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Abstract This research proposes a technique for real-time face replacement of a 3D avatar based
on a 2D profile picture. By utilizing Blender, a 3D authoring tool, we map the facial mesh of an
existing avatar to the feature points of a 2D image and perform rigging to implement natural
changes according to facial expression variations. Afterward, the model is exported in FBX format
and imported into the Unity game engine to establish a real-time rendering environment.
Particularly, we apply a material matching technique to accurately represent the texture and color
of the facial skin, resulting in a realistic avatar. This research suggests the possibility of generating
avatars with a wider variety of facial features through integration with image generation models
and is expected to contribute to the advancement of personalized avatar generation technology in
metaverse environments.
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Fig. 1. Human-Level Performance in Face
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2.2 Avata Maker
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Fig. 2. Avatar Maker for 2D Picture
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Fig 3. Face expression control
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Table 1 Test environment

Category Specification Notes
Operating Windows 10 64-bit, macOS, or 64-bit aperating system is
. recommended for better
System Linux
performance
Intel Core i5 or AMD Ryzen 5 or  [Multi-core processor for faster
Processor

equivalent

Memory (RAM)|16GB or more

rendering and simulations

More RAM for handling complex
scenes and large models
Dedicated GPU with at least 4GB
VRAM for realtime viewport
rendering

Faster load times and better overall

NVIDIA GeForce GTX 1060 or
Graphics Card [AMD Radeon RX 580 or
equivalent

Storage S50 recommended

performance
Blender Latest stable release (currently  |Ensure you have the latest version
Version 3.6) for bug fixes and new features

Unity is used for game development,
Unity Varsion Latest long-term support (LTS)  |and not directly involved in this

release process, but it's often used to
import Blender models
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Table 3. 3d avatar production process

(1) Model Import (2) Face Import (3) Maching
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Table 2 Matching procedure

Step Action Tools Notes

4 Import the Rigged Blend Ensure the model is in a compatible

Character enaer format (e.g, .blend, .fbx)

Import the New Face| Ensure the avatar is in a compatible
2 Blender

Avatar format (e.g. .fbx)

Blender, Delete each vertex or face of the old
3 |Delete the Old Face )
Edit mode [face

Parent the New Face
4 Blender Shift+click and drag to parent

to the Armature

Add Modifiers and Match the modifiers and settings of
5 . Blender,

Match Settings the old face

Connect the Object Ctrl+P, "Empty with Automatic
6 Blender .

and Armature Weights"

Create a Vertex Assign neck and head vertices to this
7 Blender

Group group
8 |Parent to Bone Blender Ctrl+P, "Bone”
9 |Weight Painting Blender Paint weights on the head and neck

areas

10 [Export as FBX Blender Configure export settings
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(7) Vertex Insert
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Table 4. Avatar motion test
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(Continued)
Table 4. Avatar motion test
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