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Abstract 

Fluid dynamics-based simulation techniques have become increasingly integral to modern 

visual effects (VFX) production, enabling the creation of physically accurate representations 

of natural phenomena such as smoke, fire, and liquid interactions. However, the 

implementation of high-fidelity simulation frameworks often introduces significant 

computational overhead that can adversely affect production timelines and resource 

allocation. The present study investigates the trade-offs between visual realism, 

computational cost, and production schedule adherence within simulation-driven VFX 

workflows. By systematically varying simulation parameters including grid resolution, solver 

iterations, turbulence coefficients, and particle density; this research evaluates their influence 

on perceptual realism metrics, hardware utilization, runtime per frame, and timeline 

deviation. Multivariate statistical analyses, including hierarchical clustering and canonical 

correspondence analysis (CCA), were employed to model the interdependencies between 

simulation complexity and performance outcomes. The findings reveal that while enhanced 

simulation fidelity significantly improves visual realism, it concurrently increases 

computational burden and production delays, thereby necessitating performance-aware 

optimization strategies. The study underscores the importance of balanced parameter 

configuration and adaptive simulation techniques in achieving production-feasible VFX 

outputs without compromising perceptual quality. 

Keywords: Fluid Simulation, Visual Realism, Computational Cost, Production Timeline, 

VFX Optimization, Canonical Correspondence Analysis, Simulation Performance Trade-Offs 

Introduction 

The growing importance of physically accurate simulation in digital visual effects 

In recent years, the visual effects (VFX) industry has undergone a profound transformation 

driven by the increasing demand for realism in cinematic, gaming, and immersive digital 
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environments. Audiences are no longer satisfied with approximated animations of smoke, 

fire, water, or explosions; instead, there is an expectation that simulated phenomena should 

behave in accordance with real-world physical laws (Huang et al., 2014). This shift has 

elevated the role of fluid dynamics-based simulation techniques in modern VFX pipelines, 

enabling artists and engineers to create visually convincing representations of natural 

phenomena such as turbulent flows, liquid splashes, gaseous diffusion, and atmospheric 

interactions. Fluid simulation frameworks rooted in computational physics particularly those 

derived from the Navier–Stokes equations have therefore become essential tools in producing 

high-fidelity visual content (Elmisaoui et al., 2023). However, as the reliance on physically 

based modeling increases, so too does the complexity of the computational processes 

involved in generating these effects (Paniconi & Putti, 2015). 

The challenge of balancing visual realism with computational feasibility 

Despite the advantages offered by physics-driven simulation techniques, achieving 

photorealistic outputs often comes at the expense of significant computational overhead 

(Kadambi et al., 2023). High-resolution grid-based solvers, particle-based methods such as 

Smoothed Particle Hydrodynamics (SPH), and hybrid simulation frameworks require 

extensive memory allocation, processing power, and iterative calculations to maintain 

stability and accuracy across time steps. Consequently, rendering highly detailed simulations 

of fluids or gaseous interactions can result in prolonged processing durations that may not 

align with the constraints of production schedules (Koulouris et al., 2021). In practical VFX 

workflows, teams must therefore negotiate a critical balance between maintaining visual 

authenticity and ensuring that simulation runtimes remain within acceptable limits (Peddie, 

2019). The optimization of simulation parameters—including resolution, solver iterations, 

timestep adjustments, and turbulence modeling—emerges as a central concern in this context. 

The implications of simulation complexity for production timelines 

Production timelines in visual effects-driven projects are typically governed by strict delivery 

milestones, which are influenced by budgetary allocations, collaborative dependencies, and 

iterative creative decision-making. Fluid dynamics simulations, particularly those involving 

multi-phase interactions or complex boundary conditions, can introduce bottlenecks within 

these tightly managed workflows (Abd Aziz et al., 2015). Extended simulation cycles not 

only delay rendering pipelines but also restrict opportunities for iterative artistic refinement 
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(Tewari et al., 2020). In many cases, the necessity to regenerate simulations following 

creative feedback further compounds production delays, thereby affecting the overall 

efficiency of project execution (Lee & Kim, 2017). As a result, VFX studios increasingly 

adopt adaptive simulation strategies, including level-of-detail scaling, surrogate modeling, 

and approximation-based solvers, to mitigate time-intensive computational demands while 

preserving acceptable levels of perceptual realism. 

The trade-offs between physical accuracy and artistic flexibility 

Another significant consideration in fluid dynamics-based VFX design lies in reconciling the 

demands of physical accuracy with the creative intentions of visual storytelling. While 

numerically stable simulations offer realistic motion dynamics, they may not always produce 

visually desirable results from a cinematic perspective (Bender et al., 2014). Artistic direction 

often necessitates exaggeration or stylization of fluid behavior, which may conflict with 

purely physics-based outputs (Zell et al., 2019). This introduces an inherent trade-off between 

maintaining adherence to governing equations and allowing manual intervention through 

procedural controls or post-simulation adjustments (Wu, 2017). Techniques such as velocity 

field manipulation, force injection, and shader-based compositing are frequently employed to 

bridge this gap, enabling designers to retain narrative coherence without excessively 

compromising computational efficiency. 

The need for integrated optimization frameworks in simulation-driven VFX workflows 

Given the multidimensional challenges associated with realism, computational cost, and 

production timelines, there is a growing need for structured frameworks that facilitate 

informed decision-making within simulation-driven VFX environments. Emerging 

approaches in performance optimization such as adaptive meshing, parallelized solver 

architectures, GPU acceleration, and machine learning-assisted surrogate modeling offer 

promising avenues for reducing computational burdens while maintaining visual integrity. 

These innovations underscore the importance of interdisciplinary collaboration between 

computational scientists, technical artists, and production managers in designing efficient 

simulation pipelines (Adewoyin  et al., 2020; Nwulu et al., 2023). Understanding the trade-

offs inherent in fluid dynamics-based VFX design is therefore critical for ensuring that visual 

quality objectives can be achieved without undermining the logistical and economic 

constraints of production ecosystems. 
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Methodology 

The research design and simulation workflow architectur 

The present study adopts an experimental and performance-evaluation–based research design 

to systematically examine the trade-offs between visual realism, computational cost, and 

production timelines in fluid dynamics-based visual effects (VFX) simulations. A modular 

simulation workflow was developed to replicate commonly used fluid-based visual 

phenomena such as liquid splashes, smoke diffusion, and fire-driven gaseous turbulence 

under controlled computational conditions. The workflow consisted of three principal stages: 

physics-based simulation generation, computational resource monitoring, and visual fidelity 

assessment. Each simulation scenario was executed across multiple parameter configurations 

to evaluate the relative influence of solver resolution, timestep stability, turbulence modeling 

intensity, and rendering complexity on simulation performance and perceptual realism 

outcomes. 

The selection of independent and dependent performance variables 

The methodological framework integrates a set of independent variables that directly 

influence simulation behavior and computational load. These include grid resolution (cells 

per unit volume), particle density in hybrid solver environments, solver iteration count per 

timestep, turbulence intensity coefficients, boundary condition complexity, and adaptive 

mesh refinement thresholds. Additionally, computational parameters such as GPU utilization 

rate, memory allocation volume, simulation runtime per frame, and parallel thread 

distribution were recorded during each simulation cycle. Dependent variables were 

categorized into three principal dimensions: visual realism index (VRI), computational cost 

index (CCI), and production timeline deviation (PTD). The VRI was quantified using 

structural similarity metrics and perceptual motion coherence scores, while the CCI was 

estimated through cumulative processing time and energy consumption metrics. The PTD 

variable was derived by comparing actual simulation-render completion durations against 

predefined production schedule benchmarks. 

The parameter optimization and simulation iteration process 

To examine the interactions among simulation parameters and performance outputs, an 

iterative optimization procedure was employed using factorial parameter variation 
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techniques. Multiple simulation batches were generated across low-, medium-, and high-

resolution configurations to observe changes in computational burden and perceptual output 

consistency. Solver timestep values were adjusted dynamically within stability-constrained 

limits to evaluate their influence on runtime efficiency and motion continuity artifacts. 

Turbulence injection forces and viscosity coefficients were varied to assess their 

contributions to fluid motion realism under constrained computational environments. Each 

parameter configuration was replicated across multiple simulation runs to minimize 

stochastic deviations arising from numerical instability or particle distribution variance. 

The computational monitoring and data acquisition framework 

During simulation execution, a real-time computational monitoring system was integrated to 

capture hardware utilization metrics and process execution timelines. Key indicators such as 

GPU load percentage, RAM usage, frame simulation duration, rendering latency, and solver 

convergence rates were recorded at each simulation timestep. Production timeline adherence 

was evaluated by aggregating simulation and rendering durations across full animation 

sequences. These data points enabled the construction of performance matrices representing 

the interdependence between simulation complexity and production feasibility. Furthermore, 

surrogate approximation strategies were introduced in selected simulation runs to evaluate the 

effectiveness of reduced-order modeling approaches in lowering computational cost without 

significantly compromising perceptual realism. 

The statistical analysis and trade-off modeling approach 

The collected simulation data were analyzed using multivariate statistical techniques to 

model the relationships between independent simulation parameters and dependent 

performance indicators. Principal Component Analysis (PCA) was conducted to identify 

dominant simulation attributes contributing to visual realism and computational expenditure. 

Multiple regression modeling was applied to predict production timeline deviations based on 

computational load and solver configuration variables. Additionally, Pareto efficiency 

analysis was employed to determine optimal simulation parameter sets that maximize visual 

realism while minimizing computational cost and schedule overruns. The resulting trade-off 

surfaces were visualized to provide decision-support insights into parameter selection 

strategies for production-oriented VFX simulation workflows. 
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Results 

The simulation configuration parameters varied systematically across five experimental 

conditions (S1–S5), as presented in Table 1, to evaluate the influence of grid resolution, 

solver iterations, turbulence coefficients, adaptive mesh thresholds, and particle density on 

both computational performance and visual realism. A progressive increase in simulation 

complexity was observed from S1 to S5, with grid resolution increasing from 50 to 150 cells 

per unit volume and solver iterations rising from 8 to 24 per timestep. Correspondingly, 

turbulence coefficients and adaptive mesh refinement thresholds were intensified to emulate 

higher levels of fluid motion realism and interaction complexity. These parameter escalations 

were designed to simulate real-world VFX production scenarios in which enhanced physical 

fidelity is typically achieved through increased numerical precision and particle 

representation density. 

Table 1: Simulation Configuration Levels across Experimental Conditions 

Simulation 

ID 

Grid 

Resolution 

(cells/unit³) 

Solver 

Iterations 

Turbulence 

Coefficient 

Adaptive 

Mesh 

Threshold 

Particle 

Density 

(particles/unit³) 

S1 50 8 0.15 0.25 1,000 

S2 75 12 0.25 0.35 2,000 

S3 100 16 0.40 0.50 3,000 

S4 125 20 0.60 0.70 4,000 

S5 150 24 0.80 0.85 5,000 

 

As shown in Table 2, computational resource utilization exhibited a proportional increase 

with simulation complexity. GPU utilization rose from 42% in S1 to 91% in S5, while RAM 

usage increased from 6.8 GB to 15.4 GB across the same configurations. Runtime per frame 

demonstrated a substantial rise, escalating from 1.6 seconds in low-resolution simulations to 

8.1 seconds in high-resolution conditions. This computational overhead was further reflected 

in energy consumption metrics, which increased from 0.42 kWh to 1.72 kWh across the 

simulation batches. These results indicate that higher solver resolution and turbulence 
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modeling significantly intensify hardware demands, thereby affecting overall system 

efficiency during simulation rendering cycles. 

Table 2: Computational Resource Utilization under Simulation Conditions 

Simulation ID GPU Utilization 

(%) 

RAM Usage 

(GB) 

Runtime per 

Frame (sec) 

Energy 

Consumption 

(kWh) 

S1 42 6.8 1.6 0.42 

S2 55 8.5 2.4 0.68 

S3 68 10.2 3.9 0.95 

S4 79 12.7 5.8 1.24 

S5 91 15.4 8.1 1.72 

 

In terms of perceptual output quality, Table 3 illustrates a marked improvement in both 

structural similarity index (SSI) and motion coherence scores with increasing simulation 

fidelity. SSI values improved from 0.61 in S1 to 0.93 in S5, while motion coherence scores 

rose from 0.58 to 0.91 across the same configurations. Consequently, the computed Visual 

Realism Index (VRI) demonstrated an upward trajectory from 0.60 in the lowest 

configuration to 0.92 in the highest simulation level. This suggests that enhanced solver 

precision and turbulence modeling contribute positively to perceptual realism, albeit at the 

expense of increased computational expenditure. 

Table 3: Visual Realism and Motion Coherence Metrics 

Simulation ID Structural Similarity 

Index (SSI) 

Motion Coherence 

Score 

Visual Realism Index 

(VRI) 

S1 0.61 0.58 0.60 

S2 0.70 0.67 0.69 

S3 0.81 0.76 0.79 

S4 0.88 0.84 0.86 

S5 0.93 0.91 0.92 
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However, the implications of simulation complexity on production efficiency are evident in 

Table 4, where production timeline deviations increased significantly across experimental 

conditions. While the planned completion time for each simulation sequence was 

standardized at 18 hours, actual completion durations ranged from 19.5 hours in S1 to 38.6 

hours in S5. This resulted in timeline deviations escalating from 8.3% in low-complexity 

simulations to 114.4% under high-resolution conditions. These findings underscore the 

production risks associated with computationally intensive fluid simulations in time-

constrained VFX pipelines. 

Table 4: Production Timeline Deviations across Simulation Batches 

Simulation ID Planned Completion 

Time (hrs) 

Actual Completion 

Time (hrs) 

Timeline Deviation 

(%) 

S1 18 19.5 8.3 

S2 18 22.1 22.8 

S3 18 26.4 46.7 

S4 18 31.8 76.7 

S5 18 38.6 114.4 

 

The hierarchical performance grouping of simulation conditions is further illustrated in 

Figure 1, which presents a cluster dendrogram based on visual realism, runtime per frame, 

and timeline deviation metrics. The dendrogram reveals distinct clustering between low-

complexity simulations (S1–S2), moderate configurations (S3), and high-fidelity simulations 

(S4–S5), thereby indicating performance-based segmentation across computational cost and 

perceptual output variables. 
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Figure 1: Cluster dendrogram representing simulation performance grouping 

Furthermore, the canonical correspondence analysis (CCA) depicted in Figure 2 demonstrates 

the multivariate relationships between simulation input parameters and performance 

outcomes. The CCA XY plot indicates that grid resolution, solver iterations, and turbulence 

coefficients are strongly associated with increased visual realism, while runtime per frame 

and GPU utilization exhibit positive correlations with production timeline deviations. These 

canonical associations highlight the trade-offs inherent in fluid dynamics-based VFX 

simulation design, wherein improvements in perceptual realism are accompanied by 

significant computational and scheduling implications. 
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Figure 2: Canonical Correspondence Analysis (CCA) XY plot between simulation parameters 

and performance indicators 

Discussion 

The influence of simulation resolution on perceptual realism outcomes 

The results of the present study demonstrate a strong positive relationship between simulation 

fidelity parameters and perceptual realism in fluid dynamics-based VFX environments. As 

evidenced in Table 3, the progressive increase in grid resolution, solver iterations, and 

turbulence coefficients contributed to substantial improvements in both structural similarity 

index and motion coherence scores across simulation configurations. This trend indicates that 

higher-order numerical precision enables more stable and physically plausible representations 

of fluid motion, thereby enhancing the overall Visual Realism Index (VRI) (Weier et al., 

2017). The canonical associations observed in Figure 2 further reinforce this relationship, 

suggesting that resolution-intensive parameters exert a dominant influence on perceptual 
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quality metrics. However, the incremental realism gains observed between the highest 

simulation levels also imply the presence of diminishing returns, where marginal 

improvements in visual fidelity require disproportionately higher computational investment 

(Lyons et al., 2022). 

The computational burden associated with enhanced simulation complexity 

While improvements in visual realism are desirable from a production standpoint, the 

findings presented in Table 2 highlight the substantial computational burden imposed by 

high-fidelity simulation configurations. GPU utilization, RAM consumption, and runtime per 

frame increased consistently across experimental conditions, indicating that physically 

accurate simulations necessitate significant processing resources (Hong et al., 2017). The 

clustering pattern illustrated in Figure 1 further emphasizes the separation between low- and 

high-complexity simulation groups, with the latter exhibiting markedly greater computational 

overhead. These observations suggest that simulation parameter scaling must be approached 

cautiously within production pipelines, as unregulated increases in solver resolution or 

turbulence modeling may lead to inefficiencies that outweigh the perceptual benefits 

achieved (Gassmann & Schweitzer, 2014). 

The production timeline implications of physics-driven simulation workflows 

One of the most critical insights derived from the present analysis pertains to the impact of 

simulation complexity on production timelines. As shown in Table 4, actual completion times 

deviated significantly from planned schedules under higher-resolution simulation conditions, 

with timeline deviation exceeding 100% in the most computationally intensive scenario. This 

finding underscores the inherent tension between achieving cinematic realism and 

maintaining production feasibility within time-constrained VFX workflows. The positive 

correlations observed between runtime per frame and production timeline deviation in Figure 

2 further indicate that computational latency directly contributes to scheduling disruptions 

(Singhal et al., 2022). Consequently, studios employing high-resolution fluid simulations may 

encounter workflow bottlenecks that limit opportunities for iterative refinement or creative 

adjustments during post-production stages (Anantrasirichai & Bull, 2022). 

The trade-offs between physical accuracy and production efficiency 
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The hierarchical grouping presented in Figure 1 reveals the existence of performance-based 

clusters that reflect varying degrees of trade-off between realism and computational cost. 

Low-complexity simulations achieved acceptable production adherence with relatively minor 

deviations from planned timelines, albeit with moderate reductions in perceptual realism 

(Raaijmakers et al., 2015). In contrast, high-fidelity configurations yielded superior visual 

outcomes but introduced substantial computational and scheduling challenges. These findings 

highlight the necessity of balancing physical accuracy with production efficiency when 

designing simulation workflows. In many practical contexts, achieving optimal visual 

outcomes may depend on identifying intermediate parameter configurations that maximize 

perceptual realism while maintaining manageable computational demands (Wang et al., 

2017). 

The implications for optimization strategies in simulation-driven VFX pipelines 

The multivariate relationships identified through canonical correspondence analysis indicate 

that simulation parameters do not operate independently but instead interact dynamically to 

influence performance outcomes. For instance, grid resolution and turbulence intensity 

exhibited strong associations with visual realism, whereas runtime per frame and GPU 

utilization were more closely aligned with production timeline deviation (Cielo et al., 2021). 

These interactions suggest that integrated optimization strategies such as adaptive mesh 

refinement, timestep modulation, or surrogate approximation techniques may offer viable 

pathways for reducing computational cost without significantly compromising visual 

integrity. Incorporating such strategies within simulation-driven pipelines could enable 

production teams to achieve higher levels of realism while adhering to strict scheduling 

constraints, thereby enhancing both technical efficiency and creative flexibility in VFX 

design environments. 

Conclusion 

This study highlights the critical trade-offs inherent in fluid dynamics-based VFX design, 

demonstrating that improvements in visual realism are strongly associated with increased 

computational cost and extended production timelines. The findings indicate that while high-

resolution simulation parameters significantly enhance perceptual motion fidelity and 

structural consistency, they simultaneously impose substantial demands on hardware 

resources and workflow efficiency, leading to measurable deviations from planned 
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production schedules. The performance clustering and canonical associations observed across 

simulation configurations suggest that optimal VFX outcomes cannot be achieved through 

maximum physical accuracy alone, but rather through carefully balanced parameter selection 

that considers both computational feasibility and artistic intent. Consequently, the integration 

of adaptive simulation strategies and performance-aware optimization frameworks emerges 

as essential for ensuring that physically based fluid effects can be implemented effectively 

within time-sensitive production environments without undermining visual quality objectives. 

References 

Abd Aziz, I. A. B., Brandt, I., Gunasekera, D., Hatveit, B., Havre, K., Weisz, G., ... & Song, 

S. (2015). Multiphase flow simulation-optimizing field productivity. Oilfield Review, 27(1). 

Adewoyin, M. A., Ogunnowo, E. O., Fiemotongha, J. E., Igunma, T. O., & Adeleke, A. K. 

(2020). Advances in thermofluid simulation for heat transfer optimization in compact 

mechanical devices. IRE Journals, 4(6), 116-124. 

Anantrasirichai, N., & Bull, D. (2022). Artificial intelligence in the creative industries: a 

review. Artificial intelligence review, 55(1), 589-656. 

Bender, J., Müller, M., Otaduy, M. A., Teschner, M., & Macklin, M. (2014, September). A 

survey on position‐based simulation methods in computer graphics. In Computer graphics 

forum (Vol. 33, No. 6, pp. 228-251). 

Cielo, S., Iapichino, L., Günther, J., Federrath, C., Mayer, E., & Wiedemann, M. (2021). 

Visualizing the world’s largest turbulence simulation. Parallel Computing, 102, 102758. 

Elmisaoui, S., Kissami, I., & Ghidaglia, J. M. (2023, October). High-performance computing 

to accelerate large-scale computational fluid dynamics simulations: a comprehensive study. 

In International Conference on Advanced Intelligent Systems for Sustainable 

Development (pp. 352-360). Cham: Springer Nature Switzerland. 

Gassmann, O., & Schweitzer, F. (Eds.). (2014). Management of the fuzzy front end of 

innovation (pp. 89-98). New York: Springer. 

Hong, C. H., Spence, I., & Nikolopoulos, D. S. (2017). GPU virtualization and scheduling 

methods: A comprehensive survey. ACM Computing Surveys (CSUR), 50(3), 1-37. 



10.48047/jocaaa.2023.31.04.111 

Journal of Computational Analysis and Applications VOL. 31, NO. 4, 2023 

2735 Felipe Amaya Quintero et al 2722-2736 

 

 

 

 

 

 
 

 

Huang, Z., Gong, G., & Han, L. (2014). Physically-based modeling, simulation and rendering 

of fire for computer animation. Multimedia tools and applications, 71(3), 1283-1309. 

Kadambi, A., de Melo, C., Hsieh, C. J., Srivastava, M., & Soatto, S. (2023). Incorporating 

physics into data-driven computer vision. Nature Machine Intelligence, 5(6), 572-580. 

Koulouris, A., Misailidis, N., & Petrides, D. (2021). Applications of process and digital twin 

models for production simulation and scheduling in the manufacturing of food ingredients 

and products. Food and Bioproducts Processing, 126, 317-333. 

Lee, J., & Kim, J. (2017). BIM-based 4D simulation to improve module manufacturing 

productivity for sustainable building projects. Sustainability, 9(3), 426. 

Lyons, D. M., Finocchiaro, J., Novitzky, M., & Korpela, C. (2022, June). A Monte Carlo 

Framework for Incremental Improvement of Simulation Fidelity. In International Conference 

on Intelligent Autonomous Systems (pp. 599-616). Cham: Springer Nature Switzerland. 

Nwulu, E. O., Elete, T. Y., Omomo, K. O., Akano, O. A., & Erhueh, O. V. (2023). The 

importance of interdisciplinary collaboration for successful engineering project completions: 

A strategic framework. World Journal of Engineering and Technology Research, 2(3), 48-56. 

Paniconi, C., & Putti, M. (2015). Physically based modeling in catchment hydrology at 50: 

Survey and outlook. Water Resources Research, 51(9), 7090-7129. 

Peddie, J. (2019). Ray-tracing hardware. In Ray Tracing: A Tool for All (pp. 129-180). Cham: 

Springer International Publishing. 

Raaijmakers, A. G., Vermeulen, P. A., Meeus, M. T., & Zietsma, C. (2015). I need time! 

Exploring pathways to compliance under institutional complexity. Academy of Management 

Journal, 58(1), 85-110. 

Singhal, A., Varshney, S., Mohanaprakash, T. A., Jayavadivel, R., Deepti, K., Reddy, P. C. 

S., & Mulat, M. B. (2022). Minimization of latency using multitask scheduling in industrial 

autonomous systems. Wireless Communications and Mobile Computing, 2022(1), 1671829. 

Tewari, A., Fried, O., Thies, J., Sitzmann, V., Lombardi, S., Sunkavalli, K., ... & Zollhöfer, 

M. (2020, May). State of the art on neural rendering. In Computer graphics forum (Vol. 39, 

No. 2, pp. 701-727). 



10.48047/jocaaa.2023.31.04.111 

Journal of Computational Analysis and Applications VOL. 31, NO. 4, 2023 

2736 Felipe Amaya Quintero et al 2722-2736 

 

 

 

 

 

 
 

 

Wang, K., Gou, C., Zheng, N., Rehg, J. M., & Wang, F. Y. (2017). Parallel vision for 

perception and understanding of complex scenes: methods, framework, and 

perspectives. Artificial Intelligence Review, 48(3), 299-329. 

Weier, M., Stengel, M., Roth, T., Didyk, P., Eisemann, E., Eisemann, M., ... & Slusallek, P. 

(2017, May). Perception‐driven accelerated rendering. In Computer graphics forum (Vol. 36, 

No. 2, pp. 611-643). 

Wu, S. (2017). Computational Framework for Uncertainty Quantification, Sensitivity 

Analysis and Experimental Design of Network-based Computer Simulation Models. 

Zell, E., Zibrek, K., & McDonnell, R. (2019). Perception of virtual characters. In ACM 

Siggraph 2019 Courses (pp. 1-17). 

 


