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Optical down-conversion signal separation method based on
VMD adaptive modal recombination

Sun Shiteng,  Xie Shuguo,  Song Yuhang, Pu Hanchun
(School of Electronic Information Engineering, Beihang University, Beijing 100191, China)

Abstract: Optical down-conversion technology can simultaneously down-convert all electromagnetic signals
within a wide frequency band to the low-frequency range for reception, and is a new type of fast reception technology
for broadband electromagnetic environments. However, the obtained optical down-conversion signal contains multiple
signals with unknown number of sources and different bandwidths. Existing signal separation methods need to know
the number of source signals and cannot simultaneously separate narrowband and broadband signals. To achieve
automatic separation of optical down-conversion signals, a method for optical down-conversion signal separation
based on VMD adaptive mode recombination is proposed. By using spectral segmentation factors and spectral
envelope detection, the VMD over decomposition modes of optical down-conversion signals are automatically
recombined and signal recombination modes are extracted, achieving the separation of optical down-conversion
signals. For optical down-conversion signals containing ordinary pulse signals, WCDMA signals, and linear frequency
modulation pulse signals, this method can automatically separate the three types of signals, and the similarity
coefficients with the original signal are all higher than 0.97. The experimental results show that the method proposed
in this paper does not need to know the number of source signals when separating optical down-conversion signals,
and can simultaneously separate multiple source signals with different bandwidths.

Key words:  variational mode decomposition, optical down-conversion, single channel signal separation,

spectrum segmentation factor, spectrum envelope detection
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Fig. 4 Optical down-conversion system output when no signal is detected
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Fig. 5 Optical down-conversion system output when three types of signals are detected
s PRI 3 B0 {55 Y T AR R S i
5 B ERLS 7T WCDMA {555 i 2 S 9 M 1 8 3 K v 5 55 o 0 ARS8 10 25 2 A 18 R Ak
TERAEPRE S .

i FH AT 53 ) PR X6 20 A2k 2 AR AR o3tk R AT T A, 20 AL S o B A A S o L T D 7 R . B
LR R TG S B B, 0 23 0 7T 2 0 B AR, 0 WS AR B A i 0 s oz, AN AR B A 23 e A
Bo IR AT LA Y, ARG AT 3 B0 D] 7, o 0 A 1 R e S 2 B A A — s i S 5 Bl
B 7 B TR R RS 10 ad S RS 18 B A1AE — ke, HUAY i S AR O OB A . X
TOLE T AW =AME T, 18 o I T AL AR A S =S S i T A B S AR TR

40
35t k5
2
30+ %
=]
Y 25 3)
E 5
= 20 B=
:
15
° £
10 g
12}
5 =
i AAAAAA y " 'y g
L \ ATAY . PN | L ST TR e o -1.0 L L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100 éﬂ 2 4 6 8 10 12 14 16 18 20
frequency/MHz xcorr number
Fig. 6 Spectrum of all over decomposed IMFs Fig. 7 Spectral segmentation factor between over decomposed IMFs
P 6 Al o3 s i A P 7 ad o A 1] A 9 4 0 R 7

o7 FH A3 S MR 245 ARG 114 7 i, X T LA AR HEAT IR MR G A5 ARG, i G, 20 A5 A N S R A 5T 8
o Mo, 8] 8(a) ot T AR MR B WCDMA 5 55 18] 8(b) Dy 2 T A8 H3US 7Y 3% 38 Bk v 15 5 141 8(c) Aolse T 28
WAL B Bk A5 S o AR S RS S OMOC R BN ER 1 R, AR SCRE A3 B 1 =R E S S IRE S BASC R
BT 0.97, WA SO AR E M A T T B se B o B Hh 1 =l SR IR Dl 2 T AR 5

043020-6



It &5: BT VMD Bi@E MRS EA KL T ARHUE 5B I

300
150

200
100

g 50 3 g 1

2 £ £
= 0 = s 0
g £ g

< 50 < < _100
—-100

-200
—-150

L L L L L L 7300 L L L
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
time/ps time/us time/us
(a) time domain waveform (b) time domain waveform (c) time domain waveform
of the WCDMA signal of the NP signal of the LFM signal
Fig. 8 Optical down-conversion signal separated by the method proposed in this article
8 ARSIk B RO T ERES
F1 NERAFTEMESERESHEXRY
Table 1 Correlation coefficient between the separated optical down-conversion signal and the original signal
correlation coefficient (LFM) correlation coefficient (NP) correlation coefficient (WCDMA)
0.9721 0.9721 0.9754
3 & it

AR SCHR A G A R R PR R AR AR SR T AR R B AE S BOG e T RS, IR R
R BRLE T DG T AR UE 5 0 AR SO VMDD 3 RS T2 (R S o B O R AT T SRR e . 28 W I B 4 R Y
e AT, AT LA B LR S48

(1) 73 B 0 =R 5 5 5 5E5 BAR CHER R T 0.97, UL A SCO7 vk MER 3 43 25 ) T Bl D2 R A2 MG
IR S

(2) 592 56 96 U P e 458 1) = b IR A5 5 v ) 60 35 5845 45 5 AN A5 5, 0 W 4 SRR WA AR SO ik J7 ik [ i AT
AEAAE S M SR S B2 B, DR T A58 VMD 73 85 J7 1 S AR A o3 i aly 5 BR W, G370 8 S8 {55 i Rl

(3) AR 30 i VMD i 73 i A 25 i 21 19 77 3, 7R IR 5 1D BN T 0 RS R K B B0 T, 0 i O 1R
T AR TR 5y B AR 5 IR S 5 A8 Ban: 24 a=6000 i, K=16, J515 50N T 16 B35 057 38 50 2 AR 19 J5A4
B, Wl RE S B IR S 1 o0

(4)FFX e T AR G b (9 JE M7 T, AR SOl o 42 HUC K0 YR P B A 46, I BEAT D33 4R IR £ 265 A6 00 1) 7
2, TR T OB Xk B ORI T

ARSCTT I T oy B B R IR & AL T A 5 . — PRI TOb s T AR AR SR 2 il 5
T BT, SR IR B T AIE S B R

S Z k-

[1]  Xie Shuguo, Wang Tianheng, Hao Xuchun, et al. Localization and frequency identification of large-range wide-band electromagnetic interference sources in
electromagnetic imaging system[J]. Electronics, 2019, 8: 499.

[2]  Yang Yan, Xie Shuguo, Wang Tianheng, et al. Multi-frequency electric field measurement method for optical under-sampling system[J]. IEEE Sensors Journal,
2021, 21(20): 23024-23036.

(3] BF3Cu, BRANE, TR, SEF A5 or i i) HusE NS 5 20 8 L], LB RR2E4R, 2011, 47(4): 12-16. (Wu Wenfeng, Chen Xiaohu, Su Xunjia.
Blind source separation of single-channel mechanical signal based on empirical mode decomposition[J]. Journal of Mechanical Engineering, 2011, 47(4): 12-
16)

(4] skxEoc, 2, WIDTE, 45 LMS Jrikiult X kE EEMD 7EdR30 (5= LM pi i (0], #Rk3h5uhdi, 2013, 32(20):61-66. (Zhang Yuanyuan, Li
Shunming, Hu Yixian, et al. Improvement of LMS method and its application combined with EEMD in vehicle vibration signal denoising[J]. Journal of
Vibration and Shock, 2013, 32(20): 61-66)

[5]  Z=407%, PRk, Jide, 4. BT EEMD 5 FastICA Wit 5 i R S fr (1], #R8h 5 b, 2016, 35(1): 203-209. (Jiang Shaofei, Chen Zhigang, Shen
Qinghua, et al. Damage detection and location based on EEMD-Fast ICA algorithm[J]. Journal of Vibration and Shock, 2016, 35(1): 203-209)

(6]  F/ME. ZIHIA ST fEAESRIMIE 55 2 TP AN RIS (D). BUHB: PERESCIE A%, 2014. (Wang Xiaowei. The application of EMD in the single channel
speech blind separation[D]. Chengdu: Southwest Jiaotong University, 2014)

043020-7


https://doi.org/10.3390/electronics8050499
https://doi.org/10.1109/JSEN.2021.3105275
https://doi.org/10.3901/JME.2011.04.012
https://doi.org/10.3901/JME.2011.04.012

weOoW s 5 Ol TR

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

g, WISz, SRR, 45 VMD il ICA B4 MMy kel i iz Wi b i i (7). B3 5 nis, 2017, 36(13): 201-207. (Ma Zenggiang, Liu Xiaoyun,
Zhang Junjia, et al. Application of VMD-ICA combined method in fault diagnosis of rolling bearings[J]. Journal of Vibration and Shock, 2017, 36(13): 201-
207)

Dey P, Satija U, Ramkumar B. Single channel blind source separation based on variational mode decomposition and PCA[C]//2015 Annual IEEE: India
Conference[C], . 2015: 1-5.

Zhang Ya’nan, Qi Shengbo, Zhou Lin. Single channel blind source separation for wind turbine aeroacoustics signals based on variational mode
decomposition[J]. IEEE Access, 2018, 6: 73952-73964.

EXENZh, wHA, TS, A%, T RSV A 0 Ol E B IR B A 0], dRsh S b, 2019, 38(13):268-273. (Zhao Zhijin, Huang Yanbo, Qiang
Fangfang, et al. Single channel blind source separation algorithm based on feedback variational mode decomposition[J]. Journal of Vibration and Shock, 2019,
38(13):268-273)

FRE, AR, sk, BT AR MBS SR R OB AR S B IR B ). BHEGER, 2019, 35(2): 138-143,149. (Wang Kang, Cheng Hao, Zhang Kun. Blind
source separation of single-channel signal based on variation mode decomposition [J]. Bulletin of Science and Technology, 2019, 35(2): 138-143,149)

RRRK. BIRES B S TR ARG [D]. MR W/RIE TR K%, 2021, (Cheng Qiubing. Research on radar signal separation and interference
signal recognition technology [D]. Harbin: Harbin Engineering University, 2021)

KRR, TRV, ZEfhrh, JETFAR MRS SR 205 5 5 8 U], JRshS ahil, 2022, 41(5): 280-286. (Zhang Chenyang, Zhang Ya, Li Shizhong. Blind
separation of penetration overload signals based on VMD [J]. Journal of Vibration and Shock, 2022, 41(5): 280-286)

FRAE, (BR, #ATE. LT HUEIE F RS B ASEESEORN (1], JRsh e, 2023, 42(11):252-261,294. (Zhen Longxin, Ren Liang, Dong
Qiancheng. Structural modal parameter identification based on single channel blind source separation[J]. Journal of Vibration and Shock, 2023, 42(11): 252-
261,294)

Dragomiretskiy K, Zosso D. Variational mode decomposition[J]. IEEE Transactions on Signal Processing, 2014, 62(3): 531-544.

043020-8


https://doi.org/10.1109/ACCESS.2018.2884035
https://doi.org/10.1109/TSP.2013.2288675

	1 算法及原理
	1.1 变分模态分解
	1.2 VMD过分解设置方法
	1.3 频谱分割因子构造方法
	1.4 频谱底噪包络检测方法
	1.5 算法流程图

	2 实验验证
	2.1 光学下变频信号获取实验
	2.2 光学下变频信号分离实验

	3 结　论
	参考文献

