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Cavity length demodulation of EFPI optical fiber sensor based on

Lissajous curve fitting

Wang Yan, Jiang Chao, Zhou Ziwei, Huang Chenchen, Cheng Dongsheng
(School of Electrical and Information Engineering, Anhui University of Technology, Maanshan 243000, China)

Abstract: In order to improve the accuracy of cavity length demodulation of Extrinsic Fabry-Perot
Interferometric (EFPI), a demodulation method based on the approximate cosine function of the reflection
spectrum was designed based on Lissajous-Figure and standard elliptic curve fitting. The two sets of light
intensity signals were fitted into standard elliptic curves by coordinate transformation to reduce the required
parameters; The empirical mode decomposition was used to analyze the data. The extreme point obtained after the
baseline was taken into the elliptic curve to solve the problem. The discrete data points were moved by 5, 10, 15,
20 and 25 points respectively to test the influence of five groups of different phase shifts on the demodulation
results, and the group with the smallest error was selected for the transverse load experiment of EFPI sensor. The
stress of 5-25 N was applied respectively, the calculated cavity length difference was compared with the
theoretical cavity length difference by the demodulation method of fitting elliptic curve. The results show that the
actual cavity length difference is proportional to the load, the average error is about 5.690%, and the cavity length
of EFPI can be obtained accurately.
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Fig.2 EFPI sensor reflection spectrum

2.1 EMD £

H T B UL B 14 S5 T R A T S AT
P AR P 3 3 X U HEA T 2 B S 43 % (Empirical
Mode Decomposition, EMD), A DL+ #5115 5 14 &5 4o
WP R, A5 3 - Y T

EMD 1] LIARHEAT 5 19 0 B [ R AE S [ 34 1 A9 s
BRG0P AN A AE 55 pR 4K (Intrinsic Mode
Function, IMF), H:H" IMF 3 /&« (1) B8 x5 FE 2,
ZEHNTEET 1; () WEh B Lo nZ 0, i
FH =R ZR A A3 B R 3 1 g 2k, SR 4 (E
M), 5 R IRE S 22 K Fw @), BN IMFL, #R1E
5B ¥ BAENFIEIGE S EE U LEAE, R
o B B AN R AR, o0 i R ol e BIR, Rk
X N:

Fo=Y""w+B, )

Xob: FONEIARTE 55 w S Y IMF 4045 8, 8
K155, i MATLAB %ifs, X T# 5t 1% % Al EMD
FI I N o3 il 4 2, L s 4 2 2500, EMD 43
Ja A& 3 Fs .

AR IMF1 2y i 0 e 75 15 5, o T 0 15 5 0 2:
IMF1 RICh 285 19055 . [ 4a). (b) 23 il A Ak i
Ja I G I VAR, T DU Y, MR kg B
BRI,

H T IMF4 2RI R T M5 5), SXHE 54

20210765-3



ISk A2

% 84

www.irla.cn % 51 %

x10* EMD algorithm IMF 1-IMF 4

IMF 1
(=)

IMF 2
|
ENNINNTN
oo oo
SR ==)
SSoSS

IMF 3
)
S
S o

6 000
7000 }

8 000 . . n . .
192 193 194 195 196 197

Frequency/THz

IMF 4

& 3 RAPHERER EMD i

Fig.3 EMD decomposition of the reflection spectrum

(@)
9 000

8800

8600

8400

8200

Intensity in linear scale/count

8000

192.1 1923 1925 1927 1929 193.1
Frequency/THz

9000 f (b)
8800 |-
8600
8400

8200

Intensity in linear scale/count

8000

192.1 1923 1925 1927 1929 193.1
Frequency/THz

P 4 (a) ZMRRTEIHIE; (b) EMRJF AYIEIE

Fig.4 (a) Peak before denoising; (b) Peak after denoising
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Tab.1 Demodulation results of different types of extreme values
Extreme value type a/count b/count d/um Error
Two maxima 2930.476 1752.153 309.278 3.784%
Two minima 2912.415 1765.563 291.262 2.262%
Maximum and minimum 2924.607 1759.400 303.951 1.993%

2.3 SHEA

W AT BN SRS G TS AE A R A AR 5 E)) 0.038 T
(5 B ), BREU %R 193.461 T (4% K (H 45
194.278 T (B /ME A2, TEl 7 s .

W W25 5 R E R ARA LK 3), RIF 15 217
FERR L1 R, RS R BLA I R Y 288 a=3354.702,
b=765.866. X I 1) A0 22 ok 24 3K (5) THH A5 R
25.910°, K453 2N 155 IR AL (8), Ui
i AL SRS Y K g 285,171 pm, SEBR IR 2 4.310%.
S INEAN [F)AE AL A5 e, ) A 2 S, 4 B I Ot
TR S BIAE B 10, 15, 20, 25 AN 5, KR BYAIR
AL 543 51 0.085 T, 0.145 T, 0.201 T, 0.250 T, B
[ A0 P R HEA T A o 5 SR e S 3k 2

— Curve 1 aTrough point *Peak point --- Curve 2

Calculate the peak and trough information of discrete nodes
2500 F I\ x: 193.461 64

X:193.45727
2000 |
1500
1000 f

500
0t
=500 r

—-1000

—1500 H

-2 000

Intensity in linear scale/count

9428492 | i
Y:2196.68221 | x: 194278 62

-2500 . . R R ¥ R ‘:"” ) N 44&‘5?1 . . N
191.5 192.5 193.5 194.5 195.5 196.5
Frequency/THz

Kl 7 K% 0.038 T Ay ETERS
Fig.7 Reflection spectrum with phase shift of 0.038 T

R2 FEEBTHEMBAERSRE

Tab.2 Elliptic demodulation results and errors under different phase shifts

Phase shift/THz a/count b/count D/(°) d/um Error
0.038 3354.702 765.866 25910 285.171 4.310%
0.085 2924.607 1759.400 61.929 303.951 1.993%
0.145 2236.514 2571.339 97.981 281.162 5.661%
0.201 1129.871 3143.681 140.429 288.461 3.208%
0.250 299.644 3669.338 170.652 285.714 4.128%
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Tab.3 Cavity length demodulation results under different load conditions
Loads/N a/count b/count D/°) d/um Ady gz actual/ M Adissipstheory/Hm Error
0 2906.451 1118.232 42.249 206.587

5 2894.729 1128.940 42.557 207.850 1.262 1.197 5.160%

10 2880.228 1152.088 43.724 213.813 7.225 6.785 6.089%

15 2769.411 1135451 44.023 215.995 9.408 8.934 5.041%

20 2753.020 1156.259 44.963 219.572 12.958 12.210 5.782%

25 2740.341 1164.638 45.326 223.299 16.711 15.645 6.380%
Fitting elliptic curve under different load conditions 1ET%}J§J§{£ E"]*ﬁﬁﬁfg © {Bﬂjﬁ#lk:b]:,@, He A
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Fig.11 Lissajous ellipse fitted with different transverse loads
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