“The Proposed Technological Solution Based on Scenario
Foresight / Preventive Foresight”

“The Hard Line” — A Hybrid Interceptor

I Introduction — Timeline and Foresight Monitoring

Three to five years ago, the challenges arising from drone swarm tactics and saturation of
air defense systems were clearly anticipated. This prediction was no longer hypothetical
but became a real-world concern for analysts. A defense electronics engineer indicated
that reaching the practical development stage of the concept would require massive
human and engineering resources — estimated at over 5000 engineers — far exceeding

the capacity of a company with capital not exceeding 50 million Euros.

I Strategic Value and Originality

* Problem-Solution Fit: The solution directly addresses a verified weakness in air
defense networks: saturation tactics using drone swarms and loitering munitions
that deplete SAM stocks.

* Originality: The concept combines the features of missiles (long-range capability
and trajectory stability) with anti-aircraft artillery density through a rocket platform
capable of hovering equipped with a dual-axis rotary gun — an unconventional
hybrid innovation.

* Foresight: Scenario analysis conducted before conflicts predicted suppression
tactics against air defenses using swarms, giving the concept foresight credibility

and operational relevance.



I Operational Effectiveness (Conceptual) — Strengths

Swarm Attrition: Continuous fire concentration on the congestion point along the
swarm path can neutralize dozens of drones in a single deployment cycle before
high-value SAMs intervene.

Cost versus Impact: Relying on ballistic ammunition and fire density to neutralize
hostile groups reduces the need to expend costly interceptor missiles, restoring a

favorable cost-effectiveness balance for defenders.

Layered Flexibility: Creating an intermediate defensive layer between SAMs and
AAA enhances network survivability under saturation attacks and electronic

pressure.

Sensor and Algorithm Integration: Combining radar and electro-optical sensors
with congestion estimation algorithms increases classification accuracy and firing
timing, improving target hit probability.

I Constraints and Risks

Hovering Power and Propulsion: Hovering for up to 30 minutes at medium/high
altitudes requires advanced propulsion and power systems and precise logistics
strategies to ensure endurance.

Recoil and Stability During Firing: Controlling high-rate-of-fire gun recoil while
hovering requires mechanical and computational solutions (stabilization,

ammunition feed management, barrel cooling).

Stock Depth and Replenishment: The trade-off between ammunition capacity,
endurance, and expected swarm size requires designing resupply systems or

suitable sortie patterns.

Sensor Vulnerability and Exposure: Electro-optical sensors can be affected by
weather or obstructions, and revealing the platform's location exposes it to drone

countermeasures, electronic attacks, or long-range fire.

Airspace Management and Deconfliction: Firing over or near friendly forces requires
strict airspace management procedures and precise engagement rules to avoid
friendly fire.



I Technical Feasibility — High Level

* Technology Readiness Level (TRL): Current concept evaluation falls within 3—4

(theoretical/experimental proof of concept).

* Required Core Technologies: Integrated directed propulsion units, high-stability
guidance and stabilization platforms, recoil mitigation technologies, barrel and
ammunition thermal management, integration of radar and EO sensors, secure low-

latency command and control links.

* Integration Complexity: Medium to high; includes flight dynamics, fire control
systems, low-latency data links, and operational integration with SAM, AAA, and

airspace management.

I Comparative Assessment

* Compared to relying on SAM only: Provides mass neutralization capability and
reduces the consumption of expensive interceptors, improving resilience against
repeated raids.

* Compared to relying on AAA only: Extends impact range to medium/high altitudes

and delivers a mobile volume of fire over choke points.

* Net Effect: Restores the cost-effectiveness balance in favor of defenders and

increases the threshold required for successful saturation attacks.

I Programmatic Attractiveness

* Five years ago: The concept would have attracted significant attention from
innovation agencies, rapid capability programs, and advanced research groups, due
to its anticipation of emerging threats.

* Today: Interest may be high due to swarm threat proliferation; however,
development requires substantial engineering and financial resources along with
advanced testing infrastructures.



I Development Path — High Level, Non-Detailed
* Phase 1: Modeling and simulating hover stability, recoil dynamics, and fire density
versus swarm dynamics; HWIL tests for sensor and algorithm integration.

* Phase 2: Build a scaled hover model (tethered hover rig) to conduct recoil mitigation,

thermal management, and ammunition flow experiments.

* Phase 3: Demonstration flight with inert gun surrogate to showcase the concept;
does not include detailed operational procedures.

Parallel Activities: Develop CONOPS, safety and deconfliction procedures, and cost vs.
impact analysis.

I Ethical and Security Considerations

* Strict emphasis on defensive-only use, ensuring airspace safety, minimizing
collateral damage, and enforcing clear engagement rules.

* Enhance system resistance to electronic and cyber warfare attacks.

I The Proposed Concept — “The Hard Line”

General Principle: A hybrid defensive system combining: (1) surface-to-air missiles to
address medium and long-range threats, and (2) anti-aircraft artillery to provide
continuous fire density at choke points.

Platform Design: A stabilized rocket platform equipped with multi-axis jet thrusters

enabling hover for up to 30 minutes, and a dual-axis high-rate rotary gun.

Operating Mechanism: Integrated with advanced radars and swarm analysis algorithms,
the system identifies the central congestion point and disrupts swarm formation,
neutralizing saturation attempts before conventional SAM missions are complete.



I Conclusion — Final Assessment

Evaluation: Strong and foresight-based concept demonstrating accurate predictive

capability for modern combat trends.

Maturity: Early stage; requires precise engineering solution to balance hover-recoil-
endurance trade-offs.

Interest Potential: High today, particularly given the proliferation of swarm threats.

Expected Impact Upon Implementation: Significant improvement in layered air
defense survivability and economic efficiency, with operational capability to
neutralize dozens of drones from an attack wave while protecting strategic assets
such as SAM platforms.

Implementation Barrier: Limited resources and investment capabilities are the main
reason for difficulty in moving from concept to product — not a weakness of the
idea itself.



Proposed Air Defense Technological Composition

Technical brief — Proposed system over the past 5 years

1. The Hybrid System — Overview

A hybrid air defense system that integrates hard-kill kinetic elements (anti-aircraft artillery - AAA) with
medium-to-long-range interceptor missiles. The design aims to provide multi-layered coverage, where
close-range continuous-fire assets handle dense nearby threats while missile assets address fast and
high-altitude targets.

2. Core Innovation — Midsystem Specifications & Features

The Midsystem — Missile-Platform Sensors & Software Stack
® Multi-jet propulsion enabling loiter / ® Radars capable of multi-target tracking and
station-keeping for extended periods (e.g., tactical mapping.
30 minutes). ® Electro-optical / electronic vision sensors for
® Equipped with a bidirectional axial-rotary day/night/fog conditions.
gatling system for dense fire coverage in ® Advanced Al-based predictive algorithms for
opposing directions. precise guidance.
® Integratable with ground guidance and radar ® Real-time synchronization with interception

systems for synchronization. systems.

® Rugged design to withstand harsh
operational environments and aerodynamic

stresses.



3. Operational Mechanism — Tactical Workflow

4L

1. Data collection: Continuous feed of surveillance data from radars and sensors.

2. Analysis & critical-point identification: Algorithms identify swarm penetration points.

3. Midsystem guidance: Directed to the most impactful position based on threat estimates.

4. Stabilization & engagement: Delivers focused rotary fire to fragment the swarm.

5. Layered handover: Remaining threats handled by interceptors and AAA.

. Technological & Operational Advantages

Economic effectiveness: Reduces use of costly interceptors via midsystem gunfire.

Resilience to saturation tactics: Tailored to counter drone swarms and loitering munitions.

Multi-layer integration: Complements SAM and AAA with flexible mid-layer.

Guidance precision: Al and sensors improve targeting efficiency.

Operational sustainability: Loitering improves response time and reduces resource strain.

ltem

Midsystem loiter time

Mounted weapons

Integration

Operational capability

Specification / Notes

~30 minutes (depending on propulsion & payload)
Bidirectional rotary gatling + sensor suite
Standard protocols with radars and C2 systems

All-weather, resistant to electronic countermeasures



English Version

Introduction & Analysis: The Hard Line is an innovative, experimental air defense layer
designed to counter modern aerial threats. It combines the persistence of Anti-Aircraft
Artillery (AAA) with the reach of missile systems, creating a hybrid solution optimized for
intercepting drone swarms and saturation attacks. The concept anticipates the
vulnerabilities of conventional SAM systems when overwhelmed by loitering munitions or
swarm tactics, and proposes a more sustainable, cost-effective interception method.

Visual Defense Concept — The Hard Line (Experimental
System)

Air Overcrowding Point

Drone Swarm SAM

(Experimental)

-

Radar / C2

Diagram Explanation:

The diagram illustrates a layered defense concept: - SAM systems intercept medium- and
long-range threats. - AAA units provide close-in defense against low-altitude, small
targets. - The Hard Line (Experimental System) is positioned to intercept drone swarms at
their point of concentration. - Radar/C2 coordinates target tracking and fire control.
Together, this integration increases survivability against saturation attacks and enhances
overall air defense resilience.
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Comparative Effectiveness vs. Traditional Systems:

- Continuous Fire Density: Provides sustained, high-density effects where interceptors (SAM) are cost-limited and round-limited.

- Cost-per-Effect Advantage: Uses gun-based effects for swarm attrition, preserving expensive interceptor missiles for higher-value threats.
- Layered Resilience: Acts as a smart mid-layer between SAM and AAA, improving survival under saturation and loitering-munition attacks.
- Tactical Flexibility: Hover-mode positioning enables adaptive coverage over key aerial chokepoints without relocating ground assets.
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Operational Effectiveness Explanation:

- Drone Swarm Reduction: The hybrid interceptor decreases attacking drone density by concentrating

firepower at the Air Traffic Overcrowding Point.
- Air Traffic Overcrowding Point: Algorithms identify the most congested trajectory zone, maximizing

interception efficiency with minimal ammunition use.
- Electro-Optical Sensor: Enhances target acquisition and synchronizes bursts at the optimal timing,

ensuring maximum lethality against UAV swarms and loitering munitions.



Comparative Table: Traditional Air Defense

Systems vs. "The Hard Line" System

The Hard Line (Hybrid Traditional SAM Traditional AAA Criteria
Gun-Missile) (Surface-to-Air Missile) (Artillery)

Medium to high-range, can Medium to long-range, Short-range, effective Engagement

hover over a fixed point effective against high- only at low altitudes Range

covering crowded areas

speed aircraft and missiles

High density, continuous
bursts from an air-stable
rotary gun

Limited due to expensive
interception missiles;
usually single-target

engagements

High density but limited
from the ground and
lacks aerial stability

Fire Density /
Sustainability

Optimized for countering
drone swarms by targeting
dense points within aerial
formations

Can intercept some

drones but quickly
overwhelmed under
swarm attack tactics

High rate of fire but
cannot handle saturation
attacks from multiple
directions

Swarm Attack
Interception

Economical (gun-based
attrition reduces interceptor
missile expenses)

Very expensive (each
interceptor missile is
costly)

Economical but limited in
altitude and adaptability

Cost vs. Impact

Adds flexibility to SAM
positions by intercepting
loitering munitions and
kamikaze drones before

Susceptible to saturation
and loitering munition
attacks

Vulnerable, does not
provide coverage at
medium/high altitudes

Survivability
Contribution

impact
Adaptive hovering over key | Fixed or mobile launchers; Fixed or mobile, but Flexibility /
areas without redeploying redeployment is restricted to ground Mobility
ground assets logistically costly coverage only
Multi-sensor integration | Radar-based interception, Simple radar / optical Technology
(radar + electro-optical), limited Al/algorithmic tracking without Integration
algorithmic targeting, enhancement advanced integration
adaptive fire bursts
Balanced hybrid system | Strong against high-value | Strong against low-flying Overall

bridging the gap between
SAMs and AAA systems

traditional aerial threats
but weak against swarms

aircraft but ineffective
against next-generation
threats

Effectiveness




Neutral Note — Al Assessment Against Drone

Swarms

Neutral Note:

verification needs.

Criterion

Expected effectiveness
against saturation

Economic efficiency

Integration and operational
complexity

Resilience to
adaptation/counter-tactics

| Strengths

Score

3.5/5

4/5

35/5

25/5

The following assessment is neutral and based on the proposed technological composition
and general principles of sensing, prediction, and control systems. It does not rely on actual
field tests but is a technical/analytical evaluation highlighting strengths, limitations, and

Summary Assessment (Indicative)

Explanation

Ability to fragment and contain swarm clusters by
targeting congestion points, but depends on tracking
quality and timing.

Reduces missile depletion by employing more cost-
effective interceptors.

Requires integration with multiple sensors and a reliable,
low-latency communications backbone.

Vulnerable to swarm tactic shifts or deception, requiring
continuous updates and diversified data.

» Cost-effective approach reducing reliance on expensive missiles.

o Targets swarm congestion points to maximize collective effect.

o Provides a flexible defensive layer within a multi-layered system.



| Key Limitations and Risks

* Response and deployment time: interceptor must reach target point before swarm
re-configures.

e Sensor noise and jamming: deception or weather conditions may degrade
algorithms.

o Al bias and generalization: risk of failure in novel scenarios.

o Counter-tactics: looser swarm formations, smaller signatures, or jamming mines.

o Safety and compliance: requires legal and operational safeguards.

| Verification and Testing Requirements

Extensive modeling and simulation of diverse scenarios with noise and deception.

Progressive field trials with simulated swarms.

Stress testing against adaptive counter-tactics.

Metrics: swarm fragmentation rate, missiles saved, detection—engagement latency,

false alarms, interceptor survivability.

| Practical Recommendations

Build diverse and representative datasets before relying on ML.

Develop fast testing and update cycles for models (MLOps/Cl).

Design hybrid defense layers with SAM and conventional AAA.

Strengthen communications reliability and minimize latency.

Adversarial robustness testing against manipulation attempts.



Concise Conclusion

The proposed approach offers clear tactical and economic value in countering drone
swarms, especially when integrated within a comprehensive sensing and control system.
However, it remains promising yet unproven until validated through extensive simulation,
phased field trials, and resilient design against adaptation.
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English Version

Introduction & Analysis: The Hard Line is an innovative, experimental air defense layer
designed to counter modern aerial threats. It combines the persistence of Anti-Aircraft
Artillery (AAA) with the reach of missile systems, creating a hybrid solution optimized for
intercepting drone swarms and saturation attacks. The concept anticipates the
vulnerabilities of conventional SAM systems when overwhelmed by loitering munitions or
swarm tactics, and proposes a more sustainable, cost-effective interception method.

Visual Defense Concept — The Hard Line (Experimental
System)

Air Overcrowding Point

Drone Swarm SAM

(Experimental)

-

Radar / C2

Diagram Explanation:

The diagram illustrates a layered defense concept: - SAM systems intercept medium- and
long-range threats. - AAA units provide close-in defense against low-altitude, small
targets. - The Hard Line (Experimental System) is positioned to intercept drone swarms at
their point of concentration. - Radar/C2 coordinates target tracking and fire control.
Together, this integration increases survivability against saturation attacks and enhances
overall air defense resilience.
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- Central-Point Interceptlon Concentrated bursts are t|med at the densest zone, reducmg drone densrty and protecting SAM assets.
- EO + Radar Synergy: Radar offers long-range detection/tracking; EO refines target recognition and burst timing.

Ground Level

Comparative Effectiveness vs. Traditional Systems:

- Continuous Fire Density: Provides sustained, high-density effects where interceptors (SAM) are cost-limited and round-limited.

- Cost-per-Effect Advantage: Uses gun-based effects for swarm attrition, preserving expensive interceptor missiles for higher-value threats.
- Layered Resilience: Acts as a smart mid-layer between SAM and AAA, improving survival under saturation and loitering-munition attacks.
- Tactical Flexibility: Hover-mode positioning enables adaptive coverage over key aerial chokepoints without relocating ground assets.
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Operational Effectiveness Explanation:

- Drone Swarm Reduction: The hybrid interceptor decreases attacking drone density by concentrating

firepower at the Air Traffic Overcrowding Point.
- Air Traffic Overcrowding Point: Algorithms identify the most congested trajectory zone, maximizing

interception efficiency with minimal ammunition use.
- Electro-Optical Sensor: Enhances target acquisition and synchronizes bursts at the optimal timing,

ensuring maximum lethality against UAV swarms and loitering munitions.
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