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Abstract Fingerprints have become one of the most widespread biometric identifiers due to their
universality, uniqueness, and permanence. Traditionally, fingerprint images are captured from
the surface of the finger. However, with advancements in imaging technologies in recent years, it

has become possible to obtain subcutaneous internal fingerprints, which are located beneath the
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outer skin layer. Typically, external fingerprint images exhibit high clarity and contrast but are
less stable, being susceptible to external environmental factors and the condition of the finger. In
contrast, internal fingerprints show better integrity and stability, though their image quality is
lower than that of external fingerprints. These two types of fingerprints possess complementary
characteristics. By extracting and fusing the useful information from both external and internal
fingerprint images, it is possible to create a new fingerprint representation that is more
comprehensive and beneficial for subsequent applications. Owing to the distinct characteristics of
acquisition devices employed, there are relative deformations between internal and external
fingerprints. The actual physical locations represented by the same coordinates in the images
differ. Therefore, before fusion, it is essential to perform registration to restore spatial
consistency between the two types of fingerprints. However, the registration process becomes
challenging because of the significant differences in image quality between external and internal
fingerprints, as well as the presence of repetitive ridge patterns within the fingerprints. Moreover,
the pursuit of high registration accuracy required for successful fusion further complicates the
registration process. This paper proposes an unsupervised dense registration network, U-NeXt,
which is designed to address the challenges of fingerprint registration. Building on the traditional
U-Net architecture, U-NeXt replaces the conventional convolutional layers with ConvNeXt as the
encoder to capture the spatial correspondences between the target and reference images, which
enables the network to better capture global information and mitigate the disadvantages caused by
repetitive texture patterns. Additionally, the network incorporates a high-frequency feature
enhancement convolution module (HFFEC) within the skip connections to enhance the network’s
ability to perceive fine-grained fingerprint texture details and improve the registration accuracy of
local features. Furthermore, traditional similarity metrics often lack the capability to understand
the semantic structures of fingerprint images and struggle to accurately assess the complex
relationships between them. To address this limitation, this paper introduces a dynamic structural
similarity loss function based on seed points. This loss function assists the network in uncovering
deeper semantic relationships and improves the accuracy of registration. A series of experiments
and evaluations were conducted using a publicly available dataset of paired internal and external
fingerprints obtained through a synchronized acquisition system. The proposed method was
compared with several existing fingerprint registration methods. The results show that, the
proposed method reduced the structural similarity between internal and external fingerprints by
30.31% on average after registration. Moreover, the Equal Error Rate (EER) of the fused
fingerprints was reduced by 74.96%, representing the largest improvement among all the
comparison methods. Notably, even under conditions with significant distortions or substantial
quality differences between the internal and external fingerprints, the proposed method still
performed well, providing a solid data foundation for downstream tasks.

Keywords external fingerprint; internal fingerprint; optical coherence tomography; dense
registration; deep learning; dynamic loss
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S B4 i il 26 (Cumulative Distribution Function,
CDF). 1 VUi B, & Be iy sexh iz i ih e 245
A PLHE ) e 1) 45 % 3y, Horh A SO R i O VR BT A
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ANF TN 0 = B S ], b s — 47 AN 4R
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I AR B DURRRLBE VR SR 4 2 pR AR, 3 35 I 25 7E

YIZR 2o 5 G v it v A S0 R AR AU , 1 AH
B 48 i LR S IR A ) — 0Pk, T DA
SR AN T L 0 25 B3R 15 R skt B el R AR 1) R
B W T BEAFTE SR IR FCHE A B0 5 59—y T AN
[i] 5 8 115 DX Sl i B0 B K] L B At 4 2 SR A KL A
B 8 b 1 T X 3 6725 AR s T RE A7 7E SR AN R A
) 5, R Qo O A ) T v 245 SR A R 0 st
MCERIA 8 =5 A AR AR EE A543, AEARLEE 8 AR SR 2 1
W4 R EC RS B A BT B R IR AT
4.2.2 FREOT 52 SO

6 S MG 1 SRR A e AL 4R 1k
AR B B T AR A=y ik THR 20k
L5 5 NAME BT 103 Oocr MO 11x Z 181
25 SR T WsKAR SUZ [MPE LR SOR X S50 . T

N 1
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(d) datasetSD
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WUIROC . FEPTA I s Fen-stn B 2G04 ) — 3L
P o JR 0 0 VRS B AT, DRI A B2 s P9 o1 i 8L
Z I 7 1) 3 22 5, AR O VA IAE A [R) 2 B 1 B AR
TIPS . AR SO 1Y U-NeXt 78 A %6 T
TSI T /NI T 13 2% S O BLAE SR S0 R 22
SRR datasetB FIBGAZ 55 4 ™ 8 1Y datasetSD I,
H 22 SR MR A, R U-NeXt X 5 80 2 B
HEE X FEREE . K8 /R T #B4r INAIME U 2k
B X S5 58 B R D (O iy Ooer ) 1553 - Ho 4148,
FIRIMERFR B, SR a3 n N TR FE 80, T H S 53 R
RRAL . CHIRBLHE R AR, SR E A A, T
Jr A Lt S IR A5 5 PRt 5 P o s B R A R R
B XS, 38 R WL BAE AR FLE R 8. 7ERT A
D73 A SO AR L Y O s A I S N T s S e
TR AL 7 5 X 35, R BHICE S N A8 S0 261
BB AR E L S .
4.2.3  FETFRIC A i 22 O HE DR 25 DTPAG

AN DA—Fh i ELAA Y 2 DARC M5 25 1)
PGSR 7 2 P BCHELS R . AR SCREHLPRE T 100 %)
TS0, I X S8 g £ PRIt T 8 AR IE AT T 4T

I F TARIC . T 280401y S Fl o b 2 415
2T BF RN 5 I A SO AT REPRIE T — AR 70 ok
Zd TR AT R AEE AR s BRARIS AL L N4
F&BUTRH R AIFRIC U S8 A0 55, BC NS BE BRI
DNV ICE A5 22 ) ) i 22 AR A 22 (BN (LR B 17 DR
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TP ETE A S/ IR 22 . AHILZ T, Hofth
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F Fen-stn (14 Ja) 50K B2 2 25 . 9 H 25 8 W IR A2
PR Ik 15 22 X R] 50 AS TRCVE GG B, 8 73158 22 (B AT g
THECHERT (P15 228 T BCHERT
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(e)

(fl

0.8012 0.7493
K7 BHESH ()~ (DR ALFE No-reg. OFD. Fen-stn,
DRN.PDRNet il U-NeXt)

F2 AEBERHESIT

Tk datasetA datasetB datasetC  datasetSD
No-reg 0.1577 0.2601 0.1698 0. 2050
OFD 0. 1460 0.2127 0.1597 0.1883
Fen-stn 0.1553 0.2171 0.1699 0. 2004
DRN 0. 1299 0.1923 0. 1480 0.1649
PDRNet 0.1211 0.1785 0.1432 0.1526
Proposed 0. 0990 0. 1553 0. 1347 0.1188

4.2.4  PNHMESICHECITAL

B S5 46 SOV RAE F R FETEAS 7 B Ao A 1
BRET . YEiRZH e s Rc AL 2 AT
AT s AT DG IC 553 5 T DU AR i) 37 T VR
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(18 H18 o 210 H48 5 P 5 A S0 2 TR R I 2 118 S

B8 AL EME ()~ MHKIKALFE No-reg. OFD. Fen-
stn.DRN.PDRNet 1 U-NeXt)
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JE VR A BRI . TLF A e o 7 i B T+ T
DE e 4350 o e o AR SR 1 19 3 0 (8 4 TP B e
Ko FEHE BUAEAE A 1 5l 0 22 7 0 35 A 156 0
T A SO T A B Ty VAR SR RS HRAS T Y
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() 7 1 RE RS A RO 55 DE e iF , 44 o2 DT e A v
R A 52 2 sl 4 S0 T A A B vEfg . s,
JUF- A 7 iR AE B v S A VG Bt o B0 26 Y 4 i v iy
A PRGN 32 TN Rl SRR I A R AN
C X DT C A B B IR A B 22 5. BRI T
FEARVCIC /3 B2 E 1 32T, 7 22 B AR R
B0 THT R 5 T 2 B e T P o o DG P i Y 25 4k
e =
4.3 BEWMRITMH

B SUR A X S0 22 8] ) BC RS 7 2 W e 1 2L
SR R AR K CHE G 1) 48 S0 FH T8 80 Rl A
Tl 6 SU Ff BE I — 2B AR B R RO . R i
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— No registration
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Registration Error (pixel)
(h) BBz
9 ROMEB LA
#3 WIMBHIEEHESIT
k4 datasetA datasetB datasetC datasetSD
No-reg 199. 55 126. 02 157. 37 192. 68
OFD 204.17 129.73 163. 29 194. 81
Fen-stn 193.17 121.42 156. 77 185. 33
DRN 212.88 132.77 169. 98 203. 27
PDRNet 221.42 136.73 174.71 213.08
Proposed 231.58 143. 34 181.27 222.36
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g3 L J2 KAlE & 18 SO VL AL RE
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JE E A RS U BT R U S DA R A 1
R AR s G R O I (T U U |
NFIQ2. O DAk a4 % filt 5 i 0998 SRS AT 53
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4 RAIELHNFIQ 4 # Lt AHEL 73 AN PIASFE AR » A i s IR 22 0 T R 28 S E
Vikr 22 datasetA datasetB datasetC  datasetSD I LA BARG SRy SRR B v 5 1 EA - R8O s 55 DU 47
Nows | OLUT 008 93102 G800 SRHIBCEATRIED T A5 BB AL
OFD 42.8699 38. 3591 40. 3491 41.9023 ,ﬁ’%ﬂ//ﬁﬁ E@;gﬁﬁjﬁiﬁ% T ConvNeXtT{lX—Xj%qﬂ
Fen-stn 38. 8994 37.5634 38. 1675 37. 0500 N .
Al W < A S T e < g
DRN  43.2516  40.1826  42.9620  42.8557 E/Vﬁji e ’%/\f H/Jf gﬁéﬂ)ﬁﬁ W T HFFEC *%ﬁ%
PDRNet 45.2217 40. 6873 43.5222 44. 3173 E/‘Jﬁﬁ‘i‘r j EE,/E/TT E/\J%%L\;&?Emu IIE[D% T %,ﬁg*ﬁﬁa:
Proposed ~ 48.5890  42.1609  45.3373  47.5642 FEL Ko FE 2 5 o 28 i 20 S B A T G Y TRE HE K
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(e)

(d)

(e)
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s — OFD(EER=0.005 79)
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101k ~~ — Proposed (EER =0.001 67)
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1 10*
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S SRR IE ] T ShAS AU R A R
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x5 HELEIR
SSIM  Orien-diff Reg-error EER
U-Net—+L gy 0.7082  0.1248 3.5374  0.004 15
U-Net+L e 0.7063  0.1236 3.6084  0.004 23
U-Net+Lps 0.7170  0.1193 2.8163  0.003 16
U-Net+L g+
) o 0.7261  0.1207 3.0035  0.003 87
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ConvNeXt
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U-NeXt (proposed) 0.7796 0. 0990 2.3126  0.001 67
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Background

Fingerprint is one of the most commonly used biometric
feature for personal identification, which is typically collected
from the surface of the finger. In recent years, the development of
optical coherence tomography realizes the measurement of internal
fingerprints. Generally, external fingerprints exhibit higher image
quality, whereas internal fingerprints exhibit greater integrity.
The complementary nature of external and internal fingerprints
allows for the extraction and fusion of valuable information from
both, thereby creating a new, more comprehensive fingerprint
representation that benefits subsequent applications.

However, owing to the distinct characteristics of acquisition
devices employed, there are relative deformations between external
and internal fingerprints. Therefore, registration must be conducted
prior to fusion in order to restore spatial consistency. Fingerprint
registration is a small subset of image registration and presents
several challenge. Firstly, in contrast to other natural or medical
images, fingerprint images possess distinctive textures and more

repetitive patterns, which introduces low intra—class differences
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but high inter-class differences. Secondly, current mainstream
contact-based acquisition results in relative elastic deformation
between fingerprints. Thirdly, fingerprints are susceptible to the
influence of the environment, which leads to the quality
difference. All these challenges make sub—pixel accuracy
registration between external and internal fingerprints a
challenging endeavor. In recent years, deep learning—based
methods have garnered significant interest as a means of achieving
rapid registration. However, the lack of a large number of ground
truth displacement fields means that supervised learning cannot be
used to achieve internal and external fingerprint registration.
Existing unsupervised fingerprint registration researches are
relatively rare and prone to local registration errors.

In this paper, we propose an unsupervised dense registration
network, U-NeXt, which effectively captures global information,
reduces local misregistration, and achieves subpixel-level

deformation field estimation between external and internal

fingerprints, thus lays a good foundation for fingerprint fusion.



