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This study presents a concept of operations for
electro-optical/infrared (EO/IR) sensors within
shipboard hybrid counter-UAS systems, defining the
sensor role distribution across the
detect-track-identify-engage—-assess engagement
cycle. Maritime environmental factors were categorized
into atmospheric optical, sea background, and ship
platform groups, and their qualitative effects on EO/IR
performance were analyzed.

SH4 AtA|8t0{(Naval Self-Defense),

EQ/IR MIM(EQ/IR Sensor),

25 E24A|(Hybrid Counter-UAS System),
WM AtO|Z(Engagement Cycle),

3Hé, 24 (Maritime Environment)
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Table 1. Chraracteristics of drone threat types against naval vessels

Threat type

Typical speed

Operating altitude

Warhead mass Threatrange  Available reaction time

Reconnaissance / targeting drone 100-200 km/h 1,000-5,000 m None 50-500 km N/A
One-way attack drone 150-300 km/h 100-3,000 m 20-50 kg 500-2,500 km Mins.
Loitering munition 100-200 km/h 50-2,000 m 5-30 kg 50-200 km Mins.
Drone swarm (per vehicle)* 50-200 km/h 50-1,000 m 1-10 kg 5-100 km Tens of secs. to mins.
FPV drone 100-200 km/h 10-500 m 1-5 kg 5-20 km Secs. to tens of secs
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Fig. 1. Drone threat approach scenarios against a naval
vessel
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Engagement Assessment (Re-engagement decision)
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Fig. 2. Functional block diagram of a shipboard hybrid
counter-UAS system for naval self-defense
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Table 2. EO/IR sensor roles and key performance measures by engagement cycle stage

Stage Primary sensor EO/IR function
Cue-based FOV alignment;
Detect Radar passive backup detection under

EMCON

Key performance measures

Detection range, field of view,

Operational constraints

Auxiliary EO/IR detection limited by

revisit time atmospheric transmittance and FOV

Radar (initial) Precision angular tracking based

Angular accuracy, track

Precision tracking degraded by ship

Track (pteli(i)s/ig) on radar cue stability, update rate motion and LOS jitter
Image-based target classification DRI range, SNR, spatial \dentification range strongly
Identify EO/IR 9 9 9€, ST SP dependent on atmospheric and
and threat assessment resolution .
background conditions
Radar + EQ/IR Flrg—control input; Fire solution accuracy, reaction Engagement geometry limited by
Engage (fused) terminal-phase target time weapon envelope and platform

designation

stability

EO/IR (primary)
+ Radar
(auxiliary)

Visual battle damage assessment

Assess
after engagement

Kill assessment time, Visual assessment limited by smoke,

re-engagement decision delay  debris, and atmospheric attenuation
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Table 3. Qualitative effects of maritime environmental factos on EOQ/IR sensor performance and operational stages

Environmental factor  Affected performance measures

Qualitative

Mechanism .
severity

Affected stages

Atmospheric transmittance,

Sea fog, precipitation SNR, identification range

Increased extinction due to water vapor
absorption and aerosol scattering

High Detect, Identify

Transmittance, band-dependent

Water vapor, humidity Sttenuation

Selective absorption in IR bands

Medium Detect, Identify

Solar interference SNR, image saturation,

Direct or reflected solar radiation

High (transient) Detect, Identify,

(glint) identification reliability entering the optical aperture Engage
Sea surface reflection  Image contrast, false alarm rate Specular reﬂectlo.n of sunlight or Medium Identify
moonlight
Target-background separation, . -
. P Spatiotemporal variation of sea . .
Sea clutter false alarm rate, identification . . High |dentify
time radiance due to waves and whitecaps
Ship motion LOS stablll_ty, angu_lartracklng Residual LOS errorfrom roll/pitch/yaw High Track, Engage
accuracy, fire solution accuracy motion
o . Background noise, sensor Own-ship radiation and engine exhaust Conditional .
Own-ship IR signature saturation heat within EO/IR FOV medium Detect, Identify
Sensor mounting FOV coverage, blind zones Obstruction by ship superstructure Medium Detect, Track
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