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ABSTRACT

The purpose of this paper is the development of a compensation algorithm by which the interoperability of fingerprint
recognition can be improved among various different fingerprint sensor. In order to compensate for the different
characteristics of fingerprint sensor, an initial evaluation of the sensors using both the ink-stamped method and the
flat artificial finger pattern method was undertaken. This paper proposes Common resolution method and Relative
resolution method for compensating different resolution of fingerprint images captured by disparate sensors. Both methods
can be applied to image-level and minutia-level. In order to compensate the direction of minutiae in minutia-level,
Unit vector method is proposed. The EER of the proposed method was improved by average 64.8% better than before
compensation. This paper will make a significant contribution to interoperability in the system integration using different

SENSOrs.

Keywords : Fingerprint Recognition, Finger Minutiae Data Format, Interoperability, Sensor Assessment, Compensation

Aed: 20079 59 29%; AHAY: 20073 89 64

* B d7e ARAHzRr|ed T Ade d7ER=2 Y3 EUch
+ 322}, jhjang@vision.inha.ac.kr

¥ @AIA A}, hikim@inha.ac.kr



40 o]7]1% WM 8e A% AR SAH A <dnedF ApE

I.M E

nlo) 2ol AlollA] ARSE = AlAA BAL dF, & 2ok
24, v, &84 AE, AE 5ol sl F5A 5
Hoge A4, A%, A A B4 5ol slch ookt
ulo] 2.914] 714 AEQlAlE HA, A¥ste] A
< 7R 2 gle] wlo] el Al £ FFES A4
3L Qlek. 27 wle] 2414] 7|4 A2 s hbe w
£ o ZEgA|olAde] sl o), el Homeland
Security FAA 22 FHA ¢ diAte] 5@ gck 2
o2 Z9l3 Fe] AAH, o] o, AdA=] FA
Soll vlo] 2914 o] 43t Asta 9lon, oz
I 234 99L oS AA Aelch dx 443 Holsl
 AEYH7 5 A4S WA ot F3A], ke A
Al, CCD AlA, Thermal A4, TFT AlA, A3 434
508 7 £77} teksle] U Wl A
sriets AzAbuict AlAe] EAL Gy dhacf,
Ao} AEA] daeFEs bR 7Y AME
AHgte] FEen QAEFE VN RAAR sl A,
AN 3L I 3 912 e Aad dF 5
3} o] Aladle] E3bo] Yo g A A F5H Alx
g8 o] g8kl 7 A HkEA] 0]7|F XEUY AN
7t Z8ko] o] Foj Ao} gt} AL dlole] TAAHY
2, ¢32|EHQ) &9, desHe)adq Sder
29 4 o, dlole] A ZelA 9] $53} 2}
o] ISO/IEC JTC1/SC37 Hl°l8ly) ZFAZJFFE
AR B glos, 071F AEYH X7 33 Aol
Q32|29 Z&Ao] 951 Hn, o] 5L BioAPI™
£ 43k BF AdEHolaE o|83ld TS
o o AlxEHe) 283 3RS AHE 4 ik
$19h 2L 0]71F AEY AA T B L Hl2E
3l7] $8iA FA|x%7]7HILO : International Labor
Organization)ollX & afd ] &A=& At o71%
A 2Q1 A7 384 B97HE AAsATY, NIST
oAl MINEXO04Ehs 334 H7He 3 di3 & F
Asha ok, =@ 1S0 EF3} 7| FoliE 532 9
g XF dlolel TAE R o)F Hrlab|
$1% 57} wbgel g ZFskE Eulska
B A7 o)7]F AE JH7] o) chopst ¥
Be) sha} e PER AE G4 A A5
Fol7] $j3le] 52 WE8d FUT AYE 2 U
2 Wiy, 289 $U3 s 2 3o w3

& fo

e 7S Ak debx AE SAA(Minutiae)
S 7]¥be & ISO/IEC JTCL/SC3790A4 AAs 2 Qe
A AE B4 £ dlolE & £43ke AE
Al d32|Ed e 2 g SAle] o]v] A¥AH LR
371 AE Y A2 FAAE JEAA ZES Y
22 AFHAN Y s} 58 FA B
wpd S AlQkgiel o] Wby "1E3] WS wpid JA
Wi whg o2 FRE Y, B =FdAe
o] 248 Eot

(2™ 1) £ 979 AAH Adzeld) HA 5
29 A& ud Y Ao 2N EALS FE3
of EAYE BAY & 3 Bt A4S HUEHs)
o BAE JaogRe EAME V| £:52 &
oleh. o]FA 2% 5A4 &3 500DPI, 3]
(Aspect Ratio) 18] 35 | =2 wdste] AT 5
93, 3% 295 22 AR ¢ vk de2
A #A-E 1y Y GAeRyE EAHE F2
A S-S Sl EAAE 2T 5 U
o, 323 A4 WE28E £33 AN F3k= g
2 29d3sl= A A= w3t 500DPL, F3v] 1
ol TF A= wgsled w3 she F 71 whel
olc}. o] o wjH] F F x| Fe] $ALEE AEEle] Hal
QF o35 AAEA ok

E =29 TS A ogw 2ok 24L o))
Z AF AN 33& % AE 5AA de|s 2l
8 B8k, 373 ookt AE QA A} A 2
AL & AgA - Ao Frlgt) 444 e Al
g o7)1E2t AE A1FS AF BA dxe]EE A3
2, SR e 1A dae]E 243 ol7|F AlA
334 g7} AE FA

AL S 2

I. X2 §ZF HI0|El(Finger Minutiae Data)
=M EE XY

ulo] e dlojele] A BE3HE $18 ©HAl= ISO/EC
JTC1/SC37(0138F “SC377)olch%19 53764 u}
0] 2.814] 7)ol gt £olo] Ao FE A3A &
o o]27|74A9] RE %53} 99L bR 9t} o)
FME o]7|1F AFUAT 71 BAVL HL 25
WG(Working Gorup) 32 AAal4] do]e] E& &
23}, & AT E Rkt vle] 2914 dole] 29
ZdA] ISO/IEC JTC1/SC37 IS 19794-219¢] Ex%



TRRIRFERGOGE (2007, 10) 41

Template Level
) Compensation
Extraction FMR Template
Input
Enroll —» Imzue ) h
8 Extraction |13] CommenRes. o
-Xaacuon  FMR Template
Image Level
Compensation Match Similarity
Template Level
. Compensation Relative Res.
Extraction FMR Template
. Input
Verify —» Image -
g — R Common Res. Decision
Re mg}—b Extraction FMR Template CCIsio

Image Level
Compensation

(T8 1) 2y d12jEe JiHx

7o) BFE S48 AA s3E HE A FE2 W
Holl oha] Aejgiet.

A& EAA dlole] 4L (F 1)9} 2] drig &
AR dole] Y, 12w &4 dlole] =7} AHSH L
olch(3). ©d4ke] =7] % DPI AXE =¥ o DPI=
cm% BA45E ¢lHFr}. Number of Finger Viewe

F 9238 sk AME ZE & 2
0~255 g& 7, 0 A% shie] &8-S A
&2 oJulgich oA EA H Ao Frie]w oA
o] ed&sle] Zhzte] &r1etel| g A Bl Single Finger
Record Header’} #€]€It}. Finger Position, View
Number, Impression Type, Finger Quality, Number of
Minutiae7} ZZR0lc}. 2479 &7tete] iy &riz} &
AeEd 59 EA4e] 6 utel 29| dlo]e] B2 T
A=el B AptF dsiAA el 5439
AxE 98l x, y 47 2 vlolE 4, HERE | ulo]E,
282 A QualityE #13l 1 vle|EV} 3% =
E449 Bl 54 x AAE A9 &= 2 0t
o] F A$] 2 HIES AM3le E9lE Aodn

£ A7oAE o)71F AlMZEe] 53ks A8 (F 1)9
A EAA dlole] EE o]4319eH, o]E £ AT
olAE 0]71% A4 53 %5 ¥ (Standard Interchange
Format), & SIFE}z Agtch

47, W 5 A

Ao A A Q] GEE vIXA] ¢7] Wl Hrto
A z2stA] dgkon, QA B AL & & 5
Adx o4F BA & 2ddgd) "ad s A
AA G2 At £ Ao 1E AA ZHA
o] Hrlt obd 418 AMzRE HA5F A4S ke
2 3t 91 s AstE Be AS5W
zZ+ A A A EE 1A daelge 2d9e §
ato] dAake] AAE 1A 2 HF BA ARHA, 7
A 50 2o AE oAHe Edle] AT doEE
ol g-3tiet. B 1a dolel S 95% Al=TAHE o4
sto] THelm FFAE o83l AA mdH) AHE
5_]_0)3‘1;}_(15].

A H7= Ink-Stamped W 7 A=
£ b F oA ah S ol gsigl e, A
£ Ink-Stamped *% %3447 Live Scan A&
v 2ate] HAEE S she uhgolw, & A |
HAE FHE & A AP £ FAFP(Flat
Artificial Finger Pattern) o|-8sle] 53 A7
Live Scan A} vl g 53l =g SAsh= W
#olch o] o) FAFPS] A|zhe $j8) AztdS o] &%
A% Az Azl wie} &3AY w]ER ] A471A

= o] glrt wlgh B AT o] & Basl]
95t Ae]F-g o] 43 FAFPE Alztsle] AlA H7t
o ol-gstdet.

i

BT o
o2 & o
& 3o
to oE O

.‘
ox

1_.
L
o

3.1. Ink-Stamped FGAE 0|28t WY

o] W& 2% ol4ete] Ink-Stamped A& 3
Sah, oA AAUE ol g3td o MY F



42 °o]71% AMe z8S AP A& SAY B4 dxndF Ad
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Field Size Valid Values Notes
Format Identifier 4 bytes 0x464D5200 “FMR * - finger minutiae record
(F "M R 0x0)
Version of this standard 4 bytes nnnOx0 XX
'-‘.o’ Length of total record in bytes 4 bytes 24 -4204967295 | either 0x0018 to 0xQ000FFFFFFFF
8 Capture Equipment Certification 4 bits
IF_ Capture Device Type ID 12 bits Vendor specified
g Image nge in X 2 bytes in pixels
© Image Size in Y 2 bytes in pixels
S X (harizontal) Resolution 2 byles in pixels per cm
Y (vertical) Resolution 2 bytes in pixels per cm
Number of Finger Views 1 byte 010255
Reserved byte 1 byte 00 0 for this version of the standard (reserved for
future use)
Finger Position 1 byte 0to 10 See Table 2
§ 2 View Number 4 bits 01015
o @ | !mpression Type 4 bits Oto3or8 See Table 3
§ > | Finger Quality 1 byte 010 100 010 100
Number of Minutiae 1 byte
X 2 byte Expressed in image pixels
v o [(minutia type in upper 2 bits)
g8 Y 2 byte Expressed in image pixels
@ 2 [ (upper 2 bits reserved)
OE [ 1 byte 010255 Resolution is 1.40625 degrees
Quality 1 byte 010 100 1 to 100 (0 indicates “quality not reported”)
3 Extended Data Block Length 2 bytes 0x0000 = no private area
O
SE¢
.3 Extended Data Area Type Code 2 bytes only present if Extended Data Block Length # 0
& 8 2| Extended Data Area Length 2 bytes only present if Extended Data Block Length #Q
> [ Extended Data In prev. field only present if Extended Data Block Length # 0
Each extended data area may contain vendor-specific data, or one or more of the following (in any order}:
z .. | Ridge count extraction method 1 byte Oto2
2 3 Ridge count data — idx #1 1byte 1 to # of minutiae
& | @1 Ridge count data —idx #2 1 byte 1 to # of minutiae
2 |3 Ridge count data — count 1 byte
& | & additional ridge counts...
Core information type 2 bits Ofo1
Number of cores 4 bits 0t 15
& | Xlocation 2 bytes
$ | & [Ylocation 2 byles
> | 8 | Angle (if core info type # 0) 1 byte 010 255
&€ | 2 | Delta information type 2 bits Otot
& g Number of deltas 4 bits 0to 15
S | Xlocation 2 bytes
Y location 2 bytes
Angles (if deita info type #0) 3 bytes 010255
N Cell Width 1 byte 110255
gz g { Cell Height 1 byte 110255
& 5| N | Cell Data Length 2 bytes 110 65536
Cell Information Bit Depth 1 byte 110265
Cell Quality Data CellDatalLen
o] 34k} ql& A2 H55 Live-scan A& 44 A = whgolth eyt o] by AEe] Al ¢t
Py

% So) Hslel wehy 2] B430] W) o
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Item Description
Optical Nitgen, Digent, Unioncomm
Target Sensor Capacitive Suprema
Polymer Testech

- 300 persons
- 225,000 fingerprint images

Corpus 1st year . . . .
= 5 times visiting * 5 impressions
* 6 fingers * 5 sensors * 300 persons
Environment Indoor Office Environment
Period 2005.07 ~ 2005.09
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pensation), At|A A= HPH(Relative Resolution
Compensation), 2% #AHx 9 (Common Resolution
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Generation Compensation
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Before Compensation

EER
Sensor A Sensor B Sensor C Sensor D Sensor E Mean
Sensor A 1.10% 13.73% 10.26% 14.87% 36.93% 15.38%
Sensor B 13.66% 0.87% 3.60% 5.22% 26.76% 10.02%
Sensor C 10.19% 3.56% 1.19% 4.80% 31.48% 10.24%
Sensor D 15.01% 5.20% 4.82% 3.37% 28.34% 11.35%
Sensor E 37.02% 26.72% 31.90% 28.93% 6.82% 26.28%
Mean 15.40% 10.02% 10.36% 11.44% 26.06% 14.65%
Relative Resolution Compensation
EER Sensor A Sensor B Sensor C Sensor D Sensor E Mean
Sensor A 3.27% 4.13% 6.04% 15.34% 7.20%
Sensor B 4.81% 3.41% 5.17% 12.90% 6.57%
Sensor C 5.02% 2.87% 4.75% 16.69% 7.33%
Sensor D 6.98% 5.25% 4.75% 16.87% 8.46%
Sensor E 20.25% 14.66% 21.62% 19.61% 19.04%
Mean 9.27% 6.51% 8.48% 8.89% 15.45% 9.72%
EER Common Resolution Compensation
Sensor A Sensor B Sensor C Sensor D Sensor E Mean
Sensor A 4.85% 5.89% 6.95% 15.60% 8.32%
Sensor B 3.98% 2.90% 5.32% 13.06% 6.31%
Sensor C 5.88% 2.91% 4.76% 16.52% 7.52%
Sensor D 6.99% 5.25% 4.75% 16.87% 8.46%
Sensor E 17.99% 13.02% 16.45% 16.54% 16.00%
Mean 8.71% 6.51% 7.50% 8.39% 15.51% 9.32%
EER Relative + Distortion Compensation
Sensor A Sensor B Sensor C Sensor D Sensor E Mean
Sensor A 3.27% 4.13% 6.04% 15.36% 7.20%
Sensor B 4.81% 3.41% 517% 12.90% 6.57%
Sensor C 5.02% 2.87% 4.76% 16.68% 733%
Sensor D 6.98% 5.25% 4.76% 16.87% 8.46%
Sensor E 20.24% 14.66% 21.63% 19.63% 19.04%
Mean 9.26% 6.51% 8.48% 8.90% 15.45% 9.72%
EER Common + Distortion Compensation
Sensor A Sensor B Sensor C Sensor D Sensor E Mean
Sensor A 4.85% 5.90% 6.95% 15.59% 8.32%
Sensor B 3.99% 2.90% 5.32% 13.07% 6.32%
Sensor C 5.89% 291% 4.76% 16.52% 7.52%
Sensor D 6.98% 5.24% 4.75% 16.88% 8.46%
Sensor E 17.99% 13.01% 16.45% 16.55% 16.00%
Mean 8.71% 6.50% 7.50% 8.40% 15.51% 9.32%
solxle H4e HAxden HAE AHgAle) BeE D28
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