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Abstract In this study, cylindrical sandstone samples were imaged by CT scanning technique, and the pore structure images of sandstone samples were analyzed
and generated by combining with StyleGAN2-ADA generative adversarial network (GAN) model. Firstly, nine small column samples with a diameter of 4 mm were
drilled from sandstone samples with a diameter of 2.5 em, and their CT scanning results were preprocessed. Because the change between adjacent slices was little,
using all slices directly may lead to the problem of pattern collapse in the process of model generation. In order to solve this problem, one slice was selected as train-
ing data every 30 slices, and the diversity of slices was verified by calculating the LPIPS values of these slices. The results showed that the strategy of selecting one
slice every 30 slices could effectively improve the diversity of images generated by the model and avoid the phenomenon of pattern collapse. Through this process,
a total of 295 discontinuous two-dimensional slices were generated for the generation and segmentation analysis of sandstone pore structures. This study can provide
effective data support for accurate segmentation of porous medium structures, and simultaneously improves the stability and diversity of generative adversarial net-

work under the condition of small samples.
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The study of porous medium structures has important theoreti-
cal significance and application value in petroleum exploration,
material science and other fields. As a non-destructive high-reso-
lution three-dimensional imaging technique, CT scanning can
show the internal structure of porous media in detail, which pro-
vides important data support for permeability analysis, porosity
measurement and fluid occurrence state research''!. However, the
amount of image data generated by traditional CT scanning is
huge, and the change of adjacent slices is little, which leads to
data redundancy and pattern collapse in subsequent image analysis
and model training. For example, Yin et al. "' pointed out that
generating high-quality 3D images still faces many challenges
when processing CT images of porous materials, especially how to
effectively utilize limited datasets for analysis.

In order to meet above challenges, in recent years, genera-
tive adversarial network ( GAN) has been gradually applied to
image generation and structural analysis. Zafar et al. ' studied
the image enhancement method based on GAN, and achieved re-
markable results in improving the characterization of vascular
plaques. In addition, Zheng et al. ™ also explored the applica-
tion of generative models in the generation of three-dimensional

structures of porous media, but the resolution and diversity of
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models in generating images are still the bottleneck limiting its
further development.

On this basis, the StyleGAN2-ADA model significantly
improves the quality and stability of the generation on small sam-
ple datasets by introducing adaptive data augmentation tech-
nique”’. Che et al. " proposed that this technique dynamically
adjusts the intensity of data augmentation, which makes generated
images more visually diverse and authentic, and successfully
avoids the common problem of pattern collapse in traditional gen-
erative adversarial network. However, current research mostly fo-
cuses on the generation of two-dimensional images, and the analy-
sis of three-dimensional porous medium structures is still lacking
in-depth exploration.

In view of above shortcomings, in this study, a new method
for generating and analyzing images of sandstone pore structures
was proposed based on CT scanning technique and StyleGAN2-
ADA model. Data redundancy was significantly reduced and the
diversity of generated images was improved, by selecting one slice
The method was combined with LPIPS
(Learned Perceptual Image Patch Similarity) index to verify the

every 30 CT slices.

visual differences between generated images' ', which further en-
sured the stability and effectiveness of generative adversarial net-
work in the analysis of porous medium structures. This study
aimed to provide effective data support for the accurate segmenta-
tion of porous medium structures, and to provide a new solution for
the application of generative adversarial network on small samples

in the field of geological analysis.
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Materials and Methods
Microscopic CT scanning and Avizo software

Microscopic CT scanning is a non-destructive high-resolution
three-dimensional imaging technique, which is widely used in the
study of porous medium structures and fluid occurrence state. This
technique uses X-ray to penetrate samples, and combines detector
signals with computer algorithms to reconstruct three-dimensional
structure images, so that scholars can observe internal microstruc-
tures in detail without cutting samples. It is especially suitable for
the analysis of pore network, fracture distribution and fluid occur-
rence state in rock samples. It can quantify key parameters such
as permeability and porosity, and provide important data support
for reservoir evaluation, material characteristic analysis and bio-
logical tissue research. In addition, Avizo software further ex-
pands the analysis ability of CT data. Digital core models are gen-
erated by three-dimensional reconstruction, and the flow path of
fluid in pore structures was simulated, so as to calculate absolute
permeability. The software supports image segmentation and fea-
ture extraction, and helps scholars analyze the spatial distribution
of rock components in detail and quantify their physical and chem-
ical characteristics. Through the combination of micro-CT and
Avizo, scholars can comprehensively observe sample structures
and conduct numerical simulation to deeply understand the micro-
mechanism of fluid flow.
StyleGAN2-ADA

StyleGAN2-ADA is an improved generative adversarial net-
work proposed by NVIDIA team based on StyleGAN2, aiming at
improving the training stability and generation quality of the model
on small sample datasets. The model inherits the multi-level style
control and weight modulation mechanism of StyleGAN2, and in-
novatively introduces adaptive data augmentation ( ADA). ADA
can dynamically adjust the intensity of data augmentation accord-
ing to the feedback of discriminator, thus effectively avoiding
mode collapse and improving the diversity of generated samples.
In addition, ADA provides a variety of augmentation strategies,
including random flip, color disturbance, rotation, translation and
shear transformation, which enable the model to generate high-fi-
delity image samples on small-scale datasets. StyleGAN2-ADA
has shown excellent performance on many datasets such as FFHQ,
CIFAR-10 and AFHQ, and it can also generate realistic images,
especially in scenes with limited resources. The success of Style-
GAN2-ADA shows that the problem of under-fitting that is easy to
occur in the traditional generative adversarial network under the
condition of small samples can be effectively solved by enhancing
the generalization ability of the model through adaptive augmenta-

tion strategy.

Study Contents
Selection and diversity verification of slice data

Nine small columns with a diameter of 4 mm were drilled

from cylindrical sandstone samples with a diameter of 2.5 ¢m, and
the CT scanning results were post-processed based on Avizo soft-
ware. The processing began with the first column, which con-
tained 840 continuous two-dimensional slice images with a resolu-
tion of 1 230 x 1 230 pixels. Because there was little change be-
tween adjacent slices, using all slices directly might lead to a too-
large data set, which would increase the risk of pattern collapse in
the process of network training, that is, the generator output high-
ly similar images.

Such inconspicuous change between slices will not only affect
the diversity of images in the generated model, but also bring
challenges to the accurate segmentation of sandstone pore struc-
ture. In order to solve this problem, one slice was selected as
training data every 30 slices to reduce redundancy and ensure the
differences of data sets. In order to verify the feasibility of this
method, the LPIPS values of slices with an interval of 30 slices
were calculated. LPIPS is an index for measuring the perceptual
difference between image pairs, and a lower value indicates that
the styles of two images are more similar in perception.

In contrast, the LPIPS values of continuous slices are usually
between 1.6 and 3.5, which reflects that there are many similar
features between them. The selection of slices with an interval of
30 slices could significantly improve the differences between slices
and prevent the generator from generating the same image during
training. Finally, 28 two-dimensional slices were selected from the
first column as training data. The second column was processed in
a similar way, and 33 slices were selected. Through the post-pro-
cessing by Avizo software, a total of 295 discontinuous two-dimen-
sional grayscale slice images were obtained, which ensured the di-
versity and representativeness of data. The data processing flow
improved data difference and generation stability during training by
reducing data redundancy.

Diversity analysis of generated images

Fig. 1 shows the distribution of LPIPS values among 20 pairs
of images randomly selected from 100 images randomly generated
by using the trained StyleGAN2-ADA model. It can be observed
from the figure that the LPIPS values were roughly distributed be-
tween 0.510 and 0. 535, which indicated that the visual similarity
between these randomly generated image pairs was generally main-
tained in a certain range. However, some image pairs (such as
the peak part in the figure) had higher LPIPS values, suggesting
that they were more different in visual characteristics. Such differ-
ences came from the result of the diversity strategy for generating
samples when the model was trained on the small sample dataset.
This analysis is of great significance for evaluating the performance
of StyleGAN2-ADA model in generating diverse image samples.
Image generation with high diversity is the key to improve the gen-
eralization ability of models, especially under the condition of
small data sets, with which avoiding pattern collapse is very im-

portant to the quality of generation.
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Fig. 1 LPIPS value distribution map
Conclusions

In this study, a method of generating and processing two-di-
mensional slices of sandstone samples based on CT scanning was
proposed, and diversity verification and generation were performed
by combining with the StyleGAN2-ADA model. The redundancy of
data was significantly reduced and the differences between slices
were improved, by selecting training data at an interval of 30
slices, and the problem of pattern collapse in the training process
of generative adversarial network was avoided. The calculation re-
sults of LPIPS value showed that the selection of spaced slices
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could maintain enough differences in visual perception, thus
improving the quality and diversity of images generated by the
model. This study provides a new method for the training of mod-
els for generating images on small samples, and also provides an
effective solution for the accurate segmentation and analysis of por-
ous medium structures.
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