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[Abstract]

Traditional cutting-plane exploration in volume rendering relies on sequential keyboard—mouse input,
limiting simultaneous translation and rotation and reducing interaction intuitiveness. We propose a
breath-based multi-input technique that separates hand and breath inputs, enabling synchronized control
of cutting-plane rotation and translation. Breath signals, captured via a microphone, drive continuous
plane translation for seamless cross-section exploration. Implemented in an Unreal Engine-based volume
rendering system, the method improves exploration efficiency and interaction naturalness. This approach
provides a practical interface for intuitive visualization of complex volumetric data in fields such as

medical imaging and scientific simulation.

» Key words: Volume rendering, Cutting plane interface, Breath interface, Multimodal interaction,
Scientific visualization

(2 of

ABH BF AYole] Auw Ao Al JHEws o] oEste], o
o153 HAL Al FAS] JHIL ABA FIAES AR B AoAE & e
5F QU Pelslel Auve A4 oL Al AfF & e BF VW OF 9 Y
& AQHE). wlolARES Fal £HE 5F ATE A5 W o 5L TEle], vyl B
& wrh AAA 2B S YRS B AL APEe AL DA Jlwe] B A A~
Gol FAZGON, Be BE TR B4 BT FTAE AAzE S PG
2o om o4 0 Het Aol e HololA Bike 2§ vlolEle] AH A
Ashe 99 2842 QB A ATH)

* First Author: Jong-Hyun Kim, Corresponding Author: Jong-Hyun Kim
*Jong-Hyun Kim (jonghyunkim@inha.ac.kr), College of Software and Convergence (Dept. of Artificial Intelligence,
Design Technology), Graduate School of Electrical and Computer Engineering, Inha University
* Received: 2026. 01. 19, Revised: 2026. 03. 13, Accepted: 2026. 03. 23.

Copyright © 2026 The Korea Society of Computer and Information
http://www.ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



88 Journal of The Korea Society of Computer and Information

I. Introduction
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1. Volume Rendering Exploration Interfaces
and Clipping Plane Manipulation
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2. Multimodal Interaction and Breath-Based
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Fig. 1. Cross—sectional visualization using a clipping
plane in a conventional volume rendering interface.
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III. Proposed Interface Design
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2. Hand-Based Input for Spatial Manipulation
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4. Synchronized Interaction Mapping
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5. Algorithmic Formulation
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Algorithm 1 Breath-Hand Synchronized Cutting Plane Update

Require: Initial plane normal ny, initial offset dy, step size At

Require: Breath mapping parameters apin, @max, speed scale «, optional re-
turn rate A

1:n«ng, d<+dy
2: while rendering (each frame) do > (A) Hand input: orientation
update
3: Read hand input and compute rotation R € SO(3)
4: n + normalize(Rn)
> (B) Breath input: continuous translation update
5: Capture raw audio energy a from microphone
6: b+ (:1:11111)(a“"i‘a‘ , 0, 1)
7 d+—d+abAt

> (C) Optional: smooth return when breath stops
8: if b < ¢ then
9: d+ (1—=XN)d+Xdy
10: end if

> (D) Apply updated plane to clipping shader

11: Update clipping plane P = {n,d} usingn-x+d =10
12: Render volume with clipping plane P
13: end while
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IV. Implementation Details
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Table 1. Experimental setup and system configuration.

Category Description

Syst.em Desktop PC, Unreal Engine 5.2.1

Environment

Rendering Direct Volume Rendering (custom

Method shader)

. Keyboard, Mouse, Headset

Input Devices .
Microphone

Breath Input Audlo energy — normalized scalar
signal

Smoke simulation volumetric data
Sequential (baseline) / Breath-hand
simultaneous (proposed)

Target view acquisition task
Completion time, Interaction count
a (translation scale), A (smoothing

Dataset

Interaction Type

Evaluation Task
Metrics

Parameters

factor)

V. Experiment and Results
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2. Qualitative Results
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Fig. 2. Experimental result of the proposed breath-hand
synchronized interface. The user simultaneously rotates the
volumetric object using hand-based input while continuously

translating the clipping plane via breath input, enabling

seamless exploration of internal volumetric structures.
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