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ABSTRACT 
 

The accelerating evolution of autonomous aerial threats—including drone 
swarms, hypersonic micro-vehicles, AI-driven reconnaissance platforms, 
and self-organizing robotic munitions—demands a radical rethinking of 
airspace defence. This paper proposes the Shakti Astra Air Defence Grid 
(SA-ADG), a speculative, multi-layered, self-adapting defence 
architecture inspired conceptually by the astras of ancient Indian literature 
but grounded in plausible future technologies. The SA-ADG integrates 
quantum-enhanced sensing, cognitive electronic warfare, directed-energy 
fields, and distributed AI cognition into a unified, self-healing defence 
ecosystem. While speculative, the model outlines a coherent technological 
trajectory for next-generation airspace protection systems in the 2040–
2060 horizon. 
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1.    INTRODUCTION

 
The character of aerial warfare is undergoing a 

profound transformation. Over the past two decades, 
the global defence environment has shifted from 
platform-centric engagements to algorithmic, 
autonomous, and saturation-based threat ecosystems, 
driven by advances in distributed intelligent networks 
and next-generation communications architectures [1]. 
This shift is amplified by rapid progress in 
directed-energy systems [2], swarm intelligence 
research [3], and interdisciplinary analyses of ancient 
conceptual metaphors that continue to inspire modern 
technological imagination [4]. 

Future airspace—particularly in the 2040–2060 
horizon—will be contested not by a handful of 
high-value platforms but by thousands of autonomous 
micro-systems capable of self-organization, adaptive 
coordination, and emergent behaviour. Research in 
distributed multi-agent coordination [5] and 
quantum-enhanced sensing [6] suggests that 
adversarial aerial systems will increasingly exploit 
low-observable signatures, cognitive jamming, and 
complex electromagnetic environments. These 
developments challenge the foundational assumptions 
of traditional air-defence architectures, which remain 
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heavily dependent on centralized command structures 
and missile-based interception. 

Defence foresight studies already anticipate the 
rise of counter-swarm warfare as a defining 
operational domain [7], requiring neuromorphic 
cognition, real-time decision-making, and 
energy-efficient processing architectures [8]. The 
proliferation of small, intelligent drones [9] and the 
maturation of high-power microwave systems for 
counter-UAS operations [10] further underscore the 
need for a new defensive paradigm. At the same time, 
the emergence of autonomous cyber-defence agents 
[11] and cognitive electronic warfare systems [12] 
indicates that future conflicts will be fought across 
tightly coupled physical, digital, and electromagnetic 
layers. 

Parallel advances in plasma-based 
directed-energy fields [13], hypersonic micro-vehicle 
research [14], and neural-network-driven perception 
systems [15] point toward a battlespace where threats 
are faster, smaller, more numerous, and more 
unpredictable than anything current air-defence 
systems are designed to handle. Ensuring resilience in 
such an environment requires distributed mesh 
networks [16], predictive threat-modelling 
frameworks [17], and systems-of-systems 
architectures capable of dynamic reconfiguration [18]. 
These developments align with broader trends in 
AI-enabled defence applications [19] and the 
evolution of self-healing cyber-physical systems [20]. 

Against this backdrop, the Shakti Astra Air 
Defence Grid (SA-ADG) is proposed as a speculative 
but scientifically grounded defence architecture for the 
mid-21st century. Conceptually inspired by the astras 
of ancient Indian knowledge systems—energy-centric, 
knowledge-activated, and ethically governed—the 
SA-ADG reimagines airspace protection as a 
multi-layered, distributed, self-healing, and 
cognitively empowered ecosystem. It is not a weapon 
in the traditional sense but a strategic vision for how 
nations might defend their skies in an era where threats 
are autonomous, adaptive, and omnipresent.  
 

2.     METHODOLOGY 
 

The methodology for conceptualizing the Shakti 
Astra Air Defence Grid (SA-ADG) integrates systems 
engineering, futures foresight, computational 
modelling, and speculative technology analysis. 
Because the SA-ADG is a forward-looking 
architecture intended for the 2040–2060 horizon, the 

methodology emphasizes scenario-based design, 
cross-domain synthesis, and multi-layered systems 
abstraction rather than empirical prototyping. The 
following subsections outline the methodological 
framework used to construct, evaluate, and refine the 
SA-ADG concept. 
 
2.1    Systems-of-Systems (SoS) Design Framework 
 
The SA-ADG is conceptualized as a 
system-of-systems, comprising distributed sensing 
nodes, directed-energy projectors, kinetic interceptors, 
and cognitive AI subsystems. The SoS methodology 
includes: 
Functional decomposition: breaking the defence grid 
into sensing, disruption, interception, cognition, and 
resilience layers. 
Interface mapping: defining how layers communicate, 
share data, and coordinate actions. 
Emergent behavior modelling: anticipating how 
distributed nodes behave collectively under stress. 
Interoperability analysis: ensuring compatibility 
across heterogeneous technologies. 
This approach allows the SA-ADG to be 
conceptualized not as a single weapon but as an 
ecosystem of interacting intelligent subsystems. 
 
2.2  Scenario-Based Foresight Modelling 
 

Given the speculative nature of the system, the 
methodology employs scenario-based foresight to 
explore plausible futures. Three primary scenarios 
guide the design: 

Scenario A: High-Density Swarm Saturation 
Thousands of autonomous drones attack 

simultaneously. 
Emphasis on area-effect neutralization and 

cognitive EW. 
Scenario B: Hypersonic Micro-Vehicle 

Penetration 
High-speed, low-observable micro-gliders 

attempt to breach airspace. 
Emphasis on quantum sensing and predictive 

interception. 
Scenario C: Multi-Vector Coordinated Attack 
Combined drone swarms, EW saturation, cyber 

intrusions, and decoys. 
Emphasis on distributed cognition and 

resilience. 
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Each scenario informs the required capabilities, 
redundancies, and architectural choices of the 
SA-ADG. 

 
2.3  Threat Modelling and Simulation 
 
To evaluate conceptual performance, the methodology 
uses computational threat modelling: 
 
2.3.1 Swarm Behavior Simulation 
 
Agent-based modelling (ABM) simulates: 

a. swarm self-organization 
b. adaptive evasion 
c. role reassignment 
d. emergent attack patterns 

This helps determine how the SA-ADG must respond 
to unpredictable, evolving threats. 
 
2.3.2 Electromagnetic Environment Simulation 

Simulations explore: 
a. EW saturation 
b. waveform adaptation 
c. GNSS denial effects 
d. electromagnetic fog dynamics 

These models inform the design of the Kavacha Layer. 
 
2.3.3 Directed-Energy Propagation Models 

Speculative DEW models estimate: 
a. HPM field dispersion 
b. plasma curtain stability 
c. atmospheric attenuation 
d. energy-to-effect ratios 

These models guide the Shakti Layer’s conceptual 
feasibility. 
 
2.4  Cognitive Architecture Modelling 
 

The Mantra Core—the cognitive command 
grid—is modelled using: 

 
2.4.1 Neuromorphic Processing Models 
 
Simulated spiking neural networks (SNNs) estimate: 

A. decision latency 
B. pattern recognition efficiency 
C. energy consumption 

 
2.4.2 Distributed AI Coordination Models 
 

Graph-based AI models simulate: 
A. node-to-node communication 
B. decentralized decision-making 
C. fault tolerance 
D. consensus formation 

 
2.4.3 Predictive Threat Evolution Models 
 
Machine-learning models predict: 

A. swarm trajectory evolution 
B. adversarial EW adaptation 
C. multi-vector attack sequencing 

 
2.5  Resilience and Survivability Analysis 
 
The Brahma-Kavacha Layer is evaluated using: 
 
2.5.1 Failure Mode and Effects Analysis (FMEA) 
 
Identifies: 

A. single-point vulnerabilities 
B. cascading failure risks 
C. subsystem interdependencies 

 
2.5.2 Cyber-Physical Stress Testing 
 
Simulated attacks include: 

A. AI-driven cyber intrusions 
B. EW saturation 
C. node destruction 
D. communication jamming 

 
2.5.3 Self-Healing Network Modelling 
 
Models explore: 

A. autonomous rerouting 
B. node regeneration 
C. mesh reconfiguration 
D. energy redistribution 

This ensures the grid remains operational under 
extreme stress. 
 
2.6  Ethical and Governance Modelling 
 

The methodology incorporates ethical 
constraints through: 

 
2.6.1 Human-in-Loop Decision Modelling 
 
Simulates: 

A. human override latency 
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B. ethical decision checkpoints 
C. escalation control mechanisms 

 
2.6.2 Autonomous Escalation Risk Analysis 
 
Models potential: 

A. false positives 
B. misclassification 
C. unintended engagements 

 
2.6.3 Governance Framework Mapping 
 
Aligns the SA-ADG with: 

A. international norms 
B. emerging DEW regulations 
C. AI ethics frameworks 

 
2.7  Validation Through Cross-Domain 
Synthesis 
 

Because the SA-ADG is speculative, validation 
relies on cross-domain synthesis rather than empirical 
testing: 

A. Physics plausibility checks for DEW and quan-
tum sensing 

B. AI feasibility assessments for neuromorphic 
cognition 

C. Systems engineering consistency checks 
D. Strategic plausibility analysis using defence 

foresight models 
This ensures the architecture is internally coherent and 
aligned with plausible technological trajectories. 
 

3.  THREAT LANDSCAPE 
 

The mid-21st-century airspace will be shaped 
by threats that are autonomous, adaptive, and 
multi-vector. The SA-ADG is designed in response to 
the following anticipated threat categories. 

 
3.1 Autonomous Drone Swarms 
 

Future swarms will exhibit emergent intelligence, 
enabling them to: 

A. self-organize without external communication 
B. dynamically reassign roles 
C. adapt to losses 
D. overwhelm defences through saturation 

These swarms may include heterogeneous units—
reconnaissance drones, decoys, jammers, and kinetic 
micro-munitions. 

 
3.2 Hypersonic Micro-Vehicles 
 
Advances in materials and propulsion will enable 
micro-gliders capable of: 

A. hypersonic speeds 
B. unpredictable trajectories 
C. low radar cross-sections 
D. rapid altitude changes 

Traditional radar and missile systems will struggle to 
track and intercept such platforms. 
 
3.3 Stealthy Nano-UAVs 
 
Nano-scale UAVs will exploit: 

A. low altitude 
B. low thermal signatures 
C. biological mimicry 
D. urban clutter 

These systems pose significant risks for espionage, 
sabotage, and targeted strikes. 
 
3.4 Cognitive EW and Cyber-Integrated Threats 
 
Adversarial platforms will use: 

A. AI-driven jamming 
B. adaptive waveform generation 
C. cyber-physical infiltration 
D. sensor spoofing 

This creates a contested electromagnetic environment 
where traditional sensors may be blinded or misled. 
 
3.5 Multi-Vector Coordinated Attacks 
 
Future adversaries may deploy simultaneous attacks 
combining: 

A. drone swarms 
B. hypersonic vehicles 
C. cyber intrusions 
D. EW saturation 
E. decoy clouds 

Such attacks require defence systems capable of 
parallel, distributed, and intelligent response. 
The SA-ADG is conceptualized to address this 
complex, multi-dimensional threat environment. 
 
4.  SYSTEM ARCHITECTURE  
 

The SA-ADG is a five-layered, distributed, 
self-healing defence ecosystem. Each layer 
corresponds to a functional analogue of Vedic astra 
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principles while remaining grounded in speculative 
future technologies. 

 
4.1 Layer I: Quantum-Enhanced Kavacha Field 
(QEKF) 
 
Core Functions: 

a. Early detection 
b. Electromagnetic disruption 
c. Airspace shaping 

 
Key Components: 

a. Quantum radar mesh using entangled photons 
b. Cognitive EW emitters 
c. Electromagnetic fog fields 
d. GNSS denial bubbles 

 
Operational Logic: 
 
The QEKF continuously reshapes the electromagnetic 
environment, creating a dynamic, unpredictable 
barrier that disrupts hostile sensors and 
communications. 
 
Mathematical Formulation: 
 

(a) Threat Density and Saturation Modelling 
Let 

 𝑁௦= total number of hostile aerial agents 
 𝐴= defended airspace area 
 𝜌௦= swarm density 

𝜌௦ =
𝑁௦

𝐴
(units per kmଶ) 

 
For the fictional scenario: 

𝑁௦ ≈ 1500, 𝐴 ≈ 12 × 12 = 144 kmଶ 

𝜌௦ ≈ 10.4 units/kmଶ 
 
This density exceeds the saturation threshold of 
traditional missile-based air defence, which typically 
fails beyond: 

𝜌௖௥௜௧ ≈ 1–2 units/kmଶ 
 
Thus, area-effect neutralization becomes 
mandatory, justifying the Shakti Layer. 

(b) Quantum-Enhanced Detection Probability 
(QEKF) 

 
Let 

 𝑃ௗ= probability of detection 
 𝜎= effective radar cross-section 

 𝑆𝑁𝑅௤= quantum signal-to-noise ratio 
For quantum illumination systems: 

𝑃ௗ = 1 − 𝑒ିௌேோ೜⋅ఙ  
 
Even for extremely small 𝜎 ∼ 10ିସௗmଶ: 

𝑆𝑁𝑅௤ ≫ 𝑆𝑁𝑅௖௟௔௦௦௜௖௔௟ ⇒ 𝑃ௗ → 1 

 
Thus, low-observable micro-UAVs remain 
detectable, validating the Kavacha Field’s early-
warning role. 
 
4.2 Layer II: Shakti Field Projectors (SFPs) 
 
Core Functions: 

a. Area-effect neutralization 
b. Electronic kill 
c. Swarm disruption 

 
Key Components: 

a. HPM lattices 
b. Plasma ionization curtains 
c. Localized EMP micro-bursts 
d. Directed-energy interference webs 

 
Operational Logic: 
SFPs create zones of electronic lethality, disabling 
large numbers of drones or micro-vehicles 
simultaneously. 
 
Mathematical Formulation: 
 

(a) Electromagnetic Disruption Effectiveness (Ka-
vacha Layer) 

Let 
 𝑃௝௔௠= jamming power density 
 𝑃௖௢௠௠= swarm communication power 
 Γ= disruption ratio 

Γ =
𝑃௝௔௠

𝑃௖௢௠௠
 

 
Communication collapse occurs when: 

Γ ≥ 1 
 
Agent-based simulations show swarm fragmentation 
probability: 

𝑃௙௥௔௚ = 1 − 𝑒ିఈ୻ 

 
where 𝛼is an adaptability constant. 
At Γ ≈ 2: 
Pfrag ≈ 0.18  
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(b) High-Power Microwave (HPM) Neutralization 

Model 
 
Let 

 𝐸௧௛= failure energy threshold of drone electron-
ics 

 𝐸ு௉ெ= incident microwave energy 
Drone disablement condition: 

𝐸ு௉ெ ≥ 𝐸௧௛  
 
Microwave energy density: 

𝐸ு௉ெ =
𝑃௧𝐺

4𝜋𝑅ଶ
 

 
Where: 

 𝑃௧= transmitter power 
 𝐺= antenna gain 
 𝑅= distance 

For lattice-based HPM fields, overlapping beams 
create: 

𝐸௘௙௙ = ෍ 𝐸ு௉ெ
(௜)

௡

௜ୀଵ

 

 
Resulting in non-linear kill probability: 

𝑃௞௜௟௟ = 1 − 𝑒ିఉா೐೑೑  
 
This explains the rapid loss of ~600 units during Shakti 
Layer activation. 
 

(c) Plasma Curtain Stability (Shakti Layer) 
 

Plasma persistence condition: 
𝜔௣௘ > 𝜔௦௜௚௡௔௟  

 
Where plasma frequency: 

𝜔௣௘ = ඨ
𝑛௘𝑒ଶ

𝜖଴𝑚௘
 

 
If satisfied, electromagnetic waves are reflected or 
absorbed, producing: 

 Sensor blindness 
 Data corruption 
 Navigation failure 

 
4.3 Layer III: Astra Nodes (Precision Hard-Kill 
Units) 
 
Core Functions: 

 
a. Terminal interception 
b. Precision destruction 
c. High-speed engagement 

 
Key Components: 
 

a. Laser-accelerated micro-projectiles 
b. AI-guided interceptor drones 
c. Rail-micro-launchers 
d. Hypersonic point-defence darts 

 
Operational Logic: 
 
Astra Nodes engage only those threats that survive the 
outer layers, ensuring efficient resource allocation. 
 
Mathematical Formulation: 
 

(a) Hard-Kill Interception Probability (Astra 
Nodes) 

 
Let 

 𝑃௜= interception probability 
 𝑣௧= target velocity 
 𝑣௜= interceptor velocity 

𝑃௜ = 𝑓 ቀ
𝑣௜

𝑣௧

, Δ𝑡஺ூ
, 𝜎௧ቁ 

 
Where: 

 Δ𝑡஺ூ= AI decision latency 
 𝜎௧= tracking uncertainty 

Neuromorphic processing reduces: 
Δ𝑡஺ூ ≈ 10ିସ–10ିଷ s 

 
Leading to: 

𝑃௜ > 0.95for terminal threats 
 
4.4 Layer IV: Mantra Core (Cognitive Command 
Grid) 
 
Core Functions: 
 

a. Distributed cognition 
b. Threat prediction 
c. Adaptive decision-making 

Key Components: 
 

a. Neuromorphic processors 
b. Self-evolving threat models 
c. Swarm-behavior prediction engines 
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d. Quantum-assisted decision matrices 
 
Operational Logic: 
 
The Mantra Core acts as the “mind” of the grid, 
enabling real-time learning, prediction, and ethical 
governance. 
 
Mathematical Formulation: 
 

(a) Distributed Cognition Load (Mantra Core) 
Let 

 𝑁௡= number of nodes 
 𝐶௡= compute per node 

Total grid intelligence: 

𝐶௧௢௧௔௟ = ෍ 𝐶௡

ே೙

௜ୀଵ

 

 
Decision latency scales as: 

𝜏 ∼
1

log 𝑁௡
 

 
Hence, more nodes reduce decision time, unlike 
centralized command systems. 
 
4.5 Layer V: Brahma-Kavacha Resilience Shell 
Core Functions: 
 

a. Self-healing 
b. Redundancy 
c. Survivability 

 
Key Components: 

a. Self-repairing sensor networks 
b. Decentralized mesh communication 
c. AI-driven cyber-immune systems 
d. Energy-buffering supercapacitor grids 

 
Operational Logic: 
The resilience shell ensures that the grid remains 
functional even under heavy EW, cyber, or kinetic 
attack. 
 
Mathematical Formulation: 

(a) Resilience and Self-Healing Probability (Brah-
maKavacha) 

 
Let 

 𝑃௙= probability of node failure 
 𝑘= redundancy factor 

Grid survival probability: 
𝑃௦௨௥௩௜௩௘ = 1 − (𝑃௙)௞ 

 
For 𝑃௙ = 0.3and 𝑘 = 5: 

𝑃௦௨௥௩௜௩௘ > 0.97 
 
This matches the 97% operational capacity observed 
in the scenario. 
 

(b) Engagement Time Analysis 
 

Total response time: 
𝑇௧௢௧௔௟ = 𝑇ௗ௘௧௘௖௧ + 𝑇௖௟௔௦௦௜௙௬ + 𝑇ௗ௜௦௥௨௣௧ + 𝑇௜௡௧௘௥௖௘௣௧ 

 
Using conservative estimates: 

𝑇௧௢௧௔௟ ≈ 3.7 minutes 
 
Which aligns with the fictional operational timeline. 
 

(c) Energy-Efficiency Comparison 
 
Let 

 𝐸௠= missile interception energy 
 𝐸ௗ= directed-energy neutralization 

𝐸௠

𝐸ௗ
∼ 10ଷ–10ସ 

 
Thus, SAADG provides orders-of-magnitude energy 
efficiency, crucial against swarms. 
 
5. Ethical & Strategic Implications  
 
The deployment of an autonomous, energy-centric 
defence grid raises profound ethical, legal, and 
strategic questions. 
 
5.1 Human-in-Loop Governance 
 
Even in a highly autonomous system, lethal decisions 
must remain under human oversight. The Mantra Core 
must include: 

a. ethical constraints 
b. decision logs 
c. override mechanisms 

5.2 Autonomous Escalation Risks 
 
AI-driven defence systems may misinterpret 
ambiguous signals, leading to unintended escalation. 
Safeguards must prevent: 

a. false positives 
b. autonomous retaliation 
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c. misclassification of civilian objects 
 
5.3 Energy Weapon Regulation 
 
Directed-energy systems may require new 
international norms governing: 

a. permissible power levels 
b. environmental impact 
c. electromagnetic safety 

 
5.4 Cyber-Physical Vulnerabilities 
 
A distributed defence grid is a high-value cyber target. 
Ethical deployment requires: 

a. robust cyber-immune systems 
b. transparent auditing 
c. secure update channels 

 
5.5 Strategic Stability 
 
Widespread adoption of SA-ADG-like systems could 
alter global deterrence dynamics by: 

a. reducing the effectiveness of offensive aerial 
systems 

b. incentivizing adversaries to develop coun-
ter-DEW technologies 

c. shifting the balance toward defensive domi-
nance 

 
5.6 Societal Impact 
 
Civilian airspace, privacy, and electromagnetic 
exposure must be considered. Public trust requires: 

a. clear communication 
b. regulatory oversight 
c. environmental safeguards 

 
CONCLUSION 

 
The Shakti Astra Air Defence Grid (SA-ADG) 

represents a bold, forward-looking reimagination of 
how nations might secure their airspace in an era 
defined by autonomy, saturation, and machine-driven 
conflict. Rather than treating air defence as a linear 
sequence of detection and interception, the SA-ADG 
frames it as a living, adaptive, energy-centric 
ecosystem—one that senses, learns, responds, and 
heals in real time. This shift mirrors the deeper 
philosophical transition underway in defence science: 
from rigid, platform-based systems to distributed, 

intelligent, self-organizing architectures capable of 
matching the complexity of future threats. 
By drawing conceptual inspiration from the astras of 
ancient Indian knowledge systems—energy 
projection, layered protection, cognitive activation, 
and ethical governance—the SA-ADG demonstrates 
how cultural metaphors can catalyze innovative 
thinking without invoking the supernatural. The 
resulting architecture is speculative yet grounded in 
plausible technological trajectories: 
quantum-enhanced sensing, cognitive electronic 
warfare, directed-energy fields, neuromorphic AI 
cognition, and self-healing cyber-physical networks. 
Each of these domains is advancing rapidly, and their 
convergence could redefine the boundaries of 
defensive capability by mid-century. 
At its core, the SA-ADG is not a weapon but a 
strategic vision. It anticipates a battlespace where 
threats are autonomous, unpredictable, and 
multi-vector—and where defence must be equally 
adaptive, resilient, and ethically governed. The grid’s 
layered design ensures that no single failure 
compromises the whole, while its distributed 
intelligence allows it to operate even under extreme 
electromagnetic or cyber stress. This resilience is 
essential in a world where adversaries will 
increasingly exploit speed, complexity, and ambiguity. 
Yet the SA-ADG also highlights the profound ethical 
and strategic challenges that accompany such systems. 
Autonomous decision-making, directed-energy 
deployment, and quantum-enhanced sensing raise 
questions about escalation control, civilian safety, 
transparency, and international norms. Any future 
implementation must therefore be guided by robust 
governance frameworks, human-in-loop oversight, 
and a commitment to responsible innovation. 
Ultimately, the Shakti Astra Air Defence Grid serves 
as a thought experiment for the future of airspace 
security—a synthesis of ancient conceptual wisdom 
and emerging scientific possibility. It invites defence 
researchers, policymakers, and technologists to 
imagine beyond incremental upgrades and consider 
what a truly next-generation defensive ecosystem 
might look like. In doing so, it underscores a simple 
but powerful idea: that the future of defence will 
belong not to the systems with the most firepower, but 
to those with the greatest intelligence, adaptability, and 
resilience. 
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Appendix A: Results Based on Hypothetical 
Simulation Runs 

 
Table 7.1: Simulation Parameters (Baseline Run) 
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Parameter Symbol Value 
Defended area 𝐴 144 km² 
Total threat agents 𝑁௦ 1,500 
Swarm adaptability factor 𝛼 0.65 
Simulation duration 𝑇௠௔௫ 240 s 
EM noise level — Moderate 
Human-in-loop delay 𝑇௛ 2.5 s 

 
Table 7.2: Layer-Wise Neutralization Effectiveness 
 

SAADG 
Layer 

Threats 
Engaged 

Threats 
Neutral-
ized 

Effec-
tive-
ness 
(%) 

QEKF (De-
tection) 

1,500 1,482 de-
tected 

98.8 

Kavacha 
(EM Disrup-
tion) 

1,482 270 frag-
mented 

18.2 

Shakti (DE 
Neutraliza-
tion) 

1,212 820 disa-
bled 

67.7 

Astra Nodes 
(Hard-Kill) 

392 392 de-
stroyed 

100 

Total 1,500 1,482 98.8 
 
Table 7.3: Threat-Type Survival Breakdown 

 
Threat Type Initial 

Count 
Neu-
tralized 

Survi-
vors 

Reconnais-
sance drones 

450 450 0 

EW / decoy 
units 

380 380 0 

Hardened 
strike drones 

670 652 18 

Total 1,500 1,482 18* 
* Survivors represent units forced to abort mission or 
exit airspace. 

 
Table 7.4: Engagement Timeline Analysis 
 

Phase Mean Duration (s) 
Detection & fusion 5.2 
Threat classification 3.1 
EM disruption 36.4 
Directed-energy engagement 58.7 
Precision interception 23.0 
Self-healing & recovery 14.6 
Total engagement time 140.9 s (~2.35 min) 

 
Table 7.5: Decision Latency Comparison 
 
Architecture Mean Decision La-

tency 
Centralized C2 1.2–1.8 s 
Distributed AI (non-neuro-
morphic) 

0.4–0.6 s 

Mantra Core (neuromor-
phic) 

0.08–0.15 s 

 
Table 7.6: Energy Consumption Comparison 
 
Defence Method Energy per Neutralized 

Threat 
Missile interceptor ~10⁶–10⁷ J 
Point laser system ~10⁵ J 
SAADG (Shakti + Ka-
vacha) 

~10³–10⁴ J 

 
Table 7.7: Grid Resilience Under Attack 
 
Condition Operational Capacity 

(%) 
No attack 100 
EM saturation 96 
Cyber intrusion 94 
Node destruction (15%) 97 
Combined multi-vector 
attack 

92 

 
Table 7.8: Learning and Adaptation Metrics 
 

Metric Value 
New swarm patterns learned 14 
Prediction accuracy (post-engagement) 93% 
False-positive rate <1.2% 
Human override events 1 

 
Table 7.9: Civilian and Ethical Impact Metrics 
 

Metric Outcome 
Civilian air traffic interference None 
Collateral damage Zero 
Autonomous lethal decisions 0 
Human-in-loop confirmations 100% 

Table 7.10: Comparative Performance Summary 
 

ISSN : 1671-6841

PAGE NO: 10

JZU NATURAL SCIENCE

VOL 57 : ISSUE 3 - 2026



System Satu-
ration 
Limit 

Energy 
Effi-
ciency 

Adapt-
ability 

Sur-
viva-
bility 

Legacy 
SAM 

Low Poor Mini-
mal 

Mod-
erate 

Layered 
SAM + 
EW 

Me-
dium 

Moder-
ate 

Limited Mod-
erate 

SAADG Very 
High 

Excel-
lent 

High Very 
High 

 
Appendix B: Fictional Operational Scenario — 
SA-ADG in Action 
 

Scenario Title: “The Night of the Thousand 
Shadows” 
Location: Western Airspace Protection Sector 
(WAPS-7) Date: 17 August 2054 Time: 02:13 
IST Weather: High humidity, intermittent cloud 
cover, moderate electromagnetic noise 
A.1 Situation Overview 
At 02:13 hours, the Western Airspace Protection 
Sector detects an anomalous electromagnetic 
signature approaching from 180 km west of the 
border. The signature is faint, fragmented, and 
inconsistent with known aircraft or UAV profiles. 
Initial analysis suggests a multi-vector 
autonomous swarm, likely composed of 
micro-UAVs with low-observable coatings and 
adaptive communication protocols. 
The SA-ADG is operating in semi-autonomous 
mode, with human-in-loop oversight at the 
National Air Defence Command (NADC). 
A.2 Phase 1 — Detection and Interpretation 
02:13:27 IST — Quantum-Enhanced Kavacha 
Field Activates 
The Quantum-Enhanced Kavacha Field 
(QEKF) registers entangled-photon backscatter 
anomalies across three sensor nodes. The 
anomalies are: 
 irregular 
 low-RCS 
 non-ballistic 
 distributed across a 12-km front 
The Sensor Fusion Engine flags the pattern as a 
potential stealth micro-swarm. 

02:13:32 IST — Threat Classification 
The Mantra Core classifies the threat as: 
 Type: Autonomous multi-agent swarm 
 Size: Estimated 1,200–1,500 units 
 Intent: High-probability reconnaissance + sat-

uration strike 
 Behavior: Emergent, decentralized, adaptive 
Human oversight confirms the classification. 
A.3 Phase 2 — Electromagnetic Disruption 
02:14:05 IST — Cognitive EW Deployment 
The Kavacha Layer deploys: 
 adaptive jamming waveforms 
 GNSS denial bubbles 
 electromagnetic fog fields 
The swarm begins to fragment as its 
communication links degrade. Approximately 
18% of units lose formation coherence. 
However, the swarm’s AI reconfigures, switching 
to line-of-sight optical signaling—a capability 
predicted by the Mantra Core’s threat-evolution 
model. 
A.4 Phase 3 — Shakti Field Engagement 
02:14:41 IST — Shakti Field Projectors 
Activate 
The Shakti Layer deploys: 
 HPM lattice bursts 
 localized EMP micro-pulses 
 plasma ionization curtains 
The effect is immediate: 
 ~600 drones lose power and fall harmlessly 
 ~200 more drift off-course 
 The swarm density drops by two-thirds 
But 300 hardened units—shielded against 
microwave interference—continue advancing. 
A.5 Phase 4 — Astra Node Interception 
02:15:12 IST — Precision Hard-Kill Phase 
The remaining drones split into three sub-swarms: 

1. Decoy swarm (low-value, high-noise) 
2. Recon swarm (high-altitude micro-gliders) 
3. Strike swarm (low-altitude kinetic units) 
The Astra Nodes respond: 
 Laser-accelerated micro-projectiles neutral-

ize the recon swarm 
 AI-guided interceptor drones intercept the 

strike swarm 
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 Rail-micro-launchers eliminate decoys with 
minimal energy expenditure 

Within 23 seconds, all three sub-swarms are 
neutralized. 
A.6 Phase 5 — Resilience and Self-Healing 
02:15:40 IST — Counter-EW Attack Detected 
The adversary launches a cyber-EW 
counterstrike, attempting to: 
 overload sensor nodes 
 corrupt mesh communication 
 spoof threat data 
The Brahma-Kavacha Layer responds: 
 reroutes data through alternate mesh paths 
 isolates compromised nodes 
 activates cyber-immune routines 
 regenerates lost network links 
The grid maintains 97% operational capacity 
throughout the attack. 
A.7 Phase 6 — After-Action Analysis 
02:17:10 IST — Engagement Ends 
The entire engagement—from first detection to 
final neutralization—lasts 3 minutes and 43 
seconds. 
The Mantra Core generates a post-engagement 
analysis: 
 Threat neutralized: 1,482 units 
 Collateral damage: Zero 

 Civilian interference: None 
 Grid integrity: Fully restored 
 AI learning: 14 new swarm-behavior patterns 

added to predictive models 
Human oversight reviews and validates the 
engagement log. 
A.8 Strategic Implications 
This fictional scenario demonstrates: 
 the necessity of multi-layered defence ecosys-

tems 
 the value of distributed cognition in 

high-speed engagements 
 the importance of energy-centric neutraliza-

tion for swarm threats 
 the resilience benefits of self-healing 

cyber-physical networks 
 the role of human-in-loop oversight in ethical 

governance 
The SA-ADG proves capable of defending against 
a complex, adaptive, multi-vector aerial threat 
with minimal latency and no collateral impact. 

These models ensure the Mantra Core can anticipate 
rather than merely react. 
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