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Development of: Template Compensation Algorithm for Interoperable
Fingerprint Recognition using Taylor Series’
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ABSTRACT

Fingerprint sensor interoperability refers to the ability of a system to compensate for the variability introduced in
the finger data of individual due to the deployment of different sensors. 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 sensors. In this paper we show that a simple transformation derived to form a Taylor series expansion
can be used in conjunction with a set of corresponding minutia points to improve the correspondence of finer fingerprint
details within a fingerprint image. This is demonstrated by an applying the transformation to a database of fingerprint
images and examining the minutiae match scores with and without the transformation. The EER of the proposed method
was improved by average 60.94% better than before compensation.

Keywords : Fingerprint Sensor. Interoperability, Standard Interchange Format, Taylor Series, Distortions, Compensation,
Matching Performance
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(& 1) xi2 SHH oole] ZU(8)
Field Size Valid Values Notes
Format ldentifier 4 bytes 0x484D5200 “FMR " — finger minutiae record
{F "M 'R 0x8)
Version of this standard 4 bytes nnn0xd T XX
'g Length of total record in bytes 4 bytes 24 - 4204067295 either 0x0018 to Ox00Q0FFFFFFFF
2 Capture Equipment Certification 4 bits
@ Capture Device Type ID 12 bits Vendor specified
g Image Size in X 2 bytes in pixels
) Image Sizein Y 2 bytes in pixels
o X {horizonial) Resolution 2 bytes 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 Ot 10 See Table 2
ﬁg s View Number 4 bits Q015
o B impression Type 4 bits Qto3or8 See Table 3
§ = [ Finger Quality 1 byte 0o 100 0to 100
Number of Minutiae 1byte
X 2 byte Expressed in image pixsls
5 e (minutia type in upper 2 bits) o ‘
a s Y 2 byte Expressed in image pixels
@ 2 | (upper 2 bits reserved)
OE 8 1 byte 010 255 Resolution is 140625 degrees
Quality 1 byte 010100 1 to 100 (0 indicates "quality not reported”)
Extended Data Block Length 2 bytes 0x0000 = no privale area
253
o83
. 2| Extended Data Area Type Code 2 bytes only present if Extended Data Block Length #0
& & 2| Extended Data Area Length 2 byles only present if Extended Data Block Length # 0
> [ Extended Data in prev. field only present if Extended Data Biock 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 % Ridge count data — idx #1 1 byte 1 10 # of minutiae
5 o1 Ridge count data — idx #2 1 byle 1 to# of minutiae
? = Ridge count data — count 1 byte
o o additional ridge counts. ..
Core information type 2 bits Otot
Number of cores 4 bits Oto 15
£ | Xlocation 2 bytes
£ | s [Ylocation 2 bytes
> @ Angle {if core info type # 0} 1 byte 010255
g 2 | Deita information type 2 bits Ot01
£ o | Number of deltas 4 bits Dto 15
§ | Xlocation 2 bytes
Y location 2 byles
Angles (if delta info type #0) 3 bytes 010255
o~ Celi Width 1 byte 110255
g g 2 4 Cell Height 1 byte 110255
& 5| & | Cell Data Length 2 bytes 110 65536
Cetl information Bit Depth 1 byte 110 255
Ceill Quality Data CellDataLen
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Minutiae7} aAelet. Zpzke] 7t g #vist ¢
A 255 52Ao] 6 ulo|ES Hole] Ang 74
sol B3] et daAA =Hed S 9
Z S8l x, y A7 2 vlel B A Wkl | wlo]E, el
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H(motionyFell 7]Qlste] ofe] 7EA viedst WY
(deformationy& 88k #Z S0 AE 5 A L

Aske A el 3ol B 277 D] AR

3 9ok
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]

Ei‘lﬂ——ﬂt‘} w3 geele g o] g-sle] BlZels W
sha, Wzts |28l SZ(enrollment) BZH T Agt
g},

31, HEHAZ|= JjHh W ana|E

Z AE Q1A A Aol A olole] Al E E3}od
554 H33lS TMTemplate)2tsli, A& ¢y sl
dele) ohE AlxzREle] ol8 "E81S [(Input)a
o] gt °luﬂ Tbﬂ 5% 5 ARE (u,0) 23]
a *‘XH HAEE (2,92 A
< o, 2 °4?°ll*1 Wt d e AlEl = ¥4 daels
& 7o) EAAo] 7] Folgk EXH o2 wMiksls Wit
sfebriel & ok saola & 4 glek o] ) 7ol §
29 2449 A5t prl, 1ol S5 5
o, 559 923 544 A% 4,9
Ex 1

T=lu,v), I=[z,yl, (3-1)
where 7272 jc 72?2
(ui,vi)EMT,(zi,yi)EIWI Jor i=1,2,..,m

u= flz,y),v=g(z,y) (3-2)
Hlde] Alg]ze] Ao g Ay 2] (3-3)7) 7how],
ol5 Wigt H3E (u,v) ol dlsted thA] A]shd 4] (3-4),
(3-5)%}F Ze] BTHT = girh o] & oA 2hdE ok
ez mdshd A 3-6)7 Zor, o] F uA]S o
f3to] s A 3-7)5% 2k

1= h(0,0)+ h, (0,0)z +h, (0,0)y
1

+or [, (0,0)2” + hy, (0,0)zy -+, (0,0)y2]
+ ;' k., 0,00z +2h,, (0,0)z%+ 2h,,,(0,0)z3? +
by (0,0)5% ] 4+ (3-3)

+ = [f (0,0)2* +f (0,0)xy+f,;y(070)y2]

v=g(0,0)+g, (0,0)z+g,(0,0)y (3-5)
L 0ove? g 002
+ o7 19.. (0,00 +g,,(0,0)zy+g,,(0,0)y°]
u=a,+az+ay+ax’ +azy+ay (3-6)

v=Ah, +blx+b2y+b3:v2 +bry+ b5y2

u= A, v=A,b 3-7
1z oy oo oy o

A = Lozy oy oo Tl Y
-m . - B . . .

. 2
1 ‘Km ym Z‘m Im ym yfn
a= o, a a, a, a
p & Oy O3 Gy G

b=1[ b b b b &l

sdsi A 38)%
Z}, oo Wiz uoh vE EdE HE °1U4, G 2x2
deolglda gdelAelE Alg =83 Kronecker
Product ¢14ke] ZAste[e}, webr] wel G deizl s}

tEZL B BAE ffe Felof she e dedrle e

2} i) ol ad e olg3le] 7 4 ek

W = Gz (3-8)
AN wol G=1,.0A, 2=|"
v Ix2 woy b
A Gona |
=T, v, mx12 b[)
v, b,

W3k devie] 25 7] e S o] 438
TFHA = 2219 " i =g o] 8% Ag oA
o] BT glom JYPH L o] §5le Yl W
geteleE 75 4 ook o|wE AxE SN BE
o] Exactly Determined System®] 7] o] 4] (3-9)
9} ro] Al & Faty e, AA A= Y
E21A o] oA s olite] EABIAl FLE Over
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Determined System©] Rt} wlebd o] A$d= 4]
(3-10y2 Fof gl2= o™ (Moore-Penrose Inverse
Matrix) 5415 o435l 3t slelvle] 25 7 4 9k

z=G'W (3-9)

z = (G'GY'GW (3-10)
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£ AellAe g4 AR el Az 7nt wg o
AEE ol4sle WF HerleE 7ot HES B

Sensor B
Sensor A ’

T | paroey

(28 2) O7|F XE F4 Alotel tig X8 &3y

Representative Image

me' #1 control points

Corresponding

ke whgel disiA e 1A o)71F A 4
Ax 7k #=(distortion) S #3171 ¢l8l [2¥ 219} 2
o] g MEENE o7 4o di¥ 5% (Minutiae
correspondence point)S *3hz, H U= AE]= 7k &
3 Ad3e]Eg o] 8sle] W Helele g 78 5 girh
old, 3 42 HERyE 7 e E oE BE
Ao Agshe A& & 14 e Aol e
Ag 7pA-ert webd ofe] AE o3 SA4
shEinlel g Fo2H Al Aduby EAS ks
A o)z} A& wig sietelel g 78 5 ek web
£ dpAe [ 315 2ol o] AF9 9§ 54
A g sepel g o] o] 59 HATAE AL
24wl A=A gle S " deiAe = dE e
Ej(Average Taylor Series Transformation Parameter)
5 Faigich Wi b del A= w3 seoles 2§
ouz] g A mfel &8 4 g2, £ el
e BAA GEE Hgel 23 Fol 488 et
A gt

o

V. 0715 XI2Qa MAZH 38N B} AE

o]7]% AlM 2] 8-S % B4 duels HUE ¢
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wlo] A FE3algih B Aode Ayl AR dlo]

control points pairs

Representative Image
Pair #2 .
e control points

Corresponding
control points pairs

control points

Representative Image

Corresponding

TS
Transformation
Image
ealibration
Average
TS N TS
Transformation
Parameter
TS
Transformation

control points pairs
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£ Aelli= o715k Al darE|Eg Akt
7] ko] = - 9] A4 A 6709 LM (Digent,
FPC, Secutronix, Testech, EK Unioncommunity)£
ol g-ated o] AR, 73], FA] 6X]o] tfsle] 5314
ol Wl wkEste] F 253]9] A dARS 100 02N E
FABlE T o] [& 2] B AFolA 753 AE
dlo]efwlo] 2 Apeel] tigh Qoko B thofdl AlY el
(sensor type)@ o]W]X| Alo]Z(image size), AL
(resolution)Z A= i}

ol gated SIFE H53tx, WA daelE< o83 A3

AE 313k iR ARS F /)R R AgsE
=d), iR 18 SIF 24 A (before compensation)®] 7f
X Agola, wfA 2, 38 ¥A F(after compensation)2]
Agen HodeAe = 2o wE B4 seiEE A
&
1

BAE WEe w3 Aot uehi £ ol
1A Axp vy Fof A wsks Yrpshed 3t
Zolon dde]Ag]= A< (order)oll W 14, 2
AE galalgich o [3 3] B4 daEE
%7} 8591 EER(Equal Emror Rate)9] A3}
oluj, o]71& A& AA 7t BA A, »A Fo| A3}F
vrehf ot

Ag Axg 2ashd dEg] w4 A o3 Ao
T 12.97%, "= st B4 & oA A= 14
BAQ 7A$- Ht 8.28%, 23FY B9 4.95%= 7}
7323e o 4 glek 53] Sensor 2, 3, 48] A5 o]7|A|
Aol =, siArE 2 ERgle] thE Aol wld| =A Alolrt
Uiy, o] A% ¥4 A B »A ¥ ZAul o2

okt

4712 H[O|EHI0]A ALY

Sensor Name (type)

Sensor 2 (Capacitive) Sensor 3 (Optical)

Image

Image Size (pixel) 280%x320

152%200 300x300

Resolution (dpi) 500

363 4805

Sensor Name (type) Sensor 4 (Polymer)

Sensor 5 (Optical) Sensor 6 (Capacitive)

Image

Image Size (pixel) 480%640

224%256 256x360

Resolution (dpi) 620

460 508
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Input - Minutise
image Exfraction

Sensor 1~

Seasor 2 —m : nput | Miuutifxe g:sr:;:z;;i;
mage Extraction -
SIF
TS 2nd order
Compensated
SIF
(38 4) 9B 23 Ay TR
(% 3] 24 d1elBe 234 45 g7} (EER)
(Average Homogeneous Sensor Matching = 0.89%)
Tested Before Compensation
Enrolled Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5 Sensor 6
Sensor 1 0.46% 4.55% 4.08% 10.41% 2.26% 4.37%
Sensor 2 11.61% 0.95% 6.98% 32.03% 8.29% 4.48%
Sensor 3 13.22% 3.22% 0.66% 28.62% 5.68% 6.24%
Sensor 4 7.92% 9.18% 9.71% 2.13% 7.81% 8.15%
Sensor 5 3.54% 717% 3.94% 9.49% 0.78% 10.82%
Sensor 6 5.22% 2.52% 2.82% 11.35% 2.76% 0.34%
Tested After Compensation (Taylor Series = Ist order)
Enrolled Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor § Sensor 6
Sensor 1 0.46% 4.55% 4.08% 10.41% 2.26% 4.37%
Sensor 2 11.61% 0.95% 6.98% 32.03% 8.29% 4.48%
Sensor 3 13.22% 3.22% 0.66% 28.62% 5.68% 6.24%
Sensor 4 7.92% 9.18% 9.71% 2.13% 7.81% 8.15%
Sensor § 3.54% 7.17% 3.94% 9.49% 0.78% 10.82%
S T 6 522% 2.52% 2.82% 11.35% 2.76% 0.34%
Tested After Compensation (Taylor Series = 2nd order)
Enrolled Sensor 1 Sensor 2 Sensor 3 Sensor 4 Sensor 5 Sensor 6
Sensor 1 0.46% 3.35% 3.05% 7.24% 2.16% 1.59%
Sensor 2 511% 0.95% 5.73% 11.96% 6.41% 3.79%
Sensor 3 3.27% 5.39% 0.66% 9.46% 3.01% 2.80%
Sensor 4 6.44% 8.19% 8.02% 2.13% 7.33% 6.66%
Sensor 5 2.64% 5.62% 3.16% 9.11% 0.78%
6 1.279 2.29% 00% 1.80%
AA A AR o B ozrt g el & ol ¥A Algl R HdejA2= W3t ¥4 st
5 Slsieh 22l wdeiAlE 2 14 Wst AAelA 5= E7F AR 74]451"1 A g 7RSS Nt o
AA 33} B 2B QA 19 A9 B 3(13.22%)7)F BA =23} Aabel A BA A(5.33%) Bt B4 FGR1%)E

H(5.33%) 1t 232 vhmA e ATE B 4 gled), 27t gt ARE B o=y 2 9ok
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