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1. Executive Summary

As unmanned aerial systems (UAS) become increasingly affordable and sophisticated, they
present an urgent and complex security challenge—blending physical intrusion with digital
espionage. States like Uttar Pradesh, given their religious, political, and administrative
significance, are especially at risk. This proposal outlines a comprehensive, future-ready
framework to detect, neutralize, and govern drone-related threats, with a strategic focus on
data sovereignty, indigenous capability, and inter-agency coordination.

Policy Framework

The proposed policy framework advocates for a robust, multi-tiered approach to fortify
India’s surveillance and counter-drone infrastructure against emerging security threats and
foreign technological dependencies. It underscores the imperative for a National Data
Sovereignty Policy, mandating localized storage, comprehensive hardware validation, and
mandatory firmware audits in alignment with the Digital Personal Data Protection Act and
the ethos of Data Swaraj. A centralized Certification and Compliance Regime is
recommended to enforce rigorous testing and source code scrutiny for all connected
surveillance devices, with graded deployment authorization based on national security
sensitivity. Additionally, the framework advances strategic indigenization, urging the
classification of counter-UAS systems as critical electronics, incentivizing domestic
manufacturing, and curbing procurement from geopolitically adversarial sources to reinforce
sovereign technological autonomy.

Technology Deployment

The technological roadmap involves deploying a multi-layered detection infrastructure that
combines RF scanners, thermal imaging, acoustic arrays, and Al-powered dashboards
supported by edge processing units. This integrated system will be designed for seamless
real-time data flow into UP112 and CCTNS, ensuring immediate threat visibility and
actionability. The initiative will begin with a pilot phase across three high-risk nodes,
allowing for performance validation and optimization before statewide rollout. Emphasis will
be placed on Make-in-India technologies to ensure sovereignty and reduce long-term
dependency.

Procedural and Operational Mechanisms

The implementation strategy will follow a graded deployment model, classifying cities and
districts into Grade A, B, and C zones based on factors such as threat level, population
density, and the presence of critical infrastructure. This gratification approach ensures that
surveillance resources, detection systems, and response protocols are proportionately scaled
and strategically prioritized.



To support effective operations, comprehensive training programs will be introduced for
the Uttar Pradesh Police, command center staff, and field personnel. These programs will
cover system operation, data interpretation, and tactical response procedures. Tailored
Standard Operating Procedures (SOPs) will be developed for each risk category to ensure
swift, appropriate action in case of aerial threats.

Governance and oversight will be entrusted to a multi-agency task force comprising the UP
Home Department, DRDO, NTRO, and partner academic institutions. This structure will
foster inter-agency coordination, accountability, and innovation.

This proposal positions Uttar Pradesh to become a national leader in civil drone defence and
data-secure surveillance, by combining bold policy reforms, indigenous technology
integration, and robust procedural governance. It not only addresses today’s threats but also
builds a resilient framework to secure the skies and digital frontiers of tomorrow.

2. Introduction & Background

The proliferation of drone technology in recent years—driven by decreasing costs, increasing
accessibility, and advancements in artificial intelligence (Al) and autonomous navigation—
has fundamentally altered the landscape of national and local security. Once confined to
military use, drones or Unmanned Aerial Vehicles (UAVS) have rapidly evolved into dual-
use technologies with significant civilian and commercial applications. However, this
evolution has also opened doors for misuse. Malicious actors—ranging from insurgent groups



and smugglers to cybercriminals and rogue individuals—now possess tools capable of
bypassing traditional security perimeters.

Drones pose unique security challenges because they operate both in the air and in the
digital spectrum, creating hybrid threats. These can include:

e Unauthorised surveillance of secure facilities,

e Delivery of illicit substances or weapons into restricted zones,

e GPS jamming or spoofing of critical infrastructure systems,

e Intelligence-gathering missions targeting high-profile individuals,

e Coordinated disruption of law enforcement, civic functions, or public gatherings.

Operation Spider’s Web: A Strategic Wake-Up Call

In this context, Operation Spider’s Web, a high-impact security simulation, highlighted the
growing risks posed by low-cost, Al-enabled drones capable of operating in GPS-denied
environments. These drones were equipped with convolutional neural networks (CNNSs) for
object classification, and encrypted FPV channels on 5.8 GHz frequencies—all of which
made them elusive to existing detection mechanisms.

The operation underscored the urgent need for enhanced aerial surveillance infrastructure
and advanced technological countermeasures, especially for states with dense urban
footprints and high-profile targets.

The China Factor & Digital Espionage

Adding to the urgency, recent national developments have exposed major vulnerabilities in
India’s surveillance landscape. Following reports of potential Chinese espionage through
imported CCTV systems, the Indian government introduced new regulations requiring all
manufacturers—both domestic and foreign—to submit their devices for security testing.
These policies, initiated in April 2025, mandate detailed inspections of hardware, software,
and even proprietary source code in government labs.

With over 1 million Chinese-origin cameras previously installed in government facilities,
concerns about data being siphoned to foreign servers have intensified calls for data
sovereignty and stronger surveillance accountability. As a result, India has begun enforcing
stricter certification norms for imported surveillance hardware — a move that global firms
like Hanwha, Motorola, Xiaomi, and Bosch warn could disrupt supply chains due to slow
approvals. However, this disruption also creates an opportunity: it reinforces the urgent need
to develop and adopt Made-in-India surveillance systems that are secure, locally auditable,
and aligned with national interests under the broader Atmanirbhar Bharat mission.



This scenario validates the underlying premise that security risks are no longer confined to
kinetic or aerial vectors—they are embedded deep within imported digital infrastructure.
Whether it’s drones in the sky or unverified chips in surveillance cameras, the danger lies in
unseen vulnerabilities.

Strategic Vision for Uttar Pradesh

Uttar Pradesh stands at a pivotal juncture in redefining its internal security architecture. The
state’s growing prominence as a hub for global events, tourism, infrastructure development,
and digital innovation has heightened its exposure to adversarial threats—both physical and
digital. In this context, the need for an integrated aerial-digital defence system has become
not just important, but imperative.

Recent national events have reinforced the urgency of strengthening security systems. The
Indian government’s crackdown on foreign-made surveillance equipment—especially
Chinese-origin CCTV cameras—has revealed serious risks linked to imported digital
infrastructure. With over a million such cameras installed in government buildings and
growing concerns about data being transferred to foreign servers, there is a strong push to
develop secure, tamper-proof, and locally-built surveillance solutions. These developments
highlight a deeper shift in today’s threat environment: dangers now come not only from
drones in the sky but also from hidden vulnerabilities within the very systems designed to
protect us.

Against this backdrop, the proposed drone defence initiative reflects Uttar Pradesh’s
commitment to a future-ready, sovereignty-driven security framework. It not only
complements India’s “Data Swaraj” vision but also advances the state's strategic goal of
securing its skies, systems, and citizens. By embedding trusted, indigenous technologies into
a robust institutional framework, Uttar Pradesh can pioneer a resilient model of integrated
threat management—one that is scalable, secure, and sets a precedent for other states to
follow.iskp:

3. Security Challenges in the era of Drone Threats

Border States: Strategic Front-lines for Drone-Related Threats

India’s border states - such as Punjab, Rajasthan, Gujarat, Jammu & Kashmir, West Bengal,
and Uttar Pradesh—occupy a critical position in the national security landscape due to their
geographical adjacency to international borders. These regions face heightened risks from
drone-based threats, particularly those involving cross-border surveillance, smuggling, and
asymmetric warfare tactics.

These vulnerabilities are compounded by the presence of:



International Borders with Hostile or Unstable Neighbors

Long, porous boundaries shared with countries such as Pakistan, China, Bangladesh, and
Myanmar have historically been exploited for infiltration, arms trafficking, and narco-
terrorism. Drones offer a low-cost, low-risk medium to enhance the reach and impact of
such activities.

e High-Value Border Infrastructure and Military Installationsist:

Border states host numerous military camps, forward operating bases, radar stations,
ammunition depots, and Border Security Force (BSF) checkpoints. These are prime
targets for surveillance via unmanned aerial systems (UAS), including GPS-enabled
camera drones capable of mapping troop movement and infrastructure layouts.

e Agricultural and Riverine Terrain
Vast stretches of border terrain—ranging from Punjab’s farmlands and Rajasthan’s
desert belts to the Sundarbans delta and north-east hills—offer minimal natural
surveillance and easy concealment for drone launch or recovery operations.

e Dense Logistic Movements and Cross-Border Trade Corridors
Legal and illicit trade routes, transport terminals, and integrated check posts in border
districts are often exploited for drone part smuggling. Lack of advanced cargo inspection
systems at many of these sites allows disassembled drones to pass undetected.

e Cultural and Ethnic Continuities Across Borders
Shared cultural, linguistic, and ethnic ties across international borders, particularly in
Punjab and West Bengal, can inadvertently facilitate drone-based messaging, propaganda
drops, or supply chain routing via sympathetic networks.

e Limited Real-Time Aerial Surveillance Infrastructure
Despite being high-risk regions, several border areas lack persistent surveillance
coverage due to rugged topography, fog, extreme weather, and logistical constraints. This
creates blind spots that hostile actors exploit for low-altitude drone operations.

e Uttar Pradesh’s Border with Nepal- While traditionally not considered a high-conflict
zone, Uttar Pradesh shares a porous and sensitive border with Nepal. Certain sectors
along this border have gained notoriety as infiltration routes for high-profile terrorist
elements. Given the proximity to densely populated and politically significant regions,
this area necessitates enhanced surveillance measures and robust drone threat
detection systems.

Given their strategic sensitivity and operational challenges, India’s border states require a
robust, technology-driven drone threat mitigation framework that blends localized
intelligence, inter-agency coordination, and Al-enabled aerial surveillance systems.ist!



Uttar Pradesh: A High-Alert Zone for Aerial Threats

The state of Uttar Pradesh (UP), as India’s most populous state with immense political,
religious, and administrative significance, is uniquely vulnerable to such aerial and digital
intrusions. It houses a number of nationally important and symbolically sensitive locations
that require elevated security readiness:

¢ Religious landmarks of global prominence, such as Ayodhya, Varanasi, Mathura, and
Vrindavan, which are not only spiritual centers but also highly sensitive from a law and
order perspective.

e Critical government infrastructure, including the Chief Minister’s official residence,
Vidhan Sabha (State Legislative Assembly), UP Police Headquarters, and various district
collectorates and administrative offices.

e Strategic infrastructure such as airports (e.g., Lucknow, Varanasi), the Narora Atomic
Research Centre, state prisons, and communication networks, all of which are potential
targets for surveillance or sabotage.

Given the symbolic and operational importance of these assets, Uttar Pradesh must adopt a
forward-looking, sovereignty-driven strategy to mitigate drone and data-related risks.

As the capabilities and accessibility of unmanned aerial systems (UAS) continue to expand,
Indian states—both border-facing and landlocked—must acknowledge the evolving nature of
aerial security threats. Whether it is cross-border infiltration in frontier states or high-density
religious and administrative zones in heartland regions like Uttar Pradesh, the risks are real,
asymmetric, and rapidly escalating.

Addressing these challenges requires more than isolated technological fixes. It calls for a
coordinated, state-level strategy that integrates advanced surveillance infrastructure, inter-
agency collaboration, legal oversight, and local intelligence networks



4. Current Scope & Approach

4.1 Objective

The core objective of this initiative is to establish a comprehensive and intelligent system
for detecting, identifying, and neutralising unauthorised drone activity in sensitive and
high-risk areas across Uttar Pradesh. The state, owing to its political, religious, and

administrative prominence, faces an elevated risk from the misuse of unmanned aerial
vehicles (UAVSs), commonly known as drones.

These aerial threats have evolved beyond mere surveillance tools. They now pose
multidimensional risks, including but not limited to:

e Espionage and data interception targeting critical infrastructure and high-profile
government institutions.

e Signal jamming or spoofing that can compromise communication and navigation
systems.

e Delivery of illicit payloads, such as narcotics, weapons, or explosives.

e Disruption of mass gatherings, civic events, or religious processions through
coordinated drone swarms.

The objective is to shift from a reactive to a proactive security model—one that leverages
cutting-edge technologies such as Radio Frequency (RF) mapping, thermal and acoustic
sensors, and Al-enabled threat classification. These systems aim to detect drones even when
operating under stealth conditions (e.g., GPS-denied or encrypted channels), and provide
real-time intelligence for swift law enforcement response.

This project is also shaped by insights gained from Operation Spider’s Web, a strategic
simulation exercise that exposed the vulnerabilities in current drone detection capabilities.



The operation highlighted how modern drones—equipped with neural networks, and
encrypted FPV systems—can operate undetected in dense urban environments.

Furthermore, this initiative directly advances critical national priorities such as data
sovereignty and cybersecurity resilience. It responds to growing concerns about
surveillance infrastructure of foreign origin—particularly from China—that have raised red
flags within India’s Ministry of Home Affairs. These concerns are not limited to drones alone
but extend to other surveillance systems, most notably CCTV cameras widely used across
public and private infrastructure.

Recent reports have highlighted how many of these CCTV systems, especially those
manufactured by Chinese firms, may pose national security risks. Vulnerabilities include
the transmission of sensitive video data to foreign servers, embedded communication
modules that are difficult to detect, and potential backdoor access built into proprietary
hardware and software. The Government of India has already responded by mandating
hardware and source code testing for all internet-connected CCTV equipment—a move
that has disrupted the surveillance industry but is deemed essential for national security.

Against this backdrop, Uttar Pradesh’s initiative to deploy a secure, indigenous aerial threat
mitigation system is timely and strategic. By leveraging domestically controlled
technologies and enforcing strict data control measures, the state not only strengthens its own
security apparatus but also sets a benchmark for other states. This approach aligns with the
Digital Personal Data Protection (DPDP) Act and the vision of Data Swaraj, reaffirming
India’s commitment to maintaining sovereign control over critical data and surveillance
infrastructure.

4.2. Approach

A. Policy Framework

The project advocates a forward-looking regulatory foundation to counter aerial threats and
prevent data espionage. This includes:

e Data Sovereignty Enforcement through mandatory audits, firmware verification,
and localization of data processing in alignment with the DPDP Act and Data Swaraj
principles.

e Certification & Compliance Protocols for surveillance equipment to ensure
security-vetted hardware and software are deployed in sensitive zones.

e | ocalization & Strategic Sourcing under Atmanirbhar Bharat, promoting domestic
production of critical electronic components and restricting imports from high-risk
geographies.

This policy-driven approach aims to secure India’s digital borders and enable safe, sovereign
deployment of aerial threat management systems.
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B. Indicative Technological Architecture for Drone Threat Mitigation

The system integrates FPGA-based RF mapping, thermal and acoustic detection, and an Al-
powered fusion engine to identify, classify, and geolocate drone threats. A dynamic Drone
Signature Library (DSL) enhances detection accuracy, while a centralized Command
Dashboard enables real-time monitoring and coordinated law enforcement response.
Together, these components form a discreet, intelligent surveillance grid tailored to Uttar
Pradesh’s high-risk zones.

The proposed solution employs a compact, multi-sensor, Al-powered framework designed to
detect, assess, and respond to drone threats across Uttar Pradesh. It combines four key
technologies:

e FPGA-Based RF Mapping to intercept drone signals across 400 MHz to 6 GHz,
including in GPS-denied environments.

e Thermal and Acoustic Detection to identify drones in visually obstructed conditions
using heat and sound signatures.

e Al-Powered Sensor Fusion Engine to analyze sensor data, classify threats, and
geolocate drones and their operators with high precision.

e Drone Signature Library (DSL) to maintain a dynamic database of drone models and
behavioral patterns specific to Uttar Pradesh, enhancing detection accuracy and reducing
false positives.

A Centralized Command Dashboard integrates these components into a secure interface
for live monitoring, automated alerts, and coordinated field response—forming a discreet,
intelligent surveillance grid for high-risk and public areas.

C. Geospatial Risk-Based Site Classification Framework

As part of the overall deployment strategy, a Geospatial Risk-Based Site Classification
Framework will be established to prioritize locations across Uttar Pradesh based on a
comprehensive, multi-dimensional risk assessment. This assessment will consider key
parameters such as strategic importance, population density, frequency of high-visibility
events, historical security incidents, and the perceived level of aerial threat. Based on these
criteria, the state’s geographic and civic zones will be categorized into three operational tiers:

e Grade A (High Sensitivity)
e Grade B (Moderate Sensitivity)
e Grade C (Low Sensitivity)

This structured, tiered approach enables phased and resource-efficient deployment, ensuring
that the most vulnerable and high-risk areas are secured first while creating a scalable
foundation for broader implementation across the state.
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D. Creating an Institutional Framework

To ensure the sustained effectiveness and legal compliance of the aerial threat mitigation
system, a robust institutional framework will be established. The Uttar Pradesh Police will act
as the lead agency, potentially through a dedicated Drone Surveillance Unit (DSU), managing
daily operations and tactical responses. A multi-agency coordination cell will enable secure,
real-time communication between key stakeholders such as the IB, NTRO, AAI, and local
administrations for unified decision-making. Legal oversight will be maintained by a
specialized policy task force to ensure adherence to the DPDP Act, DGCA guidelines, and
broader data protection norms. Additionally, partnerships with certified vendors will support
system maintenance and cybersecurity through structured SLAs, while ongoing capacity
building in collaboration with police academies and cyber institutes will equip personnel with
the skills needed to counter evolving drone threats.

5. Proposed Framework

5.1 Policy Framework

The current regulatory landscape in India does not adequately address the rapidly evolving
risks associated with unmanned aerial systems (UAS) and foreign-manufactured surveillance
infrastructure. To strengthen national security, uphold data sovereignty, and secure critical
digital systems, the following policy interventions are proposed:

INDIA'S UAS

POLICY
FRAMEWOR & AUTONOMY

SURVEILLANCE DATA CERTIFICATION ATMANIRBHAR

& BHARAT
SOVEREIGNTY COMPLIANCE

A. National Data Sovereignty Policy Framework

Problem: India’s surveillance ecosystem is heavily dependent on foreign-origin hardware
and software, often lacking standardized protocols for data residency, access controls, and
firmware verification.
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Recommendations:

(¢]

Establish a comprehensive Data Sovereignty Audit Mechanism to regulate imported
surveillance systems.

Mandate hardware-level integrity checks for all imported sensors, RF modules, and
communication chips.

Require source code disclosure and inspection for firmware embedded in
surveillance and detection equipment.

Conduct data access and residency audits to ensure telemetry and surveillance data
is stored, processed, and managed exclusively within Indian jurisdiction.

Align with the Digital Personal Data Protection (DPDP) Act, 2023 and the principles
of Data Swaraj to ensure critical infrastructure does not serve as a vector for hostile

intelligence operations.

B. Certification & Compliance Policy for Surveillance Systems

Problem: India currently lacks a mandatory, standardized certification regime for
surveillance and counter-UAS systems, resulting in potential vulnerabilities from foreign-

origin devices.

Recommendations:

Extend and enforce a unified Surveillance Certification Policy under the Ministry of
Electronics & IT:

(o]

Mandate that all internet-connected CCTV, drone detection, and surveillance devices
undergo hardware and software scrutiny in government-approved testing
laboratories.

Require source code submissions and documentation reviews for all equipment
using proprietary communication protocols.

Introduce graded certification labels (e.g., Certified for National Security Use —
CNSU) for deployment in high-sensitivity zones (Grades A/B).

Build capacity within the Standardization Testing and Quality Certification (STQC)
Directorate and authorize private labs under stringent national security protocols to
reduce certification backlog.

Reference and adapt protocols from CRO 2021 (Cyber Resilience of Origin), particularly
for sectors involving:

(e]

(e]

(e]

Battery Management Systems (BMS) in submarines and aircrafts.

loT-enabled surveillance devices.

RF-based electronics such as routers, smart speakers, and communication tools.
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C. Localisation and Strategic Sourcing (Atmanirbhar Bharat)

Problem: Approximately 80% of components used in CCTV and drone detection systems are
imported, many from countries that pose strategic and security risks to India.

Recommendations:

e Promote Make-in-India alternatives for critical security electronics such as RF scanners,

Al-enabled processors, FPGA kits, and drone jamming devices through Production
Linked Incentive (PLI) schemes.

e Classify drone detection and counter-UAS systems as strategic electronics, mandating
local assembly and transparent IP ownership.

e Establish a cross-ministerial working group (MHA, MeitY, MoD) to:
o Define national security-critical components.
o Prohibit sourcing from adversarial nations.

o Prioritise indigenous innovation and secure sourcing practices in all public safety
procurement.

5.2. Technological Intervention

TECHNOLOGICAL INTERVENTION

() k..

=" B) ((X))

FPGA-Based RF Mapping Thermal Imaging and
Acoustic Detection

s
~ -
4 N\
RF-Mapping Thermal Acoustic
Al-Powered Sensor Eusion Centralized Command Dashboard
Engine & Inter-Agency Coordination

A. FPGA-Based Radio Frequency (RF) Mapping
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A core pillar of the proposed drone detection and response system is the integration of
FPGA-based Radio Frequency (RF) Mapping. This component functions as an advanced
early-warning mechanism by continuously monitoring the electromagnetic spectrum for
anomalies associated with unauthorized drone activity.

Field Programmable Gate Arrays (FPGAS) are specialized semiconductor devices known for
their high-speed data processing and real-time adaptability. Their use in RF mapping enables
the system to scan a broad frequency range—typically between 400 MHz to 6 GHz—which
includes most conventional and non-conventional drone communication channels. This
allows for the detection of drones operating via standard remote-control signals, as well as
those employing encrypted, frequency-hopping, or GPS-denied protocols.

Unlike traditional optical or radar-based systems that rely on line-of-sight or visible cues, RF
mapping identifies drones based on their communication signatures, offering pre-visual
detection capability. This is particularly critical for high-risk and visibility-constrained
environments, such as dense urban areas, critical government facilities, and sensitive
religious or public sites.

The FPGA module’s ability to process multiple data streams in parallel ensures near-
instantaneous response times. Moreover, its programmable architecture allows the system to
evolve with emerging drone communication techniques, ensuring long-term operational
relevance. The use of FPGA technology also enables local calibration and tuning, which is
essential for environments with high electromagnetic noise or complex terrain.

Overall, FPGA-based RF Mapping provides a highly effective and discreet surveillance layer,
enhancing the system’s ability to detect threats early, operate in a passive mode without
emitting signals, and function reliably even in technologically challenging scenarios. Its
integration ensures that law enforcement agencies have the necessary intelligence to act
preemptively—strengthening the state’s security infrastructure and aligning with broader
national goals around technological resilience and digital sovereignty.

B. Thermal Imaging and Acoustic Detection

This module constitutes the second detection layer of the proposed aerial threat management
system and is specifically designed to enhance surveillance effectiveness in conditions where
visual identification is challenging or infeasible. It integrates two complementary sensing
technologies—thermal imaging and directional acoustic detection—to provide reliable
detection of drone activity across varied environmental and operational scenarios.

Thermal Imaging

Thermal imaging sensors operate by detecting infrared (IR) radiation, which is emitted as
heat by drone components such as motors, batteries, and propulsion systems during flight.
These sensors are capable of capturing drone activity:

e In low-light conditions, including night-time operations,
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e During periods of reduced visibility, such as fog or haze,
e Invisually obstructed environments such as dense urban areas or forested regions.

Thermal sensors are configured to differentiate between typical urban thermal noise and the
specific heat signatures associated with unmanned aerial systems. This enables the early
detection of drone activity irrespective of lighting or weather conditions.

Acoustic Detection

Acoustic detection enhances the system’s surveillance capability by capturing the distinct
sound profiles generated by drone rotors and propellers. These profiles typically fall within
high-frequency acoustic bands and vary across drone models and configurations. Directional
microphones and sound-mapping algorithms are employed to:

e Isolate drone-related acoustic patterns from ambient environmental noise,
o ldentify approaching UAVs based on pre-trained sound signatures,
e Provide directional cues for locating drones in visually cluttered or obstructed areas.

The system is calibrated to filter irrelevant background sounds (e.g., traffic, human activity,
or wind), ensuring a high degree of specificity and minimal false positives.

Operational Relevance

The combination of thermal and acoustic detection offers a robust secondary verification
layer to RF mapping and significantly enhances detection reliability. This dual modality is
especially useful in sensitive operational zones—such as religious sites, high-security
government facilities, and crowd-dense public areas—where unobtrusive and reliable
detection is essential.

Together, thermal and acoustic technologies support non-invasive, passive surveillance that
complements real-time monitoring and strengthens the overall capability of the drone threat
mitigation framework proposed for the state of Uttar Pradesh.

C. Al-Powered Sensor Fusion Engine

At the core of the proposed drone detection and response framework is a highly sophisticated
Artificial Intelligence (Al)-powered sensor fusion engine. This module is responsible for the
real-time processing and synthesis of data received from multiple detection sources—
including Radio Frequency (RF) mapping, thermal imaging, and acoustic monitoring
systems. By intelligently correlating diverse input streams, the engine delivers comprehensive
aerial situational awareness with minimal latency.

Key Functional Capabilities

1. Multi-Sensor Data Integrationisk:
The fusion engine consolidates data from heterogeneous sensors to build a unified aerial
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picture. This integration allows the system to accurately identify objects in flight, filter
out environmental noise, and prioritize high-risk entities.

2. Obiject Classification and Threat Assessmentit:

Leveraging machine learning algorithms and computer vision models, the engine
distinguishes drones from non-hostile aerial elements such as birds, kites, or aircraft.
Each identified drone is then subjected to behavioral analysis—including speed,
trajectory, flight pattern, and proximity to restricted zones—on the basis of which a threat
score is assigned. This enables the system to differentiate between benign, suspicious,
and hostile drones with a high degree of confidence.

3. Operator and Drone Localizationist,
Using triangulation techniques and signal behavior analytics, the system estimates the
real-time location of both the detected drone and its possible operator. This geographic
intelligence enables law enforcement personnel to undertake targeted field responses,
including interception and containment operations.

D. Drone Signature Library (DSL)

As part of the analytical backbone of the proposed drone detection and mitigation framework,
a Drone Signature Library (DSL) shall be developed and embedded within the Al-powered
sensor fusion engine. This component will function as a state-specific, adaptive intelligence
repository, supporting accurate classification, faster threat recognition, and continuous
improvement in system performance.

Purpose and Strategic Rationale

The DSL is intended to address the operational requirement for regionally contextualized
detection accuracy. Given the varied terrain, drone usage patterns, and electromagnetic
profiles across Uttar Pradesh, the DSL will serve as a critical layer of localized intelligence
that enhances the system’s precision and response effectiveness.

Key Components
The DSL will consist of the following structured datasets:

e Radio Frequency (RF) Signatures: Documented frequency bands, modulation schemes,
and emission characteristics of known drone types, including encrypted and frequency-
hopping communication methods.

e Thermal and Acoustic Profiles: Unique heat maps and acoustic signatures (rotor sound
frequencies and harmonic patterns) recorded across environmental conditions and drone
variants.

e Behavioural Metadata: Flight patterns, altitude behavior, incursion trajectories, and
operator proximity trends based on prior incident analysis.
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e Threat Classification Records: Categorization of drones by risk type—commercial,
recreational, modified, or military-grade—and associated payload potential or operational
history.

Operational Benefits
Incorporating the DSL into the detection ecosystem will yield the following outcomes:

e Faster Identification: Rapid correlation of detected signals with known threat profiles
will reduce latency in system alerts and decision-making.

e Reduced False Positives: Improved object differentiation (e.g., distinguishing drones
from birds, Kites, or airborne debris) will enhance system credibility and lower
unnecessary escalations.

e Localized Precision: The ability to align detection accuracy with Uttar Pradesh’s unique
topographical and urban landscape improves situational relevance and field performance.

e Resilience to Evolving Threats: The DSL will be engineered to incorporate new entries
over time, supporting the detection of emerging drone models and atypical usage
behaviors.

The Drone Signature Library (DSL) will evolve dynamically through a continuous,
automated feedback mechanism. Each confirmed drone detection, field verification, and
system-triggered intervention will be systematically recorded and analyzed to refine the
library's accuracy. As validated entries are processed, the DSL will be updated in real time,
thereby improving the precision of predictive algorithms and enhancing detection sensitivity.
Periodic audits and, where permissible, cross-verification with national security databases
will ensure the library remains both up-to-date and compliant with data security protocols.
This adaptive learning approach will allow the system to respond effectively to emerging
drone technologies and threat patterns.

E. Centralised Command Dashboard and Inter-Agency Coordination

A cornerstone of the proposed aerial threat mitigation framework is the Centralized
Command Dashboard, designed to serve as the nerve center for real-time surveillance,
operational coordination, and incident response management. This secure interface
consolidates inputs from all deployed sensors—RF mapping, thermal imaging, acoustic
detection, and Al-based classification—into a unified, actionable view for law enforcement
and allied agencies.

The dashboard provides live geospatial visualization of drone activity, including real-time
flight paths, altitudes, and proximity to designated sensitive areas. By integrating automated
threat scoring algorithms, it generates alerts based on severity and urgency, thereby
enabling prompt prioritization of law enforcement actions. Incident locations, including both
aerial threats and suspected operator positions, are mapped with high spatial accuracy to
support tactical deployment.
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An essential feature of the dashboard is its integrated operational communication module,
which facilitates secure, real-time coordination among control room personnel, field units,
and inter-agency stakeholders. This includes direct linkages with Air Traffic Control
(ATC), the Intelligence Bureau (1B), the National Technical Research Organisation
(NTRO), and district administrative units. Such integration is critical for synchronized
threat assessment, deconfliction of airspace operations, and rapid deployment of
countermeasures in both routine and emergency scenarios.

The dashboard will be hosted on a cloud-enabled infrastructure with multi-layered
cybersecurity protocols, including role-based access control, end-to-end encryption, and
detailed audit logging. It will be accessible from the UP Police Headquarters (central
command centre), district-level control rooms, and authorized mobile or tactical response
units, ensuring situational awareness and command continuity at all operational levels.

By bridging real-time data analytics with inter-agency coordination, the Centralized
Command Dashboard not only strengthens the tactical response to drone incursions but also
reinforces Uttar Pradesh’s capacity for integrated, technology-led public security governance.

Note: The technologies detailed above represent the foundational components of the
proposed drone detection and response system. However, they do not constitute an exhaustive
list. The framework is designed to remain modular and scalable, allowing for the future
integration of additional innovations—such as radar-based tracking, optical recognition,
electromagnetic neutralization systems, and emerging counter-UAV technologies—as threat
vectors evolve and operational demands grow.

5.3. Procedural and Operational Implementation

Procedural Guidelines for Location Selection and Risk Tiering

The identification and prioritisation of installation sites will be guided by a structured risk
assessment framework, taking into account the strategic importance, population density,
event frequency, and existing threat perception of each location. To facilitate phased
deployment and optimal resource utilization, sites will be classified into three tiers based on
their sensitivity:
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e Grade A (High Sensitivity): These are critical infrastructure and high-security zones
that are at heightened risk of aerial intrusion. They include locations such as the Uttar
Pradesh Secretariat in Lucknow, the Ayodhya Temple Complex, Varanasi Ghats, major
airports across the state, and government establishments with national or strategic
significance. These zones will receive the highest priority in the initial rollout.

e Grade B (Moderate Sensitivity): This category encompasses locations with a moderate
but significant risk profile, such as district collectorate campuses, central jail compounds,
and sites that host large-scale public, civic, or religious events. These locations may not
be under continuous threat but require enhanced vigilance during specific time windows
or occasions.

e Grade C (Low Sensitivity): These are areas with lower strategic risk but high public
footfall during certain periods, such as public parks, secondary transport hubs, local
fairgrounds, and town halls. While not always high-risk, they may become vulnerable
targets during festivals, political rallies, or spontaneous mass gatherings.

This tiered classification enables a strategic and resource-efficient approach to deployment,
ensuring that the most critical zones are secured first, while still providing a scalable roadmap
for broader statewide implementation over time.

Operational Deployment Strategy

The deployment strategy for the proposed aerial surveillance and threat detection system has
been organized into two progressive phases. This phased approach ensures controlled
implementation, continuous system refinement, and maximum impact across different
security zones of Uttar Pradesh.

Phase 1: Pilot Implementation

This initial phase focuses on validating the system’s efficacy in high-risk zones while
establishing operational protocols. Key components of this phase include:

e Strategic Deployment: Installation of detection and monitoring units at select Grade A
(high-sensitivity) locations such as: Uttar Pradesh Secretariat (Lucknow), Varanasi
Temple Complex, Lucknow International Airport

e Command & Control Integration: Establishment of a centralized real-time surveillance
dashboard at the UP Police Headquarters, enabling situational awareness and response
coordination.

e Sensor Calibration & Environment Adaptation: Configuration of RF mapping,
thermal, and acoustic sensors in alignment with local terrain, urban clutter, and
electromagnetic profiles, to enhance detection accuracy.

e Personnel Training: Specialised capacity building and operational training for selected
UP Police officers, focusing on:
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o Threat identification and classification
o Protocols for field interception or containment
o System maintenance and reporting

This pilot phase will generate actionable field data to refine Al models and inform large-scale
rollout parameters.

Phase 2: Public-Integrated Expansion

Following successful validation, the system will be scaled to encompass broader geographic
and civic domains, expanding its utility and visibility. Key elements of this phase include:

e Wider Geographic Coverage: Gradual deployment across Grade B and Grade C
locations, such as:

o District Collectorate campuses
o Correctional and custodial facilities (jails, detention centers)
o High-density public event zones (e.g., fairs, rallies, stadiums)

e UP 112 Integration: Seamless linkage with the UP 112 Emergency Response System,
allowing law enforcement to respond more quickly to drone threats reported either by the
system or the public.

e Citizen Engagement Layer: Introduction of a citizen-reporting feature through mobile
or helpline channels, supported by public awareness campaigns to encourage community
vigilance and reporting of suspicious aerial activity.

e Adaptive Learning Loop: All data collected from system operation—across all sites and
use cases—will continuously feed into the DSL allowing it to:

o Improve classification accuracy
o Reduce false positives
o Predict evolving threat vectors

By structuring the project into two operationally distinct yet interconnected phases, this
initiative ensures not only a robust technological foundation but also fosters institutional
preparedness and public trust in Uttar Pradesh’s drone defence capabilities.

5.4 Creating an Institutional Framework

To ensure the long-term effectiveness, inter-agency coordination, and legal compliance of the
aerial threat mitigation system, a robust institutional framework will be established. This
framework will define governance structures, operational responsibilities, and escalation
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procedures for all relevant stakeholders, ensuring seamless execution from detection to
intervention.

Key elements of the proposed institutional framework include:

Lead Agency: The Uttar Pradesh Police will serve as the nodal authority responsible for
the management, enforcement, and daily operations of the system. A specialized Drone
Surveillance Unit (DSU), potentially housed within the Cyber Cell or Special Task Force
(STF), may be constituted to oversee tactical operations and threat response workflows.

Multi-Agency Coordination Cell: A real-time coordination mechanism will be
instituted to facilitate secure communication and intelligence sharing among critical
agencies, including the Intelligence Bureau (IB), National Technical Research
Organisation (NTRO), the Airport Authority of India (AAl), and local district
administrations. This will ensure unified threat assessments and synchronised decision-
making during routine monitoring and high-alert situations.

Legal and Compliance Oversight: A dedicated policy task force may be formed to
ensure alignment with existing legal mandates such as the Digital Personal Data
Protection (DPDP) Act, Civil Aviation Regulations, and drone operation guidelines
issued by the Ministry of Home Affairs and Directorate General of Civil Aviation
(DGCA). This body will also ensure adherence to data protection norms, privacy
considerations, and cybersecurity protocols.

Technical and Maintenance Support: Strategic partnerships will be formalized with
certified technical vendors and cybersecurity experts through Service Level Agreements
(SLAS), ensuring timely system maintenance, software upgrades, and on-ground
technical support.

Training and Capacity Building: A structured and ongoing training program will be
developed in collaboration with police academies, technical institutes, and cybersecurity
organisations. This will build internal expertise, ensure operational readiness, and keep
law enforcement personnel up to date with evolving drone technologies and
countermeasures.

By embedding this solution within a clearly defined institutional and legal architecture, the
government of Uttar Pradesh ensures not only its technical robustness but also its governance
integrity and long-term sustainability. This institutional framework will act as the backbone
of the state’s aerial security apparatus, enabling efficient threat deterrence, coordinated crisis
response, and strategic adaptability over time.
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6. Implementation Plan

6.1 Implementation Timeline

The deployment of the proposed aerial threat detection system will be executed through a
structured, three-stage implementation plan designed to ensure technical reliability,
operational readiness, and seamless integration with the existing law enforcement
infrastructure across Uttar Pradesh.

Stage 1: Stage 2: Stage 3:
Infrastructure . System . Live Activation
Setup ~——7  Calibration @~ and Performance
and Testing Monitoring

Stage 1: Infrastructure Setupiss:
This phase involves the physical installation of core hardware components, including RF
detection modules, thermal and acoustic sensor arrays, and secure communication networks.

Stage 2: System Calibration and Testingist!

Following installation, system components will undergo localized calibration to adapt to
terrain-specific RF interference profiles, environmental noise baselines, and visual/auditory
clutter. This stage includes testing Al algorithms to ensure accurate object classification and
minimal false positives.

Stage 3: Live Activation and Performance Monitoringst:

In this final stage, the system will be activated for real-time operation. Continuous
performance monitoring, operational validation, and data collection will be conducted to
refine the Al engine and update the Drone Signature Library (DSL). This phase marks the
transition from deployment to steady-state operation

This phased implementation model allows for controlled scaling, localized tuning, and timely
course corrections—ensuring a high degree of system functionality and alignment with law
enforcement protocols.

6.2 Capacity Building and Training

To ensure effective system adoption and sustained operational readiness, a structured
capacity-building program will be instituted for law enforcement personnel and relevant
command center staff. The training initiative will be designed to impart both technical
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proficiency and procedural clarity required for managing drone detection and response
operations.

The curriculum will include comprehensive modules on:

e System Operation and Data Interpretation: Training on navigating the centralized
command dashboard, interpreting real-time threat alerts, and analyzing sensor fusion
outputs to support informed decision-making.

e Field Response Protocols: Instruction on immediate tactical actions following drone
detection, including coordination with designated interception units and relevant agencies
such as the Air Traffic Control (ATC), National Technical Research Organisation
(NTRO), and Intelligence Bureau (1B).

e Maintenance and Technical Troubleshooting: Guidance on routine system diagnostics,
sensor health checks, data logging, and escalation procedures in case of anomalies or
system faults.

The training will be delivered in collaboration with system integrators, hardware vendors, and
cybersecurity experts. Additionally, post-deployment refresher sessions and update briefings
will be scheduled periodically to reinforce knowledge, address operational challenges, and
incorporate technological upgrades.

This structured approach to capacity building will ensure that all stakeholders are adequately
equipped to operate the platform efficiently, respond swiftly to emerging threats, and
maintain long-term system resilience.

7. Infrastructure & Resource Requirement

To operationalize the drone threat mitigation technological framework across Uttar
Pradesh, a robust infrastructure backbone supported by essential hardware,
software, and human resources is required. The following table outlines the key
components necessary for end-to-end deployment, their functions, and
dependencies.

Component Description Purpose Dependencies

Sensors & Includes RF To detect, classify, Site surveys,

Equipment scanners, thermal and triangulate environmental
cameras, acoustic drone threats across | tolerance, vendor

sensors, radar units, | all identified zones. | sourcing
and Al-enabled
processors (e.g.,
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FPGA-based
modules).

Power Supply Primary power To ensure 24x7 Local power
through grid system availability, | infrastructure,
connection with especially in high- alternate energy
backup systems like | sensitivity areas. feasibility
UPS or solar panels.

Internet High-speed, secure, | Real-time data Network providers,

Connectivity

and encrypted
internet with
fallback network
options (4G/5G or

transmission to
Command &
Control Center.

VPN/firewall
protocols

leased lines).
Command Centralized Enables UP Police Integration with
Dashboard monitoring console | to visualize threats control rooms and

equipped with
analytics, threat
mapping, alert
escalation, and
system health status.

and coordinate
response.

agency access
protocols

Edge Processing
Units

Local Al
computation devices
(FPGA/NPU-based)
placed at remote
sites to reduce
latency and improve
autonomous
detection.

Reduces server load
and ensures rapid
local decision-
making.

Environmental
protection, data
syncing with core
system

System Integration

APIs and
middleware for
linking detection
nodes with UP112,

Synchronizes drone
alerts with existing
emergency response
workflows.

Coordination with
NIC, state IT
department
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CCTNS, and other
law enforcement IT
systems.

Data Storage &

Secure cloud/on-

For record-keeping,

Encryption

Security premise storage with | evidence protocols, storage
compliance to DPDP | management, and capacity planning
Act; includes video | retrospective
feeds, detection logs, | analysis.
and audit trails.
Installation Physical mounts, Ensures reliable Site preparation,
Infrastructure towers, placement and structural
weatherproof protection of field assessments
enclosures, and hardware from
security hardware to | tampering or
install and protect weather damage.
devices.
Maintenance Includes SLAs with | Ensures sustained Vendor

Framework

vendors for
hardware support,
firmware upgrades,
and preventive
maintenance
routines.

system health and
minimal downtime.

coordination, AMC
contracts

8.Governance & Stakeholder Engagement

The effective deployment and long-term sustainability of the drone detection and response

system in Uttar Pradesh will depend on a robust governance structure, well-defined

institutional roles, and seamless inter-agency coordination. Equally important is transparent
communication with the public to build trust and foster community participation in security

efforts.
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8.1 Institutional Roles and Responsibilities

1. Uttar Pradesh Policeit!
The UP Police will serve as the primary operational authority, responsible for:

e Continuous monitoring of aerial threats via the central command dashboard.
e Immediate threat response coordination with field units.

e Oversight of deployment protocols and adherence to standard operating procedures
(SOPs).

2. Defence Research and Development Organisation (DRDO)isk!
DRDO will play a strategic advisory role, contributing:

e Technical expertise on jamming, signal disruption, and neutralization technologies.
e Intelligence support on drone typologies and evolving threat patterns.

e Input into future system upgrades and advanced countermeasure development.

3. Academic Institutions (e.g., 1T Kanpur, HT BHU)is!
Academic partners will support research, training, and evaluation, specifically:

e Development and validation of Al models used for sensor fusion and threat
classification.

e Capacity building through structured training modules for law enforcement personnel.

e Independent performance audits and impact assessments.

4. System Integrators and Technology Vendorsit:
These partners will be responsible for technology implementation and lifecycle support,
including:

e Installation of hardware and software components at designated sites.
e System integration with existing platforms like UP112 and CCTNS.

e Maintenance, firmware updates, and technical troubleshooting.

8.2. Inter-Agency Coordination Mechanism
To ensure cohesive functioning, an inter-agency framework will be established:

e A Command and Control Center (CCC) will serve as the central operational hub,
aggregating data from all deployed detection nodes and enabling real-time situational
awareness.
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e Joint Operating Protocols (JOPs) will be formalized among key stakeholders such as
the UP Police, Intelligence Bureau (I1B), National Technical Research Organisation
(NTRO), Air Traffic Control (ATC), and the State IT Department to ensure smooth
collaboration.

e Weekly coordination reviews will be conducted to assess system performance, threat
analytics, and operational bottlenecks.

e Emergency response protocols will be predefined for critical zones like airports,
religious gatherings, and state administrative buildings to ensure rapid action.

8.3 Public Communication and Community Engagement

Public trust and participation are essential to the success of this initiative. The government
will therefore undertake the following measures:

e Awareness campaigns through digital media, television, and community outreach will
be launched to educate citizens on the purpose and benefits of the drone defence system.

e Regular updates on drone-related incidents, responses, and preventive measures will be
disseminated via UP Police’s official social media handles and press briefings.

e A citizen reporting mechanism, including a dedicated helpline and WhatsApp chatbot,
will be established to allow the public to report drone sightings or suspicious activity.

e All systems will adhere strictly to data privacy norms and surveillance accountability
standards, and such safeguards will be clearly communicated to reassure the public.

This comprehensive governance and stakeholder engagement framework ensures that the
system is not only technologically sound but also socially responsible and institutionally
resilient.

9. Conclusion and Strategic Vision

As India’s security landscape evolves in complexity, aerial threats from unmanned systems
demand a future-ready, sovereign response. Uttar Pradesh, with its political, religious, and
administrative significance—alongside its international border with Nepal—stands at the
forefront of this challenge. This report outlines a comprehensive path forward: one that is
rooted in policy clarity, technological autonomy, and procedural efficiency.

By adopting a graded implementation model (Grade A, B, and C zones), integrating Al-
enabled detection systems, and enforcing indigenous data handling protocols, Uttar
Pradesh can lead the nation in setting a benchmark for aerial threat management. The
proposal also reinforces India’s broader goals under the Data Swaraj, Digital India, and
Atmanirbhar Bharat missions, by emphasizing local innovation, cross-agency coordination,
and regulatory reform.
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Moving forward, the strategic vision must focus on:
e Institutionalizing drone defence as a core component of internal security.
e Prioritizing Make-in-India technologies with scalable, modular designs.

e Embedding accountability, transparency, and auditability into every layer of
surveillance infrastructure.

With early investments in capability-building, legal frameworks, and interoperable
technologies, Uttar Pradesh has the opportunity to become a national model for smart,
secure, and sovereign airspace governance.

"A drone’s flight may last minutes, but its breach can impact a nation’s
safety for years."

SABHIV Technologies Pvt. Ltd.
www.sabhiv.com
8299367397

TANU

Management Trainee - SABHIV
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