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Abstract 

This study pioneers the development of efficient methodologies for crafting high-resolution stylized 3D human 

character models for real-time virtual environments, aimed at fulfilling the growing industry demand for lifelike character 

models in gaming and animated film production. By harmonizing realism, design complexity, and operational efficiency, 

the research navigates through the integration of artistic creativity and technological prowess in 3D modelling. Utilizing 

industry-standard tools such as Autodesk Maya and Maxon Zbrush, the methodology centres on the meticulous 

production process, implementation, and evaluation of computer resource management techniques. These techniques 

focus on optimizing performance metrics within the Unreal Engine environment through detailed performance evaluation 

and rendering analysis. The study evaluates the impact of texture resolution, texture sets, and optimization techniques on 

model performance, aiming to enhance rendering capabilities and visual fidelity while managing computational resources 

effectively. This research explores recent technological advancements to bridge the innovation-practicality gap in digital 

character modelling. The findings reveal that the proposed methodologies significantly reduce resource consumption and 

streamline the model creation workflow, offering crucial insights for academia and industry professionals. This research 

addresses the objectives and contributes to technological innovations in digital character creation for real-time virtual 

environments, thereby maintaining a balance between quality and efficiency.  

 

Keywords: 3D Modelling, Real-time Virtual Environments, Stylised Human Characters, Texture Optimisation, 
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1.  Introduction 
Amidst the dynamic landscape of digital technology and content creation, the emergence of three-

dimensional human character models is a pivotal advancement, notably impacting sectors such as gaming, 

animated film production, and simulated environments. This research explores the intricate interplay between 

artistic ingenuity and technological prowess in developing these models. Significant advancements in three-

dimensional rendering techniques have resulted from the content industry's increasing need for lifelike and 

highly detailed character models, highlighting the crucial role that 3D human character models play in modern 

media. Sierra Rativa et al. (2020) have conducted research illuminating humanoid characters' vital role in 

engendering empathetic connections within simulation games. This phenomenon has been corroborated by 

many studies within human-computer interaction (HCI), human-robot interaction (HRI), and video game 

scholarship. These studies highlight the influential capacity of three-dimensional human character models to 

enhance user engagement and enrich the user experience. Such empirical evidence underscores these models' 

profound impact on users' psychological and emotional responses, thereby establishing their significance in 

the design and implementation of interactive digital media. 
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Crafting stylised 3D human models presents many challenges and opportunities, necessitating a 

delicate balance between artistic stylisation and technical precision. This study's focal point is to navigate 

these challenges by exploring innovative methodologies for creating stylised 3D human character models. 

These models are envisioned to possess visual allure and adeptness in rendering dynamics, particularly 

within real-time applications such as gaming and virtual reality environments. This research aims to strike 

an optimal equilibrium between the high-level detail requisite for realism and the operational efficiency 

indispensable for practical deployment. 
The significance of this research lies in its potential contributions to digital modelling techniques, 

specifically focusing on the development of models tailored for real-time rendering scenarios while 

adhering to industry benchmarks concerning polygon counts and rendering capacities. The anticipated 

outcomes of this study are poised to furnish invaluable insights into effective resource management 

strategies, refinement techniques for real-time rendering, and the overall enhancement of quality in digital 

character modelling. These insights will benefit the academic sphere and prove instrumental for industry 

professionals engaged in gaming and animation. Consequently, this research lays a robust foundation for 

future technological advancements in digital media, aligning with the ever-expanding requisites of the 

gaming industry, animated film production, and virtual reality content creation.  
 

2.  Objectives 

1) Develop efficient methods for crafting high-quality 3D human character models tailored for 

virtual environments, balancing realism, design intricacy, and operational efficiency to meet 

industry demands. 
2) Implement and evaluate computer resource management techniques to create quality models 

for real-time environments, focusing on optimising performance metrics, especially within the 

Unreal Engine environment. 
3) Explore recent advancements in real-time technology integration to enhance rendering 

capabilities and visual fidelity of high-resolution human characters, aiming to bridge the gap 

between innovation and practical applications in digital character modelling. 
4) Identify and analyse strategies to streamline the creation process of 3D human character 

models, emphasising resource management and real-time rendering refinement to maintain 

quality and efficiency for academia and industry professionals. 

 

3.  Literature Review 

 Character creation in video games merges art with technology, requiring a balance between realistic 

visuals and efficient computation. As the gaming industry relentlessly seeks more realistic and detailed 

designs, character representation has evolved from simple graphics to detailed high-definition characters. 

Central to this evolution is the discipline of model optimisation. This review delves into the nuances of model 

optimisation, discussing aspects such as polygon refinement, retopology, polygon count, rendering efficiency, 

and texture handling. The aim is to provide a thorough understanding of the foundational techniques behind 

captivating video game characters and immersive gameplay experiences. Model optimisation has become an 

essential aspect of contemporary video game design.   
  

3.1 Foundations of Game Asset Creation and 3D Modeling   

3D modelling is fundamental in the production of game assets. The successful creation of these 

models hinges on a deep understanding of the relevant software tools. This is not just advantageous—it is 
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necessary. As Hristov and Kinaneva (2021) suggest, expertise in these tools transforms mathematical 

representations of three-dimensional objects into visual graphics. Further proficiency in these software 

systems can enhance efficiency and lead to the development of intricate 3D game environments, converting 

abstract mathematical models into immersive visual scenes (Jie et al., 2011).   
Such 3D models, comprising hundreds to millions of polygons, represent the object's exterior. It is important 

to note that these models must be versatile, allowing for smooth transitions across different software 

platforms. This highlights the importance of ensuring consistent scaling units for smooth interoperability 

(Hristov & Kinaneva, 2021).   
Often, designers start with low-polygonal meshes, which are computationally efficient. However, as 

the need for more detailed texturing and deeper details arises, these models usually transition to their high-

polygon counterparts. Software tools like Topogun have become essential in this transition, representing the 

marriage of cutting-edge technology and intricate craftsmanship.   
  

3.2 Optimizing 3D Model Performance with Retopology and Efficient Rendering 

Retopology is a critical step in the high polygon modelling workflow, serving as an essential post-

model creation process that simplifies complex models into more manageable versions by reducing polygon 

count. This reduction is crucial for ensuring model compatibility with dynamic game environments. A notable 

advantage of retopology is its capacity to uniquely optimize different model parts, which proves particularly 

advantageous for deformable areas such as facial features and joints. 
Understanding the importance of polygon distribution is key to achieving high-detail precision in 

your models. Bubenová (2016) emphasizes that each polygon must enhance the model's aesthetic appeal or 

support its deformation capabilities during animation. Supporting this perspective, Koulaxidis and Xinogalos 

(2022) advocate for the initial design of models with minimized polygon counts, arguing that this approach 

is preferable to after the reductions, which might introduce unintended distortions. 
The rendering efficiency is directly tied to polygon count, a fundamental aspect of computer 

graphics. The performance of a game and its frame rate are significantly influenced by the number of polygon 

faces, the diversity of unique meshes, and the application of distinct material IDs (Jie et al., 2011). Striking a 

balance among these factors requires the strategic use of techniques such as mesh amalgamation, which 

consolidates multiple meshes into a single entity, and visibility culling, excluding non-visible polygons from 

the rendering process to optimize balance effectively. 
Hardware considerations also emerge as vital in enhancing rendering efficiency. Jie et al. (2011) 

highlight the importance of adhering to model constraints to manage scene complexity effectively. For 

instance, employing simpler models for complex structures like plants, refining elongated structures such as 

fences, and utilizing detailed maps can significantly enhance visual detail while reducing the overall file size. 

These strategies are instrumental in refining the rendering process and optimizing visual quality and 

performance in digital environments. 
  

3.3 Contemporary Approaches to Optimisation and Texture Utilization   
The domain of game optimisation extends beyond mere aesthetic modifications, delving deeply into 

the technical intricacies of managing computational resources. Among the critical challenges in this domain 

are the strict polygonal constraints that dictate the maximum number of polygons a game engine can handle 

without compromising performance. This fundamental aspect of game design differentiates it from texturing, 

which focuses on creating visual appeal rather than managing computational efficiency (Neppius, 2022). 

Central to this domain is the optimisation of character representations. This focus stems from the need for 
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developers to strike a balance: they must minimise polygonal counts while optimising texture use and 

implementing Level of Details (LODs) algorithms effectively. The latter, as described by Jokikokko (2023), 

dynamically adjusts the granularity of visual details based on the viewer's or camera's proximity to the object 

in question. This dynamic rendering ensures that only essential details are processed at any given time, 

conserving computational resources. Hence, tools like Blender become invaluable. They facilitate efficient 

polygon reduction and aid in the strategic deployment of LODs. Such tools are instrumental in ensuring 

smooth gameplay experiences, especially when rendering high-resolution environments and characters.   
  

3.4 Optimisation of UV and UV Mapping Layout   
UV mapping is crucial in 3D modelling, bridging three-dimensional models and their two-

dimensional texture representations. Bubenová (2016) and Fedotov and Fedotov (2022) emphasise its 

significance, especially in facilitating texture coordinate assignments by transforming the 3D model's surface 

onto a 2D plane. Central to UV mapping is the UV layout. As Fedotov and Fedotov (2022) discuss, this layout 

arranges texture attributes, such as colour, onto the 3D model. It is done by segmenting the model's surface 

into "shells" or planar sections. When organised adequately within a UV editor, these shells align seamlessly 

with their designated textures. Furthermore, a UV editor offers various movement, rotation, scaling, and more 

tools.   
Improving the precision of UV coordinates is an art in itself. Techniques suggested by Bubenová (2016) 

include mirroring UVs for symmetric objects and maintaining a gradient in UV density, particularly for 

complex parts like facial regions. As mentioned, efficient placement of UV islands can minimise wasted 

space and prevent texture spillage. Additionally, Baptista (2018) and Elwood (2018) delve deeper into the 

strategic side of UV mapping, highlighting the importance of software choice and advocating for an iterative 

approach, respectively.   
Nevertheless, it is crucial to tread with caution. As Fedotov and Fedotov (2022) point out, a careless 

approach to UV editing can compromise quality and resource efficiency. In some instances, the need for 

resource conservation might conflict with the quest for perfection. A notable workaround is redistributing 

redundant details across multiple shells to account for changes in lighting, which can enhance texture quality 

(Hristov & Kinaneva, 2021). Ultimately, mastering the intricacies of UV mapping ensures that textures are 

seamlessly incorporated into 3D models.   
  

3.5 Texture Optimisation   
Incorporating textures enhances the realism of in-game characters, but this comes with an increased 

computational cost, making optimisation crucial. High-resolution textures, while visually appealing, are 

resource-intensive. Several strategies can address these issues, such as consolidating materials into single 

maps or organising them by type or entity (Reallusion Magazine, 2018). Additionally, mipmaps and scaled-

down versions of the original textures help optimise assets viewed from a distance, reducing memory usage 

(Neppius, 2022).   
Recent trends Bubenová (2016) observed highlight the use of low-poly models combined with hand-

rendered textures in top gaming titles. Epic Games has developed a detailed approach to project high-

resolution details onto normal maps. They emphasise the importance of maintaining consistent surface 

normals and offer methods to minimise artefacts. Like Substance Painter, their platform demonstrates the 

importance of considering texture size, screen resolution, and the viewer's perspective when combining 

different materials (Epic Games, N.D.).   
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Texture maps should be standard sizes for game realism to prevent inefficiencies (Jie et al., 2011). 

When added to a 3D model, materials enhance the surface details, influencing colour, texture, and reflectivity 

(Hristov & Kinaneva, 2021). Textures can be manually designed, sourced from photographs, or generated 

procedurally. Adherence to best practices in texturing is essential, especially in gaming. Artists must balance 

texture quality with performance constraints, considering size and resolution limitations (Kaasinen, 2023). 

Tools like mipmaps and atlases offer solutions tailored to specific needs (Neppius, 2022).   
Texture optimisation is intricate and multifaceted. It involves creating smaller textures, compression 

techniques, utilising texture atlases, and adhering to predefined resolutions and file sizes (Jokikokko, 2023). 

Typically, artists work with high-resolution source files, allowing adjustments and refinements before 

finalising game-ready versions (Kaasinen, 2023).   
  

3.6 Advances in Real-Time Technology and its Impact  
The evolution of real-time technology has revolutionised the landscape of 3D character creation in 

gaming and other virtual environments. Real-time rendering engines such as Unreal Engine and Unity have 

democratised the creation process, empowering developers with sophisticated tools and rendering capabilities 

previously reserved for high-budget productions. This accessibility has led to a proliferation of indie games 

and experimental projects, fostering creativity and diversity within the gaming community (Utilities One, 

2023).  
One significant advancement in real-time technology is the emergence of ray tracing, a rendering 

technique that simulates the behaviour of light in a virtual environment with unprecedented realism. Ray 

tracing enables dynamic lighting and shadow effects, lifelike reflections, and accurate global illumination, 

enhancing the visual fidelity of 3D character models and their surroundings (Utilities One, 2023).  
Moreover, integrating machine learning algorithms into real-time rendering pipelines has opened 

new avenues for character animation and simulation. Deep learning techniques, such as neural network-based 

motion capture and procedural animation, enable developers to create real-time lifelike movements and 

behaviours for characters, enhancing immersion and player engagement (Liu et al., 2023).  
Another notable advancement is the advent of virtual production techniques, popularised by films 

like "The Mandalorian." Virtual production combines real-time rendering with physical sets and actors, 

allowing filmmakers to visualise scenes and make creative decisions on the fly. This approach could 

revolutionise filmmaking, offering filmmakers unprecedented control and flexibility while reducing 

production costs (Kamat, 2022).  
The impact of these advances extends beyond gaming and entertainment, influencing fields such as 

architecture, automotive design, and medical simulation. Real-time visualisation tools empower professionals 

to explore complex designs, simulate real-world scenarios, and collaborate remotely in ways previously 

thought impossible (Jungherr & Schlarb, 2022).  

 

 3.7 Conclusion of Literature Review    
Character creation in video games is a testament to the harmonious blend of artistic expression and 

technological innovation. This review has highlighted the importance of model optimisation, reflecting the 

industry's efforts to balance a sense of realism with computational efficiency. The various tools and methods 

discussed showcase the industry's adaptability and commitment to excellence. As technology continues to 

evolve, these foundational principles will undoubtedly guide future advancements in character creation. 

 

4.  Materials and Methods 
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4.1 Methodological Framework  
The research methodology for this study is structured to thoroughly investigate and enhance the 

domain of 3D modelling, specifically focusing on creating stylised human characters optimised for real-time 

virtual environments. Commencing with an analysis phase, the research team delineates an efficient and 

intuitive method for generating 3D models. This involves successive stages encompassing conceptualisation, 

skeletal and muscular development, texture mapping, and rigorous testing in simulated environments to assess 

adaptability and fidelity. Such an approach is anticipated to yield profound insights into the operational 

dynamics of 3D models within virtual realms and to foster novel prospects for their utilisation.  
A critical facet of the research process entails data collection, which involves a comprehensive 

review of existing literature regarding computational resource allocation in 3D modelling. Specifically, the 

focus lies on techniques for reducing polygon counts and optimising texture resolutions, mainly for 

compatibility with Unreal Engine, a primary real-time virtual environment creation tool. Through this 

analysis, the research aims to discern and apply optimised 3D modelling methodologies that balance resource 

efficiency with model quality.  
Subsequently, the research transitions to production preparation steps, which centre on designing 

stylised human characters that harmonise aesthetic appeal with resource efficiency. This involves devising 

strategies to streamline model complexity while preserving visual fidelity. Notably, intricate design elements 

such as clothing and mechanical appendages are meticulously crafted to facilitate efficient experimentation 

and testing of 3D models.  

 
Figure 1: Conceptual framework explains the operation of the research. 

 

The production phase encompasses a meticulously orchestrated series of eight steps to realise high-

quality outcomes aligned with research objectives. These steps encompass design planning, 3D shaping, 

retopology, UV creation, high-poly mesh mapping, texture application, experimentation, and results 

comparison. Each step is meticulously crafted to ensure adherence to research objectives and the production 

of high-quality outcomes.  
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In parallel, the research leverages industry-standard tools essential for 3D modelling endeavours. 

These include Autodesk Maya for basic modelling and retopology, Hexanomad Nomad for initial model 

layout, Maxon Zbrush for detailed model sculpting, Adobe Substance 3D Painter for texture creation, and 

Unreal Engine 4 for rendering and performance evaluation. Comprehensive understanding and adept 

utilisation of these tools are pivotal for ensuring the scholarly rigour and comprehensibility of the research 

outcomes.  
  

4.2 Techniques and Production Methodologies  
The production methodology employed in this study involves a multifaceted approach to stylised 

3D modelling, with meticulous attention to detail and a focus on achieving high-quality results. Various 

techniques are leveraged to create complex shapes and realistic characteristics for human characters. These 

techniques include 3D sculpting using Maxon Zbrush, which enables detailed rendering and imbues 

characters with lifelike features. Also, poly and subdivision modelling are used to handle intricate details and 

enhance the overall resolution and appearance of the models. Incorporating alpha patterns and spline 

modelling further enriches the textural and structural complexity of the characters.  
 

 
Figure 2: Human character design and high polygon part of the model 

 

Texture creation constitutes a crucial aspect of the production process, with techniques such as high-

poly mesh mapping and physically based rendering (PBR) employed to achieve realistic textures and shading 

effects. Hand-painted textures and UV mapping are also utilised to add unique visual elements and ensure 

proper surface mapping. The meticulous organisation and classification of 3D models facilitate efficient 

access and management of data, thereby enhancing the overall workflow and analytical capabilities.  

Creating the shape of 3D human character models involves a series of steps to balance detail and 

efficiency. Techniques such as blocking, masking, and retopology are employed to refine the shape and 

topology of the models, ensuring consistency and quality throughout the production pipeline. The 

determination of resolution levels for each model is guided by the specific requirements of the research 

objectives, with careful consideration given to balancing detail with performance considerations.  
Preparation for exporting 3D models involves meticulous attention to detail, with steps to ensure 

compatibility and optimal performance in real-world applications. This includes the management of polygon 

counts, the organisation of textures, and the selection of appropriate file formats. Using industry-standard 

tools like Autodesk Maya and Maxon Zbrush facilitates seamless integration and interoperability within the 

production pipeline.  
Texture development is approached with precision and creativity, utilising techniques such as hand-

painting and shader manipulation to enhance realism and visual appeal. Strategies such as exporting digital 
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textures for Unreal Engine and optimising resolution levels ensure compatibility and versatility across 

different platforms and environments. Finally, importing and modifying 3D models in Unreal Engine involves 

meticulous attention to detail, with steps taken to ensure seamless integration and optimal rendering quality. 

The study aims to advance understanding and capabilities in 3D modelling for real-time virtual environments 

through these systematic and rigorous production methods through these systematic and stringent production 

methods. The study aims to advance understanding and capabilities in 3D models.  

 
Figure 3: Model with textured detail 

  

4.3 Performance Evaluation and Rendering Analysis    
 In this study, we embarked on developing and evaluating levels within Unreal Engine to assess the 

performance and rendering capabilities of 3D models, delineated into two distinct types of testing. The first 

set of tests scrutinised models devoid of the Combine command in Autodesk Maya, aiming to discern the 

performance implications of intricate models without combining them. Eight levels were meticulously 

devised, each with varying configurations to explore texture sets and resolutions. These configurations 

included scenarios with one or two thousand 3D models, encompassing texture set sizes 4096x4096, 

2048x2048, and 1024x1024 pixels.  
Conversely, the second set of tests delved into models merged via the Combine command in 

Autodesk Maya, with an equivalent number of levels constructed for comprehensive analysis. Similar to the 

initial set, these tests encompassed various scenarios, examining the performance and rendering fidelity under 

distinct texture set sizes and resolutions. The meticulous curation of these levels provided a robust framework 

for discerning the influence of model merging on rendering performance. Furthermore, a suite of variables 

was identified and systematically examined to comprehensively gauge their impact on 3D model performance 

within Unreal Engine. These variables included texture resolution, the number of texture sets, the quantity of 

3D models in a scene, and the management of 3D models exported from Autodesk Maya. Additionally, testing 

was executed on a meticulously specified computing platform to ensure standardised evaluation conditions.  
  

 

 

4.4 Testing and Evaluation  
The research methodology of this study encompassed a systematic investigation aimed at 

comprehensively understanding the performance dynamics of 3D models within the Unreal Engine 

environment, a pivotal platform utilised in simulation and game development. The research rigorously 

examined the influence of various factors, including texture resolution, the number of texture sets, and the 

utilisation of the Combine command within Autodesk Maya, on key performance metrics such as draw calls, 

frames per second (FPS), milliseconds per frame, and visible static mesh elements.  
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Initially, the study scrutinised the impact of differing texture resolutions on model performance. 

Notable variations in performance metrics emerged by comparing models featuring texture resolutions of 

4096x4096 pixels, 2048x2048 pixels, and 1024x1024 pixels. Decreasing texture resolution from 4096x4096 

pixels to 1024x1024 pixels resulted in a reduction in draw calls, an increase in FPS, a slight rise in 

milliseconds per frame, and a modest increase in visible static mesh elements, elucidating the intricate 

relationship between texture resolution and performance.  

 
Figure 4: Middle distance view of rendering of 3D models with different Texture resolutions and 4 Texture sets each. 

 

Subsequently, the investigation delved into the ramifications of altering the number of texture sets 

on model performance. Augmenting the number of texture sets from 1 to 4 yielded discernible changes in 

performance metrics, characterised by marked increases in draw calls and visible static mesh elements. 

However, this escalation was accompanied by a decline in FPS and an elevation in milliseconds per frame, 

indicating a trade-off between visual fidelity and performance efficiency.  
Furthermore, the study examined the influence of employing the Combine command in Autodesk 

Maya on model performance. Comparative analysis between models constructed with and without the 

combined command unveiled significant disparities. Models lacking the combined command exhibited 

elevated draw calls, diminished FPS, and prolonged milliseconds per frame. They reduced visible static mesh 

elements compared to models incorporating the combined command, elucidating the efficacy of optimisation 

techniques in enhancing performance.  
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Figure 5: Chart comparing the results of Draw calls, FPS and Millisecond per frame 

 

Moreover, the effects of texture sets and the combined command on model performance were 

meticulously analysed. Diverse impacts on performance metrics were observed through comparative 

assessments of models with varied texture resolutions and sets. Generally, the reduction of texture resolution 

and the utilisation of the Combine command yielded enhancements in FPS alongside reductions in draw calls, 

milliseconds per frame, and visible static mesh elements, further underscoring the multifaceted nature of 

performance optimisation strategies within the Unreal Engine ecosystem.  
In conclusion, this research offers valuable insights into optimising the performance of 3D models 

within Unreal Engine, elucidating the intricate interplay between texture resolution, texture sets, and 

optimisation techniques such as the Combine command. These insights are pivotal for guiding decision-
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making processes in model design and development, facilitating a harmonious balance between visual fidelity 

and computational efficiency across diverse applications within the Unreal Engine framework. 

 

5.  Results and Discussion  

This study delves meticulously into the intricate nuances of crafting and evaluating high-resolution 

stylised 3D models tailored explicitly for real-time virtual environments. The paramount objective revolves 

around optimising the model creation process for human characters, emphasising resource efficiency 

without compromising detail quality.  
 

2,000 pieces of 3D Models Draw 

Calls 
(Lower is 

better) 

FPS  

(Higher 

is better) 

Milliseconds 

per frame 
(Lower is better) 

Visible static 

mesh element 

(Lower is better) 

Without Combine Function 3D Model with 1 

Texture set and texture resolution at 4096x4096 

pixel  

559.33 29.11 34.08 177,003.00 

Without Combine Function 3D Model with 4 

Texture set and texture resolution at 4096x4096 

pixel   

548.92 25.16 38.79 183,068.00 

Optimised 3D Model with combined function 

using 1 Texture set and texture resolution at 

4096x4096 pixel   

454.28 51.35 19.16 1968.18 

Optimised 3D Model with Combine Function 

using 4 Texture set and texture resolution at 

4096x4096 pixel 

452.55 51.79 18.90 7,873.53 

Table 1: compares the results of Draw calls, FPS, Millisecond per frame and Visible static mesh element. 

 

The empirical analysis delineates the efficacy of the Combine Function in Autodesk Maya in 

enhancing the performance metrics of 3D models rendered within the Unreal Engine. When this function is 

applied, a discernible increment in efficiency is evidenced by the substantial decrease in Draw Calls to 

454.28 and 452.55, reflecting reductions of 18.78% and 19.07%, respectively, for models comprising one 

and four texture sets. Concurrently, Frames Per Second (FPS) markedly increased to 51.35 and 51.79, 

exhibiting increases of 76.40% and 77.93%, respectively, compared to the baseline models. The 

optimization further culminated in a reduction of milliseconds per frame, diminishing from 34.08 to 19.16 

(a reduction of 43.72%) and 18.90 (a decrease of 44.85%) for models with one and four texture sets, 

correspondingly. This metric is indicative of more fluid visual rendering. Most notably, the visible static 

mesh element count plummeted from 177,003.00 to 1,968.18, a staggering decrease of 98.89%, and to 

7,873.53, a notable reduction of 95.71%, for the single and four texture set optimizations, respectively. 

These substantial declines in resource utilization and enhancements in rendering efficiency underscore the 

Combine Function's significant impact and corroborate its pivotal role in streamlining the creation process 

of high-fidelity 3D human character models for real-time applications, reinforcing the function's utility in 

real-time 3D model optimization. 
The research unveils the efficacy of optimising polygon count reduction and texture resolution in 

mitigating resource consumption and streamlining the model creation workflow. The research unveils the 

effectiveness of these methodologies in mitigating resource consumption and streamlining the model 
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creation workflow. Notably, utilising the high poly mesh mapping technique is a pivotal asset, proficiently 

preserving critical details in low-polygon models. 
Furthermore, the investigation extends to comprehensively evaluating 3D model performance 

within the Unreal Engine environment. The study discerns pivotal insights by meticulously scrutinising the 

impact of texture resolution and the combined command in Autodesk Maya. It discerns that lower texture 

resolutions can satisfactorily suffice for medium to far distances without perceptibly distorting visual 

output, thereby conserving computational resources. Additionally, integrating the combined command 

significantly amplifies performance metrics, yielding markedly superior results compared to models bereft 

of this optimisation strategy. Furthermore, nuanced alterations in texture resolution and the number of 

texture sets elicit minimal changes in overall Unreal Engine performance, thus elucidating the relatively 

limited impact of these variables on key performance indicators. 

Nevertheless, in the pursuit of achieving high standards in creating 3D models for virtual 

environments that operate in real-time, this study highlights a number of significant obstacles, especially 

focused on the effective use of resources and the efficiency of the production process. The intricate process 

of texture selection poses a noteworthy conundrum, necessitating a delicate balance between image quality 

and resource conservation. Moreover, the inherent complexity and high resolution of 3D models exacerbate 

resource consumption, often leading to unwarranted delays in production processes. The study also highlights 

the constraints posed by software limitations, particularly evident in Autodesk Maya's constraints in handling 

high-polygon models, thus underscoring the imperative nature of careful program selection and meticulous 

workflow organisation to mitigate inefficiencies stemming from these constraints. 

To address these challenges comprehensively, the study proffers various strategic 

recommendations, including advocating for the utilisation of higher-resolution textures and the 

simplification of model designs to reduce polygon count and enhance program responsiveness. 

Additionally, integrating efficient baking processes, such as those facilitated by Marmoset Toolbag, is 

advocated to expedite texture creation and augment overall workflow efficiency.  

  

6.  Conclusion 
In conclusion, this study offers a profound illumination into the complexities and optimisation 

strategies of 3D model creation tailored explicitly for real-time virtual environments. By adeptly addressing 

these challenges and propounding innovative solutions, the field of 3D modelling is poised to undergo a 

transformative revolution in virtual environment creation and simulation. Through enhanced visual 

experiences and judicious resource utilisation, the trajectory for future advancements in this domain is 

primed for unprecedented growth and innovation. 
Further research endeavours should concentrate on refining resource allocation methodologies, 

exploring novel techniques for polygon count reduction, and extrapolating findings to real-time scene 

creation and character modelling. These avenues of exploration promise to propel the discipline of 3D 

modelling towards new frontiers of excellence and innovation. Consequently, they are poised to enrich 

digital content creation with unparalleled sophistication and efficacy. 
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