Bl OVETRI C | MAG NG CAPTURE SYSTEM AND METHCOD BACKGROUND

OF THE I NVENTION Field of the Invention [0001] The
wonesasisinvention is generally related to bi OReETMISE004/024416

i magi ng systens. More particularly, the present

invention is related to the reliable obtai nment of
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Bi ometrics is a science involving the anal ysis of

bi ol ogi cal characteristics. Print capture and

recognition is an inportant biometric technol ogy. Law

enf or cement BAGKKROUND Oy TH ENMBNTIONust ri es

increasingly rely upon prints as a bionetric to store,

recogni ze or verify identity. See, e.g., Gry

Roet henbaugh, "Bionetrics Explained,” Internationa

GO Y Bl 1R0&H#Hont Y Association, Inc., pp. 1-34 (1998).
Generally, a bionetric is a measurabl e, physical
characteristic or personal behavior trait used to

recogni,ze the . :fy,:. 0 I f b ic imaein
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ts§BRma! eMoes garticalatly, theapreseppimeetios in rdpiodeorthe reliable
measurenent) on file. [0003] There are a nunber of
cibigiamen oftapplly bIFmETis REPT 128 %agi ng systens. For
exanpl e, one type of bionetric imging systemis a
print scanner (also called a |ive scanner). Print
sBavigerumd it en serve as input devices to an Automatic
Fi ngerprint ldentification System (AFIS). Automatic
Fingerprint Identification Systens can be used for |aw
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Uindfegtrittyl.J nSaete,eelz. ?;/, Glalt'y Illgethenbaugh, “Biometrics Explained,” International
Computer Security Association, Inc., pp. 1-34 (1998). Generally, a biometric
is a measurable, physical characteristic or personal behavior trait used to
recognize the identity, or verify the claimed identity, of a person who has a
biometric reference teinplate (e.g., data that represents a biometric
measurement) on file.

[0003] There are a number of different types of biometric imaging systems.
For example, one type of biometric imaging system is a print scanner (also
called a live scanner). Print scanners often serve as input devices to an
Automatic Fingerprint Identification System (AFIS). Automatic Fingerprint
Identification Systems can be used for law enforcement purposes to collect
print images from criminal suspects when they are arrested.

[0004] One type of print scanner is a ten-print scanner. Typically, ten-print
scanners require each finger to be imaged using a roll print technique. A flat
print technique or a slap print technique may also be used. Unfortunately, it is
sometimes difficult to obtain quality prints because of the scanner timing or

the awkward placement of the fingers. For example, an operator of an AFIS



sonetinmes difficult to obtain quality prints because
of the scanner timng or the awkward pl acenent of the
woiogan 3184 For exanpl e, an operator of an AFl Si ROUNUS2004/024416
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every tinme a user does not place his or her fingers on
a scanner platen correctly2-Or, as an alternative
exanpl e, the operator may have to reset the device
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Enbodi ments of the present invention provide a method
including the steps of initiating camera operation
within a scanner, scanning a bionetric object to
obtain a SBMH&SWMAR?EM THEJDEEERL scanned
i mge, determning the print quality of individual
print imges in the scanned i nage, detecting prints in
the scanned i mage, and determ ni ng whet her the, scanned
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while ensuring data and print image integrity. The system and method can be

used to capture print impressions as a single image and segment the single
image to create separate images for further processing.

[0007] Embodiments of the present invention provide a method including the
steps of initiating camera operation within a scanner, scanning a biometric
object to obtain a scanned print image, processing the scanned image,
determining the print quality of individual print images in the scanned image,
detecting prints in the scanned image, and determining whether the scanned
image is ready for capture based on an expected number of prints detected and
the quality of those print images. The method includes capturing the scanned
image, processing the captured image, and forwarding the captured image to a

computer. The method further includes allowing an operator to annotate



i mage, processing the captured i mage, and forwardi ng

the captured inmage to a conputer. The nethod further
wonaedswdsis4 al | ow ng an operat or to annot at equal PCY/US2004/024416

i ssues regarding the captured i nage, such as

i nformati on about individual print inmges that are

m ssing or of unacceptable3quality. The method al so

includes timng out the scanner when no print inmages
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provi de a method including the use of a predetermn ned

odgpaibire delay tinme period, quality time period, and
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t steps in the aforenenti oned net hod
anﬁ%hg% [0012] Enbodi nents of the present

[0010] nvent Embodineenti ofcthe st invintionprevide Bmeﬁ]@od 1nc1ud1ng the
use of a predetermined capture delay time period, quality time perlod, and
scaﬁner timeout period, which contribute to the effectiveness of the method.

[0011] Embodiments of the present invention are directed to a biometric print
imaging system for reliably processing and capturing print images. The
syétem includes means of providing the method steps in the aforementioned
method embodiments.

[0012] Embodiments of the present invention are directed to a biometric print
image scanner system that reliably captures print images. The system includes
a scanner that scans print images of biometric objects. The scanner includes a
print capture manager that determines when a scanned print image is ready for
capture. The system also includes a computer that stores and displays data
regarding the captured print images. The computer also allows an operator to

input annotation regarding the captured print images. The system also



I mage scanner systemthat reliably captures print
i mges. The systemincludes a scanner that scans print
woneg@d3ei bi onetric objects. The scanner i ncl BABAIS2004/024416

print capture manager that determi nes when a scanned
print image is ready for capture. The system al so

i ncl udes a conputer that sttores and displays data
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[0015] Further embodiments, features, and advantages of the present

invention, as well as the structure and operation of the various embodiments of

the present invention, are described in detail below with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

[0016] The accompanying drawings, which are incorporated herein and form

part of the specification, illustrate the present invention and, together with the



the present invention, are described in detail bel ow
with reference to the acconpanyi ng draw ngs. BRI EF
WORBBRIHABKON OF THE FI GURES [0016] The acconpaRgTug2004/024416

draw ngs, which are incorporated herein and form part

of the specification, illustrate the present invention
and, together with thedesc5 rption, further serve to
explaln the principles of the invention and to enable
BeRAPES) BKhér &vd o tekplajpetie Imamilplefr of $he inyentdre aphdo

use the invention. [0017] FI h
biabiea péreort Fhildfidny ﬂg%ftrtém%éef@ i W@E‘% %‘@‘f?egﬁ%‘%ﬁ%ﬁ% %Itr d of

[0017] e)f: : ng Fgﬁ;f‘}b |S%)18n‘1%$ b 'eg W@ﬂne’fﬁﬁmi&%@@fﬁn tabéording to

rrc i glng system o [Ain nore

ﬁﬁgﬁﬂbbcihn{eﬁﬂdﬁhe pFeséat iaventions pr| nt image quality

i ndi cators according t di.nent of t :

[0018] i nventilenlB plawygothe Pmlplgwn@ﬂ’aﬁﬁwd@&tﬂ%o P(Ste?le ﬁlﬁ}z?ﬂtm

g}ggggétglof bi onetric print images according to an
Fent of the present invention. [0021] . FIG 3B
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enmbodi ment of the rese nt invention. [0022] FIG 3C
shbpdiment gfthe pEesgit 1Py ‘83“ ng print image Lual ity
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[0023] FIG 3D shows a routine of processing a
capdrdmgdo amaglbommﬁ the PreserinneREo®i ment of the
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[0023] FIG. 3D shows a routine of processing a captured 1mage according to

an embodiment of the present invention.

[0024] FIG. 4A shows a portion of a ten-print scanner as is used in an

embodiment of the present invention, indicating feedback that all print images

are of good quality.

[0025] FIG. 4B shows a portion of a ten-print scanner as is used in an

embodiment of the present invention, indicating feedback that one print image

is not of good quality.

[0026] FIG. 5 shows an operator interface screen through which an operator

can provide annotation regarding individual print images.

[0027] The features and advantages of the present invention will become more

apparent from the detailed description set forth below when taken in
conjunction with the drawings in which like reference characters identify
corresponding elements throughout. In the drawings, like reference numbers
generally indicate identical, functionally similar, and/or structurally similar
clements. The drawings in which an element first appears is indicated by the

leftmost digit(s) in the corresponding reference number.



[0026] FIG 5 shows an operator interface screen
t hrough whi ch an operator can provi de annotation
woeoarodsisg i ndi vi dual print inmages. [0027] ThePrPCealsSoes24416
and advant ages of the present invention will becone
nore apparent fromthe detail ed description set forth
bel ow when taken in conjurfetion with the drawings in
which |ike reference characters identify correspondi ng
el enenpEFANODOESCRIPTIONIOF/M HES INMENTIENer ence
nunbers generally indicate identical, functionally
simlar, and/or structurally simlar elenents. The
drawi ngs in which an elenment first appears is
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present invention would be of significant utility.
Term nol ogy [0029] To nore clearly delineate the
Aregsfdlogynvention, an effort is made throughout the
specification to adhere to the following term
definitions consistently. [0030] The term "finger"
refers to any digit on a hand including, but not
[0020]' | M t egh LRyre RidaRyNilingite| theletedehn gvention, dall effbitriganade
ring finger, or a pinky finger. LO?}%% The terg] "
"throughdutcthe tnecifisgtion jo athers tothe Hfellpwingg tergy fefyions
Iirri.tedlto, a print of all or part of one or nore
fSORFEFE Y -pal ns, toes, foot, hand, etc. A print can
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finger.

[0031] The term “print” can be any type of print including, but not limited to,
a print of all or part of one or more fingers, palms, toés, foot, hand, etc. A
print can also be a rolled print, a flat print, or a slap print.-

[0032] The term “print image” refers to any of the various types of image data
representing the print, which may include, but is not limited to, grey scale
data, binary data, or any other type of raw or processed image data.

[0033] The term “biometric data” or “biometric information” throughout the
specification can be any data representative of a biometric, a digital or other
image of a biometric (e.g., a bitmap or other file), extracted digital or other
information relating to the biometric (e.g., a template based on minutiae

detail), etc. The data may refer to print boundaries, contrast, or ridge patterns,

for example.



representing the print, which may include, but is not
limted to, grey scale data, binary data, or any other
woypps/asisk aw or processed i mage data. [0033] TRETHUSROUH/024416

"biometric data” or "bionmetric information" throughout
the specification can be any data representative of a
bi ometric, a digital or other image of a bionetric
(e.g., a bitmap or other file), extracted digital or
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scanner,” and “print scanner” are used interchangeably, and refer to any type

of scanner which can obtain an image of all or part of one or more fingers,
palms, toes, foot, hand, etc. in a live scan. The obtained images can be
combined in any format including, but not limited to, a Federal Bureau of

Investigation (FBI), state, or international ten-print format.

Thé Biometric Imaging System

[0038] Embodiments of the present invention provide a biometric imaging
system and method. Although ten-print capture and four finger slap capture

are the preferred system and method described throughout the specification



scanner," and "print scanner" are used

i nterchangeably, and refer to any type of scanner
wehieshigam obtain an image of all or part of ORET@S2004/024416

nore fingers, palns, toes, foot, hand, etc. in a live

scan. The obtained i mages can be combined in any

format including, but not-8rnmited to, a Federal Bureau

of Investigation (FBI), state, or internationa
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print capture and separation are further described in
UAPplidasive dNo. APBHS866.1 on No. 10/ 345,420 and U.S. Patent

['ication : . . .
[004Of\pp Proper selal?lencjir% %fgiesglgéement of biometric objects (e.g., finger

and/or thumb prints) can be performed using software analysis and/or physical
properties of a platen. The platen may also include a finger guide to help
physically divide digits. This process is further described in U.S. Patent
Application No. 10/345,420 and U.S. Patent Application No. 10/345,366.

[0041] Biometric print images can be presented on a screen, such as a monitor
coupled to a personal computer, to provide real time quality checks and
assistance with correction. This is further described with reference to FIGs.
1A, 1B, and 2.

[0042] FIG. 1A is a high level block diagram illustrating a biometric imaging
system 100 according to one embodiment of the present invention. Biometric
imaging system 100 includes a computer 102, a scanner 104, and an interface

link 106. In one embodiment, interface link 106 is a 1394 serial interface bus



[ 0040] Proper sequencing of the placenent of bionetric

objects (e.qg., finger and/or thunb prints) can be
woeodsonsmd usi ng software anal ysi s and/ or physPCalUuS2004/024416

properties of a platen. The platen may al so include a

finger guide to help physically divide digits. This

process is further describ®2d in U S. Patent

Application No. 10/345,420 andU.S. Patent Application
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written to by removable storage drives. As will be appreciated, a hard disk

drive and a removable storage unit may each include a computer usable
storage medium having stored therein computer software and/or data.

[0045] Referring to FIG. 1B, computer programs (not showny (also called
computer control logic or software) are stored in memory 110. Such computer
programs, when executed, enable computer 102 to perform one or more of the

. features of the present invention as discussed herein. Accordingly, such
computer programs represent controllers of computer 102. In particular, a
computer program, when executed, enables an operator interface 108 that
allows an operator to enter annotation associated with a captured biometric
print image that computer 102 receives from scanner 104. This is herein

described in more detail with reference to FIG. 5. As will be apparent to a



architectures. [0044] Conputer 102 includes a nenory

110. Menory 110 is preferably random access nenory
woRANo1318owever ot her types of menory may be uBem/US3098k24416

as a hard disk drive, or renpvable storage units such

as a floppy disk, a magnetic tape, an optical disk,

etc. Renovabl e storage unids are read by and witten

to by renovabl e storage drives. As will be
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The ﬁngerprlnt image and any associated information regarding the fingerprint

“image can be forwarded from scanner 104 to computer 102. Similarly,.

information or feedback regarding the fingerprint image can be forwarded to
output device 118 for display to an operator.

[0048] Control functionality described above, including all or part of the
functionality of print capture manager 117, can be carried out by a scanner,
such as a ten-print scanner, a computer coupled to the scanner, or distributed
between both the scanner and the computer. Embodiments of the system have
been described above with regard to a camera, including but not limited to a
digital camera. This is not intended to limit the present invention because any

type of sensor, detector, or camera can be used to scan and capture a print

image as is known in the art.



sensor 114, a controller 116, and an output device
118. Controller 116 includes print capture nmanager
wa2oes/0ss@mner 104 illum nates an area of a pl aPewuSz®y/024416
shown) for receiving one or nore fingers. In an
enbodi nent, .sensor 114 is a canera such as a digital
caner a. Sensor 114 detectsllprint inages of prints
pl aced on the platen. Controller 116 controls the
ReLeriaRar bR @falisehdatald4, print capture nanager
117, and out put device 118. Print capture manager 117
papturgs print imges in an enbodi nent of the present
i nvention as described further below with respect to
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 Inicnto auallis v o deplaed] Bk G e 1 OFaBESEGREE ekl 200

provides quality indicators for up to four fingers of a four-slap print image.

" TIndicator 220 shows, by a checkmark, that the image of the finger associated
with indicator 220 is of good quality. Similarly, indicator 222 shows, by an
XX that the image of the finger associated with indicator 222 is not of good
quality. This embodiment is further described below with reference to FIGs.
4A and 4B. It is appreciated that other symbols, as well as other indicators

such as colors, shades, shapes, or words, can be used to denote quality levels.
[0050] FIG. 4A shows a portion of a ten-print scanner 400. To use ten-print
scanner 400, a user places his or her fingers 484 or thumbs 486 upon a platen
488. Scanner 104 then illuminates an area of platen 488, collects information
from that area of platen 488, and converts the collected information into a

fingerprint image. The collected information is based on light reflected off



nore indicators conprising light-emtting di odes
(LEDs). In another enbodinent, the indicators are
woubdsiagshor LEDs. mthat enbodi nent, a red LEBCWA$2004/024416
i ndi cate poor quality, a green LED may indicate
acceptable quality, and an anber LED may indicate
possi bl y acceptabl e qual i-t1$- I n anot her enbodi nent,
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104 t hen. i.l l.um nat an .areq- of o 488nacesl | ects
i‘an‘fa&rep?h?ﬁ ‘%?*Plﬁsoomac} %g?l%grlg(ggﬁ}n%pﬂug%ﬁ gg , aangg converts
the collected information into a fingerprint inmge.
The collected information is based on light reflected

offb@h@ b8 Procking #ldeC R PriBdamagésng occur s
repeatedly, typically on the order of once every
mllisecond or less. An indicator field 200 on out put
device 118 provides real tine feedback for each i mage

| [0052]scanneFIIG.F39[ A8%ABE £rouitine BOGforddaptiradif batnoatric print images
" according to an embodiment of the present invention (steps 330-358). For
convenience, routine 300 is described with reference to imaging system 100,
and in particular to print capture manager 117. However, routine 300 is not
intended to be limited to this embodiment or structure. In step 330, print
capture manager 117 initiates camera operation within scanner 104. In step
332, a biometric object is scanned to obtain a scanned print image. Print
capture manager 117 processes each scanned image (step 334), and outputs a
real-time quality indication to the operator (step 336). The processing step
334 and the quality indication step 336 are described further in reference to
FIGs. 3B and 3C, respectively. The real-time quality indication is also

described earlier herein with reference to FIGs. 4A and 4B.



field 200 is a portion of an LCD screen on scanner
104. In FIG 4A all four indicators 490, each
wagsomiased with an i ndividual finger 484, arePCT/US2004/024416
checkmarks indicating that the individual print inage
of each finger 484 is of good quality. Contrastingly,
in FIG 4B, indicator 492 Essociated with pointer
finger 484 is an "X, " indicating that the print image
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based on the expected number of prints and the quality of the scanned print

images. If not all expected prints are present within the scanned print image,
or if not all of the expected prints are of good quality, then the routine
continues at step 348.

[0055] = In step 348, print capture manager 117 determines whether a
predetermined quality time period has expired. In an embodiment of the
present invention, the predetermined quality time period is five seconds.
However, the predetermined quality time period is adjustable. For example, In
an embodiment of the invention, if not all expected prints are present within
the scanned print image, or if not all of the expected prints are of good quality,

then the system determines whether it has been attempting to capture this set



step 342, and routine 300 ends at step 358. The

pur pose of the predeterm ned tineout period is to tine
wouabosgazusmer 104 if it is determ ned that no pPCIAUS2004/024416

were detected during that amount of time. For exanple,

if an operator initiates inmaging system 100, but no

one places fingers on the¥aten for the predeternined

ti meout period, then scanner 104 tines out.
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step 348, print capture manager
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furt%er comment. The operator is then given the opportunity to comment n
annotation fields 598. Referring back to FIG. 3A, after the operator is given
the opportunity to annotate issues with regard to individual print images in
step 356, routine 300 ends at step 358.

.[0057] Referring again to step 344, if all expected prints are present within the
scanned image and are all of good quality, then print capture manager 117
determines at step 346 whether the prints remained in this state for a
predetermined capture delay time period. In an embodiment of the present
invention, the predetermined capture delay time period is one half second.
However, the predetermined capture delay time period is adjustable. If in step
346 the prints remained in this state for a predetermined capture delay time
period, then the routine continues at step 350. In step 350, the latest scanned

image is captured. In step 352, the captured image is processed. The



the scanned print image, or if not all of the expected
prints are of good quality, then the system determ nes
wohedshesisikt has been attenpting to capture thi BCsaisefo4/024416
prints for a predetermned quality tinme period of five
seconds. If the predeterm ned quality tinme period has
not expired in step 348, -tl?en the routine returns to
step 332 to scan the bionetric object to obtain a
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filtered image. In this instance, the average grey scale value is the black and

* white threshold point. In this embodiment, all of the pixel values above the
average value are replaced with white pixels and all the pixel values equal to
and below the average value are replaced with black pixels. The resulting
image is comprised of all black and white pixels that define a print area,
contrast, and shape.

[0061] . In step 364, a print area is detected. Usually, the black areas of the
image are concentrated around the prints. Thus, the detection step detects the
areas concentrated by black pixels. In step 366, the print contrast is detected.
Print contrast is further evidence of print area. For example, if the contrast is

found to be low, that area of low contrast may not even be associated with the

print image. In step 368, print shapes are detected. For example, fingerprint



predeterm ned capture delay time period. In an

enbodi nent of the present invention, the predeterm ned
woapisingisdel ay tinme period is one half second. PEDWS2®A/024416

the predetermined capture delay tinme period is

adjustable. If in step 346 the prints remained in this

state for a predeterm ned apture delay tine period

then the routine continues at step 350. In step 350:
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[0062]F enai IFIGr eﬁeﬁirther deécnlbh@y)ndb qnality dndicatianasiap i330g HINS

| t th
ity PR (P | TSB! dpciRuaY b e i
%fa%sxﬁ ied BeSLr g @re@l@fehhﬁfed hebelythresRABIIt 7S t&be?@precm’ted

further describes processing scanned te

shatr quaggy threshdldatestly ag tcha@geélﬂe 360 m%}%gag’gi?%s‘ég Cuﬁ‘??féef
scanned image is fi,ltere

et o oRa e s o Y Endhop Oy [ uene
tdcagstiB1e QuslitgfthsHold ge90% Endshe tireceptahin guality rﬂg@slpﬂqi At
imge is filtered to renpve all of t%fprldg

vidl%b.ey Pmoml QUSERRET S0 ISAYHERGRE TRE Bt PYiHg S%llng?rﬁe only
r nlgi g tfl«y tacc% Ble ng{:}%ﬁ%pﬁxés ORIt BRhe3R R0 akd BRY irdidédplible

I nari zation process renoves
3<|i1 aligf thl’d%ﬁomrtey)e at 20%s. dmen meb(hmntcbféth@ piesent épvertien, the

ack or whit b
twaéﬁh@g%flféfiﬁlglﬂ mci‘%eg AR ]c‘?g(?Frgﬁ{?ol tOHS accgag]‘%gzlgt Ih5iep

PEACEES off Lok BUcAR RURIBHE pEhEImaeak dndichtod i
§’R’{f fl ??‘g %rcmge I?} thll S inst gnce fgr?e a?/er ag; ”

gfeayumea‘b ¢he ape;retor s Tﬁlherdail-alm quadityvimdication isalae dgscribed
ggplé{;ér he;{gmt vlgllt rg erence to %IIGS aﬁL& a%d 4%16‘ IIPISfésl 37‘€altﬁée§0utme
continues with step 338, described earlier herein.

[0063] FIG. 3D further describes processing captured image step 352, starting
immediately with step 334. In step 334, the process is identical to that of
processing the scanned image as described above with reference to FIG. 3B.
The routine then continues with step 380. In step 380, a quality determination
is made based on minutiae data extracted from the individual print images.
The term ‘minutiae’ refers to unique and measurable characteristics of a print,
including the starting and ending points of ridges and ridge junctions among
features. In step 382, the routine continues with step 354, described earlier
herein.

[0064] As described carlier with reference to step 354 in FIG. 3A, in an

embodiment of the present invention, a captured image is forwarded to



average value are replaced with white pixels and all
t he pixel values equal to and bel ow the average val ue
waneaosrepisaced with bl ack pixels. The resul ti ngPCIAIG2004824416

conprised of all black and white pixels that define a
print area, contrast, and shape. [0061] . In step 364,
a print area is detected.-Usually, the black areas of
the image are concentrated around the prints. Thus,

thgpatst 801 fRush@proeksiag and bieragednsnauoy dridrastdsscrippd

bl ack pixels. In step 366, the print contrast i.s
daliet tvgﬂl. rgfpiepee 49 rﬁI%éstlgi an LﬂleD'h &Yi e&%*%??‘sémsl?t’ her
area. .. Fo | i ivh 1 Feor Hamipdyy,
PhePesifelncRRe BlcPert) bedBoif Bhatp fiiyidual BHRC o Benir
\dutihe theefipgerprintingecfe persors segh 368 cripiniahsuspisap a§ernp our
detected. For example, .fingeypr,.ntshapes,.c

Spger lpx @%W&H@sl?ﬂ trsct fr eﬁﬁg} P 5?:%@“% t %’8?59%%&3%51&% for
tha, ﬁﬁéeggo g? Q%%g%tél?}sgﬁan'é& aPAiAGK a RIX ptist. tTRtsystes asks for

conpr ke shapes are detected h step_ 370,
teheh firiget innagpedific sedar anddoampases saety irall apriggy . the

i mges bhased .on.the print are c r s

gefreyea .ngsingb“‘%ag I@%ﬁsm?afgg ‘r’%& g %@Ef@?ﬁtp} o%séﬁgﬁtswe

ShHeedoicnaas tHn ¢ iatHeQuerettfigenl Ifiitig nootht icoeedt dinger, the

continue where it left off. [0062] EI.G 3C furtheki[qj
PR

dpsctarbet] pe iaskedgteamake the) apEeationn thig Feapcmg
[ diat gl \ W th t : , 1 ard. for’
ia:iﬁg?vgifgh‘g}e pﬁ??eﬁtplig‘cr?ggléglgéeag gé%fe |élgzé§se onnngc_ ’
RixEIB1L TTitiNe Gvagyi el fitygeiprireshatl thaintding sott @nlpdts quality, but
apprecjated that quality t_g{ esggl d l.evels are I or
chenigeiatresity iad ey thse bssasly wied Oy ardioaes sichas ShehBL
For . \ . (o [ B.s may be to set
Ry A B e t e
unacceptabl e quality threshold at 10% Anot her
customer's requirenents may not be as stringent, only
resndlisisiy t he acceptable quality threshold to be at
80% and the unacceptable quality threshold to be at
20% hi an enbodi ment of the present invention, the
quality classification includes acceptable (i.e.,
[00650000) WhiROkpeRERe Rhdltzaents oft thp BiEfent t ingenjican haye been

F&%ﬁgﬁ;&&%&%ﬂ? shoofuldebaeclg]ndlepsgcl)o\al tggta}:{leyp Iga{,vgtbeénngl%genltesd by way
of example only, and not limitation. It will be understood by those skilled in
the art that various changes in form and details may be made therein without
departing from the spirit and scope of the invention as defined in the appended
claims. Thus, the breadth and scope of the present invention should not be
limited by any of the above-described exemplary embodiments, but should be

defined only in accordance with the following claims and their equivalents.



real -tinme to the operator. The real-tine quality
indication is also described earlier herein with
woeb@rasise to FI Gs. 4A and 4B. I n step 378, theCcTmwsSkione24416
continues with step 338, described earlier herein.
[0063] FIG 3D further describes processing captured
i mage step 352, starting i¥ediately with step 334. hi
step 334, the process is identical to that of
MRATSSICOAIMEDIsanned i mage as descri bed above with
reference to FIG 3B. The routine then continues with
step 380. hi step 380, a quality determ nation is nmade
based ,on mnyt| - : cohplisMheual
o nt 1 mageuiteld 3Rt b A b oL
measur abl e (ghar agitietingtantsa operatiqr within aiseatngedi ng t he
starting and endi ng,points of ridges .and ridge.. )
junctions dkbng SFERIIES PH}?FH%?bé‘ffggé%b?talPﬁescP%ﬁi i‘Héee
continues wyh Abgdoear !l i er herein.
[0064] As g%scriﬁ)%gogsglgémegreégm{e%ﬁr%_er.e.nce to step 354
in FIG 3A(d) n aleteembong pent qedlity o iptivideslt PHIHVEREOR,
a captured inmage is forwarded toconputer 102 for
fihe §938PediEESsi ng and storage in nenory 110 as

described egyli Qietéeﬁhg fifl 6 EeGLarired Fhége; ahd and | B.
I n an enbodinent, fur Rer processi ng includes, pro Ye&ély

sequenci ng @ach detrtinining avhetharpthe seamedy BRAseels 1§

the fingerprinting of S . i1
S%Q%%ggsegf@e?n & 6’gerd | ngérong%lgyggtgatéﬁgnn‘gfégﬁegt% h% é}tle
f faliBRSHh Bk i geaRtdtieakd ihkep(st em asks for each

fingér to be separately scanned again in a roll print.
The system asks for each finger in a specific order

and cogpar egy e éhll(g(f)ldf 91%{11@:]1, I Brei&n& WrbE&RaR B (c)

i ndi vidual prin mage of the slap print inage
PEeipridds| y obtained to ensure that it is the correct

finger. If it is_not the correct finger, the operator
will be ask@&)toﬁwtgﬁéc%‘?‘flé%a@eon. Thi s sequenci ng

techni que a{cbgwsbi%%rizihé‘eth,@r ARSEA PinRe RN oblin €AWnarized
fingerprint on a fingefprint card, for exanple. In

t mapeyvay, the fingerprint data maintains not only its

quality, bu lsq its integrity, d . .

easily usedE"éi1 a ?tﬁ%]rqgtai@ggﬁgﬁjaﬁezdn?%@é‘gﬁ%géh fifage;
(c4) detecting print contrast based on the print area detected

in step (c3) and the scanned image;

(c5) detecting a print shape based on the binarized image;

and
(c6) separating the binarized image into individual print

images based on the print area, contrast, and shape detected.



simlar agency for identification or verification

pur poses. Concl usi on Wiil e specific enbodi nents of the
wonres@sisinvent i on have been descri bed above, PCTAISZMUM24416

be understood that they have been presented by way of

exanple only, and not limtation. It will be

under stood by those skill€®4in the art that various

changes in formand details may be made therein .

wi t hogt degae thdBod boBlkithe, syherdin tlendetendpiagafring lqgality

invention as defined in the appended cl ains. Thus, the

bicp4d dvmmitsesscope of the present invention shoul d not

be limted a . . j
erbod et <Bpactsfbyite P GEFARRE prie dnfiee Tt o &
kddatdcliQubliithgsioidiamd and their equi val ents. WHAT
S CLAIMED IS: 1. A nethod_ for, reliabl t Yy .
print inmagddd) copdicatmefydualisy clast ‘%aﬁf’? ﬁ& ﬁ%ﬁﬁ@%g&gl print
. S b : bi (ri
g%?g%tﬂa?%ﬂ%i%ﬁ@!c&sﬁfﬁﬁgﬁgﬁr (b) scanning a bionetric

tain a“scanned i mage; (c) processing the
scanned i mage; (d) determning print quality of

i ndi vi dual grint_ i S. | scanned i mage; (e
det ectd ng ﬂﬁ]eﬁ{l%th?{g%ﬁ%mg@atﬁﬂgﬁ Cloﬁ’élglglgand (f)( )
det er m ni nQ{g)(‘hetéﬁﬁﬁm”n@%esé'éﬁﬂfbﬂCiniag@GﬁoBtﬁnrae:aﬁMréddmage;

capture baseéd on an expected nunber of prints detected
in step (e)(and nrhessgjnathersppied Ay i nt i nages

determ ned in st ) . f 0
wherein the(Jl)pr oclgg‘gﬁgrﬁ%lggﬁ%%%?%f&?{é ﬁlogecg : p?geﬁj)&d
filtering the scapmedsi ARgepertwn?) thi mardtzie nguelity issues

filtered image to obtain a binarized inmage; (c3)
degadingribe mdprdusl PEREEAEEBed on the binarized i mage;

when the determining step (f) determines at least one of the

following conditions:
that the expected number of prints is not present within
the scanned image, and

that the expected prints are not all of good quality, and a

predetermined quality time period has expired.

5. The method of claim 1, further comprising:

(2 scanning the biometric object to obtain a subsequent
scanned image;

(h)  processing the scanned image;

(1) determining print quality of individual print images in
the scanned image;

) detecting prints in the scanned image; and

k) determining whether the scanned image is ready for
capture based on an expected number of prints detected in step (j) and the

quality of the prints determined in step (1),



(c4) detecting print contrast based on the print area
detected in step (c3) and the scanned i mage; (cb5)
wdebwsmisisg a print shape based on the binari zedCrnsgmi/024416
and (c6) separating the binarized imge into
i ndi vidual print imges based on the print area,
contrast, and shape detect¥4t 3. The method of claim 2,
wherein the determning print quality step (d)
conpri ses: whéh)the! asedtingi step @y hetamaings ddrat nor pnints are
I mge based on a predeterm ned quality.threshold; and
deieyted,adearpdriermipaidimeqrt ppEdh oL eTRedor ¢ he
i ndi vidual print inmages based on the classifying step.
4. The nethod of claim2, further conprising (9)
capt ui ng tihe siethodeet clamgel,t firthbt apmpesivgpimingdout the
i mage; (h) processing the captured. inmage, (1)
BeFREF W&%therﬂétee%% Seade iq‘?gf‘é‘glqe(i tos ﬂ?%l?%seérr o dgtegted, and
I Mol d tate quality issues
%éa%%}%é&{aﬁgﬁ%@h%%ﬁgsﬁg?m I mages, when the
determning step (f) determ nes at | east one of the
foll ow ng ndi tjons; .t.ha e ted. nunber of
pri nt g-i s %?tb%‘gﬂ{dm ﬂifﬁﬂﬁﬁéﬁé}@%ﬁ d i mage, and
that the e@éct adamfihdkife Blotndhad object € obtiid agsidbbédupnt
and a predetermned quality tinme period has expired.
Scarfled imeghiod of claim 1, further conprising: (g)
scanni ng t bi o [L: ' .ain a subsequent
scanned | rral‘@% p'}géesélﬁg% s%gﬁneh‘?mggé, q |
(1) determining print quality of individual print images in

the scanned image;

G) detecting prints in the scanned image; and

&) determining whether the scanned image is ready for
capture based on an expected number of prints detected in step (j) and the
quality of the print images determined in step ),

when determining step (f) determines at least one of the
following conditions:

that the expected number of prints is not present within

the scanned image, and

that the expected prints are not all of good quality, and a

predetermined quality time period has not expired.



(h) processing the scanned i mage; (i) determ ning
print quality of individual print imges in the

weoeccensrasiisi mage; (j) detecting prints in the scRamag2004/024416

i mage; and (k) determ ning whether the scanned inmage
is ready for capture based on an expected nunber of
prints detected in step (j3land the quality of the
prints determined in step (i),when the detecting step
(e) det er niThesndthat ofaipy 1,ftisheaicemgasiegt ed, and a
predeterm ned tinmeout period has not expired. 6...The .
met hod of dBhi meaptufng fieescanGRYMAET Tr?g(’%ltzﬁﬁiaﬁﬁp%{ﬁd e

scanner whep, th RS 258R i dgher m nes that no
prints ar e?g)et e?’trg%gggédﬁaa redelfrg)rg’?ﬁ ned ti meout
peri od has (&xpi rfedvarding Tieecapbirétbunage te b &pmpuierf ur t her

i si ng: ing the bjometric object, 1
bt e n 5 SUHSOHISHSERARGAePrdbBETRiIeh Abcess g of e
_nggg\pﬁl olB46ns: (1) determining print quality of
I ua

ndr vi print images in the scanned i mage,; (j% .
det ecting pri nt shatrthe kspestedrmvetber phgEnts 4 got ppsent within

det erm nj ng whether the scanned image is ready for
éﬁﬁﬁ?ﬁpﬁedolé‘gae%ﬁ’ an expected nunber of prints detected

in step (j) and hheheeRpdcted peintstdrenprdinéf dovd gmslity, and a
determned in step (i), when determning step (f)
detésterming] qualibyetime pened s sxp&ed. ol | owi ng condi ti ons:
that the expected nunber of prints is not present

wi thin the scanned i mage, and that the expected prints
are nog. al | Tief methed ofl aln Byfurthadcamprising:

@ allowing an operator to annotate quality issues

regarding the captured image.

10.  The method of claim 8, wherein the processing the captured

image step (h) comprises:

(hl) filtering the captured image;

(h2) binarizing the filtered image to obtain a binarized
captured image;

(h3) detecting a print area based on the binarized captured
image;

(h4)  detecting print contrast based on the print area detected
in step (h3) and the captured image;

(h5)  detecting a print shape based on the binarized captured
image; and

(h6) separating the binarized captured image into individual

print images based on the print area, contrast, and shape detected.



predeterm ned quality time period has not expired.8.
The nmethod of claim 1, further conprising: (9g)

woapisim3sg the scanned inmage to obtain a capt UPET/US2004/024416
i mage; (h) processing the captured i mage; and (i)
forwarding the captured inmage to a conputer, when the
deternining step (f) deter#dnes at |east one of the
foll owing conditions: that the expected number of
printg1is Mok nxteseslclaiit 10, tﬁuﬁﬁwcmpﬁsiag image and
that the exgect ed prints are not all

and a preddhBr midsteamiiag PRy ipage ApRitty 8& % Q&b(f‘”@kalxﬁ‘
11’nla-%r@§asg§ bR A aeTafd ReBetel Wobl@l n?d?{/rlﬁﬁhlsﬂrﬂl@ imAdeb.

an operator to annotate quality i ssues
regarding the captured image. 10. The nmethod of claim

Compr 19es: R mEROS CLERHE 1t REcEabrdrod FagaipRsP b
Qie'ﬂa?ﬁﬁx%:’é Qﬁ*attahﬁatg'elxis%r §fledeTRE 8xpRtcabhmhtier DF Pirindy is éi;ent

captured i mage; (h3) detecting a print area base
tyichibithasdamesd mmge wnd dhit tegexpecied prig ae wilmg gopd ﬁtlallty,

b
hhe omigR e e sraguDe ( RerBE b iRGe coelet Ehiner ¥

t}ﬁ%@éi*erﬁﬁnécth%ﬁmr@aélwﬁﬂw gbar ed i mage; and (h6)
separating t bi nari zed captured image into

i ndi vidual print inmages based on the print area,
igt’It ][ 3]?# her deorﬁg.gt?llggloﬁgl?aﬁﬁtlidfu&ﬁer bifprifighod of claim
(g capturing the scanned image to obtain a captured image;
(h) processing the captured image; and
@) forwarding the captured image to a computer,
when the state does not change during a predetermined capture

delay time period.

14.  The method of claim 12, further comprising:

(g) scanning the biometric object to obtain a subsequent
scanned image;

(h) processing the scanned image;

(1) determining print quality of individual print images in
the scanned image;

)] detecting prints in the scanned image; and

(k) determining whether the scanned image is ready for
capture based on an expected number of prints detected in step (j) and the
quality of the print images determined in step (1),

when the state does change during a predetermined capture

delay time period, and a predetermined quality time period has not expired.



(b.7) determining print imge quality of each
i ndi vidual print inmage based on m nuti ae data
wextesaassd fromthe individual print inmages. 1BCT/TiS2004/024416
nmet hod of claim 1, wherein when the determ ning step
(f) determnes that a state exists where the expected
nunber of prints is presen23w thin the scanned image
and that the expected prints are all of good quality,
f urt heys, conpheiraéthed oedlsinm 2)ifmghestvetipesinghe st at e
changes during a predeterm ned .capture delay ti .
period. 13.(8rhe S#aFHSY ﬂ%ffscéﬁ’%%ﬂ%nf € g ?lﬂé"lrc\épmen&%mage’
conpri sing:{Q) L ag & ﬁ&pim@’daﬂdrmge to obtain
a captured(P%agé?a%%§ %rocegsfng t he captured i mage;
and (i) fordar difogwirimgdhptaptedd imaggdo acomptsput er ,
when the state does not change during a predetermn
capture del".@f_’nt &ﬁe“ﬁtgr ﬁtkz?a. C%‘fﬁ_ge %Hgn%%t Brc?getgﬁnélf %:Eﬁ?@ge
f&eﬁg[alw%bt ¢ BOURY, bid 8 redc@imRaqning thltepdvioarrat eipiredbj ect
a

to a subsequent scanned image; (h) processing
the scanned image; (i) determning print quality of

i ndi vi dual print_i .ingt SC .jmage; (j)
detect g prisenef o fEn darilEns AN idna i

det er m ni ngGyhet hgfwihe ap capaathri M@ ganncate eadylifyorissues
capture based on an expected nunber of prints detected
i reganding the papdwigd imagqual ity of the print inmages
determined in step (i), when the state does change
during a predeterm ned capture delay tine period, and
a predet.er nAngstemfat idliyblyicaptupieg pddt insges cbmprising:

expi red. 15. The nethod of c¢laim 12, further. Iudi -
conpri si ng: & CEMNERBeLTRRYPIMMagEH, fS ARG ¢ B8R A 4T
aceﬁ)%lpr'é lﬂﬁa%gérm&;ein the print capture manager determines that a scanned

image is ready for capture when, within a predetermined capture delay time

period, an expected number of prints is present within the scanned image and
the expected prints are all of good quality;

a computer that stores and displays data regarding the captured
print images and allows an operator to input annotation regarding the captured
print images; and

a communication link between the computer and the scanner

that allows the transfer of data regarding the captured print images.

18.  The system of claim 17, wherein the print capture manager
determines that a scanned image is ready for capture when the expected
number of prints is not present within the scanned image, or the expected
prints are not all of good quality, and a predetermined quality time period has

expired.



(h) processing the captured i mage; and (i) forwarding
the captured image to a conputer, when the state does

woheosga3idur i ng a predeterm ned capture del ay t PAE/US2004/024416

period, and a predeterm ned quality tinme period has
expired. 16. The nmethod of claim 15, further
conprising: (j) allow ng ald4eperator to annotate

qual ity issues regarding the captured i mge. 17. A
systemd or Tgé saRinY of@Rikii17, RéheRdih fHe dcAMEE Somprises:
conprising: a scanner that scans print inmages, the
scanner i nch eefispigthat ntecin PrEWpNALes VivStaBRIPS: wherei n t he

print capture nager .det.er ni. that_a ed -
i s ready fof" coglg‘flﬁrgev\}ﬁe%l}artvr@lﬁ?%s géparnegé er?ﬁ%gdd%ggn
Cﬂgﬁm&@tﬂ@k@d}n&lﬁﬁagéejdndd, an expected nunber of

prints 1s present wthin the scanned i rmgr; and tqjg .
expect ed pr pseBireiies that (copirolg djgrogeration ¢f the segpgiytheprint

L?éﬁ’trﬁ@%rng er?&gddtﬂ'g?)ﬁ{gﬁy&evq&t_a regardi ng the captured

images’ an WS an operator to input
annotation regarding the captured print inmges; and a
conmuni_cation Iink bgtvveen the conputer and the

scannef0t hathg YR of flaing | Zdhesein e SPRY GPBIPESE ng t he

captured pri B, BAESceitd bidiarie ¥fcet #dd ¢l aim 17,
wherein the print capture nanager determ nes that a

scanned i mageamsrartbadyarfsqrint tpiges ef thedmometuic ekjselt ed
nunber of prints is not present within the scanned
I mage, or the expected prints are not all of good

qual i t g3 andha spétededredlainn el Wikkdtbintiie butPRt @evic® dompbses
expired. 19. The system of claim 17, wherein the

s tratividval qualplyiisd@sators feeindiyiduehpintd@@ges s print i mages

vi a scanni ng; an output device that displays to an

operator information regardi ng the scanned i mages; and
22. The system of claim 21, wherein the individual indicators are

areas of a liquid crystal display (LCD) highlighted by symbols that represent a

quality classification of each image.

23.  The system of claim 21, wherein the individual indicators are
areas of a liquid crystal display (LCD) highlighted by shades or colors that

represent a quality classification of each image.

24.  The system of claim 17, wherein the computer comprises:
a memory that stores data regarding the captured print
images; and
an operator interface that displays to an operator the captured
print image data and allows an operator to input annotation regarding the

captured print images.



a controller that controls interoperation of the

sensor, the print capture manager, and the out put
wdevisna31820. The system of claim 19, wherei n t RETRSE®ON24416

conprises: a platen that receives bionmetric objects;

and a canera that scans print inmages of the bionetric

objects. 21. The system of 26lai m 19, wherein the

out put device conprises individual quality indicators

for inggvidpal Retefl ofMEgRs. 242whiten siist eperatbr cinterface

21, wherein the individual indicators are areas of a

| ¢ageprbeer yst al di splay (LCD) highlighted by synbol s

that represent I i1y cl assifi ' ega&m]fe'gr%gi%

23. The sys?’ g}ﬁngtpgc%ﬁa\;vﬁn%é]if%ﬂ mért&éfg% 8%“?%1& vi-dual f

| lice ahfofBattngaed €as of a liquid crystal display (LCD)

hi ghl i ghted by shades or colors that represent .

qual ity cl adsitPPEIRViSSHIasR WRibAD, GRgERLOT E.m @m%(sgtgo&n

of claim 17, wherein the conputer conprises: a nenory

that stores data regarding the captured print inages;

and an2@per Atsyiteinnoerdliably capiatingipspt imyages, somprisper at or

t he captured prifgt.i.n& e data and . all ayws an gperat or

to input anPeRE Bﬁmimég’&rc&]fnﬁrga ‘?H‘?Eat’(?gﬁ’i’lﬁ%%as ?‘?‘ﬁ’i’

| mages. 25. H&Q?ssfﬁii §ThRihgCl didhefc WM&KabNoBthia a scanned

r

operator intertface conprises: a nonitor on which an
opmaget or can view the captured print inmage

information; and.an input device fr whi ch an
oper at or cahlelmﬂﬁp{?f p&?ﬁ%}%tﬂ%ﬁ?mﬂém%%ysg emfor
reliably capiedhd R detdrinihg@BaRSquationTpf lislividual rpemn sméges

initiating camera operation within a scanner; neans
f on the seammiedhgmagehi ometri ¢ obj ect to obtain a scanned

means for detecting prints in the scanned image; and
means for determining whether the scanned image is ready for
capture, wherein the scanned image is ready for capture when at least one of
the following conditions is satisfied:
the expected number of prints is present within the
scanned image and the expected prints are all of good quality, within a
predetermined capture delay time period; and
the expected number of prints is not present within the
scanned image, or the expected prints are not all of good quality, and a

predetermined quality time period has expired.

27.  The system of claim 26, further comprising:
means for timing out the scanner when no prints are detected

and a predetermined timeout period has expired.



i mage; neans for processing the scanned i mage; neans
for determning print quality of individual print
wonegaasism t he scanned i mage; neans for det ect PAEG/US2004/024416
prints in the scanned i mage; and neans for determ ning
whet her the scanned inmage is ready for capture,
wherein the scanned i mage-i26 -ready for capture when at
| east one of the following conditions is satisfied:
the expect ethdwyhal ofdlaigl 26)tferthes cpm@sising: wi t hin t he
scanned i mage and the expected prints are %IL of good
qual i ty, witkws Brmeplens the seyusdgmise o QORI @ ?Pg?mfed
periaod; and the expected nunber of prints is not
pF@%@ht wi thin the scanned i mage, or the expected
pri gt s are ﬂigﬁnsaﬂof prekegimpcdthe caitirey jmaged and
predeterm ned quality tjne_period has expired. 27. The
system of cP&RRA fQB,forWﬂW%mg%WBﬁ@mé‘? toﬁae%q{gpl.}tgr

timng out the, SEa0NREHHRA B8 Bld Bandl %megés%&rﬁgyaﬁ@

a predetermned tinmeout period has expired.
sysite®) of claim 26, further conprising: nmeans for
capturing the scanned i nage to obtain a captured

i mage; neans for processing the captured inage; and

means bor f gpueyalAgs then 08PHAEGPRBRIGt O a conput er,

when it is determ ned that the scanned inmage is_ ready
for captureme28s fhelleyitgean ofpesiter e Zanofafy wHality issues

conpri.sipng: neans for allow ng an operator- to
aﬁ%%%%?%ﬁgﬁﬁPWF$%F§§ﬁes regardi ng the captured i mage
when some but not all expected prints are detected, or when all
expected prints are present in the captured image and in good quality but do
not remain present or in good quality for a predetermined capture delay time

period, and a predetermined quality time period has expired.

30. A method for reliably capturing print images, comprising:

(a) initiating camera operation within a scanner;

(b) scanning a biometric object to obtain a scanned image;

(c) processing the scanned image;

(d determining print quality of individual print images in
the scanned image;

(e) detecting prints in the scanned image; and

® determining whether the scanned image is ready for
capture based on an expected number of prints detected in step (e) and the
quality of the print images determined in step (d), wherein the scanned image
is ready for capture when the expected number of prints is present within the
scanned image and the expected prints are all of good quality within a

predetermined capture delay time period



when sonme but not all expected prints are detected, or
when all expected prints are present in the captured
wonreg@izaisd i n good quality but do not remai n pPETAISLO0BN024416

in good quality for a predeterm ned capture delay tine
period, and a predeterm ned quality tinme period has
expired. 30. A nmethod for-2&Fiably capturing print

i mages, conprising: (a) initiating camera operation

Wi thi m@ scapngethod BY claR@pe) faghe dohpieingt ¢ obj ect to
obtain a scanned i nmage; SfC) processjng the scanned

i mage; (d) @t erddtermiging thas thegseanned ingige ihEfRGY MFHapture

print.images in the ' st (i i :
pﬂ"?ﬂ Eheieﬁ(g?‘ﬁ%d g%rgﬁ%reo R%Erﬂasgg; ﬂog%%? ?t)\? Iél? Z??ngérﬁhﬂgd 1ma%e,
vhiethb ekpdch s archot BAGE gbed yeady, dndra padetemendhewdity
on an expected nunber of prints detected in step (e)
amemh@ogh@ﬂqxvye%f the print inmages determined in step
(d), wherein the scanned inmage is ready for capture
when the expected nunber of prints is present within
the scanned i mage and the expected prints are all of
good quality within a predeterm ned capture delay tine
peri od31. The nethod of claim 30, further conprising:
(g) determining that the scanned imge is ready for
capture when the expected nunber of prints is not
present within the scanned i mage, or the expected
prints are not all of good quality, and a

predeterm ned quality time period has expired.




