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論文の内容の要旨 

The objective of this study is to develop an avatar creation system on Virtual Reality 
(VR) spaces and to study effective interface for VR to enhance human activities and 
avatar creation in "Metaverse". In particular, I aimed to study the creation of 
anime-like avatars, which has traditionally been challenging. 

In recent years, the evolution of Head-Mounted Displays (HMDs) and smart glasses 
has enabled us to experience the virtual world as a three-dimensional space. The 
virtual world, which takes place just like the real world, is referred to as the Metaverse. 
Interactions within VR spaces offer various merits and are expected to become 
increasingly major parts in communication in the future. 

In the Metaverse, a 3D model acting as a user's alter-ego is named avatar. While 
there is demand for photo-realistic avatars in Metaverses to emulate the real world, 
there is also demand for anime-like avatars that allow users to embody characters, 
particularly in online games and social networking services (SNS). Currently, 
anime-like avatars are predominantly created manually by experts after a long period 
of works. The process needs a wide range of skills, from design to engineering, making it 
difficult to be automated. Thus, creating an anime-like avatar that has both 
individuality and high-quality appearance is a tremendous challenge. 

Learning from experts' skills has been a major theme in machine learning. While 
remarkable achievements are being reported one after another in fields such as image 
generation, applications of these methods in the field of 3D computer graphics (3DCG) 
are limited to relatively simple objects. Particularly, as far as I know, no method has 
been established to generate high-precision anime-like avatars. A significant reason for 
this is the data structure inherent to 3D data. The structure of3D data, including the 
number of vertices, their positions, and the order in which they are connected, is known 
as topology. As each piece of 3D data possesses a different topology, it is challenging to 
perform uniform analysis. 



In this study, I developed a method to unify the differences in topology possessed by 
these 3D data and generate a high-quality data set. Specifically, I unified the diverse 
topologies of each model by standardizing the template at the low-polygon level. By 
matching the landmarks of the template among the training data, I was able to learn 
the features of each model while maintaining a common topology. Subsequently, I 
adapted to the training data while increasing the number of polygons, enabling us to 
extract features with high detail. Similarly, for texture images, I took the same 
approach to unify different texture images into a common topology by performing 
template matching on UV maps. Mesh and texture data, which were originally closely 
combined with each training data, were extracted separately. They are allowed to 
operate independently and combined each other. 

In addition, in this study I developed an application that allows users to generate 
avatars in a VR space by utilizing the created data set. By operating a controller in the 
VR space, the user can create an avatar while watching the avatar change in real time. 
The results of user studies showed that the interface for creating avatars within the VR 
space is more effective in reducing work time than the conventional interface for 
manipulating on 2D screen. 

Next, to verify effective interfaces within the VR space, I developed three types of 
applications: a physical interface in which operations are completed in the controller, a 
pseudo-button interface that emulates a conventional mechanical device, and an 
interface that falls between the two. The results of user studies showed that the 
physical interface, in which operations are completed in the controller, is effective in 
reducing operation time and in- creasing the percentage of operations that the user 
concentrates on. On the other hand, however, it was also found that users' 
concentrated operation in the VR space could be burdensome depending on their 
custom, especially without appropriate guides to assist them. 

In short, I established a topology-independent data analysis method for anime-like 
avatars, which are among the avatars needed for activities in the metaverse. I also 
developed an application that generates avatars in VR using this technology, 
demonstrating its advantages over conventional software. I also conducted detailed 
comparative studies on interfaces within the VR space, verifying the efficiency of the user 
interface and identifying its issues. Through these contributions, this research 
contributed to the development of knowledge science. 
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論文審査の結果の要旨 
本博士論文は、3 次元アバターモデルのうち、メタバースでの活用に必要となるアニメ調アバター

を対象に、ユーザが自由にアバターモデルを調整可能な手法を提案するとともに、その調整作業を

仮想現実(VR)空間内で低負荷かつ効率的に行うインタフェースを考案した。 
3 次元アバターのモデリング手法はこれまでも多数提案されているが、写実的なアバターを対象と

したものが主であり、フォトグラメトリ(モデルを取り囲むように複数の写真を撮影する)手法や、デ

ータ駆動型の手法が一般的である。しかしながら、VR チャットなどで散見されるような誇張表現さ

れたアニメ調のキャラクタには、フォトグラメトリ手法は適用できない。また、2 次元画像は大量に

入手可能であるが、3 次元モデルは入手可能なデータ数も少なくトポロジーも統一されていないた

め、データ駆動型のアプローチを用いることも困難である。 
このような課題に対し、市販のモデルデータを統一トポロジーのメッシュ構造に変換する手法を

考案した。この変換手法により、複数のモデルデータから特徴量を抽出し、アバターモデルを効率

的に調整することを可能にした。 
一方、アバターを操作するのは人(ユーザ)であり、ユーザが自分の分身であるアバターを操作する

のは、VR 空間内である。したがって、分身としてのアバターは VR 空間でデザインするほうが、仕

上がりに違和感を生じる可能性は低い。この場合、心身ともに低負荷、かつ効率的に操作可能な VR
アプリケーションを開発する必要がある。 
本博士論文では、アバターの特徴量を調整する VR 空間内でのユーザインターフェースを複数実装

し、その操作性に対する被験者実験を行った。その結果、身体動作に紐づけられた VR コントローラ

による操作が、VR 空間内に設置された機械的なボタン操作等と比較して、操作時間も操作ミスも有

意に軽減されることを確認した。また、特徴量調整時の行動分析の結果から、長期的な反復調整は

創造的な操作を行っている一方、短期的な反復調整はストレスフルな操作であることも、確認して

いる。 
以上、本論文は、知識創造活動の場としての発展が期待されるメタバース空間において、主役と

なるアバターのモデルデザインに対する効果的な手法を提案したものであり、学術的に貢献すると

ころが大きい。よって博士（知識科学）の学位論文として十分価値あるものと認めた。 

 


