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Abstract. This paper investigates the evolution of 3D modeling and rendering technologies, from 
traditional manual techniques to Artificial Intelligence (AI)-assisted processes. It explores the 
transition from time-intensive manual modeling to procedural and AI-based approaches, highlighting 
the impact of artificial intelligence in automating and enhancing the modeling process. The study 
also examines modern rendering engines, discussing integrating real-time performance with visual 
fidelity, focusing on technologies like ray tracing and AI-optimized hybrid systems. A two-part 
methodology is proposed: the first part analyzes various modeling platforms, including manual, 
procedural, and AI-based approaches, while the second part assesses rendering engines. Key tools 
such as Dream Fusion and Unreal Engine 5 are reviewed, identifying their technical principles and 
limitations. The study finds that although AI offers significant advantages in scalability and 
automation, it still faces challenges in controllability, precision, and hardware dependence. The 
paper proposes future research on AI-human collaborative frameworks and lightweight modeling 
systems to improve generation efficiency, reduce hardware costs, and enhance user-driven 
customization. This research comprehensively overviews current developments and future 
directions in intelligent 3D modeling and rendering technologies.  
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1. Introduction 

3D modeling has become an essential tool across various industries with the continuous advancement 

of science and technology. 3D modeling techniques are the practices, processes, and norms used to 

create the 3D models described with any digital representation method (continuous or discrete) [1]. 

3D modeling creates highly realistic virtual gaming and film production environments, enhancing 

visual experiences and immersion. Industrial design and architectural visualization aid in many ways, 

such as laser scanning and photogrammetry, to improve design precision and efficiency [2]. In 

medical imaging, 3D modeling is applied to surgical planning, anatomical visualization, and medical 

data analysis, driving advancements in healthcare technology [3]. As demand grows, the focus of 3D 

modeling research has shifted toward efficiency and accuracy, encompassing areas such as automated 

modeling, intelligent optimization, rendering technologies, and real-time interaction. 

As more and more fields require the application of 3D modeling, an increasing number of 

technologies are also gradually developing. Over time, the evolution of 3D modeling has shifted from 

purely manual creation to intelligent, automated processes, significantly enhancing efficiency and 

realism. For example, one of the most significant developments in 3D content generation is the 

transition from manual modeling to procedural modeling, and now toward Artificial Intelligence (AI)-

driven content creation. Initially, 3D models were created manually using traditional software, 

requiring extensive human effort. As technology progressed, procedural modeling emerged, allowing 

algorithms to generate complex structures automatically. Tools like Houdini and CityEngine have 

been widely used to create procedural landscapes, cities, and objects with minimal manual input [4, 

5]. Today, with the advancement of deep learning, Artificial Intelligence (AI)-generated 3D models 

(Text-to-3D) have become a reality. Technologies like OpenAI’s Shap-E and DreamFusion can create 

3D models from text descriptions, significantly reducing the skill barrier for content creation [6]. The 
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shift towards AI-powered generation enables more accessible, scalable, and efficient model creation 

across various industries. 

Another crucial aspect of 3D modeling is lighting computation. Initially, rasterization was the only 

way to simulate light, which primarily relied on Z-buffering and shadow mapping to compute scene 

lighting. However, rasterization is fundamentally an approximate calculation, and it has significant 

limitations in simulating global illumination, indirect lighting, and soft shadows. Later, ray tracing 

emerged as a superior technique by simulating the physical behavior of light rays, producing more 

realistic shadows, reflections, refractions, and global illumination. However, due to its high 

computational cost, it remained impractical for real-time rendering for many years. In recent years, 

with the development of AI-driven rendering optimization technologies such as Deep Learning Super 

Sampling (DLSS) and Neural Radiance Fields (NeRF), AI has begun to be widely adopted in games 

and interactive applications [7, 8]. This solves many problems that could not be handled in the past 

years. By combining these techniques (Hybrid Rendering), people can enhance visual quality while 

controlling computational costs [9]. These technologies are also frequently used in high-quality 

visualization projects and film CG design. 

The main objective of this study is to explore the key concepts, core technologies, and development 

trends in intelligent 3D modeling. It includes a review of related background knowledge, analysis of 

technical principles, performance evaluation, discussion of strengths and limitations, and a summary 

with future outlook. 

2. Methodology  

2.1. Overview  

The evolution of 3D modeling has been driven by increasing demands across industries such as 

entertainment, architecture, industrial design, and medicine. Initially, 3D modeling relied on manual 

techniques, which were time-consuming and required specialized expertise. However, procedural 

modeling emerged with advancements in computational technologies, enabling the automated 

generation of complex geometries through algorithmic processes. More recently, artificial 

intelligence has revolutionized the field by facilitating AI-generated models from text or image inputs, 

significantly lowering the technical barrier for creators. This paper traces the development of 3D 

modeling, from its early manual techniques to modern intelligent modeling and rendering approaches. 

The research pipeline utilized in this study is illustrated in Fig. 1.  

 

Fig. 1 The pipeline of the study (Picture credit: Original). 

2.2. Modeling Techniques and Platforms  

2.2.1. Manual and Procedural Modeling Workflows 

Whether in traditional 3D modeling or modern procedural modeling, the platforms and the workflows 

they support are essential components of the modeling process. Conventional 3D modeling requires 

a lot of manual work, so the platforms must be widely accessible, easy to operate, and capable of 
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producing accurate results. One such platform is Blender, a free and open-source 3D modeling 

software that provides a full suite of tools for creating and animating 3D characters, props, 

environments, and more. Unlike earlier software that was often expensive, limited, or difficult to 

access, Blender eliminates these barriers by offering professional-grade features at no cost. Its 

functionality covers nearly all aspects of 3D graphics—from modeling and texturing to simulation 

and video effects. Despite its comprehensive capabilities, it remains lightweight and can run on most 

personal computers, making it highly accessible. The interface is more beginner-friendly, enabling 

new users to get started more easily. A large global community continues contributing updates, 

plugins, and tutorials, reinforcing Blender’s reputation as a powerful and versatile tool for learners 

and professionals. 

Commonly used modular modeling platforms include Houdini and CityEngine. Houdini is known for 

its node-based procedural system, which allows users to generate, control, and modify complex 

models with high flexibility and reusability [4]. CityEngine, on the other hand, specializes in urban 

modeling. It uses rule-based generation to create large-scale cityscapes with minimal manual input, 

making it ideal for architecture, GIS, and urban planning applications [5]. 

2.2.2. AI-Based Modeling Platforms 

A prominent AI-based 3D modeling technique is DreamFusion, developed by Google Research. 

DreamFusion introduces a novel approach that synthesizes 3D models directly from text prompts by 

combining a pretrained 2D diffusion model with a NeRF. This method eliminates the need for paired 

3D datasets by optimizing a randomly initialized 3D scene to match 2D rendered views guided by the 

diffusion model. As a result, DreamFusion is capable of producing visually consistent and high-

quality 3D shapes, which can be viewed from any angle, relit under arbitrary lighting conditions, or 

integrated into virtual environments. This technique marks a significant step forward in generative 

modeling using 2D image priors to supervise 3D synthesis without direct 3D supervision [8, 10]. 

2.3. Rendering Techniques  

2.3.1. Ray Tracing Engines 

Modern ray tracing engines are critical to achieving physically accurate and high-performance 

rendering. One of the most representative systems is OptiX, a programmable ray tracing engine 

developed by NVIDIA for Graphics Processing Unit (GPU)-based computing. OptiX is built on a 

domain-specific just-in-time (JIT) compiler that allows users to define custom ray tracing workflows 

using a compact set of programmable operations. It supports ray generation, shading, scene traversal, 

and object intersection. OptiX enables various applications, including real-time rendering, offline 

cinematic production, collision detection, and scientific simulation. It achieves high performance 

through a lightweight object model and dedicated ray tracing-specific compiler optimizations.  

2.3.2. AI-Based Rendering Optimization: Hybrid Rendering in Unreal Engine 5 

As one of the most advanced rendering engines, Unreal Engine 5 features Lumen as its default 

lighting system, which has emerged as one of the leading solutions in global illumination and real-

time rendering. Lumen leverages a hybrid rendering architecture that combines screen-space tracing, 

software-based ray tracing, and hardware ray tracing to balance visual quality and performance. This 

approach enables Lumen to render infinite-bounce diffuse interreflection and indirect specular 

reflections across large and complex environments. 

It supports various light sources and advanced features such as sky lighting, emissive materials, and 

virtual shadow maps. Lumen integrates surface caching, far-field lighting approximation, and 

temporal accumulation to enhance rendering performance. Depending on the user’s hardware, Lumen 

can switch between software ray tracing (using signed distance fields) and hardware-accelerated ray 

tracing, offering scalable performance across platforms. This flexibility, combined with AI-assisted 

technologies like Temporal Super Resolution (TSR) and integration with systems such as Nanite, 

positions Lumen as a cutting-edge solution for real-time hybrid rendering [11].  
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2.4. Application Analysis 

Integrating procedural modeling, AI-driven generation, and hybrid rendering technologies has led to 

significant advancements across multiple industries. In the gaming sector, Unreal Engine 5 and its 

lighting system, Lumen, enable creators to build highly realistic virtual environments, supporting 

both the growth of the gaming industry and professional fields that rely on immersive simulations. 

Similarly, AI-based modeling tools like Dream Fusion simplify the creation of complex, high-quality 

3D models, improving accuracy and accessibility for tasks that require detailed digital assets. With 

continued development, these technologies could soon support remote medical operations, 

autonomous construction management, and intelligent engineering design as part of everyday life. 

Combining AI and 3D modeling accelerates innovation in games, design, education, medicine, and 

virtually every other sector.  

3. Discussion  

3.1. Modeling 

A primary challenge in recent AI-generated 3D modeling is that the results often fail to meet 

requirements in certain aspects. According to recent studies, users consistently preferred pre-made, 

human-crafted models over AI-generated ones, particularly when visual consistency and style were 

essential. As mentioned, “excessive detail may detract from the model’s overall appeal,” many AI 

outputs lacked the subtle artistic touches seen in hand-crafted designs [12]. Also, the time and 

computational cost required for generating high-resolution models are unaffordable. The generation 

time increases exponentially with each level of detail, making it impractical for real-time use. 

Especially when using convolutional neural networks to synthesize geometry from 2D inputs [13]. 

Future efforts could explore hybrid systems to solve these issues, where human input and AI 

generation work together to ensure quality. Improving the interaction and editability of AI outputs 

may also help align generated content with real-world demands.  

3.2. Rendering 

The trade-off between visual quality and computational performance is still the main challenge in 

rendering. Although techniques like ray tracing offer highly realistic lighting and reflections, it is still 

computationally expensive and often impractical for real-time applications, especially on consumer-

level hardware. The Hybrid rendering also requires advanced GPUs and hardware to achieve the 

target, and it is complex to adjust and apply. This limits the accessibility of small teams or mobile 

platforms. Looking forward, on the one hand, research can focus on developing hardware-agnostic 

rendering frameworks, for example, based on cloud computing; on the other hand, reducing the 

manufacturing cost and architectural complexity of specialized rendering hardware can be a way to 

solve the hardware issue too.  

4. Conclusion 

This study explores the development and challenges of intelligent 3D modeling and rendering 

technologies. It examines the evolution of traditional manual modeling into AI-assisted processes and 

how modern rendering engines balance real-time performance with visual fidelity. A two-part 

methodology is proposed: the first analyzes manual, procedural, and AI-based modeling platforms, 

while the second evaluates rendering engines, from traditional ray tracing to AI-optimized hybrid 

systems. Key tools and technical principles, such as Dream Fusion and Unreal Engine 5, are reviewed, 

along with their limitations. The discussion highlights that while AI offers notable benefits in 

automation and scalability, it faces challenges related to controllability, precision, and hardware 

dependency. Modeling results often fail to meet professional standards, and rendering performance 

relies heavily on high-end hardware. Future research will focus on AI-human collaborative 
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frameworks and lightweight modeling approaches to optimize generation efficiency, reduce hardware 

costs, and enhance user-driven customization in 3D modeling systems. 
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