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Development and Evaluation of a 3D Sign Language Education
System using Pseudo-Holograms and LSTM
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Abstract

To improve communication constraints for the hearing-impaired, we propose a sign language education system that
can be easily learned by non-hearing-impaired individuals. To overcome the limitations of the three-dimensional visual
characteristics reflected in existing studies, the system utilizes a pseudo-hologram and combines a Leap Motion device
with a Recurrent Neural Network(RNN). The sign language education system allows learners to easily learn and
improve their sign language skills through practice by viewing the hologram screen and verifying their progress. The
model for sign language recognition to determine correct answers was trained using RNN, LSTM, and BiLSTM.
Among these, the LSTM model was selected as it showed the best performance with an F1 score of 0.9451. To
evaluate the engagement and satisfaction of the sign language education system, user tests and surveys were
conducted. This sign language education system aims to contribute to the improvement of sign language awareness
among non-hearing-impaired individuals.

Keywords

sign language, education systems, leap motion, RNN, 3D hologram, user survey

* Ag=dusty AFel gt SAG* FE1AA) - Received: Aug. 12, 2024, Revised: Aug. 20, 2024, Accepted: Aug. 23, 2024

- ORCID'": https://orcid.org/0009-0008-4278-3759 + Corresponding Author: Changgu Kang
- ORCID* https://orcid.org/0009-0005-5430-7969 Dept. of Computer Science and Engineering, Gyeongsang National University, Korea
o A= hushal AFE S wa(aAA A Tel.: +82-55-772-3321, Email: cgk@gnu.ackr

- ORCID: https://orcid.org/0000-0003-4060-6835


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2024.22.11.137&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

138 frAt S22 LSTME o83 3D 8t w§ Al2d /g 3 537}

. A

rhu
m,
[>
i
ﬂF
K3)
ol
o
=)

AL BRI GALES B3 BAE H A NEE AT
s A8 Aozt olu] Yol AAET} A E =vd TS O 2t A
A Ao Z23 aiolth vz Al A d A7E afstH, 4 A9 B4, Ad 9
L4012 ALEA T A9 e AL &4 g A3 Zledt A3 e 3 s Alx
olo] ARgo| A|eko] WABITh o|dt oJAAEY) Ho] MubHQl e O §, dlojHAle] #4 2
RS ZE3 A &3 &v)eke] $2e1Le g} e B, o5 9 37 RS FAZHCE He
of ou|E ALdhs Ao F3E AEEH "o gt AagoAe AeAE R A8s 53
P01 20209 Fxro] B8 A wr2d st AES B3l A7E BAdn vpA %o R A
AAAf Ol So] 8 ALLsE JAAE wpHo® S e AR FF AT W o3l =gk
Feleba SES A7t 542%, 3 ol9jEta &
B ATt 458% RAMEATH. 2HY F3ke 1. 2hE o4t
kAl SAQdolet Fe wlga e d 4T
g Aztol A8HY, 8tE HE 7137 H& HA IT 719 dA3 3 31 AKolA 37
ZHoNRITe] AT A TAE Folslth o % HEA T3 2E gUd 71eEe] HEE AT
A 8 wHo] NAE o] FopAH A Eo] JPH L Yk
ARNAE oAk F o] Aol N A3 F o 3} QAT A AT F I Mistry et al[9]©
T &Y 7137 € 5 Qo Intel RealSense 7}Wl2tE AHER 73t W o] gt

IT 7€ 443 A o5 HE T3] B3 AT s Adst g AFolM w= 43
g FAE A7 AFHAD AFAAE &5 260 A4S Adsta WY #ilg g3 HAEE
A4S Yo AUshk= A4 A HEAS o < ARl BRstua oy AAd vk
43 dT7e o8 UgelA F3E AMdate Ao At @AI- o] Atk T.-W. Chong et al[10]
2 Wdste 43 4 AT A ATH2IH6]. & LMC(Leap Motion Controller)?} ™Al&]'d-& A&
ol AAIE ElolE Al EJMOIH% =4 g A WAe Adetth sid AellAls 2670
A4, 714 WY FollA Hold Ase Hole «8 o] Ak 10719 A= FAE vl= 3 dAe
AR Vlee E83 53 wg A2EHo] A SRE A T AR ek FAA FIE

g &= Ao T3t A} SR D. Avola et al[l1]= 8} Al
2 = uhEe] BAL IMCst «8 AAWE Bad 4
= e e AL AT ATFdA LMCE 53l

]

E52] oig Al tis L
9 AFEL 712 wAY e 28 3w T3 £5Ao A & B 4EE 7S H &
5 W £ ds 9 gedo] offus A & AATSS SEAA FEE dAstA} a1k
WAkt T3 15H IT 7 e A58 9+ £ C K M

A ks 32y BAM £ YH9 = Lee et al[8]= LMCS 3 AA%s &85 nl
4 2AYE 23] Wil 32k A B F3} Sh54 o ZE A ) AE AtBA AT AT
HEs 1S =771 dasith 719 ATFEL 3A ol A LMCQ]r ojx9 3} Q4 FoA ARESHA
A AR EAS drgete o @AV sk o] @ Kinect ZelEE Hwsty LMCY AHE A
ARE S5 A3l B =2odAe dgvE & /\lé‘}Ou ‘I‘p:]' V5§ FEA J7] AYe e
EOHS o83 3 ws ALH ZEEESS T3l 1§ dEZFgAclMel U sAS By
Aekgt}, ko] Sk S FEIAMS o]E5) AN ofd ATE s & FAT AN F

75]—

< HuM o =3 lom, T2EERRI0] QEEY] AET uEEit



Journal of KIIT. Vol. 22,

ol-m—g‘

—5H th:E

N
i
lo
re
-
il
rlo
N
fru
4
e
i
ro
>
ol

o
rr
o
2
ofy
jako)
o
-
32
o
e
=
%0 _‘Zo

N
Y
o
(o]
S
o iz
e
o
5 2
=X
k=)
ot

o o
t:op
_‘L_l‘
il

. . Schioppo et al[12]= HEAHI

291 53 g o)

dob il m

o
2L ot o bor

rlroﬁ-ﬂ
X,

=
o
k=l

tlo ik

c [l
= d
iy
r O
>
o
o
tlo
i,
ot
ol
&
oty
El

ox
et

(RS

gy 2

i)
T
(DR AT b I

%o
> g

Sign language education system

Server

[[Preprocessing]—[ LSTM

=]

‘o

4
”—-I Data input \

Client

—

ul
Component

3% 1. $3t I AAY PE
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Table 1. Number of frames per sign language data

Sign language class Number of frames

Thank you 59,523
Mest 59,522

Love 59,441

No 59,466

It hurts 59,436

Hello 59,559
Congratulations 59,560
It's cold 59,573
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Table 2. Evaluation of validation performance by model

Model aggag]cy Precision | Recall Fi
RNN 0.9631 09633 | 09631 | 0.9631
LSTM 0.9949 0.9949 09949 | 0.9949

BILSTM 0.9999 0.9999 09999 | 0.9999
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Fig. 3. BRNN model's loss and accuracy for validation
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Fig. 4. LSTM model's loss and accuracy for validation
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Table 3. Evaluation of test performance by model

Model Accuracy | Precision | Recall F1

RNN 0.8812 0.8986 | 0.8812 | 0.8851

LST™M 0.9437 09583 | 09437 | 0.9451
BILSTM 0.8937 09117 | 0.8937 | 0.8926
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Table 4. Survey list

No Survey

1 Satisfied

2 Engaging of training content

3 Holograms helped learn sign language

5 4= 24

Table 5. Survey result

Variable Average
1. Satisfied 32
2. Engaging of education content 45
3. Pseudo holograms helped leam sign language | 4.3
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