16 Cctober 2006 1 APPARATUS AND METHOD FOR COWPRESSI NG AND DECOVPRESSI NG
FI NGERPRI NT | NFORMATI ON BACKGROUND OF THE I NVENTION 1. Field of the

I nvention s The present invention pertains to techni quesld Octobep2iéent i ng
fingerprint information efficiently. Mire particularly, this invention
relates to techni ques for conpression and deconpression of fingerprint

i nformation in a conpact and scal abl e manner. 2. Description of the

Rel evant Art FIG | illustrates a typical fingerprint inage consisting of
m nutiae points and thinned 10 ridges. There are two types of mnutia that

can occur endiFFARATIS ANP MEFBDRGOR COMPRESSINGANI DECOMPRESSINGNg or
termnation point of a ri di@W%t lae (BIFUR), which
represents the branching poi ridges. A thinned ridge
is made up of a concatenation of points on a curve or a line that has a
w dth of one pixel and ¢ | | ither "O" or " 1". Two
. mnutiae points are conne%@g§0§@%gﬁ@%§éﬁ the ridge may fat her
be connected to another ridge until it termnates at an ending mnutiae or

it tuts .thel.tiﬁéi{!"gf”tﬁé'lnﬁlénti%aﬂ'e fingerprint image. Such an interconnection of
ridges via mnutrae points results in a network of ridges containing

bi furcation mnutia and termnating at ending mnutia. Froma bionetrics

and | egals pe t Yveion! PRGOS £ '%@h | Rilloddnr® ihiBdnidtigd NI Mum
nunber 01? mﬁrllét] rlngn b(;'::3 0|n_n therr ?%%@@ﬁgngf posi t%ﬂns,gdg%n 20 constitute
adequat e evéfficiensly. fMorettagicilddy) tthis invantioo melates touredhoiqueésclor compressiom apdar t i cul ar

I ndi vi dual . ' ri ' t '| {]i& al '! Qg systems (AFI'S),
havi ng onl y% r?%?%gﬁg%&%ﬁﬁ% |§é§]rap°§#ﬁ¥9§1ﬁnu |g may@rhot be consi dered
sufficient Additional information such as the nunber of ridges between two

mnutia, an e | re and delta points, can 25 be equally
| mport ant S?r%%'%%l d(’aﬁﬂt&a‘ant X tég"‘s)ol utions may require different degrees and

types of fingerprint information, it becones essential to have a neans to
represent  giG 1 illustrates a typical fingerptint image consisting of minutiae points and thinned
10 ridges. There are two types of minutia that can occur: ending minutiac (ENDING), which
zepresents the starting or termination point of a ridge; and bifurcation minutiae (BIFUR),
“which represents the branching point of a ridge info two ridges. A thinned ridge is made
up of a concatenation of points on a curve or a line that has a width of one pixel and
contains a binary value of either “0” or “1”. Two minutiae points are connected by a ridge,
15  wherein the ridge may further be connected to another ridge until it terminates at an ending
minufiae or it hits the boundary of the fingerprint image. Such an interconnection of
ridges via minutiae points results in a network of ridges containing bifurcation minutia and
~ terminating at ending minutia. From a biometrics and legal point of view, the correctaess
in matching a certain minimum number of minutia, both in their types and positions, can
20 constitute adequate evidence for the identification or authentication of é. particular
individual.

~In some automated fingerprint identification systems (AFIS), having only information of
the fingerprint minutia may not be considered sufficient. Additional information such as

, the number of ridges between two minutia, and the locations of core and delta points, can
25 be equally important. Since different AFIS solutions may require different degrees and
types of fingerprint information, it becomes essential to have a means fo represent
fingetprint information in 8 more generic manner. This is possible if all the information of



fingerprint information in a nore generic manner. This is possi ble if all

the information of 16 Cctober 2006 2 the mnutia, the r|d and the
rel ationshi ps anong thensel ves, can be represented withl Pﬁobﬁ?d)géree of
accuracy. For efficient storage or tragnsm ssion, the resulting data file
size needs to be small; hence, conpression of fingerprint inmages is

requi red. Fihe trivewinoheridgss, e the heatrdstiijsi anag theinddasks gL be Fepafertdasyvifi dges may
be optional hlgh‘iome AFIS it is very useful if the conpressed data is
organi zed it e 9hPEBEY- segment ed fashion. This al lows the generation of
only one hi gh det ail corrpressed data file for storage and at the sane

tinme, enabl &I f erent stem; tg Qde p055| bly, | oner | evel of
details accoorrd ’t’?ﬁnttsbor"l’g?é)lr ng’ésﬁ’é’ﬁ’tt ?/’é’su fingflatar Tl praing %ee@ﬁrto be pntlhbeshs. As a

result, a fdompidadier WEARPedaht (BRLEIENEASI.N FRERFRIE Nbined HOLdidnQN TN a
nor e generl c efficiently conpressed manner is discl'osed. SUMVARY OF THE

| NVENTI ON ERiomptian gheppsbespptiengbioseras ARES, it ﬁwelmmf@fnl if th¢ extrapsessad
appar at usesgagng fgﬁﬁ]%a%aseﬂabz %%Qghéﬁ%dffhsﬂ%‘ﬁrﬁﬁé Mo 8" O%ggx%ﬁ @ga scal abl e

manner, and correspondi ng deco appar at uses an coding a
scal ed ver singhigbfdetalh eomprniged fata file forrstamgeaztndoat tiengdme nmdmablagdxﬂhentm nutia

and ridges f.in t ver .a relev enbodi nent s
“of the pr es% ?r%lqﬁovéd% i ed 05?‘% o) ex%l SYE? qfhc%?alllﬁtaf‘foﬁ &1 %Fn‘gf@?‘?tl cs of
both gl obabquirededto oalimititibge AN # eatl,onatxible hebameior @EhrRERME HngbPrikthi S cl ass

of finger pl‘lt[é i mages, and fo useg on a |l owconplexity system for conpact
1 epr esent at' T8RP %@Fﬁ?ﬁeﬁfe IREBESCOmPETSH PENHG IvHivelpstdae poi nts and
bi nary-val ued, single-pixel width ridges. The apparatus of the encoder in
- one. exanpl e enbodi ment conprises neans far establlshlng an equi val ent

representation of a local ri-OG¥ARYQELESANVENIEINE of a conbination of its

local ridge orientation and |ocal ridge phase, means for partitioning an
i cks ans f identifying the mnutia, neans for classifying

i nt |
It Hgg% InEt ?a:‘t’)‘ar?lﬁlﬁéﬁ’@ 1’6‘?”@8#2@? IS “N‘?’é“% rekater Sbanpareiusssid imeslivds &rr ect i onal
Maps, NMeansnéddingMdekipRat (dFSmakibd &K S, scﬂi@ae SmdrfEr, GRARYEEDGdie al B! nunber

of mnutia, nmeans for tracing and nappi
‘apparatuses and methods for ecoding a scaled version of the fingerprint information and

rendering the minutia and ridges of the fingerprint, whichever are relevant. Example
embodiments of the present invention aim to exploit the intrinsic characteristics of both
~_-global and local ridge directional information present in this class of fingerprint images,
and focuses on a low-complexity system for compact representation of fingerprint images

‘comprising minutiae points and binary-valued, single-pixel width ridges.

‘The apparatus of the encoder in one example embodiment comprises means for
establishing  an equlvaient representation of a local ridge direction in terms of a
combination of its local ridge orientation and local ridge phase, means for partitioning an
image into blocks, means for identifying the minutia, means for classifying the minutia, |
means for generating the minutiae positional and directional maps, means for marking the
‘blocks, means for computing the total number of minutia, means for tracing and mapping
the ridges, means for adaptive entropy encoding, means for encoding the bit stream header,
means for encoding the information of minutia, means for encoding the total number of
minutia, means for encoding the ridges, and means for organizing the compressed data

stream into scalable segments. The method of the example embodiment for encoding




the ridges, neans for adaptive entropy encodi ng, nmeans for encoding the bit
stream header, neans for encoding the information of mnutia, neans for
encoding the total number of ninutia, means for encodi 1§ Qdieber 28fes, and
means for organizing the conpressed data streaminto scal abl e segnments.
The nmet hod of the exanpl e enbodi nent dr encodlng 16 Cctober 2006 2a

conprises s 1.ng..the apparatus of the, encoder in
particul ar &lﬁﬁgf%g%psoﬁ é‘%fsom?ﬁgmtea NG AR HESsh MePHR PR ’:‘Alga‘gﬁ

di rect i ons, steph dogianigg himbmpmmg thé R:dalamg@mrec&onsrmﬁedmguae p@dldtwampﬁvdqueues
predicting th | ocal e phase us 16 October 2006 3 gl obal region
orientatior hcé‘&'f‘%g Bci BFUSwW CtEﬁgt thgn gloga) t8) c179%g H%Qé%@ t Bi¥ncode t he
next ridge of interest. The appar at us of the decoder in the exanpl e

enbodi ment conprises neans for decoding the bit stream header, nmeans for
creating and partitioning an imge into bl ocks, neans for adaptive entropy
decodi ng, neans for scal abl e deconpressi on of conpressed bit stream neans
for decoding the mnutiae type, and the mnutiae positional and directional
maps, neans for decoding the total nunber of mnutia, means for marking

t he bl ocks, nmeans for decoding the ridges, and neans for rendering the
ridges. The nethod of the exanple enbodinment for decodi ng conprises steps
for perfornmng the apparatus of the decoder, which, in particular, include
steps for choosing the predicted adaptive nodel that is in synchronous
with the encoder, predicting the local ridge phase based on the SWTCH bit,
determ ning the next ridge block for decoding, and cycling back to decode
the next ridge of interest. In accordance with one aspect of the present
invention, there is provided a nethod of analyzing an array of pixels
representing a fingerprint, the nmethod conprising the steps of:
partitioning the array of pixels into a plurality of blocks; identifying
one or nore of the blocks which contain a minutia, with the mnutia being
bi furcations of ridges and/or




endi ngs of ridges; deriving, for each block containing a mnutia,
directions of each of the three ridges formng the bifurcation and/or a
direction of the ending ridge; and creating descriptivéﬁﬁﬁﬁ PPon
representing the fingerprint based on positional data fromthe
partitioning of the array of pixels and directional data fromthe derived

di rections . d Lni_ng. ) La. her obj ects d further
scope of aﬁ%ﬁ?%% P?P%%ﬁéﬁhﬁﬁghﬁkgé nPP§nven P@ﬁm§}cﬁmﬁ%g%ﬁﬁmmggg%ﬁent from
t he det ai | egxtdelgepfipeiesin gi ven hereinafter. However, it should be
understood that the detail ed description and specific exanples, while

i ndicating preferred enbodinments of the invention, are given by way of

i |1 ustrati drkeeppaystussiftivedevader nube ehapetbodimdntroipfises aikinemia dstddiign t he
spirit and of .the invention.wll becone apparent to those skilled in
the art fr otﬁn%?ﬁ?%afa «S‘f;agf’fr 85 z%“c?ﬁa‘b‘f% 5| PUBAERE Pkiess o HSETDRAW NGS
........... adaptive entropy decb@in@uh@befor 260H1e3fconlB@siBh 85 EMprdsSaai dufin| S

illustrated b y of exanple and not |imtation in the figures and tables
of the accdﬁeﬁé%é\’?ﬂ O@P%%eﬁagl,ma? pgrAcd the ieatiqeppgiiengben dingetiosalmeanrsi ni | ar

el ements  aidlnd Br WRbAHY thd ABI Furthdk Sf AinbhAhlearls! S irkiA I 91cReESl ) Onshi ps
anmong | ocal bl ock dif%%tions, bl ock oﬁfentég%ons%ﬂ%ng gloéﬁlgﬁgées. TABLE
2 is a | ookgpingbhe riflgss, adtrasens firrrgndetieg ticobiges. Tbginsthod rof et expinple.  TABLE 3
is a | ookup:f,ah f . ] 0l - h redi cated bl ock p e. 16 Cctober
s006 4 i cb i 6 JLEH AT SRg oS (R RHLERH, BBl sl ot o
points, t hiwhiddir patipely, isvhele stepe farnhessingrine pieilioRd adupiveigmbdetat Klie 2 is a
3?\'[ B?]I;Ugl. agjrmac‘: ongu)é Qs!it%ItI?eI errllgoc{gg \{J\i‘etéii%tirggetilg orcgal rgiec'\lgr-l: Ighage brgserc]luc}nltl?eeS\%fISTC%{ bi%,ype ERDI NG
determining the next ridge block for decoding, and cycling back to decode the next ridge of

interest.

In accordance with one aspect of the present invention, there is provided a method of
analyzing an array of pixels representing a fingerprint, the method comprising the steps of:
partitioning the array of pixels into a plurality of blocks; identifying one or more of the
blocks which contain a minutia, with the minutia being bifurcations of ridges and/or
endings of ridges; deriving, for each block containing a minutia, directions of each of the
three ridges forming the bifurcation and/or a direction of the ending ridge; and creating
descriptive information representing the fingerprint based on positional data from the
partitioning of the array of pixels and directional data from the derived directions of the

blocks containing a minutia.

-Other objects and further scope of applicability of the present invention will become
apparent from the detailed description given hereinafter. However, it should be understood
that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various changes
and modifications within the spirit and scope of the invention will become apparent to

those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS




5 FIGS. 3, 4 and 5 are schematic illustrations of the possible |ocal ridge
directions, local ridge orientations, and gl obal region orientations,
respectively. FIG 6 is a block diagram of the encoder 466§W§Fﬁ§0@%ed to
conpactly represent fingerprint infoggation in a scal abl e manner. FIGS.
7,8,9 and 10 are flowcharts illustrating the encodi ng nethod of the

i nvention. .45 i f de e aratus of the
invention.r%%gggkggm%%gﬁ%gﬂggggﬁﬁgggﬁ%%?%bgﬁfﬁgﬁga ”%%I§H%Q%EE% I'ng met hod
of the i nvdtidsor theRicGmphdyingsdrawingd) dmvhich liblé eefirannesi ihdicisd similimgeniche segnent s
in a scal abl e ressed bit stream DETAILED DESCRI PTI ON OF THE

EMBODI MENT “I "l is a typical fingerprint imge consisting of

bi nary-val ued, single-pixel width ridges and mnutia. There are a nunber

of intrinsi acteristics..of a fingerprint suc S.t .ridges do not
Cross one ;\%@2; s ﬁ%‘%‘é Hiuftﬁag?g ﬁ]ﬁeyre!?ggp{’lﬁf ALORG téﬁaﬁé’icfof(dj\rl‘\lgﬁl?flﬁt ‘?Cim' nuti a
are well drisdtatiohs)metbldck@hasesne anot her, etc. To begin, the fingerprint
image is fast partitioned into a plurality of equal -sized blocks of 20 a
predefined di mension, BLOCK-DIM The bl ock size can be chosen adaptively
dependi ng AABILIES is arhgleupasiié Pabetatthitgike dle¥a0REiof Bgala@ssi on rate. The choice
of a larger block size can generally result in better conpression
performance but at the expense of possibly poorer approximtion of the

r econst r uc tiaBLERageloolAipashle fohéetetinpeny thopradicatd blogiephakd. ock si ze shoul d be
carefully chosen such that each bl ock contains only one m nutiae 25 point
for easy processing, but each block may contain nore than one ridge passing
t hrough 16 Cctober 2006 5 it. In contrast, the choice of a smaller block
size can provide better approximation of the reconstructed imge but may
result in |lower conpression performance. In general, the value of BLOCK
DI M can be a function of the capture resolution of the fingerprint inmage
reader or sensor. 5 Each bl ock may contain none or one ninutiae -point, and
ei ther none, one, or nore than




one ridge passing through it. Denote a block that contains a mnutiae as a
M NU BLOCK, and a block that has at |east one ridge passing through it as a
R DGE BLOCK For each RI DGE BLOCK, the bl ock ridge segnerit® ﬁﬁ@”@@gées
through it is quantized and represented as one of a, finite nunber of
phases, orientations, and 10 directions. As illustrated in FIG 3, there
are 8 possible local block directions, #denoted as angl es subtendi ng

anti -.cl ockwi it : ; : [ P . £l i Qa Dl | 20),
45 (Dl R45), 1% %lag%%‘)@‘?%%p'%%‘% é@%@%@ﬁ%’g%mﬂzg’gﬁ%ﬁ%%é 270
(DnR270), andbedniSre¢mDeqi@asimongtheme are 2 types of orientations, nanely, |ocal
bl ock orientation, and gl obal region orientation. As showmn in FIG 4,
there are 4 possible |local Is block orientations defined with respect. to
t he | ocal bng%kliaw@@fﬂ@mmsméwm@owmgmp@miammq@mmBm 35
(QTR3). In E , there are 4 possible global region orientations:

nort heast ( , nhorthwest (NW, southwest (SW, and southeast (SE)
Simlarly, there are 2 possible bl ock phases, defined with respect to the

definitign @fcd aCalzng Bl | Motk bid @&ﬂ'ﬂﬁﬁ Lve (NEG) .
20 It i s%t 0 'bGed not gg t@hag‘fc&thﬁ{éét%_qg‘rﬁgé@q gﬁ%héséf#%slgﬁgtﬁ%en a ’g%di%ydi rection
and a bl ock ridgerarientetions,and glabadiregion ericatatianspiespeitivdlyr ect i on and a bl ock phase.

Clearly, by conmparing FIG 3 and FIG 4, a particular block orientation
may correspond to 2 possible block directions; the distinction between

t hese bl ock Fi} fdea bladkdiaasanyef the encodstiappyrainsusediocomappstls sepreserh ingeensint/ ent i on

used for th &ﬁ%ﬁiﬁgﬁﬁbfé%aﬁﬁﬁ I nvention is POS phase for each of the 4
bl ock 25 orlﬁlgnt at1ons sho In FIG 4, and NEG phase for the correspondi ng

opposite directions (shown as dashed lines in FIG 4). Each row in TABLE I

. provides a FRA 30kRE 109R MiwcBarts BREAing it SoliBR mefod §f BB inPintiéh, COMDI nat i on

of the block ori'entati on and the bl ock”phase. "Encoder FIG 6 is a bl ock
di agram of the inmge encoder apparatus 30 that generates an output 30

conpressigd Bid. 15isa®Rik diafem@F 1he Becdller hptthus b MORVARLAL | mage 200 (such as
that shown in 16 Cctober 2006 6 FIG '1). The input inmge 200 consists of a

t wo- di nensi onal array of binary-val ued points
~ FIGS, 12 and 13 are flowcharts illustrating the decoding method of the invention.

'FIG. 14 is a schematic diagtam illustrating the segments in a scalable compressed bit -
stream.

DETAILED DESCRIPTION OF THE EMBODIMENT

15 FIG. 1 is a typical fingerprint image consisting of binary-valued, single-pixel width ridges
and minutia. There are a number of intrinsic characteristics of a fingerprint such as two
ridges do niot cross one another (though they may meet at a bifurcation point), minutia are
well distributed from one another, efc. ' '

To begin, the fingerprint image is first partitioned into a plurality of equal-sized blocks of

20 . a predefined dimension, BLOCK DIM. The block size can be chosen adaptively
depending on the image content and the target compression rate. The choice of & larger
block size can generally result in better compression performance but at the expense of

- possibly poorer appi'oximatibn of the reconstructed image. Also, the upper bound on the
block size should be carefully chosen such that each block contains only one minutiae

25  point for easy processing, but each block may contain more than one ridge passing through



(pixels) constituting mnutia and ridges with a width of one pixel At the
start of the entire encoding process, nenories for working buffers are

al located, and all counters, queues, adaptive nodels, af®dCHelErapPd are
initialized. The nmeans 202 first partitions the imge 200 5 into a

t wo- di nensi onal array of equal -sized bl ocks with predefined dinensions. The
out put 204 provides the input to means 5206 for generating the positional

map of m nut; fﬁﬂgﬂl di nat es
pr oduced fort?[tl}t rog@%% ag%%%ﬁn?mgpq%ggﬁ&wﬂ%g 8anned and
checked to detopsivected imdge ibut gy seseit inibiveracompdessida peﬁ'omﬁncd; Ukrgeh@albﬂef urther

Chat ¢ he. m e B Rog pibf o S BERickokdhe Bbshatee oPRice f e dbEomiitfbstng (o)

il lustrate trosderorednb@ds for determnmining an ENDI NG and a BI FUR mi nuti ae,
respectively. The gray squares represent points on a ridge, and the white
squares constitute the background (i.e. the non-ridge or non-mnuti ae

poi nts) of tRach bloskgmaypeantain ﬁmgmna&nmtiﬁas Pbifi) amDéither Aohe,Ostle] dratbre fhsn &

tranS|t|onfrom ra ite square, or atranS|t|onfroma

whi te squar &% J&* g@s%lfga&“g‘té‘a P%lﬂé’i" RIPHPKSE A and its

8- nei ghbour MINUNBEOCKP k& d mock Rt had at @éastFJnﬁ ?st %hAlt'é glassified
-~ one

ENDI NG t f 2 t 1t
ST A T e ST uﬁé?«%aﬁgm@tmamm% #hod, the
gray bl ock m&lﬁﬁﬁmﬁwiudF efted 33 ohéoﬁmﬁﬁéfm?&r %fpﬂs&uﬁnéit&ﬁﬁ%'aﬁ%has a

total of 6 crossa ng ints, nanel frompoints to 2
to 6, 6 o wHirechons WM@MeWQWBHMMMO&ﬂmﬂmumer of

ot the oulHe “@%‘ﬁ’%ﬁ i oces Y ol B0 b i ot Wk, O e

the inputs #8 (DIB4&Hs 90°L (DIRNO), naski(PIR13EE Iﬁot)({lamltshptzzsbrmmzs]pm‘t i a. Each

et orm no. | PREDSAR st Tl &% 2 el by nasoi eabibodnd 1 ne

- bl ock type @détation, undglobad rdgRaidrbdtiios. ana;@mqsaia%&relb&siewzw 208 of

nmeans 206 a the in 00 provide the inputs to neans 214 for
cl assi fyfng {;&d &‘?t Fi"ag‘ae‘g?‘ i TpgReGt. b ther lgeal M%W&@O{ISFI%EQTBF’),ngw di ng

m nuti ae (G(Q'fm)l (QYREELAR M5 QOTRES IG5, Ykrd ke 4 ﬁé:agg.‘ 1‘%{'ﬂuentl re

I mge 200. A TRUE m nuti‘ae has 'sig f| cant inporta ally used
for the purpgtions: ﬁﬁﬂ@#ﬁt@%rﬂ%ﬂmmﬁaawcm(sm, and southeast (SE).

* Similarly, there are 2 possible block phases, defined with respect to the definition of local
block orientation: positive (POS) and negative (NEG).

20 It is to be noted that there are relationships between a block direction and a block

orientation, and between a block direction and a block phase. Clearly, by comparing FIG.

3 and FIG. 4, a particular block orientation may correspond to 2 possible block directions;

the distinction between these block directions is determined by the block phase. The

convention used for the block phase in the invention is POS phase for each of the 4 block

25  orientations shown in FIG. 4, and NEG phase for the corresponding opposite directions

- (shown as dashed lines in FIG. 4).. Bach row in TABLE 1 provides a representation of a
block direction in terms of a combination of the block orientation and the block phase.

Encoder

- FIG. 6 is a block diagram of the itmage encoder apparatus 30 that generates an output
30 compressed bit stream 260, given an input fingerprint image 200 (such as that shown in



30 an AFIS. On the other hand, a GU D NG mnutiae is |ocated at the
boundary of the image, and nerely serves as a starting or _termnation
point of a ridge. Unlike TRUE minutia, GU DI NG ninutia %r@ctabsr2t8ed f or

t he purpose of matching, as they are al nost always not genuine mnutia of
a fingerprint. 16 Cctober 2006 7 The follow ng steps describe how the
mnutia are classified as TRUE or GU DING Since there are 4 boundaries in

an i mage, ¢ i ger Welal 10N

processi ng EFti_ﬁ‘eﬁi 6{3&_ unda ?ﬁ%ﬁ@%?%@%&%&@?éﬁ%@r a{?) o“fedgm nts on the
i mage is sdpineleddonstibning mpmtivand sidgesrwitharwidthioforfeipixsl. Asdherstaritaf ghie entire f ound t o
be a m nuti | d I | s .t h | DI NG

m nuti ae nus %@%@bgﬁﬁ%%ﬂrﬁgﬁmﬁ% aﬁ?cggd,ﬁg%gfgo%§ it & is not
an ENDI NG i sdsptivomadals, entl Huffers trednitialized. t The roeans 2302 figst partids de imagee0tur r ent

col um of, pgints, is.ski d (that is,. no | DLNG is_.fqund),.and, the
process csontl?tﬂtfengFFsF)ﬁg &P?ﬁwgﬁ%%s}%l%s%wg?e%t‘ﬁ@%’%e fisi ng a
sinilar met hegut 204g70vided &8 Sput@ thdas 1067thr LAALHRERDe poSiBERAl fay\of ARGfiZ ont al
array) of pmﬁ%s on the ipage is 10 scanned fromleft to right, .and the

first ENDI NG ¥F2P8 pkihe eagy apLiyRe ofitRigHtiacie Produopdfor Sepre prscasiupgd Fach
Qtherwi se,  iphinfof thél@But20i Blscinlad anli ShadREd B AENBINEitisa &ﬁﬁ%ﬁfglﬁ%%g Jﬁl rst

during the scanning process, the current row of points Is s and the

process confyhede laskilieh ENDING pr BEB SR aldpending o thernymberoefecrossingri | ar | y,
wh " I oAt |
hen progesSLRg i fhe ek Wq@@ﬁ%ﬁ%d@-'%ﬂ8@?@%@??@@2%@ OCO um

(or row) of “points on the 1nage i's sc from r right
to left), anuthotiefu deerminng onl ENDINGwmi ianBIFRemiBulide] féspectivelyit The grsy enpl oyed.
It is inport to note .that in identifying the GULDI NG,m nutia, only the
boundary bl 8@%&55??’:???&1’? §5aﬁge’ﬂ?@@ﬁ%‘é@&%%@“ﬁ%@@%aﬁlﬁ@ﬂg&% | ocat ed
at the bouﬂiéaxby-ridﬁcdrh&n—inﬁﬁ&-poiﬁbﬁoﬁﬂéﬂﬂxﬁeqﬂﬁtihﬁ@.Q’l&ﬁﬁinﬁ%@iﬂﬁk @¢finéd 6 i s used
to guide future rogessi ng. 20 The, out put 208 of nmeans 206 and the i nput
i mage 200 pPRAN ’H‘éi%f"h TR & BT3Y STURks o Whike syase.op trangitinn fromia white sqeateded | onal nap
220 of nisNUEiad squdd BhrsREL 8 Bray Mock Rl £ BR) itC8-né Bmgﬁ R Infafced 1 € D
respect to thﬂhg ridge (or ridgreag) wi th which ilt“p?g %%nn ot ed to I s’ conput ed.
An 2,...8, of FIG. 2 (a). Point A is classified as ENDING since it has a total of 2 crossing

points — one from point 1 to point 2, and another from point 2 to point 3. Using a similar

method, the pray block marked B of FIG. 2 (b} is classified as BIFUR since it has a fotal

of 6 crossing points, namely, from points 1 t02,2t03,3t04, 510 6,6t07,and8to 1. A

20 point on a ridge that has a total number of crossing points other than 2 or 6 is classified as

a non-minutiae point,

Both the output 204 of means 202 and the output 208 of means 206 provide the inputs to

~means 210 for marking the blocks that contain minutia. Bach predefined block that

contains a plurality of points is checked to determine if it is a MINU_BLOCK. If so, the

- 25 -block is marked, and the block type 212 is used to facilitate future processing. The output

208 of means 206 and the input image 200 provide the inputs to means 214 for classifying

each minutiae as either a tre minutiae (TRUE) or a guiding minutise (GUIDING),

depending on its position in relation fo the entire image 200. A TRUE minutiae has

significant importance and is actuaily used for the purpose.of matching or identification in

30 an AFIS. On the other hand, a GUIDING mimutiae is located at the boundary of the image,

and merely serves as a starting or termination point of & ridge. . Unlike TRUB minutia,

GUIDING minutia are not used for thcpurpose of matchmg, as they are almost always not
genuine minutia of a fingerprint.




ENDI NG has | direction; a BIFUR has 3 directions, each along one of the 3
ridges that neet at that mnutiae. The follow ng steps describe how a
mnutiae direction with respect 25 to a particular ri dgéﬁi(%Ct gPed.
Starting froma mnutiae point, the particular ridge of interest is traced
one point at a tinme until a certain predefined nunber of points, NUM

PO NTS, on the ridge have been traverséd. This stopping point and the
starting (M ' ' DONY W ' | a
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' minutia is employed. It is important o note that in identifying the GUIDING minutia,
only the boundary blocks of the image are processed since these minutia are located af the
boundary of the image. The result of the classification 216 is used to guide future

processing.

20 The output 208 of means 206 and the input image 200 provide the inputs fo means 218 for
generating a directional map 220 of minutia. The direction (or directions) of each minutiae
with respect to the ridge (or ridges) with which it is connected to is computed. An
ENDING has 1 direction; a BIFUR has 3 directions, each along one of the 3 ridges that
meet at that minutiae, The following steps describe how a minutiae direction with respect

25 to a particular ridge is computed. Starting from a minutiae point, the particular ridge of -

: interest is traced one point at a time until a certain predefined number of points,
NUM_POINTS, on the ridge have been traversed. This stopping point and the starting
(minutiac) point now constitute two points between which a straight line can be formed.
The minutiae direction is defined as the angle that subtends between the straight line

30 connecfing the two points and the borizontal line extending to the right side from the -

- minutiae point. The computed angle is then quantized to another predefined number of
discrete mimutiae directions, MINU_DIR. The directional map 220 is then used in future

processing.



The neans 240 accepts as inputs the directional map 220 of neans 218 t he
classification result 216 of neans 214, and the positiqgnal map w

m nutiae type informati on 208 of rmeans 206, for encodi ﬂé(?‘ﬁ‘ébqrﬁpgﬁ mat i on
of all TRUE mnutia For each TRUE mi nutiae, the horizontal and verti cal
coordinates, the mnutiae type, and the direction (or 3 directions 20 for a
Bl FUR) are encoded. The output 242 of rfeans 240 S entropy encoded by neans
258 to gen : Means
244 al so acg@g?@g%ﬁhg%@%d%p%&eg&eag nmeans gzgfo% | t %ncodes bot h
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‘but it may cgnt m)rethan one block ri dge 30 d|r |on However it is
to be not edH 3!69 s Alons e Pdgsrarginepesd gnd d@@%é?rree@@% rdshopm dnndetalhing  BLOCK

represents tafxg 7act ual nunber of ridges that originate fromthe m nutiae 16
COct ober 2006 9 durlng the traci ng and mappi ng process by neans 228. In
ot her words, the actual nunber to be encoded is the nunber of ridges of

whi ch the nmiMugis 238 faehcoda i Hif shedm RddFabiehts afinpiad e tofd burder of TIEURT nat i ng
m nuti ae. The output 250 of nmeans 248 is then entropy encoded by neans 258

‘as anot h¥r  FER 3 dhe PRboERepplEUDING; mingtia 226, hoBrperpsinhgomprsdonsegge, al |
th f 254
e i nf or MbiL kheRBiph@ind Withh bAnd B8 é‘iﬁuidd%oxg Q%ﬁﬁbnﬁl[}tﬁ%gnt%@%z Of‘ﬁ

accepts as |nputs he out put 230 neans means 248,
“the output image JFhermpbions @%mchﬂ@ﬂ@umbutofzam DR (E it2is (ot Smalit the out put

220 of nean I @i t put i mage
200. Each blo Lat coni gﬂirlf{ség’ ﬁhlﬁ Ee%dﬂﬂﬁaé&ﬁtﬁéfﬁ% é’e?grtr’ri\?ned by
means 228, mm@bechnsﬂthtesﬁaﬁpupcrmf@ﬁeammssedmtmlﬁommmuvent r opy
encoded llgy nﬁggmp%% t(iubrrprove t he conpression performance.

The means 240 accepts as inputs the directional map 220 of means 218, the classification

- result 216 of means 214, and the positional map with minutiae type information 208 of

means 206, for encoding the information of all TRUE minutia. For each TRUE minutise,

the horizontal and vertical coordinates, the minutiae type, and the direction (or 3 directions

20  fora BIFUR) are encoded. The ontput 242 of means 240 is entropy encoded by means 258

to generate another portion of the compressed bit stream 260. Means 244 also accepts the

same three inputs as means 240 but it encodes both the positional and directional

information of all GUIDING minutia. It is to be noted that the minutiae type information

'is not required, as afl GUIDING minutia must be of type ENDING. The ontput 246 of

25  means 244 is then entropy encoded by means 258 as another portion of the compressed bit
stream 260. |

The cutput 230 of means 228 provides the input to means 248 for encoding the number of
block ridge directions of each MINU_BLOCK. For easy processing, it is useful that each
mU_“BLOCK contains only one minutiae but it may contain more than one block ridge
30  direction. However, it is to be noted that the number of block ridge directions of each
MINU_BLOCK represents the actual number of ridges that originate from the minutiae



Details of neans 254 are described with the help of a flowhart in FIG 8.
FIG 7 details the steps in neans 228 of the encoder 30. All the ridges are
traced and rmapped into corresponding bl ock ridge directitdAgobsr08ncodi ng

| ater. At the start of the process, each mnutiae is initialized as
untraced. The process starts with the first untraced is mnutiae, and
continues tracing and mapping the ridgé@s until all minutia are found in

step 500 t uHﬂ% v L ENPsad o4y The
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500 and pr oameass2s8 2adotter poetivi ofthe cageehseibitstréaie260i f any. Qtherwise, if the
answer is YES at step 504, the next untiaced nei ghbor on the ridge of

interest is identified in step 506, and is marked as traced in step 508 to
avoi d r edundetrihis pagec &l the irformatien peitsigieg pothe mimtia hatteeeaicoded. MeaiRS4 t o

determine if it is.a termna Il nutiae.in a DBLOCIéI' st 510. If
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ridge, e 8 cqunters are reset. to_ zero in ste : e, process then
conti nues | oo all e ¢ ed%f%W?é‘O‘EH% iIRRYE Ppagy| ﬁ&w%bl?qk_r%twwaits
boundari es. plogk ABgkirebtn IR dBEMIAEA Ly Meabs H28S8 bndoBE. Uhe gﬁtFﬁtQB@Bﬁﬁéaus the

current block of “interest is first defined. At the beginning of tracing a
ri dge, tle &8¢ iscinthepcaftapy chooided ber means 288 todimprove theapomptession pstfrmaneet  cont ai ns

the starting,.mi ' ' Lot F]?Fl%. 0 nei ghbor bl ocks
centered atﬁt ew%%%%nﬁﬁgﬁtec@ﬁwgﬁﬁg@ﬂg tO?%ﬁgﬁc}h&é I'ne"t’he current region of

I nterest, which boundaries are defined as the perinmeter enclosing the
regi on. Thepfgr @ég,-lf k AP EEand 998 of &9 eﬁ&ﬂﬁgﬁ” r Egceg'ﬂﬂd used for
mappi ng theFFq‘}ldje_ 0 &lﬁnt rest into gqrrespon I hg Iﬂ%crglg%%ge I rections.
The 8 count mﬁspﬂgm comasponding block ridgst diysctions for epeodingdatert bg tirostaresfishbadi ng 8-
nei ghbor bl Wi m 0 he. . gg; 8'n f_inter . of ridge
poi nts t hat Bﬁ)g&s’%hhl n tieagg%l&g%ﬁz?#es‘@- nerg “'&‘%ﬁ"&@%%‘?@%ﬁt racked by
| ncr emertsi neninultiee, ant contipeantiacing and mappiny the fidgen ustilall nfizflia are found in step

500 to have been traced before the process ends at step 534. The image 204 of means 202

is scanned in a raster manner, and the next untraced minutiae is identified in step $02. The

8-neighbour points centered at the minutiae of interest are checked for any untraced ridges

‘in step 504. If the answer is NO, the process cycles back via 528 to step 500 and processes

20 the next untraced minutiae, if any. Otherwise, if the answer is YES at step 504, the next
untraced neighbor on the ridge of interest is identified in step 506, and is marked as traced
in step 508 to avoid redundant processing. The ridge point of interest is checked to

determine if it is a terminating minutiae in a MINU_BLOCK in step 510.

If the answer is NO, the point of interest is checked if it is the first point of the ridge of
25 - interest in step 514. At the beginning of tracing a ridge, the 8 counters are reset to zero in
step 516. The process then continues in step 518 to define the first region of interest and
its boundaries. In order to determine the current region of interest, the current block of
interest is first defined. At the beginning of tracing a ridge, the current block of interest is
defined as the block that contains the starting minutiae of the ridge of interest. The 8-
30 neighbor blocks centered at the current block of interest then define the current region of
interest, which boundaries are defined as the perimeter enclosing the region. The current



The step 522 checks if the current ridge point of interest lies on a region
boundary. If the answer is NO the process cycles back ﬁés 5%2 tg step
506, and continues to trace the next unprocessed nei ghb 20 pong t he
same ridge of interest. If the answer is YES at step 522, the ridge has
reached the boundary of the current region of interest The block ridge 1o
direction for the current block of int€rest is then determned. To do so,
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described iy ﬁ%peﬁ ﬁt{%@ ESEF&% r%ﬁﬁ ' t 16 before
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ridges are processed. The |ist of block ridge directions representatlve of
the ridges Will become theawridlook of intoraskingtep fi2 to gmtise the Hadngoreccssaf@e 8 det ai | s

the Steps | AmiRERTeA dndikat! NG SELAREe ARoidl hor Wbl Yookl Gty 01 1 NS
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interest and its boundaries are defined in step 526 using the same method as described in
step 518. The 8 counters are reset to zero in step 516 before the process cycles back via
532 to step 506, and continues processing the next ridge point of interest.

-
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20 If the answer is YES at step 510, the current ridge of interest has been completely traced
and mapped. The block ridge direction of the last block on the ridge of interest is then
determined in step 512. ‘The process cycles back via 530 to step 504 to process the next
untraced ridge connected to the minutiae, if any. The process of tracing each ridge and
mapping the ridge of interest into corresponding block ridge directions will contioue until

25 all minutia and ridges are processed. The list of block ridge directions representative of
the ridges will then copstitute the ontput 230 of means 228,

FIG. 8 details the steps in means 254 of the encoder 30. All the block ridge directions that

were mapped by means 228 are to be encoded. The process of means 254 starts with the

_ first MINU_BLOCK in step 800, and continues until all the block ridge directions are
30 encoded before it ends at step 840, In step 802, each of the total number of block ridge
directions originating from the current MINU_BLOCK. of interest (as determined by



means 248) is processed one at a tine. Upon conpletion, the process cycles
back via 838 to step 800 to process the next MnBLOCK, if any. For each of
the new bl ock ridge directions identified in step 802, ﬂﬁéyggéﬁgog%Z Wil
encode inplicitly all the pertinent block ridge directions correspondi ng
to one entire ridge by s neans of encoding the block orientations and

bl ock phases representative of the bl otk ridge directions. In order to

encode the Githdsas) ib bResssddl g atinke UpoR BorRifletion,tBd R8dess FeledbREia®3PN of the
current block orientation is first made in step 804 based on previously

encoded bl odksep848 to prpeessthompestMIND_BLOGK: Hansahi | e processing step 810. The
details of the prediction are shown in FIG 9. The result of the prediction

decides the_ 10 chojce of the adapt{ive nmpde| used in entropy. encqQdi ng by
means 258. fFPF’s“f}b?f%?vhl%ndﬁfgw@%mWﬁﬁgﬂ%égﬁi@éﬂ’?gﬁ%ﬂ&“&% to be
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previ ous block ridge direction was incorrect (that is, the SWTCH bit was

set in step oo LF . . thaat .t | b ks i coded
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~of the dbr echoicenf de ddugtivp hwdelames] in khoapy, ensiiding by areand)258! He sfep 806,ahes bl ock on
- the current rid f.jnterest.  or the |ast .bl ock he, preyi o ri dge of

i nt erest . Tﬂ’g"ﬂ%ﬁ%‘%@dgﬁggﬁ%@ F’ﬁ‘e”é%p’r E’WP&BI% °8?‘f€‘?ﬂ‘él‘f°|‘5ﬁ’,&§¢ jll%"eterm’ ned
in step 808curidhittlock ReEerBAINE c4 thali b6 deemasta Rhiqydly HREE 808 &ingli@ngeablent bl ock

of interes 5 1n order to convey the complete informati on of the current
bl'ock ri dge‘t"ﬂﬁﬂ’efeftﬁhﬁﬁ‘,’n"f"ﬁ@“a B @ven i TABBE L. Jihs step Alsterss the cpreahlgt ted in
addi ti-on t ogddARtEdE" Q‘E‘Sa“ﬁ‘l’@&w'% L 8P Qﬁ?, gaerforns a sinple

t abl e- | ooku?) usi ng 'IQA LE 1 for trlle %‘?r?t@rgﬁe‘?n ruém ock direction to

bl ock phase. For efficient encoding, the current bl ock phase is not

directhys The steps 812 perform the actual encoding, and the output 256 is entropy encoded with the
adaptive model that was predicted for the current block in step 804. A SWITCH bit may
or may not be encoded in step 814; it is encoded only if the predicted block phase made
- while encoding the previous block ridge direction was incorrect (that is, the SWITCH bit
was set in step 824). It is to be noted that the SWITCH bit that is encoded while encoding
20 the current block actually conveys additional information of the direction of the previous
' block, which can be the previous block on the current ridge of interest, or the Iast block on
the previous ridge of inferest. The step 816 encodes the current block orientation, as
- determined in step 808, with the same predicted adaptive model for the current block of
interest.

25 In order to convey the complete information of the current block ridge direction, the
current block phase has to be transmitted in addition to the current block orientation. Step
820 performs a simple table-lookup using TABLE 1 for the conversion from block
direction to block phase. For efficient encoding, the current block phase is not directly
-encoded as a good prediction of it can be obtained from information of previously encoded
30 blocks within a neighboring region. The step 822 makes a prediction of the current block



~ are initialized'to zero in step 1

encoded as a good prediction of it can be obtained frominformtion of
previ ously encoded 30 bl ocks within a neighboring region. The step 822
makes a prediction of the current block 16 Cctober 2006 16104“?)}?%3@ ‘fshovvn in
detail in FIG 10). If the prediction was incorrect, additional information
has to be encoded so that the decoder gan recover the actual current block
ridge direction accurately; the SWT bit is set in step 824. O herw se,
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checked in step 1004. As a backward adaptive prediction, only information
123 DOBEO01EY i 6, RAREUR Sk Wl BByl 11 o
causal bl oc#pecificaliptfor determining the choice of adaptive model for entropy encoding of the
- current block information, is described. At the start, the 4 counters representing the 4
possible predicted block orientations (or, equivalently, 4 possible adaptive models) are
initialized to zero in step 1000. In order to exploit the strong correlation of ridge
- 20 information within a neighborhood, a block region with dimension PRED_DIM and
‘centered at the current block of interest is defined in step 1002, Each block within the
defined block region is checked in step 1004. As a backward adaptive prediction, only
information that has been conveyed to the decoder up to the time at which the current
prediction is made will be considered. The step 1006 ensures that only causal blocks (that
25 s, RIDGE BLOCK that have been encoded eatlier) are used in the prediction. Also, the
step 1008 ensures that only valid blocks within the image are considered. If any of the
answers is NO at step 1006 or 1008, the process cycles back via 1014 to step 1004 to
evaluate the next block within the defined block region, if any. For each valid cansal block
within the defined block region, the block orientation that was stored in the buffer at step
- 30 810 is retrieved in step 1010. The appropriate counter corresponding to the stored block
orientation is incremented in step 1012, The prediction process repeats until afl valid
~ block within the defined block region have been evaluated. The counter that has the
maximum count is determined in step 1016, and is recorded as the predicted block



25 is, RIDGE BLOCK that have been encoded earlier) are used in the
prediction. Also, the step 1008 ensures that only valid blocks within the
i mage are considered. If any of the answers is NO at st@ﬁ3¥9@328951008,
the process cycles back via 1014 to step 1004 to evaluate the next bl ock
within the defined block region, if any. For each valid causal bl ock
within the defined bl ock region, the block orientation that was stored in

the buffer abiesles0:BARs! f d5UubieURThfld] § Bkl skl ARRLORbIA ©

counter corresponding ‘to the stored orre on'rs rncremented in
step 1012. THse for emtoding the cyreotiisck of dyieradt $s detetrinedh| In theaiviptbmetshtinmithen t hi n t he

defi ned bl ock, regi b eval uated. The c ter that has.the nmaxi num
count is detv@&oﬂ@ﬁﬁ?ﬂﬁéﬁ&e‘?%&lﬁa% Py @%ﬁ?ﬂ@ﬁ%ﬁsﬁﬁgﬁgﬁﬁﬁﬂg& bl ock 16
Cct ober 2006fthtPredictignt ati on in step 1018. In step 1020, the prediction is

conpl eted and the adaptive nodel wused for encoding the current block of
interest is determned. In the inplenmentation, the value of PRED DIMis
set to 7 sas ImFIifb a0, tixrmehddded prédictiflgthe tirreaeluskphass prse 820 ¢h degbibabithe ty  of

the prediction...5 In FIG, 10 he t hod, for_ predictjng.the current block
phase in sté& E@W&@Pﬁ%&mﬁ?ﬁeg?ﬁm@ﬂﬁﬂ rsuatonahin alocal he  act

that the domgiariusgl e hlcurdntileckr inddiéstisiiRely v Habé NspiothQEiable) thaffiicAtn Causal to
the current block of interest is |ikely to have a snmooth (stable)
transition Plock phagcinfopnaticn Thaf pessiblc glabal regien oriegtatiens predliwgtrafpdin G §i on
orientati ong, ks ish! ¢ i I Siidoel B 0 ol | ocal

bl ock ri dgeﬁori enttgt e s@lgq,gylgﬁarcb%ﬁeﬁ cO{She;ﬁfaggﬂs,lé ﬁﬁ%ﬁ I\ﬂ(gi%used. The
st eps i n011 QUEUE-BIM ig used. | Theatephio HA1A record the fdvel tebawior of the cuigpat ddge of nt er est

by nmeans of . ' ' . e 0Q. the current j.ndex of. gueue is
first obt'afﬂn%ﬁgﬁﬁgmgggg%ﬁ}bg@ge% %'é’cglrog’stg? ﬂ%’i%@eﬁ °|fi g%mg’llf I on of

t he -pr evi ousbtihak KIhé tstep 11102i thsn redosds ihedddek tridgd disvetionf deqsarias blosk (tat i or to
the current.blo jnterest),intat curren eue position. The queue
ndex 1t it SloeRlnalPishieaisbt nf ot @ ncotaet Sk B Bteked Bk e AR 4 oue
i ndex exceegseut Rsitdoe UrhSi qieud hdad & théd Gloreridd@dOMRE 6n isRPEN0LS Haget to

zero in step 1108 to sipylate a cyclic gqueue. Wth this process, the |ocal

bl ock riYigecEmeried QUSHE Infex PRpReds e gpeye size osteprid DY, theomuevs adex iyReet &y ep 1112
. conputes thgee iPhiky {0880 simulate a cyclic quene. With this process, the local block ridge

directions can be recorded and analyzed later. The step 1112 computes the 2 out of 8
possible block directions that have the highest probabilities of occurrence using
information in the queue. In step 1114, the dominant global region orientation is estimated
20 by means of a fast table-Iookup using information of the top two block directions. TABLE
2 sammarizes the lookup results, with the first column and first row representing the block
~directions with the first and second most probabilities of occurrence, respectively. In step
1116, both the estimated dominant global region orientation, and the actual current block
orientation that was determined in step 808, are used to obtain the predicted block phase
25 . for the current block of interest. Another fast table-lookup is used, as summarized in
TABLE 3. The predicted block phase is then stored in step 1118, before the process ends
in step 1120, |
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Decoder

The decoder 80, wlﬁch operates in the converse manner of the encoder 30 of FIG. 6, is
30 described below. FIG. 11 is a block diagram of the image decoder apparatus 80 that
decodes and reconstructs an approximated version 1366 of the original image 200 (that is,



possi bl e block directions that have the highest probabilities of occurrence
using information in the queue. In step 1114, the dom nant g obal region
orientation is estimated 20 by neans of a fast table- Ioo%UBCH 7§00
informati on of the top two block directions. TABLE 2 summarizes the | ookup
results, with the first colum and fast row representing the bl ock
d|rect|ons with the first and second midt probabllltles of occurrence,

respectivel yg, |n§ ﬁhﬁ& Jeﬁ ,}gﬁ r&g&@.@s ngiomeﬁgl on
orientation, actual curré ﬁ* fn?é& orTentatlon t at ‘was det erni ned
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t he converse er of en 30.0 . 30 descr be bel o
FI G 11V|§ afgﬁ’o 'Eﬁ”&ﬁ& ql??ﬁti_ff@jaﬂé{égos@ hﬁ‘bpﬁ?ﬁ‘[ deeo\éves

and reconst rmima@ﬁ i# elobBdegell fof theipRiposeditdenfifidalion Mrrhdit AHIS; hme 200
(that is, 16 QOctober 200 14 't he Il’é&l{[ i mage to. the encoder 30) gi ven an

i nput conpr é¥Sethepegmants ehfhe bé |°H‘F‘§H°ndotﬂtth“ea?ﬁm°§i‘l and lixeetioRdr essed

bit stream gﬁ@mﬁoﬁgﬁm%ﬁgmu&ﬂmn ses a segnented stream Therefore,
t he decoder 80 can have the flexibility to choose and to decode only a

suitable subset of the input conpressed bit stream 260, and recover only

the pertinenh steﬁflgommelmrkuém@heaﬂ&as it 668! 5 retid¥d informafiGiesfathgbrphinta

particular API'S sol ution, exanple, the ridge__information is, usually

not needdd fesmprepsionotag Jale ﬂéﬁftoﬁélé'ﬂmbqfl‘@a'm@l%ﬁ Ag WH@WE@ of onl'y the
segments of éﬂﬁ@}g Glminla 9359 &@ﬁﬁ%&ﬁﬁﬂpﬁé%@l?%& Sdnf¥ tier

di rectional rmation of T mnutia is In step 1 0 the bit
st r eam headdnfoimatiph 1312 of €eaniege. (The peputilditeofi meany 1340 provides the dwwl nt i0

narber of * CORBPRASH ol Subed B R Shicfls s PRt Syoeks Brahfih 5
and sone ot rmnOGK)ﬂ)IMﬂa}efom pezeding ﬁnherlvﬁﬂ:%@énurdrbcodimgmeéﬁrmemﬂepmr 1316 of
eans 13950 eov\é(i)r eers grle ocafe& and all counters, queues, adaptive models, and buffers

are in.itiahzed. It is to be noted that, from the way the various portions of the compressed

bit stream are organized during the encoding process, information of GUIDING minutia

can only be recovered after restoring information of TRUE minutia.

The means 1332 recovers the information of all TRUE minutia by decoding the

20 appropriate portion of the compressed bit stream 260 using the adaptive entropy decoder
1322. The decoded data 1324 as well as the total number of TRUE minutia information
1318 will be the inputs to means 1332 for restoring the positional map with minutiae type
informatioh 1334, and the directional map 1336 of all TRUE minutia. Similarly, the
means 1338 will entropy decode the appropriate portion of the compressed bit stream, and

25  the data 1320 and 1326 will be the inputs to means 1338 for recovering the positional map
1340, and the directional map 1342 of all GUIDING minutia. It is prior knowledge to the
decoder that all GUIDING minutia are of type ENDING.

Using the positional information 1334 and 1340 of TRUE and GUIDING minutia,
respectively, as well as the partitioned image 1346 as inpuis to means 1348, the
30 - comresponding MINU BLOCK of the image are marked to produce the output 1350 for
future processing. The data 1334 and 1340 will be the inputs to means 1352 for recovering



to means 1344 for creating a null imge, which is then partitioned into

bl ocks of dinmension BLOCK DIM Before proceeding further wth %B entire
decodi ng process, nenories for 15 the working buffers arlééfftf’?ﬁf g@ and
all counters, queues, adaptive nodels, and buffers are initialized. It is
to be noted that, fromthe way the various portions of the conpressed bit
stream are organi zed during the encodi hsg process, information of GU DI NG

mnutia canpORinfheP®f bREP Bk Siredfidn8 of 'R PRUB Gr IGUIDING niigilia®f TRBUE m nuti a.
The means 1332 recovers the information of all TRUE minutia by dgi(t:odl ng the

20 appr opr i d@Fkieysd byirannpf enviep) despding shecrppropriate pastion ofothe GemprgssehBit adapt i ve

entropy dec q.%q thek oded data 1324 as well as the total nunber of
TRUE mi nuti;& I'n tg?omi it%enlnﬁl{g%' will be the inputs to neans 1332 for

restoring the positional map with mnutiae type information 1334, and the

di recti onal m%uﬂaﬁﬁﬁs@fof%éanﬁﬁkﬁ, il Bﬁﬁaﬁtal:ﬁ@iﬁPHeﬁ{s'Iﬁtls,taﬂg thd BPAGride 38 Wil |

entropy decode the appropriate portion of the conpressed bit siream and 25

t he dat a 51320trepydlecodadbdaid 1330 milltbia dhej inpatit o megnsi356 for semtipgall thedipgkri ng t he
posi ti onal < I & [ . . a I m nuti a.
It is pri or@ﬁ%#‘%@%@ @gb@%@&@%@{&%ﬁ%%g %L%%dglg@é of type
ENDI NG Usi mhidhhvensiatssoftinforndtion of the nxiuitio andl 68 decamtiuctdAtigest asTRelEasthel GUI DI NG
mnutia, r | V. , | as e ti.ti.oned, i j nputs to
means 1345, R otiad 1AL M wd tRerBChH ke A FRED S BriBrtod 1 o
produce t he pRidbdidl adBiboltOrendetihg l6Fth® HOEe $hb@g in debd ol BIG 13583k factrthd 340 wi | |
be the inputs to _neans 1352 for rec%eri %ﬁi%]gﬁsoigbﬁﬁ”& 2006 1$ the nunber
of bl ockl0 i disansd3peamngiss bt thesaegnsr Sk YOt GPGTaEe CORPRTRRLY o

~achi eved by 2pRaRshrsHoudy i1 QB2 MEEEE ROSGE . CUIOEANS béthEprB&Edet. 0 ThOfind he
conpressed bit " streamto obtain the input 1328. The output 1354 of neans

1352, the ouppoximatebersm ofdkersigivaldngemrint impge 280 jrthgprrecavared &5 Wby decoded

data 1330, wi i nputs to nmeans 1356 for generating all the bl ock
ridge di rec??%dn‘gggio&%}%g' fingerprint image (shown in detail in FIG 12). The
out put 1358, which consists of information of the mnutia and the

reCoNSt r uct g4l 'o4QGAs hé Sep¥Gh mefS 1886 of the decoder 80, Al the block ridge directions

15  are recovered by entropy decoding the appropriate portion of the compressed bit stream

260, The process of means 1356 starts with the first MINU_BLOCK in step 1500, and

continues until alf the block ridge directions are decoded before it ends at step 1540. In

step 1502, each of the fotal number of block ridge directions originating from the current

MINU_BLOCK. of interest (as determined by means 1352) is processed one at a time.

20  Upon completion, the process cycles back via 1538 to step 1500 to process the next
MINU_BLOCK, if any.

For each of the new block ridge directions identified in step 1502, the steps 1536 will
recover all the pertinent block ridge directions corresponding to one entire ridge by means

of decoding the block orientations and block phases representative of the block ridge

25  directions. In order to recover the current block ridge direction of interest, a prediction of
- the current block orientation is first made in step 1504, based on previously decoded

- blocks that are stored in a buffer while processing step 1528. In order to synchronize with

the encoder 30, the prediction in step 1504 must be an exact replica of step 804 (shown in
detail in FIG. 9) so that the adaptive model that is used in entropy decoding is the same as

30  that was used in entropy encoding the same RIDGE_BLOCK. It is to be noted that the
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data 1334, 1336, 1340, 1342, and 1350, will be the inputs to nmeans 1360 for
post - processing and snooth rendering of the ridges (sha inbd tail in
FIG 13). In fact, the lo neans 1364 conprises both the 1%%% 6{%@ and the
means 1360 that operate concurrently and synchronously via 1362 for each
RI DGE BLOCK that is being processed. The final approximated version of the
original fingerprint inmage 200 is t hent%r ecovered as the out put 1366 of
decoder 80. aéjd.aﬁm ofthk SurtdERIBIGEPBLOCK 58 Biftfesi kot Rhowd e dilqeader 80. Al l
the block ridge directions 15 are Tecovered by entropy decoding the

appr opr i at e dgseding; onlydie copréinatonefithepreyipup RIDGE BEIOGK apelgioWwthe process of neans
1356 starts with the first MNU BLOCK in step 1500, and continues until

all the block ridge directions are decoded before it e&gase at ,steﬁo 1540. In
step 1502, Uaiegthspredicied eduptive meel the degoden vall recpyer e blerk Hdgedierdiondiayi nat i ng
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bl ock ori enggptegdnt b&ntfdf_rds&odﬁ%dwﬂﬂepﬁab@ﬁngtﬁﬁ%mdaa_nmgmmémm decoded
bl ocks that are stored in a huffer ¥:/m|e _processlcpegr tep 15%3. In order to
synchr orP z ethivsten 1586 ill distt derode 3 eymboh B339 ugige deipd! 33%’@5‘”@8 K be an
exact 1 epl i &4 is $hid 18 Béndt SMITCH bit H24ep 1508, Ahefdotode@ byritel shidtastde adapt i ve

nodel that I's used I1n entropy decoding i e sane as 30 that was used in

entropy enceueniglack erientation il HOASE. Qherwise, if the deeododsymhobly a SRATCH MY 16
Gct ober 2004, d&?d%%%woﬁggﬁoﬁe%%ﬁﬁl gI _ lﬁ'ﬁﬁiﬁgﬂfe sith ﬁ%@{e I nterest
are not known a hi's ‘pornt o ecodi ng; “only e coofdi nates of the
previ ous Rl iG] BriCewadeeoded eymbol il beghd dueremtbleek ofienthtionl teifirst docoded , ¢ he
decoder i | slxymrbgf:(%a\é? s tlEe Iit) gv'ilpﬁgvzgé {nﬁy%éu%g toot]:oggqe the block phase of the

previous RIDGE_BLOCE, in which the block orientation has been recovered in step 1514,

Toggling the block phase means switching a POS block phase to NEG, and vice versa —

hence restoring the actual block phase of the previous R]DGE_-‘BLOCK*

The step 1516 stores the block ridge direction of the block prior to the previous
20 RIDGE_BLOCK in a cyclic queue for the processing in step 1518, which predicts the
block phase of the current block of interest. Similarly, in order for the decoder to
-synchronize with the encoder, the method of prediction is an exact replica of step 822, The
 detailed steps involved are similar to those shown in FIG. 10, except that the step 1102
should refer to recording the block ridge direction of the block prior to the previous

25 KIDGE BLOCK.

Tn step 1520, the actual block ridge direction of the previous RIDGE_BLOCK can be
uniquely determined from its block orientation and block phase using a simple table-
‘lookup for the conversion, as given in TABLE 1.  Step 1522 then stores the block ridge
direction of the prévious block for future nse when the decoder processes the next
36 RIDGE_BLOCK of interest. In step 1522, the block coordinates of the previous block are
also recorded. With the actual block ridge direction of the previous block, the actual



RIDGE BLOCK It is to be noted that, in order for the decoder to synchronize
with the 5 encoder, the RIDGE BLOCK of which the bl ock ridqe direction is
bei ng recovered has to be del ayed by one bl ock. In ot herl&grialer 28hen ¢ he
decoder is processing the current block of interest, the block ridge
direction of the previous block will be recovered; only the bl ock
orientation (but not the block ridge dprection) of the current bl ock of

interest i So&&ﬁ%&ﬁ@ém&ﬂ%@fcﬁssmcﬂ%frﬁmﬁt cﬂ?b‘@déoéiﬂxme&“ﬁi lst_ép pscessi ng
the current RIDGE BLOCK of inter@&st, 10 the step 1506 will first decode a
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SW TCH bi t , desefbed d86dE). wi | | decode anot her synbol in step 1510 using the
sane predicted adaptive nodel. This new decoded synbol will be the current

bl ock orientation. The first decoded 15 synbol (that is the SWTCH bit)
Wil 1 provi dBefore proeeading o decode gl vext REDGE STIOGK, the blopk wrientation of ity s

Rl DGE_BLOCK,.. | h.Chy - 055 el [ "F%E 86 leh St Ep
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and vi ce vepsdictionhémestep 186k oTliermodessethercehacks it lstop ASHhifdhe next bloek jsraevi ous
- RI DGE- BL 516 stores the blo kaer'%gﬁe | Sﬁel B of bl ock
pri or to%ﬁe@@‘g@%@m limr?&é t@- 1@%‘5{5@ e eﬁor e ocessi ng
In step 15‘%_&3_{:?&"&%3@@_&}6%8 m?emmmmnﬁmcymm%ummmm OL
interest. Si arly, in_order for the dJecoder to synchyonjze t he
encoder ,10t hésrRﬂ‘éP%%hW BTCQ&P%@FBWF@@%&“%% S?‘Bf)ﬂféa“g{gegf%ﬁwgz;{] The
~detail ed st @RanswaMio VY8t #1530, Thd pRécedsQydadack VA3 td 81502 anliecod¥cept  t hat

~the step 1102 should refer to recording the block ridge direction of the
bl ock pri or the Bext Fdgep Lbg vhele progess wppispmidalhthe blogk siggadireciogs repiegentgtiYe al bl ock

ri dge di reCBfaE%eq{de}ﬁ’tﬁy' Hr%ﬁ% ggﬁggﬁl’% can be uniquely determ ned

fromits block oriéntation a ase using a sinple table- |ookup for
the conversion, as given in TABLE 1. Step 1522 then stores the bl ock ridge

di rect | on Ofydt PR QD B iRl 1380 of il Wiebicr B SHG/Thd Hliofl £R0UBratly OCCSSES

the next 30 | Interest In step 1522, the bl ock coordinates of
t he pr e ousenpiusolly irsyocheinges widcioeate 1356)4 blpck tidge seament wibl hsaradered e

direction O-gtcpt 1%36 BF S%An8 ¥ 556 WIRG K net riBf‘ocE?‘i:l&ééa&irectiﬂn is decoded. However, it is to
. be noted that the block ridge segment being rendered is not necessarily the current block
which block ridge direction is being decoded; in fact, the rendered RIDGE_BLOCK is two
blocks preceding the current decoded RIDGE BLOCK. Denote the current and previous
20 decoded blocks as CURR and PREV, respectively, and the current rendered block as
PREV2. In particular, the steps in FIG. 13 will render one block ridge segment that begins
at 2 point in PREV2 and ends at another point in PREV,

The rendering process begins with step 1600, which ensures that the CURR and PREV
blocks (that is, the first and second blocks) on a new ridge of interest are not rendered
25 immediately. If the answer is YES at step 1600, the rendering process ends in step 1616.
Otherwise, the process continues in step 1602 to check if PREV2 is a MINU_BLOCK.
For each new ridge being rendered, the starting minutiae must produce an answer YES at
step 1602, In step 1604, the actual coordinates of the minutiae in MINU_BLOCK are
determined and recorded as the current reconstraction coordinates (a point in PREV2)
30  representative of the starting point of the block ridge segment being rendered. The step
1606 determines the target reconstruction coordinates (a point in PREV) representative of



16 October 2006 17 coordinates of the current R DGE BLOCK of interest can
be determned in step 1524. Both the coordi nates of the eV|o

current blocks will then be used when reconstructing aﬂé gﬁﬁg t he

bl ock ridge segnment in step 1526 (the details will be descrlbed in FIG
13). 5 Before proceeding to decode the pext RI DGE_BLOCK, the bl ock
orientation of the current block, whidh was found in step 1510 or 1512, is

stored in a thyéﬁcﬁﬁodmﬂelm&e%g@tcgmeﬁmm@%ml As $HeCiurrd Qdoonshiietionr 0cess
then checks in step 1530 if the next block is a M NU BLOCK that contains a
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rendered i s not necessarlly the current block which block ridge direction
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If the answer is NO at step 1602, the step 1612 checks if CURR is a MINU_BLOCK; if
the answer is YES, a terminating minutiae of the current ridge being rendered is reached.
The steps 1606 and 1610 then connect the current and target reconstruction points with a
linear line segment. The coordinates of the terminating minutiae in CURR are determined

20 in step 1604, and finally step 1610 renders the final block ridge segment of the current
tidge of interest before the process terminates at step 1616.

If the answer is NO at step 1612, the process is rendering a RIDGE_BLOCK in the middle
of the cument ridge of interest. To do so, the step 1606 first determines the target
reconstruction point in PREV, and then step 1610 connects the current reconstruction point
25  to the target reconstruction point using a linear line segment. Finally, step 1614 updates
the current reconstruction point as the target reconstruction point for rendering the next
RIDGE_BLOCK, before the process terminates at step 1616. '
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For each new ridge being rendered, the starting m nutiae nust produce an
answer YES at step 1602. In step 1604, the actual coordli ggte gh éhe
mnutiae in MND BLOCK are deternined and recorded as tReO¢aPseNP
reconstruction coordinates (a point in PREV2) 30 representative of the
starting point of the block ridge segnent being rendered. The step 1606
determnes the target reconstruction cddrdinates (a point in PREV)
representative of 16 Cctober 2006 18 the end point of the block ridge
segnent bein rendere?. As the current reconstruction point (for the first
bl ock of a retapizatipmot Sealable Crmpressed B StreaMut i ae point, the direction of
the bl ock ridge segnent is rendered along the direction of the mnutiae

(decoded as gither. . outpyt 1336 of nmeans 1332, or output 1342 of neans
1338) in steﬁgbigggﬂm?@}&@ rganzateon, of the  seprgengsd. qoppresssd it fteeg ot i dge

segnent, st gRnetfddbycad BR6dS 34_).%&3%@%%&@&%@1:&%@&% EJ; G818 e a?x?ng'eﬂt erest to
1S

the target reconstructi on point using a |inear |ine segnent. not ed
that hi gher -3598Rg tgtheg grdsnef gereration, arpdesraibedss fallows;. | second- order, or |
third-order curve fitting), or spline-based techniques can be enployed. In
step 1612, CURR is_checked if it is a MND BLOCK; if the answer is YES, a
10 termi Mating rdnempressest biy steeaay headerwhich sonsisizofdbe basiccinfmation ador di nat es
of the m nuti . ] j 1604, and the target reconstruction
point is then%ﬁﬁ@gﬁgﬁ%gmm&rﬁ?ﬁte p ff’nt using a linear |line segnent
in step 1610. G herwise, if the answer is NO at step 1612, the step 1614

updates the cyr rgmniyefi ksl b miRdidL Jﬂﬁziﬁ SHORR! ruction
poi nt at which the fleﬁ%grﬂgé(f lrﬁlﬁgge engg&g@%ﬁ%‘é. nngrgg%g?i ng ptocess for

the 15 current block ridge segnent term nates at step 1616. If the answer

is NO at step .1%5%%%%%@#%WND BLOCK; if the

answer is YES, a termnating mnutl ae ge being rendered
is reached. The steps 1606 and 1610 then connect the current and target

reconstruction e @fosmabtioh B fe obiBEYF bidR§: gggm s i [ 6%’?3 of the
termnating mnutiae 1n CURReélr egﬁet er r%ﬁ(r?llg%ee I'n sﬁ%%hwbgn inally

step 1610 renddés the final block ridge segment of the current ridge of

interest before the process ternmnates at step 1616.

¢ E: Compressed data of all block ridge directions representative of the directional
and positional information of all ridges of the fingexprint image.

The above organization of the bit stteam allows 2 basic levels of abstraction of the
compressed bit stream. Such abstractions can be performed either at the decoder end
15 during decoding, or at the encoder end during bit stream parsing and transmission.

The first level of abstraction decodes only segments A and B of the compressed bit stream.

This leve] of abstraction should enable the decoder to recover the positional, directional,

and minutiae type information of all TRUE minutia. Choosing the first level of abstraction

- also indirectly allows the decoder to scale for a lower level of computational complexity.

20 - As pointed out earlier, this set of fingerprint information is sufficient for unique
 identification or authentication of a particular individual by most AFIS solutions.

The second level of abstraction decodes all the segments A to E of the compressed bit

stream. This level of abstraction allows the decoder to recover the positional, directional,

and minutiae type information of all TRUE minutia, as well as to reconstruct all the ridpes
25  of a fingerprint. This set of complete information of a fingerprint provides a generic




If the answer is NO at step 1612, the process is rendering a RIDGE BLOCK in
the mddle of the current ridge of interest. To do so, 6Qﬁ %geg 06 first
determ nes the target reconstruction point in PREY, and PP 8% 1610
connects the current reconstruction point 25 to the target reconstruction
point using a linear line segnent Finally, step 1614 updates the current
reconstruction point as the target recdfstruction point for rendering the
next Rl DCE Bikdbtrk DL & 0dL % Oct ober
2006 19 Crganlzatlon of Scal abl e Cbnpresseﬁﬂélth%trean1$$§§mgﬂfgﬁI ustrates
the organi zaH¥wRmes efrpagicylrphtiSgoletmmpr essed bit streamthat is generated
by the encoder 30. The 5 main segnents (labeled Ato E), which are arranged
according to_their order of generation, are described as follows: 5 A

Conpr essed pr“§PW@5ﬁPW§§W§¢$WﬂﬁﬂdﬁﬂﬂéﬁQW@WQﬂ@#mﬁﬁﬁmﬁmwﬁevﬂmﬂaummwlon and
d??gc?:oolnglnaﬂmaygd m nut| ae ty%dg&’lt% n%(?{s'a@%#ﬁﬂ%%%%&uﬁ&ﬁﬁcb@%@hm
Posi ti onaf dAvention; aed plbmch todifications aowodf balobvidis oG skilleduini the art Be

I nf ormati on ;ob. {1 q@ﬁﬁﬁ? |rect|ons in each MNU BLOCK; 10
and E Cbnpresseg”%a ao g?ih% 3ﬁmﬂﬁd8g Wons representative of the

directional and positional information of all rldges of the fingerprint

i mge. The above organi.zation of the bit streamallows 2 basic |evels. of
abstraction of the conpressed bit stream Such abstractions can be
performed either at the decoder end 15 during decoding, or at the encoder
end during bit stream parsing and transmi ssion. The first |evel of
abstracti on decodes only segnents A and B of the compressed bit stream
This level of abstraction should enable the decoder to recover the
positional, directional, ‘and m nutiae type information of all TRUE

m nutia. Choosing the first |level of abstraction also indirectly allows
the decoder to scale for a | ower |evel of conputational conplexity. 20 As
poi nted out earlier, this set of fingerprint information is sufficient for
uni que -




identification or authentication of a particular individual by nost AFIS
solutions. The second | evel of abstraction decodes all t%e se&gn%hé Ato E
of the conpressed bit stream This | Yel of abstracti ont®aPF8 decoder
to recover the positional, directional; and mnutiae type information of
all TRUE mnutia, as well as to reconstruct all the ridges 25 of a
fingerprinty ;m%élaiﬁ%g- of conplete information of a fingerprint provides a
generi.c 16 er 06 20 franmework for the decoder to extract different
types and |kvel sAofcthddphptadysing agaitty efhexedpepicfdanting 4 Bopsipria it Bethdd a
particul ar - .ON... The invention being thus described, it will be
obvi ous tha@%ﬁﬁ%@ﬁ%@%’f be varied in many ways. Such variations are not
to be regarded awmrtiiodieptheterreofipixpininthe phyility of hovts;scope of the 5
i nvention, and S iflcati S uld be obvi ou 0 ane.skilled in
the at are int glri\é 3§ tgocmg%g :‘Tfr(\)%: u féegﬂ%. Pﬁhl\r,\&tcﬂ%alg ESpeBt wsthghefnai‘fnl?tng ng
cl ai ns. 16 tGpedifercatRogef ridzes aNar ending€ofridgesi: 1. A net hod of anal ysing an
array of pixels i fi rij) .1 he et ho 0 i sing the
steps of: parti tc{e@ﬁﬁ%éﬁ{‘&%ﬂﬁ;}%ﬁy&g@ ' pgxae'q'ssﬂuféﬁtagmétmﬁf ar &9 t(ir/m%‘? rchBEfeoc ks;
ident i fyi ngidgescformingbe bifgtatiohendidraalisctivhiot the endivgmidgegandi nutia, with the
mnutia being hif i idge .or.endings. of ridges; deriving,
for each bl ock (%%E%%C%%S%@age rgnltf%r[l?!ta?% |£r%g{1:r? tg?lrgm enégﬁe%?ng?ﬂ?zﬁofl%r ee
ri dges f or rdatagranh thelmaftitioniag iod thezamdy of pixeldiané direasionad fdath Henethdidegvedi dge; and
creating dQﬁr@&ioH:;%f\fﬁel;l QLR LeREgsenting the fingerprint based on
positional data fromthe partitioning of the array of pixels and
directional data fromthe derived directions of the blocks containing a
~minutia. 2.2 The Themsthad aesewting tp gloimol, dithensotprisingt her conprising:  encodi ng
t he descriptive information.
; encoding the descriptive information.

3. The method according to claims 1 or 2, wherein the blocks are sized so that only

one minutia resides inside a single block.

4, The method according to any one of the preceding claims, wherein the blocks
which contain a minutia comprise one or more boundary blocks, each boundary block
being located at one of the boundaries of the array of pixels, and the method further

comprises:
identifying one or more of the boundary blocks containing endings of ridges;

- deriving, for each boundary block containing an ending of a ridge, a direction of

the ending ridge; and

wherein the descriptive information further comprises information based on
positional data from the partitioning of the array of pixels and directional data from the

derived directions of the boundary blocks containing an ending of a ridge.

5. The method according to any one of the preceding claims, wherein the directions

comprise extension directions of the respective ridges.




3. The method according to clains 1 or 2, wherein the blocks are sized so
that only one mnutia resides inside a single block. 4. The ,neth

according to any one of the preceding fl ai ns, wherein tﬁg(gqt%t@éogé/j\hi ch
contain a mnutia conprise one or noré& boundary bl ocks, each boundary bl ock
being | ocated at one of the boundaries of the array of pixels, and the

met hod further conprises: identifying one or nore of the boundary bl ocks
cont ai ni ng endi ngs of ridges; deriving, for each boundary bl ock contai ning
‘an ending df a r¥hegecthad adeqrdig loomyome of e mediling clinky eheramdhableciei n t he
descri ptive,d f Quamt ign further conprises information based on positional
data fromthe partitioning of the array of pixels and directional data from
the derived di rideticged agfordingtopoy nutaefithdpreckmg chimsaivhémig aaize@fitieng of a
ridge. 5. t r.di : : r ecedi cl ai , wherein
t he di rectPgﬁgmpégﬁ%??gsg@ggtagﬁss%egr{&g?ﬁpglgtg f %%e§¥eg%t¥]ﬁréorﬁg1§g%5??%%§i dges. {
16 COct ober thodpscriptige igformitionnet hod according to any one of the preceding
clainms, wherein the blocks are all equal in size. 7. The nethod according
to any one of the preceding clains, wherein a size of the blocks is chosen
based on a%desi ridgmethod pespiding toinyone efihe swntdirg abrims furtbeecokiprigieg thei nt by

the descri pf LN i : i . any. one.of the

pr ecedi ng Efeg?éﬁg%ﬁ%t{%rﬂg%dn%ﬁ@#ﬁ&%?%?%%% nngcro%{\%fnﬁn& BrEEE®r i dge

di recti ons teohlodsyidee direptioes Ysingorpressotativorftaadireiting of ridizestit itte, respedtive bl ock
ridge diregid.t BSiddind SRIGEENt ative of a direction of ridges in the
respective blocks not containing a mnutia. 9. The nmethod according to
claim8, wherein the step of deriving the block ridge directions for the

- bl locks not gcont ghdhfRhod ablolitld B HRTRN LA&Sin the step of deriving the block ridge

-directions for the blocks not containing a minutia comprises:
tracing and mapping the ridges in the array of pixels; and

the descriptive information further comprises information based on the traced and

mapped ridges.

10. The method according to claim 9, wherein said step of tracing and mapping entails
tracing an untraced ridge from one ending of the untraced ridge to another ending of the

untraced ridge.

11. The method according to claims 9 or 10, wherein the information based on the traced

-+ and mapped ridges includes at least one of a ridge direction, orientation, and phase.




tracing and mapping the ridges in the array of pixels; and the descriptive
information further conprises information based on the tlracget-dt&aggo mapped
ridges. 10. The nmethod according to claim9, wherein saild LF &% raci ng
and mapping entails tracing an untraggd ridge fromone ending of the
untraced ridge to another ending of the wuntraced ridge. 11. The nethod
according to clains 9 or 10, wherein the information based on the traced
and mapped ridges includes at |east one of a ridge direction, orientation,
and phase. 16 Octhstresthod@o@rdipsto sy offd thegirdredingdaios dunigr tan@misingotee of t he
precedi ng Chgy difgcoddttsl HPEncG Ao bf thel dorip Bt e HFCRHL M AlgaGOded for m
of the descriptive information for reconstructing a represen?'é’tgl on of the
fi nger pri ntreprgsntatippeof et fingerpeiticor ding to claim 12, wherein the step of
decodi ng the encoded formof the descriptive information conprises
selecting an abstraction level relating to a desired |evel of resolution
in a reconsk uctThsrmehod: dseorfling ¢e elpini b2, whendh theaspdhf dacdding the edoeddded
abstractio cyerell ' [ ed form of
fhe  descri ot uane ARERREL Mol Ly ATkl b BB R i FRRBRER £ 07 0L 1
further corfistired; layel gémeschitipmdn a recostpictiens eff thsi fingerpeatmand prassient itheg t he
descri pti veej i i . Jhe 0 rding'to
claim 14, %helgg%? E@%ﬁﬁgéﬁg} tgg(goggl@ga?@?liegﬂmoﬁ Ed'?eheen-rape %I{)ggn%e:ai fg’eng%gﬁneencoded
hei ght and dgpcgiptivegnfoppasionr r ay of pi xel s.

14. The - method accordingr to claims 12 or 13, further comprising generating a

compressed bitstream representing the descriptive information in the encoded form.

15. The method according to claim 14, wherein the compressed bitstream further

comprises an encoded height and width of the array of pixels.




