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Design and Implementation of an LLM-based Voice Control
System for Virtual Reality Environments

Inju Kang*, Hyunbin Choi**!, Joongrock Kim**?, and Sunjin Yu***

¥ EEE APBUE D4 5 AUYES AUSE JPISRSEARS AUE Rof 48 ARG
A LA ARISE)S] A AUt (2025-RISE-16-002) E3F, 2025W % w552 Yoz :Liﬁfﬂfﬁr"}‘”/l AdE
ol $398 A A3uth

[©Ne)-
R

24 e o) ~E o]8s] VR A 34 WHOE AAE A

Ashs A2ES Aok, A}%Z]— Agog A4S Hrletth Whisper-1 71%F STT9 GPT—4.1 qLls
< A Alelg JSON HE oz wgsidct Y JSON %L Unity 7]
228 FYAT} Meta Quest 35 83 VR ¢IH|Z|o] AMFJ LA

A" st AHeA Z8E ST A% 23 Wy WE A AR 38%% JEhgth W¥ 4FES
820%% 71%6}%14 *l*Eﬂ AHAE SUS et 753 02 HI7HHRIE o8 Tl LIM 79k 54 <lE#H o)~

Abstract

This study proposes an LLM-based voice interface that enables users to create and manipulate objects in a VR
environment via speech commands, and evaluates its usability through a user study. We combine Whisper-1 for
speech-to-text with GPT-4.1 for semantic interpretation to convert spoken utterances into JSON-formatted control
commands. The generated JSON commands are executed in a Unity-based VR environment to support object creation
and manipulation. A VR interior-design scenario was implemented and tested on Meta Quest 3 to measure system
performance and user experience. Results show an average command processing time of 3.8 seconds. The command
success rate reached 82.0%. Overall usability achieved a mean SUS score of 75. These findings demonstrate the
feasibility of applying LLM-driven voice interfaces to VR object control.
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Table 1. System development environment

Category
Programming languages

Description
Python 3.12.12, C#
Unity 2022.3.33f1 (LTS), Visual

Studio 2022, Jupyter Notebook

722
FastAPI, Uvicorn, Requests,

Libraries & frameworks | JSON, Socket, Asyncio-related
modules
GPT-4.1 API, Whisper-1 .API
(Speech-to-Text)
Meta Quest 3

Development platform

API

VR device
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VR Voice Command
System Architecture

User Voice Input
(Meta Quest 3 HMD
Mic)

¥

Speech-to-Text Module
(Whisper-1 STT, Python)

LLM-Based Command
Interpretation Module
(GPT-4.1 API)

Server
(Fast API)

¥

VR Execution
Module
(Unity-Based VR)
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Fig. 1. Overall system architecture
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Table 2. Prompt rules for LLM command interpretation

3 ZEZE 74

Category
Output format

Rule description
JSON-only executable commands

Coordinate basis | Main camera coordinate system

Position definition | Explicit X, Y, Z values

Rotation Axis—angle representation
Scale Absolute scale values
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[Original response from GPT]
[
{
"action": "create",
"target": "closet",
"objectData": {
"prefab": "closet"”,
"position": [
-0.9689797,
1.78389931,
-0.147262752
1
}
h
{
"action": "move",
"target": "closet",
"reference": "camera",
"direction": "back",
"distance": 0.5
}

1
% 2 LM 7|8 A Mo & ofA|
Fig. 2. Example of LLM-based object control commands
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Fig. 3. Main camera-based coordinate system
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Table 3. SUS questionnaire items

ltem content

1 |l think that | would like to use this system frequently.
| found the system unnecessarily complex.
| thought the system was easy to use.
| think that | would need the support of a technical
person.
| found the various functions well integrated.
| thought there was too much inconsistency in this
system.
| would imagine that most people would learn to use
this system very quickly.
8 |l found the system very cumbersome to use.
9 |l felt very confident using the system.
10 |l needed to leam a lot of things before | could get going.
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Table 4. Quantitative performance results

. standard ,
Metric Mean o Unit
deviation

Command

o 3,800 =700 ms
processing time

Command success
rate

820 7.0 %

A B9 94 o)F A Ao Axr} VR 37
WS 77 o] Hat A AR oF 38%E &
o, ol A4 A4, GPT4.1 7Hk HH 3
, AW B2 Unity 719k AA] Ao AAL =

d= A Alzto|th. HA| W
AEES 82.0%7.0%) % e, T A4
ol o]Fd e 717 HHEiE Hlu
o 5

o oz Ml M o2 oo 2
ok
o
o
o |
-{m

rE ool

s it L
ek
>
hu
>
re
2

o) \
R
o
gl
o
N
XN
rir
A
ox,
=
)

A B4l w2 BlaoAe VR A ol
%—«l Wi WY AFEC] 86.0%=, 1AY

0%ETH =] YRt ojef 22 A}
z404 FEEFoH, VR

30
e
b3

o X
b
i
i_

74 gk AR 4?—%37} =744 7IW A Ao
Aol Yk vE 7hsdE AR

7]1€ LLM 718k VR &4 <lEjso] 2 dF-e}e]
AEFA s Y8, & sl 230l B3 A3
ATEY Ae AFE A stAth 24 2704 ]
W 7)€ ATFE AYEA, Wange AA #3) 7]
H HE R olEjH|o] 2ol oF 3-5% F£Fo A
g AR Bk 9hAE| Park, Li, Zhand F2 Ujg)
g Ee Ao doAgdd 2 9ol WE A
gl Aztelv 4387 2 AWH Ae A%XE ¥
AHOE AABHA gttt old HIg| & A= &

2
o
JE
o
N
(i

HBAG FHOE WA el



Journal of KIIT. Vol 24, No. 3, pp. 199-207, Mar. 31, 2026. pISSN 1598-8619, eISSN 2093-7571 205

A w7 Azl A A
7l AT ol &4 7]
Hog ¥Rt

§2 WA SHFORA,
FAA Ao e A%
JollA) 284S 7

T ol

o

E 5 7|& VR 4 Cle{mo|A ofelel MEk |
Table 5. Comparison with previous VR voice interface
studies
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Table 6. SUS item-wise results
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