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A partial fingerprint recognition method based on multi-level features fusion
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Abstract : The excessive reliance on minutiae features in partial fingerprint recognition, leads to degraded recognition performance under
conditions of small-area capture and low-quality images. To address the issue, the article propose a partial fingerprint recognition method
based on multi-level feature fusion. First, the input fingerprint image undergoes normalization, estimation of the orientation and
frequency fields, region segmentation, and Gabor enhancement to improve the stability of subsequent feature extraction. Secondly,
during the search phase, a 256-dimensional normalized search vector is constructed using local curvature information, and K-means
clustering is employed to filter candidate samples, thereby reducing the computational overhead of large-scale matching. In the fine-
matching phase, a local structural model is formulated by combining minutiae information, neighborhood ridge line directions, and local
texture information. For each minutiae, four neighborhood descriptor points are sampled, and the number of descriptors per image is
controlled between 50 and 200 to balance matching efficiency and feature discrimination capability. Furthermore, dynamic programming,
breadth-first search, and linear transformation estimation are integrated to achieve minutiae matching and image alignment.
Subsequently, convex and concave ridge shape features are extracted based on ridge width variations, and three-level feature
supplementary matching is performed within the overlapping regions. Finally, adaptive weighted fusion of level-2 and level-3 features is
performed based on the number of available minutiae, forming a recognition framework characterized by level-1 retrieval, level-2
dominant matching, and level-3 compensation enhancement. Experiments are implemented on the FVC2002, FVC2004, and a self-built
fingerprint database. The results show that the proposed method achieves a lower equal error rate (EER) than the comparison methods

across different databases and under varying capture conditions. In the smallest capture area scenario, the EER is reduced to 3.35% ~
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6.21%. This method effectively utilizes ridge structure to supplement discriminative information when minutiae are insufficient,

exhibiting high recognition accuracy and robustness.

Keywords ; partial fingerprint recognition; multi-level feature fusion; curvature-based retrieval ; minutiae matching; ridge shape features
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FVC2004) i) DB1 #ll DB2( database 2, DB2) , LA M H 8%k
P, B E 7 HER N 500 dpi, 2h0 5 148 D THERY
1 184 SRIESCEIG (H:48 8 5K) o MRLHLER 448 8¢, F i
TR MG BT A 7B, s 1.3 .57 sk 1B B &%,
Hax 4 AE A MG, TR 80r A it 72 5 76 0
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verification  competition
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Pl 8 FVC2002, FVC2004 LB F A B 9t A s 20 S A
Fig. 8 Partial fingerprint images generated using FVC2002,
FVC2004, and a self-constructed database

163 s 4y AR RSF R, JE AR B 2 000 5K AR 5
2 000 KA, IFfeoR TR RE . T TR A A ER O
Ji % FVC2002 DB1 Hi 45 100 7K BR #7583, 70
TR X IR /N A R R E AR, SRR TR
/NRSF (6.9 mmx6.9 mm) T S RERE I3 2=/ 4 4407



266 O O ¢ B47%

F1 FVC2002,FVC2004 LR B2 #47E EH B T 8 ES E R
Table 1 Partial fingerprint images selected from FVC2002, FVC2004, and a self-constructed database

FV(C2002( DB1&DB3) FV(C2004( DB1&DB2) [ER= i EiTE
JBN X I8/ Y4 SN X I8/ Y4 BN XS v/
WA o 'z”%j‘ld WA o E”%jid RITHEA o '%j‘ld
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NN
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. 3%9. X ]}@)}% . 3%9. X
:5,;//,1//’/‘}
m

7.7%x7.7 152x152 ?”) },
)

7.7x7.7 152x152 7.7x7.7 152x152

I

6.9%6.9 136x136 f/’:“&‘l 6.9%6.9 136x136
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IO\
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6.9%6.9 136x136
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6.9%6.9 136x136 6.9%6.9 136x136
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PERC,

TEMS AR, X EE 4 B[R] B DERCE AR HEAT T AR
KL

1) LGN S VCHELER ( conventional minutiae matcher,
CMM ) : %7 A FH AT mARAIE ; B R DL 5 A 5
B9 s DC P B2 0L, (L3 4 A0 FH 8 0 0 201 A
BYA Y R RN 0 Y SR AR AT

2) 475 & B A S ( minutiae cylinder code, MCC) : iX
S5 —FRAT L T A0 Y AR VERC O ik B — AR
SRR 3D BLICAE M KA R AT R0 R B A i, B
T MCC (VL HC B0 2 R 1 2055 s L8R 2 —
Mg T MCC B & T RAD 2.0 42 2 8UE

3) PoreNet RT3 05 s ) P 2 R el 20 IR 4% 412 B
YT AURHE , 78 5 20 B AR A6 SO R R B 5 . R
ITTEAR 53 B3 K Jmy FR P4 25 A1, AR P AR T B
B3 MASOTEAEZHAEE AP0 SR
FaE BRI

4) fin 3 KAZE #5 1F 2 3% (accelerated KAZE, A-
KAZE) " 3205 16T 22 RUBE I R a5 RS ) 5 2 24
W TEFR R BCAN Y AN RO B — e B,
ESEEG S5 5 R, AR AR S P RE AT B AR T A SR
1 Z PR G JT

F2~4 &R TR DEBCIIA B 25 5 iR 10~ 12 10
JBIR T iR FH TAVERE ( receiver operating characteristic ,
ROC) #ik.

&2 FVC2002 i) DB1 1 DB3 $#7 B rh ARl 3 FE 48 SU RS L RE Sr ML AL 1 A
Table 2 Fingerprint matching performance on selected fingerprint datasets simulated from
the DB1 and DB3 databases of FVC2002

EER/%
AR A/ mm®  BHRRT/pixels
CMM MCC PoreNet A-KAZE ATy
9.3%x9.3 184x184 0.48 0.45 0.50 1.25 0.35
FVC2002 DB1 7.7%x7.7 152x152 2.38 6. 67 2.34 2.45 2.20
6.9%6.9 136x136 5.47 25.26 3.60 4.80 3.35
9.3x9.3 184x184 2.35 2. 81 2.40 10. 45 2.25
FVC2002 DB3 7.7%x7.7 152x152 4.28 9.78 4.10 13.77 3.94
6.9%6.9 136x136 6. 45 22.61 6.12 15. 80 5.55
&3 FVC2004 f DB1 1 DB2 %48 & & UYL = HE U8R &R _E Y Fs L U ALt g
Table 3 Fingerprint matching performance on selected fingerprint datasets simulated from
the DB1 and DB2 databases of FVC2004
EER/%
R Hidi 2R A/ mm® B RT pixels
CMM MCC PoreNet A-KAZE ES'@R7S
9.3x9.3 184x184 2.48 3.98 2.38 9.20 2.20
FVC2004 DB1 7.7x7.17 152x152 4.00 8.25 3.82 11. 84 3.50
6.9%6.9 136x136 6.02 19.20 5.80 15. 50 5.50
9.3%x9.3 184x184 4.63 4.70 4.52 21. 86 4.21
FVC2004 DB2 7.7%x7.7 152x152 4. 86 7.80 4. 66 22.50 4.50
6.9%6.9 136x136 7.04 25.42 6.24 25.70 5.45

®4 BEEEERUNEEELHES EMES AR ERE

Table 4 Fingerprint matching performance on selected datasets simulated from a self-constructed database

EER/%
BN 38/ mm? G Rt/ pixels
CMM MCC PoreNet A-KAZE NGRS
9.3x9. 3 184x184 1.24 1.15 1. 14 3.68 0.94
7.7x7.7 152x152 3.64 7.58 2.88 6.02 2.58
6.9%6.9 136x136 8.52 19. 40 7.12 19. 40 6.21
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Fig. 10 ROC curves of partial fingerprint matching on selected datasets simulated from FVC2002 DBI and
DB3 under different partial fingerprint sizes
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Fig. 11 ROC curves of partial fingerprint matching on selected datasets simulated from FVC2004 DB1 and
DB2 under different partial fingerprint sizes
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Fig. 12 ROC curves of partial fingerprint matching on selected datasets simulated from a self-constructed
database under different partial fingerprint sizes
AT &gt SRt 434 learning [ J ]. Science Advances, 2024, 10 (2):

TE 5 AL R PEBC B AR, BB & (1 VG B £ 55 31
THARR SR, SR ZE RS, A SO R A
FHIERLA , — GURRAE Je AT K 2 DA i /M sk RS, — 9
ZRFHEAF AT RS AV BC, SIFT 4R s 85045 i 75 50 ~
200 A~ , (AR 4B AL G/ O (N - M) (N AT EE
B, MBI ERRD) BRI R O(N « k), TE KA
A T RACR, FVC2002, FVC2004 K [ 8 5085 2 1
EARTT LRI R R A SCIR 25 R B AR SO I AE 24K
Yo 22 T BB IC T HoAth v 1 A5 5 1% % (equal
error rate, EER) o HF 276 /IN A AR IRTT 2 1 45 S ETE
W AR SO AT R PR AR A U R B R T AR R Y
etk

4 #

FEARBEFEH 4 T —Fh 25 A 2 9 dE SURRE IR T3
SPEBORAI I o 1% e — R X o 46
BUHEATHI A KR AN v , B 45 B R = G RAE AT
W, fE FVC2002 FVC2004 DL & H &8R4 Eikir T
ZRVCECIR , ARYEEE | T8y e Sy A T
PA MV FLEE A . XU A0 ik B 4 5 1 4%
FEEOR B BRI TE , STUR X LA SRR T A ST F R
HIER 34 SO FCHOAR L . 5 — eI T G 240 15 FRAIE
FHC AR 40T FRAE (14 48 SO0 7 ik L % R R T
T R VLA PERE

S % 30k
[1] GUO G, RAY A, IZYDORCZAK M, et al. Unveiling

intra-person fingerprint similarity via deep contrastive

(2]

(3]

[4]

[5]

[6]

(7]

eadi0329.

R, B BT ONRE A5 B A R B 1 R 1 7
ERFFEL)]. I AR A, 2022,36(5) : 113-
119.

WU Q W, LIAO W. Research on biometric identification
method based on human body communication[ J]. Journal
of Electronic Measurement and Instrumentation, 2022,
36(5) . 113-119.

Wk, SkiIE, paik, 4. Gt MOSSE /1N AR 2l
ROGAEREIEL) ], BT I S ER R, 2023,
37(3) . 57-65.

HU X, ZHANG CH Y, YANG J, et al. Improved
MOSSE-based tracking algorithm for small-area sliding
fingerprint images[ J]. Journal of Electronic Measurement
and Instrumentation, 2023, 37(3): 57-65.

PATEL M, PARIKH S M, PATEL A R. An improved
approach in core point detection algorithm for fingerprint
recognition [ C ]. Proceedings of 3rd International
Conference on Internet of Things and Connected Tech-
nologies, 2018 26-27.

LIN CH H, KUMAR A. Matching contactless and
contact-based conventional fingerprint images for bio-
metrics identification [ J]. IEEE Transactions on Image
Processing, 2018, 27(4) . 2008-2021.

ALAM N A, AHSAN M, BASED M A, et al. An
intelligent system for automatic fingerprint identification
using feature fusion by Gabor filter and deep learning[ ] ].
Computers and Electrical Engineering, 2021, 95.

107387.
GROSZ S A, JAIN A K. Latent fingerprint recognition ;



270

O M x #

#H B47%

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

Fusion of local and global embeddings [ J]. IEEE
Transactions on Information Forensics and Security,
2023, 18. 5691-5705.

PERALTA D, TRIGUREO I, GARCIA S, et al. On the
use of convolutional neural networks for robust classifica-
tion of multiple fingerprint captures [ J ]. International
Journal of Intelligent Systems, 2018, 33(1) . 213-230.
WU S, WANG ZH, JIA Z X, et al. Fingerprint indexing
with minutiae-aided fingerprint multiscale representa-
tion[ C].
2023 344-358.

TElpE, PEuk, JEXIR, 45 LT H M LM%
TRECRBCE M AL IO i (1], D6 7224k, 2022,
51(6) : 380-390.

WANG H X, SHAN L B, PANG Q L, et al. Phase

7th Asian Conference on Pattern Recognition,

extraction method of fingerprint fringe pattern based on
convolutional neural network[J]. Acta Photonica Sinica,
2022, 51(6) : 380-390.

R, TG, B, % ETEEMBRERNN
SMERAESCRL A TR E T (D] m R IR, 2023,
32(11): 1153-1165.

CUIJ J, WANG H X, CHEN P, et al. Research on the
fusion method of internal and external fingerprints based
on convolutional sparse representation[ J]. Chinese High
Technology Letters, 2023, 32(11); 1153-1165.
XU/Ns, ZEREG, TRl W T A B 8 4
B m st s (], Wim ke i (A AR
RR), 2019, 46(12) ; 9-15.

LIU X Q, YUAN G SH, QIAO SH SH. Fingerprint image
quality estimation method for embedded devices[ J]. Journal
of Hunan University ( Natural Sctences) , 2019, 46(12) .
9-15.
CAO K, JAIN A K. Automated latent fingerprint
recognition[ J ]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 2018, 41(4) . 788-800.
WA BREAE, i, 4. JEF Siamese 45 FUMZE K]
HEFEFIIKIR B[ T]. BF IR AR, 2018,41(24) :
51-55.

DAI Q H, CHEN G H, TANG X, et al. Finger-vein
recognition based on Siamese convolutional neural
network [ J ]. Electronic Measurement Technology, 2018,
41(24) . 51-55.

JAN e BRI RRTIH, 4. BET R LS
REE2A T SO (1] AR, 2021,
42(7) .108-115.

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

ZHOU B T, CHEN SH Q, CHENG Y Y, et al
Biometric identification based on plantar pressure sensors
and deep learning [ J]. Chinese Journal of Scientific
Instrument, 2021, 42(7) . 108-115.

FENG Y L, KUMAR A. Detecting locally, patching
globally: An end-to-end framework for high speed and
accurate detection of fingerprint minutiae [ J |. IEEE
Transactions on Information Forensics and Security,
2023, 18; 1720-1733.

ZHANG ZH, LIU SH X, LIU M H. A mulii-task fully
deep convolutional neural network for contactless
fingerprint minutiae extraction[ J]. Pattern Recognition,
2021, 120. 108189.

REAR, TR, SR, TR M5 e 4
PUIBEELT]. BT SE R, 2017, 39(7) : 1585-
1591.

WU ZH D, WANG Y N, ZHANG J W. Research on
damaged fingerprint recognition based on deep learn-
ing[J].
Technology, 2017, 39(7) . 1585-1591.

ZHAO H'T, YANG H, ZHENG SH B. Deep learning-

Journal of Electronics &  Information

inspired automatic minutiae extraction from semi-auto-
mated annotations [ J ]. IEICE Transactions on Funda-
mentals of Electronics, Communications and Computer
Sciences, 2024, 9. 1509-1521.

SREEHARI S, ANZAR S M. Touchless fingerprint
developments and

recognition; A survey of recent

challenges [ J]. Computers and Electrical Engineering,
2025, 122, 10989%4.

LIU J, LUO Y, WU J, et al. Level 3 details; The
biological variability among the Chinese Population[ ] ].
Law, Probability and Risk, 2025, 24(1) : mgaf005.
XUY R, SUN J B, CHAI T T, et al. Multi-feature
matching for high-resolution fingerprint recognition [ J].
IEEE Transactions on Instrumentation and Measurement,
2025, 74: 1-11.

SR, ERRAE , 1 %EWE , 45, F£T HRF-Net AUFE 2040
AT AL — R BTk [T]. R4, 2024,
47(9) :2179-2194.

LIU F, WANG Q H, XIAO Y F, et al. Unified
extraction method of fingerprint minutiae and sweat pores
based on HRF-Net[ J]. Chinese Journal of Computers,
2024, 47(9) : 2179-2194.

GUAN X J, PANZH Y, FENG J T, et al. Joint identity

verification and pose alignment for partial fingerprints[J].



555 X1

T A5 T 2 YURHIE R & 7R 4 SO O 12 271

[25]

[26]

[27]

(28]

(29]

[30]

[31]

(32]

[33]

[34]

IEEE Transactions on Information Forensics and Security,
2024, 20, 249-263.

PAN ZH Y, DUAN Y J, GUAN X J, et al. Latent
fingerprint matching via dense minutia descriptor [ C ].
2024 IEEE International Joint Conference on Biometrics,
2024, 1-10.

JOSHI M, MAZUMDAR B, DEY S. A novel minutiae-
oriented approach for partial fingerprint-based MasterPrint
mitigation [ J ]. 2024, 145;
109935.

LIU F, WANG Q H, XIAO Y F, et al. An efficient and

Pattern Recognition,

effective pore matching method using ResCNN descriptor
and local outliers[ J]. Pattern Recognition, 2025, 163
111446.
SHREYA S, CHATTERJEE K. Gan-enable latent
fingerprint enhancement model for human identification
system[ J]. Multimedia Tools and Applications, 2024,
83(9) : 27565-27588.

NOBREGA A, THEODORO I, FIGUEROA P, et al.
Improving local latent fingerprint representations under
data constraints [ C]. 2024 37th SIBGRAPI Conference
on Graphics, Patterns and Images, 2024, 1-6.
ZHUANG G X, LI Y J, CHU X D, et al. Visualization
of level-3 latent fingerprints by surfactant-free CsPbBr 3
MCs with Pb (OH) 2 as a passivation layer and an
anchored bridge[ J]. CrystEngComm, 2025, 27 (12) .
1763-1772.

DHANESHWAR R, KAUR M, KAUR M, et al. Patch-
based latent fingerprint recognition: A novel approach for
reliable identification of partial prints [ J]. Journal of
Forensic Sciences, 2026, 71(1) : 241-257.

WANG J Q, ZHANG Z CH, HAN C Y. Exploring latent
fingerprint synthesis with diffusion probabilistic models[ C].
Proceedings of the Future Technologies Conference,
2024, 78-89.

WAHAB A, KHAN T M, IQBAL S, et al. Latent finger-
print enhancement for accurate minutiae detection|[ ] ].
Procedia Computer Science, 2024, 246. 1558-1567.
XIRE, L&, MAR. LA &N MULBP 5 2DPCA
SiEH SO E [T]. I S AR A R
2021,35(1) : 142-150.

LIU Y ZH, WANG X L, LIN S. Palmprint recognition
method combining weighted adaptive MULBP and
2DPCAL[J].
Instru-mentation, 2021, 35(1) . 142-150.

Journal of Electronic Measurement and

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

ALSHDADI A A, MEHBOOB R, DAWOOD H, et al.
Exploiting level 1 and level 3 features of fingerprints for
liveness detection[ J]. Biomedical Signal Processing and
Control, 2020, 61: 102039.
VALDES-RAMIREZ D,

MONROY R, et al.

MEDINA-PEREZ M A,
A review of fingerprint feature
representations and their applications for latent fingerprint
identification; trends and evaluation[ J ]. IEEE Access,
2019, 7(1) . 48484-48499.

ENGELSMA ] J, GROSZ S, JAIN A K. PrintsGAN;
Synthetic fingerprint generator[ J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 2022,
45(5): 6111-6124.

HONG L, WAN Y F. Fingerprint image enhancement;
Algorithm and performance evaluation [ J ]. IEEE
Transactions on Pattern Analysis and Machine Intelli-
gence, 1998, 20(8) . 777-789.

KUZU R S, PICIUCCO E, MAIORANA E, et al. On-
the-fly finger-vein-based biometric recognition using deep
neural networks [ J ]. IEEE Transactions on Information
Forensics and Security, 2020, 15. 2641-2654.

YIN X F, ZHU Y M, HU J K. 3D fingerprint recognition
based on ridge-valley-guided 3D reconstruction and 3D
topology polymer feature extraction [ J ]. IEEE Trans-
actions on Pattern Analysis and Machine Intelligence,
2019, 43(3) . 1085-1091.

LEE W, CHO S, CHOI H, et al. Partial fingerprint
matching using minutiae and ridge shape features for
small fingerprint scanners [ J ].
Applications, 2017, 87. 183-198.

CAO K, NGUYEN D L, TYMOSZEK C, et al. End-to-

Expert Systems with

end latent fingerprint search[ J]. IEEE Transactions on
Information Forensics and Security, 2019, 15. 880-894.
TAN H ZH, KUMAR A. Minutiae attention network with
reciprocal distance loss for contactless to contact-based
fingerprint identification [ J ]. IEEE Transactions on
Information Forensics and Security, 2021, 16; 3299-
3311.

ANAND V, KANHANGAD V. Cross-sensor pore
detection in high-resolution fingerprint images[ J]. IEEE
Sensors Journal, 2021, 22(1) : 555-564.

ANAND V, KANHANGAD V. PoreNet: CNN-based pore
descriptor for high-resolution fingerprint recognition [ J ].
IEEE Sensors Journal, 2020, 20(16) ; 9305-9313.
MATHUR S, VJAY A, SHAH J, et al. Methodology for



272 % & L F ¥

47

partial fingerprint enrollment and authentication on mobile

devices [ C]. 2016 International Conference on Bio-

metrics, 2016, 1-8.
EEE T

XIHB (GEE1EE ) ,2012 £ F i pg T/
SRR AL, 2017 AR T E R3S
A 2007, 2020 4F F 5 PR 22 R 42
D, LB TR Rz, BB R r
i) Ay GRS Ak 7

E-mail; liuchaomech@ 163. com

Liu Chao ( Corresponding author) received his B. Sc. degree
from Henan University of Engineering in 2012, and his M Sc.
and Ph. D. degrees both from Chongging University in 2017 and

2020, respectively. He is currently an associate professor at

Anhui University of Science and Technology. His main research
interests include image recognition and processing.

RMEHE 2015 4F T AL TR# K15
bt 7, 2019 4R T PR S RAG A 1 24
17,2023 4 F 5 PROR 7 ARG L, K
VO RE RF BB, 3220580516 S BB U
HAb,

E-mail ; wupengcheng_mech@ 163. com

Wu Pengcheng received his B.Sc. degree from PLA
University of Science and Technology in 2015, and his M. Sc.
and Ph. D. degrees both from Chongging University in 2019 and
2023, respectively. He is currently an associate professor at
Southwest University. His main research interests include image

recognition and processing.



