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Abstract

This study proposes a character-based training system utilizing XR glasses to enhance the visual function of
individuals with visual impairments. The system provides personalized training content tailored to users' visual
characteristics and enables flexible use beyond spatial limitations. It comprises user devices, an administrator interface,
and a central platform server. Character images registered by administrators are automatically transformed into training
materials through an Al-driven character situation recognition pipeline, which includes object detection (YOLOWS),
keyword extraction (Transformer), sentence generation (KoGPT-3), and TTS conversion. The generated content is
delivered to users in real-time via XR glasses, facilitating immersive visual training. Performance evaluations revealed
an average response time of (.11 seconds and a concurrent throughput of 307.2 requests per second. The system also
achieved accuracies of 96.96% in object detection, 98.98% in keyword extraction, and 89.64% in sentence generation,
demonstrating its reliability and effectiveness in real-world environments.
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Table 1. Types and characteristics of XR glasses

Primary
XR glass| Key features | application Training focus
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strategy
Lightweight Consumer enhC;):;;aritem
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. market, training, color
light smartphone ) o
- education discrimination
connectivity
strategy
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Fig. 1. XR glass-based visual
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Table 2. Components and functions of the system

Component Main functions

Content usage, Vvisual correction

User device L v )
application, training history management

Administrator | Content creation and management,
device visual correction configuration

User data management, content delivery,

Platform server | - i )
visual correction processing

User registration, visual impairment type

LMS management, training history tracking

Authoring tools for character content,

LCDMS scenario and difficulty level configuration

Al character Object detection, keyword extraction,

content description text generation, difficulty
processing
assessment
module

Visual correction | Application of customized visual filters
filter module | based on visual impairment types

function training system architecture

1T B3 AR AN Az f30 2

A 17“’_% AsEa, A

ANz AARAZIHWHO)S 71l wet
Z1™(Total blindness)?+ A A1 % (Low vision)O_E'._ T

o & dTolMe E

Aol = AAH

BALE 312 A7) Tedl 24 e

A7t

714 %% "J*‘ T AR AL AR APl ogw

& AEn FuAF B

52 WA AH(Becentric

viewing) 7'H-& &&3l] FH AoFE FHE QA

dhe Fdo] antdolth{13][14].
]

}‘61 ¢}

El'd Aok whubal A

LI e e R

o WAHH, MY HYS §

7 FolAe @Aolth 34

Al

%ﬂ—%
F 97 sfobo] oE 92 Ao} F7 AR ol



Journal of KIIT. Vol. 23, No. 5, pp. 229-239, May 31, 2025. pISSN 1598-8619, eISSN 2093-7571 233

ol Alefo] A471H, 1 Al o] F B Ao &
% Fdo] g0 Hrh

Aol e B4 Ade AdAer FEA X
She Ao®, A% 7t sy Agu lEF o)z A
&l Aleke] et A tiHlE FBshA BaA
< do] E}2 o|TH15].

& ATl oldd ANY FEE SA4L W
Fsted, A A7l B4 B 2EE XR
:LEH* 71k A7) &4 l”—“" A8k

® 3 ANY 7P mE F2 54E AP
Zolt.

E 3 §AE REY S4 24

Table 3. Analysis of characteristics by type of low vision

Tylpe of Visual Cognitive Training
visual L
L characteristics features approach
impairment
) Peripheral
Central visual Central o
: vision
field loss due | scotoma, B
Macular o utilization,
to macular difficulty
hole : . o development
retinal tissue | recognizing
of alternate
defect text and faces|
visual areas
Clear central )
Loss of ! Field
eripheral perception, expansion
Tunnel p. b impaired p. X
. vision, only . training,
vision spatial -
narrow central efficient gaze
o . awareness )
vision remains .= | shift strategy
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Inability to Difficul
. ty. ty Contrast
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red—-green, |limited content strateqies
blue-yellow) usability g
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Table 4. Test environment specifications

Device | Specification item | Detailed specification
Processor Intel Core i7 12700K
Personal Memory 32GB RAM
PC Storage 1TB SSD
Operating system Windows 11 Pro
R Glass Display rgsolution 1920MO8E) pixels
(XREAL Field of View (FOV) 52
Light Refres.h rate 120Hz .
Connection type |USB-C Wired Connection
Qualcomm
ig;;i:ige Processor Snapdragon8 Gen?2
Galaxy Memory 8GB RAM
) Storage 256GB UFS 4.0
Operating system Android 13
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Table 5. System performance evaluation results

o Standard
valuation item Average value .
deviation
Average response time () 0.1 0.02
Concurrent throughput (reg/s) 307.21 10.3
Data transmission accuracy (%) 9 N/A
Functional reliability (%) 9 N/A
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Table 6. Definitions of evaluation criteria for character
situation recognition

Evaluation item Definition
Object detection| Accuracy of detected bounding boxes
accuracy compared to ground truth annotations
Keyword Semantic inclusion and correctness of
extraction keywords extracted from detected
accuracy objects
Sentence Appropriateness of generated sentence,
generation | rated by human evaluators (=>4 on
accuracy 5-point scale)
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Table 7. Accuracy evaluation results for character situation
recognition

Evaluation item Ac?;r)a cy Description
Object detection Based on ground truth
96.96% '
accuracy bounding boxes
Kevword extraction Based on semantic
W 98.98% | match with all detected
accuracy )
objects
Sentence Rated >4 by at least 2
. 89.64% | of 3 human evaluators
generation accuracy )
on 5-point scale
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