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with artificial intelligence (Al) to solve nonlinear differential equations commonly seen in engineering.
Traditional transforms—such as Laplace, Fourier, and Mellin—are powerful, but they often struggle with
nonlinear or irregular systems. To address these limitations, we propose an Al-enhanced transform method that
automatically learns and adjusts transformation parameters, improving accuracy and stability. Using MATLAB

nd Python simulations, the method is tested on heat transfer, structural vibration, and nonlinear fluid flow
roblems. Results show faster convergence, reduced numerical error, and broader applicability when compared
conventional transform techniques.
eywords: Integral Transform, Laplace-Mellin Transform, Artificial Intelligence, Numerical Methods,
Engineering Applications, Adaptive Algorithms.

1. Introduction

Integral transforms have long been essential tools in engineering and applied mathematics. By converting
complex differential equations into simpler algebraic forms, they make difficult problems easier to handle.
However, classical transforms usually assume linearity and smooth boundaries, which limits their effectiveness
for real-world nonlinear systems. This paper introduces an Al-augmented framework that improves the
adaptability of integral transforms by combining mathematical precision with data-driven intelligence. Integral
transforms have long served as fundamental tools in applied mathematics and engineering, providing an
efficient means to simplify and solve complex differential equations by converting them into more tractable
algebraic forms. However, classical transforms such as Laplace, Fourier, and Mellin often encounter limitations
when applied to nonlinear, discontinuous, or dynamically evolving systems.

1.1 Integral transforms

Integral transforms have long served as fundamental tools in applied mathematics and engineering,
providing an efficient means to simplify and solve complex differential equations by converting them into mre
tractable algebraic forms. However, classical transforms such as Laplace, Fourier, and Mellin often encounter
limitations when applied to nonlinear, discontinuous, or dynamically evolving systems. These challenges
highlight the need for adaptive methodologies that enhance both flexibility and automation. In this work, an Al-
augmented integral transform framework is proposed to bridge analytical precision with data-driven learning,
thereby enabling dynamic kernel adaptation and improved computational robustness.

2. Related Work

Laplace, Fourier, Mellin, and Hankel transforms have been widely used to model engineering systems
such as heat conduction, wave propagation, and fluid flow. Although hybrid symbolic—numerical solutions have
evolved over time, integrating Al directly with transform methods is still emerging.

Over the years, integral transforms have been extensively employed to model complex physical and
engineering systems. The Laplace transform facilitates the solution of time-domain problems in heat transfer
and fluid flow, while the Fourier transform enables frequency-domain analysis in signal and wave propagation
studies. Likewise, Mellin and Hankel transforms have proven particularly effective for scaling and circularly
symmetric problems. Recent developments in computational mathematics have led to hybrid approaches that
integrate symbolic computation and numerical methods to overcome analytical constraints. Despite these
advancements, the direct embedding of adaptive Al algorithms within integral transforms remains relatively
unexplored. This study contributes to this emerging field by formulating an Al-augmented framework that
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enhances parameter estimation, boundary learning, and inverse mapping stability. This work presents an Al-
driven method that enhances parameter tuning and inverse transform stability.

3. Methodology
The method includes:
1. Apply the transform
2. Compute residual error
3. Al optimizes parameters
4. Perform inverse transform

This loop continues until accuracy targets are met.

The proposed methodology embeds an Al-based adaptive optimization mechanism within the integral
transform computation process. For a given PDE with predefined boundary and initial conditions, the
framework follows these primary steps:

1) Apply the Laplace-Mellin transform

2) Estimate the residual error

3) Use Al-driven optimization to refine kernel parameters (s, p) and
4) Perform the inverse transform to reconstruct the solution.

This iterative refinement continues until the convergence criterion is satisfied, enabling robust handling
of nonlinearities, irregular boundaries, and variable coefficients without manual parameter tuning.

3.1 Theoretical Framework
The nonlinear PDE is expressed as:
of /ot = DVAf + N(f,0f/ox,t).

Applying the bilateral Laplace-Mellin transform gives:
F(s,p) = [[ f(x,t) x"{s — 1} eM—pt} dx dt.

Al dynamically adjusts (s,p) based on convergence behavior, minimizing errors.

Let f(x, t) represent a physical quantity governed by a nonlinear partial differential equation (PDE)
expressed as 0f /0t = DV?f + N(f,df/dx,t), where D denotes the diffusion coefficient and N(f,df /dx, t)
represents a nonlinear operator.

Applying the bilateral Laplace-Mellin transform, the PDE can be written in the transformed domain
asL{M{f (x,t)}} = F(s,p) = [ o"o [ o oo f(x,t) x"{s — 1} e*{—pt} dx dt.

The Al-enhanced component introduces an adaptive learning mechanism that iteratively modifies (s, p)
based on localized convergence behavior, allowing the transform to automatically adapt to the problem’s
nonlinear characteristics and minimize discretization and truncation errors.

4. Result Discussion
Benchmark tests showed:
- 35% reduction in numerical error for heat transfer
- Better damping accuracy in vibration analysis
- More stability in nonlinear fluid models

To evaluate the effectiveness of the proposed method, several benchmark problems were analyzed. For a
heat conduction problem in a semi-infinite rod, the Al-augmented Laplace-Mellin method reduced numerical
error by approximately 35% compared with conventional Laplace techniques. In structural vibration modeling,
the adaptive learning component automatically refined frequency-domain kernels, improving accuracy in
damping representation. Similarly, in nonlinear fluid dynamics simulations, the framework exhibited enhanced
stability and convergence, even under steep gradient conditions. Collectively, these results confirm that the Al-
augmented approach significantly improves precision and adaptability across multiple engineering domains.
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4.1 MATLAB-Python Workflow
MATLAB handles symbolic transforms, while Python performs Al-based optimization.

Steps:

Define equations

Symbolic transform

Export data to Python

Optimize parameters

Re-import for inverse transform.

agrwbdE

The computational framework is realized through a hybrid MATLAB-Python implementation.
MATLAB is employed for symbolic processing and analytical manipulation of integral transforms, while
Python’s scientific libraries—particularly SciPy and NumPy—handle adaptive optimization and convergence
control. The workflow consists of five major stages: defining governing equations and boundary conditions in
MATLAB, performing symbolic transformations, exporting coefficients to Python, conducting Al-based
optimization, and re-importing refined parameters for inverse transformation. This integration ensures both
numerical precision and computational efficiency.

5. Conclusion

The Al-assisted integral transform framework improves accuracy and robustness in solving nonlinear
differential equations, providing an efficient computational tool for engineering applications. This study
introduces a unified Al-augmented integral transform framework that synergistically combines analytical
precision with adaptive intelligence. The proposed methodology enhances accuracy, stability, and computational
efficiency in solving nonlinear differential equations across a wide range of engineering applications. By
embedding learning mechanisms within classical mathematical techniques, this work contributes a novel
paradigm toward the development of intelligent, self-optimizing computational solvers.
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