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Abstract

With digital humans being used extensively in blockbuster movies, triple-A games, and the entertainment industry, the demand for
digital humans is growing exponentially. In response, VFX studios are continuously expanding their research into 3D facial
appearance digitization pipelines to generate realistic digital human facial appearances. However, existing 3D facial appearance
digitization pipelines have limitations in terms of labor-intensive methods in R&D and system improvement through qualitative
methods. Therefore, in this study, we propose a pipeline optimization of 3D face digitizing system through digital twins. The
proposed pipeline predicts and solves problems in digitizing through extensive simulations in a virtual space that reflects the
characteristics of the physical space with a digital twin and applies it to the physical space. It can solve the labor-intensive method,
which is a limitation of the existing pipeline, through the interaction of physical and virtual space. In addition, by improving the
system through quantitative evaluation of the facial appearance generated in the virtual space, the system can be optimized to
generate better digital human facial appearance compared to the existing pipeline. The proposed digital twin pipeline can generate
realistic facial appearance based on quantitative evaluation, and can be expected to reduce the cost of system construction. We
believe that this research will contribute to the introduction and establishment of digital twin pipelines in the VFX industry.
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Fig. 1. Development trend of the DT research
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Table 1. Digital Twin model definition
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Level Model Definition
) o . - Modeling Physical Space
1 Shape Simulation - Digital Twin - Visualization Physical Space
- Permanent Communication link in virtual space and physical space data interaction
. - . - There are no behavioral and role models, but there are processes
2 Passive - Digital Twin . .
- Real-time monitoring
- Partial automatic control or human control
- Action models for physical space
3 Active -Digital Twin - Simulation by changing input variables
- Solved based on transmitted physical data and digital twin models in occurred problems
- Interact physical space with virtual space in real-time
4 Interactive - Digital Twin - Problem solving and interaction in real-time, but human intervention is required for final
decision-making
5 Autonomy - Digital Twin -I.?e.:al-tlmfe, integrated and autonomous interaction between physical spaces and multiple
digital twins
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Table 2. Digital Twin Environment Characteristics

Characteristics Question
Fidelity Was the digital twin model created by reflecting the characteristics of the physical space?

Interaction Can virtual space and physical space interact?

Real-time Can the digitizing process and interaction operate in real-time?

Scalability Can the configured digital twin model be converged with other digital twin models?
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Table 3. Qualitative parameter settings in digital twin digitizing system

. Camera Settings s .
N Lens Settings AR s e SO Lighting Settings
#1 45mm F 28 1/100 100 Default
#2 45mm F 2.8 1/100 100 Cross Polarized
#3 45mm F 28 1/100 100 Default + Back lighting
# 4 45mm F 28 1/320 100 Default

## 2 Image Size Parameter Settings

. Camera Settings s .
N Lens Settings e T S SO Lighting Settings
#1 24mm F 16 1/80 640 Default
# 2 35mm F 16 1/80 640 Default
#3 45mm F 16 1/80 640 Default
#4 60mm F 16 1/80 640 Default
#5 90mm F 16 1/80 640 Default
# 6 60+90mm F 16 1/80 640 Default
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Camera Settings Qualitative Evaluation Quantlta.t Ve
N Lens Lighting Evaluation
Settings Settings - i - Ri i
g AT Shutter 1SO 9 GT Leﬂ. Side GT ngr'\t Side Chamfer Loss
Speed Comparison Comparison
#1 45mm F 28 1/100 100 Default ' ‘ 0.0451
42 | 45mm F 28 1/100 100 Cross 0.0349
Polarized
Default
#3 45mm F 238 1/100 100 + 0.0356
Back lighting
#4 45mm F 238 1/320 100 Default ' ' 0.0474
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Table 5. Qualitative parameter settings in digital twin digitizing system

(JBE Vol.28, No.5, September 2023)

Camera Settings L Qualitative Evaluation Quant|ta.t|ve
N Lens Lighting Evaluation
Settings S Shutter 1SO Settings GT - Left. Side GT - ngr_ﬂ Side Chamfer Loss
Speed Comparison Comparison
#1 24mm F 16 1/80 640 Default . ' 0.0535
#2 35mm F 16 1/80 640 Default ' ' 0.08
#3 45mm F 16 1/80 640 Default ' ' 0.014
#4 60mm F 16 1/80 640 Default ' ' 0.03
#5 90mm F 16 1/80 640 Default ' ' 0.05
#6 | 60+90mm F 16 1/80 640 Default ' ' 0.012
V. @2 3D 92 919 tAErld solxeel e Sel A AF e A
AY wEPEH P Y48 OAEFD 92 dYe
V= AFellME Y EQS 883 3D 4= 9F tA AYA Bt 23 tXElo]A AAH AAWSE $43)
Bold A} slo|zetel S Atgth AWHOE /1E = woR nAYFY dZ 9F A4 R&DA dAHS
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