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ABSTRACT 

In signal processing, the Fourier Transform (FT) and Wavelet Transform (WT) are 

indispensable instruments, each possessing unique advantages. WT offers better time-

frequency localisation for non-stationary signals, while FT is best at analysing stationary 

signals with global frequency representation. This paper contrasts their mathematical 

underpinnings, salient features, and real-world uses in domains like image processing, 

biomedical signal analysis, and telecommunications. Improved capabilities are provided by 

hybrid techniques that combine FT and WT. Emerging trends, such as adaptive 

transformations and AI-driven signal processing, highlight future research directions. 
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1. INTRODUCTION 

Because it makes it possible to analyse, transform, and understand signals across domains, 

signal processing is essential to many scientific and technical disciplines. The Fourier 

Transform (FT) and the Wavelet Transform (WT), two of the most popular mathematical 

tools for signal analysis, are distinguished by their special ability to represent signals in the 

frequency and time-frequency domains, respectively. The Wavelet Transform provides a 

multi-resolution analysis, simultaneously capturing time and frequency characteristics. In 

contrast, the Fourier Transform breaks down a signal into its sinusoidal components, offering 

a global frequency representation (Mallat, 1999). The choice between these transforms 

greatly impacts the efficiency and precision of signal processing applications, therefore a 

more thorough comparison of their theoretical underpinnings and real-world applications is 

required. 

A potent instrument for frequency-domain research, the Fourier Transform was first 

presented by Joseph Fourier in the early 1800s and is frequently used in applied mathematics, 

physics, and engineering (Bracewell, 2000). FT's incapacity to offer localised time-frequency 

information, however, is a basic drawback that reduces its usefulness for analysing non-

stationary signals. Wavelet Transform was created as a substitute method to overcome this 

restriction. It uses scaled and translated replicas of a mother wavelet to decompose signals, 

enabling localised frequency analysis (Daubechies, 1992). This crucial distinction makes WT 

extremely beneficial in domains like image compression, biological signal processing, and 

geophysics, since it allows it to effectively treat signals with transient and non-stationary 

features (Strang & Nguyen, 1996). 

The purpose of this study is to compare the Fourier and Wavelet Transforms, emphasising 

their theoretical underpinnings, key differences, and domain-specific uses. This study aims to 

shed light on their applicability for various signal processing applications by assessing their 



 COHERENCE – The Multidisciplinary Research Journal                                                                                                                     ISSN:0976-5301                     

VolumeNo: 16, Issue No: 2, Year: 2025 (July-December)                                                                    Peer Reviewed & Refereed Journal (IF: 7.85)  

PP: 225-236                                   Journal Website: www.coherencejournal.in  
 

Published By: National Press Associates                                      Page 226 

© Copyright @ Authors 

benefits and drawbacks. The results will help improve our knowledge of when and how to 

use these transforms for the best possible signal processing and representation. 

In engineering and applied sciences, signal processing is a basic field that focuses on 

analysing, transforming, and interpreting signals to derive useful information. To enhance its 

quality, eliminate noise, or extract pertinent aspects for additional analysis, a signal — which 

can be any time-varying physical quantity like an audio waveform, image, or biological 

recording — often needs to be processed (Oppenheim & Schafer, 2010). Over the past 

century, the discipline has undergone tremendous change due to advancements in data 

analytics, digital processing, and communication technology. 

1.1 Background and Significance of Signal Processing 

Analogue signal processing (ASP) and digital signal processing (DSP) are the two historical 

classifications for signal processing techniques. Digital processing uses discrete-time 

algorithms implemented in computers or specialised hardware, whereas analogue processing 

uses electrical circuits to perform continuous-time operations (Proakis & Manolakis, 2007). 

In contemporary technology, the shift from analogue to digital processing has been crucial, 

resulting in notable enhancements in effectiveness, precision, and adaptability across a range 

of applications, such as multimedia systems, medical diagnostics, and telecommunications. 

The Fourier Transform (FT), which breaks down a signal into its frequency components to 

enable spectral analysis and filtering, is one of the most popular methods in signal processing 

(Bracewell, 2000). The Fourier Transform is less appropriate for non-stationary and transient 

signals since it implies signal stationarity, notwithstanding its efficacy in frequency-domain 

representation (Mallat, 1999). The Wavelet Transform (WT), a time-frequency analysis 

technique that offers localised frequency information and is especially helpful for analysing 

signals with abrupt fluctuations and discontinuities, was developed to overcome this issue 

(Daubechies, 1992). Wavelet techniques are essential in domains including picture 

compression, biological signal analysis, and defect detection in engineering systems because 

of their capacity to capture both spectral and temporal features (Strang & Nguyen, 1996). 

Beyond scholarly studies, signal processing has practical implications that affect day-to-day 

living. Advanced signal processing methods in telecommunications allow for error 

correction, speech recognition, and effective data transfer (Haykin, 2013). Reconstructing 

high-resolution pictures from MRI and CT scans requires the use of techniques like Fourier 

and wavelet transforms (Gonzalez & Woods, 2017). Wavelet-based models are also used in 

seismic and financial data analysis to find patterns and abnormalities in large datasets 

(Percival & Walden, 2000). 

A comparative analysis of Fourier and Wavelet Transforms is necessary to comprehend their 

theoretical foundations and practical implications, given the wide range of applications and 

ongoing developments in signal processing. By shedding light on their mathematical 

underpinnings, variations in computational effectiveness, and applicability for different signal 

processing applications, this study hopes to support the continuous advancement of effective 

analytical methods. 

1.2 Overview of Fourier Transform (FT) and Wavelet Transform (WT) 

Two essential mathematical techniques for signal processing are the Fourier Transform (FT) 

and the Wavelet Transform (WT), which are used to analyse and describe signals in the 

frequency and time-frequency domains, respectively. Because each transformation method 

has unique benefits and drawbacks, it can be used in a variety of ways. 
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1.2.a Fourier Transform (FT) 

A useful mathematical tool that breaks down a signal into its sinusoidal components and 

represents it in the frequency domain is the Fourier Transform, which was first used by 

Joseph Fourier in the 19th century (Bracewell, 2000). The basic idea of FT is that any 

function, whether periodic or non-periodic, may be represented as the sum of sine and cosine 

functions, each of which has a corresponding frequency. The Continuous Fourier Transform 

(CFT) is defined as: 

F(ω) = ∫₋∞^∞ f(t) e^(−jωt) dt 

where F(ω) represents the frequency-domain representation of the signal f(t) and ω denotes 

angular frequency (Oppenheim & Schafer, 2010). 

The Fast Fourier Transform (FFT) is an efficient computing approach for large datasets, 

while the Discrete Fourier Transform (DFT) is used in digital applications to analyse discrete 

signals (Proakis & Manolakis, 2007). FT is used extensively in image processing, audio 

compression, spectral analysis, and telecommunications. It is inefficient for analysing 

transient or non-stationary signals, nevertheless, because it is primarily limited by its 

assumption of signal stationarity, which prevents it from providing time-localized frequency 

information (Mallat, 1999). 

1.2.b Wavelet Transform (WT) 

To overcome Fourier analysis's shortcomings when dealing with non-stationary signals, the 

Wavelet Transform (WT) was created as a substitute (Daubechies, 1992). WT uses wavelet 

functions to analyse signals at different scales to generate a time-frequency decomposition, in 

contrast to FT, which only offers global frequency information. The Continuous Wavelet 

Transform (CWT) is defined as: 

W(a,b) = ∫₋∞^∞ f(t) ψ*((t−b)/a) dt 

where ψ(t) is the wavelet function (also known as the "mother wavelet"), a represents the 

scaling parameter, and b denotes the translation parameter (Mallat, 1999). The Discrete 

Wavelet Transform (DWT), used in digital signal processing, applies discrete scales and 

positions to improve computational efficiency (Strang & Nguyen, 1996). 

Wavelet Transform is very useful for applications like image compression, edge detection, 

biomedical signal processing, and fault detection in engineering systems because of its multi-

resolution analysis, which enables it to capture both low-frequency components (coarse 

details) and high-frequency components (fine details) (Percival & Walden, 2000). 

1.3 Rationale for the Comparative Study 

A comparative analysis is necessary to comprehend the theoretical distinctions, 

computational efficiency, and application-specific benefits of FT and WT, given their 

extensive use in signal processing. 

● Resolving the Fourier Transform's Limitations: FT performs exceptionally well for 

stationary signals but poorly for time-localized or transient events. WT, by contrast, is 

appropriate for non-stationary signal analysis since it offers superior time-frequency 

localisation (Daubechies, 1992). The particular instances in which one approach 

outperforms the other are examined in this study. 

● Assessing Practical Utility and Computing Efficiency: Fourier techniques, like FFT, 

provide fast computing performance, but they might not always be appropriate for 

applications that call for localised time-frequency analysis. Despite being 
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computationally demanding, wavelet-based techniques offer notable benefits in 

domains including geophysical research and biological signal processing (Mallat, 

1999). The trade-offs between accuracy and computational complexity are 

investigated in this study. 

● Application-Based Suitability: FT and WT are used for a variety of reasons across 

many sectors and research domains. WT is favoured in picture compression and 

seismic data interpretation, while FT is frequently utilised in audio and voice analysis 

(Strang & Nguyen, 1996). A comparative analysis can help in selecting the best 

approach for particular applications. 

● Developments and Hybrid Methods: New developments in signal processing combine 

FT and WT to enhance performance in applications such as pattern recognition and 

machine learning (Gonzalez & Woods, 2017). Research on the advantages and 

disadvantages of each transform can help develop hybrid approaches that combine the 

best features of both. 

This study intends to assist professionals and researchers in making well-informed decisions 

when choosing between Fourier and Wavelet Transforms for their particular signal 

processing requirements, by carrying out a comprehensive theoretical and practical 

investigation. 

1.4 Research Objectives 

● To investigate the basic ideas, mathematical expressions, and theoretical differences 

between the Fourier and Wavelet transforms. 

● To assess the usefulness of Wavelet and Fourier transforms in many fields, 

emphasising their benefits, drawbacks, and appropriateness for specific signal 

processing tasks. 

2. MATHEMATICAL FOUNDATIONS AND THEORETICAL INSIGHTS 

Although both the Wavelet Transform (WT) and the Fourier Transform (FT) are crucial 

instruments in signal analysis, they are based on different mathematical ideas and have 

unique benefits and drawbacks. This section examines their theoretical foundations, 

computational efficiency, mathematical formulations, and historical development. 

2.1 Fourier Transform (FT) 

2.1.a Concept and Historical Background 

By breaking down complex waveforms into sinusoidal components, Joseph Fourier's 

invention of the Fourier Transform in the early 19th century transformed signal analysis 

(Bracewell, 2000). Originally used to solve heat-conduction problems, Fourier's work later 

found extensive application in digital signal processing, physics, and engineering 

(Oppenheim & Schafer, 2010). The fundamental tenet of FT is that any function, whether 

periodic or non-periodic, may be represented as an infinite sum of sine and cosine functions, 

which stand for the signal's various frequency components. 

2.1.b Mathematical Formulation of CFT and DFT 

The Continuous Fourier Transform (CFT) of a signal f(t) is given by: 

F(ω) = ∫₋∞^∞ f(t) e^(−jωt) dt 

where F(ω) represents the signal in the frequency domain, ω is the angular frequency, and j is 

the imaginary unit (j² = −1). The inverse Fourier Transform is given by: 
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f(t) = (1/2π) ∫₋∞^∞ F(ω) e^(jωt) dω 

For practical applications involving digital signals, the Discrete Fourier Transform (DFT) is 

used, which transforms a discrete-time sequence x[n] into its frequency components: 

X[k] = Σₙ₌₀^(N−1) x[n] e^(−j2πkn/N) 

where N is the number of discrete points. The inverse DFT is: 

x[n] = (1/N) Σₖ₌₀^(N−1) X[k] e^(j2πkn/N) 

2.1.c Fast Fourier Transform (FFT) and Computational Efficiency 

The Fast Fourier Transform (FFT) is an optimised algorithm for computing the DFT 

efficiently. Instead of performing N² computations for a direct DFT, FFT reduces the 

complexity to O(N log N) operations (Cooley & Tukey, 1965). This drastic improvement in 

computational efficiency has made FFT a cornerstone of modern signal processing, enabling 

real-time spectral analysis in applications such as telecommunications, audio compression, 

and radar systems (Proakis & Manolakis, 2007). 

2.1.d Limitations of FT in Time-Frequency Localization 

While FT provides a thorough frequency-domain representation, it lacks temporal 

localization. That is, once a signal is converted into the frequency domain, all time-domain 

information is lost (Mallat, 1999). This restriction presents challenges when examining non-

stationary signals with fluctuating frequency components. To address this, the Short-Time 

Fourier Transform (STFT) was developed as an extension of FT; nonetheless, it has a fixed 

time-frequency resolution trade-off. The Wavelet Transform overcomes this restriction by 

offering variable time-frequency resolution (Daubechies, 1992). 

2.2 Wavelet Transform (WT) 

2.2.a Evolution and Development of WT 

To overcome the drawbacks of time-frequency localisation, the Wavelet Transform was 

developed in the latter half of the 20th century as an alternative to Fourier analysis 

(Daubechies, 1992). Mallat's (1989) and others' earlier work in harmonic analysis and 

multiresolution analysis provided the foundational ideas of wavelet theory. Unlike FT, which 

decomposes signals into sinusoidal functions, WT encodes signals using wavelets — 

localized, scalable basis functions that provide higher time-frequency precision. 

2.2.b Mathematical Formulation of CWT and DWT 

The Continuous Wavelet Transform (CWT) of a signal f(t) is defined as: 

W(a,b) = ∫₋∞^∞ f(t) ψ*((t−b)/a) dt 

where ψ(t) is the mother wavelet, a is the scaling (dilation) parameter controlling frequency 

resolution, b is the translation (shift) parameter controlling time localization, and * denotes 

the complex conjugate. For practical applications, the Discrete Wavelet Transform (DWT) is 

implemented using dyadic scaling and translation: 

Wⱼ,ₖ = Σₙ x[n] ψⱼ,ₖ[n] 

where j and k represent the scale and position indices, respectively. The DWT is 

computationally efficient and forms the basis of many real-world applications, including 

image compression (e.g., JPEG 2000), feature extraction, and biomedical signal analysis 

(Strang & Nguyen, 1996). 
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2.2.c Multi-Resolution Analysis and Basis Functions 

WT's multi-resolution analysis (MRA), which enables signals to be examined at various 

levels of detail, is one of its main advantages (Mallat, 1989). WT uses compactly supported 

wavelets that can be translated and dilated to capture both local and global signal structures, 

in contrast to FT, which uses sine and cosine functions as basis functions. Popular wavelets 

include: 

● Haar wavelet: Simple and computationally efficient but lacks smoothness. 

● Daubechies wavelets: Provide better smoothness and localization properties. 

● Meyer wavelet: Offers continuous frequency localization. 

2.2.d Advantages Over FT in Non-Stationary Signal Processing 

Compared to FT, Wavelet Transform provides several benefits: 

● Time-frequency localisation: WT is appropriate for analysing transitory signals 

because it captures both spectral and temporal features (Daubechies, 1992). 

● Adaptive resolution: WT offers fine frequency resolution for low-frequency signals 

and fine time resolution for high-frequency signals, in contrast to FT's fixed 

resolution. 

● Effective data compression: Outperforms conventional FT-based techniques in picture 

and audio compression (e.g., JPEG 2000) (Mallat, 1999). 

● Robustness in noisy environments: FT is susceptible to abrupt shifts and 

discontinuities, but WT is more effective in denoising applications (Percival & 

Walden, 2000). 

3. COMPARATIVE ANALYSIS: FOURIER VS. WAVELET TRANSFORM 

Although both the Fourier Transform (FT) and the Wavelet Transform (WT) are crucial 

methods in signal processing, they differ in key ways, including computational cost, time-

frequency localisation, and the effectiveness of data representation. This section compares the 

two transforms, with an emphasis on their advantages, disadvantages, and applications. 

3.1 Key Differences and Similarities 

3.1.a Time-Frequency Localization 

The way FT and WT handle time-frequency localisation is among their most notable 

distinctions. The Fourier Transform offers superior frequency resolution but loses temporal 

information as it breaks down data into sinusoidal basis functions. This makes FT effective 

for studying stable signals but inappropriate for transient or time-varying signals (Mallat, 

1999). The Short-Time Fourier Transform (STFT) attempts to overcome this constraint by 

using a constant window function; nonetheless, it is subject to the uncertainty principle, 

which results in a trade-off between frequency and temporal resolution (Gabor, 1946). The 

Wavelet Transform uses wavelets that offer adaptive time-frequency localisation, allowing 

finer time resolution for high-frequency components and finer frequency resolution for low-

frequency components — making it ideal for non-stationary signals (Daubechies, 1992). 

3.1.b Computational Complexity 

Compared to direct computation of the Discrete Fourier Transform (DFT), which has a 

computational complexity of O(N²), the Fast Fourier Transform (FFT) is substantially more 

efficient, at O(N log N) (Cooley & Tukey, 1965). For some applications, such as picture 
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compression, the Discrete Wavelet Transform (DWT) is more efficient still, with an O(N) 

computational cost (Strang & Nguyen, 1996). Nevertheless, WT necessitates careful selection 

of the scaling function and wavelet basis, which occasionally increases computational 

complexity. 

3.1.c Data Representation and Transformation Efficiency 

In applications like image and audio processing, the capacity to effectively represent and 

transform data is essential. FT expresses signals as the sum of sine and cosine functions, 

making it ideal for periodic signals but ineffective at capturing transient signals (Proakis & 

Manolakis, 2007). WT, through its multi-resolution analysis, effectively represents signals 

with localised features, making it better suited to applications involving abrupt signal 

changes, such as edge identification in images or voice signal analysis (Mallat, 1999). 

3.1.d Strengths and Limitations 

Feature Fourier Transform (FT) Wavelet Transform (WT) 

Best suited for Stationary signals, periodic functions Transient, non-stationary signals 

Time-frequency localization No time localization Adaptive time-frequency resolution 

Computational efficiency FFT: O(N log N) DWT: O(N) 

Data representation Global, lacks localized features Localized, captures transients 

Signal analysis performance Effective for steady-state signals 
Effective for rapidly changing 

signals 

Limitations 
Poor time resolution, unsuitable for 

transients 
Requires careful wavelet selection 

 

3.2.a Fourier Transform: Strengths in Periodic Signal Analysis and Stationary Signal 

Efficiency 

● Effective in analysing periodic or quasi-periodic signals, benefiting radar processing, 

audio analysis, and spectroscopy (Oppenheim & Schafer, 2010). 

● The Fast Fourier Transform (FFT) enables quick calculation, making it ideal for large 

datasets. 

● Struggles with signals that change suddenly because it lacks time localisation. 

3.2.b Wavelet Transform: Strengths in Transient and Non-Stationary Signal Analysis 

● Offers multi-resolution analysis, making it well suited to seismic wave detection and 

biological signal analysis (e.g., ECG and EEG) (Percival & Walden, 2000). 

● Performs strongly in image processing, especially with compression algorithms like 

JPEG 2000 (Strang & Nguyen, 1996). 

● Requires more computational effort to select suitable wavelets and carry out 

decomposition. 

3.2.c Visualization of Differences 

Visual representations such as spectrograms and wavelet scalograms are commonly used to 

illustrate the differences between FT and WT. 

● FT: A standard Fourier spectrum shows global frequency content but lacks time 

localization. 

● STFT: Provides some time resolution but is constrained by a fixed window size. 

● WT: Adapts to signal variations, offering superior time-frequency representation. 
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In terms of waveform representation, FT decomposes a signal into sine waves, losing time-

domain information, whereas WT analyses a signal at multiple scales, preserving transient 

details. 

4. Practical Applications of Fourier and Wavelet Transforms 

Numerous scientific and technical applications make extensive use of the Fourier Transform 

(FT) and Wavelet Transform (WT). WT offers a strong framework for managing transient 

and non-stationary signals, whereas FT is typically used for analysing stationary signals and 

frequency-domain representations. This section examines both transforms' real-world uses 

across several domains, as well as hybrid strategies that build on their respective advantages. 

4.1 Fourier Transform Applications 

i. Signal Processing in Telecommunications 

● FT is fundamental in modulation and demodulation techniques used in wireless 

communication systems, such as AM, FM, and OFDM (Orthogonal Frequency 

Division Multiplexing) (Proakis & Manolakis, 2007). 

● Used in channel equalization, where distortions due to multipath propagation are 

corrected by analyzing the frequency response of the communication channel 

(Oppenheim & Schafer, 2010). 

● Plays a critical role in spread-spectrum techniques, such as frequency hopping and 

direct-sequence spread spectrum (DS-SS) (Haykin, 2005). 

ii. Audio and Speech Recognition 

● The Fast Fourier Transform (FFT) is widely used in speech-recognition systems to 

extract frequency components of spoken words (Rabiner & Juang, 1993). 

● Employed in voice-compression standards like MP3, where frequency-domain 

representation helps remove perceptually irrelevant components (Pan, 1995). 

● Used in noise-reduction techniques, where spectral subtraction and filtering are 

performed in the Fourier domain (Boll, 1979). 

iii. Image and Video Compression (JPEG, MP3) 

● FT-based Discrete Cosine Transform (DCT) is the foundation of JPEG image 

compression, allowing efficient storage by discarding high-frequency components 

(Rao & Yip, 1990). 

● Video-encoding standards like MPEG utilize FT for motion estimation and frequency-

domain filtering (Richardson, 2002). 

● FT is essential in spectral watermarking, where hidden information is embedded in 

the frequency domain of an image or audio signal (Swanson, Kobayashi, & Tewfik, 

1998). 

4.2 Wavelet Transform Applications 

WT excels in analyzing transient and non-stationary signals, making it invaluable in 

applications requiring time-frequency localization. 

i. Biomedical Signal Processing (ECG, EEG Analysis) 

● WT is used for Electrocardiogram (ECG) analysis, allowing detection of cardiac 

abnormalities such as arrhythmias (Addison, 2005). 
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● In Electroencephalogram (EEG) analysis, WT helps identify epileptic seizures by 

capturing transient changes in brain activity (Subasi, 2007). 

● Applied in biomedical imaging for denoising and feature extraction in MRI and CT 

scans (Mallat, 1999). 

ii. Image Compression and Denoising (JPEG 2000) 

● The JPEG 2000 standard is based on the Discrete Wavelet Transform (DWT), 

enabling better compression and image-quality preservation than traditional FT-based 

JPEG (Taubman & Marcellin, 2002). 

● Wavelets are widely used in denoising techniques, where high-frequency noise 

components are effectively removed while preserving essential details (Donoho & 

Johnstone, 1994). 

● WT-based edge-detection algorithms provide superior performance in medical and 

satellite image processing (Shensa, 1992). 

iii. Geophysical and Seismic Signal Analysis 

● WT is employed in earthquake detection and analysis, where transient wave patterns 

in seismic signals are better captured than with FT (Kumar & Foufoula-Georgiou, 

1997). 

● Used in geophysical exploration, such as oil and gas detection, where multi-resolution 

analysis helps identify subsurface structures (Chakraborty & Okaya, 1995). 

● Applied in oceanography and climate studies, where wavelet-based spectral analysis 

provides insight into changing environmental patterns (Torrence & Compo, 1998). 

4.3 Hybrid Approaches and Real-World Case Studies 

While FT and WT have their unique strengths, hybrid approaches that integrate both 

techniques are increasingly being adopted for enhanced signal processing. 

● Biomedical Signal Analysis: A combined FT-WT approach has been used in heart-

rate variability (HRV) analysis, where FT captures global frequency components 

while WT provides time-localized insights (Thakor, 1999). 

● Financial Data Analysis: In stock-market analysis, FT is used for long-term trend 

identification, while WT detects short-term fluctuations and anomalies (Gencay, 

Selcuk, & Whitcher, 2001). 

● Radar and Sonar Signal Processing: Hybrid methods incorporating both FT and WT 

improve target detection and classification in noisy environments (Baraniuk & Jones, 

1993). 

● Artificial Intelligence and Machine Learning: Deep-learning models for audio and 

image classification often employ WT for feature extraction, followed by FT-based 

spectral analysis (LeCun, Bengio, & Hinton, 2015). 

5. CONCLUSION AND FUTURE DIRECTIONS 

This study provided a comparative analysis of the Fourier Transform (FT) and Wavelet 

Transform (WT), examining their mathematical foundations, theoretical insights, and 

practical applications. FT remains a fundamental tool for analyzing stationary signals in the 

frequency domain, with strong applications in telecommunications, audio processing, and 

image compression. However, its limitations in handling non-stationary signals and transient 
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features restrict its usability in certain applications. In contrast, WT offers superior time-

frequency localization, making it ideal for non-stationary signal analysis in biomedical 

engineering, geophysical exploration, and image denoising. 

A key distinction between the two transforms lies in their approach to signal representation. 

FT decomposes signals into infinite-duration sinusoids, leading to high frequency resolution 

but poor time localization. WT, on the other hand, uses multi-resolution analysis, providing 

adaptive frequency resolution across different scales. This study also highlighted hybrid 

approaches where FT and WT complement each other, leveraging their respective strengths 

for enhanced signal analysis. 

5.1 Recommendations on When to Use FT or WT 

The choice between FT and WT depends on the nature of the signal and the application 

requirements. 

i. Fourier Transform (FT) is recommended for: 

● Analyzing stationary signals where frequency components remain constant over time. 

● Applications requiring global frequency information, such as spectral analysis in 

communication systems. 

● Computational efficiency, particularly when using the Fast Fourier Transform (FFT) 

for large datasets. 

ii. Wavelet Transform (WT) is recommended for: 

● Non-stationary signals, where transient features and abrupt changes need to be 

captured. 

● Time-localized signal analysis, such as EEG and ECG monitoring, seismic data 

analysis, and image processing. 

● Applications requiring multi-resolution analysis, such as biomedical imaging and 

climate modeling. 

● Complex real-world applications, where a hybrid approach combining FT and WT 

can balance computational efficiency with precise time-frequency analysis. 

5.2 Emerging Research Trends 

With advancements in artificial intelligence and data science, signal processing techniques 

are evolving to integrate FT and WT with machine learning and deep learning models. Key 

emerging trends include: 

a) Deep Learning with WT and FT 

● Wavelet-based feature extraction is increasingly used in deep neural networks for 

medical imaging and speech recognition (LeCun, Bengio, & Hinton, 2015). 

● FT and WT are being leveraged for feature engineering in AI models, enhancing 

accuracy in classification tasks (Zhang et al., 2021). 

b) Hybrid Transform Approaches 

● Combining FT and WT for adaptive signal representation, allowing efficient noise 

reduction and feature extraction (Baraniuk & Jones, 1993). 

● FT-WT hybrid models are being explored for automated fault detection in industrial 

systems (Gencay, Selcuk, & Whitcher, 2001). 



 COHERENCE – The Multidisciplinary Research Journal                                                                                                                     ISSN:0976-5301                     

VolumeNo: 16, Issue No: 2, Year: 2025 (July-December)                                                                    Peer Reviewed & Refereed Journal (IF: 7.85)  

PP: 225-236                                   Journal Website: www.coherencejournal.in  
 

Published By: National Press Associates                                      Page 235 

© Copyright @ Authors 

c) Quantum Signal Processing 

● Research is exploring the quantum Fourier Transform (QFT) for enhanced signal 

processing capabilities, especially in cryptography and high-speed computing 

(Nielsen & Chuang, 2010). 

5.3 Future Directions in Signal Processing Research 

The field of signal processing continues to expand, integrating novel mathematical models 

and computational techniques. Promising future directions include: 

i. Integration with AI and Machine Learning 

● Developing self-learning signal processing algorithms using FT- and WT-based 

neural networks. 

● Enhancing autonomous systems with real-time wavelet-based decision-making 

models. 

ii. Advancements in Hybrid Transform Techniques 

● Developing adaptive transformation models that dynamically switch between FT and 

WT for real-time processing. 

● Exploring Fourier-Wavelet fusion methods for improved feature extraction in 

complex datasets. 

iii. Next-Generation Signal Processing in Healthcare 

● Advanced wavelet-based biomedical diagnostics for personalized medicine. 

● Real-time brain-computer interfaces using hybrid FT-WT models. 

iv. High-Dimensional and Multimodal Signal Analysis 

● Developing multi-resolution spatiotemporal models for climate forecasting and 

geophysical applications. 

● Enhancing multimodal sensor fusion using wavelets for autonomous vehicles and IoT 

networks. 

The Fourier Transform and the Wavelet Transform are the backbone of contemporary signal 

processing, each with its own strengths. Though FT remains preeminent in stationary signal 

analysis and computational efficiency, WT offers a strong paradigm for time-localized, non-

stationary signal processing. The widespread adoption of hybrid techniques and deep-

learning methods points to the importance of further work on adaptive transformation 

methods. The future of signal processing lies in blending mathematical advancements with 

AI-based automation, enabling intelligent, faster, and more efficient signal analysis across 

many industries. As technology progresses, future advances in FT and WT will pave the way 

for communications, medicine, geophysics, and other applications to be revolutionized. 
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