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[Abstract]

We propose an open-source Artificial Intelligence (Al)-driven multilingual translation system that
integrates real-time speech recognition and translation to resolve language barriers and misrecognition of
technical terms in university lecture environments. The proposed system combines Whisper-based speech
recognition, Bidirectional Encoder Representations from Transformers (BERT) and Levenshtein-distance
based correction algorithm, and the DeltalLM multilingual translation model to automate the entire
process from noise reduction and sentence refinement to context-aware translation and lecture script
generation. In particular, a translation dataset containing domain-specific technical terms in the field of
computer engineering is constructed and fine-tuned to improve translation precision in specialized
domains. Experimental results show that the Word Error Rate (WER) decreases from 9.2 % to 4.7 %,
achieving an improvement of approximately 51 %, while the average Bilingual Evaluation Understudy
(BLEU) score increases from 56.3 to 60.2, corresponding to a 6.9 % performance gain. These results
confirm that the proposed system achieves consistent translation quality improvements across all

language pairs in academic lecture scenarios.

» Key words: Educational technology, Fine-tuning, Open-Source Al, Speech Recognition, Translation

* First Author: DongHyeon Shin, Corresponding Author: Young Deok Park
*DongHyeon Shin (dkvk486967@gmail.com), Dept. of Computer Engineering, Yeungnam University
**Qh-Gyu Kwon (okkwon1021@gmail.com), MOBIPINTECHNOLOGY Co., Ltd.
*ManKi Min (headwig9898@gmail.com), Dept. of Computer Engineering, Yeungnam University
*Minseo Yoon (netyO3®@yu.ac.kr), Dept. of Computer Engineering, Yeungnam University
*DoHyun Oh (odh2911@gmail.com), Dept. of Computer Engineering, Yeungnam University
*xx Jae-Woo Ryu (wodn10110@aaf.co.kr), R&D Center, NEARNETWORKS Co., Ltd.
*xxxxYoung Deok Park (ydpark@yu.ac.kr), Dept. of Computer Engineering, Yeungnam University
* Received: 2025. 10. 30, Revised: 2025. 11. 29, Accepted: 2025. 12. 02.

Copyright © 2025 The Korea Society of Computer and Information
http://www.ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



102  Journal of The Korea Society of Computer and Information

2 oATE tE Ao SAA EAskE do] AW dE8o] 2204 FAE A S
o] MY 7|58 S LEA AI(Amﬁmal Intelhgence) Th=o] e A
[e]
— 7

2]%, DeltalM th=o] Mo S Agst
o] 79l %*JSLETH ‘S AA, g 72 BA, 9 719 1Y, A9 SH7AY A A S
Asgletth, 53], AFHT oo dEgolE e ¥ dolgAls FEsa IIFYS
FHTFo N AT E=dQloAe MY AUEE FPAIFT A3 A3, WER(Word Error Rate)©]
9.2% A 4.7%= °F 51% 7N% %12, BLEU(Bilingual Evaluation Understudy Score) H¥ A7}
5630014 60.2% °F 6.9% el BE 1o AolA Ayt M F4 NS el

» ZAOf: OfSE|T, TRIEY, OEAA AL SAOIA, |

I. Introduction

201910 WYt A2 fulolf A0 @S-19 WrUoe e A A ulg SN AUROR A% 75T
Al A AIAl L5712 AA efs Aol & R Q6] ofol] wef, AbEshd WAleg SREARe] Qo
2AQl Wik Uehgeh A5AoR oiel $40 of2  so] K88 4 gl AKRZE o} o) AlARlo] Mo
ofXE wS-L wl % 2l suto s FAs] Mk Ao] HA} H2E T k.
lon, ol Tttt o7l theg g9 Leus AT Y Iy V1€ AR Y19 ARl uEus Fo] £
Alo] xj&AQl BAlS £Alsks A7|7t Elgich. JU gt ol X1 M &sh]ol oje] 714 Rloto] Exfatcl7]. ¥
AAl ot SF0  E%Fo]  LMS(Learning  ¥FAQl STT(Speech-to-Text) 7|&2 s &4, 54
Management System), MAIRF AE2JY ESF, offe] 29 &, Aw8o] 9 <o} AoA oHs] =2 @
o] £7 £2 =olslglon], 4] tisto] ugjYl E= 28-S Hol 9lon, AFE WOl A28 wa Bof ohy
stojBelE oS Al 29ste ARl Astil]. 3 W 4, t=o] nxY, *‘AW A & ot =

olet Zre wishe shy AT AL B §A4  Alg Umstn qrhs). w3t STT, Wel, At A, o
oA AR s THEReH RE StaAtAl BT 5 2 2 Y A 04711**01 Ul%ﬁ}@] olE F
S5 8% AYS Wshle Rt 53] Y 15R  FROE AMFshs A UAY AL obx X
71800 At B A= FePE e A dol(@E e Tl tiEe A9l
o] B o)ol] ofigt 4= Ao ool & UG o] ol2id 71&A e of2] SRolM Ueidrh 4,
ol ofeies e ARIPE AISH e R Bus QIoH2]. oA Udle SPIEY] High ¥dyr], Z2AE 508
FRLGINLU] 20249 EA) T2 S nEAS7]  QF uRYE o] Wweh WAl Zolxte] 84
e 2l e e 208 962'110; o) A1Al  Ales fBE] 4t ol2idt A Qe STT AAlE

7153te, 0] T U7t E= HER 3= S 8l S AsIA A B AFAQ YFE nlAd10]. &
Fold EAloleH3]. ol2fet Ao UrOWS wSA gy ok g JoolM e FZ801et jefolrt wis] ARgE
Bt 58 e A% Alze N2 Agetn gt o, gFolo] wst 2y A9} wg Wol= Qls) STT

LF digfoids GO A9 e Ee ol ol AR 9f 1A Aeteot Asteny 1 Aaf fo] 270 QH%
ATE B30 43 o5 MY AlEstL Qlovk ofRjdh @ siAle) olsfEst HolRl: EAPH WARIH1L ¥
WAje 2ROl S AICHA, 5], Gof GOl 8 el ofUp} STV A SAEols 2 ] 2u
SAAE A29j=oj2 AMgstag shg ofsie o] ZBast 3 U S4FA Fo| AFTEe] Yo IgolA
AZE lod, WpAtAlE AofH REo| 7t} i W s fEsie, AlRe] AldARlR 552 Woligh
o £40] Aate 4 QIck. Ee AT A Ql=lo] AN & C{12]. E3 chiRo] MARE Ale} AlAEe SHojet o



An Open-Source Al-Based Multilingual Translation Lecture Script System for Global University Lectures 103

Aol 7¥etEict upr|uto g AotEl A|AEIS 71Eh G

[

7olrte] o4 wakse woln} atoh Aria)
ji

AnEQo]lS MzlslAY BASH AR AXIE Ao 5 II. Related Work

% ﬁ:rL% Olﬂﬁj' T'E_I__Kﬂ% 5H7‘:ja}7] 5.)45]1 _I_L%_ﬁ’_—g,- 7O].q 2.1. MMSE for Noise Reduction
730l AMSHE AL CFRo] Wol AaEe Aorgiy,  UPOIRE E9 WRE 84 dsold ke Ales &
HloF A AEIS. Zpojxto] ©M4S AXZFOZ olAlstel B WHLR FESP] ol 2EA Fes Alchs
AEZ2 Walst 5, Rol 7u) tf2o] Wole asisiy o]  °l BASI k0|2F M| g tlEAQ Wy &
£ Aot FEZ ZA] MBI 53] 944 WA OFHE MMSE(Minimum Mean Square Brror) 278 7]
28 BGM2] oIl oM S Zststy, AEgol xa]  wol 21 AMEH WHHOIH{IS]. of 7|¥E AT &
9 9x} cho] AlESl U1E|ES Hestoay wol A o w2 oot 4 Qlal AFEY] 7S ok g
I} SO QTS SARAZICE S Ao], HEW & 2F SdE TS aabHol. o] 7ge 574 Al
=Q oloj2 mstal &A] r}o] xjut &2l 73} oA o2 o AI7F T2 myol Bsket 5 7F mef|Qlof of
- . . o -
Cx)_]}ﬂh quql KF—H E?“l HH;‘T‘; ;,_Pg% Ed.%] %%% L‘HOﬂH ﬂa OH STFT(Short—Tlme Fourier Transform)g‘ 79,—8—0}0:]
5} End-to-End AJAE of7]EIx 2 2dste] Aazhy  ARE BOIRD AeS Fupe wOjRloR wgfo RN
2} A8A} Weld S S0 sugict. o)g o Ajgr o FFT(Fast Fourier Transform)=™ 573 A5e] S
AElS DETS AR sHAxL0] olo] A oslst  Hets B BUP AT 4 lon, olF S84
1, 5Hs 2oL o} of|E 2 SR ®of of]at ool  WEOIM wEoM 282 4 14 o]F wolx AH
9947 B8NS $AY 4+ Q2 Ao e, EUE ISR Falh dua 20 AnEYe A
B w5o] yjojt o}ou} 7t} st ARde] 7t A7|dof] St ol ol 22 AE
o B AJAEIS 04 AlSof Lo|x WEjalyt pou 71 = MMSE HHS AE&ste] WM Aoy 29 &7 45
& 7152 ®Mesjo], AkSo] Tre SFAA L OFAA of]A] =2 SNR(Signal-to-Noise Ratio) 7fA &uts &
ol KjorS MASE 2 o)} Qlch. MMSES o] &5t A&l 5 o]8qt 34 A29 &
e TETS SN A= ALREE Hopy mggojz A BsS wol7] flst A7olA MI\‘/ISE%@ 71gte] i
stastoan 7|& WA AJAHo] Malsh] oy 2HER e 7[HE AFEOIA gt SNR 5 &
9 AEg0] Mol g pstn, Algaym g ¥E AHIL
25t O=of 192 7hesH stk _ .
o T}2o] Wl 7] xjato 24 B]ojolly OBHES 2.2. Pre-emphasis for High-Frequency
£ Qojd Aot glo] o] Uhgg AARtoz ofsy  Enhancement
T A 9N A5 RujA EMO oupHoz A|Zm Ao
5 Sl ot E42 Aleeith 2o Tow =ed o
ol2i3t 7|24 7oL treal 7o weA J|g Fulz Aotal AFat Aol ofeh e Elth J2fuy AR
o0&l 2 9lt}. Bix] 7to] oMol oM A oAy} At w  wd T Aks Aol nanh tfejo] st AYS
RS E3) wialst xjuto] xaky o]z ggMoz mz Utk TP urm JeS AEste] A 452 TIE
aF 2 olom, BFAAIL AA7to R Aalsln AjaArie BRZFlOH, R2 AFmel 1Amo] A7 AtolE 0]
RS S5 g ee Bk §Esh olsid 4 9ok = pre-emphasis BES AREIIH{16]
ESF, AF8o] QA t=of §l9 V55 ol ujgold pre-emphasisS H-goh= goRe YHE 54 Al
RS TAT CIURE SHEATE QoA S Alop gt Eoll Al 13k o] 1A Ake BEIE ARSSte] afat e
o] FYUSH aES & & %ol w89 FHAI Aol & & TR



104  Journal of The Korea Society of Computer and Information

ylnl = z[n] — a-zln—1] (1)

ﬂ:)"

&
Jm 2

F

O\J
S b &

7:

ofefst AA2lg Fofl 1Fmpof|A IHdo SH7go]
Ne A5 9F2 24 & oy & = @A

oA Fejojst gupr} QJot. Ivan Lopez-Espejo?] A+
e 54 Als A2l 9lo] pre-emphasis HE{F0]
TotHA = AL B]go] F2 WAooz 2/ Y e
< Mg 4 A2 AIYUsIATH16]. Ertan Loweimi©]
ATtollA= phase 719 S/8Q1A1 E40 1352 0)
Y2 AeSE UH Aurora? g5 €704 WERo] z|T]
15%7HR] ZAagt Aatg BYTH17]. ol& Foff Iet A
AejRtoR e & dso] sutRlor JfHES 4 &
ict.

|
o

}\-]o]
o v

2.3. Speech Recognition

2 AFox= STT 22 5 51l Whisperg A5}
0, Whisper2 o] &3t tjgt 7}o] Al &pat A}z AIA0]
tigt A7 ARI7E EARICH1S, 19]. o] ATOIA £ WER
2AlE 2|2 BUsiAAIE ol Sate HEgole
Hejshe 718 ofdis] BEsict o]2 55 730] HololA]
L Whisper?7} =2 Q14 452 BoJA|9F, Hzgofo o

Sl 2719l Wigo] Waghe slelg 4 ok,

2.4. LLM based Post-processing
A STT 222 =2 5= HolX|gh o3| 17
A}, ejefol. £ojel S5t dol, 7 B & SI4 ©F
7F WA¥sHE 7397 Wri{20]. 53] Whisperet
£ FAL FEEL X5 £ WERS Woln, AAE
]_

HallM= S412] 2ol Bastti{21]. of=igt
5171 9Jall, LLM(Large Language Model)2 -85t
Ae] R0l A+tE L Qlck LLM 78] $4j2]= STT

ZiE FUAoR AsiAstol AR QA dolE BA
SHAY 24= O AAAEA 35t s =obEh
BERT: Googleo] 2018'H0]] A|otst AFAo] 2] =
2, EiARY op7|ER] 7|9ke] Q1Y LA E ARESHY,
w39 o Ttk El\loﬂ J—Eﬁ}@] o] oJulE ok
]Ur[ZZ] olF 55]1 o

ol

I

o

)

L

ol

o

o g
[ _|
—LI
|~

ﬂ.l
=>i_
_I
ﬂd

=]
KoBERTZ AJ&to 2 E}Oko} stato] E3} BERT 74105 El
o] 37otd o, & 5o KRongBERT= FEi4 7]yt

A P REisto 29 BAE A GPYAIL b}
QIH23]. E3F KoGECE @ol 1o} 71t Abats B
2 2gsio] AL ofu], Holxy] 5 GFo} LG PUL
A@sPl Wgd As B 24 Zed9as A
cH24). o]2} 7 KBERT 7[5t A70lA1 MLM 7[5t

A5 715S ol83l BUKoR Arele wYolE A
HEro=A glol WAl 52 ApMstecH2s]

olefet M TS L STT(SHAA) Aol A2 o
Al 29 715 g HEEg ol7] St {83t A3
of UE WO, B Wl w4 71Ee) HRYL 4
30} THE, Z1E BERT 7l A wAle 2o ojxo]
ofEsto] UA] WelElA] S Topt AEA A 2
A PR 4 9lot, 24 713t ) Ir2 Mgl
ol g EARIC

¥ A70|ME BERTS Sof @ e udslol
STTOlH &2j3t tolg ol ol 273t 5, ¥eig

215} DeltalLM9] 1=d7ro 2 ARRSICH26]. DeltalME E
WA LXE 7|00 Z 6}0:] C}oFst olo] 7+ Bul
£ 57102 VG 4 9t Wol 2elolc). o] 2
: B ol 2
“x=2 Aol St

l‘

o=
2rslof A} olet w% agEoz s 4 s

=2 =Ll
I =

xﬂﬂﬂ 2RSS s2sh] el
| ARl e e
ueirel 84 X

(o]
2
™)

Br
i
419
rok
)
2
i)
i)
o2
o
Y
e
T



An Open-Source Al-Based Multilingual Translation Lecture Script System for Global University Lectures 105

Similarity My

L “Hello,

My name is ...” [y -
T SRy L o
u 1. Input = Similarity Mai

0.3
r 1 Speech Lo
‘ Similarity

2. Noise Filtering 0.1 Me
using MMSE-Log

3. Performing STT
using Whisper

Whisper

! < BERT
“Hello, Mine name is ...” ———

Levenshtein Distance

5. Word Correction
using Levenshtein Distance

My — “Hello, My name is ...”

&y Delta LM

6. Translation
using Delta LM

“otEBiA, Al 0|28 .~ 8. Implementation

4. Word Identification -
using BERT
7. Save to DB

WEB

e SHABHHE,
= xose .

Fig. 1. Overall Architecture of The Proposed Terminology—Aware Multilingual Lecture Script Generation System
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Table 2. Hyperparameter Settings for DeltaLM Fine

Tuning
Hyperparameter Value
Batch Size 128
Token per Batch 1,024

Loss Function

label_smoothed_cross_entropy

Optimizer

adam(f; =

0.9, B, = 0.98)

Learning Rate

le-4

Learning Rate

inverse_sqrt

Scheduler
Max Sequence
Length 512
Max Target 512

Length
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Table 3. Model Definition for WER Comparison

Method
Whisper(Large-V3)
Whisper + KcBERT(Top-30)
Whisper + MMSE + Pre-emphasis +
BERT(Top-30) & LD Correction

Type

Baseline
KcBERT-based

Proposed
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Implemented Real-Time Multilingual Translation System (Windows and Mobile apps)
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4.1. WER and Processing Time Evaluation
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Table 5. Comparison of WER and Processing Time

Table 4. Device Specification for Experiment

Device Specification

CPU Intel(R) Core(TM) i7-10700, 2.90GHz
Memory 16GB

GPU NVIDIA RTX 3060

Type WER Process Time
Baseline 9.2% (0.092) 0.24 sec
KcBERT-based 6.2% (0.062) 0.61 sec
Proposed 4.7% (0.0047) 0.70 sec
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Table 6. Model Definition for BLEU Evaluation

Type Training Method
Baseline Pre-trained DeltaLM Model
DeltalLM Fine-tuned with Domain
Proposed .
Terminology Dataset
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Table 7. BLEU Performance Evaluation and Comparison
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Conclusions

Source Target Korean English Chinese Japanese Vietnamese
Korean - 58.4 / 65.8 55.1 / 58.9 55.7 / 59.7 54.2 / 56.2
English 57.2 / 61.0 - 56.1 / 59.1 56.4 / 60.4 55.2 / 57.8
Chinese 57.8 / 62.4 58.1 / 63.2 - 55.5 / 58.7 54.9 / 56.9
Japanese 56.5 / 60.3 57.9 / 621 55.0 / 58.3 - 53.8 / 55.7

Vietnamese 55.3 / 58.6 572/ 61.4 54.6 / 56.8 53.5 / 55.9 -

Bold font: our proposed system
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