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Abstract The domestic automotive industry must consider a strategic shift from traditional
automotive component manufacturing to align with future trends such as connectivity, autonomous
driving, sharing, and electrification. This research conducted topic modeling on R&D projects in
the future automotive sector funded by the Ministry of Trade, Industry, and Energy from 2013 to
2021. We found that topics such as sensors, communication, driver assistance technology, and
battery and power technology remained consistently prominent throughout the entire period.
Conversely, topics like high-strength lightweight chassis were observed only in the first period,
while topics like Al, big data, and hydrogen fuel cells gained increasing importance in the second
and third periods. Furthermore, this research analyzed the areas of concentrated investment for
each period based on topic-specific government investment amounts and investment growth rates.
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K: number of topics
N: number of words in the documents
M: number of the documents

a: Dirichlet parameter of per—document topic distribution
B: Dirichlet parameter of per—topic word distribution

¢o: word distribution for topic K
©: topic distribution for the document M

7. topic assignment for w
w: observed word

Fig. 1 Graphical model representation of LDA
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Fig. 2 The overall procedure of our analytical framework
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shuttle’, ‘micro mobility’ o] t}. =& 3 =% =} 7} ‘big data’ ¥ ‘platform’ .2 F L1 Y &
Hrh ﬁ‘fEHEM ME B mlojaz RYgyHE T At a8 FAAERAAE VN R Sk
Agata e AL welEth £@ 1R b Fa% &, F fue celld] AR 93
Ef vt J%Xl% 7lso]l Bt SdEo] 37]el = Ll
Table 1 Keyword frequency analysis according to each period
Rark Period 1 (2013~2015) Period 2 (2016~2018) Period 3 (2019~2021)
keyword frequency keyword frequency keyword frequency
1 electric vehicle 49 electric vehicle 76 electric vehicle 120
2 sensor fusion 14 smart car 19 autonomous driving 60
3 ecu 8 autonomous driving 18 autonomous vehicle 39
4 green car 7 sensor fusion 18 battery 33
5 high voltage 7 secondary battery 16 platform 24
6 safety 7 autonomous vehicle 16 battery pack 23
7 motor 6 lidar 15 artificial intelligence 21
8 aeb 6 inverter 13 sensor fusion 20
9 secondary battery 6 safety 12 fuel cell 18
10 high stiffness 5 motor 12 big data 15
11 smart car 5 adas 12 fuel cell electric vehicle 13
12 adas 5 battery 11 lightweight 13
13 | ace 5 | batlery management | 19 | inverter 12
14 lithium ion battery 5 vehicle 10 ai 12
15 inverter 5 automotive 9 automated driving shuttle 12
16 ami 4 vehicle test 9 high efficiency 12
17 wave 4 high voltage 9 micro mobility 12
18 augmented reality 4 battery pack 8 automated vehicle 12
19 integrated control 4 signal processing 7 deep learning 12
20 | tusion 4 | reliability 7 | batlery management |
21 energy storage system 4 deep learning 7 secondary battery 11
22 high capacity 4 high efficiency 7 traction motor 10
23 pedestrian detection 4 fuel cell 7 lithium ion battery 10
24 battery 4 energy storage system 7 object detection 10
25 reliability 4 collision avoidance 7 safety 10
26 lightweight 4 intelligent vehicle 6 reliability 10
27 technology 3 ecu 6 automotive 9
28 ggg)allllilg‘]%%me battery 3 laser scanner 6 durability 9
29 vehicle simulation 3 V2X 6 standardization 9
30 surface treatment 3 surface treatment 6 high voltage 9
Period 1 (2013~2015) Period 2 (2016~2018) Period 3 (2019~2021)
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]aectrlc: vehlcle vehicle ™ high poqle sensor mhilisyi stem
PLETrorh 7. lectronic| & Shydrogensaiags aenedrIving vehiclet 4 2= e
sensor %USE§HF1C| E‘f‘i[.g‘ o ‘IHTEEIEUOH ! = eleCtrlc &_{. l il fuel (E‘ll CDMtI O]. elec‘tr‘lC a}gtgcnu'nuu:

Fig. 3 Wordcloud on keywords in each period
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A Table 2014 YEbG #1719 EFES 4

HEWH, EY 112 44, 521, Adsxge #-d
Adol = F8 7Y E=ddA
optical sensor, integrated control % AlA A
M Bd FEo] Heolw, wave T signal
processing & A AEAHEY #HH JNHP=E=
veldt B 128 F2 719=2 ACC
(Adaptive Cruise Control), ADAS (Advanced
Driver Assistance Systems) o] 2AxE™ &
Axpel AgEs TUA7I= 1A BE7]E
T A Eo] ok EY 132 a1 E 7 7FEApA o
3 FAE Holw, high stiffness, lightweight,
autobody & &3l 53 & & AUk

EY 4= o8 FA 7157 EAFH 2
=4, 53] secondary battery, safety, reliability
TS B3 wi"E, by A=A FAS A
o] Fol Helt} EF [50& tE EIoA &
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Tol #EHEY. o= HY|AA EEE 53
7] 918 dEwis 7l #HEe Q. EY

pu

169+ integrated energy management system,

sensor fusion,

light battery pack, re-electric vehicle, electric
energy storage system 59 7]19=7F yEhy
W, Aw uA we, 3% e 9, Fa
Ael @, ANNIA AFALY 5 UA

FEFY 7eMES Awdor 23 e
7

Table 32 A|27]¢] E¥S HoF1 9t} E
o 210l oy FAo 71 =vt dFE AR @A
719 =+ deep learning® 2 #E Tl 20164 3
4 oME-¢I = 7IHoE HFR&DI
A QleAe ddE A9 Axd AR Hol
W lidar 52 T3 A A4 7| A % deep
learning S &83F 7l&/do] FPEHFSS &
T Aok B 22¢ A&Fd A5 ddd F
AZA, olet #HAF 7|A=7F @eol TSt

2lt}. Autonomous driving, autonomous vehicle,
electric test, v2x communication & A}-&3Y

o
Zeg NEsta HAES I, & BV Es &
ot Zleds A¥gsta = Aew dd
drh B 230 A= b B oolyAHdE v

M FAE Edhsha
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e
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I AHEo gla, SOCE Systems On a Chip
oA vhFE 713 Anasge shtel
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Table 49] &3 316] 4% o Aol }ox o
*d AEL 7P =Eo] yERYaL vk Fuel
cell, system, international standard, bipolar
plate 5©°] o7]d d|Fst=d, ARHA A|~H=H
o st AFINdo] =HHow HIPHIT Y-S

S ¢ 4 oY Bipolar platet F4AAZAXA
AEApg Feldo v w-dATHgA e 728
A FA 2" A RFoltk Fa, AbA
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Table 2 Topic modeling results in period 1 (2013-2015)

Topic Naming Keywords
g & sensor fusion, integrated control, wave, optical sensor, reliability
. ensor .. ) . )
Topic 11 L critical vehicle component, rse, obe, signal processing,
communication . . . .
pedestrian identification, utis
. . . acc, electric vehicle, adas, motor, high voltage, pedestrian
Topic 12 | Driver assistance .
detection, ecu, das, battery pack, 4wd
. electric vehicle, high stiffness, green car, lightweight, platform,
. High-strength . . .
Topic 13 . . vacuum, autobody, traction module, electric-traction module,
lightweight body
e—4wd module
Tonic 14 Battery, safety & | electric vehicle, secondary battery, safety, fusion, augmented
op1c C . e e . .
reliability reality, reliability, ecu, infrastructure, eps, multi-pore structure
electric vehicle, sensor fusion, inverter, high voltage, lithium ion
Topic 15 | Power conversion | battery, electrolyte additive li ion battery, noise, high power,
assisted parking system, separator
electric vehicle, smart car, aeb, sensor fusion, magnet,
. L integrated energy management system, integrated underbody
Topic 16 | Energy efficiency

package, light battery pack, re—electric vehicle(range extender
electric vehicle), electric energy storage system
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Table 3 Topic modeling results in period 2 (2016-2018)

Topic Naming Keywords
. . electric vehicle, deep learning, lidar, battery, anode, high voltage,
Topic 21 Deep learning o .
commercialization, automotive parts, secondary battery, nano
Autonomous electric vehicle, autonomous driving, autonomous vehicle, vehicle
Topic 22 driving test, fuel cell, sensor fusion, smart car, v2X communication, laser
demonstration scanner, vehicle
safety, electric vehicle, hydrogen vehicle, vehicle, rolling, high
Topic 23 | Safety & energy | strength steel, integrated system, regulator, ecu, energy storage
system
. inverter, motor, smart car, electric vehicle, reliability, battery
. Power conversion . .
Topic 24 management system, sensor fusion, heat pump, high power,
& battery ..
efficiency)
Signal processing, | electric vehicle, signal processing, sensor fusion, autosar, sic,
Topic 25 sensor & battery pack, high voltage, stereo camera, hydrogen storage
S/W platform system, cathode
. . electric vehicle, adas, secondary battery, autonomous driving,
. Driver assistance | . . . . .
Topic 26 . . intelligent vehicle, mosfet, soc, automotive, smart car, high
& high efficiency .
efficiency
Table 4 Topic modeling results in period 3 (2019-2021)
Topic Naming Keywords
Tonic 31 Fuel cell smart car, fuel cell, electric bus, micro, system, international
opic ) . L .
system standard, crash, electric mobility, certification, bipolar plate
Autonomous autonomous vehicle, lightweight, autonomous driving, automated driving
Topic 32 driving shuttle, simulation, integrated system, battery management system,
demonstration | intelligent vehicle, sensor fusion, verification autonomous driving
Autonomous electric vehicle, autonomous driving, traction motor, high efficiency,
Topic 33 | driving & high | reliability, battery pack, automated driving, automotive, micro electric
efficiency vehicle, airless tire
Tonic 34 Battery & power | electric vehicle, autonomous driving, battery, platform, lithium ion
opic ) ) . . .
conversion battery, v2x, high voltage, battery pack, big data, internet things
. . electric vehicle, artificial intelligence, second battery, soc, big data,
Topic 35| Al & bigdata i . & . ay Y 'g
deep learning, automated vehicle, battery, ai, automated bus requirement
electric vehicle, sensor fusion, battery, light weight, electric vehicle
Topic 36 Sensor, etc management, fuel cell, fuel cell electric vehicle, inverter, artificial

intelligence, battery pack
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autonomous  vehicle, autonomous driving,
automated driving shuttle, simulation, verification
autonomous driving 5°] #ZHT EY 33
A&7 Ve A a&IFY T UE TAE
o] EAlEol U= HozZ HAT Autonomous
driving ¥ automated driving®] YEY ™, high
efficiency 2 airless tire 5 Elolo] A3z
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By 34+ wHg 7)o @Weol X3y o
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el gtk BEY 362 AAME X283 B3
FAE 3 dd. 8 7Y == Sensor fusion
I} 3t/ light weight, battery, inverter 5°] &
I R aL gl

% of

o

Table 5 Topic change over the entire periods

Category Period 1 (2013-2015) Period 2 (2016-2018) Period 3 (2019-2021)
(T11) Sensor & (T25) Signal processing,
A T
communication sensor & S/W platform (T36) Sensor, etc
B (T12) Driver assistance (T26) Driver assistance (T33) Autonomous driving

& high efficiency

& high efficiency

(T14) Battery, safety &
reliability

(T24) Power conversion &

(T34) Battery & power

C . battery .
(T15) Power conversion (T23) Safety & ener conversion
(T16) Energy efficiency alety: & enctey
D (T13) high-strength
lightweight body
E (T21) Deep learning (T35) Al & bigdata
F (T22) Autonomous driving | (T32) Autonomous driving
demonstration demonstration
G (T31) Fuel cell system

olty. ZhHlalg] B¥ A HE7|EZA HY
4 FulE Al 1718k 27]o A EHH o= AT
o]l =l on, 37]d A= A&FE 7
wolgtye & FAR A gk hE gl C
= Wi, A=W oA &3y Hdd
FAZE B 2E o] vk A7) AE Ak QLo
HiE ] Adso] 7Hd Fastr]el 37 WA

e e 7o JeAoR AFde] WNadx=
Aoz dddrt sie g DeE 14 %E A @A
Aok A T EEA 7)o A FAR
et oy 2719 3712 7HHA thE FAd
Hjs] HlFo] FUlH oz Fojgol A FAol

A AR Ro® Helt) o]ol: WHE JhH
1] EollA vERd mRe} o] ey, Al9F Y
dolg = 27]9F 3712 WA A" FaAdel A
A A FAR FAATE & U B=E )
Hig Fok GE &3, A& 71+ At
S Flg ATAFUr 271%E &8 HaH
<3 3719 EAAMAME FaRAsHAA

J—l b
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Table 6 Government funding

AR
7 #A9 gt e CEdel 7Hg
A grEe] FAIE o] FojHn 1
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Zo 50009 E AR ofel
geow & AL & F 9

A971&S G g B A4 2
el ae] Beoz Tz 13yH

amount and ratio of increase according to topics in each periods

Period 1 (2013 ~ 2015) Topic 11 | Topic 12 | Topic 13 | Topic 14 | Topic 15 | Topic 16
Government fund (100 million won) 394 570 430 724 567 640
Ratio of increase (within each period) -14% 142% -21% -44% 49% -23%

Government fund (relative) -168 7 -83 161 4 77

Ratio of increase (relative) -29% 127% -36% -59% 34% -38%

Period 2 (2016 ~ 2018) Topic 21 | Topic 22 | Topic 23 | Topic 24 | Topic 25 | Topic 26
Government fund (100 million won) 740 931 717 827 789 582
Ratio of increase (within each period) 143% 151% 44% 48% 0% 59%

Government fund (relative) -24 167 -47 63 25 -183

Ratio of increase (relative) 69% T1% -30% -26% -74% -15%

Period 3 (2019 ~ 2021) Topic 31 | Topic 32 | Topic 33 | Topic 34 | Topic 35 | Topic 36
Government fund (100 million won) 1181 1222 1487 1620 1552 1344
Ratio of increase (within each period) 26% 74% 74% 79% 29% 53%

Government fund (relative) -220 -179 36 219 151 -97

Ratio of increase (relative) -30% 18% 18% 23% -27% -3%

Period 1 (2013 ~ 2015)

Period 2 (2016 ~ 2018)

Period 3 (2019 ~ 2021)

r"I'opic 12/

?opic 15|

r?’upic 16|

*1 (opic 11 -
opie ‘Gopic 13|
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Fig. 5 Matrix diagram for identifying promising topics in each periods
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Table 7 Government funding amount according to categories in each periods (unit: 100M won)

Catego Topics Period 1 Period 2 Period 3 Total
Y P (2013-2015) | (2016-2018) | (2019-2021) | (2013-2021)
(T11) Sensor & communication
(T25) Signal processing, sensor &
A S/W platform 394 789 1344 2527
(T36) Sensor, etc
(T12) Driver assistance (T26)
Driver assistance & high efficiency
B (T33) Autonomous driving & high 570 582 1487 2639
efficiency
(T14) Battery, safety & reliability
(T15) Power conversion
(T16) Energy efficiency
C (T24) Power conversion & battery 1931 1544 1620 509
(T23) Safety & energy
(T34) Battery & power conversion
D (T13) high-strength lightweight body 480 480
(T21) Deep learning
(T35) Al & bigdata 740 1652 2292
(T22) Autonomous driving
demonstration
¥ (T32) Autonomous driving 931 1222 2153
demonstration
G (T31) Fuel cell system 1181 1181
3,375 4,586 8,406 16,367

Category B

(T12) Driver assistance (T26)
Driver assistance & high
efficiency (T33) Autonomous
driving & high efficiency

GCategory F:

(T22) Autonomous

driving
demonstration
(T32) Autonomous
drving
demonstration

Category E:

(T21) Deep
leaming (T35) Al &
bigdata

Category C:

(T14) Battery, safety & reliability
(T15) Power conversion (T16)
Energy efficency (T24) Power

conversion & battery (T23)

Safety & energy (134) Battery &

pOoWer Conversion

Category A:

(T11) Sensor & communication
(T25) Signal processing, sensor
& S/ platform (T36) Sensor, efc | (T31) Fuel cell system

Category G:

Fig. 6 Treemap chart for total government funding on each category over the three periods
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