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The Federal Bureau of Investigation (FBI) has undertaken a major modernization
effort called the Integrated Automated Fingerprint Identification System (IAFISS). This
system will provide centralized identification services using automated fingerprint, subject
descriptor, mugshot, and document processing. A high-speed Fingerprint Image Capture
System (FICS) is under development as part of the IAFIS program. The FICS will
capture digital and microfilm images of FBI fingerprint cards for input into a central data
base.

One FICS design supports two front-end scanning subsystems, known as the High-
Speed-Front-End (HSFE) and Low-Speed-Front-End, to supply image data to a common
data processing subsystem. The production rate of the HSFE is critical to meeting the
FBI's fingerprint card processing schedule. A model of the HSFE has been developed to
help identify the issues driving the production rate, assist in the development of
component specifications, and guide the evolution of an operations plan.

A description of the model development is given, the assumptions are presented, and
some HSFE throughput analysis is performed.

vii



1. INTRODUCTION

" 1.1 BACKGROUND

. The Identification Division (ID) of the Federal Bureau of Investigation (FBI)
maintains a manual filing system of fingerprint cards called the Fingerprint Card Master
File (FCMF). At present, some 23,000,000 cards are in the FCMF, with a projected size
of 28,000,000 to 32,000,000 by 1995. The FBI estimates that 30,000 to 40,000 fingerprint
cards arrive each day in the FBI mail room.

Processing of these cards involves a search against the FCMF to identify whether the
subject whose fingerprints are on the submitted card has a previous record in the FCMF.
Searches against the FCMF are performed in an automated fashion using a subset of the
information called "minutiae," which is extracted from an image of the fingerprint. When
a minutiae "match" provides a possible identification, the candidate card is manually
retrieved from the large FCMF, and a side-by-side comparison is made using the cards.
With an increasing number of search requests and a continuing demand for faster
response times, a more efficient method of processing identification requests is needed.

The FBI has undertaken a major modernization effort called the Integrated
Automated Fingerprint Identification System (IAFIS). This system will provide centralized
identification services using automated fingerprint, subject descriptor, mugshot, and
document processing. Support for IAFIS will be provided by the Image Transmission
Network (ITN). The ITN will link the FBI automated systems with state Automated
Fingerprint Identification Systems (AFIS) through the National Crime Information Center
(NCIC) telecommunications system. Thus, ITN will provide a nationwide means of

, identifying fingerprint images without the use of inked fingerprint cards. The portion of
the ITN which will reside within the FBI ID is known as the ITN/FBI. Once the ITN/FBI
is operational, all requests to the FBI for identification services will be processed in digital

" image format.
In order to implement the ITN/FBI, the fingerprint portion of each card in the

FCMF must be "converted" to a digitized format. The Fingerprint Image Capture System
(FICS) will provide the image capture technologies required to complete the conversion
and implement the ITN/FBI.

1.2 INTRODUCTION TO THE FICS

The purpose of the FICS is to transform fingerprint cards into text records, microfilm
records, and digital fingerprint image records, as shown in Fig. 1. A conversion rate of
1000 cards/h is required to complete conversion in the limited time schedule.

Figure 2 shows a greatly simplified block diagram of the FICS. The design consists of
five major components. The High-Speed-Front-End (HSFE) and the Low-Speed-Front-
End (LSFE) serve as the digital and microfilm image capture systems. The HSFE is
streamlined to efficiently process the typical fingerprint card. The anticipated 2 to 3%
odd-size cards and cards with other anomalies enter the FICS through the LSFE. Both
the HSFE and LSFE systems feed digital image data to a common Image Acquisition
Controller (IAC). Front- and back-side images of a given card are assembled into a

• common record and transferred to the central FICS buffering system, the Buffered Data



Fig. 1. The FICS converts fingerprint cards to records.
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Fig. 2. A simplified block diggram of the FICS components. P
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Router (BDR). The BDR routes records to the Data Verification Systems, where data
integrity is evaluated and minor text entry is performed. Completed text/image data
records are then sent to the Data Recorders for storage on tape, and the BDR records
are purged.

The Card Transport System (CTS), Image Acquisition System (IAS), and the IAC
comprise the HSFE portion of the FTCS. The CTS and IAS hardware layout is shown in
Fig. 3. The C_ is a vacuum-belt-driven card-moving machine. The role of the CTS is
similar to the role of the mechanical components of a photocopier. It is responsible for
accepting cards from a feed station and transporting them to various processing stations
before ejecting them to an output hopper. In addition to imaging support, the CTS also
performs a labeling/serializingoperation on fingerprintcards to provide an audit trail for
each document processed. The IAS performs the image-gathering functions of the HSFE.
It is composed of a microfilming system and a digital image capture system, which are
mounted to the CTS hardware. When the CTS presents a card in the imaging station, the
IAS gathers the images. The digital images are transferred from the IAS to a buffer in
the IAC. The IAC assembles the front- and back-side images of a given card and submits
them to the BDR.

During normal operation, the HSFE will encounter four different types of cards.
These are fingerprint cards, marker cards, microfilm test targets, and calibration
verification test targets. Marker cards are simply administrativeaids that serve as
placeholders for other cards removed from the input stream. Microfilm test targets
contain test patterns to be filmed at the beginning and/or end of each microfilm roll. The
test pattern images are used in the microfilm developing process to adjust film processing

IAS
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parameters. Calibration verification test targets are the analog of the microfilm test
targets. They contain special test patterns that allow the digital imaging system to check
the current calibration. Calibration verifications are performed at timedintervals to limit
the amount of rescanning required if the HSFE were to drift out of calibration. The CTS
bar code reader is capable of identifying each type of card and adjusting its operation
accordingly.

1.3 NEED FOR AN HSFE MODEL

Several design and operations issues may directly impact the production rate, or
throughput, of the HSFE. For example, the IAS camera system technology has not yet
been selected. Several imaging technologies are under consideration, each with a different
image acquisition time. Image acquisition time is a factor in HSFE throughput, and
therefore throughput could be a major selection criterion for IAS technology. However,
what is the maximum tolerable image acquisition time without dropping HSFE throughput
below the target 1000-card/h mark? Also, what effect would removing the microfilm
cameras from the IAS and creating a separate microfilming operation have on
throughput? What card alignment error rate can be tolerated in the imaging station
without sacrificing throughput? How much will throughput suffer if image quality checking
is performed while the cards are sitting in the imaging station? The answers to these and
many other questions can be found by modeling the system.

I
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2. USING THE HSFE MODEL

The FICS HSFE throughput model is a computational computer program that
predicts the throughput of the HSFE portion of the FICS under a set of input conditions
specified by the user. Input conditions are stored in an ASCII input file prior to
execution of the program. Upon execution, the program reads the input file, performs the
calculations, and writes the results to the display and/or an (ASCII) output file.

2.1 CONVENTIONS

The following conventions are used throughout this section:

• Text in an italic font represents literals the user must type.
• < CR> indicates that the carriage return key should be depressed.

2.2 PROGRAM INSTALLATION

Before the program can be used, it must first be copied onto the target UNIX
machine with a C compiler and be rebuilt. The programrequires that the directory in
which it is installed contain the following subdirectory structure, where "base" is the
parent directory:

base/SOURCE
base/INCLUDE
base/INPUTS
base/OUTPUTS

Once these subdireetories have been created, fill them as follows with the program files:

base/SOURCE/makefile
base/sOURCE/simmain.c
base/sOURCE/eycletm.c
base/sOURCE/process.c
base/SOURCE/setuplib.c
base/SOURCE/utils.c
base/INCLUDE/simulate.h
base//INP UTS/sim.in

At this point, the program is ready to be built. Change to the base/SOURCE subdirectory
and type

make sire < CR >.
,J



If all goes well, the parent directory base should contain an executable file called "sim*".
If the compilation fails, check the subdirectory structure and the path to the local C
compiler.

2.3 PROGRAM EXECIT_ON

The as-delivered program assumes that all software source code, the executable, and
the default input file are installed in directories as specified in Sect. 2.2. To run the
program from the command line in the parent directory base, type

sire < CR >.

The program will open the default input file, sim.in, located in the base/INPUTS
subdirectory, and will read the default input parameters in for processing. Once
processing is complete, the program will write the output to the display screen.

Sire can be called with any combination of three optional arguments from the
command line. These arguments are as follows:

-v Flag to turn off "verbose" mode (i.e., stop the program from
writing error and status messages to the display). This option
is handy when used in combination with the -o flag to write
output to a file.

-o outputFileName Flag to turn "output file mode" on (i.e., write program output
to the file outputFileName).

-i inputFileName Flag to turn "input file mode" on (i.e., read program input
from the file inputFileName rather than from the default input
file).

Example:
To read input from a file called sim.in, write output to a file called sire.out, and turn
off the bulk of the display terminal messages, the user should enter

sire -i sire.in .o sire.out -v < CR >.

2.4 PROGRAM INPUT FILE

When invoked, sire will open the input file and read in the simulation parameters.
The input file contains 75 different input parameters specifying everything from the HSFE
configuration and operating scenario to the card processing methods and times.

2.4.1 Input File Structure

The input file is essentially a parameter value list containing imbedded comments.
Any line in the file that contains a semicolon in the first column is viewed by the program
as a comment. Comment lines may be added or deleted from the standard input file at
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any time without affecting program operation. However, great care should be exercised
when editing an input file. Adding a new comment line(s) without a semicolon in the first
column or deleting an existing data line(s) will cause a phase shift between the data values
in the file and the target parameters in the program. This phase shift will have
unpredictable effects on program operation. Worse yet, the error may go undetected by
the program.

2.4.2 input File Parameter Descriptions

This section steps line-by.line through the program input file describing each
parameter, Please refer to the example input Tile contained in Appendix A while reading
this section.

1. Simulation length
Simulation length represents the desired duration of the simulation in hours. For
example, if a simulation length of 12.0 is selected, the program will simulate 12 h of
system operation (in accelerated time).

2. Number of simulation runs made/averaged for a given data set
This parameter specifies the number of times the program should repeat a simulation
with the same input parameter set. The results of all runs are averaged to develop a
more statistically significant result.

. 3. Advance next card and eject current card simultaneously (1 = on, 0 = off)
If a 1 (true) is selected, the card in the labeling station will be advanced to the
imaging station, while the card in the imaging station is ejected to the output hopper.

- If a 0 (false) is selected, the card in the imaging station will be moved to the output
hopper before the card in the labeling station is advanced to the imaging station.

4. Schedule for image quality check completion (0 = before moving card on the belt,
1 = before ejecting the card, 2 = while the card is moving and is in the hopper)
This parameter identifies how the image quality checking must be scheduled with the
card motion. Selecting a 0 will cause the card to sit still at the imaging station until
the check is completed. Selecting a 1 will allow the card to be flipped while the back
side image quality check is performed but will hold the card at the imaging station
until both the back- and front-side image quality checks are completed. Selecting a 2
will allow the card to begin moving on the belts as soon as the dwell time is complete.
Image quality checking will be performed during the card move and may be
completed while the card is already in the output hopper.

5. Processing times
All parameters in this section represent the mean time required to complete each

. operation. The program assumes that these are representative times for the given
operation and applies them directly (without statistical variation) where appropriate.
All times are in units of seconds.

- 5.1. Time to advance card from feed station to labeling station
This is the time it takes the CTS to move the card from the feed station to the
labeling station, not including operator reaction time.



5.2. Time to read and process a bar code
This is the time for the bar code reader to read a code plus the time for the

control system to verify the check digits and identify the card type.
5.3. Time to download the next label data to the label printer

This is the time for the communications link between the CTS controller and
the label printer to transmitdata for the next label.

5.4. Time to back up label stock in preparation for label printing
Most label printer/applicatorsrequire that label stock be "backed up" before
printing when printingsmall labels such as the ones used by FICS. When the
length of the label is less than the distance from the print head to the applicator
pad, extra label stock must be played out following a print operation in order to
move the newly printed label onto the applicator pad. Before printing the next
label, the process must be reversed to bring the next (unprinted) label back to
the print head.

5.5. Time to print label
This is the time it takes to print the label once the label data have been
received and the label stock has been backed up.

5.6. Time to apply the printed label to the card
This is the time required to physically "tamp" the label onto the surface of the
card.

:5.7. Time to advance card from labeling to the imagingstation
This is the time required to move the card on the belts between the two
stations.

5.8. Time to eject card from imaging station
This is the time required to move the card out of the imaging station and into
the output hopper.

5.9. Minimum time to dwell in imaging station
This is the minimumtime the card must remain still in the imaging station for
imaging. By definition, imaging time will always be less than or equal to the
actual dwell time. The program will automatically increase the dwell time if
necessary.

5.10. Time to flip card and return to imaging station
This is the time required to complete the entire flippingoperation. This
includes moving the card from the imaging station to the flipper, flipping the
card, and returning it to the imaging station.

5.11. Time to check card alignment in imaging station
This is the time allotted for an automatic alignment sensing system to check the
card alignment each time a card enters the imaging station.

5.12. Time to acquire images (digital and film)
This is the total time the card must remain still while the camera sensors and
film are exposed. This time must be less than or equal to the minimumdwell
time. If it exceeds the minimum dwell time, the programwill adjust it
automatically.

5.13. Time to move data out of digital camera sensor
This is the time required to empty the digital image data from the camera
sensor(s) in preparation for acquiring the next image.
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5.14. Time to check image quality
This it the processing time required to perform any on-line image quality checks.
It does not inclrde the time required to move the image data into a buffer for
processing (parameter 5.15 below). I

" 5.15. Time to move image data from IAS to IAC
This is the time required for transferring digital image(s) from a buffer in the
IAS to a buffer in the IAC.

5.16. Time to move image data from IAC to BDR
Once the image has been captured and moved to an IAC buffer, it must then be
moved to the BDR for storage on a disk. This is the time required to perform
the latter operation.

6. Error handling method: return card to operator or eject to output hopper
(1 = return, 0 = eject)
This flag controls how the system will behave in an error condition. Selecting 1 will
cause a card experiencing an error to be returned to the feed operator for handling,
allowing the feed operator to handle the error then and there. Selecting a 0 will
cause the same card to be sent to the output hopper, and the card error code and
serial number to be made available to an operator on the output side of the machine.
The card may then be manually pulled from the output stack and reprocessed.

7. Maximum number of refeed attempts for any given card before the card is sent to the
LSFE for manual scanning
This parameter places a cap on the number of refeed attempts allowed for a given
card that continues to experience processing errors. During operation, this parameter
is controlled administratively.

8. Time to return a card from imaging station to the feed station
This is the time required for the card to be moved from the imaging station back to
the feed station. This parameter only applies if the card is returned to the operator
because of an error (parameter 6).

9. Time for the operator to pick up a returned card, discern why it was returned, and
decide what to do to correct the problem
This parameter is applicable only if the card is returned to the operator became of an
error (parameter 6).

Labeling Errors

10. Maximum number of labeling retries to attempt following an error before the card
must be removed and either refed or sent to the LSFE for manual scanning
This is a cap on the number of au,omatic relabeling attempts to be made for a given
card before the system declares an error.

11. Percentage of labeling errors on the initial label application attempt
• This is the rate of failure expected during the first labeling attempt on a given card.
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12. Percentage of labeling errors on label retries and refeeds
This is the rate of failure expected for labeling attempts on a given card following a
labeling error. This error rate applies to refed cardsas well as to labeling retries.

13. Percentage of cards experiencing labeling errors fed back into the HSFE for another
processing attempt
This specifies the percentage of cards to be refed into the HSFE after being expelled
for a labeling error (or multiple errors).

Back-Side Alignment Errors--Parameters in this section apply only to cards that are
imaged on the back side

14. Percentage of back-side card alignment errors on the first feed attempt
This is the rate of back-side alignment errors expected for cards not experiencing
back-side alignment errors on previous feed attempts.

15. Perce,_'_tageof back-side card alignment errors on refeed attempts
This is the rate of back-side alignment errors on refed cards that had previously
experienced back-side alignment errors.

16. Percentage of back-side-alignment-error cards fed ba_:kinto the HSFE for another
processing attempt
This specifies the percentage of the cards to be refed into the HSFE after being
kicked out in a previous feed attempt for a back-side alignment error.

Back-Side Imaging Errors--Parameters in this section apply only to cards that are imaged
on the back side

17. Percentage of back-side digital imaging/quality errors on the first feed attempt
This is the rate of back-side imaging errors expected for cards not experiencing
back-side imaging errors on previous feed attempts.

18. Percentage of back-side digital imaging/quality errors on refeed attempts
This is the rate of back-side imaging errors on refed cards that had previously
experienced back-side imaging errors.

19. Percentage of back-side-digital-imaging/quality-error cards fed back into the HSFE for
another processing attempt
This specifies the percentage of the cards to be refed into the HSFE after being
kicked out in a previous feed attempt for a back_side imaging error.

Jam Error Section--Parameters in this section apply only to cards that are either imaged
on the front side or flipped for orientation purposes

20. Percentage of cards experiencing jams in the flipper on the first feed attempt
This is the rate of jam errors expected for cards not experiencing jam errors on
previous feed attempts.
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21. Percentage of cards experiencing jams in the flipper on refeed attempts
. This is the rate of jam errors on refed cards that jammed on a previous feed attempt.

22. Percentage of jammed cards fed back into the HSFE for another processing attempt
" This specifies the percentage of cards to be refed into the HSFE after jamming in a

previous feed attempt.

23. Time required to clear a jam from the flipper assembly
This specifies the time required to remove and/or disassemble the flipper assembly to
free a jammed card.

Front-Side Alignment Errors--Parameters in this section apply only to cards that are
imaged on the front side

24. Percentage of front-side card alignment errors on the first feed attempt
This is the rate of front-side alignment errors expected for cards not experiencing
front-side alignment errors on previous feed attempts.

25. Percentage of front-side card alignment errors on refeed attempts
This is the rate of front-side alignment errors on refed cards that had previously
experienced front-side alignment errors.

26. Percentage of front-side-alignment-error cards fed back into the HSFE for another
processing attempt

" This specifies the percentage of the cards to be refed into the HSFE after being
kicked out in a previous feed attempt for a front-side alignment error.

w,

Front-Side Imaging Errors--Parameters in this section apply only to cards that are imaged
on the front side

27. Percentage of front-side digital imaging/quality errors on the first feed attempt
This is the rate of front-side imaging errors expected for cards not experiencing
front-side imaging errors on previous feed attempts.

73. Percentage of front-side digital imaging/quality errors on refeed attempts
This is the rate of front-side imaging errors on refed cards that had previously
experienced front-side imaging errors.

29. Percentage of front-side-digital-imaging/quality-error cards fed back into the HSFE
for another processing attempt
This specifies the percentage of the cards to be refed into tile HSFE after being
kicked out in a previous feed attempt for a front-side imaging error.

" Marker Card Section

. 30. Population of marker cards in a drawer as a percentage of the drawer contents
This parameter specifies the average percentage of marker cards expected in a given
file drawer to be fed into the HSFE.
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Labeling Parameter Section

31. Label printing scheduling--when to print label (0 = Print on demand for the current
card, 1 - Print for the current card while it is being fed, 2 = Print next label ahead
of time while imaging the current card)
This parameter specifies the scheduling of label printing. If a 0 is selected, the label
will be printed while the target card is waiting in the labeling station. If a 1 is
selected, the label will begin being printed while the target card is being transported
from the feed station to the labeling station. If a 3 is selected, the label will be
printed while the previous card is being imaged so that the label is ready and waiting
when the target card arrives in the labeling station.

32. Average HSFE downtime while reloading a roll of label stock
This is the time the HSFE must be shut down while the labeler is restocked with
labels.

33. Average HSFE downtime while reloading a roll of printer ribbon
This is the time the HSFE must be shut down while the label printer is restocked
with printer ribbon.

34. Number of labels on a label roll

This parameter identifies the number of blank labels on a given roll or label stock
that are available for printing and application. This does not include labels that are
on leader or trailer portions of the roll.

35. Number of labels printed per printer ribbon
This parameter is analogous to parameter 34 but for label printer ribbon rather than
label stock.

Microfilming Parameter Section

36. Microfilming on/off (1 = on, 0 = off)
Selecting 1 (on) causes all fingerprint cards to be microfilmed as well as digitized.
This also enables microfilming support operations such as microfilm test target filming
and film supply reloading. Selecting 0 (false) disables microfilming and all
microfilming support operations.

37. Average HSFE downtime while reloading a roll of microfilm
This is the time the HSFE must be shut down while the microfilm is restocked.

38. Filming of test targets at the start of a new microfilm roll on/off (1 = on, 0 = off)
Selecting 1 (on) causes the program to simulate filming a "set" of test targets at the
beginning of each roll of microfilm. This is commonly done to help during the film
development process.

39. Filming of test targets at the end of a microfilm roll on/off (1 = on, 0 -- off)
This parameter is analogous to parameter 38 but for targets at the end of the roll.
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40. Number of microfilm test targets in a set
This specifies the number of test target (cards) to be submitted in each set in
parameters 38 and 39.

" 41. Sides of the microfilm test target to be filmed (0 = front, 1 = back, 2 = both)
This parameter identifies which sides of each test target in parameter 40 should be
filmed.

42. Number of images to be taken of each side of the microfilm test target
This parameter identifies the number of duplicate images that should be taken of
each side of each target.

43. Flipping of the test target if the front side is not filmed on/off (1 = on, 0 = off)
If either a 0 (front) or a 2 (both) is selected for parameter 41, then the film test
target is already flipped to present the front side to the camera. If a 1 (back) is
selected for parameter 41, however, flipping the target after filming the back becomes
an extra operation that may be performed for preservation of card orientation. This
parameter provides the option of performing the orientation-preserving flip operation.

44. Spacing between images on the film as a percentage of the image width
This identifies the width of the gap between adjacent images on the microfilm.
Entering 100 (%) would cause the gap between images to be as wide as the images
themselves.

" 45. Total length of the microfilm on a roll (feet)
This identifies the length of the film rolls to be used in the microfilm camera.

e,

46. Microfilm reduction ratio
This parameter specifies the numeric ratio between the size of the actual document
and the size of the document image on the microfilm. Values should be entered as
with an implied reference to 1. For example, if an 8:1 reduction ratio is to be used,
an 8 should be entered.

47. Length of film wasted for the film leader/trailer
This parameter specifies the amount of film per roll that will not be used for images
because it is being used as either a film leader or trailer.

48. Document width

This parameter specifies the width (inches) of all documents that are to be filmed.

Cah'bration Verification Parameter Section

49. Number of images to be taken of each side of the calibration verification test target
" This parameter is an analog of parameter 42 for calibration verification test target

cards.

50. Flipping of the test target if the front side is not imaged (1 = on, 0 = off)
This parameter is an analog of parameter 43 for calibration verification test target
cards.
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51. Number of calibration test targets in a set
This parameter is an analog of parameter 40 for calibration verification test target
cards.

52. Sides of the calibration verification test target to be imaged (0 = front only, 1 = back
only, 2 = both front and back)
This parameter is a functional equivalent of parameter 41 for calibration verification
test target cards.

53. Interval between calibration verifications
Calibration verifications are assumed to be performed at fixed intervals. This
parameter specifies the interval (houi's) between scheduled calibration verifications.

54. Image types to be collected during calibration verification (0 = film only, 1 = digital
only, 2 = both film and digital)
This parameter specifies the types of fingerprint card images to be collected by the
HSFE.

55. Time the HSFE is down after images are collected while awaiting calibration
verification approval
This specifies the length of time (minutes) the HSFE is expected to be taken off-line
after calibration verification images are taken but before approval is granted.

Operator Eltideney Parameter Section

56. Time between operator breaks
Assuming that operator breaks are scheduled at periodic intervals, this parameter
specifies the length of the interval (minutes).

57. Duration of an operator break
This parameter specifies the amount of time (minutes) the HSFE is shut down during
an operator break. Note that if a fill-in operator is used, this parameter may
approach zero.

58. Operator reaction time per card
This is the time difference between when the HSFE is ready to accept another card
from the operator and when the operator delivers the card. This parameter value
should reflect the operator training/experience level, approaching zero as the operator
becomes more skilled.

Marker Card Handling Parameter Section

59. Marker card flipping for correct orientation in the output stack on/off (1 = on,
0 = off)
This parameter is similar to parameters 43 and 50 for marker cards. The difference is
that marker cards are never imaged and therefore never require flipping unless their
orientation in the output hopper must be maintained.
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60. Refeeding of marker cards when a jam error occurs on/off (1 = on, 0 = off)
This parameter was separated from the generic parameters (13, 16, 19, 22, 26, and 29)
since marker cards are assumed to merely be placehoiders for operational
convenience. If a marker card jams and must be manually removed, it may not be
necessary to refeed the card. It may make more sense to place the marker card in
the output hopper rather than risking another jam on refeed.

2.4.3 Editing the Input F'de

The input files are in ? ¢CII text file format, so they may be edited with any standard
text editor. To change any e parameter values, simply open the input file with a text
editor and edit the parameter values, being careful not to add any blank lines or delete
any parameter entry lines (see warnings in Sect. 2.4.1).

2.51,aocam otrrvtrr (vu )

The program will write output to the display terminal, a file, or both (see Sect. 2.3 for
optional calling arguments). Regardless of the options chosen, the format of the program
output remains constant. Figure 4 contains a copy of an example output file from
Appendix B, with added line numbers for discussion purposes. All numeric data are
calculated values.

Referring to the figure, the very first data after the file header are the input and
output file names in lines 3 and 4. The file names include the path to get to the files from

• the current directory. If no input file is specified, the default path/file is INPUTS/sim.in.
Line 4 lists the file name as (null) if no output file is requested.

. The remaining sections of the output contain three columns of output data for each
row. The column headings identify these as the average, minimum, and maximum values.
These represent the average, minimum, and maximum values for the given parameter oyer
every one of the n runs, where n is specified in the input file and displayed on line 37 of
the output file (see Fig. 4).

The next section, lines 5 to 12, is labeled ERROR COUNTS. This section shows
how many of each major error type occurred during the run(s). The major error types
include labeling errors, back-side alignment errors, back-side imaging errors, jam errors,
front-side alignment errors, and front-side imaging errors.

Labeling errors include any error in the printing and application of the labels.
Alignment errors are defined as any combination of relative translation and/or rotation
between the camera system and the card, which places any portion of the card outside the
(limited) field of view of the camera(s). Imaging errors include the occurrence of any
digital image quality anomaly that can automatically be detected by the HSFE. Imaging
errors apply to digital images only since image quality judgments for microfilming are not
performed on-line. A distinction is made between back and front for both alignment and
imaging errors. Back refers to the first side presented (before flipping) to the camera

" (i.e., the side facing up when the card is fed into the HSFE). Front refers to the second
side presented (after flipping) to the camera (i.e., the side facing down when the card is
fed into the HSFE)..iam errors refer to the number of cards that get lodged in thet,

flipper assembly while being flipped. It is assumed that cards never get jammed anywhtre
else in the system.
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1 RESULTS FROM THE FICS HSFE SIMULATOR
2

3 Input file name: INPUTS/sim.in
4 Output file name: OUTPUTS/sim.out

Avg ( Min Max)

5 ERROR COUNTS:

6 = 0..3 ( O, 1)
7 Labeling errors = 12.5 ( 3, 22)
8 Backside alignment errors = 1.3 ( 0, 5)
9 Back side imaging errors = 4.6 ( 0, 10)

10 Jam errors = 13.2 ( 5, 23)
11 Front side alignment errors = 1.4 ( O, 7)
12 Front side imaging errors

13 CARD COUNTS:
14

15 Gross cards fed (all types) = 8298.4 ( 8005, 8667)
16 Total successful cards = 8265.1 ( 7970, 8641)

17 Gross fingerprint cards = 5199.2 ( 7904, 8578)
18 Successful fingerprint cards = 8166.0 ( 7869, 8552)
19 Fingerprint cards refed = 19.2 ( 11, 28)

20 Gross marker cards - 82.4 ( 59, 101)
21 Successful marker cards = 82.4 ( 59, 101)
22 Marker cards refed = 0.0 ( 0, 0)

23 Gross film test targets = 13.8 ( 12, 15)
24 Successful film targets = 13.7 ( 12, 14)
25 Film targets refed = 0.0 ( 0, 1)

26 Gross cal-ver targets = 3.0 ( 3, 4)
27 Successful cal-ver targets = 3.0 ( 2, 3)
28 Cal.ver targets refed = 0.0 ( 0, 1)

29 EVENT COUNTS:
30

31 Calibration verifications = 3.0 ( 3, 3)
32 Operatorbreakstaken = 3.0 ( 3, 3)
33 Number offilmchanges = 6.9 ( 6, 7)

34 THROUGHPUT:
35

36 Sustained average throughput = 679.8 ( 655.7 712.6)
37 fingerprint cards per hour, based on 50 runs averaging12 h, 0.7 rain each

Fig. 4. Typical program output.

o
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The next section is the CARD COUNTS summary in lines 13 to 28. This section
shows how many of each major card type were fed, how many were processed successfully,
and how many of the unsuccessfully processed cards were refed in a subsequent attempt.
The four major card types include fingerprint cards, marker cards, microfilm test targets,

. and calibration verification test targets. Summary sections for each of the individual card
types are found in lines 17 to 28.

Lines 15 and 16 are sums over all card types fed into the system. Note that in any
given column, line 15 does not equal the sum of lines 17, 20, 23, and 26. Similarly, in any
given column, line 16 does not equal the sum of lines 18, 21, 24, and 27. Recall, however,
that the numbers printed in the three columns represent the average, minimum, and
maximum values of all the runs made. Since each run is unique, these numbers should not
be expected to add up perfectly unless the number of runs made is equal to one in the
input file.

The next section is the EVENT COUNTS summary in lines 29 to 33. Items in this
section represent scheduled or otherwise expected downtime events. The one event
missing from this section is label supply changes. This parameter normally has so little
effect on the system throughput that it was omitted from the program output.

The final section is the THROUGHPUT summary in lines 34 to 37. These lines
contain the sustained average throughput, the number of runs made, and the average
length of each run. This is the most important section of the output since the program
was developed to study the effects of the input parameters on the HSFE throughput.
Throughput is measured in terms of the number of fingerprint cards successfuliy digitized
and written to the BDR per hour.
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3. MODEL DEVELOPMENT

3.1 TIMING DIAGRAMS

Before the HSFE model was conceived, a series of timing diagrams was developed to
help the Oak Ridge National Laboratory (ORNL) FICS team understand the system
configuration options and where the throughput bottlenecks might be. Upon generation
of several timing diagram variations, an idea evolved to use the timing diagrams as
configuration models for input into a computational tool that would predict HSFE
throughput. Since the model is based on the timing diagrams, a good understanding of
the timing diagrams is needed before the model can be discussed.

Figure 5 shows a timing diagram for the HSFE. The 16 entries along the left margin,
labeled PI to P16, comprise the design parameters important to HSFE timing and
throughput. The parameters are grouped vertically with thick black lines according to the
subsystem to which they belong, The four groups are labeled along the right margin of
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Fig. 5. A timingdiagramfor the HSFE.
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the diagram. From top to bottom, the first two groups, CTS Feed Table and CTS
Transport Table, contain the mechanical card-moving and -labeling functions of the CTS.
The titles reflect the names of the belts on which the functions are performed. Figure 6

shows that there are actually three belts in the C'I_. The third belt is used in the flipper
" assembly. The feed and transport table belts represent the primary card-moving belts in

the system. The card leaves the transport table belt momentarily while being flipped but
is returned to the transport table belt for further handling. Since no other card can be
moved by the transport table belt while a card is in the flipper, the flipper belt is not
considered a primary card-moving belt. For this reason, operation P10, flip card, is listed
under the CTS Transport Table Operations rather than under a separate "flipper" group'
The next two groups, the IAS and the LAC, represent the image gathering (camera) and

storage (disk/buffer) functions respectively.
Referring to Fig. 5, parameter P1 is the time it takes to advance a card from the feed

station to the labeling station. Once the card is brought to a stop in the labeling station,
it must be scanned for a label. Parameter P2 covers the scanning and data analysis for the

bar-code reading operation. If the card needs a label, one must be printed and applied.
Parameter P3 is the time required to send the label printing data from the control
computer to the label printer through a serial port. Once the data are received, the
labeler backs up the label stock in preparation for printing. Backing up the labels must be
done when the length of the label is less than the distance from the print head to the

applicator pad. This is because extra label stock must be played out following a print
operation in order to move the newly printed label onto the applicator pad. Before
printing the next label, the process must be reversed to bring the next (unprinted) label

J
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Hipper Reader
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Fig. 6. 'Vne threebelts controllingcardmotion in the HSFE.
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back to the print head. The only other alternative is to allow a "loop" of printed labels to
exist between the print head and the applicator pad. This alternative is not as attractive
because it means that the machine cannot have direct control over the "next" label to be
applied. This becomes important when a card must be relabeled or in a situation when a
special label value must be printed on demand. Parameter P5 represents the time
required for the labeler system to actually print the label. Once printed, the label is
applied to the card (P6). After the label is verified with the bar-code reader for correct
printing, the card is ready to leave the feed table belt.

The card is then transferred from the feed table belt labeling station to the transport
table belt imaging station (P7). Once the card is brought to a stop, the card alignment is
checked (Pll) to ensure that the card is not skewed or otherwise out of view of the
camera(s). The card then begins waiting for a dwell time (P9), during which both digital
and microfilm images are collected (P12) by the IAS. When the images have been
acquired, the digital images must be moved from the digital sensor(s) into an IAS buffer
(P13) for some high-level image quality checking (P14). When the dwell is over, the card
is flipped (P10) and rechecked for alignment (Pll) before beginning another dwell time
(P9) for image acquisition. When the dwell is over, the card is ejected from the imaging
station to the output hopper (PS). At this point the CTS is cleared of all cards and is
ready to begin the cycle over again, advancing another card to the labeling station (P1).
The operations in the IAC, left out of the above description, involve moving the digital
image data from the IAS buffer into an IAC buffer (P15) in preparation for writing the
data to a disk buffer once per card (P16).

3.1.1 Timing Diagram Variations Considered

The timing diagram depicted in Fig. 5 represents one of many possibilities. Without
changing hardware, several changes in event scheduling can be made which will have
effects on both throughput and functionality. Since a major goal of HSFE modeling was
to provide a tool for studying the effects of configuration changes, inputs had to be
pcovided for some of the many possible event scheduling parameters. Three scheduling
parameters were selected for modeling.

The first event scheduling variation considered controls when the next card is
accepted from the feed operator (P1). Figure 5 shows P1 beginning after the previous
card is ejected (P8). To improve throughput, P1 may be started at the same time as P8,
as shown in Fig. 7. This scheduling change improves system throughput by P8 s/card.

Another scheduling variation considered is when to perform image quality checking.
A careful look at Fig. 5 will reveal that the image quality checking is performed on the
back side of the card while the card is being flipped and aligned and on the front side of
the card while it is already in the output hopper. This configuration provides the best
throughput performance because it minimizes the amount of time the card must remain
on the HSFE belts. Since the card image quality check is not necessarily completed
before the card is ejected, this approach does not allow all cards with image quality
problems to be automatically diverted from the normally processed cards (returned to the
operator or ejected to a separate output hopper). Two other image quality check
scheduling scenarios are possible: (1) scheduling the image quality checking to be
completed before a card is moved on the belt (see Fig. 8) and (2) scheduling the image
quality checking to be completed before a card is ejected (see Fig. 9). The first
alternative sacrifices throughput the most but gains the ability to automatically divert the
card from the normal flow at the conclusion of imaging each side of the card. The second

_ ....
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Fig. 7. Implementation of simultaneous card ejection and card advance.

alternative is a compromise between the configurations depicted in Figs. 8 and 5.
Throughput should be less than that of Fig. 5 because the card is held still on the
transport table during the front-side image quality check and greater than the first
alternative because the back-side image check is performed during the flip. Cards with
image quality problems may be diverted from the normal flow since image quality checking
is completed before the card leaves the transport table belt.

Label printing scheduling provides another area for balancing functionality and
flexibility with throughput. The scenario depicted in Fig. 5 has the label being printed and
the target card being fed simultaneously. A more functional solution, but one which
sacrifices throughput more, is to print the label on demand for the card in the labeling

. station, as shown in Fig. 10. This solution allows the label value to be determined on
demand for each card. No assumptions about the next label value are made. The trade-
off is a significant loss of throughput because P1 through P6 become strictly serial

" operations. Another solution that maximizes throughput at the expense of on-demand
print ability is to print the label for the next card while the current card is being imaged,
as shown in Fig. 11. Printing during imaging should not produce any vibrations that will
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adversely affect the image qualitysince the label printer uses thermal-transfer technology
(nonimpact).

3.1.2 Configuration Variations Not Modeled

The most significant variation to Fig. 5 that was not modeled is performing the feed
and transport table belt operations concurrently (i.e., in parallel for two cards, as shown in
Fig. 12). This variation has tremendous throughput advantages because it allows the
imaging/flipping operations to be parallelled with the labeling operation for the next card.
The result is a system that is throughput limited by data processing rates rather than by
mechanical operation speeds.

Previous analysisshowed that the HSFE throughput goals were achievable with a
parallelled architecture, but other objectionable effects existed. The same analysis left
some question about whether or not the throughput goal was achievable with the
nonparallclled architecture. Because time was limited duringthis development, the effort
was directed toward the nonparallelled case.

I
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3.2 MODEL DEVELOP_

With a basic understanding of the HSFE timing relationships from Sect. 3.1, the next
step was to build a dynamic model of the HSFE equipment in operation. From the timing
diagrams,one could predict system throughput based on the period between successive
card ejections. This type of "theoretical maximum"prediction, however, does not fold in
any of the effects of real-world events such as downtimes for equipment supply reloading,
system errors, and operator efficiency. The goal was to build a model that would
accurately predict a real-world throughput ot an HSFE in normal day-to-dayoperation.

3.2.1 Methodology
o

The basic modeling methodology is as follows:

" 1. Read the input parameter values from an input file.
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2. Calculate the time required to process each of the four basic types of cards (see
Sect. 1.2) using the input parameter values. For each type of card, calculate the
processing time under error conditions at each of the six basic stages of processing:
labeling, back-side alignment, back-side imaging, flipping, front-side alignment, and
front-side imaging.

3. Starting with the elapsed time counter at zero, "feed" one card at a time, adding the
card processing time to the elapsed time counter. Use a special "chance generator"
function (based on a random number generator) for each card fed to provide the
appropriate level of opportunity for an error. Error rates at each stage of processing
are described in the input file. When card processing errors are generated by the
"chance generator," add the appropriate error recovery time to the elapsed time 0

counter. Use the chance generator rather than fingerprint cards to determine when
marker cards are fed.

4. Keep track of the system supply levels and "stop" the system to restock supplies when
necessary. When film supplies run out, shoot the appropriate number and type of



Adv card from feed _
to ---.2

" : i !

Send next label data /

Back up label stock '
, ,

Print label ;/
Apply label "-'--"

(P,6)
Adv cardfrom labeling ' i

to imaging (I:'7) !
Eject card i t-.

(P8) _..Dwell for image acq. _ 0_
(,,Pg) _

Flip card ! t.-.
,,, (P!O) '_
Checkcardalignment "'

Acquire images
,, (P12)

Prepare IAS toacquire meal c_ i
next _i _' '

Perform image quality |
el

j, ,

Move image to VME
buffer u

" Move image to BDR --<

Fig. 11. Implementation of label printing for the next card during imaging of the current card.

microfilm test targets at the beginning and/or end of each roll of film (see input file).
Keep track of the elapsed time on the clock to ensure that calibration verifications
are performed at the correct interval. "Stop" the system to allow the operator to
take breaks at appropriate intervals. Keep track of error statistics throughout the
"run."

5. Monitor the elapsed time counter while performing steps 3 and 4 until the desired
run duration is reached.

6. Store the statistics data for the run.

7. Perform steps 3 through 6 once for each of the desired runs requested in the input
" file.

. 8. Calculate the minimum, maximum, and average values for each of the statistics data.

9. Write out the statistics results.
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This "simulation" style methodology was selected to accommodate extrapolation of the

model into an "HSFE simulator" that would operate in real time. Such a tool would be

useful during the development of the FICS to simulate the dynamics of the HSFE

hardware before the hardware development is complete. This would allow integration of

the HSFE and FICS to begin before the HSFE is operational.

3.2.2 Model Assumptions

The following is a list of some of the major assumptions made during construction of

the HSFE throughput model.

* Card alignment checking in the image processing station is performed with dedicated

sensors mounted to the CTS rather than by performing image processing techniques

on the digital image after it is captured.

. The IAS is double buffered so that image quality checking (P14) may overlap with

moving the previous image data to the VME buffer (PI5).
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• Some level of image quality checking is always performed on the digital image by the

IAS.

• The IAC VME system is double buffered to accommodate overlap in moving the
" current image to the VME buffer (P15) and moving the previous card images to the

BDR (P16).

• Only one card image set at a time may be transferred to the BDR (i.e., no two BDR
transfers from the IAC may overlap).

• The times for image acquisition, preparingfor the next acquisition, and quality
checking remain constant whether collecting digital, microfilm, or both types of
images. This assumptionwas made because it was not known how the IAS would be
implemented. In reality, the acquisition will probably be faster if either digital images
or microfilm images are taken, but not both.

• All cards are fed with the back side facing up, so imagingon the front side requires
flipping the card.

• Supplies are full at the beginning of each run. Actual runs will have random initial
supply levels.

• Refed cards will be reprocessed completely as if they were never processed before.
This is a good assumption except in the ease of labeling. If a card is properly labeled,

" it should never require relabeling if refed into the system.

• All jams occur in the flipper mechanism.

• All imaging/image quality errors are attributed to digital imaging.

• All fingerprint cards are digitized on both sides.

• All fingerprint cards are labeled if they do not already have a label.

• All fingerprint cards are microfilmed on both sides if microfilming is turned on.

• Only fingerprint cards require labeling.

• Calibration verification is performed at fixed intervals. Test targets are fed into the
HSFE to allow image collection. Once images are collected, the HSFE may be shut
down for a period of time while images are reviewed and the HSFE operation is
approved.

' . Calibration may include microfilm, digital, or both types of images.
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4. HIGH-SPEED-FRONT-END THROUGHPUT ANALYSIS

This section contains an analysisof the effects of several HSFE inputs on system
throughput. The goals of these experiments were to (1) identify some of the major
throughput drivers, (2) identify some of the areas where operation simplicity/convenience
may be traded off for improved system throughput, and (3) provide the reader with a
better understanding of HSFE system dynamics. The analysis here is not intended to be
comprehensive. Rather, this section was included to stimulate further experimentation by
the reader.

Before the series of experiments was designed, a baseline set of model inputs was put
together to serve as an experimental control set. The parameter values chosen represent
current best-estimates of processing times. Operations parameters are intended to reflect
the way the FBI currently plans to use the HSFE. The baseline input parameter set is
shown in Appendix A.

A set of 29 experiments was performed to demonstrate the effects of parameter
changes on HSFE throughput. In most cases, only one parameter was varied so that
direct comparisons with the baseline could be made. The results of these experiments are
reviewed in Sect. 4.1, Parameter Evaluation. A second set of experiments was then
designed based on the results of the parameter evaluation. The results of this second set
can b_ found in Sect. 4.2, System Evaluation.

4.1 PAI/.AMETER EVALUATION

Figure 13 shows the parameters varied in each of the experiments, the calculated
throughput, and the percentage change in throughput from the baseline experiment.

Experiment one was performed to demonstrate that changing the duration of the
simulation run may result in some small change in throughput. Changing the duration of
the run alters the scheduling of downtime events such as microfilm supply reloading. For
example, changing the duration of the run from 8 to 9 h may cause an apparent loss in
throughput because the microfilm supplies run out 5 rain into the ninth hour. The extra
hour of the shift only adds 45 rain of operation, resulting in a fall in the average
throughput. This small change in throughput is an artifact of the measurement technique
and in no way represents long.term real.world performance.

Experiment two demonstrates the throughput loss experienced by not taking
advantage of the ejection time to advance the next card to the labeling system, as shown
in Fig. 7. These operations should be parallelled because throughput is improved without
compromising functionality.

One of the most significant throughput driven turns out to be the scheduling of the
image quality checking function, as shown in experiments three and four. A significant
throughput loss over the baseline system was demonstrated in experiment three when
image quality checking was scheduled to occur before the card was allowed to move on
the belt (see Fig. 8). Conversely, a significant throughput gain was realized by performing
image quality checking during the card move (Fig. 5). As discussed in Sect. 3.1.1, the
gains in performance in this scenario are traded for operational convenience. The
machine's ability to automatically divert a card with poor image quality from the normal
flow is lost became the front-side image quality checking may not be completed until the
card has already been ejected to the output hopper. The machine could, however, be
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designed to flag cards with image quality problems by label number while they are in the
output hopper. These cards could then be manually pulled from the stack for
reproeessing. This is the recommended scenario in light of the low image quality error
rate and the large gains to be made in throughput. As a general philosophy, it is more

" efficient to optimize for the normal case (no image errors) than to optimize for the off-
normal (image error) case.

Printing labels on demand in experiment five (Fig. 10) resulted in a 16% loss in
throughput over the baseline run. As expected, printing the label during current card feed
in experiment six provided a middle-of-the-road solution, resulting in a lower throughput
than the baseline approach (printing during imaging) but a higher throughput than the on-
demand approach.

Experiments eight and nine showed throughput gains because they reduced the
frequency of microfilm reloading; experiment eight increased the film capacity, while
experiment nine reduced the film used per image. Experiment seven carried the gains to
an extreme by completely eliminating filming at the HSFE and therefore eliminating the
need for film reloading. Eliminating filming at the HSFE may, however, cause other
operations difficulties elsewhere in the FICS.

Experiments 10 through 12 deal with increasing the image acquisition time from 0.2 s
(baseline) to 0.5, 0.75, and 1.0 s respectively. These experiments illustrate the importance
of designing the IAS to acquire images as fast as possible. If microfilming is performed on
the HSFE, the image acquisition time includes the time for the digital camera sensor(s) to
acquire the image and the time required to expose the film in the microfilm camera.
Whether these operations are performed serially or in parallel depends on the IAS design.
Additionally, increasing the microfilmexposure time to 0.75 or more seconds may result in

" some improvement in quality. If this is the case, the margin of quality improvement gain
will have to be weighed against the margin of throughput loss to determine the best
balance between exposure time and throughput.

The second largest throughput gains were made by eliminating HSFE downtime while
awaiting calibration verification approval. Comparing experiments 13 to 15 shows that
when approval downtime is involved, the interval between calibration verifications has a
large effect on throughput. The most economical solution under these circumstances is to
balance product (image) quality and production (throughput) by scheduling calibration
verifications less frequently. However, a better solution is available. F_eriments 16 to 19
show that the calibration verification interval has a lesser effect on throughput when
calibration.verification-approval-downtime are reduced and a negligible effect when
approval-downtime are eliminated. Because the calibration verifications are performed on
a scheduled periodic basis, the system is assumed to be operating within specification in
the interval between calibration verifications. It is not logical to assume that the system is
calibrated correctly for the last card before the calibration verification and then to assume
that it is out of calibration for the very next (calibration verification) card. It makes the
most sense, again, to optimize for the normal case and assume that the system is always
calibrated. This simple philosophy change allows the system to run during the approval
process until it is shown to be out of calibration. Because the throughput cost of

' performing calibration verifications becomes much less significant, calibration verifications
may be performed more frequently. The result is an improvement in quality without

. sacrificing throughput,
An 8% throughput gain was realized in experiment 24 by simulating an "operator

switch" during the 15.sin operator break every 4 h. A l.min interruption of HSFE
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operation was provided to allow time tor the substitute operator to get organized. This
approach gains 3.5 rain of HSFE operation per hour over the baseline approach.

Increasing the percentage of marker cards in the drawer from 1% to 5% causes an
expe.cted loss in throughput in experiment 20. The loss is due to the fact that the
increased percentage causes the HSFE to spend more time processing marker cards,
leaving leas time to process fingerprint cards.

Experiments 21-23 attempt to improve throughput by eliminating flipping calibration
targets, microfilm test targets, and marker cards respectively. As can be seen in
13, none of these approaches made a significant contribution to average throughput.

because in these experiments the percentages of these types of cards are small, so
throughputgainedbysaving0,5s/cardisnotsignificant.Theseparameterswill

_me moresignificantifthepercentagesofthesetypesofcardsshouldincrease,

vilinrui_2iiii!L!L5 11 . IV[I 111 1VII ..... _ : irl " ilfrininili. _ 7 Z " I[11 I1111 --

_rhroughput
l'hroughput I Change

cauumm.
0 Baseline run 683 N/A
i 8hour run 692 I
2 D_g currente'ection 663 .3____
3 Performirna_.mlitcheckbeforemovingcard 598 -12
4 Pa_ormima e ualitcheckdurincardmove 791 .._.
5 Printlabels on-demand 576 -16

6 Printlabelsforcurrent cardduringcardfeed 661 .3
7 No microfilming 777 14 "
8 1000ftmicrofilmrolls 761 I1
9 12:1microfilmreductionratio 713 4 .
I0 .....,..50_¢ond(orimageacquisition 600 -12
Ii ,75sacondfori_ageagquisition 547 -20
12 __!,O_¢o_ndimageac_quisition 49"/ .27
13 Ihrintervalbetweencalibrationvenficauons 375 -45

.

14 8hrinterval betweencalibrationverifications1 720 5
15 12hrintervalbetweencalibrationverifications_ 757 II

..............16..................Experimen3#13with_ro approv__time..............784 15
17 ...........E,xpe_ment#15with_ro approvalUme...........788................15 ._._
Ig Experiment #13 with 15 rain approvaltime 578 -15
!9 .Experiment#15with15minapprovaltime 769 13
20 5% markercardsinthedrawer 672 .2

2! ..................Image.only back of calibrationverification,_gets 683 1 0
22 Filmonlybackofmicrofilmtesttargets 684 I 0
23 Don'tflipmarkercards 683 I 0
24 iminuteforoperatorbreak(fi.]!..-.inoperatorO_.___ 736 I, 8
25 .2 secondsoperatorreactiontime 660 i -3
26 Allowmaximumof3re-feedattempts 674 i -1i,

27 Never re.feedcards 696 ._ 2 '

28 .l..%_alignmenterrors 595 i -13
29 Eject cards on errorratherthan returning them 683 ; 0

........................ nil. ISI R=UI= lmm tb=prom=tar_uaUoa '__e,= - _ " ....
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...... rl, i,,m, iiii ........................ _: ............. :-- ..............................................

Throughput
" Throughput Change

Exo_rlment Parame|er DescrtDtioq..... ......... (cards/hr) i (%) ......

" 0 Baseline run 683 N/A
30 Performimagequalitycheckduringcardmove, 967 42

Zerocalibrationverificationapprovaltime,
.............},,_inutcfor9v_eratorb,r,cak(fill-ino_rator)............................................
31 Performimagequalitycheckduringcardmove, 1120 64

No microfilming,
Zerocalibrationverificationapprovaltime,
1 minute for_ooeratorbreak (fill,in ooerator

32 Performimagequalitycheckdunngcardmove, i087........... 59...........
I000ftmicrofilmrolls,
Zerocalibrationverificationapprovaltime,
Iminuteforoperatorbreak(fill-inoperator

i

Experiment 25 showed a 3% loss in HSFE throughput when the operator reaction
time was increased from 0.01 to 0.20 s/card. This experiment was performed to illustrate
theeffect an inexperiencedoperatormayhaveon HSFE performance.As an operator

'Sgainsexperienceusingthe HS_, ht/her reactiontimeshouldbe expectedto drop, thus
. resultingin improvedsystemthroughput.

A maximum ofthree refeedattempts(ratherthanone) wasallowedin experiment26,
for a lossin throughputof -..1%, _periment 27 took the oppositeapproachfrom
experiment26 by eliminatingre(cedinganycard into the HSFE. Unlike experiment26,
thb approachshoweda smallthroughputgain. _c resultsof experiments26 and27 are
verydependenton therefeederror ratesin the input file. If the r©feederrorrateswere
to fall significantly,the resultsof experiments26 and 27 couldend up beingswapped.

Experiment 28 helps evaluate the sensitivity of the HSFE to card alignment reliability
by increasing the alignment erron by an order of magnitude. The result of increuing the
alignment errors is a drop in throughput of 13%. If the measured alignment error rate
turns out to be too high, it may be worth using the model to determine the maximum
tolerable alignment error rate for input into an alignment system design. The time
required by an alignment system can be folded into the model by increasing the card
alignmentcheckingtimeto includeboth alignmentand alignmentcheckingoperations
(parameter PII on Fig, 5).

Ejectingall cardsexperiencingerrorsrather thanreturningthem to theoperator
showedno throughputimprovementin experiment29, However,thischangecombined
with otherparameterchangessuchas(1) lower rereaderror ratesor (2) neverrereading
cardscouldresultin throughputsavingsgreaterthan thoseloundbyeachchange

, individually, This is because some of the time savingsmade by not returning the cardto
the operatorare lostwhena cardis rcfcd unsuccessfully,

iiiiii iiiiiiii I IIII II ......... I
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4.2 SY_ EVALUATION

m

Examining the throughput column in Fig. 13 shows that throughput ranged from
375 to 791 fingerprintcards/h in the first set of experiments, These numbers are farshort
of the FBI's sustained throughplJtgoal of 1000 fingerprintcards/h. For this reason, a
second set of experiments was designed to evaluate the throughput potential of the HSFE
as a system (i.e., combining parameter values to bringthe HSFE throughput above the
1000-card/h goal).

Figure 14 shows the results of the second set of three experiments. Each of the
experiments in this set is composed of parameter values that showed positive throughput
gains in the first set of experiments. The objective was to change the baseline experiment
parameters as little as possible while achieving the throughput goal. Because such a large
improvement in throughput was needed, the majorthroughput driven identified in
experiments 1-29 were modified first.

_erimvnt 30 shows that a 42% throughput gain wu achieved by performing image
qualitycheckingwhile the card is moved, eliminating HS_ downtime during calibration
vcriflcation approval and providingfill-in operators duringfeed-operator breaks. While
experiment 30 shows a majorthroughput improvement, it is still short of the goal by 3%.

Despite the microfilmingoperation containing two of the largest throughput drivers,
the microfilming parameters were left alone in experiment 30. Removing microfilming
from the HS_ is an unattractivealternative to the FIC..Sbew_useit moves operational
difficulties elsewhere in the FICS, Moving up to 1000.ft rolls of film is unattractive
because it causes the microfilm systemto run"open loop" for almost five times longer.
The longerthesystemisallowedto run withoutcheckingthe film imagequality
(developingthe film), the greaterthe impactof the errors. Becauseexperiment30 fell
short of the throughput goal, the microfilmingparameters were the only other place to
look for throughput gains. Experiment 31 buildson experiment 30 by removing the
microfilming operation from the HSFE altogether. The result is an 1120-card/n
throughput, which exceeds the goal by 12%. Removing the microfilm improved the
throughput by - 16%, which is in line with cxpectatlons from experiment 7. According to
experiment8, gainsin the neighborhoodof 11%over experiment30 canbe expectedby
restoring the microfilmingerJerationbut lengthening the rolls to 1000 :,t. Experiment 32

U °makes this substit non, resulting in actual gains of ~ 12% over experiment 30. The
configuration in experiment 32 is likely the best possible balance of operations vs
throughput available with this HSF_ architecture.

4.3 CONCLUSIONS AND KECOMMF_._DATIONS

After studyingthe resultspresentedin Sects.4.i and4.2, it shouldbe clearthat the
nonparallelled architecture modeled here is marginal, at best, at achieving the l O00.card/h
throughput goal. While the model indicates that meeting the goal is possible, any small
designparameterchangeor modelingerror maydrop the actualsystemthroughputbelow
the desired level.

It is ORNL's recommendation that a parallelled architecture such as that depicted in
Fig. 12 be considered. This type of architecture, while more complex, will vastly improve
the HSFE throughput. Prior to the work reported here, a simple HSFE throughput
model for both the parallelled and nonparallclled architectures was developed. While the
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early model did not include many of the input parameters i.cluded in the model discussed
. in this report, it did provide ballparkthroughput estimates. These early estimates

indicated that the parallel architecture should easily yield greater than 1000-cards/h
throughput. The parallelled architecture was not included in the scope of this work

" because of the increased complexity of such a model.

i

i i i Illlllmll I IIIll II I I I
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Appendix A

" AN EXAMPLE INPUT FILE

i

,1111 i .... i H I IIII1,11|1 I. IIIIIIII I II III ,i,,,,,,,,, 111 iii ii i i

== File: sire.in
, -- Date: June 22, 1993 ==
, == Last Mod: ---_
, =,=Programmer: P.M. Rathke ===
, -- Purpose: This file is usedfor input to the HSFEsimulator ==

................ = ] . / - i i i ii i1i1[ i i iii ii i i iii i i 1 i i i iiiii i iiiii iiii ii

i

0

, --- Test Configuration --
I

Simulationlength (hours)
12.0
; Numberof simulationrunsmade/averagedfor a given data set
50
; Advancenext card and eject current card simultaneously(1 = on, 0 = off)
1
; Schedulefor Image-quality-checkcompletion (0 = before moving the card on the
; belt, 1 , before ejecting the card, 2 = while card is moving and/or is in the
; output hopper)
1

; --- ProcessTimes ---
,

; Not used
0,0
; Time to advance card from feed stationto labelingstation (meaaured)(sec)
,53
; Time to read and processa bar code (sec)
.10
; Time to download the next labeldata to the label printer (sec)
.10
; Time to backup label stock in preparationfor labelprinting (sec)
.50
; Time to print label (sec)
.20
; Time to apply the printedlabel to the card (sec)
.60
; Tim,, !o advance card from labelingto the imagingstation (measured)(sec)
.43
; Time to eject card from imagingstation (measured)(sec)

, .14
; Minimumtime to dwell in imagingstation (sec)
.20

• ; Time to flip card and return to imagingstation (measured)(sec)
.55

ii i iiiii I
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; Time to check card alignmentin imagingstation (see)
10
Time to acquire images (digital& film} (sec) "

,20
Time to move data out of digitalcamera sensor (see) .

,40
Time to check image quality (sec)

,20
Time to move image data from IAS to IAC (see)

,40
Time to move image data from IAC to BDR (sec)

2,0
Not used

0,0
Not used

0.0
Not used

0.0
; Not used
0,0
; Not used
0,0

Not used
0.0

Not used
0,0

Not used
0,0

Not used
0,0

Not used
0.0

Not used
0.0

Not used
0.0

Not used
0,0

Not used
0.0
, Not used
0.0

--- ErrorHandling --

Error handlingmethod: returncard to operator or eject to output hopper
(1 = return, 0 =: eject)

Maximum numberof re-feed attempts for any givencard before the card is
sent to the LSFE manualscanning

Time to return a card from imagingstation to the feed station
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; Only applicableif card is rezurnedto the operator on error (sec)
1.0

" ; Time for the operatorto pick up a returned card, discernwhy it was
; returnedand decide what to do to correct the problem

, ; Only applicableif card is returnedto the operatoron error (sec)
30.0
t

#

; Labeling Errors
#

; Maximum numberof labelingretries to attempt following an error
; before the card m'_,Jstbe removedandeither refed or sent to the LSFE
; for manualscanning
1
; Percentageof labelingerrorson the initiallabel applicationattempt
.0056
; Percentagelabelingerrorson label retriesand card re-feeds
•0056
; Percentageof cardsexperiencinglabelingerrorsfed back into the HSFE
; for another processingattempt
100.0

t

; Back-SideAlignment Errors(only appliesto cardsthat are imagedon back)
I

; Percentageof back-sidecard alignmenterrorson the first feed attempt
* .10

; Percentageof back-sidecard alignmenterrorson re-feed attempts
50.0

" ; Percentageof back-side-alignment-errorcards fed back into the HSFE
; for another processingattempt
100.0

I

; Back-SideImaging Errors(only appliesto cardsthat are imaged on back)
I

; Percentageof back-sidedigital imaging/qualityerrorson the first
; feed attempt
.01
; Percentageof back-sidedigital imaging/qualityerrorson re-feed attempts
50.0
; Percentageof back-side-;maging/quality-errorcards fed back into the
; HSFEfor another processingattempt
100.0
t

; Jam Errors(only appliesto cardswhich are flipped)

; Percentageof cards experiencingjams in the flipper on the first feed
. ; _ttempt

.05
; Percentageof cards experiencingjams in the flipper on re-feed attempts
90.0
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; Percentageof jammed cardsfed back into the HSFEfor another processing
; attempt
0.0
; Time requiredto clear a jam from the flipper assembly (minutes)
5.0

Q

!

; Front-SideAlignment Errors(onlyappliesto cardsthat are imaged on front)
l
#

; Percentageof front-side card alignmenterrorson the first feed attempt
.10
; Percentageof front-side card alignmenterrorson re-feed attempts
5O.0
; Percentageof front-side-alignment-errorcardsfed back into the HSFE
; for another processingattempt
100.0
=
I

I

; Front-SideImaging Errors(onlyapplies to cards that are imagedon front)
I

; Percentageof front-side digital imaging/qualityerrorson the first feed
; attempt
.01
; Percentageof front-side digitalimagingerrorson re-feed attempts
50.0
; Percentageof front-side-digital-imaging/qualityerror cards fed back into
; the HSFEfor another processingattempt
100.0

I

--- Drawer Composition -- "

Populationof marker cards in a drawer as a percentageof the drawer contents
.0

#

, --- LabelingParameters
I

, Label printingscheduling-when to print label
, (0 = Printon demand for the current card, 1 = Print for the current card while
, it is beingfed, 2 = Printnext label aheadof time while imagingthe current

card.
2
; Average HSFEdown time while reloadinga roll of labelstock (min/roll)
5.0
; Average HSFEdown time while reloadinga roll of printer ribbon (min/roll)
5.0
; Numberof labels on a label roll (labels/roU)
9600
; Numberof labels printedper printer ribbon (labels/ribbon)
18000
I
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; -- Microfilming Parameters m¢

; Microfilming on/off (1 = on, 0 = off)
. 1

; Average HSFE down-time while reloading a roll of microfilm (minutes/roll)
IO.O
; Filming of test targets at the start of a new microfilm roll on/off
;(1 = on, 0 = off)
1
; Filming of test targets at the end of a microfilm roll on/off
;(1 : on, 0 = off)
1

; Number of microfilm test targets in a set
1

; Sides of the microfilm test target to be filmed?
;(0 = front, 1 = back, 2 = both)
0

; Number of images to be taken of each side of the microfilm test target
6
; Flipping of the test target if the front side is not filmed on/off
;(1 = on, 0 = off)
0

; Spacing between images on the film as a percentage of the image width
10.0

; Total length of a microfilm roll (feet)
" 215.0

; Microfilm reduction ratio
8.0

; Length of film wasted for the film leader/trailer (feet/roll)
3.0
; Document width (inches)
8.0

;m Calibration Verification Parameters

; Number of images to be taken of each side of the calibration verification
; test target
6

; Flipping of the test target if the front side is not imaged on/off
;(1 =on, 0 = off)
0
; Number of calibration test targets in a set
1
; Sides of the calibration verification test target to be imaged

; (0 = front only, 1 = back only, 2 = both front and back)
0
; Interval between calibration verifications (hours)

, 4

; Image types to be collected during calibration verification
; (0 = film only, 1 = digital only, 2 = both film and digital)
1
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; Time the HSFE is down after images are collected while awaiting calibration
; verification approval (minutes) '
30
; ,
e
f

; -- Operator Efficiency Parameters

; Time between operator breaks (minutes)
240.0

; Duration of an operator break (minutes)
15.0

; Operator reaction time per card (sec)
.01
o
I

; -- Marker Card Handling Parameters
#

; Marker card flipping for correct orientation in the output stack on/off
;(1 = on, 0 = off)
1
; Re-feeding of marker cards when a jam error occurs on/off
;(1 = on, 0 = off)
1
I

f

; END OF FILE "
• i H ll= ii ill
F

; I
I,,
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AppendixB

AN EXAMPLE OUTPUT FILE

RESULTS FROM THE FICS HSFE SIMULATOR

Input file name: INPUTS/sim. in
Output file name: OUTPUTS/sim.out

ERROR COUNTS: Avg ( Min, Max)

Labeling errors = 0.3 ( 0, 1)
Back side alignment errors = 12.5 ( 3, 22)
Back side imaging errors = 1.3 ( 0, 5)
Jam errors = 4.6 ( 0, i0)
Front side alignment errors= 13.2 ( 5, 23)
Front side imaging errors = 1.4 ( 0, 7)

CARD COUNTS: Avg ( Min, Max)

Gross cards fed (all types)= 8298.4 ( 8005, 8667)
Total successful cards = 8265.1 ( 7970, 8641)

Gross fingerprint cards = 8199.2 ( 7904, 8578)
, Successful fingerprnt cards= 8166.0 ( 7869, 8552)

Fingerprint cards re-fed = 19.2 ( 11, 28)

. Gross marker cards = 82.4 ( 59, 101)
Successful marker cards = 82.4 ( 59, 101)
Marker cards re-fed = 0.0 ( 0, 0)

Gross film test targets = 13.8 ( 12, 15)
Successful film targets = 13.7 ( 12, 14)
Film targets re-fed = 0.0 ( 0, 1)

Gross cal-ver targets = 3.0 ( 3, 4)
Successful cal-ver targets = 3.0 ( 2, 3)
Cal-ver targets re-fed = 0.0 ( 0, 1)

EVENT COUNTS: Avg ( Min, Max)

calib£ati6n verifications = 3.0 ( 3, 3)
operator breaks taken = 3.0 ( 3, 3)
Number of film changes = 6.9 ( 6, 7)

¢ THROUGHPUT: Avg ( Min, Max)

Sustained average throughput = 679.8 ( 655.7, 712.6)
° fingerprint cards per hour, based on 50 runs averaging 12

Hrs, 0.7 Min each
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