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Application of Optical Coherence Tomography in Fingertip Biometrics

Miao Qingran, Wang Haixia, Yu Yang, Zhang Yilong
College of Computer Science and Technology, Zhejiang University of Technology, Hangzhou 310023,
Zhejiang, China

Abstract The fingertip is one of the most convenient part for collection of the human body to be used for measurements
and has been the focus of biometric identification research. As external fingertip biometrics, such as fingerprints, have
shown poor resistance to environmental interference and easy forgery, internal fingertip biometrics have begun to receive
attention. Optical coherence tomography (OCT) enables non-invasive three-dimensional imaging of the internal structure
of a fingertip. From the measured volume data, secure and stable internal fingertip biometric features, such as internal
fingerprints, sweat pores, and sweat glands, have been obtained. Therefore, in the past two decades, the use of OCT has
received substantial research attention. Research progresses on OCT in fingertip biometrics acquisition, and its
applications in biometric identification and anti-counterfeiting are presented in this paper. Finally, an analysis of the current
technical limitations and development prospects is presented. The findings can provide theoretical support for sustainable
development of this research field.

Key words optical coherence tomography; fingertip internal structure; fingertip biometrics; anti-counterfeiting

1 2 - LU B K SRR , AR 3 B A S0 ik B L B
H {iﬁ%ﬂﬁi’:ﬂé AR A NS BB B DN R R 4 i
A YRR X AT AR RO IR A Al B RS SOR A4 HE R S A RO s i AR
FRW, HI T Z M T2 2SR SR AR S AREW TR K BUE R AR SN R IE S0 X 4
W8 SOl T LTS R - PE AR AR RO HETRE A FRBOR B R TR B PR R Hﬂ?ﬁl\iﬁa@t@
RITHAEYRE . NAEER A ISR GBI AHAGE, B OhiE, A SR SOR B R (AFIS) 4 5 &2 3 45 40kt
RO E S TRA B A TG A4 T7 . 48 80— O 4R TF)zii‘aerfﬁxﬁfCE’Ju SLg g
TIEIR I BRI A M1 S5 4, B LRI 22 R T B PRI TR N S D Sy U EE g Sy (1
R B0 B AW RIEAS B RETT L E2A %LB?‘QQIA%HEP B o BT — T o AR A= W2 R
MR O AR A BEE T UL IE R R E AN R AR B R AR R A T AL

Wi BHE. 2023-01-10; fEEHH: 2023-02-15; RABH. 2023-02-22; MEHEZBH: 2023-03-09
HEETIR . Wiila 808 00 BA (2021R01002)  F % H SR BL# 345 (61976189, 62276236)
BIS1E#E . hxwang@zjut.edu.cn

0811012-1


https://dx.doi.org/10.3788/LOP230484
mailto:E-mail:hxwang@zjut.edu.cn
mailto:E-mail:hxwang@zjut.edu.cn

FTF B S5 FRAE o Bl 2 B2 R 0 & J RN X 2 4 R i 4
1 R R OB (1 46 2 W RRIE © o — A 2
oo HFEM T RN G AR (OCT)HEN —F HA
A T o R AL R — AR AR
A H AT CAE B2 R T N . AR A —
SO AR AR B G R A AR AR R (MRD) X~
ST EHLER (CT) %, OCT E 4348 & 1 4 ¥ % )
i, 53R A WA 2O B R S R PR R A
Fo,OCT X EA Wi KA ZHae S 158 H A foi K
BB IR T EZ —,0CT REG e REF & T ILE
oK B F 2R TR B B, DT 35 B P 8 4 20 T LRI iR
A R YRR AE R FE A3 A R SR R B O )
Je A ok T B B T T o

FT OCT W8 R KT A= Wy R AE b B R 1) &
BT TR 204 R X 2 TAEARIER OCT R
LR HE R B T AE W RHIE L AR G2 1 S 48 SCH AT AT
BT e F1 Ay O vERE |, (H R H S BRI A 2 R i Ak
e s, FEHJEN, — R OCT R4t H FEF SR
£ ErmRME, 5 —Jr s =l Y vk
IEAR SC I R ) T L2 T AR R OCT TE 45 9 4 W HF
AIE TR 551 45 3k i A 9T R . AR SCXT OCT &R 48 M HoAE 45
A YR AE R A E BRI OCT REMFER L T4
FEAE SR A O 7 IR AT T RS R REE s & BT e
T BRI OCT 78 48 23 A= W 4 AE 550 B9 52 B 1 A B4 ) At
DL R SR ) & BT 5t . ASCETE R OCT RE Mt
R AL S5 IF 583 X B A= MR AE i 1R
B £ 3875 AR I 4R 08 S 4

2 et R AR ER

2.1 OCTHIERFEHE

OCT REM L RBEFRENTFH, BET
AR 95 (LCT) >k ™ AR R ) i [ 38 2 ok [
FES R TY I ECEE S & B S it ot
KM B 1 RR T TFH AT
WALH) OCT W EEASL K, ok A BRI A 64 4ok
J5 4y R 225 SR AR SRR (R SE ) o FE SR RET
W ZEE AR S KRR S EOLREE B S 5
K HRE S A A IR IOUL 2 R M5 B U e 5 S
BERGTIE R T W, T AR 5 BRI 27 21

OCT &G0y Re PEAN F8 br E S FEOLIE S50 3l
] o3 HERE B ) o HE R R AR TRE R U R AR

HA B I S 85 b0 P A T8 AA TR E L.

RS oREE  OGIEA T K E Lo oo K 2, AR 58
ARGE FEE 2 R H R LRR N
4In2 A2 A2

= L x0.88—, (1)
T AA AA

Ao AL T ER B OGRS B (B R OIS ) 1

g 4 55 (FWHM) A0 X B B KA1 56 o il 1) 49 9 %
RGBT WE N L iy—2F"  £EXH

FE605% 8H1/2023 £ 4 A/ B ENEBEFEHE

Reference
Mirror
Rerference
beam
Sample
Light |— beam
Sample
source [— Source a
beam
Detector
Computer beam

E * Detector

F1 EFERET I OCT ALK
Fig. 1 Basic optical path of OCT scheme based on Michelson

interferometer”
L. AL
R;=7~O.44-A—;O (2)
B A HER R, VR R RN
A
R,=—122.———, (3)
2NA.,

A NA G R REFENBMESARE. R.AR, B
M/, B . OCT & 4619 FROE i IR
Zas R SUH

AN
T 4nead’ (4)
Ao N R IR B B A R0 B R T
Proh s, — R UL, B KA A B8 A AR IR Y 4
R H 2R A B TR AA £ 5 0 B 2R 55 0 il
)40 R e R Z G OU T, JE TR Y & 5 Al 5 bl 5, b
T 53 B 5 R0 6T L B gl B G (HR A R AL B
FERN A R s S R N, i 5 2R 1 g
IR, OCT REM R, WFR N HEF s,
Al RAAE YR 58 38 RO B 7 AR B A 5 TR S B 55 AR A R
SR R S DR L SRR R —
A7 B TE] P A-Scan P UREL, B 1T BE 23 52 B B0 25 M e 55
PR 2R 2 ), B R S B o FH R i — A S B o

M (2)~ (4T LA, IR S5k E T OCT
ARG PR FR BRI 252 OCT R4t
PEREMYSCEE R 2 . & 13 TIJLFMAE OCT W) iz
IR S8 . — ok UL, R T8 6IE & R )
R K AE VT LLAN X I OCT Z G 7 24 Wy 4 400
T 8 B A T B A R L A RO R U
H AT OCT i F & 0 137 B9 06 TR 2 48 & O 4%
(SLD). SLD #ir#&fE 5 H H2A %65, i H SLD #
I OCT R G il 1) 43 B 50 % 7 10~15 pm. i1
KRG A (edge-emitting LED) 1 43 HF 2 AH X 5
U FLRCAR AR A R 5 D) 3R A B SLD /N T4 B0 2%
K 25 45 2 A LED 8 SLD J& 42 &5 20 9 R i — Fh oy

anx

0811012-2



£ 6055 8H1/2023 £ 4 A/ ENEFEHE

F1 OCT RGEHHDOLI
Table 1 Light sources in OCT system
Source Center wavelength /nm Bandwidth /nm Emission power /nW Reference
Edge-emitting LED 1300, 1500 50-100 0.02-0. 3 [21]
Multiple QW LED/SLD 800, 1480 90 15, 5 max [22-23]
Ti: Sapphine laser 830 70 14 [24]
SLS 1310+£15 80, 100 10 [25-32]
SLD 800-850,1300-1375 15-220 0.375-5 [14, 33-44]
LED 850 30 900 [45-46]
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Fig. 5 Internal fingerprint anti-interference performance
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Table 2 OCT systems used in fingertip biometric research

No. Type Light source Ay/nm Al /nm R./pm R, /pm Power /mW A-Line rate /kHz  Reference
1 TD-OCT SLD 850 15 [33, 58]
] [34-35,
2  TD-OCT SLD 1300+15 15 0.375 40 _
38, 59-60]
3 SD-OCT SLED 1310 17 [14]
4 SD-OCT  Ti: Sapphire oscillator 830 70 14 [24]
5 TD-OCT SLD 824 20 [37]
6 SD-OCT SLD 840 8 12 [41]
7  SD-OCT SLD 1308 47 3 [57]
8 SD-OCT SLD 1325 100 11 20 10 146 [61]
Superlum D-series
9 SD-OCT . 845 107 4 30 [62]
broadlighter
10 SD-OCT Broadband source 848 46 7 10 4.81 18 [63]
11 SS-OCT SLD 1325 100 12 8.8 10 16 [32, 64-66]
12 SS-OCT SLD 1325 100 12 15 512 [67-69]
13 SS-OCT A swept source 1320 13 13 20 [70]
. Fiber-bundle-coupled
14 FF-OCT [53]
halogen
15 FF-OCT A halogen lamp [66]
16 FF-OCT  Near-infrared LED light [45, 71-72]
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Table 3 Existing works of en-face-based methods and contour-based methods to extract internal fingerprints

Database
Extraction method OCT technology Number of Area / Reference
Volume )
fingers (mm>Xmm)
Thorlabs swept source OCT, 153 51 14X 14 [32]
OCS1300SS 12 2 5X5 [68]
9 3 4X4.6 [24]
En-face-based method

' 50 10 1214 [40]

Custom spectral-domain OCT
150 15X 15 [42]
1 5X5 [73]

Each consisting of
10X10 [30]
512 B-Scan

Thorlabs s S )CT,

orlabs swept source OC 13 1010 & 15X 15 [56]
OCS1300SS
50 B-Scan 1 [64]
55 10 10X 10 & 15X 15 [66]
Each consisting of
o sisting [72]
Gradient-based 49 B-Scan
Contour-based

. B 2 15X 10 [76]

method Custom spectral-domain OCT

20 each consisting of i
15X 10 [77]
1000 B-Scan
W asatch Photonics Inc,
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(j) Colorless silica gel
(artificial finger model)

(e) Glass glue

(h) Capacitor glue

(k) PDMS silica gel
(artificial finger model)

A: surface of the fingerprint film; B: fingerprint film; C: stratum corneum; D: conductive silver particles; E: viable epidermis;
F: surface of the artificial finger; G: artificial finger model; H: sweat gland
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Fig. 7 B-Scan images of 11 kinds of artificial fingerprint samples and real finger

9 (a)-(h) Fingerprint films with different materials;

(i)-(k) artificial fingers; (1) real finger
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