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High-Precision Microwave Photonic Filtering Interrogation Technique
Based on Frequency-Time Transform

Zhang Xiuwen, Zheng Di’, Zou Xihua, Pan Wei
The School of Information Science and Technology, Southwest Jiaotong University, Chengdu 611756, Sichuan,
China

Abstract The demodulation accuracy of the traditional microwave photonic filtering interrogation technique based on the
frequency-time transform is limited by the radio frequency (RF) response measurement bandwidth when it is applied to
multi-points or quasi-distributed sensing systems. By the idea of the zoom fast Fourier transform (Zoom-FFT) of the
spectrum refinement algorithm, the expression of time-domain refinement is derived, which effectively solves the problem
of mutual restriction between RF response measurement bandwidth, demodulation rate, and demodulation accuracy.
Compared with the direct and zero-padding inverse discrete Fourier transforms, the proposed algorithm can greatly reduce
the requirements for the RF response measurement bandwidth and the computation load of frequency-time transform under
the same time-domain resolution, and the demodulation rate is effectively improved. In the verification experiment, a
multi-point sensing system containing five fiber Bragg gratings (FBGs) is constructed. The test results reveal that under
the same time-domain resolution, the calculated sampling points and time consumption of the proposed algorithm are
reduced to 1/200 and 10/145 of the results of the zero-padding algorithm, respectively; for a given 5 GHz sweep-frequency
bandwidth, the time-domain resolution in sub-picosecond level can be achieved when the number of sampling points is
greater than 1000, which corresponds to the picometer-level wavelength demodulation precision of FBGs.
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Amplitude

Frequency

S: source; EOM: electro-optical modulator; OC: optical circulator; PD: photodetector;
SA: sensor array; D: dispersive element; VNA: vector network analyzer
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Fig. 1 Schematic diagram of MPF demodulation based on frequency-time transform
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Fig. 2 Schematic diagram of time-domain refinement algorithm
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Fig. 3 Experimental setup of MPF based interrogation system for fiber Bragg grating array
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Fig. 4 Spectrogram and time-domain diagram of system. (a) Radio frequency response curves of fiber Bragg grating array; (b) time-

domain impulse response obtained by IDFT
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Fig. 6 Time-domain impulse responses obtained by two frequency-time transform algorithms under different strain values. (a) Time-

domain refinement algorithm; (b) zero-padding algorithm
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Fig. 7 Comparison of wavelength demodulation values obtained by two frequency-time transform algorithms and measured ones under

different strain values. (a) Time-domain refinement algorithm; (b) zero-padding algorithm

1 ORIFEFE A PEREXT L

Table 1 Performance comparison of different algorithms
Algorithm Number of calculating points Demodulation time / ms RMSE / pm
Time-domain refinement algorithm 1000 4.81 2.974
Zero-padding algorithm 200000 69. 86 4.301

TE e BRI BT ] BE 8 A5 B R Y I Sk A Ak A5 AR R .
M VNA /9 kA %4 il 1% & 4 1000, 2000, 5000 i
10000 K, X 1 1 B 38 40 Ak % 20 R 43 51 2 200, 400,
1000 F1 2000, 4/5LA FBG 3 A #F5E %4, B it fin A 17 728
JE R 0~200 pe, K A 10 pe, B 8L H T 2 RAE S
BOAy W E R 1000 F1 10000 B B 36 40 4k 8 i 1 ik K
fift VEAE SIS B R E . TTLUE 1 FBG &

a) 200
( ) [o) data

= —— fitted curve

£ 150

2

g

= 100

i

=

E

3 50 RMSE: 3.452 pm

0
0 50 100 150 200
Measured value /pm

L 11 fire L 5 0 30 00 o (06 R AP AR C R L IR
KB BT UA R 5 FBG (0 W (R A RS B2, SR RE A5
#h 10000 B 1) RMSE AX 2y 1. 153 pm. s 245 1Y
2, BRI 8 PR IR T R AR S [ 2 0~200 pe T 19
KA R 25 B, (EL R T 4R i 18 A 3 T S K Y B AR S
] fige ], 3 figp ok T LT B 32 o fige 81 40 ) A2 B 47 i
JEL 0 g A

(®) 200 o data

g —— fitted curve

£ 150

S

E

= 100

I

k5]

E

3 50 RMSE: 1.153 pm

0
0 50 100 150 200
Measured value /pm

Bl 8 AN [ SR A AT 5 7 Bl Sl 20 A 532 A 90 Ak 39 15 6385 00 42 R A L 42 (2) N=10005 (b) N=10000
Fig. 8 Comparison of wavelength interrogation values obtained by time-domain refinement algorithm and measured ones under
different sampling points. (a) N=1000; (b) N=10000

F2VRANE T VNA RAE 25 505 5115 & R 1000,
20005000 F1 10000 B, B 35 43 28 i 4 43 % 0
R[] 5 3% fifk 80 1sf ) R 349 MR 58 25 MR e X b . S5 AR R
W, 6 A [ f SR 3300 2kl 58, B 38 R U A B
2R gk A T R 9 S R B ) 5 R BORLE L . 2
e BE BN 1000 35 K 3] 10000 B 5 4 i 8 1 43 3 %
P8 T 1065, RMSE 28 R 7 1000 £S5 F 9 1/3. 4
SRAE BBk 5000 B, BEAT 523 pm 4% 1 I 1 4 BER )
B 1 pe (R RS BE . BEE VNA KA SR8 A0, 58
D F5E B T i 8] A T s — 25 384, o 552 B o7 FH B
T A0 A i R R R A 3R I ) 22 ) 2k 4 — AT P
Jiike

5 4% ®

TE S5 240 A S8 A8 B FE R 1, XF Zoom-FF T 4 4%
AT 4RO -1 A5 4k 45 T — R S A0 A 43 7 7 0 L 3
25 T 0 - B B A B O T 0 A R B
b o 3 0 BT 4 7 0 I8 T 2R S 5 op e B T
AT 25 FBG WK O 5085 RE AR . 45 i B 200 Al 5 1k
A R AR T 4 5 T B IR 90 58 25 45 10 1 G T e 9
S R0 25 0 S 0 7 0 B A S 0 5 SR 7 7 AR
FE 1 7 645 T 7R L S e R 2 I 75 AT I
SR GE T T 4 I S A Al B R T R A
TE 35 B 7 D K 43 8 2 6 7 45 328 B 00 B A %
TE 285 52 BHTU 45 95 T, iF S 200 b 5 2 00 32 5 S

2306003-6



% 42% F23H1/2022 F 12 B/RFFR

K2 ATERAE SECT WAL 50k B PR RE XS LE

Table 2 Performance comparison of time-domain refinement algorithm under different sampling points

Number of sampling

Time-domain

Wavelength resolution /

Demodulation time /

points resolution /ps pm Measuring time /5 ms RMSE /pm
1000 1.0 5. 882 1.0 4.81 3.452
2000 0.5 2.941 2.1 7.02 2.435
5000 0.2 1.177 5.2 13.47 1.683
10000 0.1 0. 589 10. 3 23.53 1.153
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