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Abstract

This study provides a thorough examination of Unmanned Ground Vehicles(UGVs), focusing on crucial
technologies and trends across major global markets. It includes an in-depth patent analysis revealing the dominant
positions of the United States and the European Union in this field. Additionally, it underscores substantial
advancements made by China, Japan, and Korea since 2010. Using Latent Dirichlet Allocation(LDA)-based patent
text mining, the study identified key technology areas in UGV development, such as advanced control systems,
navigation technologies, power supply mechanisms, and sensing and communication tools. Through linear regression
analysis, the study predicted the future paths of these technology areas, offering important insights into the
evolving world of UGV technology. The findings can provide strategic guidance for stakeholders in the defense,

commercial, and academic sectors, pointing out the future directions in UGV advancements.

Text Mining, Linear Regression Analysis(%13 3] 7] %4]), Unmanned Ground Vehicles(UGV), LDA(ZA] t]

g3 €9

Key Words :

BA 0 FA 237} Qop} FARA 24
* Corresponding author, E-mail: jhjeon@gnu.ac.kr B FA W golEe 237 drpv e 24
Copyright (©) The Korea Institute of Military Science and Technology Oy : ZF A 7F tFE2 g FAEY HE

S TALE 7|4 8k8] 2] A27E A3E(20249 6Y) /395



zan w41 A9 nA Toir) E3hE
D AA BE5E FA do] ndl A g
O : TA k& 7% wols9] gE X

o Mt L
(e
N
(o
b =
I

30,
0, rlr m

dl, o]zl bﬂﬁr«] Milo= 1 A ~E
ok H YAof-g-Agtolnt HAeA F<l
}%-7](UAV : Unmanned Aerial Vehicle)”} ‘Al <1
](Game Changer)’ 2] 2] @12}2 FEFHA, 71EY
A9 A A el QFb FRl A=) B3t
AAZ HRSIL k= 31% ”é‘:@.]’ 8] BTl 9l
o]x]¥ ol }\]/kEﬂC)i

Az Aegtar glew, F2 %%7]"“ 101 o
A A Ho]:b B2 FOIX]ARFEHUGY : Unmanned
Ground Vehicle)°|th. AA7HA] &7 T2 A
Z s st 79 Axke] S A daEl $A
g IR s dY FEo] ZSEHA,
olFo] Rl Ao TS A 7hsAdol AA
ATHY, FAA AL Felag e tie], 94

al
o
] R
o] Faa gk v
=
ol
<
[
S

T X0 @ go
o o0 K oo N
(]

ot

golt A& Alo}E Bl Qlzto
F ATE FAT 7 Yok AL A AAS
Moz e FAAPAFE BA £F 4B, 7

A5, A, g g3 A9 5 ugd e
gL Stk o] 7lE2 53] Asiety Y, WAk
29 A, S 7% 4 AY £ 5 QARbe] A
at7] ol ol Tad JTE gt

AA ARG A 2021 113} 319 2
(oF 4x=2)elAM 20301 m|BE 569 2Ef(F 7.329Y)<
2 SE dAgolw, old AlAl F8 H7FES 1A
AR Teds st =, AR, AFE S
S5t o8 AHERIAEY] st it wAkE
7Fakar Aep?

ol oY Z7bEe] FUAGAE HdEs Y
FooQl HRAAR] S F1 FQ ARelA, 7]
<o] v 3 Wkt A2 Feds olssh: A
< A TesAaL Atk o] A= = Eoke] A
A At AFAEA Fad Vx ARE Aw
atm, me) M Aol Agete a8 A

396 / FTFAL S 71488 ) A27E A3E2024F 6Y)

HEE 202013714

% 7 53 dojelg 24
o, 7|& L] T8 FAY 9 Ve, 18al FA
How HEF 71&g AHATh AdHow o AT

l -
£ 71E9 92E #AS dHATE HoR EY
wdge] A tjg]Zd E(ALDA : Latent Dirichlet

Allocation)®} 413 3] #]3-4](Linear Regression Analysis)
o Adste] FaEl o] AW oz BAE nlo|y
Aol AEgE FAACE Sl LDAR F54
7 Edge] B¥E AYPs AR HeER 28ato
zh EFe] A S @F’o‘:ﬂoi Jﬂ7}6}‘:} ] I

817)4 golAbao2nel 4]
oFe, 07 ol Ak
o4 2 9T Fa

o qmwm ol @ XJJOM A4

e
A
off
1
A
__N‘_l‘l
)
lo
o
Ern Hm —Vi

A ke v XV(EOM 01“4 NS ks

HH9 TS A W] FoF 42S T A

o} 53, 1*0101]/\1 AR A e e <l
T oans Fusgsd Zle=

o
oo
_a
w k
B
f
r&
—{J
o
N
it
1
2
rlo
o> HI %
g
il
e £

(Topic Modeling) 719
EJes A6k, 5 vl Srafol & 7=
%_% Al 3= Aol



S et slth w52009)9 ATelAE Fe =
7heel A Vet d9s 23‘01 Al 48t

*oho_z ol o) A7E B 7
o =

=

t}. LDA(Latent Dirichlet Allocation, A T
g A= B mdgda] de] AMgEE
A A el A FA4 =S e
) G392 o)t} LDAYE BA17) thokst FAlSe =
ree 4519 SIek S, ol ol 4
HolZo] B4 FAd 4% HBL

Ng, & Jordan, 2003). & Aol A8-H okt
X ENE d B9 SUos EHHm 7
e 54 welse] BES ushidh md, 4
WZ2(Gibb Sampling)S F3+ 2| FAHE o]
sjel, B4 DelA] 7t E3o] wolg AL MES
Arkstal, o]& wpgo R A FAE EHIHG.
Casella, & E. George, 1992). ©] ®'He FA'H 4]
Tols Asla HAE dHolHEYH ofn =
e FE3H=d f-83lt) Fig 152> ©]2% LDA ¢

=
:

o oo o o
o o

zo
)

me i

_%

Dirichlet Per-word Topic
parameter topic assignment hyperparameter
Per-document | Observed Topics i
Topic proportions H word v
+ i . .
A~ e
[ — ——={ — L )
i ’ N/ ANy A
o fa Fn Wiy Pk B
D K

Fig. 1. Graphical model of LDA(Blei, Ng, & Jordan,
2003)

& FHE AN Al = 5, el

ARG A, o] 312&

& o]

=, E—“l#_- “}01‘6‘4 ki3 vt_Lo];g_] B =2 7]
283 Ayvb sl s vk wAE
(2019)2> =VEEAE] Ao Fo By} g3E 24
at7] <fsl 1152774«] S =vs BY REde
ZARS,
FAEE —0—
AA AT %60]:% =4 A,
=, mE, AdE, S TSR
AT TFHE EF RUYS o]&F 53] BHew =
ARATHOL W&o} 5(2023)E UAM(EA &3 5)iof
o] A7FA sk FAE toluby] E¥ RUR(DTM,
Dynamic Topic Modeling)’ ©. 2 -4 glomlil 710
5(2023) Ao Fope] i HHlolHE B &
dYow BAsle] AFle] =g o]rel HakS whob
Fei Areho13)9] dAelAE = Y i,
T wARLEl 2oke] ERIES vhefstr] e, 1998
AFE 2012704 TRb=tAbabel 7] = 88 A ol Al
H =EEe 9ol 7I=E #43len, ¥ 454719
7199k 10789 =S 24 Wdew &
wobe] v - Wk F7b Aol deds AN

5]_011 ]q_[ 3]

|

_1

r_{

l

@

AT

3.1 A7HA

B ATE FANGANR 71E 5ES BAsE 1
Z KN

= olgl Fig 29} 2ok

3.1.1 Hlolgf =%

dolE 43 WA= KIPRIS(Korea Intellectual
Property Rights Information Service, =] A4t4A
HAHIAE &85t FAAEAE 4] ol
=5 #xete 7P 53E FHsAh o] A
| IPS(Intellectual Property)ell sldsl= & 571 =
v=, 9, T3, 98, =0 55 diojEE J54

S TALE 7|4 8h8] 2] A277 A3E(20249 6Y) /397



o

o

=

el

que gk
E01 U

2 ZAFSIIT) IPsE AlAle
xshe A7HER, olE

I LIS
ohek A Bkl 5

ot

Fo XA A F
S7be] B3] blojEl: 5
woo] ZRMl 4 BFS oldlshs d Fow

7} gAel A A
E_EL_

EFE ¥
% g5}l

2004%3%%1 2020Lﬂ 77}%1 4 ) 5
A HelgE Fas, o1 delel 44 A9e B
Qe FA FAAIAF 1% B B 14
st 9% 7LL X}JL?L 28590tk Table 12 &3l
e £AE 59 29 £8 vehloih
Data Source Data - Data Set Number of
(KIPRIS) Collection preprocessing Topics
1. Patert Search 1. Lowercasing
Critera 2. Remove Specisl 1. Set Number of
2 Dhta Range (04~23) Cremdter & Nanbass Topics
3. Data Collection 3. Tokenization 2. LDA Modeling
4. Remove Missing 4 POS Tagging
Value (Nouns)
5 Acquire Datal(’csy) 5. Remowe stopwords
6. Lemmatization
7. Create Bigram
1
Patent Analysis Derm.lng ‘
Topics
1. Visualization
2. Linear Regression 1. Bdract Topic &
Analysis(Hot and Keywarcs
Cold Topics) 2 Prcbatality Cistmbuiion
Fig. 2. Flowchart
Table 1. Number of patent application
Country Patent Portion
US 4,052 393 %
EU 3,913 38 %
China 1,232 12 %
Japan 955 9.2 %
Korea 157 1.5 %
Total 10,309 100 %
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Table 2. Comparison of topic modeling methods
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Topic 2 Control System and Power Supply
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Table 3. Topic modeling analysis result of patents
No. Subject Keyword Portion
Vehicle and Road Environment | vehicle body, road surface, point _cloud, parking_space
T1 Interaction communication_system, communication_unit, communication_device 0.0842
GFFy =2 37 45 2-8) | wireless_ communication, battery pack, care_unit
trol_syste! trol_uni )| d_control
Cotrol System and Power Supply COMro" Syste, cor _unit, power_supp ¥, Brounc_con'rol,
GHE Ao} @AY T3 control_device, measurement_control, position_information, 0.1837
© A=Tion vehicle_body, method_step, system_method
Control for Military Satellite conFrol station, satellite_system, d.ata_.base, da.ta acquisition
T3 AL 914 24 A o)) navigation_satellite, system_satellite, information_satellite, ground unit 0.0645
e transmission_line, input_data
. ground_station, base_station, data_transmission, control module
Ground Data Communication — -
T4 (A4 o] B EA]) system_method, coordinate_system, method _step, control system. 0.0986
° o processing_unit, navigation_system
Ts Mechanized Equipment machine tool, machine_model, region model, memory_device, 0.0472
(1A} 7)) front_wheel, lane_line, acquisition_module, state_system, ground_image ’
RF Communication and Target | radio_frequency, target area, distance information.
T6 Recognition information_processing, power_line, management unit, camera_system, 0.0505
(A A A 1) host_cell, aspect_invention, camera_module
Transport and Vehicle Control | control system, transport_vehicle, methods_step, method_system,
T7 System system_image, vehicle control, camera_image, image_information 0.0771
(%58 25 Alo] A=) system_robot, light source
Ground Working and Safety ground._syétem, cleaning_device, operati.on datz? lifting_mechanism.
T8 AF xbod m ] determination_method, data_packet, vehicle trajectory, 0.0504
(A3 2] 2 b Aj 28l . . L.
time_synchronization, positioning_module, safety system
trol k hi trol t t t
Ground Control System ground_control, work mac ine, control_center, storage_uni
T9 8 ground_device, train_operation, control_unit, energy storage 0.0582
(A7 Ao A 2=5) . -
work device, part_ground
Navigation and Energy Supply | navigation_system, power supply, obstacle avoidance, device power.
T10 System flight_vehicle, network system, area_wire, navigation_module 0.0726
(EH 2 A A 2=H) navigation_computer, support_member
o Sensor Data and Image Analysis Zertlsor flat? 115121ge data, stystem_r?ethod l:eincle sen;orlciita Sensor. 01103
(A Hlo]E] W ed Ak 1A ata_vehicle, data_acquisition, system_vehicle, ground_platform, .
data_processing
. . assistance_system, machine_body, driver_assistance, training_image
Equipment Assistance System .. . -
T12 (A 1 A 8 training_data, system_method, image frame, power_transmission, 0.0672
- lawn_mower, power_converter
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Hot & Cold Topic Subject Coefficient P-value
Hot T2 Control System and Power Supply 0.0027 0.0000391""
Neutral T4 Ground Data Communication -0.0001 0.011"
T12 Equipment Assistance System -0.0008 0.0522
Cold Tl Vehicle and Road Environment Interaction -0.0006 0.104
T3 Ground Control for Satellite -0.0002 0.373
T5 Cleaning Robot and Mechanized Equipment -0.0003 0.572
T6 RF Communication and Target Recognition -0.00001156 0.977
T7 Transport and Vehicle Control System 0.0002 0.56
T8 Ground Working and Safety 0.0004 0.235
T9 Ground Control System 1.137E-05 0.974
T10 Navigation System and Energy Supply -0.0007 0.166
T11 Sensor Data and Image Analysis 0.0004 0.399
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* P<.05, ** P<.01, *** P<001
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