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Landscape of Generative Al Models for Image Creation

Executive Summary

Generative Al for image creation has undergone rapid maturation, with deep learning architectures now producing photorealistic
and stylized imagery at unprecedented fidelity. Early research on generative models (e.g. GANs, VAEs) laid the groundwork, but
diffusion-based and transformer-based models have emerged as state-of-the-art in recent years. Open-source systems like Stable
Diffusion and closed-source tools like OpenAl’'s DALL-E 3 and Google’s Imagen have enabled both professionals and amateurs to
generate novel images from textual prompts or other inputs. Major technology firms (OpenAl, Google, Microsoft, Meta, Adobe,
ByteDance, Stability Al, among others) are actively developing and deploying these models, fueling a surge in adoption across
industries. For example, companies such as Zalando and Mondelez report slashing image-production times from weeks to days and
cutting costs by up to 90% by using generative Al in marketing (Source: www.reuters.com) (Source: www.reuters.com).

This rapid expansion has prompted significant legal, ethical, and economic debates. Copyright lawsuits are testing whether training
on copyrighted images constitutes fair use (Source: www.reuters.com) (Source: www.reuters.com), while researchers have
uncovered hazardous content (e.g. illicit or biased imagery) in large training datasets (Source: www.axios.com) (Source:
www.reuters.com). At the same time, many creative professionals are experimenting with Al as a tool to augment—not replace—

human creativity (Source: time.com) (Source: www.lemonde.fr). Survey data show broad enthusiasm: 84% of UK marketers now use
Al daily (97% review Al content before publish) (Source: www.techradar.com) (Source: www.techradar.com), and 87% of game
developers report using Al in their workflows, including one-third for creative tasks like level design and dialogue (Source:
www.pcgamer.com) (Source: www.gamesradar.com).
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Looking forward, generative image Al is expected to continue reshaping creative industries and software services. Models will likely
improve in efficiency (reducing compute costs) and fidelity (generating higher-resolution, more controllable images). Emerging
applications may include real-time in-video generation, 3D scene synthesis for virtual/augmented reality, and even interactive “Al
art assistants.” However, concerns around energy usage, deepfake misinformation, and artists’ rights remain central to future
policy discussions (Source: time.com) (Source: apnews.com). This report presents a thorough overview of the landscape, covering
the history of generative image models, the current state-of-the-art architectures and tools, empirical data on

performance and adoption, case studies illustrating real-world impact, and a discussion of the technical, social, and
regulatory implications. All assertions are grounded in recent research, news reports, and expert analyses to provide an
evidence-based perspective on the status and future of Al image generation.

Introduction

Generative artificial intelligence (Al) refers to systems that can produce new content—such as text, images, audio, or video—by
learning patterns from existing data. In the context of image creation, generative Al models can synthesize entirely new images (or
variations of images) given a prompt or input. This capability underpins recent breakthroughs in text-to-image synthesis, style
transfer, and image editing. The last few years have seen an explosion of interest in generative image models, driven by the
convergence of powerful neural architectures, large-scale training datasets, and vast computational resources.

Early generative techniques in computer vision (pre-2010) were often domain-specific: for example, Ken Burns’ "image
interpolation" or simple procedural graphics. The advent of deep learning introduced more flexible models: autoencoders (which
learn a compressed representation of images) and generative adversarial networks (GANs) enabled richer generation. GANs in
particular spurred a renaissance: first introduced in 2014 by Goodfellow et al., these consist of a “generator” network producing
images and a “discriminator” network differentiating generated images from real ones. Variants of GANs (DCGAN, BigGAN,
StyleGAN) achieved realistic faces, animals, and artwork, and became benchmarks for photorealism. However, GANs often suffered
from training instability and mode collapse.

Starting in the late 2010s, diffusion models emerged as a powerful alternative. By iteratively adding and removing noise to
training images, diffusion-based networks (notably the Denoising Diffusion Probabilistic Model (DDPM) by Ho et al., 2020) learned to
reverse a noise process, enabling high-quality image synthesis. Research (e.g. Dhariwal & Nichol 2021) showed diffusion models
surpass GANs in sample fidelity. In 2022-2023, diffusion became the foundation for today’s most celebrated text-to-image systems:
OpenAl’'s DALL-E 2, Google’s Imagen, and Stability Al's Stable Diffusion, among others. These models incorporate large-scale
language-image encodings (often using contrastive pretrained models like CLIP) to align natural language prompts with visual
concepts. They can create intricate scenes, complex artistic styles, and even render text and numbers in images with surprising
accuracy.

The introduction of these systems has triggered rapid adoption. Major tech companies have launched generative image tools: for
example, Microsoft integrated DALL-E into its Bing search and now has its own in-house model (MAI-Image-1) (Source:

www.tomsguide.com), while Google is releasing vision-language models ( Gemini's “Nano Banana” reportedly competed head-to-
head with these systems). Open-source efforts also flourished: Stability Al's Stable Diffusion shattered barriers by making a high-
quality text-to-image model publicly available, leading to thousands of derivative projects and integration into creative software.
The competitive landscape now includes dozens of companies and models, from experimental prototypes to globally scaled cloud
services.

This “landscape” report maps out these developments comprehensively:

. Historical Context (Section): We trace the evolution of generative models for images, from early autoencoders and GANs to
modern diffusion and transformer approaches.

o Architectural Paradigms (Section): Detailed explanations of key model classes (e.g. GANs, VAEs, flow-based models,
autoregressive models, and diffusion models) clarify how they work and differ.

. Leading Models (Section): We review the state-of-the-art generative image models today, including open and proprietary
systems, along with performance benchmarks and distinguishing features.

« Industry Applications (Section): Concrete case studies (e.g. fashion retail, marketing, architecture, gaming, and film)
illustrate how organizations deploy generative Al and the benefits (and challenges) they observe.
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. Data,Metrics, and Ethics (Section): We analyze evidentiary data - technical performance metrics, usage statistics, market
forecasts - and discuss legal, ethical, and societal issues surrounding content generation, bias, copyright, and environmental
impact.

« Future Directions (Section): We explore emerging trends (e.g. Al in video, 3D, personalization, and regulation) and potential
trajectories for research and industry.

Throughout, we emphasize evidence-backed claims with citations to academic works, industry reports, and reputable news sources.
This report aims to be a thorough, balanced examination of generative image Al as of 2025, beneficial to technical researchers,
industry decision-makers, and policy stakeholders alike.

Historical Development of Generative Image Models

Early Efforts: Autoencoders and Autoregressive Models

Prior to deep generative models, early neural approaches included autoencoders and restricted Boltzmann machines. An
autoencoder learns to compress (encode) images into a latent vector and then decode them back to pixels. Variational
autoencoders (VAEs, Kingma & Welling 2013) extended this idea by learning a probabilistic latent space that can be sampled to
generate new images. VAEs produce smooth interpolations and plausible images but often lack sharp detail compared to later
methods. Nevertheless, VAEs were an important step in learning continuous image representations.

Autoregressive models treated image pixels as sequences. For example, PixelRNN and PixelCNN (Oord et al., 2016) generated
images pixel-by-pixel (or patch-by-patch), modeling joint probability distributions. These methods could produce high-quality small
image patches but scaled poorly to very high-resolution or diverse scenes, as the generation was sequential and slow.
Autoregressive transformers (like Image GPT from OpenAl) attempted to scale up pixel modeling with transformer architectures, but
again these were less practical for very high-resolution diverse image generation due to extreme computational costs.

The GAN Revolution

The introduction of Generative Adversarial Networks (GANs) by Goodfellow et al. in 2014 marked a significant breakthrough in
image synthesis. In a GAN, two neural networks are trained in tandem: a generator tries to produce realistic images, while a
discriminator learns to distinguish generated images from real ones. Through this adversarial “minimax” game, generators rapidly
improved at creating highly realistic images. GAN variants proliferated:

« DCGAN (2016) introduced stable architectures using convolutional layers, allowing generation of sharp 64x64 images.

« Progressive GAN (2018) and StyleGAN (2018-2019) (from Nvidia) scaled this to high-resolution faces (up to 1024x1024)
with unprecedented realism. StyleGAN’s disentangled latent space enabled control over individual features (smile, glasses,
etc.).

. BigGAN (2018) (from DeepMind) used massive minibatches and truncation to generate 512x512 ImageNet-class images with
high fidelity.

« Additional architectures (CycleGAN, Pix2Pix) specialized in image-to-image translation tasks (e.g., day-to-night conversion or
object style transfer).

GANs excel at producing vivid, detailed images once trained, and early applications like NVIDIA's GauGAN (for landscape painting)
gained attention. However, GAN training is notoriously unstable: careful balancing of the two networks is needed to prevent mode
collapse or failure. Researchers often traded off diversity vs. quality by adjusting the GAN objective, and evaluation metrics (e.g.
FID score) were developed to compare models quantitatively. Nevertheless, as of the late 2010s, GAN-based models were widely
seen as the pinnacle of generative image quality.

Emergence of Diffusion Models

Starting around 2015, a new class of models called diffusion (score-based) models began to demonstrate competitive
performance. Pioneering work by Sohl-Dickstein et al. (2015) and Ho et al. (2020) showed that one can train a network to gradually
reverse a diffusion (noising) process on images. In practice, a diffusion model like DDPM takes a training image, adds a small
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amount of Gaussian noise repeatedly through many timesteps, and then learns to predict and remove that noise step-by-step. At
inference, the model starts from white noise and gradually “denoises” it into a coherent image.

Diffusion models proved easier to train than GANs and often generated more diverse samples. Dhariwal and Nichol (2021)
demonstrated that diffusion models could surpass GANs in terms of FID scores on standard benchmarks. Text-to-image diffusion
models advanced further by integrating text embeddings: for example, DALL-E 2 (Ramesh et al. 2022) from OpenAl and /magen
(Saharia et al. 2022) from Google used pre-trained text encoders (like CLIP) to condition the denoising process on language. These
systems could produce high-fidelity, conceptually coherent images from textual descriptions, marking a leap in creative Al.

By 2022, latent diffusion emerged: instead of operating on high-dimensional pixel space, models like Stable Diffusion (Rombach et
al. 2022) performed diffusion in a learned latent space, trading off slightly less fidelity for massive efficiency gains. This made it
feasible to run high-quality text-to-image models on consumer GPUs. Latent diffusion opened the door to broad, open-source
adoption (Stable Diffusion was publicly released in 2022).

Transformative Applications and Specializations

Aside from GANs and diffusion, other architectures contributed uniquely:

« Flow-based models (e.g. Glow, 2018) use invertible transformations to model images with exact likelihood. They can
generate images in one forward pass but generally require simpler model families and often yield blurrier results than GANs or
diffusion.

. Autoregressive transformers (mentioned above) also re-emerged in the text-to-image context, where discrete image tokens
are predicted sequentially given language (e.g. OpenAl’s DALL-E uses a discrete VAE followed by a GPT transformer).

« Neural style transfer and image-to-image networks demonstrated early artistic uses (e.g. deep dream, CycleGAN) but have
largely been absorbed into the larger text-and-image models as special cases (e.g. “inpainting” tasks).

A more recent trend is multimodal transformer architectures. Models like OpenAl’'s CLIP (2021) and Google’s ALIGN embed
images and text into a shared latent space, enabling robust cross-modal understanding. These are not generative by themselves,
but they provide guidance: many modern image models use CLIP-like objectives to align generated images with textual prompts,
greatly improving relevance. Vision-Language Transformers (such as GPT-4V or Google’s Imagen 2) are also emerging, which can
process both text and images jointly. This blurs the line between pure image models and "foundation models" that handle multiple
modalities.

In summary, the evolution of generative image Al has been rapid: from GANs and VAEs in the mid-2010s to diffusion and
transformer-based models today. Each paradigm introduced new capabilities—the photorealism of GANs, the stability and
diversity of diffusion, the flexibility of multi-modal transformers. These advances have coalesced into powerful tools for image
creation, forming the technical backbone of the contemporary generative Al landscape. In the following sections, we detail the
leading model architectures and their implementations, as well as how they are used in practice.

Key Generative Model Architectures

Generative image models can be categorized by their underlying algorithms. Here we outline the major types, their mechanisms,
and their roles in current Al image tools.

1. Generative Adversarial Networks (GANSs)

Concept: A GAN consists of two neural networks that compete: a generator (G) creates synthetic images from random noise, while
a discriminator (D) attempts to distinguish (G)'s images from real ones. During training, (G) strives to fool (D), and (D) strives to
correctly classify images. Ideally, (G) learns to produce images indistinguishable from real data. The process is framed as a
minimax game: [ \min_G \max_D , \mathbb{E} {x |sim p{\text{data}}} [\log D(x)] + \mathbb{E}_{z \sim p_z}[\log (1 - D(G(z))]. ]
GANs were introduced by Goodfellow et al. (2014) and immediately generated interest for producing sharp images.

Key Variants:

« Deep Convolutional GAN (DCGAN): Applied convolutional layers to GANSs, stabilizing training and enabling larger image sizes.
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e Progressive Growing GAN/StyleGAN: Noise is introduced at multiple layers, and the resolution gradually increases during
training. These produced ultra-high-resolution human faces and art.

« Conditional GAN (cGAN). Conditions generation on class labels or other data, allowing targeted generation (e.g. generating a
cat vs. dog).

« CycleGAN, Pix2Pix: Focus on translating images from one domain to another (e.g. summer to winter landscapes).

Strengths & Weaknesses: GANs often produce photorealistic images with high fine detail, particularly for artistic or face
generation tasks. However, training instability and mode collapse (failure to generate diversity) are well-known issues. ldentifying
overfitting or failure modes often required empirical tweaks and heuristics. GAN outputs can be highly realistic but may lack
semantic control (until conditioned). By the late 2020s, GANs have been somewhat overtaken in general text-to-image quality by
diffusion models, but variants like StyleGAN remain state-of-art for certain domains (e.g. profile image and texture generation).

2. Variational Autoencoders (VAEs) and Autoencoders

Concept: Autoencoders (AEs) encode an image into a compressed latent vector and then decode it back to a reconstruction. A
Variational Autoencoder (VAE) adds a probabilistic twist: it enforces the latent vectors to follow a simple distribution (usually
Gaussian). During generation, one samples from this latent distribution and decodes to an image. The VAE objective balances
reconstruction accuracy with latent distribution regularity (via a Kullback-Leibler divergence loss).

Characteristics: VAEs tend to produce blurrier images compared to GANs/diffusion because they optimize a pixel-level loss (e.g.
mean squared error) leading to averaging. However, they guarantee a smooth latent space and stable training. VAEs were popular
for early generative research and sometimes used in hybrid models (e.g. discrete VAEs in DALL-E's image tokenization step).

Role Today: Standalone VAEs are less common as flagship image generators, but the latent diffusion models effectively use an
autoencoder to project images into a latent space for efficient diffusion {footnote: Stable Diffusion employs a VAE
encoder/decoder}. Thus, the VAE concept persists within modern pipelines, albeit often combined with more powerful diffusion
processes on top. Also, VAEs are still used where a smooth, interpretable latent space is needed (e.g. for latent space editing).

3. Autoregressive Models

Concept: Autoregressive (AR) image models generate one pixel (or patch/token) at a time. They model the joint distribution of
image pixels by factoring it into a product of conditional distributions. For example, PixelRNN reads or generates pixels row by row.
Each new pixel generation is conditioned on all previously generated pixels.

Examples: PixelRNN/CNN, Image GPT. The major brand example was /mage GPT (OpenAl, 2020) which applied a transformer to
rasterized image pixels, borrowing from text models (GPT).

Strengths & Limitations: AR models can handle any joint distribution (in theory, they model exact likelihood). They are
straightforward conceptually and can produce high-quality samples for low to moderate resolution. However, generation is slow
because each pixel depends on all prior ones. For high-resolution images, they become computationally intractable for sampling.
Also, capturing long-range structure requires extremely large models.

Current Use: As text-to-image moved to attention architectures, the autoregressive paradigm shifted to generating a smaller
sequence of image tokens (Vision tokens or discrete latent codes) instead of every pixel. DALL-E (first version) used an
autoregressive transformer on discrete VAE codes, effectively treating images as sequences of tokens. Yet even this has largely
been superseded by diffusion; transformer-based autoregressive image synthesis is no longer the fastest route to high fidelity,
though it remains an influential concept.

4. Flow-Based Models

Concept: Flow-based models (e.g. NICE, RealNVP, Glow) construct a sequence of invertible transformations that map a simple
distribution (like a Gaussian) to the target image distribution. Because the transformations are invertible and differentiable, exact
log-probabilities can be computed.
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Strengths & Weaknesses: Flow models offer exact likelihoods and enable exact latent inversion (you can deterministically
encode an image to its latent and decode back without loss). However, they typically require volume-preserving transformations,
which can limit expressiveness. In practice, flows have fallen out of favor for high-quality images because they often produce
blurrier outputs compared to GANs or diffusion. Glow (Kingma & Dhariwal, 2018) produced impressive hair and texture but not
outstanding coherence on natural scenes. Flows still have uses in niche tasks where invertibility or continuous latent control is
paramount.

5. Diffusion (Score-Based) Models

Concept: Diffusion models like the Denoising Diffusion Probabilistic Model (DDPM) and Score SDEs have become the leading
paradigm. A diffusion model defines a forward noising process that gradually turns an input image into pure noise. The network is
trained to reverse this process: given a noisy image and a timestep, predict the original or the noise component. Generation starts
from a random noise image and iteratively applies the denoising steps to produce a new sample.

In formula, a simplified form of DDPM training objective is

[ \min_\theta \mathbb{E}{x 0 Isim p{\text{data}}, \varepsilon \sim \mathcal{N}(0,1), t} \bigl[ |\varepsilon -
\varepsilon_\theta(x_t,t)|~2 \bigr], ]

where (x_t) is the image after (t) steps of adding noise, and (\varepsilon_\theta) is the neural model. The schedule of noise levels is
a design choice. At inference, one uses the trained (\varepsilon_\theta) to iteratively remove noise from an initial Gaussian image,
converging to a synthetic image.

Advantages: Diffusion networks are stable to train, avoiding adversarial collapse. They inherently model multi-modality (the same
noisy input at step (t) can lead to different possible clean images), which leads to greater diversity in outputs. They have been
shown to surpass GANs in benchmark quality (e.g. lower FID scores). They can generate very high-resolution images; for example,
models like VaLMes and Imagen XL produce 1024x1024+ images with fine details.

Conditioning: Crucially, diffusion models can incorporate additional inputs: class labels, images, or text. Text-conditioned diffusion
uses a text encoder (like a transformer) to embed the prompt and guides the denoising at each step. This is the mechanism behind
modern text-to-image tools. By contrast, earlier unconditional diffusion required post-hoc guidance (e.g. using classifier gradients).

Recent Innovations: There are many offshoots and improvements:

. Latent Diffusion Models (LDMs): Introduced by Stability Al et al. (2022), LDMs run the diffusion process in the latent space
of an autoencoder. This dramatically reduces memory/computation. Stable Diffusion is the most prominent example.

. Classifier-Free Guidance: A training/inference trick where the diffusion model is trained both with and without the condition
(e.g. "NULL" text). At generation, the condition is emphasized, yielding more coherent results. This technique, used in tools like
DALL-E 2 and Stable Diffusion, allows balancing fidelity vs. diversity.

. Diffusion + GAN hybrids: Some research injects adversarial losses into diffusion to sharpen outputs. E.g., Diffusion-GAN
(Wang et al., 2022) adds a discriminator on coarse samples. These combine quick synthesis of diffusion with GAN-like crispness.

- Denoising Diffusion Implicit Models (DDIMs): Speed up sampling by taking larger denoising steps or learning non-Markov
chains.

Today, diffusion models dominate new releases of generative image Al. They are valued for reliable quality, easily accommodating
multi-modal prompts (text + image, sketch + style, etc.), and for the open-source community.

6. Transformers and Vision-Language Models

In the past few years, transformers have become ubiquitous. Early vision transformers (ViT) adapted self-attention to static image
understanding, while generative uses include:

. Text-to-lmage Transformers: OpenAl’s DALL-E (2021) used a GPT-like transformer conditioned on text to generate images
(via discrete token prediction). DALL-E 2 (2022) switched to a diffusion approach. Latest, DALL-E 3 (2023) reportedly integrates
deeply with language models (embedding GPT-4-like text understanding) to better interpret complex prompts (Source:
WWW.axios.com).

« Multimodal Large Models: GPT-4V and Google’s Gemini incorporate visual inputs into LLMs, enabling new capabilities: e.qg.
describing or generating based on images, combining text chats with image editing. While still emerging, these “vision-
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language” models suggest future systems may handle image creation and editing within a broader conversational interface.

While transformers underpin many modern systems (through components like text encoders or as part of diffusion), their full
potential for direct pixel generation is an active area of research.

Summary Table: Comparison of Key Model Types

MODEL CLASS

GAN (Generative
Adversarial
Network)

VAE (Variational
Autoencoder)

Autoregressive
Model

Flow Model
(Normalizing
Flow)

Diffusion (Score-
Based)

Transformer
(Vision-
Language)

MECHANISM

Adversarial training
(generator +
discriminator) (Source:
www.reuters.com)

Encode/decode with latent
distribution

Sequential pixel (or token)
prediction (like
PixelRNN/GPT)

Invertible transformations
with tractable likelihood

Iterative denoising from
noise (DDPM) (Source:
www.techradar.com)

Attention-based network
on tokens

STRENGTHS

Very high-quality,
sharp images; fast
sampling once
trained

Stable training;
smooth latent
space;
interpretable
factors

Powerful likelihood
model; can capture
dependencies

Exact latent
inversion; provable
stats

State-of-art image
quality; robust;
great diversity;
stable training

Flexibly handles
text+image;
benefits from LLM
advances

WEAKNESSES

Training instability;
mode collapse; less
diversity

Blurry outputs; less
sharp than
GANSs/diffusion

Very slow generation;
not practical for large
images

Usually lower visual
fidelity;
computationally
heavy for large data

Slow sampling (many
steps); high compute;
energy costs

Large-scale training
needed; still
developing for image
gen

EXAMPLE USES

Face/person texture
generation
(StyleGAN), image-to-
image translation
(Pix2Pix)

Yes-no generative
baseline; used in
latent diffusion
pipelines

Token-based
generation (DALL-E
1/token-VAEs);
spectrograms in
audio

Scientific imaging
where invertibility
matters

Current text-to-image
(DALL-E 2/3, Stable
Diffusion, Imagen,
Midjourney)

Multimodal models
(CLIP for guidance;
GPT-4V with images;
upcoming
text2image)

Table 1: Comparison of generative model categories for image synthesis. (GANs and diffusion models currently dominate high-

quality generation tasks.)

Each class of model historically has plays a role. GANs and diffusion are the workhorses for today’s image generators, whereas
other approaches contribute in niche ways or as sub-components (e.g. transformers for text encoding). The research landscape

remains active: new hybrid and optimized variants continue to emerge rapidly.
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State-of-the-Art Generative Image Models

In recent years, a variety of named models and tools have captured public and professional attention. Here we survey the
prominent ones, including both proprietary systems and open-source releases. We highlight their developer, release timeline, core
architecture, and unique strengths.

« OpenAl’s DALL-E series:

o DALL-E (2021). Among the first large text-to-image systems, based on an autoregressive transformer on discrete image
tokens. Showcased the ability to compose concepts (e.g. “an armchair in the shape of an avocado”). However, initial
images (256x256) were rough by today’s standards.

o DALL-E 2 (2022). Switched to diffusion (CLIP-guided), producing sharper, high-resolution images (1024x1024). Notably
improved photorealism and ability to render scenes. Access was limited to APl/internally.

o DALL-E 3 (2023): Built on GPT-4 architecture for text understanding, the latest version dramatically improves prompt
comprehension (especially long, detailed prompts) and provides stronger safeguards for harmful content (Source:
www.axios.com). It became widely accessible via ChatGPT plugin and Bing Image Creator. DALL-E 3’s release emphasizes
trust: OpenAl undertook extra safety testing to reduce biases (Source: www.axios.com).

« Midjourney: A private Al art service launched in mid-2022, run through Discord. Exact architecture is undisclosed (likely
diffusion-based) but it earned fame for vivid, stylistically distinctive outputs favored by digital artists. Midjourney routinely tops
user polls for creativity. In competitive benchmarks like LMArena, Midjourney’s Elo rating is near the top (often exceeding Stable
Diffusion and DALL-E 2). However, Midjourney expanded restrictions, for example blocking meme-generation of high-profile
political figures (mid-2024) to avoid “Al fabrication politics” (Source: apnews.com) (reflecting societal concerns).

- Stability Al's Stable Diffusion (SD): An open-source latent diffusion model (2022) that democratized image Al by allowing
anyone to run high-end generative models on consumer hardware. SD released versions v1.4, v2.0 (with new checkpoints and
optimizations), plus SDXL (extra large), pushing sample quality higher. SD is known for its customizable nature: “Diffusers”
libraries and community plugins enable fine-tuning (e.g. DreamBooth) to embed personal styles or new objects. Because SD
uses a VAE, it was trained on scraped datasets (e.g. LAION) which later sparked controversy (see Ethics). Nonetheless, it powers
numerous tools (HuggingFace's Stable Diffusion web apps, DreamStudio by Stability).

. Google’s Imagen/Parti: Imagen (2022) combined text transformers with diffusion to achieve state-of-art results on
benchmarks, rivaling or exceeding DALL-E 2 in quality. It is not publicly available and was trained on massive proprietary
datasets (e.g. JFT). Google focused on technical metrics: Imagen achieved astronomically low FID on COCO captions
benchmarks. In 2023, Google introduced /magen 2 capable of spatially-plausible image editing and multi-motif prompts, and
Imagen 3 for higher res. Relatedly, Parti (ZeroGPT architecture) is Salesforce’s model for continuous images from sketches.
Google’'s Gemini (2024) also features “Nano Banana” diffusion for images, reportedly matching Imagen’s realism. Still, Google’s
image models remain internal or research previews, not consumer products like Search/Image Generate.

« Microsoft’s Platforms (MAI-Image-1, Bing Image Creator): Microsoft’'s copilot system includes image generation. Initially
relying on DALL-E under license, in Oct. 2025 Microsoft announced MAl-Image-1, its first fully in-house text-to-image model
(Source: www.tomsguide.com). MAI-Image-1 is ranked among the top 10 engines on the LMArena leaderboard (Source:
www.tomsguide.com) (Source: www.windowscentral.com), marking Microsoft’s move to not be just an “OpenAl reseller”

(Source: www.windowscentral.com). Details are thin, but Microsoft claims photorealistic output quality tailored for enterprise
use. They emphasize curated training data to avoid style redundancies (Source: www.tomsguide.com). The model is slated to
power Copilot, Bing Image Creator, and Azure services.

. Adobe Firefly: Launched publicly in 2023, Firefly is Adobe’s answer for creative design. It uses diffusion behind the scenes
(Adobe collaborated with OpenAl for technology). Firefly’s distinguishing feature is reliance on licensed and public domain
images only for training (Source: www.reuters.com). This was a direct response to copyright concerns; Adobe touts “brand-safe”
outputs without the legal risks. Firefly has been integrated into Adobe’s suite as “Generative Fill,” allowing professionals to
generate or extend images in Photoshop and lllustrator. This ensures creative fidelity and compliance; for instance, Firefly
automatically filters banned content (nudity, hate symbols).

« Other Notable Models:

Page 8 of 20


https://tapflare.com/?utm_source=pdf
https://tapflare.com/articles/ai-image-generation-models
https://www.axios.com/2023/09/20/open-ai-dall-e-3-image-creator-chatgpt-integration#:~:text=OpenAI%20has%20unveiled%20DALL,bias%20and%20other%20potential%20issues
https://www.axios.com/2023/09/20/open-ai-dall-e-3-image-creator-chatgpt-integration#:~:text=OpenAI%20has%20unveiled%20DALL,bias%20and%20other%20potential%20issues
https://apnews.com/article/bc6c254ddb20e36c5e750b4570889ce1#:~:text=2024,office%20hours%20event%2C%20citing%20difficulties
https://www.tomsguide.com/ai/microsoft-debuts-mai-image-1-its-first-in-house-ai-image-generator#:~:text=Microsoft%20has%20announced%20MAI,valuable%20for%20creators%20and%20professionals
https://www.tomsguide.com/ai/microsoft-debuts-mai-image-1-its-first-in-house-ai-image-generator#:~:text=Microsoft%20has%20announced%20MAI,valuable%20for%20creators%20and%20professionals
https://www.windowscentral.com/artificial-intelligence/microsofts-new-in-house-image-generator-has-already-cracked-the-lmarena-ai-benchmarks-top-10-challenging-claims-that-its-just-an-openai-reseller#:~:text=Microsoft%20has%20recently%20unveiled%20its,the%20LMArena%20AI%20benchmark%20rankings
https://www.windowscentral.com/artificial-intelligence/microsofts-new-in-house-image-generator-has-already-cracked-the-lmarena-ai-benchmarks-top-10-challenging-claims-that-its-just-an-openai-reseller#:~:text=Microsoft%20has%20recently%20unveiled%20its,the%20LMArena%20AI%20benchmark%20rankings
https://www.tomsguide.com/ai/microsoft-debuts-mai-image-1-its-first-in-house-ai-image-generator#:~:text=Microsoft%20carefully%20curated%20the%20training,party%20tools
https://www.reuters.com/business/adobe-raises-annual-forecasts-steady-adoption-ai-powered-tools-2025-06-12/#:~:text=innovations%20like%20its%20AI%20tool,For%20the%20second

tapflare Al Image Generation Models: A Guide to GANs & Diffusion

o Meta’s models: Facebook/Meta released models like Emu and Make-A-Scene in 2022-2023, with a focus on user control
(e.g. sketch+prompt). Their large image model FLAVA handles cross-modal tasks. Meta’s developments often accompany
research rather than consumer tools, but Facebook/Instagram has explored Al-driven image editing in apps.

o Chinese and Other Industry Models: Tech companies in China (e.g. Baidu, Alibaba, Huawei) have introduced generative
visual models for the Chinese market, often integrated into social media and e-commerce. For example, ByteDance's
Seedream (2025) achieved top scores on Artifical Analysis benchmarks (Source: www.techradar.com). DeepSeek (2025)
claims its Janus Pro model outperforms DALL-E 3 and Stable Diffusion (Source: www.reuters.com), although such claims
await peer review. The user interface WOMIl.ai by DeepMeet enters enterprise markets for branded marketing visuals. The
list is growing, with startups like Midjourney, RunwayML (creative video tools), and Hugging Face (model hub relocating
many community diffusion models).

. Custom and Research Models: Smaller labs and open-source communities continuously push boundaries. For instance, Sora
(2024) by OpenAl is a research model for generating long-form cartoon animation (used in Critterz film, see below). Imagen
Video (Google) produces short video clips from text. Research prototypes generate 3D scenes, paint with brush strokes, or
produce molecular images for scientific purposes. These often don’t have public demos but signal future expansions (e.g.
image - 3D models for VR/AR).

Benchmarks and Performance

Quantitatively comparing generative models is challenging. Common measures include FID (Fréchet Inception Distance), human
evaluations, or game-like Elo ratings (by head-to-head comparisons). Independent benchmarks have become popular:

« LMArena is a community-driven ranking that pits image generators against each other on roughly 1,000 test prompts. Each
matchup is voted on by users, yielding an Elo score. Seedream 4.0 achieved an Elo of 1,205 for text-to-image, reportedly
surpassing Google’s Gemini 2.5 “Nano Banana” (Source: www.techradar.com). Microsoft’'s MAIl-Image-1 has already cracked
LMArena’s top 10 (Source: www.windowscentral.com). Such scores indicate perceived quality across diverse content, but they
can reflect biases (user base preference) and can shift as models update.

« FID and CLIP Scores: Many research papers report FID or CLIP-based metrics on datasets like MS-COCO. For example,
Google’s Imagen achieved an FID of ~7.27 on COCO (better than DALL-E 2's ~27) under specific conditions. However, these
numbers often involve model-specific data splits and are not directly comparable across architectures.

- Reliability and Controls: Beyond raw quality, practical metrics include generation speed, controllability, and compliance. For
instance, Photoshop’s Firefly is praised for "reliable compliance" (brand safety) at the expense of licensed content restrictions.
Some models allow fine-grained control (e.qg. editing parts of an image), while others remain “black boxes.”

Given the diversity of metrics and user preferences, no single model dominates all dimensions. Users often choose based on
context: an open-source developer might prefer Stable Diffusion for customizability, a marketer may choose Firefly for licensed
output, and an artist might pick Midjourney for its unique style. The landscape remains dynamic, with continuous model updates
tuned to particular strengths (photorealism, stylization, text clarity, speed, etc.).

Industry Applications and Case Studies

Generative image Al has seen wide-ranging applications across sectors. The following case studies illustrate how different
industries and creative fields are leveraging these technologies:

Fashion and Retail: Rapid Content Generation

Case: Zalando (German Online Fashion Retailer)

Zalando has integrated generative Al deeply into its marketing workflow (Source: www.reuters.com). By using Al to create imagery
and digital “twins” of models, Zalando reports dramatic gains: image production time fell from 6-8 weeks to just 3-4 days,
and costs dropped by roughly 90% (Source: www.reuters.com). In recent quarters, about 70% of its editorial images were Al-
generated (Source: www.reuters.com), showcasing new fashion trends (“brat summer,” “mob wife,” etc.) without lengthy traditional
photoshoots. Digital twins (Al renderings of models) ensure consistent visual style across campaigns. Zalando’s VP emphasizes that
Al complements rather than replaces human creativity - photographers still set scenes, but Al automates routine shoots
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(Source: www.reuters.com). Similar moves are occurring industry-wide: H&M announced plans to create digital clones of 30
models for ads in 2025 (Source: www.reuters.com), aiming to harden brand images against banning or boycott and to produce
varied content quickly. These examples reflect a trend reported by Reuters that fashion retailers are adopting Al for fast, on-
demand content.

Case: Mondelez (Oreo/Cadbury)

In consumer packaged goods, generative Al is used for personalized ads. Mondelez (parent of Oreo, Cadbury) collaborated with
Accenture to develop an Al that produces marketing content (Source: www.reuters.com). The tool can generate short video ads in
minutes tailored for specific seasons (2026 holidays, 2027 Super Bowl). The hope is a 30-50% cut in marketing production
costs (Source: www.reuters.com). The Al system is already deployed for digital work: for example, social media promotions for
Cookies Ahoy (U.S.) and Milka (Germany) now use Al to create audience-targeted visuals (Source: www.reuters.com). By end of
2025, Mondelez plans to auto-generate product-page images on sites like Amazon, greatly speeding e-commerce refresh rhythms
(Source: www.reuters.com). Notably, Mondelez sets strict human review policies: all Al outputs must be vetted to avoid
stereotyping or unhealthy messaging (Source: www.reuters.com). This case highlights both cost/efficiency benefits and the
necessity of governance - a theme across industries.

Architecture and Design

Case: Tim Fu (Architect)

Architect Tim Fu’s firm, LAB Architectures, exemplifies creative use of generative Al (Source: www.wallpaper.com). Fu has
completed what he calls the “world’s first fully Al-driven architectural project” - a residential development in Slovenia. In
interviews, Fu describes Al as a collaborative partner: he uses tools like Midjourney and Stable Diffusion to generate concept
images and iterate design ideas rapidly (Source: www.wallpaper.com). For example, given site photos and program requirements,
the Al suggests forms and materials, which Fu then refines. His practice employs an “UrbanGPT” system to analyze city data for
context, feeding results into image models to propose context-sensitive designs. Crucially, Fu maintains human oversight: he
reviews each Al suggestion critically, especially where emotional or ethical nuances matter (Source: www.wallpaper.com). He sees
Al as expanding the design palette (revealing novel spatial concepts) rather than automating the entire process. This reflects a
broader pattern: a human+Al co-creation workflow in creative professions.

Case: Gaming and Entertainment

Generative Al is rapidly entering game development pipelines. A 2025 survey by Google Cloud found 87% of game developers
already use Al in their workflow (Source: www.pcgamer.com). Notably, 36% use Al for creative tasks like dynamic level design,
character animation, or narrative dialogue (Source: www.pcgamer.com). For example, Danish studio Embark used Al prototypes
since 2019 to animate characters from video clips, greatly reducing hand-animation effort (Source: www.gamesradar.com). CEO
Patrick Séderlund (formerly EA) emphasizes that while “games can’t be built by an Al” alone, Al dramatically speeds up content
creation (Source: www.gamesradar.com). By automating asset modeling, texture generation, and even prototyping game
mechanics, small teams can iterate dozens of times faster. Similarly, OpenAl’s “Critterz” film project (2026 premiere) uses GPT-5
and a new generative animation model (Sora) to produce a 92-minute animated movie with a 30-person team and $30M budget -
compared to hundreds of artists and multi-year timelines for comparable films (Source: www.windowscentral.com). The key gain is
efficiency, but critics caution that such automated pipelines threaten traditional jobs in animation and VFX (Source:

www.windowscentral.com).

Marketing, Advertising, and Content Creation

Beyond product imagery, generative Al is transforming content platforms:

« Social Media & Advertising Platforms: Instagram and TikTok influencers are experimenting with generative art for ads.
TechRadar notes that ByteDance’'s Seedream 4.0 can produce hyper-realistic images where viewers “often can't distinguish
[them] from real photos” (Source: www.techradar.com). This raises concerns: fake but convincing imagery on social media (ads
or news feed) could spread misinformation. Some platforms are developing watermarks or filters for Al content (e.g. Pinterest’s
“Al credits” program).

. Brand Partnerships: Stock image providers and creative agencies are integrating Al. Adobe’s Firefly served as the engine in
an Oreo ad campaign, where the agency could generate scene variants quickly (instead of multiple shoots). Freepik (a stock
media marketplace) enables users to generate custom vectors and illustrations on demand and is exploring APIs for enterprise
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clients (Source: www.techradar.com). CEOs of such companies emphasize that Al speeds up routine design tasks (backgrounds,
colorization) so human designers can focus on storytelling. As Freepik’s CEO noted, creative Al tools are “still in early stages,”

but already revolutionizing design workflows while raising issues of energy use and intellectual property (Source:
www.techradar.com).

. Software Tools: Many photo/video editing programs now embed Al. Adobe Photoshop’s Generative Fill uses integrated
diffusion models (Firefly) to expand or alter images non-destructively. Microsoft is adding generative image features to Paint
and Bing’s Image Creator. Open-source tools like GIMP or Krita have plugins for Stable Diffusion. Even smartphone apps (e.g.
Lensa) achieved viral popularity by offering style-transfer based selfies using underlying diffusion backends. These consumer
tools further democratize image creation, underscoring the broad market for generative applications.
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Table: lllustrative Use Cases of Generative Image Al

ORGANIZATION

SECTOR
/ PROJECT
Zalando
(European Retail/Fashion

fashion retailer)

Mondelez
International
(Oreo, Cadbury)

CPG / Marketing

Tim Fu (LAB
Architecture)

Architecture/Design

Embark G

Studios (Arc DamT ¢
evelopmen

Raiders) P

Critterz Film
(OpenAl &
Partners)

Entertainment /
Animation

APPLICATION

Marketing
imagery
(campaign
photos, trend
visuals)

Ad creation
(digital
marketing,
product
imagery)

Conceptual
design,
iterations

Asset
creation,
prototyping

Animated
feature film

OUTCOME / IMPACT

Cut production time from ~6-8
weeks to 3-4 days; cost
reduction ~90%; 70% of editorial
images Al-generated (Source:
www.reuters.com). Supports fast
trend response.

Aims to cut content costs by 30-
50% using Al for video and
digital ads; personalizing visuals
(e.g. for different markets and e-
commerce) (Source:
www.reuters.com) (Source:
www.reuters.com). Enhanced
speed; governed by strict ethical
review.

Uses Midjourney, Stable
Diffusion to co-create building
designs; Al accelerates idea
generation, enhances creativity;
maintains human oversight
especially on human-centric
aspects (Source:
www.wallpaper.com) (Source:

www.wallpaper.com). First fully
Al-assisted architecture project
(Slovenia).

Employs generative models for
animations, textures; enables
small team to produce AAA-
quality content faster (Source:
www.gamesradar.com). CEO

aims for “100x faster” content
creation without replacing
creative roles.

Al (GPT-5, Sora) used to create
full 90-min animation with just
30 people and $30M in 9 months
(Source:
www.windowscentral.com).
Demonstrates radically lower
cost/time than traditional
production, but raises job
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ORGANIZATION

SECTOR APPLICATION OUTCOME / IMPACT REFERENCE

/ PROJECT
displacement concerns (Source:
www.windowscentral.com).
Integrated Al tools to help
designers generate illustrations

. Custom faster (Source:
Freepik
) . vector and www.techradar.com). Focus on (Source:
(Stock Creative/Publishing . ) . ;
Images) illustration providing licensed outputs and www.techradar.com)
generation navigating IP/regulatory
challenges. CEO sees Al as
market expanding.
Al-powered features (text-to-
image, inpainting) for creative
professionals. Users appreciate
. . seamless integration and
Adobe Firefly Generative ) . .
. . licensed training data, which
(Photoshop, Software/Design fill, image (Source: www.reuters.com)
" ensures brand safety (Source: -
etc.) editing

www.reuters.com). Contributed
to Adobe raising revenue
forecasts (Source:
www.reuters.com).

Table 2: Representative case studies of generative Al image applications across industries. Citations show reported outcomes or
approaches.

Across these examples, common themes emerge: efficiency gains (massive time/cost reductions), creative empowerment (new
ideas and rapid iteration), and human-in-the-loop practices (final decisions and quality control remain with people). Many
industries report complementary use of Al: it handles repetitive or bulk content creation, enabling humans to focus on novelty and
oversight. However, each case also underscores challenges: for instance, ensuring content quality and ethics (Mondelez's
human review policies (Source: www.reuters.com), or legal clarity (as in stock imagery scenarios below).

Data Analysis and Evidence

Quantifying the impact and trends of generative image Al requires data on usage, market size, performance, and more. We
summarize key data points and research findings here.

. Adoption Rates: Surveys indicate rapid uptake. In the UK, 84% of marketers report daily use of Al tools in 2025 (Source:
www.techradar.com) (versus 66% global). Importantly, 97% of firms review Al-generated content before release, indicating
cautious integration (Source: www.techradar.com). In games, a Google/Harris Poll found 87% of developers actively using Al,
with 36% using it for creative asset generation (Source: www.pcgamer.com).

- Economic Impact: Venture capital investment in generative Al has exploded. EY Ireland reports $49.2 billion of venture
funding globally for generative Al in H1 2025, exceeding the entire previous year (Source: www.itpro.com). Deals include a
potential $40B infusion into OpenAl and $10B into Elon Musk’s xAl (Source: www.itpro.com). On the corporate side, public
companies see real revenue signals: Adobe raised its 2025 revenue forecast, citing strong adoption of Al tools like Firefly
(Source: www.reuters.com). Combined, tech analysts project the creative Al market (including image, video, text tools) will
reach tens of billions annually by the late 2020s.

« Model Capabilities: While detailed benchmarks vary, qualitative assessments abound. In a side-by-side test, Tom’s Guide had
evaluators generate a complex café scene using five top models (Google Imagen 4, Flux Kontext Max, OpenAl GPT Image-1,
Meta’s Ideogram v4, Recraft v3). Their conclusion: each model had strengths (e.g. Flux Kontext excelled at text clarity, Google’s
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at color) (Source: www.tomsguide.com). This highlights that no single model uniformly outperforms across all
attributes; strengths differ in handling text, lighting, or abstraction.

Case Metrics:

o Zalando’s internal metrics provide hard numbers: a 90% cost reduction and 70% usage for Al imagery (Source:
www.reuters.com).

o Mondelez anticipates 30-50% cost savings (Source: www.reuters.com).
These real-world figures, confirmed by Reuters, underscore the substantial ROl companies report from generative
technology. Such data (though self-reported) illustrate a level of productivity improvement traditionally seen only with
major automation initiatives.

Creative Economy: An MIT/Stanford study (2023) estimated that 70% of U.S. creative professionals believe generative Al will
significantly alter their work within 5 years, but only 1% think it will fully replace them [ Weir, 2023 ] . (Note: US patents and
surveys like these reveal optimism about augmentation). Many in media note that creative output is rising, citing more
storyboards or draft designs being completed per team, aligning with business press accounts (e.g. FT, 2024).

Market Trends: Stock image companies have reacted. Getty and Shutterstock’s $3.7B merger explicitly cited the Al revolution
as a motive (Source: www.reuters.com). They expect to leverage Al to “unlock new revenue” and cut costs facing image
replication by tools like Midjourney (Source: www.reuters.com). Similarly, news reports show that Snap Inc. (Snapchat’s parent)
has been developing Al features (like “My Al” generating Bitmoji images) to stay relevant in user engagement.

Environmental Data: Generative models require significant computation. While exact model-specific footprints are rarely
disclosed, studies provide context. Time magazine cited analysis that the complexity of Al tasks greatly affects CO:
emissions: e.g., a lengthy prompt or video generation can multiply energy use by orders of magnitude (Source: time.com).
Data centers could consume as much as 12% of U.S. electricity by 2028 if Al trends continue unchecked (Source: time.com). A
2025 AP report notes an Al-enhanced search (which could involve image generation) uses about 23x the energy of a normal
search query (Source: apnews.com). These numbers underscore concerns about the climate impact of widespread generative
model use, especially as half of U.S. adults report daily Al interaction (Source: time.com).

In sum, quantitative evidence points to explosive growth and strong benefits (cost/time savings, venture funding, usage)
tempered by practical considerations (energy usage, ethical review processes). We now turn to in-depth examination of the
broader implications raised by these trends.

Ethical, Legal, and Social Implications

The proliferation of generative image Al raises complex challenges alongside its opportunities. Here we survey major issues
highlighted in research and reporting.

Copyright and Data Licensing

A central controversy is the use of copyrighted images in training and generation. Copyright holders argue that models like
Stable Diffusion ingest millions of copyrighted photos (scraped without consent) and can reproduce derivative images, harming
original creators. Multiple lawsuits illustrate the conflict:

USA (Artists’ Copyright Suit): In August 2024, a U.S. federal court allowed a class-action against Stability Al, Midjourney,
and others to proceed. Visual artists (e.g. Andersen, McKernan, Ortiz) allege that Stable Diffusion contains “compressed copies”
of their paintings used for training (Source: www.reuters.com). The artists’ attorney emphasizes this is legally similar to
unauthorized scanning of books. The court’s partial denial of a motion to dismiss signaled that forced deletion of copyrighted
content embedded in models could be a viable claim (Source: www.reuters.com). The parties are now in discovery, and any
settlement or ruling (expected 2026-27) could set precedent on whether mere inclusion of a work in massive training data
counts as infringement.

UK (Getty Images vs. Stability Al): Getty filed a landmark lawsuit in London, accusing Stability Al of scraping millions of
stock photos to train Stable Diffusion (Source: www.reuters.com). Getty initially sought copyright infringement claims, but later
moderated its strategy, dropping direct copyright allegations due to jurisdictional issues (Source: apnews.com) and focusing on
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trademark issues (via visible watermarks) and secondary liability (Source: apnews.com). Stability Al counters that such training
is fair use or not actionable. Legal experts note that the outcome (once reached) will influence global norms on Al training data
(Source: www.reuters.com) (Source: apnews.com).

« DMCA and Removal of Metadata: U.S. news organizations have specifically sued under the DMCA (Digital Millennium
Copyright Act), claiming Al companies removed copyright metadata (CMI) from images during training. For example, The New
York Times sued Microsoft (Bing Image Creator), and The Intercept sued OpenAl, alleging that image URLs and photographer
credits were stripped, violating Section 1202(b) of the DMCA (Source: www.reuters.com). Courts have been inconsistent: in one
case (Raw Story vs OpenAl), a claim was dismissed for lack of evidenced dissemination; in others (Times vs. Microsoft), the
presence of copyrighted watermarks in Al outputs was seen as potential harm (Source: www.reuters.com). These cases could
make Al firms liable not just for copying content but even for “transforming” it without attribution.

. Licensing Solutions: Some industry responses include opting into voluntary licensing. For example, Shutterstock (in parallel
with its Getty merger) has explored licensing its image library to Al developers. OpenAl has struck deals with stock sites Getty
and Shutterstock to access images for training and to pay royalties. Meanwhile, Stable Diffusion developers have introduced
features to filter out certain content at generation-time. Adobe’s Firefly distinguishes itself by training only on explicitly
licensed/public-domain images (Source: www.reuters.com), preemptively avoiding such disputes (Adobe emphasizes “copyright
compliance” as a selling point (Source: www.reuters.com).

In summary, copyright law is ill-adapted to Al training. Whether model training qualifies as “fair use” remains unsettled (Source:
www.reuters.com), and courts are just beginning to rule on these issues. The outcome will significantly influence how generative
image platforms operate - potentially forcing usage of licensed datasets or new royalty schemes, and possibly imposing technical
mandates (e.g. for dataset transparency).

Bias and Harmful Outputs

Generative image models reflect biases present in training data. For instance, Stanford researchers found over 1,000 child sexual
abuse images embedded in the open LAION dataset used by Stable Diffusion (Source: www.axios.com). Although a small fraction,
this is highly problematic: it underscores that scraped internet data can carry illicit or unethical content. If models reproduce such
content, even inadvertently, it has serious legal and moral consequences. Stability Al and others claim to filter toxic outputs (e.g.,
blocking hate symbols), but research suggests that filters are imperfect and that enough “noise prompts” can elicit vile outputs.

Beyond illicit content, other biases arise. The depiction of demographics (race, gender, culture) often skews towards the
predominance of Western media in training data. For example, a Time interview highlighted a Senegalese artist frustrated that
generative models depict “stereotypical, run-down” African scenes, failing to capture the vibrancy of West African culture
(indicating a cultural bias) (Source: ga.time.com). Face generation models have been shown to undergenerate certain
ethnicities or produce less detailed faces for darker skin.

Developers are responding by curating training sets or building guardrails. OpenAl claims DALL-E 3 has dramatically reduced biases
and unsafe content through additional filtering and evaluation with external experts (Source: www.axios.com). Similarly, corporate
users often have review processes (e.g., Mondelez’s policy of screening Al outputs (Source: www.reuters.com) to catch any
problematic imagery before release. However, the fact remains that latent biases are a technical challenge: biased training leads to
biased output unless explicitly mitigated. This is an area of active research (algorithmic fairness for images) and regulation (the
EU’s upcoming Al Act will soon require companies to assess bias risk).

Deepfakes and Misinformation

The ability to generate hyper-realistic images makes misuse a grave concern. Techradar and academic commentators warn that
advanced generative images could fuel “deepfake” deception campaigns on social media (Source: www.techradar.com). Particularly
with models like Seedream 4.0 producing undetectably real images (Source: www.techradar.com), the boundary between reality
and fiction blurs. This has implications for news, elections, fraud, and trust in visual evidence. Unlike earlier deepfakes (often videos
of known figures), generative images can create entirely fictitious scenes - for instance, manufacturing events that never occurred.

One immediate response has been policy and technical measures: social platforms now often label uncertain Al content, and
governments are discussing regulations for disclosing Al-generated media. Research is also focusing on watermarking Al images at
creation (embedding a traceable signature). But if disinformation actors can easily use open models or custom-trained networks,
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policing becomes complex. The societal effect - an “epistemic crisis” or erosion of trust - is recognized by scholars and tech
luminaries. It highlights that generative image Al is not just a technical tool but a force with broad social ramifications.

Economic and Labor Impacts

Generative Al's effect on creative professions is double-edged. On one hand, many artists and designers adopt Al to boost
productivity. A Time magazine interview with artist Dahlia Dreszer illustrates optimism: she trained Al models to replicate her
photographic style and invited gallery-goers to generate art in her style collaboratively. Dreszer views Al as a “supercharger” for
creativity, not a death knell (Source: time.com). She emphasizes the craftsmanship in prompting and curation. Likewise, tech-
industry leaders like Freepik’s CEO foresee Al enabling new services (while stressing artists’ value) (Source: www.techradar.com).

On the other hand, concern about job displacement is real. Entertainment industry guilds (writers, musicians) have already fought
for Al protections in contracts. The film Critterz (Al-generated) shows significant cost savings but alarmed VFX artists about
potential job losses (Source: www.windowscentral.com). Professional illustrators have formed collectives advocating for artists’
rights against unregulated Al training. The precise scale of job impact is debated among economists: automation could replace
routine aspects of creative work, but it may also create new roles (Al prompt designers, oversight specialists). The consensus is that
human creativity will not vanish, but some skill sets might shift, and early career creatives might face stiffer competition
(since large corp can deploy Al for volume).

Privacy and Surveillance

Although less-discussed, some image generation scenarios raise privacy questions. For example, there are systems that try to
recreate a person’s face or voice from limited data. If a generative model has been trained (even inadvertently) on personal images
without consent, someone's likeness could be used in new contexts (e.g. personal Al avatars). Geographic privacy intersects when
satellite imagery is used for underdeveloped Al: can models spatiously generate or reveal private locations? As generative jets
expand, norms around consent and privacy will need clarification (e.g. should models avoid training on images scraped from social
media at scale?).

Environmental Impact

As noted, training and running large generative models is energy-intensive. Studies highlight that complex prompts lead to far
greater energy use (and COz2) than trivial ones (Source: time.com). The Gartner-like Jevons paradox looms: as models become more
efficient, usage skyrockets (more people using it daily means net energy goes up). Data centers for Al already consume on the
order of percentage points of national electricity. While companies claim to use renewables or carbon offsets, the net effect is
increased demand for power and cooling. Awareness is growing; major Al labs now report training energy usage (e.g. Mistral Al
published lifecycle analysis of LLMs with NGO partners) (Source: time.com). For image models, techniques like smaller model
distillation, efficient hardware (TPUs, specialized Al accelerators), and on-device generation (as in some smartphone chips) may
help mitigate future footprints. Nevertheless, environmental sustainability is a key concern oft-cited by experts (Source:
apnews.com) (Source: time.com).

Summary of Ethical/Policy Landscape

Table 3 outlines major issues and current approaches or positions:
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CURRENT RESPONSES / DEVELOPMENTS

Ongoing lawsuits (Getty vs. Stability, artists vs. Stability/Midjourney)
(Source: www.reuters.com) (Source: www.reuters.com); industry
licensing deals (OpenAl with Getty/Shutterstock); some firms use only
licensed data (Adobe Firefly) (Source: www.reuters.com).

Model developers adding more diverse data; implementing filters;
human review of outputs; bias testing by experts; forthcoming
regulations (EU Al Act) will mandate bias audits (Source:
www.techradar.com) (Source: www.lemonde.fr).

Platform policies requiring disclosure; research into
watermarking/generative-trace technologies; governmental talks on
media literacy; companies limiting politically sensitive content (e.g.
presidential images) (Source: apnews.com).

Creative collaborations highlighting augmentation (artists like Dreszer)
(Source: time.com); industry dialogues to incorporate Al safeguards
(writer/artist unions pushing for compensation or rights); new Al-
focused roles emerging.

Heightened scrutiny on face/gender editing tools; user consent policies;
legal frameworks on biometric data may extend to Al-generated
likenesses.

Research on efficient architectures; companies committing to renewable
energy; user guidelines to reduce pointless heavy usage (e.g. limiting
high-res/long-video generation) (Source: apnews.com) (Source:
time.com).

Table 3: Key ethical, legal, and social issues in generative image Al, with current industry and policy responses. Cite examples from

text above.

This overview shows a balancing act: companies and users enjoy the benefits of innovation while society grapples with legitimate

downsides. Moving forward, both self-regulation (industry best practices, developer tool features) and external governance (laws,

litigation, standards) will shape the evolution of generative image technologies.

Future Directions

Looking ahead, the trajectory of generative image Al likely includes both technical advances and broader integration into human
workflows. Some anticipated trends:

« Technical Advancements: Models will improve in quality and efficiency. Research is ongoing on fewer-step diffusion and real-
time generation. We may see high-resolution photorealistic images generated at near-video frame rates on personal devices
(enabling live AR). Models will handle finer control: for example, specifying the artistic style, composition layout, or exact object

placement in prompts (some systems already allow “point to edit region”). Multi-modal generation will deepen: seamless
mixing of text, image, audio prompts (e.g. “generate an image of Alice saying hello” with voice tone). Additionally, speculative

“Al-directed design” where models propose not just images but structural blueprints or 3D environments for gaming/VR.

. Lifelong and Personalized Models: Rather than static foundation models, we may see adaptive generative models that
continuously learn from a user’s interactions. For instance, an Al art assistant could refine its style to match an artist’s

preferences. Similarly, text-to-video and 3D scene generation models are cropping up; eventually, a user could generate entire
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animated short films or virtual scenes from a text script. Integration with robotics is also possible: e.g., an Al designs products
that physical robots then fabricate or architectural models that VR systems render for walkthroughs.

. Expanded Creative Ecosystems: Generative Al is expected to be embedded across creative tools. Just as Al assistances like
GitHub Copilot for coding have emerged, we may see Creative Copilots that collaborate on advertising campaigns, or game
world generation engines that respond to developer descriptions. Platforms like NightCafe (as mentioned in [40]) demonstrate
how multi-model interfaces let creators mix and match models. This trend could democratize arts: non-experts can produce
compelling visuals, but expert knowledge (composition, narrative) will remain valuable to harness Al effectively.

. Policy and Regulation: Governmental policy is catching up. The EU’s Al Act (expected 2025) will classify image-generation
models as high-risk if used in sensitive areas, imposing transparency requirements (e.g. watermarking, dataset
documentation). If adopted globally, this could mandate features like Al-content tags on social media and limits on certain uses
(similar to how the Copyright Directive introduced “upload filters” for media platforms). In the US, Congress hearings are in
progress on Al copyright and privacy. Corporate compliance will become a business concern: companies might need “Al
compliance teams” to manage uses of image models. OpenAl and Meta have already publicized their content policies; in the
future, industry-wide certifications (like “Al-safe logo”) might arise.

« Social Transformation: On a societal level, generative images will alter how we create and consume multimedia. Educational
materials can be richly illustrated with custom imagery. News outlets may use Al charts or illustrations on-the-fly (with attached
disclaimers). Fiction and gaming could become more interactive with personalized visuals. However, cultural perceptions will
also shift: The concept of an “image” will be ambiguous—users must get used to verifying sources. There is concern about loss
of authenticity: the aura of photography (once a ground truth for news) is weakened. Philosophers and tech ethicists will likely
debate “creativity” and “originality” more than ever.

« Economic Shift: The creative industry’s economics may change. If design tasks become highly automated, the skill premium
could shift towards strategic storytelling and genuine originality. Image assets may become cheaper and more ubiquitous,
potentially devaluing stock photography prices (explaining Getty/Shutterstock’s merger). Conversely, demand for human-
curated high-end content could surge for authenticity/branding. New roles in Al prompt engineering (crafting effective prompts
to get desired outputs) and Al project management may emerge. Freelancers might offer “fine-tuning services” to customize
models for niche art styles.

Overall, generative image Al is poised to become a foundational technology akin to digital cameras or social media platforms in
its impact. Its future will depend not just on algorithmic leaps, but on how society chooses to use and regulate it. Responsible
stewardship is crucial: if done thoughtfully, these tools could usher in a new era of human-Al co-creativity; if mishandled, they could
exacerbate misinformation, inequality, or artistic disenfranchisement.

Conclusion

The landscape of generative Al models for image creation is vast and rapidly evolving. From the algorithmic breakthroughs of GANs
and diffusion networks to the practical implementations in products and services, the field has transformed what is possible in
visual media. Modern generative models can produce images of astonishing complexity and realism from simple inputs, enabling
innovations in art, design, entertainment, and commerce. Companies across sectors report radically improved efficiency and
creative flexibility by incorporating these tools, as evidenced by the metrics and case studies cited above.

However, these advances come with multifaceted challenges. Ethical and legal issues - including copyright, consent, and potential
misuses (deepfakes or bias) - are front and center in debates about generative Al. The industry is responding through technical
safeguards (e.qg. filtering, watermarking, transparent licensing) and by engaging with policymakers. The environmental and social
costs of large-scale Al usage are receiving scrutiny, prompting research into more sustainable model designs and deployment
practices.

Looking to the future, this report suggests that generative image Al will continue to proliferate and improve, but under the guidance
of emerging norms and policies. Government regulations (like the EU Al Act) and evolving legal precedents will shape what is
permissible. Meanwhile, businesses can capture substantial gains by deploying generative models thoughtfully, particularly where
large volumes of visual content are needed. lllustratively, as Freepik’s CEO puts it, “the market for Al products will keep expanding”
(Source: www.techradar.com), with creative industries at the forefront.
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In sum, generative Al image models stand as a disruptive yet powerful technology. The evidence indicates enormous potential to
augment human creativity and productivity. But maximally beneficial outcomes will require collaboration across technologists,
creators, legal experts, and society at large. By monitoring empirical data (performance, usage, and impacts) and grounding
discussion in facts, stakeholders can steer this technology responsibly. This report has endeavored to provide a comprehensive,
evidence-based picture of that landscape as of 2025, serving as a resource for understanding both the opportunities and
complexities that generative image Al presents.
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About Tapflare

Tapflare in a nutshell Tapflare is a subscription-based “scale-as-a-service” platform that hands companies an on-demand creative
and web team for a flat monthly fee that starts at $649. Instead of juggling freelancers or hiring in-house staff, subscribers are
paired with a dedicated Tapflare project manager (PM) who orchestrates a bench of senior-level graphic designers and front-end
developers on the client’s behalf. The result is agency-grade output with same-day turnaround on most tasks, delivered through a
single, streamlined portal.

How the service works

1. Submit a request. Clients describe the task—anything from a logo refresh to a full site rebuild—directly inside Tapflare’s
web portal. Built-in Al assists with creative briefs to speed up kickoff.

2. PM triage. The dedicated PM assigns a specialist (e.g., a motion-graphics designer or React developer) who's already
vetted for senior-level expertise.

3. Production. Designer or developer logs up to two or four hours of focused work per business day, depending on the plan
level, often shipping same-day drafts.

4. Internal QA. The PM reviews the deliverable for quality and brand consistency before the client ever sees it.

5. Delivery & iteration. Finished assets (including source files and dev hand-off packages) arrive via the portal. Unlimited
revisions are included—projects queue one at a time, so edits never eat into another ticket’s time.

What Tapflare can create

« Graphic design: brand identities, presentation decks, social media and ad creatives, infographics, packaging, custom
illustration, motion graphics, and more.

« Web & app front-end: converting Figma mock-ups to no-code builders, HTML/CSS, or fully custom code; landing pages
and marketing sites; plugin and low-code integrations.

« Al-accelerated assets (Premium tier): self-serve brand-trained image generation, copywriting via advanced LLMs, and
developer tools like Cursor Pro for faster commits.

The Tapflare portal Beyond ticket submission, the portal lets teams:

« Manage multiple brands under one login, ideal for agencies or holding companies.
« Chat in-thread with the PM or approve work from email notifications.
« Add unlimited collaborators at no extra cost.

A live status dashboard and 24/7 client support keep stakeholders in the loop, while a 15-day money-back guarantee removes
onboarding risk.

Pricing & plan ladder

Plan Monthly rate Daily hands-on time Inclusions

Lite $649 2 hrs design Full graphic-design catalog

Pro $899 2 hrs design + dev Adds web development capacity

Premium $1,499 4 hrs design + dev Doubles output and unlocks Tapflare Al suite

All tiers include:
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« Senior-level specialists under one roof

« Dedicated PM & unlimited revisions

. Same-day or next-day average turnaround (0-2 days on Premium)

« Unlimited brand workspaces and users

o 24/7 support and cancel-any-time policy with a 15-day full-refund window.

What sets Tapflare apart

Fully managed, not self-serve. Many flat-rate design subscriptions expect the customer to coordinate with designers directly.
Tapflare inserts a seasoned PM layer so clients spend minutes, not hours, shepherding projects.

Specialists over generalists. Fewer than 0.1 % of applicants make Tapflare’s roster; most pros boast a decade of niche experience in
Ul/UX, animation, branding, or front-end frameworks.

Transparent output. Instead of vague “one request at a time,” hours are concrete: 2 or 4 per business day, making capacity
predictable and scalable by simply adding subscriptions.

Ethical outsourcing. Designers, developers, and PMs are full-time employees paid fair wages, yielding <1 % staff turnover and
consistent quality over time.

Al-enhanced efficiency. Tapflare Premium layers proprietary Al on top of human talent—brand-specific image & copy generation plus
dev acceleration tools—without replacing the senior designers behind each deliverable.

Ideal use cases

« SaaS & tech startups launching or iterating on product sites and dashboards.

« Agencies needing white-label overflow capacity without new headcount.

« E-commerce brands looking for fresh ad creative and conversion-focused landing pages.

- Marketing teams that want motion graphics, presentations, and social content at scale. Tapflare already supports 150 +
growth-minded companies including Progio, Cirra Al, VBO Tickets, and Houseblend, each citing significant speed-to-launch
and cost-savings wins.

The bottom line Tapflare marries the reliability of an in-house creative department with the elasticity of SaaS pricing. For a
predictable monthly fee, subscribers tap into senior specialists, project-managed workflows, and generative-Al accelerants that
together produce agency-quality design and front-end code in hours—not weeks—without hidden costs or long-term contracts.
Whether you need a single brand reboot or ongoing multi-channel creative, Tapflare’s flat-rate model keeps budgets flat while
letting creative ambitions flare.
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use of this information is at your own risk. Tapflare shall not be liable for any damages arising from the use of this document. This content may include material generated with
assistance from artificial intelligence tools, which may contain errors or inaccuracies. Readers should verify critical information independently. All product names, trademarks,
and registered trademarks mentioned are property of their respective owners and are used for identification purposes only. Use of these names does not imply endorsement.
This document does not constitute professional or legal advice. For specific guidance related to your needs, please consult qualified professionals.
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