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Abstract: With the widespread application of big data technology across various industries, cultivating
big data analysis capabilities in accounting-related majors has become a crucial direction in higher
education. This study aims to explore the construction of a practical training base for big data analysis
in accounting majors in the "intelligent" era. By analyzing the current application status of big data
technology in the accounting field and combining it with educational and teaching needs, a systematic
and scientific training base construction plan is proposed. The research results show that building a big
data analysis training base can not only enhance students' data analysis capabilities and practical skills

but also provide strong support for the teaching reform of accounting majors in colleges and universities.
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Introduction

With the rapid development of information technology, big data has become a significant driving
force for transformation across various industries. In the field of accounting, the application of big data
technology has significantly improved the efficiency and accuracy of data processing and analysis. As
an important platform for cultivating future accounting professionals, universities need to keep pace with
the times and focus on enhancing students' big data analysis capabilities. However, the current education
in accounting majors still has deficiencies in training big data analysis skills, highlighting the urgent need

to build practical training bases to bridge the gap between theory and practice.

1 The Necessity and Challenges of Mathematics in Geophysical Image Processing
1.1 Advantages of Mathematical Methods in Image Processing

The application of mathematical methods in geophysical image processing offers significant

advantages, mainly in the following aspects:
1.1.1 Improved Data Analysis Accuracy

Mathematical methods can precisely process and analyze geophysical image data. Tools such as
Fourier transform and wavelet transform effectively extract frequency information and spatial features
from images, enhancing their analytical capabilities. These methods can identify useful signals amidst

high-noise backgrounds, thereby improving data processing accuracy and reliability.



1.1.2 Image Enhancement and Feature Extraction

Mathematical methods like edge detection, histogram equalization, and Laplace transform can
significantly improve image contrast and clarity, enhancing visual effects and detail representation.
Additionally, mathematical methods have unique advantages in feature extraction. Techniques such as
morphological operations and gradient algorithms can accurately extract critical information, including

geological structures, faults, and strata boundaries.
1.1.3 Multiscale Analysis and Modeling

Mathematical methods facilitate multiscale analysis by decomposing image information to capture
features at different scales. Wavelet transform is a typical tool for multiscale analysis, enabling
simultaneous analysis in both time and frequency domains and providing multi-level, multi-resolution
image information. This is crucial for identifying and analyzing complex structures in geophysical

images.
1.1.4 Automated and Intelligent Processing

With the development of artificial intelligence and machine learning technologies, mathematical
methods in geophysical image processing have become more intelligent. Through mathematical
modeling and algorithm optimization, the image processing process can be automated, such as automatic

target recognition, classification, and segmentation, improving processing efficiency and accuracy.
1.2 Main Challenges and Research Difficulties

Despite the significant advantages of mathematical methods in geophysical image processing, several

challenges and research difficulties remain in practical applications:
1.2.1 Handling High-Dimensional Data and Computational Complexity

Geophysical images are typically high-dimensional data, requiring substantial computational
resources and time to process. The storage, transmission, and processing of high-dimensional data
present enormous challenges. Effectively reducing computational complexity and improving processing

speed are critical issues in current research.
1.2.2 Impact of Noise and Interference

Geophysical image data are often affected by various types of noise and interference, such as
environmental noise, instrument noise, and human interference. These noises can significantly degrade
image quality and interfere with feature extraction and recognition. Although many mathematical

denoising methods exist, effectively denoising in complex geophysical environments remains a challenge.
1.2.3 Real-Time Processing Requirements and Algorithm Efficiency

In many applications, geophysical image processing requires real-time capabilities, such as
earthquake monitoring and disaster warning. Real-time processing demands high efficiency and response
speed from algorithms. Balancing processing accuracy with algorithm efficiency to meet real-time

processing needs is an important research direction.



1.2.4 Multisource Data Fusion and Consistency Issues

Geophysical research often requires the fusion of data from different sensors and measurement
techniques, such as seismic waves, gravity fields, and electromagnetic fields. These data have different
resolutions, scales, and noise characteristics. Effectively fusing multisource data while ensuring

consistency and reliability is a pressing problem.
1.2.5 Identification and Modeling of Complex Geological Structures

Geophysical images often contain complex geological structures such as faults, folds, and
interbedded strata. Identifying and modeling these structures places high demands on mathematical
methods, requiring comprehensive analysis at different scales and resolutions. Developing more
advanced mathematical algorithms to accurately identify and model complex geological structures is a

current research hotspot and difficulty.

2 Application of Mathematics in Geophysical Image Processing

2.1 Data Preprocessing and Denoising Techniques

Data preprocessing is a crucial step in geophysical image processing, aimed at improving data quality
and laying the foundation for subsequent image processing and analysis. Denoising techniques play a
significant role in data preprocessing because geophysical data often contain a considerable amount of
noise from instrument errors, environmental interference, and human factors. Effective denoising can
significantly enhance image quality and the accuracy of information extraction. Common denoising

methods include:
2.1.1 Low-Pass and High-Pass Filtering

Low-pass filtering is used to remove high-frequency noise, while high-pass filtering retains high-
frequency signals and removes low-frequency noise. The Fourier transform is a fundamental tool for
these filtering operations, effectively distinguishing signals from noise by transforming image data from

the time domain to the frequency domain for targeted processing.
2.1.2 Wavelet Transform

Wavelet transform is widely used in signal processing, particularly for handling multiscale features
in geophysical data. Unlike the Fourier transform, wavelet transform can simultaneously analyze data in
both time and frequency domains, making it highly effective for processing non-stationary signals and

local features.?!
2.1.3 Adaptive Filtering

Adaptive filters dynamically adjust filtering parameters based on the statistical characteristics of
signals and noise, offering high flexibility and adaptability. Adaptive filtering techniques achieve
effective denoising in complex noise environments, making them essential tools in geophysical data

processing.



2.2 Image Enhancement and Contrast Optimization

Image enhancement is a vital method for improving the quality of geophysical images by enhancing
contrast and details, making hidden important information more apparent and providing a reliable
foundation for geological structure analysis and interpretation. Common image enhancement techniques

include:
2.2.1 Histogram Equalization

Histogram equalization is a classic image enhancement method that adjusts the grayscale distribution
of an image to significantly improve its contrast. This method is particularly suitable for low-contrast

images, making details more distinct.

Histogram equalization is widely used in processing low-contrast images such as seismic profiles and
geological maps, enhancing brightness and contrast to make subsurface structures and geological layers

more clearly visible.
2.2.2 Laplace Transform and Edge Detection

The Laplace transform is a second-order differential operator that effectively detects edges and details
in images. Combined with edge detection algorithms such as Canny edge detection, it enhances image

details while preserving edge information, improving visual effects.

Laplace transform and Canny edge detection are crucial in geological structure identification. For
example, in seismic profiles, these methods can effectively detect fault lines and layer interfaces, aiding
geologists in better interpreting subsurface structures. These methods also apply to gravity and magnetic
field data processing, enhancing boundary information of geological anomalies and improving anomaly

identification accuracy.
2.2.3 Local Contrast Enhancement

Local contrast enhancement techniques adjust contrast within local regions of an image to enhance
local details. For example, the CLAHE (Contrast-Limited Adaptive Histogram Equalization) method

significantly enhances local contrast and clarity while maintaining overall image brightness.

CLAHE is widely used in seismic data and geological image processing. For instance, in seismic
profiles, CLAHE can significantly enhance the contrast of local reflection interfaces, making weak
reflection layers more clearly visible and helping geologists more accurately identify thin layers and
small faults. In acromagnetic images, CLAHE enhances local contrast of magnetic anomalies, improving

anomaly identification capability."!
2.3 Feature Extraction and Pattern Recognition

Feature extraction and pattern recognition are core tasks in geophysical image processing. By
extracting key information and patterns from images, geological structures and geophysical features can
be identified and analyzed. These techniques improve image interpretation accuracy and provide
powerful tools for geologists to better understand subsurface structures and geological processes. Main

techniques include:



2.3.1 Morphological Processing Methods

Morphological processing utilizes the geometric shape features of images for processing and analysis,
based on set theory and topology. Morphological operations are mainly used for image denoising,
smoothing, and feature extraction. Common morphological operations include dilation, erosion, opening,
and closing. Morphological processing effectively removes noise from geophysical images and enhances

the connectivity of feature regions, laying the foundation for subsequent feature extraction and analysis.
2.3.2 Edge Detection and Contour Extraction

Edge detection is an important feature extraction method that identifies edge and contour information
of geological structures in images. Edge detection algorithms accurately extract edge features in images.
Common algorithms include the Sobel operator and Canny operator. Edge detection and contour
extraction obtain precise contour information of geological structures, aiding geologists in better

identifying and analyzing subsurface structures.
2.3.3 Pattern Matching and Template Recognition

Pattern matching technology is used to identify and locate specific patterns or templates in images.
By calculating the similarity between images and templates, geological features can be automatically
recognized and classified. Common template matching methods include correlation-based matching and
shape matching. Matching methods such as distance transform and Fourier descriptors handle shape
changes and deformations. Pattern matching and template recognition automatically identify and classify
specific features in geological images, such as faults, folds, and veins, improving image processing

efficiency and accuracy.
2.4 Image Segmentation and Region Separation

Image segmentation divides an image into several regions with specific features, an important step in
geophysical image analysis. Image segmentation effectively identifies and extracts key information such
as geological structures, faults, and strata, greatly enhancing data resolution and interpretability. Main
methods include threshold segmentation and region growing, edge detection and watershed algorithms,

and the application of clustering algorithms in image segmentation.
2.4.1 Threshold Segmentation and Region Growing

Threshold segmentation is the simplest and most direct image segmentation method. By setting a
grayscale threshold, the image is divided into target and background regions. Threshold segmentation is
widely used in geophysical images such as seismic profiles, gravity field maps, and magnetic field maps.
Simple threshold processing quickly extracts regions of interest, such as layer interfaces, faults, and
anomalies. Region growing is an image segmentation method based on pixel similarity. By selecting seed
points and merging adjacent pixels according to similarity criteria, region segmentation and extraction
are achieved. Region growing is suitable for fine segmentation of geological structures, such as thin layer

identification in seismic profiles and boundary extraction of anomalies in gravity and magnetic field data.
2.4.2 Edge Detection and Watershed Algorithm

Edge detection and watershed algorithms are image segmentation methods based on image gradients



and topology, precisely identifying edges and region boundaries in images.

Edge detection methods calculate image gradients to highlight edge features. Common edge detection
algorithms include the Sobel operator and Canny operator, which precisely extract edge information in

images, suitable for geological structure identification and boundary extraction.

The watershed algorithm is a topology-based image segmentation method. By constructing the
gradient map of an image and simulating the water flow erosion process, the image is divided into
different regions. The watershed algorithm is particularly suitable for segmenting complex structures and

multiple boundaries, such as layer and fault identification in seismic profiles.
2.4.3 Application of Clustering Algorithms in Image Segmentation

Clustering algorithms divide image pixels into several clusters, achieving automatic image
segmentation. Common clustering algorithms include K-means clustering and fuzzy C-means clustering,

which group pixels based on their features for automatic image segmentation.!

K-means clustering is an iterative optimization algorithm that minimizes the distance between pixels
and cluster centers, dividing pixels into K clusters. The K-means clustering method is simple and efficient,

suitable for large-scale segmentation of geophysical images.

Fuzzy C-means clustering is a clustering algorithm based on fuzzy logic. By minimizing the weighted
sum of fuzzy membership functions, pixels are divided into C clusters. Unlike K-means clustering, fuzzy
C-means clustering allows pixels to belong to multiple clusters simultaneously, offering higher flexibility

and adaptability.

3 Optimization and Innovation in Mathematical Applications for Geophysical Image Processing

and Analysis
3.1 Optimization Strategies for Existing Algorithms

In geophysical image processing and analysis, there is still room for improvement in terms of
processing speed, accuracy, and robustness of existing mathematical algorithms. Optimizing these
algorithms can effectively enhance data processing efficiency and analysis quality. Key optimization

strategies include:
3.1.1 Algorithm Complexity Optimization

By simplifying the computational steps of algorithms, the time complexity and space complexity can
be reduced. Utilizing Fast Fourier Transform (FFT) instead of the traditional Discrete Fourier Transform
(DFT) can significantly reduce computational load and increase processing speed. For large-scale
datasets, employing sparse matrix operations and compressed sensing techniques can effectively reduce

storage and computational resource consumption.
3.1.2 Parallel Computing and Distributed Processing

Leveraging the multi-core processing capabilities of modern computers and distributed computing
architectures, complex geophysical image processing tasks can be decomposed into multiple subtasks

executed in parallel. Through parallel computing frameworks like CUDA, computationally intensive



algorithms can be executed on GPUs, significantly enhancing computational speed. Additionally, using
distributed computing platforms like Hadoop and Spark can improve the efficiency and reliability of

large-scale geophysical data processing.
3.1.3 Adaptive Algorithm Optimization

Adaptive algorithms can dynamically adjust parameters based on data characteristics, improving the
adaptability and robustness of the algorithm. For example, adaptive filters can automatically adjust
filtering parameters according to noise characteristics, achieving optimal denoising effects. Using
adaptive threshold segmentation algorithms allows the application of different segmentation thresholds

in different image regions, enhancing segmentation accuracy.!
3.1.4 Iterative Optimization Techniques

Iterative optimization techniques such as gradient descent, conjugate gradient, and Newton’s method
can incrementally approach optimal solutions, improving the accuracy and stability of algorithms. For
example, in image reconstruction and inversion problems, iterative optimization techniques can

effectively reduce errors and improve the quality of reconstruction results.
3.2 Introduction of Innovative Mathematical Algorithms

In geophysical image processing and analysis, the introduction of innovative mathematical
algorithms is a key driver of technological advancement. These new algorithms not only address the
limitations of existing algorithms but also open up new research directions. Here are some potential

innovative algorithms:
3.2.1 Deep Learning Algorithms

Deep learning is increasingly applied in image processing, bringing new opportunities to geophysical
image processing with its powerful feature extraction and pattern recognition capabilities. By
constructing deep learning models such as Convolutional Neural Networks (CNN) and Generative
Adversarial Networks (GAN), efficient image segmentation, classification, and enhancement can be

achieved.
3.2.2 Advanced Multiscale Analysis Techniques

Multiscale analysis techniques can perform signal processing at multiple scales simultaneously,
capturing both details and global features of complex images. New multiscale analysis tools such as
wavelet transforms, curvelet transforms, and contourlet transforms can better adapt to the non-stationary

characteristics of geophysical images, providing higher resolution and signal-to-noise ratio.
3.2.3 Design of Adaptive Filters

Designing new adaptive filters that can dynamically adjust filtering parameters based on data
characteristics can further improve filtering effects. For instance, designing machine learning-based
adaptive filters can learn noise characteristics and signal patterns from training data, automatically
adjusting filtering strategies in real-time processing to achieve optimal denoising and signal

enhancement.[®)



3.2.4 Hybrid Algorithms and Integrated Methods

Combining multiple algorithms organically to form hybrid algorithms or integrated methods can
leverage their respective advantages to achieve comprehensive performance improvements. For example,
combining traditional mathematical methods with deep learning algorithms, pre-processing and feature
extraction can be followed by detailed analysis and classification using deep learning models,

significantly improving image processing accuracy and efficiency.
3.2.5 Application of Quantum Computing in Image Processing

Quantum computing has tremendous parallel computing capabilities and potential for solving
complex problems. Applying it to geophysical image processing can greatly enhance computational
efficiency and processing power. Researching quantum algorithm-based image processing techniques,
such as quantum Fourier transform and quantum machine learning, and exploring their application

prospects in geophysical data analysis can open up new frontiers in the field.

Conclusion

This paper reviews the application of mathematics in geophysical image processing, with a focus on
the advantages and challenges of mathematical methods in data preprocessing, image enhancement,
feature extraction, and image segmentation. By exploring optimization strategies for existing algorithms
and proposing innovative mathematical algorithms, this paper provides theoretical support and practical
guidance for advancing geophysical image processing technologies. Future research should aim to
further optimize existing mathematical algorithms to enhance their computational efficiency and
processing accuracy, thereby accommodating the needs of large-scale geophysical data. This will drive

the broad application and further development of mathematical methods in geophysical image processing.
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