LA B HE 58 948 BT glon Y &7}
2ol 9 547e] it Sz Aeth ot
AARAA o7 7S] AA A FFH EAE S ST 5 Utk FUJNY AFYelE EF
AFSE 20 ool FSatel o] 1) BT B ARYAIE Folo] HER AR
AFS] FHOFE ARE3HE sHEo|t) AJA|Q14] V& Azl A7 ] 2 AlEe] Sl wet
o] AMEEE AAA B2 dF, & 29 A, g2k 2 AFAE7 8 AR 94 s
ek &5, AT, A Fol A, BEA & (Resolution) & H|138}7| A, EFAZAF]
Yo &4, AW, AW AG SA Bl Atk § AWLE o] g3fo] Folo] AR A F
o] 7k AEQAlo] HY T 493k A I 2704 s00DPI) S EE AWEH P
S 7L Qo] AAAA A 22 HAEE I ZF A TG4 Y EAEE = ARY 4
A BEAL Utk ALY V)] 27)oll= A
AT Hge) B2 dlEeiAle1dol] it 310 (& 1) Pixel Distamce between Same Minutiae Pair
U 911812 ©]F Homeland Security #74oA] ltems |Senser Spec.| Experimental Results
B wide] dhde] Ha ]3”4 Tz DPI | AR. |Horizontal |Vertical| AR.
= #e] AR, A 9, e 4 Sl Digent | 500 | 1 | 506 | 511 |0.990
A A& o] &3t J«LFJ o}i glom, gkog FPC | 363 | N/A | 368 | 378 |0.937
088 999 A Aol Nitgen | 500 | 1 497 | 500 |0.994
A g3t Hol e AFYE7|2E F8 Secutronix| 480 | N/A | 464 | 417 | 1112
A Hhe A4 CCD A4, Thermal A4, TFT SIW | 500 | 0.65| 502 501 [1.001
AN, ERGA S0 2 5 F27) thoksin] £ ATMEL | 500 | 1 496 | 524 10.946
3l vra o 2 qAE} sl s A 2=A b UPEK | 508 | 1 524 502 [1.043
Aol EAL okt tizo) 78 13 18 2 Testech | 620 | 0.98 614 615 |0.998
= §A) A3 theksl TRl Al o] UnionComm| 460 | 0.78 446 439 |1.015
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#H WP A BE AF
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2 Agst] FE5T

i %l\ ;(] n} gaﬂ 11 A}k
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N
30

eN
|

Al @A FE5E A AELS o]
EA] o] 71 AEd Y AAMzE 23] o
ofdtr). 1Y 38 71E9 23
VR 78 43= 1871z 5810 o]
£ 7% A|ARLE Holal Qith AlA 9 A
TULHE 7]eo] Eo R Qs
uhE A1 Ve AMHEStaR) sk AlAE
uit}h A 0 g F-EEof atal AF Al LS
AAE o] &ellokshz AlekAlgo] MET gl
o]f] Aok A|F14A] AIAEIS] o] Eojd
G5 7iRIoLt Al AHlo] ThE F/] A 1Y
ANE 25 B Gafof 8l A4S W ¥ sk
o171F AEUE7|Z S8 A H oA A
Z4, vlojg] A S, daFHAU
SHolA nelEe] 4 5 ok dEFH o] Al
Hol| 4] 9] #3H= CBEFFU$} BioAPIZE ©]
§3to] AR OB S tHE A AE B o]
Ze)Alo)lAT e FEAdFS YA AEH o)A

O

il

_IIN'
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Secutronix

ZolH, tlo|y LA &
‘ﬁ% AR HlolEl e &
& @el=r ISO/IEC
JTC1SC37 54| 3] &] ol A Thekst AA14] o]
B SASSEFS At Jlon, AEs
ARZTFT X AL [S(International
Standard) A Z o|v] FAEFOZ FHH A}
Holc), ekuelEAel Solie) R o
7% AT 48717 AA s 54 S, S

E(Resolution), 94 =7 ](Image Size), ‘?JE—:U]

[s}

Z3)4](aspect Ratio), =(Distortion) 5& =
30] AP EAUELE 31 0|2
o] wAYE A7) A ANEDT o

18 EY el Y. o]F Y& §AHANF
(Ridge Counr) ¢} 22 &g]&S o] &35 W
2 A= 5

Ao A FEAY daelEE AL E7)vhc
A o] g 7)ol A5 AFGdol #HHst
Hoj glormz g W, thE A A&
7190 G2 A& Y-S vlashd daks AE
A A& 71 <= WA Hol ik oleis
oM AEAA & AtoluE 3ol M 7
AFY] TR ARSIl 87k ok vE
92 RN FES AHAPE ARk A

T AFOE AT 5 UL, A
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Ase

A

(a3 3) 7I1=Z X224 1= 7(8t9] ¢l
g

=

0%
oM

 AAQue BER
A deln 3
z A=Y 744, 7]
of gk,

oVIE AT X

/\_LZO &=
__-JJ_

= AAslel] &
UH E}

r (

Mloioli 'G]THI O]% -4 §_
 EEERECE X
£ 9% o1 A% AT £
317] YalA IA =B 71 7-(ILO: International
Labor Organization)o|X= 3¢ ¥2 £
2 & Agt o] 7|F A& A7) 384 Hot
£ AAlst e, NISTOlAE MINEX042h=

84 WS A% YIS FAT deke,
2hA], %iu-f] AL @A A 130E A

gz
AN 58 Ve #Hd B2E5 5%

.
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ASH RIZSE Alagl

b=

A RS S
SAxgy | FEERRE

cAlRIEeIE 1
PO

XIZ S ool
BB

ASH RN
jotEfuiols

X|2 £ tlole

EETHYY

I

LARIZ S

@ T zagmeE

LALR[ZHIA

< AR

(@ 4 0] 71E XBUH MAZIe| 4SS I

olA, 3 dloJH, T3 A|ARY I} &
H7F AR B el 2of skt do

=.
3}

Il. 2EH0|A HEDL

FEElE 2RE E85EA
et G A Bl BV g oo
°}€H°ﬂ"1 a7she QIE oA HFE

5o EA EE 7 . QIEH o)A 2
© Z ¥ CBEFF(Common Biometric Exchange
File Format) 2} BioAPI(Biometric Application
Programming Interface) 7} Q1.7 ©o]of| tjsl] 7k
©3] 2of sk

1. CBEFF(Common Biometric Exchange
File Format)

CBEFF= A4 7eg Adsl7] st
32=A o) 153}0}5}9 AL ﬁtxgs T Al

A o ZgAle1 a4



A 2H BER TY

Identifies the specific. detaiied formaf of the
succeeding biometric data:

~ May be standard or propretary

~ Published or unpublished

~ Raw, Intermediate, or Processed

~ For itication. o

~ One of more biometric types.
- i i

Format Owner ﬂ

Format Type

ion gr

Requiced
Hendes Feld

Receiving component (application of
technology) reads Farmat ID and
detenmines:

- Ability 10 intespret/process

— Decision 8s to where {o toute the data

(a8 5) CBEFF Data Components

DAEAE Aol o) gajeolets) w7}
H 3171 918ko] A€t CBEFFS] djo|E]
A& AHE od EQle] BAAPRE Eu
© HERUA, vHo] oA H=x], w3
Folg & AAY R Aol T2 AL o2
Ao Ho] Al AAFES 2 & ZiolH, of e
g S/gdo] THE Bl ] BARIA A28 Afole]
3 S8AE AN MR TE ALHAL
o]o] WA K2 WS 71531 g} CBEFF
© % 59lA B 2T Zo] A MEEoR
FA 5o} 9ltk. SBH(Standard Biometric
Header)¥= 3t] 80 2 d|o]E] 2] ¢} 5lof &,
BIA, BAFE] B, A I, AMeTbe
717 9 AEE g3 9lov, BSMB
(Biometric Specific Memory Block) HEo] Al
AR A FOlEE AR Qe FEO R /1B
B2 e 27) golH, S99 dlolH, 3
29 57 dlol®, v]A dlo|E7kx] thetet 3
Eie] elolBi7F 91A& 4= 3lt}. SB(Signature
Block)+= A1 (Signature)©] L} MAC(Message
Authentication Code) H|°|E]E 7IX|H o|& &
A 3t7] 918 AID(Algorithm Identifier
Information)& 2831 17 it}

AA wlolR Y BT &
CBEFF& E2]40 a3 17 63 o]

g & 4 9tk 19 69

o

or >

ol
Ol

30 oft

>~

i)

o
>
(4
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ek 3 A Q4] Bt A

Derives
From

Patron’s
Formats

Future Formar
N Detinition
H

T
Places - )/ H
Daia into | e {
! e ., 1
/. R
Client’s | « Foma: Owner Fuwe | Formas Owner
ompany A ] 3 ph
Data A T Package | Format Type
P Forezz Type BsMB) ’
Identified By

(33 6) Relationship Between CBEFF, CBEFF
Patron Formats and CBEFF Clients'”

s}
2

Cliencol] oJ3f g 2l€ WARE 2= BioAPI,
X9.849 722 CBEFF Patron< W=7 H 11
CBEFF+ Patron Formatg 8% § &= 3§
B2 gojglon o F A vlojele XE3}
NTE B3 ol EFE E QA 8
ato] AARAA A|AES 43 288 JFeEH

O B = =]
Z}o. - -Q]— ][
olor o

Z} Aol k2 dloje] Ao wat 4714] <]
Patron Format 0.2 723} 7] 93l Qch

Vendor, Working Group, Consortium

(1) Patron Format A

- CBEFF7} Parron©| X A4 0 2 AR &5 A
e 4 Q= 2R o] ke A AHo)

U 2SS AN Y07 S G4

(2) Patron Format B

- BioAPI Consortium®] Patron©] X BioAPI
ALE st 2oz Feo|AES} A7t
o] A5 A% 9 wEks Ak gdYow
h= 94

1]
=
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(3) Patron Format C

» ANSI Subcommitte X92} Working Group
F47} Patrono| ™ QFAZ} Q15 E WO 2

AAARE F1 WS F YEditE AL

W8 Aol 0 sh %4

(4) Patron Format D

- ISO/IEC SC17°} Patron®|¥ AB}E 7=
£ o] &she AAUA d9E M d9L
2 3H= 34, CBEFF V.19 §Iid U]
o V2olA AEA 718 Wl

2. BioAPI(Biometric Application
Programming Interface)

BioAPI= ThH-229] A4 7]
T BARJNY 7N=s AT

A AARCR g AHE L S
+ A AFY Y5284 (Interoper-
ability) & Fthat7] sto] AP AEH o]~
F2lolch. Tkt AlAsle] AEUES Algal
= AN A28 kel 2] APIS} SPIE H
EF dEHO|AE At o, e =4
EE AAE AMEHE AEUERS] A4S
245 Sl ARE 7 Utk AR A A E
TSI 2 7 QIE|F o] A ek} AP
A& X Y(BIR, Biometric Identification Record)
= Alsto] M2 OE FHY AN 7=
& (Integration) & 71t o 2H ojH g
] BARAA 7]zl A28 5 Sl AR
% BdE ANt AAJFE 7124
A5, A g Aok AS BHow
Ut o] 24 A Z2 73
oj&tAl FEFAI7 1L, frAgh YT

T

O
AA &

21-

API
— T

lvBia‘likP}’vI*Frame'\_Nofrk

[sp1 | " spr |
== -~
{ M
! Bgp BSP | BSP
; | oo
Sk N -y

(8 7) BioAPI API/SPI Model

o 7NAE Ad5] AAIRNY AlAEoY T A
ARJNAAAES 7S ¢ Q= 32 245
St Application Interface, A4 314)
27385, Device29] Access 259 X
73}, AYAVA Dara®] #E| 9 A% B AA,
M E O Fee) AR T)zolv e A
°] Deviceite] T8RS 53 A2 o]
AE& 7Fs3tA shlnh olgtell = BioAPIE
Server/Client 7-%2] AA] 14, GUIY| 23k
Application Ao}, #2124 Database’s-& 78
% TS TS AT AL ALY
o) 1R 7159 ARG FXIE ATH
7V AT

BioAPIY] F&+= 19 73} 7| Devicedl|A]
Application7}A] 8] AlS-TZZ o] FolA QL=
< “API Language™l| 9@l 2tz}e]
A A Q1A 71EE 7838k APl FrameworkE %
32l API Framework+ AJA|Q12) Au] A Al3-2}
(BSP, Biometric Service Provider) Z+2+2] SPI
o]

£

Application

(Service Provider Interface) Languages
Z} BSPO] 1538t 7153 Z+2Z}; Device 3
PFs e gk

O
=Y
=

o



{ 22 | N2 vHE Y 3N BES FY
1
< Capture h'd Process u'ﬂ-—-—- Match ——p
] ) ]
<+ : Capture -—-——-D:‘—-—-—- Process + Match ——p
1
- A Capture =1 *——Matth-—-—b
: ; (Proc:.»s is a NO-OP)
-= ©®
- - - = t
Biometric Service Provnddr . T
' 1 '
Verification : : :
User 1 H '
Interface ' i ! Verification
E S ! L Agorithm Resul
]
Enroliment H Input §}  Quality + Feature Process Construct _:_
| tUrSfer . Scanningf] Enhancement J | Extraction Sample BIR 1
nterface t

Identification
User
Interface

ldentification
l_ Algorithm

)

\4

!ntermedlate

]

lntermediate

#L(
, o
\V

Processed
BIR Set of
BIRs

(33 8) Possible Implementation Strategies®

BioAP19] W|-8-2- API Framework A} o th &t
74 2]9} BSPY Interfaced] thet A2 vz
81| BSP Interfacet= API Frameworkol| A 2}
z}e] AFo) gk BSPof| A 2317] % Interfaceoltq
7+ BSP7} 7HA e Qliz 7he ¥ T4 Dawa®
dolaigict. stAluk, AAlZ Z247te] BSPrt 01‘11
Applicationg A B 2814 S+ API
Definitions wWelok 3T} API Definitione 7|
2 O 2 Enroll, Verify, Identify} 722 A1
A MHIAE A% F5AR) 7155 Daad] X
A(BIR) ¥} Database?] #e] 5, AN Al
29 729 GUIE X¥sto] 7 -8 Fash
7].,_3} o= C zsl}‘ ul Datagé% ],\]Sl-oi;,q /\g
A4 AR mEehE ZAE AlFeti 9l
t}. BIR(Biometric Identification Record)& U}
A AAANA 719 Thekst Alx el ot A

AEE 40T U= AFTozH =5
(Caprure) | 4] X (Process), 7 gH(Match)7}A]
$U% A2E Fhsepl ik ol 2RRoR
G AAJDA 7€ BSPe] H3] el
Application ] 7N&-g 7155 St} BIRS) 7]
Al 2= a3 2.2M Headeroli= BIR
ApA ol tjgt A 27} Opaque Biometric Data®]
= 7h A9 FueEel GBI LS
28] AA| DataZ} 5917H4 Signature= A ElA
30 & Process®l| B R3 F B} o7 Hch
BioAPI9] 7@ BSP7} BioAPIS} T3S
oht 2 w2 kel g gitk J17 82 BSP
o3t & 714] & H2kS Wo| 1 QY Biometric
Service Providerg}1 Labellng BoxW-of+=
Verification®} Identification 2] ¥4 o] Hodx| 1
Atk Box &= BSP7F 8 753k Top
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(® 2) Finger image header record”

Field Size Valid values Notes
Length of finger data Abytes Includes header, and largest
block(bytes) image data block
Finger/palm position 1byte 0-15, 20-36 See Table 4 and 5
Count of views 1 1-256
View number 1 1-256
Finger/paim image quality| 1byte 1-100 BioAPI specification
Impression type 1byte Table 6
Horizontal line length 2byte Number of pixels per horizontal line
Vertical line length 2byte Number of horizontal lines
Reserved 1byte Byte set to ‘OX0Q
Finger/palm image data A3x10° Compressed or.

byte uncompressed image data

Level Interface®] ¥ 7]%5(Capture, Process,
Match) & EAISIITE BSP7F 7HA= 2 7163
A=l wet s BSP7}F 7HAA He AT EE
Bo3F 31 gtk AAZ BioAPI Consortium o)A
M=ol ol & F7]1 48l Reference
Implementations 23319 © 1] o]+ BioAPI
) *EJ/\]-O]E(http://www.bioapi.org)°ﬂ/\1 o}
e ok

L
RN

. XI24I01 EFE%W H =2}

o] 7% A 24) E%VIE%E% 954 A2

A& o] 88t 71l I5E AT iR S A3
A7) A= ”1%1 Hlole g teke u}
2 HEYE At AEoENH HR
£ deus 2F ol REF WF HRE
estetobaet. 22i7] fsiMe A AER
deE gFdlole el tig olaizt A=
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3L 2
S
]

ofopsitt. Al E3t g dlolEElRl e g
= AT 94 (Image), 5% A A (Minutiae), T
¥}4(Spectral), =7 (Skeletal)ol] tf gt djo ]E1
Elglo] 91 01 o}= ISO/IEC JTC1 SC37 %
3} gl ojollM gdata o, Wt 5 7‘”‘*"“
i gk o] E] g AdEioln] Fukre}
27 gt dlo]E 2 A AyFl Stk
a9, ofelAd 1L Zzel of dlojet &
ol thet A% 2R toli 7] 2

3o,

=z O
x5

= ""7-
Sl AFT

ERE=90 ¢
b EEE

1. Image Data Format

qB7|2HE 5T A%
dloletzmio s JH3t 33
= 9] 2 Scan Resolution
AHEEE G 49719 @

Resolution2 %3Atofl A 2

FeHolEE BF
o o714 32
A% ar 25
w3k, 1 Image

A ol EA

5

& 7

L4

CTE o
=1

27

FPN



(¥ 3) Finger position code and maximum size"”

Finger position Finger | Max image area Width Length

code (mm?) (mm) (in) (mm) (in)

Unknown O 1745 40.6 1.6 38.1 1.5
Right thumb 1 1745 40.6 1.6 381 1.5
Right index finger 2 1640 40.6 1.6 38.1 1.5
Right middle finger 3 1640 40.6 1.6 38.1 1.5
Right ring finger 4 1640 40.6 1.6 38.1 1.5
Right little finger 5 1640 40.6 1.6 38.1 1.5

Left thumb 6 1745 40.6 1.6 38.1 1.5
Left index finger 7 1640 40.6 1.6 381 1.5
Left middle finger - 8 1640 40.6 1.6 38.1 15
Left ring finger 9 1640 40.6 1.6 38.1 1.5
Left little finger 10 1640 40.6 1.6 38.1 1.5
Plain right thumb 11 2400 254 1.0 50.8 2.0
Plain left thumb 12 2400 254 1.0 50.8 2.0
Plain right four fingers 13 6800 81.3 3.2 50.8 2.0
Plain left four fingers 14 6800 81.3 3.2 50.8 20
Plain thumb(2) 15 4800 50.8 2.0 50.8 2.0

she BAsE B 959 olnAg A%
o= AHs A3 9 ‘% @it} o2 s
B Qg7 E ol g3t FE g W Fae 9
Zo| M QEEOR izﬂﬁ} A4 HelA ol 2
A} 4HL HASYDOR 5P LEHS
2 452 x-HEI} TVl ol R AE
J-AEI 2 B4 BEA 8T 2h0R
T Pixel Aspect Ratio”7} Verticalol tf st
Horizontal &) B]E 1%%|9hg wZsjjof 3}
Fingerprint Image Location?] 73-% FoHCore)
b el 7Hee 845 AAAEO] FoHAE

= 9y H54) mobh A Sedz R
25%E ol =S YEsolobict. 85

ﬂll

24-

@ Qe A%, 712, 14, Gzl 7500}
&t 94+9] Gray Level 2] Dynamic Ranget &
Fiope] e AUEE fAsHoIo} el

7 E o] gato] 5T G2 H2olA B
= @7= o2 AAHT Length of Finger
Data Block& &7} al|@al= &t & GAtd)
olekE Bt AolE AL e BER 4l
o) E7} &=t} Finger Position # 538 G744
o &rket 1S EaaP) 9 Bulel=e
3 AHB sl S71ee) Al Tl B9l
Atk

Loag
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(38 9 Tyl BB

2. Minutiae Data Format

SEMERREEEL RN B ETEYS

@ Minutiae Type

T 74 Z gl 2 Y1 Ridge Ending
7} Ridge Bifurcationo] Z170]th. 5472 €
%J¢] Ending A BifurcationQ1 A T &HslA] o
< | 213 & Other Typeol2tal 4 & $itt.

@ Minutiae Location

+ Coordinate System (1% 9)
HENEE A dFeE Itk 8%
o2 x FALEIet, 9% 02 y REv}
Zokc,

- Minutiae Placement on a Ridge Ending
(Z1% 10)
49 S o] e A ogitt

- Minutiae Placement on a Ridge

-25-

(13 11) Ridge Bifurcation &t} 9Jx|"

0!

(a2 12) Ridge Skeleton Endpointe]

=

2t zp



LOOP
CORE & DELTA

WHORL
CORE & DELTAS

(2& 13) Core2t Delta2l of!

Bifurcation (713 11)

A 713 5429 Al S GrdelA 271
SR A WS 41 #7102 J et

- Minutiae Placement on a Ridge Skeleton
Endpoint (1% 12)

A A DL FAlo] Tk AA
o7 Fodtt.

- Minutiae Placement on Other Minutiae
Types

Other Type®] 5770l thet WEHIE &
T AHVendor) 7} €oba A g},

3 Minutiae Direction

- Angle Convention

EX4 A5e 34 WS VEow Ht
AA R RS F48 3605E
2565238 1.406259) Granularity & 7T
- Minutiae Direction of a Ridge Bifurcation
(2% 11)

(Encoded as Ridge Skeleton Bifurcation
Point)

Ridge Bifurcation®] o|z}-& o|F+ F
Ridge?] BHHZ: Ridge7} 3A] W} o] F
+ Tangent FEj Q] 2t o ot

- Minutiae Direction of a Ridge Ending (719 12)

26-

24 bytes FMR Header (24 bytes) ]

| 4bytes Finger View Header (4 bytes) |
[Minutiae Data — Extended Data Len@
[Extended Data Header -—AExtendec} Data}

4 bytes Finger View Header (4 bytes) —J
[Minutiae Data — Extended Data Length]
[Extended Data Header — Extended Data}

(1% 14) FMR Data Format

(Encoded as Valley Skeleton Bifurcation
Point)

Valley Bifurcation? 4Z}& °o|F& F
Valley®] 8% Valley7} 3A] W83} o] %
+ Tangent JH| S| Zt 0 2 Aol T}

- Minutiae Direction of a Ridge Skeleton

EndPoint (713 12)

Ridge Ending®] 3] W&o 342} o] F
+= W3Fo] Tangent JES] 707 A2y
™, o] & Card Format S 27F AR5 7
Ridge Endingﬂ} Ridge Bifurcation<
Record Formatol| A AREEI T}

- Core and Delta Placement and Direction

(2¥ 13)

Core9} Deltat= A 3&llA 419 tiide] 5
£ Aot} o] 52 & Al 07] = 14
0}A}2] Core®} Delta PointE 7FAt Core
9} Delta 2] 334 93] of] tha) g2l st
— Core?] A= AF9] §4 FollA v
SIF Vg 2 HEE gl Aot
73 7719) Ridgee] 299 91712 F o}
1, W3 Q53 Ridged ddWFTFoR
CEE]

~ Deluadl A= 3] Ridgert F7A9)
Ridge = WAFH7] A kshe A9l B2
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(¥ 4) Minutiae Record Format®

@ Minutiae Record Format

E37 dlolH= 7] tole 9 &4 ol

Xl T 3 yUoR R@HETL
o thet 0 A9} mAE Aojshe
Aol FER R LA A= Bl
= it Az =l 42 o] g3t Sy
7} 24vo] Eo] 11 7} &7}etol] tf ¥ Single Finger
Record Header 4901 E 2} grfo|E Q] 11 Zlo]
547 deleis) shtoldel 34 dlelEe

3T =&
X
AL o=

j o)
25

-27-

Field Size Valid Value Notes
Format Indentifier 4 bytes |0x464d5200(F ™M R 0x0)| “‘FMR” — finger minutiae record
Version fo this Standard| 4 bytes nnnO0x0 XX
Length of total record in bytes| 4 bytes 24-4294967295 Either 0x0018 to OxOOOFFFFFFFF
Capture Equipment Certification| 4 bits Compliance with fingerprint Image Quality
Capture Equipment 1D 12 bits Vendor specified
Image Size in X 2 bytes In pixels
Image Size in Y 2 bytes in pixels
X {horizontal) Resolution | 2 bytes In pixels per cm
Y (vertical) Resolution 2 bytes In pixels per cm
Number of Finger Views| 1 bytes 0-255
Reserved byte 1 bytes 00 0 for this version of the standard
Finger Position 1 bytes 0-10 Refer to ANSI/NIST standard
View Number 4 bits 0-15
Impression Type 4 bits 0-3 or8
Finger Quality 1 bytes 0-100 0-100 g
Number fo Minutiae 1 bytes
X (Minutiae type in upper 2 bits) | 2 bytes Expressed in image pixels ’
Y (Minutiae type in upper 2 bits) | 2 bytes Expressed in image pixels
] 1 bytes Resolution is 140625 degrees
| Quality 1 bytes 1 to 100 (0 indicate “quality not reported”)
Extended Data Block Length} 2 bytes 0x0000 = no prvate area
Feow Aolaly 4 ekt Ridgedl 0% THARHIH 13,
Delta®5E vpg&£ 07 sl= Wko g Format Identifie B =0 A& EAA H|o]¥
] TangentZt O & 3 9] €t THE “FMRO” o]gtx 2 &1 0= NULL

String Z32 o|th Version Numbero|&= &4
A ZRE TSkt AREE 2E3 HAS 7
2317] 3t 4o g 4uto|ErL ST 3up
o|E9] o}27| 3t ghule] ES] NULL AEH
o7 HEEd, A 9 FHA o] E F
MRS 3 Hol B AUHAS Lhehltt,
Length of Record )] gl FE2] Aol& 7| &3}
< 489t0| EZ 83}, Caprure Equipment
Certifications, ©} =X 4H|EE 0]F o] AH

ARG A5 29 08 A 74



28 | XNRQ vH A%t 2N EEY FY
A% o] AAE AFshk AN BE @ EAF dloJel g} AHAF 12 3 glolE]
7} 10]9 )5 FBIY FAFAEAL) A5t = HelA A¥e 2R SIF(Standard
= 7o)t} Caprure Device IDOE ZF 4} Interchange Formar) B1&3-& A48t o|7]%

(Vendor)7} Al 83 AEFHYE 719 IDE
23t} Size of Scanned Image in X Direction®]|
= X & vheko] oJAko] Alo]Z Size of Scanned
Image in Y Direction®= Y 3 #ake] gAt9
Ato] =, X (Horizontal) Resolutionol]:= AlE]n]
A A T2 X 5 W3 S EE mlo|E
2 %33to] A3 Y(Vertical) Resolutionoﬂ
v MEuAT A F2 Y5 30 s
Hiol|EE #3838l A Aert. Number of
Fingersoll = £ #3258 AT o ALE-=
SRR o] 52 eI 4

7} &71eke) dioJE & Bdss A4S Finger
Header 2 A &% ojo}slit).
Record®l] 234 &71-2 24749 §vE 74
of ¥} Finger Headerts ¥ 4810)| EZ FA 5]
=1 Finger Position(14}¢] E), View Number(4

5, Finger Minutiae

B E ), Impression Type(4H] E), Finger
Quality(18}[9] E), Number of Minutiae(18}0]
E)7t 27lo]tt.

Fxtended Data Block LengthE YERY7] £
gtof 2ujo] E7} ARRE o] B =2 gho] ool
i wlojg & S o, 18] = 73
o 5 ) 5 dolEt E4RE et
A 9% HPIE EAS 2 2 olol
2jo]E8] BEE o] $3to] B3 dlo]l9) 3
2 T Hed, 2olE 27} 03 34
2 HolEl7} flom, 3 oI} ool Fel
a2 = nfo] Eof what Ridge, Core, Zonal
Qualicy ) o8l eIl Aist, A
uto] E7} 0x01014 OxFF 3t 714 %3 Vendor
Defined 23 Hlolg 999& tiepdith. &

CRa ==

228-

QJ27)709] 9] o] § 2k
3. Spectral Data Format
Y829 Y52 AL Dgdolets] F3

4= A E-(Spectral Component)%-z;‘—%ﬁl-@‘l s
dolelxmio g &3} 313t Spectral Data

Formar’343S YalA A AdAY 34 A

A H+=d AHAZ Reduction in Resolution

Holt}. o] A& AF FFoEHE FQosh

2] Down Sampled G442 Zehdith, 3
A Z Cellular PartitioningZHg Q1 ¢l AHA] 274
oAl QoI Pacternol] o] QA 27|15 2

x offset
o)
y offset € R Sample

i Cell

e S \ Finger
@ ) Pattem
NS
Q.

pixels

(a) Finger Pattern®| Cellular Partitioning®

Sample

Cell \
Y

/

pixels

4

{b) Spectral Components

/

e

X

pixels 8

{22! 15) Spectral Data Sample®
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= AT 78 it ojn) 1 159 ()9} ol 2
2179} Patern®] 3717} Al 2 b Hojx|
A & o oA Atk AlHA 2L
Spectral Component Selection@Ao|t). &, Z+
Aetete) Spectral ComponentE Zrohuj 37
o]} 34t} Spectral Informations 8+ W
2 48 7tA17F . & 59 Fourier
Transform, Gabor Filter'S ¥} o} 13 159 (b)
A dgaty e 7l HeE Spectral
Triplets O 2H-E| -8 & Qlrhe,

o T
= =ET

4. Skeletal Data Format
253 A7 JAdolEFE AA
1S Aol AHER 7

o2 Jgsl sk
3317) Slei 54 E 4

A E2 <l Ridge

UH7|ZHH 2
stata AAdstE 2R
E3fste] BEo|elEy
Aske gAe A3
Az Aelw N2y 5
Ending, Ridge Bifurcation, ©]$]o)| Skeleton
Encoding $13h4 S8 oh 419
Eo|A Encodings AlZajofqt & wf o] &
Virtual Minutiae@t 1 3}, Continuation
Minutiaes -4 0] ﬁﬂa g gy u olE
Encoding®}?| $l3lM= SAHE AAs) F=
b 9527 b l‘f——‘?’—g 574
31 ©]Z Continuation Minutiae@} 1 74 23t}

AdshE el e 2 Bl Offser 3
oA Starting Directiond wehA] d =3 t]of
A9 == Polygonal Element?] A8l Zoje
a4 7} A9 o] 8-3HHA] Encoding BT
o]m Minutiae= Minutiae Type, Minutiae
59 %
% 5]+ Polygonal Elementi= 2

AVt A ¢1 Direction

o= At

Direction, X Coordinate, Y Coordinate
< 79 4
Polygonal Element] tf3t

-29.

ridge skeleton

ay,: starting direction 6 (ridge end direction)
. 1% direction change 0
a,: 2™ direction change - 3

a,,: starting direction 3 {valley end direction)
a,: 1* direction change + 3
¢y: 2™ direction change -3

(a3 17) Encoding the Skeleton Ridge
Bifurcation®

Hglo] o34 ¥t} Direction Changet
90 oA +90%= Afo]ellA] W3}, S <] Bit
depth HZo] &J3)A] Direction Change®l Step
Size7} AKL), oAl & 5 Bit depth7} 40|4
2=16FAE £90 a7l fsM =
Signed IntegerJ E| = EdE oo} 527 7-7A}
0]¢] k2.2 Encoding Ht}. 4H|EE AMS- & 73
9-9] End Markere= 100022 AFE3IT) &, 12
Al e 3748 I EE 022 A5 3
glojct. o]# 3t Direction Change & Zgele) &
o] & uj 7}A] vHE 4888} Direction Code?)
Eold 100022 A2t} o]u Line EndE 9A]
Minutiae TypeZell 3P Zoltie,

1% 16& Minutiae Ending®] 7934
B3 Itk Minutiae Ending®] 7] %3ko]
a,, =6 o], o] %22 Element®] o] Bt

TE I
._142_5‘1"_
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9 218 AgeA A& Minutiae2] 33k}
O 2% Direction Change7} $1.0.H, t}2¢]
Al Element Z o] ¥H& o} 21 wf w139
Direction ¥3}7} A1t} o]= 7Z}o] W3alz
& o 29 wako 2 3 ko] Wals} A7l Fo)
t}. 7% 17 Minutiae Bifurcatin® Z-$-2 A
etz Sl oA FUE PO A
Hr} Bifurcation®] 7 Starting Direction 2}
A+ Element?] W3] 4 th2A A|2E A
ol, TU AH oA Tl dFF S AH
of & Zlo|t}.
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1. Standard Interoperability Evaluation

Vendor7F 2§

o — T Aa-
t dnIFE T Aad B dueEs
glo] 7F58lEE 8] et bdolA] AFE

sk, o)} o)
SIFI(Standard Interchange Format Instance)&
o]%ﬁ‘ﬂ_o— LLH 0]—’73]_% ul }\]/KEH7]-31 iﬁ]_}\—] /H

# B2} 9k ofel & A2

LeEe Bk A g sC37¢]
nglew PR A 7R
Atk HWA 384 HIME fEiME
= olsfjg ot ik
T 18914 Hsukel o] 5ol ARE-¥l SIFI

Generator®)] &3] A4E Enrollment Source}
AREALE) Q] of] AF2-5 SIFI Generator®l] 23|
A E User Source”} Yot 7148 wf 2}
Vendor®] Matcher(Verifier) & ©}-2-3F tj3 2] A
58 RATORA S WAESY 859

t}. 384 Frtol AFEEHE Bl Measure:

HolE] 58 Exg WEsjolo}

B
RN

pr
R

L]’“ﬂa“l‘

Interoperability Arrary&

-30-

o
! 9
Enroliment| 2 A
Source 8
3 Verifier
\Vf 7

3
User Source

(33 18) General Interoperability Array

9

P

v
e
Verifier

{218 19) Homogeneous Generator Application
Space™

Enroliment | ,
Source

3,

s

1 2

[ NI S

User Source

FVC(Fingerprint Verificatiion Competition)©]|
A AFEBHE Measure® THHE AR 5= glo
H A v 67 iﬂ"é B2V A% 37t
& 5 & (Matrics) S 33t Q).
Homogenous Interoperability, Proprietary
Performance, SIF Performance, Absolute
Interoperability, Relative Interoperability,
Sufficiency, Heterogeneous Interoperability 7}
Aol Homogenous Interoperability:= &}
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Vendor 1 Vendor 2 Vendor 3 Vendor 1 Vendor 2 Vendor 3
Items propiietary | proprietary | proprietary Items SIF SIF SIF
matcher matcher matcher matcher matcher matcher
Vendor 1 Vendor 1
proprietary B, NA NA SIF e(Fy.F,) | ¢(Fy Fyp) | ¢(Fs.Fx)
generator generator
Vendor 2 Vendor 2
proprietary NA By Na SIF (P Fy) | o(FpFp) | o(Fy.Fy)
generator generator
Vendor 3 Vendor 3
proprietary NA NA By SIF (P Ry | o(FpFy) | e(FipF)
generator generator

(3 20) Proprietary Performance Matrix (PPM)*

(3% 22) Relative Interoperability Matrix'

Vendor 1 Vendor 2 Vendor 3
Items SIF SIF SIF
matcher matcher matcher
Vendor 1
SIF Fy £y Py
generator
Vendor 2
SIF F, 21 F, 22 F, 23
generator
Vendor 3
SIF F Fy Fy
generator

(a3 21) Absolute Interoperability Matrix™

2] Matcher(Verifier) & ©]-23}9] Enrollment
Source$} User Source”} &% Vendorel| t|a}o]
e BAlske 2ol 118 19904 A vy
2} @47} Z1730]t). Proprietary Performance
£ Es A% NER £5U SIFE ARGk
A okl 1% 9 719 280 298 12

o] &3k 914 A5& W 18 20014 K vt

9} 7o) 7} Vendor A2l Enrollment €} User
Source®] thaA Tt HIAET} 7153ttt o] B]
&) SIF Performance™= 18 210} 8= wle} 7o]
33 25 x99l SIFE o] &3 5S 2ahy
2 VendorAlo] 9] A& HAE sho 712+
Matrix 842 A&} 19 222 Absolute

Interoperability & YR 574 Vendor i7}

-31-

Vendor 1 Vendor 2 Vendor 3
Ttems SIF SIF SIF
__matcher matcher matcher ]
Vendor 1 || Ovenall ]Sumdency
SIF (BB | o(Fy By) | Bz Fy)
generator
Vendor 2
SIF (P Ry | ofFp.Py) | «(Fy By)
generator
Vendor 3
SIF Py Ry) | o(Fp Py § o(F.Py)
generator
Smgle Vendor Sufficien
(& 23) Sufficiency Matrix®
Vendor 1 Vendor 4 Vendor 5
Matcher k& SIF SIF SIF
matcher matcher matcher
Vendor 1
SIF B Fr Fise
generator
Vendor 2
SIF Foe P Fogi
generator
Vendor 3
SIF Fyye Fage Fis
generator

(23 24) Heterogeneous Interoperability Matrix®

9= SIFEZ3-S T} Vendor £2] MatcherE
ol -g-3ted e 55 Tapd, 1¢ 230014 v
EFLf= Relative Interoperabilityi= Absolute

Interoperability® MatcherZ A F 3 £9]
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(¥ 5) Enhanced Test : Dual Finger FRR at 1% FAR for All Visits

A B c E F G
Al 35% 52.3% 10.4% 6.8% —1.1% 6.3%

B| 22% 74% . 5.9% ~0.5% 1.8% -09% | B
c 0.0% 96.1% -1.4% 0.2% 0.2% 3
E 4.6% 96.3% 3.8% 29 25% | =
F 57% 74.7% 6.9% 2% &
G 1.7% 92.7% 38.7%

Verity Product

GeneratorZ ©]-4-3} A% FE Normalization 2|
7 F 72 AL Generatoroll &3] HE]
21 SIFIol o3l ZbAL2] Matcher2 w33t A5
thy] EAS) Generatordl 23l THE50]2 SIFIC]
thste] AFAFS] MatcherE ©]-8-3 A5 Hl
o) sic}, Sufficiency+ Vendor?] 158+
o] 43t A5 dy] SIFIE ©] g3 459 vl&
&l o] 5 Fal SIFIZ ol &R 5w
£ ¢ 7 ok AT eE T8 240 e
Heterogeneous Interoperability S YER 3L 3L
+=H)] Enrolled SIFI, User SIFL, Matcher7} =5

TS 1 Interoperability & T3t}

ofr
il

P 02 me 1o

Ot
<l
>2

-

V. "I
1. ILO Seafarer’s Test

A =F7] 7<% ILO(International Labour
Organization) ol A= a4 E{158EE
3t 339 H71E $38) Convention No. 185
£ AAst 333 H7HE AAIBEAL, 2004
o= Finger Minutiae based Biometric Profile
AA sk, SC37 73} 7179l Finger Minutiae
Data®ll th3h ¢S Al ILOY 58

-32-

A 7= Conformance, Performance, 12|11
Interoperability 3 F--of A st 119
3] Aol diste] AET 0B £9) AA| &
7VeE S50 30 A L2 F7HE st
ok A GRS Y] 55 HAES gt
B3} £9) HASS 98 $ROR HAE )
7H5<t & 319 W2 33l Conformance

3]
Testt BioAPIS] HEAS WE3H=A] HAE

t

¥2

=2 st Interoperabilityﬂ- 1719] Performance
£ ek B 5t 394 B7le) 4% g
HolEa 9t

2. MINEX04

Mintiae Interoperability Exchange Test 2004
(MINEX04)E THE AFA A2F AfolofA
A Eof thst A B Z Minutiae DataZ o]-£31 Al
G sy AR Aw 5oty
MINEX04°] 157]¢] 7|3o] T55H 284
HAES w3 grke, 7k Alpe 2749 A9
FAE Agalel AdaE § 7 S A
= MINEXA A3}k API Speciﬁcation%
dhalofopte,
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o] el A AERUA 2] S ghe] QlojA s F ol
& FARF Fg3ford oI 7kA] BEQ o
afo] AmE1 B3k S 3] Hrh i W HAE
Abellol ohal A gtoh A2l e] 33k 9l
A A7 sojof & FA| == Tkt A1 R AAM 2
Fe] dhlshE AATE Aol A, 34|

=, @ 2710l olHF FAE ddT 5
AA ZH5 A Ex g 2 SIFI dlolet®

TEohs % 2 WHEREFY o]

<

rr old mo i
ol

BioAPIS} CBEFFQ} 2 OJEMlOI*

[€]
A 9 3} *ﬂ*ﬂﬂﬂ"ﬂ Wi =

[1} htep://www.itl.nist.gov/div895/isis/bc/ cheff/
CBEFF%20Data%20Elements.htm

[2] hrtp:/ fwww.bioapLorg/

[3] ISO/IEC JTC 1/SC 37 N945, Text of FDIS 19794
2, Biometric Data Interchange Formats Part 2: Finger
Minutiae Data.

[4] Text of CD 19795 4, Biometric Performance Tsting
and Reporting Part 4: Performance and
Interoperability Testing of Interchange Formats.

(5} hup:/fwww.ilo.org

{6} hep://fingerprint.nist.gov/minex04/

{71 ISO/IEC JTC 1/SC 37 N341, Text of CD 19794 4,
Biometric Data Interchange Formats Part 4: Finger

| B o A2 288 95

Image Data.

[8] ISO/IEC JTC 1/SC 37 N947, Text of 2nd FCD
19794 3, Biometric Data Interchange Formats Part 3:
Finger Pattern Spectral Data.

[9] ISO/IEC JTC 1/8C 37 N962, Text of CD 19794 8,
Biometric Data Interchange Formats Part 8: Finger
Partern Skeletal Data.
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