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Fig. 1. The structure of Michelson interferometer based on 3x3 coupler.

194206-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 19 (2022)

194206

K, g =la,b,c.d,e, /I IHER R B 3T
(4) R Ik ith e, 4 BHALY b — dac < ORT,
M2 AHEIR . SRy (35 IR 6% — dac = 0, RH]
— I Y R RS 7 SR A R R R, TS
{55 RO R, TS R 8, 5% TR MR
INTTRE . 5B RO AR

A _ 2cd —be _ 2ae —bd
VT2 " 4ac 27 52 " 4ac’
4c cd? + ae? — bde
C? = —
L7 b2 — dac <f + b2 — dac ) (5)

Bi=C3 —b°/4,

1
B2 = —_bB;.
2 2 1

K (5) RIS S RBURAEE R (3),
T L3R A5 cosp(t) 5 sing(8) 155 R 3 x 3FEE 4
(B2 SRR SRR, SASAR B A8 1k

o(t) :/ { cos p(t) [sin(t)] — cos cp(%) [sin go(%)] }dt.
(6)

3.2 EEXTFHERER

TESEBRAR I, W ) T 2 B 2
W 3 5 AR T A M R R R 3 A A T
TAT: — R A (1) 5 B M e RIS M 7 s — i 1]
R Gl S VT AT AR M | PR BE I
7 AR T R H O BN AR 5 [ B R A aX
BLIE RS 7R BT BT 3x3 JCEF R & A nd i v gt 4 rh
HAEAE, WEE iz YRR

REfRI R, B ST S R AR
LA, PR B S B s R R S, X —
AT Gt 22 A HL B | R IR ST R L

(a) 22

A
20-;"\/\’5
18 i Vi

16 )
14l
w 12f:
Nk

8
6}
4
2

18] /s

0 0.01 0.02 0.03 0.04 0.05

WA FEAILIE P G AR S RE IR B I R A
I, A A V81 2 Pl A A AR AL v 75 2 BIVAH oz I
A, RO 5 3 x 3R G AR SEPRPEREA OC. X4
Mg 7 S 2 0T ik 81 7 A AN RS i) AR TR o IR
ne (t) A LB ne (¢) #8 AT IEZS S0 A BEHLIE P
BN, PER AR & AT sy

uy = Ay + B} (cosp + ne () + ne (t),

{uz = A + Bj (cosp + 0"+ n. (t)) + ne (t) .

N T B RS R, A0 B
5 W A B A P AL, B B v, A2 )
HIAIL0V, 12V, By, By HfESTHIN9VHIG6 V;
A3 STRAE A 0.5V FI 1.5 VA4 Bl AL 7 Sk B 40U 4
LM e () FIANE L BRI P e (1) 00201, FEALJROYE
2F EE ML E S

@ (t) =5+ sin (100mxt) . (8)

T HRGRRAEIAA fo = 20000Hz,, A
Ol N = 10000, W ER A7 JLA5 -~ AN &l 2 Bros.

K2 BT (7) XFRMPig(ES, Hise
MEARE T w, WO R . HiTE 2(a)
FEL 2(b) PIEIBYXT LERT LA Y, WP 0 B (5
YA BT T B AR I R AR B AN e R
LS BRERT, PIBRAR 2 W T4, ks 5 E
I B AN AR A A2 B 5200 . A (2 B
EIE A 3 s,

WAL 3 AT LATE Y, W 7 A B A T B A
it o LS RILDU A1, G B30 P D I 1 s ol
FRMh R 3 A IR BRI e N5
SRR MR IO R 2k 2K, XF el LI
Hh de/ N A VEAUL G A 5 it AV 53] 5 R AEUARE T3] it
LR LA A AT Al 2.

(b) 22 ———— ‘
ot i R A B A L F A
W¥E R E
MR CEL

14-‘
12f;
w0}

=AY

e
=

: : 5 sd g .
ke 1 - . “ o
R R

8
6F
4
2

0.01 0.02 0.03 0.04 0.05
VS

K2 MBGEGES  (a) TWA TGS (b) ARAETHRES

Fig. 2. Two simulated signals: (a) Without noise interference; (b) with noise interference.
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Fig. 3. Lissajous figure and fitted curves of two signals.
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Fig. 6. Lissajous figures with/without LOF processing: (a) Before processing; (b) after processing.
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Phase demodulation of fiber vibration sensing by modified
ellipse fitting algorithm based on local outlier factor
optimization”
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Abstract

In the existing ellipse fitting algorithms, the Lissajous figure is used to solve the demodulation error caused
by the non-ideal 3x3 couplers. However, the influence of circuit noise and phase noise on Lissajous figure are
not fully considered in the studies. In this work, an ellipse fitting demodulation method based on local outlier
factor (LOF) algorithm is proposed, which can effectively eliminate the outlier points in Lissajous figure caused
by noises. The proposed method proves to achieve the accurate demodulation of the signals by numerical
simulations. In addition, the Monte Carlo analysis is used to obtain the comprehensive error rate of about
0.13%, which verifies the stability of the proposed method. Compared with the traditional least square fitting

method, this method improves the stability and accuracy of demodulated signals.
Keywords: local outlier factor algorithm, elliptic fitting, noise elimination, Monte Carlo analysis
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