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[Abstract]

In this study, we propose an open-source Al-driven lecture video generation system that automatically
produces instructional videos from university lecture materials. The proposed system integrates large
language models (LLMs) and retrieval-augmented generation (RAG) to generate lecture scripts,
synthesize speech through text-to-speech (TTS), and create lip-synced digital human videos in a unified
pipeline. To construct a domain-specific knowledge base, lecture materials were collected from two
Korean universities. Using the LangChain framework, the system connects HyperCLOVA X SEED 3B
with a RAG module to generate lecture scripts tailored to an instructor’s intent. The generated scripts
are then processed by GPT-SoVITS for TTS synthesis and by a digital-human rendering module to
produce realistic lecture videos. Experimental results show that integrating RAG improves performance
over an LLM-only baseline by 5.6% in BERTScore, 3.3% in ROUGE-L, and 3.6% in BLEU. These
improvements indicate that the proposed RAG structure enhances factual accuracy and logical
consistency by referencing definitional and exemplar statements from external knowledge bases. This
work demonstrates that even without fine-tuning, a RAG-based approach can be effectively applied to
educational LLMs. It also provides foundational technology for future Al-driven smart-education

platforms.

» Key words: LLM, RAG, Edutech, Open Source Al, Synthesis Al

* First Author: SeongHun Kim, Corresponding Author: Chang-Hyeon Park
*SeongHun Kim (hoonc-corgi@yu.ac.kr), Dept. of Computer Engineering, Yeungnam University
**Qh-Gyu Kwon (okkwon1021@gmail.com), MOBIPINTECHNOLOGY Co., Ltd.
*xxSeong-Guk Nam (nsg@aaf.co.kr), R&D Center, NEARNETWORKS Co., Ltd.
*Seung-Cheol Lee (fatalist316@gmail.com), Dept. of Computer Engineering, Yeungnam University
*Tae-Young Yang (xodud120016@gmail.com), Dept. of Computer Engineering, Yeungnam University
*xx Jae-Woo Ryu (wodn10110@aaf.co.kr), R&D Center, NEARNETWORKS Co., Ltd.
*x*xxxChang-Hyeon Park (park@yu.ac.kr), Dept. of Computer Engineering, Yeungnam University

* Received: 2025. 10. 29, Revised: 2025. 11. 11, Accepted: 2025. 11. 24.

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



74  Journal of The Korea Society of Computer and Information

2 9f]
AT A UE AAEE VWe R o] JAS A SEA Al VW o] I
AlAE Alz=Els AQketh AIRE Al2ElE LLM¥ RAGE FAlo=, 249 ol A4, TTS 7% &
A A, OAE F9 943 9 339 HEE F3ete] End-to-End AR e FS A
Attt o]& H3 wu digte] 54 uwaRoRRE FoAaE st A Ho|~E TS
o FE5E AAHo]A~E 7]HFS R LangChain Z#|YHTE ©]-83] HyperCLOVA X SEED 3B%}
RAGE QAste], wate] Q5o Ast 7-o] dj&g Agsith. AdE dle GPT-SoVITS
A=, TTS &4 40 dAY F9 d43 4 34E S8l ATdez, dd7t e 29
garo]l Azt Aot AlAEE RAGE dAste] LLM w5 2El tfn] BERTScore 5.6%,
ROUGE-L 3.3%, BLEU 3.6% &% 45 HEIth o] AlQt A|&~8e] RAG &7} F- A2
Hlo] 9] Ao} JAES FEste] RElle] AMA FeAH =4 S SS9
PRt s ] HiRlRd §10] RAG 7R Hwtow wag LIMe] A3H 28 Ths
e dssilon, &5 Al 7|9 AntE WS FAE 759 A 7]ed 7ke AlEet
» FA0f: O HOJRE, HAMSZHES, O FE|Z, REA4 QA5 &Y 34l
I. Introduction
AT Ws S A 7le9] EEy AR @] @ o] 7] ERIZE AlAlshs O 2 Aol mact.
Holof e} wh= | Helstal it} vpAole tie2e] & 3t A" wgo] AL IZoe 2oL, W
o] uelQloA] o & o] Zo XYL o]Al= 2291 APt i FEtotct GArS BN oR AEfeheE e u
FAES 7IvreR o vt Adolu £ 299 & 3t BA, oAiR JE 55 1= o vlaeAY us
Al B E9H8d Y FEHVE ASAoR =Y AlY ARROR A[4/do] Ytk metA FolxtgRtoz 1
B3 1] EH2d2 AP 29 Aol 4ol = B8 49 @42 AR 4 v Aled Alsst A|ARIS]
APSHL, 29 ARMlE E2olU A2 #o8shke ol "asdo] Fap AR QIH6-7].
A ohg YAlo R ZEuby Qlt} o]2igh A sFEAt 2 A7 7IE AE0] 7 7w 240 ASd
o] olaflee} SUEE =Y 2 YR WA pduitt ZAnt gel, o] Alm J|gh HEud 24, RAG 7|9t of
Bl o] Fd= A ARShor gtk sHAPE EXRE & A3, TTS, AE 58 S shfe] A|ARloz o
o} 53] tigt J9lof 4% Wuigt 2FY dYRtee Al A ApEakst 2] 29] o] At Abs AA L2 Qs
B Ee Qor vigtehe o]l W2 AN =35 & oA APEARI 7|4 7]ojg 7Y o] 5 1R
Qs ot &0 AZ RAIBIHAE 88802 = wpAle] AA HES v|Xoz Foli, ME Ve
gol FREE AR 4 Qe AFseh 71e9 ool glole WEAS] o] G4 AT & e A|Ysi
FE 1 QloH{2-4]. 2 =9 719 o3 A
AAE A2 W2 dish 2 s 7oA Y 2 o 7]&0] FelEo] EAstd o A, 24 &4, BA
55808 ] AU, 32 WAl 29 3, ¥, G4 AEE shte] End-to-End A|[ARIO &
ol Heo] 73] G2 AAsHE ARRIZE S7kstaL Qlnk STt 2R AbE o] G AR =S ARSI
[5]. o]t &2 73] F AL Tedt =2t A o 229 SISAE Yol 8ol Fet ¥ ¥ =
A, 02 A, 878 =5, Ale Ale 944 8 5 oY IRIFES &0l Leus FofME A= 4 9l
gt Arjo] EET) AT o2fgt Al waAte] AT + 99 42 gHEsinh
gh AIRK}F =33 9o, 739] Aol Yot 5AT » w4A} olu|R] 78 A g AT} AFAAR R
9] oJgflof AFA FFZ & & Ao} 5o] wLpAPL TTS 8732 Als Agsto] AA| wo] S} 7}19]
dd B 71eo Ao gAY A& 7t g A ARLS YHEEE 184 A9 @2 AlEsi



Implementation of a Smart Lecture Video Generation System Using Open Source AI 75

L]
=,

re r
< =
[~

)
g
el
2}
oo of
El
Ho
4>
Sh
El
>
>
2
rlo
oM,
=2

oo rlo
N
S
Ir
ol
i)
)

A
e}

=

Y
—
=
wn
e
ro
o
5
o
o 4

E - ;ﬁ do
&=
10
re
)
i
o
:xog
:‘% -
I
El
Ho
Mo
o2
2
bor
il
0|
e

G 3o

+

A
rulm

591 4% KAl g 4oz

o

P
od oo
1o
Iy
_E _I_4
O>'
o
)
fon
&
O\J
L

lo ;_

2t 7led 7l that &

d
ad
I
T

11'4
D)
ofn
g Lo
)
S °
a
L)
5

4
s}
=
ol
%
>
>
rr
11

cAolef el

Kl oro e

o FE od o2 = O o
o -
2]
[ of

2a)

oy M
o o
39,
v £
lo A 1'5r
o]l
-0l
L‘
D)
mL".
dor 2
re

°
[
)
o -
rd g
e

>

o

ol

on

FFJSL‘m}u
Eﬁ'ul:-%
=,

L o
)

N
rlo o rh

rhugfl
T

rﬂ ro r’g
Zio)‘ N
g 0

o =
t3

e og
o o ofn rot

2

ﬂd
19
Pa)

|u
Y

(e}
oL tjo

=
N o
rE
oy
O

)
rE
=
s
ol
d
N
()

J
R 1)
I 5

o
)
UBNT)
i)
Lﬁi
k1
Ho
1o
1T}
[i2a)
ox.
g Mo

Alof] A7 |= %] X9 End-to-End
RS A A0 24, ATLE B8 23
6HA1 7]/’\7(4 7]3]—2 }aio 1:}
of3}, & 2o 24 2AolA 95 x4 B, Tlofe]
o ]:HKOJ -|§r ah ) th=2o] Apak A 73o]
9 A7 AEY olE
ol 74e) o Al ALARE AA8] 21910, 43l
1% @ P AR W7h AnE AN Rzt

sAfol s Agat 7)) Gate ot

(¢}

II. Related Work
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Ej]|/\E 7jHto g2 A= 71o] R TA FEEC=
97 22 A3 o sle) 2YEet oales

=9 4 9tk S8 vithe olAE AN asxte]

sto} QARH /44Tt AIZHA mewo] st AEAT} A4

ol 378AR1 F= vlAlt ofd Wt FZofl= TTS

O

H, Ol 49 Ahset A|ARIY] 20 /] Q4= AREst

o 71E TTS 292 4 84

=73 Hlo[HE astAY B39 APt 919194, 3]

2oll= Few-shot 7|8t 7]=9] 7fdo= A%

ofz: E4 345 5T & A =21
GPT-SoVITS: thEAQl HEJADA

on
i

22 819 243 Wee Sgoin guE o WEe
9e| aile] SL ET0RM Y U8 S
58 ARE 4 gtk S5 4 ms Ee

|t
i)
>l A
h
o
o,
ok
4
xS,
2
>
=,
Kl
+
>
i
[
i

p)
[
)
?1
=)
il
s
i
>
xS,
o

5

<

N

E

rlo
J¥
ofn
)
fon

il

(o)

o 2t
NI
ox,

|u

N
i1

b
o2

o
i
ol
zo
I
O
o
p
ok
o
Ill—g l-ugll
o P
o 3
> 0
)
= IN
"5
> G
R 4
\; Q
L o
E

L
—E—li‘
)

fjo
X
EOI'
:01_7
>
>

-

i
>
>,
Eong

ne mjo ot
_|\J

ol
ox =

o
8

"L oH o oo
o

;T
[

ol
il
=
offl oot

15
2
I

o
bal
o
L
i}
rd
o,
o
o5
15
N
r (a9
o
i
0

>
B
it
>
e
[i2a)
rd
O>‘
J;i
Hel
oo
ox.
wo |
£ o
i 1o
g
>.
E

AR Ex U 71 WY
o A

5

L.
ixl»}\-]i o]OH oy 1?_10:1 das
o2 95t HMZgolo] et

s Aststez, ¥

5 9
o2 st cH22]. E3| DeltaLM(Decoder
Enhanced Lossless Transformer Language Model)2

1EstE 0lFg-tF 152 HEfo 2 th2o] Bk 7t
o JuiA FES atdor S5y ghof, o, B
=0}, HEFo], Fo] 5 thefet Ao of tisl] FHold ¥
A e BRITH23]. ®3t o] wHo] FAgt th=o] 9ju]
S s FRIRONN &6 Uehhe A1 539 24
45011/\15 W BEA o] AFo] A= F =ol& U

e J24 A&-8o] & “Compiler”, “Stack”
s 72 Eé&% Hodo] whe} 7 8E]gst Bofo] ‘At

29} ], A2TA UF “A I “Ho)” SO
2 Wiojg 4 9ok, oq MeE o] Ealo] dojet =
Oiele] 94| ofsvol ek Hio} FAlol ] el 4 )
k. ool gat & AlAEle AV Aold Ae8o] Hlolg
Ag INroR, AE AgEE HEE0ISY gt B
7} 0] ofgste BE WGl skt A 43
gk o] gL W Ane] Yot oe), wg 2
BI% Fto] Gof U AlRYe st o Bax

olct.

2.5 Lecture Video Generation System
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<area teat="Documentation” file="inira Aimi"> XMLDB TextDB
- <submenuitem bext="Introduction” file="documentation him!">
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Resizing Extracting | | [ Modifying
images i points "l Terminology
|
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“A node and the edge RAG
connecting the Retrieve Au “The
e gment| | Generate
individual nodes...” Roowledzed D : BﬂyperCLOVA X — lecture
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connecting the

Inferencing

individual nodes...”

(Lecture Scripts)

{Document data)

Generating query using RAG

(Voice)
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(Uploaded video)

(face image)
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Translating lecture scripts

(Lecture Style Voice)
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(Synthetic video) (Generated lecture video)

Fig. 1. End-to—End workflow of the proposed intelligent lecture video generation system integrating RAG, LLM, and
synthetic video generation.
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Table 1. Summary of Collected Lecture Materials
for RAG-based Script Generation
Subject Name Number of data
Lecture pdf/ppt : 14 * 5
Data Structure Lecture video : 14 * 5
Operating Lecture pdf/ppt : 14 * 3
Systems Lecture video : 14 = 3
Lecture pdf/ppt : 14 * 5
Database Lecture video : 14 * 5
Computer Lecture pdf/ppt : 14 * 2
Architecture Lecture video : 14 = 2
. Lecture pdf/ppt : 14 * 5
Algorithm Lecture video : 14 * 5
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Knowledge base build Retrieval mechanism Generation
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Table 2. Experimental Configuration Parameters

Category Configuration Detail
Framework LangChain
RAG Retrieval Mechanism Integrated pipeline of Retriever and VectorStore

Retrieval Method

Top-k search based on cosine similarity
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Model Name

KoSimCSE

Embedding Model Vector Dimension 768

Training Status

Pretrained

Idnexing Library

FAISS(Facebook AI Similarity Search)

Vector DB Indexing Algorithm HNSW(Hierarchical Navigable Small World)
Retrieval Speed Average 50ms per query
Metrics Target Three lecture scripts written by actual lecturers
Function BERTScore(Precision/Recall/F1), ROUGE-L, BLEU
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Table 3. Performance Comparison between Baseline
LLM and RAG-integrated Model

BERT

Models ROUGE-L BLEU
Score
Model 1 0.752 0.426 0263
(Llama-only)
Model 2
(Llama + RAG) 0.792 0.472 0.293
Model 3
CIOVAX only 0.827 0.493 0.318
Proposed
(CLOVAX+RAG) 0.873 0.526 0.354

4.2 Experimental Result

4.2.1 Analyzing Quality of Generated Script
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4.2.2 Evaluation of Script and Lecture Video
Generation Time
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