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I.     INTRODUCTION 

The origin of wavelet theory belongs to Joseph 

Fourier when he put his theory of frequency 

analysis [1]. According to Fourier theory, any 

continuous-time or discrete-time signals may be 

represented by its frequency domain component 

respectively, as described in Table 1. These time-

domain and frequency-domain components are 

interconvertible due to Fourier’s analysis and 

synthesis equations. The transformations based on 

basic Fourier’s utility, translate a function from the 

time domain to frequency domain and vice-versa. 

This allow the analysis of signals w.r.t. its 

frequency content. The forward Fourier transforms 

results in Fourier coefficients that represent the 

contribution of each cosine and sine function at 

each harmonic. The backward Fourier transforms 

do just the opposite by transferring the data from 

the frequency domain to the time domain. This is 

one of the subsets pertaining to Fourier’s way of 

signal processing. The other advanced methods are 

tabulated in Table 2.  

  

II.     HISTORIC EVOLUTION OF WAVELET 

SIGNAL PROCESSING  

 

Several groups independently represented 

signals in terms of functions using scale-varying 

basis functions starting from the 1930s. For 

example in 1930, Paul Levy while investigating 

Brownian motion (the random signal) represented it 

by Haar       

 

 

 

basis function. He found that Haar basis function 

work superior to the Fourier basis functions in 

analyzing small complicated details of Brownian 

motion. The independent research by Littlewood, 

Paley, and Stein in the same year, introduced 

energy function   

 E = 12 ∫ |x(t)|2dt 2π
0  

 

They found different results for 

energies viz. distributed over the large interval and 

concentrated around a few points. Somehow, it was 

found to be challenging for energy conservation law 

but later researcher-developed functions that scale 

variable under conservation of energy rules. This 

led to the algorithm-based, numerical image 

processing using wavelets by David Marr in early 

1980. In 1985, Stephane Mallat provided a quantum 

jump in this subject through his work in digital 

signal processing. Getting the inspiration from this 

work, Y. Meyer introduced a non-trivial wavelet 

that is continuously differentiable. A few years later 

Ingrid Daubechies used Mallet’s work to construct 

orthogonal basis functions. In fact, this was the 

most elegant work which has becomes the 

foundation stone for today’s wavelet applications. 
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 Comparison between Fourier’s and Wavelet’s Signals’ 
Processing 

 

 

Both FFT and DWT (discrete wavelet transform) 

are linear operations that define signals as a data 

structure with segments of various lengths. Both 

could be inversed by transposing the original, 

therefore it could be regarded as rotation in function 

space. For FFT basis functions are sines-cosines 

and for new wavelet transforms basis functions are 

wavelet, mother wavelets, or analyzing wavelet. 

Even though both are localized in frequency space 

but individual wavelet functions are localized in 

space but sine-cosine functions are not. This unique 

localization feature of wavelet results in useful 

applications in signal processing such as data 

compression, image feature detection, denoising 

time signals, etc. [2].  
 

III. CURRENT STATUS OF WAVELET’S 

SIGNAL PROCESSING 

 

Since its introduction, wavelets have gained 

attention from researchers in academia and industry 

for solving the latest problems on technological 

development. It has cross over the classical 

limitations of Fourier techniques. The current trends 

for application of wavelets are in the fields of image 

processing, network data analysis, biomedical 

analysis, fringe-patterns, transfer applications, and 

optical instrumentation. Some of the noted, 

applications are discussed here.  
 

A. Cancer diagnosis  

The diagnostic tool ultrasound is a low-cost 

imaging procedure used to study the internal organs 

of the human body and blood flow vessels. 

Ultrasound imaging gets affected by speckle noise 

originating due to the air gap between the 

transducer probe and body part. For cancer 

diagnosis, it is important to extract precise 

information from isolated tumor region. The DWT 

is used to achieve this objective by scale-space 

technique so that an ultrasound image gets 

decomposed to different images of different scales 

using the low pass and high pass filters. The 

filtering helps to identify sudden changes in the 

intensity of the image as measured through wavelet 

coefficients. The extracted information goes 

through statistical analysis to distinguish 

discriminated normal and malignant ultrasound 

images [3]. 
 

B. Hydrology  

Hydrologists are finding wavelet applications to 

improve the determination of the temporal-scale 

structure of a signal. The multiresolution-

continuous wavelet analysis techniques are used to 

improve the sensitivity of temporal variation. This 

is done through isolation of multiscale processes 

and quantitative evaluation of temporal fluctuations. 

The wavelet entropy further explains the signal 

complexity. The scale dependence between two 

signals may be done by wavelet cross-correlation 

and coherence. This method can be utilized for 

several river runoffs and global climate indexes [4]. 
 

C. Analysis of Commodities  

Recently, a comparative study is done on the 

safety features of encrypted commodities like 

bitcoin, gold, and commodity index using wavelet 

[5]. In this study, the wavelet coherency approach is 

used to show the overall dependence between these 

encrypted commodities and the stock market. A 

very strong dependence is discovered in this study 

at many time scales, however, bitcoin is found to be 

least dependable. This study is done through 

wavelet value-at-risk that reveal the degree of co-

movement between gold and stock returns. Bitcoin 

exhibits superior performance over both gold and 

commodities. The finding may be useful investors 

and financial advisors who search for the best asset 

among different commodities. 
 

D, Speech feature extraction  

The human vocal communication is done 

through speech that is made up of phonetic 

combinations of vowels and consonant 

sounds i.e. words. Speech processing is an 

important branch of signal processing consisting of 

many aspects. Speech recognition is one of the most 

useful tools nowadays that can be accomplished by 
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the use of DWT. A speech/music discrimination 

system is developed using DWT as the acoustic 

feature [6]. Very recently, an emotion recognition 

from speech using wavelet packet transform is 

reported. This study uses energy, time, and spectral 

parameters to examine the emotion of the speaker 

using a novel wavelet packet transform-based 

cochlear filter bank [7].  
 

The list of wavelet applications in real-world 

technological development is huge and expanding 

at rapid pace. The current thrust application of 

wavelets is in the fight against Covid-19 pandemic.  

 

IV. COVID-19 PANDEMIC & WAVELET 

SIGNAL PROCESSSING  
 

The present situation worldwide is focussed 

around the fight against fast-spreading coronavirus 

disease Covid-19 which is caused by the acute 

respiratory syndrome coronavirus 2 (SARS COV-2). 

The initial detection was in the Wuhan, Hubei 

province in China in December 2019 and until now 

it has claimed 612,054 lives and 14,765,256 

confirmed cases worldwide [8]. This section report 

and review works that are done by several groups 

worldwide for the analysis of data related to Covid-

19 in different regions of operation using different 

wavelet tool. The findings as shared here may act as 

the reference document for the fight against 

pandemic Covid-19 as at present India with many 

other countries suffer from its spread under the 

prevailing medical emergent situation. 

 
A. Autoregressive Integrated Moving Average (ARIMA) 

Model  

Singh et.al. reported the hybrid methodology that 

involves the application of discrete wavelet 

decomposition of dataset taken from the deaths due 

to Covid-19 in five, initially worst-affected 

countries, viz. Italy, Spain, France, USA, and UK 

[9]. ARIMA models are generally used as 

econometric forecasting capable of generating 

accurate forecasts when applied on wavelet 

decomposed time series. In this study, the input data 

set gets decomposed by applying an appropriate 

econometric model to each component series for 

making the predictions of death cases in the future 

by using the data set for 66 days in December 2019. 

The discrete wavelet decomposition of the collected 

dataset was combined with an econometric model 

to achieve a better hybrid model to forecast future 

death cases accurately. The predications indicated 

that there will be a sharp rise in the death cases in 

the next 16 days, despite various precautionary 

measures taken by the government of these five 

countries. The forecast so obtained was found to 

have reduced the errors approximately by 50% as 

compared to the normal ARIMA model. It was 

found that nearly 80% better results for countries 

like Italy, Spain, and UK whereas for countries like 

France and USA the results were 50% better. The 

predictions as reported by this group may be used 

as a reference for governments to take preventive 

measures before any disastrous situation. 

 

B. Partial Multiple Wavelet Coherence 

The relationship between weather, Covid-19 

outbreak in Wuhan, and the Chinese economy are 

studied by Iqbal et. al. [10]. This group used the 

daily average temperature (hourly data), daily 

confirmed cases of Covid-19 in Wuhan, and 

Chinese currency (RMB) exchange rate to represent 

the weather, Covid-19 outbreak, and Chinese 

economy, respectively. The daily data collected for 

a period of 21st January 2020 to 31st March 2020 

and used to get analyzed through wavelet transform 

coherence (WTC), partial wavelet coherence 

(PWC), and multiple wavelet coherence (MWC). 

This study indicated that there is significant 

coherence between the series at different time-

frequency combinations. The net inference that 

could be drawn is that there is an insignificant 

relationship between the increase in temperature to 

contain or slow down the new Covid-19 infections. 

It was further found that the RMB exchange rate 

and Covid-19 were related out of phase at specific 

time-frequency spots. This suggests a negative but 

limited impact of the Covid-19 outbreak in 

Wuhan’s export economy. This study was 

remarkable in the sense that it contradicted many 

previous studies where it was predicted that 

temperature plays a significant role in slowing 

down Covid-19 spread. Earlier in many countries 

like India, it was thought that the rise in temperature 

may help to stop the Covid-19 spread. This study 
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thus helped in making policies for the containment 

of Covid-19 spread and macro-economic 

management.  

 

C. Real-time forecast and risk assessment 

The data-driven analysis is done by 

Chakraborty et. al. to get deep insights into the 

study of real-time forecast and early risk 

assessments for five immensely affected countries 

including Canada, France, India, South Korea, 

UK, etc. [11]. The main findings from this study 

were first, getting short term forecasts of future 

Covid-19 cases in multiple countries, second to 

make a risk assessment in terms of fatality rate of 

future Covid-19 cases for some profound countries. 

For the first problem, an autoregressive integrated 

moving average based on the wavelet forecasting 

model (ARIMA-WBF) is used. For the second 

problem, they applied the optimal regression tree 

algorithm and found the essential causal variables 

that significantly affect the fatality rates. This is a 

real-time forecasting model unlike the traditional 

ex-post analysis, therefore we can regularly update 

the data of actual confirmed cases and get the 

updated predictions just like the weather forecasting. 

The findings were oscillatory behavior for the next 

10 days which reflects the impact of the broad 

spectrum of social distance measures as were 

implemented by the governments. This study could 

be utilized for the proper adjustment of the short-

term lockdown period. The risk of Covid-19 was 

analyzed through seven key parameters that were 

expected to have a powerful relation with case 

fatality rates. The simplified machine learning 

approach is used for this by the use of the optimal 

regression tree model. The quantification of the 

risks due to the outbreak of the Covid-19 pandemic 

and its dependence on key parameters helped the 

policymakers in planning the health care systems in 

different countries that faced this epidemic. The 

results dictated that out of seven key parameters, 

four have a significant impact on controlling the 

case fatality rate. The suggestive control variables 

that control the spread and case fatality rate are 1) 

Enforced social distancing 2) People in age group > 

65 years should be specially treated and isolated 3) 

Extension of the lockdown period if the country 

faces a sharp increase in several cases and/or deaths, 

and 4) Hospital beds should be increased by making 

special health care arrangements other than 

geographical boundaries of hospital. 

 
D. US based wavelet deterministic model and data  

According to an un-refereed preprint article 

based on the wavelet deterministic model and data, 

it is suggested that US must continue and seriously 

follow the lockdown to minimize the many newly 

transmitted cases of Covid-19 [12]. After adjusting 

the under-reported and under-diagnosed Covid-19 

cases in US, it was predicted that there was on 

average 29,000 new cases per day in the US in May 

2020. This study predicts Covid-19 cases for low 

and high range of transmission rate and with a 

varying range of preventive measures including the 

lockdowns. Based on wavelet deterministic models, 

the prediction is that even if 10% of susceptible and 

20% of infected people were not identified on 23rd 

April 2020, then by the end of June, 50-55 thousand 

new cases will emerge. However the continued and 

serious obey of lockdown measures may help in 

bringing this average daily new cases to next further 

low at 4300/day to 8000/day. Any relax in the 

controlling efforts in the pandemic may impact US, 

in fact even 50% relaxed approach in lockdown or 

poor preventive measures may lead additional 

Covid-19 cases upto 200,000 to 370,000. A 

complete lockdown can brought average increase to 

4300-8000 case per day. This study conclude that in 

US, under–reporting is skewing the understating of 

Corona virus pandemic and lockdown is the most 

effective strategy in controlling virus development 

and spread. 

 
E. Study of nexus between oil price, stock market, 

geopolitical and risk with Covid-19  

Another study by Sharif et. al. using the wavelet 

approach uses daily observations of Covid-19 

infected cases in the US, oil prices from WTI 

benchmark crude oil pricing, US-EPU (US’s news-

based index), the US-geopolitical risk index (GAP) 

and US stock price index as measured by Dow 

Jones index [13]. The continuous wavelet 

transforms described the movement of each variable 

in the time-scale and frequency bands. This study is 

mainly focussed on the financial effects of the 

Covid-19 pandemic in the US with several 
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important pieces of evidence. The main results as 

were derived from this study are that it confirms the 

Covid-19 pandemic has a greater effect on US 

geopolitical risk and the US economy may behave 

uncertain for some time. The strong connection at 

low frequencies indicates that Covid-19 is expected 

to have a long-term negative effect on geopolitical 

risk levels and economic uncertainty. The present 

uncertainty may affect the US economy badly as the 

Federal Reserve will react to the pandemic. The oil 

slump strongly affects the US stock markets in 

comparison to both Covid-19 and EPU. It was 

observed that oil prices lead the US market at both 

low and high frequencies throughout the 

observation period. The result shows that Covid-19 

pandemic affects oil prices, which can be explained 

by imposed travel restrictions. The wavelet-based 

causality suggests the short-term causality of the 

Covid-19 pandemic and both US stock and EPU. 

This paper reports reference for fresh policy 

practical implications and it also clears the picture 

that the Covid-19 pandemic is causing outcome 

disruption in economic fields along with health.  

 

V. CONCLUSIONS 

The present paper described the development of 

signal processing that has now been taken over by 

wavelet tools and, the classical Fourier technique is 

now being discarded. The main reasons for the 

development of wavelet tools in signal processing 

fields are due to its real-time applications in signal 

processing i.e. when the signals are dynamic. The 

present pandemic situation due to Covid-19 disease 

is the best example of the signals that are dynamic 

in nature. Therefore wavelet tools have found so 

many applications in the data processing schemes 

by different groups to combat the Covid-19 

pandemic. The examples as are presented here in 

this study indicate that the fight against Covid-19 is 

more statistical than scientific and wavelets have 

been playing an important role in this combat.  
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Table 1 Basic Interconvertible Fourier Pairs 

S. 

No. 

Signals processing using Fourier’s interconvertible function transformation pairs   

Signal description 

in time domain 

Time domain signal 

representation (Synthesis eq.) 

Frequency domain signal 

representation (Analysis eq.) 

Signal 

description in 

frequency 

domain 

1 

Periodic 

continuous time (𝒕) 

𝒙(𝒕) = ∑ 𝒂𝒌𝒆𝒋𝝎𝟎𝒕∞
𝒌=−∞  𝒂𝒌 = 𝟏𝑻 ∫ 𝒙(𝒕)𝑻 𝟐⁄

−𝑻 𝟐⁄ 𝒆−𝒋𝝎𝟎𝒕𝒅𝒕 

Non-periodic 

Discrete time 

index in 𝒌 ∈ 𝑰 

2 

Non-periodic 

continuous time (𝒕) 

𝒙(𝒕) = 𝟏𝟐𝝅 ∫ 𝑿(𝒋𝝎)∞
−∞ 𝒆𝒋𝝎𝒕𝒅𝝎 𝑿(𝒋𝝎) = ∫ 𝒙(𝒕)∞

−∞ 𝒆−𝒋𝝎𝒕𝒅𝒕 

Non-periodic 

continuous time  (ω) 

3 
Periodic discrete 

time (𝒏) 
𝒙[𝒏] = ∑ 𝑿[𝒌]𝒆𝒋𝜴𝟎𝒌𝒏<𝑵>  𝑿[𝒌] = 𝟏𝑵 ∑ 𝒙[𝒏]𝒆−𝒋𝜴𝟎𝒏𝒌<𝑵>  

Periodic discrete 

time (𝒌) 

4 
Non-periodic 

discrete time (𝒏) 
𝒙(𝒏) = 𝟏𝟐𝝅 ∫ 𝑿(𝒆𝒋Ω)𝝅

−𝝅 𝒆𝒋Ω𝒏𝒅Ω 𝑿(𝒆𝒋Ω) = ∑ 𝒙[𝒏]𝒆−𝒋Ω𝒏∞
𝒏=−∞  

Non-periodic 

continuous time (Ω) 

 

 

Table 2 Advanced Signal’s Processing Tools 

S. 

No. 
Analysis technique Description  

1 
Discrete Fourier 

Transform (DFT) 

Signals are generally defined by discrete set of data points 

(discretization), hence the basic assumption that signals being 

continuous, is no longer required.  DTF is used to estimate 

Fourier transform of given signal using finite set of sampled 

points. Formulations for time-frequency interconversion are 

identical and representation is similar to continuous Fourier 

transforms.   

2 
Windowed Fourier 

Transform (WFT) 

For non-periodic signals, the Fourier representation as 

summation (integration) of periodic signals (complex-

exponential, sines & cosines), is inaccurate. It requires artificial 

extension of signals to make it periodic under restriction of 

continuity at the endpoints. WFT break the signal into 

different sections, and each section is analysed for its frequency 

content. Signals with sharp transitions dealt with defining 

window so that this particular section converge to zero at the 

end points. Windows are defined by weight function designed 

such that it put emphasis near the endpoint rather in middle.   

3 
Fast Fourier 

Transforms (FFT) 

𝐧-discrete samples points of a signal, require matrix 𝐧 matrix 

with vector cost of 𝐧𝟐 arithmetic operations. However, if these 

samples are equally spaced in time, then Fourier matrix get 

factored in few sparse matrices resulting 𝐧 𝐥𝐨𝐠 𝐧  arithmetic 

operations. This procedure is called fast Fourier transform.  

 


