient size of the test (which was caused 
b~I~~all~ ~~ the lack of acceptable scan'data) the feasi-
7t~ y 0 e,FAAC approach was. not established. Tests 

w~ substant1ally larger data bases must be undertaken. 

Cost and storage 

Due ~o the lack of scans and comparisons available, no 
mean1ngfu~ cost data were established. However, data on 
th7 com~u~er storage required were produced. To distin-
1U1Sh f1vecell numbers in binary code, three bits are needed 

?O, ,aI, lO~ 11 ~rovides only four cell types, so a third 
b1t 1S requ1red 1f anywhere from five to eight cells were to 
be used). Based,on 35 digits (classifiers) per finger and 
.the proposed 4 f1n?erS,per set or card, a set requires 
3 ~ 35 x 4,= ~20 b1tS of storage. First Ann Arbor Corpor
at10n has 1nd1cated that it may be possible to reduce the 
cell ranges from five,to f~ur and the fingers needed per 
s7t from four to two 1n Wh1Ch case only 2 x 35 x 2 = 140 
b1tS.would be needed. 
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.. Section 2-3 

TRACOR 

The Texas Department of Public Safety recentiy sponsored the 
feasibility test of TRACOR's Automated Fingerprint Searching 
System .. TRACOR's technique relies on average measures of 
ridge slope within individual small squa;r:es of a grid network 
placed over the print surface (see Re.ference 14). This dis
tinguishes it from the completely mechanical or holographic 
matching technique and from the minutiae technique. In a~di
tion to ridge slope, TRACOR's approach takes into account 
core to delta distances where they exist and also the number 
of deltas present. 

The general conclusion of the Texas Department of Public 
Safety, as quoted from Dr. A.J. Welch's evaluation appended 
to the TRACOR report was that 1I ••• The procedure demonstrated 
by TRACOR is not suitable for locating a single fingerprint 
from a reasonable size library (greater than 10,000).11 
After considerable thought, DPS has deci.ded not to fund 
Phase II, because they believe that the TRACOR's approach 
is the same as that of the Sperry Research Center which is 
one or two years further along in development. 

SYSTEM DESCRIPTION 

Fingerprint scanning was performed by the Ar-gonne National 
Laboratories on their computer-coupled optica.l scanner 
system called ALICE. The main pieces of equipment that 
comprised ALICE were a PDP-IO digital computer (Digital Equip
ment Corporation), two CRT screens, a teletype and a reflected 
light scanner. Computer processing and file searching were 
performed on TRACOR' s UNIVAC 1108 computer usi.ng magnetic tapes 
generated from the scan data. 

The data for each fingerprint consisted of 64 values, each one 
representing an average slope value for the ridges in a square 
cell of 1 square millimeter in area. These grid va,lues were 
taken for the cells surrounding the fingerprin't core (i. e., they 
do not reach the edges ~f the fingerprint). 

20 

\ 

I 
II 
t l 

'j 
t 1 
rl 

IJ 
II 
I t 
f.l 
I 

When comparisons were made between two fingerprints, a 
score was developed for the comparison based on 64 possible 
matches of ridge slope (slope recorded in 8 integer values 
1 t~r~ 8, rep7ese~ting 22.5° each, Le. 0° ~ 1800). ' 
~os~t10nal ':le1ght1ng was used to adjust the comparison scores 
1.e., the we1ght assigned to a position was recorded for each' 
suc~e~sful sl~pe ,comparison. (Exhibit 2-3-1 gives the 
pos1t10nal we1ght1ng adopted by TRACOR after 12 different 
schemes were tested). 

C?' 
2 

. 2 

2 

2 

2 

2 

0 

-, 

SJ 2 2 2 2 2 2 

3 3 3 3 3 3 2 

3 4 4 4 4 3 2 
: 

3 4 0 .0 4 3 2 .. 

3 4 0 0 l~ 3 2 

3 4 4 4 4 3 2 

l 3 3 3 3 3 2 -
" 2 2 2. 2 2 ~ L 

Exhibit 2-3-1 

C=Position of Core 

Exhibit 2-3-1: Positional weighting system adopted by 
TRACOR. Figure also represents the grid centered on the core 
in which angle measurements were made. 
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If the scan produbed unreadable data for a particular position, 
a zero was recorded for that position. When comparing two 
prints, a zero f~r a particular position on either print ~as 
sufficient to delete that position from the comparison score. 
Hence, only positions where both prints had integers between 
1 and 8 contr~buted to the score. 

In order to. accotlnt for possibl~' errors due to distor'tion by 
plastic deformation of the finger during inking, allowances 
were made for slope numbers that. did not ma~ch exactly.. After 
trying five possible schemes, TRACOR decided to assign a 
"closeness weight" of 1 to a perfect match (i.e. identical 
slopes) and a"closeness weight" of .9 to slopes that differed by 
1 unit. This factor was multiplied by the positional wei~ht 
ana then the product was added to the score. 

Since the number of comparisons was not the same for eacn pair 
of prints (due to the variation in number and position of zero 
slopes for each print) f TRACOR normalized tne score. They kept 
a running total of "possible score ll

, i.e., the score that would 
have been recorded if every non-zero position had a perfect 
match. The normalized score was computed as actual score 
divided by possible score, so that a perfect match (identical 
in all positions that were readable on both prints) would obtain 
a score of 1.0. All other normalized scores would fall be
tween 0 and 1.0. 

Core-delta distances were also considered. If the core-delta 
distances on two prints were within two millimeters of each 
other, 10 points were a<;lded to "actual s core II (i. e., 10 would 
be 'added to IIpos s ible score" in all cases where both prints had 
core-delta measurements availal;>J_e). If the number' of deltas on 
two prints matched, 15 points were similarly awarded. 

.when an inquiry point was searched against the library, a 
normalized score was obtained for each comparison with a libra~y 
point. Then the scores were i.,'anked in descending numerical 
order, and results were reported on the number of actual print 
matches appearing in the top ten candidates on the list. 

RESEARCH SUMMARY 

The prints provided by the Texas Department of Public Safety, 
(DPS) included a library set' of 8.94 prints broken down as 
follows: 
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LIBRARY SET 
" 

,\ 

Print Type Number Pe:r.cent 
I , 

Ulnar Loop 291 3'2.6 
Ra.dial Loop 69 7.7 
Plain Whorl 148 16.6 
Central Pocket Whorl 90 llj .1 
Double Loop Whorl 90 10.1 
Acciqental Whorl 12 1.3 
Tented Arch 87 9.7 
Plain Arch 107 12.0 

TOTAL 894 100.00* 

'II-
Percent column actually totals to 100.1%, due to round-off 
errors. 

Th~ inquiry set provided by DPS contained 122 prints, 83 of 
w~1ch had matches ip the library set. In addition, DPS pro
v1ded a set of eighty cards, called a duplicate set. These 
cards (ten prints to a card) were taken from five individuals 
over a period of several years. TRACOR used these duplicates 
to develop their identification algorithm. 

~ccuracy Results 

The test results for accuracy are given in Exhibit 2-3~2. 

The first test results are those reported by the Texas Depart
ment of Public Safety in their four-page srunmary of 'the TRACOR 
t 7sts. TRACOR reported results l showing 45 of 83 matches in 
f1r~t place (5~%) and 78 of 83 matches in the first ten places 
(93-0) were.ach1eved c;tfter a number of prints were redigitized, 
slope m~t:1x cell we1ghts were readjusted and prints were 
reclass1f1.ed. (The above re-test conditions were noted by 
A. J. Welch on page eight of his evaluation of TRACOR's' 
experiment.) Both Dr. Welch and TRACOR make reference at least 
onc;e e~ch ~o 84 pri~ts -with matches in the library. No explan
at1.on 1.S g1ven by e1.ther one for this apparent ~iscrepancy. 

In their report, TRACOR examined identification based on a 
mult~-f~nger~d system. Their key assumption was that there is 
stat1st1.cal 1ndepende~ce amo~g fingers (i.e., knowing -the 
pattern type of one f1nger g1vesone no information as to the 
probabilities of various pattern types occurring on the other 

l(p. 43 of TRACOR report) 
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Results Reported Results Reported 

position 'on List 
by TEXAS DPS by TRACOR 

Cumulatlve % of Cumulative % of 

. 

Number of Number of Matchable Prints Matchable Prints . Matches 
that were Matched Matches that were Matched , 

1 32 3B.6 45 54.2 

2 , 9 49.4 11 67.5 

3 5 55.4 7 75.9 
, 

4 1 56.6 1 77.1 I 

I 

5 3 60.2 3 80.7 ! 

6 1 61.4 1 Bl.9 

7 1 62.6 1 83.1 

8 2 65.0 4 88.0 . 

9 1 66.2 1 89.2 

10 4 71.0 4 94.0 

1-10 59 I' 71.0 78 94.0 I 

1-5 50 60.2 67 80.7 . 
Missed 24 28.9 5 , 6.0 I 

TOTAL 

* 

I 

83 100.0* 83 100.0 I 
I 

- - -- - -- - -- _ .. _- - - - - - -- -_._- -- - - - -- _.- - - -- - - - -- -- - -- - - -- -- - - - - I 

Actual percent column total is 99.9% due to round-off error. 

Exhibit 2-3-2: Accuracy Results of TRACOR Experimental Test. 
After the formal test for Texas DPS, TRACOR re
adjusted parameters and conducted the test again, 
resulting in the improved results as indicated. 
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section 2-4 

ARGONNE NATIONA~ LABORATORY 

onne National Laboratory tao 
Fingerprint research a~ A~g Energy commission) began in 
facility of the U.S. A omlc, of an image processing 
1963 soon after the completlo~, 's primary function was 
system called CHLOE. The ~~chl~~ergy particles in bubble 
to analyze photographs of . 11 at Argonne principally 
chambers. However, pers~nn:me interested in attempting 
Mr. C. B. Shelman'tS~O~or:~tion from fingerprints. 
to scan and extrac ln 

ff t 'nvolved measuring average 
The first res~arch e~ ~~ ~ ositions on a fingerprint. 
ridge angles ln a ma~rlX 0 P arison system using the 
A simple c~assification an~ (~:~ Reference 10). The second 
slope matrlx was develope, cted toward the problem 
early research ~ffo~t w(s,~lreendingS and bifurcations) 
of extracting m~nutlaerl g~ e Reference 11). Both of 
from a fingerprlnt patthern f ~ ~t o'f their kind reported in 
these approaches were t e lr~ 
the literature. 

" ' in the CHLOE equipment, finger-
Because of 11mltatlo~s , d for about two years. In 
print research was dl~~o~t~~u~he Atomic Energy commission 
1970, funds were provl e , s stem The design of 
to build a new imag~ ~r~~~~ln~asYstro~glY influenced by 
the ne\v system, c~l e" the revious equipment. A 
the experience galned uSlng t Pndcurrent fingerprint 
description ,?f,tI:e ALICE sys :r:.details may be obtained 
research actlvltles follOWto ,the 1973 Carnahan Con:ference 
from the pap,ers presE?n~:d t International Conference on 
(Reference 9) and the 'lrs res Edinburgh University, 
I t 'c Crime Countermeasu , 

E ~c ronl S tland July 1973, (Reference 7). Edlnburgh, co, , 
,~ Commission terminated 

In July, 1973, tI:e Atom7cJ_.\:!j~:~~~rch at ANL in favor of 
its support of flng:rprln~ 
higher priority proJects. 

ALICE IMAGE PROCESSING SYSTEM 

, scanning and processing 
ALICE is a general-purpose lmage , interaction. The 
S stem with provision for: man-~ac~:~=_, digital computer 

y , ts of an operator's consu~e, a system conS1S 
" 
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wi th peripherals, three sC'i:mning stat.ions, and a general
purpose controller which can be connected to one scanning 
station at a time. 

The operFltor's console contains two 21 inch, flat faced 
display CRT's, an operator controlled trackball, and a 
teletype data terminal. One display scope is slaved to 
a scanner through the controller and displays the scanner 
ou'tput. The other scope displays computer output and has 
character and vector generating capabilities. It is used 
to show enlarged portions of a pattern along with super
imposed cross hairs which can be translated and rotated 
with the trackball. The trackball and the data terminal 
provide the primary means for man-machine interaction. 

The computer is a DEC model PDP-lO (36-bit word length) 
with 43K of magnetic core storage. Peripherals include 
two tape drives (one seven-channel and one nine-channel) , 
a card reader, a line printer, and the operator console 
equipment. All software is written in FORTRAN, making 
it easy to write and modify. 

Three scanning stations, all built by ANL, are presently 
available. A light scanning microscope has the capa
bility of digitizing images directly from biological 
slides. A film station can scan images from either 35 
or l6mm film. A reflected light station (opaque scanner) 
has recently been built and is particularly useful for 
fingerprint work since i~ does not require filming. The 
station uses a 9 inch precision CRT (flying spot) as a 
light'source which is focused by lenses onto the image. 
Reflected light is gathered by four photodetectors ac
curately spaced around the reflecting surface., All of 
the stations are capable of scanning in any orientation 
with any point spacing and line ~pacing up to 100,000 
lines within the image area. Light intensity is mea
sured to 64 grey levels. 

A summary of the system's capabilities is presented in 
Exhibit 2-4-1. 

FEATURE EXTRACTION AND CLASSIFICATION 

Recent work at'ANL has centered on the development of a 
la-finger classification system which would segment a 
fingerprint file so that an exhaustive search with a de
tailed. comparison, 'such as minutiae matchings, would not 
be 'necessary. Effort was directed toward the 1/1 Henry 
Primary Category since' loop patterns, defined by ANL, as 
;having 1 or fewer deltas, are the most. difficult to 
subdivide.. Three systems were developed to divide loops 
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Some Features of ALICE Image processing System: 

--3 scanners available: microscope, 35 
and 16mm film scanner, opaque scann~r 

--All functions software con~ro11ed for 
easy modification and te~t7ng . 

--Ma'nual interaction capab~l~ty at de-
cis:,:Lon po:Lnts if required . 

--FLrf's FINDER system can be sU;lUlated 
--Image processing softw~rea~a~lab1e 
--Scanning done in any d~re9t~on, ~~~s 

eliminating problems of f~ngerpr.Lu .... 
rotation " 

--Scanning point and line spacing, under 
software control 

--Addressable scan points lie,' on 100,000 

by 100,000 matrix . ~ 
--All processing and search~ng can be , ' , 

done on PDP-10 computer 

Exhibit 2-4-1: of AL ICE System Capabilities Summary 

.' 
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into 6 categories. The third a:nd most prom~s~ng system 
was used to classify 200 sets of 1/1 Henry cards. The 
system showed g'ood discrimination since only two pairs 
of cards had the same classification. However, to de
termine the system's real merit, tests with a larger 
data base and multiple impressions of the same person's 
fingerprints should be conducted. (See Reference 7 for 
de,!:ai1s of the method and results.) .-, 

Feature Extraction 

The proposed classification systems are based on finger
print features wh'ich can be identified both by machine 
and a human operator. These include the fingerprint 
core, .core orientation, delta, delta orientation, and 
average ridge, spacing. Core and delta orientations are 
determined by the average slope of ridges entering the 
feature. 

Soft't1J'are has been developed to locate these features . 
If the machine is unable to locate them or if the oper
ator is dissatisfied with the machine derived locations, 
he may overr id'e the system manually. 

Classification 

The three proposed classification systems, which are 
variations of each other, use core-to-de1ta distance, 
CDD, and core-to-de1ta angle, CDA" (the angle between 
the core orientation line and the core-delta line) . 
Each system basically segments the area of a finger
print pattern which contains the delta into six regions 
determined by CDD and CDA. Approximately equal numbers 
of prints have deltas located in each region. The 
region ,ndmber in which the delta is located thus be
comes the classification. 

A difficulty with this approach is the uncertainty in 
relative core and delta location. The problem is 
solved by introducing "zones of uncertainty" or over
lapping areas in which two classifications must be 
checked in a fingerprint search. This complicates the 
system, but its significance cannot be determined with
out further study. 

SYSTEM TIMING AND COST 

Little meaningful cost data is available concerning the 
operation of the ALICE system because it is a highly 
flexible experimental system where speed is not an im
portant consideration. Under fully automatic operation, 

29 

I 
I 
\, 
t 



, d scribed above would re-
scanning and classificat~on ~~ e rint or 30-40 seconds 

ire about 3-4 seconds per ~n~erp time is increased, 
qu d w~th manual interact~on, the per car. ~ d 
to about 2 minutes per car • 

duct'.£on system with minimum 
It is estimated that ~ pro bility would cost about 
graphics and interact~v~ ~aba to·assemble the system. 
$50,000 for hardwa~e ~nre :u~~ a system because it is a 
ANL could not ma~u, ac u However equipment designs can. 
a government fac~l~ty., t i~dustry through a technol
be made available to pr~va e 
ogy transfer program 

FUTURE RESEARCH 

, ANL has no immediate plans for 
Lacking further fu:nd~ng, h d '"11 concentrate on 
furthe~ fingerprint,resear~ic:~io~~.Lof greater inte::e~t 
other ~mage process~ngMapPshelman'has expressed an ~n-
to ·the ~EC. ~owever , r. ICE s stem 'ltd th its inter-
ter~st ~n tr~l::~g~,~to uS~c;~: ~tent ~rints and to de:rise 
act~ve capab~l~ty to e 't ble for latent fingerpr~nt 
classification systems su~ a . 
searching. 

1 b able to use the system's 
other,r~s~archers may ~tS~aserecentlY been made avail-
capab~l~t~es, becaus~ ~ h' TRACOR whose 
able on a rental bas~s. By t ~s means, , 
work is described in Section ~-3, used,the system to 
digitize fingerprints for the~r analys~s. 
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Section 2-5 

SPERRY RESEARCH CENTER 

The Sperry Research Center, the research arm of the Sperry 
Rand Corporation, has parJticipated in two Project SEARCH fin
gerprint studies, and has conducted internally funded projects 
directed toward both 10-finger and singlE~ finger identifica
tion. The results of the first contract are \r.eported in Pro
ject SEARCH Techn~ca.l Report No.6, "An Experiment to Deter
mine ,the Feasibility of Holographic Assistance to Fingerprint 
Identification," (Reference 5 ), while the results of the 
second contract and the internal single print program ar~ 
summarized here. Details. on the second contract can be found 
in the SRC Report, "Demonstration of Prototype Fingerprint 
File and Technical Search System," (RefElrence 16 ) . 

As a result of the second study, performed for the Project 
SEARCH State Identification Bureau ~ommittee, the committee 
recommended that the Sperry 10-finger identification system 
be implemented in a state identification bureau. 

THE PROTOTYPE 10-FINGER SYSTEM 

System Description 

The equipment used in the test consisted of a fingerprint 
digitizer and a Univac 418-II1 computer system. The print 
digitizer scanned microfilm images of fingerprint cards on 
35 millimeter film.. No manual aligrunent of the prints was 
required. The data obtained from the sicanning were measure
ments of ridge orientati6n on a scale of 0° to 179°, in in
crements of 1°, at a 64 x 160 array of sample areas covering 
all the rolled impressions of a fingerprint card. This d?tta 
was stored on magnetic tape, and then transferred to the 
UNIVAC 418 III computer for processing and searching. 

The fingerprint search procedure was preceded ,by a "cleaning" 
of the digitized data. This included erasing additional lines, 
such as those caused by scratches on the microfilm. Erroneous 
or inconsistent angle measurements were removed next. Then 
holes left by removing data (or where no data initially existed) 
were filled by computer processing to produce a continuous, 
compact data set representing one fingE~rprint pattern. 

After this smoothing procedure was completed, the fingerprint 
recognition and searching procedures WE~re begun. The first. 
task was locating cores and deltas. Once this was accomplished, 
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the computer could both classify the pattern, type and make 
continuous parameter measurements, e.g., the cor.e-delta dis
tance of loop patterns. Eight such measurements were made 
for each finger, so a maximum of eighty measurements per 

card were made. 

Matching was performed on the basis of these pattern types 
and the eighty analog measurements. The input card was 
classified as loop (left or right), arch, whorl, or some 
combination if the pattern was not completely distingui'shable. 
Then the anaiog.measurements were compared one at a time be
tween the input card and every library card with the same 
pattern type. A score was developed for each library card 
compared, based on these analog comparisons. Then the cards 
were ratl}\ed as probable mat.ches in decreasing order of their 

scores~ 

Research Summar~ 

A library of ten thousand fingerprint cards and two test sets 
of 100 and 500 cards were supplied from the files of the 
California Bureau of Identification. The cards had been 
microfilmed onto 35 mlllimeter microfilm with an 8.2x re
duction factor by the, Galifornia Department of Water Resources 
in Sacramento for use in the previously con:iJ,ucted holography 

study. 

Several tests were run; in each case, a list of the 17 most 
probable match candidates for each test card were printed in 
order of decreasing probability of match. First a test of 
the machine classification was made, running all 600 test 
cards. This was followed by a test utilizing a manually 
derived Henry Primary classification on all 600 test cards. 
Finally, results for the searches in the 1/1 Henry Primary 
classification (2,761 cards out of the total 10,000 cards) 
were isolated from the library for the second tes·t. All 
three sets of results are reported in Exhibit 2-5-1. 

As shown in the exhibit, using the machine classification, 
90.7% of the true matches appeared on the list of 10 most 
probable candidates and 78.8% appeared in the first pC511tion. 
using the Henry Primary improved the results to 94. 4%a!~d 
86.7% respectively. Performance in the 1/1 Henry primary 
group was almost identical to that of the entire test with 
the machine classification. 

, " 

Timing and cost Results 

During the conduct of the demonstration, operating times and 
costs were measured. 

32 

I 
.r 

I 
I'd 

r-l Q) 
::1 :> 

~ 
, 'S :j dP 

!-l C.J 
~ 
Q) 

::x:: . 
H U) U) 
H Q) • .-j ~ 
H 4-l..c:..c:~ 

OU-I-II'd 
-1-1 I:I:i 

dPl'd~ :a: . .-j 

I 
ro 

r-l Q) 
Q) ::1 :> dP 
~ S . .-j 

• .-j ::1-1-1 
..c: C.J 
U 
ro :a: 
ro 
~ 
I'd 

U) U) 
~ Q) • .-j 
!-l 4-l..c:..c:~ 
~ OU-I-I~ 
Q) -1-1 I'd 

::x:: dPl'd~1:I:i :a: . .-j 

~ 
0 I 

• .-j I'd 
-1-1 r-l Q) 
I'd ::I:>dP 
U S·j • .-j 

4-l t) 
• .-j 
U) 
U) ~ 
ror-l 

r-I ~ 
C.JO 

Q) 
~ U) U) 

• .-j Q) • .-j 
..c: 4-l..c:..c:~ 
U OU-I-I~ 
I'd -1-1 I'd :a: d!Ol'd~1:I:i :a: . .-j 

..c: 
U U) 

.j.JQ) 
ro-l-l :a: I'd 

ro 
4-1 • .-j 
oro 

~ 
~I'd 
~C.J 
I'd 
~ 

0 r-I r-I ~ · · · · 00 ll) 00 ~ 
r-- 00 00 co 

0 r-I 0 00 · · · · 00 r-- ('I") r-l 
r--

r-- ll) C\I 0 · · · · 1.0 0 C\I ('I") 

00 ~ ~ ~ 

r-- co r-- 00 · · · · 1.0 ('I") r-l 
co 

r-l ('I") C\I 1.0 
co C\I ~ ll) 

· · · · co 1.0 r-- 00 
r-- co 00 00 

r-I C\I ~ "'" co '<:I' 1.0 1.0 

· · · · 00 r-- r-I 
r--

r-l C\I ('I") "'" 

r-l r-- ("11 ~ 0"1 0"1 · · · · · · r-I r-I N C\I C\I C\I 
~ ~ 0"1 0"1 0"1 0"1 

C\I 1.0 1.0 1.0 · · · · r-l 0 0 

iC 
1.0 00 N C\I N '<:I' · · · · · · ('I") ('I") "'" '<:I' "'" '<:I' 
0"1 ~ 0"1 ~ 0"1 ~ 

1.0 C\I "'" C\I · · .. · 0 0 

r-l ll) 1.0 r-- co co 

"'" 0 N "'" 1.0 1.0 · · • · · · 0"1 0 0 0 0 0 
00 0"1 0"1 0"1 0"1 0"1 

ll) '<:I' r-l r-I r-I 
00 1.0 C\I C\I C\I · · · · · 0 

ll) 1.0 r-- 00 ~ 0 
r-l 

33 

~ r-l · · C\I r-I 
~ 0"1 

iC 
iC 01: 
'<:I' 1.0 · · '<:I' ('I") 

0"1 ~ 

r-- "'" · · 0 ~ 
~ 00 

I 
0 
r-I l!) 

I I 
r-I r-l 

,. 
.-.i · r--

1.0 · ll) 

('I") 

· ~ 

U) 
Q)ro 

..c: OJ 
UU) 
-I-IU) 
ro·.., :a::a: 

. 

. 

. 
..c: 

ro 
Q) 

-1-1 
H 
0 

Q) 
H 

..c: 
0 

~ 
Q) 
U) 
Q) 
I:I:i 

~ 
H 
H 
Q) 
PI 

CI) 

iC 

II 

r-I 
I 

ll) 

I 
C\I 

'. '. 



Microfilming the 10,000 card library and the 600 card test 
set (10,600' cards) cost $1,060.00, or 10¢ per card. 

The card library was digitized in advance ~f,t~e test. The 
10 000 card library took six (6) days to d~g~t~ze at a rate 
of'350 cards per hour. During the monitored final test, the 
600 card test set was digitized i-x;: t'\tl~ ~o,;r~ (300 cards per 
hour). No costs are given for th~s d~g~t~z~ng. 

The pre-search processing by the Sperry softw,are took 20 
seconds of computer time per card r at a cost o~ $75/hour 011 
the UNIVAC 418 J.II (or $0.42 per card). T~ th~s, Spe~ry add-
ed 8¢ per card of burdened labor cost, mak~ng the per car~ 
cost of 50¢. Hence, the software cost of preparing the d~g
itized data for use in the 10,000 card library was $5,000. 

The actual test of 600 cards searched against the 10,000 card 
library using machine classification took 102 minutes, o~ 3.5 x 
10Q card comparisons per hour. The test of 600 cards us~ng 
machine classification in conjunction with Henry primary, 
classification took 66 minutes, or 5.4 x 10 6 card compar~sons 
per hour. At the $75/hour cost of the UNIVAC 418 III, ,the 
search costs using machine classification a~d Henry Pr~mary 
classification were .002l4¢ per card compar~son and .00139¢ 
per card comparison, respectively. The act,;al cost,of search
ing one test card is thus proportional to l~brary s~ze. For 
example the costs of searching one test card against a 1,000,000 
card library would be $21.40 (machine classification) and $13.90 
(Henry classification). 

These costs are comparable to those experienced in identifica
tion bureaus using manual technical search. (see Referencle 6) 

SPERRY RESEARCH CENTER LATENT PRINT ACTIVITIES 

As a continuation of this work of ten finger identification, 
the Sperry Research Center ha~ been c;onduc~ing C;n, inb~rnally 
funded program to develop a s~ngle f~nger ~dent~f~cat~on cap
ability. To assess their present capability using e,xi~tin\L 
equipment, SRC conducted a small test using a fingerpr~nt tJ.,le 
obtained in the Project: SEARCH holography contraqt. 

File Search Test 

The fingerprint matching algorithm used in the test is based 
on a direct compar.i..son of angles ,of the inquiry and file fin
gerprints. The technique is similar to the one used by Sperry 

34 

in the first Project SEARCH contract, as opposed to the' data 
abstraction and classification techniques used in the second 
contract. To obtain a measure of closeness of mlatch, eac:h 
file print is mathematically rotated and transla:l:.ed with ,re
spect to the inquiry print until the score can no longer be 
improved. A list of the ten closest matching prints is main
tained in the computer and prin'ced at the end of! the file 
sear,ch. 

The fingerprint impressions used in the test we:ce the 100-card 
test set for the first Project SEARCH contract. Each print, 
on the cards was digitized resulting in a file of 1,000 in-' 
dividual patterns. The inquiry set consisted of a second digi
tization of the first 65 prints of the 1,000 card file to pass 
a minimum quality standard. (The standard required tha,t at 
least 250 angle measurements could be made. About 95% of the 
inquiry prints met the standard.) Por each inquiry prin'c, a 
different impression of the print was digitized and added to 
the 1,000 card file. 

When the test was run, the second digitization of each of the 
65 inquiry prints always appeared on the list of 10 most pro
bable matches and always appea.red in the first. position. This 
was not particularly surprising sinqe the two patterns were 
identical, the differences in digi tization being only a mat'ter 
of translation. A much more meaningful comparison of that 
test is shown in Exhibit 2~5'''''2. As indicated l! 59 (90.6%) out 
of the 65 possible matches occurred in the filest position on 
the list of ten most probable match,es, and only' one correct 
match was missing from the list. 

POSITION ON LIST OF 10 NUMBER OF 
MOST PROBABLE MATCHES CORRECT MATCHES 

1 59 (90.6%) 

2 2 ( 3.2%) 

3 1 ( 1.6%) 

4 1 ( l.€i%) 

5 1 ( 1. 5%) 

Missing 1 1.5%) 

Exhibit 2-5-4: Experimental Results of the Sperry Single Print 
Test Against a File of 1,OOO$ingle Impressions. 
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Tentative Equipment Confi:quration 

A basib latent print system configuration wo~ld c~nsistof an 
opaque fingerprint digitizer c';lpable of reading d1.rect~y.:rom 
fingerprint cards and lat~nt l1.fts or ph?~ographs, a m1.n1. 
computer with a teletype1.nput/output dev1.ce, ';lnd one 0:: more 
disc files. A block diagram of-such a system 1.S shown 1.n 
Exhibit 2-5- 3 . 

TTY 

I 
! 

PRINT CPU 
DIGITIZER . 

f 
DISC 
FILE 

Exhibit 2-5-3: Block Diagram of a Simple Latent system Using 
the Sperr~ PrinJc Matching Method 

'rhe cost of. a minimum system with one disc pack' and removable 
discs is estimated to be less than $50,000. Assuming 250 ~
bit angle measurements per print and disc pas~s ~i~h .. cap~C:1.ty 
of 2.5 ,million a-bit bites, a ~otal 10,000 s1.ngle pr1.nt records 
could be stored per disc. ,. Each disc, which cost~ $150, would 
probably represent a sub-file bas7d on segmentat1.on by geo
graphical, location of offender! f1.nger number, ~atter~ type ~~ 
print, modus operandi, etc. F1.le search speed 1.S eS~1.ma~ed 
be approximately 36,000 comparison~ per hour, ::esnlt1.ng 1.n one 
disc file being searched in approx1.mately 15 m1.nutes. 

To maintain an entire fingerprint file on disc would require 
a larger and consequently more expensive computer system: ~h~ 
computer hardware to store and search a-fj,le of 100,000 1.nd1.v1.
duals would cost between $150,000 and$20~,000. To this would 
be added the cost of the scanner (perhaps '$lO,QOO), software 
development changes, and profit. 

Further Research and Development 

The eventual 'Sperry latent system will ~robably n~t be li~ited 
strictly to angle measurement. SperrY::L s present..LY E7xper1.
menting with a digitizer which develops a complete b1.nary re-., 
'presentation of an' entire fingerprint pattern. Sc~ftware would 
then be used to make angle measurements. Because the scan con
tains the complete fingerprint pattern information, other 
measurements such as average ridge spacing in various parts 
of the fingetprint, can be made. 'Eventually, even minutiae 
could be incorporated into a comparison system for latent 
prints using software process. 
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Section 2-6 

McDONNELL DOUGLAS ELECTRONICS COMPANY 

McDonnell Douglas Electronics Company (MDEC) has developed a 
system for automated search and recognition of latent finger
prints composed of electro-optical and photographic equipment. 
The system, which operates by measuring the similarity of 
fingerprints, determines likely matches from a microfilmed 
suspect file based on machine measurements and decisions. The 
cards from likely matches are segregated for examination"and 
id~ntification. 

The sys.tem was developed byMDEC and first tested in the 
SEARCH holography study {Reference 5). In that study, the 
system wastest'ed as a 10-finger identification system in 
which several fingers could r~ used to limit the number of 
candidates which must· be visually reviewed. Results of more 
.interest to the latent searching- problem were presented in a 
paper at the 1972 Carnahan Conference',:on Electronic Crime 
Countermeasures (Reference 1). These' r~sults are presented 
here. 

A contract has recently been negotiated between MDEC and the 
New York City Police Department for the construction and de
livery of an automated latent system. The results ·of an ac
ceptanpe test using actual latent prints and a test file of 
-fingerprint cards are presented in Appendix B. 

SYSTEM DESCRIPTION 

The.techniques employed in the MDEC system are based on prop
erties of images formed using coherent (laser) light. If a 
photographic transparency (such as'a fingerprint) is placed 
at the front'focal plane of a lens 'and illuminated by a 
coherent light .beam,the light pattern that appears iit the 
back",.£,Dcad.\'plane of the lens is a unique math,~at:i.cal trans
formation 015 the input pattern, known as the Fourier transform. 
One of .tt properties of Fourier transforms is that the in
verse trausform of the product of the transforms of two patterns 
is a direct.measure of their similarity, known qS the correla
tion function. This fact together with the Fourier trans
forming.properties of simple lenses, enables the design of 
electro-optical systems to directly measure the similarity of 
'fingerprints or their J,atterns. 
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Seme impertant preperties ef the Feurier transfe~m technique 
include its insensitivity to. relative trans1atien ef the two. 
patterns to. be cempared and its insensitivity to. small dif
ferences in the same pattern due to. under.,.. er ever-inking, 
smudging, etc. 

System Equipment 

Using the principles and techniques described abeve, MDEC has 
develeped a set of hardware which cemprises a-cemp1ete prete
type Latent Fingerprint Recegnitien System. The elements 
listed and described be1ew make up the system. 

1. Micrefi1m Fingerprint Fi1e--Standard data precessing 
cards, centaining an aperture in which a micrefi1m 
image ef a set ef fingerprints is mounted, serve as 
the data base fer the system. Up to. 52 ce1umns ef 
keypunch infermatien can be stered en each card. 
Thirty-two. ef the columns are used to. describe the 
pattern c1assificatien ef the set ef fingerprints. 
The ether 20 ce1umns are used fer subject ID er ether 
data which ceu1d have pre-sort value. 

2. Aperture Card Camera--This dua1purpese unit pre
duces micrefi1m aperture cards ef beth latent finger
prints and standard fingerprint. cards te'be added 
to. the data base. 

3. Filter Maker--This equipment creates a laser-generated 
matched filter ef the 1at'ent fingerprint. The matched 
filter is in the. ferm ef a fi1mtrans.parency and is 
placed in pesitien B-B in the schematic ef'Exhibit 2-6-1. 
A filter requires abeut 1.minute to. be preduced. 

4. Latent Cemparater--This unit shewn schematically in 
Exhibit 2-6-2, autematica11ycempares the latent print 
matched filter with aperture cards from the fingerprint 
file and autematically segregates prebab1e match cards' 
fer further investigatien. 

5. Aperture Card Reader/printer--The suspect aperture 
ca.rds selected by the cemparator are .ana1yzed against
the latent aperture card with this unit. Final de.,
terminatien,is made by the fingerprint. analyst. Pre
liminary screening can be perfermed en the viewer with 
final analysis dene en a phetestatic cepy ef both the 
latent and the file card provided by the reader/ 
printer. . 

Peripheral equipment and facilities also. emp1o.yed with the sys
te~ include aperture card·co.pying, keypunching, PQssib1y serting' 
equipment, and a standard pheto.graphic darkroom. 
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Search Technique 

The routine operations of the system involve: 

• File'updating--adding the fingerprint .aperture 
cards of new subjects to the file; 

• preparing latent fingerprints for search-
gene~ating a microfilm image and filter using 
the :f il ter maker. ". 

• Searching the file against the latent finger
print; and 

....... - • Expert examination of machine-indicated prob
able matches to make final identification. 

The latent search activity is central to the system. The latent 
comparator automatically separates out sets of file cards which 
contain likely matches to the latent print into 4 separate bins 
ranked in order of similarity. To. do this, the latent filter is 
first snapped into place in the comparator, and a file subset is 
selected. (The file can be physically segmented in any way de
sired, such as geographical area.) The operator selects a start
ing correlation value (voltage) threshold, enters pattern type 
information if appropriate and the subfile is run. (The equip
ment sets two other threshold levels for segmentation into the 
4 bins.) . Comparisons are made .at the rate of four subjects per 
second caras for which the correlation on any "finger exceeds 
a threshold are automatically segregated. These can then be 
rerun at stepped increases in threshold, with the result that 
the input sub file is sorted in order of machine-indicated 
probability of matching the latent. 

In a separate operating mode, the TV monitor of the comparator 
can be used to determine which specific. digits are matching on 
the more likely cards. ' 

RESEARCH SUMMARY 

Because of deviations such as inking variations, distortion of 
the finger skin, scars and blemishes of recent origin, etc., 
non-matching fingerprints often correlate as well as the true 
match. Thus, a "number of false respondents must be removed he
fore making the identification. 

Large scale tests were performed on the MDEC system to determine 
the statistics concerning the incidence of· false respondents. 
These statistics can be used to make inferences concerning the 
usefulness of the system in efficiently making identifications. 
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Test Procedures 

The test (reported in Reference 1) involved searching 64 known 
and representative subjects against a base file of 10,000 rep
resentative subjects. The inquiry and base file cards were pro
vided through the SEARCH holography study and were selected from 
the files of the California Bureau.pf Identification. The 64 
inquiry cards were the tuning set made available to the study 
participants for the purpose of calibrating their systems. Both 
the base file and inquiry subjects had been manually assigned 
their appropriate Henry primary classification. Searching was 
confined to the appropriate Henry file pocket. 

Accuracy Results 

For the 64 subjects, between one and four individual fing~rs 
were searched, for a total of 135 individual searches. 

When the individual single fingers are considered independently, 
an estimate is made of the cumulative probability of a "hitll 
versus the number of extraneous cards reviewed by the finger
print examiner. Exhibit 2-6-3 indicates this cumulative prob
ability versus the amount of cards expressed as a percentage 
of the base file (Exhibit 2-6-3a) and as a percentage of the 
applicable file pocket (Exhibit 2-6-3b). From these graphs it 
can be seen that in 65% of the searches the ideal outcome re
sulted: the machine segregated ,a single card which was the 
correct match to the inquiry. In 90% of the s,earches 1 the 
matching card would be identified by reviewing (at most) 0.24% 
of the library (i.e., 24 cards). 

To assess the system's capability as a single finger search 
system, the results of Exhibit 2-6-3b should be used. Tbe 
system selectivity (proportion of file reviewed by examiner) 
cannot be calculated on the basis of the entire file because 
the Henry primary uses information from all ten fingers, which 
is not available on a single print. Therefore, the data con
tained in the second exhibit is used in the accuracy analysis 
of Section 3. 

Timing and Cost Information 

The following times were reported for operation of the indi
cated system elenents: 

• The aperture card camera generates microfilm images 
mounted in aperture cards at the rate of 45 seconds 
per, subj ect or 80 subj ect,s per hour • 

• The filter maker Qan prepare filters of the latent pat
tern at the rate of one per minute. Filters .;ire pre
pared in batches which require a minimum of 45 minutes 
for developing. 
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138 Percent of Subjects in Total File Reviewed by, Examiner 

Exhibit 2-6-3 

13b Percent of Subjects in File Sub pocket 
Reviewed by EXaminer 

INDEPENDENT SEARCH HIT PROBABILITY ESTIMATE VERSUS 
AMOUNT OF MACHINE-INDICATED 'RESPONDENTS REVIEWED BY EXAMINERS FINGERPRINTS 

Fingerprints searched - 135 

Base file size. 10,000 subjects 

(Taken from Reference 1, page 36) 
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• The latent comparator compares apertur~ file cards with 
th latent filter at the rate of 4 subJects per second, 
in~ependent of wh~ther or not the finger number of the 
latent is known. 

The following cost information was obtained from the holography 

study (Reference 5): 

• The 10,000 card data base was filmed using commercial 
ractices on 35 mm roll film. Two diazo c.opies were. pro

~uced, cut, and mounted on aperture cards. The total cost 
was $2,000 or 20¢ per fingerprint card. 

• 347 match filt~rs were produced for the 100 card test set 
at a cost of $472.51 or $1.23 per filter. 
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Section 2-7 

NEW YORK STATE DIVISION 
OF CRIMINAL JUSTICE SERVICES 

. Since 1969, the New York State Division of Criminal Justice Ser
vices (DCJS), with financial support from the National Institute 
of La,,; Enforcement and Criminal Justice, has been conducting re
search on a system for semi-automated encoding of fingerprint 
J:idge minutiae (ridge endings and bifurcations). Two generations 
of e~coding equipment have been designed and built, both assembled 
from primarily off-the-shelf equipment by General Dynamics Corp
oration. The second system, known as SAFES (Semi-Automated 
Fingerprint Encoding System), was delivered in May; 1973, and 
will shortly-be put into operation. 

Preliminary results of tests on the new system wi.ll be available 
in June, 1974, and therefore could not be included here. How
ever, test results obtained on the old system (not preyiously 
published) are presented in Appendix A. These results are used 
in the accuracy analysis of Section 3 . 

One of the main hopes for the SAFES system is thqt it will be 
compatible with the FBI FINDER System. FINDEILet:mld then be 
used to encode the arrest card data ba.se ..wh.il~o SAPES could handle 
low quality latent prints unsuitable for }iutomat.:i.c.' processing. 

",,~ ~ 
'4' ... ' 

REAR PROJECTION INCREMENTAL DIGITIZER S .' . 
.;'~ 

The original latent fingerprint researchc~was conducted us,ing an 
incremental digitizer with rear projectio~of a ~icrofilmed 
fingerprint image. The equipment.displayeSi singlEitfingerprint 
images at a magnification of 8 to 1 em a 2'O'-;:.;i;nch ,sq:uqre ground 
glass screen. A mechanical X-Y plott:er styru:$,~;'ttla:'f:r attached to 
the display and could be positioned over the fingerprint pattern 
to encode fingerprint orienta'tion and minutiae points. 

Beginning at a preset reference point, the equipment·recorded in
cremental movements in the X and Y directions which were printed 
as characters on magnetic tape. The tape was then analyzed by 
the general purpose computer system (Burroughs B-6500) available 
at the division. Several fingerprint search programs were wri,t
ten and tested using data collected on this apparatus. A pre
sentation of the results of experiments using search software 
developed by Wegstein of the National Bureau of Standards is 
contained in Appendix A. 
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From.their experiences with the rear projected plotter, DCJS 
in cooperation with 'General Dynamics of San Diego, designed 
new equipment to improve the collection of minutiae data. 
The new system, known as SAFES (Semi-Automated Finge~print 
Encoding System), was delivered in May, 1973. From that time 
until February, 1974, the system has undergone substantial de
bt' 19inq in both hardware and sofiTware. Most of the problems 
have DeL' qolved now and it is anticipated that test data will 
be collectt lrting in March. A description of the new 
equipment and study objectives f~llow. 

SEMI-AUTOMATED FINGERPRINT EN90DING SYSTEM 

Equipment 

The semi-automated encoder consists of four main components: 
a programmable mini-computer with a teletype, special input 
console and tape dr~~ve ~ a closed-circuit television camera 
with monitor; .an x-~ digitizer; and an interface subsystem. 
The complete system cost approximately $130,000 to build. 

The high resolution (1225 line) closed circuit television is 
used to display the fingerprints to the operator at a magni
fication of approximately 10:1. It also displays a super
imposed cross hair, encoding circle and other encoding aids. 
The camera is mounted on a separate .table next to the monitor 
console. The operator manually positions fingerprint cards 
or latents in the image plane of the camera. The cards are 
held in place with a vacuum system. 

The X-Y digitizer, used to encode minutiae coordinates, con
sists of a magnetic stylus which· can be moved on the flat 
surface directly below the television monitor. The position 
of the stylus is displayed on the television monitor in the 
form of a cross hair. Points are encoded by positioning the 
cross hair and pressing the appropriate button on the input 
console. During this process, error lights and messages are 
displayed if information is omitted or entered in the wrong 

order. 

The mini-computer accepts X-Y minutiae coordinate information 
as well as identification number, reel and frame number, fin
ger number, and finger type entered through the input console. 
The computer formats and outputs the coded information on 9-
track, 800 bpi tape in a format compatible with the Burroughs 
computer. A telet~pe input/output device is also available 
for entering and modifying computer programs as well as print-
ing error messages. 

In addition to accepting and processing input, the mini
computer also. formats the encoding aids for display on the 
television monitor. These a'ids consist of circle"s of various 
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diameters and small dots indicating previously encoded 
minutiae. 

The in~er~ace sUb~ystem consists of the operator keyboard, 
error 1nd1cator 11g~ts and the systems contrbller. The sys
tem controller prov1des all interface and buffering require
ments between the computer, closed circuit television key-
boa~d, and X-Y digitizer. ' 

T~e features ~f the.SAFES equipment are summarized in Exhi
b1t 2-7-1. S1nce the equipment is to be used by an operator 
many o~ the features have been designed to maximize operator' 
effect1veness while minimizing fatigue. 

Latent Fingerprint. Processing System 

As conceptualized'by DCJS, the latent print processing sys
tem consists of five major functions: Submission, Encoding, 
Search, Retrieval, and Verification. 

Submission 

~he submission function includes submission of arrest ~ards 
f~r the dat~ base file as well as latent print evidence. 
S7nce DCJS 1S a service bureau, designed to share information 
w7th all la~ enforcement agencies in the state, it can poten
t1ally rece1:re arrest cards and latents from any law enfbrce
men~ agency 1n,the state. Because of the limited scale of 
the1:1atent f1ngerprint activities, however, DCJS is concen
trat1ng on a regional area of the state which contains a 
large central city (the City of Rochester) and the surrounding 
suburban area. I~ additio~ to arrest cards and unidentified 
l~tents, cooperat1ng agenc1es are sUbmitting latents identified 
w1th suspects for use in research at the division. 

Retrieval 

After completing a fingerprint search, the general purpose 
,computer ~Burrou~hs B-6500) prints a list of potential 
matches.w1th the1r corresponding identification numbers and 
r:el a~d f:ame numbers for use in retrieval. At present, 
m1crof11m 1mag:s are retrieved on a Kodak Miracode system. 
The corr:spond7ng reel and frame numbers are manually entered 
and , cand1d~te 1mag:s are retrieved for visual examination by . 
a f1~gerpr1nt exam1ner. Several other types of micro-image 
retr1eval systems could be used for thi~ purpose. 

Verification 

After a ~entative ide~tification has been made on microfilm, 
the exam1ner may obta1n a hard copy printout of the image or 
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As a display system, the closed circuit te19vision 
offers the following advantages: 

no photfpgraphic processing req';1ir7d , 
claritycf smudges and uneven lnklngs lmproved 
quality of',lifted and photographed latents Imp.r.':::>vf!d 

__ negative prints can be reversed , 
__ .prints can be magnified up to fO:::-tY,tlmes 

minutiae previously encoded are lndlcated. 

The minicomputer and system controller act as the 
system bookkeepers and offers numerous features: 

monitors operator procedure for errors 
indicates corrective action for errors 
formats and organizes encoded data 
accepts numeric and special fingerprint identifiers 
from th~ keyboard , 
accepts up to 80 minutiae per prl~t , 
scales, rotates, and translates mlnutlae data to 
a standard coordinate system 
provides an encoding circle for ope:::-ator 
provides an orientat:Lo~ cir<?le to ald operator in 
determining the ,core dlrectlon , " I 
allows operator to delete questl0nable mlnutlc;te I 
allows operator to improve accuracy of a prevl0usly 
~ncoded minutia I 
geperates line between two specified points for I 

ridge counting. I 
operator fatigue is an important factor in all manual 

'encoding systems. The following feature.s reflect some of the 
human factors considerations: 

---------

a treadle controlled vacuum system is provided to 
hold cards or photographs 
built-in calibration circuitry is provided for 
checking the closed· circuit television .-
the television camera is located on a separate 
table to minimize camera vibration. 
error lights and system controls are easily', 
accessible to the operator. ' ........ _. 

Exhbit 2-7-1: Features of SAFES, . ' 
Senti-Automated Fingerprint Encoding System 
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retrieve the original hard copy for final verification. If 
a hit is made,the examiner may then either prepare evidence 
for court or notify the local police agency that an identi
fication has been made and send supporting docmmentation to 
the agency. 

Encqding 

Along with searching, encoding is one of the key elements in 
a latent fingerprint system. Semi-automated encoding of 
fingerprint information is accomplished on the SAFES system 
as described above. 

The encoding procedure involves finding the core location and 
orientation and delta location(s), orientationo and minutiae 
loc~tions. A circle of adjustable radius centered on the core 
delimi ts the area of the print in which minuticle are encoded. 
After a minu!~;ia point has been successfully encoded, the com
puter outputs a small dot at its location tq prevent the oper
ator from encoding the same point twice. A"t:'\any time during 
the processing, if the operator is dissatisfi~d with his place
ment of a minutia location, he may delete that\point or adjust 
its location a small amount. 

The encoding process is estimated by DCJS t.O req:uire somewhat 
less than 2 minutes pe~ finger, or 8 to 10 minutes per finger
print card. In addition to the minutia encodin~:1 capai?ili ty, 
the equipment can perform ridge tracing and rids~e counting. 
In the ridge tracing mode, the operat:or traces ridges with 
the cross hairs, while the computer incrementally outputs 
coordinate data. The eventual use of the ridge tracing in
forma'cion has not been decided but it is thought that it may 
be useful in developing a classification system. The ridge 
counting mode allows the operator 'co draw a line from the 
core to one or more deltas. He then counts the Jddges ~dthE~r 
manually or by successively placing the cross hairs over each 
ridge along the ridge count line. Bo,t.h the ridgE~ counting 
and the ridge tracing modes will be used primarily for col
lecting research data. 

Searching 

Storing of the data ba.se and file searchi.ng will be performed 
on the division's general purpose computer. Once a suitable 
data base and input latent fingerprints are encod~d on the 
SAFES system, considerable d(~velopinent and testing must be 
done on the computerized search program. Two alternative 
programs have been wri,tten and tested (one a't DCJS' and the 
other at the National Bureau of Standards) using delta obtained 
with the dId digitizing system. As a starting point, these 
two programs will be rE~tested 'with data obtained on. the new 
system. 
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The basic search method of each. of the search programs. con
sists of an exhaustive comparison of minutia points be~';leen 
the inquiry latent and entries in the file to derive a~atch
ing score. In the 5earch~program developed. by DCJS, the 
score is simply trie proportion of minutiae points of the in
put argument that have a matching corresponding pOint,in the 
file. The algorithm in Matcher 19 (the NBS prog7"am) ~~ some
what more complicated in that a closeness score ~s der~ved 
for each matching pair of points. These scores are ~h~n com
bined to form a total resulting score. In ail operat~ona1 con
figuration, the. computer would then output a 1is.t of. most pro~ 
bab1e matches, which fingerprint examiners would verify using 
an automatic fingerprint retrieval device. 

One of the central problems with an exhaustive search such as 
that described above is the considerable computer processing 
time involved. To improve proc'essing time, classification 
information such as pattern type, ridge count, core delta dis
tance, and ridge flow information could be used to divide the 
file into classification subpockets before· the exhaustive 
search is conducted. 

DCJS has yet to develop a sa,tisfactory classification method 
using minutiae data. This, along with the most effic~ent 
use of classification· type data, will be one of the h~ghe$t 
research priorities at the division. 

RESEARCH ACTIVITY 

Research at DCJS in the near future will concentrate on three 
activities: 

1. As soon'as a sUbstantial data 'base is encoded with the 
new system, an experiment'of the type' similar to that 
reported in Appendix A will be rerun, hopefully resul
ting in greater system accuracy. 

2. A human factor analysis of the encoding equipment will 
be performed. The analysis will measure such things as 
sustained rates of coding, fatigue factors," effects of 
differences in room lighting, and the convenience of 
placement of the operator controls in the system. The 
result of the human factor analysis may be used to re
design the equipment for future modifications and'pos
sible production equjpment. 

3. A model operational system,;wi11 be designed to include 
'c f1qw:charts of procedures and an analysis of time factor 
and';work10ads. '\ Thea,na1ysis will result in a detailed 
cost .and personnel breakdown, of the operations of a pro

~ ductio~ system. 
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Lon~7"a~ge r;search activity will include testing the com
pat~b~l~ty o~ t~e SAFES system with the automatic encoQing 
system at the FBI (the FINDER System). It is hoped that the 
two system~ can be made compatible so that the FINDER system 
would be ab1e,to encode arrest card data bases automatically. 
The SAFES equ~pment would then be used to encode minutiae 
data from latent fingerprints, which were of such poor quality 
that· they wou1~ be unsuitable for automatic analysis. The 
use of automat~c encoding of the data base would greatly re
duce the workload of the SAFES system. 

~other area of,long range research will be the improvement 
~n search a1gor~thms and the more efficient use of gross, 
descriptions ~nd classification data. Eventually, it is 
hoped that the SAFES system will become an operational latent 
search and 7e~rie,:,a1 system to be oPerated by the New York 
State Iden~~f~c;at~on Bureau for all cooperating law enforce
ment agenc~es ~n the state. 
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Section 3 .. 
ACCURACY ~~ALYSIS 

The purpose of the following .analysis is to compare as much 
as possible the relative accuracies of the experimental 
latent fingerprint systems discussed in the previous sections. 
A manual classification system implemented on automatic search 
equipment will also b'e presented as a basis for comparison. 
From a comparative analysis 0:1: the automated systems with the 
manual system, potential benefits for completely automating 
the latent fingerprint classification and search procedures 
can be estimated. 

It should be noted that while the accuracy results presented 
in this chapter represent actual experimental results con
ducted by the various research organizations, they are not com
parable with each other because of the differences in data base 
and test sets •. The specific differences will be pointed out 
later in this section. Actual accuracy performance of produc
tion models of systems which may be developed in the future 
may show significant improvements over those shown here. 

ACCURACY ANALYSIS 

The relative accuracies 'of several experimental systems arc 
displayed graphically in Exhibit 3-1. (The NCIC system, 
corresponding to one of the curves, is explained below.) 
The exhibit contains graphs of reliability (the probability 
that the correct matc~;will be identified in a list of can
didates) ~ersus selectivity (the fraction of the library 
which must be visually reviewed by a fingerprint technician). 
with the exception of the curve for DCJS(New York State 
Division of Criminal Justice Services), all the plots repre
sent data for searching single rolled prints against a file 
of rolled prints. The curve for DCJS represents the search
ing of actual latent fingerprints against a file of rolled 
prints. The latents used include actual crime-scene print~, 
elimination prints (i.e., prints of persons with previous 
legitimate access to the crime scene), and fingerprints of 
divisipn personnel lifted from desks and other objects within 
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the department. The relatively poor performance by DCJS is 
accounted for largely by the difficulty in handling the poor 
quality of latent prints. No experimental results of search
ing single fingers against a file were available for the KMS 
Technology Center, the First Ann Arbor Corporation, or 
Argonne National Laboratory. Therefore, these agencies 
were not included in the comparison. 

Exhibit 3-1 is constructed by plotting the fr~ction of the 
library which must be visually reviewed in order to obtain 
a given reliability. For example, in the TRACOR test re
ported in the pre~ious section, 54% of the correct matches 
were in the first place on a candidate list taken from a tile 
of 894 single prints. Therefore, if the proport..ion 1/8~r4 
( • 11 %) of the file i1s visually inspected, then 54'% of the 
true matches will be located. If the first two candidates 
are inspected, then the reliability increases to 67% at a 
cost of viewing 2/894 (.22%) of the file. 

From inspection of the exhibit it is clear that curves lying 
above and to the left of the others show superior performance. 
For example, if a reliability of .9 is desired and, a file of 
10,,000 single print:smust be searched, one would have to 
visually inspect 10% of the file or 1,000 cards using the 
MDEC (McDonnell 'Douglas Electronics Company) technique, 7% 
of the file or 700 cards for the' NCIC system, 100 cards with 
the TRACOR system, and 10 cards with the Sperry system. 

Sources and Limitations of Accuracy Data 

Before forming conclusions concerning the data in Exhibit 3-1, 
it is important to consider their limitations: 

Sperry Research Center 

Data for the Sperry system were obtained directly from the 
Sperry Research Center and are described in Section 2-6., 
The data pase and test set consisted of the 100 card test 
set for the Project SEARCH Holography Study, 'and represent 
an accurate cross-section of the contents of a state' identifi
cation bureau. The test set consisted of both good and ex
tr,emely poor quality fingerprints and therefore constituted 
an accurate basis for the results. 

. 
Two factors may have, tended to overstate SperJ;'Y' s performance, 
however. The Sperry technique. tends to provide very. strong 
matches for patterns of the same finger number. For example, 
index fingers tend to match ,index fingers and thumbs tend to 
match thumbs. Since the ,file was made up or equal numbers 
of each finger (all ten fingers on 100 cards were encoded to .. 
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comprise the lOOOIl,finge7" datc;t base) the Sperry results do not 
accurately reflect a s~tuat~on where a finger number was 
k~own and a search was made only of the same corresponding 
~~ng~r.' ,Another consideration is that approximately 5% of the 
~nqu~ry cards were not processed due to low level of quality. 
If these cards were counted as misses" the entire Sperry 
c';lrve would,be lower by .05, which would still leave it the 
h1ghest curve on the graph. 

MDEC (McDonnell Douglas Electronics Comp'any) 

.The data,for MDEC was taken directly from Figure l3b, page 36, 
from the~r paper presented at the 1972 Carnahan Conference, 
(Refer~n7e 1). The data represents the reliability and 
select~v~ty of the MDEC approach within Henry Primary sub
pockets of the 10,000 ca7"d base file. The selectivity cannot 
be ,calculated on the bas~s of the entire file (Figure l3a of 
the pc;tper} becc;tuse.the Henry Primary uses information on all 
ten f~ngers wh~ch ~s not available fora latent search. How
~~er! the results may understate MDEC's capability because 
w~th~~ the Henry sub-file, similar pattern types are compared. 
T~at ~s, whorls are compared only with whorls and non-whorls 
w~th non-whorls. On the other hand, a factor which tends to 
overstate t~eir performance is that they could select anyone 
of the 10 f~ngers available on a fingerprint card and there
fore, could select the best available quality prints. 

TRACOR 

The TRACOR test results were those reported in the final re
port submitted by TRACOR to the Texas Department of Public 
Saf7ty ~see Reference 14). According to Dr. Welch, whose 
rev~ew ~s attached to the TRACOR report, the fingerprint file 
of 8?4 single prints was selected to be generally of good 
9ual~ty and to be representative of ,the pattern types fl)und 
~n.the Texas Identification Bureau. The test set 'which con
ta~ned 83 known matches in the library, was also selected to 
be of go~d quality but c~ntained a' few unusual patterns such 
as a~ ac~d burn and a.pr~~t where the ridges were not formed 
at b~rth. Also some ~nqu~ry cards contained smears or were 
lightly inked. The TRACOR results may be overstated relative 
t~ both Sp~r7Y and MDEC who used a representative library 
f~le conta~n~ngboth good and poor quality prints. The test 
set for the,TRACOR experiment was also unusually low in loop 
patterns·which are most difficult to search. ' 

DCJS (New York State Division of Criminal Justice Services) 

Data for DCJS results are taken from Appendix A of this re
port which was prepared by Frank Madrazo of DCJS. These data 
are undoubtedly an understatement of the capabilities of DCJS 

55 



· ' 

since actual latent fingerprints were used as search prints 
whereas in all other cases rolled ink prints were used as 
both the inquiry and library set. Even though some of the 
latents were of extreI'(1.ely poor quality all of them were coded 
and;-searched. It sho111d be noted that the data for the ex
periment were collected on equipment which p+,eceeded the pre
sent SAFES system. The old systeIh;lacked many of the improved 
features of the new system including a memory feature which 
prohibits the operato~ from encoding the same point twice. 
The test will be re-run in the near future with the new equip
ment resulting, hopefully, in improved results. Because of 
these many problems, lower reliabil.i ties than those used, for 
the other sys~ems were used for DCJS in the cost analysis in 
this section. 

NCIC Manual System 

To provide a comparison against which the experimental systems 
could be measured, results of a system which ·uses manual en
coding of fingerprints is included in Exhibit 3-1. Appro
priate data for operational manually encoded latent systems 
such as Kodak Miracode were not available. However, reliability 
and selectivity data on the NCIC fingerprint system were avail
able for the Project SEARCH State Identification Bureau pro-
ject (Reference 6). The NCIC system uses 'codes for pattern 
type, ridge count on ulnar and radial loops, and tracings on 
whorls. The system thus closely approximates the common 3-
digit Miracode coding system developed by the Atlanta, Georgia 
Police Department except for the coding of core' t.ype. Al though 
the NCIC ~ystem is basically a'lO-finger system, ~ach finger 
has a separate code and, therefore, can be used as a single 
finger system. 

The four points plotted on Exhibit 3-1 represent the reliabil
ities and selectivities associated with various tolerances on 
ridge counts. The lowest point corresponds to no tolerance 
on ridge count, the secondpoi.nt corresponds to a tolerance of 
±l, the third to ±2, and the fourth to ±3. With a tolerance 
0f ±3, 95.5% of the possible ,"h~ts" would be made. The re
maining misses occur'because of differences in pattern type, 
tracing, or a ridge count difference greater than ±3. 

The selectivity of the NCIC system was based on the distri
bution of patterns and ridge counts on the right index finger, 
which is the most selective finger. , 

When using this NCIC manual system as a basis of comparison it 
should be kept in mind that it does not truly represent the 
full potential of manual latent systems. Another important 
limitation in this data is that the reliability meas,urements 
were done wit·h high quality fingerprints and by having two sep
arate technicians classify the same identical print. Therefore, 
differences in Subsequent impressions of the same finger would 
not be accounted for. 
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CONCLUSIONS 

C~nclusions conc'rning the relative accuracy of the single 
f:nger,systems are difficult to draw because of the sUbstan
t1al d1fferences in test data and procedures which produced 
the test results. However, several of the automated systems 
dem~nstrate a superior performance over the manual NCIC sys~ 
tern. 

T~ ~btain a c~mplete comparison of the systems, a cost and 
t1m1ng,analys1s should be performed to derive the system 
operat:ng costs for various workloads and file sizes antici
pated 1n user agencies. Insufficient data were available to 
perform such an analysis for this report. 
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section .4 

SUMMARY OF SYSTEM ADVANTAGES AND DISADVANTAGES 

In evaluating the progress of automated fingerprint searching 
and its application to latent fingerprints, it is instructive 
to consider the various advantages and disadvantages of alter
native technical approaches. 

The approaches described in the previous sections can be 
grouped into two major categories:, C;>Ptical comparison,tech
niques, and scanning followed by d~g~tal data abstract~on 
and comparison. The optical technique is represented by KMS 
Technology center and McDonnell Dou.glas Electronics. The 
other five systems are all in the digital category. 

The discussion of advantages and disadvantages of approaches, 
which follows below, will first center on the general dif
ferences between optical and digital techniques, then on dif
ferences among the approaches within each category. 

OPTICAL VS. DIGITAL 

Optical Compari~on Technique-

Advantages 

• Optical systems have demonstrated a capability to 
handle the poor quality of latent prints, however, 
the better the cuality of the latent, the better 
the system will"'perform. (See The New York,City 
acceptance test for the MDE8 system, Append~x B.) 

• Since the library data base is maintain.ed as in
dividual records (aperture cards or slides), it 
is easy to maintain and purge • 

• Visual comparison of potential match candidates 
can be accomplished rapidly becausecandid~te rec
orda are physically segmented by the search pro
cess. No time is lost searching rolls. of film 
or retrieving cards from files. 
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Disadvantage 

• ~ecause. of the requirement of passing each library 
~m~ge tnrough a laser light source, search times are 
long and require substantial operator labor. Im
provements in search speed are limited by' mechanical 
methods of card handling. 

Scanning and Digital Encoding 

Advantages 

• The digital approach uses software processing, thereby 
taking advantage of rapid advances in mini-computer 
technology. In may cases the only specially built 
equ~pment is the fingerprint scanner. Commercially 
ava~lable scanners suitable for fingerprint work may 
even be on the market in the near future. 

h 

• Since software processing is used, improvements in 
speed and accuracy can be incorporated into the sys
tem at a later time with minimal additional cost. 

• Hard wired processing modules could be added to sys
tems in large agencies to improve processing and 
search speed. 

• As evidenced by test results on single rolled prints 
presented in this report, digital processing may 
offer reliabilities and selectivities beyond those 
attainable with optical processing. 

• Operational .and acquisition costs of minimal systems 
an~ reasonable and well '~'li thin the budgets of many 
state'and municipal law enforcement agencies . 

• Because latent prints are digitailly encoded, computer 
files of latents for unsolved cases can be maintained. 
Incoming arrest cards can be searched against these 
latents when' they'arrive at the bureau. In optical 
systems, unsolved latents would have to be, stored and 
only periodically searched against new file entries, 
since'the systems are not designed to search incoming 
arrest cards against latents. 

Disadvantage 
I, 

., It is not known whether or not digital scanners can 
'\ successfully deal with the poor quality of latent 

\,prints. The old model of the DCJS system is the only 
'digital system tested with latents as opposed to 
single rolled prints; to date, their results are not 
impressive. 
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COMPARISON OF OPTICAL TECHNIQUES 

KMS Technology Center 

• The KMS system was designed, as an identification 
system using all ten fingers at one time. The 
system as designed is probably not suited to latent 
fingerprint searching. 

McDonnell Douglas Electronics Company 

• The system used in the SEARCH Holography Study was 
designed specifically as a single print latent 
system. 

• The system's capabilities in latent fingerprint 
searching have been sufficiently demonstrated to 
the New York Police Department to warrant full
scale operational use of the system. The experi
ence in New York will provide invaluable data 
concerning the system's true operational cost and 
effectiveness. 

COMPARISON OF DIGITAL TECHNIQUES 

Sperry Research Center 

Advantages 

• To date, the Sperry system has'demonstrated the 
best reliability and selectivity results based on 
single rolled fingerprints. Its capability to 
successfully encode and search latent prints is 
unknown. 

• Ridge angle measurements as used by Sperry are 
relatively easy to make from fingerprint patterns, 
thereby minimizing the complexity of the pri~t 
digi tizer. The Sperry system would. probably\~ be 
able to process partial latent fing'~rprints as 
long as a core area of the print wa\p available. 
The core area would be required bYl~he system 
software for orientation of the priiit an91~e s. 

• The Sperry ten-finger print system 2~ould be used to 
digitize and search latent fingerpriints. A special 
latent print data base may have to 1:J!,e built and tnain'
tained separately from the main identification files 
since the information in the latent :system is con
siderably different from that stored" in the ten print, 
system. However, additional equipm,el~t would not have 
to be purchased. 
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Disadv,antage 

• A~ presently de'signed the ' 
h~gh. The 250 ~ight-bit . storage requ~rements are 
total 2000 bits of 'f an<:!le measurements per finger 
th ' ln Ormatlon which ' e requirements of am' t " lS comparable to 

TRACOR 
. lnu lae-based system. 

Advantages 

• TRACOR shar 
since th bes,some advantages with the Sperry 

e aS1C technique of angle system 
same. comparison is the 

• Angle measurements are m " , 
Sperry system (nearest 2~chocoarser than ln the 
resulting in the relative' 5 as Opp~sed to 1.5%) 
ment of 216 bits p . f' ly small sEorage'reouire_ 

er lnger. : ~: 

Disadvantages 

• The coarse angle measur ' 
requirements, probably :r:~t, Whl1e reducing storage 
poorer accuracy performance c~used the relatively 
system. . as compared to the Sperry 

• The Use of a delta in ri ' 
systems value as a lat~ntnt allgnm~nt reduces the 
do not contain a delta As~~;:m slnCemany latents 
cedure could overcome th' 1 erent alignment pro

lS problem, however. . 
First Ann A'~bor C .... 'orporation 

Advantages 

• The system relies on 
mask centered on the 
~antial latent print 
lS often available. 

data contained within a circular 
core ~n~ therefore, may have 0-
capabl11ty since the core are~ 

~ The storage 'requirement for I' . 
low, 70 to 105 bits per f' lbrary prints is very 

" sired numl?er of classific~~I~nr depending on the de
cell categ~ries. 

Disadvantages 

• The system has not been ade 
data bases were so small thq~atelY proven. Test 
liability and selectiv't a assessments of re-

1 Y were not Possible. 
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• The system as presently designed requires manual 
centering of the mask, thereby increasing scan-

II ning time and cost. Manual centering also intro
.1.

1 

duces a potential source of coding e~rors, which 
First 'Ann Arbor Corporation did not conclusively 
demonstrate could be 'adequauely hq,ndled by their 
syst0.rn. 

New York State Division of Criminal Justice Services 

Advantages 

• Because it is semi-automated, .the system will prob~ 
ably be able to handle 'poor quality latent prints 
typically found in crime scenes which are unproces
sable by automatic methods. 

• The SAFES equipment has an extremely clear, high 
resolution image of the fingerprint which enables 
the operators to work at maximum efficiency. The 
equipment also .. has a number of convenient operator 
aids in the encbding process. 

o T'he data encoded on the S.AFES system has a high 
potential of being compatible with that automati-
,cally encoded by the FBI FINDER system. These 
systems may, therefore, eventually complement 
each other in that the semi-automated approach 
would be used to encode prints unacceptable to the 
automatic system, whereas the automatic system 
would have the speed and economy to encode large 
databases. 

Disadvantages 

• Because of the operator involvement, the encoding 
time is large, estimated to be between 8 and 10 
minutes per -:fingerprint card. A technician would 
also require a rest period between every 2 or 3 
'prints to prevent fatigue. On the average, 35 
fingerprints per day could be encoded by a single 

, technician on a, re'gular basis. This Isubstantial", 
drawback ,would apply only if the sysb3m,were not 
compatible wi·th the FINDER system which could auto
matic;.\lly encode the dat.a base. In that event, the 
time inVOlved-in encoding input latents would not 
be a pr.oblem. 

. ' 
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Argonne National Lal?oratc.1..E1. 

• ANL does. not have a t)articular single pri.nt system 
~r te<?hn~que characte:r.istics of the other, systems 
escr~b~d. 'rhey do h,lve a general-purpos,e image 

p~ocess~~g system, ALICE, which is~ well S11i ted to 
f~ngerpr~nt research. 

• ~he main distinguishing feature of the ALl:CE system 
~s t~e cc;>mbinati<:>n of automated scanning w,'ith a man." 
ma~hl.ne ~nt~rac~~on. cc:p~b:~.li ty • The system may 
haye pot~nt~~l ~n d~g~t~z~ng low qu,allity ll';ltent 
pr:Lnts w~ th ~ ts manual interaction C'apalbili ty • 

• Scanning for the TRACOR expe'riment was clone! using 
the ALICE system on a rental basis. 
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section 5 . , 
CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

From the preceding discussions of research and development 
activities 'by governmental agencies and private ind';Lstry, 
and the results of an accuracy analysis, the follow~ng con
clusiorris can be derived: 

• The "Latent Value Study," (see Reference 4) con
ducted by NYSIIS establishe~ the value.of.a~ e~- . 
fective latent print searchJ.ng system' J.n J.dentJ.fYJ.ng 
criminal offenders and clearing cases in which no 
other useful evidence is available. 

• Useful fully-automated latent print search systems 
are commercially available or ,very close to being 
available for relatively 1m" cost. 

• No-latent system which will retrieve one true 
match in a file with close to 100% reliability 
is near accomplispment. However, further research 
and development would undoubtedly improve,~he re
liability and selectivity of present experJ.mental 
latent systems. Many diffe~ent technical approaches 
appear to have merit. 

• Research and development programs primarily 
aimed at la-finger identification have pr~duced 
capabilities to search single fingers a~aJ.nst a 
library file •. However, the laten~ applJ.ca
tion is at least an order of magnJ.tude more 
dif f.icul t than I 0-finger identif ica~ion since 
usually_'only one or a few latent prJ.nts are 
available for ,search and the pJ;ints themselves 
exhibi t distortions, smearing ,:' and lack .of 
r~dge information f~r worse than inke~ print~. 
B'ecause of the specJ.al problems assocJ.ated w7th 
latents, especj..a}ly in attempting to automatJ.
cally scan and digitize the:lJl, research 1?r<;>9;rams 
should be structured to meet these specJ.fJ.c 
problems. 
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• Accuracy results based on single rolled prints 
a.J:'e not comparable among latent systems b~cause 
of the lack of standardization in library '~data 
bases and test prints. Adequate testing using 

__ ~:wtual or simulated latent prints has not been 
accomplished for most systems discussed in this 
report. 

• Semi-automated minutiae encoding appears feasible. 
Effectiveness in search system and compatibility 
with auto~ated encoding remain to be tested. 

• Most organizations surveyed, both governmental 
and private, have expressed interest in conduct
ing fur,ther research and development on latent 
fingerprint searching,. Private industry is will-
ing to invest in such projects if national funding 
agencies (LEM or NILECJ) indicate an interest in 
pursuing the problem. 

• Although ,the F:BI FINDER system was not directly 
stUdied in this report, the committee can see no 
reason why the existence of FINDER should limit 
fingerprint research or the purchane of finger-" 
print devices by state or local law enforcement 
agencies. 

RECOMMENDATIONS 

The following recommendations are presented for the considera
tion of the National Institute of Law Enforcement and Criminal 
Justice (NILECJ): 

• Because of the recognized nee~ for effective 
latent fingerprint searching systems and the 
encouraging results. _ of experimental systems 
as described in this report, NILECJ should 
continue its support of latent fingerprint 
research. 

• A coordinated program for supporting latent 
fingerprint research and development should 
be ~=tablished and contain the following key 
featU1;es; 

1. NILECJ should sponsor, an experiment, to 
compare accuracies of prototype latent 
systems using a standard data base of 
fingerprint cards and a s~and~rd set of 
actual or simulated latent prints. The 
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latents should represent a cross-section of 
prints found at crime scenes which are of 
sufficient minimum quality to serve as evidence 
in court. 

The experiment would ac~omplish the following; 

a. Assess on an equitable basis the present 
capabilities of manual, semi-automated, 
or fully-automated systems. 

b. Assess th~ operational costs of latent 
systems. 

c. Encourage the investment of private capital 
in latent fingerprint research and develop
ment. 

d. Establish a data base and test set for eval
uating improvements in. latent systems for 
years to come. 

All types of latent systems including manual, 
semi-automated, and fully-automated systems 
should be included in the experiment. A special 
effort shotJ.ld be :f1t<:1de to include the FBI FINDER 
system in the experiment. 

2. In conjunction with Part 1, a study should be 
undertaken to determine the composition of a 
representative sample of latent prints. Based 
on the results of the study, the latent print 
test set should be constructed from actual crime
scene latents, elimination prints, or purposely 
produced and lifted latents as deemed appropriate 
by the study. A master fingerprint library repre
sentative of the patterns and varying quality of 
fingerprint cards found in state or municipal identi
fication bureau files should also be selected. 

3. NILECJ should financially support research and 
development projects which demonstrate promising 
results in the experiment. -

4. Based on the evaluation of user groups (such as 
Project SEARCH), LEAA should encourage the con
struction of pro~otype equipment for installa
tion and test in operational agencies. 
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5. NILECJ should ~el t' I 
development proje~~s~~~'Yhsupport resea:-ch and 
latent print searchin ~c t may ~reatlYlmprove 
even though they have

g 
sisdems ~n the long term 

bility at the' time. o'f no emon~trated a capa-
as possible . the exper~ment:. As. soon· 
the standard ~~~:ebsystem~ should be tested with 
for' the experiment .. as,e an test latents developed 
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AN EVALUATION 

AUTOMATED FINGERPRINT .. Mil:\TCHER PROGRAM 

APPLIED TO LATENT FINGERPRINTS* 

m: 
FRANK MADRAZO' 

RICHARD HIGGINS 

SUMMARY: 

Data is presented resulting from an evaluation of an automated 
fingerprint matcher program as applied to a latent finger
print system. Parameters evaluated are: minutiae location, 
ridge f10"'7 direction, minutiae types, and pattern types. Data 
is presented on the results of searches utilizing a test file 
of 94 latent fingerprints with the corresponding inked finger
prints. Data is also presented on the searching of latent 
fingerprints against a 'base file ,of 2,526 inked impressions. 

INTRODUCTION: 

An effective latent search program must make an lIacceptab1ell 
percentage of hi'ts with only a limited number of false re
trievals. One procedure to pragmatically determine these 
statistics for any particular search program, is to cOQe a 
sample file of known latent identifications and to search 
these against a file containing the corresponding inked (rolled) 
prints. 

The main objective of the work described in this paper was to 
test a computerized search procedure for latent fingerprints. 
Secondary objectives included an evaluation of the use of the 
ridge flow direction angle and minutia type as search parameters. 

'l'he particular seach. program chosen for evaluation in the 
latent fingerprint context \,vas described by J .H. 'ilegstein 
in National Bureau O'jC Standards Technic"al Note 538 "Auto
mated Fingerprint Id€mtification. II !1r. Wegstein named the 
basic program "statistical Matcher M-19." ' 

For purposes of this study, we produced an Algol version of 
lvI-1S for use on the Division of criminal Justice Services (nCJs) 
general purpose computer system. 

*rrhe VJOr]~ described in this paper Vlas performed as part of New 
.Yo:.:k state Division of C:.:imina1 Justice Services research into 
the feasibility of an automated la'tent fi:1ge:.:print processing 
system. 

A-2 

j 
! 
i 

I 
1 
i 
j 

1 1 ' 

1 
I 

I 
1 
f 
l 
J 

PRO::EDURE: 

A sample' file of 04 known ide 
another file of 94 correspondf~~ ~e~edc~de~ an~ searched against 
one phase of the tes~' 1 ~ J J.nKe 1mpress10ns. In addJ.'tJ.'on 

a' t ~ J.nvo vea searchin ~ the -, 
ag J.ns a larger sample file of 2 526 ,gksdom~ Or: . latents 

Of the 94 latents coded C 

, J.n e J.mpress~ons. 

1.0r the sample: 

32 were past DCJ'S idents 
23 were elimination idents 
29 were DCJS personnel idents. 

Coding the Print (L s atents and Inke£l 

The inked pr;nt d , • s an latents were ' f' 
Jected on the projection scre~ m1cro ~lmed and then pro-
at an approximate 8 4 magnifi~~t~f a se~~-automated digitizer 
entered a pattern 't~~e and f' ~on •. F1rst, the classifier 
A Co~e point and a oin 1nger,numoer for each finger. 
then coded~ The co~e P~i~~ ~:sc7~be t~e,or~~ntation were 
and the or1entation oint s ~ e o~~gJ.n or the system 
des~ribed the negatiee Y_~x~oget:-e~ w~th ~he core location, 
Cod~ng circle of 1 2' h 1ds~ All m1nut1ae found in a 
, th' • ~nc ra J.us were the d d 
~n 1S x-y system For h' , n co e and oriented 
direction point wa~ also ead~ dm1nut~a point, a ridge flow 

File Character.istics 

Pattern Type 

co e • 

The pattern types of the g4. 1ate11ts 
were: - used in the sample 

Right Slant Loop 
Left Slant Loop 
v-lhorls 
Double Loop 

!Minutiae Point Counts 

32 
33 
28 

1 

Table 1 illUstrates the minutiae po' t 
of the 94 inked rolled rints w .~n 
tribution found for the g4 late' th~le ./ n s. 

count distribution 
Table 2 1's the dis-

The ov:erall average 't 
was 8.2 points. Thi~O!~er~o~nt of the 94 inked prints 
8.2 average point count ~ g. compares exactly with the 
from a file of 17 767 ; kP dev10~sly calculated usino data , .n e pr1nts. -

A-3 



, t 

. , 

No. 
of 

points 

0 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

15 
16 

22 

TOTAL 

AVERAGE 

TABLE 1 

POINT COUNT DISTRIBUTION OF INKE1D PRI~\S 

Left Right 
Slant Slant 
Loop Loop 

1 0 

3 2 

4- 2 

5 3 

3 3 

4 ~ 
-' 

l.~ 6 

1 4 

3 1 

1 3 

0 1 
: 

2 4 

1 0 

0 1 

0 0 

0 0 

32 , 33 

6.8 8.3 

. . . 

Whorl 

0 

0 
":) 
.J 

~ 
-' 

2 
" 

4 
1 

2 

2 

2 

1 

3 
0 

3 
1 

1 

28 

9. 6 

. 
. 
. 

-
,Double 

LoC.1P --
0 

0 

0 

0 

0 

1 

0' 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

7·0 

overall Average point count 8.2 
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Tbta1 
, 

1 

5 
,~~ 

Il 

8 
12\; 

, 
\ 11., 
I I 7 ,I. 

" 

,.. , 

0 

6 
\ 

2 \', 

9 
1 

4 
1 

1 

94 

8.2 

!'"' 

\ 

j 
, 
I 
1 
1 

1 
i 
1 
! 
! 

1 

I 
1 

NO'. 
OF 

POINTS 

1 

2 

3 
l.l· 

5 
6 

7 
8 
"', "" ~. 

10 
11 

12 

13 

14 

15 
16 

17 

18 

19 

TOTAL 

AVER. 

RIGHT 
SLANT 
LOOP 

1 

1 

3 
5 
~ 
-' 

3 
5 
3 
5 
0 

2 

0 

0 

0 

0 

1 

0 

0 

0 

32 

6.5 

. -:;--'-'Ij 
,; 

TABLE 2", 

PQ,INT COUNT DISTRIBUTION OF LATENTS 

LEFT ! 
SLANT DOUBLE 

PERSON-
i DCJS ROCH. NEL 

LOOP WHORLS LOOPS I IDENTS IDEm'S IDENTS TOTAL 

I 

0 0 0 
I, , 1 0 0 j 1 
!~ 

0 0 0 I 1 !~ 0 0 1 

5 2 0 4 l.,. 2 10 

3 2 1 j , 4- 2 5 11 
I 

2 4 0 , 2 4 3 9 
6 3 I 0 ! 3 1 8 12 

2 4 0 I 3 3 5 11 

5 2 0 2 3 5 10 

4 2 0 5 4- 2 11 

1 1 0 1 0 1 2 

3 2 0 5 0 2 7 

0 3 0 0 0 3 3 

0 0 0 0 0 0 0 

0 1 0 1 0 0 1 

0 1 0 0 0 1 1 

0 1 0 0 0 2 2 

1 0 0 0 1 0 1 

0 0 0 0 0 0 0 

1 0 0 0 1 0 1 
'. 

33 28 1 32 23 39 94 

7.3 8.0 4.0 6·9 7.1 7·5 7.2 

OVERALL AVERAGE POINT COUNT 7.2 

A-5 



-"l"! : 'I 

, 1 
I; 

/ 

-------... ------------------------------.. ------.~--i i-I. - T" .~~ 

/;" 
!( 

The latent poiAt count '-t,.,ras also repltesentative \'.)f latents 
found at cl:'ime scenes. FI')rty (40) laten'ts coded and 
searchl~d in a plZevious s'ltl.ldy had an averctge pOint count 
of 6.t.l, while the 94 latents in this': stu6\y had a.n average 

.... f' 7 () point qount 0 .c. 
RESULTS OF l'ROGRAM EVALUATION: 

\ 

Minutia Location (94 vs 94): 

The test prot.~edure required that if we Wlere t:o evaluate 
the program's' potential for latent searching, we would have 
to determine the most favorable value fOl:' the following two 
program defined tolerances: 

1. 

2. 

The distance allowed between matched minutia points 
(TOL.) . 

The area which ,defines a clUster or incremental 
tolerance (KR). 

First we tried the original values (?O TOL.an~ 10 KR) used 
in Wegstein' s Technical Note. As Ta.ole 3 L'ld~cates~ the 
results with these tolerances were not accept~ble. For 
instance, only 14 latent pr~nts out ?f a p,?ssl.b~e 1i4 \V'~~e the .. 
top score when searched agal.nst the nase f1le or 9 ~ correspona
ing inked prints. This corresponds to roughly a ~5 percent 
"hit" rate. Analysis of this data showed that th1s resu~tl 
\'laS probably due to a difference in scale bet'Vleen. Wegs~el.n s 
data and ours. We next attempted a toleran<;:eof 3~ un~ts 
(0.01 inCh). This tolerance had been used 1n prev10us CRB 
search programs. Since this 35 produced favora~~e results, 
\'1e continued with it and worked up and down to f:-m':l. an 
acceptable incremental (KR) tolerance. Table 3 ~llustrates 
that with tolerances of 35/25, 33 out of the 94 latents ~ere 
the top score. In other words, there were no fals7 re~r1;evals 
for these prints • The ~econd c:olulmn for each comh1n~~J.on; of 
tolerances is a cumulat:tve percent of the total 94, p:r::J.nts. 
For instance wi th 5 false retrievc\lS (Ranking SCla,re ~. 1), 
we '-{QuId exp~ct a hit l:ate of 51.1% with toleranc~~;s '9£ 35/25 .. 

All possible tolerances' were, not exhausted. It is en~irely 
possible that another TOL tolerance .... 'Quld produce i~pJ.?9ved 
results. For instance" our previous\ results would 1nd1cate 
that a TOL tolerance of 25 should also be, tested. HOpe~'lllly, 
the matched scores\'1ould remain high but the false! ret:r.~evals 
would be lowered substantially. However, a comple!te sE\a~ch 
involves considerable computer time, so. we fe~t t~le ~esu.lts 
'i,dth 35 were encouraging enough to co'nt;1nue '''1th J.t thr()ugh 
the other stages of testing. 
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The data presented in Table 3 is based upon a search of the 
94· la~el1ts ':lgaih~t the corresponding 94 inked impressions. 
The r~dge d~rect10n angles were not u,ged as search parameters 
in these searches. 

Minutia Loca'cio11 (94 Latents vs 2,526 ~m: 

The results of searching 94 latents against 94 corresponding 
ink prints were encouraging, but anothe~t question had to be 
ans'\'1ered. Ho'\'i/ well would the matched sc.~ore\s obtained on the 
94 vs 94 run c~mpare with the scores obtained on a, latent 
searched against a larger file? To test this, the latents 
'were searched against a file of 2,526 cQc\ed inked prints. 
For these searches, the ridge direction angle was incorporated 
into the search procedure. Table.4 illustrates the results 
with and, without pattern type as a search parameter. 

Of -the 47 latents ,.,hich had the, highest score's in the pre
liminary search, 17 still had the highest sco,re ,.,hen qearched 
against a large file. Table 4 illustrates 'that using pattern 
type as a gross discriminator', approximately 50% of the latents 
were found in the top 10 retrievals. Table 4 also indicates 
that an approximate 3% false retrieval rate wOiuld be reg:tlired 
to operate at a 65% hit rate if we.use patterl'l type. Of the 
26 latents not searchec"L against the large file, 17 scored 
o with its matched pritlt on the 94 vs 94 original search; 
and 9 ,..,ere of too poor quality to expend additional computer 
time. " 

Minutia Angle (Ridge Flow Direction) Evaluation: 

The ridge angle is defined as the general direction of the 
ridge at each mil'lutia location. After the operator codes a 
minutia point, he follows the general ridge flow and using 
well defined rules, codes another point a short distance 
a\,lay from each minutia point. This point and the minQ,tia 
point form an angle with either the X or Y axis. As mentioned 
previously, it \'las one of the sub-objectives of this study 
to evaluate the use of the angle in the Wegstein type matcher 
as a search parameter for latents. 

The ridge flow angle is not a precise measurement, because 
of operator variability and possible problems in definitions 
for semi-automated,encoding. Therefore, instead of using 
discrete angUlar designations as a search paramet.er, our 
circle around each minutia point was divided into) 64 pa.rts 
of 5 5/8

0 
each. In this program test, if the dif:ferenc\~ 

between two points was less, than Tor,:, and the diff:e:.\;,"ence 
bet71een two ridge angles was less than plus or minus a 
parameter ANG, the minutia points were. cons'ideredl match~d. 
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TABLE 3. 

LATENT SEARCH COMP~RISON BY TOLERANCES 
FALSE RETRIEVAL DISTRIBUTION 

TO:U/KR TOL/KR TOL/i<R TOL/KR ,TOL/I<R 

RANKING SO/lO 35/15 ~ 

35~20, 35/25 ~5/35 

OF MATCHED ~O .. ' OF~· HIT NO. OF HIT NO. OF"" HIT NO. OF HIT NO. OF HIT 

SC(j~S PRn~rS ,RATE* PRINTS RATE* PRINTS . JmTE* PRINTS RATE* PRI.!-~::S RATE* 

1 14 14 .. 9 27 28.7 32 34.0 33 35·1 
r 28.7 ,t:.. 

2 5 20.2 10 39.4 5 34-4 6 41.5 35.1 

3 4 24.5 4 43.6 5 4 .• 7 4 45. rr 6 l.~1.5 ' 

4 1 25·5 2 45.7 2 L~6.8 2 1+7·9 5 <46.8 

5 1 , 26.6 0 b'- 7 2 ' 48·9 1 48.9.' 1 117·9 
.... ~ 

6 1 27·7 1 46":8 1 50.0 2 51.:1. 1 48·9 

7 1 28.7 2 48.9 2 52.1 1 52.1 . 1 50.0 

B 3 .31·9 2 51.1 1 53.2 1 53~2 3 53.2 

9 2 34.0 2 53.2 1 54.3 1 54.3 4 57.4 

10 2 /; "'6 2 0 53.2 0 54.3 ' 2 55.4- 1 58.5 

ll=' 
.::> .... , 

J. 11 36.2 2 55.3 1 55.3 2 58·5 3 61.7 

t'{~ 12 6 42.6 3 58.5 3 58.5 1 59. 6 0 61.7 

13 1 43.6 0 58.5 3 61~7 1 60.6 ,1 62.8 

14 1 '44.7 0 58.5 0 61.7 1 61.7 0 . 62.8 

15 44.7 2 60.6 1 ,62.8 0 61·7 0 62.8 

16 2 46.8 0 !'6 
0 62.8 1 62.8 0 ,52.8 

17 2 48 .. 9 2 "::~ 2 64·9. 1 63.8 0 62.8 

18 1 50.0 0 1 66.0 1 54·9 0 62.8 

19 1 51.1 1 ,3,:.8 0 66.0 
r': 67.0 1 63.8 c 

20 2 53.2 1 &.4-.6 0 66.0 2 69. 1 0 '" 63.8 
.-I 

21+ 14 100.0 33 100.0 29 100.0 29, 100.0 35 "100.0 

*hit rat~: 
percent of total possible ;4) latent~::'ranked as top score during a seard", 
The results are based on 91 ,1atents sei3'll,ched against the corresponding 94 /( 

inked prints. . ~ .. ~/ 
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As with the distance tolerance, th~re is no formula to 
derive an angle tolerance nor is there any accepted magic 
numbel::'<cor an+angle tolerance. From previous data, we 
start'ed \vi th _ 10 parts.', WoX'*ing up and down from 10, 
\'le found our best results at _ 6 • Table 5 compares the 
sear~hes of the 9L~ latents against. 94 " inked prints with 
and \1ithout c.ngles.. . • J" 

The data in Table 5 provides a summary of the minutia 
and angle data. It is apparent from this data that the' 
angle is an important search paramete:r. Using the angle, 
14 more latents became the top score. This continued. down 
the ranking and added approximately another 15% to the hit 
rate at each retrieval level. 

Minutia Tvpe Evaluation: 

~llien the two files were coded, the fingerprint classifier 
coded the minutia by its type; i.e., bifurcation or ridge 
ending. The search program was then modified to include 
a matching of these two codes before any further distance 
and angle comparisons were made. Table 6 compares the 
results with and without the use of bifurcation and ridge 
ending codes. 
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TABLE ::2 

ANGLE EVALUATION 

RA~n{ING DISTRIBUTION 1 
. 

RANKING Wlo ANGLES ~VITH ANGLES OF MATCHED Tol=35 Kr=25 Tol=35 Kr=:25" Ang=6 --.9 CORE S ~HITS CU!v1 'to HITS, CUt.I % 
1 33 35.1 47 50.0 
2 6 41.6 5 55·3 
3 4 45.7 :2 57.4 
4 2 L~7 .9 2 59·6 
5 1 48·9 3 62.8 
6 2 51.1 1 63 .. 8 
7 1 52.1 5 6g.l 
8 1 53.2 2 71.3 
9 1 54.3 1 72.3 

10 2 56 .• 4 1 73.4 
11 :2 58.5 1 74.5 
12 1 59·6 0 74.5 
13 1 60.6 1 75.5 
14 1 61.6 0 75.5 
15 0 61.1 0 75·5 
16 1 62.8 1 7686 
17 1 63 .. 8 2 78 .. 7 
18 1 64 .. 9 0 78.7 
19 2 67.0 0 78.7 
20 2 69·1 ,0 78.7 
21+ 29 100.0 20 100.0 

1 The results are based. on 94 latents t~earched against '\:he 
, 

corresponding 94 inked prints. 
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OF MATCHED" 

SCORES 
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2 

3 
4 
.... 
:J 

6 

7 
8 

9 
10 

11 

12 

13 
14· 
15 

/ '/ \ 16 
",t' ,.. ]\7 , 

18 
Ie) ... ~ 
20' 
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TABLE 6 Ci 

, ',1 
HIlruTIA TYPE CODING EVALUATION 

n 
j 

(,' ),':":1' 
l' ., 

AA1:1KING· DISTRIBUTION" 'i 

HO Z·lINUT IA TYPE. ,'. 
. TOL/KR/Al'fG 

~ 35/25/6, , 
..., '\ ,rtf 

Hi ts '-.o.umm .. , 10 

47 
5 
2 

2 
-. 
J 

1 u 

5 
2 

1 

1 

1 
0 
1 

0 
0 
1 

. \\\ 2 
\' .. ' '\\ 0 
\\~\ I~ 

.0 
o 

50.0 
55·3 

, 57.4 

62.8 
63.8 
69. 1 

71.3 
72.3 
73.4 
74.5 
74.5 
75·5 

'~,~v:~ e5 

75·5 
76.6 
7~ .. 7 
78.7 
78~7 
78.,t 

MI1~IA TYPE CODED 
TOL/I<R/ANG· . 
35/25/6 

Hits ;", Cumm .% 
33 35·1 
7 lj·2.6 

2 44.7 
6 

5 

3 
1 

1 

2 

2 

51.1 
56.4 
56.4 
59. 6 
60.6 
61.7 

::-;-:, 
\';'61.7 
61.7 
63.8 
63.8 
66.0 
66.0 
66.0 
66.0 
66.0 

'66.0 
66.0 

i 21''+ 20 '100.0 ~'2 100·L,_, ~_ .... ' __ ~',)IJ: ;..-., ___ ....=.;~~ 
~"\--r---~---~t: 

: 1. ~rhe 1.7esults are: based on 94 1?1tents searched against the 
d\:>:c:re,spol1f.li:ng 9:Lt inked prir'lts ~.' l·1inu tia types coded were 
:t~:~dge endings qll1d b;i..;Eurcations. 
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Sumraary Data (comparison of Score vs False Retrieval 

Rates ): '" ' .. 

The data il) Table 7 ,represent summary scoxeand false 
retrieval results, for 68 of the 9L~ latentstlsed during 

.' this study ,.These l-esu1 ts ''lereobtained ay' searching the 
latents.against the large base file of 2,526 fingerprints. 

In this table,. an ideal case for, any pa:cticular latent . 
(Column 1) occu'rs when the top score (ColUml'l :2) equals 
the matc13ed score (Co1um.·1 3). This indicates th~t there, 
were no:calse retrl.evals. Cblumns.4 and 5. descrl.be the 
effect ,of using pat:l:.ern type as a. gross descriptor., 
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LATENT 

lW. 

1 
2 u 

3 
4 

5 
6 

7 
8 

10 
11 

12 

13 
14 

15 
16 

17 
18 
19 
20 
21 

22 

23 
24;< 

25 
26 

27 
28 

29 
30 

,TOl? 
, SCORE 

16.34-
22.37 
24 .. 40 
17·5-
21.25 
27.26 

21.60 
22.31 

20·79 
19·67 
24.00 

30.36 
29·06 
23.00 

34-.87 
35.14 
13.01 
21.81 

17 .. 09 
20.05 
31.11 

11.91 

22.10 

14.27 
25.59 

20·95 
18.70 
10.02 

.-' --' 

23.69 
25.83 

,TABLE 7 . 

~GE FILE SEARCH RESULTS 

rt.IATCHED 
SCORE 

14.56 
21.30 
24.40 

17.21 

" 27.26 
r- 47 o •. 

17·90 
8.88 

19. 67 
16.07 
15.53 
29·06 
20·77 
34.87 
14.06 

3.67 
11·95 
5.39 
L~. 62 

14.35 
1~' '12 ,.~l)!., 

10.67 
4.10 

255.59 
16.15 
10.32 
11.33 

9.34 
17.03 

TOTAL.¥ALSE 
RETRIEVAL 

A-14 

3 
1 

o 
22 

1 

o 
50 

4 

96 
o 
L~ 

7 
o 
1+ 
a 

119 
154 

6 

159 
86 

9 
3 

33 
176 

o 
5 

56 
23 
51 

2 

PALSE RETRIEVAL 
Till PATTERN TYPE 

o 
1 

o 
10 
o 
o 
5 
1 

34 
o 
2 
L~ 

o 
3 
o 

50 

53 
f"2 

J , 514 
29 

2 

1 

9 
57 
o 
3 

, .. 
15 
o 

l\ 1\ 

. , "". ,~.-. ":-""""~-,'!!!!'",,!!"II., """. 1;I!!Il)LIIIIII!i ----.A
i
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TABLE;;',? - Continued, 
f 

LATENT TOP NATCHED TOTAL FALSE FALSE RETRIEVAL 
~ __ ~.;0~. ____ ~S~C~O~RE~ ____ ~SC~O~RE~ __ ~~RE~T~R=IE:<-~VA~L~ __ ~Vl~/~PA~TT~E~R~,N~TY~P~E 

31 
32 
.33 
31~- . 

35 
36 
317 
38 

39 
1-1-0 

. 41 

1~2 

43 
L~4 

" ,45 
1,~6 

4T 
llS .1 ' 

40 
IV 

50 
51 
52 

55 
56 

57 
58 
59 
60 
61 
62 

63 

22 .. 11 

19·15-

37·95 
18.26 
11 .. 84 
31.85 
22.26 

20·71 
17.09 
17·21 
1LI··9 1 

27.87 
13·33 
26·9 
20.8 
24.4 
18.88 
20.40 
21.67 
14.62 

.35·99 
. "16.17 

31.61 
15.29 
i6.67 

',\ 

23·95 
20.qO 

20·59 
18.69 
25.21 

23.23 
28.13 
20.83 

o 

22.11 
8.40 

37·95 
7 .81.~ 

.40 
41.85 
15.23 
20·71 
16.20 

9. 11 
8.64 

17·77 
3 .. 31 

16·98 
8.30 

24.40 
13.82 

. 19·80 
10·73 
13.78 
35·99 
,16.17 
31.61 

10·78 
2.11 

6.58 
14.05 
20.59 
18.19 
25.21 

18.70 
6.35 
7·76 

A-IS 

o 
86 
o 

83 

91 

o 
1 

o 
1 

19 
50 
7 

48 
1L,. 

37 
o 

16 
1 

19 
L~ 

o 
o 
o 

15 
186 

172 
16 
o 
1 

o 
4 

168 
248 

o 
32 
o 

29 
13 
o 
o 
o 
1 

8 
14-

2 

Il~ 

2 

7 
o 
4 
o 
2 

o 
o 
o 
o 
6 

61 

73 
5 
o 
o 
o 
1 

84 
115 



TABLE 1 

LATENT TOP. lYIATCHED 

NO. SCORE SCORE . , 
6LI, 1 l.!.~ 9· .j 5.40 

65 17.34 1.38 

66 25.61 21.l~1 . 

67 29·77 24.00 

68 20.51 20.51 

- continued, 

TOTAL FALSE 
RETRIEVAL 

10& 
.,/ 

2ll~ 

1 

1 

0 

--- ----- --. _.- -~. ---_ ..... -------

FALSE RETR~EVAL 
~'lt.. PATTERN TYPE 

79 
70 

1 

0 

0 

I 

. ' 

DISCUSSION: 

The foregoing has described a11 attempt at evaluating an 
a1.ltOll.latea method foZ" searching latent fingcrpri:1ts using 
mi~utia location, ridge direction angle and pattern type. 

1'ihen analyzing the data., it is important to J\.eep in mind 
that 'because of the cOi.1strain'cs of compu.ter s'corage and search 
timea.nc1. available encoding equipment, the ~1umber of minutia 
poin'cs coded for individual latent and base f5.le prL1ts V'/as 
small, 7.2 and 8.2 respectively. This most likely would ilave 
a ::1cgative effect 011 'ehe per£ormance of the cluster type 
!·~atcher H-19. 

A s~conc1. negative effect on the per~ormance data derives 
2rom the 11ature of the encoding equipment used. The off
the-shelf digitizer tlsec1 Llad no memory cues to tell an operator 
~lhen a minutia POi:.1t had beel1 encoded. 

This could leao. to a CLuplication of encoded points, or more 
Eerio~sly, the neglect of coding vali~ly occur~ing minutia. 

A thir.d parameter having an eff§ct: on t~1e data is the 
orientation scheme. Performal1('rc:' of min\'ltia matchers of the 
H-IS ':~~ype is sensitive to orii,',Jltation differences between 
the suspect and base file pri,:':.:ts. 

We anticipate that each of the foregoing problem areas will be 
diminished vii th the use of a semi-automat.ed encoder currently 
heing evaluated by DCJS. This encoder should allov] us to 
encode a larger area of the, fingerprint (incluc1ii.1g more 
mil1u'ciae) more accurately, since it contains provisions for 
memory cues and a more reliable orientation technique. We 
intend to repeat the experime:lts described above during our 
evaluation of the ne~'l encoder. tve also ~'lill attempt to in
corpora~e additional discriminators i~to the search argument 
such as 'core-delta distance. 
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. " Appendix B 

RESULTS OF NEW 'YORK CITY'S ACCEPTANCE TEST 

OF '1.'HE McDONNELL DOUGLAS LATENT COMPARISON SYSTEM 

Printed by Permission of 

The· City of New York Police Department 

, l 

" 
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From: 

To: 

June 15, 1973 

Commanding Officer, Identification Section, 

Deputy<~c9mmissioner - Administration. 

Subject: VISIT TO ST. CHARLES MISSOURI - QUALIFICATION TEST 
MDEC AUTOMATED RECOGNITION SYSTEM. 

1.. On May 29, 1973, Lieutenant James A. Ghericich and 

Detective Vincent J. Scalice, #1721, Field Services Unit, 

Identification Section, conducted a test of the MDEC automated 

fingerprint recognition system at t:he vendors plant in st. 

Charles, Missouri. The purpose of this test was to qualify 

the equipment for acceptance under an LEAA Grant. The test 

consisted of an attempt to identify 100 latent fingerprin\;:.:td 

against a data base of 2.1.500 fingerprint charts gleaned from 

the files of this department. 

2. In the original test, 30% of the file data base would 

necessarily be examined in order to attain 79% effective 

operation. The breakdown was: 

TOP 10% 10-20% 

55 16 

20-30% 

8 

This figure was considered unacceptar"':l.e. 

TOTAL 

79 

3. Upon completion of this test 15 poor comparisons or 

outright rejects were examined at random in order to ascertain 

if any specific patterns for failure could be established. 

Of the 15, 9 were found to possess poor quality diazo copies. 

These diazos were reproduced to the quality deemed satisfactory 

and re-run. Each of the 9 were now in the top 25% of cards .. 
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\"jaqhiev\1'1'l:~,correlation- qnd some' fell!less ·than ,?%~ from the top. 
=-~ 

It should be ~not,ed that add:iti6nal'match"cards of poor, diazo 
" 

quality remain as·time precluded are~run in every case. 
0, 

However, it is logical ,to" pr~sume that similar improyement' 
,. 

may' be- expected due' to the consiste'ncy already demonstrated. 

It appears that with:. quality 'control in the photographic process 
/ ~G 

. (diazo) an accur.acy rate of 90% or\~9re; couid b~ achieved if 
.... ~-,...". 

::) -, ::-' 

the ,top 20% of the respondents were viewed., 

4. 'The sy-st~ ,does not distingui.sh various fingEl.rprint 
" . ' , . . - . \ 

pattern types which is ,to say ,that two fing~rprints di~:siinilar (f ' " 
to -the eye-may indicate a close correlation when,,subj;eq;tedto 

,"?" '. 

macliine analysis. This 'is a distinct advantage' asmanM' unnecessary 

and time,consuming ex,aminations may be eliminated, by ut:ilizing a 

simple ,key punch program f~~ the) aperture cards. which;has 

alre'tdy been written. Thus close correlation ';ould be affected 

onl§ on those type fin~erprintswherein, an adtu~+l match could 

occur. This would in turn, further reduce the number of comparisons 

" 
" 

required on the part of"a technician performing the search. 

5. During the ten days of testing, machine failure 
() 

Q 

occurred only once due. to a burned ,out switch resulting in 

30 minutes of 'down-time. However ,a continuouspr'oblem was 
c' 

J1,oted in tn'e mac,hanical card handling sy~tem. MDEC recognizes 
'. 

ful.ly ~h6' problems with this sUj?portsystemand has indicated . ." " " . 

«' 
,that it will be satisfactorily re-designed prior to the 

" ? 
delivery,of the equipment. 

II ,. 
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\ \l., Both .Lieutenant Gheficich and Detectit~:e ScaliCe concur 
'\:. 

thab~ the employment oft,his system could ;favorably impact our 
\.\ n 

department in the fingerprint: identification tie1.a:~ Basing this 

judgm,ent on expertise in latent fingerprints . a'nd phQtographic~ 

scienc~s it is felt "j::.his could ~pl;'ove'to ,be a major breakthrough 
" ,. ~ 

in ICl;tent fingerprint .identification. 

7. In conclusion, it is our recommendation that if the 

~1Vendor can correct the card handling problem as stated and our 
;/ 

>JJ 

1j'C1.epartment can assure a qual.ity control microfilm operation, 
\~ '0_~;' 

~~-l1is department should acquire ~he, MDEC Automated Fingerprint 

Recognition System with the utmost dispatch under thG LEAA 
',' 

Funding Grant tentatively approved. It should.be noted ~1::.hat 
c-...., 

the quality needed ~or the micro:fil,m should be undertaken bya 

microfilm corporation capable ofproducip,.g a product to military 

specifications. 

8. ·For your information. 

1:::J 
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