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Figure 1 The time-resolved fluorescence process in the phasor

space.
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Figure 2 The time-resolved fluorescence processes of the genuine and counterfeit RMB banknotes: (a) genuine RMB banknotes; (b) counterfeit
RMB banknote.
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Figure 3 The point-cloud data of genuine RMB banknotes in the phasor space: (a), (b), (c) and (d) are time-resolved fluorescence processes of
10 cents, 50 cents, 1 yuan and 100 yuan, respectively.
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Figure 4 The normalized histogram of the genuine and counterfeit
RMB banknotes in the phasor space.

722

IR S A4 2010 ps #3E, UiBH T AR H 4R
EMM T 25 R A — @M eE. i AR
5526 U ACHR S A MRk, WUB K 1R 2 6 7 A (B B
ST fE SR KRR 96 F fir 623 ps 1536
JGI 162 ps MR AR, XU T ARMTEEITH
FH AU B I AS A& 58 A A R 9. 56 70 FH 4R 38 %6 '
FFr 162 ps A9 TR FE 1 K LU R AE™, K
FEAR T2 i O 5 F 40H B ¢ 7% 4 600-800 ps, Hif
Ja W 22 IR, AR IE AT LU TSR e S . HE A
AR 986 73 6 623 ps SELEL T ARk BHAH 22 A
K, VOB T FHACR AR P 5 i Kb B, 558
TG ARAE )5 O 75 THATS A7 AE — 32 1) 22 5.

Bl 5(a)—(0) A& FLANES 1 P 3 96 75 iy 7o AR R
FHZE AR AR o RO ff1 O R %2 FE oy AT 1. W 5(a),
(D FT7R, FLANEE T3 585677 iy RME 22 5% B 43 A1 A 1
A, EARES A b0 AR 2200 854 ps; ELED (A
REPERUN, LR R 3.25, 2F % M (FWHM) N
258 ps; BREPIIMER % BEROK, o KA 5 55.7,
o 58 BE(FWHM)SN 6 ps. L3l 45 SR 5 W] L0
RARTEHEEIE AR, 906 A REA & 7=k, 985k
559, PIFAT A ATIG IR v, mRES 408 2o
BEER, SICRER, PG FA B Ay B,
T 10 40 A5 Y0 LA R . I LA AR X T b
FHARH) 5 — /N BUARAE. Qi 5(b), (e)FTan, EAED
T AH 7 8] b AR A% A 2 5 58 g AR I 0T 8 (1) A A7 53 )
90420 F1 0.458, Ko EA I 50 A HOd FE
FEREAHAT. B 5(c), ()A FLAREELEAR AR BRAR 25 ] (1) A
0 IRER AT, WA FNT-35 9675 fr ()5 2 WL 7 FE
(5), EMIAIELRNER R, PRI A M50 A A 2 IE
oA, A0S T 9O F5 i IR 2R 43 A TR AR AL

4 iR

fE Chia S ANPWESCIE R, B TS5
o ) 43 B AR U I A S it R 22 3 10, A Sl A
i kS W (K5 G I 18] 53 3 70 AT B BIN B A S %
A, A ZOEXUE FIES R MR R, '
H B AR B AR B 23 M N RTS8 DO 5 ik, ORI I S
BRI SEAAT. MG N R T2 08 )51k, AT
PRI N R T8 Oy VA BAT IR 2 R R T EE 3T
THLRE Sy o A S IR U S 0 . I 2 AN i 2
N TATAEATAREE, & stk i R 580
SEBOBUBCAS AR RN 7 B TH R P AN 3 v e 1 Il T



R PR )t RO

20134 H43% ol

3.5 25

3.0
20

25

2.0 15

FJ
’3

(.l'l

nan
U.4U

i (b) M
15 10
2
1.0
5
0.5 1
0 » 0

,3
w

N
N
o

N AE nEn
U449 U.ouU

RZp ?&%9 (rad

80

60 140
(e)

?15])\7‘1:%50 7o (N

50 120
100

40
80

a 30 Q

60

20 40

10 20 L I

_

TS0 T, (nS)
B 5 RALHRET

046 0465 047
RZp A6 (rad)

S[6) L E (A8 R B E S E

0 0
0.86 0.88 0.90 .9 045 0.455

70
60
50
o 40
30
20
10
__L

0
0.82 0.83 0.84 0.85 0.86 0.87

(@), (0), () PRI V- ITOCTF i 100 W12 pFIBSR OFIRER B T ATF; (d), (e), (D ARSI 96 7 fir o0 AR pRIBR S ORISR
M
Figure 5 The probability density distributions of the genuine and counterfeit RMB banknotes in the phasor space: (a), (b), (c) are the

probability density distributions of the fluorescence averge lifetime 7,, polar radius o and polar angle & for the genuine RMB banknotes,

respectively; (d), (e), (f) are the probability density distributions of the fluorescence averge lifetime z,, polar radius p and polar angle & for the
counterfeit RMB banknotes, respectively.
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RMB identification using the polar phasor approach on the
time-resolved fluorescence
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2 College of Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China

One of the key technologies to identify RMB banknotes is to detect its paper tissue. In this paper, using two-photon
fluorescence confocal microscopy, a new RMB identification technology based on the polar phasor approach of the
fluorescence lifetime is put forwards. This is the first time that the polar phasor approach has been applied to analyze
the average fluorescence lifetime of the genuine and counterfeit RMB banknotes, respectively. The time-resolved
fluorescence process of the genuine banknote conforms to the double-exponential decay model. There are almost no
differences among the average fluorescence lifetimes of the various denominations of RMB genuine banknotes;
however, the difference of the average fluorescence lifetimes between the genuine and counterfeit banknotes is
significant. The experimental results show that the RMB identification technology cannot be affected by the
circulation time, mechanical crease, injury, and surface pollutant on the banknotes. The measurement method is
sensitive, and the device is reliable; therefore, it can identify the RMB genuine and counterfeit banknotes effectively
and practically.

RMB, RMB identification, time-resolved fluorescence imaging, fluorescence lifetime, phasor approach
PACS: 32.50.+d, 33.50.-j, 07.60.-j
doi: 10.1360/132012-747
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