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This study establishes a mission-engineering-based
operational concept for unmanned surface
vehicles(USVs) dedicated to surface warfare, focusing on
countering North Korean high-speed landing craft
threats in the West Sea. Utilizing the mission
engineering (ME) framework, the research defines the
mission problem, analyzes mission threads (MT) and
mission engineering threads (MET), and derives
measures of success (MoS), effectiveness (MoE), and
performance (MoP). The resulting six-phase operational
sequence—detection, identification, tracking,
interdiction, engagement, and assessment—is
supported by manned-unmanned teaming (MUM-T)
and network-centric warfare (NCW) concepts. The
proposed concept is verified through simulation and
field-based evaluation. This study provides a
foundational reference for the Republic of Korea Navy's
future doctrine development and practical integration
of autonomous maritime systems into operational
planning.
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Fig. 2. Standard process and elements of mission engineering[2]
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Table 1. Key elements of concept of operations (CONOPS)
Element Description Example reflection in CONOPS
Mission obiective Define the core mission Interdiction of high—-speed surface craft
) the USV must accomplish (e.g., air-cushion vehicles, ACVs)
. . Analyze environmental factors Shallow waters, fishing nets,
Operational environment o . .
relevant to the mission floating debris, reefs
Operational method Method(s) of executing missions Surveillance & reconnaissance, interdiction,
P by USVs stand-off engagement, neutralization
. Concept of manned-unmanned Data sharing & cooperation between
MUM-T link : .
teaming operations manned vessels and USVs
Performance & e_ffectweness Criteria to evaluate CONOPS _ _ D_etect|on success rate,_ N
evaluation interdiction success rate, survivability
Table 2. Mission requirements
Category Mission requirement USV operational impact
N I Rapidly detect and identify hostile craft, Install EO/IR sensors and maritime radar,
Detection/identification T R . e
discriminate civilian/friendly apply Al-based classification
Tracking & reporting Automatically tracl§ det.ected targets and Apply AI—based. automat|§ tracking and
share real-time information tactical data link
. . Block hostile craft from reaching objectives, Networked control and
Interdiction & denial . }
conduct stand-off engagement if required remote weapon systems
Autonomy & cooperation Multiple USVs operate autonomously and Implement manned-unmanned teaming
Y P cooperate with manned assets (MUM-T) (MUM-T)
Environmental adaptability Operate stably_ in shallow/coastal waters Use Iovv—n0|s<_e propulsion and
with obstacles obstacle avoidance systems

Journal of the KNST 2025; 8(3); pp- 376-396 381
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Table 3. Analysis of operational environment of West Sea

Factor Characteristics USV Operational Impact
Shallow waters (€£5m), Exploit USV mobility to overcome
Topography &depth scattered islands and reefs large-ship limitations
Waterway width Variable channel width Overcome strong currents and

(6m=-9m) depth changes

Many fishing nets, buoys,
floating debris

Require optimized routes and

Navigational obstacles R
autonomous navigation

High-speed surface craft intrusion
(=50 knots)

Require rapid detection and capability to

Threats match/exceed target speed

Operate with multi-sensor suite

Night & weather (EO/IR, radar)

Frequent low-visibility conditions

Table 4. Required missions for countering high-speed surface craft threats

Mission type USV operational impact

Detailed requirements

Install EO/IR, maritime surveillance radar,
and auto—detection

Detect hostile craft early and

Early detection &reporting transmit alerts in real time

Apply Al-based tracking and

Tracking & monitoring

Continuously track and predict
routes of hostile craft

route prediction algorithms

Interdiction & denial

Prevent hostile craft from
reaching target areas

Deploy USV barrier formations for
interdiction and denial

Stand-off engagement &
neutralization

Neutralize threats if necessary

Install stand-off weapons
(guns, guided weapons)

MUM-T operations

Cooperate with manned assets
to share targeting data

Share real-time data via
tactical data link

382 2025; 8(3); pp. 376-396 Journal of the KNST
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Table 5. USV performance requirements
Category Required performance USV operational impact

Install long-range EO/IR and

Detection range At least 10 km =15 km e )
maritime surveillance radar
. Design to match or
>
Maximum speed =50 knots exceed hostile craft speed
Autonomous route planning Apply Al-based navigation and
Autonomy : .
and obstacle avoidance obstacle avoidance
Weapon options Capable of mounting stand-off weapons Apply remote weapon system
Network communication Support manned-unmanned teaming Build realftlme d{ata sharing
via data link
Table 6. USV mission threads (MT)
Stage Main MT content Related functions
Surveillance Detect surface and subsurface targets Surveillance radar,
in assigned area EO/IR sensors, AlS

Analyze detected target data and classify

(hostile/friendly/civilian) Al-based automatic recognition

Threat identification

Analyze speed, heading, and

projected path of threats Tracking algorithms, data fusion

Target tracking

Decide engagement according to ROE

and mission directives Al decision-support system

Engagement decision

Execute stand-off attack

o Fire—control system, weapon modules
(missiles, guns)

Weapon operation

Assess battle damage and

evaluate target status Battle damage assessment system

Damage assessment & recovery

Journal of the KNST 2025; 8(3); pp- 376-396 383
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Table 7. USV mission engineering threads (MET)

Mission stage Main requirements Key considerations

(MT) (MET Application)

Monitor large maritime areas

Surveillance )
and process real-time data

EO/IR sensors, maritime radar performance

Automatic classification of enemy/friendly

. Al-based data fusion
and civilian vessels

Threat identification

. Continuous tracking of high-speed craft Low-altitude radar sensors,
Target tracking S - -
and route prediction autonomous navigation algorithms
Engagement decision Determine engagement pptlons ROE Fappllcatlon,
to prevent penetration Al decision—support
Weapon operation Execute stand-off weapon engagement Guided missiles, guns, data link

Assess effects and decide

Damage assessment & recovery follow-up actions

Real-time battlefield information sharing

Table 8. Success measures (MOS) for interdiction operations against high-speed surface craft in the West Sea

MOS item Success objective Evaluation criteria
Detection success rate =90 % USVs detect and track targets accurately without omission
Interdiction success rate  Arrival rate of hostile craft to objective <10 % USVs effectively block routes and prevent intrusion
Coordination effectiveness Neutralization via MUM-T = 80 % Cooperation with manned vessels neutralizes threats
Operational sustainability Redeployable within 24 hours Rapid redeployment after mission completion

Table 9. Major measures of performance (MOP) for evaluating USV performance

MOP item Performance objective Evaluation criteria
Detection range =10 km-15km Detect hostile craft at long range
Detection accuracy 295 % Al-based recognition/detection accuracy
Tracking continuity 290 % Continuous tracking and real-time transmission
Maximum speed 250 knots Mobility comparable to hostile craft
Autonomous navigation Obstacle avoidance success = 100 % Avoid nets, buoys, debris
Comms &data latency Real-time (1) Stable network connectivity during MUM-T

384 2025; 8(3); pp. 376-396 Journal of the KNST
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Table 10. Major measures of effectiveness (MOE) for evaluating USV operational effectiveness

MOE item Operational effectiveness objective Evaluation criteria
Response time Intercept within 5 minutes after detection Block before craft reaches coastal objective
Mission success rate =90 % of missions successful Success across detect-track-interdict-neutralize
MUM-T cooperation =95 % success in manned-unmanned teaming  USVs and manned ships share data and cooperate in real time
Minimize collateral damage 0 % damage to civilians/friendly forces No civilian/fishing facility damage during operations
Cost efficiency =50 % cost reduction vs. manned operations ~ Contribute to lowering operational cost vs. manned vessels

Table 11. Linkage of MOS-MOE-MOP

: MOS MOE MOP
Link element .
(success measure) (effectiveness) (performance)

Detection Detection success = 90 % Response time <5 min Detection range = 10 km - 15 km
Tracking & monitoring Interdiction success =90 % Tracking continuity = 90 % Al detection accuracy =95 %
Interdiction & defense Penetration <10 % Interception before arrival 2 95 % Maximum speed 2 50 knots

Neutralization Engagement success = 80 % MUM-T engagement success =295 % Stand-off weapon integration =85 %
Sustainability USV survivability = 80 % Redeployment within 24 hrs Obstacle avoidance success =100 %

Table 12. Hierarchical structure of USV CONOPS

Level CONOPS concept Main role
Strategic Establish maritime defense with MUM-T-based operations  Defend against high-speed surface craft incursions in West Sea
Operational Rapid interdiction operations using USVs in West Sea Conduct continuous surveillance and interdiction
Tactical Autonomous USV operations and cooperative missions Execute phased detect-track-interdict-neutralize
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Table 13. Detailed concepts by operational phase
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Operational phase Details

= Use EO/IR sensors and sea monitor radar to detect hovercraft at a distance.

Detection/identification

= Perform Al-based automated target recognition and threat assessment.

» Share data from detected targets with Command Control Center (C2) and manned power in real time.

= Using Al-powered automatic tracking systems to predict the direction and speed of the target’s movement

Tracking & prediction

= Continuous monitoring by multiple USV working together to encircle targets

= Analyze path blocking possibilities and deliver target data to blocked USV.

= Stop the hovercraft from entering before it reaches the target area.

Interdiction/blocking

= Blocking type USV starts at high speed and obstructs the path of the hovercraft

= Disturb the communication and navigation systems of the hovercraft using electronic warfare (EW) equipment.

* Remote controlled weapons (guns, guided weapons) applicable.

Stand-off engagement

= Perform multi-layered defense against hovercraft in collaboration with manned power.

= Automatically share strike points over a real-time network between USVs for effective engagement.

= Assessing the accuracy of detection, tracking, and blocking through operational data analysis

Post-mission
data/improvement

= Improve USV's automatic detection and tracking performance with Al-driven learning systems.

= Optimizing future operational concepts by reflecting actual operational data
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Table 14. USV-manned force cooperation structure

Role of USV
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Role of manned force

Cooperation method

Forward deployment,

Detection/identification EO/IR detection

USV detection data transmitted
inreal time

Maritime patrol aircraft,
radar assets

C2 conducts analysis and Use Al outputs to support

Tracking & prediction Al-based tracking : "
response planning engagement decisions
- Preemptive interdiction and Naval/marine units conduct Coordinate via cooperative
Interdiction . : . } -
barrier operations direct interdiction networks
Engagement Remote weapon operation Guided missile/artillery Share targeting information,

engagement cooperative strike

Post-mission analysis,

Evaluation/feedback data feedback

C2 effectiveness evaluation &

Real-time sharing and

planning wargaming

Table 15. Communication & data sharing system for MUM-T operations

Component Function

USV network sensor system

Multi-USV real-time target information sharing

C2 data link

Relay data collected by USVs to C2 for analysis

Link with manned platforms

Share real-time data with ships and aircraft

Table 16. Key elements for battlefield situational awareness

Component Function

Multi-sensor surveillance

EO/IR and radar-based wide-area surveillance

Al-based data analysis

Automatic classification and threat-level assessment

Autonomous network

Real-time USV-to-USV data sharing and collaboration

Manned force link

Cooperative operations with ships and aircraft
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Table 17. USV network architecture for NCW application

Component Function

Sensor network

Integrated EQ/IR and radar-based surveillance

Data link

Real-time USV-to-USV data sharing linked to C2

Cloud-based data Analysis

Al-assisted target analysis and optimized command

Distributed C2 system

Build command networks for MUM-T operations

Table 18. Data sharing between USVs and manned forces

Data type Role of USV

Target detection data

Collect EQ/IR and radar data.

Utilization of manned force

C2 conducts threat analysis.

Real-time position data

Relay USV mobility and target movement.

Ships/aircraft support operations

Engagement orders & plans

Al-based interdiction route setting

C2 finalizes strike orders.

Post-mission feedback

Store and analyze battle data.

Evaluate effectiveness and improve operations

Table 19. Expected effects of applying NCW for situational awareness

Effect area BEEIS

Improved response speed

Real-time data sharing shortens the detection-to-response cycle.

Maximized MUM-T cooperation

Data linkage enables optimal execution of engagements.

Al-based operational automation

Threat-level analysis and optimal route planning support

Reduced operational costs

Efficient data utilization optimizes force employment.
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Table 20. Types of USV deployment

Deployment type Main mission Operational concept
Fixed surveillance Continuous monitoring of key infiltration routes Persistent surveillance near coasts and ports
Patrol deployment Patrol within designated operation areas Wide—-area search and multi-target detection
Interdiction deployment Rapid deployment to block detected threats Multiple USVs cooperate to block routes
MUM-T deployment Conduct missions in cooperation with manned assets.  Real-time data sharing and cooperative operations

Table 21. USV operational procedures by phase

Phase Main mission Operational concept

Detection & identification Early detection and alerting of hostile craft EO/IR sensors, radar, Al-based recognition,

C2 data sharing
Tracking & prediction Predict hostile craft movement AI—basgd tracking and.path pred_lctlon,
multi-USV cooperative operations
Interdiction & blocking Prevent craft from reaching objective area usv _barr|e_r formations, electr_onlc_ warfare
jamming of GPS/communications
Stand-off engagement Neutralize target if required Remote weapon systems

(guns, guided weapons)

Post-mission assessment &

redeployment Analyze results, feedback, rapid redeployment C2 data analysis, continuous redeployment

Table 22. Concepts of USV deployment areas

Area type Main function Deployment location
Forward surveillance Early detection and real-time alerts Near NLL, coastal infiltration areas
Interdiction area Block and neutralize target movement Coastal/high-threat infiltration points
MUM-T operational area Cooperative final engagement with manned assets Naval bases, major operational choke points
oUsv dEd 7lE 932 gy 2o, 7le & o Usv il fFe g2 gon, nd 32
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Table 23. Types of USV maneuvering operations
Maneuver type Description

High—speed interdiction with rapid maneuver

Intercept predicted infiltration route
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Operational concept

Block before target reaches objective

Swarming & cooperative
maneuver

Multiple USVs encircle and
restrict target movement

Multi-directional cooperative interdiction

MUM-T maneuver

Conduct optimal maneuvers
in cooperation with manned forces

Joint operations with naval assets

Table 24. Types of USV engagements

Engagement type Description

Interdiction & denial Physical barriers or

maneuver-based interdiction

Operational concept

Prevent high-speed surface craft
from reaching coastal objectives

Direct engagement

Stand-off engagement with remote weapons

USV weapons or in cooperation
with manned forces

MUM-T engagement with manned assets

Real-time joint engagement

USVs designate targets, manned forces strike

Table 25. USV deployment for multi-layered defense

Defense area Role of USV

Forward surveillance

Detect and alert on incursions

Operational application

EQ/IR and radar surveillance

Interdiction area

Block and neutralize target movement.

High-speed interception and barrier maneuvers

MUM-T operation

Final engagement and neutralization

Cooperative strike with manned forces
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Table 26. West Sea USV operational scenario

Category Scenario description

Scenario title West Sea nighttime interdiction of high—-speed surface craft

= Near NLL, 22:00-04:00
= No moonlight, 1 m waves
= Shallow waters, many fishing nets and reefs

Operational
environment

= About 10 North Korean high-speed landing hovercrafts
Enemy threats = 50 knots maximum speed, attempting to penetrate at night
= Possible installation of some electronic/stealth equipment

= 10 USVs: equipped with autonomous maneuvering and surveillance sensors
Friendly forces » Control ship (1 guard or patrol ship): rear control and remote shooting support
= Coastal surveillance radar and network interworking

= Early detection and interdiction
Mission objective = Prevent civilian damage, ensure discrimination
= Execute multi-layered defense with MUM-T

Table 27. Vignettes and main tasks

Vignette Title Main Tasks

Detection &  * Two USVs detect target radar reflection signals in northern surveillance waters.
V1 situation * Check thermal images with EO/IR — Secure high-speed navigation.
awareness  « Non—AlS—equipped, judged not to be a civilian ship

Target = Al classification algorithm automatically identifies the target vessel as a high-speed upstream definition.
V2 identification = Track mode transition, expected penetration route real-time propagation
&tracking - Send shut-off manoeuvre commands to the control ship and the remaining 8 USVs.

. = Two civilian fishing boats in waters two miles to the right
Civilian

V3 N = USV sends identification information to control ship after acquiring civilian ship information with laser lidar.
discrimination

= Re-routing the blocker boot

= USV preoccupies the expected path of enemy hovercraft.

V4 lr;:g;def\t/frn = 50 knots per hour, front-facing approach
= Automatically prepare combat maneuvering procedures when the enemy maintains a target sea channel.
£ ‘& = Three enemy high—-speed landing ships attempt to divert to the side of the right-wing control ship.
V5 nl%?gaelsgt?on = Three USVs in the area are moving to the cutoff position, and then they're remotely armed neutralization shooting.
= Turn the remaining two enemy ships back, and decide to end the operation.
Post—E = USV 1 lost communication and sensor error during engagement
V6 OS"ENGAageme , ) leads mission to bypass path

nt Assessment ) ) ) . ) . ) .
= Review sensor calibration algorithm improvements by collecting all data after the end of the situation

Journal of the KNST 2025; 8(3); pp- 376-396 391
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Table 28. MET-to-MOP linkage and indicators
MT phase Vignette USV functions Supporting assets Candidate MOPs
) EO/IR and radar monitoring, C4l, Detecpon @stance (km),
Detection V1 -, detection time (seconds),
AIS check maritime radar . S
detection rate (%)
~ . . Identification accuracy (%),
Identification ~ V2,V3 A.l _t?ased_ recognition, Control Ship, enemy friendly discrimination (%)
civilian discrimination Al, DB, TDL o
and false alarm (%)
. Estimated path calculation, TDL, Tracking retention rate (%),
Tracking V2 : . - - -
continuous tracking autonomous navigation system  target location update interval (seconds)
. . Block success rate (%),
Interdiction V4 High spe_ed maneuver, Cooperative USVs, startup time (seconds),
Send warning broadcasts C2 e
standby position accuracy
H O,
Remote armed fire, Control ship, Hit Accuracy rate (%),
Engagement V5 X : ) reaction rate (seconds),
automatic evasive manoeuvre fire-control . )
ammunition consumption
Report damage after engagement Data collection rate (%),
Assessment V6 P 9 9a9 ! C2 server, DB analysis time (minutes),

analyze sensor logs

improvement feedback application rate

Table 29. Simulation input data

Category Input data

Near NLL waters (input coordinates)

Operational area

Operational time

22:00-04:00, no moonlight, tidal currents present

Enemy forces

10 high—speed surface craft, max speed 50 kts, pre—set incursion routes

Friendly forces

10 USVs (50 kts, sensor-equipped), 1 control ship (C2, remote weapons)

Sensor model

Radar 10 km, EO/IR 4 km, AIS ON for civilian vessels

Communication range

USV-TDL 15 km, no satellite link (simulate denied satcom)

C2 structure

Control Ship C2 — USV, cooperative command and control

Simulation objectives

Early detection/interdiction success, prevention of civilian damage
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Table 30. Simulation model components
Model component Description
Environmental modeling Reflects West Sea maritime environment (currents, fishing nets, shallow waters)
Enemy threat model Reproduction of the movement patterns and surprise infiltration tactics of North Korea’s hovercraft
USV performance model Simulate USV’s detection, maneuvering, and engagement capabilities
MUM-T cooperation model Real-time data sharing and collaborative operations between USV and manned forces
Combat simulation Evaluates operational effects across detect-ID-track-interdict-engage
Table 31. Types of simulation models
Type Description Purpose
Maneuver-level simulation Evaluates individual USV operational capabilities Performance analysis of

detection-tracking-engagement

Mission-level simulation Models mU|t|._USV and ) Verification of MUM-T operational effectiveness
manned cooperative operations

Evaluates sensor & weapon performance

} . Validate actual sensor/weapon performance
in environment

Physics—-based simulation

Al-based simulation Uses machine learning to optimize maneuvers Enhance autonomous maneuvering & engagement

Table 32. Verification items and evaluation criteria

Verification item Evaluation criteria Description
Detection performance Detection success =90 % Verify accurate detection of hostile craft.
Maneuver optimization Interdiction success =90 % Evaluate whether USVs block routes effectively.
Engagement effectiveness Neutralization success = 80 % Verify neutralization with stand-off/kinetic weapons.
MUM-T effectiveness Success in MUM-T operations = 95 % Assess whether MUM-T executes defense effectively.
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Table 33. Expected benefits of simulation model application
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Expected Effect Description

Optimized CONOPS

Improves feasibility and refines maneuvers.

Cost reduction

Reduces costs by testing scenarios before real operations.

Improved response

Enhances USV autonomy and engagement capabilities.

Optimized MUM-T ops.

Validates effectiveness of MUM-T cooperation.

Table 34. Major evaluation items and criteria

[tem Target criteria

Detection performance Detection success = 90 %

Mission evaluation question

Can USVs rapidly and accurately detect hostile craft?

Tracking continuity 290 %

Can USVs maintain continuous tracking?

Interdiction success >285%

Can USVs block craft before coastal arrival?

Engagement effectiveness

Neutralization success = 80 %

Can USVs eliminate threats effectively?

MUM-T cooperation

Success in MUM-T operations = 95 %

Can USVs cooperate effectively with manned assets?

Operational sustainability

Redeployable within 24 hours

Can USVs be quickly replenished and redeployed?

394 2025; 8(3); pp. 376-396 Journal of the KNST



KNST

Dong-Sun Park et al., A Study on the Operational Concept of Unmanned Surface Vehicle Based on Mission Engineering

Table 35. Optimization of operational concepts suitable for real-world environments

Division Problem points How to improve
Apply multi-sensor fusion

Limited detection range
(EO/IR, radar)

(reduced performance at night and in bad weather)

Improved detection and

identification performance

Lack of detection accuracy Improving Al-based target recognition algorithms

Apply collaborative blocking techniques

Increased blocking failure rate during high-speed
with multiple USVs

Improved USV blocking and maneuvers of an inflatable float

maneuvering strategies

Maneuvering restrictions due to obstacles

(fishing nets, floats) Enhanced real-time rerouting capabilities

Optimization of strike guidance systems and

Lack of remote hitting accuracy development of new armaments

Strengthen the identification of

Improved USV
friendly/civilian ships

engagement effect prevention of friendly/civilian ship engagement

Enhanced ability to identify friendly and

Avoid friendly/civilian ship engagements civilian vessels

Network-centric operations (NCW)-based

Delay in data sharing speed network optimization

Optimization of
manned/unmanned
cooperation networks

Application of Al-based real-time tactical analysis

Real-time collaboration with manned power :
and automatic command system

Table 36. Key elements from technical, operational, and tactical perspectives to assess practical applicability

Current status and applicability

Division Evaluation items . : Need for further research
in real operations

Needs improvement in adverse weather

EO/IR, radar systems provide superior detection
and night operations

performance, Al enables automatic target detection

Detection and
identification performance

Al enables path optimization and supports
real-time evasive maneuvers

Further research on multi-USV
cooperative maneuver algorithms

Remote—controlled weapons and
non-lethal weapons applicable

Needs improvement in strike accuracy
and new weapon development

Real-time data sharing with manned forces,
cooperative operations capability

Requires improved tactical coordination
and communication reliability

Step-by-step response capability
(detection - interception - neutralization)

Requires tactical optimization
through field testing

Long—duration surveillance,
rapid redeployment capability

Requires extended battery endurance
and optimized maintenance

Expected cost savings vs. manned forces

Research required for optimizing initial
development & operational costs

Technical Autonomous maneuver and
evaluation interdiction operation
Remote weapon system
(RWS)
Manned-unmanned teaming
(MUM-T)
Tactical Multi-layered

evaluation defense system
Operational
endurance
Operational

Operational cost-effectiveness

evaluation

Operational deployment
feasibility

Effective operation in the West Sea environment

Legal/institutional review required
for deployment

3.7.3 USV ‘Q‘7H1’:]4 gﬂ 7<—LQ. 7].

3 87t

4. 28

usv 2-871d 9 A 28 7Hs A4S B 9 B AT AsolA B3 BV R R (LSAF)
3 7led, AH4, &4 HHANA F8 345 R Y IESHAFE AAGH] A 4 A& FAFA
x) A (Usv)9] 28719 (CONOPS) S U F55HME) 7

A gt} (Table 36 &+
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