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Background Phase Noise of Interferometric TDM Sensing Array
Based on Fiber Bragg Grating

Shang Fan, Qi Yue, Ma Lina , Jiang Peng, Chen Yu, Wang Jun, Xiong Shuidong
College of Meteorology and Oceanography, National University of Defense Technology, Changsha, Hunan 410073, China

Abstract For a {iber-grating time-division multiplexing (TDM) sensing system adopting the phase-generated carrier
(PGC) modulation and demodulation schemes, the influence of the structure of the sensor array and the modulation
and demodulation parameters on the system phase noise is investigated. The theoretical analysis results show that
the array will constrain system structure design of modem design and selection of parameters, and by using
polarization modulation in the {iber Bragg grating sensing system means to suppress the induced polarization signal
fading. When the number of time-division multiplexing is larger, the system frequency modulation demodulation of
the lower limit. The simulation analysis of the high-frequency aliasing effect in the PGC modulation and
demodulation algorithms show that the smaller the modulation frequency, the greater the background phase noise of
the system. In the experiment, four sets of interferometric fiber Bragg grating time-division multiplexing sensor
arrays with different design structures are constructed. The PGC modulation frequencies are 6, 10, 16, and
50 kHz. The experimental results show that the phase noises of the first time-division multiplexing channel for the
four systems at the {requency of 1 kHz, are —93, —96, —98, and — 99 dB/Hz"*, respectively, which are
consistent with the theoretical analysis results.

Key words fiber optics; optical fiber sensing; fiber Bragg grating; phase noise; phase generated carrier

OCIS codes 060.2370; 060.2310; 060.3735

15 " A1 o £ S — £ 0 27 8, T LS oA A
i By 7 SRR TSN T B 5 5 LT £ 8 B

BT ORL M T UL AR GO Lt T AR R BRI BORE B | RO R R B 25

Wi EE: 2021-03-01; 1&E B EY: 2021-04-12; A BH: 2021-05-06
HETH: BRHRFHI4(61901488)
#EE1EE . *mln_c7@nudt. edu. cn

1306011-1



FHIE IR 3L

%41 % %13 /2021 £7 B/FER

DRI PIE s FE 7K T 75 27 300 1 b 52 9 A6z ) 45 45
WA B E BN,

AR MR 7 2 e TG 2R DM ) 0 A R 51 R
e R R bR 2 —  HotoE® TR IR G i e /b
ARSI, F B2 T R GRS ST, —
PRI 2R 98 1 AR 6 W 75 7KK 52 24 DRV 0 3 [m) 52
M, FESLAY A B TOR L i i T L I R G,
BE AL AR AL 5 75 F 0 I 75 A5 5 R TR AAR T2 DR s AR
UG R A7 M 75 5 9 ) O B T A () 8L ) 2 S A TR R
PRAR IURS A8 AR 7 M P 0 B AR 5 A BB AL AR o7 2
R A J7 58 R B BOR AT 5 4% Gt 0 v B 9 A3
F S 4 A 22 9 ) g 9RS R M A A R 4% % (Phase
Generated Carrier, PGC) 4 il fig 98" &8 R, 4
Xof O % 175 505 5 3 Vi 1 8] L H 1 5 T O 2R St Y
W B R 5 2 8 v A TR S B B T AR T T PR
it I or 26 T i S A i A IR 5 15 5 IR I T AR
& A i PR V) = (Polarization Switching, PS)
T B 43 B S BOR BT M P R g 0 A
R ) B AL AH 7 5 75 K i 4R 175 5 45 5 2 v 19 kb
b B G ASE M RE AR A K F Y i IR R R T T
i G L oo A% 8 OB IR O Rl & O
) 45 A% i e 5 OI6 £ 5 3K B 4 1 1 0 R RO A 2
IR A4 5 2 G i AN g BT AR R 0 T
TOGEF G ) T v AL AL BB 51 & G i BIF 5T A BE L B
i BEDLAR L R 7% 5 I R 175 A5 5 s A5 3] 1 R4
8 it ke S ABLAS ) 6 2% I 43 52 F CTDMD 45 44 18 4% )i M
FARRL KA 2 A 7E 35 22 57 . SCHRL20 J42 Hh Y 5
I 73 52 45 ) 1 A JiRH o2 M S ZE AR O 1 kHz
#5410 prad « Hz V%, Bl —100 dB « Hz '*, X
BRL21 4 i Ay 8 IS 73 52 P 45 ) 1) AR JiR AH o 8 7

PE Y 2 T 4352 FH 5 R 1) A RS A A7 I 7 R A%y
1 kHz %% —91 dB« Hz V%, LA WIR4R &
BB R B L RN AS R 8 A A R B AS R B 4 52 45
FA) B S JES AR MR P AR AR AP 22 S 2

EEXTIEF PGC W il fif 98 H2 R 06 2 S i T+ v
T [ [ 1) R 4, AR SC T 8 F 5% ) 43 A L 45 ) A
TR 57 M 75 1) 5 ) S A 3R (BRI S5 A AT Ok 2
PR 249 7 Gt 1) R ) it ] 2 0 LA A A G AH o7 M 7 1Y
MG 5T 45 X0 £ O W% I8 B 5 i 50T B &
FRHEFE . I, ST TR ey T
IR ZR 5 5 HE 6 Y 4 A7 2O 41 A% 8% R e Y MOl T
] it 38 2 B0k AR ORI 75 A5 885 B L TR I AR S
T T mACHFEIRRGUA —ENSHE L,

2 FEARFH

ETPGCRAHBEANAAXM T HERSE
AEBEINRGHEARRE

FETF L M T 85 B 4> & 5 R 58 b A%
G SR W 1 BT R, B I B 4 B
b AT B AR B FBG G £F AR Rk G n
N FBG F AR5, S A 4R FBG T 41 W 19 1% I s
.2 FBG b, B n+1 DB
I £ S S5 ) B 4 200 5 AE — ARG ZF 1 eh A AR O
R Z 0 2 Betly ol — MG ST, thon +1 4
et K n BeOC LR R 0 T2 B R FES . 2 Bk o
1) o -5 AT 408 Y6 A ] B9 705 3% s i) A ] 149 XS ] 360 5% Jik e
TEABES I A G M4 B — X6 Bkb . &A%
Wb IT 25 0 555 AN S ik b 25 5 T 4 AH 48 YA T R
A — Ak b e % o e m AL B kAT v i
P RS v VU5 T ' M I A% O £ T A B A S

2.1

WAR 1 kHz 42525 —98 dB « Hz "7, SCmk[22]  fLRMEEL.
B(ll lllllll B;lnwn B‘: \\\\\\\ B(,l,(,)l B(,l,()“
B:]l()w B‘l‘l’ B"Z‘l‘ B?;l) B‘)‘r‘ll B‘,lyl)
up M 8 a M7 I
By [{(— {{G- (- (- [{(-
LLLLL LLLLL LLLLL \ LLLLL (( LLLLL / LLLLL LLLLL
LILBLILAL LU II‘ IIIIIIII Dy T UL LELBLELAL
leading fiber 1 2 3 4 n-1 n n+1
A S, A S, A S, A A S,.1 A S A

FBG

interrogation pulse —>

returned interference

S 8, S 5,15,

[T TR Lr el i T AL o3 52 AL R B 2R G i A5

Fig. 1 Structure of interferometric time-division multiplexing sensor array system based on fiber Bragg grating
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Table 2 Main design structure and modulation parameters of 4 sets of fiber Bragg grating sensor array system
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Fig. 6 Experimental system of 8-fold time-division multiplexed single-mode fiber Bragg grating sensing array
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