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Figure 1 Synthetic signal z(¢) (d) and its components x1(t) (a), z2(t) (b), and z3(¢t) (c)
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Figure 2 Time—frequency map of the synthetic signal, z(¢), obtained using (a) WT, (b) ST, (c) SST, and (d) SSST
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Figure 3 (Color online) Reconstruction signal from the SSST result of the synthetic signal x(¢). (a) The original signal
z(t) and its reconstruction signal; (b) reconstruction errors

., B SRR, oA S TSR IS A 1 R D B AR BN R 5 IS S AR HR
AR L, B TRNEAS AN S AR B RE R HEAT 1 BHIR, SEIRABIAL RS 5 RE R ER AR T8
BB Ak, B R HSR R T I SR e (R AR 0 . AR 0 (8) AT o(2), s (t) HORERELIIIAREL ), 1E
NP AN F] 5 55 e AR M IR _E ) LF-HE DU oK, (BAE S AR AR 35 I S A e iy 434k,
z3(t) I BRI AR ok, HIFPH K S A flt S B BEA W R i a#R. AT, P54
e EIRBE R T I AR ) HE AR, (E S PRI 5 5 20 SR ANGE ;S AR i B8 SR KT 41 M AT 5 1% i
{55 o B B I e, (RS R A e I [FID B S ARHeBR S ey 1 I AR e 1) ) 3%, I
T X 5 I M R 533 4 i 557 B AT AT A (10 S .

K 3 et TR R SIS S AR Bt R & lfs S5 AT EM AR, Ko, K 3(a) ZAEMES
SEES A, B 3(b) REMIRE. LA D, PR (19) FIERH A, FTUXHE S RZHE S
AR AE RIEAT AL, EA RS, FEMRAAFAERIE LT, EAIRZR /.

4 g

ASCHRM T PP S S A8k, #E T T %3 L AR B 8 R0A . D H R S 22 fofem 1
S ARHANF 0 5 AR B IR SS, 5 S ALHAVNBARHAR LL, SRS sy 1 I AR ) 73 % 5 /NEAe
RN R A S A AR B, BE S BT b S S 5 v s A5 R M 72 0 IR 3R ALE

S

1 Daubechies I, Lu J, Wu H T. Synchrosqueezed wavelet transforms: an empirical mode decomposition-like tool. Appl
Comput Harmon Anal, 2011, 30: 243-261

648



REBY FEERY 46 H 5 M

2 WuHT, Chan Y H, Lin Y T, et al. Using synchrosqueezing transform to discover breathing dynamics from ECG
signals. Appl Comput Harmon Anal, 2014, 36: 354-359

3 Thakur G, Wu H T. Synchrosqueezing—based recovery of instantaneous frequency from nonuniform samples. STAM J
Math Anal, 2011, 43: 20782095

4 Montejo L A, Vidot—Vega A L. Synchrosqueezed wavelet transform for frequency and damping identification from
noisy signals. Smart Struct Syst, 2012, 9: 441-459

5 Meignen S, Oberlin T, McLaughlin S. A new algorithm for multicomponent signals analysis based on synchrosqueezing;:
with an application to signal sampling and denoising. IEEE Trans Signal Process, 2012, 60: 57875798

6 Feng Z P, Chen X W, Liang M. Iterative generalized synchrosqueezing transform for fault diagnosis of wind turbine
planetary gearbox under nonstationary conditions. Mech Syst Signal Process, 2015, 52-53: 360-375

7 Wang P, Gao J H, Wang Z G. Time—frequency analysis of seismic data using synchrosqueezing transform. IEEE Geosci
Remote Sens Lett, 2014, 11: 2042-2044

8 Roberto H, Han J J, van der Baan M. Applications of the synchrosqueezing transform in seismic time—frequency
analysis. Geophysics, 2014, 79: 55-64

9 Zhang J Z, Liu H, Huang Z L, et al. A synchrosqueezing transform based time-frequency analysis on seismic signals
of hydrate reservoirs. Marine Geol Front, 2015, 31: 23-29 [9&@‘#‘, ?UH/E’T, ﬁf%ﬂa & BT EBHETRNIKE Y
JEHEAS SIS AT, MR AT, 2015, 31: 23-29]

10 Thakur G, Brevdo E, Fuckar N S, et al. The synchrosqueezing algorithm for time—varying spectral analysis: robustness
properties and new paleoclimate applications. Signal Process, 2013, 93: 1079-1094

11 Stockwell R G. S-transform analysis of gravity wave activity from a small scale network of airglow imagers. Dissertation
for Ph.D. Degree. Ontario: University of Western Ontario, 1999

Synchrosqueezing S-transform
Zhonglai HUANG!? & Jianzhong ZHANG!2*

1 Key Lab of Submarine Geosciences and Prospecting Techniques, Ministry of Education, Qingdao 266100, China;
2 College of Marine Geo-sciences, Ocean University of China, Qingdao 266100, China
*E-mail: zhangjzQouc.edu.cn

Abstract The wavelet transform (WT) has been widely used as an effective tool for time-frequency (T-F)
analysis, but its T-F resolution is not satisfactory in many cases. Based on solid mathematical foundations, a
recent synchrosqueezing transform (SST) can obtain high-resolution T-F spectrum by squeezing (reassigning) the
result of the WT. However, when the amplitude of high-frequency components of a signal is low, it is difficult to
identify the components either on the WT spectrum or on the SST spectrum that is based on the WT result.
In contrast to WT, S-transform (ST) is able to better display the high-frequency, low-amplitude components of
a signal and realize lossless inverse transformation, but the resolution of ST is still not satisfactory enough. In
order to improve the T-F resolution of ST, we present the synchrosqueezing S-transform (SSST) in this paper.
After explaining the basic principles of SSST, we derive its formula and inverse transform. Then, we carry out
WT, ST, SST, and SSST, respectively, on a synthetic data. The results show that SSST inherits the advantages
of both ST and SST, which gives it the ability to greatly improve T-F resolution of signals and to better display
T-F characteristics of high-frequency, low-amplitude components of signals.

Keywords synchrosqueezing S-transform, synchrosqueezing transform, S-transform, wavelet transform, time—
frequency analysis
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