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Interactive System for Direct Volume Rendering in Mixed Reality Environments: An Effectiveness Study

Abstract

Direct Volume Rendering (DVR) is a technique that extracts internal structures of 3D volumetric data
and effectively visualizes regions of interest by adjusting Transfer Function (TF). Recently, as computing
environments expand, research on intuitively interacting with volumetric data in Mixed Reality (MR)
environments using Head-Mounted Displays (HMD) has become active. However, existing studies have
relied on predefined TF or single input methods such as hand gestures, which limited users in freely and
precisely adjusting TF in immersive environments. Therefore, this study aimed to maximize control
flexibility in MR environments by proposing a multi-modal interface that integrates hand gestures, eye
tracking, and Large Language Model (LLM)-based voice recognition. We implemented the proposed system
in the HoloLens 2 environment and analyzed the effectiveness of DVR using medical data, such as head
and spine, and simulation data. Experimental results showed that while an average rendering performance of
10 FPS and expressive limitations of 1D TF were observed due to hardware constraints, intuitive data
exploration and visualization adjustment were possible without complex menu manipulations through
multi-modal interfaces. The results of this study present the direction and practical development potential of
MR-based visualization interfaces in specialized medical and industrial fields such as surgical navigation.
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[23 2] Head(a), Calix(b), Pelvis(c)2|] DVR Zt
[Fig. 2] Head(a), Calix(b), Pelvis(c) DVR result
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