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Abstract The Levenberg-Marquardt (LMA) is used for the demodulation of absolute Fabry-Pérot (F-P) cavity based
on the optical fiber white-light interferometry that is more efficient than cross correlation algorithm. High immunity
to the perturbation of the source power is achieved by its Gauss-fitting and setting limitation to the parameters of
LMA. Signal data selection principle is discussed and standard deviations of experimental device and LMA under the
perturbation of power are measured.

Key words fiber optics; optical fiber sensor; white-light interferometry; Fabry-Pérot cavity; fitting algorithm
OCIS codes 060.2310; 060.2370; 120.3180; 120.2230

1 gl E

K FH G5 1 6V 9 AR AR AF P AR L -F B (F-P) i (EFPD) Y6 47 A% 8% 28 L AR BN F7 3 58 A 32 FELRGE T4 L X
U 2y F 0 B AS SO AT DA S 4 o e A AR B TR R R Y. EFPL AR IR th AR S OE LT (SMEF)
P — MR A BT EEF T 5 A TE3% VR 25— MR S S G £F B i 1 A R S B T . X P AR BT Bl A S 2 AR
BC A B 40 b 508 i v A A B8 — Beas UM A F-P i . F-P T ARG 16T 3563 b 38 AR I, I 14 1%
TFBEMLIEAT AP BT o X A% JER AR 25 4 ) B i 4 O 0, e 32 I TR VR T A R R R T A
Py 3L 1 A A

BF T W% SC 3 F-P IR = 0 90 50 00 i 0 R R OGBS I R R B Tl e A T O A%
S (R I < 1) 7% 0 A 1A Js < 00 78 Ak R BE EROARAR i o (HLUIE Bl 28 BEAR /N o FURE S B X S 1 I . 48 X
K8 7 A AR L S B A B A vk (FT) VM G145, 458050 2l i 3 3T b A s
BARAT AT A . H T R 5 SO LUK B 2 7 o i RORG B ARG . R B AR e R R T VB S H D R (A
S5 JA ) oA BRCRG A8 SR RRR  CR JE D e 2 bl BT SR JRBT L A5 B4 0 K. FT 8 B0k B e, (H R 2R 4%

R B 2012-01-09; WrEIME RS A#A: 2012-01-21; MZHARAHRI: 2012-03-22

BEHE: ERARRIEEESE0776016) 7 B,

EEE N ERTFA973-) B W5 A BN G EEF LR 7 T A UF5E . E-mail: wwy96@mails. tsinghua. edu. cn
SUfE A B 1974—) B M BB FENREBOEFE F R . E-mail: tangf@mail. tsinghua. edu. cn

050602-1



49,050602 MM SYBIZHRE www. opticsjournal. net

AR TS PR AR AR AR L S5 PR AR A7 AE — JE (9 OB IR 22 R BEAE LR DL B D3 AN TT ik il
ZHUR LI 73 ek R g AR P S AR B Dy T B IR TR B L BN TP AN RE R L BRI T R RS L. A DGk
A 2ok g i A B TR AU AN [ Jl 4 8 90 D6 1 55 S0 A 5 063 SR IBURH 5 AR 5 W8 X 7 19 Js R B A o 0
Ko SCI 2SRRI T HA QORI EE Y o (E% 07 1 X 0 A A ) e A s A R i L2 B R
5 DX SR 5 W) 0 T A AN KD

P T B RS BE o O D' 5 ) 23 e sl A SRk T B L 0 Y D B R 9 B 28 A 0 0 S L i
EARZ B . ER R SRR L. B B KL W R AT RE 4 /D LG S B Ok R AR A
Levenberg-Marquardt 53 (LMAD & F HIB6 B2 3R S R OO (B R 5125 . 8 [l Ih B A B B8 925 R A4 005 A9 00 L
N RR N e e/ — R . T PP TS AR LR IR L 1005 18 2 Hh B AR 2 J) e D B 4 3 Y
JRy AR /ME S FEDC IR BE B S A5 PO EF AR R 2 5 I B sk A " iR 22 . D () I e A1 o B 4 L ok
R AR IR IE BT RIRT AR T FT Bl 5 4005 S iR AR A 5 i g i o (B R AR B A /N 1 T B X
FT FUAh 9 12 22 2R B 5 B0 BT 5005 80K 01 i 5 0k 39 17z B3 B A0 R 52 2% B2 . 7 %) Jy B Al /N (EL ]
B BEAT 50 A B B At b m d BRE LMA SR8 R0 [ 37 K Jmg 0 /0 A 1 o #9170 22 1) A 25 1 22
FREARXT FT JUAh AR B2 255K

T3 AR T A T SRR 1 22 20 F AR 5 52 TR B 045 A9 45 2R - (EUE H AT 1 R 78 211X 7 10 A9 22 IH R
T I 2 1 A [ 5T e RS R B R N LA R 3 45 5 10 P 3%, 5 SR U5 3 B e 45 R 1 R
B 7R/ AT LA HC B 12 AR IR A F-P A% St 1) 1 1 e B RN (B0 F-P Jks i 17 ) - 187 JE D 46T
D o IR TR 1 T 4 A AR 4 PR AR A i R

2 LMA J5 ik i A8 e P
T P AT S5 2T 03 A 5 BN O 3 LA L S 3200 496 . 78 0 A B30
W 22 T 95 6T AR A o SO ST 85 T 1

i I, glass tube

¥ 777778

: d
I+, / "o \ Y
SIS SAAAA IS SIS NI,
incident fiber - G > reflect fiber
B L |

Kl 1 EFPI el & Rar 45 R

Fig. 1 Structure illustration of EFPI cavity sensor
W 2 O TS TR A G AT S I E F-P s b B A8 i 5 o 28 55 O 28 s T80 S S TR0 ST G 2T A S R0
SR e R T (58 A8 45 25058 HLAS 2% 16094 i 1A 1) S5 59 258D o bl O AT A7 RO 3 T 95 3 BL R D6 iy 38 R

R. : R.
I:IOR{1+I€<1—R1>—VF+2(1—R1> ﬁn(.cosa} (D

X I O LED SEIEHE . R MR, 7350 8 ASHOGCEF TR SHC L i St 3.6 e 22 H o = 41(7G+ .G A

F-P A& e S 78 S G 2 S 11 B2 S 3e g ) 2F B 408 2 o I BHBOE S N 28 SR Am 99 3585 1 HL Z2m L8 4 K iy
LA SR AFERT o Ry F R, WRS B AU O R RZ /N JBUR, = R, = 4% . HEA 3Rl 2 F0 oy kit 5545
B TR AR AR A T B 0 RS R AR AR N O . DL B SRR
LMA 52 09 Z 50 P (D 20 1k

I/1, = A+ Bcos 8, (2)

050602-2



49,050602 MM SYBIZHRE www. opticsjournal. net

()3 0T LMA 845 .52 X H b pRi %L

e= > (I,— 1), (3

W e BN BRI G HIAEA B = ASE. GES2BR T ORI IR bR & X 40 [ 3 4 F 1 3% R
B LA G SRR A 2 1 B 22 A A
6= Ve/(n—1), 4)
S 0 R R RE AR
%E@%%%:ﬁﬁa:ﬁ§+mmu%§%&ﬁmﬁm¢AG:AMwmﬁﬁﬂm4%£+q:

A

ARCCERCD o | AL 9 B 0 50 A B2 L MA G2 S 200 € /2 B
W0 A/ DL P00 € 53 8B MR ARS8 532 00 0 T R B O EEAA T LA LA i
ST € oI (RO 4 WK E) A2 R (SR B K BT 0 MR E € /2 A S S
£ 200 nm) 2 P4 BT B2 455 A )AL A DR BN X9 I JL T BOR B F-P K L (2) 2006 AG Bt
A2 IR Y Beos o M I F 102, 3 F LED 930 4688 — fitb P55 416 B 20 e B B2 2
Ko BT G S A AT LUAHRR 2/2 12— R Bb SR T 2 LB T LB <
SRR

SR 5 4 AR LED 06 X 10 A B T DL BN 56 ) LEDYEHE O A L, ) o1
T LU AL B TLA BN 5] T, Q) B A R

— Bcos[

I, = Icexp[—%] (5)

Aok L B A kD I A kK i 4 g LED
(FWHM) ., #3040 4 1 6 B0 3 B A 7 08 2 1 ﬁ
A R IR 3 \__SM fiber ;ﬁ;

H \ ]
3 LR GHEIE B> j |

SEU e AN P 2 TR R PR O 2 28 2 R R -

HR2000-+ 8 H£F J 3 3. b 2% 4 HE 4 T i 0. 035 mm, COMPUIer - spectrometer o

B EE Ay 73 R B 0. 084 nm, S LED(Honeywell & 2 EFPT 6 £F £ i # 4 % i (K0 k285 7% 75 140
HFE 4222) Y6 FOG ik, 2 @m i M 58 3 b o K 29 Fig. 2 Absolute EFPI cavity length measurement setup
859 nm,FWHM 27y 45 nm, W&l 3 iz, $ 5200 T #5000 (& O 8 ATHE LT A OCHLE I 1 L.
FHELET o G T rp O P A R e BOAS [ JEL DI 80 B A R i AR R Bl o . LA iE i FT 5300k Wifh i K iy
RN 4 5 A RV L

14 16
=]
el s 14f
= >
S 10f < 12r
[ 2
\ = 10
~ 8t g
Z g gl
@ k=
s 6
3} g 6
£ g
a 4r g 4+
e sl
= ot g ot
=
0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
760 800 840 880 920 960 760 800 840 880 920 960
Wavelength /nm Wavelength /nm
Kl 3 LED 9% 't It ik 2l & B4 Tk il 2 s &
Fig. 3 Spectrum of LED light source Fig. 4 Measured spectrum of interference intensity

050602-3



49,050602

HNSBEIFH

www. opticsjournal. net

DA LIMA B3k (s o O 22 » 15 e R PR BILBICR: B B H’xtt(iﬁtt?’]ﬁ 5 ) IR A R T8O

I HAE

SR RGACE NG

RPN T IZF LR e 22 AT LMA Bk p 40 T3t he

(e g

LT

4.1 X EE F-P EREFEELRE

gl

B Al 22 5 HL R 3 — A [ 2 A0 4% I8 I K

SR LED B 38 56 Y514 52 I00 R0 2 307 400 5l » % AN T o 39 i ) SR A i

AT Z Y& R AE LED I

T LMA #1454, O RS

R0 ETE 5 S T Ot th &l 5 fros . R & HUE LED E‘Jéﬁtﬁ%,ﬁ%iﬂ T e s .
TELAE 9 22 J2 Hr T XU ST 5 2% SO AR 3530 PR i

18 —measured spectrum
—~ 16} - - -fitting with measured LED
= spectrum ~
< 14f A i~ A
=)
121
>
= 10
=
8 kL
|

J ]
L S )|
845 855 865 875
Wavelength /nm
18 | —measured spectrum
- fitting with measured LED

~ 161 spectrum
314
Szt
2101
2 ol
£
= 6

4 -

830 850 860 870

Wavelength /mm

K5 EeTwotikeil g

Fig. 5 Fitting curves of white-light interference intensity.

Cavity length /nm

Fig.

45000
44500
44000
43500
13000
42500
42000
41500
41000

(@

—=—fitting with measured
LED spectrum

—e—fitting with Gauss—fitted
LED spectrum

—a—correlation algorithm

L

\ \

UJ

200 400 600 800 1000 1200 1400

Sampling number

Cavity length /nm

18 —measured spectrum
- fitting with Gauss—fitted
~ 16 LED spectrum
=1
& 141 7 2
2 12t
>
Z 10r
o
g 8r
S
6 -
4+ (b)
845 855 865 875
Wavelength /nm
18 —measured spectrum
16| - fitting with Gauss-fitted
? LED spe;gtrum:\
< l4r
% 121 3
>
.*5 10
g 8r
|
6 +
4 -

830

‘ @

840 850 860 870 880
Wavelength /nm

(a),(b) 300 PFEAR; (o), (d) 500 AMFE A

(a), (b) 300 samples; (c¢),(d) 500 samples
K6 2l 7oRMERE SIEKRCHR . HIMLALE A 4 R WA EE T . B 6 () 1, % LED St
EHERFER S W5 BT S R M SR I G R 2 T 250 fi(2) 2.5 T RS 5 . U4

42348
42346
42344
42342
42340
42338
42336

L(b) —=—fitting with measured LED
—e—fitting with Gauss—fitted LED
—a—correlation algorithm

= A—A
Va

: .*ZZ.#-’-“ ./.\. A/ \A*A A o
| ~o-g-eeo \mom-ENg/ 85 \.\
N Dot
- \/ B
/

800 900 1000 1100 1200
Sampling number

B6 A% SHREITRRERSREMBBRRR, (0 50~1275 RALLE T M LA 2
(b) 825~1275 RHHH T Bl & HOK

view of 825~1275 sampling data

050602-4

1300

6 Comparison between fitting and correlation algorithm. (a) 50~1275 sampling data; (b) enlarged



49,050602 MM SYBIZHRE www. opticsjournal. net

SERFAE s MAHSCER B R T L 2 T 825 N RABUR AT E . X BIRE UG5 T L 8D 1 R8s (T
WASUARD IF B HA BRI . & 6(b) Frs 1 Jey #B K& (825 ~1275 AR A D o A 7L 15 3
B R EE SR E £5 om VL B, MEEEEL nm,

TEFE XX AR FE AR A R P Y E SR M R AR 1 R, A 3L 400H 1 nm (10 2.
B T35 AR HE 22 Al 1 o MBS U] T 52 LED 3% 58 fir IR 7E 28 25 b0 SR I B B B I (5 M L R . SR
Fixt LED B & 3484 RJR FRTE Hp O B BT (N T 800 AR AL IR I8 & BT DL HABLA M 3 Aok v I 22 T 16 Fe 3t
SRR TS S AR P BE 0L B W] LED 3 0 4805 6 G IR B B R A 45 0 . 1B 8 v AH N M AT LR B 800 SR A
MATE MG S RA T W21k .

1 AE SRR A R LR
Table 1 EFPI cavity length demodulated by LMA fitting and correlation algorithm

LMA fitting (=250 data)

Correlation algorithm

With measured With gauss-fitted (>1000 data)
LED spectrum LED spectrum
Average cavity length /nm 42343 42343 42342
2 00g} —fitting with measured LED spectrum 49345.01  —=— fitting with measured LED spectrum
L —e—fitting with Gauss—fitted o —e— fitting with Gauss—fitted
g 0.07F LED spectrum s 42344.5¢ LED spectrum
£ L
5 06 o £ 423140 / .
"‘z :-‘--...“'.lllll...llIl < 423435 /
& 005} ey x L e .
g Pl R 4 .\.}.\.\':;\.\-.-'{\' n
E 0.04 - Z 423025 R T S '\; A
< 003F 8423420 % \1‘ \.M
g o002} 423415} L)oE
=] \vo
- 423410 , , , R
a 0 200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Sampling number Sampling number
7 AU A v O 2 A 3 B SO0 SR A A A8 Ak 8 R AG S5 A IR A i
Fig. 7 Standard deviation estimation with different Fig. 8 Detail illustration of cavity length calculated
LED spectrum processing methods by fitting algorithm

H T F-P s oty 17 0 S5 324K LED DR 1 s K, B A T 90 i 808 15 M L Bk, — 7 ol T BRI B A
B REL R 158 22 X6 5t 45 SR 1) 52 e, 7 AR U AT RE 2 1 BN AT TSR s U — 7 T 2 LED 3% 58 Ry B L 7R I B s
AR B DI SRAE B 1 15 W LU T R AR PR L S e 0L GRS B L R IR R R SR A BRI ) I8 B AR 1) 22 D X U 1
AEEZE L., B8 UL T3 F-P AL R FEEE 600~800 J& 5 fit LMA SRALECHE &, X B Ul &
R HF B /N T 0. 25 nm, T HAEA AL TG S5 R 19 B2 Bl 800 MR Z JE L A 4R IT IR
BN BT 1200 fE RN,
4.2 XW[iE F-P R AR LI

FIHAMU ML 28 EFPI K, 284 5 i 9 () fr . B 9(b) & 101 ~110 s I B0 B 28 1k 0l
R TBCOR T LR R R B T SC I WA ML S ) I A5 e B SR AR 22290 1.0 nm, X EEJE il T
HIUB 25 F F BE 4 R A o A )
4.3 F-PEKMEXEHBEETEEZG THHEELR

[ EFPI K 2 58518 50 R A s 80 AUAE LED J) 3330 F (FE D 25 S 4006 58006 10 s o i 22
R BT THERE 1. B 10Ca) i 7R T X 20 Y LED Z) 3 RAE 1 & 0 L 2F @i 58 NI R B s 29 6. 2%,
B 10(h) i B 25 R bR i 22 298 0. 2 nm, 5% 845 i 45 FE 19 L& 45 1070 0. 228 nm 3L, UL IEEFIY
A A FE AN S 58 25 1 FEEOR R TR A X A R TR AR [ 09 38 16 (F S 0 3 — kAT RUAR B4R A 4 4k 2 5 [
B U B LMUA S 15 B 238 0% sl i 40 T H B 0 AR 5 B0 0E T R 3 1 BR 4 T

050602-5



49,050602 MM SYBIZHRE www. opticsjournal. net
90000 |- (2) 80493.5} (b) . .
80000 | — 80493.0F )
g — E = measurement
= 70000 — = 804925[ linear fitting
) — 0
i:) 60000 E 80492.0
& o B .
& 50000 - —_ T 804915 .
5 — 3 .. -
40000 — 80491.01
000 — 80490.5
0 20 40 60 80 100 120 100 102 104 106 108 110
Measurement number Measurement number
9 FIHMAMES 22 EFPT KT & . () @ LA H B0 1 EFPT 4K
(b) 101~110 s I 4k B S AR MR UL 5 Al R
Fig. 9 Measurements of EFPI cavity length adjusted by a mechanism. (a) Cavity length adjusted by
a mechanism; (b) enlarged view of measurement data 101~110 and linear fitting
73246.5
3000 —(a) LED intensity perturbation 73946.4 _(b) s .
_ 2500/ § ™63y T
5 L .s
3 5 732462 .
p 2000F g 73246.11 .
-a '—>‘=
=1 = .0+
£ 100l g 72180 .
S © 732459 . .
1000 [ 73245.8 |
73245.7 | )
500 T O O O : : : " :
760 800 840 880 920 960 0 5 10 16 20
Wavelength /nm Measurement number

Bl 10 LED B8 MG R ENRERZE . () LED B d); (b ERMEG%
Fig. 10 Fitting standard deviation with perturbation of LED power. (a) Perturbation of LED power;
(b) cavity length fitted

5 HUEIE R I Y
H T BT 5 2 30 U8 I AR DTk 23 32 B F R W DX 3 5 i 3 BRI R0 i g KL BT RATE

0 L 5 TR LIMEA B b 3R R R D A B A . LIMA [ e A T B 52 BR T S 19 o A T

EOCURIAF SRR E B o XF T ARSI BT ) G 2T 2 A R B IR B R R A5 5 19 2. 25 NEIE A

JE AR AR RE T ok it B 0H 22 S A 1) ) A ) o by Ll 5 S e/ ml 0 K g

1 1

A A

=/
o

4KG( >> 2.25 X 2, (6)

N, 1 1 —+ Ay SN s A e
A A =2, — SAnsd = A+ 52 AT A FHOD P A N TR

H1 g AT A fe /D AL S G WK T 16, 254 pme I IR G o R i R TR L AT AT R ARk B AR E X
i s B A R Al e R IR0 AR R /NI L
U T e R (B H DG AR 73 PR D 19 L ABOE — AN R 2 D B 3 AN A OR Tl R e D SRk

JELFE I HL ) o 5 T 9 4 50— A B I B 5 Ao s 20 A AR Ap — 2, = AT

26
Ardo 2L TP AT A4S B B KT R G B ZNTF 3. 44 mm,

= 0.035 X 3 nm, H

e A
o] e
EXTEEF EFPL IE HOE T 61 A LMA #1& , FE4I R T T R BE 8088 10 2 £ L 6 TR G IS 1Y b B 5 2%t

050602-6



49,050602 MM SYBIZHRE www. opticsjournal. net

LMA (¥ 820, 38 1o 52 90 75 2125 B 255 b e 22 RO IR DR B3 T LMA B4R v s 22 . 5 HLIE B F ok
R BE T T PUBE J1 3 X BE(F 2R G BORAR . 0 SR AR Bl 5 400 435 SR 09 20 Wi D7 0 D B3k 11 32 49 AR A% el 14 ol
PESRAL 1007 Y S8 B

& & X #
1 T. Yoshino, K. Kurosawa, K. Itoh. Fiber-optic Fabry-Perot interferometer and its sensing applications[ J |. IEEE Trans.
Microwave Theory and Techniques, 1982, 10(30): 1612~1621
2 Kent A. Murphy, Michael F. Gunther, Anbo Wang. Extrinsic Fabry-Perot optical fiber sensor[ C]. Proceedings of OFS-8,
1992, 193~196
3 Ph. M. Nellon, H. Pierhofer, R. Broennimann. Absolute strain measurements with multiplexed low coherence
demodulated fiber Fabry-Perot Sensors[ C]. SPIE, 1994, 2360: 518~521
4 Zhu Tao, Xu Min, Rao Yunjiang et a/.. Miniature humidity sensor based on all-fiber Fabry-Pérot interferometer formed by
hollow core fiber[J]. Acta Optica Sinica, 2010, 30(6): 1592~1596
KOV RO RET % ETSEAGNER SR m TR E ARSI R F F 4R, 2010, 3006,
1592~1596
5 Ke Tao, Zhu Tao, Rao Yunjiang et al.. All-fiber Fabry-Pérot interferometer refractive index sensor formed by ring reflector
[J]. Acta Optica Sinica , 2010, 30(6); 1608~1612
W WL R W, WL . T IHOR RO 206k T W AT A AL AR LT e F I, 2010, 30(6):
1608~1612
6 Tao Lii, Suping Yang. Extrinsic Fabry-Perot cavity optical fiber liquid-level sensor[J]. Appl. Opt., 2007, 16 (48);
3682~3687
7 Luo Zhenyue, Xue Hui, Zhang Shuna et al.. Novel algorithm for retrieve thin film reflection phase and physical thickness
from white-light interferometry[ J]. Acta Optica Sinica, 2010, 30(6); 1835~1840
TR, BE VR, SR 45 DG T Ml 2R IO % W R S R AN R B S ik [T ). e AR, 2010, 30(6) .
1835~1840
8 Jiang Yi. Progress in fiber optic white-light interferometry[J]. Chinese J. Lasers, 2010, 37(6): 1413~1420
R JeE e T IR AR L] ¥ Bk, 2010, 37(6): 1413~1420
9 V. Bhatia, M. B. Sen, K. A. Murphy et al.. Wavelength-tracked white light interferometry for highly sensitive strain and
temperature measurements| J]. Electron. Lett. , 1996, 32(3): 247~249
10 Jin Wei, Ruan Shuangchen. New Development of Optical Fiber Sensor Technology [ M]. Beijing: Science Press, 2005.
257~259
BB BURER. JBLF AL B AR E R IM . Jb T B2 AL, 2005, 257~279
11 Zhen Yang, Min Zhang, Yanbiao Liao. A modified cross-correlation method for white-light optical fiber extrinsic Fabry-
Perot interferometric hydrogen sensors[ C]. SPIE, 2009, 7508 750810
12 Ming Han, Yan Zhang, Fabin Shen ez al.. Signal-processing algorithm for white-light optical fiber extrinsic Fabry-Perot
interferometric sensors[J]. Opt. Lett. , 2004, 29(15); 1736~1738
13 Xinlei Zhou, Qingxu Yu. Wide-range displacement sensor based on fiber-optic Fabry-Perot interferometer for subnanometer
measurement [ J |. IEEE Sensors Journal, 2011, 11(7) . 1602~1606
14 Vivek Arya, Marten De Vries, Kent A. Murphy. Exact analysis of the extrinsic Fabry-Perot interferometric optical fiber
sensor using kirchhoff's diffraction formalism [J]. Optical Fiber Technology, 1995, 1(4): 380~384

050602-7



