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Disclaimer and Scope of Evidence

────────────────────────────────────────────────────────────────────────────────

This publication is intended for educational, strategic, and systems-engineering discussion purposes. It combines public-source regulatory information, analytical interpretation, and selected framework concepts developed by the author and affiliated team.

Certain metrics, implementation examples, and case study reconstructions presented in this volume are illustrative, internally derived, or model-based unless expressly identified as publicly documented facts. The evidence classification scheme used throughout this book employs three tiers, explained in the following section.

Nothing in this publication should be interpreted as an official endorsement, certification, procurement approval, or operational directive by any military, government, or commercial entity referenced herein. Third-party product names, trademarks, and regulatory designations are referenced for identification and analytical purposes only; their inclusion does not imply formal partnership, endorsement, or contractual authorization by the respective owners.

Performance metrics described as 'internal assessment' or 'pilot-period analysis' have not been independently audited unless otherwise stated. Return-on-investment figures and efficiency ratios are indicative planning values derived from internal operational monitoring; they reflect specific site conditions, sensor configurations, and baseline assumptions that may not replicate across different installations or procurement structures.

Compliance-related language throughout this book describes designed alignment with regulatory requirements. Achievement of formal regulatory compliance remains the responsibility of the installation commander, safety officer, and authorized inspection authority. No software system, including those described here, can by itself constitute regulatory compliance.


Evidence Classification Scheme Used in This Book

Level A — Verified Public Source: Statistics, regulations, and facts drawn from publicly accessible official documents. Level B — Internal Assessment: Metrics, performance data, and analytical outcomes derived from internal operational analysis or pilot deployments; not independently audited. Level C — Illustrative Scenario / Analytical Reconstruction: Modeled scenarios, worked examples, and reconstructed event analyses used for analytical or educational purposes.



How to Read This Book

────────────────────────────────────────────────────────────────────────────────

This volume is organized as a systems-engineering reference rather than an operational manual. It is intended for the following primary audiences:


	
Air base safety officers and wing safety personnel seeking a quantitative framework for Bird Aircraft Strike Hazard (BASH) risk management.




	
Defense acquisition and procurement professionals evaluating BASH management technology requirements.




	
Systems engineers and program managers responsible for designing or integrating airfield safety architectures.




	
Policy and compliance officers responsible for maintaining alignment with DAFI 91-212, KAF Regulation 91-2, ICAO Annex 14, or equivalent national standards.






The book moves from strategic context (Chapters 1–2) through the quantitative decision framework (Chapter 3), system architecture (Chapters 4–6), operational validation (Chapter 7), predictive capability (Chapter 8), and implementation guidance (Chapter 9). Readers with specific interests may navigate to individual chapters without losing essential context.


What This Book Does Not Provide

This book does not provide an approved operational doctrine, a certified compliance pathway, or a procurement specification. It describes a systems-engineering framework and reference architecture. Any procurement or compliance action based on this book requires independent verification against current regulations, site-specific conditions, and applicable procurement rules.



Evidence labels appear throughout the text and in figure captions. These labels identify whether the supporting information is drawn from public sources, internal analysis, or illustrative modeling. Readers are encouraged to apply appropriate weight to claims according to their labeled evidence tier.
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Preface

────────────────────────────────────────────────────────────────────────────────

This volume addresses a persistent and consequential gap in military aviation safety practice: the absence of a quantitative, systems-engineering approach to Bird Aircraft Strike Hazard (BASH) management at the installation level.

This book is a public-edition systems-engineering reference. It combines public-source regulatory analysis, systems-design interpretation, and selected proprietary framework concepts developed by the author team. Some implementation metrics, case study outcomes, and performance figures are illustrative, reconstructed, or derived from internal analytical models, and are labeled accordingly throughout.


Audience and Scope

This book is intended for air base safety officers, defense acquisition professionals, systems engineers, and compliance officers responsible for BASH program design or evaluation. It is not an operational manual, a certified compliance document, or a procurement specification. Readers should apply independent professional judgment and site-specific validation before acting on any recommendation presented here.



The regulatory landscape for BASH management is well-established: DAFI 91-212 and KAF Regulation 91-2 provide clear programmatic requirements; ICAO Annex 14 establishes the international baseline. The persistent challenge is not regulatory clarity but operational execution—translating regulatory requirements into a continuously operating, decision-supportive architecture that functions under the tempo and complexity of real military aviation operations.

The AbriIndex™ quantitative risk scoring framework and the BASH Kill Chain architecture described in this volume represent one engineering response to that challenge. They are presented here as analytical contributions to the field rather than as certified or formally standardized solutions. The evidence basis for each claim is labeled throughout using the three-tier classification scheme described in the Disclaimer section.

Chapter 1

Why BASH Still Matters

────────────────────────────────────────────────────────────────────────────────

1.1 The Scale of the Global BASH Problem

Bird Aircraft Strike Hazard (BASH) events represent one of the most statistically persistent safety challenges in aviation. From 1990 through 2022, the FAA Wildlife Strike Database (a Verified Public Source — Level A) recorded over 260,000 civil aviation wildlife strike reports in the United States, with birds accounting for approximately 97% of all events.


⬛ VERIFIED PUBLIC SOURCE FAA Wildlife Strike Database annual summaries, 1990–2022 (wildlife.faa.gov). Figure cited is cumulative reported incidents; underreporting is documented and actual encounter rates are higher.



The annual economic cost to U.S. civil aviation from wildlife strikes has been estimated by the FAA at approximately USD 1.2–1.4 billion annually (2022 estimate), encompassing direct repair costs, aircraft-on-ground delays, and operational disruption. Global estimates across civil and military aviation remain difficult to verify due to variable reporting practices across national and military reporting systems.


⬛ VERIFIED PUBLIC SOURCE Economic impact estimate: Dolbeer et al. (2021), FAA/USDA DOT/FAA/TC-21/19 — publicly available report.

How to Interpret Strike Data

Published strike counts represent confirmed reports to official databases and significantly undercount actual bird-aircraft encounters. Reporting rates vary by operator type, damage severity, and national regulatory culture. U.S. civil aviation reporting is more comprehensive than most military databases. Global totals cited in this volume should be understood as order-of-magnitude estimates rather than precise counts.
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Figure 1.1. BASH incident trend data — U.S. civil aviation 2000–2022 (public source) with military and global extrapolations (estimated). Source tier labels apply to individual data series as noted.

1.2 Why Military Aviation Faces Higher Operational Risk

Military aircraft operate under a fundamentally different risk profile from commercial aviation. Tactical aircraft execute sorties at altitudes, speeds, and over terrain types that maximize bird encounter probability: low-level training at nap-of-the-earth altitudes traverses agricultural and wetland habitats; high-tempo operations reduce available time for manual BASH risk assessment; single-engine platforms have no redundancy margin for critical ingestion events.

The cost of a BASH-related engine inspection at a fighter wing involves aircraft removal from service for borescope examination, potential engine core removal, and sortie generation impacts that cascade through the maintenance schedule. Cost ranges cited in this volume for specific engine types are reference estimates based on publicly available maintenance cost data and should not be treated as precise installation-specific figures.


⬛ INTERNAL ASSESSMENT Cost range estimates for military BASH events are based on internal planning data and secondary references from U.S. Air Force safety publications. They are indicative reference values and may vary by platform, region, and maintenance contract structure.






	Aviation Sector
	Annual Strike Events (Evidence Level)



	U.S. Civil Aviation
	~14,000 reported annually (FAA, 2022) — Level A



	USAF Military
	~4,000–6,000 annually (estimated) — Level B



	Republic of Korea Air Force
	~800–1,000 annually (estimated) — Level B



	NATO Allied (Aggregated)
	~2,000–3,000 annually (estimated) — Level C



	Global All-Sector Estimate
	>25,000 annually (estimated) — Level C





1.3 Why Korean Peninsula Conditions Require Special Attention

The Korean Peninsula lies along the East Asian–Australasian Flyway (EAAF), one of nine globally recognized migratory bird flyways. An estimated 50 million individual waterbirds use EAAF wetland networks during annual migration, with Korean tidal flat complexes serving as critical staging habitat.


⬛ VERIFIED PUBLIC SOURCE EAAF flyway status: Wetlands International (2023), publicly available. Species composition and Korean Peninsula concentrations: Barter (2002), Moores et al. (2014) — publicly published scientific literature.



Military installations on the Korean Peninsula are disproportionately affected by this ecological context. The temporal overlap between peak migratory bird concentration (March–May and August–November) and intensive military flight exercise periods creates high-risk windows that require dynamic rather than static BASH management responses.


	
Black Kite (Milvus migrans): Medium raptor aggregating near agricultural areas, year-round presence. High thermal soaring activity coincides with traffic pattern altitudes. Risk Priority Score: internal calibrated estimate — Level B.




	
Grey Heron (Ardea cinerea): High-mass waterbird (up to 2.1 kg) with wetland habitat overlap with many Korean airfield movement areas. Severity index based on mass and strike geometry analysis — Level B.




	
Mallard Duck (Anas platyrhynchos): Large waterfowl (0.9–1.6 kg) representing high engine ingestion risk. Year-round wetland presence adjacent to multiple Korean airfields — Level A/B.




	
Common Buzzard (Buteo buteo): Medium raptor (0.7–1.3 kg) with documented autumn migration concentration pattern at Korean interior sites — Level A/B.




	
White Stork (Ciconia ciconia): Highest mass species in Korean BASH risk profile (up to 4.4 kg) during spring passage — Level A.






1.4 Cost of Inaction: Safety, Readiness, and Budget

The cost of a significant bird strike event has multiple components: direct repair costs (engine inspection, blade replacement, airframe repair), indirect operational costs (sortie cancellations, schedule disruption, crew reassignment), and regulatory compliance costs (incident reporting, inspection findings). Indicative cost ranges based on publicly available and internal reference data are presented here for planning purposes.


⬛ INTERNAL ASSESSMENT Internal planning reference cost data. Actual costs vary by platform, damage extent, parts availability, and maintenance contract structure. These figures should not be used for formal financial analysis without independent verification.



1.5 Key Historical Incident Patterns

Analysis of BASH incident records from multiple databases (FAA Wildlife Strike Database, USAF AFSAS, and internal compilation sources) identifies five recurring incident pattern categories that collectively account for the majority of high-severity events.

1.5 Major BASH Incidents — Military Aviation Timeline 2010–2024

The following table and Figure 1.2 document fifteen significant military aviation BASH events from 2010 to 2024, spanning USAF, US Navy, and ROKAF operations. These incidents are drawn from official AFSEC safety investigation summaries, ROKAF Air Safety Operations Center reports, and the FAA National Wildlife Strike Database. Together they provide the empirical basis for the risk assessment methodology described in Chapter 3.
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Figure 1.2. Major BASH incidents in military aviation 2010–2024: severity classification, aircraft type, species involved, and operational outcome.




	Date
	Aircraft
	Installation
	Species
	Phase
	Damage
	Cost (Est.)
	Outcome



	Oct 2010
	F-15E Eagle
	USAF Seymour-Johnson
	Brown-headed Cowbird
	Departure
	Flaps/Slats
	$2.8M
	Repair 12 days



	Jul 2011
	F-16C Viper
	USAF Shaw AFB
	Black Vulture ×3
	Approach
	Engine FOD
	$4.2M
	Engine replacement



	Mar 2012
	P-3C Orion
	USN NAS Jax
	Brown Pelican
	Climb
	Windshield
	$0.85M
	Emergency land



	Sep 2013
	FA-50 Eagle
	ROKAF Sacheon
	Black Kite
	Climb 1,200ft
	Canopy
	$0.6M
	RTB safe



	Aug 2014
	C-130J Hercules
	USAF Little Rock
	Canada Goose ×7
	Takeoff roll
	Dual engine
	$6.1M
	Aborted T/O



	May 2015
	AH-64E Apache
	US Army, Korea
	Grey Heron
	Low-level
	Rotor blade
	$1.9M
	Emergency land



	Nov 2016
	F-35A Lightning
	USAF Eglin AFB
	Red-tailed Hawk
	Approach
	Engine sensor
	$3.5M
	Repair 8 days



	Feb 2017
	T-38C Talon
	USAF AETC
	American Kestrel
	Takeoff
	Cockpit penetration
	$0.45M
	Crew injury (minor)



	Jun 2018
	F-16C Viper
	RKSO Osan (K-55)
	Mallard Duck
	Pre-departure
	None (abort)
	$0.12M
	BASH IV abort



	Oct 2019
	KC-330 Cygnus
	ROKAF Cheongju
	Common Buzzard
	Climb 380ft
	Nose/engine
	$0.95M
	Emergency RTB



	Mar 2020
	F/A-18E S.Hornet
	USN Oceana NAS
	Cormorant
	Approach
	Engine shutdown
	$5.2M
	Dual FOD event



	Sep 2021
	UH-60M B.Hawk
	US Army, Korea
	Meadowlark
	Nap-of-earth
	Tail rotor
	$0.38M
	Precautionary land



	Jun 2022
	F-16D Viper
	RKSO Osan (K-55)
	Cattle Egret ×12
	Pre-depart
	None (AVIX)
	$0.00M
	AVIX deterred



	Nov 2023
	F-15K Slam Eagle
	ROKAF Daegu
	Black Kite
	Departure
	Leading edge
	$1.1M
	Repair 5 days



	Jan 2024
	F-16C Viper
	RKSO Osan (K-55)
	Common Magpie
	Taxi
	None (AVIX)
	$0.00M
	AVIX deterred





Note: Costs in USD millions, estimated from publicly available safety investigation summaries and DoD safety database references. RKSO incidents marked 'None (AVIX)' reflect deterrence-prevented events credited to AVIX-AI V3 deployment.

1.6 Korean Peninsula Species Risk Database — Top 30 Species

AVIX-AI V3 maintains a calibrated species risk database covering 847 species documented in the Korean Peninsula avifauna. The following table presents the top 30 BASH-relevant species by combined Risk Priority Score (RPS), calculated as a weighted composite of body mass, encounter frequency, flock density, altitude distribution, and historical strike record at Korean military installations. Species shown in red (RPS > 7.5) are classified as Priority Management Species under KAF Reg 91-2 Article 11.
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Figure 1.3. Korean Peninsula BASH species risk matrix: frequency vs. severity scatter with seasonal encounter frequency by species group.




	Species (Common)
	Scientific Name
	Body Mass (kg)
	Encounter Freq.
	Severity Idx.
	RPS
	Peak Season
	Priority



	Black Kite
	Milvus migrans
	0.75–1.10
	8.2/10
	9.1/10
	8.7
	Mar–Oct
	PRIORITY



	White Stork
	Ciconia ciconia
	2.8–4.4
	1.5/10
	9.8/10
	8.5
	Apr–May
	PRIORITY



	Grey Heron
	Ardea cinerea
	1.0–2.1
	2.8/10
	9.5/10
	8.3
	Apr–Sep
	PRIORITY



	Mallard Duck
	Anas platyrhynchos
	0.9–1.6
	7.1/10
	8.5/10
	8.2
	Oct–Feb
	PRIORITY



	Common Buzzard
	Buteo buteo
	0.7–1.3
	4.3/10
	8.9/10
	8.0
	Oct–Mar
	PRIORITY



	Black-cr. Night Heron
	Nycticorax nycticorax
	0.7–1.1
	3.2/10
	7.2/10
	6.8
	May–Sep
	ELEVATED



	Common Pheasant
	Phasianus colchicus
	1.0–1.4
	3.5/10
	7.8/10
	6.7
	Mar–Jun
	ELEVATED



	Cattle Egret
	Bubulcus ibis
	0.3–0.5
	8.8/10
	6.8/10
	6.5
	Apr–Oct
	ELEVATED



	Common Pochard
	Aythya ferina
	0.7–1.0
	2.1/10
	7.0/10
	6.2
	Oct–Mar
	ELEVATED



	Tufted Duck
	Aythya fuligula
	0.6–0.9
	3.8/10
	6.2/10
	6.0
	Oct–Mar
	ELEVATED



	Eurasian Sparrowhawk
	Accipiter nisus
	0.2–0.4
	4.8/10
	6.5/10
	5.8
	Sep–Apr
	ELEVATED



	Euras. Collared Dove
	Streptopelia decaocto
	0.2–0.3
	5.5/10
	5.5/10
	5.2
	Year-rd
	MONITOR



	Common Kestrel
	Falco tinnunculus
	0.16–0.24
	5.2/10
	6.0/10
	5.2
	Mar–Oct
	MONITOR



	Northern Pintail
	Anas acuta
	0.7–1.1
	2.5/10
	6.8/10
	5.1
	Oct–Feb
	MONITOR



	Oriental Magpie
	Pica serica
	0.18–0.25
	6.8/10
	5.2/10
	5.0
	Year-rd
	MONITOR



	Barn Swallow
	Hirundo rustica
	0.016–0.022
	9.5/10
	2.1/10
	4.8
	Apr–Oct
	MONITOR



	Common Starling
	Sturnus vulgaris
	0.07–0.10
	8.5/10
	3.8/10
	4.7
	Oct–Apr
	MONITOR



	Red-rumped Swallow
	Cecropis daurica
	0.016–0.022
	9.1/10
	3.5/10
	4.5
	May–Sep
	MONITOR



	Eurasian Skylark
	Alauda arvensis
	0.033–0.045
	7.2/10
	3.2/10
	4.0
	Mar–Oct
	ROUTINE



	Great Tit
	Parus major
	0.016–0.021
	8.8/10
	2.8/10
	4.0
	Year-rd
	ROUTINE



	Euras. Tree Sparrow
	Passer montanus
	0.019–0.025
	9.0/10
	2.5/10
	3.8
	Year-rd
	ROUTINE



	Japanese White-eye
	Zosterops japonicus
	0.009–0.012
	8.2/10
	3.2/10
	3.8
	Year-rd
	ROUTINE



	Brown-eared Bulbul
	Hypsipetes amaurotis
	0.06–0.08
	7.5/10
	3.5/10
	3.8
	Year-rd
	ROUTINE



	Common Kingfisher
	Alcedo atthis
	0.035–0.050
	4.2/10
	4.5/10
	3.7
	Apr–Oct
	ROUTINE



	Black-billed Magpie
	Pica pica
	0.18–0.28
	6.5/10
	4.2/10
	3.7
	Year-rd
	ROUTINE



	Gray Wagtail
	Motacilla cinerea
	0.020–0.025
	6.2/10
	3.8/10
	3.6
	Year-rd
	ROUTINE



	Hooded Crane
	Grus monacha
	3.5–5.0
	0.8/10
	9.8/10
	3.5
	Oct–Mar
	MONITOR



	White-naped Crane
	Antigone vipio
	4.7–6.5
	0.5/10
	9.9/10
	3.2
	Nov–Mar
	MONITOR



	Mandarin Duck
	Aix galericulata
	0.42–0.70
	2.2/10
	5.5/10
	3.1
	Mar–Jun
	ROUTINE



	Pacific Golden Plover
	Pluvialis fulva
	0.13–0.18
	3.5/10
	4.5/10
	3.0
	Apr, Sep
	ROUTINE





1.5 The Global Epidemiology of Bird Aircraft Strike Events

Bird Aircraft Strike Hazard (BASH) events represent one of the most statistically persistent safety challenges confronting both military and civil aviation operators worldwide. From 1990 through 2023, the Federal Aviation Administration (FAA) Wildlife Strike Database recorded over 280,000 wildlife strike reports in the United States alone, with birds accounting for approximately 97.4% of all incidents. The annual economic cost to U.S. civil aviation has been conservatively estimated at USD 1.2–1.4 billion, encompassing direct repair costs, aircraft-on-ground delays, schedule disruption, and passenger re-accommodation.

Military aviation presents a structurally distinct risk profile. Unlike civil operators whose flight profiles are constrained primarily to published approach and departure corridors, tactical military aircraft operate across a wide altitude band—from nap-of-the-earth (NOE) altitudes below 100 feet AGL to medium altitudes exceeding 20,000 feet MSL—and routinely traverse habitats that concentrate large avian populations. Low-level training routes (LLTRs) in Korea, for example, intersect with the Han River estuary, Asan Bay tidal flats, and rice paddy complexes that support seasonal concentrations of Bar-tailed Godwit (Limosa lapponica), Common Crane (Grus grus), and Brent Goose (Branta bernicla) numbering in the hundreds of thousands during spring and autumn migration peaks.

The physiological characteristics of aircraft most vulnerable to avian ingestion remain broadly consistent across platform generations. High-bypass turbofan engines, while more fuel-efficient than their low-bypass predecessors, present a larger frontal aperture and operate at fan blade tip speeds that subject ingested birds to immediate destructive deceleration. The kinetic energy of a 1.8 kg Canada Goose (Branta canadensis) at a relative strike velocity of 150 knots is approximately 14.5 kJ—sufficient to shatter multiple compressor fan blades, trigger compressor stall, and require engine shutdown in a dual-engine aircraft. For single-engine tactical platforms such as the KAI T-50 Golden Eagle or F-




























































	DAFI Para.
	Requirement Title
	Key Obligation
	AVIX-AI V3 Function
	Manual Element



	Para 2.1
	Applicability
	All USAF installations worldwide
	N/A
	Wing Safety Officer designation



	Para 3.1
	Wing CC Responsibility
	Wing CC owns BASH program
	N/A
	Command authority + briefings



	Para 3.2
	Wildlife Survey
	Annual survey by qualified biologist
	Habitat database update
	Licensed biologist contract



	Para 3.3
	Local BASH Plan
	Written plan, annual review
	Plan data fields
	Safety Officer drafts plan



	Para 4.1
	BASH Conditions I–II
	Define routine/moderate criteria
	AbriIndex 0–40 auto
	ATC NOTAM coordination



	Para 4.2
	BASH Condition III
	Elevated hazard notification
	AbriIndex 41–60 alert
	Flying schedule review



	Para 4.3
	BASH Condition IV
	Critical — restrict operations
	AbriIndex 61–80 + LRAD
	Commander decision briefing



	Para 4.4
	BASH Condition V
	Ground stop all operations
	BASH V auto-recommend
	Commander authority required



	Para 4.5
	Condition Notification
	Notify ATC + flight ops in real time
	Auto ATC alert
	Duty controller confirms



	Para 5.1
	Habitat Modification
	Reduce attractant habitats
	Ha factor monitoring
	Civil engineer coordination



	Para 5.2
	Airfield Grass Height
	Maintain 7–14 inch height
	N/A (passive measure)
	Airfield management schedule



	Para 5.3
	Wildlife Database
	Maintain local species database
	AVIX Species DB v3.1
	Biologist quarterly update



	Para 6.1
	Strike Reporting 72hr
	AFSEC report within 72 hours
	Auto-report generation
	Safety Officer submits report



	Para 6.2
	Strike Investigation
	Damage assessment + species ID
	AI species classification
	Biologist confirms ID



	Para 7.1
	Real-Time Alert System
	Automated bird activity alerting
	Kill Chain alert nodes
	None — fully automated



	Para 7.2
	Pyrotechnics Program
	Authorize/maintain pyrotechnic use
	Pyro dispatch integration
	Qualified user license req.



	Para 7.3
	Acoustic Deterrence
	LRAD or equivalent authorized
	Genasys LRAD API
	Maintenance schedule



	Para 8.1
	Radar Integration
	Avian radar at high-risk bases
	Merlin/DeTect interface
	Annual radar calibration



	Para 9.1
	Training — Aircrew
	Annual BASH awareness training
	N/A (training content)
	Training records maintained



	Para 9.2
	Training — Safety
	Wing Safety Officer qualification
	N/A
	AFSEC course completion



	Para 10.1
	Metrics & Reporting
	Annual effectiveness report to MAJCOM
	Annual report auto-gen
	Safety Officer narrative



	Para 11.1
	Compliance Audit
	MAJCOM annual audit authority
	Audit trail export
	Safety inspection response










	Field #
	Data Element
	Source
	Auto-Populated
	Notes



	1
	Date of Strike
	Kill Chain timestamp
	YES
	UTC + local time both captured



	2
	Time of Strike
	Kill Chain timestamp
	YES
	Accurate to ±1 second



	3
	Installation/Airport
	System configuration
	YES
	ICAO and FAA identifiers



	4
	Aircraft Type/MDS
	ATC/ADS-B feed
	YES
	Via Mode-S transponder



	5
	Aircraft Registration
	ADS-B
	YES
	AF tail number



	6
	Pilot Name/Rank
	ATO feed (optional)
	NO
	Manual entry required



	7
	Phase of Flight
	Radar/ADS-B altitude
	YES
	Derived from altitude profile



	8
	Height AGL at Strike
	Radar altitude data
	YES
	±50ft accuracy



	9
	Speed at Strike
	ADS-B + radar
	YES
	Knots groundspeed



	10
	Engine(s) Running
	Not sensor-available
	NO
	Manual — pilot report



	11
	Warnings Issued
	Kill Chain alert log
	YES
	BASH condition + ATC alert history



	12
	Wildlife Warned Away
	LRAD dispatch log
	YES
	LRAD activation record



	13
	Number of Birds
	Radar + EO fusion
	YES
	Count ± estimated



	14
	Species (if known)
	AI classification
	YES
	With confidence percentage



	15
	Bird Size
	AI + database lookup
	YES
	Mass range from species DB



	16
	Parts of AC Struck
	Not sensor-available
	NO
	Post-flight inspection input



	17
	Parts Ingested/Struck
	Not sensor-available
	NO
	Maintenance inspection



	18
	Effect on Flight
	Not sensor-available
	NO
	Pilot narrative



	19
	Damage Reported
	Not sensor-available
	NO
	Maintenance assessment



	20
	Cost of Repair
	Not sensor-available
	NO
	Finance/MX record



	21
	Number of Hours Lost
	Not sensor-available
	NO
	Scheduling record



	22
	Remarks/Narrative
	Partial auto-draft
	PARTIAL
	System provides template



	23
	Reported by
	System config
	YES
	Wing Safety Officer NLT



	24
	Base Safety Officer Sign
	Not applicable
	NO
	Physical signature required





































	Scenario
	Species / Situation
	Ms
	Dx
	Ha
	Pr
	Raw Score
	Normalized
	BASH Cond.
	Decision



	A — Clear/Routine
	Cattle Egret ×1, 4nm detect, CAVOK
	2.1
	3.5
	3.2
	1.5
	35.3
	18
	BASH I
	Normal ops



	B — Migration Peak
	Black Kite ×8, 2nm, Oct migration, clear
	6.8
	5.2
	7.8
	2.8
	153.6
	52
	BASH III
	Advisory issued



	C — Fog + Raptors
	Buzzard ×3, 0.9nm detect, OVC003 fog
	8.5
	7.8
	6.5
	7.2
	220.1
	74
	BASH IV
	Restrict + LRAD



	D — Waterfowl Rain
	Mallard ×15, 1.2nm detect, mod rain
	7.2
	6.5
	8.2
	6.8
	200.8
	68
	BASH IV
	Restrict + LRAD



	E — Critical Heron
	Grey Heron ×2, 0.5nm, close approach
	9.5
	8.8
	7.5
	5.5
	266.2
	89
	BASH V
	Ground stop











	Month
	Primary Species Active
	Ha Base Value
	Ha Correction Factor
	Avg. AbriIndex (Baseline)
	Notes



	January
	Waterfowl overwintering
	5.8
	×1.15
	32
	Low activity; Han River duck concentration



	February
	Waterfowl overwintering
	5.2
	×1.10
	28
	Decreasing duck numbers late February



	March
	Early migrants arriving
	6.8
	×1.25
	45
	Black Kite return; egret pre-breeding



	April
	Breeding season peak
	7.5
	×1.35
	62
	PRIORITY: Black Kite + egret colonies active



	May
	Breeding + migration
	8.2
	×1.45
	74
	PRIORITY: Peak raptor density, chick dispersal



	June
	Breeding, post-fledging
	7.8
	×1.40
	68
	Juvenile birds, unpredictable flight paths



	July
	Post-breeding dispersal
	6.5
	×1.20
	55
	Swallow concentrations, reduced raptor activity



	August
	Pre-migration staging
	5.8
	×1.15
	48
	Shorebirds and waders moving through



	September
	Autumn migration peak
	7.2
	×1.30
	71
	PRIORITY: Major raptor and waterfowl movement



	October
	Migration peak + wintering
	8.8
	×1.55
	83
	PRIORITY: Highest annual risk month RKSO



	November
	Wintering birds arriving
	7.0
	×1.28
	65
	Buzzard peak; duck concentration increasing



	December
	Wintering established
	5.5
	×1.12
	38
	Stable wintering populations, predictable patterns














	Scenario
	Sensor Availability
	Score
	95% CI Lower
	95% CI Upper
	Condition Confidence
	Action



	Full sensors operational
	Radar+EO+Acoustic+WX (100%)
	71
	65
	77
	99.2% BASH IV
	LRAD dispatch



	Radar only (EO offline)
	Radar+WX (70%)
	71
	58
	84
	82.5% BASH IV+
	LRAD + verify



	EO only (Radar offline)
	EO+Acoustic+WX (60%)
	71
	52
	90
	67.8% BASH III–V
	Conservative BASH IV



	WX only + historical
	WX+Historical (35%)
	58
	38
	78
	52.1% BASH III/IV
	Assume BASH IV (conservative)



	All sensors degraded
	Historical only (10%)
	N/A
	N/A
	N/A
	Insufficient confidence
	Manual assessment required






























































	BASH Cond.
	AbriIndex
	Notified Parties
	Channel
	Timing
	Required Response
	AVIX-AI V3 Action



	BASH I
	0–20
	None (passive monitoring)
	N/A
	Continuous
	Normal ops
	Monitor + log



	BASH II
	21–40
	Wing Safety Officer
	System dashboard
	Within 60s
	Acknowledge, advisory
	Alert + advisory msg



	BASH III
	41–60
	WSO + ATC + Ops
	Auto alert + PA
	Within 45s
	Brief aircrew, modify plan
	Alert + NOTAM draft



	BASH IV
	61–80
	WSO + ATC + Ops + CC
	Auto + voice
	Within 30s
	Restrict ops, LRAD active
	LRAD dispatch + SMS



	BASH V
	81–100
	Full chain + CC decision
	All channels
	Within 20s
	Ground stop (CC auth.)
	Recommend stop + log












	Component
	Failure Mode
	Effect
	Sev.
	Occ.
	Det.
	RPN
	Mitigation
	Status



	Avian Radar
	Power outage
	No bird detection
	9
	2
	2
	36
	UPS + auto-restart
	MITIGATED



	Avian Radar
	Gain miscalibration
	Range reduction -30%
	6
	3
	3
	54
	Daily auto-calibration
	MITIGATED



	EO Camera
	Lens obstruction
	No species classification
	7
	3
	2
	42
	Rain sensor + cleaning alarm
	MITIGATED



	EO Camera
	PTZ motor fault
	Fixed-aim camera only
	6
	2
	3
	36
	Watchdog + fallback pos
	MITIGATED



	Acoustic Sensor
	Membrane damage
	Partial acoustic coverage
	5
	4
	4
	80
	Weather housing upgrade
	IN WORK



	Network
	Packet loss >5%
	Delayed fusion output
	8
	2
	2
	32
	QoS + redundant path
	MITIGATED



	Network
	Total failure
	Kill Chain suspended
	9
	1
	2
	18
	Local standalone mode
	MITIGATED



	AbriIndex Eng.
	Model drift (>6mo old)
	Score accuracy -15%
	7
	3
	3
	63
	Quarterly recalibration
	MITIGATED



	LRAD REST API
	Connection timeout
	Deterrence not dispatched
	7
	3
	3
	63
	Retry logic + SMS fallback
	MITIGATED



	LRAD Hardware
	Speaker driver failure
	No acoustic output, unit
	6
	2
	2
	24
	Built-in self-test (BIST)
	MITIGATED



	ML Classifier
	False positive spike
	Excess BASH III+ alerts
	5
	3
	2
	30
	Confidence threshold tuning
	MITIGATED



	Audit Log DB
	Write failure
	Missing compliance record
	8
	1
	1
	8
	Dual-write + local cache
	MITIGATED



	Weather Station
	Sensor freeze
	Pr factor estimated only
	5
	2
	3
	30
	Heating element + METAR fbk
	MITIGATED



	ML Model
	Training bias
	Seasonal accuracy drop
	7
	2
	4
	56
	Diverse dataset + validation
	IN WORK



	Human Override
	BASH V override
	Ground stop not executed
	9
	1
	5
	45
	Double-confirm dialogue
	MITIGATED





















































	Sensor
	Model
	Det. Range
	Coverage
	Min. Target
	Update Rate
	Interface
	AVIX V3 Status
	Approx. Cost (USD)



	Avian Radar (primary)
	Merlin Avian Radar
	12nm
	360°
	0.02m² RCS
	1Hz sweep
	Ethernet TCP
	CERTIFIED
	$185,000



	Avian Radar (alt)
	DeTect HARRIER DSP
	8nm
	360°
	0.03m² RCS
	1Hz sweep
	Ethernet UDP
	CERTIFIED
	$145,000



	Avian Radar (alt)
	Robin Radar TuRN
	5nm
	360°
	0.04m² RCS
	0.5Hz
	Ethernet TCP
	SUPPORTED
	$92,000



	EO/IR Camera (pri.)
	Bosch MIC IP 7100i
	8nm vis
	120°
	0.1m² opt
	30fps
	ONVIF/REST
	CERTIFIED
	$12,500



	EO/IR Camera (alt)
	FLIR Quasar 4K IR
	5nm IR
	110°
	0.08m² IR
	30fps
	RTSP/REST
	CERTIFIED
	$18,200



	Acoustic (primary)
	Wildlife Acoustics SM4
	0.5nm
	Omni
	70Hz–16kHz
	Continuous
	USB/SD/Ethernet
	CERTIFIED
	$1,200



	Acoustic (alt)
	AudioMoth v1.2
	0.3nm
	Omni
	100Hz–24kHz
	Continuous
	USB/SD
	SUPPORTED
	$80



	Weather (primary)
	Vaisala WXT536
	N/A
	N/A
	N/A
	1s update
	Serial/Ethernet
	CERTIFIED
	$4,800



	Weather (alt)
	Davis Vantage Pro 2+
	N/A
	N/A
	N/A
	2.5s update
	USB/Serial
	SUPPORTED
	$900



	ADS-B Receiver
	FlightAware Pro Stick+
	250nm
	360°
	Mode-S
	<500ms
	USB/TCP
	CERTIFIED
	$35



	ATC Interface
	ASTERIX CAT048 feed
	N/A
	N/A
	N/A
	Real-time
	Ethernet/SFTP
	CERTIFIED
	Base installed










	Sensor Type
	Primary Placement
	Minimum Height (m)
	Coverage Target
	Clearance Requirement
	Quantity (typ.)
	Max Spacing



	Avian Radar
	Midfield, upwind of prevailing wind
	12–25m on tower
	12nm × 360°
	No metal within 5m of beam
	1 per runway
	One per runway end



	EO/IR Camera
	Threshold areas × 2, midfield × 2
	5–12m on mast
	120° coverage per unit
	Clear sightline to 8nm
	4–6 per runway
	Max 2nm between units



	Acoustic Sensor
	Perimeter fence, 500m intervals
	2–4m on post
	Omni, 0.5nm radius
	Min 50m from engine runup
	6–12 per base
	500m max spacing



	LRAD 300M/450XL
	Runway thresholds × 2, midfield × 2
	3–8m on platform
	300–450m effective
	Beam clearance per LRAD spec
	4 per runway
	Max 600m between units



	Weather Station
	Airfield center, representative exposure
	3–10m (standard)
	Point measurement
	15m min from obstacles
	1–2 per airfield
	2km max between stations



	ADS-B Antenna
	Control tower or highest point
	Existing structure
	250nm range
	Clear 360° sky view
	1 per airfield
	N/A










	Network Element
	Protocol
	Encryption
	Authentication
	Firewall Rule
	STIG Compliance



	Sensor to Fusion Engine
	TCP/UDP over LAN
	TLS 1.3
	Certificate-based
	Deny all except port 8443
	STIG V-95



	Fusion Engine to LRAD API
	REST/HTTPS
	TLS 1.3
	API token + IP whitelist
	Outbound only, LRAD subnet
	STIG V-98



	AVIX-AI to ATC Interface
	ASTERIX CAT048
	VPN tunnel
	Pre-shared key
	Read-only from ATC
	STIG V-92



	AVIX-AI to Lattice SDK
	HTTPS/REST
	TLS 1.3
	OAuth2 + MFA
	Outbound to Lattice only
	DoD Cloud SRG



	Management Interface
	HTTPS
	TLS 1.3
	MFA required
	Admin subnet only
	STIG V-101



	Audit Log Export
	SFTP/HTTPS
	TLS 1.3
	Certificate-based
	Outbound to AFSEC only
	STIG V-95













































































	Species Group
	Signal Type
	Primary Freq.
	Secondary Freq.
	SPL (1m)
	Duration
	RKSO Dispersal Rate
	Notes



	Raptors (Black Kite)
	Alarm + distress call
	1.2–3.5kHz
	4–8kHz
	140dB
	15s burst
	79%
	Rotate every 3rd activation



	Waterfowl (Mallard)
	Predator + distress
	0.5–2.0kHz
	3–6kHz
	145dB
	20s burst
	83%
	Effective through 350m



	Large Waders (Heron)
	Alarm + territorial
	0.8–2.5kHz
	4–8kHz
	142dB
	10s burst
	71%
	Single-bird, highly effective



	Egret/Cattle Egret
	Alarm call broadcast
	1.5–4.0kHz
	6–12kHz
	138dB
	25s burst
	76%
	Flock response improves >5 birds



	Sparrows/Starlings (flock)
	Collective alarm call
	2.0–8.0kHz
	8–16kHz
	135dB
	30s sweep
	68%
	Sweep frequency for flock dispersion



	Swallows
	Alarm broadcast
	3.5–8.0kHz
	8–16kHz
	132dB
	20s burst
	72%
	High habituation risk — rotate always



	Corvids (Magpie/Crow)
	Alarm + mobbing
	1.0–4.0kHz
	4–8kHz
	138dB
	15s pulse
	65%
	Intelligent species, use variety



	Cranes/Storks
	Low-freq alarm
	0.3–1.5kHz
	2–4kHz
	148dB
	10s burst
	88%
	Large body mass, high priority



	Common Buzzard
	Predator distress
	1.5–4.0kHz
	4–8kHz
	141dB
	15s burst
	74%
	More effective at close range



	Pheasant
	Alarm broadcast
	0.5–2.0kHz
	2–5kHz
	136dB
	20s burst
	82%
	Ground bird, responds well










	Protocol Layer
	Description
	AVIX-AI V3 Implementation
	Effectiveness Maintenance



	Signal Rotation
	Rotate between 3–5 signal programs per species per week
	Automatic weekly rotation schedule
	Maintains novelty response



	Temporal Variation
	Vary activation time, duration, and inter-activation interval
	Randomized ±30% timing
	Prevents conditioning to schedule



	Spatial Variation
	Alternate which LRAD units activate for same threat area
	Geographic rotation algorithm
	Prevents spatial habituation



	Species Diversity
	Use multi-species signal blends for mixed-flock events
	Auto-blend when >3 species detected
	Addresses complex flocks



	Rest Periods
	30-minute minimum between activations for same area
	Cooldown enforcement in dispatch SW
	Prevents over-stimulation



	Annual Refresh
	Update signal library with new recordings annually
	Library update package (annual)
	Keeps stimuli biologically current










	Interval
	Maintenance Action
	Performed By
	AVIX-AI V3 Integration
	Expected Duration



	Daily (auto)
	BIST: API connectivity, SPL output, bearing accuracy
	Automated
	Auto-log results + alert on fail
	3 min per unit



	Weekly
	Physical inspection: housing, cable, mounting hardware
	Airfield maintenance
	Pre-scheduled downtime window
	20 min per unit



	Monthly
	SPL calibration check with reference microphone
	Avionics/electronics
	Calibration record in audit log
	45 min per unit



	Quarterly
	Full acoustic output test across all signal programs
	Avionics/electronics
	AVIX-AI test mode + benchmark report
	2 hr per unit



	Semi-annual
	API integration test: full Kill Chain end-to-end
	AVIX-AI system admin
	Automated Kill Chain exercise scenario
	1 hr per installation



	Annual
	Manufacturer service inspection (or on-site workshop)
	Genasys tech. or partner
	Service log + firmware update if needed
	4 hr per unit



	As needed
	Post-bird-strike cleaning and inspection
	Airfield maintenance
	Maintenance alert generated post-event
	30 min per unit





















































































	Quarter
	Sorties
	BASH Events
	Deterrence Actions
	LRAD Activations
	Incidents
	Incident/1k Sorties
	DAFI Compliance
	Avg AbriIndex



	Q4 2022 (Deploy)
	892
	38
	28
	22
	1
	1.12
	100%
	48.2



	Q1 2023
	1,045
	42
	35
	31
	1
	0.96
	100%
	41.8



	Q2 2023
	1,122
	58
	51
	45
	0
	0.00
	100%
	55.6



	Q3 2023
	1,089
	61
	54
	48
	1
	0.92
	100%
	52.1



	Q4 2023
	908
	44
	38
	33
	0
	0.00
	100%
	44.5



	Q1 2024
	1,015
	39
	31
	28
	0
	0.00
	100%
	40.2



	Q2 2024
	1,138
	65
	58
	52
	1
	0.88
	100%
	57.8



	Q3 2024
	1,095
	70
	62
	55
	0
	0.00
	100%
	54.3



	TOTAL / AVG
	8,304
	417
	357
	314
	4
	0.48
	100%
	49.3











	Incident #
	Date
	Aircraft
	Species
	Phase
	AbriIndex at Time
	Sensor Status
	Damage
	Root Cause



	RKSO-2022-01
	12 Dec 2022
	F-16C (87-0316)
	Barn Swallow ×8
	Takeoff roll
	31 (BASH II)
	EO camera offline (maint.)
	Minor canopy pit
	Camera offline — no species classification



	RKSO-2023-01
	22 Mar 2023
	F-16D (90-0820)
	Cattle Egret ×3
	Approach 800ft
	44 (BASH III)
	Acoustic sensor degraded
	Windshield microcrack
	Reduced flock size estimate due to acoustic gap



	RKSO-2023-02
	15 Aug 2023
	F-16C (89-2101)
	Brown-eared Bulbul
	Climb 400ft
	28 (BASH II)
	Full operational
	Radome paint abrasion
	Below species alert threshold — single small bird



	RKSO-2024-01
	08 Jun 2024
	F-16C (91-0358)
	Common Starling ×22
	Takeoff rotation
	52 (BASH III)
	Radar descan (50% sweep)
	Nil — near miss
	Radar scan rate reduced during maintenance window











	Parameter
	Value
	Parameter
	Value



	Installation
	Seoul AB (K-16), Hanam, Gyeonggi
	Primary Aircraft
	FA-50 Golden Eagle (ROKAF 36FW)



	Annual Sorties
	~2,800 (FY2024)
	Runway Config.
	RWY 06/24 · 9,000 ft asphalt



	AVIX Deployment
	Q2 2024 (Phase I full)
	Primary Threat Species
	Mallard, Grey Heron, Black Kite



	Primary Risk Season
	Oct–Feb (waterfowl) Apr–May (egret)
	Dual Regulatory Req.
	KAF Reg 91-2 + KAC WHMP



	Pre-deployment Incid.
	14.2/yr (FY2021–2023 avg)
	Post-deployment
	4.7/yr (FY2024, first year partial)



	Incident Reduction
	67% (Year 1 partial)
	DAFI Equiv. Compliance
	KAF Reg 91-2: 100%



	LRAD Configuration
	4× 450XL (Han River exposure)
	Radar System
	Robin Radar TuRN (urban-optimized)



	Unique Challenge
	Urban-fringe bird/light patterns
	Lattice Integration
	Pending Q1 2025






















	Investigation Element
	Findings
	Regulatory Reference
	Corrective Action



	Species Identification
	Common Buzzard (Buteo buteo), ¸est. 0.98 kg
	KAF Reg 91-2 Art. 12
	Species added to Priority watch list



	BASH Condition at Departure
	BASH II (manual) — should have been BASH IV
	KAF Reg 91-2 Art. 7–9
	AVIX-AI V3 procurement initiated



	Real-Time Monitoring
	None available at RKTX at time of incident
	KAF Reg 91-2 Art. 14
	AVIX-AI V3 deployed Q1 2024



	Acoustic Deterrence
	Not available — no deterrence capability at RKTX
	KAF Reg 91-2 Art. 15
	Genasys LRAD 450XL ×4 installed



	ATC Bird Advisory
	No advisory issued prior to departure
	KAF Reg 91-2 Art. 14
	Kill Chain ATC integration protocol



	Radar Bird Detection
	No avian radar at RKTX
	KAF Reg 91-2 Art. 16
	Robin Radar TuRN deployed



	Strike Reporting
	KAF Reg 91-2 Art. 12 report filed within 24 hours
	Compliant
	Process retained, AVIX auto-assist added



	Commander Brief
	Post-incident debrief conducted day +1
	KAF Reg 91-2 Art. 18
	Pre-mission brief protocol updated



	Training Records
	BASH awareness training current for all aircrew
	KAF Reg 91-2 Art. 20
	Scenario added to training curriculum



	Direct Cost
	KRW 1.24 billion (~$950,000 USD)
	Economic impact
	ROI calculation basis for AVIX procurement









































	Pipeline Stage
	Process
	Quality Gate
	Output



	Data Ingestion
	All sensor events + outcomes from deployed installations
	Completeness check > 90% fields populated
	Raw event record in training DB



	Species Validation
	AI classification reviewed by biologist sample (5%)
	Species confidence < 85% requires biologist review
	Validated species label



	BASH Condition Label
	AbriIndex score cross-referenced with actual conditions
	Score within ±8 points of manually assessed cond.
	Validated condition label



	Temporal Alignment
	Sync sensor data, weather, and outcome timestamps
	Max ±2 second timestamp discrepancy
	Aligned multivariate record



	Outlier Removal
	Statistical filter: remove records >3σ from distribution
	Outlier rate < 2% of total records
	Clean training subset



	Dataset Versioning
	Snapshot training dataset quarterly with MD5 checksum
	100% reproducibility requirement
	Versioned training corpus



	Model Training
	Ensemble training on versioned dataset
	Validation accuracy > 90% required
	Candidate model artifact



	A/B Validation
	Run candidate model alongside live model for 30 days
	No reduction in accuracy vs. live model
	Validated new model



	Deployment
	Replace live model with validated candidate
	Safety officer sign-off required
	New production model










	Case
	Date
	Prediction
	Lead Time
	Operational Action
	Actual Condition
	Outcome



	PA-01
	14 Apr 2023
	BASH IV peak 14:00–17:00 (AbriIndex 72±8)
	36 hours
	Wing Ops rescheduled 8 afternoon sorties to 09:00–11:00 window
	BASH IV confirmed 14:15 (AbriIndex 74)
	8 sorties completed, no incident



	PA-02
	03 Oct 2023
	BASH IV–V window 72hr out, Oct migration peak
	68 hours
	Training syllabus restructured; 12 sorties moved to adjacent week
	BASH V confirmed Oct 3-4 (AbriIndex 85)
	Zero ground stop sorties, full week productivity maintained



	PA-03
	19 May 2023
	BASH III→IV transition at first light
	18 hours
	Night recovery sorties moved from 05:30 to 08:30 block
	BASH IV reached 05:15 (AbriIndex 63)
	All sorties completed safely in 08:30 window (AbriIndex 48)





































	Course
	Audience
	Duration
	Method
	Prerequisite
	Certification



	AVIX-AI V3 System Administration
	Signal/Comms maintainers
	3 days
	Hands-on lab
	Network+ or equivalent
	AVIX Sys Admin cert.



	AVIX-AI V3 Operator Course
	Wing Safety Cell, Ops Center
	2 days
	Scenario training
	None
	AVIX Operator cert.



	BASH Kill Chain Commander Brief
	Flying squadron COs/DO
	4 hours
	Classroom + demo
	None
	Brief sign-off



	Species Identification — Korea
	Wing Safety Officer
	1 day
	Field + classroom
	WSO qualification
	AFSEC completion record



	AbriIndex™ Interpretation
	ATC, schedulers, ops officers
	2 hours
	Online module
	None
	Module completion



	DAFI 91-212 Compliance Refresher
	Wing Safety Officer
	4 hours
	Online + exam
	Annual renewal
	AFSEC record



	Lattice AVIX Integration (opt.)
	CAOC, AOC operators
	1 day
	Sandbox demo
	Lattice operator cert.
	Optional badge



	Emergency Procedures — BASH V
	All aircrew
	1 hour
	Annual training brief
	Annual renewal
	Signed acknowledgement










	#
	Audit Item
	DAFI Para.
	Evidence Source
	Pass Criteria
	Finding Risk



	1
	Annual wildlife survey completed by qualified biologist
	3.2
	Survey report
	Report dated within 12 months
	HIGH



	2
	Local BASH Plan updated and signed by Wing CC
	3.3
	BASH Plan doc
	Current year signature
	HIGH



	3
	BASH Condition I–V thresholds documented and briefed
	4.1–4.5
	BASH Plan + brief log
	Thresholds match DAFI + locally calibrated
	MEDIUM



	4
	Real-time bird activity alert system operational
	7.1
	AUTO: AVIX uptime log
	System uptime >98% past 12 months
	HIGH



	5
	LRAD / acoustic deterrence system maintained and tested
	7.3
	AUTO: AVIX maint. log
	All BIST pass, quarterly test completed
	MEDIUM



	6
	Avian radar calibrated within 12 months
	8.1
	Calibration record
	Dated calibration certificate on file
	MEDIUM



	7
	All strikes reported to AFSEC within 72 hours
	6.1
	AUTO: AVIX report log
	100% reporting compliance
	HIGH



	8
	Strike investigation completed for each incident
	6.2
	Investigation records
	Report for each incident in database
	HIGH



	9
	Species database updated with annual survey data
	5.3
	AUTO: AVIX species DB
	Database updated post-survey
	LOW



	10
	Aircrew BASH awareness training current
	9.1
	Training records
	All aircrews trained within 12 months
	HIGH



	11
	Wing Safety Officer BASH qualification current
	9.2
	WSO training record
	AFSEC course completion within 3 years
	MEDIUM



	12
	Annual BASH effectiveness report submitted to MAJCOM
	10.1
	AUTO: AVIX annual rpt
	Report submitted by 31 Jan each year
	LOW



	13
	Habitat modification actions from survey recommendations
	5.1
	Civil eng. record
	Actions documented and tracked
	MEDIUM



	14
	Airfield grass height maintained within specification
	5.2
	Airfield ops record
	Height records show compliance
	LOW



	15
	BASH Plan coordinated with ATC and flight operations
	3.3
	Coordination minutes
	Signed coordination on file
	MEDIUM










	KPI Category
	Metric
	Target
	RKSO FY2024 Actual
	Measurement Method



	Incident Rate
	Strikes per 1,000 sorties
	< 2.0
	0.48
	Strike log ÷ sortie count



	Incident Rate
	Damage strikes per 1,000 sorties
	< 0.5
	0.12
	Damage-confirmed strikes only



	Deterrence
	LRAD dispersal success rate
	> 75%
	83.1%
	Post-activation bird absence confirmation



	Deterrence
	Deterrence-prevented incidents (estimated)
	> 70%
	91.7%
	Events where deterrence = BASH resolution



	Kill Chain Speed
	Detection-to-dispatch time (avg)
	< 45s
	18.4s
	AVIX Kill Chain timestamp log



	Kill Chain Speed
	Detection-to-dispatch time (P95)
	< 90s
	38.2s
	AVIX Kill Chain timestamp log (95th pct.)



	Predictive Accuracy
	AbriIndex BASH condition accuracy
	> 90%
	94.3%
	Predicted vs. confirmed condition



	Predictive Accuracy
	72-hr forecast accuracy (BASH III+ events)
	> 80%
	88.2%
	Forecast vs. actual for high-condition events



	Compliance
	AFSEC reporting on-time rate
	100%
	100%
	Report submission timestamps



	Compliance
	DAFI 91-212 audit findings (critical)
	0
	0
	Annual audit report



	System Availability
	AVIX-AI V3 system uptime
	> 98%
	99.7%
	System monitoring log



	Species Coverage
	Species database update after annual survey
	100%
	100%
	Database version control log



	Training
	Aircrew BASH training completion rate
	100%
	98.2%
	Training records (2 personnel in PCS transit)



	Economic
	Cost per incident (including inspection costs)
	< $50k
	$28.5k
	Finance + MX cost records



	Economic
	Annual program ROI vs. pre-deployment baseline
	200%+
	465%
	Savings ÷ annual program cost










































	Factor
	Calculation
	Range
	Score 1–3 (Low)
	Score 4–6 (Med)
	Score 7–10 (High)



	Ms (Kinetic Energy)
	Species mass (kg) × approach speed (kt)
	0–10
	Mass<0.3kg or speed<200kt
	0.3–1kg, 200–350kt
	Mass>1kg or speed>350kt



	Dx (Detection Dist.)
	Detection range ÷ closure time margin
	0–10
	>4nm detection window
	1–4nm window
	<1nm or <3min window



	Ha (Habitat Activity)
	Local density × season × foraging
	0–10
	Low season, sparse birds
	Moderate activity
	Peak migration or breeding



	Pr (Weather Factor)
	Visibility + precipitation + wind
	0–10
	CAVOK, calm
	OVC, light precip
	Fog, heavy rain, gusty wind











	Specification Category
	Parameter
	Value / Specification



	Processing
	Main processing unit
	Intel Xeon E-2288G (8-core) + NVIDIA RTX 3060 GPU



	Processing
	ML inference performance
	>500 classification events/second



	Processing
	Fusion engine latency
	<500ms sensor-to-output



	Storage
	Event database
	PostgreSQL 14, 10TB NVMe SSD



	Storage
	Audit log retention
	7 years (DAFI 91-212 requirement)



	Storage
	Backup
	Daily encrypted backup to secondary storage



	Network
	Sensor interface
	Gigabit Ethernet; supports up to 32 sensors



	Network
	Management interface
	HTTPS/TLS 1.3; RBAC with MFA



	Network
	Output APIs
	REST/JSON, ASTERIX CAT048, SFTP, Lattice SDK



	Power
	Primary power
	110/240V AC, 50/60Hz, 800W nominal



	Power
	Backup (UPS)
	1,500VA UPS, 30-minute bridge at full load



	Dimensions
	Server unit
	2U rack-mount, 89mm × 482mm × 600mm



	Environment
	Operating temperature
	5°C to 40°C (server room); sensors: -40°C to +70°C



	Environment
	IP rating (outdoor sensors)
	IP67 (waterproof/dustproof per IEC 60529)



	Software
	Operating system
	Ubuntu Server 22.04 LTS



	Software
	AVIX-AI core version
	v3.1.4 (current release)



	Software
	Species database version
	v3.1 (847 species, Korean Peninsula)



	Software
	ML model accuracy (RKSO)
	94.3% BASH condition classification



	Compliance
	DAFI 91-212
	Full automated support (9 of 11 areas)



	Compliance
	KAF Reg 91-2
	Full automated support (10 of 12 areas)



	Compliance
	ICAO Annex 14
	Full documentation support



	Compliance
	Network security
	DISA STIG compliant (DoD hardened)









	Module
	Function
	Lines of Code (approx.)
	Test Coverage
	Status



	Sensor Fusion Engine
	Multi-sensor data integration + track association
	18,400
	94%
	PRODUCTION



	Species Classifier
	ResNet-50 CV + acoustic fingerprint matching
	12,200
	91%
	PRODUCTION



	AbriIndex Calculator
	Real-time 4-factor risk scoring
	4,800
	99%
	PRODUCTION



	Kill Chain Orchestrator
	BASH condition assignment + alert dispatch
	8,900
	97%
	PRODUCTION



	LRAD Dispatch API Client
	Genasys REST + RS-232 integration
	3,200
	96%
	PRODUCTION



	Predictive Model Engine
	72-hr AbriIndex forecast (XGBoost + LSTM ensemble)
	9,600
	89%
	PRODUCTION



	Audit Log Generator
	DAFI + KAF format report auto-generation
	6,100
	98%
	PRODUCTION



	Lattice Publisher (AVIX)
	Anduril entity publish — BirdThreat + SortieEvent
	984
	92%
	PRODUCTION



	Management UI
	Web-based operator dashboard + admin interface
	22,800
	85%
	PRODUCTION



	Species Database Manager
	Species record CRUD + calibration management
	5,400
	95%
	PRODUCTION









	Term / Acronym
	Definition



	AbriIndex™
	Avian Bird Risk Index — Proprietary UAM KoreaTech quantitative BASH risk score (0–100)



	ACSOC
	Air Combat Safety Operations Center — ROKAF safety investigation authority



	ADS-B
	Automatic Dependent Surveillance — Broadcast; aircraft position transponder system



	AFSEC
	Air Force Safety Center — USAF safety reporting authority (DAFI 91-212)



	ASTERIX
	All-Purpose Structured Eurocontrol Surveillance Information Exchange — ATC radar data standard



	ATC
	Air Traffic Control



	ATO
	Air Tasking Order — Daily flight operations schedule in military aviation



	AVIX-AI V3
	UAM KoreaTech integrated BASH management platform, version 3 series



	BASH
	Bird Aircraft Strike Hazard



	BIST
	Built-In Self-Test



	CAOC
	Combined Air Operations Center — NATO/coalition air command function



	DAFI
	Department of the Air Force Instruction



	DISA STIG
	Defense Information Systems Agency Security Technical Implementation Guide



	Dx
	Detection Distance Index — AbriIndex™ component factor for sensor detection window



	EO/IR
	Electro-Optical/Infrared — Camera system type for species classification



	FMEA
	Failure Mode and Effects Analysis



	FOD
	Foreign Object Debris — Ingested material causing engine damage



	GCCS
	Global Command and Control System



	Ha
	Habitat Activity Score — AbriIndex™ ecological context factor



	IBIS
	International Bird Strike Information System — ICAO wildlife strike database



	KAC
	Korea Airports Corporation



	KAF Reg
	Korean Air Force Regulation



	Kill Chain
	Sequential decision-action framework from detection to deterrence



	KST
	Korea Standard Time (UTC+9)



	Lattice
	Anduril Industries Command and Control (C2) integration platform



	LRAD
	Long Range Acoustic Device — Genasys directional acoustic deterrence system



	MAJCOM
	Major Command — USAF organizational level above Wing



	Ms
	Mass × Speed — AbriIndex™ kinetic energy factor



	NOTAM
	Notice to Airmen — Operational advisory for pilots



	Pr
	Precipitation/Visibility Factor — AbriIndex™ weather condition component



	ROKAF
	Republic of Korea Air Force



	RPN
	Risk Priority Number — FMEA metric: Severity × Occurrence × Detectability



	RPS
	Risk Priority Score — Species risk database composite metric



	RKSO
	ICAO identifier for Osan Air Base (K-55), Republic of Korea



	RKTX
	ICAO identifier for Cheongju Air Base, Republic of Korea



	STIG
	Security Technical Implementation Guide



	TRL
	Technology Readiness Level



	USAF
	United States Air Force



	WHMP
	Wildlife Hazard Management Plan



	Wing CC
	Wing Commander — Installation commander in USAF/ROKAF wing structure



	WSO
	Wing Safety Officer
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