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Research on joint demodulation algorithm for high-speed small flyer Doppler signals
Ni Yunkun'?, Wu Shenjiang', Zhang Gaodi' , Wang Kexuan®
(1. School of Opto-electronic Engineering, Xi’an University of Technology, Xi’an 710021, China;
2. Shaanxi Institute of Applied Physical Chemistry, Xi’an 710061, China)
Abstract: Photon Doppler velocimetry (PDV) has important applications in measuring the speed
of high-speed moving objects due to its high precision and fast response. Aiming at the problem
of large errors in calculating the speed of PDV signals using traditional signal demodulation meth-
ods, this paper proposes a signal joint demodulation algorithm. The algorithm first performs
wavelet threshold denoising and wavelet decomposition on the original Doppler signal of the small
flying piece, then uses the wavelet transform and short-time Fourier transform to perform a time-
frequency analysis of the decomposed low-frequency signal and high-frequency signal, and finally
calculates the speed after time-frequency graph preprocessing, difference frequency curve extrac-
tion and integration, and curve smoothing. The experimental results show that the average devia-
tion rate of the algorithm is 1.13% lower than that of the wavelet transform when the high-fre-
quency part is referenced by the short-time Fourier transform; the average deviation rate of the
algorithm is 1. 26 % when the low-frequency part is referenced by the wavelet transform, and the

short-time Fourier transform lacks a speed section from 0 m/s to 250 m/s. The research results
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of this paper provide the new ideas and theoretical support for the velocity demodulation method

of the PDV system in the complex dynamic measurement.

Key words: photon Doppler velocimetry; wavelet threshold denoising; wavelet decomposition;

time-frequency analysis; velocity solution
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Fig. 1 Schematic diagram of the optical path of a

single-channel PDV system
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Fig. 2 Single-channel PDV system speed measurement

experiment diagram
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XF 12 Hp i dee 28 22 451 il £k R AT E UGS 5 L bR
0y 28 S R B AT A =X QD AR 20 H AR R Y
T, RASEIM/N R ILE 13,

2000

1800}

1 600

~ 1400}
J1200F
§mw
800
B 600t
400
200

0

0 05 10 L5 20 25 30 35
181/ 107s

B 13 /N &
Fig. 13 Small flying piece velocity curve

3.7 Xftb4#R

Xif Bl 3 i 1 I I 2238 05 5 43 0l R e e
WAL 4 /DN i A VA 5 E G A R B T R AT R AL
/N R A LA 14,

2 000 : : :
1 800 1
1600}

14000

< 1200}

gmw

800}

# 600]
400}
200}

0

0 015 l.‘O l‘.5 210 2‘.5 3I.0 35
i 1E/107°s

Bl 14 A =R A5 30 0/ TR 3 TR X 1

Fig. 14 Comparison of small flying piece velocity

curves obtained by three algorithms

o T H AT — A SR/ T AR
YEAE T X L R 408 DA B 5C Sk AT R e i
LA e Ak PR R A S BRI L e b BRI
F T ROR A L WOAS SOR BORY 2 A T DL
728 48 kg L L 73 S L A TR M R ARk /N D
AR G 2 i 22 R 5 AR AR AN AR e g
Y 7350 FC A TR 5 i 80 B0 3k R0 I e L o A
5P P g 22 3 i 22 R SE P MRS 0 B Y
iy 22 e 8 T A e S B 1 B0 5 TN 0 A 25 5
225 P A LARIR N

X 100% (15)

P X O SEBRE Y S WUNAE . P2 e 22 3R B0 Ry R
HH TR 4% il 8 A i P 2 3 R ) O 22 R S PO A
i 2 5 1) S 48

FE/N TR I B S B 4 AR DL 1R 25 56 1k K
1. 29 GHz My MRAA Cob B BE 1000 m/s)AE 2y i 4t
FIARAT Y 43 L 5. 7 = A3 40 38 2 ST A8 L /N Dk
AR e M E T B L R AR G S 3 R 22 RN
2.04% . 55 BE A it R B AR b T e B AR 4
(4937 24901 22 560 0. 91 %0 5 5 718 i 78 4 A EE T 35 1l 25
REEMET 1. 13% . 0] LA A5 5 36 A A 8 5 3k o
AT B B A BRI AR T N AR e AE AR 4
o st A L o A e KBGO D AR A Gl R T B
0 m/s%] 250 m/s M —Bt. {55 BA M08 5 kM L
TN A Y 25 Rk 1. 26%, H 2 sE % .
WA B, LR HE S B R BRI 5
4 Ak A S O T e B R B AR

AL DL B XS AE S A i A i D X X
ol S5 FH B 05 A BB I S RS A B3R T R Tk
V1R e A5, e 2 ik B0 M %) R B R A B LS IO T DAAE
F/N R EEMEAL., N CA 0 m/s FFER Nk,
I FE AR 2R B, 2 )5 BT A8 AR T B B %
T I A B S B AR E 1 715 m/s B
T RDCAHRL EE,

ASCHE 0915 5 BECA R R B E TR
PDV 35 11 45 b 52 56 37 55 o 490 20 00 45 4 s 9 4 P AR
T IRB /N € R R M R K T A N
BB A RE MR b R SO E O
SR T AR L AR S 235 AE S A v
R A R B A R R A5 BB A i 1R R AT
RO . =R VA TE B PDV SEES R
RV R fr I a3k 1.0 LR G S A R A
Paa AT AR K B AT 2 S N . B A
Z KRS PDV L8 N 75 22 [F i X 24 R bh £



= B, 45 - i /N 1A 22 38 1 5 65 A DR S8 VR T 5T

195

A5 o FEAT R AL B I {5 K i A SRR A
A R P e FEL I 8 i/ 9 A 8 Ak P JRE L A B
A IS 1] B SR R R B I FE S Bt 1 O 1)

F 1 ANFMES R 5B AT )
Tab.1 Runtime of different signal demodulation algorithms
155 e 5k 247 A] /ms
Sl I e L A 4 388.2
NGRS 717.6
EReRSEN SRR 974. 5
4 &

Bt X e G ) 45 5 ik 3 A0 1 00 S R R 4 i
Iy 22 2% 0 {5 5 T BE AR B R 22 BEOR B TR R, S g
T—RESEE R L LRASRERN L E TR
A fifp R B 1 5 R TR O A A LD A T AR AR
(1 T JEE 5 i 52 /0N D0 A 45 A LG e AR 2 114 3 B2 B
i DT i g 7 30 B ik B0 K 0 52 T L3S T 22 A
M 5 BT T id v, Rk sl BE S
R AR M — s (H AR AR Z R TE R . 1
JIENA G PDV TR 2% 375 50T 09 3 B2 A 94 $2 {1t
1B B S B RBR G SR

SEHK:

(1] BARA, BB w gkl , 55, BES mEot 7 25 9

HEARPFBR KRBT ] TR AR, 2021,41(2)
64-72.
Lii Linjie, Wu Tengfei, Han Jibo, et al. Research sta-
tus and prospect of transient high speed photon
Doppler velocimetry[]J]. Metrology & Measurement
Technology, 2021,41(2) :64-72.

(2] ZEsvh, E4EM MR 5. 2 500 T 2385 80 A% H:

TE 5 55 Py B AR 09 R (). 20405 306 TR, 2016, 45
(4):216-221.
Li Jianzhong, Wang Detian, Liu Jun, et al. Multi-
channel photonic Doppler velocimetry and its applica-
tion in the field of explosion physics[J]. Infrared and
Laser Engineering, 2016,45(4) :216-221.

[3] Nie Xiaoming, Zhou Jian. Pitch independent vehicle-
based laser Doppler velocimeter [J]. Optics and La-
sers in Engineering, 2020, 131: 106072,

[4] Pei Hongbo, Huang Wenbin, Zhang Xu. et al. Meas-
uring detonation wave profiles in plastic-bonded explo-
sives using PDV[J]. AIP Advances, 2019,9: 015306.

[5] Mance] G, La Lone B M, Dolan D H, et al. Time-
stretched photonic Doppler velocimetry[ J]. Optics Ex-
press, 2019, 27(18): 25022-25030.

[6] Chu Pinghan, Kilic V., Foster M A, et al. Time-lens

[7]

[8]

[9]

[10]

[11]

[12]

[13]

photon Doppler velocimetry (TL-PDV)[]J]. Physical
Optics, 2021, 6(1).

AR W LI AR il 07 2L 55 B B AR 190G i Ak 22
5 Ak B 7 R BE S LI, b O 2023, 50 (10)
222-232.

Pu Mengyao, Hu Yihua, Qu Fanghui, et al. Signal
processing method of photon echoes heterodyne for
variable-speed target[J]. Chinese Journal of Lasers,
2023, 50(10):222-232.

XV G R 4, R Ak, 55, 36 3 8- s e B A o
B9 B8 4R 3 £ 5 oy B 7 iR LCD// v A 8l ik oy
23,2022 W E A kR 218 SO mE AT R B R Wk
W 2 B 5 2022.:5.

Liu Luyuan, Chen Jiaxu, Liu Lin, et al. Time-fre-
quency analysis of weak vibration signals based on
clustering-short-time Fourier transforms[ C]//Chinese
Society of Automation. Proceedings of Automation
China 2022. School of Internet, Nanjing University of
Posts and Telecommunications, 2022 :5.

6] IR A, AR & TP B STFT 15515
ST 7 i (CL/ /B A Sk % 2. 2023 HE A
AR 2 SCEE . R T L AR W I R 4 B, 2023 26,
Wu Tong, Su Lina, Tian Jiajun.et al. A two-stage S-
TFT-based time-frequency analysis of weak signals
[C]//Chinese Society of Automation. Proceedings of
Automation China 2023. School of Internet, Nanjing
University of Posts and Telecommunications, 2023:6.
B RRIA L BN e T 2 NI RR G
P77 % LT ] I AR, 2019,39(5) < 1-7.

Dai Jingzhao, Zhang Dazhi, Duan Xiaoyan. Compari-
son of signal demodulation methods for photon Doppler
velocimetry system [ J]. Metrology &. Measurement
Technology, 2019, 39(5):1-7.

DN A ST PR R AR AN IR T X T 2
Tl U 2% i R [ ], MOt 2 35 2021, 42 (8)
9-14.

Sun Yipu, Wang Jian, Wu Chongqging. Influence of
sampling frequency and filtering method on the error of
photon Doppler velocimetry[ J]. Laser Journal, 2021,
42(8):9-14.

Mg, 0] 22 5% . 22 0 . 5. Livewire F3% M9 18 55 £ 3%
{75 U A 98 7 ¥k [T ], W % Tolk R % % 4k, 2023, 43
(2):140-147.

Mei Di, He Jungiang, Li Dangjuan, et al. Velocity de-
modulation method for weak Doppler signals based on
livewire algorithm[J]. Journal of Xi’an Technological
University,2023,43(2) :140-147.

Chen Zhen, Rettinger R, Hefferman G, et al. Micro-
wave-modulated photon Doppler velocimetry[J]. IEEE



196

P42 TR 4R (2026046 42 545 2

[14]

[15]

[16]

[17]

Photonics Technology Letters, 2016, 28(3) :327-333.
SRR B, R TR SR LT PDV BRI 1T TR A AR
YEOR 2l 3 T 58 [T ], B A% 41 . 2016,45(5) ¢
56-61.

Zhu Zhen, Hu Yan, Wu Lizhi, et al. Investigation on
flyer velocity driven by miniature detonators based on
the PDV technology[J]. Explosive Materials, 2016,
45(5): 56-61.

Hutchinson T M, Awe T J, Bauer B S, et al. Photon-
ic Dopplervelocimetry of ohmically exploded aluminum
surfaces[J]. Physics of Plasmas, 2020, 27: 052705.
Nissim N, Greenberg E,Werdiger M, et al. Free-sur-
face velocity measurements of opaque materials in la-
ser-driven shock-wave experiments using photonic
Doppler velocimetry[ ] ]. Matter and Radiation at Ex-
tremes, 2021, 6: 046902.

Il 7 2. /NI 78 e T A 5 25 MR 5 T R O ECBF LT DL B

(18]

[19]

0% 5 B ,2022,12(5) £ 48-50.

Lu Miaoxia. Simulation study of wavelet transform f-
or signal denoising[ J]. Technological Innovation and
Application, 2022, 12(5) :48-50.

M3, AT HE , BE B L S —Fh (S NG T 2 S
fr i J7 k0. A S 5 AR, 2023(3) 1 13-17, 25,
Mei Di. Wang Kexuan, Du Yuqi. et al. An adaptive
photon Doppler signal demodulation method[]J]. Auto-
mation & Instrumentation, 2023(3):13-17, 25.
Siddique M F, Ahmad Z, Ullah N, et al. A hybrid
deep learning approach: integrating short-time Fourier
transform and continuous wavelet transform for im-
proved pipeline leak detection[J]. Sensors, 2023, 23
(19):8079.

GRS  E4H)

(h$2

[18]

[19]

[20]

[21]

#5175 1)

Sanderson E W, Jaiteh M, Levy M A, et al. The hu-
man footprint and the last of the wild:the human foot-
print is a global map of human influence on the land
surface, which suggests that human beings are stew-
ards of nature, whether we like it or not[J]. BioSci-
ence, 2002, 52(10): 891-904.

L ENE LRI F, KW B XA A
A A7 23 ) AR B e I 25 3 AR A AT (T ). 3 3 R 2 Ak 2
4,2022,44(2) :99-109.

Jin Ming, Li Mingyu, Li Meijuan, et al. Analysis on
spatial and spatial evolution of habitat quality in pro-
duction-life-ecology space in Changchun-Jilin-Tumen
region[J]. Agricultural Science Journal of Yanbian U-
niversity, 2022, 44(2).: 99-109.

BRI % ST HE. 1990 — 2015 4F 7 7 B B 28 AL 38 4K
FAHELI/OL. [ B2 K4 . 2020, 5(3). (2020-01-
30). DOI: 10.11922/csdata. 2019, 0082. zh.

Duan Quntao, Luo Lihui. A dataset of human foot-
print over the Qinghai-Tibet Plateau during 1990 —
2015[J/OL]. CHINA Scientific Data, 2020, 5(3).
(2020-01-30). DOI: 10.11922/csdata. 2019. 0082. zh.
WEY. JTREANREL S ER RGNS YIHen) 25
RLRFEMFLD]. 7R TN R, 2023.

[22]

[23]

[24]

Huang Zhuonan. Analysis of spatiotemporal relation-
ship of human activity with and its influence on ecosys-
tem service functions in Guangdong Province [ DJ.
Guangzhou: Guangzhou University, 2023.

He Jingfeng, Yao Yake, Huang Ge, et al. Intensifica-
tion of the density stability in the air dense medium
gas-solid fluidized bed based on a binary dense media
[J]. Chemical Engineering and Processing: Process
Intensification. 2017, 122 58-67.

Mengist W, Soromessa T. Assessment of forest eco-
system service research trends and methodological ap-
proaches at global level: a meta-analysis[]J]. Environ-
mental Systems Research. 2019, 8(1): 22.

B Y A58, 4. T CA-Markov #2781 3 i
A 2553 X B 5T DB ESX O] £5
2 4,2020,40(4) :1455-1462,

Cheng Chaonan, Hu Yang, Feng Yao, et al.

Con-
struction of urban ecological zones based on CA-Mark-
ov model: a case study of the main urban area of
Jinzhong[J]. Acta Ecologica Sinica, 2020, 40 (4):
1455-1462.

(GHEHE 4D





