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ABSTRACT

With growing attention being paid to electric vehicle (EV) technology as a response to climate
change, researchers have been actively investigating the classification and trajectory trends of EV
technology. This study aims to understand and characterize EV technological trends by combining
EV patent citation and text data. The analysis of EV patent data was conducted using
knowledge-persistence-based main path analysis and the latest topic modeling methodology,
BERTopic, yielding a detailed showcase of technological trajectories according to a classification
considering specific technologies. The analysis identified a core technological trajectory comprising
200 patents, which falls into three topics: “Propulsion & Control,” “Charging & Battery,” and "Circuit
Thermal Management & Autonomous Driving.” The study reveals interactions and concerted
developments between “Propulsion & Control” and “Charging & Battery” technologies; the
importance of hybrid vehicles and wireless charging technologies; advancements in circuit thermal
management technologies; the emergence of autonomous driving technologies. Using quantitative
patent data, this study delivers technological insights for stakeholders in the EV industry,
contributing to the identification and classification of EV technological trajectory trends.
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117 | 7741734 | Wireless non-radiative energy transfer 2006 EX A HiER 713 983

118 7742303 | Electric power converter 2007 2 Ao 127 113

119 7847495 s}:;yntigd vehicle and method of controlling the 2006 =71 90 ®of 25 37

120 7849944 \S/:E{é?‘aasrning control system for plug-in hybrid 2008 =1 91 Hlof 96 208

121 7933695 | Electric vehicle power source selection 2008 %1 8l w0 22 67

122 7978471 | Electric power conversion apparatus 2009 o) %lg—’.‘—%‘ = 36 114
Automated system for determining whether =x{ i

= 7986126 | \ehicle charge station is publicly accessible 2011 o S e 66 140
System to automatically recharge vehicles = gl

124 | 7999506 | SO o 2008 2L HEZ| 108 252
Wireless energy transfer using planar

125 | 8035255 | capacitively loaded conducting loop 2009 F A HiEfR 14.7 538
resonators

126 | 8142328 | Method for controlling a starting clutch 2008 =7 8L Hof 32 38
Method and circuit for providing a balancing =x{ O]

127 8203308 | crrent in a charge circuit interrupt device 2009 o S e 11 5
Method for operating an internal combustion =x| al

128 | 8219303 engine for a hybrid powertrain system 2008 2 A 7 168

129 | 8220574 |Inverter control device and vehicle 2008 2 Ao 34 18
Driving apparatus for a vehicle-mounted =x| Ol

130 8441224 electric motor 2010 2 Ao 49 40

131 8473131 \l;/le%tigf;cg and system for charging electric 2010 =5 9l HiEf) 33 267

132 8509976 ELehcitcrliecSvehicle equipment for grid-integrated | 5444 = 9l HHER) 105 105
Electric vehicle inverter apparatus and =x| Ol

133 8612073 protection method therefor 2010 =2 LMol 21 7

134 | 8712613 | Control device 2011 Yl 238 14

135 | 8725330 | Increasing vehicle security 2011 =71 8L Ao 6.7 64
Modulating Snginhe torque to s()j/nfchronize
engine speed with motor speed for =x| gl

136 8852054 | Gisconnect clutch engagement in hybrid 2012 8 S 00 8
vehicle

137 8890475 ,:‘t:i?omnobile charging and communications 2011 =7 9l HHER 44 44
Safety systems for wireless energy transfer in = gl

138 | 8946938 | Uchidde opiications 2011 5L HHER 85 288

139 | 8950528 | Electric automobile 2012 =% 2L Hof 02 17
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Method and apparatus for controlling an

140 | 8989930 | engine disconnect clutch in a powertrain 2011 2 A Ao 0.6 17
system
System and method for configuration and S

141 9056556 | management of an energy storage system for | 2014 ShEIPNCEESN 58 44
a vehicle == e e
Methods, systems, and vehicles with =x| gl

142 9132736 | glectromechanical variable transmission 2014 &SR 20 4

143 9137932 | Electric power conversion apparatus 2015 SRy %IE—’F—%‘ = 13 10
Systems and methods for UAV battery = gl

144 9139310 exchange 2014 S HHE2| 7.5 196

145 | 9156472 | Economic cruise control 2014 2 2 wof 1.0

146 | 9260024 | Distance-based charging for electric vehicles 2014 F S HiEf2| 35 16

147 9284062 | Multi-zone battery exchange system 2015 A 7%%-’5-%‘ = 2.0 123
Methods and systems for electricrfvehicle (EV)
charging, charging unit (CU) interfaces, x| Ol

148 9346365 auxil?ary batteges, and remote access and 2013 o SR 58 38
user notifications
Methods and apparatuses for charging of =x{ 0|

149 9348381 | Jiectric vehicles 2012 M S HEf2| 44 264
Parking assist device for vehicle and

150 | 9365104 | electrically powered vehicle including the 2010 F S HiEf2| 3.1 28
same
Methods and systems for automatic electric

151 9371007 | vehicle identification and charging via wireless | 2014 F S HiEf2| 74 73
charging pads
Systems and methods for UAV battery power x| Ol

152 | 9434267 | 2o 2015 & S HHE2| 14 127

153 | 9457671 | Drive system for a motor vehicle 2014 2 Ao 0.4 10

154 | 9493151 | Control apparatus for hybrid vehicle 2011 % 2L wof 02 13
Electric charging apparatus and operation =x{ gl

155 | 9499058 | o 2014 2L HEZ| 0.1 1

156 9537252 | Vehicle-side connector 2013 %—T'.;FEI-%IE—’F—%‘ = 1.6 9

157 9578790 | Power conversion apparatus 2012 i) %ll_gxgu = 1.0 16
Systems, apparatus, and methods of charging x| gl

158 | 9592742 | QY>TS PR 2015 & S HEZ| 33 70
Vehicle-to-vehicle wireless communication for 3=

159 | 9697733 controlling accident avoidance procedures 2014 | oppixigza s | 73 134
Apparatus for transmitting wireless power for = gl

160 9809125 | G<ctric car 2014 S HHE2| 1.0 22
Vehicle drive and method with =x| Ol

161 9821789 | clectromechanical variable transmission 2016 T A 01 >4
System and method for recommending =x{ O

162 9851213 cKarging station for electric vehicle 2016 o S e 15 3

163 | 9902393 | Vehicle control system 2016 =71 2 Ao - 12

164 9909889 | Mobile vehicle refueling method 2016 @) 7%%-’5-%‘ = 1.0 18

165 9932031 E%/;rtém and method for hybrid vehicle engine 2016 ESSETD 05 10
Ground-based mobile maintenance facilities =x{ O

166 9950814 for unmanned aerial vehicles 2017 o 21 iR 05 4
Multi-mode electromechanical variable =x| Ol

167 | 10029555 | ;- cmission 2017 2 3L H[of 0.0 44
Protection device for a vehicle for preventing =x| Ol

168 | 10046669 | oniact voltages 2014 2 3L H[of 0.0 2

169 | 10095239 | Autonomous vehicle paletization system 2017 %jd,al_%lgxgg = 0.5 91

170 | 10112728 | Drone charging stations 2018 F S HiEf2| 0.5 22
Autonomous vehicle routing during 3|2

171 | 10156848 emergencies 2017 IV CE ST 35 173

172 | 10284193 | Semiconductor switch control device 2017 2 Ao 0.5 3

173 | 10336194 | Electric vehicle charging device alignment and | 2015 F S HiEf2| 03 32
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method of use
Drone assistance apparatus with charging = gl R

174110336202 | i 0 method 2017 & 5L HHE2| 18

175 | 10377369 Methods and system for predicting driveline 2017 =71 91 Jlo R 1
disconnect clutch torque ==
Electrified vehicle with expansion interface

176 | 10434898 | mechanism for interfacing with secondary 2016 F A HiEf= 0.1 4
electrical device
Method and system for providing =x| Ol R

177 | 10457273 | (o0 e asist 2017 271 91 Jlof 3
Generating electric power within vicinity of

178 | 10491021 | powerlines using electric field and electrical 2018 ST S HiEzZ| 0.5 6
pathway to ground
On-board charger with heat dissipation 22

179 | 10568235 | i 5o8T 2018 | omaixigz s | - 0
Power reception apparatus, vehicle, power

180 | 10596918 | transmission apparatus, power transmission 2017 S S HiEf2| - 2
and reception system, and control method
Electric power system provided with a =x| al

181 10625621 dual-voltage storage assembly for a vehicle 2017 & SR 10 >
Conductive tracks elastomeric carrier with

182 | 10647220 | rectangular section for ground electric 2018 =7 8L Hof - 2
feeding system

183 | 10665992 | Actuator 2018 T 2 HiE2| 1.0 3

184 | 10769555 Zséfr%rsming actions in response to charging 2016 =7 9l HiEfR) 05 7
Mobile charging apparatus and method for x| Ol

185 | 10787092 | 2rving an electn}Z vehicle 2017 S HHE2| 0.5 2

186 | 10828989 | Method for operating a hybrid vehicle 2017 % 2L wof - 1

187 | 10828999 | Autonomous electric vehicle charging 2018 EX A HiER 17 4
Dual energy store and dual charging source

188 | 10916962 | vehicle power supply system and vehicle drive | 2017 =71 8L Ao - 3
system

189 | 10931160 | Actuator 2018 71 S Ao - 0
Autonomous vehicle fueling with centralized 2|2

190 | 10953759 | s heduling 2016 | ompxigz ) 2
Unmanned flying object, flight control

191 | 10974615 | method, and recording medium storing 2017 X A HiEf - 2
program
Multi-mode electromechanical variable =x| Ol _

192 | 10974713 | oo 2018 2l 8L 27
Method to control a hybrid drive system for a =x| al _

193 | 10988134 | 2= 0idle 2018 2l 8L 1
UAV having electric-field actuated generator

194 | 11011923 | for powering electrical load within vicinity of | 2019 F A HiEfR - 2
powerlines

195 | 11021075 | Autonomous vehicle paletization system 2018 SR %Ilgxgu = - 2
Power management system and power =x{ al R

196 | 11052775 | [\ 0 cement method 2018 5L HHER 6
Method and system for coordinating a battery = gl B

197 | 11097632 | gychange 2019 2L HEZ| 1
System and method for hybrid-electric vehicle =x| gl

198 | 11135939 battery capacity estimation 2019 =2 LMol 0

199 | 11163325 | Power supply device 2019 F S HiEf2| - 5

200 | 11207995 | System and method for charging machines 2019 X A HiEf - 4

* 7| 7t=gs Pl 7 IAtSAH A Sol=2|= K| T Sl Mol = LEFeR T Sl HO2 HA|
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