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Abstract—Generative Artificial Intelligence (GenAI) has rapidly advanced over the last decade, producing 

models capable of generating realistic text, images, audio, and video. This paper reviews key generative 

techniques—Generative Adversarial Networks (GANs), Variational Autoencoders (VAEs), Transformer-

based language models, and diffusion models—highlighting major research contributions from 2014 to 2024. 

We synthesize findings from fifteen recent papers, compare their strengths and limitations, and identify 

practical applications and open research questions. The review emphasizes recent breakthroughs such as 

Large Language Models (LLMs) and diffusion-based image generators, discusses ethical and computational 

challenges, and suggests future research directions. 

Index Terms—Generative Artificial Intelligence, GANs, VAEs, Diffusion Models, Transformers 

I. Introduction 

       Generative AI focuses on models that learn the underlying distribution of data and create new samples 

similar to the training data. Early breakthroughs include Variational Autoencoders and Generative Adversarial 

Networks (GANs), which enabled image and signal generation. The Transformer architecture later 

revolutionized natural language processing and enabled large language models (LLMs) such as GPT family 

models, which exhibit powerful text-generation ability. More recently, diffusion-based approaches and large 

multimodal models have produced state-of-the-art results in image and image-text synthesis. This paper 

surveys influential techniques and papers and consolidates them into a coherent review. 

II. Literature Survey 

      This section summarizes foundational and recent works on GANs, VAEs, transformers, and diffusion 

models. 

Table 1: Summary of selected generative AI literature 

 

SL 

No 

Reference 

(Author/Year) 

Technique Main 

Contribution / 

Topic 

Application Notes 

1 Goodfellow 

et al., 2014 

GAN Introduced 

Generative 

Adversarial 

Networks 

Image generation Adversarial 

training 

paradigm 

2 Kingma & 

Welling, 

2014 

VAE Variational 

Autoencoders 

for latent 

representations 

Data generation / 

compression 

Probabilistic 

latent models 
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3 Vaswani et 

al., 2017 

Transformer Self-attention 

architecture 

NLP / foundation models Enabled 

large-scale 

LMs 

4 Radford et al., 

2019 

GPT (GPT-

2 family) 

Unsupervised 

language 

modeling for 

text generation 

Text generation Foundation 

for later 

LLMs 

5 Brown et al., 

2020 

GPT-3 Scaling laws; 

few-shot 

learning 

Language modeling Large-scale 

autoregressive 

LM 

6 OpenAI GPT-

4, 2023 

LLM / 

Multimodal 

GPT-4 

technical 

report: 

multimodal 

capabilities 

Text+image 

understanding/generation 

Milestone in 

general-

purpose 

LLMs 

7 Ho et al., 

2020 

Diffusion 

Models 

Denoising 

Diffusion 

Probabilistic 

Models 

(DDPM) 

Image synthesis Strong image 

quality 

8 Rombach et 

al., 2022 

Latent 

Diffusion 

Stable 

Diffusion / 

latent 

diffusion for 

efficient image 

gen 

Text-to-image Efficient open 

models 

9 Saharia et al., 

2022 

Imagen Text-to-image 

diffusion with 

strong 

language 

conditioning 

Text-to-image High 

photorealism 

10 Radford et al., 

2019/2020 

DALL·E / 

DALL·E 2 / 

GLIDE 

Text-

conditioned 

image 

synthesis 

Text-to-image Image 

decoder + 

diffusion 

11 Karras et al., 

2019 

StyleGAN High-quality 

image 

synthesis, 

style control 

Faces, high-res images State-of-the-

art image 

fidelity 

12 Oord et al., 

2016 

WaveNet Autoregressive 

audio 

generation 

Audio synthesis High-quality 

speech/audio 

http://www.ijedr.org/


ISSN: 2321-9939 | ©IJEDR 2026          
 

                                         January 2026, Volume 14, Issue 1 | www.ijedr.org 

 

IJEDR2601249 International Journal of Engineering Development and Research (www.ijedr.org) 960 
 

13 Ramesh et al., 

2021-22 

CLIP + 

unCLIP 

Image-text 

embeddings 

and 

conditioning 

Cross-modal retrieval 

and generation 

CLIP 

improves 

alignment 

14 Touvron et 

al., 2023 

LLaMA Open efficient 

foundation 

LMs 

Language models Smaller 

models with 

strong 

performance 

15 Rombach et 

al., 2022-23 

Latent 

Diffusion 

Video / 

Video 

models 

Extensions to 

video and 

higher-res 

synthesis 

Video generation Emerging 

area 

 

III. Review Methodology 

       Paper selection: We searched IEEE Xplore, Springer, arXiv, and Google Scholar for papers between 

2014 and 2024 using keywords: 'generative models', 'GAN', 'VAE', 'diffusion models', 'transformers', 'text -

to-image', and 'multimodal'. Inclusion criteria: peer-reviewed or widely-cited preprints, clear contribution to 

generative methods, and relevance to text/image/audio generation. Fifteen representative papers were 

selected to cover foundational and recent trends. 

 

IV. Generative AI Techniques and Use-Cases 

 

I. Text Generation (Large Language Models) 

      Large Language Models generate coherent text for applications such as content creation, 

summarization, translation, question answering, and code generation. 

II. Image Generation (GANs and Diffusion Models) 

       GANs and diffusion models enable realistic image synthesis and text-to-image generation 

with high                       visual fidelity. 

III. Audio and Speech Generation 

       Models such as WaveNet and transformer-based architectures generate natural speech and 

music. 

 

IV. Multimodal Generation (Text-to-Image and Video) 
       Multimodal models integrate text, image, audio, and video for tasks such as text-to-image 

and emerging 

text-to-video generation. 

V. Challenges and Future Directions 

Generative models raise concerns including model hallucination (generating incorrect facts), copyright 

and data provenance, bias amplification, misuse for deepfakes, and substantial compute/cost requirements. 

Addressing these requires model auditing, dataset curation, defensive detection methods, and policy-level 

safeguards. 
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Promising directions include: efficient and smaller multimodal models, better controllability and 

interpretability, privacy-preserving generative methods (federated or differentially-private generation), 

improved robustness to adversarial manipulation, and expanding generative capability to reliable video and 

3D content generation. 

 

VI. Conclusion 

This review consolidates key generative AI techniques and recent advances. Generative models have 

shifted from GANs and VAEs to transformer and diffusion-based approaches that power many state-of-the-

art systems. While capabilities are impressive, responsible deployment and continued research into safety, 

efficiency, and fairness remain essential. 
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