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A Navigation with Indian Constellation (NavIC) re-
ceiver granted by Space Applications Centre, Ahmed-
abad, has been set up at SVNIT, Surat. In the present 
article, an effort has been made to study  
ionosphere response with NavIC signals during three 
consecutive major ‘M’ class and ‘C’ class solar flare 
events which took place on 22, 23 and 24 July 2016. 
Empirical mode decomposition (EMD) and variable 
mode decomposition (VMD) have been used to de-
compose total electron content (TEC). Pearson corre-
lation coefficients are synthesized and processed for 
determining the effect of solar flares on TEC data 
during these events. VMD gives better results com-
pared to EMD for determining TEC fluctuations dur-
ing the occurrences of solar flare events. Automatic 
ionospheric scintillation model (RTISM) based on 
Hilbert–Huang transform is applied to determine au-
tomatic threshold using Neyman Pearson detector, 
probability of detection and probability of false alarm 
using TEC.  

 

Keywords: Empirical mode decomposition, ionosphe-
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THE Navigation with Indian Constellation (NavIC) is  

indigenously designed by the Indian Space Research  

Organisation (ISRO). It provides services like navigation, 

positioning and precise timing in India and fifteen hun-

dred kilometres around the Indian region
1,2

. NavIC uses 

frequencies, namely L5 (1176.45 MHz) and S band 

(2492.028 MHz). NavIC planning mainly contains three 

segments, viz. space segment, ground (control) segment 

and consumer segment. The space division of NavIC is a 

constellation of seven satellites, namely IRNSS 1A–

IRNSS 1F (having pseudo-random number (PRN) 1-7). 

These numbers are allotted to numerous NavIC satellites 

for identification. Three satellites are placed in the Geo-

stationary Earth Orbit (GEO) located at 32.5, 83 and 

131.5E and the rest in Geosynchronous Orbit (GSO) 

having an inclination angle of 29 through longitudinal 

passing at 55 and 111.75E (ref. 2). The control division 

consisting of controlling and monitoring earth stations 

takes care of the orbital position of all NavIC satellites. 

The consumer segment consisting of solo frequency  

receiver receives L5 or S band frequency and a twin  

frequency receiver accepts both the L5 and S frequencies.  

 Ionospheric scintillation is formed by abnormalities in 

electron concentration present in the ionosphere that fluc-

tuates with respect to the local time of geographic loca-

tion
3
. This results in deviations in the refractive index 

because of small scale electron density anomalies im-

posed upon phase variations of NavIC signals when they 

propagate through the ionosphere. Ionospheric scintilla-

tions cause amplitude variations, phase fluctuations of  

satellite signals and if irregularities are high, it may dete-

riorate the carrier by noise ratio of NavIC signals. If the 

carrier to noise ratio falls below 20–25 Decibels per 

Hertz (dB-Hz), then the NavIC receiver will not be able 

to maintain lock with that particular satellite and it may 

interrupt services offered by the NavIC in future. There 

are various parameters important for measuring the im-

pact of ionospheric scintillation on NavIC signals like  

total electron content (TEC), carrier by noise ratio (C/N), 

vertical total electron content (VTEC) of the satellite sig-

nals, phase scintillation index (), amplitude scintillation 

index (S4), lock time of satellite receiver and satellite ele-

vation angle. In the present study, variations in TEC have 

been considered to determine the effect of ionospheric 

scintillation on NavIC signals. TEC is measured as the 

amount of electrons present in a column of ionosphere 

having a cross-sectional area of one square metre subject-

ed to the path of the signal traversing to the NavIC re-

ceiver. It is measured in TEC units (TECU)
4
. Individual 

TECU is equal to 10
16

 number of electrons per metre 

square. The TEC is the factor of the ionosphere that dis-

turbs the NavIC signals when they penetrate through the 

ionosphere. Several techniques have been established for 

calculating TEC data from the phase and amplitude of  

satellite signals. NavIC signals can also be utilized to  

calculate the TEC using dual-frequency satellite  

signals
5,6

.  
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Data capturing and ionospheric TEC  
measurements 

The X-ray solar flux data with short-wavelength channel 

irradiance of wavelength (0.05–0.4 nm) and 0.1–0.8 nm 

are captured by GOES-15. It is the latest in a series of 

weather satellites to keep guard on storm development 

and climate conditions on earth. The data is provided by 

the United Kingdom Solar System Data Centre (CEDA-

UKSSDC). The parameters used here for calculation of 

TEC are provided by NavIC receiver mounted in the De-

partment of Electronics Engineering, SVNIT, India. The 

geographical location of this receiver is 21950.19N 

and 72471.15E. In the present study, NavIC signals 

have been utilized to study ionospheric response with 

TEC which are calculated during the three consecutive 

days of major solar flare events which occurred on 22, 23 

and 24 July 2016. A class ‘C’ flare took place on 22 July 

2016 and class ‘M’ flare took place on 23 and 24 July 

2016. All the results presented here are implemented  

using MATLAB software. The parameters like psuedor-

ange and frequencies of ‘S’ and ‘L5’ bands provided by 

NavIC receiver are utilized to calculate TEC. Slant TEC 

is calculated using the following eq. (1) (ref. 4) 
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where f1 = 2492.028 MHz (S band frequency) and 

f2 = 1176.45 MHz (L5 band frequency) and P1 and P2 

represent pseudo ranges of the f1 and f2, frequencies res-

pectively. 

 A solar flare is an unexpected intensity of Sun’s illu-

mination, which is observed near its outward surface
7,8

. 

The solar X-rays and ultra-violet radiations emitted dur-

ing solar flares affect earth’s ionosphere and may disrupt 

the services offered by NavIC. Various studies have  

examined the impact of solar flares on satellites signals 

using global positioning system (GPS). The solar flare  

effects on ionospheric TEC using GPS during solar mini-

mum period were examined at Varanasi, which is located 

near equatorial ionization anomaly (EIA) crest area
7
. The 

enhancements in TEC were observed during the occur-

rence of solar flares with increased intensities in extreme 

ultraviolet (EUV) solar flux and simultaneous variations 

in the equatorial electrodynamics
7
.  

 Previous studies have shown sudden enhancements in 

ionospheric TECs during the intense solar flares
9
. A solar 

flare generates instant enhancements in ionization of the 

ionosphere of varying degree at various altitudes that are 

known as sudden ionospheric disturbances (SIDs) or  

ionospheric solar flare effects. Solar flares which  

occurred on 28 and 29 October 2003 and 4 November 

2003 for Halloween events and Bastille Day events re-

spectively have been studied using GPS
10

. It has been 

predicted that the EUV solar flux can increase the TEC of 

the sub-solar ionosphere through 30% in approximately 

5 min. The effects of eleven ‘X’ class solar flares which 

happened during 24 solar cycle period starting from 2009 

to 2013, on ionosphere at mid and low latitude region of 

Dibrugarh have also been studied
11

. The GPS-based TEC 

measurement was used to observe the solar flare impacts 

on the ionosphere. Table 1 shows classification of  

solar flares as per the peak range of solar flux at 100–

800 picometre (measured in watts per square metre). 

Solar flares on 22, 23 and 24 July 2016 

A strong solar flare of class C and a weak solar flare of 

class B occurred on 22 July 2016. A very strong flare of 

class M and class C and a weak flare of class B occurred 

on 23 July 2016. A strong solar flare of class M2.0 oc-

curred on 24 July 2016. Figures 1–6 highlight the varia-

tions in solar flux (in weber per metre square (Wb/m
2
 on 

Y-axis) irradiance for both the wavelengths (0.05–0.4 nm) 

(0.1–0.8 nm) and TEC (in TEC units on Y-axis) with re-

spect to time in minutes (Universal Time Coordinate) (on 

X-axis) pertaining to 22, 23 and 24 July 2016 for PRN2 

and PRN3 NavIC satellite signals respectively. The verti-

cal colour bar scale indicates intensities of solar flux  

irradiance and TEC increasing from bottom to top with 

various colours. Table 2 (also Supplementary Tables 1 

and 2) represent the time of occurrences of these solar 

flares and corresponding TEC values (in TECU) for 22, 

23 and 24 July 2016.  

 It is clear from Figures 1 and 2 and Table 2 that there 

are intensification in X-ray flux emissions during the  

period of the occurrence of various solar flares
7
. This has 

resulted in sudden enhancements in the ionospheric TEC 

values at the occurrence of each solar flares. The TEC 

enhancements detected could be due to the boosts in the 

extreme EUV radiations associated with the solar flare 

and also due to the changes in the overall ionospheric dy-

namics and electrodynamics
7
. Figures 3 and 4 and Sup-

plementary Table 1 also show that there were TEC 

fluctuations during the peak deviations in the solar flux 

irradiance. Similar observations were found for TEC fluc-

tuation on 24 July 2016 (Figures 5 and 6 and Supplemen-

tary Table 2).  

 

 

Table 1. Classification of various solar flares 

 Peak X-ray flux range at 100–800 picometre  

Solar flare class  (watts/square metre) 
 

Class A <10−7 

Class B 10−7–10−6 

Class C 10−6–10−5 

Class M 10−5–10−4 

Class X >10−4 

https://www.currentscience.ac.in/Volumes/118/03/0392-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/03/0392-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/03/0392-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/03/0392-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/03/0392-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/03/0392-suppl.pdf
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Table 2. Various classes of solar flares and corresponding TEC values (in TECU) on 22 July 2016 

      Observations in TEC  

      (in TECU) fluctuations  

      during solar flares instances  

      during maximum intensity  

Class of flare   Maximum  Solar flux irradiance of solar flux irradiance of 

(solar flare  Start time of intensity of solar End time of (0.05–0.4 nm) 0.05–0.4 nm wavelength 

sun spot region solar flare flare at time solar flare maximum intensity 

is 2567) (h) (h) (h) (Wb/m2) PRN2 PRN3 
 

C6.6 06:34 (394 min) 06:51 (411 min) 06:58 (418 min) 1.24E-06 71 62 

C1.2 07:23 (443 min) 07:26 (446 min) 07:31 (451 min) 8.00E-08  56.80 47.09 

B6.8 08:30 (510 min) 08:34 (514 min) 08:38 (518 min) 2.69E-08  40.17 28.82 

B9.1 11:14 (674 min) 11:31 (691 min) 11:45 (705 min) 5.39E-08  40.50 48 

C2.4 20:09 (1209 min) 20:20 (1220 min) 20:31 (1231 min) 3.58E-07  13.82 11.91 

B5.6 22:26 (1346 min) 22:30 (1350 min) 22:34 (1354 min) 2.81E-08 2.33 1.8 

B7.6 23:09 (1389 min) 23:15 (1395 min) 23:27 (1407 min) 5.71E-08 1.94 1.94 

 

 

 
 
Figure 1. Solar flux irradiance (0.05–0.4 nm) (0.1–0.8 nm) and TEC 
variations for PRN2 on 22 July 2016. 
 

 
 

Figure 2. Solar flux irradiance (0.05–0.4 nm) (0.1–0.8 nm) and TEC 
variations for PRN3 on 22 July 2016. 
 
 
 

 Earlier studies have shown that the maximum value of 

the rate of change of TEC depends on the flare class and 

rate of change in the flare radiations
12

. The main abnor-

malities from the mean TEC may be additionally due to 

the complete variations in the low latitude electrodyna-

mics, like fountain effect and the meridional wind  

effects
7,13

. It is observed from the study of effects of solar 

flares of 22, 23 and 24 July 2016 on ionospheric TEC, 

that there are enhancements in TEC for major solar flare 

events like class M and class C and drop in TEC values 

for weak solar flares. Hence it is clear that a substantial 

boost in TEC was observed in this equatorial anomaly re-

gion (EIA) during the occurrences of each class of solar 

flares with simultaneous enhancements in ionization
7,8

. 

The present study is significant as it attempts to utilize 

the NavIC signals to study the impact of class M, C and 

B solar flares which occurred on three consecutive days 

of 22, 23 and 24 July 2016, on ionospheric TEC in this 

region. 

Examining TEC with VMD and EMD techniques 

The adaptive data analysis techniques like empirical 

mode decomposition (EMD) and Hilbert spectral analysis 

(HSA) are efficiently-developed methods which can be 
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used for geophysical studies
14

. The data from the natural 

phenomenon are normally nonstationary because of their 

temporary nature. The capture time of data may also be 

lesser than the time scale length that states the phenome- 

 

 

 
 

Figure 3. Solar flux irradiance (0.05–0.4 nm) (0.1–0.8 nm) and TEC 
variations for PRN2 on 23 July 2016. 
 
 

 
 

Figure 4. Solar flux irradiance (0.05–0.4 nm) (0.1–0.8 nm) and TEC 
variations for PRN3 on 23 July 2016. 

non. The Hilbert–Huang transform (HHT) is suitable for 

treating nonlinear and nonstationary signals
14,15

. The 

EMD technique decays the input signal into its intrinsic  

mode functions (IMFs) which consist of sharp instanta-

neous frequencies as explained in refs 14, 15. The break-

down is done on the local period of the input signal in 

time domain. Each IMF should achieve the subsequent  

 

 

 
 
Figure 5. Solar flux irradiance (0.05–0.4 nm) (0.1–0.8 nm) and TEC 
variations for PRN2 on 24 July 2016. 
 

 

 
 

Figure 6. Solar flux irradiance (0.05–0.4 nm) (0.1–0.8 nm) and TEC 
variations for PRN3 on 24 July 2016. 
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two necessities: (i) In the entire data, the numeral of  

extrema and the occurrences of zero crossings must be 

identical, or they can vary only by one. (ii) At any data 

point, the mean value of the envelope which is defined 

using local maxima and local minima should be zero. An 

IMF is any function with a similar number of extrema 

and zero crossings, with its envelopes being symmetric 

with respect to zero
14–16

. Here the ‘S stoppage criterion’ 

is used to stop the EMD decomposition process
16

. By us-

ing this criterion, the shifting process stops only if the 

numbers of zero crossings and extrema are equal or at 

most differ by one and stay the same for ‘S’ consecutive 

times. In the present analysis, the number of intrinsic 

mode functions generated in a set depends upon input 

TEC. The EMD algorithms are given in appendices 1 and 

2 (refs 14, 15).  

VMD technique 

EMD has some restrictions such as sensitivity to noise 

and sampling
17

. These limitations can be overcome 

through the recently developed non-recursive variable 

mode decomposition model in which the modes are de-

rived simultaneously. This model creates an ensemble of 

modes and their particular centre frequencies in such a 

manner that the modes together replicate the input signal 

and then result into baseband signal after demodulation. 

VMD model is basically a spectrum-based decomposition 

technique of a one-dimensional input signal into ‘k’ band 

separated modes. This model can be efficiently enhanced 

using an alternating direction method of multipliers tech-

nique
17,18

. This model is the most effective way of  

handling non-stationary signals. Various studies have 

compared analysis of VMD and EMD techniques
18–21

. 

However, earlier studies mainly focused on relating the 

time-varying waveforms of the signals decayed respec-

tively by both the techniques rather than determining 

noise robustness and capabilities of the VMD model in 

determining time-frequency features from non-stationary 

signals. In this article, VMD and EMD techniques have 

been deployed for detecting ionospheric irregularities  

using TEC for NavIC signals in a low latitude region dur-

ing solar flare events
18

. 

 The important parameters for VMD are (i) the number 

of modes ‘K’ which are found on the basis of the number 

of frequency constituents in the input signal and (ii) 

bandwidth control parameter , which is found based on 

the centre frequency of importance. Both these parame-

ters are interrelated to each other
18

.  

Results and discussions 

The EMD and VMD algorithms have been used for  

decomposing TEC data determined on 22, 23 and 24 July 

2016 during the solar flare events. The fluctuations in 

TEC can be predicted with high resolutions when we de-

compose it into mode functions. The EMD decomposition 

of TEC was accomplished to recognize and determine the 

intensity of scintillating signals during these events. A 

major solar flare event of class M and class C took place 

on these days. Figures 7 and 8 represent EMD and VMD 

decomposition of TEC data on 22 July 2016 for PRN2 

IRNSS satellite respectively. The primary IMF contains 

the maximum frequency and then frequency declines for 

the following IMFs. These IMFs possess the characteris-

tics of the original input TEC signal. The low order IMFs 

 

 
 

Appendix 1. 
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1, 2 and 3 is a representation of noise in the input meas-

ured TEC. They do not contain information related to the 

presence of the disturbances due to solar flare events and 

hence can be neglected. The IMFs 4 to 6 consist of oscil-

latory modes corresponding to the enhanced intensities of 

solar flux during the occurrences of solar flare event. 

These subset of components demonstrate mid-term varia-

tions of the TEC measurements that are correlated with 

 

 

 
 

Appendix 2. 

 
 

Figure 7. Empirical mode decomposition of TEC data for PRN2 on 
22 July 2016. 
 

 
 

Figure 8. Variable mode decomposition of TEC data for PRN2 on 22 
July 2016. 
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the physical properties of the ionospheric propagation. 

The IMF 7 to IMF 10 and the residual represent long-

term fluctuations in measured TEC during the solar flare 

events. In Figure 7, it can be seen that input TEC is de-

composed from IMF 1 up to IMF 10 and then residual 

remains. From Figure 8 it can be seen that VMD is capa-

ble of decomposing TEC with good resolution from IMF 

1–IMF 9 and residual. EMD and VMD decomposition  

results of TEC for PRN2 and PRN3 for three consecutive 

days on 22, 23 and 24 July 2016 are given in Supplemen-

tary Figures 1–10.  

 Fluctuations are emerged in TEC during occurrences of 

various classes of solar flares and it can be predicted in 

the layers 5 and 6 of decomposition.  

RTISM-HHT model for correlation analysis 

In this article an automatic ionospheric scintillation mod-

el known as RTISM has also been utilized for determin-

ing ionospheric behaviour during the three major solar 

flare events
22,23

. This model is used for determining  

automatic threshold using the Neyman–Pearson detec-

tor
22,23

. Earlier this model was utilized for analysing iono-

spheric scintillation effects on amplitude scintillation 

index (S4) and phase scintillation index () during the 

geomagnetic storms that occurred in the maximum solar 

activity periods of the 24 solar cycle (2013–14) using 

GPS station 6 receiver
24

. This RTISM-HHT model is 

used to determine the Pearson correlation coefficient 

(PCC) between various mode functions which has result-

ed due to the application of EMD and VMD techniques 

and the TEC. This model is also applied to extract the 

probability of false alarm, probability of detection and 

probability of missed detection
24

.  

Pearson correlation coefficient 

The Neyman–Pearson detectors are useful for determin-

ing the threshold value and they can attain extreme 

recognition power for a precise false alarm limit even 

when enough earlier data is unobtainable. The PCC is a 

factor to measure the relationship between two variables. 

The PCC is computed between TEC and IMFs and it is 

useful to obtain information about which IMF is relevant 

to TEC
24

. The PCC is defined as  
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In the above equation, xi and yi denote the two variables, 

x  and y  represent the mathematical mean of the vari-

ables xi and yi, n represents the sample size of the  

variables xi and yi. The xi is the input TEC and yi is the in-

trinsic mode functions resulting with EMD and VMD 

techniques. 

EMD and detecting threshold 

The TEC data is first decayed into a finite set of mode 

functions using EMD and VMD techniques. The PCC of 

the resultant mode functions is then determined. The 

threshold level is derived using eq. (3)
24

. If the PCC of 

the IMFs is i and the threshold is represented as , the 

equation for the threshold is given as 
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The relevant IMFs are selected on the basis of their coef-

ficient values calculated earlier in comparison to the 

threshold value. If i  , the IMF is relevant and if the 

condition is not satisfied, it is irrelevant. The probability 

of false alarm can be determined using eq. (4)
24,25
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The probability of detection is determined using eq. (5)
24
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The probability of missed detection is calculated using 

eq. (6)
24

 

 
 Pmiss = 1 – PD. (6) 

 

Table 3 highlights the computed results of PCC, average 

of PCC, probability of false alarm, probability of detec-

tion and probability of missed detection for PRN2 and 

PRN3 IRNSS satellites on 22, 23 and 24 July 2016  

respectively. It is clear from the Table 3, that the PCC  

determined using VMD model is giving better results 

compared with EMD results. The PCC between IMF 10 

and input TEC is 0.95 for PRN2 and PRN3 on 22 July 

2016. Similarly, PCC between the IMF 10 and input TEC 

is 0.96 and 0.91 for PRN2 and PRN3 respectively on 23 

July 2016. Moreover, PCC between the IMF 10 and input 

TEC signal is 0.95 for PRN2 and PRN3 on 24 July 2016. 

The probability of false alarm is –0.5 using EMD model 

and 0.5 using VMD model for PRN2 on 22 July 2016. 

The probability of false alarm is 0.32 using EMD model 

and 0.5 using VMD model for PRN3 on 22 July 2016. 

The probability of false alarm is 0.5 using EMD and 

VMD model for PRN2 and PRN3 on 23 July 2016. The 

https://www.currentscience.ac.in/Volumes/118/03/0392-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/03/0392-suppl.pdf
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Table 3. EMD and VMD analysis parameters for PRN2 and PRN3 on 22, 23, 24 July 2016 

Day 22 July 2016 23 July 2016 24 July 2016 
 

PCC PCC for PRN2 PCC for PRN3 PCC for PRN2 PCC for PRN3 PCC for PRN2 PCC for PRN3 
 

Mode functions EMD VMD EMD VMD EMD VMD EMD VMD EMD VMD EMD VMD 
 

 1 0.03 0.02 0.03 0.02 0.01 0.01 0.03 0.01 0.04 0.02 0.04 0.02 

 2 0.02 0.02 0.04 0.02 0.02 0.01 0.02 0.01 0.03 0.02 0.02 0.02 

 3 0.16 0.02 0.12 0.02 0.06 0.01 0.17 0.02 0.16 0.02 0.03 0.02 

 4 0.18 0.03 0.11 0.02 0.15 0.02 0.14 0.02 0.17 0.03 0.20 0.03 

 5 0.19 0.04 0.26 0.03 0.18 0.02 0.18 0.03 0.18 0.03 0.18 0.03 

 6 0.16 0.07 0.07 0.06 0.23 0.04 0.12 0.06 0.20 0.04 0.14 0.04 

 7 0.14 0.14 0.00 0.13 0.06 0.10 0.13 0.12 0.07 0.08 0.13 0.07 

 8 0.10 0.19 –0.05 0.18 0.33 0.16 0.22 0.17 –0.11 0.17 0.02 0.15 

 9 0.79 0.26 0.18 0.26 0.90 0.25 0.00 0.57 0.67 0.26 0.02 0.26 

10 0.56 0.95 0.03 0.95 0.01 0.96 0.03 0.91 0.04 0.95 0.04 0.95 

Average 0.27 0.18 0.15 0.17 0.25 0.16 0.15 0.19 0.17 0.16 0.12 0.16 

Threshold –0.01 0.00 0.01 0.00 –0.01 0.00 0.00 0.00 0.02 0.00 –0.01 –0.01 

Probability of –0.50 0.50 0.32 0.50 0.50 0.50 0.50 0.50 0.49 0.50 0.50 0.50 

 false alarm 

Probability of 1 1 1 1 1 1 1 1 1 1 1 1 

 detection 

Probability of missed 0 0 0 0 0 0 0 0 0 0 0 0 

 detection 

 

 

probability of false alarm is 0.49 using EMD model and 

0.5 using VMD model for PRN2 on 24 July 2016. Proba-

bility of false alarm is 0.5 using EMD and VMD model 

for PRN3 on 24 July 2016. The probability of detection is 

equivalent to 1 for PRN2 and PRN3 IRNSS satellites on 

all the three days, thus denoting the probability of missed 

detection equal to zero. The PCC values larger than the 

predictable threshold help in determining the relevant 

IMFs for each satellite.  

Conclusions 

The ionospheric TEC has been determined during the 

consecutive three days of major solar flares which oc-

curred on 22, 23 and 24 July 2016 with NavIC receiver 

set up at SVNIT, India. This NavIC helps in the study of 

ionosphere and for evaluating the performance of NavIC 

receiver during various natural phenomena. The varia-

tions in TEC have also been studied during occurrences 

of various classes of solar flares on these three days with 

respect to X-ray solar flux. The X-ray solar flux data with 

short-wavelength channel irradiance of wavelength 

(0.05–0.4 nm) and (0.1–0.8 nm) are provided by GOES-

15 (data provided by CEDA-UKSSDC). The EMD and 

VMD techniques have been utilized for decomposing 

TEC data and precisely locating instances of occurrences 

of various solar flares. The PCC, probability of false 

alarm, probability of detection and probability of missed 

detection have also been calculated using the RTISM-

HHT model. It is clear from the RTISM-HHT model for 

correlation analysis that VMD gives better results com-

pared to EMD. The present results can be used for deter-

mining fluctuations in TEC during the other atmospheric 

phenomenon or more number of solar flare events.  
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