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ABSTRACT

COSMIC GPS Radio occultation systems are developed for investigating global ionospheric and tropospheric
features of atmosphere ionospheric effects are a major critical concern in radio communications and navigation systems.
The predominant ionospheric effect is scintillation, which causes small scale fading in GNSS received signals. Hence,
there is a necessity to understand the ionospheric morphology, especially in low latitude region. In this paper, GPS RO
ionospheric scintillation measurements over the Indian region have been considered for the analysis. A Novel spectral
analysis tool based on synchrosqueezing transform (SST) method is proposed for identifying low latitude equatorial
Tonospheric anomalies. It is found that SST provides better time-frequency resolution under conditions of severe

scintillation.
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1. INTRODUCTION

GPS Radio occultation techniques are effective
tools to study ionospheric layered structures. Radio
occultation missions such as Constellation Observing
System for Meterology, Ionosphere and Climate
(COSMIC) and Challenging Mini Satellite Payload
(CHAMP) are used to sound the earth’s neutral
atmosphere and ionosphere via a radio link between a GPS
navigation satellite and GPS receivers equipped on low
Earth orbit satellites. COSMIC electron density
measurements can be achieved to capture and identify
small-scale ionospheric structures associated with
scintillation. The ionospheric conditions in low latitudes
are random and least predictable. The morphology of low
latitude ionosphere can be characterized with GPS RO
data. Global ionospheric scintillations were studied in
which the equatorial ionization anomaly crests were
located [1]. The maximum amplitude scintillations tend to
occur at low latitude regions.

Activity of scintillation varies with 11 years solar
cycle and local time, seasons, geographical location and
magnetic activity [2, 3]. In these recent years a lot of
research studies on the ionosphere using scintillation and
electron density data, retrieved by F3/C, have been carried
out revealing many significant results [4-7]. But the use of
COSMIC-GPS amplitude scintillation index was done in
very few research efforts [8-11]. Dymond [12] put an
effort to make comparisons between the coincident
electron density climatologies and scintillations, which
were measured by COSMIC satellites during March and
April 2007. The comparisons led to a confirmation that
there was a one-one correspondence between scintillations
and electron density which was regional but not global. In
this paper, scintillations are analyzed with time frequency
spectrum analysis, based on Synchrosqueezing transform.
The time-frequency analysis of the Fourier transform of a
signal is inadequate. To overcome this drawback, Denis
Gabor introduced the Short Time Frequency transform

which is a windowed-transform known as Gabor
transform. The SST was originally introduced in the
context of audio signal analysis. Synchrosqueezing had
shown superior precision in both frequency and time.
Synchrosqueezing can clearly delineate components and
could extract the signal with time varying spectrum.

2. SYNCHROSQUEEZING TRANSFORM

The Synchrosqueezing transform (SST), had
become the newly developed adaptive data analysis
method which is being applied extensively in structural
stability analysis, accoustics, medical system and
meterology. Synchrosqueezing is the main tool in
analyzing auditory signals [13] with so many reallocation
methods [14-18]. It has become the special case in aiming
to sharpen a time-frequency representation R(t, ®) by
“allocating” its value to a different point (t0, ®0) in the
time-frequency plane, determined by the local behavior of
R(t, ®) around (t, ). Firstly the time-frequency map
through a Continuous wavelet transform was constructed.
For this, a mother wavelet is needed that satisfies by
definition, the wavelet coefficients are the correlation
coefficients between the target signals and dilated and
translated versions of a given basic pattern.

1
W, (a,b) = jw f(t)a 2p*(t—b/a)dt (1)

y" is the complex conjugate of the mother wavelet, a is the
scale factor which determines the frequency and b is the
time shift applied to the mother wavelet,. The CWT is the
cross correlation of the signal f(t) with several wavelets
that are scaled and translated versions of the original
mother wavelet. The symbols W¢(a, b) are the coefficients
representing a concentrated time.
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The equation (2) shows that the new time-
frequency representation of the signal T (w, b) is
synchrosqueezed along the frequency (or scale) axis only.
The primary requirement in demodulation of a signal is to
get amplitude, phase and instantaneous frequency
information. Synchrosqueezing takes advantage of its
reassignment principle to overcome the noise interference
of signal. In the reassignment mode, Synchrosqueezing
uses superposition of a class of functions that slowly
varies with respect to the instantaneous frequencies.

3. RESULTS AND DISCUSSIONS

The occultation path over low latitude region is
shown in Figure-1. The COSMIC Satellite travels from
(30°N, 85°E) to (44°N, 55°E). COSMIC GPS RO data is
accessed from COSMIC data center website (http://cdaac-
www.cosmic.ucar.edu/). It can be seen from Figure-2 that
strong amplitude scintillations with S4>0.5 were observed
for PRN 20 satellite from 07:50UT. In order to analyze
ionospheric scintillations, GPS RO data of 23" September
2013 electron density and scintillation profiles are derived
for carrying out spectral analysis using SST transform.
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Figure-1. GPS RO occultation path over Indian region.
C001 September 2342013 PRN 20 UT 07:13AM.
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Figure-2. Scintillation index from COSMIC COO1 PRN
20 on 23" September 2013.

Figure-2 shows severe ionospheric scintillations
event occurred on 23" September 2013 07:15 time. It is
observed that the maximum S4 values are around 1.8. at
07:37 AM
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Figure-3. Electron density profile from COSMIC C001
PRN 20 on 23" September 2013.

Figure-3 shows electron density variations. The
maximum value is 1.5x10° el/cm® at 150 km. The
ionospheric scintillations S4 values are given as input to
SST transform.

The wavelet choice is a key issue in
synchrosqueezing-based methods. [19-20]. In SST, we
first construct the time-frequency map through a CWT,
thus, we need a mother wavelet that satisfies the
admissibility condition. At the same time, the wavelet
must be a good match for the target signal in our
implementation; we use a Morlet wavelet with central
frequency and bandwidth estimated from the scintillatin
index. By using a classical Morlet wavelet and 32 levels
for the SST method a good balance between speed and
resolution in the frequency representation can be obtained.
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Figure-4. Synchrosqueezing Transform results of PRN 20
on 23" September 2013.
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Figure-4 shows that the disturbance occurred
between 5 to 10 seconds in time-frequency plot of
ionospheric  scintillations signals and the extracted
ionospheric scintillations. The SST reallocates coefficients
of CWT to get a concentrated image over the time-
frequency plane, which provides more accurate and
precise time-frequency decomposition. This delineates the
location and extent of spectral anomalies more clearly,
thus facilitating further interpretation

4. CONCLUSION AND FUTURE SCOPE

GPS RO ionospheric measurements provide an
opportunity to investigate global ionospheric morphology.
SST is suitable for ionospheric scintillation signal
characterization of its non stationary and non linear
properties. It is found that ionospheric scintillation fading
frequency components upto 0.2Hz.SST method able to
mitigate the ionospheric scintillation affected frequency
components well. In Future GPS RO electron density and
scintillation measurements will be compared with ground
based GNSS stations in low latitude regions. GPS RO
TEC and Scintillations measurements will be compared
with IRI2012, GAIM and SUPIM model.

ACKNOWLEDGEMENT

The major credit of this research goes to the
CDAAC for giving us to access to the COSMIC data. The
above work is a part of a sponsored research project titled
“Development of Ionospheric Forecasting models for
Satellite based Navigation Systems over low latitude
stations” sponsored by the Department of Science and
Technology, New Delhi, India, vide sanction letter No:
SR/FTP/ETA- 0029/2012, Dated: 08.05.12. Dated: 1 Nov.
2013 and SR/FST/ESI-130/2013(C) FIST program.

REFERENCES

[1] Aarons, J. 1982. Global morphology of ionospheric
scintillations,  Proc. IEEE, 70(4), 360-378,
doi:10.1109/PROC.1982.12314.

[2] Paula, E.R.D., Rodrigues, F.S., Iyer, K.N., Kantor,
1.J., Abdu, M.A., Kintner, P.M., Ledvina, B.M., Kil,
H: Adv. Space Res. 31, 749 (2003).

[3] Gwal, A. K., Shrivastava, A., and Malhotra, K.:
Observation of seismogenic ultra low frequency
electric field fluctuations detected as a burst in the
ionosphere during tsunamis over the Andamanand
Nicobar Islands, Curr. Sci. (India), 91, 229-234, 2006.

[4] Shepherd, M. G., and T. Tsuda. 2008. Large scale
planetary disturbances in stratospheric temperature at
high latitudes in the southern summer hemisphere,
Atmos. Chem. Phys. 8, 7557-7570, doi: 10.5194/acp-
8- 7557-2008.

[5] Tsunoda, R. T. (1985), Control of the seasonal and
longitudinal occurrence of equatorial scintillations by
the longitudinal gradient in integrated E region

Pedersen conductivity, J. Geophys. Res., 90, 447-456,
doi: 10.1029/JA090iA01p00447.

[6] Alexander, S. P., A. R. Klekociuk, and T. Tsuda.
2009. Gravity wave and orographic wave activity
observed around the Antarctic and Arctic stratospheric
vortices by the COSMIC GPS-RO satellite
constellation, J. Geophys. Res., 114, D17103, doi:
10.1029/2009JD011851.

[71 Brahmanandam, P. S., Y. H. Chu, and J. Liu. 2010.
Observations of equatorial Kelvin wave modes in
FORMOSAT- 3/COSMIC GPS RO temperature
profiles, Terr. Atmos. Oceanic Sci., 21(5), 829-840,
doi: 10.3319/ TAO.2010.01.06.01(A).

[8] Liu, L., B. Zhao, W. Wan, B. Ning, M.-L. Zhang and
M. He. 2009. Seasonal variations of the ionospheric
electron densities retrieved from Constellation
Observing System for Meteorology, Ionosphere, and
Climate mission radio occultation measurements, J.
Geophys. Res., 114, A02302, doi:
10.1029/2008JA013819.

[9] Liu, L., M. He, X. Yue, B. Ning, and W. Wan. 2010.
Tonosphere around equinoxes during low solar
activity, J. Geophys. Res., 115, A09307, doi:
10.1029/2010JA015318.

[10]Chu, Y.-H., K.-H. Wu and C.-L. Su. 2009. A new
aspect of ionospheric E region electron density
morphology, J. Geophys. Res., 114, A12314, doi:
10.1029/2008JA014022.

[11] Brahmanandam, P. S., Y. H. Chu, K.-H. Wu, H.-P.
Hsia, C. L. Su, and G. Uma. 2011. Vertical and
longitudinal electron density structures of equatorial E
and F regions, Ann. Geophys., 29, 81-89, doi:
10.5194/angeo-29-81-2011.

[12]Dymond, K. F. 2012. Global observations of Lband
scintillation at solar minimum made by COSMIC,
Radio Sci., 47, RSOL18, doi:10.1029/2011RS004931.

[13]1. Daubechies, S. Maes, A nonlinear squeezing of the
continuous wavelet transform based on auditory nerve
models, in: A. Aldroubi, M. Unser (Eds.), Wavelets in
Medicine and Biology, CRC Press, 1996, pp. 527-546.

[14]F. Auger, P. Flandrin, Improving the readability of
time- frequency and time-scale representations by the
reassignment m etho d, IEEE Trans. Signal Process.
43 (5) (1995) 1068-1089.

[15]E. Chassande-Mottin, F. Auger, P. Flandrin, Time-
frequency/time-scale reassignment, in: Wavelets and
signal processing, Appl. Numer. Harmon. Anal.,
Birkh"auser Boston, Boston, MA, 2003, pp. 233-267

3643



VOL. 10, NO. 8, MAY 2015 ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences ﬁ «a.

©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.
www.arpnjournals.com

[16]E. Chassande-Mottin, I. Daubechies, F. Auger, P.
Flandrin, Differential reassignment, Signal Processing
Letters, IEEE 4 (10) (1997) 293-294.

[17]Meignen, S., T. Oberlin, and S. McLaughlin, 2012, A
new algorithm for multicomponent signals analysis
based on synchrosqueezing: With an application to
signal sampling and denoising: IEEE Transactions on
Signal Processing, 60, 5787-5798,
doi:10.1109/TSP.2012.2212891.

[18]Mallat, S., 2008, A wavelet tour of signal processing:
The sparse way, 3rded: Academic Press.

[19]G. Thakur, E. Brevdo, N.S. Fuckar, and H-T. Whu,
"The Synchrosqueezing algorithm for time-varying
spectral analysis: robustness properties and new
paleoclimate applications," Submitted, 2012.

[20]1.Daubechies, J. Lu, and H.-T. Wu, "Synchrosqueezed
wavelet  transforms: An  empirical  mode
decomposition-like tool," Applied and Computational
Harmonic Analysis, 2010.

3644



