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Abstract

The key point of optical fiber temperature measurement technology based on fluorescence life-
time is to remove the background interference such as the dc component and the noise signal in
the fluorescence signal so as to obtain the fluorescence life  as accurately as possible. However,
in the case of high-precision measurement, when the traditional single exponential model algo-
rithms, such as the least squares fitting, the integral area ratio, the FFT fitting and other methods
are used to process the multi-exponential fluorescence signal, the fluorescence life error obtained
will be large. LM algorithm and Prony algorithm are introduced into fluorescence temperature
measurement. Through simulation analysis, it can be seen that the two algorithms have obvious
advantages over the traditional methods in processing multi-exponential fluorescence signals.
Under low noise condition, the maximum error of LM algorithm is between +10-*4 ms, and the re-
sponse speed is 3 x 10-1 s. It is very suitable for high-precision measurement. Prony algorithm is
significantly affected by noise. The maximum error is +10-3 ms in the low noise environment, and
the response speed can reach 2 x 10-3 s. It is suitable for application in the case of fast response.
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Table 1. The ¢ value table of the DC component is 0.5% - 2.5% of the fluorescence intensity
F 1 BERSEBATRER 0.5%~2 5%HH) r EHR

EEVN RS

R
0.5% 1.0% 1.5% 2.0% 2.5%
30 0.500135 0.500341 0.500573 0.500680 0.500833
60 0.500179 0.500436 0.500663 0.500744 0.500927
90 0.500170 0.500396 0.500697 0.500817 0.501005
120 0.500075 0.500402 0.500649 0.500855 0.501017
150 0.500190 0.500489 0.500754 0.500962 0.501293

22.2. &= nwaﬂ(ﬁ;ﬂﬂ

LHB R, =0, SUEEEFES |, MRESOMESRENL, SRNE 2 fon, TUEH, LM
SR Yot W Kﬁ@,%—ﬁﬁﬁﬁ%%ﬁ& KA SR BN e 7 3R A B, I8 5 AT 2,
KRR FEA R, HIan7E 0.5% MR LIE LT, RFFKE 120 1 B4 R in i, Btk
TR S SZ R DU 2 KA K .

Table 2. The ¢ value table of the noise amplitude is 0.5% - 2.5% of the fluorescence intensity
2. IRFEIRE ARAIRE R 0.5%~2.5%ETH) ¢ (EFR

o FER S 5 650 5
SRR
0.5% 1.0% 1.5% 2.0% 2.5%

30 0.499912 0.499937 0.499267 0.500507 0.499987
60 0.500063 0.500128 0.500101 0.500141 0.500616
90 0.500017 0.499746 0.500116 0.499800 0.499363
120 0.500014 0.500126 0.499800 0.500157 0.499010
150 0.500037 0.500310 0.499695 0.500272 0.500713

2.3 LM BUESHE B E S5
H MATLAB fif— s XU 2k, Ay
= A exp(—iAt/z,)+ Ajexp(—iAt/z,)+ 1, +1,
7t r, =05ms, 7, =03ms, LRI ¢ B B R RFEAT I L7347
REESHRR

L RO T AT R, SRR B BRI, AR AR B T BT 0 e R S 1 A
REFE . JEFERAFKEN 120, BURME S IR 59O LLE], #5315 3 Prsiss .

Table 3. The ¢ value table of the fitting length of I-m algorithm is 120 points
3. L-M BEMAKER 120 mife) - B

g P I L 55 58t BT L

KA 25120
0.5% 1.0% 1.5% 2.0% 2.5%
7, 0.500014 0.499933 0.499865 0.500428 0.503992
T, 0.300196 0.300387 0.300392 0.300601 0.298640
75 FLI K (s) 0.352149 0.355530 0.352190 0.349143 0.350027
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Table 4. The ¢ value table of the fitting length of traditional algorithm is 120 points
4 REEENAKER 120 S - ER

s g s R 5 08 Y 5k 5 L
SRFE R 120
0.5% 1.0% 1.5% 2.0% 2.5%
BN 1, 0.380714 0.380733 0.380928 0.380765 0.380725
75 FL(s) 0.001171 0.001132 0.001150 0.001185 0.001149
FFT #l&ik o, 0.412866 0.412858 0.412946 0.413007 0.412547
i BB K (s) 0.001103 0.001055 0.001058 0.001072 0.001091

XFECBL EPRRBEE AT A, ARGt —IRIEAN FRT LA S FRE AT X0 SR BRI ¢ (ETH S BOR L
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ZEHEFFELI0 ms B 107° ms, WERSFERGE, (H T SE TR EAL BN R SRR, SE K5
A EMER, PEUSITHEE . HXIXMEESL, $2H 55—y 78 Prony Skt it
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I, = 1o eXp(—2At/7, )+ 1o, exp(—2At/7, ) +---+ |5, exp(—2At/7,) (8)

Lns = loyexp(—(2n-1)At/7, ) + I(;Z exp(—(2n—1)At/z, ) +---+ Iy, exp(—(2n-1) At/z, )
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A SR T A R T
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m=0 n=p
TEIX B E s
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1 1 1 b >“<(1)
Z:1 Z:2 Z:p b:2 = )2(:2) (28)
27 " b ] [%(p)
o, WEAE ACHANEERR T & (RIZOGT5 A o ) AT R IR 9
=b
a =In(z,)/At
B EAES, SEBLT Prony BELESS GRS, BUEA MATLAB B3 00t B i B AR XU
BT 704
3.2. Prony EiERBIER R
H MATLAB #Ai— 2% A8 G i 48, B
y = Aexp(—iAt/t)+ 1, +1,
SKEER ][] G At = 0.01 ms . B3¢ 54 £ = 0.5 ms , 3B A7 SR 7 [ E50.5 ms B K/ NEAT 4T
BEXTBFE RO, & A=1, BEES 1, =0, KFEKEESE 120, SCRHERD & 1 WIRE 55055
SREE, SAERUNGE 5 Fs. ATLAE L, Prony SUAFIMSZ B HR - BHE ST, EERS BBV, 17
AT
Table 5. The ¢ value table of the DC component is 0.5% - 2.5% of the fluorescence intensity (sampling point 120)
F 5 BERNMEBRLABER 0.5%~2.5%8FH  ER(CEH S 120)
FLIR BE 5905k T L
KA £ 120
0.5% 1.0% 1.5% 2.0% 2.5%
Tk« FHME 0.503418 0.499589 0.510936 0.518576 0.526724
P ERDE |, =0, REEK LS 120, RS E SIS ZOUE SRR EL, 451 6 s,
FILAE H, Prony Syl M AREIURE, BEE R FS (RN, 47 B s SABRAE I B9 BB (B, ZEMRMEIAIE A
AT -
Table 6. The z value table of the noise amplitude is 0.5% - 2.5% of the fluorescence intensity (sampling point 120)
52 6. IZFEIRE ATAIRERY 0.5%~2.5%HY r {ER (RS 120)
= st 75 W 57 Ol o JEE L
KA 5L 120
0.5% 1.0% 1.5% 2.0% 2.5%
ik o PHIE 0.500701 0.502971 0515143 0.528520 0.550484
3.3. Prony EGERIRMUEH A E
H MATLAB i — 26 SR EOG M 2, BB
y = Aexp(—iAt/z, )+ A, exp(—iAt/z, )+ 1, +1,
Bk HHr, =05ms, 7,=03ms, FRFMEFFILITHE. BIEEHE 120 55, OB HEE S
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POSRBERILLG], S55Ee 7 Fion. BHBLATJIERMEIAEE T, Prony SVERIVBLF, DiHBKAE 107° s £
B R LM ROE S A TR NI R s R A2 PR, R PO, RS AN
LM &%k,

Table 7. The ¢ value table of the noise amplitude is 0.5% - 2.5% of the fluorescence intensity (sampling point 120)
F 7. RFEIRERNRAIBER 0.5%~2.5%KTH) ¢ EFREEHES 120)

Mk P JEE 55 98 G R L

KA R 120
0.5% 1.0% 1.5% 2.0% 2.5%
A 0.501421 0.492034 0.471874 0.435542 0.395383
T, 0.300739 0.295392 0.283338 0.170857 0.127272
115 LI K () 0.002446 0.009617 0.009727 0.010992 0.018512
4, &g

WIET LM 53545 Prony 55w DU IAETOEIR RS, HRASGEWRLCHE T %, EAB 214
PR BRI 5 U A S o LM SRR 2, A F 0RO AL (4 B KR 22 7E+107* ms Z [, 8] LS
JE3x 107t s, JEWIEA TRk EN R Prony FVASZME PR MBI, EARMEEREE T ¥ B KR
ZEN*107° ms, FARLEEERLAIAF 2 x 107° s, &G RHAERBEIR M F . MMEESERBIE, B
AT R SR
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