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Enhanced triangulation fingerprint recognition based on visual constraint

Ye Xueyi Zou Rumeng Ying Na Ji Bisheng Wang Hepeng

(University College of Communication Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract: Aiming at the problems of missing real minutiae and increasing pseudo minutiae of low-quality fingerprint, and the typical
fingerprint identification algorithm is too dependent on the accuracy of minutiae, a visually constrained enhanced triangulation fingerprint
recognition algorithm is proposed. First, use triangle reconstruction to obtain the enhanced triangulation set according to the extracted
minutiae points; then calculate the triangle feature vector, use the decrement verification for triangle matching to determine the matching
minutiae pair, and use the visual constraint optimization; finally obtain the similarity according to the ratio of the matching point so as to
complete the recognition. The international standard test libraries FVC2000DB2, FVC2006DB2 and FVC2006DB3 were used for
comprehensive performance comparison experiments, and the EER rates of the algorithm were 4.32%, 2.64% and 7.98%,
respectively. Compared with the Delaunay triangulation algorithm, the modified Delaunay triangulation algorithm can reduce the EER by
1.28%, 1.71% and 2. 83%, compared with the extended triangulation algorithm by 1.26%, 0.52% and 2. 58%, and compared with
the SIFT algorithm by 0.89%, 2.97% and 0. 03%, respectively. The experimental results show that the proposed algorithm does not
need calibration and has good adaptability to the loss of real fine nodes and the increase of pseudo fine nodes caused by low-quality
fingerprints.

Keywords : fingerprint recognition; enhanced triangulation; triangle bidirectional verification; calibration free; visual constraint
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b il e R G 1R Pl o W NI DO 5 A = DA N
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4.1 SKIEIHE
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FVC2000DB2 B 100 HAFRIBF45, B4 FH8H 8 M
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DB3 Fl FVC2000DB2 $& 80 EIUE PE Y HARPE REHE A a3k 1
Bz 3 AR SCH ¥ 7E CPU 9 AMD Ryzen 5 4600U with
Radeon Graphics 2. 10 GHz, 174 16 GB, #:/E RGN
Windows 10 i PC b iE 4703 ; 3K 41 14 9 MATLAB,
PERED TR bR A S DR 2 0 BRI 52 3 AR
FMR100 F1 FMR1000, EER F1 ROC i< #B 2 i =15 4¢
PUNBIEYERE R bR
%1 FVC2006DB2.DB3 1 FVC2000DB2 354 = M AL TR

Table 1 Performance index of FVC2006DB2, DB3 and
FVC 2000DB2 fingerprint database

fRolARE BB %;J¥$/ [ﬁ]%%?{ 1Flﬁ]’d,§i%%2j£
dpi VCHE R L N/ & S
FVC2006DB2 400x560 569 9 240 9 730
FVC2006DB3 400x500 500 9 240 9 730
FVC2000DB2 256x364 500 2 800 4950

4.2 EE=ZRAISEZVNNERRESNT
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PGB H8 SO B AT o, AR5 i TG 5 = i)
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A 3 T AR U 1Y) DE TR X 5 22 0 fe T A0 249 SR s 22
DERC R o Sy 1 IS A H A 5 = A ) o Sk AR
F MR e T 3 A TR D5 A 1 = A IE S5 R R 3L
X 3 B 432 Delaunay = M55 PR = M54
DL RA SO i = A 53, O 17 O7 18 8 RS 4
SCH DT EDT DLz ET, FEM G A4S 3 Ak i i i
S AR = A T 25 4 04 B0 AN [) S92 30 o 2 vl fff A )
B2 e SR IR AR A 1 i DA S E 2R3 il ] = A B 3
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LURRE

FVC2006DB2  FVC2006DB3 1 FVC2000DB2 % 4 & v
i ET 89 EER 4394 2. 65% .10. 22% .5. 23% , & T
HABSIEN EER 800 2 18 R o i AN [, i DA E 5K
P Tk v et & TR [A], FVC2006DB3 4 4 [&] A
Jri 2z  BEICE ) i SO MR AE AR JE IR 5 48 SRS
OYBREL, FECERE T R, (U A H A HAL B L T, EER
R T HA . AR T DT B &, EDT %8 T &
SEAAAT SRRSO, BT AT EDT 59519 EER fIRF3%&
F DT 5950 EER, tFASCH ET RIS & T LS040y
SRR B0, SIS T LS A0T AS R sE e T DL
ET B EER YK T3 T EDT. DT AOE L, Sk
UEBH  MECHAR LA R &, 3T ET = MBS 5k
SEOMERERA, 3R 2 NTE 3 AN BURIE b, 7E B 2 P A
RGO T SRR SU RS A DT EDT F1 ET #4 2 =
FIEF-S5 8], TT DA BRI T = A0 1 e, (A2
B R B PR RSO R e AR AZ I, T LA
S SRRSO 2 R AR 4T S8 B, P 7R 3 5 = £ i) oy
B PETE T Fe SO B 14 TR B T RGN 5 e [ 32
BUAEAEL T SRR VT FCR [ S AT B, S 010 B 2
R PR RRCR

# 2 FVC2000DB2 FVC2006DB2 71 FVC2006DB3 £{ 7 =
thEIEHS S E % & A DT.EDT # ET #E =R ¥ F196tE
Table 2 DT, EDT and ET are used to construct triangle
mean time of single fingerprint image in FVC2000DB2,
FVC2006DB2 and FVC2006DB3 databases (s)

Algorithm FVC2000DB2  FVC2006DB2  FVC2006DB3
prt' 0.027 0.035 0.034
EDT!!! 0.037 0. 049 0. 051
ET 0. 068 0. 081 0. 082

&3 FVC2006DB2 ##7 & thxt bt L3614 e S Mg 4B
Table 3 Index values of performance parameters of

comparative experiments in FVC2006 DB2 database

(%)
Algorithm EER FMR100 FMR 1000
prtio) 4.35 9.49 20. 14
EDT!S! 3.16 5.77 12.37
ET 2.65 3.97 7.53

& 4 FVC2006DB3 £ 1 B A1 X b S0 06 M B8 S M 4R E
Table 4 Index values of performance parameters of

comparative experiments inFVC2006DB3 database ( % )

Algorithm EER FMR100 FMR1000
prtto 10. 81 33.44 55.13
EDT!! 10. 56 32.56 52.98
ET 10.22 30. 55 49.34

& 5 FVC2000DB2 ##7 EE B 3 bk SL 36 14 A8 B HHE AR E
Table 5
comparative experiments in FVC2000DB2 database

index values of performance parameters of

(%)
Algorithm EER FMR100 FMR1000
DT 5.62 11.82 25.89
EDT!! 5.58 11. 64 25.21
ET 5.23 10. 18 19. 54
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Fig.5 ROC curve comparison of various

algorithms in FVC2006 DB2
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Fig. 6 ROC curve comparison of various

algorithms in FVC2006DB3
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Fig.7 ROC curve comparison of various

algorithms in FVC2000DB2
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Table 6 EER of DT, EDT and ET in FVC2000DB2,
FVC 2006 DB 2 and FVC 2006 DB 3 databases

using normal triangle verification and triangle

decrement verification (%)
Alsorith FVC2000DB2 FVC2006DB2 FVC2006DB3
SO oy DV cTV T™OV ~ GIV  TDV
DT 6.45 5.62 5.01 4.35  11.75 10.81
EDTS)  6.44 5.58 4.02 3.16  11.14 10.56
ET 6.31 5.23 3.86 2.65 10.24 10.22
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<
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8 FVC2000DB2 W45 R vk ROC et L

Fig. 8 ROC curve comparison of various
algorithms in FVC2000DB2
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Fig. 9 ROC curve comparison of various
algorithms in FVC2006DB2
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Fig. 10 ROC curve comparison of various

algorithms in FVC2006DB3
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%7 FVC2006DB2 #{#Z % DT .EDT #1 ET
TN 529 R BT E MR SR L
Table 7 Comparison of test data of DT, EDT and ET

before and after visual constraint in

FVC2006 DB2 database (%)

Algorithm EER FMR100 FMR1000
prl!] 4.35 9.49 20. 14
DT ) e 2y 3.17 5.24 11.03
EDT' 3.16 5.77 12.37
EDT!S 42y 2.94 4.45 8.07
ET 2.65 3.97 7.53
ET+HL3E 4 2. 64 3.46 6.15

%8 FVC2006DB3 #{#Z % DT .EDT #1 ET
TR 5 20 SRAT /R MR B L B
Table 8 Comparison of test data of DT, EDT and

ET before and after visual constraint

in FVC2006DB3 database (%)

Algorithm EER FMR100 FMR1000
prti 10. 81 33.44 55.13
DT+ J 5 24y 5 8.13 17.14 27.84
EDT!! 10. 56 32.56 52.98
EDT!S) + 145 24 8. 04 16. 98 27.37
ET 10.22 30. 55 49.34
ET+HL36 29 5 7.98 16.42 25.32

%9 FVC2000DB2 ##zF DT .EDT
ET M} 58 29 5R a0 Rl ik $4E Lh
Table 9 test data comparison of DT, EDT and ET before
and after visual constraint in FVC2000DB2 database

(%)

Algorithm EER FMR100 FMR1000
prl '] 5.62 11.82 25.89
DT 5 24 3 4.09 6.10 13.36
EDT '] 5.58 11.54 25.21
EDT!) 55 25 4.05 6.10 13.14
ET 5.23 10. 04 19. 54
ET+IL 3 495 4.34 6.85 13. 14

4.5 ETVC fAEME XH#HITIIEE

# ETVC 1 DT EDT H1 SIFT!"® 347 % 480 35 16 %
Fb, I 10 FI & 14 W DL A& i, 7 FVC2000DB2 .
FVC2006DB2 L4 K2 FVC2006DB3 | 4L T DT,ETVC [
7T 1.28% .1.71%H1 2. 83%; #t. T EDT,ETVC &A%
T 1.26%.0. 52%F0 2. 58%; #H LT SIFT,ETVC KT
0.89%,2.97% F1 0.03%; 1£ 3 I ¥C4E I, ETVC 1%
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Fig. 11  Comparison of ROC curves of DT, EDT and ET

before and after visual constraint in FVC2006 DB2 database
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Fig. 12 comparison of ROC curves of DT, EDT and
ET in FVC2006DB3 database before and

after visual constraint
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FIWr, 2SI R SOR FA A L, S0k SE BT
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HIEE F ETVC fiE 8% EER b &
Table 10 Comparison of EER between ETVC and other
algorithms on FVC2006DB2, FVC2006DB2 and
FVC2006DB3 databases

FVC2000 HiiF T FVC2006 BLE JE AT FVC2006 HALiE TTREL

Algorithm N N N
DB2/% Wf[El/s DB2/% WfE/s DB3/% Ifld]/s

prti] 5.62 0.22 4.35 0.96  10.81 0.87
EDTI®! 558 0.25 3.16 1.45  10.56  1.23
SIFT!™) 523 4.34 561 7.68 8.01 5.07

ETVC 4.34  0.29 264 1.76 7.98 1.42

% 11 ETVC 7£ FVC2000DB2 FVC2006DB2] %
FVC2006DB3 ##7 FF_E &~ i B2 B F 4 g 18]

Table 11 Average time of ETVC in each stage of
FVC2000DB . FVC2006DB2 and FVC2006DB3  (s)

ETVC #A-Br B FVC2000DB2 FVC2006DB2 FVC2006DB3

H 8 =4 (ET) 0. 068 0. 081 0. 082
S AATE IR IE (TDV) 0.286 1.751 1.414
ALK 0.015 0.011 0. 008

B G P s 71 0.29 1.76 1.42
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