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PREFACE 

The purpose of ,I:his project was to create a pilot s~~mi-

automated latent fingerprint processing system. An integral 

part of the program was the design and development of ,a Semi-

Automatic Fingerprint Encoding System (SAFES). This syst.em 

would allow the introduction of a minutiae-oriented search 

and classification system. The program was a cooperative 

venture among municipal police agencies, DCJS and the equip-

ment manufacturer for the purpose of relating to "real-world II 

problems and subsequent evaluation of results in this context. 

This project could not have been completed without the 

advice, cooperation and technical expertise of staff members 

of the groups mentioned above. The author, therefore, extends 

his appreciation to Captain James I. McGowan and Sergeant 

Robert Tacito of the Rochester, New York Police Department, 

Evidence rechnicians unit for their assistance in submitting 

IIlive" latent fingerprints and providing crime related details 

for use in our statistical studies. 

Appreciation is also extended to Doctor Daryl Thornburg 

&ud Mr. James Evans of General Dynamics for their perseverance 

and considerable technical expertise in implementing the SAFES 

System. 

The author also wishes to thank Mr. Richard Higgins of the 

Division of Criminal Justice Services, Research staff, who 

performed the analysis for the latent fingerprint profile 
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chapter, assisted in the debugging of the mini-computer 

programs and provided valuable insights into the human 

factors aspects of the project. 

Appreciation is also extended to Mrs. Virginia pollock 

of the Division of Criminal Justice Services, Programming 

staff, for her work in. debugging the mini-computer programs 

and extending their usefulness through the addition of 

numerous subroutines. 

A special thank-you is extended to Mr. Loui~ Mayo of 

the Law Enforcement Assistance Administration, who provided 

valuable assistance in solving the many administrative and 

techni9al problems that arose during the period of the grant. , 
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INTRODUCTION 

Fingerprints have been used as the major means of 

identifying individuals for over sixty years, especially 

within the criminal justice system. Fingerprints serve two 

important functions within the system. First, arrest/identi

fication fingerprint cards are used to positively identify an 

individual when the person is available for fingerprinting. 

~hese cards contain all ten fingerprints, in addition to 

personal descriptive data such as name, weight and height. 

They are commonly used to ensure that information submitted 

to or transmitted by an identification bureau is pertinent to 

the correct individual. Second, latent fingerprints left at 

a crime scene or on an object associated with a crime can be 

used to determine the identity of the perpetrator of the crime. 

Used in this way, fingerprints offer a very potent means of 

solving crimes. 

The basic information used for classifying and search

ing arrest/identification fingerprints is that derived from a 

pattern type (loop, arch, whorl, etc.), a ridge count between 

a core and delta, and of a ridge tracing in the case of whorls. 

This information, when combined for all ten fingers, determines 

the Henry Classification Formula for filing purposes. Over the 

years, extensions and changes have been made in this system to 

improve its performance. F'or instance, the New York state 

Division of Criminal Justice Services (DCJS) computerized ar

rest/identification system currently utilizes the year of birth 
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to aCl'omplish further subdivision of the file. 

The classical system works r~asonably well for the 

arrest/identification fingerprint search. However, if we 

attempt to search a large file classified by pattern type. and 

ridge count on the basis of a single fingerprint (latent), the 

number of records that would have to be visually compared with 

the fingerprint being searched would, On the average, be enor-

mous. As an example, the average number of records that would 

pe retrieved for single fingerprints from right index fingers 

would be about 100,000 from a file of one million records; the 

maximum number retrieved would be on the order of 150,000 . 

The reason for this large number of retrievals is that the in

formation contained in the pattern type and ridge count is not 

sufficient to narrow the search to only a few records. 

At the present time, most base files used for latent 

fingerprint searches are manually operated and are subsets of 

the main criminal file. with the present methods of classi-

fying base file fingerprints (generally pattern type break-

down) and manually searching latent fingerprints, a latent 

search can take days even in a relatively small file repre-

senting 20,000 to 40,000 individuals. The task of searching a 

file containing fingerprints from more than a million individ-

uals would be possible, but would require considerable time 

and effort probably weeks of concentrated ~~rk. This is 

clearly not a task that can be economically accomplished in a 

large identification bureau unless some significant changes 

are made in the entire process. 
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Attempts to improve latent fingerprint processing 

have included adding mOre information to the classification 

system SO that fewer records would be retrieved during a 

search with a single finger. Ridge counts, core types, delta 

types and locations of particular ridge configurations (c.g., 

eyelets) have been used to subdivide single fingerprint files. 

Systems using this additional information have generally been 

manually operated and have been abandoned when the base fi.les 

have grown to the point where search times and base file 

encoding have become prohibitive. Recently, a number of semi

automated systems have been developed utilizing microfilm 

technology. These systems still have the drawback of'utiliz-

ing classical gross descriptors for file classification purposes. 

In an attempt to provide law enforcement agencies 

with a modernized latent fingerprint processing system, DCJS 

has pursued a program leading to the development of a system 

which will permit a search of large criminal identification 

files using the information contained in a single latent finger-

print. 

Preliminary studies of the latent fingerprint pro-

cessing problem by governmental agencies and interested vendors 

have led to the conclusion that a system based on automated or 

semi-automated encoding and automated searching would have to be 

devised before the goal of searching latents against large 

criminal base files could be attained.* 

*Studies are too numerous to credit individually. However, as 
examplc?s, commercial concerns such as Systems Development 
Corporation, IBM, General Electric, General Dynamics have 
provided research assistance to DCJS during this program. 
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As a result of initial studies, DCJS chose to 

develop a search system based on the ;ocation and ridge flow 

direction of the fingerprint ridge characteristics (minutiae), 

such as ridge endings and bifurcations utilized by latent 

examiners for comparison purposes. Minutiae data can be con-

verted to digital information for computer storage and search. 

This informa~ion can also potentially be used to derive 

descriptors which could serve to subdivide the file, thereby 

considerably reducing search time. 

During the course of our research on the use of 

minutiae data, we used off-the-shelf display and digitizing 

equipment to create a base file of more than 20,000 coded 

fingerprints. We also developed a preliminary search algo

rithm. Results of these projects indicated that we would re

quire semi-automated encoding equipment designed specifically 

for fingerprint work. It was also clear that additional re-

search in the areas of classification and search would be 

required before a total system could be specified. The system 

developed under Grant NI-70-095 is a pilot system designed to 

evaluate the use of a Semi-Automated Fingerprint Encoding 

System (SAFES) in a total systems context. Concurrently, re-

search studies will continue in the areas of classification 

methods and search algorithms. 

The DCJS pilot system also utilizes the gross c1assi-

fication parameters of pattern type, finger number and core 

delta distance as a screening procedure. It is anticipated 

that other descriptors derived from the minutia data can be 
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used in specifying a more detuiled classifi.cation method. 

'l'he following sections of this report discuss the 

status of t!:le DCJS pilot system with emphasis on an evaluation 

of the SAFES System as the basic input device . 
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DCJS PILOT SYSTEM CONFIGBRATION 

The DCJS pilot semi-automated latent fingerprint 

processing system consists of several elements. These are 

shown in the functional flow chart Figure 1 (p. II-2) and 

are discussed in detail below. 

Submission 

DCJS, since it is a central information sharing 

agency serving all the criminal justice agencies of New York 

State, can potentially receive latent fingerprints from any 

of the State's more than 600 law enforcement agencie~. How

ever, we are'currently limiting the scope of the pilot system 

to provide sE'rvice for a large regional area of the state. 

·This area consists of a large central city with associated 

suburban areas. 

Our base file consists of arrest cards submitted by 

law enforcement agencies located within the above mentioned 

region. Based on fingerprintable arrest statistics,' this base 

file should contain more than 40,000 digitally encoded finger-

prints within one year. 

Latent fingerprints are generally submitted to DCJS 

in the form of 1:1 photographs of the lifted latent obtained 

at the crime scene. The volume of latents submitted to a 

central agency generally depends on the following factors: 

oThe priority given to obtaining latents by 

the individual law enforcement agencies. 
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eThe extent of service capable of being of-

fered by the centraL agency. 

oThe past performance of the central agency· 

in providing identifications. 

During the project period (late 1971 to the present), 

we have received more than 200 good quality crime scene lat3nts 

from the coo~erating agencies. We are maintaining close liaison 

with the cooperating law enforcement agencies in an attempt to 

maintain this volume of latents. These agencies are also submit-

ting latents identified with suspects for use in our research. 

]3:ncoding: 

The Semi-Automated Fingerprint Encoding Sys.tem (SAFES 

System) generates ~ computer compatible file of minutiae 

location and ridge flow direction data from fingerprints for 

subsequent automated comparison with data from latent finger-

prints. Fingerprint card identification data and individual 

fingerprint data such as finger number, pattern type, and core, 

delta, and minutiae positional information is converted into 

digital fOrm and stored on magnetic tape by the SAFES System. 

In the current system configuration, the search and matching 

functions are performed by an independent, general purpose 

computer. 

Retrieval 

After the general purpose computer searches a latent 

against the stored base file, a listing of fingers that poten-

tially match the input data is produced. 

Currently, the retrieval base file is stored in l6mm 

I,I-3 
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microfilm cassettes for use with a Kodak Miracode retrieval 

system. The computer printout lists a cassette number and 

film frame number (entered in the ID block as part of the 

SAFES encoding process), for retrieval purposes. The DCJS 

number is also listed for quality control purposes . 

The examiner accesses the fingerprint by inserting 

the proper cassette into the microfilm reader and then enter-

ing the frame numbers through a keyboard. The equipment 

passes the film through the reader and stops at the proper 

card. The computer listing is sorted in two ways: 

oFrame number order so that the operator 

can continue through the cassette. in 

sequence. 

oHit probability order so that the operator 

can concentrate his verification task on 

the highest probability candidates. 

We store approximately 1,500 arrest fingerprint cards 

per cassette at a 17x reduction ratio. with the reader used l 

the reduced fingerprint image is magnified 23x, thereby dis

playing an approximately 1/3 enlarged image of the individual 

fingerprint. The specific finger or fingers on the card match

ing the latent are also included in the B-6700 output to assist 

the fingerprint examiner in the verification process. 

Verification 

If a particular base file print shows promise of 

being an identification, the examiner can produce a photo

graphic hard copy of the image on thp. screen or as an alter-

II-4 
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native, retrieve the fingerprint card from the master hard 

copy base file for closer comparison.o 

If a hit is made, the examiner then prepares en-

larged photographic exhibits for court purposes. These ex

hibits show each point on the latent corresponding to the 

base file print. 
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SAFES HARDWAR E DESCRIPTION* 

PHYSICAL DESCRIPTION 

General 

The SAFES System Figure 2 (p. 1II-2) is comprised of 

a dual console-table and an equipment rack to facilitate mount-

ing of the subsystem assemblies. Table 1 (p. III-3) lists the 

major assemblies and subassemblies utilized in the SAFES System. 

The dual console-table consists of front and rear consoles bolt-

ed together to form an assembly measuring 28 inches high, 46 

inches wide and 48 inches deep. Levelling adjustments are pro-

vided on each of the console-table legs. An equipment rack is 

provided as a separate assembly with surface mounting pro-

visions for the camera stand and rack provisions for the camera 

electronics .equipment. The equipment rack measures 28 inches 

high,. 22 inches wide and 23 inches deep with levelling adjust-

ments On each leg. Dist ... :ibution panels are provided on the 

rear of the console-table and equipment rack for interconnection 

of power, signal and control cables. 

Encoding Keybo~rd 

An encoding keyboard Figure 3 (p. 1II-5) is provided 

on a chassis measuring 6 inches high, 11 inches wide and 13 

inches deep, with an enclosed vertical numeric display panel and 

a sloping keyboard surface. The keyboard contains 21 keys, 5 

lighted pushbutton switches and system controls. An internal 

backplane-wired logic subassembly contains the integrated circuit 

sockets into which the logic elements are inserted. 

*Taken in part from Semi-Automuted Finqerprint E~codinS! System 
(SAPES), Document H-74-046, Part Number 2000000, General 
Dynamics, 1974. 
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TABLE 1 

SAFES System Major Assemblies 

ASSEMBLY 

Encoding Keyboard 

Magnetic Tape unit 

Digitizer Platen 

computer Base 

System Computer 

CCTV Monitor Base 

Error Indicator and Tape 
Control panel 

CCTV Monitor 

Distribution Panel 

CCTV Camera 

'CCTV Camera Control Assembly 

Interface Control unit 

Digitizer Electronics 

Distribution Panel 

Teletype 

111-3 

MANUFACTURER/DESIGNER 

General Dynamics 

Kennedy Company 

Hewlett packard 

General Dynamics 

Varian Data Machine 

General Dynamics 

General Dynamics 

Conrac 

General Dynamics 

COHU 

COHU 

General Dynamics 

Hewlett Packard 

General Dynamics 

ASR33 Modified by 
Varian Data Machines 
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signal input/output and power connections are made via a sin-

gle rear-panel connector. Table 2 (p. III-6) lists the keyboard 

control indicators with the function of each. 

Magnetic Tape unit 

The Kennedy Model 1600-9 Track-SOO BPI Magnetic Tape 

unit is vertically mounted in rack space provided in the right 

front section of the front console. Reel installation and 

removal and operation of transport controls can be accomplished 

from the operator's position. 

Digitizer Platen 

The Hewlett Packard Model 9l07A Digitizer Platen 

including a modified cursor control, is recessed in the sur-

face of the front console at the operator's position. 

computer Base 

A computer base provides the signal and power inter-

face for the encoding keyboard in addition to the front panel 

MAIN POWER circuit breaker which controls power application to 

all subassemblies of the SAFES System. 

system Computer 

The Varian Data Machines 520i Computer is mounted 

on the computer base on the right side of the rear console. 

All front panel controls and indicators are accessible from 

the operator's position. 

CCTV Monitor Base 

The CCTV monitor base is recessed at an angle on 

the left side of the rear console, directly facing the oper

ator. The Error Indicator and Tape Control Panel (Figure 4, 

1II-4 
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TABLE 2 

g,NCODING KEYBOARD CONTROLS ANB INDICATORS 

CONTROL/INDICATOR 

" -: . . ••• NUMERIC DISPI,AYS 

.: _JlrDENTIFICATION NUMBER 

II: J.R;1\ME NUMBER 

. 'FINGER NUMBER 
.lfisPlay 

PATTERN TYPE 

SWITCHES 

"..3TART/sTOP pushbutton 

- ..... 
END OF FILE pushbutton 

_~jindicator switch 

i.~OS(NEG push~utton 
~nd1cator sW1tch 

') 

~--.-I.rr.(A~E pushbutton 
indicator switch 

~,~I 
\ III, ·'I1.UDGE COUN'l' pushbutton 
~ . Lndicator switch 

1[.' 
II~.--I 

FUNCTION 

Indicates the Identification number 
entered (7 digits allowed) 

Indicates the Reel Number (microfilm 
cassette) entered (2 digits allowed) 

Indicates the Frame Number (microfilm) 
entered (4 digits allowed) 

Indi~ates the Finger Number entered 
(1 digit allowed) 

, 
Indicates the Pattern Type entered 
(1 digit allowed) 

Combined function control switch. 
When START is illuminated encoding 
is permitted. When STOP is illumi
nated encoding is not permitted 

Combined function control switch. 
Momentarily depressing the switch 
causes an IIEnd of File Gap" to be 
placed on the magnetic tape 

Combined function control. Controls 
the video image as displayed on the 
CCTV Monitor 

combined functions control. controls 
and indicates encoding program mode. 
When illuminated, indicated RIDGE 
TRACING mode enabled 

Combined function control. controls 
and indicated the encoding program 
mode. When illuminated, indicates 
RIDGE COUNT mode is enabled 
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ENCODING KEYBOARD CONTROllS AND INDIC.l\TORS (Cont inncdJ.. 

CONTROL/INDICATOR 

o thru 9 numerics 

SPACE 

IRG 

/:::;L 

CO 

FUNCTION 

When dcprcssE.'c'i each kay enicrs 
numeric ide~tification data 

When depressed, generates a signal to 
separate numeric data groups 

When depressed, causes data t:ct'lnsfcr 
to magnetic tape and generates an 
IIInter-Record Gapll 

When depressed, generates a signal to 
identify coordinai'c data as the LEF'l' 
DELTA coordinates 

When depressed, generates a signal to 
identify coordinate data as the eOIU'! 
coordinates 

.. ', AR When depressed, ganerates a signal to 
identify coordinate data as the RIGHT 
DELTA coord nates 

Ml 

M2 
'I 
~I 

I E> 

DR 

DP 

When depressad, generates a signal to 
identify coordinate data as type Ml 
minutitle 

When dcpressed t g~mcrates u _oignal to 
identify coordinat8 data tiS type M2 
minutiae 

When depressed, generates a signal to 
identify coordlnate dat:a as the ridge 
flow DIREC'l'ION of minutiae 

When depressed, generates a signnl which 
causes all data recorded since last IRG 
to be deleted from the computer and/or 
tape record 

When depressed, generates a signal to 
delete minutiae coordinate data from 
computer storage 
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TABLE 2 

ENCODING KEYBOARD CONTROLS AND INDIChTORS (Continued) 

CONTROL/INDICATOR 

ER k.ey 

MEMORY CONTRAST 

MARKER CONTRAST 

LAMP BRIGHTNESS 

FUNCTION 

When depressed, generates a signal to 
extinguish any ERROR INDICATOR and per
mit encoding 

Selects positive or negative video for 
the encoded minutiae indicator spots 

Selects positive or negative video for 
the cursor and encoding and orientation 
circles 

, 
Selects one of four intensity levels for 
illuminating the fingerprint card 
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p. III-10) is vertically positioned immediately behind the 

digitizer platen. This panel contains ~ field of 10 indicators 

to inform the operator of procedural errors. An additional 

field of switches/indicators is provided for convenient control 

of the magnetic tape unit. Table 3 (p. III-ll) lists the 

control/indicators and the function of each. 

CCTV Monitor 

The Conrac Model CQF-17/C cc'rv Monitor is moun ted on 

the base at the operator's station. A hinged front panel door 

provides access to video controls, and the 12-inch by 16-inch 

viewing screen is protected by a polarized glass-laminate plate. 

The monitor base provides a backward sloping face on the TV 

monitor to reduce reflected glare. 

System Power Supply 

The system power supply is shelf-mounted in the right 

section of the rear console directly behind the magnetic tape 

unit. 

CCTV Camera 

A camera stand bolted to the top of the equipment 

rack provides the vertical mounting'for a COHU Model 6113-000 

CCTV camera. Electrical interconnection of the camera is ac-

complished through a single connector at the top. A camera 

height adjustment is provided on the camera stand for raising 

or lowering the camera . 

CCTV Camera Control Assemblv . 

'rhe CCTV camera control assembly is comprised of a 

modified camera control unit and dot-bar generator module 
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FIGURE 4 

SAFES MONITOR WITH ERROR INDICATORS AND TAPE CONTROL PANEL 
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TABLE 3 

ERROR INDICl\'l'0R AND TAPE CONTROL PANF.TJ 

CONTROLS AND INDICATORS 

CONTROL/INDICATOR 

ID ERROR 

FINGER/PATTERN ERROR 

LAMP INDICATORS 

WRONG FINGER 

NO CORE 

NO CORE ORIEN'l' 

WRONG KEY 

MINUTIAE ERROR 

NO IRG 

MORE THAN 1 CORE 

PARITY ERROR 

FUNCTION 

Illuminates to indicate a pro
cedural error during entry of 
ID NUMBER, REEL NUHBER and 
FRAME NUMBER 

Illuminates to indicate a pro
cedural error during entry of 
FINGER NUMBER and PATTERN 'lYPE 

Illuminates to indicate the entry 
of an out-of-sequence of incor
rect Finger Number 

Illuminates to indicate the absence 
of an entry of the CORE location 

Illuminates to indicate the Clbsence 
of an entry of the CORE direction 

Illuminates to indicate an improper 
entry following the entry of CORE 
and CORE direction 

Illuminates when two minutiae 
entries have been made without a 
minutiae direction entry for the 
first minutiae or when two minutiae 
direction entries have been made 
without a minutiae location follow
ing the first minutiae direction 

Illuminates when an IRG entry was 
not made at the proper time 

Illuminates when two CORE locations 
are selected on one fingerprint 

Illuminates when a parity error is 
detected on the magnetic tape 
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ERROR INDICATOR AND TAPE COWl'ROI, PANETJ 

CON'1'RO~,S ~ INDICATORS (continued) 

CONTROL/INDICATOR 

SWITCHES 
WRITE/READ 

FWD/REV 

SLEW 

LAMP INDICATORS 
READY 

GAP 

END OF TAPE 

FUNCTION 

Combined function control. 
Manually controls the WRITE mode 
of magnetic tape unit. The mode 
as indicated by the i11uminnted 
switch section 

combined function switch. Man
ually controls the direction of 
tape in magnetic tape 'unit 

Manual control for placing mag
netic tape unit in a SLEW or 
fast forward mode 

Illuminated when magnetic tape 
unit is in a ~VRITE mode -
FORWARD 

Illuminates when a gap passes 
under the read heCld of magnetic 
tape unit 

Illuminates when magnetic tape 
unii senses the end of the 
magnetic tape 
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integrated into a single chassis measuring 5 inches high, 19 

inches wide and 16 Inches deep. Electrical interconnection 

is provided through rear panel connectors. 

InterfaC0 control unit 

The interface control unit is a front-panel mounted 

chase is 3~2 inches high, 19 inches wide and 16 inches deep. 

Five rear panel connectors provide signal input/output and 

power connection. The internal logic chassis is a single-level 

backplane-wired assembly containing integrated circuit sockets 

into which the required logic elements are inserted. 

Digiti7er Eloctronics 

The Hewlett Packard Model 9l07A digitizer electronics 

are housed in a front panel mounted assembly located 'in the 

lower portion of the equipment rack. The assem~ly measures 5 

inches high, 19 inches wide and 16 inches deep and has a front 

panel power switch and associated indicator. Throe rear panel 

connectors provide power and signal interface. 

FUNCTIONAL DESCRIPTION 

General 

As illustrated in Figure 5 (p. III-14) the SAFES System 

is comprised oi the following functional subsystems: 

ctcomputer SUbsystem 
_interface subsystem 
CCCTV subsystem 
~digitizer subsystem 

These subsystems are integrated within the overall system to 

efficiently display, encode and record fingerprint data for the 

subsequent computerized retrieval and matching processes. 'Ihe 
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S]\l"gS SYS'l'EM FUNC'I'IONAL BLOCK DI!~GRAM 
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following paragraphs describe the functional subsystems in detail. 

CCTV subsystem 

The CCTV subsystem consists of a high-resolution (1225 

line) CCTV camera, a camera control assembly, including camera 

control unit and dot-bar generator, and a high-resolution CC=I'V 

monitor. The CCTV subsystem displays a magnified fingerprint to 

increase the operator's ability to identify fingerprint character-

istics. The CCTV system provides nominal 10:1 magnification of the 

fingerprint image. 

The dot-bar generator, in conjunction with an integral 

RTMA linearity chart in the camera stand base, provides a means 

by which CCTV subsystem linearity can be verified without the need 

for additional test equipment. 

A special purpose sync generator located in the camera 

control unit derives the required 36.75 kHz line rate by divid-

ing a 37.632 ~Iz clock frequency by 1024. This provides a 

resolution of approximately 1 part in 760 for the visible por-

tion of each horizontal scan line. A 73.~ kHz signal derived 

from the 37.632 ~z clock is divided by 1225 to obtain the 60 

Hz field rat8 and provide a resolution of approximately 1 part 

in 1130 for the visible portion of the vertical sweep. 

A marker generator and a memory generator are in-

cluded as a part of the sync generator. The marker, in the 

form of a cross-hair, is generated by combining the outputs 

of X and Y position comparator circuits. The vertical line of 

the cross-hair is generated by comparing the X positional data 

from the digitizer subsystem with the parallel output of the 
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J,ine rate divider (1024). When a comparison is made, a pulse 

is generated and injected into the video. One pulse will be 

generated and injected for each horizontal scan line. 

The horizontal line of the cross-hair is generated 

by comparing the Y positional data from the digitizer sub-

system with the parallel output of the field rate divider 

(1225). When a comparison is made, a pulse is generated which 

causes the entire horizontal scan line to be blanked. Only 

one horizontal line is blanked in each video frame. 

In addition to generating the cross,-hair, the marker 

generator is also used to display the encoding and orientation 

circles. The stored X and Y coordinates of the circle circum-

ference are compared with the outputs of the line rate divider 

and field rate divider, respectively. A pulse is generated by 

the marker ~enerator when both the X and Y position comparators 

are true. 

The memory generator consists of X and Y position 

comparators. X and Y positional information from the digitizer 

subsystem is compared to the X and Y coordinates of minutiae 

pre~iously encoded. The minutiae locations are stored in an 

ordered stack in the computer with the first data point being 

that point closest to the upper left-hand corner of the CCTV 

monitor. Additional points are ordered by increasing Y co-

ordinate. When more than one point occurs with the same Y 

coordinate, the points are ordered by increasing X coordinate. 

Each set of minutia coordinates is recalled from the stack in 

sequence as the scan lines are generated. 

III-16 



'-. I' 

:i' 

~: .. 

.; ~'I 

II~ ~I 

----~-

I-I 
I> ~'I 

II, "I 

-;1' -11 

":1-11-

Digitizer Subsystem 

The digitizer subsystem, consisting of a digitizer 

platen with free-moving stylus, and digitizer electronics is 

a two dimensional coordinate-measuring device that converts 

the position of the stylus into digital form. T;;(' digital 

output is used to superimpose the cross-hair on the CCTV mon

itor and provide minutiae positional data to the system 

computer. The cross-hair is directed by the operator to each 

minutia position on the televised fingerprint image by move

ment of the stylus. The X-y positional data from the digitizer 

for each minutia point is stored by the computer and subsequent-

ly used to display the encoded minutiae using the memory gener-

ator circuitry as an aid to the operator. 

Computer Subsystem 

The primary element of the computer subsystem is the 

system computer with 8K of 8 bit variable precision core memory, 

direct memory access, power fail/restart and real time clock. 

The computer performs the following functions: 

0Accepts and orders all data from the digitizer 

subsystem and encoding keyboard . 

• Formats the data. 

QWrites the data onto magnetic tape at the 

completion of the encoding procedure for 

each finger. 

oTranslates all data from an arbitrary coordi-

nate system to a system whose origin is the 

fingerprint core. 
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oRotates all data such that the negative 

Y-axis of the new coordinate system corre

sponds to the core direction entered by the 

operator. 

_Reduces the magnitude of the data to finger-

print life size using the CCTV subsystem 

magnification factor . 

• Calculates the coordinates of the two displayed 

circles during initialization and transfers 

them to an external solid state memory for 

storage. utilization of the solid state memory 

frees the computer to perform the required . 
formatting, ordering and output tasks. 

Interface Subsystem 

The interface subsystem consists of the encoding key

board, error indicator and tape control panel and interface 

control unit. 

The encoding keyboard provides the means for entering 

fingerprint identification numerics, system mode, minutiae 

identification and several magnetic tape control functions. 

All logic necessary to monitor the encoding procedures for 

errors is located in the keyboard. Procedural errors cause the 

appropriate error indic~tor to be displayed on the error indicator 

panel identifying the error. Further inpnt of data to the 

computer is inhibited until corrective action is accomplished. 

The illumination of an error indicator display is augmented by 

an audible tone to the operator. The tape control panel, provides 

displays indicating the tape mode function currently in operation. 
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The interface control unit provides interface and 

buffering requirements between the computert magnetic tape 

unit, digitizer, keyboard, and CCTV sUbsystem. The interface 

control unit is subdivided into five sections: 

Gcomputer buffer 
oexternal memory 
omagnetic tape controllers 
.digitizer controller 
okeyboard buffer 

The computer input/output (I/O) and direct memory access (DMA) 

channels and associated control lines are monitored by the 

comput<?r:. buffer. The buffer decodes the I/O channel address 

and control lines to route data to and from the appropriate 

peripheral device. 

As mentioned above, circumferential coordinate data 

for the orientation and encoding circles is generated by the 

computer and stored in the external memory. The memory is 

organized as a 1024 word by 22 bit unit providing capability 

for up to 256 orientation circle coordinates and 768 encoding 

circle coordinates. An X-Y coordinate pair is recalled from 

memory once evqry 27 microseconds. Each coordinate pair is 

compared with line rate and field rate counters for the pur-

pose of generating a circle outline on the CCTV monitor. 

Commands from the .keyboard, computer, and tape control 

switches affecting tpe operation of the magnetic tape unit are 

controlled by the magnetic tape controller. The rate of transfer 

of data between the magnetic tape unit and the computer is under 

the control of the tape controller because of the slower operating 

speed of the magnetic tape unit. 

The digitizer controller generates the sampling signals 
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required by the digitizer subsystem to transfer the positional 

da~a and formats and routes the data. Each X and Y positional 

word is used to generate -the cursor on the monitor and as a 

data input to the computer when the system operation mode is 

TRACE. In the normal mode for minutiae encoding, only those 

X and Y positional words corresponding to a desired minutia are 

selected. 

The keyboard buffer formats the fingerprint and 

minutiae data for transfer to the system computer. 
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SAFES SOFTWARE 

The link between the human opera tor and the hard-'rare 

of the SAFES System is the operating program which resides in 

the computer subsystem. This program controls the operating 

procedure based on specific subroutines. The operational pro-

grams supplied with the system were designed functionally and 

procedurally to conform with specifications developed as a re-

suIt of previous DCJS studies utilizing off-the-shelf hard-

ware. 
, . 

Three independerit operating programs are available 

for use with the system. Each of the programs has 3 ,functional 

sections: 

1. Initialization 

The initialization routines enable th~ operator 

to specify system operating parameters before 

program operation. 

2. ID Procedures 

These subroutines allow the operator to enter 

identification information to uniquely identify 

each in~~t document. 

3. Encoding Procedures 

These subroutines a 11m,' specific digi ta 1 infor-

mation to be extracted from the analog infor-

mation contained on the input document. The 

detailed operating characteristics of each pro-

gram are described in the following paragraphs. 
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Minutiae Encoding Program 

The minutiae encoding program enables the operator 

to obtain accurate positional data on deltas, ridge endings, 

ridge bifur?ations and combinations of these, relative to an 

axis system described by the fingerprint core location and 

core direction. Upon completion of minutiae encoding for each 

fingerprint, the positional data together with the identification 

information is transferred to magnetic tape for storage. 

Following loading of the computer program or initiat-

ing the program at "START OF PROGRAM," (a specific memory address 

manually entered on the computer console display) the operator 

enters the encoding and orientation circle sizes, the minimum 

allowed separation between minutiae (epsilon), and the system 

magnification factor. This initialization data ,is stored in 

the computer for use in later computations. 

In response to program-generated requests (output 

to the TTY), the operator enters the identification number of 

the fingerprint set being encoded and the microfilm reel and 

frame numbers, if available. This identification information 

is immediately transferred to magnetic tape upon the activation 

of the inter record gap (IRG) key in thE:: correct procedural 

sequence. 

In response to further program-generated requests, 

the operator then enters the finger number and the fingerprint 

pattern type. Table 4 (p. IV-3) lists the pattern type codes 

used in the pilot system. The pattern type and finger number 

are checked to determine if further encoding is required. If the 
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TABLE 4 

PILOT SYSTEM PATTERN TYPE CODES 

PATTERN TYPE CODE -
Amputated Finger 0 

Plain Arch 1 r. 

Tented Arch 2 

Right SlE!-nt LOOp 3 

Left Slant Loop 4 

plain Whorl 5 

Double Loop Whorl 6 

Accidental 7 

Scarred or Mutilated Finger 8 
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pattern type is 0 or 8, or if the finger number is 5 or 10, 

no further encoding is required and th~ operator sends this 

information to tape using the IRG key on the encoding keyboard. 

For any other valid pattern type or finger number, encoding of 

at least the core location and core direction is required. 

The program then branches into the digital data acquisition 

subroutines to receive fingerprint data . 

The minutiae positional data is organized with re-

spect to the location and direction of the fingerprint core. 

A small circle of selectable diameter is generated to aic;! the 

operator in determining the direction of the core. The inter-

section of the small circle and the core ridge (defined by 

specific rules) defines the core direction. 

The core location and core direction data are used 

by the computer to derive an X-Y coordinate system whose center 

is the fingerprint core and whose negative Y-axis passes 

through the point on the core ridge selected as the core direc-

tion. 

A second computer-generated circle of selectable 

diameter is displayed to aid the operator in defining an area 

in which to select minutiae for encoding. The circle size does 

not restrict the operator's selection of minutiae. Minutiae 

outside tlJe circle can be encoded provided the number does not 

exceed 80. Before the encoded minutiae data are transferred 

to magnetic tape, they are rotated and translated to the finger

print coordinate system and then reduced in dimension to actual 

size by utilizing ~le magnification factor of the system 
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calculatp.d by the initialization procedures. 

Minutiae data input is. accomplished by moving the 

stylus to the desired point and pressing the appropriate key 

(Ml or M2) on the encoding keyboard. The specific minutiae 

type is determined by decoding an identifier included in the 

minutiae positional data and is processed accordingly. Delta 

positional data is stored directly. Ml or M2 is compared with 

minutiae data previously encoded to determine if any other 

minutiae is less than epsilon from the new point. Minutia 

within epsilon are replaced by the new minutia. If all pre-

viously encoded minutiae are greater than epsilon from the new 

minutia, the new minutia is inserted into the stack .. 

Curve Tracing Program 

Following the entry of the initialization and identi-

fication information, the curve tracing program enables the 

operator to automatically record the X and Y coordinates of 

points from a selected start point along the ridge being traced. 

The points are stored according to a pre-set interval from an 

operator-selected starting location. Any interval in increments 

of ten mils can be selected. The computer automatically accepts 

X-y coordinates from the digitizer at an approximate rate of 

5,000 points per second. The X-Y coordinates are accepted or 

rejected by the computer based on the pre-set interval. Those 

points accepted are sequentially stored in computer meIT'.ory until 

the operator terminates tracing. Upon termination of 1::<:'6cing, 

the X-Y coordinates are transferred to magnetic tape. 

This prog.ram was developed as a research tool to 
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allow us to test the feusibility of deriving fingerprint 

search descriptors from ridge configurations thut could be 

mathematically described such as the radius of curvature of 

whorls, pattern size, etc. 

Ridge counting Proqrum 

The ridge counting program enables the operutor to 

count the number of ridges intersecting a computer generated 

line drawn between two operutor selected end points. Normal

ly the fingerprint core and a delta are selected as the end 

points. 

Following the entry of initialization and identifi-

cation information, the program enters a loop to await entry 

of the core location. Upon entry of the core location, the 

program waits for the input of a delta location. 

Upon receipt of a delta location, the program branch-

es to a subroutine where the coordinates of the core-delta line 

are generated. This line is then displayed in the monitor. 

The operator enters Ml or M2 for each ridge inter-

secting the core-delta line. The number of keystrokes is 

stored in memory. 

If more than one delta exists, the second delta 

location is selected and the core-delta line generated. 

intersections are counted as described above. 

Ridge 

An IRG is then entered to terminate ridge counting. 

The core-delta distance for each delta is culculated by the 

computer utilizing the two end points of the line. The core-

delta distance Bnd the ridge count for each delta are then 

transferred to magnetic tape . 
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This program was also supplied as.a·research tool 

to be used in gathering basic s~atistical data on the re

lationship of core-delta distance to r~dge count~ It has also 

been instr'..lIUental in a.n evaluation of the use of SAFES type 

equipment as an input device for the DCJS main ten fingerprint 

processing system. 

Each of the progran,s described above contains a 

delete record routine which allows the operator to delete rec-

ords containing errors either before or after they are recorded 

on magnetic tape. 

Incorrectly encoded minutiae points may be deleted 

from the stack by an interaction of the encoding key'tloard delete 

point interrupt key and the appropriate software subroutines. 
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HUMAN FACTORS 

Human factors have been defined as those elements 

which influence the efficiency with which people can use 

equipment to accomplish the functions of that equipment,* 

Following are the elements generally selected for 

study when evaluating equipment from a human factors point of 

view: 

IQtask 
c.personnel 
oenvironment 
0equipment 

The following subsections will discuss the SAFES 

System with respect to these elements: 

Task 

The task of encoding fingerprints at the micro level 

is a tedious one for a number of reasons: 

1. The image quality is highly variable. 

2. The rules for locating reference points of interest 

such as the core and delta are subject to interpre-

tation. 

3. The rules for locating specific minutiae types are 

subject to interpretation. 

4. The task requires concentration by the human encoder 

*Human Factors Theory and Practice; Meister, David, wiley 

1971, Page 5. 
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on a small areD of the overall complex pattern 

of the fingerprint. 

Since it is not feasible to perform minutiDc encoding 

totally manually, we must determine if SAFES type equipm8nt: 

assists the human in the encoding task to a degree that justifies 

its use in a semi-automated latent fingerprint processing system. 

In evaluating the SAFES equipment with respect to its 

ability to as'sist the basic encoding task, we studied tho SAFES 

operating procedure, and through experience determined the training 

required to produce an experienced operator. 

Following is a summary of the SAFES Minutiae Encoding 

Program Procedure. This serves to illustrate the degree of man-

machine interaction required to encode fingerprints with SAFES. 

STEP 

1. 

MINUTIAE ENCODING PROGFAM 

PROCEDURE 

Upon receipt of the computer message requesting "Dimension 

of Encoding Circle," enter via the teletype keyboard the 

desired circle diameter followed by a SPACE. 

2. Upon receipt of the computer message requesting "Dimension 

of Core Circle," enter via the teletype keyboard the desired 

circle diameter followed by a SPACE. 

3. Upon receipt of the computer message requesting "Epsilon," 

enter via the teletype keyboard the desired dimension fol

lowed by a SPACE. 

4. After entering the value for "Epsilon,1I the computer will 

halt. Proceed as follows: 

a. On encoding keyboard set the TRACE and RIDGE COUNT 

V-2 
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STEP PHOCEDURE 

switches to ON (illuminated), actuate the STAR'l'1 

STOP switch to STOP and depress the ER (Error 

Reset) key. 

b. Place a fingerprint card on the camero vacuum 

plate. FOcus the camera by first adjusting tho 

lens focusing ring. After obtaining t,ho focused 

image on the monitor, adjust the FOCUS control on 

the camera control unit to sharpen the image. 

c. Place the Magnification Calibration Template on the 

camera vacuum plate. Center and rotate the template 

to obtain vertical alignment with the c~rsor as 

. displayed on CCTV monitor. 

5. Depress computer RESET switch. 

·6. Depress computer RUN switch. 

7. Upon receipt of the comput,er message requesting "~.J\GNIFICATION 

FACTOR," align the cursor cross-hair on one corner of the 

template corner marks. On encoding keyboard depress either 

the Ml or M2 key. Ignore any error indication. ' Move the 

cursor cross-hair to the opposite template COrner mark. On 

encoding keyboard UlAl, depress either the Ml or M2 key. The 

Magnification Factor, cialculated by the computer, will be 

printed by the teletype. 

8. On encoding keyboard actuate 'l'RACE and RIDGE COUNT switches 

to OFF (extinguished) I act~uate START/S'l'OP switch to STAR'l', 

and depress the ER key. 

9. Upon receipt of the computer message requesti.ng "NYSIIS 

NUMBER," enter via encoding keyboard the identifi.cation 

V-3 
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PROCEDURE 

number. TIIE NUMBER MUST BE ENTERl!~D LEAST S IGNIFICAN'!' 

DIGIT FIRST. 

10. Upon receipt of the computer message requesting "HEEL 

NUMBER, II enter via encoding keyboard the reel number. r.I'IlE 

NUMBER MUST BE ENTERED LEAST S IGNIFICAN'J' DIG!'!' FIRST. 

11. Upon receipt of the'computer mOf'sage requC'sting IIFRAME 

NUMBER, I} enter via encoding keyboard the frame number. 'I\IIl~ 

NUMBER lY1UST BE ENTERED LEAST SIGNIFICANT DIGI'!' }!'IRST. 

12. On encoding keyboard, depress IRG key. 

13. Place the fingerprint card on the camera vacuum plate. 

Align the card such that fingerprint number 1 is displayed 

on CCTV monitor . 

14. On encoding keyboard depress numeric key 11111 for finger 

number. 

15. On encoding keyboard depress SPACE key. 

16. On encoding keyboard depress a numeric key corresponding 

to the fingerprint pattern type. 

17. On encoding keyboard depress SPACE key. 

18> Move the cursor to the core location and depress key IICO II 

on the encoding keyboard. 

19. Move the cursor to the point indicating the direction of 

the core and depress key D on the encoding keyboard . 

20. Move the cursor to the location of the left delta and 

depress key ~L on the encoding keyboard. If no left delta 

exists, proceed to next step . 
. 

21. Move the cursor to the location of the right delta and 

depress key AR on tho encoding keyboard. If no right delta 
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STEP PROCEDURE -
exists, proceed to nex~ st~p. 

:2. Move the cursor to a minutiae and depress either key Ml 

or M2 on encoding keyboard. 

23. Move the cursor to the point: indicating the direction of 

the minutine and depress key D on encoding keybollrd. 

24. Repeat steps 22 nnd 23 until all desired points nro cncod0d. 

25. On encoding keyboard depress IRG key. This nct ion caUSC'B 

the minutinc and direction delta stored ill the computer to 

be transferred to magentic tape. 

26-49. Steps 14 through 25 arc repeated until the entire fingerprint 

50. 

=?l. 

52. 

card is encoded. 

On encoding keyboard 

and depress ER key. 

Deprcss the computer 

On encoding keyboard 

STAR'l'. 

actuate START/STOP switch to STOP 

RUN switch. 

actuate the START/STOP switch to 

53. Select next fingerprint card and repeat steps 9 through 

52. 

As the procedural steps i~lustrate" there is consid

erable human inVOlvement with each subsystem of the SAFES total 

system. 

Our experience in training operators has indicated 

that an orientation session followed by a several hour super-

vised training session providcs adequate knowledge for an 

operator to proceed through thc operating sequence with little 

difficul ty. Wi thin a maximum of three subsoqu(m t sessions I 
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sufficient facility in operating the equipment will have been 

accrued to consider an operator fully trained. 

Personnel 

Four latent fingerprint examiners (2 male, 2 female) 

from the DCJS Special Services Section participated in an 

experiment designed to collect data on the following personnel 

related parameters. 

ecards coded/time period 
O'>error rates 
@inter-operator consistency 
cintra-operator consistency 
_rest periods required 

Fifteen fingerprint cards were drawn at random from 

the DCJS master fingerprint flle for use as the encoding file. 
, 

The experimental design called for an operator to begin 

encoding fingerprints as per the normal operati~g procedure until 

helshe was fatigued to the point of requiring a break. An observer 

monitored the encoding procedure and filled in the form shown in 

Figure 6 (p. V-7). utilizing a stopwatch, the observer noted the 

time required to encode the identifying information (DCJS number, 

retrieval system reel und frame number, finger number and pattern 

type). The SAFES System clocked the overall procedure and printed 

out a time per card to the tenth of.a minute. Data on the following 

parameters were tabulated: 

9time to encode ID information 
Cf)time' to encode total card 
otime/finger 
onunmer of minutiae vs. coding circle size 
onumber of error conditions 
equalitative comments from operators 

The encoding circle parameter has the effect of 

delineating the area of the fingerprint to be encoded. The size 
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OPERATOR: QnSERVCR:·. DATE: 
----------------------------------------.~------------------------r--------------------
Card: Overhead I No.of Image I Nd ER l No.~~emory I N DP: N 

No. I Time I Adjustments: • : Spot Chng.: D. l o. DR - REASON 
I I I I I ' 

-----~-------------~--------------~--------~------------~--------+-------------------~ I I I I ,I I 1 I I I I I I 
I I I I I I 

-----~-------------~--------------t--------+------------t-------- 4--------------------I J I I I I 2 I I I I I I 
I I I I I I 
I I I I I 

-----~-------------r--------------r--------r------------r--------~--------------------I I I I J J 

3 I I I I I : 
I I I I I I 

-----+-------------~--------------~--------}------------+--------1--------------------
4 

I J I I J I 
I I j I J I 
I I I I I I 

-----~-------------~--------------~--------}------------.--------~--------------------I I I I I I 

5 I I J I I : 
I I I I I I 
I I I I I 

-----~-------------r--------------r--------r------------r--------~--------------------I I I I I I 6 I I I I I I 

I I I I I I 

-----p-------------r--------------r--------r------------r--------~-----------------~--I I I I I I 

7 I I I I I : 
I I I I I I 
I I I I I 

-----~-------------r--·-----------r--------r------------r--------~--------------------
8 

I I I I I : 
I I I I I I 

: I I I I I 

-----~-------------r--------------r--------r------------r--------~--------------------I I I I I : 

9 I I 'I I I 
I . I I I I I 
I I I I I 

-----r-------------r--------------r--------r------------r--------~--------------------I I I I I I 
10 I I I I I I 

I I I I I I 

-----~-------------~--------------~--------r------------r--------"'--------------------I I I I I I 11 I I· I I I I 
I I I I I I 

---~-~-------------~--------------~--------~------------r--------~--------------------I I I I I I . 
12 I I I I I I 

I I I I I I 
I j I I L " -----r------------·-r--------------r--------r------------r--------·--------------------I I I I I : 13 I I I I I I 

I : l I· ! I 

-----r-------------~--------------i--------r------------r--------~--------------~-----I I I I I I , 
14 I I I I I I 

. I I I I I I 

-----~-------------~--------------~-----~--~------------~--------~--------------------I I I' I J I 15 I I I I I I 
I I I I I I _____ ~ _____________ ~ _________ ~~ ___ L ________ L ____________ L ________ ~ ___________________ _ 

I 
I 
I 

TH1E FINISH: l COMMENTS: 
I -----------1 

TIME START: I 
I 

----~------I 

LA PSE THT : 
I 

FIGURE 6 

HUMAN FACTORS EXPERJ.MENT DATA COLLECTION FOFM 
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of the encoding circles for the experiment were determined using 

the following criteria: 

"The average number of minutiae to be found 

within the circle. If this average is too 

small, search program performance potentially 

suffers and the nurr~er of latents that can be 

searched decreases. If too large, coding time 

is too long and error rates potentially increase. 

cHardwarelimitations of the SAFES equipment. The 

external memory of the system ut.Llized to store 

the circle can hold 768 encoding location 

coordinates. As the coding circle gets larger, 

the Sync generator external memcry interface 

requires more coordinate locations to display 

the circle on the screen. With more than 768 

locations the circle tends to break up, causing 

eye fatigue and other problems in encoding. 

The circle is drawn on the screen after the core point 

has been entered. This eliminates the need for positioning each 

fingerprint precisely under the camera lens. 

At this point in the discussion of the encoding circle, 

it must ·be mentioned that if an automatic scanner were available 

to encode base file fingerprints, the encoding circle size would 

become academic since the sr'ES equipment would be used to encode 

the entirety of the latent fingerprint. That is, all discernible 

minutiae points would be encoded without regard to a defined 

circle; The results of ·data collection for each circle size will 
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be discussed separately. The data has several characteristics 

in common regardless of the encoding circle used. 

1. Intra-Operator Differences 

Because of the nature of fingerprint images, the 

same operator encoding the same fingerprint on two 

different occasions, may interpret 'a configuration 

differently. This can lead to two types of dif-

ferences. 

a. Differences in the number of minutiae 

b. Differences in the locations of minutiae 

2. Inter-Operator Differences 

Two operators coding the same fingerp rint may 

interpret the same configuration differently. This 

can lead to a number of problems. 

a. Differences in the number of minutiae 

encoded. 

b. Differences in core location 

c. Differences in orientation 

d. Differences in the location of minutiae 

3. Inter-Inking Differences 

The same fingerprint may exhibit differences between 

inkings. These differences will, of course, be 

exhibited in differences in the number of minutiae 

and their locations. 

The characteristics noted above are the reasons search 

programs must use tolerances in basic parameters to operate ef-

fectively. For purposes of this experiment, minutiae were encoded 
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for fingers 1-4 and 6-9 as per standard operating procedures 

listed in section v, pages 2 thrQugh 5. 

Circle Size - 3 Inch Dh'leter on 10: 1 Enlarged Fingerprint

The average overhead time for the encoding of 50 

fingerprint cards was 22.1 seconds. The overhead time rep~cs0.nts 

the time necessary to place the card on the vacuum hold-down and 

enter the DCJS number, reel and frame number, finger number and 

pattern type of finger number 1. The average time to completely 

encode a fingerprint card was 8.3 minutes. This figure is based 

on the times to encode 44 cards. Using these averages as a guide-

line, we extrapolate to an average time of 45 seconds to encode 

the minutiae for each of the 8 fingers per card that are encoded 

to the detailed level. 

The average number of minutiae per finger for the 3 inch 

circle size was 12.1. 

The inter-operator differences (2 operators coded the 

same 113 fingers) in the number of minutiae encoded was 4.4. 

An intra~operator average difference of 2.5 minutiae 

was calculated by averaging the differences in the number of 

minutiae encoded for 2 operators. One operator coded 8 fingers 

twice. The other coded 40 fingers twice. The a~erage intra

operator difference is 2.5. 

Circle Size - 3.5 Inch Diameter on 10:1 Enlarged Fingerprint 

The average overhead time of 29.5 seconds for this 

circle size is based on the times for the encoding of the same 

42 fingerprint cards by 4 operators. The average total coding 

times per card for 37 cards by 4 operators was 9.3 minutes. The 
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average time to encode a single finger for the 3.5 inch circle 

size was derived from the foregoing averages and is 45-50 seconds. 

The average number of minutiae obtained from the encoding 

of 23 cards vy 4 operators was 12.6. 

The inter-operator difference in the number of minutiae 

encoded was 4.5. 

The intra-operator minutiae difference for this circle 

size was 1.8. This was obtained by averaging the absolute dif

ference in the number of minutiae encoded by 2 operators for 2 

encodings of 40 fingers. 

Circle Size - 4 Inch Diameter on 10:1 Enlarged Fingerprint 

The average encoding times for a total of 26 cards done 

by the 4 operators was 11.8 minutes. The average overhead time 

for the encoding of 48 fingerprint cards was 26.5 seconds. The 

average time to encode a single finger to the minutiae level 

was 65-70 seconds. 

An average of 18.7 minutiae per print were encoded by 

1 operator. This average resulted from encoding 40 fingers. 

The inter-operator difference in the number of minutiae 

encoded fOr the 4 inch circle size is 6.2. 

The intra-operator minutiae difference is 2.6 • 

Bas-ed on the limited data presented above, several 

general conclusions .can be drawn: 

1. Coding time is dependent on circle size, not 

only for the reason that more minutiae will be 

encoded, but also because fatigue becomes a 

factor. 
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EnvironmE"nt 

As the number of minutiae increases the memory 

spots arc harder to see. As the circle size is 

increased, the circle flicker is more bothersome 

to the operator. 

2. The data suggeAts thut the COding time difforencos 

arc not lineur in nature since the uvorage coding 

time differential between circle sizes 300 and 350 

is not as large as that between 350 and 400. 

3. The only significant complaints of fatigue problems 

Occurred in the 400 circle size experiment. One 

operator complained of a pain in her left shoulder. 

Another complained of a hand cramp apsociat"od with 

maint~ining an uncomfortable position on the oncoding 

keyboard. 

4. Based on limited hard data anct comments of the 

operators, maximum coding' sessions without a braa)\: 

should be about 45-60 min1.ltes in duration. 

5. The intra-operator consistency is better than the 

inter-operator consistency. Both these measures 

of performance are better at the 300 and 350 circle 

sizes. This suggests that overall performance of 

the system will be poorer at larger circle sizes. 

The inter-operator differences also suggest that 

further definition of the encoding rules is requirC'd. 

'1'he environmental factors studied concerned the ambient 

lighting required to concentrate on the CCTV display with a minimum 
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of discomfort, the local noise associated with the various 3ub-

systems and the heat levels generated by the electronic components. 

Our experience indicaten that even with the sloping 

monitor screen and the polarized face plate, glare becomes a 

negative factor in the operation of the equipment. TO alleviate 

this situation we generally operate with the rear window blinds 

in the closed position. We have found that the most comfortable 

overhead lighting is to backlight the equipment with all other 

room lighting off. 

The noise level of the SAFES equipment is fairly high. 

We have installed the vacuum card hold-down system in a remote 

location to alleviate a local noise problem. There have been no 

negative comments on the noise factor from operators. 

Although the equipment. does not requir:e a specially 

air-conditioned room, a slightly lower than normal ambient 

temperature is desirable to compensate for the heat generated by 

the components. 

Eguipment 

Overall System Considerations 

The SAFES System major subassemblies each have an ON/OFF 

switch. There is also a main power switch. Through experience 

we have found it. necessary to turn on the main sys tern switch with 

the camera control unit in the OFF position. This guarantees that 

the display system will be in sync. When power has stabilized we 

then turn on the camera control unit. 

The camera console-table was supplied with the air 

circulators of the digitizer electronics and camera control 
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electronics. During our operattonal tests we determined that 

heat buildup in the console was significant and was the cause 

of display problems with the sync generator electronics. This 

has been rectified by modifying the rear grill door to house 

a 300cfm electronic fan operating off the main power switch . 

This fan draws ambient air fr,om the rear of the unit and dis-

charges it through grill work in the camera control unit and 

the bottom front of the console. 

We have also modified the spacer in the tape recorder 

rack to include air escape holes, since the air moved by the 

tape recorder fan was not escaping from the console. 

Display Subsystem 

Prior DCJS studies indicated that a high resolution 

TV system would be necessary to display fingerprints in a 

manner that would be sensitive to human factors. 

During the project we trained 6 operators to encode 

fingerprints. As a result of this experiment, we found that 

the image quality of the fingerprints at the nominal 10:1 

enlargement is entirely adequate for minutiae encoding. For 

latent prints both available illuminating lamps are generally 

utilized to bring out required details. 

Ih experiments utilizing good quality inked finger-

prints the number of display adjustments for different fingers 

on the same card was minim~l. As expected, the frequency of 

these adjustments increased when coding latents. 

The major drawback noted is in the quality of the 

special effects generated as aids to the operators. For instance, 

with the monitor phosphor used there is a noticeable flicker in 
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the encoding circle. In addition, certain hardware and softwure 

limitations cause a blinking effect in the memory spots when 

two minutiae appear on the same "X" scan line. This blinking 

incrcuses as the number of points increases. 

The special function switches (llpositive/negative ll 

and tlimage reverse tl ) are extremely useful for non-standard size 

inked cards and latents developed with white powder. 

The vacuum pump card hold-do"m is an important part 

of the display subsystem. with this mechanism, movement of the 

card between fingers is accomplished manually by the operator. 

The SAFES System, as delivered, contained a foot treadle for 

deactivating the vacuum system between fing0rs. This has proved 

unnecessary in operational use for the following reasons: 

1. The amount of resistance to move~ent intro-

duced by the low vacuum levels fleeded for card 

hold-down does not hinder the operator in mov-

ing the card. 

2. The activation of the foot treadle introduces 

a large tltransient" into the electronic cir-

cuits. This leads to many problems with respect 

to data acquisition. 

As mentioned previously, a major drawback of the vacuum 

pump arrangement for card hold-down is the noise of the system. 

To lessen this problem, we have mounted the pump in a remote 

location (with adequate air flow), to minimize the local noise 

problem. 

styluS/Digitizer/Cursor Subsystem 

An import'ant characteristic of the operation of the 
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SAFES equipment is the eye and hand coordination required to 

move a stylus on the digitizer platen and simul t.aueously fol-

low the cursor across the screen. We have found this to be an 

easy to learn task since the stylus has free motion and the inter-

face of stylus movement with cursor movement is one to one. 

The s~andard function switches on the stylus were 

originally activated to enable the operator to encode minutiae 

location and ~irection from the stylus. However, due to the 

electronic "noise" introduced into the system by these switches, 

they have been deactivated except for the system origin switch. 

Operational use has identified no problems in using one hand to 

move the stylus and the other hand to encode minutiae from the 

keyboard. 

Encoding Ke~ard 

The SAFES encoding keyboard was specifically designed 

for this project. Key/switch location was determined through 

an analysis of function, frequency of use, and operating sequence. 

Key spacing and action have been found to be no problem for the 

operator. Key/switch arrangements are detailed in Section 3, 

Figure 3. 

The only difficulties encountered with the keyboard 

have arisen as a result of decisions made early in the design 

phase. We originally anticipated that all procedural error 

checking would be controlled by the computer soft-ware. However, 

estimates of computer time required to include error checking 

indicated that procedural error checking would not be possible 

within the program. Because of this, all error checking was 

incorporated as a hardware function for the keyboard. This 
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decision has caused a number of operational problems. 

1. Due to the increased electronic logic necessary for 

error checking, there was no room in the keyboard t.o include logic 

for justification of ID input. Therefore, all ID numbers must be 

entered by the operator in a non-standard right to left sequence. 

2. Because of the hard wired error checking, the keyboard 

can be "out of sync" with respect to the operational program. 

This situation is not a major problem as long as the 

operators are fully trained in the normal opera"ting procedures for 

the minutiae encoding program. A greater problem exists with 

respect to encoding latents. 

Latents do not occur in 10 finger sequences. Since the 

hardware error checks require the coding of a 10 finger sequence, 

we had to develop a way to disable the error checking circuitry 

to allow single finger enCOding. 

TO accomplish this, a switch was placed on the back edge 

of the keyboard. An operator can perform any program compatible 

function in a non-standard way as long as the error circuitry is 

disabled. . For instance, if the program is expecting finger number 

1, the operator may enter finger number 2 without having entered 

finger number 1. Upon completing the entry of the non-standard 

data, the swit~h may be disabled thereby arming the error circuit 

for monitoring of the subsequent encoding procedure. 

This so cc:llied "flexibi1ity ll switch has been extremely 

important in our research studies, since these studies have 

required extensive non-standard operation. 

3." The height of the front edge of the keyboard is c:lpproxi

mately 1/2" higher thc:ln accept~ed human engineering s tandc:lrds. This 
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causes hand and arm discomfort to some operators when encoding 

minutiae over a long period of time. 

We have noted that an inordinate number of replaccm(mts 

of encoding keys has been necessary. Theoretically, the keys 

utilized are highly reliable. We have found, however, that the 

more commonly used switches fail quite frequently. 'l'hc causo 

of the failures may be attributed to the need for () "bounco ll 

suppress ion c'ircui t which was not included il"!. the initial SAPES 

design. 

Tele!:.ype Input-Output 

There are no major problems with the use of the ASH33 

Teletype as the I/O device in daily encoding operations. It is 

possible, however, to "bomb" the program by initiating a key-

board interrupt while the teletype is operating in the print 

mode. 

The 10 character/sec speed of the teletype reader 

causes time delays in compiling and loading operating programs. 

This drawback could easily be removed by interfacing a high 

speed paper tupe reader/punch or by utilizing the read head on 

the recorder for program input. 
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VI 

ALTERNATE SYSTEMS CONFIGURATIONS 

As noted in section III, the SAFES equipment is a 

batch processing system. That is, fingerprints are encoded 

for output to a magnetic tape recorder for later proceBsing 

by a large-scale, general-purpose computer. This is not the 

only configuration that can be envisioned for a latent finger-

print processing system using SAFES-type equipment as an input 

device . 

The overall system configuration depicted in Figure 

I (p. II-I) was chosen for the following reasons: 
, 

.The prototype SAFES System is a batch pro-

cessing machine. 

eA scanner for inked-type fingerprints was 

not available. 

c>We were limi.ted in our candidate retrieval 

f~nction by the available microfilm equip-

ment. 

The purpose of this section is to outline alternate configurations 

for a minutiae-based, latent system incorporating SAFES-type hard-

ware. 

The particular minutiae-based, latent system configu

ration implemented by an agency is dependent upon the operational 

goals of that agency and workload of its arrest/identification 

function. For example: 

eA state~wide latent system such as can be 

postulated for DCJS would have a tremendous 



input workload. This workload refers to 

the arrest fingerpript data that would 

have to be coded for addition to the latent 

fingerprint system base file. The DCJS 

criminal fingerprint input volume is approx-

imate1y 850 cards per day_ Even accounting 

for the fact that only a sub-set cf these 

cards would be added to the latent system 

base file, it would be an impossible task 

to encode minutiae data from this volume 

of prints using the SAFES equipment. 

eIf a minutiae based latent system were to 

be implemented for a large city police 

department, the input workload would be 

smaller. 

$The future implementation of an FBI-FINDER 

System whether as an FBI internal system or 

using a local terminal oriented approach 

could lead to a different latent fingerprint 

processing confi"guration than that of the 

DCJS pilot system.* 

*The characteristics of these Systems are described in detail 

in the article, The FBI's Approach to Automatic Fingerprint 

IdentificRtion; Banner, Conrad S. and stock, Robert M., FBI 

Law Enforcement Bulletin, January" and February 1975. 
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Following arc descriptions of four potentially viable 

systems configurations utilizing SAFES equipment, reflecting 

the above-enumerated considerations: 

Alternate Systems Configuration 1 

Alternate configuration 1 Figure 7 (p. VI-S) eliminates 

the batch processing characteristic of SAFES. In this configuration, 

the SAFES tape recorder is replaced by an interface between the SAFES 

mini-computer and the general-purpose processor. This configuration 

has the advantage of eliminating many of the clerical and tape 

handling procedures necessary in the DCJS pilot system. 

This configuration also assumes that the system has large 

base file requirements necessitating an FBI FINDER-type scanner to 

obtain,the inked print data. Therefore, only poor q~ality inked 

and actual latents would be SAFES encoded. All other inked prints 

would be scanned. If the basic system were to be implemen\t::!u ~n a 

city with substantially smaller input (base file coding) require-

ments, it would be possible. to operate with multiple SAFES encoders, 

thereby eliminating the requirement for a FINDER System. 

Alternate systems Configuration 2 

This configuration Figure 8 (p. V-6) assumes that the 

SAFES System is implemented as a stand-alone processing system at 

the local level. The mini-computer that processes the input is 

used off-hours to perform the search function possibly utilizing 

a special purpose hardwired matching system. 

Alterna.te ~tems Configuration 3 

This configuration Figure 9 (p. VI-7) assumes the 

implementation of the FINDER System by the FBI and the willingness 

of the FBI to provide data tapes of a particular state or region's 

arrest fingerprint cards after they have been FINDER scanned. 
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Alternate Systems Confi£uration 4 

This· configuration Figure 10 (p. VI-B) assumes the 
, 

development of an economical FINDER-type terminal that could 

be installed at the local level for input fingerprint scanning. 
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The retrieval of candidate identifications from the 

file is a vi tal part of any la,tent system whether SAFES orientated 

or manually orientated. Each of the ~b~ve configurations has the 

conunon element of verification. '1'he time required to locate and 

verify candidate identifications represents a significant workload 

on the system. 

In the pilot system, we are utilizing a Kodak Miracode 

System. Thi~ microfilm-based system is more efficient than 

retrieving large numbers of candidates in a manual hard copy file. 

However, there are several drawbacks to rear projected microfilm 

images of fingerprints: 

8The image quality is marginally adequate for 
, 

comparing latents with base file fingerprints. 

9The fixed microfilm image does not enable the 

examiner to re-orient the fingerprint on the 

screen. 

oIt is difficult to place a magnifying glass 

on the screen to observe detailed features of 

the fingerprint. 

QReflected glare from room lights causes eye 

fatigue. 

A more desirable system would retain a microfilm file 

storage capability. However, the image would be displayed to 

the examiner by a CCTV monitor. Each of the alternate system 

configuration flow charts assumes an improved retrieval unit 

with call-up-under computer control. Call-up could also be 

accomplished locally to the retrieval unit. A split screen could 
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be used allowing the operator to display the suspect or latent 

fingerprint along side the fingerprint from the file. 

Each proposed configuration also provides for a search 

of all input fingerprints at the time of coding against a stored 

file of unidentified latent fingerprints. Experience has shown 

that this type of search is very productive. Studies have shown 

that there is a strong possibility that a perpetrator may not be 

in the base file for the following reasons: 

eNo previ6us arrest in the jurisdiction 
cJuvenile offender* 

The "incoming arrest" search of latents provides an opportunity 

to identify latents of these types of perpetrators at the time 

of receiving their first fingerprint card. 

*Latent Value Study, Kingston, Charles R. t Madrazo t Frank G., 

NYSIIS, 1968. 
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VII 

~I/SAPF,S COMPlITIBILITY'S'rUDIES 

An import~nt question with respect to the potential 

utility of SAFES-type equipment is its compatibility with the 

FBI FINDER. There are.two reasons for this: 

1. As mentioned in Section VI, it is concoiv-

able that a FINDER scanner will be one component 

of a minutiae-based latent fingerprint processing 

system for regional, large city or state oriented 

Bureaus of Identification. 

2. SAFES equipment will be required by the, FBI for 

. processing of fingerprint cards of marginal 

quality. 

In. view of the mutual interest of the FBI apd DCJS 

in the future applicability ,of the SAFES equipment in fingerprint 

processing systems, a study has been initiated to determine the 

compatibility of the SAFES output with FINDER-typ~~ output. 

The first problem to be overcome is the difference 

between FINDER and SAFES in registration (orientation) of the 

fingerprint data. This refers to the fact that with available 

search algorithms, it is necessary to register the data from each 

FINDER scan or SAFES encoding of a fingerprint in a standard way 

with respect to itself. This is to compensate for differences in 

placement of the fingerprint on· the card from inking to inking. 

Registration is also of' paramount importance in coding latent 

fingerprints. 

.. 
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As mentioned previously, the SAFES computer program 

and hardware has been designed to implement the DCJS registra-

tion technique consisting of rotation of all datCl about a 

defined core ridge direction point. The location of tho core 

direction point is determined by the operator using the core 

circle generated by the program and specific rules based on 

the core configurCltion. This method WclS choson becClu8c~ of the 

lack of information generally available in the latent fingcr-

print and the need to determine an orientCltion point quickly 

in the context of oporationCll -time for coding. 

The FBI orientation scheme is based on the more 

extensive ridge angle data derived from the FINDER scan. The 

details of the technique are presented in NBS Techni~al Note 

730, "Manual and Automated Fingerprint Registra'~ion, II by J .H. 

Wegstein . 

Wegstein also describes a semi-automated implemen-

tation of the FINDER registration (orientation) technique in 

Technical Note 730. ,It is this method that we are hoping to 

implement in our compatibility project. 

An overlay was designed (see Figure II, p. III-3) to 

conform with suggestions made by wegstein. A line with six 

equally spaced points on either side of a central point was 

utilized. When the center point is placed on the core, an 

operator can encode six (in our initial studies, five points 

were used) points on or between ridges which intersect the line. 

A direction point is then encoded to define the ridge flow at 

each of the overlay points. From this data, a ridge flow angle 

is calculated for the left and right sides of the fingerprint 

pattern. As delineated in Technical Note 730, the anglos to 

the left of center and to the right of center Clre averaged. 
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A grand average is then determined according to the relationship 

-R-L V= 2 This grand average is the registration angle for the 

fingerprint. 

Operationally, SAFES software was modified to allow 

us to calculate the sine and cosine of the regis1ration angle. 

These values were then used by the rotation and translation 

subroutine in the minutiae encoding program to recalculate new 

coordinates for each minutia point for the fingerprint. The 

output tape contains the coordinates of minutiae points after 

they have been rotated through the registration angle. Our 

studies to date havG been directed toward specifying tape data 

formats, agreeing on common definitions, determining inter and . 
intra operator precision in locating points and determining 

agreement in orientation angle for different fingerprint pattern 

types. 

Our initial data file consis·s of two inkings of 

eleven fingerprints distributed across the various pattern types. 

The FBI first scanned the 22 (two sets of 11 prints) fingerprints 

using FINDER. As per standard procedures, the ridge angle data 

from the FINDER scan was then subjected tD the registration 

program. Ta~es containing data from the scan and registered data 

were provideQ to DCJS for analY$is. Two DCJS SAFES operators 

then coded the two sets of fingerprints . 

Table 5 (p. VII-5) summarizes intra-operator consistency 

for two encodings of the same set. 

Table 6 (p. VII-6) summarizes inter-Operator consistency 

between two operators coding the same set . 
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Card Number 

70101 

70102 

70103 

70104 

TABLE 5 

INTRl\-OPERATOR CONSISTENCY 

Registration Angle 
~ 

Finger Number· Pattern Type ~oding 1 Coding 2 Angle 

7 Left Slant LOOp 7 6 1 

8 Left Slant Loop 1 2 1 

9 Left Slant LOOp -6 -5 1 

1 Double LOOp Whorl -14 -7 7 

2 Plain Whorl 4 2 2 

3 Right Slant Loop -16 -14 2 

4 Left Slant LOOp -8 -7 1 

2 Right Slant LOOp -11 -8 3 

3 Right Slant LOOp -6 -3 3 

8 Left Slant LOOp 0 6 6 

6 Plain Arch 1 0 0 
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70101 

70102 

70103 

70104 

TABLE 6 

INTER-OPERATOR CONSISTENCY 

Reg:i~.· ~:at ion .Angle 

b. 
Fing:er Number Pattcrn TYEc °EerCltor 1 Operator 2 AnSTle 

7 Left Slant Loop 6 -4 10 

8 Left Slant Loop 2 7 5 

9 Left Slant LOOp -5 -7 2 

1 Double Loop Whorl -7 -6 1 

2 Plain Whorl 2 2 0 

3 Right Slant Loop -14 3 17 

4 Left Slant Loop -7 -13 6 

2 Right Slant Loop -8 3 11 

3 Right Slant Loop -3 ':"10 7 

8 Left Slant LOOp 6 -4 10 

6 Plain Arch 0 -3 3 
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since it is not possible to establish a "thcoreticc:llly 

correct ll orientation angle, we are seeking to determine the 

extent of compatibility between the two techniques by examining 

the performance of the fingerprint match routines. For instance, 

Table 7 (p. VII-8) summarizes the results of matching 11 SAFES 

encoded fingerprints against the same prints scanned by FINDER. 

A rank of 1 in the. table indicates that the particular fingerprint. 

scored highest with its corresponding match in the file. 

The relatively low number of minutiae points is caused 

by the limitation of SArES coding to a circle of 4 inch diameter 

on a nominal lOx enlargement. 

Table 8 (p. VII-9) illustrates the results of another 

variation in searching SAFES VS FINDER data. DCJS set 1 was 

matched with FINDER set 2 (different inking of the same finger-

prints) plus the data from an additional 30 FINDER scanned prints. 

Again, the rank of each print subjected to the matcher is the 

evaluation criterion. 

On the basis of these limited studies, we have made 

the following observations: 

1. Core placement criteria between the SAFES operation 

(manual) and the FINDER System (programmatically 

deriv~d) appear to be compatible. 

2. The range of differences between Sl~FES and FINDER 

orientation angles appears small enough for search 

purposes. 
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TABLE 7 

DCJS SAE~S SET 1 VS F~~R SET 1 

NO. of Minutiae 

Latent Base Matches Match Score TOp Sc~.~ ~ ---
19 16 15 111.40 111.40 1 

15 8 9 42.22 42.22 1 

11 12 15 75.60 75.60 1 

23 20 26 178.73 178.73 1 

21 14 23 100.22 100.22 . 1 

14 22 19 83.79 83.79 1 

20 13 13 60.69 60.69 1 

8 7 6 15.83 17.33 2 

18 9 9 39.00 52.47 2 

10 11 6 26.00 26.00 1 

21 16 21 87.52 87.52 1 
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TABLE 8 

DCJS SAFES SF.T 1 VS FBI FINJ2.ER ~~!. 2 & 3 0 FINDl2..U~IWr§.. 

~of.liinutia£ 

Latent Base Matches Ma tch Score, Top S£~:r~ Rank -
19 13 20 85.80 85.80 1 

15 11 12 77.42 77.42 1 

11 12 16 61.00 61.00 1 

23 19 22 92.18 92.18 1 

21 16 17 81.53 81.53 . 1 

14 17 13 64.62 64.62 1 

20 14 18 40.56 40.69 2 

8 6 4 10.00 16.83 3 

18 10 1.5 44.00 44.00 1 

10 9 9 41.00 41.00 1 

21 13 14 51. 21 51.21 1 
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3. Individual minutiae location and direction rules 

tor SAPES mus't be studied to obtain better 

correspondence °Hi th the FINDER I S programmatic 

data reduction procedures. 

The foregoing represents only a small portion of the 

types of compa tibili ty s tudiE~s current ly being pursued. In the 

future we hopo to collect data using more extensive base and 

suspect files . 
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VIII 

LATENT IDENTIFICATION PROFILE 

One of the objectives of Grant NI70-095 was to model 

an improved latent fingerprint processing system through inter-

action with a law enforcement agency of a large metropolitan 

area in upstate New york. 

The design of the project was relatively simple. The 

law enforcement agency would make a conscientious effort to obtain 

latent fingerprints the scenes of all BurgldLies reported for 

a given time period in a high crime area of the city. DCJS would 

then attempt to identify the latent fingerprints utilizing the 

SAFES equipment. 

Because of the delay in receiving the SAFES equipment, 

we were not able to fulfill our objective of modeling the system. 

However, the law enforcement agency submitted the latents and 

the DCJS Latent section continued its routine manual efforts to 

affect identification~ As an alternative to modeling the latent 

system, we decided to develop information on certain characteristics 

of the latents identified during the grant period. We have termed 

this information a latent identification profile. Basically, we 

collected data on identified latent cases along with the arrest 

records of the individuals identified. We believed that this 

information 'would be useful in determining base fi Ie and search 

strategies. 

During the period of the study, the DelJS Latent Section 

made latent fingerprint identifications in 41 cases submitted by 

1.:'11e cooperating law enforcement agencies. Following is a summary 
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of the data obtained from these cases. 

Multiple Identifications 

Thirty-four (34) individuals were identified by lifts 

from the 41 cases. One individual was identified with lifts 

from 4 latent cases, another individual with lifts from 3 latent 

cases, and 3 other individuals were identified with lifts from 

2 latent cases. One latent case with mUltiple lifts resulted in 

the identification of 2 individuals. 

Latent Crime Type 

rfuen latents are sent to DCJS, a Latent Fingerprint 

Evidence Form is attached. On this form, the type of crime being 

investigated is reported. An account of the 41 cases by type of 

crimes is as follows: 

BURGLARY 35 
GRAND LARCENY (GL) 2 
BURG & GL 1 
G~., & STOL AUTO 1 
STOLEN PROPERTY 1 
THEFT 1 

Probable Fingers and Location of Lifts 

The Latent Flp Evidence Form also provides spaces for 

listing the probable fingers (a guess of the fingers lifted by 

the evidence technician), and also the object on which the latents 

were found. The following Lesults indicate the reliability of these 

estimates. 

NO Guess 
Correct GuesS-Fingers 
Corredt Guess-Hand Only 
Incorrect Guess-Fingers 
Incorrect Guess-Hand 

30 IJifts 
18 Lifts 

4 Lifts 
1 Lift 
1 Lift 

The incorrect finger latent contained 2 fingers while the incorrect 

hand latent had 3 ~ingers. 
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-:-''1'he above- lifts were found on the following objects: 

Glass (broken glass from point of 21 
entry, mirrors, car windows) 

Plexiglass 2 
Bottles 3 
Window Sill 2 
Coin Box 3 
Jewel Box 1 
Metal Box 1 
Cardboard Money Box 1 
Drawer 2 
Metal Can 1 
plasterboard 1 
Safe 1 
Plastic (Cash Register) 1 

Date of Crime - Date of Identifjcation (DOC-DOl) 

In most latent systems identifications can be broken 

down into two categories: 

1. Base Pile Identifications: A latent i~ received by 

the Latent Ser.tion and immediately searched against 

a fingerprint file of potential perpetr?tors. An 

identification results from this base file search 

or the latent is added to an unidentified latent 

file. 

2. Incoming Search Identifications: All new arrests 

are searched against the unidentified latent file 

mentioned above. In this case, the identification 

cannot occur until the perpetrator of the latent 

crime ha~ been arrested . 

Table 9 (p. IX-4) illustrates the elapsed iime between 

the date the crime was committed and the date the identification 

was made by the Latent Section. The statistics for the latent 

profile resulted mainly from incoming search identifications. 
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TABLE 9 

ELAPSED TIME FROM DATE' OF LATENT CRIME TO DATE OF IDENTIFICATIO.!L. 

MONTHS ELAPSED NUMBER OF IDENTS CUM % 

1-3 18 44 

4-6 6 59 

7-9 5 71 

10-12 1 73 

13-15 5 85 

16-18 3 93 

19-24 93 

25-30 2 98 

31-36 98 

37-42 1 100 
TOTAL 41 
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Perp(~~tor Agc~ Related Data 

The following two tablep illuctrate the ages of 

individuals at the time the identific~~ion8 were made (Table 10, 

p. VIII-G) and their ages at the time the crime was committed 

(Table 11, p. VIII-7). Table 10 only contains 34 entries because 

all mUltiple idont ifica tions for one individua 1 occurrc~d a t the 

same time. Table 10 has'41 entrios because the dates are dif-

fcrent for each crimo. Therefore, a perpetrator of mUltiple 

crimes could appear in multiple age brackets . 

Arrest Data 

A study was made of the arrest records of those 

individuals identified with each latent case. 
\ 

Table 12 (p. VIII-a, lists the frequency of arrests 

for ~ach crime type for the 34 individuals idented. In this data, 

if an individual was arrested 5 times for a particular crime type, 

it was tallied as 5 arrests under that crime type. 

The following general observations emerge from analysis 

cf the latent/arrest data: 

A. For 30 of the 41 cases, no immediate identification was 

possible because the perpetrator had not been arrested in New York 

state for any crime before the latent crime was committed. undor 

the present selected crime categories used for the DCJS latent 

base file, resisting arrest would not be added to the file. 

Therefore, an additional case would not be immediately jdentifiable. 

If we look back at the age data section, we find that 8 individuals 

were still minors (under 16) at the time the latent crime was com-

mitted~ These 8 individuals are included in the 30 mentioned above. 
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TABLE 10 

)?ERPEII'RATOR AGE AlI' IJ:'IME OF IDENTIFICATION 

AGE 

16 

17 

,18 

1 0 -' 

20 

21 

22 

23 

24 

25 

26 

27 

28 

NO ';.,' OF IDENII'S. 

12 

7 

6 

2 

1 

2 

1 

.L 

2 

VIII-6 

CUIvl % 

35 

56 

74 

79 

79 

82 

82 

82 

82 

88 

91 

94 

100 
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TABLE 11 

PERPETRATORS AGE AT DATE OF CRIME 

AGE NO. OF IDENTS. CUM % 

14 2 5 

15 6 20 

16 15 56 

17 8 76 

18 1 78 

19 1 80 

20 80 

21 1 83 

22 83 

23 1 85 

24 85 

• . . ' 25 85 
.. .. 26 3 93 

27 1 95 I. 28 2 100 
TOTAL 41 
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• TABLE 12 

FREQUENCY OF ARRESTS BY CRIME 'l'YPE 

I._III . i 
~ 

-
~. 

-..... : . , --...... : 
~~-

OFFENSE 

Assault 

Murder 

Rape/Sodomy 

Kidnap 

Burg/Tresp 

Misc/Tamp 

Arson 

Grand Larceny 

Robbery 

Auto Larc 

Narcotics 

weapons 

Petit Larceny 

Escape 

Resisting Arrest 

Dis Conduct 

Loitering 

V & T 

DWI 

Obst Gov't Admin 

Forgery 

Harassment 

Menacing 

NUMBER OF OCCURRENCES 

19 

3 

66 

9 

24 

15 

4 

16 

2 

17 

4 

7 

3 

2 

1 

1 

1 

2 

1 

1 
TOTAL -[98-
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PERCENT OF TOTAL 

9.6 

1.5 

33.3 

4.5 

12.1 

7.6 

2.0 

8.1 

1.0 

8.6 

2.0 

3.5 

1.5 

1.0 

0.5 

0.5 

0.5 

1.0 

0.5 

0.5 

, 
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j 
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The data from this sample of latent cases suggests thnt more thnn 

70% of the latent cases submitted cannot be immedintely identified 

against a file, because the perpetrator of the crime hns not been 

arrested previously. 

B. If 70% of all possible latent identifications cannot be 

made because of no existing arrest record, then how much time 

passes before an arrest of the perpetrator makes an identification 

possible? Table 13 (p. VIII-10) conta ins the elapsed time from the 

date of the latent crime to the date of the first/nex1 nrrest for 

the sample latent identifications. In other words, the table 

illustrates the potential latent system performance if an incoming 

system (unidentified latents searched against incoming arrest 

cards) had been in operation. Of the 5 cases in which the first 

or next arrest came more than 12 months after the latent crime: 

-2 individuals were 14 years old when the crime was 

committed 

-2 individuals were 15 years old when the crime was 

committed 

c. One of the main Objectives in collecting this data was i-o 

determine a strategy fOr eliminating certain categories of arrests 

from the latent base file. ~heoretically, if all fingerprintable 

arrests are added to a base file, a latent identification cannot 

be missed unless the perpetrator was not in the file. However, 

usir.g any existing latent search, manual or computerized, as the 

file size increases so do the number of false retrievals. As the 

false retrievals increase, the potential for misses increases 

because of examiner fatigue and failure of the search algorithm . 
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TABLE 13 

EIJAPSED TIME FROM DATE OF LATENT 
CRIME TO D)\TE OF FIRSlJ.'/NEXT ARREST 

MONTHS 

1 

2 

.3 

4-6 

7-9 

10-12 

13-18 

19-24 

25-36 

NUMBER 
ARREST 

18 

4 

4 

5 

4 

1 

1 

2 

2 
TOTAL-"41 

VIII-I0 

CUM % 

43.9 

53.7 

63.4 

75.6 

85.4 

87.8 

90.2 

95.1 

100.0 
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The size of the file also limits the number of latent searches 

that cnn be performed by one examiner. For example, if the file 

size can be cut by 50 percent (through selective additions to tho 

file) without substantially increasing the miss rate, the eXClminer 

can search twice as many lat.ents in the same amount of time. '1'l1e 

examiner should, therefore, mako many mOre idents·with the same 

amount of effort.. Identifications arc the main Objective in any 

latent system, not a zero percent miss rate. 

Analysis of the arrest data associated with the sample of 

41 latent cases does not provide any basis for rejecting flp cards 

based on crime types. When developing criteria for eliminating 

cards from the base file by crime type, it would seem that 

concentration should be put on the less serious crime types which 

represent a substantial number of cards in the file. 

For instcmce, a tally of arrests for the geographical area 

associated "'lith this study, from Hay, 1973 thru August, 1973, 

shows that Petit Larceny alone represents 20 percent of all arrests. 

Eliminating these arrests would, of course, substantially reduce 

the file size. This has to be balanced against the average age 

of the perpetrators (see Table 10) and their arrest records. The 

data in this sample of latent identifications indicates tha'l~ 

inclusion of Petit Larceny arrests in the base file would assis1 

in identifying perpe~rators earlier . 

The situation with serious crimes is different. For instance, 

neither Kidnapping nor Arson were contained in any of the arrests 

associated with this sample. However, they account for a smnll 

percentage of all arrests and the importclllce of solving a Kidnnpping 

Or a string of Arsons with a latent, justifies these charges being 

VIlI-ll 
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included in any file. 

Another importnnt factor in file dcsign strategy concerns 

the e:x:pectC'Cl ages of I"r:: ;::j flals who leave latent-s. None of the 

perpetrators associnl:od ',ith this sample of latent cases wus over 

30 years old. Therefore, considoration should be givon to limiting 

additions to the baso file to arrestees under 30 yours of ugc. 

The file size could 'also be contrOlled by including only 

males in the base file. If, however, latent base file coding 

and searching were accomplished as a by-product of an on-going 

arrest print system, a code could be entcred for femnles or the 

females could be segregated into a separate file. Hence, if a 

female was listed as a possible suspect this category could be 

searche'd. 
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IX 

PRO~fECT CONCLUSIONS .-----, -----------------

The conclusions to be derived from the preceding sections 

must be viewed from the perspective of the length of time 

between project inception and official termination. Grant 

NI70-095 began in July 1970 and was originally scheduled for 

completion in December 1971. The equipment design and develop-

ment stage was originally to be a 6-month effort with a 12-month 

systems installation and evaluation period. 

However, due to numerous administrative and technical pro-

plems the project diJ not end until December 1974. What was 

originally to be a turn-key delivery of the SAFES equipment 

required numerous hardware and software modifications before 

the system could be considered operational for data gathering 

purposes. It must be emphasized that there existed no equipment 

of the SAFES configuration commerci.ally available at the time 

the project was begun . 

During the period of time we were attempting to bring the 

SAFES equipment to an operational status, research external to 

DCJS was continuing in the area of m:nutiae level encoding. 

For instance, the FBI was continuing studies on the FINDFR 

System. Also, during the latter part of the project, com-

mercial vendors were developing off-the-shelf minutiae-

oriented latent fingerprint systems • 
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The lengthy period of design, development and construction 

was' not without certain benefits. For instance, we quickly 

determined the short-comings of certain hardware decisions • 

We also gained a great deal of knowledge concerning the 

operation of the mini-computer and its interaction with the Irv 

hardware. We were able to discuss these problems and our 

operational experiences with both the FBI and commercial 

vendors. This process most likely resulted in improved pro-

ducts being Offered today. 

With the above perspectives in mind, following are the 

conclusions that we have drawn as a result of the SAFES project: 

1. Technical Feasibility 

As a result of the studies and experiences documented 

in the preceding sections, we have concluded that the pro-

totype SAFES equipment has demonstrated the technical 

feasibility of the semi-automatic encoding of fingerprints 

at the minutiae level. The prototype SAFES equipment with 

its human operator is capable of obtaining minutiae data 

with a precision and accuracy sufficient to allow the search-

ing of fingerprints. The compatibility studies with the FBI, 

although not concluded, strongly indicate that SAFES-type 

equipment will become a complementary hardware configuration 

to the FINDER-type automated fingerprint reader. 

2. Human Factors 

The use of closed circuit TV with a suitable input device 

and computer processing proved to be a great improvement over 

alternative methods of displaying the fingerprint to the human 

operator. 
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Other alternatives such as optical rear projection, 

although offering improvements over the fingerprint glass, 

proved less-desirable than the closed circuit TV approach. 

Our work during this project confirmed the previous studies 

that led to the basic SAFES hardware configuration. 

rrhe superiority of the closed circuit TV 'approach was 

definitely demonstrated in the case of latent fing0rprint 

encoding. The TV system has been used on num'~rous oc-

casions off-line to assist examiners in verifying identifi-

cations made as a result of routine DCJS Latent Section pro-

cessing. 

3. Hardware/Softw~re 

The main conclusion to be derived from the hardware/ 

software evaluation is that the SAFES prototype can continue 

to provide valuable service as a research ,tool. Our 

evaluation of the prototype served to identify the following 

areas for improvement in subsequer.t generations of similar 

equipment . 

First, the SAFES hardware is Telatively inflexible and 

the short-comings noted in the previous sections mitigate 

~gainst daily, routine production usage. 

Second, software development is a tedious task with the 

3-pass assembly -language programming required for the computer 

system. 

Third, the SAFES maintenance history"especially the 

computer subsystem, has not been consistent with routine 

usage . 
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Problems in the above mentioned areas are not insur-

mountable. All the technology required to produce high

quality graphic aids along with fingerprint images currently 

exist in off-the-shelf hardware. Additionally, the control 

functions performed by the mini-computer can be implemented 

in either mini-computers with high-level p~ogramming 

languages and operating systems or through micro-processor 

technology. 

presumably, the maintenance problems experienced with 

SAFES would not occur with a production-oriented hardware 

system. Serving to confirm these observations is the fact 

that at least two manufacturers currently market latent 

fingerpr~nt systems designed around the minutiae concept. 

Additionally, the FBI is continuing its design activities 

for a semi-automated device to handle these fingerprints 

unable to be scanned by the FINDER System. 

4. FBI/SAFES Compatibility 

As mentioned above, we consider that we have demonstrated 

the first level of compatibility between the SAFES and the 

FBI FINDER System. That is, the core locations as determined 

by the SAFES operator and the FINDER System appear to be 

relatively consistent and the simulated registration angles 

derived by the two techniques appear to be in sufficient 

agreement to allow effective matcher operation. 

5. Project SEin.-Off 

Although the main objective of this project was to 

evaluate the SAFES hardware/software system in context 

with latent fingerprint operations, another important 

benefit was derived . 
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During our .studies using t.he rUDGE COUNT PHOGRAM, 

it became obvious '\.·ha t SAFES-type hard'Vmre could be 

utilized as an on-line classificatfon system for routine 

DCJS lO-print processing. The RIDGE COUNT PFOGRAM enabled 

us to simulate all the operations necessary to fully 

classify a set of fingorprints for direct input into 

the DCJS automatic fingerprint search system. 

The current sys tem is traditional in nature wi th n~spec t 

to the manual classification of fingerprints by a classifier 

utilizing a fingerprint magnifying glass. However, subse

qU3nt to classification, the fingerprint card is transported 

to a data entry clerk who enters the pattern and ridge count 

type data through CRT hardware into the main DCJS processing 

computer. 

It was clear, as a result of our studies, that the SAFES 

System with appropriate software and human factors engineering 

could be utilized to handle the input of the DCJS automated 

fingerprint search system or could, at minimum, complement 

an automated classification system. 

As a result of this conclusion, DCJS has obtffi ned Safe 

Streets Act Block Grant funding to design and install an on-

line fingerprint classi~ication system. The design specifi-

cations for the $ystem were derived directly from experience 

gained and experiments perfo~~ed using the SAFES System as 

delivered under Grant NI70-09S. 

As a result of the above conclusi6ns, DcjS infcnds to .,. 

continue its use of the SAFES ·equipment as a research tool. 

It is important to reiterate that as a result of the SAFES 

project, commercial suppliers, as well as the FBI, continue 
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their intorest in the semi~automated encoding of minutiae 

characteristics for both latent and arrest fingerprint pro-

cessing. 
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