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A Study on the Analysis of R&D Trends and the Development
of Logic Models for Autonomous Vehicles
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Abstract This study collected 1,870 English news articles related to research and development of
autonomous vehicles in order to identify various issues emerging in the research and development
process of autonomous vehicles at home and abroad, and conducted topic modeling after data
pre—processing. As a result of topic modeling, we extracted 20 topics, and we performed naming
operations for topics and interpreted their meanings. A logical model for autonomous vehicle research
and development projects was presented in response to the R&D process of input, activity, output, and
outcome of derived topics. The analysis results of this study will be used as basic data to accurately
determine the progress of domestic and foreign self—driving car research and development projects and

prepare for the rapidly changing technology development.

Key Words : Autonomous vehicles, Text mining, R&D, Topic modeling, Logic model
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Fig. 1. Research process

3.2 HlolE 3
ZF%?SEZPE?} 2 hgst ofr
Als S aeste] = AR
oA AFee dow AW s TAES FHO
o2 AAASITh A 71955 Table 139 o] “A&
FHAEA o} AFNLGA 7]19 =8 28] ALE
kit

Table 1. News search criteria

Classification Search keywords
. (research and development
input .
investments)
. { (autonomous
activity vehicles) or (research and development)
(automated | and| (research and development
output vehm{lgs) or outputs)
(self—driving cars) }|
(research and development
outcome
outcomes)
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Table 2. English news data preprocessing example

Preprocessing

Example
step
. Kia is partnering with Volvo to deliver connected
Original text . .
automotive experience to consumers
convert to kia is partnering with volvo to deliver connected

lowercase automotive experience to consumers

kia/is/partnering/with/volvo/to/deliver/connected/

tokenization . .
automotive/experience/to/consumers

remove kia/partnering/volvo/deliver/connected/
stopwords automotive/experience/consumers
. kia/partner/volvo/deliver/connect/automotive/
stemming

experience/consumer
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Table 3. Result of Topic Modeling

E4e AE
X autonomous

display, airs} Z& To]=S

No Topics Keywords
1 system on | system, chip, design, application, performance,
chip design | power, solution, level, processing, requirement
system software, platform, system, hardware,
2 | development | development, industry, solution, oem, product,
platform customer
Al, model, researcher, m, map, 5
3 Al model ode esearche daFu{ ap, road
research, driving, training, team
4 car car, experience, drive, autonomous vehicle,
experience | manufacturer, control, part, hand, display, air
safety driving| . . . .
- : driver, system, control, safety, driving, assistance,
5 assistance .
technology, vehicle, feature, crash
system
autonomous— . L.
. vehicle, automaker, technology, apple, driving,
6 electronic .
. battery, production, auto, consumer, carmaker
vehicles
7 5G network 5G, network, infrastructure, service, data,
infrastructure | connectivity, cloud, application, model, datum
pedestrian pedestrian, safety, technology, vehicle, road,
8 safety traffic, accident, communication, user,
technology infrastructure
9 simulation |test, scenario, testing, simulation, road, vehicle,
test scenario | environment, development, condition, engineer
cybersecurity . .
’ ° |safety, system, security, standard, cybersecurity,
10 system . ! .
risk, design, process, level, industry
standard
atent
P patent, technology, development, market,
11 technology 5 .
demand, product, business, growth, sale, industry
development
12 sensor sensor, system, radar, camera, object, perception,
system image, detection, vision, range
change of |autonomous vehicle, technology, consumer, level,
13 consumer impact, issue, question, change, industry,
perception autonomy
technology . ..
. < startup, investment, tech, technology, driving,
14 investment . .
investor, company, mobileye, plan, deal
for startup
15 AV road company, vehicle, driverless, waymo, driver,
driving driving, road, service, cruise, mile
16 delivery robot| delivery, robot, service, pandemic, customer,
service order, company, robotic, work, worker
city area . . .
N city, mobility, transportation, transport, shuttle,
17 shuttle bus . . .
test bus, service, project, passenger, trial
18 AV trucking | truck, technology, driver, automation, highway,
technology job, fleet, operation, trucking, company
safety safety, regulation, standard, policy, transportation,
19 | regulation & |industry, autonomous vehicle, state, government,
standard country,
technology |technology, research, development, collaboration,
20 | development mobility, industry, partnerproject, group,
collaboration innovation
S =] (e} - O == =] — A T =
ggato] 23 Aes ek A3A T 2E ATE
Sk 0] 0. o o) 2
%16 Ol'jl /\/]\1:! = = T 3/]\{:]'

2} 738 (car experience)ol th3l 4|
control, hand, drive,
F3 gaZeels 53

vehicle,

AR 2 2= A

,
= AT Ve, AW #71 J‘J
el A 5 Absake] e
T e Ayl FxHa

AN
manufacturer, part9} #L dolES

4o 5ol S} QA -

ET5+ QP A YA 2=Ell(safety driving assistance
ks control, vehicle, crash,

3 A} Ao g T AET
P52k SES AT —’F UE 75l gk A
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E¥62 A&7 725 *Hautonomous—electronic
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EH12% AlA Al2=Bl(sensor system)ol gt BT
© = radar, camera, perception, image, object,
detection, vision, range®} #2 TdolES Fd A&
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E¥132 4nH]A} 914w 3} (change of consumer
perception)°l g E
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Z3)4 9 (Uber), El&eH(Tesla), 9lo]=2(Waymo) &
O] AEFYAEAF AFALR FA AR Q14 o] ol gl
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o
ZxH]

© % autonomous vehicle,

T QT COVID-192 A2 W%, W, 25
o] F8E7) FolAHA A EEZPEX} o gk
2} 1A o] Waslal S 4§ .21, industry,
autonomy, impact®} 2> @G ES S8 A&7
<ol A AE3) ool &0} E Wil 9l
= & 7 A

ET14% 2EEY] 7] AHtechnology investment

for startup)e] W3 EFo=z driving, company,
mobileye, plan, deal?} 722 ©o]Eg Ea)| A&F8

.L]O-g} iR =N 7]

el S

S A2 02 JfkEl | BoR= A7)

A& Fol7] sl Table 49k o] A1 271 7IE
S eATE FRlskaL RS o 5 k. olE B,
Qlelo] 2017 Blofo] g2 AELEQ el FARE AAH

g 714 A5 916 719 1 M&A, B Sol
#gjo] sl AR PSS < 4 ATH12].

Table 4. Mergers and Acquisitions in the Autonomous
Vehicle Space

Acquirer Acquired Date

Hyundai Motor Group Boston Dynamics 12/11/2020
Aurora Uber ATG 12/7/2020
Amazon Zoox 06/26/2020
Waymo Latent Logic 12/12/19
Ford, Volkswagen Argo Al 07/12/19
Apple Drive.ai 06/26/19
Daimler Torc Robotics 03/19/19
Delphi Automotive nuTonomy 10/24/17
Intel Mobileye 03/13/17

GM Cruise 03/11/16

GM Lyft 01/05/16

ET15% A& 52 =2FY(AV road driving)

of Wik EFOF company, vehicle, driverless,
driver, service, cruise, mile¥} #& o528 =3 #}

&5 719 E50] AEFAATAF 83t Aulz AT
tulste] AA] ERIENA ALY Bk S &
T Atk ARRE HEE Z27ldE 24 29 (driver)©]
o)A 0 7 Blralgl o) 2020 E = 41 2.9 glo]
(driverless) AH&FFAeAHE HIAESIAL Q) B2
& HAEE sk A&FqAEA 719 Tl waymo”t

e s gee & 4 ArHIal.

Z T (o) o
2 == AT = T /\/]\
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Table 5. 2019 Annual Mileage of Autonomous Vehicles

Manufacturer Number of Cars Annual Mileage(mile)
Waymo 148 1,454,137
CRUISE 228 831,040

Baidu 4 108,300
AutoX 8 32,054
Pony.ai 22 174,845
Nuro 33 68,762

EF162 vl 25 Av]2x(delivery robot service)ol
&k E3 =2 pandemic, customer, order, company,
work, worker9} 22 @olES $3 COVID-19 ti-
& o] VY Ee] T2 S fI3] 1A FEe| 2R
33 (robotics) & &8l A5S & 5 Aok

EF17E BAH HEM 2 B 2E(city area shuttle
bus test)oll th3 EF O R passenger, transportation,
transport, mobility, service, project®} #2 ©ojE
Eal FHFE M EH AU|=E AT 3] BAle A
WA AN FAE FEEe %ﬂﬂ AU =5 H

Edle 2rAETL ZeE 1 QIS gRIE 4 QlrH14].

EF182 ASFHEY A3 7])=(AV trucking
technology)ell oigt EFo= fleet,
automation, highway, job, operation, company<}
2o ol 58 B3 1E£E 24 AT E o] 3
FAS AAeAA 4 AR 7199 29HE =Y
T UARE EE @A7IAFe] AR ol WE 7/ e]
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Table 6. Autonomous shuttle buses for public

transportation
Shuttle Bus Nation Test area
France Parc Olympique Lyonnais, ZAC des
Gaulnes
Swizerland Virginio—Malnati Meyrin, Geneve,
Navya Arma Germany Sylt Schleswig—Holstein
Austria llse—Arlt—StraBe Wien
USA Lake Nona Orlando
Swizerland Bernmobil Demo Bern
EasyMile EZ10 USA Austin Airport
Singapore National University of Singapore
Local Motors Italia ITCILO Campus
Olli USA University of Buffalo
Spring Car South Korea Daegu Metropolitan City
WITH:US South Korea Sejong City

ET19+= oA A9t EF(safety regulation &
standard)ell th3d EI SR autonomous vehicle,
transportation, industry®} 32 T ES F3l A&

SRR e} WEARIONA A9} Ezo] ol el

I 992, country, state, government, policy®} %
& T ES Bl GH-Y TRt AAA A F
AENS & F Sk ok} galo] sAlel 875

o= ;A 7|l AR QP&

off FXEHI AeS & F AUTh

1+ 2 (technology development

collaboration)®] ™3+ EF S & mobility, industry,

partner, group, project, innovation®} 72 ©ol&

< F3l dEE Ao g BFEHE] 7]%1 s
o

H9 ZRAES Fo) G o] Tl 18

A & O
‘__- 2—11_&

_.

T ATH15-18].

Table 7. Autonomous vehicles technology collaboration
case

Collaborative

P Intercompany collaboration content
organization

Real—time road conditions are accurately
detected by road analysis under the tires of
BMW vehicles.

BMW & Tactile
Mobility

DeepRoute & Cao Commercial autonomous electric robot taxi
CaoMobility operation for 2022 Hangzhou Asian Games

Development of advanced functional safety
middleware and applications for safe
self—driving car manufacturing

ADLINK Technology &
TierlV & AutoCare

UPS & Waymo Self—driving delivery van test

4.2 A&

hvi je) =)
345: EED

Bhar Sl

=
=
T A= A

BAE3 REDAFYS) el 2y
2

_/',:
5 xkﬁagx}ix} A7t s o] 1}

A Fes g Adstkar ofsu

]_
o Aol dstr] ¢l Fig. 31} o] 19l &

3 Sl M el Ty,

R&D
outcome/i
mpact

Securing stability and acceptability of autonomous
vehicles
Changes in perception of autonomous vehicles

R&D
output

Improving the performance of the autonomous
vehicles safety system for drivers and pedestrians
Institutionalization of autonomous vehicle safety
technology through regulation and standardization
Utilization of autonomous driving technology in the
field of quarantine and logistics transportation

R&D
activity

Shuttle bus test in the city center

Road test for autonomous vehicles

Development of a sensor system

Development of patent technology

Simulation test

Development of pedestrian safety technology

5G network technology development and
infrastructure deployment

Development of self—driving electric vehicles
Development of System—on—chip(SoC) design
technology

Build a platform for developing software and hardware
systems

Development of an artificial intelligence model
Development of driver safety support system
Development of cybersecurity safety system
standards

Development of autonomous vehicles truck cluster
driving technology

Response of the automobile industry to the
improvement of the driver's experience in automobiles

R&D
input

Cooperation for technology development
Technology investments in startups

Fig. 3. R&D Logic Model of Autonomous Vehicles
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