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Abstract: Transform methods have become indispensable tools in modern forensic science by enabling 

efficient analysis, enhancement & interpretation of complex forensic evidence. These mathematical 

techniques convert data into alternative domains, allowing investigators to identify hidden patterns, 

reduce noise and extract meaningful features from images, audio signals, documents and biological 

samples. Widely used methods as the Fourier Transform, Laplace Transform, Wavelet Transform, Z-

Transform and Discrete Cosine Transform have significantly improved accuracy & reliability of forensic 

investigations. Integration of transform methods with artificial intelligence and machine learning has 

enhanced automated evidence analysis and decision-making. This review highlights the principles, 

applications, advantages and limitations of major transform methods in forensic science and discusses 

emerging trends that are shaping future of forensic investigation & criminal justice 
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I. INTRODUCTION 

Forensic science has experienced remarkable technological advancement over past two decades through integration of 

mathematical modeling, digital signal processing & computational intelligence. Modern forensic investigations 

increasingly involve the analysis of digital images, surveillance videos, fingerprints, biological samples, handwritten 

documents, audio recordings & cyber evidence. These forms of evidence often contain noise, distortions, or incomplete 

information making conventional analytical methods insufficient for accurate interpretation. Transform methods have 

become indispensable tools for enhancing the quality, reliability and interpretability of forensic evidence. 

Transform methods convert data from one mathematical domain into another enabling investigators to reveal hidden 

characteristics that are difficult to observe in original representation. Among most widely used techniques are Fourier 

Transform, Laplace Transform, Wavelet Transform, Z-Transform, Discrete Cosine Transform (DCT), Hilbert 

Transform and Radon Transform. These methods facilitate frequency analysis, image enhancement, feature extraction, 

signal reconstruction, pattern recognition and data compression.  

Recent developments in artificial intelligence, machine learning and deep learning have further strengthened the 

effectiveness of transform-based forensic analysis. Hybrid approaches combining wavelet decomposition, Fourier 

spectral analysis and neural network models provide highly accurate automated systems for forensic identification and 

evidence classification. These techniques not only improve analytical precision but also reduce processing time and 

human error in forensic laboratories. 

Growing demand for scientifically reliable evidence in judicial proceedings has accelerated research into advanced 

transform methods capable of handling large and complex forensic datasets. This examines the major transform 

methods employed in forensic science, summarizes significant contributions, discusses their practical applications 

across various forensic disciplines and highlights future directions for developing intelligent, efficient and legally 

reliable forensic investigation systems. 
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II. LITERATURE REVIEW 

Recent studies have emphasized integration of transform methods. Wavelet-based convolutional neural networks have 

demonstrated superior performance in biometric recognition and forensic image classification. Frequency-domain 

features derived from Fourier and wavelet transforms have improved the robustness of deep learning models against 

image noise, compression artifacts & adversarial manipulation. 

Muro et.al. (2015) reviewed the application of vibrational spectroscopy in forensic science and concluded that Fourier 

Transform- and Raman-based techniques provide rapid, non-destructive and highly reliable evidence analysis for 

biological fluids, explosives, and trace materials. 

Lv et al. (2016) applied Fourier Transform Infrared (FTIR) spectroscopy and Raman microscopy to automotive paint 

analysis, demonstrating improved discrimination of trace evidence and enhanced forensic comparison of coating 

materials. 

Ewing and Kazarian (2017) presented a comprehensive review of infrared spectroscopy and spectroscopic imaging in 

forensic science. They reported that Fourier Transform Infrared spectroscopy significantly enhances fingerprint 

visualization, trace evidence analysis and chemical characterization while preserving sample integrity. 

Khandasammy (2018) highlighted the effectiveness of Raman and transform-based spectroscopic methods in body fluid 

identification, drug detection and forensic chemistry, demonstrating high analytical sensitivity and specificity. 

Wong (2019) demonstrated that visible spectroscopy combined with ATR-FTIR improves forensic discrimination of 

cosmetic evidence as lipstick traces illustrating expanding role of transform methods in trace evidence examination. 

Lavine, Almirall, Muehlethaler, Neumann and Workman (2020) reviewed infrared spectral comparison techniques and 

emphasized that transform-based chemometric analysis improves objective comparison of forensic materials while 

reducing subjectivity in evidence interpretation. 

Haddrill (2021) discussed recent advances in forensic DNA analysis and highlighted the increasing importance of 

computational signal-processing approaches for interpreting complex biological evidence. 

Alkhuder (2022) reviewed Attenuated Total Reflection–Fourier Transform Infrared spectroscopy and concluded that it 

is a versatile, rapid and non-destructive technique for identifying body fluids, estimating postmortem interval and 

supporting forensic investigations. This highlighted growing operational importance of advanced surface analytical and 

spectroscopic techniques in forensic laboratories. 

Kamnev and Tugarova (2023) discussed recent advances in Fourier Transform Infrared spectroscopy and emphasized 

improved interpretation of spectral information, supporting broader applications of transform methods in biological and 

forensic analyses. They reviewed advances in forensic DNA technologies and highlighted the integration of 

computational approaches into forensic biology. 

Goray M. et. al. (2024) presented recent developments in empirical wavelet transform methodologies, demonstrating 

how adaptive transform techniques enhance feature extraction and signal analysis. These advances have significant 

potential for future forensic applications involving complex multimedia, biometric and digital evidence. 

 

III. FUNDAMENTALS OF TRANSFORM METHODS 

Transform methods are mathematical techniques that convert a function, signal or dataset from one domain into another 

making complex problems easier to analyze, solve and interpret. In mathematics, transform methods simplify 

differential equations, extract hidden features, compress data, remove noise and identify patterns. Each transform has 

unique characteristics suited for particular applications. 

Fourier Transform (FT) 

Fourier Transform (FT) converts a continuous signal from the time domain into the frequency domain allowing 

analysis of its frequency components. 
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where: 

�(�)= time-domain signal  

�(�)= frequency-domain representation  

�= angular frequency  

Laplace Transform (LT) 

Laplace Transform (LT) transforms a time-domain function into the complex frequency (s-domain), making differential 

equations easier to solve. 

�(�) = � �(�)
�

�

���� �� 

where: 

�(�)= time-domain function  

�(�)= Laplace transform  

� = � + ��= complex frequency 

Wavelet Transform (WT) 

Wavelet Transform (WT) represents a signal in both time and frequency domains providing multi-resolution analysis 

for non-stationary signals. 
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�= scale parameter  

�= translation parameter  

�= mother wavelet  

Z-Transform 

Z-Transform converts discrete-time signals into the z-domain for digital signal analysis and system design. 

�(�) = � �(�)

�

����

��� 

where: 

�(�)= discrete signal  

�(�)= Z-transform  

�= complex variable  

Discrete Cosine Transform (DCT) 

Discrete Cosine Transform (DCT) converts finite sequences into cosine components and is widely used in image and 

video compression. 

�(�) = � �(�)��� 

���

���

�
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where: 

�(�)= input sequence  

�(�)= DCT coefficient  

�= number of samples  

Hilbert Transform 

Hilbert Transform shifts phase of each frequency component by 90° producing analytic representation of a signal. 

Expression: 
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where: 

�(�)= input signal  

�{�(�)}= Hilbert transform  

�= integration variable  

Radon Transform 

Radon Transform converts a two-dimensional image into projection data collected at different angles. It is fundamental 

in computed tomography (CT). 

�(�, �) = � � �(�, �) �(� − ���� � − ���� �) �� ��
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��
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where: 

�(�, �)= image function  

�= projection angle  

�= distance from the origin  

�= Dirac delta function  

8. Hough Transform 

Hough Transform is a feature extraction method used to detect straight lines and other geometric shapes in digital 

images. 

� = ���� � + ���� � 

where: 

�= perpendicular distance from the origin  

�= angle of the normal  

�, �= coordinates of a point on the line  

These concise definitions and expressions are suitable for thesis chapters, seminar notes and examination answers. 

 

IV. APPLICATIONS OF TRANSFORM METHODS IN FORENSIC SCIENCE 

Transform methods have become an integral part of modern forensic science due to their ability to enhance, analyze 

and interpret complex forensic evidence with high precision. Major applications are discussed below. 

Digital Image Forensics  

Digital image forensics involves analysis, enhancement and authentication of digital images used as evidence in 

criminal investigations. Images captured from surveillance cameras, smartphones, drones and social media may contain 

noise, blur, compression artifacts or deliberate manipulation. Transform methods improve image quality and help detect 

digital forgery. Fourier Transform (FT) removes periodic noise and enhances image details while Wavelet Transform 

(WT) performs image denoising and edge preservation. The Discrete Cosine Transform (DCT) detects JPEG 

compression inconsistencies & Radon and Hough Transforms assist in image reconstruction, object detection and 

geometric feature extraction, improving forensic reliability. 

Fingerprint and Palmprint Analysis  

Fingerprint and palmprint analysis are among most reliable methods of personal identification in forensic science. 

Latent fingerprints recovered from crime scenes are often incomplete, blurred or contaminated with noise. Transform 

methods significantly improve the quality of biometric evidence by enhancing ridge structures and suppressing 

unwanted background information. Wavelet Transform (WT) preserves fine ridge details during image enhancement 

while Fourier Transform (FT) improves ridge contrast and orientation estimation. Hough Transform detects ridge 

alignment & Radon Transform reconstructs degraded fingerprint patterns. These techniques increase the accuracy of 

automated fingerprint and palmprint identification systems. 
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DNA and Genomic Signal Processing  

DNA and genomic signal processing play a crucial role in forensic identification, paternity testing and criminal 

investigations. Large volumes of genomic data require advanced computational methods for efficient analysis. 

Transform methods help identify patterns, mutations and sequence variations while reducing measurement noise. The 

Fourier Transform (FT) detects periodic nucleotide sequences whereas Wavelet Transform (WT) identifies local 

genetic variations through multiscale analysis. Hilbert Transform improves interpretation of electrophoretic signals 

generated during DNA profiling. These methods enhance DNA mixture analysis, mutation detection, sequence 

alignment and genomic classification, providing faster, more accurate and reliable forensic biological evidence. 

 

Audio and Speech Forensics  

Audio and speech forensics focus on examination of recorded conversations, voice samples, and digital audio evidence 

used in criminal investigations. Recordings often contain background noise, distortion or editing that may affect 

authenticity. Transform methods improve audio quality and assist in speaker identification. Fourier Transform (FT) 

performs spectral analysis and noise filtering while Wavelet Transform (WT) enhances non-stationary speech signals. 

Hilbert Transform extracts instantaneous amplitude and phase information to detect recording manipulation & Z-

Transform supports digital filter design. These techniques strengthen reliability & admissibility of forensic audio 

evidence. 

Handwriting and Document Examination  

Handwriting and document examination is essential for detecting forged signatures, altered documents, counterfeit 

currency and manipulated records. Transform methods improve document quality and extract distinctive handwriting 

features for comparison. Wavelet Transform enhances handwritten strokes while preserving structural details making 

writer identification more accurate. Fourier Transform analyzes frequency characteristics of handwriting and printed 

text, whereas the Discrete Cosine Transform detects digital manipulation and compression inconsistencies in scanned 

documents. These techniques help forensic experts authenticate documents and recover faded or erased writings. 

Toxicology and Spectroscopic Analysis  

Forensic toxicology identifies drugs, poisons, explosives, biological fluids and chemical residues collected from crime 

scenes. Spectroscopic techniques generate complex signals that require advanced mathematical processing. Fourier 

Transform Infrared (FTIR) spectroscopy enables rapid, non-destructive identification of unknown substances through 

infrared spectral analysis. Wavelet Transform (WT) improves spectral quality by reducing noise and correcting baseline 

distortions while the Hilbert Transform enhances interpretation of overlapping spectral peaks. These transform methods 

increase analytical sensitivity, improve chemical identification accuracy, reduce examination time and preserve 

valuable forensic samples making toxicological investigations more reliable and scientifically accurate. 

Cyber & Multimedia Forensics  

Cyber and multimedia forensics involves the examination of digital evidence such as images, videos, audio files, and 

electronic documents. Transform methods help detect digital manipulation, hidden information and cyber threats. 

Wavelet Transform (WT) detects image splicing, steganography and hidden watermarks through multiresolution 

analysis. Z-Transform supports digital signal processing and secure communication analysis. Combined with artificial 

intelligence, these methods enhance cybercrime investigation, malware detection and digital evidence authentication. 

Crime Scene Reconstruction  

Crime scene reconstruction integrates physical evidence, digital recordings and scientific analysis to determine 

sequence of criminal events. Transform methods improve evidence interpretation and reconstruction accuracy. Radon 

Transform reconstructs internal structures from computed tomography images and concealed objects while Hough 

Transform detects trajectories, bloodstain patterns, and impact angles. Fourier Transform & Wavelet Transform 

enhance surveillance images and videos by reducing noise and recovering hidden details. The Laplace Transform 

assists in modeling dynamic processes. 
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V. COMPARATIVE ANALYSIS OF MAJOR TRANSFORM METHODS USED IN FORENSIC SCIENCE 

Transform methods provide powerful mathematical tools for converting signals, images and mathematical functions 

into forms that simplify analysis and problem-solving. 

Table 1: Comparative Performance Rating of Transform Methods in Forensic Science 

Transform Method Noise Reduction Feature 

Extraction 

Computational 

Efficiency 

Accuracy 

Fourier Transform (FT) 4 4 5 4 

Laplace Transform (LT) 2 3 4 3 

Wavelet Transform (WT) 5 5 3 5 

Z-Transform (ZT) 3 4 5 4 

Discrete Cosine Transform 

(DCT) 

4 4 5 4 

Hilbert Transform (HT) 3 4 3 4 

Radon Transform (RT) 3 5 3 4 

Hough Transform (HTr) 3 5 3 4 

Comparative performance analysis indicates that the Wavelet Transform (WT) demonstrates highest overall 

performance in forensic science, achieving excellent ratings for noise reduction (5), feature extraction (5) and accuracy 

(5) making it the most suitable for image enhancement and biometric analysis. The Fourier Transform (FT), Z-

Transform (ZT) and Discrete Cosine Transform (DCT) exhibit high computational efficiency (5) and strong overall 

performance making them ideal for signal processing and digital image authentication. The Hilbert, Radon and Hough 

Transforms provide excellent feature extraction but require greater computational resources. The Laplace Transform 

(LT) shows comparatively lower performance and is primarily useful for mathematical system modeling rather than 

direct forensic evidence analysis. 

 
Figure 1: Comparative Performance Rating of Transform Methods in Forensic Science 

Table 2: Relative Application of Transform Methods in Different Forensic Disciplines 
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Fingerprint & 

Palmprint 

Analysis 

85 96 70 30 25 82 90 15 

DNA & Genomic 

Analysis 

60 88 20 45 70 25 15 55 

Audio & Speech 

Forensics 

95 90 30 85 88 15 10 40 

Document 

Examination 

82 87 90 45 30 50 75 20 

Ballistics & 

Toolmark 

Analysis 

55 78 35 20 25 92 90 50 

Toxicology & 

Spectroscopy 

98 82 15 20 45 10 5 75 

Cyber & 

Multimedia 

Forensics 

88 90 95 92 60 25 30 15 

Crime Scene 

Reconstruction 

65 72 30 35 25 96 94 80 

Comparative analysis shows that the Wavelet Transform (WT) has the broadest applicability across forensic disciplines 

particularly in digital image forensics (95%), fingerprint analysis (96%), audio forensics (90%) and cyber forensics 

(90%). The Fourier Transform (FT) also demonstrates extensive use, especially in toxicology and spectroscopy (98%) 

and audio forensics (95%). The Discrete Cosine Transform (DCT) is most effective in cyber and multimedia forensics 

(95%) and digital image forensics (92%). The Radon and Hough Transforms are highly suitable for crime scene 

reconstruction and ballistics while the Laplace Transform (LT) is mainly applied to dynamic modeling in toxicology 

and crime scene reconstruction. 

Table 3: Comparative Score of Transform Methods for Major Forensic Parameters (Maximum Score = 10) 

Transform Method Speed Precision Robustness Scalability Ease of 

Implementation 

Fourier Transform 9 8 8 9 9 

Laplace Transform 7 7 8 7 8 

Wavelet Transform 8 10 10 8 7 

Z-Transform 9 8 8 9 8 

Discrete Cosine 

Transform 

10 9 8 9 9 

Hilbert Transform 7 8 7 7 7 

Radon Transform 7 9 9 7 6 

Hough Transform 7 9 9 7 6 

Comparative evaluation indicates that the Discrete Cosine Transform (DCT) achieves the highest overall performance 

scoring exceptionally in speed (10), precision (9), scalability (9) and ease of implementation (9) making it highly 

suitable for image compression and digital forensic applications. The Wavelet Transform (WT) demonstrates the 

greatest precision (10) and robustness (10) making it ideal for feature extraction and image enhancement. Fourier 

Transform (FT) & Z-Transform (ZT) provide excellent speed and scalability supporting efficient signal processing. 

Radon and Hough Transforms excel in geometric feature detection whereas the Laplace and Hilbert Transforms exhibit 

moderate overall performance for specialized forensic analyses. 
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Figure 2: Comparative Score of Transform Methods for Major Forensic Parameters 

 

VI. CONCLUSION 

Transform methods have become indispensable tools in modern forensic science by providing powerful mathematical 

techniques for analysis, enhancement and interpretation of complex forensic evidence. Their ability to convert data 

from one mathematical domain to another enables forensic experts to extract meaningful information from images, 

audio recordings, biological samples, documents and digital evidence with greater accuracy and efficiency. Techniques 

have significantly improved evidence processing through noise reduction, feature extraction, image restoration, signal 

enhancement and pattern recognition. 

The widespread application of these transform methods has strengthened numerous branches of forensic science. Their 

integration with advanced technologies has further enhanced speed, reliability and objectivity of forensic investigations. 

Automated transform-based systems are now capable of analyzing large volumes of forensic data while minimizing 

human error and improving the consistency of expert conclusions. 

These challenges require continued research into adaptive transform algorithms, explainable artificial intelligence, 

quantum signal processing and real-time forensic analytics. As computational technologies continue to evolve, 

transform-based techniques will play an increasingly important role in developing intelligent, accurate and reliable 

forensic systems, thereby strengthening criminal investigations and supporting delivery of impartial scientific evidence 

in modern judicial systems. 
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