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Abstract Because the USV(Unmanned Surface Vehicle) is capable of remote control or autonomous
navigation at sea, it can secure the superiority of combat power while minimizing human losses in a
future combat environment. To plan the technology for the development of USV, the trend analysis of
related technology and the selection of promising technology should be preceded, but there has been
little research in this area. The purpose of this paper was to measure and evaluate the technology trends
quantitatively. For this purpose, this study analyzed the technology trends and selected
promising/declining technologies using topic modeling of papers and patent data. As a result of topic
modeling, promising technologies include control and navigation, verification/validation, autonomous
level, mission module, and application technology, and declining technologies include underwater
communication and image processing technology. This study also identified new technology areas that
were not included in the existing technology classification, e.g., technology related to research and
development of USV, artificial intelligence, launch/recovery, and operation, such as cooperation with
manned and unmanned systems. The technology trends and new technology areas identified through this
study may be used to derive key technologies related to the development of the USV and establish
appropriate R&D policies.
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Table 1. Related research

Author Method Analysis data Subject
REPE Unmanned
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Fig. 1. Overall

@ Linear regression analysis : Hot/cold topic
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Table 2. Data collected and list of keywords used in
research

Survey
year
'00. 1.
Paper 1262 . Unmanned vessel/boat/craft

0. 4. Autonomous
vessel/boat/craft

Type Terms related to USV[14]

us 192 Unmanned surface vehicle
Unmanned surface vessel
1.4 ;
Patent N 33 03. 1. | Unmanned surface craft
KR | 68 - Unmanned marine vehicle
19.12. | Autonomous surface vessel/
Sum | 2,887 boat/craft
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Fig. 3. Annual trends in the field of USV paper
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Table 3. Topic modeling analysis result of paper

Topic 2 : Control (steering)

control =
design =
head =
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Fig. 5. B-value distribution of terms in Topic 2
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No. Keyword Subject Ratio
T1 method, improv, effect, field, experi, verifi, valid, combin, weight, enhanc Verification/Validation 0.042
T2 control, design, head, adapt, adapt, paramet, fuzzi, pid, angl, steer Control (steering) 0.062
T3 detect, imag, object, featur, camera, environ, accuraci, vision, radar, target Detect target 0.043
T4 autonom, task, evalu, safeti, human, intellig, environ, level, autonomi, situat Autonomy level 0.041
T5 robot, autonom, mission, platform, capabl, implement, architectur, applic, demonstr Mission 0.042
T6 underwat, communic, acoust, data, autonom, uuv, devic, posit, signal, receiv Undervtfate.r 0.041
communication
T7 estim, posit, filter, local, navig, gps, error, rang, track, veloc Navigation 0.046
T8 avoid, obstacl, collis, dynam, colreg, potenti, autonom, rule, safe, risk Avoid obstacle 0.045
T9 control, track, disturb, stabil, error, trajectori, robust, law, uncertainti, scheme Navigation (track control) | 0.044
T10 oper, high, deploy, cost, support, inspect, long, low, remot, report Operation 0.043
T11 wave, sea, ocean, current, glider, recoveri, condit, connect, float, tow ) Apphcatlon. i 0.046
(environment monitoring)
T12 energi, power, increas, marin, effici, environment, reliabl, explor, generat, electr Power generation 0.042
Applicati
T13 water, monitor, sampl, collect, data, environment, lake, inform, qualiti, river ppucation 0.043
(water monitoring)
"
T14 problem, trajectori, comput, strategi, techniqu, solut, feasibl, distanc, constraint, area, Naviga 1on. 0.044
(problem solving)
T15 speed, wind, surfac, propuls, hull, sail, analysi, propel, structur, thruster Hull structure analysis 0.044
T16 model, motion, simul, dynam, predict, paramet, identif, obtain, experi, mathemat M&S 0.049
T17 map, data, survey, area, depth, coastal, field, sonar, shallow, measur Apphcanor? 0.037
(survey/mapping)
: g Applicati
T18 data, ocean, observ, surfac, platform, buoy, measur, collect, temperatur, sampl ppication . 0.041
(ocean data collecting)
Devel
T19 system, develop, test, integr, automat, modul, real, implement, achiev, suitabl X eve O.pmen 0.041
(integration/test)
Al
T20 net, demonstr, learn, environ, behavior, appli, distribut, addit, neural, deep R 0.042
(neural net/deep learning)
T21 unman, technolog, uav, challeng, cooper, develop, futur, rescu, land, team Cooperation 0.038
T22 algorithm, path, plan, optim, environ, simul, complex, effect, local, waypoint Path plan algorithm 0.038
T23 design, develop, applic, project, engin, part, concept, mechan, prototyp, initi Development (design) 0.045
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Table 4. Topic modeling analysis result of patent
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Subject

No. U.S. patent Ratio China patent Ratio Korea patent Ratio
T1 Control (device) 0.056 Signal process 0.041 Sonar unit 0.073
T2 Control (steering) 0.051 Avoid obstacle 0.051 Detect obstacle 0.066
T3 Hull structure analysis 0.045 Path plan 0.053 Control (communication) 0.070
T4 Hull structure 0.048 Structure arrangement 0.042 Control (remote module) 0.069
T5 Launch/Recovery 0.053 Communication module 0.061 Propulsion device 0.070
T6 Cooperation 0.041 Hull structure 0.049 Mission 0.069
T7 Navigation (target location) 0.053 Navigation 0.052 Carrier (UAV) 0.067
T8 Image processor 0.047 Mission equipment 0.044 | Application (water sampling) | 0.068
T9 Data processor 0.060 Navigation (steering) 0.045 Data communication 0.064
T10 Refuel 0.048 Image process 0.038 Sensor data 0.068
T11 Power generation 0.047 Automation 0.040 Navigation (steering) 0.057
T12 Application (seismic) 0.058 Power generation 0.042 Signal data 0.065
T13 Data storage 0.039 Remote control 0.057 Navigation 0.064
T14 Image sampling 0.046 Track control 0.054 Application 0.065
T15 Signal processing 0.047 Launch/Recovery (guide) 0.049 Navigzgizlze(st:ilrnze)t data 0.061
T16 Unmanned operation 0.058 Target data process 0.047
T17 Mission module 0.059 Monitoring/Sharing 0.044
T18 Hull structure 0.043 | Application (water monitoring) | 0.041
T19 Information communication | 0.052 | Launch/Recovery (equipment) | 0.073 -

Navigation
T20 (environment info. analysis 0.051 USV mothership 0.039

method)
T21 - - Acoustic signal detect 0.038 . Key technology
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Table 5. Hot/Cold topic analysis result of paper

No. Subject Coefficient | P-value
Navigation
T9 (track control) .0020 .0002
Navigation
. T22 (path plan algorithm) 0015 0001
ot s
Topic T1 Verification/Validation .0010 0009
T3 Detect Target .0010 .0008™
T2 Control (steering) .0009 0438
T4 Autonomy Level .0009 .0029”
Underwater .
Cold | TO communication -0027 0233
Topic -
T23 | Development (design) -.0015 .0288

* 05, * pd.01, ** p.001
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Table 6. Hot/Cold topic analysis result of patent

No. Subject Coefficient | P-value
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