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[Abstract]

The need for sign language education to facilitate communication between the hearing-impaired and
the general public is growing; however, limited access to professional institutions and the lack of
real-time feedback hinder learning efficiency. This paper proposes a real-time Korean sign language
recognition system that combines MediaPipe-based hand landmark extraction with an LSTM deep
learning model. A dedicated dataset of 32 Korean sign language vocabularies was constructed under
varied conditions, generating approximately 68,000 training sequences via a sliding window approach
with an 80:20 train-test split. Experimental results demonstrate a recognition accuracy of 94.82% and a
Marco Fl-score of 0.95, with the LSTM model showing slightly higher accuracy and a more stable
learning tendency compared to a GRU model. A cross-user evaluation achieved an average recognition
rate of 83.3%, confirming practical generalization capability. The system is integrated with a web

service to provide real-time feedback for improved accessibility in sign language education.
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I. Introduction
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III. The Proposed System

3.1 System Overview
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Table 1. Dataset Composition
Item Details
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Sliding Window
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3.4 Sequence Construction
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3.5 LSTM Model Architecture
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Table 2. LSTM Model Architecture

Layer NurS:i?; & Settings
return_sequences=True,
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BatchNorma _ _
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Dropout - rate=0.3
return_sequences=False,
LSTM (2) 128 L 2=0.005
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Dense 32 Softmax, L2=0.005
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IV. Experiments

4.1 Experimental Environment

U Table 30] AXIY B7olH 23soick

Table 3. Experimental Environment

Item Specification
CPU 11‘.h Gen Intel(R) Core(TM)
i5-1135G7 @ 2.40GHz
RAM 8.0 GB
GPU Intel(R) Iris(R) Xe Graphics
Operating System Windows 10

Programming Language Python 3.12.4

TensorFlow 2.18.0

Deep Learning Framework

MediaPipe Version 0.10.14
OpenCV Version 4.10.0
32 KSL

Dataset Class
vocabulary words

80% / 20%

Training / Test Split

4.2 Comparative Experiment: LSTM vs. GRU
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Table 4. LSTM vs. GRU

Test Macro Maf:r.o
Model Accurac F1-score Precision
Y / Recall
0.94
0 .
GRU 94.09% 0.94 / 094
0.95
0,
LSTM 94.82% 0.95 / 0.95
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=== LSTM Classification Report ===

precision recall fl-score support
AL CH 0.98 0.94 8.96 123
2o 8.99 1.00 1.00 125
Jl=Ct .99 0.98 0.98 1ee
Li 0.84 1.00 0.91 158
Bt BHPELCH 0.93 0.92 @.93 151
orelct 0.97 0.98 8.97 151
G2l 22/20t& 0.89 8.92 9.90 145
slki 8.97 0.84 8.90 105
B2 Ch 9.95 8.95 8.95 188
g% 8.96 0.99 0.97 157
NEr e.83 8.95 0.89 121
Sk =Bl e 0.94 8.83 0.88 123
sHolg 1.00 8.99 0.99 148
otzct 8.99 8.97 8.98 188
ord 0.95 0.98 0.96 150
ot 8.91 8.91 8.91 128
g0 8.96 8.98 0.97 132
oA 8.97 2.94 8.95 99
2ot (222) 9.94 8.96 8.95 125
ol =2 Ch 1.08 1.80 1.00 141
s 8.98 2.96 6.93 136
0|50 FAYYMNLZEE 1.00 8.72 0.84 134
& FEcyEUL 0.94 8.85 0.89 137
AP JIClAE=M R 8.99 8.95 8.97 112
Falothl g 0.97 0.98 8.97 143
F0tal 2.99 8.99 8.99 146
=] 9.90 1.00 8.95 127
2513 0.9 8.92 8.94 134
ERE 3 A=SHR(ES 0.96 8.97 9.96 118
L2 8.96 0.97 0.97 142
ghotch 1.00 8.98 8.99 103
S| @.92 @.97 0.95 125
accuracy 9.95 4147
macro avg 0.95 0.95 9.95 4147
weighted avg 8.95 8.95 9.95 4147

Fig. 3. LSTM Classification Report
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=== GRU Classification Report ===

precision recall fl-score support
AU 8.89 8.96 8.93 123
Aot 1.00 1.00 1.00 125
JI®Ct 8.99 0.9 0.97 100
Ly 0.89 8.97 0.93 158
OhLbA BrgtsUch 8.93 0.94 0.93 151
Q2ACEH 8.95 0.99 0.97 151
o2l 220t~ 8.90 8.91 8.91 145
o2t 8.95 0.84 0.89 105
Hp=Ct 8.95 8.94 0.94 180
HH 0.97 8.99 8.98 157
Abzol 8.77 0.98 0.87 121
FusAguUCH 0.99 8.72 8.83 123
§olg 8.99 0.97 0.98 148
ot=ct 8.98 8.98 ©.98 108
ored .94 e.99 0.96 150
b = 8.88 0.91 0.89 128
gAoe 0.95 0.99 0.97 132
G 0.92 0.99 ©.96 a9
ZOHIR(SIER) 0.95 9.95 8.95 125
Gl ®Ct 1.00 0.98 0.99 141
es e.91 8.91 8.91 136
0|80] FALUIMN( 0.95 9.75 0.84 134
2 FEEgU 0.92 0.82 8.86 137
ZAIDH DIC2 T2 1.00 0.95 8.97 112
TSN R 8.97 8.96 8.96 143
Zotsf 0.98 1.00 8.99 146
& @.88 1.00 8.93 127
=5t 8.96 0.88 0.92 134
2Rt 3 ASHR(CBE) 0.97 e.93 a.95 118
g 9.96 8.96 8.96 142
ZtLtc 8.97 0.97 0.97 103
gIAL .94 e.98 e.96 125
accuracy .94 4147
macro avg 8.94 8.94 9.94 4147
weighted avg 0.94 0.94 9.94 4147
Fig. 4. GRU Classification Report

4.4 Graph Analysis
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Fig. 5. LSTM Training Accuracy and Loss Curves
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Fig. 6. GRU Training Accuracy and Loss Curves
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Table 5. Cross-User Evaluation
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