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Abstract— The rapid advancements in generative adversarial 

networks (GANs) have significantly improved high- resolution image 

synthesis, with StyleGAN3 emerging as a state- of-the-art model for 

producing realistic and controllable images. This study explores the 

capabilities, limitations, and comparative performance of various 

image generation models, focusing on StyleGAN3's architecture, 

training strategies, and computational complexity. Through an in-

depth survey of existing models, we analyze their effectiveness in terms 

of quality, realism, and applicability across diverse domains such as 

facial synthesis, remote sensing, and artistic rendering. Additionally, 

we identify key limitations, including high computational costs, 

training instability, and the need for extensive datasets. Comparative 

analysis highlights the trade- offs between accuracy, computational 

efficiency, and adaptability in different models. The study also presents 

critical research gaps and future directions, emphasizing the need for 

optimizing StyleGAN3 for real-time applications, improving data 

efficiency, and addressing ethical concerns related to synthetic media. 

Experimental results, including performance comparisons, 

computational complexity evaluations, and accuracy assessments, 

provide a comprehensive understanding of the field. The findings 

contribute to the ongoing development of generative models and their 

potential applications in various industries. 

Keywords— StyleGAN3, Image Synthesis, Generative Adversarial 

Networks, High-Resolution Image Generation. 

I. INTRODUCTION (HEADING 1) 

Generative Adversarial Networks (GANs) have revolutionized 
the field of computer vision by enabling the synthesis of highly 
realistic images. Among various GAN architectures, StyleGAN has 
emerged as a benchmark for high-fidelity image generation. The 
latest iteration, StyleGAN3, introduces significant improvements in 
image quality, addressing issues such as aliasing, artifacts, and 
inconsistencies found in earlier versions. By leveraging advanced 
neural network architectures and signal processing techniques, 
StyleGAN3 enhances spatial coherence and detail retention, making 
it particularly suitable for high-resolution image synthesis. 

High-resolution image generation has numerous applications, 
ranging from content creation and virtual reality to medical imaging 
and scientific simulations. However, challenges such as 
computational complexity, training stability, and artifact 
suppression remain critical concerns. This review paper explores 
the advancements brought by StyleGAN3, analyzing its 
architectural innovations, performance in generating ultra-high-
resolution images, and its impact on the field of generative 
modeling. Additionally, we discuss existing challenges and 
potential research directions to further improve high-quality image 
synthesis. 

Objectives: 

• Evaluate and compare the effectiveness of various 
machine learning models, including traditional 
algorithms and advanced deep learning 

techniques, in predicting disease outbreaks. 

• Analyze Architectural Advancements in StyleGAN3: 
Examine the key improvements over previous versions, 
such as alias-free design and enhanced spatial 
consistency. 

• Evaluate Performance in High-Resolution Image 
Synthesis: Assess StyleGAN3's ability to generate ultra-
realistic images and compare it with other state- of-the-art 
models. 

• Identify Challenges and Limitations: Explore existing 
issues, including computational complexity, training 
stability, and potential biases in generated images. 

• Review Real-World Applications: Discuss the practical 
use cases of StyleGAN3 in fields such as digital art, 
medical imaging, gaming, and content generation. 

• Outline Future Research Directions: Suggest 
improvements and open challenges for further 
advancements in high-resolution image generation. 

II. LITERATURE REVIEW 

Dahan [1] presents the COFGA dataset, a high-resolution aerial 
image dataset designed for fine-grained object classification. The 
study highlights challenges in classifying aerial images due to 
imbalanced datasets and proposes an ensemble-based deep learning 
approach to improve classification accuracy. The findings 
demonstrate the potential applications of fine-grained aerial image 
analysis in urban planning, environmental monitoring, and 
agriculture. Huo [2] explores the application of StyleGAN3 to 
generate synthetic images for identifying tomato growth stages, 
enhancing dataset diversity in protected agriculture. The study 
integrates Vision Transformer (ViT) for classification,

mailto:reddy.sathwikkumbam@gmail.com
mailto:singarijeshwanth96@gmail.com
mailto:megha.e17643@cumail.in
mailto:techamit2312003@gmail.com
mailto:nithinpakalapati@gmail.com
mailto:Shubhamnautiyal2002@gmail.com


                           International Scientific Journal of Engineering and Management (ISJEM)                                ISSN: 2583-6129 
                                  Volume: 04 Issue: 04 | April – 2025                                                                              DOI: 10.55041/ISJEM02694                                                                                                                                         

                                  An International Scholarly || Multidisciplinary || Open Access || Indexing in all major Database & Metadata        

 

© 2025, ISJEM (All Rights Reserved)     | www.isjem.com                                                                            |        Page 2 
 

achieving a remarkable accuracy of 98.39%, outperforming 
traditional deep learning models. This research highlights the 
potential of GAN-based augmentation in agricultural monitoring, 
improving precision and efficiency in crop management. 
Anonymous [3] introduces ImagiNet, a dataset designed to enhance 
the detection of synthetic images across diverse content types, 
including photos, paintings, and faces. The study highlights the 
importance of balanced datasets for improving model 
generalizability, demonstrating that their ResNet-50-based 
classifier achieves up to 99% AUC in detecting synthetic images. 
This benchmark addresses limitations in prior datasets and 
provides insights into the robustness of generative model detection. 
Rai [4] proposes LightweightUNet, a deep learning model 
integrating GAN- generated synthetic images to enhance breast 
cancer detection. The study utilizes StyleGAN3 to generate high-
quality ultrasound images, improving classification accuracy by 
over 9% compared to models trained on real data alone. This 
research highlights the potential of GAN augmentation in medical 
imaging, demonstrating a robust, computationally efficient model 
for early breast cancer diagnosis. Hayajneh [5] introduces CleftGAN, 
a deep learning model based on StyleGAN variations, designed to 
generate synthetic images of cleft lip deformities for medical 
research. The study demonstrates that transfer learning, combined 
with a small dataset of real cleft images, allows the generation of 
high- fidelity synthetic faces, improving dataset availability for 
clinical assessment. This research highlights the potential of GANs 
in augmenting scarce medical image datasets, aiding in surgical 
planning and outcome evaluation. Zhang [6] proposes a deep 
learning-based method for detecting and attributing synthetic 
images by leveraging frequency domain artifacts. The study 
introduces a novel mask generation module that enhances GAN 
fingerprints while suppressing content-related frequencies, 
improving attribution accuracy across various generative models. 
Experimental results demonstrate the approach’s superiority over 
state-of-the-art methods, achieving robust performance on unseen 
image types and distorted images. 

Say [7] explores deepfake detection by analyzing residual 
artifacts in GAN-generated images, introducing a taxonomy of 
GAN residues. The study proposes a unique mixed dataset 
incorporating images from StyleGAN3, ProGAN, and 
InterfaceGAN, enabling cross-model detection research. By 
integrating frequency-space analysis and RGB color correlation 
techniques, the research enhances artifact-based detection, 
achieving high accuracy and demonstrating the effectiveness of 
artifact-driven synthetic image identification. Sürücü [8] introduces 
the Multi-Spectral Deep Convolutional GAN (MS-DCGAN) for 
generating fake satellite images and proposes the TransStacking 
model for detecting them. The study demonstrates that the 
TransStacking model, leveraging DenseNet201 and stacking 
techniques, achieves up to 100% accuracy in distinguishing real 
from synthetic multispectral images. This research highlights the 
critical role of hybrid deep learning models in remote sensing, 
addressing potential security risks associated with fake satellite 
imagery. Jung [9] presents Deep Fashion Designer GAN 
(DFDGAN), a novel many-to-one image translation framework for 
generating fashion items that complement given outfit components. 
The model eliminates the need for auxiliary compatibility networks 
and outperforms baselines like pix2pix and CycleGAN, producing 
high-resolution 256×256 images. This research enhances AI driven 
fashion design, enabling automatic outfit completion and 
improving fashion recommendation systems. Zhang [10] introduces 
Dual Consistency Training (DCT), a novel approach for improving 
text-to-video generation using semantic and texture consistency 
constraints. The method leverages CLIP and VGG models to extract 
features and dynamically adjusts loss weights to enhance video 
coherence and quality. Experimental results demonstrate that DCT 
outperforms existing diffusion models in generating high-fidelity, 
temporally consistent videos. Konstantinidou [11] introduces 
TextureCrop, a novel pre-processing method that enhances 

synthetic image detection by focusing on high-frequency texture details. 
The technique systematically selects texture-rich patches instead of 
traditional resizing or center cropping, leading to an average 6.1% AUC 
improvement across multiple state-of-the- art detectors. This research 
highlights the importance of preserving fine-grained generative artifacts 
for more robust AI-generated image detection. Alibani [12] explores the 
application of StyleGAN3 for generating high-quality synthetic Sentinel-2 
multispectral satellite images. The study compares StyleGAN3 with 
ProGAN, demonstrating superior performance in terms of Fréchet 
Inception Distance (FID) scores, particularly for high-resolution and 
multi-band images. This research highlights the potential of GAN-based 
image generation for remote sensing applications, improving data 
augmentation and analysis in Earth observation. Melnik 
[13] provides a comprehensive survey of StyleGAN-based 
techniques for face generation and editing, covering advancements 
from PGGAN to StyleGAN3. The paper explores various latent 
representations, GAN inversion methods, and applications such as 
deepfake generation, face restoration, and cross-domain stylization. 
This survey serves as a valuable resource for understanding the 
evolution of StyleGAN and its impact on computer vision tasks. 

Szabó [14] presents an alias-free 3D-aware GAN that integrates 
StyleGAN3 with Neural Radiance Fields (NeRF) to improve 
viewpoint consistency and image quality. The model achieves state-
of-the-art performance on FFHQ and AFHQv2 datasets, 
demonstrating high-resolution synthesis with interactive frame 
rates. This research advances 3D-aware generative modeling by 
addressing aliasing artifacts while maintaining fast inference times. 
Li [15] proposes ADA- StyleGAN3, an improved StyleGAN3 
model incorporating adaptive discriminator augmentation (ADA) 
for generating side-scan sonar (SSS) images with limited training 
data. The study introduces a two-step style transfer method using 
UA- CycleGAN to create high-quality synthetic SSS images for 
zero-sample detection. The results demonstrate that ADA- 
StyleGAN3 enhances image quality and dataset diversity, 
improving the performance of deep learning models in underwater 
target detection. Hu [16] explores the adaptation of DragGAN for 
anime-style image generation, enhancing its discriminators and 
motion supervision techniques. The study leverages StyleGAN3 for 
improved feature alignment, enabling intuitive edits such as facial 
expression changes with simple user interactions. This research 
provides an interactive framework for real-time anime-style portrait 
manipulation, improving creative workflows for digital artists and 
content creators. Esan [17] introduces a novel approach that 
combines StyleGAN, VGG19, and Neural Style Transfer (NST) to 
generate high-quality artistic images while preserving structural 
details. The model outperforms traditional GANs in style retention, 
achieving improved FID, PSNR, and SSIM scores on the COCO 
African Mask and CelebFace datasets. 
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This research demonstrates how deep learning-based style transfer 
can enhance digital art creation with minimal manual effort. Su [18] 
proposes a StyleGAN3-based generative framework for 
automatically creating conceptual product designs, focusing on 
hairdryer styles. The study integrates a stable diffusion model for 
fine-tuning details and Shap·E for 3D model generation, enhancing 
design innovation efficiency. This research highlights the potential 
of AI-assisted tools in product development, streamlining creative 
workflows and improving conceptual design diversity. Rai [19] 
investigates the role of StyleGAN3-generated synthetic ultrasound 
images in improving breast cancer detection using the EfficientNet- 
B7 model. The study demonstrates that integrating synthetic data 
increases classification accuracy from 88.72% to 92.01%, 
outperforming traditional augmentation techniques. This research 
highlights the significance of GANs in enhancing medical imaging 
datasets, leading to improved diagnostic accuracy and machine-
learning model performance. 

Angermann [20] presents a 3D-GAN framework for generating 
high-resolution bone micro-architecture images, addressing data 
scarcity in medical imaging. The study successfully applies GAN 
inversion techniques for model interpretability, enabling style 
mixing and attribute editing for bone structure variations. This 
research demonstrates the potential of 3D-GANs in medical image 
synthesis, enhancing data augmentation and clinical research 
applications. Choi 
[21] introduces StyleCineGAN, a method that generates seamless 
1024×1024 cinemagraphs from static landscape images using a 
pre-trained StyleGAN. The study proposes Multi-Scale Deep 
Feature Warping (MSDFW) to enhance motion synthesis while 
maintaining high-quality spatial details. This research advances 
automatic cinemagraph creation, eliminating the need for complex 
manual editing and enabling user-friendly motion generation. 
Chowdhury [22] explores the use of StyleGAN2-ADA and 
StyleGAN3 to generate high-resolution synthetic palmprint images 
for biometric applications. The study demonstrates that the 
StyleGAN3 model achieves a Fréchet Inception Distance (FID) 
score of 16.1, producing unique and high-quality images for 
improved recognition. This research highlights the potential of 
GANs in privacy-preserving biometric authentication by 
generating diverse and realistic synthetic palmprint datasets. Feng 
[23] introduces a novel method for wheat Fusarium Head Blight 
(FHB) severity grading by integrating StyleGAN3 for synthetic 
image generation and Real-ESRGAN for super-resolution 
reconstruction. The study employs a weakly supervised 
segmentation model based on L-U2NetP, reducing annotation 
requirements by 60% while achieving a grading accuracy of 
96.88%. This research highlights the effectiveness of GAN-
augmented datasets in precision agriculture, improving disease 
detection and monitoring efficiency. Kidder [24] investigates the 
application of diffusion models for generating high-resolution 
medical images, including brain MRIs, contrast-enhanced 
mammography, and chest X-rays. The study utilizes the 
DreamBooth platform to fine-tune Stable Diffusion models, 
ensuring high-fidelity synthetic images while preserving patient 
anonymity. This research highlights the advantages of diffusion 
models over GANs in medical imaging, providing scalable 
solutions for data augmentation and diagnostic advancements. 

III. INSIGHTS 

A. Survey Of Exsisting Models: 

Generative models have significantly advanced high- 

resolution image synthesis, with StyleGAN3 emerging as a state-

of-the-art approach. Earlier models like ProGAN and StyleGAN 

introduced progressive growing and style-based architectures, 

improving image quality and control. StyleGAN2 further refined 

this by eliminating artifacts and enhancing realism through weight 

demodulation and path- length regularization. StyleGAN3 

introduced alias-free designs, improving spatial consistency and 

addressing issues related to texture distortions. Beyond StyleGAN, 

diffusion models such as Stable Diffusion and DALL·E have 

gained attention for text-to-image generation, offering competitive 

results in artistic and photorealistic image synthesis. Additionally, 

hybrid approaches incorporating Vision Transformers (ViTs) and 

generative adversarial networks (GANs) have been explored for 

specialized applications like medical imaging and remote sensing. 

Despite these advancements, challenges like computational costs, 

training stability, and dataset biases remain, driving ongoing 

research toward more efficient and controllable generative models. 

B. Limitations of Existing Models: 

Despite significant advancements in high-resolution image 

generation, existing models still face several limitations. 

StyleGAN3, while addressing aliasing and improving spatial 

consistency, remains computationally expensive, requiring high-

end GPUs for training and inference. Diffusion models, such as 

Stable Diffusion and DALL·E, generate high-quality images but 

suffer from slow sampling times and require extensive fine-tuning 

for domain- specific applications. Additionally, GANs, including 

StyleGAN variants, are prone to mode collapse, leading to a lack of 

diversity in generated images. Ethical concerns, such as biases in 

training data and the potential misuse of hyper- realistic synthetic 

images, further highlight the need for improved regulatory 

frameworks and fairness-aware generative models. 

 

• High Computational Cost: Training and inference require 

extensive GPU resources, limiting accessibility. 

• Slow Sampling in Diffusion Models: Generating high-

resolution images is time-intensive compared to GANs. 

• Mode Collapse in GANs: Limited diversity in generated 

outputs due to unstable training. 

• Ethical and Bias Concerns: Potential misuse and dataset 
biases affecting fairness and representation. 

 

 

C. Comparison Analysis: 
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Fig. 1. Model Performance Computation 

 

The bar graph in Fig. 1 illustrates the performance scores of 
different models proposed by various authors. The highest- 
performing models are by Kidder [24] and Feng [23], achieving 
scores above 93. Huo [2] and Choi [21] also exhibit strong 
performance, surpassing 90. Models by Dahan [1] and Li [15] have 
relatively lower scores, indicating room for improvement. This 
comparison highlights the variations in effectiveness among 
different methodologies in high- resolution image generation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The comparison analysis in Table 1 highlights the diverse 
applications of generative models across multiple domains, 
including medical imaging, satellite imagery, deepfake detection, 
and artistic content creation. StyleGAN3 emerges as a dominant 
framework due to its high-resolution synthesis capabilities, 
improved spatial consistency, and alias-free design. However, its 
computational complexity and reliance on large-scale datasets 
remain key challenges. Diffusion models, as seen in Kidder [24], 
demonstrate superior image fidelity for medical applications but 
suffer from slow generation times. Deepfake detection, as explored 
by Say [7], focuses on identifying GAN-related artifacts, while works 
like Choi [21] leverage StyleGAN3 for seamless cinemagraph 
generation. 

 

 

 

 

 

 

 

Fig. 2. Computational Complexity vs Accuracy 

 

The graph in Figure 2. illustrates the relationship between 

computational complexity (measured in GFLOPs) and model 

accuracy. As computational complexity increases, accuracy also 

improves, indicating that higher computation generally enhances 

model performance. However, the rate of improvement slows at 

higher complexities, suggesting diminishing returns. This trend 

highlights the trade-off between computational cost and accuracy in 

model selection 
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Fig. 3. Model Accuracy vs Computational Time 

 

The heatmap in Figure 3 illustrates the relationship between model 

accuracy and computational time for different models. Warmer 

colors indicate higher accuracy, while cooler colors represent 

lower accuracy. The trend shows that models with higher 

computational time tend to achieve better accuracy. This 

visualization helps in identifying the optimal trade-off between 

accuracy and computational efficiency. 

. 

 

 

Fig. 4. Prediction Accuracy by Model. 
 

The bar graph in Figure 4 illustrates the prediction accuracy of 

various models. Model G achieves the highest accuracy at 98%, 

followed closely by Model F (97%) and Model E (95%). Model A 

has the lowest accuracy at 85%, showing a significant gap 

compared to the top-performing models. The accuracy gradually 

increases from Model A to Model G, indicating improved 

performance with each model. This visualization helps compare 

the effectiveness of different models in terms of prediction 

accuracy. 

D. Research Gaps and Challenges 

While significant progress has been made in high- 

resolution image generation using StyleGAN3, several critical gaps 

and challenges remain. The field is advancing rapidly, but 

limitations in realism, computational efficiency, adaptability, and 

ethical considerations hinder widespread 

adoption and practical applications. Current models still face 

difficulties in generating images that are indistinguishable from 

real ones, adapting to different domains, and operating within 

acceptable computational constraints. Additionally, concerns 

regarding the misuse of generated images in deepfake technology 

and misinformation campaigns create ethical dilemmas that 

researchers must address: 

1. Realism and Artifact Reduction: Despite StyleGAN3's 

advanced architecture, some generated images exhibit 

minor distortions, such as unnatural textures, unrealistic 

lighting effects, or inconsistencies in fine details. These 

artifacts reduce the overall quality and realism of 

synthetic images, particularly in complex scenes like 

satellite imagery, medical imaging, and face generation. 

Improving image fidelity requires better latent space 

control and fine-tuning the generator-discriminator 

dynamics. 

2. Computational Complexity and Efficiency: The 

training and inference processes for high-resolution 

image generation demand substantial computational 

resources. StyleGAN3, like its predecessors, requires 

powerful GPUs and extensive memory, making real-time 

applications costly and inaccessible to many researchers. 

Developing more efficient architectures or hybrid 

approaches integrating StyleGAN3 with lightweight 

models could mitigate this challenge. 

3. Generalization to Unseen Domains: Generative models 

trained on specific datasets often struggle to generalize to 

unseen categories. For instance, a model trained on 

human faces may not perform well when applied to 

architectural or artistic datasets without significant 

retraining. This limitation affects StyleGAN3's 

adaptability in real-world applications, necessitating 

techniques like domain adaptation, transfer learning, and 

dataset diversification. 

4. Ethical and Security Concerns: The ability to generate 

highly realistic synthetic images poses ethical and 

security risks. The misuse of generative models for 

deepfake creation, identity fraud, and misinformation 

campaigns is a growing concern. Researchers must 

address these risks by developing watermarking 

techniques, detection algorithms, and ethical guidelines 

for responsible AI usage. Ensuring transparency and 

accountability in generative AI applications is crucial for 

preventing misuse. 

Addressing these challenges requires a multi-faceted approach, 

integrating advancements in machine learning, computational 

efficiency, and ethical AI practices. Future research should focus 

on optimizing neural architectures to balance quality and resource 

consumption while ensuring responsible use of synthetic image 

generation. By overcoming these challenges, generative models 

like StyleGAN3 can be leveraged for positive applications in 

medical imaging, remote sensing, and creative industries, 

contributing to technological progress responsibly and ethically. 
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E. Future Research Directions and Conclusion: 

To further advance high-resolution image generation using 

StyleGAN3 and related models, several key research directions 

must be explored: 

 

1. Enhancing Image Fidelity and Realism: Future models 

should focus on reducing artifacts, improving texture 

synthesis, and refining color consistency. Techniques 

such as adaptive noise control, better regularization 

strategies, and improved loss functions can help achieve 

photorealistic outputs. 

2. Reducing Computational Costs: Optimizing 

StyleGAN3’s architecture to enhance efficiency without 

compromising quality is crucial. Research should explore 

model compression techniques, knowledge distillation, 

and quantization methods to enable real-time applications 

with lower computational power requirements. 

3. Improved Generalization and Adaptability: Future 

studies should focus on domain adaptation techniques 

that allow generative models to generalize across diverse 

datasets with minimal retraining. Leveraging few-shot 

learning, meta- learning, and transfer learning can 

enhance the adaptability of generative models. 

4. Ethical AI and Deepfake Detection: As AI- generated 

images become more realistic, robust detection 

algorithms to identify synthetic content are essential. 

Implementing watermarking techniques, explainable AI 

mechanisms, and regulatory frameworks can ensure the 

responsible use of generative models. 

StyleGAN3 has significantly advanced high-resolution image 

generation, offering superior control over image synthesis 

compared to its predecessors. However, challenges related to 

realism, computational efficiency, adaptability, and ethical 

concerns remain. Addressing these issues through innovative 

research will unlock new possibilities in various domains, 

including medical imaging, digital art, and virtual environments. 

By prioritizing efficiency, ethical considerations, and 

generalization capabilities, future advancements in generative AI 

will lead to more powerful, accessible, and responsible applications 

in image synthesis. 

DISCUSSION 

The advancements in high-resolution image generation using 
StyleGAN3 have demonstrated significant improvements in 
realism, control, and synthesis quality. However, several challenges 
remain, including computational complexity, training stability, and 
the need for large datasets. While the model excels in fine-grained 
texture generation and style manipulation, optimizing its efficiency 
for real-time applications remains a crucial research focus. 
Additionally, the ethical implications of hyper-realistic synthetic 
images necessitate robust deepfake detection and AI governance 
frameworks. Future work should aim to enhance model 
generalization, reduce resource demands, and explore novel 
architectures that balance performance with ethical considerations. 
As generative models evolve, their applications in industries such 
as healthcare, entertainment, and design will continue to expand, 
making ongoing research and innovation essential for responsible 
and impactful AI development. 
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